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ABSTRACT 

Water pollution is one of the major problems in under developed countries. Due to 

limited resources, clean water is not available to a significant part of population in Pakistan. 

Industrial effluents, municipal waste, use of pesticides and insecticides are the principal 

sources of contamination even for underground water. Heavy metals, organic pollutants, toxic 

anions and biologically hazardous compounds are constantly polluting our fresh water bodies. 

In last few years, much attention has been paid to remove heavy metals from waste water by 

different group of researchers working in universities and research and development 

organizations of the country. As adsorption is the simplest cheap and fast technique as 

compared to other sophisticated technologies, various adsorbents were employed to 

decontaminate water sources in order to utilize water for various purposes. 

 

In present studies, adsorptive removal of toxic anions (sulfide, fluoride, cyanide, 

arsenate and chromate) and organic pollutants (phenol and Alizarin S) has been studied as 

these pollutants are commonly added into water bodies through industrial effluents in 

Pakistan. Various indigenous and easily available adsorbents from biological, geological and 

polymeric origin were selected for this purpose. Biological adsorbents included rice husk, 

wheat straw, along with some indigenous plant materials like Kikar leaves, Bhindi stem, 

Arjun nuts and Beerri ptta capsule. Bentonite, kaolin, and indigenously available cheap clays: 

multani mitti and gachni were used among geological adsorbents. From third category cotton 

was used as natural whereas cellulose, bakelite and amberlite IRA 410 were employed as 

synthetic polymeric adsorbents.  

 

Before conducting batch wise adsorption studies, various concerned physiochemical 

parameters like pH, porosity, and moisture/ash content and iodine number of each adsorbent 

were recorded. Surface morphology, quantitative composition information of the elements 

and functional groups studies for both raw and used adsorbents was conducted by; Scanning 

Electron Microscopy (S.E.M) and Energy Dispersive X-Ray spectroscopy (EDX), Fourier 

Transform Infrared Spectroscopy (FT-IR). Structure of the clays was further studied by X-

Ray Diffraction (XRD) technique. Elemental composition of the adsorbents was also verified 

using CHNS elemental analyzer. After conducting the surface study, initial test experiments 

were performed using each adsorbent for selected adsorbates. Those adsorbents giving less 

than 25% removal efficiency were excluded from the adsorption study of that adsorbate. 
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Hence detailed adsorption studies for each pollutant were made with selected adsorbents. In 

order to get better results a few adsorbents were also chemically modified by using various 

chemical reagents.    

 

During the adsorption studies; parameter like; time of contact, agitation speed, 

adsorbent dose, pH and temperature were optimized. Isothermal, Kinetics and 

Thermodynamical studies were carried out using the optimized conditions. After adsorption 

studies desorption was also investigated by using various chemical reagents.  

 

Sulfide was effectively removed by Kikar leaves Bentonite and Amberlite IRA 41, 

whereas Wheat straw, Arjun nuts, Gachni clay, Cotton and Amberlite IRA 410 showed good 

response for removal of fluoride. Cyanide was better eliminated by Arjun nuts, gachni clay, 

cellulose and amberlite IRA 410. Chemically modified adsorbents were found good for the 

adsorption of arsenate and chromate. Kikar leaves, arjun nuts, gachni and cotton efficiently 

removed phenol from water. Arjun nuts, Kikar leaves, Multani mitti and Amberlite IRA 410 

effectively eliminated alizarin Red S dye. Absorption of all these pollutants followed 

Langmuir monolayer adsorption pattern with the rate dependence on pseudo second order 

kinetics model. Thermodynamical study revealed that that adsorption in all cases was 

spontaneous and exothermic in nature except arsenate and chromate in which adsorption was 

found endothermic. FT-IR spectra, S.E.M and X-ray studies supported the physiochemical 

adsorption between the adsorbents and different pollutants. Desorption studies showed that 

adsorbents can be regenerated by using appropriate chemical reagents. 

 

Present research work showed that anions and organic pollutants can be effectively 

eliminated from polluted waters by employing indigenously available cost effective 

adsorbents.  

 

Key words: Toxic anions, organic pollutants, adsorption, water pollution, arjun nuts, beerri 

ptta capsule. 
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Chapter - 1 

General Introduction 

 

1.1 Water Pollution 

Water is among the most important natural resources that are necessary for survival and 

existence of life on the earth. It is generally called as “key for life”. Around 98% of water on 

earth is sea water, where fresh water comprises 2% of the same. Glaciers and polar ice caps 

accounts for 1.6% and 0.36% are present as underground water; only 0.036% of water on 

earth is present in streams and lakes (WHO/UNICEF, 2010). Development of communities 

and civilizations is greatly affected by the availability of water. Human efforts to make life 

easier demand rapid industrial growth. This industrial development is making the world 

advance and it is destroying the natural setup of the environment as well.  

  

Growth of population, urbanization, industrial production and climate changes are various 

factors that affect the natural composition of water. Such environmental degradation in which 

contaminants are added up in water bodies like; streams, rivers, lakes and oceans from 

various sources is called water pollution. Use of such contaminated water is harmful for 

living organisms including animals and plants (Halder & Islam, 2015). The substances that 

bring about chemical, physical or biological changes in water bodies, thereby making them 

misfit for the use are termed as contaminants or pollutants. Human beings are directly 

affected by consuming this contaminated water through drinking, bathing, swimming and 

inhaling the vapors of polluted water. Moreover, human beings are indirectly affected by 

taking food from both plants and animals origin that is grown up in areas of contaminated 

water.  

 

1.2 Sources of Water Pollution 

Contaminants enter the water bodies from various sources (Fig 1.1) that can be classified as; 

 Natural sources 

 Anthropogenic sources 
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Figure 1.1: Classification of Sources of pollution 
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1.2.1 Natural Sources 

A natural rise in the concentration of naturally occurring substances that disturb the 

required quality of air, water or soil is termed as natural pollution and the factors bringing 

about this change are termed as natural sources of water pollution. Different phenomena such 

as surface run off, effect of surrounding plantation, rain water, dust storms and volcanic 

eruption are some of the natural sources that are responsible for increasing the contaminant 

level in water bodies. Increased level of solid suspended particles in the atmosphere due to 

storms or volcanic eruption, it comes down to water bodies either as dry deposition or by rain 

and contaminates the surface water and seeps down the soil to contaminates the ground water 

too. 

Siltation, which includes sand, soil and mineral particles, is one of such natural 

source. It is a typical natural phenomenon, which arises in most water bodies. Random 

deforestation makes soil loose and flood waters bring sediment from mountains into rivers, 

streams and lakes. Natural disasters, including: earthquakes, tsunamis, floods, hurricanes and 

volcanoes intensely affect water quality. From the sediments, soil particles are carried to 

lakes, streams and oceans. Sedimentation caused by soil erosion may destruct the water 

bodies by excess of nutrient matter (Reddy & Lee, 2012). Submerged rocks and underneath 

volcanoes are sources of various types of salts in water which disturbs its natural quality. 

 

1.2.2 Anthropogenic Sources 

Human actions that result into contamination of water are called man-made or 

anthropogenic sources of water pollution.  

For instance, domestic (wastewater and sewage), agricultural and industrial wastes that drive 

into lakes, rivers, streams and seas are the anthropogenic sources. Various materials that are 

leached from the land by overspill water and move in different water bodies are also enlisted 

as anthropogenic sources (The Control of Water Pollution, 1956; Hutton et al., 1956). 

 

 1.2.3 Municipal Waste 

The municipal and domestic waste is considered as the single largest source of 

pollution as it contains soaps, garbage, detergents, human excreta and waste food. Disease 

causing microorganisms also enter the water system from this source, making it infected and 

harmful. Water contaminated by municipal and domestic waste may have certain other 

microorganisms that cannot breed by themselves, but in the cells of host organisms. Cholera, 

typhoid, dysentery and gastroenteritis are usually caused by drinking such infected water. 
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Phosphates and nitrates enter the water bodies also by this source in excessive amount either 

by detergents or human excreta thereby deteriorating the water purity. Algal bloom is 

accelerated by phosphates and nitrates and after death of these algae, a consequent reduction 

in the dissolved oxygen results in damage to aquatic life (Laws, 2000).  

 

1.2.4 Industrial Waste 

Human efforts to excel in all fields of life have initialized the development of 

industries to produce goods needed for betterment of life. Out of the anthropogenic sources 

industries have highest potential to pollute water bodies. Effluents from industries vary 

depending upon the type of industry, and ranges from simple nutrients to toxic chemicals. 

Effluents from sugar, paper and pulp, tanneries, chemicals, pharmaceutical, fertilizers and 

electroplating industry are rich in organic and inorganic pollutants. Electroplating units 

discharge toxic metal cations and anions in effluents. Textile dying units are the source of 

alkalis and carcinogenic dyes in nearby water bodies. Fertilizer industries are the source of 

phosphate nitrates and fluoride. Toxic pollutants such as arsenic, chromium, mercury and 

lead etc. along with harmful wastes like alkalis, acids, chlorides, cyanides and organics enter 

water bodies from chemical industries. 

Many of these industries are sited near fresh streams or rivers, which is liable for 

discharge of untreated effluents directly into rivers and canals. Most of these chemicals are 

resistant to microbial breakdown, consequently destroying the growth of crops and making 

water unsafe for drinking purposes (The Control of Water Pollution, 1956; Laws, 2000).  

 

1.2.5 Agricultural Waste 

The waste of dairy farming and cultivated lands is considered among the sources of 

agricultural waste. Agrochemicals like pesticides, insecticides, herbicides, organic manure 

and fertilizers are major pollutants in the surface run off.  Use of nitrogen based fertilizers 

and animal excreta are major sources of nitrogen species in water. The water bodies that 

receive a large amount of nitrates become rich in nutrients which lead to the consequent 

reduction of dissolved oxygen and eutrophication. Drinking of water containing high 

concentrations of nitrates is harmful for human health and lethal for infants and children due 

to conversion of nitrates into nitrites (Moss, 2008). Phosphate fertilizers are other source of 

causing phosphate pollution in water bodies. They are found linked with reducing dissolved 

oxygen concentration and effecting aquatic life.  In addition to that, farm waste, waste from 
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poultry farms, slaughter houses, salt and slit are also drained as surface run off. Animal 

waste, blood, feathers, hair and various salts are added up in water bodies via this source. 

 

1.3 Major Water Pollutants 

There are various types of chemicals, ranging from simple inorganic ions to complex 

organic molecules that are considered as pollutants. Organic pollutants as (pesticides, 

insecticides phenol, petroleum fractions) and inorganic pollutants (cations, anions and 

radionuclides) are toxic and carcinogenic and in most cases prove lethal for living organisms. 

Biological pollutants are also harmful for living organisms.  Every pollutant has its own 

particular means of entering the environment and possesses its own definite hazards (Owa, 

2013; Pandey, 2014; Cantor, 2006).  

 

1.3.1 Organic Pollutants 

Organic compounds are usually made up of carbon and hydrogen. The toxicity of 

organic compounds mainly depends upon the structure, shape, size and the presence of 

functional group. Majority of synthetic organic compounds are hazardous to the environment.  

The wastewaters from food processing industries, municipal and domestic sewage, canning 

industries, paper and pulp mills, slaughter houses, tanneries, distilleries, breweries, etc. have 

substantial amount of biodegradable organic compounds either in colloidal or dissolved and 

suspended form. These wastes go through the process of degradation and putrefaction by 

bacterial action. The dissolved oxygen existing in the water bodies is used for aerobic 

oxidation of organic material that is present in the wastewater. Therefore, reduction of the 

dissolved oxygen (below 4.0 mg/L) is a problem that harmfully affects the aquatic life (Di 

Luzio, 1967; Water Treatment Solution, 2016). 

A large number of organic compounds have been synthesized industrially to meet the 

need of over grown human population and for the development of economy of any country. 

The haphazard use of such organic compounds is a source of contamination in the 

environment. Synthetic organic compounds are expected to enter the environment from 

various man made activities such as gaseous emission during synthesis of these compounds, 

leakage during transport, mishandling in storage and their use in different applications.  

These compounds include; detergents, pesticides, pharmaceuticals, defoliants, food 

additives, insecticides, synthetic fibers, paints, solvents, plastics, dyes and polymers. Many of 

these compounds are poisonous and non-biodegradable. Even very minute amounts of some 

of these synthetic organic compounds can make water unusable for various purposes 
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including human consumption. For instance, Polychlorinated biphenyls (PCBs) are fat 

soluble and are complex combinations of chlorobiphenyls, they move freely through the 

environment to the cells or tissues of organisms causing severe ailments (Water Treatment 

Solution, 2016).  

Petroleum fractions generally termed as oil that constitute major class of organic 

pollutants viz. volatile organic compounds as alkanes, cycloalkanes, aromatic hydrocarbons 

and highly complexed asphalts and bitumen. Petroleum refinery is the major source of 

exposing environment to petroleum fractions. Major product of the petroleum refinery is the 

petroleum based fuel. Urban environment is also polluted by the emissions from vehicles, 

asphalt surfaces from roads. Rain washes these contaminants from the buildings roads and 

plants and consequently adds them in surface water sources and estuarine environments 

(Brown & Peake, 2006). 

Lubricating oil is excessively used in industry and is present in the effluents of metal, 

paint, coke plant and textile industry. Other source of exposure of environment to oil is oil 

spills, leakages from oil pipes and from wastewater of production units and refineries. Once it 

is over the water surface it is capable of blocking air water interaction thereby decreasing the 

dissolved oxygen required for the survival of aquatic life. Spilled oil in water bodies is 

harmful for coastal plants, water birds and it is reported human carcinogen because of 

number of toxic organic compounds in it (Laws, 2000).  

 

1.3.2 Inorganic Pollutants 

There are various inorganic pollutants that are not only harmful, but are quiet 

hazardous to the environment due to their extensive use. Inorganic pollutants include metals 

(cations, anions, oxy-anions), nutrients (phosphates and nitrates) and radionuclides (used for 

medicinal, industrial purposes). For instance, metal ion can be categorized as; essential 

metals (Na, K, Ca, Mg, Fe, Zn) that are necessary for normal growth and development of the 

body, micronutrients (Mn, Mo, Cr, Cu, Ni, Se) they are needed in trace amounts for normal 

body functioning. Increased amount of these micronutrients can be harmful for the body. 

Heavy metals (As, Cd, Pb, Hg, and Sb) are toxic to human body and are not needed even in 

least amount. 

Heavy metals enter into water by various sources as, paints, food, detergents, 

amalgam, tanneries, electroplating industries and cell batteries. Most of the metals are non-

biodegradable and proved to be harmful to aquatic as well as human life (Fluoridation of 

Public Water Supplies, 1956; Water Treatment Solution, 2016).  



8 
 

Anionic species are the other category of inorganic pollutants. Above a certain limit in 

water supplies, anionic species, like cyanide, sulfide, fluoride, chloride, and oxy anions such 

as arsenate, chromate, sulfates, phosphate, nitrite and nitrate are considered as pollutants. 

Their abundance in environment is a point of concern when it begins to disturb ecosystem. 

Many of these species occur naturally in the water, air and soils whereas the others are being 

added by human interventions. For instance, fluoride is released into water sources by natural 

depletion of fluoride containing rocks (Wajima et al., 2009; Daifullah et al., 2007). Major 

contributor of sulfide to the water is sulfide ores and decomposition of organic matter. 

Cyanide exists in numerous organic and inorganic forms produced by algae, fungi and 

bacteria. It also occurs in bitter almonds and seeds of apples. Anthropogenic sources for 

above mentioned anions are different industries and different chemicals that are used on daily 

basis e.g. pesticides and detergents.  

Inorganic pollutants as radioactive isotopes are hazardous to human health and their 

effect is determined by means of their decay and half-lives. Different radioisotopes are used 

for the treatment of tumors, thyroid and cancerous cells. Human concern for the utilization of 

nuclear power as an alternative source of energy and development of nuclear weapons has 

contributed large number of radionuclide in the environment. Despite the precautionary 

measure for handling the nuclear wastes, different accidents in the past have revealed that 

these species effect the environment for long period of time depending upon the half-life of 

the radionuclides (Water Treatment Solution, 2016). Contamination of drinking water by 

these poisonous species may signify a public health problem which is harming the living 

organisms (Dash et al., 2009).  

 

1.4 Hazardous Effects of Pollutants to Human Beings 

Negative impact of pollution must be taken seriously. As a large number of pollutants 

are added in natural environment and is disturbing the natural setup, thereby making it 

difficult for different organisms to survive. Water pollutants can have several harmful effects 

that always depend upon the nature of the pollutant. There is a unique property of pollutants 

that they interact with one another, with organic/inorganic species present in living organisms 

and the resultant product increases the overall effect of that pollutant by making it more 

hazardous to living organisms (Water Treatment Solution, 2016; Cabral, 2010). Health 

impacts of various organic and inorganic pollutants are given in the Table 1.1. 
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Table: 1.1 Harmful effects of Organic and Inorganic Pollutants 

Pollutants Harmful effects References 

O 

R 

G 

A 

N 

I 

C 
 

 

PCBs, DDT, PAHs, Benzene, 

Toluene, Xylene, Phenols, 

Cholorophenols,  

Phenanthracene, Dioxins,   

Mimic estrogens, endocrine disruptors, 

carcinogenic, arrthytmias, circulatory and 

cardiac collapse, convulsions, muscular 

weakness, liver enlargement, respiratory track 

irritation 

 

Toppari et al., 1996; Meerts 

et al., 2001; Berg, 1990; 

Samanta et al., 2002; Huwe, 

2002; Parzefall,2002; Lynge 

et al., 1997; Joan, 1999; 

Angerer et al., 1992; 

Karalliedde, 1999; 

 

Jacob et al., 2013 

Pesticides Failure of respiratory control, nerve damage, 

blisters, rashes, cramps, irritation to the 

mucous membrane, mutagenic 

Dyes Mutagenic, carcinogenic, genotoxic to human 

cells 

I 

N 

O 

R 

G 

A 

N 

I 

C 

Toxic heavy metals  

 

 

 

 

 

 

 

 

Headache, Nausea, Vomiting, Diarrhea, Renal 

failure, Skin diseases, Eczema, Coughing, 

CNS damage, Fetal miscarriges, Male 

reproductive disorders, fetal growth 

impairments 

Flick et al., 1971; Solomans 

et al., 1982; Demayo et al., 

1982; Thomas & Spiro, 1994; 

Cieslak-Golonka, 1996; Daas 

et al., 2008 

Toxic anions Headache, Dizziness, Tachynpea, 

Diaphoresis, Seizures, Cardiovascular 

Collapse, Bradycardia, Paralysis, Frank 

Dyspnoea, Arrthythmias, Hypotension, Coma. 

Skeletal fluorosis, Deposition in knees, 

shoulders and pelvic bones, Low HB level, 

RBCs deformaties, excessive thirst, 

abdominal pain,  Still births, Abortions, Male 

sterility, CNS damage, Enzyme destruction. 

Itching skin, Cardiac arrest, Respiratory 

control damage, Hypernea, Brain stem cell 

Damage 

Meillier & Heller, 2015; 

Gracia & Shepherd, 2004; 

Beasley & Glass, 1998 

Meenakshi & Maheeshwari, 

2006; Budiparamana, 2002 

Lopez et al., 1989; Evans, 

1967 

  

 

1.5 Water pollution: A Scenario in Pakistan and Present Work 

Development and rapid industrial growth without proper effluent treatment plants are 

the serious threats to the aquatic environment as well as public health in underdeveloped 

countries. Industries like; chemical, pharmaceutical, textile, tanneries, dyeing units, 

petrochemical, oil refinery, plastic, food processing, ceramics, steel and fertilizer are 

contributing a lot in lowering the drinking water quality standards in Pakistan (WWF, 

2007;Sial et al., 2006). Human health is affected on large scale due to water pollution in 

Pakistan. Various parameters for drinking water quality set by World Health Organization are 

often not followed. In underdeveloped countries like Pakistan, such environmental problem 

aggravate due to; the lack of public awareness, higher illiteracy rate, lack of proper sanitation 

facilities, poor legislation and improper implementation of the existing standard operating 
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procedures for the waste disposal and effluent treatment in industries. Due to lack of interest 

of government and public in resolving the environmental issues different contaminants have 

been bio accumulated in the ecosystem in such a level that their role in affecting human 

health is indispensible. In order to eradicate this problem the first and the foremost step is to 

educate the people about the harms and hazards of pollutants, toxicity of these pollutants and 

long and short term effects of these toxic contaminants.   

Selection of the various anions like; arsenate, chromate, cyanide, sulfide and fluoride 

and organic pollutants like; phenol and alizarin red S in present study is mainly due to the 

reason that they are among the most common contaminants in our ecosystem that are badly 

affecting the public health directly and indirectly. Concentrations of these contaminants often 

go beyond the maximum permissible limit suggested by different health organizations at 

national and international levels (Ilyas and Sarwar, 2003; Midrar-Ul-Haq et al., 2005).  

For instance, in our country; Water level of arsenic has reached at alarming levels in 

drinking water in various districts. Arsenic is present as a constituent in more than 200 

minerals.  Presence of arsenic minerals in natural bedrocks of certain regions is the natural 

source of addition of arsenic in water. Mining activities, glass industry, electronic industries 

and agricultural lands are some of the anthropogenic sources for the addition of arsenic in 

water bodies. Arsenic is among the highly toxic metals which are found to cause 

cardiovascular diseases and cancer in human beings (Caussy, 2005).  

Chromium is another important toxic metal that is affecting the human health in 

various regions of Pakistan. Different industries like paint, steel, metal finishing dyeing units 

and leather tanneries are adding chromium in the nearby water bodies. Exposure to high 

levels of chromium in various industrial areas in Pakistan is found to cause liver cirrhosis, 

kidney disorders, cardio diseases and cancer (Frisbie et al., 2002; Nadeem-ul-Haq et al., 

2009; Azmat et al., 2016).  

Cyanide is highly toxic and lethal anion found in the industrial effluents of 

electroplating units, metal processing, synthetic fibers manufacturing, photography, ink 

formulation, printing and dye manufacturing. Ingestion or inhalation of cyanide results in 

unconsciousness, paralysis, inhibition of cellular respiration and cardiovascular collapse 

(Meillier & Heller, 2015).  
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Sulfide is the most common pollutant that is generally not considered as toxic but in 

the form of hydrogen sulfide its toxicity is comparable to hydrogen cyanide. In the form of 

hydrogen sulfide it can cause suffocation and congestion that may ultimately leads to death. 

Presence of sulfide species in effluents is greatly dependent upon the pH of effluents. 

Effluents from leather tanneries, petroleum industry and dyes synthesis units are sources of 

adding sulfide in surrounding water bodies. Exposure to high level of sulfide may cause 

gastro-intestinal upset, amnesia, hallucinations, nausea, and loss of consciousness, low blood 

pressure, swallowing difficulty, epileptic form convulsions and double vision (Edwards et al., 

2011). In Pakistan, the major source of sulfide is leather tannery units where sodium sulfide/ 

barium sulfide are used in excess for dehairing of the hides. Excess amount of both these 

chemicals are washed away and thrown in the nearby localities in the form of tanneries 

effluent. 

Fluoride in the form of different compounds is used in petroleum, chemical, and 

plastics industries, in separation of uranium isotopes, for etching glass and galvanizing iron, 

steel manufacturing and phosphate fertilizers production. Resultant effluents contain unused 

fluoride in it. Natural sources responsible for increasing the aquatic fluoride levels are; 

weathering of rocks and volcanic emissions. Increased level of fluoride in drinking water and 

long term in take results in dental and skeletal fluorosis, muscles degeneration, low 

haemoglobin level, headache, skin rashes, birth defects and urinary tract infections ( 

Meenakshi & Maheshwari, 2006). 

Phenol is one of the organic compounds that are included in the list of priority 

pollutants by environmental protection agency (US EPA). In Pakistan, petroleum industry is 

one of the major contributors of phenol into the environment. Phenol is also used in the 

industrial synthesis of dyes, pesticides, explosives and in the textile units (Bruce et al,1987; 

Budavari et al, 2001). Phenol is water soluble organic compound and if present in industrial 

effluents it can easily pollute the nearby water bodies. In lower and higher doses phenol is 

highly toxic to human beings. In lower dosage it can cause skin irritation, necrosis. Its 1.0 g 

dose proves lethal to human beings. In higher doses it can damage muscle activity, liver, 

kidney and eyes. It has potential to accumulate in brain and damage the normal functioning of 

brain in severe cases of exposure (Ford et al, 2001; Clayton et al, 1994).  

Dyes are considered in the present work as they are also toxic to environment and 

human beings. Industrial dyeing units are major source of adding dyes to the water bodies. 
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Once in water bodies these dyes can obstruct the sunlight to reach the water thereby affecting 

the natural biota in water bodies. Alizarin red S is an anionic dye that is selected for the 

present study as it is used frequently in Pakistan. If water containing alizarin red S is 

consumed it can cause severe health issues like; gastritis, mal-functioning of lungs, headache 

and methemoglobinemia (Bhattacharyya et al, 2005). 

Table 1.2 Toxic pollutants and their harmful effects with reference to Pakistan 

Pollution 

Sources 

Major Pollutants Harmful Effects References 

Municipal/ 

Domestic 

waste 

Suspended particle, Organic 

matter, Microorganisms, 

Pathogens, Nutrients 

HCO3, CO3, Cl, NO3, PO4, 

SO4, OH, F, As 

Ca, Mg, K, Na 

Al, B, Pb, Cu, Fe, Mn, SiO2 

Depletion of Dissolve Oxygen, Typhoid, 

Paratyphoid, Dysentery, 

Diarrhea, Cholera, Gastroenteritis, Hepatitis, 

Cryptosporidiosis, Giardiasis, Malaria, 

Giardiasis, Intestinal worms, Latent 

pulmonary infections, Skin infections, 

Shigellosis, Cancer, Diabetes, Nervous, 

Liver, Neurodegenerative, Digestive, 

Hematopoietic, Cardiovascular, 

Reproductive, Immunological, Skeleton and 

Kidneys Disorders, Low birth weight and 

Fetus miscarriage, Decrease in Red and 

White blood cells, Gastrointestinal irritation; 

Disrupt the Heart rhythm; Damaged blood 

vessels, Pins and Needles sensation feet and 

in hands; Melanosis, Leuko-Melanosis; 

Hyperkeratosis, Cardiovascular Disease; 

Black Foot Disease, Neuropathy, 

Hypercalcemia, Hypercalciuria, Urinary 

Tract Calculi, Calcification and Bone 

Remodeling. 

Azizullah et al., 2011; 

Jining 2012; 

Muhammad & 

Zhonghua 2014; 

Kahlown and Majeed, 

2003; Abernathy et al., 

2003; Caussy, 2005 

 

 

Industries  

Nitrates, Nitrites, Cations i.e. 

Ag+, Na+, K+, Mg2+, Ca2+; 

Anions i.e. Cl−, CO3
2−, HCO3

−; 

Toxic metals like Arsenic, Iron, 

Lead, Mercury, Chromium, 

Cadmium, Copper, Nickel, 

Zinc, Cobalt, Selenium and 

Magnesium; Ammonia, 

Fluorocarbons, Limestone dust, 

Phenols, Sulfides, 

Organohalogens, 

Organophosphates, Dyes, 

Detergents, Sulfur dioxide, 

Acids, Oily residues and 

Merceptans (organic sulfides). 

Acute Respiratory Infections, Diarrhea, 

Dysentery; Fever; Cough, Hepatitis, 

Cholera; Cryptosporidiosis, Giardiasis, 

Hypothermia; Central Nervous System; 

Whitening of the Cornea; Skin damage; 

Complete blindness; Hepatic damage, 

Immunotoxin, Nephrotoxic and Fetotoxic. 

Change in DNA sequence, Impulsive DNA 

synthesis and Chromosomal abnormality; 

Lung cancer, Nasal septum perforation, Skin 

ulceration; Liver, kidney damage; Growth 

depression, Deformation and Softening of 

bones. 

Luken 2000; Sial et al., 

2006; Ali et al., 1996; 

Ullah et al., 2009; 

Sandhu et al., 2009; Das 

and Santra, 2012; 

Naresh et al., 2012; 

Islam-Ul-Haque et al., 

2007; Abernathy et al., 

2003; Ahmed et al., 

2004; Azizullah et al., 

2011 

Agricultural  

Nitrates, Nitrites, Ammonia, 

Sulfates And Phosphates, 

Heavy metals (by-products), 

Organohalogens, 

Organophosphates, Toxic 

organic,  

Headache, Vomiting, Dizziness, 

Muscle Weakness, Shortness of Breath, Skin 

Rash, Burning 

Sensation in the Urinary Tract, Denaturation 

of enzymes.  

Azmi et al., 2006; Khan 

et al., 2010; Azizullah et 

al., 2011; Arain et al., 

2009; Khan et al., 2008, 

2010; Ejaz et al., 2004 

 

Pakistan is the agricultural country, where economy of the country is greatly 

dependent on annual crop production. In order to get better crop yield fertilizers and 

pesticides are frequently used. In certain agricultural lands cases of pesticides over dosage 
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and careless dumping of pesticides have been reported (Zia et al., 2008). Leaching and 

surface runoff are the possible ways of addition of these chemicals to water bodies, thereby 

contaminating the water sources and effecting health of living organisms.  

Coliforms from municipal and domestic waste are other important source and are 

found to spread various water borne diseases as cholera, hepatitis etc. Use of insecticides, 

herbicides and pesticides are the additional source for the water contamination all over the 

country. All these substances, if they go beyond a threshold value, are harmful and cause 

severe health issues in humans and other living organisms in the environment (Azizullah et 

al., 2011; Farooqi et al., 2007). Toxicity of major pollutants with reference to water pollution 

in Pakistan is summarized in Table 1.2. 

1.6 Various methods of Wastewater Treatment  

Water purification is the need of time to control the widely spreading water borne 

diseases. Efforts should be made to properly treat industrial effluents before throwing it in 

water bodies. The contaminants of different types as mentioned earlier are leaching down in 

surface and ground water resources are the constant health threat. To attain a better drinking 

water quality and protect water resources, these contaminants are either removed or stopped 

dumping in water bodies. Wastewater usually contains high levels of pathogenic 

microorganisms, organic material, toxic compounds and nutrients. It therefore causes serious 

environmental and health risks and, subsequently, it is directed to pretreat the effluent and 

waste before final disposal. The protection of environment in a way that is proportionate with 

socio-economic and public health concerns is the ultimate goal of wastewater treatment. 

Generally physical, chemical, physico-chemical, electrolytic and biological treatment 

methods are employed to cope with the increasing problem of water pollution. Different 

contaminated water treatment methods can be applied based upon the availability of 

resources and demand of treatment. 

 

1.6.1 Physical Method  

Physical treatment methods include filtration, sedimentation, gravity separation, 

physiosorption, aeration, reverse osmosis, electro-dialysis, distillation, degasification etc. 

principally different physical method are employed for the removal of contaminants in all 

these techniques. Such methods can be used on a large scale for the treatment of 

contaminated water but there is some limiting factors viz. unavailability of well-planned and 
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organized setup, an expert to run the setup, high operational cost and incapability to remove 

dissolve contaminants at low concentrations.  

Such methods are more suitably used when they are hyphenated with biological or 

chemical treatment methods. Onsite cleansing of polluted water by using a low cost setup is 

needed in the developing countries to eradicate the harmful effects of life threatening 

pollutants (Turkar et al., 2011). 

 

1.6.2 Chemical Method 

In this water treatment method different chemicals are used for the decontamination 

of waste water and can be effectively applied on large scale. Chemical method includes 

chlorination, ion-exchange methods, chemisorption, ozonation, irradiation, precipitation, 

oxidation reduction etc. In past potash alum was used for water purification and this treated 

water was used for drinking purposes. Chlorine gas was also used for decontaminating water 

by killing microorganisms. Nowadays, ozonation is done by using ozone gas for water 

purification. Various oxidizing and reducing agents, acids, alkalis and zeolites are also used 

for purification of water.  The use of chemical method has limitations due to the use of 

chemicals that can impart their harmful effects; as chlorine is banned for such treatment now. 

Also, the additional cost of chemicals and sludge produced by this method is a serious 

problem to handle. 

 

1.6.3 Physicochemical Methods 

Various physical and chemical methods are in practice for the waste treatment. It 

involves a variety of treatment processes, frequently used in combination, to transform and 

separate the hazardous substances. Such methods include; coagulation, electro-flotation, 

flotation, flocculation, neutralization, membrane technology-membrane filtration, sludge 

treatment and NH3 stripper-absorbers. Important advantages of physico-chemical treatment 

are little energy requirement and relatively lower capital investment. Such methods can be 

used for effective removal of various organic contaminants, volatile organic substances, oil, 

heavy metals and different salts. 

Physicochemical methods are used to treat both liquid and solid wastes, as well as 

organic and inorganic wastes. Such methods are specific for each type of waste, demanding a 

thorough understanding of variety of applications and the nature of waste to be treated (Shon 

et al., 2009). 
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1.6.4 Electrolytic Methods  

The electrolytic methods for the treatment of wastewater present an advanced 

technology in which metal anode and cathode are used. These methods are used for the 

handling of heavy metals in dilute wastewaters, oil wastes, foodstuff, fluorine, textile and 

dyes, organic matter from landfill leachate, polymeric wastes, phenolic waste, nitrate, 

arsenate and are also used in drinking water treatment (Chaturvedi, 2013). Disadvantages of 

these methods include the high cost of electricity in developing countries. 

 

1.6.5 Biological Method 

In biological treatment method, organic waste in water bodies is degraded by 

employing microorganisms like algae, fungi, yeast. This method is considered as a natural 

remedy for water contaminants as it depends upon the microorganism for the removal of 

toxic substances. Anaerobic wastewater treatment is measured as the very economical 

solution for the treatment of polluted industrial waste streams (Chelliapan & Sallis, 2011). 

Aerobic waste water treatment process involves activated sludge treatment process for 

municipal waste. Either aerobic or anaerobic, biological methods are used as secondary water 

treatment option. Limitation factor for such processes are the climatic condition that affect 

the activity of the microorganisms and high operational cost of activated sludge treatment. 

 

1.7 Adsorption 

The surface phenomenon associated with the trapping of atom, ions or molecules 

(adsorbate) on the surface of solid or liquid (adsorbent) is termed as adsorption. It is different 

from absorption which is considered as a bulk property. Unlike absorption adsorption is 

limited to the surface of the adsorbent. Physical, chemical, complexation, hydrophobic 

interactions, hydrogen bonding, ion exchange phenomenon may operate to keep the adsorbate 

molecule intact with the surface of the adsorbent. 

Often both adsorption and absorption are collectively called “sorption” where a solid 

porous material acts as adsorbent to trap the adsorbate (Qu, 2008). Adsorption is extensively 

used from last few decades as a low cost, highly efficient and easy to handle technique for the 

purification of water. Nowadays, various modifications have been made in adsorbents to 

enhance the adsorption capacity and to remove the contaminants from water even at very low 

concentrations. Adsorbents from various categories i.e. biological, biomass, geological, 

polymeric, nanoparticles, and nanocomposites have been employed to decontaminate water. 
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Efforts are still been made for the development of this technique to get benefit from its 

simplicity and cost effectiveness. 

Based upon the underlying principle, adsorption is generally classified as either 

physical adsorption or chemical adsorption (Tchobanoglous et al., 2003). 

 

1.7.1 Physical Adsorption 

Physical adsorption also termed as physiosorption describes weak attractive forces. 

This phenomenon is considered reversible, exothermic in nature and non-specific. For 

physiosorption the time required to attain equilibrium is very short (Dotto et al., 2013). 

Some key features of physical adsorption are; 

 It is the general phenomenon that involves the interaction at solid/ fluid interface. 

 The chemical nature of adsorbate is not changed in the process of adsorption and 

subsequent desorption. 

 Pressure and temperature under the appropriate condition result in multilayer 

adsorption. 

 

1.7.2 Chemical Adsorption: 

Chemical adsorption is generally termed as chemisorption. It occurs at high 

temperatures. It is specific and irreversible in nature, it may have covalent or ionic 

interactions among the adsorbate and adsorbent (Dotto et al., 2015). 

Some key features of chemical adsorption are; 

 It is irreversible therefore the adsorbed and desorbed species are different from one 

another. 

 It is similar to chemical reaction therefore, it can be exothermic or endothermic in 

nature and the magnitude of energy changes may be very high or very low. 

 High activation energies make process of adsorption and desorption difficult. 

 Due to chemisorption the molecule at the interface of adsorbent/adsorbate forms 

monolayer.  

 

1.7.3 Adsorption Mechanisms  

The process of adsorption of the adsorbate molecules into the adsorbent surface is 

supposed to contain the following stages (Tchobanoglous et al., 2003): 
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 The mass transfer of the adsorbate molecules through the outer boundary layer in the 

direction of the solid particle. 

 The transport of adsorbate molecules from the particle surface into the active sites by 

dispersion from pores of solid surface.  

 The adsorption of adsorbate molecules on the active sites on the internal surfaces of 

the pores. 

 As soon as the molecule adsorbed, it may transfer on the surface of the pore through 

surface diffusion. 

 

1.7.4 Factors Affecting Adsorption 

Various factors are found to impact the process of adsorption such as; adsorbent dose, 

surface area of adsorbent, pH, temperature, time of contact, nature of adsorbate and initial 

concentration of adsorbate. Combination of these parameters and in depth adsorption 

collectively makes adsorption a complex process. Some highly influential factors are as 

follows (Dotto et al., 2015). 

 

a. Adsorbent Dose  

It is among the most important parameters that affect the process of adsorption. The 

study of the influence of adsorbent dose gives a hint of the efficiency of an adsorbent and the 

capacity of an adsorbate to be adsorbed. Generally, the percentage of adsorbate removal rises 

with a rise in adsorbent dose, as the number of adsorption sites are increased with the 

increased dose. 

 

b. Surface Area of Adsorbent  

The surface area of adsorbent also affects the rate of adsorption. As adsorption is a 

surface phenomenon, it can be attributed to the association between the size and effective 

specific surface area of adsorbent particle. Generally, when the particle size is decreased, the 

surface area increases. Surface area is of two type i.e. external and internal surface area. 

External surface area is the superficial areas that help to trap the adsorbate. Internal surface 

area refers to the true surface area of the adsorbent that comprised of the pores present in the 

adsorbent. Adsorption greatly depends upon the surface area. Greater the surface area, greater 

is the adsorption capacity of the adsorbent. 
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c. pH  

pH of the solution is very important parameter that affects the adsorption process 

because it determines the surface electric charge. This factor affects the surface charge of 

adsorbent, the ionization degree of the material present in the solution and the separation of 

functional groups on the active sites of the adsorbent. Changes in polarities and deprotonation 

of the functional groups increase the chances of liquid and solid phase interactions. This 

parameter also measures the acidity (pH<7) or basicity (pH>7) of an aqueous solution. 

 In relation to the adsorbent, the point of zero charge (pHzpc) is revealing the surface 

charge as a function of pH. If the pHzpc is greater than the pH of the solution, then the surface 

of the adsorbent surface is positively charged and if the pH is higher than pHzpc then surface 

of adsorbent is negatively charged. 

 

d. Temperature 

Temperature is a significant parameter, which affect the rate of adsorption. Generally, 

it is assumed that association between adsorbate and adsorbent depends upon temperature as 

the temperature increase, the contact forces in adsorbate and aqueous medium turn stronger 

than those between adsorbate and adsorbent, which cause a decrease in adsorption. 

 

e. Contact Time  

A good adsorbent not only show greater adsorption capacity, but also allow a fast 

removal process. Time is very important parameter that affects the efficiency of the 

adsorption process. Interaction between adsorbate and adsorbent may take few minutes to 

hours for attaining the equilibrium. Once equilibrium is attained it means that no further 

removal of adsorbate is possible that corresponds to the saturation of adsorption sites with the 

adsorbate. 

 

f. Nature of Adsorbate 

 Important component of the adsorption process is adsorbate. Nature of the adsorbate 

includes its concentration, size, structural arrangement polarity and steric configuration. 

Strongly dissociated adsorbate tends to adsorb less as compared to the non-dissociated ones. 

Non polar nature of the adsorbate results in its greater adsorption owing to the fact that such 

adsorbate prefer to adsorb on surface of adsorbent than to be in solution. Generally, the trend 

of adsorption for; aromatic compounds > aliphatic compounds, branched chain > straight 

chain and double and triple bond containing compounds > single bond containing 
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compounds. Solubility of the adsorbate is also important. Generally lower the solubility of 

the adsorbate in solvent, higher will be adsorption (LaGrega et al., 1994; Cooney et al., 

1999). 

 

g. Initial Concentration of Adsorbate 

The initial concentration of adsorbate also affects the process of adsorption. Initial 

concentration offers a driving force to overcome all mass transfer oppositions of the 

adsorbate between the solid and aqueous phases. The consequence of the initial concentration 

of adsorbate depends on the instant relation between the adsorbate concentration and the open 

binding sites on a adsorbent surface. If the amount of an adsorbent is kept constant, the 

amount of the adsorbate adsorbed onto the adsorbent will increase with an increase in the 

initial concentration of adsorbate. This is because of greater driving force of the concentration 

gradient.  

 

1.7.5 Adsorbents 

Adsorption is among the classical techniques that were used for purification purposes. 

Two hundred years ago, wood charcoal and bone charcoal were used to refine the sugar and 

decolorization of matter. Adsorbent is the back bone for adsorption process. There are 

various aspects, which are important in the selection of adsorbent. A good adsorbent must 

have high adsorption capacity, selectivity, and reversibility of adsorption, low cost, ease of 

regeneration and good mechanical strength. 

Biosorbents like agricultural waste, plant leaves, bark, fruit peel, and nut shells are 

available in large amount. These biosorbents are inexpensive, renewable and nontoxic. The 

economic value of these lignocellulosic materials together with their greater prospective 

nature, make them eco-friendly for the treatment of wastewater (Dotto et al., 2015).  

Geological adsorbents like clays and soils are the most common materials used for 

stabilizing and decolorizing of petroleum lubricants. The practice of clays in eliminating 

grease and oil from textiles unit was well-known to the ancient civilizations. Chinese have 

used bentonitic clays for thousands of years for various purposes. Clays have been used to 

purifying fats, oils and waxes. Fuller's earth and other clays have been used in refining of 

cottonseed oil (Nutting, 1943). 

Advancement in adsorption technology demanded the development of adsorbent to 

attain the maximum result in shortest period of time. The use of polymeric adsorbents and ion 

exchange resins with large pore volume and surface area is the step toward the successful 
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development of this technology. Polymeric adsorbents are durable, hard, insoluble spheres of 

large surface area and porosity. They are accessible in variable polarities. The nonpolar 

adsorbents are mainly operative for adsorbing nonpolar solutes from polar solvents. On the 

other hand, the polar adsorbents are very operative for adsorbing polar solutes from nonpolar 

solvents. The polymeric adsorbents are also used for the treatment of effluent wastes. 

Polymeric adsorbents are used for the management of phenolic wastes. Other associated 

applications comprise the removal of TNT residues, chlorinated pesticides and other harmful 

compounds from water supplies and waste effluents (Kunin, 1977). 

 

1.7.6 Adsorption - Benefits and Gaps 

Adsorption is a known process, which is employed to remove various types of 

materials like heavy metals, dyes, organic and ionic species from contaminated aqueous 

solutions. Different technologies have been used for the eradication of water contamination 

that includes reverse osmosis, electro dialysis, centrifugation, chemical treatments etc. 

Among all these technologies adsorption is an emerging remediation tool for the treatment of 

wastewater. Adsorption process has major advantages over the other treatment methods 

because it demands small investment in term of both areas required and initial cost and is 

simple in operation (Crini, 2005). By the use of various reported economical adsorbents 

(commercial or non-commercial), wastewater; especially industrial effluents can be treated. 

Adsorbents with different adsorption capacities, selectivity and ease of availability have been 

studied for the removal of toxic species from untreated industrial effluents. There are the 

challenges of using adsorption process in the treatment of wastewaters. Sometimes the 

recovery of adsorbate of interest requires extensive exercise or expensive equipment. The 

adsorbent capacity of an adsorbent progressively decline as the number of available 

adsorption sites are covered with adsorbate. Relatively, high capital cost is required in the 

regeneration of some adsorbents. Some pollutants may have violent exothermic reaction with 

adsorbent used that may result in dangerous explosion (Amirnia, 2015). 

 

1.7.7 Trends and Perspectives in Adsorption Studies 

Due to the economical nature, the future progress of adsorption signifies a major trial 

to environmental fields and industrial sector.  A special consideration must be given to evolve 

new methods for the advancement and modification of existing classical adsorption 

technique. New applications of various adsorption methods have been emerged, due to the 

development of adsorbents like micro; mesoporous and nano structured materials which are 
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specific for a specific type of material to be adsorbed. In the same way a dramatic progress in 

equipment has been observed that permits the detailed description in terms of chemical 

composition and surface morphology of adsorbent materials. A number of separation goals 

have been attained by certain hybrid processes as; ultra-filtration, adsorption, 

chromatography etc. to remove pollutants. These hybrid associations could be milestone for 

purification and separation of toxic molecules. There is need of commercial applications of 

adsorption phenomena with new fundamental theoretical approaches (Dabrowski, 2001; 

Dotto et al., 2015). 

 

1.7.8 Adsorption Modeling 

The isothermal, kinetics and thermodynamical data are required in order to develop an 

accurate and effective design for the elimination of different pollutants from an aqueous 

media. Information gathered from these sources help to check the suitability and efficiency of 

particular adsorbent towards specific adsorbate. 

 

1.7.8.1 Isothermal Studies 

An isothermal model in adsorption studies is very important tool that provides useful 

information about the possible interactions between adsorbate and adsorbent and it also 

predicts maximum theoretical adsorption capacity. Various properties of adsorbents such as 

volume, size of pore or specific surface area and energy distribution are determined with the 

help of adsorption isotherm (Anastopoulos & Kyzas, 2015). Application of a suitable 

adsorption model helps to reveal the true picture of the underlying adsorption mechanism. 

 

Langmuir Isotherm was designed in 1916, by Irving Langmuir. It relies on the 

monolayer adsorption capacity of an adsorbent by assuming the formation of uni-molecular 

layer of the adsorbate at the adsorbent surface (Fowler, 1935). This adsorption model is 

established on two assumptions: 

 There is no interface between the ions of adsorbate and 

 By monolayer adsorption, the uptake of adsorbate arises on a homogenous surface.  

The model also reflects that there is no shifting of the adsorbate in the plane of the 

adsorbent surface. The model is relatively versatile and the mechanism involved for all the 

adsorbate-adsorbent systems is similarly treated. The simplified mathematical expression of 

the Langmuir equation can be expressed as: 
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𝟏

𝒒
=

𝟏

𝒃𝒒𝒎 𝒄𝒆 
+

𝟏

𝒒𝒎
     (1.1) 

Where ‘q’ is the amount (mol/g) of adsorbate adsorbed, ‘Ce’ is the equilibrium concentration 

in (mg/L), ‘qm’ is the maximum adsorption capacity (mol/g) of the adsorbent and ‘b’ is the 

energy of adsorption (L/g). The Langmuir constants ‘qm’ and ‘b’ are calculated from the 

slopes and intercept of the line plotted 1/q against 1/Ce at a given temperature. Value of q can 

be calculated by the equation: 

𝒒 =  
(𝑪𝒐−𝑪𝒆)𝑽

𝒎
          (1.2)  

In this equation “V” (L) is the volume and “m” (g) is the mass of adsorbent used. 

The Langmuir constant ‘b’ is useful in defining the favorability of the adsorption process as it 

helps in calculating the dimensionless constant “RL” by equation; 

RL= 
𝟏

(𝟏+𝒃𝑪𝒆)
      (1.3) 

Value of RL is related to the favorability of adsorption process depending upon its values as;  

 

0 <RL< 1 Favorable adsorption 

RL > 1 Unfavorable adsorption 

 

Freundlich Isotherm explains that the binding affinities on the adsorbent surface 

differ with the interactions among the adsorbed molecules. This experimental model can be 

useful to explain the multilayer adsorption on heterogeneous surfaces that favor 

physiosorption (Freundlich, 1906). The equation of Freundlich adsorption isotherm model is 

expressed as:  

 

𝒍𝒐𝒈𝒒𝒆 = 𝒍𝒐𝒈𝑲𝒇  +  
𝟏

𝒏 
𝒍𝒐𝒈𝑪𝒆     (1.4) 

 

Here ‘Ce’ indicates the equilibrium concentration of the adsorbate and ‘qe’ the adsorbed 

amount (g/mol) and ‘Kf’ and ‘n’ are the Freundlich constants associated with the adsorption 

capacity and adsorption strength of the adsorbate-adsorbent system, respectively. Plot of 

‘logCe’ Vs ‘logqe’ helps to determine the values of Freundlich adsorption constants. Values 

of ‘n’ are adsorption quality determining parameter depending upon the value of n obtained 

as; 

n<1 Poor adsorption 

n= 1-2 Moderately difficult 

n= 2-10 Good adsorption 
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Temkin Isotherm model tells that the heat of adsorption of all the particles in the 

layer falls linearly with surface coverage because of adsorbent-adsorbate interactions. 

Furthermore, the adsorption process is considered to be an even distribution of the binding 

energies, up to high binding energy. The Temkin isothermal model is expressed in equation 

as: 

 

𝒒 = 𝑩𝑻  𝑰𝒏𝑪𝒆 + 𝑩𝑻  𝑰𝒏𝑲𝑻                  

(1.5) 

Where ‘q’ is the amount (mg/g) of adsorbate adsorbed per unit mass of adsorbent at 

equilibrium, ‘Ce’ is the final concentration at equilibrium (mg/L), ‘BT’ in this equation is 

equal to RT/b, where T is absolute temperature (K), R represents General gas constant (8.314 

J/mol) and KT (L/g) is the binding constant. Value of BT reveals the interaction among 

adsorbent and adsorbate as; 

 

BT<8 Physiosorption (weak interactions) 

BT =8-16 Ion exchange 

BT =16 above Chemisorption 

 

1.7.8.2 Kinetics Studies 

Kinetic study has a fundamental place in adsorption studies. The rate of solute uptake 

may be established by kinetic studies, which controls the residence time essential for 

completion of adsorption reaction. This study enlightens the rapidness of adsorption reaction 

and it also gives the information about the factors affecting the adsorption process. Moreover, 

it is promising to study the rate controlling steps. In the present study, the pseudo first order 

and pseudo second order kinetics model are used to describe the adsorption process. 

 

Pseudo First Order or Lagergren Kinetic rate equation, for the adsorption of solid liquid 

system is established on adsorption capacity and is broadly used to describe the adsorption of 

a solute from a liquid solution (Lagergren, 1898). The adsorption rate is directly proportional 

to a driving force, for instance the variation between initial and final (equilibrium) 

concentrations of the adsorbate is denoted by ‘qe-qt’ (Ho, 2004). 

 

𝒍𝒐𝒈(𝒒𝒆 − 𝒒𝒕) = 𝒍𝒐𝒈𝒒𝒆 − {
𝒌𝟏

𝟐.𝟑𝟎𝟑
} 𝒕    (1.6) 
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Where ‘qe’ (mg/g) is the amount of solute adsorbed at equilibrium, ‘qt’ (mg/g) is the amount 

of solute adsorbed at any given time and ‘k’ is the rate constant. ‘k’ can be calculated from 

the slope of the linear plot between ‘log(qe-qt)’ Vs  ‘t’.  

 

Pseudo Second Order Kinetics model is usually applied for the adsorption studies 

(Ho & McKay, 1999; Ho & Mckaf, 1998). The mathematical expression of this model is 

expressed as: 

 

𝒕

𝒒𝒕
=

𝟏

𝒌𝟐𝒒𝒆
+ {

𝟏

𝒒𝒆
} 𝒕     (1.7) 

 

Here, qt (mg/g) is adsorption capacity at time ‘t’, qe (mg/g) is adsorption capacity at 

equilibrium, k2 (g/mg/min) represents the rate constant for pseudo second order reaction.  

The plot of ‘t/qt’ vs time ‘t’ at different adsorption parameters provides a linear relationship 

with R2 value closer to ‘1’ revealing the suitability of the kinetics model. 

 

1.7.8.3 Thermodynamical Studies 

Various thermodynamics parameters are associated with the temperature dependence of 

an adsorption process. In the adsorption study, the thermodynamics is usually studied by the 

estimation of change in Gibbs free energy (ΔG°, kJ/mol), change in enthalpy (ΔH°, kJ/mol) 

and change in entropy (ΔS°, kJ.mol–1K–1) (Smith, 2000; Asgher & Bhatti, 2012). From 

thermodynamical prospective, the adsorption is considered as a one phase reaction, so the 

change in Gibbs free energy is estimated by the following equation: 

 

𝚫𝐆° =– 𝐑𝐓𝐈𝐧(𝐊)      (1.8) 

 

Where ‘R’ is the universal gas constant (8.314 J.mol−1 K−1), temperature ‘T’ in kelvin (K) and 

‘K’ is the dimensionless thermodynamic equilibrium constant. The relationship of ΔG° to 

change in enthalpy (ΔH°) and change in entropy (ΔS°) of adsorption is expressed as: 

 

𝚫𝐆° = 𝚫𝐇° −  𝐓𝚫𝐒°      (1.9) 

 

By combining above equations, the following expression is obtained: 
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𝐥𝐧(𝐊) =  −(𝚫𝐇°/𝐑𝐓) +  𝚫𝐒°/𝐑    (1.10) 

 

The plot of ‘ln (K)’ versus “1/T’ that is known as van’t Hoff plot, yields a straight line by 

which change in enthalpy (ΔH°) and change in entropy (ΔS°) are calculated from the 

intercept and slope of line. In adsorption study, the change in Gibbs free energy (ΔG°) 

specifies the degree of spontaneity of an adsorption process, and a greater negative value 

reveals favorable adsorption process. In relation to ΔH°, negative values reveal the 

exothermic processes and positive values reveal the endothermic processes. ΔS° tells about 

the entropy of the system. Additionally, by associating the values of ΔH° and TΔS° it can be 

confirmed whether the adsorption is entropy controlled or an enthalpy controlled process 

(Dotto et al., 2015). 

 

1.7.9 Adsorbents Selected for Study 

 Selection of adsorbent for water purification via adsorption is a very important factor. 

In the present study the three classes of adsorbents have been selected for treating waste 

water i.e. biological, geological and polymeric (Fig 1.2). A brief overview of the adsorbents 

that are used to remove anionic species, organic pollutants and dyes from aqueous media is 

given below. 

 

1.7.9.1 Biological Adsorbent 

Biological materials are inexpensive, renewable and nontoxic in nature and contain 

lignin, cellulosic and hemi-cellulosic material in their structure. Economic value of these 

materials along with potential ability to sequester contaminants makes them useful for 

treatment of waste water. These materials have been used successfully for water purification 

in raw as well as in physically or chemically treated form.  

Thermal or chemical treatment often results in increased surface area and pore size 

that increases adsorption capacity of such waste materials towards water decontamination. 

Pakistan is an agricultural country where large variety of crops, fruit trees, and vegetation are 

grown. Therefore, a large number of biological materials as; hull, straws, husk, fiber, shells 

and other plant waste can be used for removing toxic materials from waste water. 
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Figure1.2: Adsorbents selected for present study 

  

Adsorbents 
Selected for study

Biological 
Adsorbents

Rice husk

Wheat straw

Acacia nilotica 
leaves

abelmoscus 
esculentus stem

Terminalia arjuna 
nuts

Heterophragma 
adenophylla 

capsule

Geological 
Adsorbents

Bentonite

Kaolin

Multani mitti

Gachni

Polymeric 
Adsorbent 

Amberlite IRA 410

Cotton 

Cellulose

Backelite
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a) Rice Husk 

Rice (Oryza sativa) is a seed of plant, used as staple food in most regions of the world 

especially Asian countries. Global annual production of rice is approximately 600 million 

tons (Saha et al., 2014). 

 

 

Figure 1.3: Rice husk 

Rice husk is the outermost protective covering of rice grain and is commonly called husk, 

chaff or hull. It is generally yellowish brown in color (Giddel & Jivan 2007). This rice husk is 

either burnt as fuel in brick kiln or dumped in waste disposal sites thereby increasing the 

environmental pollution in both cases. Due to its soft structure and insulating nature it is used 

for animal beddings. The husk in these beddings is wasted after some time and dumped as 

solid waste.  

Rice husk is lignocellulosic material containing high levels of silica. It is low density 

material with high external surface area. Rice husk ash has low thermal conductivity, low 

bulk density high porosity and high melting point (Velupillai et al,. 1997) 

With the rapid development of public environmental awareness toward waste disposal 

and reduction and keeping environment clean, this agricultural waste has gained a general 

research attention as an adsorbent for sequestration of toxic pollutants from waste water. Rice 

husk has been used for treatment of water to adsorb dyes as; Malachite green, Congo red 

(Han et al., 2008). It has been investigated that the adsorption capacity of the rice husk can be 

increased by certain chemical modifications with alkalis (Chowdhury et al., 2011). Acid 

treatments methods like modification of rice husk with phosphoric acid and the preparation of 

activated carbon from rice husk have also been found to increase the adsorption capacity of 

this adsorbent for water decontamination (Mohamed, 2004; Chakraborty et al., 2011). 
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b) Wheat Straw  

Wheat (Triticum aestivum) belongs to a grass family. It is cultivated around the globe as a 

staple and cereal food.  World annual production of 632 million tons of wheat crop has been 

recorded; however, this rate of production has increased owing to greater consumption (Yasin 

et al., 2010; Talebnia et al., 2010). 

 

 

      Figure 1.4: Straw of wheat plant 

After harvesting of wheat grain, the leftover canes or dry stalk are generally called 

‘wheat straw’ and mostly treated as agricultural waste. It generally accounts for half of the 

yield of wheat crop. Some countries practice to burn this stalk in the fields and are increasing 

the level of air pollution. Due to some nutritional contents it is also used as fodder for 

livestock. It is found to contain; phosphorous, potassium and little amount of nitrogen. Wheat 

straw can be utilized as livestock bedding and thatching. Wheat straw contains cellulose, 

lignin, hemicellulose and silica in large contents (Dunford &Edwards 2010).  

In recent years, wheat straw has gained much attention of scientific community to 

utilize this agricultural waste as an adsorbent for the purification of water. It is believed to be 

nontoxic, low cost and environment friendly material. As an adsorbent, it has been utilized in 

the removal of heavy metal ions and dyes in industrial wastewaters (Ebrahimian Pirbazari et 

al., 2015). Wheat straw has been used as low cost non-conventional adsorbent for the 

elimination of chromium from aqueous solution (Talokar, 2011). The removal of various 

synthetic textile dyes has been studied by using wheat straw as an adsorbent (Robinson et al., 

2002).  Wheat straw is rich in hydroxyl groups and is modified by Fe3O4 crystal formation on 

its surface to adsorb arsenic (Tian et al., 2011). Wheat straw has shown good adsorption 

capacity for the removal of fluoride (Yadav et al., 2013). Copper ions from aqueous media 
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have been removed by citric acid treated wheat straw; this activation increases the capacity of 

wheat straw to remove copper ions (Zahra, 2013). 

 

c) Kikar Leaves 

‘Acacia nilotica’ locally known as ‘Kikar’ is a tree of approximately 5-20 meter height with a 

dense crown, dark to black branches and stem with grey spines in axillary pairs and bipinnate 

leaves (Hemamalini et al., 2013; Ali et al., 2012). It is a complex species with nine sub-

species, of which three are natural in Pakistan. It is found in all the four provinces; Punjab, 

Sindh, KPK and Baluchistan. It is a wild as well as widely cultivated usually below 600 

meter in altitude. It is used as fuel, fodder, charcoal, pit props, agricultural implements, gum, 

apiculture, fencing, nitrogen fixing and for land stabilization (Haider et al., 2013). Different 

parts of this tree have valuable medicinal significance. Extracts from leaves are used in 

various medicines. 

 

 

          Figure 1.5: Leaves of Kikar plant 

The leaves of Acacia nilotica have also been used to clean industrial wastewaters from 

chromium (VI) (Thilagavathy & Santhi, 2014). The microwave activated carbon from these 

leaves possessed greater adsorption capacity for chromium (VI) removal (Prasad & 

Thirumalisamy, 2013). Good adsorption capacity of its leaves has been found for the removal 

of Rhodamine B and Crystal Violet from aqueous media (Prasad &  Thirumalisamy, 2012). 

Co (II) in low concentrations has also been removed from waste water using the dried 

powdered leaves of Acacia nilotica (Thilagavathy & Santhi, 2014). 
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d) Bhindi Stem 

‘Lady Finger’ or ‘Okra’ (Abelmoschus esculentus) is a plant of warm temperate, 

tropical, and subtropical regions, where it is an important vegetable crop. This plant has 

various valuable features, such as it is easy to cultivate, high yields and rapid growth. It is a 

multipurpose crop, frequently consumed as a vegetable for its green tender fruits. Its stem is 

hollow, not so hard, but due to its sour taste and rough texture, it cannot be utilized as food 

for animals (Kumar et al., 2013; Chandra et al., 2016; Abbas at al., 2012). Lignin, cellulose 

and hemicelluloses are the major components of its stem and it is usually considered as an 

agriculture waste. This plant is medicinally important due to high fiber contents and large 

number of nutrients in it.  

 

 

Figure 1.6: Stem of Bhindi plant 

Due to its nontoxic and cost effective properties, this plant has become the point of interest 

for different researchers. Different parts of this plant have been used for waste water 

treatment by adsorption. Cellulosic fiber based grafted copolymer of Abelmoschus esculentus 

stem has been used for the removal of different metal ions like zinc (II), copper (II), lead (II) 

and cadmium (II) from wastewaters. (Singha & Guleria, 2014). Abelmoschus esculentus stem 

also have capacity to adsorb anionic dyes as Sunset Yellow, Congo red (Abbas et al., 2012) 

Brilliant Blue FCF and Alizarin Red-S (Rehman et al., 2013) from aqueous media. The 

uptake of different arsenic species as arsenite As (III) and arsenate As (V) by the okra plant 

has also been investigated (Chandra et al., 2016).  

 

e) Beerri ptta 

‘Berri ptta’ also known as ‘Heterophragma’ or ‘Fernandoa adenophylla’  is a 

medicinal plant that belongs to Bignoniaceae family. It is locally known as ‘berri ptta’ due to 
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its large leaves that were used for smoking purposes. It is a woody plant with roughly 860 

species and 82 genera mostly grow in Central, South America and Africa. It is also grown in 

South and South East Asian regions i.e. Pakistan, Burma, East Bengal, Andaman Islands and 

Assam. It is a beautiful, 5-13 meter high deciduous tree that has long incurved seed pods also 

called capsule hanging like snakes from the branches (Rahim et al., 2016). 

 

 

 

Figure 1.7: Capsule of Beerri ptta 

  

When its pod ripened the capsule shell is a waste that is added up in the environment. The 

seeds and leaves of this plant also possess antimicrobial properties. This plant has not been 

investigated so far, for the purpose of water decontamination. Waste generated by this plant 

has been selected for the present study owing to its non-toxic nature and ease of availability. 

 

f) Arjun 

‘Arjun tree’ also called ‘Terminalia arjuna’ is a tree locally known as ‘arjun’ belongs 

to the family Combretaceae and is known for its significant phytochemicals (Chattah et al., 

2014). It also known as ‘protectors of the garden tree’. It is evergreen tree with its height 

ranges between 60 to 80 feet. It is mostly found in the different parts of sub-continent. Its 

flowers are light yellow in color and leaves are cone shaped. Its flowering season is from 

March to June.  Hard woody fruit divided in five wings generally called nut is produced in 

November-December (Rao et al., 2016). Plant extract of Terminalia arjuna is medicinally 

very important and is used for ‘Ayurvedic’ treatment of cardiovascular diseases. 
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Figure 1.8: Nuts of Arjun tree 

The plant material of Terminalia Arjuna is probed to evaluate the sorption capacity towards 

Methylene Blue dye from contaminated waters (Reddy et al., 2012). The fruit has the good 

adsorption capacity to remove lead (II) from aqueous solution (Rao et al., 2016). Zinc 

chloride activation of activated carbon prepared from Terminalia arjuna nuts has found 

extraordinary useful to remove hexavalent chromium (Mohanty et al., 2005a) and phenols 

(Mohanty et al., 2005b) from dilute aqueous solutions. In the present study nuts of arjun tree 

are selected as adsorbent. 

 

1.7.9.2 Geological Adsorbents 

Clay is a natural material, primarily composed of fine grained minerals, metal oxides 

and organic matter. It is plastic in nature due to its water content and become non plastic and 

hard under high temperature conditions (Adeyemo et al., 2015). Clays were used in the past 

for treatment of different skin and stomach diseases. They have also been used as building 

material. Decolorization of oils and water filtration were also done by using clays. Due to 

their complexed layered structure, clays have gained the attention for the removal of heavy 

metals (Vega et al., 2005). Following clays have been selected for the present studies;  

 

a) Bentonite 

Bentonite is impure clay which exists in different types and each type is named after 

the presence of a particular dominant element among aluminium, potassium, calcium and 

sodium. Bentonite has generally come into exsistance from weathering of volcanic ash. 

Bentonites have exceptional absorbent and rheological properties. Depending upon structural 

arrangement two major types of bentonite i.e. sodium and calcium bentonite have a number 

of industrial applications (Adeyemo et al., 2015). Calcium bentonite has been employed for 
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the adsorption of ions in solution, whereas, sodium bentonite has excellent colloidal 

properties. Sodium bentonite has been used for environmental and geotechnical 

investigations.  

 

 

Figure 1.9: Bentonite clay 

Generally, bentonite clay has an overall neutral charge. It has a negative charge on its lattice 

and is described by a three layer assembly with two silicate layers enclosing a layer of 

aluminate. This arises when trivalent aluminium incompletely replaces tetravalent silica that 

results in the replacement of trivalent aluminium with divalent calcium. Subsequently, there 

is an attraction of opposite charges; so, the negatively charge on bentonite clay surface lattice 

may have an attraction for cationic dye. The adsorption capacity of bentonite in aqueous 

solution for malachite green has been studied at varying concentration of adsorbent (Tahir & 

Rauf, 2006). From mine waste leachates, bentonite has shown a good adsorption of heavy 

metals (Vega et al., 2005). It has also been used to adsorb organic pigments, amines; cations 

like Zinc (II) and Nickle (II) ketones, phenols, pesticides, phosphates, chlorophyll and 

various nonionic pollutants (Adeyemo et al., 2015). 

 

b) Kaolin 

Kaolin is a white plastic like soft clay containing the kaolinite mineral i.e., hydrated 

aluminium silicate. Rocks that have kaolinite group in abundance are known as kaolin. 

Kaolin deposits are categorized as either primary kaolin that result from hydrothermal 

alteration or residual weathering or secondary kaolin that are silty in origin. The kaolinite 

group comprises of dickite, di-octahedral minerals, tri-octahedral minerals, halloysite, nacrite, 

chamosite, cronstedite and chrysotile. These minerals are polymorphs i.e. they have different 

structures but same chemistry. The overall structure of the kaolinite group is composed of 

Si2O5 (silicate) sheets bonded to Al2(OH)4 (aluminium hydroxide/ oxide) layers called 
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gibbsite layers, which is a incrusted silicate mineral with one tetrahedral sheet connected 

through oxygen atoms to one octahedral sheet of alumina octahedral (Adeyemo et al., 2015). 

Kaolin is used in many industrial applications and is an ecologically safe material with no 

adversarial health problems.  

 

 

Figure 1.10: Kaolin clay 

Kaolin has also been used in the treatment of diarrhea linked with food poisoning and used to 

adsorb poisonous substances from the alimentary canal. The adsorption power of kaolin 

assorted in tablet formation even at small concentrations to adsorb some drugs has also been 

evaluated (Onyekweli et al., 2003). Chromium (VI) has been removed from aqueous solution 

by using Mg-Al hydrotalcite modified kaolin clay (Lin et al., 2014). Anionic reactive dye 

(Reactive Yellow 138:1) has also been removed by using kaolin from waste stream (Rahman 

et al., 2015). 

 

c) Multani Mitti  

Multani mitti (MM) clay or fuller’s earth (Montmorillonite) is categorized as silty 

clay of Pakistani origin (Waheed et al., 2012). Its abundant deposits are situated near the city 

of Multan Pakistan.  

It is a soft phyllosilicate mineral and associated with smectite family. The structural 

unit consists of a layer in which two internally pointed tetrahedral sheets with an alumina 

octahedral sheet in center. The layers are constant in the width and length wise directions, but 

the links between these layers are not strong and have excellent cleavage, letting water and 

other molecules to pass in between the layers affecting pillaring between the layers 

(Adeyemo et al., 2015). The Isomorphous replacement causes a net permanent charge, 
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stablilized by cations in such a way that water may exchange between the crystal lattice 

sheets, giving very plastic and reversible cation exchange properties. 

 

Figure 1.11: Multani mitti 

In Pakistan, people usually use raw multani mitti (clay) for medication, for oral ingestion, as 

hair and body wash and in aesthetic medicine (Waheed et al., 2013). 

Montmorillonite and its designed tetrabutyl-ammonium and poly(oxozirconium) 

derivatives has been used for the adsorption of Cu(II) from aqueous solution (Bhattacharyya 

& Gupta, 2006). The adsorption capacity of sodium montmorillonite has also been 

investigated to adsorb Cr, Cd, Mn, Cu, Pb, Ni and Zn (Abollino et al., 2003). The 

montmorillonite and its acid activated forms also have the adsorption capacity for Nickle (II) 

and Copper (II) removal from aqueous media (Bhattacharyya & Gupta, 2008). 

 

d) Gachni 

 It belongs to the smectite class of clays that include Fuller’s earth. Its elemental 

composition makes it somewhat different from Multani mitti. Major deposits of fuller’s earth 

in Pakistan occur in Dera Ghazi Khan, Taraki and near Kohat. In Pakistan, Gachni was used 

in past for applying on wooden writing boards when people were unable to buy paper for 

writing. Now it is also used as facial mask to cure the skin.  

 

 

Figure 1.12: Gachni clay 
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In various areas of the country Gachni is used by ladies during pregnancy for undesirable 

need ingest clay generally called ‘geophagy’. 

 

1.7.9.3 Polymeric adsorbents 

The polymeric adsorbents are the distinctive class of adsorbents with increased 

surface area, fine pore structure and greater adsorption capacity.  Advancement in the 

development of polymeric adsorbents has resulted in polymer composite, synthetic 

biopolymers, co-polymeric structure and nano polymers. Molecularly imprinted polymers 

have specification towards particular pollutant. It works on the principle of enzyme substrate 

model and removes the pollutant from water. The efficiency of these polymers is considered 

higher than other adsorbents. 

 

a) Cellulose 

Cellulose is a biopolymer comprised of β(1-4) glucosidic linkage. It is found naturally 

in plant cell wall. It is also found in paper, wood and cotton fiber. There is a strong contact 

between cellulose molecules in dry fibers because of hydroxyl (–OH) groups, which form 

intermolecular hydrogen bonds that allow it to bend and twist in the way out of the plane, so 

that the molecule may become discreetly flexible (O’Connell et al., 2008).  This structure of 

molecule gives cellulose its typical properties i.e. chirality, hydrophilicity and degradability. 

Cellulose has been extensively explored by scientists for adsorption studies as a promising 

natural adsorbent. It is more striking when its structure is modified in order to enhance the 

potential properties of this material (Xie et al., 2008; Silva et al., 2013; Xie et al., 2011; 

Singh et al., 2015).  

 

Figure 1.13: Microcrystalline cellulose 
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Elasticity, hydrophilic or hydrophobic character, resistance to microbiological attacks, 

mechanical and thermal resistance of cellulose may be modified to enhance its adsorption 

capacity for various pollutants in non-aqueous and aqueous medium (Kobayashi et al., 2001). 

Cellulose has also been chemically modified by oxidation using sodium metaperiodate 

followed by p-toluidine condensation which has been studied for the adsorption of heavy 

metal ions (Saravanan et al., 2015). A nano-cellulosic biomaterial has also been synthesized 

to entrap arsenic ions (Singh et al., 2015). Natural and modified cellulosic material has also 

been investigated for the removal of various heavy metals (Malik et al., 2016). 

 

b) Cotton 

Cotton (Gossypium barbadense L.) is an important fibrous crop grows as a boll. This 

natural fiber is widely used for textile fiber production (Mohamed et al., 2013). In adsorption 

experiments this fiber has extensively been used to eliminate heavy metals from aqueous 

media. Cotton has adequate adsorption capacity for oil. Cotton fiber primarily contains 

cellulose which is a polysaccharide made up of carbon, hydrogen and oxygen. Natural cotton 

fiber has been thermo-chemically esterified with citric acid to adsorb heavy metals like lead 

(II), Zinc (II), Copper (II) and Cadmium (II) (Paulino et al., 2014).  

 

 

Figure 1.14: Cotton  

As a solid phase extractor, cotton fiber has been used to remove polycyclic aromatic 

hydrocarbons from real aqueous samples (Wang et al., 2014). The adsorption of fluoride has 

also been studied using iron(III) loaded ligand exchange cotton cellulose adsorbent from 

drinking water (Zhao et al., 2008). 
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c) Bakelite 

Bakelite is a thermosetting phenol formaldehyde resin; which is considered as 

a plastic of early times. It was developed in New York, in 1907 and it is considered as one of 

the primary plastics prepared from synthetic components (Bello et al., 2013). Bakelite is used 

for its heat resistant properties and electrical non-conductivity in radio, electrical insulators 

and telephone casings. It has also been used in jewellry, kitchenware, toys, pipe stems 

and firearms (Sieckhaus, 2009). Bakelite possesses various important properties. It can be 

molded rapidly into various articles which retain their shape and are smooth, unaffected to 

scratches, heat and destructive solvents.  

 

Carbonaceous adsorbents in form of phenol formaldehyde resins prepared by fusion 

of pressed olive stones and novolac resin has been studied for their possible adsorption ability 

for phenols (Simitzis & Sfyrakis, 1988). 

 

Figure 1.15: Powdered bakelite 

There are different phenolic resins that are the oldest industrial polymers and are still 

employed due to their low manufacturing cost and superior properties. Additionally, the 

reactive –OH groups can be certainly reformed by different modification agents having –

COOH, –SO3H and –NH2 groups. Sulfonated phenol formaldehyde resin has been studied for 

the removal of basic dyes i.e. Nile Blue A, Safranin T and Brilliant Cresyl Blue (Iyim et al., 

2008) and uranium (Atun & Ortaboy, 2009) from aqueous solution. Phenol formaldehyde 

resins have also been utilized to immobilize hydrous ferric oxide onto granular activated 

carbon for the sorption of Arsenic (As) (Zhuang et al., 2008). 
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d) Amberlite 

Amberlite IRA-410 Cl resin is an anion exchange resin that is strongly basic, with a 

pure gel structure. It is pale yellow glowing spherical beads in its physical form. Polystyrene 

is crosslinked in this resin and it has a good regeneration efficiency, high bead integrity and 

outstanding rinse performance. It is mainly suitable for use in two column water 

demineralization plants, one consists of an anion and other one is of cation unit. It is stable 

against both strongly oxidizing and reducing conditions of the medium irrespective of the pH 

of the medium (Hosseini & Nazemi, 2013).  

Amberlite IRA-410 Cl resin has been used for the adsorption of various toxic species 

from different media. Bovine albumin adsorption by amberlite IRA 410 ion-exchange resin 

has been evaluated (Severo Jr. et al., 2009). 

 

 

Figure 1.16: Amberlite IRA 410 

 

A column of amberlite IRA-410 resin has been used to separate arsenic (V) ions from 

drinking and natural water samples. Later, the determination of arsenic was revealed in 

interaction with L-cysteine capped cadmium sulfide (CdS) quantum dots as a highly selective 

and delicate fluorescent probe for arsenic species (Hosseini & Nazemi, 2013). By a selective 

adsorption method, the erythromycin has been recovered from standard solutions on this 

anion exchange resin (L. Ribeiro & C. Ribeiro, 2003). Similarly, nitrate (Chabani & 

Bensmaili, 2005) and chromium (VI) (Yasmine et al., 2012) have also been removed from 

wastewater and aqueous solutions respectively, by using amberlite IRA-410. As a strong 

anion exchange resin, amberlite IRA-410 has been impregnation by eosin-B and a column 

containing this impregnated resin has been also used for the solid phase extraction of thorium 

(IV) traces in different environmental samples (Hosseini & Bandegharaei, 2010). 
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1.7.10 TECHNIQUES USED FOR CHARACTERIZATION OF ADSORBENTS 

In order to select an adsorbent for the study, it is desired to have detail idea about the 

characteristics of the adsorbent. There are various analytical techniques that provide the 

valuable information about the structure, functional groups and surface morphology of the 

adsorbents. These parameters give information about the adsorption capabilities of 

adsorbents. For present study adsorbents have been characterized by; Elemental Analysis 

(CHNS), Infrared spectroscopy (FTIR), Scanning electron microscopy (SEM) and X-ray 

Diffraction (XRD). 

 

1.7.10.1 FTIR Analysis 

Fourier transform infrared spectroscopy (FTIR) is an analytical technique based upon 

the vibrations of atoms present in a substance. So, it is a common vibrational spectroscopy 

technique suitable for the structural characterization of materials such as the determination of 

functional groups of the sample and vibrational frequencies of molecules (Ismadji et al., 

2015). FTIR spectrum reveals the vibrational modes, determined by a selection rule. In 

adsorption studies FTIR spectrum reveals the appropriate binding sites in the form of 

functional groups on adsorbent that would be selected by the adsorbate to interact. After 

conducting the adsorption studies the FTIR analysis of used adsorbent reveals interaction 

between the active sites of adsorbent and the adsorbate species by the change in the 

vibrational frequencies. Therefore, the change in frequencies recorded in FTIR spectrum can 

provide information about the adsorbate-adsorbent interactions. 

 

1.7.10.2 Scanning Electron Micrographs 

Scanning electron microscopy (S.E.M) is a popular and powerful technique for 

imaging the surface of an adsorbent. When the incident beam of electrons interacts with 

surface of sample, those secondary electrons are evolved from the surface of the sample that 

have lesser energies. The radiation efficiency of the secondary electron relies upon the 

surface chemical characteristics, surface geometry and bulk chemical composition of the 

sample. In adsorption study, SEM technique can provide information about the surface 

morphology and topology before and after the adsorption process. In other words, by this 

analytical technique, the surface transformation of adsorbent sample is studied before the 

intake (adsorption) of adsorbate and after the interaction of adsorbate with surface of 

adsorbent.  
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1.7.10.3 X-Ray Diffraction Analysis of Clays 

It is a widely used technique to determine the structure and for the fingerprint 

characterization of various crystalline materials. Every solid crystalline material retains a 

distinctive characteristic X-ray diffraction pattern, that can be utilized as a fingerprint for the 

identification of that particular material. It is a challenging practice to identify the clay 

minerals because of their great chemical and compositional diversity. The advancements in 

this technique have made it possible to characterize numerous clay minerals (Cullity, 1963). 

Hence, the X-ray diffraction method is the best choice as a characterizing tool to categorize 

the clay minerals.  

There are numerous benefits of using X-ray diffraction analysis to illustrate the clay minerals 

when used as adsorbent, such as; it requires a small amount of clay material, it can determine 

the authentic chemical composition, it is non-destructive and spontaneously determines the 

crystal type. There is a simple relationship between the diffraction angle, wavelength of the 

X-ray and the d-spacing which is described by Bragg’s law. This law is expressed as: 

nλ = 2dsinθ      (1.11) 

Where ‘λ’ is the wavelength of the X-ray, ‘n’ is the diffraction order. ‘d’ is the inter planar 

spacing and ‘θ’ is the diffraction angle.  

 

1.7.10.4 Elemental Analysis (CHNS) 

Elemental analysis is another important analytical technique that is used to calculate 

the elemental composition of a sample. It computes the organic matter in a given sample by 

quantifying common elements used as constructing blocks in organic compounds, hydrogen, 

carbon, nitrogen and sulfur. This is attained through the comprehensive combustion of the 

sample material, discharging the organic matter as vaporous forms of the specific elements of 

interest (C: CO2, N: N2, S: SO2, H: H2O), followed by split-up of the gases by a series of gas 

traps. In adsorption study, this analytical technique is employed to verify the adsorbent 

elemental composition. 

 

1.7.10.5 Physicochemical Properties 

There are numerous physicochemical properties that are studied in present work for 

completely exploring the nature of adsorbents selected for study.  
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a. Dry Density: 

 Dry density is the mass per unit volume of adsorbent (selected for study) and is 

measured by the following equation; 

𝑫𝒓𝒚 𝒅𝒆𝒏𝒔𝒊𝒕𝒚 =
𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒅𝒓𝒚 𝒂𝒅𝒔𝒐𝒓𝒃𝒆𝒏𝒕 (𝒈)

𝑽𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝒄𝒚𝒍𝒊𝒏𝒅𝒆𝒓 (𝒄𝒎𝟑)
   (1.12) 

b. Bulk Density: 

 It is the measure of mass of adsorbent in the given volume and can be calculated by 

the equation 1.13 (Miller and Donahue, 1990); 

𝑩𝒖𝒍𝒌 𝒅𝒆𝒏𝒔𝒊𝒕𝒚 =  
𝑾𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒘𝒆𝒕 𝒔𝒂𝒎𝒑𝒍𝒆 (𝒈)

𝑽𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆(𝒄𝒎𝟑)
    (1.13) 

 

c. Porosity: 

Porosity has its significant role in the process of adsorption as it has been extensively 

studied by the process of adsorption. Contact of an adsorbate to a porous surface allows 

accumulation of the adsorbate on such surface, because it provides the trapping sites (Greeg 

& Sing, 1982). The total porosity is typically categorized into three groups: micro pores that 

has diameter less than 2 nm, meso pores that has diameter 2<d<50 nm and macro pores that 

have diameter greater than 50 nm. The porosity of the adsorbent material can be calculated 

as; 

 

Porosity (η) = Vʋ/ Vt      (1.14) 

 

Where Vʋ is the volume of void, Vt is the total volume of cylinder. Vʋ can be calculated as:  

 

Vʋ (cm3) = Vads - Vc     (1.15) 

 For calculating the volume of adsorbent, the following relation can be used. 

𝑽
𝒂𝒅𝒔= 

𝑴𝒔 
𝑮𝒔

𝒅𝒘
      (1.16) 

d. Point of Zero Charge: 

The point of zero charge (pHzpc) reveals the charge of surface as a function of pH. The 

pHpzc arises when there is no variation in the pH after interaction with adsorbent. When the 

solution pH is less than pHzpc, the adsorbent surface is positively charged and at higher pH 

values than pHzpc results in the negatively charged adsorbent surface. 
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e. Moisture Content 

Moisture content or equilibrium moisture content (EMC) is the moisture content in 

the sample material in equilibrium with a specific environment (relative humidity and 

temperature). Moisture content of adsorbent is found to reduce the adsorption capacity of the 

material (Ekpete & Horsfall, 2011). In adsorption experiment, the moisture contents of the 

sample material can be expressed as: 

 

𝑴𝒐𝒊𝒔𝒕𝒖𝒓𝒆 % =  
𝒍𝒐𝒔𝒔 𝒊𝒏 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒏 𝒅𝒓𝒚𝒊𝒏𝒈 (𝒈)

𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝒔𝒂𝒎𝒑𝒍𝒆 𝒘𝒆𝒊𝒈𝒉𝒕
 𝒙 𝟏𝟎𝟎   (1.17) 

 

f. % Ash Content: 

Ash is the inorganic residue of the material that is left after the removal of moisture 

and organic component from that substance. Ash content is also considered to be the key 

parameter that affects the adsorption capacity (Okeola et al., 2012; Feng et al., 2014). The 

ash content can be calculated by using the following equation: 

 

𝑨𝒔𝒉 (%) =  
𝑾𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒂𝒔𝒉 (𝒈)

𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒅𝒓𝒚 𝒂𝒅𝒔𝒐𝒓𝒃𝒆𝒏𝒕
 ×  𝟏𝟎𝟎   (1.18) 

 

g. % Volatile Matter 

This gives information about the loss in mass on heating. The volatile components in 

the adsorbent evaporate as the temperature is increased and the resultant adsorbent become 

free of volatile matter. Equation employed for the determination of % volatile matter is as 

follows; 

 

𝑽𝒐𝒍𝒂𝒕𝒊𝒍𝒆 𝒎𝒂𝒕𝒕𝒆𝒓 (%) =
𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝑫𝒓𝒚 𝒂𝒅𝒔𝒐𝒓𝒃𝒆𝒏𝒕(𝒈)−𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝑨𝒔𝒉(𝒈)

𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒅𝒓𝒚 𝒂𝒅𝒔𝒐𝒓𝒃𝒆𝒏𝒕 (𝒈)
× 𝟏𝟎𝟎  (1.19) 

 

h. Iodine Number: 

It is related to the adsorption of molecules that have small molecular weights and is 

utilized as an indicator of adsorption capacity. Iodine number concentration of iodine 

adsorbed by the adsorbent at room temperature is considered as quantity of iodine adsorbed 

in milligrams. Greater the iodine number more will be the adsorption capacity of adsorbent. 

Following equation is used for calculating iodine number of particular adsorbent. 
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𝑰𝒎𝒈

𝒈
=

𝑩−𝑺

𝑩
 .  

𝑽𝑴

𝑾
 𝒙 𝟐𝟓𝟑. 𝟖𝟏     (1.20) 

Where, ‘S’ and ‘B’, are the volume of thiosulphate solution; used for sample and blank 

titration. ‘W’ is the mass of adsorbent, ‘M’ is the concentration in moles of the iodine solute, 

‘253.81’ is the molar mass of iodine and ‘V’ is volume of filtrate taken. 

 

i. % Desorption  

 Desorption is the removal of adsorbed molecules from the surface of adsorbents. 

Desorption % can be calculated by the following equation: 

Desorption (%) =  
𝑸𝒅𝒆𝒔

𝑸
 × 𝟏𝟎𝟎    (1.21) 

Where Qdes and Q are selected adsorbate desorbed and adsorbed in mg/g respectively. Qdes 

can be calculated using the following equation: 

Qdes = Cdes
𝑽

𝒎
      (1.22) 

Here, V is the volume of the desorbent solution in liters, ‘m’ is the mass of adsorbent used 

and Cdes is the concentration (ppm) of desorbed adsorbate. 
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1.7.11 OBJECTIVES OF THIS WORK: 

 

The plan of this study was designed to decontaminate water from selected toxic anions, 

organic pollutants present in the effluents of different industries. Adsorbents belonging to 

biological, geological and polymeric origin are selected to check their suitability for the 

removal of above said adsorbates. Major objective of this research work are; 

 

 Water decontamination using low cost adsorbents that are indigenously available. 

 Explication of surface morphology of selected adsorbents by scanning electron 

micrograph (S.E.M), Fourier transform infrared spectroscopy (FTIR) and X-ray 

diffraction (XRD) for exploring the capability of adsorbents for the present work.  

 To optimize various parameters including; time of contact, agitation speed, pH, 

temperature, particle size and adsorbent dose for studying the adsorption behavior of 

the selected adsorbates. 

 Chemical modification of biological and geological adsorbents to check the effect of 

modifying reagent on surface morphology and adsorption capacity of the adsorbent. 

 To elucidate adsorption mechanism by isothermal modeling; Langmuir, Freundlich 

and Temkin are used. 

 Rate of reaction is the important factor that elaborates the time dependency of 

adsorption process. Applying pseudo first and pseudo second order reaction kinetics 

model for this purpose. 

 Temperature effects the adsorbate adsorbent interaction by disturbing the molecular 

motions. Thermodynamic parameters better explain the nature and feasibility of 

adsorption. 

 Reusability of the adsorbents by selecting the suitable desorbing reagent and proper 

disposal of waste adsorbents.  
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Chapter - 2 

General Experimentation 

(Adsorbent modification and characterization) 

 

2.1 Collection of the Adsorbents 

 

Table 2.1: Categories of adsorbents their Chemical/botanical names and origin 

 

Category Adsorbent Chemical/botanical name Origin 

 

 

 

Biological 

adsorbents 

Rice Husk Oryza sativa husk Local market, district 

Gujranwala, Pakistan. 

Wheat Straw Triticum aestivum straw Local market, district 

Gujranwala, Pakistan. 

Kikar leaves Acacia nilotica leaves Punjab University, new 

campus, Lahore, Pakistan. 

Bhindi stem Abelmoschus esculentus 

stem 

Punjab University, new 

campus, Lahore, Pakistan. 

Arjun nuts Terminalia arjuna nuts Punjab University, new 

campus, Lahore, Pakistan. 

Beerri ptta 

capsule 

Heterophragma 

adenophylla capsules 

Punjab University, new 

campus, Lahore, Pakistan. 

 

 

Geological 

adsorbents 

Bentonite Montmorillonite  Local market, Lahore, 

Pakistan. 

Kaolin phyllosilicates Local market, Lahore, 

Pakistan 

Multani mitti Fuller’s earth Local market, Multan 

Pakistan 

Gachni Fuller’s earth (smectite 

group) 

Local market, Multan 

Pakistan 

 

 

Polymeric 

adsorbents 

Microcrystalline 

cellulose 

Microcrystalline cellulose BDH, purchased from 

Lahore 

Cotton Gossypium arboreum Purchased from Lahore. 

Bakelite Bakelite Purchased from Lahore. 

Amberlite IRA 

410 

Amberlite IRA 410 AnalR grade purchased 

from Lahore. 
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2.2  Instruments Used 

For the preparation and characterization of the selected adsorbents following instruments 

were used; 

 Grinding mill (IKA- MF10) 

 Electronic weighing balance capacity 200g, readability 0.1g, (shimadzu corporation 

Japan) 

 pH meter (Hanna) 

 Electric oven (Memmert, Germany) 

 Furnace 

 FTIR (Cary 630-Agilent technologies, USA) 

 SEM/EDX (JOEL, Japan) 

 XRD (Bruker, Germany 

 

2.3 Preparation of Adsorbents 

Adsorbents of three different origins were used and checked for their ability to adsorb 

selected anions and organic pollutants from the waste water. Biological adsorbents rice 

(Oryza sativa) husk, wheat (Triticum aestivum) straw, bhindi (Abelmoschus esculentus) stem 

and kikar (Acacia nilotica) leaves, arjun nuts (Terminalia arjuna) nuts and beerri ptta capsule 

(Heterophragma adenophylla capsule)], geological adsorbents (bentonite, kaolin and multani 

mitti and Gachni) and polymeric adsorbents (cotton, cellulose, amberlite IRA 410 and 

Bakelite) were used for this study. 

Biological adsorbents as rice husk and wheat straw were obtained from the local 

market of district Gujranwala, Pakistan. Bhindi stem, kikar leaves, beerri ptta capsule and 

arjun nuts were obtained from Punjab University new campus Lahore. All the materials were 

washed first with tap water to remove dust and dirt particles and then twice with distilled 

water and dried in electric oven for 20 hours at 100°C. The dried adsorbents were then 

grinded, sieved and kept in separate bottles for further use.  

Geological adsorbents as Multani mitti and Gachni were purchased from the local 

market of Lahore. They were washed to remove water soluble impurities and oven dried at 

100°C. Commercially available bentonite and kaolin were also used in this study for the 

removal of sulfide.  

Polymeric adsorbents that were selected for the study were purchased from local 

market. Cotton used for medicinal purposes was used and soaked in n-hexane for some time 
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to remove the hydrophilic polymeric layer. After that it was squeezed and washed with 

double distilled water and then dried in oven. Bakelite in the form of electrical switches were 

collected from the garbage and washed to remove dirt and dust. Washed material were 

hammered and then grinded to fine powder. This powder was then used for further 

experiments. Amberlite IRA 410 of (AnalR grade) and microcrystalline cellulose of BDH 

were used. 

 

2.4 Chemical Modification of Adsorbents 

 Biological and geological adsorbents were chemically treated using sodium 

hydroxide, sodium carbonate, nitric acid, hydrochloric acid, methanol, ethanol, zinc chloride 

and calcium chloride. Alkalis and acids were found to modify the surface morphology and 

increase the surface ability for effective binding of anions and organic pollutants. 

Modification of adsorbents surface with organic solvent was also found to enhance the 

adsorption ability of adsorbents. Modification of adsorbents using zinc chloride and calcium 

chloride increased the adsorbents ability for removing the anions and organic pollutants. 

 Acid and alkali modification of adsorbents was carried out by using 0.01M sodium 

hydroxide, sodium carbonate, hydrochloric acid and nitric acid. 100 g of each adsorbent was 

shaken in a flask with 500 mL of modifying agent. After 3 hours shaking on orbital shaker at 

100 rpm the solution was filtered and adsorbents were washed with doubly distilled water to 

remove excess of modifying reagents. After washing the adsorbents were dried in oven for 5 

hours at 90 °C. Dried adsorbents were stored in properly labeled, air tight glass jars for 

further use. 

Modification of adsorbents with organic solvents was carried out by using 50% V/V solution 

of methanol and ethanol following the same procedure as mentioned above. Dried adsorbents 

were stored in properly labeled, air tight glass jars for further use. 

 Modification of adsorbent by zinc chloride and calcium chloride was carried out by 

using 0.01M solution of both the reagents. Following the same procedure as mentioned 

earlier. Dried adsorbents were stored in properly labeled, air tight glass jars for further use. 

 

2.5 CHARACTERIZATION OF RAW ADSORBENTS 

All the adsorbents selected for the present work were subjected to different techniques to 

explore their characteristics and surface morphology.  
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2.5.1 Determination of Physicochemical Characteristics 

 Characterization of adsorbents was made according to the methods explained by 

(Ekpete and Horsfall, 2011). The physicochemical characteristics were applied for the 

biological and geological adsorbents only because the properties of commercially used 

adsorbents were available in their data fact sheet. Necessary modifications in the methods 

were done depending upon the facilities available. Biological and geological adsorbents were 

explored for their physicochemical properties.  

 

a) Initial pH 

In order to calculate the initial pH of the adsorbent 1.0 g of the selected adsorbents 

were taken in separate beakers and 50 mL of double distilled water was added to each beaker. 

The solutions were then subjected to the agitation of 100 rpm for 60 minutes. Solutions were 

then allowed to stand for the measurement of pH. Calibrated pH meter was used to measure 

the pH. 

 

b) Dry Density 

 Dry density measurements were made by taking a glass cylinder and weighing it. The 

cylinder was then filled with the adsorbents, one at a time and weighed again. Difference in 

masses was used to calculate the dry density of the adsorbent according to equation 1.12. 

Volume of the cylinder was calculated by V = πr2h; where r= radius of the cylinder and h is 

the height of the cylinder. 

 

c) Bulk Density 

 Density bottle (specific gravity bottle) was washed dried and corked well before 

weighing. Its weight was recorded as ‘m1’. The bottle was then filled with water and weighed 

again. This weight was recorded as m2’. Difference of m2 and ‘m1’ gave ‘m3’ that was 

recorded as weight of water filled in density bottle. ‘m3’ corresponds to the volume of density 

bottle as density of water is 1g/cm3. The density bottle was then filled again with adsorbent 

with a small quantity of water in it, corked well and weighed again. Equation 1.13 was used 

to calculate the bulk density of adsorbents. 

 

d) Porosity 

 For the determination of porosity small quantity of each adsorbent was taken and 

weighed. The weight was recorded as Ms. Adsorbents were then dried at 373K for 120 
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minutes. Dried weight was recorded as Gs. According to the equation 1.14 the porosity 

calculation was done. Volume of the cylinder was calculated using equation 1.15 and volume 

of adsorbent was calculated by equation 1.16. 

 

e) %Moisture Content 

 For the purpose of moisture content determination a known weight 1.0 g of adsorbents 

was taken in pre-weighed crucibles. Adsorbents were then subjected to thermal treatment at 

363K for 240 minutes. Difference in the weights of adsorbents before and after thermal 

treatment was used to calculate moisture content by equation 1.17. 

 

f) %Ash Content / Volatile Matter 

 Volatile matter and ash content of the adsorbents were determined by taking 1.0 g of 

each adsorbent in separate crucible and heating the crucible for 240 minutes at 773K. 

Difference in masses was then used for calculating the ash contents and volatile matter by 

using equation 1.18 and equation 1.19 respectively. 

 

g) Iodine Number  

 For the determination of iodine number, iodine stock solution was prepared by adding 

2.7 g of iodine crystals and 4.1 g of potassium iodide in 1000 mL of double distilled water. 

Standard sodium thiosulfate was used to standardize the iodine solution. 0.5 g of each 

adsorbent was added to 5% v/v HCl and agitated for 60 minutes with slow addition of iodine 

solution. After further agitation of 5 minutes, the sample was filtered. To 10 mL of this 

filtrate, a few drops of starch solution were added as indicator. It was then titrated against 

standard sodium thiosulfate solution.  Equation 1.20 was used for the determination of iodine 

number.  

Higher values of iodine number correspond to greater adsorption capacity of the 

adsorbent. Ability of adsorbents to adsorb the low molecular weight species was measured by 

its iodine number. Activated carbon and commercially available materials were used 

generally to have higher values of iodine number that is the indication of their higher 

adsorption capacity (Kushwaha et al., 2013). 

 

h) Point of Zero Charge  

Point of zero charge is the state when electrical charge density on the surface of the adsorbent 

is zero. pH of 25 ppm sodium chloride solution was adjusted in the range of 1 to 10 using 
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0.1M sodium hydroxide and 0.1M hydrochloric acid. This pH was recorded as initial pH. For 

the measurement of point of zero charge pHpzc, 0.5 g of each selected adsorbent was added to 

50 mL of 25 ppm sodium hydroxide solution in separate flasks containing different pH 

solution. Flasks were covered and allowed to stay for three days and randomly agitated for 

120 minutes. After completion of time duration, solutions were filtered and pH is noted as 

final pH. Difference in final and initial pH was recorded as ΔpH. By plotting a graph between 

initial pH on X-axis and ΔpH on Y-axis a line is obtained which intersect X-axis on the point 

that is pHpzc of adsorbent. 

 

Result of the above mentioned different physicochemical properties such as dry 

density, bulk density, porosity, pH, Moisture contents volatile matter and iodine number 

showing variable nature of the selected biological and geological adsorbents are presented in 

Table 2.2. 

 

Table 2.2: Physicochemical properties of adsorbents 

Adsorbent 
Initial 

pH 

Dry 

density 
(g/cm3) 

Bulk 

density 
(g/cm3) 

Moisture 

content 
(%) 

Ash 

content 
(%) 

Volatile 

matter 
(%) 

I2 

number 
pHpzc 

Rice Husk 6.69 0.047 0.925 4.42 13.5 86.4 15.736 5.6 

Wheat straw 6.48 0.029 0.872 4.46 7.0 93.0 7.106 5.8 

Kikar leaves 5.58 0.054 0.985 3.82 9.45 90.5 23.858 6.4 

Bhindi stem 5.37 0.033 0.990 4.96 7.83 92.1 9.5432 6.9 

Arjun nuts 5.00 0.063 0.882 3.68 8.76 91.2 17.166 6.2 

Berri ptta capsule 5.90 0.085 0.896 7.02 5.03 94.9 15.730 6.7 

Bentonite  9.67 0.215 1.051 7.16 93.7 6.28 9.644 2.8 

Kaolin 7.86 0.053 0.934 0.2 89.47 10.48 2.538 3.5 

Multani mitti 7.20 0.208 0.931 5.2 95.7 4.24 7.614 4.8 

Gachni 8.34 0.207 0.800 1.2 97.3 2.67 2.030 3.6 

 

 

2.5.2 Surface Morphology Study 

S.E.M studies were made in order to explore the surface morphology of the 

adsorbents used for present work along with EDX analysis.  Instrumental specifications are 

presented in table 2.3. 

The samples were coated with gold and sputtered at 20kV.  Results of the surface 

structure and texture of understudy adsorbents using S.E.M and by EDX (Energy Dispersive 

X-ray analysis) are shown in Fig.2.1 and Table 2.4 respectively. Results revealed that; 
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Table 2.3: Instrumental specifications of SEM 

 

SEM, sample coater, Detector 

( made by) 

JEOL, Japan 

SEM model number JSM-6380A 

Sample coater model number JFC-1500 

Detector  EDS 

Detector model number EX-54175jMU 

 

Biological adsorbents like; Rice husk showed cracked morphology with micro 

particles on the surface, wheat straw showed cracked layered surface, Kikar leaves showed 

mottled morphology with pebble like structures on the surface, bhindi stem showed dry 

layered morphology, arjun nuts showed layered morphology with holes on the surface and 

beerri ptta capsule showed sliced morphology.  

 

Geological adsorbents like; bentonite showed flaky cracked morphology, kaolin 

showed fluffy flakes like morphology, multani mitti showed abraded cracks like morphology 

and Gachni clay showed rough abraded morphology.  

 

Polymeric adsorbents like; Cotton showed quite smooth surface with prickly pear like 

morphology, Cellulose showed jagged morphology, Amberlite IRA 410 showed smooth 

surface with scattered micro-porous characters and bakelite showed cracked abraded 

morphology.  
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2.5.3 Fourier Transform Infrared Spectroscopic Study 

 In order to explore the functional group present in adsorbents FT-IR studies were 

conducted with the following instrument specifications. FT-IR absorption bands of selected 

adsorbents are shown in the Fig. 2.2 and results are tabulated in Table 2.5.  

 

Table 2.5: Instrumental specifications of FT-IR 

 
Instrument 

model/made by 

Cary 630/ Agilent 

technologies 

Source  MIR 

Detector  DTGS 

Resolution  2cm-1 

Method  ATR 

Range  4000-650cm-1 

Background scans  32 

Sample scans  32 

 

 

Figure 2.2: FT-IR absorption bands of selected raw adsorbents for the present study 

 

a) Rice Husk 

FT-IR spectra of rice husk showed bands at 2917, 1655, 1236, 1031 and 685 and 657 

cm-1. The band at 2917 cm-1 corresponds to C–H stretching vibrations of alkyl moieties. The 
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band at 1655 cm-1 corresponds to C=O stretching vibrations of amides. The band at 1236 cm-1 

corresponds to C–N of amines. The peak at 1031.52 cm-1 signifies the presence of C-O 

stretching vibrations of carboxylic acids or phenols. The bands at 685 and 657 cm-1 

correspond to C–X where “X” denoted any halogen element (Pavia, 2001).  

 

b) Wheat Straw  

FT-IR spectra of wheat straw showed absorption bands at 2919, 1656, 1033 and 793 

cm-1. The band at 2919 cm-1 correspond (C–H) stretching vibration of alkanes. The peak 1656 

cm-1 corresponds to C=C vibrations of alkenes. Peak 1033 cm-1 corresponds to C–O 

stretching of carboxylic acids or phenols. The peak 793 cm-1 correspond the C–H out of plane 

bending (Pavia, 2001). 

 

c) Kikar Leaves 

FT-IR spectra of Kikar leaves showed absorption bands at 2918, 1720, 1602, 1194, 

1028 and 758 cm-1. The peak 2918 cm-1 corresponds to C–H stretching vibrations of alkanes. 

The peak 1720 cm-1 corresponds to C=O stretching vibration of aldehydes. The peak 1602 

cm-1 corresponds to C=C of alkenes. The peak 1194 cm-1 is characteristic of C–N of amines. 

The peak 1028 cm-1 corresponds to C–O stretching of carboxylic acids or phenols. The bands 

at 758 cm-1 corresponds to C–X where “X” denoted any halogen element (Pavia, 2001). 

 

d) Bhindi Stem 

FT-IR spectra of bhindi stem showed bands at 2924, 2856, 1737, 1720, 1619, 1321, 

1032 cm-1. The bands at 2924, 2856 cm-1 corresponds to C–H stretching vibrations of 

alkanes. The peak 1737 and 1720 cm-1 corresponds to C=O stretching of aldehyde. The peak 

at 1619 cm-1 corresponds to C=C group in alkenes. The peak 1321 cm-1 is indication of C–N 

amine compound. The peak 1032 cm-1 corresponds to C–O stretching of carboxylic acids or 

phenols (Pavia, 2001). 

 

e) Arjun Nuts 

FT-IR spectra of arjun nuts showed absorption bands at 3289, 2159, 1340, 1235, 

1152, 1105.85, 1032, 1364 and 663 cm-1. The band at 3289 cm-1 corresponds to O–H 

alcohols, phenols of H-bonded or carboxylic acids. The band at 2159 cm-1 corresponds to 

CC stretching vibrations. The band at 1340 cm-1 corresponds to amines having C–N group. 
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The band at 1235, 1152, 1105, 1032 cm-1 is characteristic of C–O stretching vibrations of 

alcohols or carboxylic acids. The band 1364.91 and 663.83 cm-1 corresponds to C–X where 

“X” denoted any halogen element (Pavia, 2001). 

 

f) Beerri Ptta Capsule 

FT-IR spectra of beerri ptta capsule showed absorption bands at 3300, 3321, 3293, 

2928, 1719, 1731, 1637, 1376, 1319, 1239 and 1024 cm-1. The bands at 3300, 3321, 3293 cm-

1 corresponds to H-bonded O–H alcohols, phenols. The band at 2928 cm-1 is characteristic of 

C–H stretching vibrations of alkanes. The bands at 1731, 1719 corresponds to C=O stretching 

of aldehyde. The band at and 1637 cm-1 refers to C=C vibrations in alkenes. The band 1376 

cm-1 corresponds to C–X where “X” denoted any halogen element and 1319 cm-1 corresponds 

to amines having C–N group. The band 1239 and 1024 cm-1 corresponds to C–O stretching of 

carboxylic acids or phenols.  

 

FTIR spectra of geological adsorbents are represented in Fig. 2.2 and absorption bands are 

tabulated in Table 2.6. Inorganic clays show absorption bands from 4000 to 300 cm-1.  

 

g) Bentonite 

FT-IR spectra of bentonite clay showed bands at 3623, 1638, 1118 and 799 cm-1. The 

peak at 3623 cm-1 corresponds to O–H of water contents present in clays. The absorption 

band of water around 1638 cm-1 corresponds to presence of water and it varies with the water 

content in the clay structure (Ismadji et al., 2015). The peak at 1118 cm-1 corresponds to C-N 

stretching vibrations for amines. The peak 799 cm-1 correspond the C–H (aromatic) out of 

plane bending (Pavia, 2001). 

 

h) Kaolin 

FT-IR spectra of kaolin showed absorption bands at 3621.58, 1115.65, 790.61 and 

751.62 cm-1. The bands at 3621.58 cm-1 corresponds to H-bonded O–H of hydrogen bonded. 

The bands at 1115.65 cm-1 is characteristic of C–O stretching vibrations characteristics of 

carbon based inorganic clays. The band 790.61 cm-1 correspond the C–H similar to out of 

plane bending (Pavia, 2001). 
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i) Multani Mitti 

FT-IR spectra of multani mitti showed absorption bands at 3619.76, 1655.86 and 

800.46 cm-1. The peak 3619.76 cm-1 corresponds to H-bonded O–H of water molecule. The 

peak 1655.86 cm-1 corresponds to presence of water and it varies with the water content in the 

clay structure (Ismadji et al., 2015). The band 800.46 cm-1 correspond the C–H out of plane 

bending (Pavia, 2001). 

 

j) Gachni 

FT-IR spectra of Gachni showed absorption bands at 3621 and 798 cm-1. Bands at 

3621 cm-1 corresponds to H-bonded O–H of water molecule. The bands 798 cm-1 correspond 

the C–H (aromatic) out of plane bending (Pavia, 2001). 

 

FTIR spectra of polymeric adsorbents are represented in Fig. 2.2 and absorption bands are 

tabulated in Table 2.6. 

 

k) Cotton  

FT-IR spectra of cotton showed absorption bands at 3340, 3296, 2892, 1316, 1205, 

1152, 1109, 1056 and 1031 cm-1. The bands 3340 and 3296 cm-1 corresponds to H-bonded 

O–H alcohols, phenols. The peak 2892 cm-1 is characteristic of C–H stretching vibrations of 

alkanes. The peak 1316 cm-1 corresponds to C-N stretching vibrations for amines.  The peak 

1205, 1152, 1109, 1056, 1031 cm-1 corresponds to C–O stretching (Pavia, 2001). 

 

l) Cellulose 

FT-IR spectra of cellulose showed absorption bands at 3333.63, 2891.77, 1365.78, 

1333.77, 1316.74, 1203.84, 1105.56, 1054.36, 1029.32, 663.54 and 657.55 cm-1. The band at 

3333.63 cm-1 corresponds to H-bonded O–H alcohols, phenols. The band 2891.77 cm-1 is 

characteristic of C–H stretching vibrations. The bands at 1203.84, 1105.56, 1054.36 and 

1029.32 cm-1 correspond the C–O stretching (Pavia, 2001). 

 

m) Bakelite  

FT-IR spectra of Bakelite showed absorption bands at 2920.94, 1234.89, 1035.87, 

875.83, 760.89, and 714.87 cm-1. The band 2920.94 cm-1 is characteristic stretching 

vibrations of C–H. The band 1234 cm-1 is corresponds to C-N stretching vibrations for 

amines. The band at 1035.87 cm-1 correspond the C–O stretching in carboxylic acids or 
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Table 2.6: FT-IR absorption bands for the raw adsorbents selected for the present work 

 

Functional 

Groups 

Adsorption 

band 

 (cm-1) 

 Raw Adsorbents 

Biological Geological Polymeric 

Wheat 

straw 

Rice 

husk 

Arjun 

nuts 

Kikar 

leaves 

Beerri 

ptta 
Capsule 

Bhindi 

stem 

Multani 

mitti 
Gachni Kaolin Bentonite Cotton Cellulose Amberlite Bakelite 

C–H 

stretching 

(3000-2850) 

(s) 

2919 2917 - 2918 2928 
2924 

2856 
- - - - 2892 2891 2919 2920 

C–H 

Aromatic 

(Out of 

plane 

bend) (900-

690) (s) 

793 - - - - - 800 798 790 799 - - 822 875 

C=C 

Alkene 

(1680-1600) 

 (m-w) 

1656 - - 1602 1637 1619 - - - - - - - - 

C–O 

Alcohol, 

Ester, 

Ethers, 

Carboxylic 

acid, 

Anhydrides 

(1300-1000) 

(s) 

1033 1031 

1032 

1152 

1105 

1235 

1028 
1024 

1239 
1032 - - 1115 - 

1205 

1152 

1109 

1056 

1031 

1203 

1105 

1054 

1029 

1221 

1086 

1055 

1035 

O–H 

Alcohols, 

Phenols H-

Bonded 

(3400-3200) 

(m), 

Free 

(3650-3600) 

(m) 

- - 3289 - 

3300 

3321 

3293 

- 3619 3621 3621 3623 

3340 

3296 

 

3333 
3224 

3204 
- 

C=O 

Stretching 

of 

Aldehyde 

(1740-1720) 

(s) 

& Amides 

(1680-1630) 

(s) 

- 1655 - 1720 
1719 

1731 

1737 

1720 
1655 - - 1638.81 - - 1656 - 

C–N 

Amines 

(1350-1000) 

(m-s) 

- 1236 1340 1194 1319 1321 - - - 1118 1316 - - 1234 

C–X  

Fluoride 

(1400-1000) 

(s) 

Chloride 

(785-540) 

(s) 

Bromide, 

Iodide 

(<667) (s) 

- 
685 

657 

1364 

663 
758 1376 - - - - -  1365 703 

760 

714 

CC 

Alkyne 

(2250-2100)  

(m-w) 

- - 2159 - - - - - - - - - - - 
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phenols. The bands 875.83 cm-1 correspond the C–H (aromatic) out of plane bending. 

Bands at 760.89, 714.87 cm-1 corresponds to C–X where “X” denoted any halogen element 

(Pavia, 2001). 

 

n) Amberlite IRA 410 

FT-IR spectra of amberlite IRA 410 showed absorption bands at 3224.88, 3204.88, 

2919.90, 1656.89, 1221.90, 1086.86, 1055.87, 822.83 and 703.83 cm-1. The bands at 3224.88 

and 3204.88 cm-1 corresponds to O–H alcohols and H-bonded phenols. The band 2919.90 cm-

1 is characteristic of C–H stretching vibrations in alkanes. The 1656.89 peak refers the C=O 

stretching vibrations of amides. The peak 1221.90, 1086.86 and 1055.87 cm-1 depicts C-O 

stretching for carboxylic acids and phenols. Band at 822.83 cm-1 correspond the C–H out of 

plane bending. Band at 703 cm-1 showed the presence of C-Cl (Pavia, 2001). 

 

2.5.4 Elemental Analysis (CHNS) 

Elemental study was based upon the Carbon (C), Hydrogen (H), Nitrogen (N) and 

sulfur (S) analysis. Samples were weighed and wrapped in tin boats and standard procedure 

was followed. For this purpose the CHNS analyzer with the following specifications was 

used.  

 

Table 2.7: Instrumental specifications of Elemental analyzer 

CHNS analyzer Elementar 

Model Vario micro cube 

Combustion 

temperature 
1150̊C 

Reduction 

temperature 
850̊C 

 

The percentages of carbon, hydrogen, sulfur and nitrogen of selected adsorbents are tabulated 

in Table 2.8.  

 

It was revealed that higher carbon content is present in the biological and polymeric 

adsorbents.  Nitrogen is present in higher concentrations in biological and polymeric than in 

geological adsorbents thereby showing the presence of nitrogen containing groups in these 

adsorbents.  
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Table 2.8: Elemental detail of selected adsorbents using CHNS analyser 

Adsorbent N% C% H% S% 
C/N 

ratio 

C/H 

ratio 

Biological adsorbents 

Rice husk 5.89 38.60 4.952 0.132 6.5501 7.7952 

Wheat straw 9.73 40.44 5.588 0.574 4.1559 7.2377 

Kikar leaves 8.09 48.82 5.752 0.294 6.0356 8.4880 

Bhindi stem 12.36 40.82 5.419 0.543 3.3014 7.5319 

Arjun nuts 11.68 43.82 5.714 0.248 3.7511 7.6678 

Beerri ptta 

capsule 
6.65 46.03 5.870 0.114 6.9246 7.8413 

Geological adsorbents 

Bentonite 2.09 0.35 1.203 0.244 0.1670 0.2901 

Kaolin 7.42 0.86 1.473 0.180 0.160 0.5840 

Multani mitti 2.44 0.87 1.219 0.087 0.3568 0.7153 

Gachni 3.68 0.93 0.599 0.108 0.2518 1.5493 

Polymeric adsorbents 

Cotton 6.53 42.15 8.053 0.339 8.5149 7.3383 

Cellulose 4.82 42.15 3.505 0.252 6.2562 11.409 

Bakelite 6.39 40.00 5.973 0.138 6.4498 7.0559 

Amberlite 

IRA 410 
6.94 59.10 6.037 0.058 8.7483 6.9813 

 

 

2.5.5 X-ray Diffraction Analysis of Geological Adsorbents 

In order to differentiate the clays selected for study the X-ray diffraction study was 

conducted. To determine the mineral contents for the raw samples a range of 0-75° 2θ was 

used. X-Ray diffraction (XRD) technique is used for the quantitative and qualitative 

assessment of different samples. This technique is considered as the most powerful technique 

for the quantification, phase identification and analysis of minerals. The Information acquired 

from the patterns included the phase (mineral) composition of a sample. Instrument 

specifications are as follows; 

Table 2.9: Instrumental specification of XRD 

XRD  Bruker 

Model  D-8 

Detector  NaI scintillation 

detector 

 

Diffraction pattern and obtained data was smoothed by Match software (CRYSTAL 

IMPACT, Bonn, Germany). Diffraction pattern of the samples revealed that they are 
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structurally different. Different matching phases, chemical formula, name, crystal structure 

and % quantity was determined by COD (Crystallography Open Database). The process of 

search was done by matching the obtained patterns with the standard pattern having different 

Entry numbers. 

 

a) Bentonite 

Fig. 2.3 represents the XRD diffraction pattern of the Bentonite sample. According to the 

pattern, the monoclinic CO2H38MO10O55Tb2 (23.7%); orthorhombic thorium chromate 

monohydrate (20.6%); monoclinic Ramsbeckite (12.8%); triclinic CeK10.63P4W34O118.815 

(H2O)62.355 (11.8%) and orthorhombic tris-tetracarbonyl-rhenium (11.7%) were the major 

mineral constituents of bentonite. Whereas, orthorhombic Galenobismutite (7.2%); triclinic 

Metakahlerite (6.9 %) and monoclinic Heulandite-Sr (5.1%) occued as minor constituents. 

 

 

Figure 2.3: XRD pattern of bentonite clay 
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b) Kaolin 

 

 

Figure 2.4: XRD pattern of Kaolin clay 

Fig 2.4 represents the XRD diffraction pattern of the Kaolin sample. According to the pattern, 

the sample was mainly composed of monoclinic Lithium Aluminium Boron Oxide (39.7%); 

monoclinic Heulandite (16.7%); cubic Cd0.025Li0.975 (16.0%); orthorhombic Xe2F11OsO3F3 

(12.9%). Whereas, triclinic C107F3N10O25Ru4S5 (7.9%); monoclinic U-IO3; triclinic 

H91Li48U48O427 (2.8%); cubic (Cu0.435Zr0.565) (0.5%) occurred as minor constituents. 

 

c) Gachni 

The XRD diffraction pattern of the Gachni sample (Fig. 2.5) showed that sample has major 

components of orthorhombic 1,4,7-Tribromo-2,3,5,6,8,9-hexachloroazatriquinacene*C70 

(39.4%) and monoclinic Farringtonite (19.4%). Whereas, hexagonal Ba7S15Sn5 (9.7%); 

monoclinic Dissakisite-(Ce) (9.3%); monoclinic Lamprophyllite (8.7%); monoclinic 

Krauskopfite (7.9%); monoclinic Sklodowskite (1.9%); tetragonal Pseudoboleite (1.8%) and 

trigonal (hexagonal axex) CaMg2Bi2 (1.8%) were present as minor constituents. 



65 
 

 

Figure 2.5: XRD pattern of Gachni clay 

 

d) Multani Mitti: 

Figure 2.6 presents the XRD diffraction pattern of the Multani mitti sample. According to the 

pattern, the sample was mainly composed of a mixture of minerals. Orthorhombic Lanthanum 

Chromium Nickel trioxide (61.3%) and orthorhombic (NH4)2AlF5(H2O) (20.7%) were 

present as major constituents. While, Trigonal Ammonium hexafluorogermanate (7.2%); 

cubic Cd32Cs28(Al92Si100O384) (5.5%); triclinic Marecottite (2.9%) and trigonal Rancieite 

(2.3%) were present as minor constituents. 
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Figure 2.6: XRD pattern of Multani mitti 

 

 

2.6 Desorption Studies 

 0.1M sodium hydroxide solution was prepared by dissolving 4g of sodium hydroxide 

in 1000mL of double distilled water. 

 0.1M solution of sodium carbonate was prepared by dissolving 10.6g of sodium 

carbonate in 1000mL of double distilled water.  

 At room temperature the process of desorption was conducted using adsorbents 

employed for the adsorption experiment. 1g of above mentioned adsorbents were 

added in 50mL of the desorbing solution and agitated at 100 rpm for 30 minutes. 

Desorption results of the anions and organic pollutant are given in the respective chapters 

against the adsorbents used for the adsorption study of that particular anion or organic 

pollutant. 
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SULFIDE 

 

3.1 Introduction 

Sulfide is an anion of sulfur with the symbolically presented as S-2 and molar mass of 

32.066 g/mol. It is basic in nature. In protonated solutions it is converted to conjugate acidic 

form i.e. HS-. It is present in the effluents of various industries including; leather tanning, oil 

and gas industry, rayon production, paper and pulp and gasification of coal. Ground water 

contamination with sulfide is mainly attributed to the sulfide ores and hot springs.  

In industrial effluents it may be present as H2S, HS- or S-2 depending upon pH of the 

effluent. All forms of sulfide are corrosive in nature. H2S is a gas and is soluble in water to 

the extent of 4-7g per 1000 mL at room temperature. When dissolved in water it exists as HS- 

(hydrosulfide anion) that is weakly acidic in nature. If the pH of the medium is alkaline then 

S-2 (sulfide anion) is the dominant species.  

Sulfide species are widely distributed over the pH range as the pH becomes lower the 

formation of less negative to neutral species occurs in solution (i.e. HS- >> H2S). H2S is a 

water soluble gas and at lower pH a part of it escapes from solution to the atmosphere. Total 

dissolved sulfide concentration that proves to be lethal, increases from pH range of 6.5-8.7 

(Broderius and Smith, 1976, Broderius et al., 1977). 

Sodium sulfide is industrially an important chemical that is employed in the synthesis 

of dyes, in Kraft process of paper making, leather tanning and petroleum processing. Tons of 

sodium sulfide are being used for dehairing of hides and skins in tanneries and flushed out as 

effluent when the hides are washed along with the solid waste in form of hairs. Basic solution 

of sodium sulfide is also responsible for the corrosion of metal installments especially in 

sewage system. 

Sulfide at very low concentrations affects the ‘cytochrome c’ oxidase activity, oxygen 

transport protein cellular structures of the body and ultimately the physiological function of 

organisms. A large number of health problems are related to elevated sulfide concentrations. 

Sulfide is found to affect mammal’s body either by irritation or itching effects of moist 

membrane surfaces or by damaging the respiratory control in the brain that results in the 

cardiac arrest (Lopez et al., 1989). The toxicity of sulfide is comparable to that of cyanide in 

affecting the chemoreceptors in brain and initially cause hypernea followed by death due to 

direct damage to brain stem (Evans, 1967, Klentz and Fedde, 1978, Bitterman et al., 1986).  
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Inhaled sulfides encounter with enzymes in the bloodstream and hinder cellular 

respiration, causing pulmonary paralysis followed by abrupt collapse and death. The harmful 

effects of H2S depend on the level of exposure (Syed et al., 2008). A continuous exposure to 

small concentrations usually cause irritation in mucous membranes and it may also be a 

reason of dizziness, headaches and nausea. Larger concentrations of sulfide may result in 

respiratory arrest that leading to unconsciousness and coma. If the exposure remains for more 

than thirty minutes and the concentration of hydrogen sulfide is greater than 700 ppm then it 

could be fatal. 

An exposure of higher H2S concentration shows the symptoms of anorexia, gastro-

intestinal upset, amnesia, somnolence, hallucinations, nausea, delirium, and loss of 

consciousness, slowing of heart rate, low blood pressure, swallowing difficulty, epileptic-

form convulsions and double vision (Edwards et al., 2011). 

In humans, most organ systems are vulnerable to the effects of dissolved sulfide. The 

intake of sulfides through drinking water can outcome in stomach discomfort, queasiness and 

vomiting. Soluble sulfides are totally hydrolyzed in human body fluids. H2S connected to 

lipophilic molecules are capable to diffuse across the skin and other membranes. The 

diffusion of absorbed H2S in blood plasma to spleen, bones, liver, lungs, pancreas kidneys 

and small intestine has also been stated (Murugananthan et al., 2004). 

 

3.2 Previous Work 

Sulfide and hydrogen sulfide are recognized pollutants in municipal and industrial 

wastewaters. In aqueous media, the occurrence of sulfide ion has a deadly effect on the 

microbial strains that decrease the dissolved oxygen concentration (Sun et al., 2006). 

Therefore, proper transformation of sulfide into less hazardous substance before release into 

waste channels is necessary. The recognition and remediation of sulfide has drawn a 

significant attention of the analytical community because of the poisonous nature of H2S. To 

overwhelm the toxicity of the sulfide pollution, numerous methods have been studied to 

reduce this poisonous discharge from different sources. 

 

Jacukowicz-Sobala et al. (2015) have used iron oxide based hybrid polymer materials 

to remove the toxic sulfides from aqueous solutions. Study revealed that the ionic groups (H+ 

or Na+) in hybrid materials exhibited a critical influence on the process of sulfide removal. It 

was also observed that high contents of iron oxide, porous structure, useful chemical 

constitution and the highest removal efficiency was shown by a hybrid polymer which was 
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synthesized by macro-porous carboxylic cation exchanger as host material. The sulfide 

removal process was complex and progressed with iron (III) oxide reductive dissolution, 

heterogeneous oxidation, formation of sulfide precipitation and oxidation products such as 

thiosulfates, iron (II) sulfides and polysulfides. 

  

Sun et al. (2014) have studied the capacities and kinetics of aqueous sulfide 

remediation by granular ferric hydroxide. The influence of different factors (pH, adsorbent 

dose, ionic strength, key seawater ionic components) simulating different aqueous or 

sediment environments was assessed in batch experiments. To probe the surface chemistry of 

adsorbent, X-ray photoelectron spectroscopy was used.  

 

Sun et al. (2013) have discussed a granular iron-based renewable technology for the 

remediation of dissolved sulfide from water. Different types of iron granules; granular ferric 

oxide, ferric hydroxide and rusted waste iron crusts were assessed and compared for the 

removal of sulfide species. The regeneration of used iron granules was also studied.  

 

Heinonen (2012) has used chemically modified cellulose nano-crystals for the 

remediation of dissolved sulfides and assessed their adsorption capacities. The influence of 

pH on adsorption capacities was also assessed in this study.  

 

Wang et al. (2011) have removed dimethyl sulfide from water using cost effective 

bamboo charcoal. Batch experiments with various parameters as; time, shaking speed, pH, 

and particle size were analyzed. Pseudo second order kinetics and Freundlich adsorption 

isotherm best explained the adsorption of dimethyl sulfide. 

 

Pikaar et al. (2011) have investigated the high rate of electrochemical oxidation of 

sulfide employing metal oxide glazed titanium electrodes as a resource to eliminate sulfide 

from wastewater. 

 

Goyal et al. (2008) has attempted to adsorb organo-sulfide species on fibrous 

activated carbon of high surface area. Adsorption studies revealed that the process followed 

the pseudo first order kinetics and Langmuir adsorption isotherm. 
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Xiao et al. (2008) have studied activated carbon as adsorbent that was impregnated 

with sodium carbonate for the remediation of sulfide produced under the anaerobic 

conditions. The effects of different parameters on the adsorption process were intensively 

explored.  

Valeika et al. (2006) used manganese oxide based adsorbent for the detoxification of 

tanneries wastewater by removing sulfides.  

 

Sun et al. (2006) have studied the oxidation and adsorption of inorganic sulfide on 

aluminum tetrasulfophthalocyanine loaded Amberlite IRA 400 (anionic resin). The effects of 

various experimental parameters such as sulfide concentration and aluminum 

tetrasulfophthalocyanine loading were also studied. 

 

Abid et al. (1999) have evaluated the performances of wood-based activated carbons 

used for adsorption of sulfide specie. Characterization of  adsorbent was performed by 

considering sorption of nitrogen, Boehm titration, temperature programmed desorption, 

thermal analysis, ion chromatography and FTIR. Regeneration of adsorbents and the 

breakthrough capacity were found depending on the average pH of the carbon surface. 

 

Chanda & Rempel (1995) have used a chloride form of macro-porous anion exchange 

resin, containing pyridine rings quaternized by methyl groups, for the sulfide sorption from 

alkaline aqueous medium. Nernst-Planck model was used to predict the kinetics of 

chloride/sulfide exchange, in circumstances of infinite solution volume and particle diffusion 

control. It was elaborated that both the sulfide and chloride counter ions took part in the 

process of exchange, diffuse gradually in the resin, though, higher diffusivity was observed 

for chloride ions relatively as compared to sulfide ions. 

 

Gao et al. (1992) have used aqueous alkaline and acidic media to examine the electro-

oxidation and adsorption of sulfide on gold using cyclic voltammetry attached with sequences 

of surface enhanced Raman spectra.  

 

Peters & Ku (1987) have investigated the use of activated carbon for the removal of 

sulfides from wastewaters as an effective process. The influence of pH and time of contact on 

sulfide treatment was also optimized. It was observed that the occurrence of numerous 

foreign ions inhibited the removal of dissolved sulfide by activated carbon adsorption. It was 
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due to an opposition for the active sites between the contaminant ions and the sulfide species. 

Isotherm models were also considered to interpret the best fit equilibrium data. 

 

Robert et al. (1987) used activated carbons as Dacro S51 to remove upto 95% of 

sulfide from water. Freundlich and Langmuir adsorption isotherm explained the process of 

adsorption. 
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3a.Experimental Work 

(Sulfide) 

 

3a.1 Material and Reagents Used 

 

Chemicals used in the present studies include: 

Sodium sulfide (Uni-Chem), ferric chloride (Merck), 1, 10-phenanthroline (BDH), sodium 

acetate (Merck), acetic acid (AnalR), sodium hydroxide, hydrochloric acid, sodium 

carbonate, zinc chloride, calcium chloride, nitric acid, methanol and ethanol of (Merck). 

Doubly distilled water was used throughout this work. All glassware used in this study was of 

Pyrex, Germany. Nitric acid and doubly distilled water was used to wash the glassware. 

Washed glassware was dried in oven at 100°C for 4 hours prior to adsorption studies. 

 

3a.2 Instruments Used 

 Electronic weighing balance (shimadzu corporation Japan) 

 pH meter (Hanna) 

 Orbital shaker (Yellow line OS 10control)  

 Spectrophotometer (Hitachi U1800)  

 

3a.3 Solutions Used During Sulfide Adsorption Studies 

For preparing standard sulfide solution;  

 Flakes of sodium sulfide were washed with acetone and dried in between the folds of 

filter paper. These dried flakes were then weighed. 7.5 g of this sodium sulfide was 

dissolved in distilled water to make solution. This solution was then standardized 

according to the standard procedure (Vogel, 1951) to make the stock solution of 

sulfide in 1000 mL. 

 Ferric chloride hexa-hydrate (2.7 g) was added initially to 250 mL of distilled water to 

prepare 0.01M solution. The solution was shaken to mix well and filtered. Volume of 

the filtrate solution was then made up to1000 mL. 

 1, 10- phenanthroline solution (0.1%) was prepared by dissolving 1.0 g of the reagent 

in 100 mL of warm double distilled water. 

 Acetate buffer of pH 4 was prepared by mixing 0.1M sodium acetate (847 mL) and 

0.1M acetic acid (153 mL) to make the volume up to 1000 mL.  
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3a.4 Procedure for Sulfide Estimation 

For sulfide estimation throughout this work, an indirect spectrophotometric method 

based on the reduction of iron (III) to iron (II) was employed. Sulfide estimation was 

performed after each parameter optimization experiment, kinetics, isothermal and 

thermodynamics study. Standard sulfide solutions in the range of 3-24 ppm (with regular 

interval of 3ppm) were used for instrumental calibration. After treatment of sulfide solution 

using different adsorbents the solutions were filtered. To the filtrate, 2 mL of ferric chloride 

solution was added and shaken then 1.0 mL of the buffer was added and again shaken. At the 

end 2 mL of 1,10-phenanthroline was added in the solution and volume was made up to 100 

mL. Orange red colored complex was formed and absorbance was measured at 510 nm using 

spectrophotometer U1800, Hitachi. By the addition of ferric chloride to the sulfide solution, 

ferric ions were reduced to ferrous ions in the presence of sulfide ions. Resultant ferrous ions 

formed the complex with 1,10-phenanthroline at pH 4 (Farhat et al., 2000).  

 

3a.5 Parameters Optimization/ Isothermal, Kinetics and Thermodynamical Studies 

 

In order to conduct the adsorption studies for sulfide removal from aqueous medium; 

the effect of following parameters was checked. 

 

3a.5.1 Time of Contact 

 Effect of contact time was studied by adding 0.2 g of each adsorbent selected for 

study in 50 mL of 20 ppm sulfide solution. Time of contact between adsorbent and adsorbate 

was varied from 5 to 70 minutes with the regular interval of 5 minutes. All the samples were 

shaken with the same agitation speed of 150 rpm at room temperature. Sulfide was estimated 

after each experiment performed for optimizing time of contact. 

 

3a.5.2 Agitation Speed 

 The effect of shaking speed also called ‘agitation speed’ was studied with 0.2 g of 

adsorbent in 50 mL of 20 ppm sulfide solution. Optimization of this parameter is based upon 

the fact that better contact of adsorbate with adsorbent results in the formation of sulfide layer 

over adsorbent surface. Agitation speed was varied from 50 to 450 rpm at optimized 

conditions of time of contact at room temperature. Sulfide contents were determined after 

filtration of aliquot obtained after optimization of agitation speed.  
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3a.5.3 Adsorbent Dose 

Adsorbent dose is one of the important parameter. Adsorption is based upon the fact 

that more adsorbate can be removed from aqueous medium by increasing the adsorbing site. 

By increasing the adsorbent dose, the number of adsorbing sites also increases. This 

parameter is optimized at room temperature by varying the adsorbent dose from 0.2-2.0 g. 50 

mL of 20 ppm sulfide solution was used at optimized conditions of time of contact and 

shaking speed. Remaining sulfide concentration was determined by the standard procedure 

mentioned above. 

 

3a.5.4 pH 

 It is very sensitive parameter and affects the quality of adsorption process. Existence 

of ionic species in the solution is greatly affected by the pH of the solution.  

This parameter was optimized by shaking 50 mL of 20 ppm sulfide solution with 

optimized adsorbent dose, time of contact and shaking speed. pH was varied from 3-11 in 

order to study the behavior of sulfide ion in acidic and basic medium. pH of the solution was 

adjusted by using 0.1M sodium hydroxide and 0.1M hydrochloric acid solution.  

Left over sulfide concentration after every pH optimization experiment was 

determined by the procedure mentioned above. 

 

3a.5.5 Temperature 

 Temperature has a profound effect on the surface interaction between adsorbent and 

adsorbate. This parameter was optimized by using 50 mL of 20 ppm sulfide solution by 

varying the temperature from 10 °C to 60 °C under the optimized conditions of contact time, 

agitation speed, adsorbent dose and pH. After filtration in each case, the remaining sulfide 

concentration was determined spectrophotometrically.  

 

 

3a.5.6 Chemical Modification 

For the chemical modification of adsorbent the same procedure was followed as 

mention in Chapter 2 (section 2.4). Modified biological and geological adsorbent were 

applied for sulfide removal studies and the remaining sulfide concentration was determined 

by spectrophotometric method mentioned earlier. 
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3a.5.7 Desorption 

Desorption studies were conducted to study the regeneration of adsorbent which in 

turns favors its applicability and usability on large scale. Desorption study was carried out 

according to the procedure mentioned in Chapter 2 (section 2.6). The obtained filtrates were 

subjected to sulfide determination by spectrophotometric procedure. 

 

3a.5.8 Isothermal Study for Sulfide Adsorption  

 In order to explore the adsorption mechanism, isothermal, kinetics and 

thermodynamics parameters were studied.  

For isothermal studies the adsorbate concentration was varied from 3 to 24ppm after 

regular interval of 3 ppm. 50 mL of each concentration of sulfide solution was used under the 

previously optimized parameters of time of contact, agitation speed, pH, adsorbent dose and 

temperature. Same experimental procedure was followed for three isothermal models. 

Remaining sulfide concentration in each set of experiment was determined by the 

spectrophotometric method mentioned above. Adsorption (%) by each adsorbent was 

calculated using equation 1.23. 

 

𝑨𝒅𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 (%) =  
𝑪°− 𝑪𝒆

𝑪°
× 𝟏𝟎𝟎     (1.23) 

 

‘Ce’ and ‘Cº’ are the concentrations of sulfide ions before and after adsorption respectively. In 

the present study, three isothermal models; Langmuir, Freundlich and Temkin were used in 

exploring the adsorption mechanism.  

Langmuir adsorption isotherm was studied using the equation 1.1. Linearity of the 

plot between 1/q vs. 1/Ce revealed the applicability of the adsorption model. Favorability of 

the adsorption process was revealed by determining the dimensionless factor ‘RL’ using 

equation 1.3.  

In order to explore that either the adsorption is heterogeneous or not, Freundlich 

adsorption model was studied using equation 1.4. Linear plot of ‘log q’ vs. ‘log Ce’ indicates 

the applicability of Freundlich adsorption model. Freundlich constant ‘n’ shows the quality of 

adsorption according to the Table 1.3.  

Third adsorption model that was applied to the sulfide adsorption was Temkin 

adsorption isotherm model using equation 1.5 that deals with the uniform distribution of 

energy throughout the adsorbent surface. Linear plot of ‘q’ vs. ‘In Ce’ reveals the 
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applicability of this model. Temkin constant BT gives information about the nature of 

interaction between adsorbent and adsorbate.  

 

3a.5.9  Kinetics study for Sulfide Adsorption 

In order to conduct the kinetics study 50 mL of 20 ppm solution of sulfide was used 

and agitated for 5 to 70 minutes keeping the optimized conditions under consideration. 

Pseudo first and pseudo second order kinetics models are used for studying the kinetic 

behavior of sulfide adsorption process using equation 1.6 and 1.7 respectively.  

Value of regression coefficient (R2) in case of plotting a graph between log (qe-qt)’ 

vs.‘t’ is helpful in concluding the suitable applicability of pseudo first order kinetics model. 

In case of pseudo second order kinetics model linearity of the plot between ‘t/qt’ vs. ’t’ 

showed the suitability of the model.  

 

3a.5.10 Thermodynamics Study for Sulfide Adsorption 

Thermodynamics study was conducted by varying temperature of the sulfide solution 

from 10 °C to 60 °C. 50 mL of 20 ppm solution was used with optimized conditions of time 

of contact, agitation speed, adsorbent dose and pH.  

Enthalpy (ΔHº) and entropy (ΔSº) of the adsorption process were calculated by the 

regression analysis of the linear plot of In KD vs. 1/T. Thermodynamic parameter Gibbs free 

energy (ΔGº) was then calculated using equation 1.9. Negative values of enthalpy and Gibbs 

free energy reveal that adsorption is exothermic and spontaneous in nature. Whereas, the 

positive value of entropy reveal the randomness in the system is due to the interaction 

between sulfide ion and the adsorbent. 

 

3a.6 Treatment of the Real Wastewater Samples 

Industrial samples for the removal of sulfide were collected from five leather 

tanneries (dehairing units) situated on Sheikhupura road, Lahore (Pakistan). These samples 

were named A, B, C, D and E. Pretreatment procedures such as settling, decantation, and 

filtration were applied to the industrial samples. The filtered samples were then diluted by 

taking 1.0 mL of this sample to 100 mL. Optimized parameters were applied in order to 

check the suitability of the present study for sulfide adsorption using the selected adsorbents 

in batch mode.   
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3b. Results and discussion 

(Sulfide) 

 

Removal of toxic metals has been extensively done in the past few decades but relatively 

lesser attention has been paid for the elimination of toxic anions from water. A few anions are 

even more harmful and hazardous for living organisms. So far, no remarkable work has been 

done for removal of sulfide ions using cost effective approach like adsorption. In present 

work, Sulfide ions were removed from aqueous media by solid phase extraction using 

fourteen different adsorbents. These adsorbents have three different origins; biological, 

geological and polymeric. The study is found to be influenced by two main factors;  

 Adsorbents characteristics  

 Operational parameter  

Results obtained from the characterization and optimization of the parameters is discussed 

below; 

3b.1 Spectroscopic Study of Adsorbents 

Selected adsorbents were characterized before and after adsorption by spectroscopic 

techniques including; scanning electron micrographs and Fourier transform infrared 

spectroscopy 

 

3b.1.1 S.E.M imaging/ EDX of the Adsorbents after Sulfide Adsorption 

 Adsorbents selected for sulfide adsorption were studied for their surface 

characterization and morphology by S.E.M technique and results are shown in Fig 2.1 and 

Table 2.4 (Chapter 2). After adsorption, the adsorbents were again subjected to S.E.M 

analysis in order to check any difference in surface morphology that is due to the interaction 

of sulfide with the adsorbent surface. Sulfide adsorbed adsorbent surface was coated with 

gold through gold sputter by applying accelerating voltage of 15kV. S.E.M micrographs of 

adsorbents after adsorption are represented in Fig. 3b.1* and elemental detail for the samples 

is shown in Table 3b.1*. 

 S.E.M analysis of the samples revealed change in the surface morphology of all the 

biological, geological and polymeric adsorbents. This means that raw forms of all the 

adsorbents were suitable for the adsorption of sulfide on the surface due to which sulfide 

interacted well and further brought the change in the surface morphology of the adsorbents. 
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Table 3b.1*: Elemental detail of adsorbents after sulfide adsorption 

Sampl

e Code 
Morphology 

Elements (Atom. %) 

C O Na F Mg Al Si S Ca Fe Cl K 

a Fluffy 6.11 66.30 10.26  0.78 5.11 9.93 0.36 0.34 0.79 - - 

b Fluffy 6.54 75.65 1.22  - 9.06 7.13 0.18 - - - 0.22 

c Fluffy 4.66 61.99 2.43 - 2.12 8.01 14.70 0.46 1.22 2.38 - 2.03 

d Fluffy 2.53 65.40 8.42  2.05 5.89 11.38 0.54 0.47 2.15 - 1.18 

e Mottled 57.98 35.40 2.16 - - 0.69 - 1.99 - - 1.79  

f Coarse 41.88 45.63 1.16 9.30 - 1.81 0.11 0.12 - - - - 

g Abraded 43.08 47.04 2.92 - 1.35 1.10 0.40 0.41 3.69    

h Gooey 40.23 57.43 1.84 -    0.49     

i Flaky 38.42 53.93 3.10 - 3.81 0.27  0.47     

j Flaky 20.28 70.69 5.61 - 0.19 0.16 1.41 1.25 0.28   0.13 

k Mottled 30.80 61.39 4.73 - 0.15 0.24 0.40 1.29 0.78    

l Layered 35.44 53.17 6.36 - 0.39 1.90 0.14 1.68 0.93    

m Jagged 34.74 54.50 8.41 - 0.29 0.22 0.12 1.56 0.16 - - - 

n Gooey 38.18 52.12 5.06 - 0.33 3.94 - 0.37 - - -  

 

After adsorption it was found that surface morphology of adsorbents changed as 

compared to the raw adsorbents shown in Table 2.4 (chapter 2). Presence of sulfide in the 

EDX of sulfide adsorbed adsorbents indicated the sulfide is taken up by adsorbents used in 

this study. 

 

3b.1.2 FT-IR Analysis of Adsorbents after Sulfide Adsorption 

After sulfide adsorption the adsorbents were checked for change in the functional groups and 

absorption bands as compared to raw adsorbents. It was found that due to sulfide adsorption 
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various bands shifts, broadness of bands and sulfur linkage in form of sulfones, sulfonyl, 

sulfonamide appeared in the adsorbents. These changes are discussed below; 

 

 

 

 

 

0

20

40

60

80

100

120

5001000150020002500300035004000T
ra

n
sm

it
ta

n
ce

 %

Wavenumber cm^-1

0

20

40

60

80

100

120

5001000150020002500300035004000

T
ra

n
sm

it
ta

n
ce

 %

Wavenumber cm^-1

0

20

40

60

80

100

120

5001000150020002500300035004000T
ra

n
sm

it
ta

n
ce

 %

Wavenumber cm^-1

0

20

40

60

80

100

120

5001000150020002500300035004000

T
ra

n
sm

it
ta

n
ce

Wavenumber cm^-1

0

20

40

60

80

100

120

5001000150020002500300035004000T
ra

n
sm

it
ta

n
ce

 %

Wavenumber cm^-1

a 

b 

c 

d 

e 



84 
 

 

 

 

 

 

0

20

40

60

80

100

120

5001000150020002500300035004000

T
ra

n
sm

it
ta

n
ce

 %

Wavenumber cm^-1

0

20

40

60

80

100

120

5001000150020002500300035004000

T
ra

n
sm

it
ta

n
ce

 %

Wavenumber cm^-1

0

20

40

60

80

100

120

5001000150020002500300035004000

T
ra

n
sm

it
ta

n
ce

 %

Wavenumber cm^-1

0

20

40

60

80

100

120

5001000150020002500300035004000

T
ra

n
sm

it
ta

n
ce

 %

Wavenumber cm^-1

0

20

40

60

80

100

120

5001000150020002500300035004000

T
ra

n
sm

it
ta

n
ce

 %

Wavenumber cm^-1

f 

g 

h 

i 

j 



85 
 

 

 

 

 

 

Figure 3b.2*: FT-IR absorption bands of adsorbents after sulfide adsorption 

[a (sulfide adsorbed bentonite), b (sulfide adsorbed kaolin), c (sulfide adsorbed gachni), d (sulfide adsorbed multani mitti), e 

(sulfide adsorbed Amberlite), f (sulfide adsorbed cotton), g (sulfide adsorbed bakelite), h (sulfide adsorbed cellulose), i 

(sulfide adsorbed rice husk), j (sulfide adsorbed wheat straw), k (sulfide adsorbed kikar leaves), l (sulfide adsorbed bhindi 

stem), m (sulfide adsorbed arjun nuts) and n (sulfide adsorbed beerri ptta capsule)] 

a) FT-IR spectra of sulfide adsorbend bentonite showed shifts in bands and appearance 

of some new bands due to sulfide interaction with surface functional groups. The band 

at 3615 cm-1 corresponds the O–H stretching that might be due to the presence of 

hydrogen bonding in water as clays donot possess any organic O-H groups in them. 

The band at 1639 cm-1 correspond the water retained in clay structure (Ismadji et al., 
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2015). The band 1113 cm-1 signifies the presence of Si–O stretching vibrations that 

parallels the C-O behaviour. Emergence of new bands at 981 and 912 and correspond 

to C-H out of plane bending (Pavia, 2001). 

 

b) FT-IR spectra showed new bands at 3650, 1117, 1026, 998 and 912 cm-1. The band at 

3650 cm-1 corresponds the O–H stretching that might be due to the presence of 

hydrogen bonding in water as clays donot possess any organic O-H groups in them. 

The band at 1117 cm-1 corresponds the C–N stretching this might be due to some sort 

of linkage between N present in kaolin as specified by the CHNS analysis also. The 

band at 1026 cm-1 signifies the presence of C–O stretching in the clay matrix. The 

bands at 998 and 912 cm-1 correspond the C–H out of plane bending (Pavia, 2001). 

 

c) FT-IR spectra after sulfide adsorption in gachni clay showed emergence of relatively 

fewer new bands. The band at 972 cm-1 correspond to the C–H out of plane bending 

(Pavia, 2001). 

 

d) FT-IR spectra of sulfide adsorbed multani mitti showed bands at 3615, 1646, 978, 

912, and 782 cm-1. The peak 3615 cm-1 corresponds the O–H stretching in free 

alcohols and phenols. The band shift at 1646 cm-1 corresponds to the water retained in 

clay structure (Ismadji et al., 2015). The bands 978 and 912 cm-1 correspond the C–H 

out of plane bending due to the linkage present in clay structure. (Pavia, 2001). 

 

e) FT-IR spectra showed emergence of new bands as well as shifting of exsisting bands 

due to sulfide interaction with amberlite. Bands shift was observed in the range of 

1300 to 1000 cm-1. The new bands at 987 and 909 cm-1 corresponds to the C–H 

stretching in alkanes and out of plane bending in alkenes. The band at 1613 cm-1 

corresponds to the N–H bending in primary and secondary amines, amides. The bands 

at 1378 and 674 cm-1 corresponds to C–X where “X” denoted fluoride and chloride 

element respectively. The band at 1218 cm-1 corresponds the C–N stretching in 

amines. The peak 1195 cm-1 corresponds to S=O stretching vibrations in sulfones, 

sulfonyl chlorides, sulfates and sulfonamides (Pavia, 2001). 

 

f) FT-IR spectra showed new bands at 985, 1737, 1162, 1000, 897, 843 cm-1. The band 

at 985 cm-1 corresponds the C–H stretching in alkanes and out of plane bending in 
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alkenes. The band at 1737 cm-1 corresponds to C=O stretching vibrations of 

aldehydes. The shifts in the bands 1369 cm-1 corresponds to C–X where “X” denoted 

fluoride element. The band at 1162 cm-1 corresponds to S=O stretching vibrations in 

sulfones, sulfonyl chlorides, sulfates and sulfonamides. The band at 1000 cm-1 

signifies the presence of C–O stretching vibrations of carboxylic acids, phenols, 

esters, ethers and anhydrides. The bands 897 and 843 cm-1 corresponds to C–H out of 

plane bending in aromatic structure (Pavia, 2001). 

 

g) FT-IR spectra of sulfide adsorbed bakelite showed new bands at 1639, 1000, 801, 

788, 689 and 670 cm-1. The band at 1639 cm-1 correspond the N–H bending in 

primary and secondary amines, amides. The band at 1000 cm-1 signifies the presence 

of C–O stretching vibrations of carboxylic acids, phenols, esters, ethers and 

anhydrides. The new bands at 801, 788 and 689 cm-1 correspond to C–H out of plane 

bending in aromatic structure. The band at 670 cm-1 corresponds to C–Cl (Pavia, 

2001). 

 

h) FT-IR spectra showed band shift at 3278 and 1590 cm-1 correspond the N–H 

stretching and bending in primary and secondary amines, amides. The peak 2898 cm-1 

corresponds the C–H stretching in alkanes and aldehydes. The band at 1371 cm-1 

corresponds to C–X where “X” denoted fluoride element. The band shifts at 1337, 

1205 and 1132 cm-1 corresponds the C–N stretching in amines. The band shift at 1317 

and 1162 cm-1 corresponds to S=O stretching vibrations in sulfones, sulfonyl 

chlorides, sulfates and sulfonamides. The band at 899 cm-1 corresponds to C–H out of 

plane bending in aromatic structure (Pavia, 2001). 

 

i) FT-IR spectra showed new band at 1017 cm-1. The band 1017 cm-1 signifies the 

presence of C–O stretching vibrations of carboxylic acids, phenols, esters, ethers and 

anhydrides. The band shift at 672 cm-1 corresponds to C–Cl (Pavia, 2001). 

 

j) FT-IR spectra showed new band at 3315 cm-1 corresponds the O–H stretching in H-

bonded alcohols and phenols. The new bands at 2922 and 992 cm-1 corresponds the 

C–H stretching in alkanes and out of plane bending in alkenes. The band at 1369 cm-1 

corresponds to C–F. The band at 842 cm-1 corresponds to C–H out of plane bending in 

aromatic structure (Pavia, 2001). 
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Table: 3b.2*: FT-IR absorption bands for adsorbents after sulfide adsorption 

Functional Groups 

Adsorption band (cm-1) 

Adsorbents Selected for Sulfide Removal 

a b c d e f g h i j k l m n 

C–H stretching alkane 
(3000-2850) aromatic 

(3150-3050) (s) 

Aldehyde (2900-2800) 
(w) 

Alkene out of plane 

bend   (1000-650) 

981 

912 

998 

912 
972 

978 

912 

2920 

987 
909 

985 - 2898 - 
2922 

992 

2920 

2851 
994 

2924 
2892 

2855 

994 

2893 

C–H Aromatic (Out of 

plane bend) (900-690) 

(s) 

- 791 799 - 707 

897 

843 

696 

875 

801 
788 

689 

899 - 842 874 840 899 - 

C–O Alcohol, Ester, 
Ethers, Carboxylic acid, 

Anhydrides 

(1300-1000) (s) 

1113 1026 - - 
1089 

1024 
1000 1000 

1108 

1056 
1032 

1017 1028 1018 - 1028 
1052 

1028 

O–H Alcohols, Phenols 

H-Bonded 

(3400-3200) (m), 
Free 

(3650-3600) (m) 

3615 
3650 

3620 
- 3615 - - - 3330 - 3315 - - 3304 3282 

C=O 

Stretching of Aldehyde 
(1740-1720) (s) 

& Amides (1680-1630) 

(s) 

- - - 1646 - 1737 - - - 1654 1736 1737 - - 

C–N Amines 

(1350-1000) (m-s) 
- 1117 - - 1218 - - 

1337 

1205 

1132 

- - 1246 - - - 

C–X  Fluoride (1400-
1000) (s) 

Chloride 

(785-540) (s) 
Bromide, Iodide 

(<667) (s) 

- 752 780 - 
1378 

674 

1369 

 

717 

670 
1371 672 1369 1100 1326 1102 1101 

S=O 
Sulfones, Sulfonyl 

Chloride, Sulfates, 

Sulfonamide 
(1375-1300) and 

(1350-1140) 

(s) 

- - - - 1195 
1162 

 
- 

1317 

1162 
- - - 1369 1320 - 

N–H 

Primary & Secondary 

amines and amides 
Stretching (3500-3100) 

(m) 

Bending (1640-1550) 
(m-s) 

1639 - - - 1613 - 1639 
3278 

1590 
- - - - 1598 

1615 

1601 

X=C=Y Allenes, 

Ketenes, Isocyanates, 
Isothiocyanstes 

(2270-1940) (m-s) 

 
 

- - - - - - - - - - 
2011 

1981 
- - - 

 

k) FT-IR spectra showed new bands due to interaction of sulfide with adsorbent at 2851, 

2011, 1981, 1100, 1018 and 874 cm-1 and bands shifts at 1736, 1246 cm-1. The band 

at 2851 cm-1 corresponds to C–H stretching in alkanes and aldehydes. The bands at 

2011 and 1981 cm-1 corresponds to X=C=Y in ketenes, isocyanates, isothiocyanates. 
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The band shift shown at 1736 cm-1 corresponds to C=O stretching vibrations of 

aldehydes. The emergence of new band at 1100 cm-1 corresponds to C–F. The band at 

1018 cm-1 signifies the presence of C–O stretching vibrations of carboxylic acids, 

phenols, esters, ethers and anhydrides. The band 874 cm-1 corresponds to C–H out of 

plane bending in aromatic structure (Pavia, 2001). 

 

l) Emergence of new bands in FT-IR spectra of sulfide adsorbend bhindi stem showed 

band at 1369 cm-1 that corresponds to S=O stretching vibrations in sulfones, sulfonyl 

chlorides, sulfates and sulfonamides. The band at 994 cm-1 corresponds to the C–H 

out of plane bending in alkenes. The band at 840 cm-1 corresponds to C–H out of 

plane bending in aromatic structure (Pavia, 2001). 

 

m) The band shift at 3304 cm-1 corresponds to the O–H stretching in H-bonded alcohols 

and phenols due to the interaction of sulfide with arjun nuts. The new bands after 

adsorption appeared at 2924, 2855 and 994 cm-1 corresponds the C–H stretching in 

alkanes and out of plane bending in alkenes respectively. The bands at 1598 cm-1 

corresponds the N–H bending in primary and secondary amines, amides. The band at 

1320 cm-1 corresponds to S=O stretching vibrations in sulfones, sulfonyl chlorides, 

sulfates and sulfonamides. The band 899 cm-1 corresponds to C–H out of plane 

bending in aromatic structure (Pavia, 2001). 

 

 

n) Band shift at 2893 cm-1 correspond the C–H stretching in alkanes and aldehydes due 

to possible interaction of sulfide with the active functional group on beerri ptta 

capsule. The new bands appeared at 1615 and 1601 cm-1 corresponds to the N–H 

bending of amides. The band at 1101 cm-1 corresponds to C–X where “X” denoted 

fluoride element. C–O stretching vibrations (1052 cm-1) of carboxylic acids, phenols, 

esters, ethers and anhydrides were also prominent after sulfide interaction (Pavia, 

2001). 

 

3b.2 Parameters Optimized During Sulfide Adsorption Study 

Effect of different parameters like; time of contact, agitation speed, pH, adsorbent 

dose and chemical modification were studied in detail. These parameters were optimized in 

order to explore adsorption behavior. Mechanism of the adsorption process was explored by 
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applying the isothermal models. Kinetics and thermodynamic studies showed the time and 

temperature dependence of adsorption study.  

 

3b.2.1 Effect of Time of Contact 

 

The effect of contact time was investigated by varying the time from 5 to 70 minutes 

using 50 mL of 20 ppm of sulfide solution. In case of all the selected adsorbents 0.2 g was 

used for sulfide adsorption study at constant agitation speed of 150 rpm. It was found that in 

case of biological adsorbent kikar leaves were found to show greater removal efficiency in 20 

minutes, as shown in Table 3b.1 and graphically represented in Fig.3b.1. 

 

Adsorption study using clay revealed that greater removal efficiency was shown by 

bentonite after 35 minutes, as shown in Table 3b.2 and graphically represented in Fig.3b.2. 

Table 3b.1: Effect of contact time on sulfide adsorption using biological adsorbents 

 

Contact 

time 

(minutes) 

Percent Removal Efficiency of Sulfide 

Rice 

husk 

Wheat 

straw 

Bhindi 

stem 

Kikar 

leaves 

Arjun 

nuts 

Beerri ptta 

capsule 

5 54.56 46.07 35.51 54.99 42.34 60.29 

10 48.66 48.68 38.06 62.13 49.01 61.18 

15 65.67 50.91 38.78 65.43 53.33 62.94 

20 68.10 57.61 39.47 82.71 56.99 65.15 

25 66.71 58.32 68.95 75.32 59.32 69.12 

30 66.37 59.31 40.23 71.36 64.98 67.35 

35 66.01 72.91 40.1 65.23 62.98 66.47 

40 64.28 65.05 39.78 59.05 62.31 65.59 

45 63.94 63.56 39.24 57.71 61.98 62.94 

50 63.50 62.87 38.89 57.36 60.98 62.06 

55 62.56 62.12 38.66 56.35 59.89 60.29 

60 62.20 61.23 38.45 55.34 58.65 59.85 

65 61.50 60.96 37.99 55.12 58.32 58.53 

70 60.70 60.12 37.58 54.10 57.31 57.65 
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Figure 3b.1: Effect of Time of contact on removal of sulfide anion using biological adsorbents  

[RH (rice husk), WS (wheat straw), BS (bhindi stem), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 

 

In case of polymeric adsorbents almost comparable trends were shown by all the 

adsorbents with a little higher removal efficiency of cotton and amberlite was attained after 

25 and 20 minutes respectively, as shown in Table 3b.3 and graphically represented in Fig. 

3b.3. 

 

Table 3b.2: Effect of contact time on sulfide adsorption using geological adsorbents 

Contact  

Time 

(minutes) 

Percent removal efficiency of Sulfide 

Bentonite Kaolin Multani 

mitti 

Gachni 

5 73.12 64.86 87.54 69.46 

10 73.17 68.93 92.49 70.48 

15 75.27 80.24 91.84 71.17 

20 80.86 77.23 89.26 73.22 

25 84.70 76.25 88.61 70.83 

30 89.94 74.32 87.97 69.46 

35 93.45 72.10 87.32 66.39 

40 90.23 69.23 85.06 64.83 

45 88.19 66.35 84.42 64.01 

50 84.65 65.36 83.77 61.61 

55 84.12 64.12 83.45 59.56 

60 82.03 60.02 82.08 58.88 

65 81.09 59.23 83.12 59.22 

70 79.77 59.10 83.77 57.85 
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Figure 3b.2: Effect of time of contact on sulfide ion removal from water using geological adsorbents 
 

Generally the adsorption of sulfide was rapid in the beginning due to the availability 

of greater number of adsorption sites. With the passage of time sulfide ions tends to cover 

adsorbent surface thereby reducing the removal efficiency. Another factor affecting the 

sulfide adsorption was the aggregation of negatively charged species on adsorbent surface 

that repel the incoming similar charges. In case of all the adsorbents maximum optimized 

time ranges up to 35 minutes. Same trend of attaining the rapid equilibrium is also observed 

with Darco S51 (Robert et al., 1987).  

 

Table 3b.3: Effect of contact time on sulfide adsorption using polymeric adsorbents 

Contact 

Time 

(minutes) 

Percent removal efficiency of Sulfide 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

5 85.65 81.05 73.46 85.6 

10 90.54 88.81 82.12 86.69 

15 93.80 98.34 84.69 87.36 

20 95.43 89.87 98.85 90.48 

25 96.33 86.23 81.36 88.05 

30 92.36 84.10 90.45 85.33 

35 91.12 83.87 88.64 84.78 

40 88.02 83.11 87.23 84.51 

45 85.98 82.56 86.18 85.05 

50 82.14 80.74 84.39 84.32 

55 81.10 79.98 81.77 84.02 

60 78.33 78.33 80.09 82.06 

65 77.56 76.48 78.23 81.47 

70 75.19 75.99 78.18 79.86 
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Figure 3b.3: Effect of time of contact on sulfide ion removal from water using geological adsorbents 

 

3b.2.2 Effect of Agitation Speed 

Effect of agitation speed was studied by varying the shaking from 50 to 450 rpm 

using 0.2 g of each adsorbent in 50 mL of 20 ppm sulfide solution. All the solutions were 

agitated for the optimized period of time. It was found that in case of biological adsorbents; 

kikar leaves showed maximum efficiency for removing sulfide ion from the solution at 200 

rpm. Further increase in the agitation speed resulted in the decrease in removal efficiency. 

Results for biological adsorbents is reported in Table 3b.4 and graphically shown in Fig. 3b.4. 

 

Table 3b.4: Effect of agitation speed on sulfide adsorption using biological adsorbents 

Agitation 

speed 

(rpm) 

Percent Removal Efficiency of Sulfide 

Rice 

husk 

Wheat 

straw 

Bhindi 

stem  

Kikar 

leaves 

Arjun 

nuts 

Beerri ptta 

capsule 

50 45.38 34.1 57.44 67.12 48.36 75.13 

100 43.15 45.65 68.62 69.61 53.03 76.08 

150 42.78 47.93 79.29 74.23 56.67 77.99 

200 42.28 45.21 65.04 81.99 69.12 79.91 

250 38.71 66.21 56.81 67.53 67.04 78.95 

300 36.47 46.63 52.22 65.06 66.12 77.04 

350 35.18 56.09 45.63 56.79 64.97 76.08 

400 35.03 52.19 45.61 54.73 57.18 75.61 

450 34.97 49.24 45.23 49.77 56.67 75.21 
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Figure 3b.4: Effect of agitation speed on sulfide ion removal from water using biological adsorbents 

[RH (rice husk), WS (wheat straw), BS (bhindi stem), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 

 

In case of geological adsorbents; parameter of agitation speed was optimized and 

equilibrium was attained at 100 rpm for bentonite and multani mitti. Whereas in case of 

kaolin and gachni equilibrium was attained at 150 rpm. Maximum removal was shown by 

gachni clay at 150 rpm. Further increase in agitation speed showed decrease in adsorption of 

sulfide ions. Results for geological adsorbents are tabulated in Table 3b.5 and graphically 

represented in Fig. 3b.5. 

 

Table 3b.5: Effect of agitation speed on sulfide adsorption using geological adsorbents 

Agitation 

speed 

(rpm) 

Percent Removal Efficiency of Sulfide 

Bentonite Kaolin Multani 

mitti 

Gachni 

50 93.21 75.69 86.32 85.89 

100 94.28 76.79 92.61 88.02 

150 95.65 85.96 85.39 94.61 

200 91.03 81.56 81.93 93.97 

250 88.78 77.59 78.23 93.16 

300 85.32 72.35 75.33 92.52 

350 83.19 71.29 74.15 90.89 

400 82.61 68.72 72.36 88.43 

450 81.42 65.35 71.45 88.02 
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Figure 3b.5: Effect of agitation speed on sulfide ion removal from water using biological adsorbents 

 

Polymeric adsorbents showed good affinity for sulfide ions and removed them from 

solution more efficiently as compared to geological and polymeric adsorbents. Amberlite 

IRA 410 was found to show maximum removal efficiency of 92.86% at 250 rpm. Further 

increase in the agitation speed resulted in the decreased adsorption of sulfide ions. Results for 

polymeric adsorbents is tabulated in Table 3b.6 and graphically shown in Fig. 3b.6. 

 

Table 3b.6: Effect of agitation speed on sulfide adsorption using polymeric adsorbents 

Agitation 

speed 

(rpm) 

Percent Removal Efficiency of Sulfide 

Cotton  Cellulose Amberlite 

IRA 410 

Bakelite 

50 62.25 84.94 87.62 86.54 

100 69.84 88.89 88.28 87.56 

150 72.37 84.61 91.55 85.32 

200 84.08 82.37 91.89 84.14 

250 78.57 83.33 92.86 84.10 

300 78.34 83.65 91.23 83.76 

350 75.81 82.61 88.36 82.15 

400 72.6 81.23 86.45 81.88 

450 71.45 80.02 84.67 80.29 
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Figure 3b.6: Effect of agitation speed on sulfide adsorption using polymeric adsorbents 

 

Results showed that percent removal of sulfide increased with agitation speed until 

equilibrium was attained. No remarkable increase in removal efficiency was observed after 

that. Contact between ionic species present in the solution and surface of the adsorbent was 

affected by agitation speed. Agitation increases the external mass transfer coefficient that 

resulted in the increased adsorption of sulfide. As all the sites get filled further increase in 

agitation speed had negative impact on the adsorption because of availability of lesser time 

for interaction between adsorbent surface and sulfide ions in the solution. Lesser time to 

interact due to higher speed increased the chances of collision of molecules with adsorbent 

surface in such a way that the adsorbed ions might get detached from adsorbent surface 

thereby resulting in a decreased percent removal of sulfide. 

 

3b.2.3 Effect of Adsorbent Dose 

 Effect of adsorbent dose was studied at the optimized values of time of contact and 

shaking speed. Adsorbent dose was varied from 0.2 to 2.0 g using 50 mL of 20 ppm sulfide 

solution at room temperature.  

 

Study revealed that in case of biological adsorbents; kikar leaves showed maximum 

removal efficiency for sulfide ions than all the other adsorbents. Removal efficiency tends to 

increase and reach the maximum value until equilibrium was attained. The results are 

tabulated in Table 3b.7 and graphically represented in Fig.3b.7. 
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Table 3b.7: Effect of adsorbent dose on sulfide adsorption using biological adsorbents 

Adsorbent 

dose (g) 

Percent Removal Efficiency of Sulfide 

Rice 

husk 

Wheat 

straw 

Bhindi 

stem  

Kikar 

leaves 

Arjun 

nuts 

Beerri ptta 

capsule 

0.2 33.65 40.76 40.1 50.98 52.84 62.35 

0.4 40.35 49.34 43.15 54.64 55.55 63.62 

0.6 55.57 67.72 44.36 55.38 57.87 66.15 

0.8 69.57 60.52 46.93 84.69 59.8 67.84 

1.0 70.17 59.35 71.73 76.73 82.2 66.58 

1.2 69.57 54.24 69.19 72.21 81.43 65.73 

1.4 68.04 47.7 66.6 68.93 79.5 64.04 

1.6 66.52 46.25 62.32 69.67 77.57 62.35 

1.8 65.61 45.13 62.15 68.93 76.41 61.09 

2.0 65.06 44.15 62.01 67.23 76.23 61.05 

 

 

In case of geological adsorbents, maximum removal efficiency was shown by 

bentonite followed by multani mitti. Removal efficiency of sulfide in all the cases was 

increased initially and then decreased as tabulated in Table 3b.8 and graphically represented 

in Fig. 3b.8. 

 

 

Figure 3b.7: Effect of adsorbent dose on sulfide adsorption using biological adsorbents 

 
[RH (rice husk), WS (wheat straw), BS (bhindi stem), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 

 

Polymeric adsorbents showed relatively higher values of removal efficiency for 

sulfide than biological and geological adsorbents. Amberlite showed greater removal 

efficiency among all the polymeric adsorbents selected for study. 
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Table 3b.8: Effect of adsorbent dose on sulfide adsorption using geological adsorbents 

Adsorbent 

dose (g) 

Percent Removal Efficiency of Sulfide 

Bentonite Kaolin Multani 

mitti 

Gachni 

0.2 72.13 59.41 72.19 45.28 

0.4 78.79 60.98 78.27 46.76 

0.6 88.07 72.32 81.89 56.48 

0.8 68.67 65.13 84.35 61.58 

1.0 65.23 62.35 86.37 70.77 

1.2 64.78 58.32 85.83 68.71 

1.4 64.10 55.11 82.13 67.21 

1.6 63.54 50.37 81.56 66.26 

1.8 62.98 46.96 80.49 66.32 

2.0 62.77 46.78 80.12 66.21 

 

Removal efficiency increased in the beginning and attained the maximum value. The 

results are tabulated in Table 3b.9 and graphically represented in Fig.3b.9. 

 

 

Figure 3b.8: Effect of adsorbent dose on sulfide adsorption using geological adsorbents 

 

It was revealed generally that by varying the adsorbent dose from 0.2 to 2.0 g removal 

efficiency was found to increase for all the adsorbents up to a certain limit. This increase was 

attributed to the fact that by increasing the adsorbent dose the active sites available of sulfide 

ions adsorption increased accordingly. 
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Table 3b.9: Effect of adsorbent dose on sulfide adsorption using polymeric adsorbents 

 

Adsorbent 

dose (g) 

Percent Removal Efficiency of Sulfide 

Cotton  Cellulose Amberlite 

IRA 410 

Bakelite 

0.2 83.84 80.86 72.6 88.52 

0.4 87.21 81.05 76.23 88.20 

0.6 88.59 81.14 79.34 90.76 

0.8 89.67 81.51 86.87 85.32 

1.0 90.14 81.79 97.25 79.41 

1.2 95.12 81.98 95.36 79.08 

1.4 87.50 82.26 94.17 77.48 

1.6 78.66 81.23 91.02 76.36 

1.8 78.12 80.86 87.26 75.72 

2.0 78.03 80.1 83.94 75.09 

 

After reaching the maximum removal efficiency no further increase was observed even after 

increasing the dose. 

 

Figure 3b.9: Effect of adsorbent dose on sulfide adsorption using polymeric adsorbents 

 

This might be due to the reason that with the constant sulfide ion concentration; 

initially plenty of ions were available for active adsorption site. Aggregation of solid mass 

reduces the exposed sites available for the adsorption of sulfide. As a result the percent 

removal nearly becomes constant after reaching a certain maximum value.  

 

3b.2.4 Effect of pH of the solution 

 Effect of pH was studied by varying pH from 3-11 using optimized conditions of time 

of contact, agitation speed and adsorbent dose at room temperature.  
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Table 3b.10: Effect of pH on sulfide adsorption using biological adsorbents 

pH Percent Removal Efficiency of Sulfide 

Rice 

husk 

Wheat 

straw 

Bhindi 

stem  

Kikar 

leaves 

Arjun 

nuts 

Beerri ptta 

capsule 

3 67.12 63.74 76.14 71.15 45.72 60.61 

4 71.10 61.23 76.64 65.71 47.06 63.82 

5 75.84 59.84 77.63 63.18 48.41 65.11 

6 77.78 74.43 76.64 72.56 49.75 69.60 

7 80.02 75.61 78.63 82.37 53.11 72.17 

8 85.21 82.15 85.55 83.83 55.8 76.67 

9 84.88 81.02 84.15 86.13 62.51 77.31 

10 78.91 79.88 74.65 81.23 52.44 72.81 

11 77.46 77.26 72.67 79.55 51.09 71.69 

 

For optimizing the parameter of pH, 50 mL of 20 ppm sulfide solution was used. Removal 

efficiency was found to increase in the pH range of 6-9 in case of biological adsorbents. 

Highest values of adsorption were obtained for kikar leaves at pH 8. Results are tabulated in 

Table 3b.10 and graphically represented in Fig. 3b.10. 

 

 

Figure 3.10: Effect of pH on sulfide adsorption using biological adsorbents 

[RH (rice husk), WS (wheat straw), BS (bhindi stem), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 

 

Geological adsorbents showed the increased trend of removal efficiency for sulfide 

ions in the pH range of 6-8, with the highest removal efficiency obtained in the case of 

bentonite followed by gachni clay.  
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Table 3b.11: Effect of pH on sulfide adsorption using geological adsorbents 

pH Percent Removal Efficiency of Sulfide 

 Bentonite Kaolin Multani 

mitti 

Gachni 

3 45.16 64.52 47.67 63.82 

4 46.72 68.35 41.37 65.51 

5 47.78 71.26 48.93 70.56 

6 55.32 72.33 49.77 76.9 

7 57.66 76.25 61.10 78.46 

8 81.02 73.39 70.23 77.89 

9 76.03 76.15 58.58 76.67 

10 68.74 75.48 51.87 76.39 

11 55.36 75.31 47.25 75.62 

 

Results for sulfide removal using geological clays are shown in Table 3b.11 and 

graphically represented in Fig.3b.11. 

 

 

Figure 3.11: Effect of pH on adsorption of sulfide using geological adsorbents 

 

 

In case of polymeric adsorbents, sulfide ions were effectively removed in pH range of 

5-7. Greatest removal efficiency was obtained for amberlite IRA 410 at pH 6 followed by 

bakelite at pH 5 and cellulose at pH 7. Results for polymeric adsorbents are shown in Table 

3b.12 and graphically represented in Fig.3b.12. 
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Table 3b.12: Effect of pH on sulfide adsorption using polymeric adsorbents 

 

pH Percent Removal Efficiency of Sulfide 

Cotton  Cellulose Amberlite 

IRA 410 

Bakelite 

3 27.72 48.59 50.49 77.21 

4 29.62 56.32 68.17 78.37 

5 33.42 68.47 77.07 78.92 

6 34.3 71.33 85.21 50.50 

7 55.19 75.89 82.31 49.42 

8 47.59 68.55 82.10 53.49 

9 41.90 65.49 82.94 51.74 

10 36.20 65.31 82.26 51.16 

11 27.22 64.18 80.33 47.67 

 

 

Figure 3b.12: Effect of pH on sulfide adsorption using polymeric adsorbents 

 

 

In fact pH is the major factor affecting the adsorption of sulfide species. Existence of 

sulfide species in solution is highly dependent upon the pH. When pH is low (acidic 

medium); hydrogen sulfide (neutral) and bisulfite (anionic) are the dominant species. 

Whereas, when the pH is high (basic medium) sulfide (anionic) are the predominant species 

in the solution. Another factor that affects the sulfide adsorption is the value of pHpzc of the 

adsorbent. As the pH is lower than pHpzc the surface of adsorbent will acquire the positive 

charge and when pH is higher than pHpzc the surface of adsorbent will attain the negative 

charge. It means that surface of adsorbent can provide several types of direct or indirect, 

physical /chemical interactions to the sulfide ions in solution. Direct interactions may result 

from the attraction between positive charge on adsorbent surface and negatively charged 
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sulfide species. Additionally the positively charged species (sodium and hydrogen ions) in 

the solution might cover the adsorbent surface and affect the interaction of sulfide ion to the 

adsorbent surface. These positively charged ions behave as bridges between the adsorbent 

surface and sulfide ions in the solution. Effective removal of sulfide species by using all the 

adsorbents in present study ranges from pH 5-9, similar trends have been reported for Darco 

S51 (Robert et al., 1987). 

 

3b.2.5 Effect of Temperature 

 Temperature has a remarkable effect on adsorption process. Its effect on the 

adsorption of sulfide was studied at optimized conditions of time of contact, agitation speed, 

adsorbent dose and pH. Results obtained are tabulated in Table 3b.13 and graphically 

presented in Fig.3b.13 for biological adsorbents. 

 

Table 3b.13: Effect of temperature on adsorption of sulfide using biological adsorbents 

 

Temperature 

(ºC) 

Percent removal efficiency of sulfide 

Rice 

husk 

Wheat 

straw 

Bhindi 

stem  

Kikar 

leaves 

Arjun 

nuts 

Beerri 

ptta 

capsule 

10 68.73 34.10 59.77 63.20 59.64 62.37 

20 71.80 74.51 54.00 66.40 63.26 64.22 

30 72.62 77.83 52.07 72.77 64.57 68.32 

40 71.51 74.25 60.73 78.02 62.12 69.44 

50 74.29 62.47 57.85 66.40 58.23 65.12 

60 65.32 59.15 56.25 64.49 57.11 62.37 

 

 

Figure 3b.13: Effect of temperature on sulfide adsorption using biological adsorbents 

[RH (rice husk), WS (wheat straw), BS (bhindi stem), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 
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Adsorption of sulfide using geological adsorbents was studied and results are 

tabulated in Table 3b.14 and graphically represented in Fig.3b.14. 

 

Table 3b.14: Effect of temperature on adsorption of sulfide using geological adsorbents 

 

Temperature 

(ºC) 

Percent removal efficiency of sulfide 

Bentonite Kaolin Multani 

mitti 

Gachni 

10 68.80 65.05 52.34 66.94 

20 71.63 63.71 54.76 68.45 

30 77.76 69.04 58.77 70.65 

40 58.54 67.71 65.34 75.85 

50 53.42 63.05 62.45 71.58 

60 54.89 59.71 57.96 69.32 

 

 

 

Figure 3b.14: Effect of temperature on adsorption of sulfide using geological adsorbents 

 

In case of polymeric adsorbents; effect of temperature on adsorption of sulfide was studied by 

varying the temperature from 10 to 60 °C. The results are tabulated in Table 3b.15 and 

graphically represented in Fig.3b.15. Temperature is associated with the movement of ionic 

species in the solution as well as the interaction of these ions with the adsorbent surface. 

When the temperature was low there was lesser ionic movement and relatively lesser 

adsorption was observed. 
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Table 3b.15: Effect of temperature on adsorption of sulfide using geological adsorbents 

Temperature 

(ºC) 

Percent Removal Efficiency of Sulfide 

Cotton Cellulose Amberlite 

IRA 410 

Bakelite 

10 58.69 75.45 91.80 51.27 

20 62.36 80.37 92.62 52.76 

30 65.74 80.30 96.35 71.67 

40 68.15 82.58 91.38 71.92 

50 72.97 82.51 90.55 61.97 

60 71.63 81.65 88.07 60.47 

 

 

Figure 3b.15: Effect of temperature on adsorption of sulfide using geological adsorbents 

 

As the temperature approached the room temperature (25 °C) molecular movements were 

effective enough for the better interaction of sulfide species with adsorbent surface thereby 

resulting in better adsorption.  

 

Higher temperature was found to affect the adsorption process either by affecting the 

effective interaction or by evaporation of the solution. Evaporation affects the concentration 

of the solution at higher temperature and was found to affect the results of adsorption study. 

Therefore, the effect of temperature was studied from 10 to 60 °C. Same trends for adsorption 

of anionic species have been reported in the adsorption of chromate ions (Sreenivas et al., 

2014, Ucun et al., 2008). 
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3b.2.6 Effect of Chemical Modification 

In addition to the use of raw adsorbents for sulfide removal various chemical 

modifications were also tested to enhance the adsorption capacity of the adsorbents. Effect of 

chemical modification was studied by using biological and geological adsorbents. 

Commercially available samples of polymeric material used during study were already 

specific in their function as; Amberlite IRA 410 is anion exchange resin. So they were not 

modified using any chemical substance.   

 

Effect of chemical modification was studied by using 50 mL of 20 ppm sulfide 

solution. 1.0 g of each treated adsorbent was added to the solution. Adsorption study was 

conducted at the previously optimized conditions of; time of contact, agitation speed pH and 

temperature. In case of biological adsorbents chemical modification remarkably increased the 

adsorption capacity of bhindi stem and beerri ptta capsule.  

 

All the biological adsorbents showed better removal efficiency with zinc chloride 

modification except Arjun nuts where modification with ethanol was more effective. Results 

for the effect of chemical modification are tabulated in Table 3b.16 and graphically 

represented in Fig.3b.16. Increased adsorption capacity in case of zinc chloride modification 

was the result of increase in the porous structure that in turn increased pore size and surface 

area. Greater the surface area greater is the adsorption capacity (Sivaraj et al., 2001). 

 

Table 3b.16: Effect of chemical modification on sulfide adsorption using biological adsorbents 

Modifying 

reagent 

Percent removal Efficiency of sulfide 

Rice 

husk 

Wheat 

straw 

Bhindi 

stem  

Kikar 

leaves 

Arjun 

nuts 

Beerri 

ptta 

capsule 

NaOH 43.16 41.43 88.21 64.9 22.26 71.68 

Na2CO3 44.46 38.94 60.62 40.23 3.32 83.21 

ZnCl2 80.82 61.30 96.86 71.16 22.47 90.83 

CaCl2 54.26 48.88 70.00 66.74 13.56 62.97 

HNO3 62.75 34.1 37.55 38.55 22.91 74.07 

HCl 54.70 60.47 72.95 69.87 24.43 74.29 

CH3OH 42.29 12.3 83.06 36.91 16.58 56.13 

C2H5OH 74.94 10.23 76.99 36.36 58.61 64.06 
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Figure 3b.16: Effect of chemical modification on sulfide adsorption using biological adsorbents 
[RH (rice husk), WS (wheat straw), BS (bhindi stem), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 

 

In case of geological adsorbents chemical modification enhanced the adsorption 

capacity of the clays. Results are tabulated in Table 3b.17 and graphically represented in 

Fig.3b.17. Alkali modification of bentonite and kaolin showed maximum removal efficiency 

for sulfide. Whereas in case of multani mitti calcium chloride modification resulted in better 

removal efficiency. Effect of zinc chloride modification on gachni increased the removal 

efficiency to 99.13% which showed that gachni can be used for effective removal of sulfide 

using zinc chloride modification. That might be due to the interaction between the clay 

matrix and zinc ions which then acted as the bridge between the gachni surface and sulfide 

anion. 

 

Table 3b.17: Effect of chemical modification on sulfide adsorption using geological adsorbents 

Modifying 

Reagent 

Percent Removal Efficiency of Sulfide 

Bentonite Kaolin Multani 

mitti 

Gachni 

NaOH 95.31 89.41 27.63 88.71 

Na2CO3 71.34 86.09 12.94 86.71 

ZnCl2 88.30 67.29 98.7 99.13 

CaCl2 37.79 79.82 86.14 81.72 

HNO3 72.80 37.55 77.15 77.58 

HCl 56.23 69.87 81.29 93.14 

CH3OH 95.67 67.65 84.14 88.85 

C2H5OH 65.44 39.27 83.27 87.14 
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In case of alkali modification of bentonite and kaolin, the increase in positive charge 

is induced in the clay matrix in the form of sodium ions. It further facilitated the entrapment 

of sulfide ions thereby increasing the adsorption. 

 

 
 
 

Figure 3b.17: Effect of chemical modification on sulfide removal using geological adsorbents 

 

3b.2.7 Effect of Desorbing Reagent 

 Regeneration of the adsorbent is very important as it affirms its reusability and 

ecofriendly nature. Adsorbents can be re-employed for removal of toxic species after 

regeneration. Desorption studies were carried out using 0.1 g of each adsorbent in 50 mL of 

the desorbing solution. The solution was agitated at 100 rpm for 30 minutes. 

 

 For desorption of sulfide, Sodium hydroxide (0.1M) and sodium carbonate (0.1M) 

solutions were used. Sodium hydroxide was found more effective in desorbing the sulfide 

from the adsorbents as compared to sodium carbonate. This might be due to the fact that as 

being more strong hydroxyl ions effectively replaced the sulfide ions on adsorbent surface as 

compared to carbonate ions. Results for desorption are tabulated in Table 3b.18 and 

graphically represented in Fig.3b.18. 
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Table 3b.18: Effect of desorbing reagent on biological adsorbents 

 

Desorbing 

Reagent 

Percent Desorption of Sulfide 

Rice 

husk 

Wheat 

straw 

Bhindi 

stem 

Kikar 

leaves 

Arjun 

nuts 

Beerri ptta 

capsule 

NaOH 83.26 79.65 81.66 86.12 89.23 78.98 

Na2CO3 71.37 59.22 64.12 71.23 72.01 65.19 

 

 

 

Figure 3b.18: Effect of desorbing agent on biological adsorbent 

[RH (rice husk), WS (wheat straw), BS (bhindi stem), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 

 

Desorption of sulfide in case of geological adsorbents showed almost the same trends 

as found in case of biological adsorbents. Sodium hydroxide effectively desorbed sulfide 

from adsorbents surface by the replacement of sulfide ions with hydroxyl ions. Results for 

sulfide desorption from clays surface is tabulated in Table 3b.19 and graphically represented 

in Fig.3b.19. 

 

Table 3b.19: Effect of desorbing reagent on geological adsorbents 

Desorbing 

Reagent 

Percent Desorption of Sulfide 

Bentonite Kaolin Multani 

mitti 

Gachni 

NaOH 71.12 76.77 67.89 79.83 

Na2CO3 53.23 64.98 53.21 61.09 
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Figure 3b.19: Effect of desorbing agents on geological adsorbents 

 

Desorption results for the polymeric adsorbents are tabulated in Table 3b.20 and 

graphically represented in Fig.3b.20. Sodium hydroxide showed higher desorption results. 

 

Table 3b.20: Effect of desorbing reagent on polymeric adsorbents 

Desorbing 

Reagent 

Percent Desorption of Sulfide 

Cotton Cellulose Amberlite 

IRA 410 

Bakelite 

NaOH 81.23 62.18 88.68 41.33 

Na2CO3 75.36 54.11 32.89 39.65 

 

 

Figure 3b.20: Effect of desorbing agent on polymeric adsorbents 
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3b.3 Isothermal Modeling for Sulfide 

Isothermal studies were conducted at the optimized conditions of time of contact, 

agitation speed, adsorbent dose and pH. Sulfide solutions in the range of 3 to 24 ppm were 

used for this purpose. Three isothermal models as discussed earlier were employed for 

isothermal modeling to explore the adsorption mechanism. Parameters for ‘Langmuir 

adsorption isotherms’ are given in Table 3b.21.  

 

Table 3b.21: Langmuir adsorption parameters for sulfide adsorption study 

 

Adsorbent 

Langmuir  Isotherm Parameters  

RL 

R2 Qmax  

(mg/g) 
b  

(L/g) 

Rice husk 0.995 4.368 0.272 0.155 

Wheat straw 0.994 0.829 0.143 0.259 

Bhindi stem 0.984 5.856 0.061 0.450 

Kikar Leaves 0.986 29.686 0.015 0.769 

Arjun nuts 0.990 1.300 0.445 0.101 

Beerri ptta capsule 0.953 1.696 0.387 0.114 

Bentonite 0.972 22.865 0.024 0.675 

Kaolin 0.972 2.50 0.121 0.292 

Multani mitti 0.849 2.788 0.189 0.209 

Gachni 0.746 1.491 12.01 0.004 

Cotton 0.987 2.427 0.308 0.139 

Cellulose 0.992 0.907 0.218 0.186 

Amberlite IRA 410 0.997 1.927 0.637 0.069 

Bakelite 0.991 1.085 0.384 0.115 

 

Value of regression coefficient (R2) is approaching unity in all the adsorbents which 

revealed that Langmuir adsorption isotherm holds good to explain the adsorption of sulfide 

with the exception of multani mitti and gachni. it is also clearly suggested from the data that 

there are fixed number of adsorption sites uniformly distributed on adsorbent surface and 

sulfide ions have equal affinity towards adsorption sites with no lateral interaction between 

the sulfide ions. Moreover, the Qmax value is also indicative of the fact that among the 

biological adsorbents, kikar leaves showed greater tendency for sulfide adsorption. In case of 

geological adsorbents bentonite showed greater affinity for sulfide ions. Cotton and Amberlite 

showed comparatively good adsorption capacity for sulfide. 

Langmuir parameter ‘b’ was used to determine the value of dimensionless constant 

RL. It has been depicted in Table 3b.21 that for all the adsorbents, the value of this 

dimensionless constant is below 1. This suggested that adsorption of sulfide by the adsorbents 
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selected for study was favorable process and these adsorbents can be used for large scale 

removal of sulfide from waste water. 

Table 3b.22: Freundlich adsorption parameters for sulfide adsorption study 

 

 

Adsorbent 

Freundlich Isotherm Parameters 

R2 n 
Kf 

(L/g)1-n 

Rice husk 0.983 1.170 0.913 

Wheat straw 0.961 1.787 0.130 

Bhindi stem 0.986 1.140 0.141 

Kikar Leaves 0.989 1.277 0.307 

Arjun nuts 0.998 0.887 0.133 

Beerri ptta capsule 0.967 0.886 0.447 

Bentonite 0.870 3.209 0.582 

Kaolin 0.968 1.042 0.237 

Multani mitti 0.763 0.996 0.423 

Gachni 0.924 0.981 0.370 

Cotton 0.980 1.402 0.534 

Cellulose 0.979 1.283 0.176 

Amberlite IRA 410 0.992 1.396 0.615 

Bakelite 0.988 2.07 0.102 

 

Multilayer adsorption on the heterogeneous surface of adsorbent was explored by 

applying the Freundlich isotherm. This multilayer adsorption can be further explained by the 

lateral interaction among the sulfide ions. Table 3b.20 revealed that non linearity of the 

system increased with the increased value of ‘n’ that is associated with the increased 

heterogeneity of the adsorbent surface. Value of ‘n’ from 2-10 indicated the better adsorption 

whereas from 1-2 predicted good adsorption.  

 

Higher values of Kf indicated the effective bonding of sulfide ions on the adsorbent 

surface. As it is clear from Table 3b.19 that relatively higher values of Kf were shown by rice 

husk, kikar leaves, beerri ptta capsule, multani mitti, cotton and Amberlite IRA 410. It 

showed that sulfide ions penetrated well in the heterogeneous adsorbent surface and were 

effectively removed by these adsorbents. Nearly similar trends have been reported for 

activated carbon used for the removal of sulfide from waste water (Robert et al, 1987). 

 

Temkin isotherm model explains the equal distribution of binding energies on the 

adsorbent surface. Table 3b.23 shows all the Temkin parameters. Value of ‘BT’ below 8 

revealed the weak interaction that can be interpreted as physiosorption. 
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Table 3b.23: Temkin isotherm parameters for sulfide adsorption study 

 

Adsorbent 

Temkin Isotherm Parameters 

R2 BT 

(kJ/mol) 
KT 

(L/mg) 

Rice husk 0.979 6.896 10.473 

Wheat straw 0.942 13.660 1.508 

Bhindi stem 0.966 6.274 0.896 

Kikar Leaves 0.941 3.046 0.690 

Arjun nuts 0.912 7.315 3.996 

Beerri ptta capsule 0.855 6.232 2.678 

Bentonite 0.747 4.983 1.728 

Kaolin 0.863 3.540 1.400 

Multani mitti 0.613 3.406 2.249 

Gachni 0.807 6.844 3.662 

Cotton 0.957 4.274 3.033 

Cellulose 0.892 9.829 2.236 

Amberlite IRA 410 0.956 26.271 2.634 

Bakelite 0.987 9.263 10.879 

 

Such interactions were shown by biological adsorbents like; rice husk, bhindi stem, kikar 

leaves, arjun nuts, beerri ptta capsule. Only wheat straw showed higher values of ‘BT’ higher 

than 8, which indicates the chemisorption. Geological adsorbents showed the ‘BT’ values 

below 8 which predicted weak interactions. Lower BT values are indicative of the fact that 

adsorbents can be easily regenerated after desorption. 

 

In case of polymeric adsorbents, higher values of ‘BT’ revealed that interaction among 

the adsorbent surface and sulfide ion is higher than biological and geological adsorbents. This 

is an indicator of the fact that polymeric adsorbents are more specific for the removal of 

sulfide ions. Higher ‘BT
’ values were also shown by cellulose and bakelite that indicated 

some sort of chemical interactions among the adsorbent and adsorbate. It is also clear from 

their low desorption percentages. Value of ‘BT’ above 16 depicted ion exchange nature of 

adsorption process. In case of Amberlite the value of ‘BT’ showed that some ion exchange 

phenomenon took place by the interaction of sulfide and Amberlite surface. Higher KT values 

are indicative of the fact that stronger interactions are present between the adsorbent surface 

and sulfide ions as shown in Table 3b.23. 

 

3b.4 Kinetic Study for Sulfide Adsorption 

Kinetics study showed the removal of sulfide as a function of time and the data 

obtained is tabulated in Table 3b.24. This study was conducted by using the 50 mL of 20 ppm 
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solution of sulfide and varying the time from 5 to 70 minutes at optimum conditions of 

agitation speed, pH adsorbent dose and temperature. The dependence of experimental data on 

time was investigated by applying pseudo first and pseudo second order kinetics models.  

 

When maximum sulfide ions are adsorbed the adsorbent becomes saturated thereby 

revealing the adsorption capacity of each adsorbent for sulfide removal. Theoretical and 

experimental adsorption capacities represented as Qt and Qexp are shown in the Table 3b.24. 

Better applicability of the kinetic model was checked by using equations 1.6 and 1.7 for 

pseudo first and pseudo second order kinetics model respectively.  

 

Table 3b.24: Kinetic Study for adsorption of sulfide ions 

Adsorbent Pseudo First order Kinetics 

Parameters 

Pseudo Second Order Kinetics 

Parameters 

 

Qexp 

(mg/g) R2 K1 

(min-1) 
Qt 

(mg/g) 
R2 K2 

(g/mg/min) 
Qt 

(mg/g) 

Rice husk 0.722 0.0136 1.546 0.989 0.478 0.7427 0.70 

Wheat straw 0.722 0.0191 1.8537 0.993 0.372 1.1918 1.14 

Bhindi stem 0.872 0.0191 2.029 0.974 0.230 0.7976 0.74 

Kikar Leaves 0.098 0.0035 2.281 0.961 0.865 0.765 1.17 

Arjun nuts 0.965 0.0137 1.570 0.997 0.391 0.5927 0.54 

Beerri ptta capsule 0.870 0.0061 1.249 0.999 1.357 0.6937 0.69 

Bentonite 0.990 0.1140 8.703 0.994 0.068 2.093 1.91 

Kaolin 0.275 0.0073 2.047 0.943 0.705 0.482 0.67 

Multani mitti 0.139 0.0017 1.147 0.999 1.863 1.620 1.69 

Gachni 0.991 0.0162 1.936 0.996 0.329 1.016 1.00 

Cotton 0.062 0.0004 1.177 0.995 2.65 0.7132 0.80 

Cellulose 0.045 0.0004 1.169 0.996 2.42 0.6130 0.70 

Amberlite IRA 410 0.649 0.0026 1.113 0.999 4.716 0.9124 0.92 

Bakelite 0.612 0.0132 1.838 0.997 1.031 1.5124 1.59 

 

Comparison of the regression coefficient (R2) values showed that pseudo second order 

model is more in accordance with the data. In all the cases the R2 values for pseudo second 

order kinetics model is approaching unity. Theoretical and experimental adsorption capacity 

values were not in agreement with each other for pseudo first order kinetics model. Whereas 

in the case of pseudo second order kinetics model theoretical and experimental adsorption 

capacity for sulfide ions were in accordance with each other which showed the better 

applicability of this model. Higher values of pseudo second order rate constant revealed the 

possibility of chemisorption and multilayer adsorption of sulfide ions on the surface of all the 

polymeric adsorbents, Beerri ptta capsule and multani mitti.  
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3b.5 Thermodynamic Study for Sulfide Adsorption 

Thermodynamics study for adsorption process of sulfide ions was conducted by using 

50 mL of 20 ppm sulfide solution at optimized conditions of time of contact, agitation speed, 

pH and adsorbent dose. Temperature was varied from 10 ºC to 60 ºC. Thermodynamic 

parameters like; ΔGº, ΔHº and ΔSº were calculated by using equations 1.9 and 1.10 and are 

tabulated in Table 3b.25. 

 

Table 3b.25: Thermodynamical parameters for adsorption of sulfide ions 

 

Adsorbents 

Thermodynamics Parameters 

R2 ΔGº 

(kJ/mol) 
ΔHº 

(kJ/mol) 
ΔSº 

(kJ/mol) 

Rice husk 0.974 -2.432 -2.594 0.126 

Wheat straw 0.984 -3.063 -0.061 -0.067 

Bhindi stem 0.996 -1.727 -1.118 -0.104 

Kikar leaves 0.929 -2.468 -0.076 -0.033 

Arjun nuts 0.964 -3.126 -0.084 -0.050 

Beerri ptta capsule 0.972 -1.889 -0.051 -0.027 

Bentonite 0.924 -1.008 -0.015 -0.021 

Kaolin 0.975 -2.113 -0.043 -0.047 

Multani mitti 0.9477 -1.566 -0.040 -0.029 

Gachni 0.930 -2.468 -0.076 -0.033 

Cotton 0.724 -2.335 -2.409 0.105 

Cellulose 0.895 -1.467 -1.611 0.094 

Amberlite IRA 410 0.997 -0.871 -1.022 0.159 

Bakelite 0.939 -2.211 -2.591 0.221 

 

Negative values of ΔGº indicate the spontaneous nature and thermodynamic 

feasibility of adsorption of sulfide ions using all the adsorbents. Increased negative value of 

ΔGº with temperature indicates the increased sulfide ion removal at high temperature. 

Negative values of ΔHº revealed the exothermic nature of sulfide adsorption process.  For 

significant adsorption of sulfide ions, the negative values of ΔGº must be accompanied with 

the negative values of ΔHº. Positive values of ΔSº showed that when sulfide ions interacted 

with the adsorbent surface, this interaction imparted randomness to the system. Negative 

values of entropy suggested the probability of favorable adsorption with no structural changes 

at liquid-solid interface.  

 

3b.6 Application of the Present Study to Industrial Effluents 

Industrial samples for the removal of sulfide were collected from premier leather 

situated on Sheikhupura road (Pakistan). After necessary treatment as mentioned earlier the 

sample was subjected to the adsorption study. All the optimized parameter for each adsorbent 

(as tabulated below in Table 3b.26) was applied to check the suitability of the adsorbent for 
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sulfide removal on large scale. It was observed that percent removal efficiency of each 

adsorbent was comparatively reduced due to the presence of interfering ions in the solution. 

These ions affect the adsorption of sulfide by competing for the active sites and cover the 

adsorbent surface thereby causing reduction in percent removal of sulfide. It was found that 

Kikar leaves, Bhindi stem, Bentonite clay, Cellulose and Amberlite IRA 410 effectively 

removed sulfide from the industrial effluents.  These adsorbents can be employed alone or in 

combination for the removal of sulfide from industrial waste water.  

 

Table 3b.26: Results of the optimized conditions for sulfide removal applied to Industrial sample 

 

Adsorbents 

Parameters optimized during sulfide adsorption and applicability to industrial samples 

Time of 

contact 

(minutes) 

Agitation 

speed 

(rpm) 

Adsorbent 

dose 

(g) 

pH Temperature 

(ºC)  

Percent removal efficiency for 

industrial sample 

(%) 

   A           B            C          D           E 

Rice husk 20 50 1.0 8 50 42.35 41.76 41.89 41.64 42.26 

Wheat straw 35 250 0.6 8 30 41.56 40.13 41.47 41.64 40.31 

Bhindi stem 25 150 1.0 8 40 45.48 44.23 42.61 42.17 44.34 

Kikar leaves 20 200 0.8 9 40 47.12 46.13 45.74 45.32 46.10 

Arjun nuts 30 200 1.2 9 30 40.06 39.42 39.68 39.90 40.49 

Beerri ptta capsule 25 200 0.8 9 40 35.56 34.44 35.06 35.19 35.66 

Bentonite 35 100 0.6 8 30 50.65 50.13 50.27 49.66 49.89 

Kaolin 15 150 0.6 7 30 38.54 37.44 36.59 36.89 37.69 

Multani mitti 10 100 1.0 8 40 37.74 36.59 36.41 35.23 37.28 

Gachni 20 150 1.0 7 40 39.94 38.64 38.78 38.97 39.54 

Cotton 25 200 1.2 7 50 32.10 32.06 31.84 31.76 31.26 

Cellulose 15 100 1.4 7 40 46.32 45.22 45.16 45.74 46.22 

Amberlite IRA 410 20 250 1.0 6 30 49.97 48.36 48.17 48.09 47.55 

Bakelite 20 100 0.6 5 40 31.86 30.24 31.46 31.84 31.77 

 

 

3b.7 Conclusion: 

Present work deals with the adsorptive removal of sulfide from the water. 

Applicability of adsorbents belonging to different groups was checked for their adsorption 

capacity to remove sulfide. Kikar leaves, Bentonite and Amberlite IRA 410 removed sulfide 

more efficiently than others as indicated by the Qmax values of these adsorbents.  

 

Optimization of various operational parameters was carried out and applied for the 

detailed mechanism study of sulfide. It was found that sulfide adsorption followed Langmuir 

monolayer adsorption pattern with the rate dependence on pseudo second order kinetics 

model. Thermodynamical study revealed that it is spontaneous and exothermic in nature with 

negative entropy value in certain cases which revealed that favorable adsorption of sulfide 

occurred on adsorbents surface without any structural change on solid-liquid interface. All 
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the selected adsorbents were chemically modified using different reagents and it was found 

that chemical modification remarkably increased the adsorption capacity of the adsorbents. 
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Chapter - 4 

Fluoride 

4.1 Introduction 

Fluoride (F-) is a monovalent anion of fluorine. Fluorine being the most 

electronegative element and highly reactive in nature is not found in free elemental state. A 

large number of organic and inorganic composites in rocks, soil, air, animals and plants 

contain fluoride in them which is also attributed to the highly reactive nature of fluorine 

(Habuda-Stanić et al., 2014; Patnaik, 1997). Fluorides are naturally present in earth in the 

form of minerals; most common among these are fluorite, fluorspar, fluorapatite, amphiboles 

and micas. Fluoride anions are comparable to hydroxyl ions in charge and size. When redox 

conditions prevails these fluoride ions in minerals are substituted by hydroxyl ions as a result 

fluoride ions are released or get dissolved in circulating water around these fluoride deposits 

(Brewer, 1996; Ward et al., 1964). Depending upon the geological conditions of the soil, the 

concentration of fluoride varies from region to region. Naturally fluorides are found in higher 

concentration in ground water in the regions rich in fluoride mineral rocks deposits where 

leaching and erosion by rain water are the reason of elevated fluoride concentration. The 

areas of the world with elevated volcanic activity also hold greater level of fluoride in the soil 

and water because of the emissions of hydrofluoric acid in eruptions (Alessandro, 2006).  

Besides the geological and natural enriched sources of fluoride in groundwater, to a 

great extent, several industries are also adding to fluoride contamination (Ozsvath, 2009). 

The industrial sources which are releasing wastewater having high fluoride concentrations 

include; ceramic and glass production, electroplating and metal finishing, semiconductor 

manufacturing, beryllium extraction plants, coal fired power stations, iron and brick works, 

phosphate fertilizer production, aluminum smelters, flavored toothpaste production plants, 

and ore enrichment units (Kumara et al., 2009; Chena et al., 2010; He et al., 2013). 

The presence of fluoride in water has both useful and harmful effects on living 

organisms. Health effects caused by fluoride increased concentration are endemic and 

widespread in various regions of the world. The World Health Organization has 

recommended the fluoride levels in drinking water should not be more than 1.5 mg/L. In 

1930s fluoride was added in the water in order to cure dental caries and to fulfill the required 

fluoride intake levels. Fluoride proves highly toxic substance and is associated with number 
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of adverse health effects if its intake is kept unchecked. Increased fluoride intake for longer 

period of time is associated with different problems like; dental fluorosis, skeletal fluorosis 

and arthritis. 

Table 4.1: Health impacts of exposure to high fluoride concentration  

Concentration of 

Fluoride (mg/L) 
Harmful Health effects 

<0.5 Dental caries 

0.5-1.5 Optimum dental health 

1.5-4.0 Dental fluorosis 

4.0-10.0 
Dental and Skeletal 

fluorosis 

>10.0 Crippling fluorosis 

 

Due to the excessive fluoride intake a condition known as fluorosis is caused. Fluorosis is 

very common in areas with high fluoride concentration in water. It can be; 

 Dental fluorosis  

 Skeletal fluorosis 

In case of dental fluorosis tooth enamel gets mottled and loses its shine. Early symptoms 

show opaque, white areas on the tooth surface and in severe form; it is manifested as severe 

pitting and yellowish brown to black coloring of the teeth. Generally, the degree of dental 

fluorosis depends upon the concentration of fluoride exposure up to the age of eight to ten 

years. As fluoride marks only the developing teeth even when they are still under the gums 

and are being formed in the jawbones (Meenakshi & Maheshwari, 2006; Roy & Dass, 2013; 

Ozsvath, 2009).  

In case of skeletal fluorosis deposition of high concentrations of fluoride in bones may 

results in skeletal deformation. Fluoride mainly deposit in the joints of knee, neck, shoulder 

and pelvic bones, and makes it hard to walk or move. The signs of skeletal fluorosis are like 

that of arthritis or spondylitis (Meenakshi & Maheshwari, 2006; Roy & Dass, 2013; Ozsvath, 

2009). Primary symptoms include back stiffness, sporadic pain, burning like sensation, 

tingling and pricking in the limbs, chronic fatigue, muscle weakness and typical calcium 

deposits in ligaments and bones. In worst cases of skeletal fluorosis; bony outgrowths, 

osteoporosis and fusion of vertebrae occurs and ultimately the victim may be crippled. An 

infrequent osteosarcoma and bone cancer can be caused in case of over exposure to fluoride 
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(Connett, 2007; Xiang, 2004; Weinstein & Davison, 2004; Budipramana, 2002; Ayoob & 

Gupta, 2006; Rao, 2003).  

The main reason for the damage to bones due to increased fluoride intake can be 

attributed to the electronegative nature of fluoride. Fluoride has unusual affinity to get 

attracted to calcium that is positively charged ion. Therefore, the influence of fluoride on 

mineralized tissues like teeth and bone is prominent to developmental changes. Hence, they 

attract the maximum amount of fluoride that becomes deposited in the form of calcium-

fluorapatite crystals. The enamel of tooth is principally composed of crystalline 

hydroxylapatite and under ordinary conditions, when fluoride exists in water supply, most of 

the ingested fluoride ions become combined into the apatite crystal lattice of calciferous 

tissue enamel in its development. The hydroxyl ion replaced by fluoride ion as fluorapatite is 

stable than hydroxylapatite. Therefore, a great amount of fluoride gets attached in these 

tissues and only a minor amount is emitted through urine, stool and sweat (Meenakshi & 

Maheshwari, 2006).  

The symptoms of fluorosis are usually ignored because of the false concept prevailing 

that fluoride only disturbs teeth and bones. Besides dental and skeletal fluorosis, unchecked 

fluoride intake may result in degeneration of muscle fiber, low hemoglobin level, excessive 

thirst, deformities in red blood cells (RBCs),  headache, nervousness, skin rashes, depression, 

neurological disorders as it disturbs brain tissue similar to the pathological variations 

originated in humans with Alzheimer’s disease, urinary tract malfunctioning, gastrointestinal 

problems, nausea, tingling sensation in fingers and toes, abdominal pain, still births, repeated 

miscarriage, reduced immunity, male sterility, etc. (Meenakshi & Maheshwari, 2006). It is 

also accountable for changes in the functional mechanisms of kidney, liver, digestive system, 

excretory system, respiratory system, reproductive system, central nervous system and 

destruction of various enzymes (Roy & Dass, 2013; Ozsvath, 2009; Connett, 2007; Xiang, 

2004; Weinstein & Davison, 2004; Budipramana, 2002; Ayoob & Gupta, 2006).  

 

4.2 Previous Work 

Water defluoridation has remained the point of focus for many years to researchers 

and scientific community because of the irreversible and hazardous effects of fluoride to 

human beings. Various water defluoridation methodologies have been developed in the past 

out of which adsorption is found to be the cost effective way of cleaning water. 
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Mourabet et al. (2015) have conducted a study of fluoride adsorption onto 

hydroxyapatite and the parameters of adsorption process were optimized by means of 

Response Surface Methodology (RSM). An endothermic process was observed in the 

adsorption of fluoride.  

 

Bharali et al. (2014) have used a synthesized Silikha (Terminalia chebula) leaf 

powder as biosorbent to remove fluoride from aqueous solutions. The effects of agitation 

time, pH, adsorbent dose and fluoride concentration on the fluoride sorption process were 

studied. 

 

Hannachi et al. (2014) have investigated the adsorption capacity of AMX; an anion 

exchange membrane that has a quaternary ammonium functional group, for the adsorption of 

fluoride, sulfates and nitrate from aqueous solutions. By linear regression, the adsorption 

parameters were studied. The thermodynamical studies revealed that adsorption process was 

spontaneous.  

 

Dwivedi et al. (2014) have investigated the removal of fluoride using “Peepal leaf” 

powder (Ficusreligiosa) as a biosorbents. The effect of biosorbents dose, pH, time, 

temperature and initial concentration of fluoride was studied. A batch biosorption study was 

conducted which revealed that process was pH dependent and maximum removal occurred at 

pH 7. Mechanism of biosorbents was further explored by characterizing the biosorbents using 

scanning electron microscopy. 

 

Chidambaram et al. (2013) have used red soil to remove fluoride by adopting a 

column method. The permeability and porosity of the media was increased by mixing red soil 

in different fractions of sand. At lesser flow rate a higher fluoride removal was noted. An 

effective method was also attempted to regenerate the fluoride adsorbed soil. 

He et al. (2013) also prepared an iron modified attapulgite adsorbent for the removal 

of fluoride from aqueous solution. Maximum adsorption was observed at optimum pH 6.06-

7.01. The regeneration of iron modified attapulgite adsorbent by using sodium hydroxide 

solution as eluent was also demonstrated. 
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Zhang et al. (2013) also synthesized a new adsorbent bentonite/chitosan beads and its 

de-fluoridation efficacy were studied. The pH 5 value was depicted optimal for the adsorption 

of fluoride.  

 

Yadav et al. (2013) also used wheat straw, activated bagasse carbon of sugarcane and 

sawdust to study the removal of fluoride from groundwater and aqueous solution. A new cost 

effective strategy was designed and its applicability in rural areas of underdeveloped 

countries was tested to remove fluoride. 

 

Montoya et al. (2012) have optimized the removal of fluoride with the help of carbon 

obtained from the pecan nut shell. The carbon was modified using calcium solution obtained 

from egg shells. Various parameters were studied to investigate the efficiency of the modified 

carbon. Calcium modified pecan nut shell carbon showed good results for fluoride removal. 

 

Jenish et al. (2011) have studied the fluoride removal by adsorption. Chemically 

treated tea leaves were used as adsorbent that were further digested in alum. Effect of pH, 

contact time and adsorbent dose were studied. Fluoride removal followed Langmuir 

adsorption model and pseudo second order kinetics. 

 

Sun et al. (2011) have modified the natural stilbite zeolite with Fe (III) and studied its 

efficiency for the fluoride remediation from drinking water. The modified adsorbent was 

crystalline with highly open pore morphology. 

 

Ma et al. (2011) have performed column and batch adsorption experiments to study 

the fluoride adsorption from aqueous solution.  Granular acid treated bentonite was used as 

the adsorbent. At optimum pH 4.95, maximum fluoride removal was observed.  

Chena et al. (2010) have developed a novel ceramic material (ferrous-amended 

ceramic adsorbent) as an adsorbent and its feasibility was evaluated to remove fluoride from 

aqueous solution. The granular assembly, effective capacity and high surface area marked the 

adsorbent a very potential media to be utilized in cleansing of fluoride from water.  

 

Tang et al. (2009) have investigated the adsorption of fluoride on granular ferric 

hydroxide using batch methods. Different parameters like pH, ionic strength, major 

coexisting anion conditions and surface loading were studied. Initially, a higher rate of 
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adsorption was observed and it was also found that the parameter of ionic strength was not 

effective within the pH range 2-11. 

Karthikeyan & Elango (2009) have undertook batch adsorption studies to evaluate the 

suitability of bismuth aluminate and aluminium titanate to eliminate fluoride ions from water. 

The effects of adsorbent dose, pH, initial concentration, co-ions and temperature on fluoride 

removal efficacy were studied.  

 

Kumara et al. (2009) have evaluated the possible use of granular ferric hydroxide to 

remove fluoride from aqueous solution. The influence of various parameters i.e. time of 

contact, temperature, pH, initial concentration of adsorbate and the existence of different 

competing anions on the process of adsorption was investigated. 

 

Zhao et al. (2008) have prepared a novel Fe(III) loaded ligand exchange cotton 

cellulose adsorbent for the adsorption of fluoride from drinking water. The impact of reaction 

time, pH, temperature, flow rate, regeneration and foreign ions were determined in column 

and batch systems.  

 

Kumar et al. (2008) have studied the removal of fluoride from aqueous solutions by 

using activated carbon developed from mixture (1:1, 1:2, 2:1) of Kikar (Acacia arabica) and 

Neem (Azadirachta indica) leaves. In this batch study, the effects of adsorbent dose, pH and 

contact time were investigated. Maximum fluoride adsorption was observed at pH 6. An 

increase in fluoride adsorption was observed with an increase in carbon dose. Additionally, 

fluoride removal improved with a decrease in particle size of carbon. It was concluded that 

adsorbent mixture of 2:1 ratio had slightly greater adsorption capacity. 

 

Daifullah et al. (2007) have used KMnO4
- modified activated carbon extracted by 

steam pyrolysis of rice straw for the fluoride removal in aqueous solutions.   

 

Ghorai & Pant (2005) have studied the suitability of activated alumina as an adsorbent 

for the elimination of fluoride from drinking water. It was observed that the fluoride removal 

from aqueous solution was strongly influenced by pH of the solution, contact time and 

adsorbent concentration.  
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Karthikeyan et al. (2005) have conducted batch adsorption studies to check the effects 

of temperature and contact time on fluoride removal. Montmorillonite clay was used as an 

adsorbent and the adsorption efficiency was investigated at neutral pH and different 

temperatures.  

 

Weerasooriya & Wickramarathna (1999) have employed kaolinite as adsorbent and 

quantified the adsorption of different anions by using the triple layer surface complexation 

model. The adsorption data of fluoride was defined by both hydrogen bonded and anion 

exchange complexation mechanisms. It was observed that in the presence of iodine or 

bromine the adsorption of fluoride was declined over a range of pH 4-5. Binding sites 

competition was seemed to be a significant factor in defining the adsorptive behavior of 

fluoride and other anions iodine and bromine mediated systems. 

 

Kau et al. (1998) have compared the tentative fluoride sorption isotherms for different 

alumino-silicate clays. A viable Langmuir isotherm including pH dependence in fluoride 

sorption was considered in the experimental result modeling. Quantitatively, bentonite was 

observed as a superior fluoride sorbent than kaolinite. The pH of solution, clay surface area, 

certain exchangeable cations and aluminium content were the main factors that found to 

affect the sorption process.  

Weerasooriya et al. (1998) have provided a mechanistic elucidation for fluoride 

adsorption onto kaolinite by considering different experimental conditions that were 

environmentally significant. 

 

Srimurali et al. (1998) have investigated the adsorption capacity of different cost 

effective materials like bentonite, kaolinite, lignite, charfines and nirmali seeds for the 

removal of fluorides from aqueous media by batch adsorption experiment. A higher removal 

efficacy by kaolinite clay, bentonite and charfines was observed at optimum system 

parameters.  

 

Lounici et al. (1997) have reported a novel technique based on an electrochemical 

system and arrangement of an activated alumina column for the removal of fluoride from 

water. The electro-sorption process seemed a very promising and interesting technique to 

eliminate fluoride from ground waters.  
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Chikuma & Nishimura (1990) have prepared a new functional resin from Amberlite 

IRA 400 (anion-exchange resin) and a complex of alizarin fluorine blue for selected 

adsorption of fluoride ions. The effect of buffer, pH, foreign ions and acetone on fluoride 

uptake was studied by a batch method. It was observed that the uptake of fluoride declined 

with increasing pH. 
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4a. Experimental Work 

(Fluoride) 

 

4a.1 Material and Reagents Used 

 

For conducting fluoride adsorption studies sodium fluoride (Sigma Aldrich) was used 

for making standard fluoride solution. Sodium hydroxide, hydrochloric acid, nitric acid, 

sodium carbonate, zinc chloride, calcium chloride, methanol and ethanol of (Merck) were 

used for chemical modification of adsorbents selected for fluoride study. Sodium hydroxide 

and hydrochloric acid were also used for adjusting the pH of the solution. 

Doubly distilled water was used throughout this work. All glassware used in this study was of 

Pyrex, Germany. Nitric acid and doubly distilled water was used to wash the glassware. 

Washed glassware was dried in oven at 100°C for 4 hours prior to adsorption studies. 

 

4a.2 Instruments Used 

 Electronic weighing balance (Shimadzu Corporation Japan) 

 Orbital shaker (Yellow line OS 10control)  

 pH meter (Hanna) 

 Ion selective Electrode (F-ISE, Hanna) 

 Potentiometer (Hanna) 

 

4a.3 Solutions Used During Fluoride Adsorption Studies 

 Sodium fluoride (2.21 g) was dissolved in distilled water and volume was made up to 

1000 mL to make 1000 ppm solution of fluoride. Further dilutions were made by 

taking required aliquot of this sample. Solutions of fluoride in the range of 2-10 ppm 

with the regular interval of 2 ppm were used for calibration of electrode in each case. 

 0.1M solution of sodium hydroxide and hydrochloric acid were prepared for adjusting 

the pH of the fluoride solution. 

 All the solutions for chemical modification of adsorbents were made according to the 

procedure mentioned in chapter 2 (section 2.4) 
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4a.4 Adsorbents Selected for Fluoride Adsorption  

In order to conduct the adsorption study for fluoride, adsorbents belonging to the three 

categories as mentioned earlier (chapter 1) were subjected to the initial experiment for 

fluoride removal. Each adsorbent 0.2 g was added separately to the 50 mL of 10 ppm solution 

of fluoride. Solutions were shaken for 30 minutes at 150 rpm at room temperature. After 

filtration the remaining fluoride concentration in solution was checked by using ion selective 

electrode. Adsorption percentage was calculated by the equation 1.23 (chapter 1). Those 

adsorbents which showed adsorption below 25% were excluded from the study like; kikar 

leaves (21.36%), bhindi stem (22.76%), bentonite (23.65%) and bakelite (19.97%). Further 

study was carried out with rice husk (RH), wheat straw (WS), arjun nuts (AN), beerri ptta 

capsule (BPC), kaolin, multani mitti gachni, cotton, cellulose and amberlite IRA 410 (Amb 

IRA 410). 

 

4a.5 Parameters Optimization/ Isothermal, Kinetics and Thermodynamics Study 

In order to conduct the adsorption studies for fluoride, effect of the following 

parameters were investigated. 

 

4a.5.1 Time of contact 

 Effect of contact time was studied by adding 0.2 g of each adsorbent selected for 

study in 50 mL of 10 ppm fluoride solution. Time of contact between adsorbent and 

adsorbate was varied from 5 to 70 minutes with the regular interval of 5 minutes. All the 

samples were shaken with the same agitation speed of 150 rpm at room temperature. Fluoride 

was estimated after each experiment performed for optimizing time of contact. 

 

4a.5.2 Agitation Speed 

 Optimization of this parameter is based upon the fact that better contact of adsorbate 

with adsorbent results in the formation of fluoride layer over adsorbent surface. Shaking 

speed also called ‘agitation speed’ was studied with 0.2 g of adsorbent in 50 mL of 10 ppm 

fluoride solution. Agitation speed was varied from 50 to 450 rpm at optimized conditions of 

time of contact at room temperature. Fluoride content was determined after filtration of 

aliquot obtained after optimization of agitation speed.  
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4a.5.3 Adsorbent Dose 

Adsorption is based upon the fact that more adsorbate can be removed from aqueous 

medium by increasing the adsorbing site. By increasing the adsorbent dose, the number of 

adsorbing sites also increases. This parameter is optimized at room temperature by varying 

the adsorbent dose from 0.2-2.0 g. 50 mL of 10 ppm fluoride solution was used at optimized 

conditions of time of contact and shaking speed. Remaining fluoride concentration was 

determined by using ion selective electrode. 

 

4a.5.4 pH 

 It is very sensitive parameter and affects the quality of adsorption process. This 

parameter was optimized by shaking 50 mL of 10 ppm fluoride solution with optimized 

adsorbent dose, time of contact and shaking speed. pH was varied from 3-11 in order to study 

the behavior of fluoride ion in acidic and basic medium. pH of the solution was adjusted by 

using 0.1M sodium hydroxide and 0.1M hydrochloric acid solution. Remaining fluoride 

concentration after every pH optimizing experiment was determined by ion selective 

electrode. 

 

4a.5.5 Temperature 

 This parameter is optimized by using 50 mL of 10 ppm fluoride solution by varying 

the temperature from 10 °C to 60 °C under the optimized conditions of contact time, agitation 

speed, adsorbent dose and pH. After filtration in each case the remaining fluoride 

concentration was measured by the same procedure as mentioned above.  

 

4a.5.6 Chemical Modification 

For the chemical modification of adsorbent the same procedure was followed as 

mention in chapter 2 (section 2.4). Modified biological and geological adsorbent were applied 

for fluoride removal studies and the remaining fluoride concentration was determined by 

using ion selective electrode. 

 

4a.5.7 Desorption 

Desorption studies were conducted to study the regeneration of adsorbent which in 

turns favors its applicability, usability on large scale and environment friendly nature. 

Desorption study was carried out according to the procedure mentioned in Chapter 2 (section 
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2.6) using sodium hydroxide and sodium carbonate. Obtained filtrates were subjected to 

fluoride estimation by the same method as mentioned earlier. 

 

4a.5.8 Isothermal Study for Fluoride Removal 

Adsorption mechanism was explored by conducting the isothermal, kinetics and 

thermodynamics study of the adsorption process for fluoride.  

For isothermal studies the adsorbate concentration was varied from 2 to 14 ppm after 

regular interval of 2 ppm. 50 mL of each concentration of fluoride solution was used under 

the previously optimized parameters of time of contact, agitation speed, pH, adsorbent dose 

and temperature. Same experimental procedure was followed for three isothermal models. 

Remaining fluoride concentration in each set of experiment was determined by the ion 

selective electrode. Adsorption (%) by each adsorbent was calculated at any instant of time 

using equation 1.23. 

 

𝑨𝒅𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 (%) =  
𝑪°− 𝑪𝒆

𝑪°
× 𝟏𝟎𝟎     (1.23) 

 

‘Ce’ and ‘Cº’ are the concentrations of fluoride ions before and after adsorption respectively. 

In the present study, three isothermal models; Langmuir, Freundlich and Temkin were used 

for exploring the adsorption mechanism.  

Langmuir adsorption isotherm was studied using the equation 1.1. Linearity of the plot 

between 1/q vs. 1/Ce revealed the applicability of the adsorption model. Favorability of the 

adsorption process was revealed by determining the dimensionless factor ‘RL’ using equation 

1.3.  

In order to explore that either the adsorption is heterogeneous or not, Freundlich adsorption 

model was studied using equation 1.4(chapter 1). Linear plot of ‘log q’ vs. ‘log Ce’ indicates 

the applicability of Freundlich adsorption model. Freundlich constant ‘n’ shows the quality of 

adsorption. 

Third adsorption model that was applied to the fluoride adsorption was Temkin adsorption 

isotherm model using equation 1.5(chapter 1) that deals with the uniform distribution of 

energy throughout the adsorbent surface. Linear plot of ‘q’ vs. ‘In Ce’ reveals the 

applicability of this model. Temkin constant BT gives information about the nature of 

interaction between adsorbent and adsorbate.  
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4a.5.9 Kinetics Study for Fluoride Removal 

In order to conduct the kinetics study 50 mL of 10 ppm solution of fluoride was used 

and agitated for 5 to 70 minutes keeping the optimized conditions under consideration. 

Filtrate obtained in each case was subjected to the fluoride estimation by using ion selective 

electrode. Pseudo first and pseudo second order kinetics models are used for studying the 

kinetic behavior of fluoride adsorption process using equation 1.6 and 1.7 in chapter no.1 

respectively. Value of regression coefficient (R2) in case of plotting a graph between log (qe-

qt)’ vs.‘t’ is helpful in concluding the suitable applicability of pseudo first order kinetics 

model. In case of pseudo second order kinetics model linearity of the plot between ‘t/qt’ vs. 

’t’ showed the suitability of the model.  

 

4a.5.10 Thermodynamic Study for Fluoride Removal 

Thermodynamics study was conducted by varying temperature of the fluoride solution 

from 10 °C to 60 °C. 50 mL of 10 ppm solution was used with optimized conditions of time 

of contact, agitation speed, adsorbent dose and pH. Enthalpy (ΔHº) and entropy (ΔSº) of the 

adsorption process were calculated by the regression analysis of the linear plot of In KD vs. 

1/T. Thermodynamic parameter Gibbs free energy (ΔGº) was then calculated using equation 

1.9 (chapter 1). Negative values of enthalpy and Gibbs free energy revealed that adsorption 

was exothermic and spontaneous in nature. Whereas, the positive value of entropy revealed 

the randomness in the system due to the interaction between fluoride ion and the adsorbent. 

 

4a.6 Treatment of the Real Wastewater Samples 

Industrial samples for the removal of fluoride were collected from five glass 

production units situated in Lahore (Pakistan). These industries were marked A, B, C, D and 

E. Pretreatment procedures as settling, decantation, and filtration were applied to the 

industrial samples. The filtered samples were then diluted by taking 1.0 mL of this sample to 

100 mL. Optimized parameters were applied in order to check the suitability of the present 

study for fluoride adsorption using the selected adsorbents in batch mode.   
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4b. Results and Discussion 

(Fluoride) 

 

Fluoride is essential for dental health and bones but when its concentration goes 

beyond 1.5mg/L (WHO) it causes detrimental effects on human health. For the removal of 

fluoride different techniques have been employed in last few years along with adsorption. In 

order to enhance the usability of adsorption process for fluoride removal different indigenous, 

cost effective, easily available adsorbents have been checked in the past for their adsorption 

efficiencies. During present study, the raw forms of indigenous, low cost biological, 

geological and polymeric adsorbents have been selected. Characteristics of adsorbents and 

experimental conditions greatly affect the adsorption process. 

Results obtained after the characterization of adsorbents and optimizing the operational 

conditions has been discussed below; 

 

4b.1 Spectroscopic Study of Adsorbents 

Selected adsorbents were characterized before and after adsorption by spectroscopic 

techniques including; scanning electron micrographs and Fourier transform infrared 

spectroscopy 

 

4b.1.1 S.E.M imaging/ EDX of the adsorbents after fluoride adsorption 

 Adsorbents selected for fluoride adsorption were studied for their surface 

characterization and morphology by S.E.M technique and results are shown in Table 2.4 

(Chapter 2). After adsorption, the adsorbents were again subjected to S.E.M analysis in order 

to check any difference in surface morphology that is due to the interaction of fluoride with 

the adsorbent surface. Fluoride adsorbed adsorbent surface was coated with gold through 

gold sputter by applying accelerating voltage of 15kV. S.E.M micrographs of adsorbents after 

adsorption are represented in Fig. 4b.1* and elemental detail for the samples is shown in 

Table 4b.1*. 

 S.E.M analysis of the samples revealed the change in the surface morphology of all 

the biological, geological and polymeric adsorbents. This means that raw forms of all the 

adsorbents were suitable for the adsorption of fluoride on the surface due to which fluoride 

interacted well and further brought the change in the surface morphology of the adsorbents. 
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Table 4b.1*: EDX detail of fluoride adsorbed adsorbents 

Sampl

e Code 
Morphology 

Elements (Atom. %) 

C O F Na Mg Al Si Cl Cu Ca Fe K 

a Threads 35.92 31.10 21.80 
2.1

2 
- 8.43 0.22 - 

0.4

1 
- - - 

b Jagged 40.77 41.73 14.73 
1.6

7 
- 1.10 - - - - - - 

c Layered 44.41 11.45 42.32 
0.8

2 
- 0.56 - 

0.4

5 
- - - - 

d Abraded 1.37 64.52 2.62 
1.3

5 
2.70 7.73 15.27 - - 

0.7

9 

2.3

5 
1.31 

e Abraded 1.15 66.76 1.11 
2.4

1 
2.35 8.36 13.74 - - 

0.9

1 

1.6

2 
1.59 

f Abraded 19.52 53.33 13.27 - - 7.79 6.09 - - - - - 

g Gooey 41.60 42.03 10.96 
1.0

0 
- 0.28 4.14 - - - - - 

h Gooey 37.45 37.34 20.43 
2.1

8 
- 0.28 2.32 - - - - - 

i Gooey 46.88 38.22 13.04 
1.2

7 
- 0.17 0.16 - - 

0.2

5 
- - 

j Jagged 10.85 51.47 35.15 
1.9

5 
- 0.17 0.12 - - 

0.2

0 
- 0.11 

 

Presence of fluoride in the S.E.M of fluoride adsorbed adsorbents revealed that 

fluoride was effectively adsorbed during the present study. 

4b.1.2 FT-IR Analysis of Adsorbents after Fluoride Adsorption 

Change in the absorption bands of the selected adsorbents were observed after 

adsorption of fluoride. It was observed that bands in the range of 1400-1000 cm-1appeared in 

the FT-IR of adsorbents after fluoride adsorption. Further changed bands are discussed below 

and mentioned in Fig. 4b.2* 

a) An apparent shift in the absorbance band from 2892 cm-1 (raw) to 2897 cm-1 was 

observed that corresponds C–H stretching of alkanes (David et al., 1999). A newly 

emerged absorbance band at 984 cm-1 correspond the C–H out of plane bending in 

alkenes (Painter et al., 1985; Chen et al., 2015). An obvious shift in band from 1056 

cm-1 (raw) to 1052 cm-1 and 1031 cm-1 (raw) to 1030 cm-1 signifies the C–O stretching 

vibrations of carboxylic acids, phenols, esters, ethers and anhydrides on the surface of 

adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015).  
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Figure 4b.2*: FTIR analysis of fluoride adsorbed selected adsorbents 

[a (fluoride adsorbed cotton), b (fluoride adsorbed cellulose), c (fluoride adsorbed Amberlite), d (fluoride adsorbed multani 

mitti), e (fluoride adsorbed gachni), f (fluoride adsorbed kaolin), g (fluoride adsorbed rice husk), h (fluoride adsorbed wheat 

straw), i (fluoride adsorbed beerri ptta capsule) and j (fluoride adsorbed arjun nuts)] 

A clear decrease in absorbance band from 3296 cm-1 (raw) to 3295 cm-1 corresponds 

the H-bonded O–H stretching in alcohols and phenols (Gupta et al., 2011; Tan et al., 

2008; Naiya et al., 2011; Pavia, 2001). A new band at 1161 cm-1 correspond the C–N 
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amines functional group (Pavia, 2001). Two new bands 1207 cm-1 and 1107 cm-1 

correspond the C–X where “X” denoted fluoride element (Das & Adak, 2015; Pavia, 

2001). 

 

b) A clear shift in absorbance band from 2891 cm-1 (raw) to 2892 cm-1 and emergence of 

a two new peak at 2901 cm-1 and 2896 cm-1 correspond the C–H stretching in alkane 

(David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 2014; Das & Adak, 2015). 

The emergence of a new peak at 900 cm-1 correspond the C–H out of plane bending in 

aromatic group (Painter et al., 1985; Chen et al., 2015). An obvious shift in band from 

1054 cm-1 (raw) to 1055 cm-1 and from 1029 cm-1 (raw) to 1034 cm-1 signifies the C–

O stretching vibrations of carboxylic acids, phenols, esters, ethers and anhydrides on 

the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). A clear decrease 

in absorbance band from 3333 cm-1 (raw) to 3290 cm-1 corresponds the H-bonded O–

H stretching in alcohols and phenols (Gupta et al., 2011; Tan et al., 2008; Naiya et al., 

2011; Pavia, 2001; Ammari, 2014). The emergence of two absorbance band at 1207 

cm-1 and 1107 cm-1 corresponds to C–X where “X” denoted fluoride element (Pavia, 

2001; Das & Adak, 2015). 

 

c) An obvious shift in absorbance band from 2819 cm-1 (raw) to 2826 cm-1 correspond 

the C–H stretching in alkane (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 

2014; Das & Adak, 2015). The emergence of a new peak at 860 cm-1 and shift in 

absorbance band from 822 cm-1 (raw) to 823 cm-1 correspond the correspond the C–H 

out of plane bending in aromatic group (Painter et al., 1985; Chen et al., 2015). An 

obvious shift in band from 1055 cm-1 (raw) to 1032 cm-1 signifies the C–O stretching 

vibrations of carboxylic acids, phenols, esters, ethers and anhydrides on the surface of 

adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). A shift in band from 703 cm-1 

(raw) to 709 cm-1 and the emergence of two absorbance bands at 767 cm-1 and 1290 

cm-1 corresponds to C–X where “X” denoted chloride and fluoride elements 

respectively (Pavia, 2001; Das & Adak, 2015). The emergence of an absorbance band 

at 1616 cm-1 corresponds the N–H bending of primary and secondary amines (Pavia, 

2001). 

 

d) The emergence of a new peak at 976 cm-1 correspond the C–H out of plane bending in 

in alkene (Pavia, 2001). An obvious shift in band from 800 cm-1 (raw) to 799 cm-1 
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correspond the C–H out of plane bending in aromatic group (Pavia, 2001; Painter et 

al., 1985; Chen et al., 2015). A clear decrease in absorbance band from 3619 cm-1 

(raw) to 3617 cm-1 corresponds the H-bonded O–H stretching of physically absorbed 

water (Alsawalha, 2016). The emergence of an absorbance band at 780 cm-1 

corresponds to C–X where “X” denoted chloride element (Pavia, 2001; Das & Adak, 

2015). The emergence of an absorbance band at 1636 cm-1 corresponds the N–H 

bending of primary and secondary amines (Pavia, 2001). 

 

e) The emergence of a new peak at 974 cm-1 correspond the C–H out of plane bending in 

in alkene (Pavia, 2001). An obvious shift in band from 799 cm-1 (raw) to 798 cm-1 

correspond the C–H out of plane bending in aromatic group (Pavia, 2001; Painter et 

al., 1985; Chen et al., 2015). The emergence of an absorbance band at 780 cm-1 

corresponds to C–X where “X” denoted chloride element (Pavia, 2001; Das & Adak, 

2015). 

 

f) The emergence of a new peak at 912 cm-1 correspond the C–H out of plane bending in 

in alkene (Pavia, 2001). An obvious shift in band from 790 cm-1 (raw) to 793 cm-1 

correspond the C–H out of plane bending in aromatic group (Pavia, 2001; Painter et 

al., 1985; Chen et al., 2015). An obvious shift in band from 1115 cm-1 (raw) to 1026 

cm-1 signifies the C–O stretching vibrations on the surface of adsorbent (Tan et al., 

2008; Abdel-Ghani et al., 2015). A clear decrease in absorbance band from 3621 cm-1 

(raw) to 3620 cm-1 corresponds the H-bonded O–H stretching of physically absorbed 

water (Alsawalha, 2016). A shift in band from 751 cm-1 (raw) to 754 cm-1 and the 

emergence of an absorbance band at 1117 cm-1 corresponds to C–X where “X” 

denoted chloride and fluoride elements respectively (Pavia, 2001; Das & Adak, 2015). 

 

 

g) An obvious shift in absorbance band from 2917 cm-1 (raw) to 2918 cm-1 correspond 

the C–H stretching in alkane (Naiya et al., 2011; David et al., 1999; Abdel-Ghani et 

al., 2015; Ammari, 2014; Das & Adak, 2015). An obvious shift in band from 1031 

cm-1 (raw) to 1035 cm-1 and emergence of a new band 1162 cm-1 at signifies the C–O 

stretching vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 

2015). The emergence of an absorbance band at 1235 cm-1 corresponds to C–X where 

“X” denoted fluoride element (Pavia, 2001; Das & Adak, 2015). The emergence of an  
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Table 4b.2*: FT-IR band absorption frequencies of selected adsorbents after fluoride adsorption 

Functional Groups 

Absorption band 

 (cm-1) 

Adsorbents after fluoride adsorption 

a b c d e f g h i J 

C–H stretching alkane 

(3000-2850) aromatic 

(3150-3050) (s) 

Aldehyde (2900-2800) 

(w)  

Alkene out of plane 

bend   (1000-650 

2897 

984 

2901 

2896 

2892 

2926 976 974 912 2918 - - 
2926 

2911 

C–H Aromatic (Out of 

plane bend) (900-690) 

(s) 

- 900 
860 

823 
799 799 793 - - - - 

C–O Alcohol, Ester, 

Ethers, Carboxylic 

acid, Anhydrides 

(1300-1000) (s) 

1052 

1030 

1055 

1034 
1032 - - 1026 

1162 

1035 

1055 

1035 
1021 1035 

O–H Alcohols, Phenols 

H-Bonded 

(3400-3200) (m), 

Free 

(3650-3600) (m) 

3295 3290 - 3617 - 3620 - - - - 

C=O 

Stretching of Aldehyde 

(1740-1720) (s) 

& Amides (1680-1630) 

(s) 

- - - - - - - - - 1734 

C–N Amines 

(1350-1000) (m-s) 
1161 1161 - - - 1000 1318 1161 1237 1162 

C–X  Fluoride (1400-

1000) (s) 

Chloride (785-540) (s) 

Bromide, Iodide 

(<667) (s) 

1207 

1107 

1204 

1106 

1290 

767 

709 

780 780 
1117 

754 
1235 1204 1229 1236 

S=O 

Sulfones, Sulfonyl 

Chloride, Sulfates, 

Sulfonamide 

(1375-1300) and 

(1350-1140) 

(s) 

1316 1314 1223 - - - 1369 1212 
1321 

1316 

1367 

1322 

N–H 

Primary & Secondary 

amines and amides 

Stretching (3500-3100) 

(m) 

Bending (1640-1550) 

(m-s) 

- - 1616 1636 - - 1639 - - 1616 

 

absorbance band at 1639 cm-1 corresponds the N–H bending of primary and secondary 

amines (Pavia, 2001). 
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h) A clear shift in band from 1033 cm-1 (raw) to 1035 cm-1 and emergence of a new band 

1055 cm-1 at signifies the C–O stretching vibrations on the surface of adsorbent (Tan 

et al., 2008; Abdel-Ghani et al., 2015). The emergence of an absorbance band at 1204 

cm-1 corresponds to C–X where “X” denoted fluoride element (Pavia, 2001; Das & 

Adak, 2015). 

 

i) An obvious shift in band from 1024 cm-1 (raw) to 1021 cm-1 signifies the C–O 

stretching vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 

2015). The emergence of an absorbance band at 1229 cm-1 corresponds to C–X where 

“X” denoted fluoride element (Pavia, 2001; Das & Adak, 2015). 

 

j) An emergence of two new absorbance bands at 2926 cm-1 and 2911 cm-1 corresponds 

C–H stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 

2014; Das & Adak, 2015). An obvious shift in band from 1032 cm-1 (raw) to 1035 cm-

1 signifies the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). A new absorbance band 1734 cm-1 corresponds to C=O 

stretching vibrations of aldehydes (Xu et al., 2012; Naiya et al., 2011; Ammari, 

2014). The emergence of an absorbance band at 1236 cm-1 corresponds to C–X where 

“X” denoted fluoride element (Pavia, 2001; Das & Adak, 2015). The emergence of an 

absorbance band at 1616 cm-1 corresponds the N–H bending of primary and 

secondary amines (Pavia, 2001). 

 

4b.2 Parameters Optimized During Fluoride Adsorption Study 

In order to explore the adsorption behavior of fluoride various parameters like; time 

of contact, agitation speed, adsorbent dose, pH and temperature were optimized. In depth 

study of the mechanism of adsorption was investigated by applying the isothermal study. 

Dependence of fluoride adsorption on time was investigated by applying the pseudo first and 

pseudo second order kinetics model. Spontaneity of the fluoride adsorption was checked by 

studying the thermodynamic behavior of the process 

 

4b.2.1 Effect of Time of Contact 

 

The effect of contact time was investigated by varying the time from 5 to 70 minutes 

using 50 mL of 10ppm of fluoride solution. 0.2 g of all the selected adsorbents was used for 
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fluoride adsorption study at constant agitation speed of 150 rpm. It was found that in case of 

biological adsorbent wheat straw were found to show maximum removal efficiency in 20 

minutes, as shown in Table 4b.1 and graphically represented in Fig.4b.1. 

 

Table 4b.1: Effect of contact time on fluoride adsorption using biological adsorbents 

Contact 

time 

(minutes) 

Percent Removal Efficiency of Fluoride 

Rice Husk 
Wheat 

straw 

Beerri 

ptta 

capsule 

Arjun 

nuts 

5 60.34 91.65 61.72 76.53 

10 62.13 91.78 68.22 71.21 

15 63.49 92.14 66.69 67.20 

20 63.89 93.47 64.02 63.20 

25 64.58 89.78 63.63 61.87 

30 65.17 87.85 62.49 57.87 

35 65.97 84.12 62.1 59.20 

40 77.49 82.33 61.34 56.53 

45 60.21 79.78 60.19 53.87 

50 59.75 78.12 58.66 52.53 

55 59.35 78.01 58.28 49.87 

60 59.34 76.28 56.37 48.53 

65 59.17 76.19 55.98 48.32 

70 59.15 76.01 55.61 48.25 

 

 

Figure 4b.1: Effect of time of contact on fluoride removal  

[RH(rice husk), WS (wheat straw), AN (arjun nuts), BPC (beerri ptta capsule)] 

 

Use of clays for the present study revealed that highest removal efficiency (94.39 %) 

was shown by gachni clay after 30 minutes of agitation. Results for fluoride removal using 

clays are tabulated in Table 4b.2 and graphically represented in Fig. 4b.2. 
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Table 4b.2: Effect of time of contact on fluoride removal using geological adsorbents 

Contact Time 

(Minute) 

Percent Removal Efficiency of Fluoride 

Kaolin Multani Mitti Gachni 

5 65.27 52.09 87.56 

10 62.53 52.64 88.32 

15 61.88 53.74 89.78 

20 61.43 50.44 91.15 

25 61.27 49.76 92.19 

30 60.98 49.04 94.39 

35 60.45 48.79 90.78 

40 60.17 48.74 89.75 

45 59.84 48.69 88.97 

50 59.52 48.04 85.1 

55 59.08 47.01 84.32 

60 58.14 46.29 84.10 

65 58.10 45.16 84.01 

70 58.00 44.97 84.00 

 

 

 

Figure 4b.2: Effect of time of contact on the removal of fluoride using geological adsorbents 

 

Polymeric adsorbent showed that cotton and amberlite IRA 410 removed fluoride 

efficiently from the solution.  Results for the fluoride removal using polymeric adsorbents are 

tabulated in Table 4b.3 and graphically shown in Fig. 4b.3. 

 

In case of biological adsorbents, initially the removal efficiency was found to increase 

by increasing the time of contact then after attaining equilibrium no profound increase was 
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observed as shown in Fig. 4b.1. Similar trends have been reported for Azadirachta indica and 

Acacia Arabica leaves (Kumar et al., 2008) and Citrus limonum leaf (Tomar et al., 2014).  

 

Table 4b.3: Effect of time of contact on fluoride removal using polymeric adsorbents 

Contact 

time 

(minutes) 

Percent removal efficiency of fluoride 

Cotton Cellulose 
Amberlite 

IRA 410 

5 90.35 57.19 94.27 

10 92.46 62.66 95.12 

15 94.78 63.44 96.15 

20 96.54 65.00 97.11 

25 94.23 69.69 96.29 

30 93.77 72.81 95.32 

35 92.48 77.5 94.78 

40 91.77 85.31 93.86 

45 90.57 84.16 93.36 

50 89.44 83.17 93.01 

55 89.89 82.74 89.56 

60 89.29 82.18 88.34 

65 88.67 81.36 88.19 

70 88.19 81.38 88.06 

 

 

 
 

Figure 4b.3: Effect of time of contact on fluoride removal using polymeric adsorbents 
 

In case of geological adsorbents, the equilibrium was attained quickly and after 
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Fig. 4b.2. Quick removal of fluoride has also been reported in case of chemically modified 

bentonite clay (Kamble et al., 2009).  

Polymeric adsorbents showed that adsorption of fluoride increased in the beginning 

and when the equilibrium was attained the removal efficiencies showed nearly the same 

trends. Similar trends in fluoride removal in case of Purolite A520E resin has been described 

in literature (Nasr et al., 2014).  

Such trends in defluoridation might be attributed to the fact that in the beginning due 

to the availability of greater number of adsorption sites removal efficiency tends to increase. 

With the passage of time fluoride ions covered the adsorbent surface thereby causing 

saturation of fluoride ions on adsorbent surface and resulting in the decrease in the removal 

efficiency. Another factor affecting the fluoride adsorption on adsorbent surface was the 

aggregation of negatively charged species on adsorbent surface that repelled the incoming 

similar charges.  

4b.2.2 Effect of Agitation Speed 

Effect of agitation speed was studied by varying the shaking from 50 to 450 rpm 

using 0.2 g of each adsorbent in 50 mL of 10 ppm fluoride solution. All the solutions were 

agitated for the optimized period of time. It was found that in case of biological adsorbents; 

arjun nuts and wheat straw showed maximum efficiency for removing fluoride ion from the 

solution at 250 and 150 rpm respectively. Further increase in the agitation speed resulted in 

the decrease in removal efficiency. Results for biological adsorbents is reported in Table 4b.4 

and graphically shown in Fig. 4b.4. 

 

Table 4b.4: Effect of agitation speed on fluoride removal using biological adsorbent 

Agitation 

speed 

(rpm) 

Percent Removal Efficiency of Fluoride 

Rice 

husk 

Wheat 

straw 

Arjun 

nuts 

Beerri ptta 

capsule 

50 72.31 75.36 66.25 68.51 

100 74.18 76.23 69.38 76.02 

150 77.39 80.23 72.50 70.21 

200 75.48 79.56 78.75 68.90 

250 74.10 79.14 86.56 65.22 

300 72.78 76.87 85.00 64.87 

350 72.19 75.98 81.87 63.16 

400 71.03 74.38 80.31 62.74 

450 70.88 72.14 80.31 61.05 
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Figure 4b.4: Effect of agitation speed on fluoride removal  

[RH (rice husk), WS (wheat straw), AN (arjun nuts), BPC (beerri ptta capsule)] 

 

Defluoridation study using geological adsorbents revealed that gachni and kaolin 

showed promising trends. Removal efficiency increased till 200 rpm for gachni clay and after 

attaining the equilibrium the removal efficiency nearly become constant. Whereas in case of 

kaolin highest removal efficiency was attained at 50 rpm and in case of multani mitti, the 

equilibrium was attained at 150 rpm. Results for the fluoride removal using geological 

adsorbents are tabulated in Table 4b.5 and graphically shown in Fig. 4b.5. 

 

Table 4b.5: Effect of agitation speed on fluoride removal using geological adsorbent 

Agitation 

speed (rpm) 

Percent Removal Efficiency of Fluoride 

Kaolin 
Multani 

mitti 
Gachni 

50 85.38 54.79 85.32 

100 82.46 55.56 87.49 

150 81.29 57.31 87.89 

200 79.53 55.56 89.33 

250 78.95 52.63 88.17 

300 78.36 50.88 87.29 

350 77.19 49.71 86.97 

400 76.02 49.12 86.11 

450 76.01 49.12 84.17 
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Figure 4b.5: Effect of agitation speed on fluoride removal using geological adsorbents 
 

Comparative study for water defluoridation among the polymeric adsorbents revealed 

that amberlite IRA 410 (at 300 rpm) and cotton (at 200 rpm) showed better removal 

efficiencies as compared to cellulose. Results for fluoride adsorption by polymeric adsorbents 

are tabulated in Table 4b.6 and are graphically represented in Fig. 4b.6. 

 

Table 4b.6: Effect of agitation speed on fluoride removal using polymeric adsorbents 

Agitation 

speed (rpm) 

Percent Removal Efficiency of Fluoride 

Cotton Cellulose Amberlite 

50 80.17 77.19 70.37 

100 80.57 78.21 72.22 

150 81.09 79.68 72.83 

200 82.78 78.65 73.69 

250 82.03 77.16 74.54 

300 79.78 75.23 85.37 

350 78.14 74.08 76.20 

400 76.28 72.10 75.57 

450 74.19 71.95 74.18 

 

Results showed that percentage removal of fluoride generally increased with agitation 

speed and after equilibrium was attained, no remarkable increase in the removal efficiency 

was observed. Similar results have been reported for fluoride uptake by maize husk (Jadhav et 

al., 2014). Contact between ionic species present in the solution and surface of the adsorbent 

is affected by agitation speed.  
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Figure 4b.6: Effect of agitation speed on fluoride removal using polymeric adsorbents 

 

Agitation increases the external mass transfer coefficient that resulted in the increased 

adsorption of fluoride. As all the sites get filled further increase in agitation speed had 

negative impact on the adsorption because of availability of lesser time for interaction 

between adsorbent surface and fluoride ions in the solution. Lesser time to interact due to 

higher speed increased the chances of collision of molecules with adsorbent surface in such a 

way that the adsorbed ions might get detached from adsorbent surface thereby resulting in a 

decrease in percentage removal of fluoride. 

 

4b.2.3 Effect of Adsorbent Dose 

 

Effect of adsorbent dose was studied at the optimized values of time of contact and 

shaking speed. Adsorbent dose was varied from 0.2 to 2.0 g using 50 mL of 10 ppm fluoride 

solution at room temperature. Study revealed that in case of biological adsorbents; wheat 

straw and arjun nuts showed maximum removal efficiency for fluoride ions than the other 

adsorbents.  

Removal efficiency tends to increase and reach the maximum value after equilibrium 

was attained. The results are tabulated in Table 4b.7 and graphically represented in Fig.4b.7. 

 

In case of geological adsorbents, maximum removal efficiency was shown by gachni. 

Removal efficiency of fluoride showed initial increase in removal efficiency. After attaining 

the maximum values no remarkable variation was observed. Results of fluoride removal 
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using geological adsorbents are tabulated in Table 4b.8 and graphically represented in Fig. 

4b.8. 

 

Table 4b.7: Effect of adsorbent dose on fluoride removal using biological adsorbents 

Adsorbent 

dose 

(g) 

Percent Removal Efficiency of Fluoride 

Rice husk 
Wheat 

straw 

Arjun 

nuts 

Beerri ptta 

capsule 

0.2 80.01 71.03 52.23 80.05 

0.4 83.67 77.02 53.10 74.62 

0.6 83.24 87.93 60.09 71.54 

0.8 83.19 90.26 71.44 69.23 

1.0 83.16 91.43 81.05 65.08 

1.2 83.15 93.65 87.16 63.18 

1.4 86.15 93.76 82.79 61.45 

1.6 83.15 93.56 81.29 60.15 

1.8 83.14 93.12 80.17 59.18 

2.0 83.06 93.01 79.30 59.15 

     

 

 

Figure 4b.7: Effect of adsorbent dose on fluoride removal  

[RH (rice husk), WS (wheat straw), AN (arjun nuts), BPC (beerri ptta capsule)] 

 

By increasing the adsorbent dose of polymeric adsorbents, the removal efficiency was 

increased until the optimum dose was attained in case of amberlite IRA 410 and cotton. 

Further increasing the adsorbent dose showed no remarkable effect on removal efficiency. In 

case of cellulose greater surface area resulted in the maximum removal efficiency in the 

beginning and further increase in adsorbent dose showed no remarkable change in removal 

efficiency. 
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Table 4b.8: Effect of adsorbent dose on fluoride removal using geological adsorbents 

 

Adsorbent 

dose 

(g) 

Percent Removal Efficiency of Fluoride 

Kaolin 
Multani 

mitti 
Gachni 

0.2 86.48 67.22 91.07 

0.4 89.78 67.82 89.36 

0.6 89.23 68.42 87.29 

0.8 88.68 69.01 84.76 

1.0 88.13 68.42 82.10 

1.2 87.58 67.82 80.98 

1.4 87.58 67.22 79.16 

1.6 87.56 66.63 79.16 

1.8 87.55 66.03 78.57 

2.0 87.55 65.43 78.56 

 

 

Figure 4b.8: Effect of adsorbent dose on fluoride removal using geological adsorbents 

 

Results for fluoride removal by using polymeric adsorbents are tabulated in Table 

4b.9 and graphically represented in Fig.4b.9. 

 

It was revealed generally that by varying the adsorbent dose from 0.2 to 2.0 g removal 

efficiency was found to increase for all the adsorbents up to a certain limit. Similar trends 

have been narrated for activated silica gel, activated rice husk ash and acid treated rice husk 

(Mondal et al., 2012; Waheed et al., 2009). This increase was attributed to the fact that by 

increasing the adsorbent dose the active sites available of fluoride ions adsorption increased 

accordingly. 
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Table 4b.9: Effect of adsorbent dose on fluoride removal using polymeric adsorbents 

 

Adsorbent 

dose 

(g) 

Percent Removal Efficiency of Fluoride 

Cotton Cellulose 
Amberlite 

IRA 410 

0.2 69.52 78.02 86.73 

0.4 70.57 73.94 88.78 

0.6 82.41 71.64 90.31 

0.8 74.78 70.44 90.82 

1.0 74.12 68.69 91.33 

1.2 72.36 65.77 91.84 

1.4 72.09 65.19 91.65 

1.6 71.11 62.86 90.32 

1.8 70.59 62.27 90.30 

2.0 70.16 62.25 90.25 

 

 

Figure 4b.9: Effect of adsorbent dose on fluoride removal using polymeric adsorbents 

 

After reaching the maximum removal efficiency no further increase was observed 

even after increasing the dose. This might be due to the reason that with the constant fluoride 

ion concentration; initially plenty of ions were available for active adsorption site. 

Aggregation of adsorbents by increasing the dose reduces the exposed active sites for 

adsorption of fluoride. As a result the percentage removal nearly becomes constant after 

reaching a certain maximum value.  

 

4b.2.4 Effect of pH of the Solution 

Effect of pH was studied by varying pH from 3-11 using optimized conditions of time 

of contact, agitation speed and adsorbent dose at room temperature. 50 mL of 10 ppm 

fluoride solution was used for optimizing the parameter of pH.  
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Table 4b.10: Effect of pH on fluoride removal using biological adsorbents 

 

pH 

Percent Removal Efficiency of Fluoride 

Rice husk 
Wheat 

straw 
Arjun nuts 

Beerri ptta 

capsule 

3 75.74 87.94 45.15 55.59 

4 88.21 88.68 65.61 62.94 

5 89.25 89.41 83.79 64.41 

6 90.29 92.35 86.83 68.82 

7 91.32 93.09 92.12 68.97 

8 92.88 94.67 76.17 84.12 

9 91.09 78.82 73.94 78.94 

10 89.38 78.09 72.19 76.72 

11 89.17 77.35 71.88 75.39 

 

 

Figure 4b.10: Effect of pH on fluoride removal  

[RH (rice husk), WS (wheat straw), AN (arjun nuts), BPC (beerri ptta capsule)] 

 

Removal efficiency was found to increase in the pH range of 6-9 in case of biological 

adsorbents. Highest values of adsorption were obtained for kikar leaves at pH 8. Results are 

tabulated in Table 4b.10 and graphically represented in Fig. 4b.10. 

 

Geological adsorbents showed the increased trend of removal efficiency for fluoride 

ions in the pH range of 6-7, with the highest removal efficiency obtained in the case of 

gachni (82.07%) followed by kaolin (80.22%). Results for fluoride removal using geological 

clays are shown in Table 4b.11 and graphically represented in Fig.4b.11. 
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Table 4b.11: Effect of pH on fluoride removal using geological adsorbents 

 

pH 

Percent Removal Efficiency of Fluoride 

Kaolin 
Multani 

mitti 
Gachni 

3 76.21 61.95 65.61 

4 77.17 64.39 69.88 

5 79.35 65.00 74.76 

6 80.22 66.83 82.07 

7 79.42 72.32 78.41 

8 75.02 68.05 78.41 

9 74.66 67.44 79.02 

10 74.78 63.78 77.65 

11 74.15 58.29 74.58 

 

 

Figure 4b.11: Effect of pH on fluoride removal using geological adsorbents 

 

In case of polymeric adsorbents, fluoride ions were effectively removed in pH range 

of 5-7. Greatest removal efficiency was obtained for cotton (99.64%) at pH 5 followed by 

amberlite IRA 410 at pH 7 and cellulose at pH 5. Results for polymeric adsorbents are shown 

in Table 4b.12 and graphically represented in Fig.4b.12. 

 

Existence of fluoride species in solution is highly dependent upon the pH. In fact pH 

is the major factor affecting the adsorption of fluoride species. Another factor that affects the 

fluoride adsorption is the value of pHpzc of the adsorbent. 

As the pH is lower than pHpzc the surface of adsorbent will acquire the positive charge 

and when pH is higher than pHpzc the surface of adsorbent will acquire the negative charge. It 
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means that surface of adsorbent can provide several types of direct or indirect, physical 

/chemical interactions to the fluoride ions in solution. Fluoride ions can interact with the 

surface of the adsorbents when the surface is positive, neutral or negative.  

 

Table 4b.12: Effect of pH on fluoride removal using polymeric adsorbents 

 

pH 

Percent Removal Efficiency of 

Fluoride 

Cotton Cellulose 
Amberlite 

IRA 410 

3 89.25 79.74 75.44 

4 90.29 80.14 73.97 

5 99.64 81.89 72.50 

6 91.32 73.30 88.68 

7 89.77 65.79 89.41 

8 89.25 56.12 85.10 

9 88.21 51.16 83.53 

10 87.69 49.77 82.79 

11 87.17 48.66 82.75 

 

 

Figure 4b.12: Effect of pH on fluoride removal using polymeric adsorbents 

 

Direct interactions may result from the attraction between positive charge on 

adsorbent surface and negatively charged fluoride. Additionally the positively charged 

species (potassium and hydrogen ions) in the solution might cover the negatively charged 

adsorbent surface and affect the interaction of fluoride ion to the adsorbent surface.  

These positively charged ions behave as bridges between the adsorbent surface and 

fluoride in the solution. On the neutral surface some sort of ion exchange phenomenon may 

have occurred where negatively charged hydroxyl ions are replaced by fluoride ions thereby 

causing removal of fluoride possible when pH is equal to pHpzc.  
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Surface morphology and point of zero charge along with the pH of solution affected 

the removal of fluoride by different types of adsorbents. Effective removal of fluoride species 

by using all the adsorbents in present study ranges from pH 5-8. At higher levels of pH the 

fluoride removal was reduced due to the hindrance caused by hydroxyl ions in solution. 

Similar trends of pH effects have been described for kikar and neem leaves, treated bentonite 

clay and magnesite when used for water defluoridation (Kumar et al., 2008; Kamble et al., 

2009; Singano et al., 1991). 

 

4b.2.5 Effect of Temperature 

Temperature has a remarkable effect on adsorption of fluoride. Its effect on the 

fluoride removal was studied at optimized conditions of time of contact, agitation speed, 

adsorbent dose and pH. Results obtained are tabulated in Table 4b.13 and graphically 

presented in Fig.4b.13 for biological adsorbents. 

Table 4b.13: Effect of temperature on fluoride removal using biological adsorbents 

Temperature 

(°C) 

Percent Removal Efficiency of Fluoride 

Rice 

husk 

Wheat 

straw 

Arjun 

nuts 

Beerri 

ptta 

capsule 

10 12.20 81.42 40.24 62.20 

20 17.48 82.13 62.20 69.92 

30 21.14 82.84 78.54 79.27 

40 31.71 83.55 93.90 87.80 

50 33.74 82.13 85.93 88.87 

60 42.28 80.02 80.49 83.17 

 

 

Figure 4b.13: Effect of temperature on fluoride removal  

[RH( rice husk), WS (wheat straw), AN (arjun nuts), BPC (beerri ptta capsule)] 
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Results for study of the effects of temperature on fluoride removal using geological 

adsorbent is tabulated in Table 4b.14 and graphically represented in Fig. 4b.14. Kaolin 

showed higher removal efficiency (93.01% at 30 °C) among all the used geological 

adsorbents. 

Table 4b.14: Effect of temperature on fluoride removal using geological adsorbents 

Temperature 

(°C) 

Percent Removal Efficiency of 

Fluoride 

Kaolin 
Multani 

mitti 
Gachni 

10 81.89 73.54 83.57 

20 82.45 77.44 85.79 

30 93.01 83.57 86.91 

40 86.91 84.68 89.14 

50 92.48 85.79 91.97 

60 76.88 75.21 86.30 

 

 

Figure 4b.14: Effect of temperature on fluoride removal using geological adsorbents 

 

In case of polymeric adsorbents, the effect of temperature revealed that cotton showed 

maximum removal efficiency (98.44% at 30 °C) followed by amberlite IRA 410 (93.41% at 

50 °C). Cellulose showed relatively less adsorption of fluoride (91.35% at 10 °C). Results for 

the effect of temperature on fluoride removal are tabulated in Table 4b.15 and are graphically 

represented in Fig.4b.15. 

 

0

10

20

30

40

50

60

70

80

90

100

10 20 30 40 50 60

Kaoline

Multani

mitti

Gachni

P
er

ce
n

t 
re

m
o
v
a
l 

ef
fi

ci
en

cy
 (

%
)

Temperature  (°C)



158 
 

Table 4b.15: Effect of temperature on fluoride removal using polymeric adsorbents 

Temperature 

(°C) 

Percent Removal Efficiency of 

Fluoride 

Cotton Cellulose 
Amberlite 

IRA 410 

10 96.31 91.35 87.01 

20 97.73 90.64 89.23 

30 98.44 87.09 89.72 

40 94.18 84.96 89.75 

50 93.48 83.55 93.41 

60 92.06 82.13 87.51 

 

 

Figure 4b.15: Effect of temperature on fluoride removal using polymeric adsorbents 

 

Behavior of the selected adsorbents towards temperature variation is associated with 

the movement of ionic species in the solution as well as the interaction of these ions with the 

adsorbent surface. When the temperature was low, there was lesser ionic movement and 

relatively lesser adsorption was observed in case of biological and geological adsorbents. As 

the temperature approached the room temperature (25±2 °C), molecular movements were 

effective enough for the better interaction of fluoride species with adsorbent surface thereby 

resulting in better adsorption. Higher temperature was found to affect the adsorption process 

either by favoring the effective interaction or by evaporation of the solution.  

 

Evaporation may affect the concentration of the solution at higher temperature and 

was found to affect the results of adsorption study. Therefore, the effect of temperature was 
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studied from 10 to 60 °C. In case of biological geological and polymeric adsorbents selected 

in this study, the higher temperature was favored for fluoride removal that might be attributed 

to the fact that at higher temperature the increased kinetic energy of the ions allowed the 

surface interaction as well as the intraparticle diffusion which enhanced the adsorption of 

fluoride. Same trends for adsorptive removal of anionic species were observed in adsorption 

of chromate ions (Sreenivas et al., 2014, Rehman et al., 2014, Rehman et al., 2012, Ucun et 

al., 2008,). 

 

4b.2.6 Effect of Chemical Modification 

In addition to the use of raw adsorbents for fluoride removal, various chemical 

modifications were also tested to enhance the adsorption capacity of the adsorbents. Effect of 

chemical modification was studied by using biological and geological adsorbents. 

Commercially available samples of polymeric material used during study were already 

specific in their function as; Amberlite IRA 410 is anion exchange resin. So they were not 

modified using any chemical reagent.   

 

Effect of chemical modification was studied by using 50 mL of 10 ppm fluoride 

solution. 1.0 g of each treated adsorbent was added to the solution. Adsorption study was 

conducted at the previously optimized conditions of; time of contact, agitation speed pH and 

temperature. In case of biological adsorbents, the chemical modification remarkably 

increased the adsorption capacity of arjun nuts and beerri ptta capsule.  

 

Acid and alkali treated rice husk, wheat straw and arjun nuts showed better results for 

the removal of fluoride from the solution. Results for the effect of chemical modification are 

tabulated in Table 4b.16 and graphically represented in Fig.4b.16.  

 

Acid modification protonate the adsorbent surface thereby increased the trapping of 

the negative charge and enhanced the removal efficiency of fluoride (Yargic et al., 2015). 

Modification with alkalis caused the morphological changes in adsorbent by removing the 

lignin material. Protein constituents of the adsorbents were hydrolyzed (Bai and Abraham, 

2002) as a result removal of fluoride increased. 
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Table 4b.16: Effect of chemical modification on fluoride adsorption using biological adsorbents 

Modifying 

reagent 

Percent Removal Efficiency of Fluoride 

Rice husk 
Wheat 

straw 
Arjun nuts 

Beerri ptta 

capsule 

NaOH 29.23 61.54 87.17 80.00 

Na2CO3 4.62 65.38 83.04 73.08 

ZnCl2 40.00 34.62 78.68 46.15 

CaCl2 46.15 31.54 78.68 46.15 

HNO3 72.31 86.92 37.64 76.15 

HCl 76.15 85.38 54.62 65.38 

CH3OH 56.17 50.77 43.77 93.85 

C2H5OH 63.85 49.23 36.70 98.46 

 

Greater the surface area greater is the adsorption capacity (Sivaraj et al., 2010). 

Modification of beerri ptta capsule using methanol and ethanol enhanced the adsorption 

capacity remarkably. Alcohols are found to washout the coloring matter from the adsorbent 

and open up the more active sites of the adsorbents (Wan Ngah and Hanafia, 2008) that might 

be the major reason for the increased removal efficiency of fluoride in this case. 

 

 

Figure 4b.16: Effect of chemical modification on fluoride adsorption 

[RH (rice husk), WS (wheat straw), AN (arjun nuts), BPC (beerri ptta capsule)] 

 

Results for the fluoride removal using chemically modified adsorbents are tabulated 

in Table 4b.17 and graphically represented in Fig.4b.17.  
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Chemical modification increased adsorption capacity of adsorbents. Chemical 

treatment using acid, alkalis and alcohols showed remarkably good results for fluoride 

removal using geological adsorbents. Interaction of the modifying reagent with the clay 

matrix might act as an additional bridge for developing the electrostatic links or increased the 

positive charge on the clay matrix as in the case of acid treatment. 

 

Table 4b.17: Effect of chemical modification on fluoride adsorption using geological adsorbents 

 

Modifying 

reagent 

Percent Removal Efficiency of fluoride 

Kaolin 
Multani 

mitti 
Gachni 

NaOH 41.89 47.08 93.77 

Na2CO3 47.08 43.77 96.6 

ZnCl2 67.36 81.98 71.13 

CaCl2 65.94 79.62 74.43 

HNO3 57.92 87.17 90.47 

HCl 52.26 93.77 99.43 

CH3OH 90.47 90.94 90.47 

C2H5OH 93.3 96.06 89.06 

 

Acid treatment of gachni showed 99.43% fluoride removal at the optimized 

conditions of time of contact, agitation speed, adsorbent dose and temperature.  

 

 

Figure 4b.17: Effect of chemical modification on fluoride adsorption using geological adsorbents 
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In case of alkali modification of gachni clay, the increased positive charge is induced 

in the clay matrix in the form of sodium ions. It further facilitated the entrapment of fluoride 

ions thereby increasing the adsorption (Buic et al., 2009). 

 

4b.2.7 Effect of Desorbing Reagent 

 Regeneration of the adsorbent is very important as it affirms its reusability and 

ecofriendly nature. Adsorbents can be re-employed for removal of toxic species after 

regeneration. Desorption studies were carried out using 0.1 g of each adsorbent in 50 mL of 

the desorbing solution. The solution was agitated at 100 rpm for 30 minutes. For desorption 

of fluoride; sodium hydroxide (0.1M) and sodium carbonate (0.1M) solutions were used. 

Sodium hydroxide is found more effective in desorbing the fluoride from the adsorbents as 

compared to sodium carbonate. This might be due to the fact that as being stronger 

nucleophile hydroxyl ions effectively replaced the fluoride ions on adsorbent surface as 

compared to carbonate ions. Results for desorption are tabulated in Table 4b.18 and 

graphically represented in Fig.4b.18. 

 

Table 4b.18: Effect of desorbing reagent on biological adsorbents 

Desorbing 

reagent 

Percent Desorption of Fluoride 

Rice husk 
Wheat 

straw 

Arjun 

nuts 

Beerri 

ptta 

capsule 

NaOH 70.10 69.56 75.28 72.31 

Na2CO3 63.78 54.29 46.00 65.48 

 

 

Figure 4b.18: Effect of desorbing reagent on fluoride adsorbed adsorbents 

 
 [RH (rice husk), WS (wheat straw), AN (arjun nuts), BPC (beerri ptta capsule)] 
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Results for the desorption studies of fluoride using geological adsorbents is tabulated in Table 

4b.19 and graphically represented in Fig.4b.19. 

 

Table 4b.19: Effect of desorbing reagent on geological adsorbents 

Desorbing 

reagent 

Percent desorption of Fluoride 

Kaolin 
Multani 

mitti 
Gachni 

NaOH 63.17 78.89 77.58 

Na2CO3 54.78 71.66 69.84 

 

 

Figure 4b.19: Effect of desorbing reagent on geological adsorbents 

 

Results for the desorption of fluoride using sodium hydroxide and sodium carbonate 

is tabulated in Table 4b.20 and graphically represented in Fig. 4b.20. 

 

Table 4b.20: Effect of desorbing reagent on polymeric adsorbents 
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Figure 4b.20: Effect of desorbing reagent on polymeric adsorbents 

 

 

4b.3 Isothermal Modeling of Fluoride Adsorption 

Isothermal studies were conducted at the optimized conditions of time of contact, 

agitation speed, adsorbent dose and pH. Fluoride solutions in the range of 2 to 14 ppm were 

used for this purpose. Three isothermal models as discussed earlier were employed for 

isothermal modeling to explore the adsorption mechanism. Parameters for ‘Langmuir 

adsorption isotherms’ are given in Table 4b.21.  

 

Value of regression coefficient (R2) is approaching unity in all the adsorbents which 

reveals that Langmuir adsorption isotherm holds good to explain the adsorption of fluoride 

with the exception of beerri ptta capsule. It can also be clearly suggested from the data that 

there are fixed number of adsorption sites uniformly distributed on adsorbent surface and 

fluoride ions have equal affinity towards adsorption sites with no lateral interaction between 

the fluoride ions. 

  

Moreover, the Qmax value is also indicative of the fact that among the biological 

adsorbents wheat straw showed greater tendency for fluoride adsorption. Whereas, in case of 

geological adsorbents; gachni clay showed greater affinity for fluoride ions. In case of 

polymeric adsorbents; cotton and amberlite showed comparatively good adsorption capacity 

for fluoride. 
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Table 4b.21: Langmuir adsorption parameters for fluoride adsorption study 

 

Adsorbent 

Langmuir isotherm 

parameters 
RL 

R2 
Qmax 
(mg/g) 

b 

(L/g) 

Rice Husk 0.987 2.486 0.300 0.250 

Wheat straw 0.991 3.323 1.262 0.073 

Arjun nuts 0.993 2.631 0.247 0.288 

Beerri ptta capsule 0.814 0.502 0.878 0.102 

Kaolin 0.939 0.962 0.400 0.250 

Multani mitti 0.967 1.223 0.128 0.438 

Gachni 0.961 88.543 0.015 0.869 

Cotton 0.988 15.020 0.129 0.313 

Cellulose 0.997 1.872 0.055 0.645 

Amberlite IRA 410 0.990 10.182 0.167 0.374 

 

Langmuir parameter ‘b’ was used to determine the value of dimensionless constant 

RL. It was depicted in Table 4b.21 that for all the adsorbents the value of this dimensionless 

constant is below 1. This suggested that adsorption of fluoride by the adsorbents selected for 

study was favorable process and these adsorbents can be used for large scale removal of 

fluoride from waste water. 

 

Table 4b.22: Freundlich adsorption parameters for fluoride adsorption study 

Adsorbent 
Freundlich Isotherm Parameters 

R2 n 
Kf 

(L/g)1-n 

Rice Husk 0.970 1.125 1.168 

Wheat straw 0.976 1.532 0.726 

Arjun nuts 0.989 1.113 0.510 

Beerri ptta capsule 0.651 1.436 0.499 

Kaolin 0.918 1.022 0.577 

Multani mitti 0.976 1.031 0.510 

Gachni 0.920 1.105 1.338 

Cotton 0.927 1.486 0.623 

Cellulose 0.993 1.113 0.196 

Amberlite IRA 410 0.956 1.529 0.298 

 

Multilayer adsorption of fluoride on the heterogeneous surface of adsorbent was 

explored by applying the Freundlich isotherm. This multilayer adsorption can be further 

explained by the lateral interaction among the fluoride ions. Table 4b.22 revealed that non 

linearity of the system increased with the increased value of ‘n’. This is associated with the 

increased heterogeneity of the adsorbent surface. Value of ‘n’ from 2-10 indicated the better 

adsorption whereas from 1-2 predicted good adsorption.  
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Higher values of Kf indicated the effective bonding of fluoride ions on the adsorbent surface. 

As it is clear from Table 4b.22 that relatively higher values of Kf were shown by rice husk 

and gachni clay. It showed that fluoride ions penetrated well in the heterogeneous adsorbent 

surface and was effectively removed by these adsorbents.  

Table 4b.23: Temkin adsorption parameters for fluoride adsorption study 

Adsorbent 

Temkin Isotherm Parameters 

R2 
BT 

(KJ/mol) 

KT 
(L/mg) 

Rice Husk 0.897 2.029 3.351 

Wheat straw 0.904 7.104 10.359 

Arjun nuts 0.920 5.446 3.959 

Beerri ptta capsule 0.479 8.531 9.161 

Kaolin 0.804 5.126 4.262 

Multani mitti 0.908 2.491 1.738 

Gachni 0.877 2.118 4.052 

Cotton 0.959 6.751 7.184 

Cellulose 0.954 6.962 1.763 

Amberlite IRA 410 0.980 9.055 3.626 

 

Temkin isotherm model explains the equal distribution of binding energies on the 

adsorbent surface. Table 4b.23 shows all the Temkin parameters. Value of ‘BT’ below 8 

revealed the weak interaction that can be interpreted as physiosorption. Such interactions 

were shown by biological adsorbents like; rice husk, wheat straw, arjun nuts. Only beerri 

ptta capsule showed values of ‘BT’ higher than 8, which indicates the chemisorption. 

Geological adsorbents showed the ‘BT’ values below 8 which predicted weak interactions. 

Lower BT values are indicative of the fact that adsorbents can be easily regenerated after 

desorption. 

 

In case of polymeric adsorbents, higher values of ‘BT’ revealed that interaction among 

the adsorbent surface and fluoride ion is higher than biological and geological adsorbents. 

This is an indicator of the fact that polymeric adsorbents are more specific for the removal of 

fluoride ion. Value of ‘BT’ above 16 depicted ion exchange nature of adsorption process. In 

case of Amberlite IRA 410 the value of ‘BT’ showed that some ion exchange phenomenon 

took place by the interaction of fluoride and Amberlite surface.  
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Figure 4b.21: Comparison of the adsorption capacity of the adsorbents used in present study (*) with the previously 

used adsorbents 

 

Higher KT values are indicative of the fact that stronger interactions are present 

between the adsorbent surface and fluoride ions particularly for wheat straw as shown in 

Table 4b.23. Comparison of the adsorption capacity (mg/g) of the previously used adsorbents 

and the adsorbents used in present study as shown in Fig. 4b.21 revealed that selected 

adsorbents of biological (wheat straw, arjun nuts) geological (gachni clay) and polymeric 

(cotton and amberlite IRA 410) can be used in batch mode for water defluoridation. 

 

4b.4 Kinetics Study of Fluoride Adsorption 
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agitation speed, pH adsorbent dose and temperature. The dependence of experimental data on 

time was investigated by applying pseudo first and pseudo second order kinetics models.  
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Better applicability of the kinetic model was checked by using equations 1.6 and 1.7 (chapter 

1) for pseudo first and pseudo second order kinetics model respectively.  

 

Comparison of the regression coefficient (R2) values showed that pseudo second order 

model is more in accordance with the data. In all the cases the R2 values for pseudo second 

order kinetics model approached unity. Theoretical and experimental adsorption capacity 

values were not in good agreement with each other for pseudo first order kinetics model. 

Whereas in the case of pseudo second order kinetics model theoretical and experimental 

adsorption capacity for fluoride ions were in accordance with each other which showed the 

better applicability of this model.  

 

Higher values of pseudo second order rate constant revealed the possibility of 

chemisorption and multilayer adsorption of fluoride ions on the surface of arjun nuts, multani 

mitti, kaolin and amberlite IRA 410.  

 

Table 4b.24: Kinetic Study for adsorption of fluoride ions 

Adsorbent 

Pseudo First Order Kinetics 

Parameters 

Pseudo Second Order Kinetics 

Parameters Qexp 
(mg/g) 

R2 
K1 

(min-1) 
Qt 

(mg/g) 
R2 

K2 
(g/mg/min) 

Qt 
(mg/g) 

Rice Husk 0.480 0.0049 1.233 0.984 0.296 0.663 0.97 

Wheat straw 0.9821 0.9104 0.008 0.998 0.495 0.215 0.42 

Arjun nuts 0.984 0.0757 0.028 0.998 2.250 0.231 0.31 

Beerri ptta capsule 0.420 0.0064 1.146 0.999 0.802 1.565 1.76 

Kaolin 0.602 0.0011 1.023 0.999 1.096 1.22 1.18 

Multani mitti 0.713 0.0218 1.367 0.998 1.486 0.197 0.62 

Gachni 0.8967 0.0145 0.973 0.998 0.605 1.424 1.66 

Cotton 0.938 0.0130 0.769 0.975 0.225 0.461 0.80 

Cellulose 0.868 0.0204 0.6508 0.989 0.099 1.860 2.43 

Amberlite IRA 410 0.969 0.0039 1.156 0.994 1.682 0.305 0.30 

 

4b.5 Thermodynamic Study of Fluoride Adsorption 

Thermodynamics study for adsorption process of fluoride ions was conducted by 

using 50mL of 10ppm fluoride solution at optimized conditions of time of contact, agitation 

speed, pH and adsorbent dose. Temperature was varied from 10 ºC to 60 ºC in shaking 

incubator. Thermodynamic parameters like; ΔGº, ΔHº and ΔSº were calculated by using 

equations 1.9 and 1.10 (chapter 1) and are tabulated in Table 4b.25. 
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Table 4b.25: Thermodynamical parameters for adsorption of fluoride ions 

 

Adsorbent 

Thermodynamics parameters  

R2 
ΔG° 

(KJ/mol) 
ΔH° 

(KJ/mol) 
ΔS° 

(KJ/mol) 

Rice Husk 0.975 -2.33 -7.04 0.279 

Wheat straw 0.990 -4.22 -3.130 0.292 

Arjun nuts 0.981 -2.86 -0.013 1.010 

Beerri ptta capsule 0.994 -5.32 -0.152 0.766 

Kaolin 0.963 -6.05 -2.589 0.659 

Multani mitti 0.962 -4.98 -1.699 0.563 

Gachni 0.970 -6.52 -2.891 0.717 

Cotton 0.944 -8.21 -10.18 0.268 

Cellulose 0.919 -5.54 -5.864 0.610 

Amberlite IRA 410 0.749 -3.70 -2.353 0.296 

 

Negative values of ΔGº indicate the spontaneous nature and thermodynamic 

feasibility of adsorption of fluoride ions using all the adsorbents. Increased negative value of 

ΔGº with temperature indicated the increased fluoride ion removal at high temperature. 

Negative values of ΔHº revealed the exothermic nature of fluoride adsorption process.  For 

significant adsorption of fluoride ions the negative values of ΔGº must be accompanied with 

the negative values of ΔHº. Positive values of ΔSº showed that when fluoride ions interacted 

with the adsorbent surface, this interaction imparted randomness to the system.  

 

4b.6 Application of the Present Study to Industrial Effluents 

 

Industrial samples for the removal of fluoride were collected from glass production 

and electroplating units in vicinity of Lahore (Pakistan). After necessary treatment as 

mentioned earlier (4a.6) the sample was subjected to the adsorption study. All the optimized 

parameter for each adsorbent (as tabulated below in Table 4b.26) was applied to check the 

suitability of the adsorbent for fluoride removal on large scale. It was observed that percent 

removal efficiency of each adsorbent was comparatively reduced due to the presence of 

interfering ions in the solution. These ions affect the adsorption of fluoride by competing for 

the active sites and cover the adsorbent surface thereby causing reduction in percent removal 

of fluoride.  

 

It was found that wheat straw, arjun nuts, kaolin, gachni clay and amberlite IRA 410 

effectively removed fluoride from the industrial effluents.  These adsorbents can be employed 

alone or in combination for the removal of fluoride from industrial waste water.  
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Table 4b.26: Results of the optimized conditions for fluoride removal applied to Industrial sample 

 

Adsorbents 

Parameters optimized during fluoride adsorption and applicability to industrial samples 

Time of 

contact 

(minutes) 

Agitation 

speed 

(rpm) 

Adsorbent 

dose 

(g) 

pH Temperature 

(ºC)  

Percent removal efficiency for 

industrial sample 

(%) 

    A          B            C           D            E 

Rice husk 40 150 0.4 8 60 40.19 40.01 39.84 39.78 38.00 

Wheat straw 20 150 1.4 8 40 51.18 50.86 50.78 50.55 50.06 

Arjun nuts 05 250 1.2 7 40 45.77 44.32 44.19 44.48 44.26 

Beerri ptta 

capsule 
10 100 0.2 8 50 32.78 32.64 32.29 32.00 31.89 

Kaolin 05 50 0.4 6 50 53.07 53.04 52.99 52.45 54.21 

Multani mitti 15 150 0.8 7 60 42.36 42.22 42.09 41.16 40.22 

Gachni 30 200 0.2 6 50 48.74 48.36 47.45 47.40 47.41 

Cotton 20 200 0.6 5 30 38.15 38.10 38.09 38.07 38.01 

Cellulose 40 150 0.2 5 10 40.01 39.90 39.85 39.84 39.80 

Amberlite 

IRA 410 
20 300 1.2 7 50 44.36 44.13 44.06 43.74 43.65 

 

4b.7 Conclusion: 

Present work deals with the adsorptive removal of fluoride from the water. 

Applicability of adsorbents belonging to different groups was checked for their adsorption 

capacity to remove fluoride. Among the biological adsorbents wheat straw and arjun nuts 

showed good adsorption capacity for the removal of fluoride from aqueous medium. Whereas 

in case of geological and polymeric adsorbents; gachni clay, cotton and amberlite IRA 410 

showed good response for removal of fluoride, it was also indicated by the Qmax values of 

these adsorbents.  

Optimization of various operational parameters was carried out and applied for the 

detailed mechanism study of fluoride. It was found that fluoride adsorption followed 

Langmuir monolayer adsorption pattern with the rate dependence on pseudo second order 

kinetics model. Thermodynamical study revealed that it is spontaneous and exothermic in 

nature with positive entropy value which revealed that favorable adsorption of fluoride 

occurred on adsorbent surface with increased randomness of the system. All the selected 

adsorbents were chemically modified using different reagents and it was found that chemical 

modification remarkably increased the adsorption capacity of the adsorbents. 
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Chapter - 5 

Cyanide 

 

5.1 Introduction 

 

Cyanide (C≡N- or CN-) is a uni-negative anion, in which a carbon (C) and nitrogen (N) atoms 

are linked together by a triple bond. It is very strong ligand and capable to complex with 

heavy metals even in small amount. Cyanide is found in organic and inorganic compounds, 

which are widespread in nature. A most common form; hydrogen cyanide (HCN) is a liquid 

or colorless gas with a bitter almond like odor. When hydrogen cyanide exposed to oxidizers, 

flame or heat then it may result in dangerous fire hazard. Cyanide, in all possible forms, can 

be lethal at high levels, but HCN is the noxious form of all the toxins (Dash et al., 2009). In 

several ways, cyanide ion is similar to halide ions and it is occasionally stated as 

“pseudohalide” ion (Egekeze & Oehme, 1980). Cyanide is very poisonous as it readily forms 

complex with those metals that are important for the survival and health of animals and plants 

(Young & Jordan, 1995). 

 

Cyanide is found in variety of life forms, which include algae, photosynthetic 

bacteria, fungi, foods (cashew nuts, almonds, beans) (Dash et al., 2009).  It is also found in 

potato like tubers and cassava roots grown in tropical regions. Cyano-genetic glycosides are 

natural compounds present in fruit pits, almonds and cassava beans that can discharge 

cyanide into surrounding environment in certain circumstances (Eisler, 1991). 

 

 A very large amount of cyanide present in surface water comes from the effluents 

from various industries like; electroplating, automobile parts manufacturing units, metal 

processing, steel tempering, ore leaching, coal coking, plastics manufacturing, silver and gold 

mining, ink formulation, printing and dye manufacturing aluminum electrolysis, 

pharmaceuticals, landfills, pesticides, synthetic fibers making, photography, (Luthy & Bruce, 

1979; Arbabi et al., 2015; Dash et al., 2009; Chen at al., 2008). Hydrocyanic acid and its 

basic salt i.e. potassium and sodium cyanide are present in insecticides, vermicidal fumigants, 

metal polishes, rodenticides, photographic processes and electroplating solutions (Surleva et 

al., 2012; Eisler, 1991). 
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Cyanides are not retained or strongly adsorbed in soils, so they persist in the aqueous 

phase and often form different complexes with metallic pollutant of industrial effluents, such 

as Cu, Fe, Zn and Ni (Young & Jordan, 2003; Botz, 2001). Free cyanide is most poisonous 

forms of cyanide such as hydrogen cyanide and cyanide anion. Hydrogen cyanide is also 

extensively used as a fumigant in warehouses, flour mills, ships, fumigation of seeds and peas 

in vacuum chambers. The smoke of cigarette also contains cyanide.  

 

There are various known adverse effects of cyanide exposure and few of them are 

rapid and fatal. The exposure to cyanide ion may occur through skin absorption, inhalation 

and ingestion. As cyanide enters in our body, it links with a terminal complex in the electron 

transport chain, named as cytochrome oxidase a3 (Huzar et al., 2013). This development of 

link inhibits aerobic metabolism, which outcomes in severe clinical symptoms such as 

headache, dizziness, tachypnea and weakness, diaphoresis, seizures, cardiovascular collapse, 

paralysis and unconsciousness (Meillier & Heller, 2015; Koschel, 2006; Gracia & Shepherd, 

2004). The impairment of oxidative phosphorylation (ATP production) is also an effect of 

cyanide poisoning.  

 

Exposure to the small amount of cyanide results in nausea, metallic taste, anxiety, 

headache, dizziness, drowsiness, irritation of mucous membrane and hyperpnoea. Later, 

bradycardia, frank dyspnoea, arrhythmias, hypotension and cyanosis periods and coma 

develop (Beasley & Glass, 1998). Liver also play its role in cyanide metabolism. In liver, the 

absorbed cyanide is mainly metabolized with an enzyme named as rhodanese that catalyzes 

the transformation of cyanide to thiocyanate. This molecule can be excreted through the 

kidneys.  

 

Exposure to the higher levels of cyanide may be a root cause of unexpected inhibition 

of cellular respiration and the effects are so quick that death may occur within short period of 

time (Hamel, 2011; Gracia & Shepherd, 2004). The level of vitamin B-12 in human body can 

be lowered by inhalation and ingestion of cyanide anion (CN−) and it can be lethal 

(Rasalingam et al., 2014). Cyanide is a rapidly acting and powerful asphyxiant, as it brings 

tissue anoxia by inactivation of cytochrome oxidase, affecting cytotoxic hypoxia in the 

occurrence of ordinary hemoglobin oxygenation. Additionally, the change in electrical 

activity in brain, heart and restriction of brain cytochrome oxidase activity results in case of 

severe cyanide poisoning.  
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Cyanide is also hazardous to aquatic life, livestock and wildlife as well. Higher plants 

are badly affected by cyanide over the inhibition of cytochrome oxidase. In some 

circumstances, fungi and soil bacteria create cyanides as secondary metabolites with 

antagonistic effects on plants. Numerous species of arthropods usually have elevated 

concentrations of cyanide, used as defensive tool against the predators (Eisler, 1991). 

 

5.2 Previous Work 

 

Uppal et al. (2016) have highlighted the potential of polyvinylpyrrolidone capped zinc 

peroxide (ZnO2) nanomaterial as an effective material for the removal of cyanide from 

contaminated water. Different analytical techniques i.e. Fourier transform infrared 

spectroscopy, X-ray diffractometer, scanning electron microscope, transmission electron 

microscope and time of flight-secondary ion mass spectrometry were used to characterize the 

polyvinylpyrrolidone capped zinc peroxide nanomaterial, before and after the cyanide 

adsorption. The cyanide adsorption on nanoparticles was studied as a function of adsorbent 

dose, pH, concentration of cyanide and time. Different isotherm and kinetic models were 

employed to interpret the best fit adsorption data. 

 

El-Aila et al. (2016) have used batch technique under controlled settings to 

investigate the adsorption of cyanide from aqueous media. In this investigation, moderate 

density fiberboard saw dust (MDFSD) was used as an adsorbent. The adsorption data was 

interpreted by isothermal and kinetic studies. The equilibrium, rate of adsorption and the 

associated parameters, such as the relative quantity of adsorbent, initial concentration of 

cyanide, temperature, ionic strength and pH were studied. The comparative study of 

adsorption isotherm of MDFSD with that of polyurethane foam, activated carbon and tire 

derived rubber particle (TDRP) was also conducted. 

 

Dwivedi et al. (2016) have conducted a comparative investigated of the bio-

remediation of cyanide from artificial aqueous media by Tectona grandis (Sagwan) leaves 

powder and Prunus amygdalus (Almond) shell. Different adsorption parameters such as pH 

of solution, contact time, bio-adsorbent dose and initial concentration of cyanide were 

optimized. Adsorption isotherms were used to quantitative estimation of cyanide uptake by 

the used bio-adsorbents and kinetic models were also employed to interpret the best fit 

adsorption data. 
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Eletta et al. (2016) have used calcined eggshells for the adsorption of cyanide from 

aqueous solution. Raw and calcined eggshells were characterized by Fourier transform 

infrared spectroscopy, X-ray diffraction, Scanning electron microscope and X-ray 

fluorescence, while the concentration of cyanide was monitored by UV spectrophotometer. 

Batch adsorption experiments were carried out at different adsorbent amounts and contact 

times. A central composite design in Response Surface Methodology was employed to form 

optimal adsorption conditions, using the adsorbent amounts, concentration and time as 

variables at a stable pH of 7. Adsorption data was interpreted by studying different isotherm 

and kinetics models. 

 

Singh & Balomajumder (2016) have used copper impregnated coconut shell activated 

carbon as an adsorbent for the elimination of cyanide and phenol from a binary component 

aqueous solution. The influence of adsorbent dose, initial concentration, temperature, pH and 

contact time on cyanide and phenol elimination was also examined. Different isotherm and 

kinetic models were considers to interpret the best fit adsorption data. The study of 

thermodynamical parameters showed that the process of adsorption was reversible and 

endothermic in nature. 

 

Singh et al. (2016) have conducted a comparative study of cyanide and phenol 

removal by adsorption and bio-treatment process alone and simultaneous adsorption and bio-

treatment process, using coconut husk activated carbon as an adsorbent. Biodegradation and 

simultaneous adsorption and bio-treatment studies were carried out with suspended and 

immobilized cultures of S. odorifera respectively. In simultaneous adsorption and bio-

treatment process, the removal efficiency of cyanide and phenol was more than 

biodegradation and adsorption process. For the estimation of isotherm model parameters, 

nonlinear regression technique was used. The kinetics of bio-treatment of cyanide, phenol 

and microbial growth were also studied. The results revealed that bio-treatment process and 

simultaneous adsorption was more effective as compared to adsorption and bio-treatment 

process alone. 

 

Singh & Balomajumder (2016) have used Pseudomonas putida as bio-sorbent for 

bioaccumulation and simultaneous biosorption of cyanide and phenol from liquid phase. 

Biosorption capacity of immobilized and free cells of P. putida was investigated by batch 

process. The influence of biosorbent dose, pH, temperature, contact time and initial 



176 
 

concentration was investigated on simultaneous removal of cyanide and phenol. It has been 

claimed that the biosorption removal efficacy of immobilized cells was higher than of free 

cells. The parameters of isotherm model were assessed by nonlinear regression technique. 

 

Meillier & Heller (2015) have presented the cases of acute cyanide poisoning and use 

of hydroxocobalamin and sodium thiosulfate antidotes with different outcomes. It has been 

claimed that the remediation of mortality and symptoms is vastly dependent on rapid 

treatment with a cyanide antidote. 

 

Arbabi et al. (2015) have described the noxious properties of cyanide in industrial 

wastewaters. It has been emphasized that due to continuous release of toxic material in 

wastewaters, there is a tremendous need of treatment and reusing of wastewater. A temporary 

exposure of cyanide could consequence in tremors, rapid breathing and other neurological 

effects. A long term contact may result in weight loss, nerve damage, thyroid effects and 

death. The obsolete nature of different conventional old methods as well as other processes of 

cyanide removal has been concisely discussed. 

 

Stavropoulos et al. (2015) have investigated the influence of pH, temperature and 

ionic strength on the adsorption of cyanide on activated carbon. It was elucidated that an 

increase in temperature enhanced the adsorption of cyanide which indicated that there was an 

energy barrier in the process of adsorption. The optimal value of pH was found to be in 

accordance with cyanide pKa and carbon pHPZC value. An outer sphere adsorption mechanism 

was demonstrated by studying Ionic strength effect. From these considered effects, it was 

established that mechanism of adsorption was based on electrostatic interaction between 

positively charged carbon surface sites and cyanide ion. 

 

Asgari et al. (2014) have used bone charcoal as an adsorbent for the elimination of 

cyanide from aqueous solutions. In a batch reactor, the influence of key parameters such as 

initial concentration of cyanide, adsorbent dosage, contact time and pH was studied. 

Equilibrium and kinetic data of cyanide adsorption was studied by different isotherm and 

kinetic models. The results revealed that bone charcoal was a suitable option as an adsorbent 

for the cyanide removal and to purifying cyanide contaminated wastewater. 
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Zheng et al. (2014) have prepared a novel polymeric complex adsorbent for the 

remediation of cyanide from aqueous solution. Polymeric complex adsorbent was prepared 

by a coordination reaction of copper (II) and macroporous polystyrene based 

ethylenediaminetetraacetic acid chelating resin. Different analytical techniques were used to 

characterize the synthesized adsorbent. The adsorption behaviors of the polymeric complex 

adsorbent for cyanide in aqueous medium, including adsorption equilibrium and kinetics, 

were studied in a batch mode operation. The influence of initial concentration of cyanide, pH, 

contact time, temperature and adsorbent dosage on cyanide removal was also investigated. 

 

Shen et al. (2014) have investigated the influence of organic polymers with different 

charge density on the total cyanide removal mechanisms in coking wastewater by polyferric 

sulfate with a non-ionic polymer or cationic organic polymer. The roles of organic polymers 

were investigated by structural and physical characterization of the flocs by Transmission 

electron microscopy, Fourier transform infrared spectroscopy, X-ray diffraction and X-ray 

photoelectron spectroscopy. 

 

Rasalingam et al. (2014) have reviewed the purification of contaminated water by 

different removal techniques. More specific, the use of TiO2-SiO2 binary mixed oxide 

materials has been explained for the treatment of wastewater. It has been narated that 

advanced oxidation processes, heterogeneous photocatalysis have remarkable promise in 

treatment of different pollutants i.e. anionic wastes (cyanides, phosphates, nitrates), pesticides 

and naturally occurring toxins. 

 

Depci et al. (2014) have utilized the ab-initio simulations and molecular dynamics 

analysis (analysis in computational chemistry) to realize the nature of cyanide adsorption 

from aqueous media by activated carbon. A comparative study of adsorption mechanism 

between magnetic and activated carbons was also studied. Additionally, real adsorption 

mechanism of cyanide was studied by laboratory adsorption tests by means of apricot 

magnetic activated carbon (AMAC) and apricot plain activated carbon (AAC). The structure, 

morphology and property of AMAC and AAC were determined by X-ray diffraction, 

Brunauer Emmett Teller (BET), magnetometer and X-ray fluorescence. 

 

Abbas et al. (2014) have investigated the potential of banana peel to remove cyanide 

ion from wastewater by means of adsorption process at different designed parameters. 
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Maximum removal efficacy of cyanide ion from simulated synthetic aquatic solution was 

elucidated and it was observed that removal efficiency was reduced with increasing flow rate 

and initial concentration and increased with increasing feeding temperature, absorbance 

material bed height and pH. The operative parameters with the removal efficiency for cyanide 

ion were expressed by mean of statistical model. The utilization of banana peel for the 

removal of rodenticide was also investigated. 

 

Sengupta & Balomajumder (2014) have studied the capacity of corn husk leaves as 

biosorbent for the co-removal of cyanide and phenol from coke wastewater. Simultaneous 

adsorption and biodegradation process was used in this study. Bacterial strain of Serratia 

species was used as microbe. The optimized parameters of process such as initial 

concentration of cyanide and phenol, pH and the adsorbent dose of corn husk leaves were 

analyzed and their influence on the entire process was also studied. Multicomponent 

adsorption isotherms and kinetic studies were conducted to interpret the best fit adsorption 

data. 

 

Akcil (2013) has reviewed the advances in the use of biological treatment for the 

destruction of cyanide and its associated compounds in gold mining processes. Globally, 

cyanide has been the favored lixiviant in gold mining. Even though, cyanide can be recovered 

and destroyed by numerous processes, it is quiet widely examined and discussed due to its 

possible environmental impact and toxicity. Biological handling of cyanide is a well-

established method and has been used commercially at gold mining processes. 

 

Agarwal et al. (2013) have studied the simultaneous co-adsorption of cyanide and 

phenol from a binary solution using granular activated carbon. Different equilibrium and 

kinetics models were considered to interpret the best fit adsorption data. Thermodynamic 

parameters were studied to elucidate the nature of adsorption. The influence of process 

parameters such as pH, adsorbent dose, and temperature and contact time on the efficiency of 

adsorption was evaluated. Thermodynamic studies revealed that the process of cyanide 

adsorption was endothermic in nature while phenol adsorption onto granular activated carbon 

was spontaneous and exothermic in nature. 

 

Gupta et al. (2012) have investigated the press mud sugar industry waste as a 

potential adsorbent for the removal of cyanide ions from aqueous medium. A linear 
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regression technique was used to determine the best fit kinetics and equilibrium models. 

Different equilibrium isotherms were employed to accurately predict the specific uptake of 

cyanide ions however, the empirical polynomial isotherm was observed to be most accurate. 

Among the convention kinetics models, Elovich and pseudo second order model were 

assessed to be suitable to elucidate the adsorption kinetics of cyanide ion on press mud. 

 

Depci (2012) has compared and researched the potential of iron-impregnated 

activated carbon and lignite-activated carbon obtained from Gölbaşı lignite for ionic cyanide 

removal from aqueous medium by adsorption. The structures, morphologies and properties of 

the activated carbons were characterized by X-ray diffraction, Scanning electron microscope, 

Bruner Emmett Teller theory, X-ray fluorescence, and magnetometer and zeta meter. The 

influence of different experimental parameters, such as initial concentration of cyanide, 

adsorbent type, pH and size of particle was studied in a batch adsorption technique. Isotherm 

and kinetic models were considered to interpret the best fit adsorption data. 

 

Surleva et al. (2012) have reviewed the latest findings about the exposure of cyanide, 

its toxicity and the development of its antidote. It has been emphasized that the extreme 

noxiousness of cyanide, its extensive applications in industrial sector as well as its constant 

unlawful use has generated research concerns in different fields of science. It strikes a 

multidisciplinary methodology to study the poisoning of cyanide. The research related to 

cyanide in forensic and environmental sciences along with medicine, thoroughly rely on the 

current achievements in the determination methods of cyanide. Furthermore, novel sample 

pretreatment procedures and reported systems of cyanide detection form biological, 

environmental and plant samples have also been summarized.  

 

Naeem et al. (2011) have studied the adsorption of cyanide on rice husk ash by batch 

technique. The percentage removal of cyanide for rice husk ash was determined as a function 

of pH, contact time, temperature and adsorbate concentration. Isothermal and 

Thermodynamics parameters were used to interpret the adsorption data and it was established 

that cyanide adsorption rice husk ash was a spontaneous and endothermic process. 

 

Moussavi & Khosravi (2010) have studied the removal of cyanide from synthetic 

wastewaters by pistachio green hull wastes. The influences of important parameters such as 

adsorbent dose, pH, contact time and concentration of cyanide were primarily assessed based 
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on the percentage removal of cyanide from the wastewater. Kinetic evaluation and the 

equilibrium assessment for the best fit experimental data were illustrated by different models. 

 

Giraldo et al. (2010) have used batch techniques to study the adsorption of cyanide 

onto catalyst made with γ-alumina and activated carbon supported with cooper. The 

adsorption percentage was determined in function of adsorbate concentration, pH and 

temperature. Isothermal equations and thermodynamic parameters were used to interpret the 

adsorption data of the adsorption system. 

 

Kang et al. (2010) have used clay minerals (montmorillonite, kaolinite, illite), 

synthesized manganese oxides and soil as adsorbents for the removal of soluble Prussian blue 

and iron cyanide complex. It was observed that the pH has less influence on the adsorption of 

iron cyanide onto manganese oxides. Montmorillonite and kaolinite adsorbed less and had 

lesser extractable iron, while illite adsorbed more ferro-ferricyande anion and had a great 

extractable iron.  

 

Naeem & Zafar (2009) have used batch technique to investigate the cyanide 

adsorption onto alumina. The percentage adsorption of cyanide-alumina was determined by 

optimizing the functions of pH, contact time, temperature and adsorbent concentration. 

Different isotherms were used to interpret the adsorption data and thermodynamical 

parameters have been determined at different temperatures. The studied thermodynamical 

parameters revealed that the process of cyanide adsorption was spontaneous and endothermic 

in nature. 

 

Yazıcı et al. (2009) have investigated the adsorption and air oxidation technique for 

the removal of free cyanide from aqueous solutions. The effects of catalyst, pure oxygen and 

air on the extent and rate of the cyanide removal were studied. It was established that the 

oxidative elimination of cyanide by oxygen/air was restricted even though it tended to 

increase in the existence of pure oxygen and catalyst such as copper sulfate and activated 

carbon. In the existence of continuous aeration, the non-oxidative elimination of cyanide was 

associated with a decrease in pH and affected apparently by the transmission of CO2 from air 

phase into the medium. The cyanide removal by adsorption on rice husk, nut shell and 

activated carbon was also studied and the metal impregnation of activated carbon 

significantly increased the adsorption capacity. 
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Dash et al. (2009) have reviewed the advances and mechanism in the application of 

biological treatment method for the remediation of cyanide compounds and its benefits over 

other handling processes. From the economic point of view, it has been claimed that 

biological treatment methods are cheaper as compared to physical and chemical methods of 

cyanide removal.  

 

Dash et al. (2009) have studied the adsorption of iron, sodium and zinc cyanide 

complexes by using commercial granular activated carbon as adsorbent. It was elaborated 

that cyanide is extensively used in the mining and electroplating industries because of its firm 

affinity with metal cations. The influence of different parameters such as temperature, pH, 

adsorbent dose, adsorbent size and contact time on the performance of adsorption was 

examined. At higher temperature, more percentage removal was perceived for iron cyanides 

complex as compared to zinc and sodium cyanides. Higher removal efficiency was attained 

for metal cyanides as compared to sodium cyanide at optimum circumstances. 

 

Chen et al. (2008) have assessed the potential of an isolate of cyanide containing 

industrial wastewater, the Klebsiella oxytoca, which has the ability to biodegrade the cyanide 

to harmless end product. It was demonstrated that the immobilized cells technology can be 

useful in biological treatment to improve the effectiveness and efficiency of biodegradation. 

Potassium cyanide (KCN) was used as a target compound and both cellulose and alginate 

triacetate methods were used in immobilized cells preparation. In batch experiments, 

maximum potassium cyanide removal efficiencies were observed in case of cellulose and 

alginate triacetate immobilized beads. A complete degradation of potassium cyanide was 

observed after the process of four successive degradation experiments with the similar batch 

of immobilized cells. The results revealed that the immobilized cells of Klebsiella oxytoca 

would be appropriate for the handling of cyanide containing industrial wastewaters. 

 

Deveci et al. (2006) have studied the free cyanide removal from aqueous mediums by 

activated carbon. The effects of aeration, metal (Cu, Ag) impregnation and concentrations of 

cyanide and adsorbent on the extent and rate of the cyanide removal were studied. It was 

revealed from the results that the cyanide removal capacity of activated carbon could be 

enhanced considerably by metal (Cu, Ag) impregnation. Activated carbon impregnated with 
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silver was found to be the most effective on cyanide reduction. Equilibrium and kinetics data 

for cyanide removal was interpreted by considering different models. 

 

Monser & Adhoum (2002) have used activated carbons, modified with sodium diethyl 

dithiocarbamate and tetrabutyl ammonium to investigate the cyanide, copper, chromium and 

zinc removal in wastewater applications. It was elucidated that the modification technique 

improved the removal potential of activated carbon and consequently make this process cost 

effective for the removal of cyanide, copper, chromium and zinc from metal finishing or 

wastewater of electroplating units. 

Saxena et al. (2001) have investigated the cyanide adsorption from aqueous solutions 

using pyrophyllite mineral as an adsorbent. The influence of amount of adsorbent, initial 

concentration of adsorbate, temperature and pH of test solutions were also assessed. Different 

isotherm models were considered to interpret the best fit equilibrium data. Thermodynamical 

parameters revealed the adsorption process was endothermic in nature. 

 

Lagerge et al. (1999) have used activated carbon, graphites and carbon black (Vulcan 

and Graphon) samples for the adsorption of potassium gold cyanide from aqueous media. The 

adsorption potential of the used adsorbents was also compared. The flow micro calorimetric 

studies of carbonaceous adsorbent, graphitic and relative polar nature of the carbons and the 

studies about the thermodynamical reversibility of the adsorption of gold on the carbonaceous 

adsorbents were also carried out. 

 

Young & Jordan (1995) have reviewed the past and current remediation methods to 

process the wastewaters containing cyanide. The oxidation methods have been emphasized 

which effectively destroy the cyanide. Furthermore, reaction mechanisms of oxidation and 

other separation methods of cyanide removal have also been described and compared with 

respect to their usefulness in handling different cyanide species such as thiocyanate, free 

cyanide, and strong acid dissociable and weak acid dissociable.  

 

Manktelow et al. (1984) have investigated the removal of cyanide and copper from 

aqueous medium by coal based activated carbon. It was observed that the removal of cyanide 

was increased by the source of additional air and in the occurrence of copper in aqueous 

medium. It was proposed that the removal of cyanide could be attained by catalytic oxidation 
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on the carbon surfaces and more cyanide could be removed by adsorption of cyano-cuprate 

complexes onto the activated carbon, in the presence of copper. 

 

Avery & Fries (1975) have developed a novel ion exchange process for selective 

cyanide removal from industrial effluents. The core of this process was the utilization of a 

complexing agent such as ferrous ion, for free cyanide, with succeeding selective adsorption 

using a weakly basic ion-exchange resin (Amberlite XE-275). The ferrous ion combined with 

all of the cyanide, resulted in an anionic ferrocyanide complex. This complex was adsorbed 

selectively by weak base ion-exchange resins working in the acidic salt form. With the use of 

dilute sodium hydroxide, the resin was freely regenerated. By repetition of this process, it 

was demonstrated that wastewater streams containing two thousand ppm (2000 ppm) of 

cyanide could be reduced considerably below one ppm by ion exchange process. 
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5a. Experimental Work 

(Cyanide) 

 

5a.1 Material and Reagents used 

 

For conducting cyanide adsorption studies potassium cyanide (Merck) was used for 

making standard cyanide solutions. Sodium hydroxide, hydrochloric acid, nitric acid, sodium 

carbonate, zinc chloride, calcium chloride, methanol and ethanol of (Merck) were used for 

chemical modification of adsorbents selected for cyanide adsorption study. Sodium 

hydroxide and hydrochloric acid were also used for adjusting the pH of the cyanide solution. 

Doubly distilled water was used throughout this work. All glassware used in this study was of 

Pyrex, Germany. Nitric acid and doubly distilled water was used to wash the glassware. 

Washed glassware was dried in oven at 100°C for 4 hours prior to adsorption studies. 

 

5a.2 Instruments Used 

 Electronic weighing balance (shimadzu corporation Japan) 

 Orbital shaker (Yellow line OS 10control)  

 pH meter (Hanna) 

 Ion selective Electrode (CN-ISE, Hanna) 

 Potentiometer (Hanna) 

 

5a.3 Solutions Used During Cyanide Adsorption Studies 

 Potassium cyanide (2.50 g) was dissolved in distilled water and volume was made up 

to 1000 mL to make 1000 ppm solution of cyanide. Further dilutions were made by 

taking required aliquot of this sample. Solutions of cyanide in the range of 2-10 ppm 

with the regular interval of 2 ppm were used for calibration of electrode before each 

experiment. 

 0.1M solution of Sodium hydroxide and Hydrochloric acid were prepared for 

adjusting the pH of the cyanide solution. 

 All the solutions for chemical modification of adsorbents were made according to the 

procedure mentioned in chapter 2 (section 2.4). 
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5a.4 Adsorbents Selected for Cyanide Adsorption  

In order to conduct the adsorption study for cyanide, adsorbents belonging to the three 

categories as mentioned earlier (chapter 1) were subjected to the initial experiment for 

cyanide removal. Each adsorbent (0.2 g) was added separately to the 50 mL of 10 ppm 

solution of cyanide. Solutions were shaken for 30 minutes at 150 rpm at room temperature. 

After filtration the remaining cyanide concentration was checked by using ion selective 

electrode. Adsorption percentage was calculated by the equation 1.23 (chapter 1). Those 

adsorbents which showed adsorption below 25% were excluded from the study like; rice husk 

(18.54%), bentonite (15.64%), and kaolin (21.78%). Further study was carried out with wheat 

straw (WS), kikar leaves (KL), bhindi stem (BS), arjun nuts (AN), beerri ptta capsule (BPC), 

multani mitti, gachni, cotton, cellulose, amberlite IRA 410 (Amb IRA 410) and bakelite. 

 

5a.5 Parameters Optimization 

In order to conduct the adsorption studies for cyanide, effect of the following 

parameters were investigated. 

 

5a.5.1 Time of Contact 

 Effect of contact time was studied by adding 0.2 g of each adsorbent selected for 

study in 50 mL of 10 ppm cyanide solution. Time of contact between adsorbent and adsorbate 

was varied from 5 to 70 minutes with the regular interval of 5 minutes. All the samples were 

shaken with the same agitation speed of 150 rpm at room temperature. Cyanide was 

estimated after each experiment performed for optimizing time of contact. 

 

5a.5.2 Agitation Speed 

 Optimization of this parameter is based upon the fact that better contact of adsorbate 

with adsorbent results in the formation of cyanide layer over adsorbent surface. Shaking 

speed also called ‘agitation speed’ was studied with 0.2 g of adsorbent in 50 mL of 10 ppm 

cyanide solution. Agitation speed was varied from 50 to 450rpm at optimized conditions of 

time of contact at room temperature. Cyanide content was determined after filtration of 

aliquot obtained after optimization of agitation speed. 

  

5a.5.3 Adsorbent Dose 

Adsorption is based upon the fact that more adsorbate can be removed from aqueous 

medium by increasing the adsorbing site. By increasing the adsorbent dose the numbers of 
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adsorbing sites are also increased. This parameter was optimized at room temperature by 

varying the adsorbent dose from 0.2-2.0 g. 50 mL of 10 ppm cyanide solution was used at 

optimized conditions of time of contact and shaking speed. Remaining cyanide concentration 

was determined by ion selective electrode. 

 

5a.5.4 pH 

 It is very sensitive parameter and affects the quality of adsorption process. This 

parameter was optimized by shaking 50 mL of 10 ppm cyanide solution with optimized 

adsorbent dose, time of contact and shaking speed. pH was varied from 3-11 in order to study 

the behavior of cyanide ion in acidic and basic medium. pH of the solution was adjusted by 

using 0.1M sodium hydroxide and 0.1M hydrochloric acid. Remaining cyanide concentration 

after every pH optimization experiment was determined by using ion selective electrode. 

 

5a.5.5 Temperature 

 This parameter is optimized by using 50 mL of 10 ppm cyanide solution by varying 

the temperature from 10 °C to 60 °C under the optimized conditions of contact time, agitation 

speed, adsorbent dose and pH. After filtration in each case the remaining cyanide 

concentration was measured by the same procedure as mentioned above.  

 

5a.5.6 Chemical Modification 

For the chemical modification of adsorbent the same procedure was followed as 

mention in chapter 2 (section 2.4). Modified biological and geological adsorbent were applied 

for cyanide removal studies and the remaining cyanide concentration was determined by 

using ion selective electrode. 

 

5a.5.7 Desorption 

Desorption studies were conducted to study the regeneration of adsorbent which in 

turns favors its applicability, usability on large scale and environment friendly nature. 

Desorption study was carried out according to the procedure mentioned in chapter 2 (section 

2.6). The obtained filtrates were subjected to cyanide estimation by the same method as 

mentioned earlier. 
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5a.5.8 Isothermal Study for Cyanide Removal 

Adsorption mechanism was explored by conducting the isothermal, kinetics and 

thermodynamics study of the adsorption process for cyanide.  

 

For isothermal studies the adsorbate (cyanide) concentration was varied from 2 to 14 

ppm after regular interval of 2 ppm. 50 mL of each concentration of cyanide solution was 

used under the previously optimized parameters of time of contact, agitation speed, pH, 

adsorbent dose and temperature. Same experimental procedure was followed for three 

isothermal models. Remaining cyanide concentration in each set of experiment was 

determined by the ion selective electrode. Adsorption (%) by each adsorbent was calculated 

at any instant of time using equation 1.23 (chapter 1). 

 

𝑨𝒅𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 (%) =  
𝑪°− 𝑪𝒆

𝑪°
× 𝟏𝟎𝟎     (1.23) 

 

‘Ce’ and ‘Cº’ are the concentrations of cyanide ions before and after adsorption respectively. 

In the present study, three isothermal models; Langmuir, Freundlich and Temkin were used 

for exploring the adsorption mechanism.  

 

Langmuir adsorption isotherm was studied using the equation 1.1 (chapter 1). 

Linearity of the plot between 1/q vs. 1/Ce revealed the applicability of the adsorption model. 

Favorability of the adsorption process was revealed by determining the dimensionless factor 

‘RL’ using equation 1.3 (chapter 1).  

 

In order to explore that either the adsorption is heterogeneous or not Freundlich 

adsorption model was studied using equation 1.4 (chapter 1). Linear plot of ‘log q’ vs. ‘log 

Ce’ indicates the applicability of Freundlich adsorption model. Freundlich constant ‘n’ shows 

the quality of adsorption according to the Table 1.3(chapter 1).  

 

Third adsorption model that was applied to the cyanide adsorption was Temkin 

adsorption isotherm model using equation 1.5 that deals with the uniform distribution of 

energy throughout the adsorbent surface. Linear plot of ‘q’ vs. ‘In Ce’ revealed the 

applicability of this model. Temkin constant BT gave information about the nature of 

interaction between adsorbent and adsorbate.  
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5a.5.9 Kinetics Study for Cyanide Removal 

In order to conduct the kinetics study 50 mL of 10 ppm solution of cyanide was used 

and agitated for 5 to 70 minutes keeping the optimized conditions under consideration. 

Filtrate obtained in each case was subjected to the cyanide estimation by using ion selective 

electrode. Pseudo first and pseudo second order kinetics models are used for studying the 

kinetic behavior of cyanide adsorption process using equation 1.6 and 1.7 respectively 

(chapter 1). Value of regression coefficient (R2) in case of plotting a graph between log (qe-

qt)’ vs.‘t’ was helpful in concluding the suitable applicability of pseudo first order kinetics 

model. In case of pseudo second order kinetics model linearity of the plot between ‘t/qt’ vs. 

’t’ showed the suitability of the model.  

 

5a.5.10 Thermodynamic Study for Cyanide Removal 

Thermodynamics study was conducted by varying temperature of the cyanide solution 

from 10 °C to 60 °C. 50 mL of 10 ppm solution was used with optimized conditions of time 

of contact, agitation speed, adsorbent dose and pH. Enthalpy (ΔHº) and entropy (ΔSº) of the 

adsorption process were calculated by the regression analysis of the linear plot of In KD vs. 

1/T. Thermodynamic parameter Gibbs free energy (ΔGº) was then calculated using equation 

1.9 (chapter 1). Negative values of enthalpy and Gibbs free energy revealed that adsorption 

was exothermic and spontaneous in nature. Whereas, the positive value of entropy revealed 

the randomness in the system due to the interaction between cyanide ion and the adsorbent. 

 

5a.6 Treatment of the Real Wastewater Samples 

Industrial samples for the removal of cyanide were collected from five electroplating 

units in the vicinity of Lahore, (Pakistan). These were named A, B, C, D and E. Pretreatment 

procedure as settling, decantation, and filtration was applied to the industrial samples. The 

filtered samples were then diluted by taking 1 mL of this sample to 100 mL. Optimized 

parameters like; time of contact, agitation speed, pH, adsorbent dose and temperature were 

applied in order to check the suitability of the present study for cyanide adsorption using the 

selected adsorbents in batch mode.  For the isothermal, kinetics and thermodynamics study of 

the real sample same procedure was followed as mentioned earlier. 
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5b. Results and Discussion 

(Cyanide) 

 

For the removal of cyanide, different techniques have been employed in the past along 

with adsorption. In order to enhance the usability of adsorption process for cyanide removal, 

different indigenous, cost effective, easily available adsorbents have been checked in the past 

for their adsorption efficiencies. During present study the raw forms of indigenous, low cost 

biological, geological and polymeric adsorbents have been selected. Characteristics of 

adsorbent and experimental conditions greatly affected the adsorption process. Results 

obtained after the characterization of adsorbents and optimizing the operational conditions 

are discussed below; 

 

5b.1 Spectroscopic Study of Adsorbent 

Selected adsorbents were characterized before and after adsorption by spectroscopic 

techniques including; scanning electron micrographs and Fourier transform infrared 

spectroscopy 

 

5b.1.1 S.E.M imaging/ EDX of the adsorbents after cyanide adsorption 

 Adsorbents selected for cyanide adsorption were studied for their surface 

characterization and morphology by S.E.M technique and results are shown in 2.5.2 (Chapter 

2). After adsorption the adsorbents were again subjected to S.E.M analysis in order to check 

any difference in surface morphology that is due to the interaction of cyanide with the 

adsorbent surface. Cyanide adsorbed adsorbent surface was coated with gold through gold 

sputter by applying accelerating voltage of 15kV. S.E.M micrographs of adsorbents after 

adsorption are presented in Fig. 5b.1* and elemental detail for the samples is shown in Table 

5b.1*. 

 

 S.E.M analysis of the samples revealed change in the surface morphology of all the 

biological, geological and polymeric adsorbents. This means that raw form of all the 

adsorbents was suitable for the adsorption of cyanide on the surface due to which cyanide 

interacted well and further brought the change in the surface morphology of the adsorbents. 
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Table 5b.1*: EDX detail of cyanide adsorbed adsorbents 

Sample 

Code 
Morphology 

Elements (Atom. %) 

C O Al Na Mg Cl K Ca Fe Si N 

a Plane layered 51.29 25.22 0.97 - - 2.31 - - - - 20.21 

b Thread 15.41 79.18 0.15 2.49 - - 0.29 - - - 2.47 

c Abraded 10.84 74.94 0.31 2.63 2.90  0.47 7.17 0.35 0.34 0.04 

d Fluffy 34.08 51.55 0.35 1.07 - - - - - - 12.95 

e Abraded 5.54 57.37 5.29 4.48 1.86 - 1.51 0.53 1.78 10.58 10.99 

f Abraded 1.85 62.33 6.64 1.89 2.11 - 1.40 0.74 1.14 11.13 10.76 

g Gelatinous 28.38 57.47 0.31 4.09 0.34 - 0.74 - - 4.22 4.46 

h Gelatinous 32.02 61.79 0.29 3.12 0.25 - 0.80 0.94 - 0.56 0.23 

i Abraded 31.26 42.42 1.66 6.78 1.03 - 0.82 0.57 - 0.47 5.01 

j Jagged 14.68 56.61 0.69 3.83 - - 0.42 - - - 23.73 

k Scraped 36.69 41.58 5.64 1.18 - -  - - 0.44 14.47 

 

 

5b.1.2 FT-IR Analysis of Cyanide Adsorbed Selected Adsorbents 

After cyanide adsorption the adsorbents were again subjected to FT-IR analysis in 

order to reveal any changes in the functional groups of selected adsorbents. Due to the 

interaction of cyanide with the adsorbents shifts in various bands as well as appearance of the 

new absorption bands were observed and discussed below; 

a) An obvious shift in the absorbance band from 2919 cm-1 (raw) to 2920 cm-1 was 

observed that corresponds C–H stretching of alkanes (David et al., 1999; Abdel-

Ghani et al., 2015; Ammari, 2014; Das & Adak, 2015). The shift in absorbance band 

from 822 cm-1 (raw) to 823 cm-1 correspond the C–H out of plane bending in alkenes 

(Painter et al., 1985; Chen et al., 2015). An obvious shift in bands from 1086 cm-1 

(raw) to 1091 cm-1 and 1055 cm-1 (raw) to 1061 cm-1 and emergence of a new band 

1022 cm-1 signifies the C–O stretching vibrations on the surface of adsorbent (Tan et 

al., 2008; Abdel-Ghani et al., 2015). A clear shift in  new absorbance band from 1656 

cm-1 (raw) to 1613 cm-1  corresponds to C=O stretching vibrations of aldehydes (Xu et 

al., 2012; Naiya et al., 2011; Ammari, 2014).  
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Figure 5b.2*: FTIR analysis of cyanide adsorbed adsorbents 

[a (cyanide adsorbed Amberlite), b (cyanide adsorbed cotton), c (cyanide adsorbed bakelite), d (cyanide 

adsorbed cellulose), e (cyanide adsorbed multani mitti), f (cyanide adsorbed gachni), g (cyanide adsorbed 

wheat straw), h (cyanide adsorbed kikar leaves), i (cyanide adsorbed bhindi stem), j (cyanide adsorbed arjun 

nuts) and k (cyanide adsorbed beerri ptta capsule)] 

A new band at 1223 cm-1 correspond the C–N amines functional group (Pavia, 2001). 

A slight shift of absorbance band from 703 cm-1 (raw) to 704 cm-1 correspond the C–

X where “X” denoted chloride element, whereas the emergence of a new band 1344 

cm-1 correspond the fluoride element (Das & Adak, 2015; Pavia, 2001). 

 

b) An obvious shift in bands from 1031 cm-1 (raw) to 1032 cm-1 and emergence of a new 

band 1056 cm-1 signifies the C–O stretching vibrations on the surface of adsorbent 

(Tan et al., 2008; Abdel-Ghani et al., 2015). A new band at 1207 cm-1 correspond the 

C–N amines functional group (Pavia, 2001). The emergence of a new band 1315 cm-1 

correspond the C–X where “X” denoted fluoride element (Das & Adak, 2015; Pavia, 

2001). 

 

c) The emergence of new absorbance band 875 cm-1 correspond the C–H out of plane 

bending in alkenes (Painter et al., 1985; Chen et al., 2015). The emergence of a new 

band 1035 cm-1 signifies the C–O stretching vibrations on the surface of adsorbent 

(Tan et al., 2008; Abdel-Ghani et al., 2015). A slight shift of absorbance band from 

714 cm-1 (raw) to 715 cm-1 correspond the C–X where “X” denoted chloride element, 

whereas the emergence of a new band 1397 cm-1 correspond the fluoride element  

(Das & Adak, 2015; Pavia, 2001). 

 

d) An obvious shift in the absorbance band from 2891 cm-1 (raw) to 2888 cm-1 was 

observed that corresponds C–H stretching of alkanes (David et al., 1999; Abdel-

Ghani et al., 2015; Ammari, 2014; Das & Adak, 2015). The emergence of a two new 
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bands 1054 cm-1 and 1029 cm-1 signifies the C–O stretching vibrations on the surface 

of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). A new band at 1201 cm-1 

correspond the C–N amines functional group (Pavia, 2001). A clear shift of 

absorbance band from 1365 cm-1 (raw) to 1315 cm-1 correspond the C–X where “X” 

denoted the fluoride element (Das & Adak, 2015; Pavia, 2001). 

 

e) The shift in absorbance band from 800 cm-1 (raw) to 799 cm-1 correspond the C–H out 

of plane bending in alkenes (Painter et al., 1985; Chen et al., 2015). A clear shift in  

new absorbance band from 1655 cm-1 (raw) to 1652 cm-1  corresponds to C=O 

stretching vibrations of aldehydes (Xu et al., 2012; Naiya et al., 2011; Ammari, 

2014). A clear shift of absorbance band from 695 cm-1 (raw) to 678 cm-1 and the 

emergence of a new band 780 cm-1 correspond the C–X where “X” denoted chloride 

element (Das & Adak, 2015; Pavia, 2001). 

 

f) The emergence of a new band at 978 cm-1 correspond the C–H out of plane bending in 

in alkene (Pavia, 2001). An obvious shift in band from 798 cm-1 (raw) to 799 cm-1 

correspond the C–H out of plane bending in aromatic group (Pavia, 2001; Painter et 

al., 1985; Chen et al., 2015). A clear shift of absorbance band from 695 cm-1 (raw) to 

698 cm-1 and the emergence of a new band 780 cm-1 correspond the C–X where “X” 

denoted chloride element (Das & Adak, 2015; Pavia, 2001). 

 

g) An obvious shift in band from 1033 cm-1 (raw) to 1032 cm-1 signifies the C–O 

stretching vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 

2015). 

 

h) The emergence of two new absorbance bands 2918 cm-1 and 2851 cm-1 was observed 

that corresponds C–H stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 

2015; Ammari, 2014; Das & Adak, 2015). The emergence of a new band 829 cm-1 

correspond the C–H out of plane bending in aromatic group (Pavia, 2001; Painter et 

al., 1985; Chen et al., 2015). A clear shift in band from 1028 cm-1 (raw) to 1017 cm-1 

signifies the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). A clear shift in  new absorbance band from 1720 cm-1 

(raw) to 1738 cm-1  corresponds to C=O stretching vibrations of aldehydes (Xu et al., 

2012; Naiya et al., 2011; Ammari, 2014). The emergence of an absorbance band at 
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1562 cm-1 corresponds the N–H bending of primary and secondary amines (Pavia, 

2001). 

 

i) An obvious shift in the absorbance band from 2924 cm-1 (raw) to 2933 cm-1 was 

observed that corresponds C–H stretching of alkanes (David et al., 1999; Abdel-

Ghani et al., 2015; Ammari, 2014; Das & Adak, 2015). The emergence of a new band 

873 cm-1 correspond the C–H out of plane bending in aromatic group (Pavia, 2001; 

Painter et al., 1985; Chen et al., 2015). A clear shift in band from 1032 cm-1 (raw) to 

1081 cm-1 signifies the C–O stretching vibrations on the surface of adsorbent (Tan et 

al., 2008; Abdel-Ghani et al., 2015). The emergence of an absorbance band at 1607 

cm-1 corresponds the N–H bending of primary and secondary amines (Pavia, 2001). 

 

j) The emergence of a new absorbance band 2916 cm-1 was observed that corresponds 

C–H stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 

2014; Das & Adak, 2015). A clear shift in band from 1032 cm-1 (raw) to 1024 cm-1 

signifies the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). An obvious shift in absorbance band from 3289 cm-1 (raw) 

to 3283 cm-1 corresponds the O–H stretching vibrations of H-bonded alcohols and 

phenols (Gupta et al., 2011; Tan et al., 2008; Naiya et al., 2011; Pavia, 2001; 

Ammari, 2014). A new band at 1162 cm-1 correspond the C–N amines functional 

group (Pavia, 2001). The emergence of an absorbance band at 1592 cm-1 corresponds 

the N–H bending of primary and secondary amines (Pavia, 2001). 

 

k) An obvious shift in the absorbance band from 2928 cm-1 (raw) to 2918 cm-1 and 

emergence of a new absorbance band 2851 cm-1 was observed that corresponds C–H 

stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 2014; 

Das & Adak, 2015). A clear shift in band from 1024 cm-1 (raw) to 1081 cm-1 signifies 

the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-

Ghani et al., 2015). A new band at 1153 cm-1 correspond the C–N amines functional 

group (Pavia, 2001). The emergence of an absorbance band at 1596 cm-1 corresponds 

the N–H bending of primary and secondary amines (Pavia, 2001). 

 



199 
 

Table 5b.2*: FT-IR absorption bands for cyanide adsorbed adsorbents 

Functional Groups 

Adsorption band (cm-1) 

Adsorbents after cyanide adsorption 

a b c d e f g h i j k 

C–H stretching alkane 

(3000-2850) aromatic (3150-3050) (s) 

Aldehyde (2900-2800) (w) 

Alkene out of plane bend   (1000-650) 

2920 - - 2888 - 978 - 
2918 

2851 
2933 2916 

2918 

2851 

C–H Aromatic (Out of plane bend) 

(900-690) (s) 
823 - 875 - 799 799 - 829 873 - - 

C–O Alcohol, Ester, Ethers, 

Carboxylic acid, Anhydrides 

(1300-1000) (s) 

1091 

1061 

1022 

1056 

1032 
1035 

1054 

1029 
- - 1032 1017 1081 1024 1081 

O–H Alcohols, Phenols H-Bonded 

(3400-3200) (m), 

Free 

(3650-3600) (m) 

- - - - - - - - - 3283 - 

C=O 

Stretching of Aldehyde 

(1740-1720) (s) 

& Amides (1680-1630) (s) 

1613 - - - 1652 - - 1738 1607 - - 

C–N Amines 

(1350-1000) (m-s) 
1223 1207 - 1201  - - - - 1162 1153 

C–X  Fluoride (1400-1000) (s) 

Chloride (785-540) (s) 

Bromide, Iodide (<667) (s) 

1344 

704 
1315 

1397 

715 
1315 

780 

678 

780 

698 
- - - - - 

S=O 

Sulfones, Sulfonyl Chloride, Sulfates, 

Sulfonamide 

(1375-1300) and 

(1350-1140) 

(s) 

1153 
1162 

1110 
1240 

1161 

1106 
- - 1162 

1367 

1315 
1151 

1365 

1318 

1102 

1320 

N–H 

Primary & Secondary amines and 

amides 

Stretching (3500-3100) (m) 

Bending (1640-1550) (m-s) 

- - - - - - - 1562 - 1592 1596 

 

 

5b.2 Parameters Optimization During Cyanide Adsorption Study 

In order to explore the adsorption behavior of cyanide various parameters like; time of 

contact, agitation speed, adsorbent dose, pH and temperature were optimized. In depth, study 

of the mechanism of adsorption was done by applying the isothermal study. Dependence of 

cyanide adsorption on time was investigated by applying the pseudo first and pseudo second 

order kinetics model. Spontaneity of the cyanide adsorption was checked by studying the 

thermodynamic behavior. 
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5b.2.1 Effect of Time of Contact 

The effect of contact time was investigated by varying the time from 5 to 70 minutes 

using 50 mL of 10 ppm of cyanide solution. Selected adsorbents (0.2g) were used for cyanide 

adsorption study at constant agitation speed of 150 rpm. It was found that in case of 

biological adsorbent bhindi stem and arjun nuts were found to show greater removal 

efficiency in 30 minutes and 15 minutes respectively, as shown in Table 5b.1 and is 

graphically represented in Fig.5b.1. 

 

Table 5b.1: Effect of contact time on cyanide adsorption using biological adsorbents 

Contact 

time 

(minutes) 

Percent Removal Efficiency of Cyanide 

Wheat 

straw 

Kikar 

leaves 

Bhindi 

stem 

Arjun 

nuts 

Beerri 

ptta 

capsule 

5 66.79 72.41 67.03 81.93 71.45 

10 67.35 74.67 76.66 84.96 74.68 

15 67.68 79.49 81.19 96.79 68.68 

20 70.9 82.04 82.04 93.88 68.48 

25 79.78 82.32 83.74 89.69 65.57 

30 85.22 82.32 93.37 87.14 65.35 

35 77.11 84.02 92.24 86.67 64.27 

40 76.00 90.25 91.39 85.42 63.99 

45 74.23 93.65 90.54 84.11 63.17 

50 75.78 90.16 89.97 83.76 62.43 

55 76.89 86.99 89.69 82.90 61.20 

60 76.18 85.72 89.12 82.38 60.63 

65 75.72 82.32 89.41 81.51 60.01 

70 75.09 80.74 89.69 80.23 60.00 

 

Use of clays for the present study revealed that highest removal efficiency (94.79 %) 

was shown by gachni clay after 10 minutes. Results for cyanide removal using clays are 

tabulated in Table 5b.2 and graphically represented in Fig. 5b.2. 

 

Figure 5b.1: Effect of time of contact on cyanide removal  

[WS (wheat straw), KL (kikar leaves), BS( bhindi stem, AN( arjun nuts), BPC (beerri ptta capsule)] 
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Polymeric adsorbent showed that amberlite IRA 410 and bakelite removed cyanide 

efficiently from the solution. Results for the cyanide removal using polymeric adsorbents are 

tabulated in Table 5b.3 and are graphically shown in Fig. 5b.3. In case of biological 

adsorbents, initially the removal efficiency was found to increase by increasing the time of 

contact. After attaining equilibrium no profound increase was observed as shown in Fig. 5b.1. 

Rapid establishment of equilibrium showed the efficacy of adsorbent for adsorption of 

cyanide. 

 

Table 5b.2: Effect of time of contact on cyanide removal using geological adsorbents 

Contact time 

(minutes) 

Percent Removal efficiency of 

Cyanide 

Multani mitti Gachni 

5 85.34 92.24 

10 92.52 94.79 

15 88.56 90.14 

20 86.01 88.71 

25 83.74 87.36 

30 82.94 87.09 

35 80.21 86.56 

40 79.22 86.47 

45 79.06 85.94 

50 78.88 85.23 

55 78.64 84.17 

60 78.34 84.01 

65 78.10 83.79 

70 77.95 83.65 

 

Similar trends have been claimed in case of Prunus amygdalus shell and Tectona grandis 

leaves as adsorbents for the removal of cyanide (Dwivedi et al., 2016).  

 

 

Figure 5b.2: Effect of time of contact on the removal of cyanide using geological adsorbents 
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In case of geological adsorbents, the equilibrium was attained quickly for cyanide 

adsorption and after attaining the equilibrium, the removal efficiency became nearly constant 

as evident from the Fig. 5b.2. Quick removal of cyanide has been reported for granular 

activated carbon as adsorbent (Dash et al., 2009).  

Table 5b.3: Effect of time of contact on cyanide removal using polymeric adsorbents 

Contact 

time 

(minutes) 

Percent removal efficiency of cyanide 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

5 44.86 39.09 67.95 76.81 

10 45.29 39.47 67.82 76.43 

15 47.57 48.71 68.08 74.91 

20 49.09 55.04 69.09 75.92 

25 49.34 56.56 74.66 79.22 

30 50.23 58.33 83.01 83.39 

35 55.16 58.38 97.06 75.54 

40 67.82 59.22 92.16 70.99 

45 64.87 48.46 90.61 70.61 

50 63.39 47.19 84.28 69.22 

55 57.70 45.16 80.48 68.08 

60 54.91 43.90 79.72 67.57 

65 53.90 44.60 78.46 67.06 

70 52.25 43.39 77.70 66.81 

 

 

 
 

Figure 5b.3: Effect of time of contact on cyanide removal using polymeric adsorbents 

 

Polymeric adsorbents showed that adsorption of cyanide increased in the beginning 
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decrease in removal efficiency. Highest removal efficiency of 97.06% was shown by 

amberlite IRA 410 after 35 minutes. 

Such trends in cyanide removal might be attributed to the fact that in the beginning 

due to the availability of greater number of adsorption sites removal efficiency tends to 

increase. With the passage of time cyanide ions developed interactions with the adsorbent 

surface thereby causing saturation of cyanide ions on adsorbent surface and resulting in the 

decrease in the removal efficiency. Another factor affecting the cyanide adsorption on 

adsorbent surface was the aggregation of negatively charged species on adsorbent surface that 

repelled the incoming similar charges.  

5b.2.2 Effect of Agitation Speed 

Effect of agitation speed was studied by varying the shaking from 50 to 450 rpm 

using 0.2 g of each adsorbent in 50 mL of 10 ppm cyanide solution.  

 

All the solutions were agitated for the optimized period of time. It was found that in 

case of biological adsorbents; arjun nuts and bhindi stem showed maximum efficiency for 

removing cyanide ion from the solution at 250 and 50 rpm respectively. Further increase in 

the agitation speed showed no remarkable difference in removal efficiencies. Results for 

biological adsorbents are reported in Table 5b.4 and are graphically shown in Fig. 5b.4. 

 

Table 5b.4: Effect of agitation speed on cyanide removal using biological adsorbent 

Agitation 

speed (rpm) 

Percent Removal Efficiency of Cyanide 

Wheat 

straw 

Kikar 

leaves 

Bhindi 

stem 

Arjun 

nuts 

Beerri ptta 

capsule 

50 47.09 66.57 78.83 66.31 69.79 

100 45.67 66.68 78.48 68.55 70.12 

150 49.22 68.35 78.12 69.45 77.89 

200 53.48 71.12 78.07 69.96 76.98 

250 48.87 76.00 77.93 82.02 75.89 

300 41.60 68.68 77.90 80.19 75.60 

350 40.00 67.79 77.74 80.07 75.36 

400 39.87 67.65 77.61 79.98 75.03 

450 39.87 67.15 77.50 79.96 75.01 
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Figure 5b.4: Effect of agitation speed on cyanide removal  

[WS (wheat straw), KL (kikar leaves), BS (bhindi stem), AN (arjun nuts), BPC (beerri ptta capsule)] 

 

Removal of cyanide using geological adsorbents revealed that gachni showed 

promising trends.  

 

Table 5b.5: Effect of agitation speed on cyanide removal using geological adsorbent 

Agitation speed 

(rpm) 

Percent Removal Efficiency of 

cyanide 

Multani mitti Gachni 

50 46.03 76.52 

100 47.98 74.40 

150 45.13 72.18 

200 44.97 71.48 

250 44.23 68.57 

300 43.19 65.33 

350 42.97 64.19 

400 42.21 62.03 

450 42.10 62.00 

 

Maximum removal efficiency of 76.52% was shown by gachni clay and after 

attaining the equilibrium, the removal efficiency nearly became constant. Whereas in case of 

multani mitti relatively low removal efficiency was shown with highest value at 100 rpm. 

Results for the cyanide removal using geological adsorbents are tabulated in Table 5b.5 and 

are graphically shown in Fig. 5b.5. 
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Figure 5b.5: Effect of agitation speed on cyanide removal using geological adsorbents 
 

Comparative study for removal of cyanide among the polymeric adsorbents revealed 

that amberlite IRA 410 (at 200 rpm) and cellulose (at 100 rpm) showed better removal 

efficiencies as compared to cellulose. Results for cyanide adsorption are tabulated in Table 

5b.6 and are graphically represented in Fig. 5b.6. 

 

Table 5b.6: Effect of agitation speed on cyanide removal using polymeric adsorbents 

 

Agitation 

speed (rpm) 

Percent Removal Efficiency of Cyanide 

Cotton Cellulose Amberlite Bakelite 

50 87.32 98.68 80.38 93.84 

100 87.95 99.79 93.21 93.63 

150 88.16 98.71 94.89 93.63 

200 88.58 98.68 98.46 94.05 

250 94.26 98.46 96.57 95.52 

300 92.58 98.04 96.36 90.26 

350 92.37 97.83 95.94 89.63 

400 92.16 97.62 95.73 89.42 

450 92.16 97.41 95.73 89.21 

 

Results showed that percent removal of cyanide increased with increasing agitation 

speed and after attaining the equilibrium, no remarkable increase in removal efficiency was 

observed. Contact between ionic species present in the solution and surface of the adsorbent 

could be affected by agitation speed. 
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Figure 5b.6: Effect of agitation speed on cyanide removal using polymeric adsorbents 

 

Agitation increases the external mass transfer coefficient that resulted in the increased 

adsorption of cyanide. As all the sites get filled further increase in agitation speed had 

negative impact on the adsorption because of availability of lesser time for interaction 

between adsorbent surface and cyanide ions in the solution. Lesser time to interact due to 

higher speed increased the chances of collision of molecules with adsorbent surface in such a 

way that the adsorbed ions might get detached from adsorbent surface thereby resulting in a 

decreased percent removal of cyanide. 

 

5b.2.3 Effect of Adsorbent Dose 

Effect of adsorbent dose was studied at the optimized values of time of contact and 

shaking speed. Adsorbent dose was varied from 0.2 to 2.0 g using 50 mL of 10 ppm cyanide 

solution at room temperature.  

 

Table 5b.7: Effect of adsorbent dose on cyanide removal using biological adsorbents 

Adsorbent 

dose 

(g) 

Percent Removal Efficiency of cyanide 

Wheat 

straw 

Kikar 

leaves 

Bhindi 

stem 

Arjun 

nuts 

Beerri ptta 

capsule 

0.2 41.26 85.22 79.67 96.71 91.27 

0.4 41.37 90.89 85.99 92.02 95.64 

0.6 42.33 96.57 98.04 91.15 93.32 

0.8 43.89 98.25 95.04 93.09 90.14 

1.0 47.78 97.41 93.84 93.62 89.24 

1.2 45.68 95.10 89.42 95.48 85.75 

1.4 45.47 91.74 87.95 95.41 84.65 

1.6 44.84 88.58 83.32 94.76 83.25 

1.8 43.36 86.56 83.10 93.87 83.15 

2.0 42.73 86.17 83.02 93.45 83.14 
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Study revealed that in case of biological adsorbents; kikar leaves, bhindi stem and 

arjun nuts showed maximum removal efficiency for cyanide ions than the other adsorbents. 

Removal efficiency generally increased and reaches the maximum value until equilibrium 

was attained. The results are tabulated in Table 5b.7 and are graphically represented in 

Fig.5b.7. 

 

 

Figure 5b.7: Effect of adsorbent dose on cyanide removal  

[WS (wheat straw), KL (kikar leaves), BS (bhindi stem), AN (arjun nuts), BPC (beerri ptta capsule)] 

 

In case of geological adsorbents, maximum removal efficiency was observed with 

gachni. Removal efficiency initially increased and after attaining the maximum value, the 

removal efficiency became constant. Results of cyanide removal are tabulated in Table 5b.8 

and are graphically represented in Fig. 5b.8. 

 

Table 5b.8: Effect of adsorbent dose on cyanide removal using geological adsorbents 

 

Adsorbent 

dose 

(g) 

Percent Removal Efficiency 

of Cyanide 

Multani mitti Gachni 

0.2 41.56 60.23 

0.4 42.55 71.36 

0.6 44.76 69.46 

0.8 46.15 69.23 

1.0 48.89 68.13 

1.2 50.56 67.88 

1.4 53.24 67.21 

1.6 56.28 66.25 

1.8 58.72 65.17 

2.0 58.65 65.01 
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Figure 5b.8: Effect of adsorbent dose on cyanide removal using geological adsorbents 

 

By increasing the adsorbent dose the removal efficiency was increased until the 

optimum dose was attained in case of cellulose and amberlite IRA 410.  

 
Table 5b.9: Effect of adsorbent dose on cyanide removal using polymeric adsorbents 

 

Adsorbent 

dose 

(g) 

 Percent Removal Efficiency of 

Cyanide 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

0.2 85.44 88.64 93.61 78.64 

0.4 85.60 90.24 97.76 77.80 

0.6 86.24 92.68 89.76 77.61 

0.8 84.80 98.75 88.64 77.12 

1.0 84.16 98.04 88.16 77.28 

1.2 83.84 93.12 87.68 77.44 

1.4 82.72 92.15 85.44 77.12 

1.6 82.24 90.21 84.32 76.95 

1.8 82.08 88.15 83.79 76.64 

2.0 81.76 87.91 83.75 76.32 

 

Further increasing the adsorbent dose showed no remarkable effect on removal 

efficiency. In case of cellulose greater surface area resulted in the maximum removal 

efficiency in the beginning and further increase in adsorbent dose showed no remarkable 

change in removal efficiency.  

 

Results for cyanide removal by using polymeric adsorbents are tabulated in Table 

5b.9 and graphically represented in Fig.5b.9. 
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Figure 5b.9: Effect of adsorbent dose on cyanide removal using polymeric adsorbents 

Achievements of higher removal efficiencies with low adsorbent doses indicated the 

high affinity and suitability of the adsorbent for the removal of cyanide. It was revealed 

generally that by varying the adsorbent dose from 0.2 to 2.0 g removal efficiency was found 

to increase for all the adsorbents up to a certain limit. Similar trends have been reported for 

Rhizopus arrhizus (Aksu et al., 1999).  

 

This increase can be attributed to the fact that by increasing the adsorbent dose, the 

active sites available of cyanide ions adsorption increased accordingly. After reaching the 

maximum removal efficiency, no further increase was observed even after increasing the 

dose. This might be due to the reason that with the constant cyanide ion concentration; 

initially plenty of ions were available for active adsorption site. By increasing the adsorbent 

dose the aggregation of solid limited the exposure of active sites for adsorption of cyanide. 

As a result the percent removal nearly becomes constant after reaching a certain maximum 

value.  

 

5b.2.4 Effect of pH of the Solution 

Effect of pH was studied by varying pH from 3-11 using optimized conditions of time 

of contact, agitation speed and adsorbent dose at room temperature. Cyanide solution (50 

mL) with concentration of 10 ppm was used for optimizing the parameter of pH. Kikar 

leaves, bhindi stem, arjun nuts and beerri ptta capsule showed remarkably good removal 

efficiencies at different values of pH ranging from 6 to 9. Results are tabulated in Table 5b.10 

and are graphically represented in Fig. 5b.10. 
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Table 5b.10: Effect of pH on cyanide removal using biological adsorbents 

pH 

Percent Removal Efficiency of Cyanide 

Wheat 

straw 

Kikar 

leaves 

Bhindi 

stem 

Arjun 

nuts 

Beerri 

ptta 

capsule 

3 40.15 79.04 71.02 83.22 87.16 

4 42.35 79.56 74.03 87.13 82.27 

5 46.78 80.77 76.15 92.14 86.26 

6 49.16 83.47 80.34 93.65 90.43 

7 54.06 85.25 83.76 96.72 81.99 

8 60.89 77.64 87.48 97.92 77.56 

9 62.42 73.55 90.24 98.26 77.52 

10 60.72 52.79 88.36 97.58 75.98 

11 59.89 52.65 85.19 95.70 75.16 

 

 

Figure 5b.10: Effect of pH on cyanide removal  

[WS (wheat straw), KL (kikar leaves), BS (bhindi stem), AN (arjun nuts), BPC (beerri ptta capsule)] 
 

Both geological adsorbents showed the increased trend of removal efficiency for 

cyanide at pH 10. Results for cyanide removal using geological clays are shown in Table 

5b.11 and are graphically represented in Fig.5b.11. 

 

Table 5b.11: Effect of pH on cyanide removal using geological adsorbents 

 

pH 

Percent Removal Efficiency of 

cyanide 

Multani mitti Gachni 

3 52.87 55.1 

4 53.14 57.32 

5 54.63 65.14 

6 55.43 66.03 

7 57.82 66.76 

8 61.06 69.14 

9 65.84 70.27 

10 61.4 69.01 

11 59.17 58.69 
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Figure 5b.11: Effect of pH on cyanide removal using geological adsorbents 

 

In case of polymeric adsorbents, cyanide ions were effectively removed in the pH 

range of 5-7. Greatest removal efficiency was obtained for cellulose (95.67%) at pH 5 

followed by amberlite IRA 410 (95.43%) at pH 5. Results for polymeric adsorbents are 

shown in Table 5b.12 and are graphically represented in Fig.5b.12. 

 

Existence of cyanide species in solution is highly dependent upon the pH. In fact pH 

is the major factor affecting the adsorption of cyanide species. Another factor that affects the 

cyanide adsorption is the value of pHpzc of the adsorbent. When pH is lower than pHpzc, the 

surface of adsorbent acquires the positive charge and when pH is higher than pHpzc, the 

surface of adsorbent acquires the negative charge. 

Table 5b.12: Effect of pH on cyanide removal using polymeric adsorbents 

 

pH 

Percent Removal Efficiency of Cyanide 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

3 83.68 74.47 81.17 80.16 

4 90.74 85.92 83.26 85.63 

5 92.09 89.31 87.62 86.39 

6 92.89 95.67 95.43 87.96 

7 94.12 91.41 92.36 80.26 

8 94.78 88.76 86.24 78.65 

9 92.48 85.09 85.79 78.12 

10 89.32 84.16 85.19 77.62 

11 89.01 84.06 84.98 77.13 
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Figure 5b.12: Effect of pH on cyanide removal using polymeric adsorbents 

 

It means that surface of adsorbent can provide several types of direct or indirect, 

physical /chemical interactions to the cyanide ions in solution. Direct interactions may result 

from the attraction between positive charge on adsorbent surface and negatively charged 

cyanide. Additionally, the positively charged species (potassium and hydrogen ions) in the 

solution might cover the negatively charged adsorbent surface and affect the interaction of 

cyanide ion to the adsorbent surface. These positively charged ions behave as bridges 

between the adsorbent surface and cyanide in the solution. On the neutral surface, some sort 

of ion exchange phenomenon may have occurred where negatively charged hydroxyl ions are 

replaced by cyanide ions thereby causing removal of cyanide possible at pH = pHpzc. Surface 

morphology and point of zero charge along with the pH of solution may affect the removal of 

cyanide by different types of adsorbents. 

During the present study at the pH range of 6 to 9 selected adsorbents showed good 

adsorption behavior, whereas at higher levels of pH, the cyanide removal was reduced 

probably due to formation of cyanide complexes that have more affinity with water and 

prefer to remain in the solution rather than remain attached on adsorbent surface (Naeem & 

Zafar, 2009).  

 

5b.2.5 Effect of Temperature 

Temperature has a remarkable effect on adsorption of cyanide. Its effect on the 

cyanide removal was studied under the optimized conditions of time of contact, agitation 
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speed, adsorbent dose and pH. Results obtained are tabulated in Table 5b.13 and are 

graphically presented in Fig.5b.13 for biological adsorbents. Results revealed that arjun nuts 

showed highest removal efficiency among all the other selected adsorbents of biological 

origin. 

Table 5b.13: Effect of temperature on cyanide removal using biological adsorbents 

Temperature 

(°C) 

Percent Removal Efficiency of Cyanide 

Wheat 

straw 

Kikar 

leaves 

Bhindi 

stem 

Arjun 

nuts 

Beerri 

ptta 

capsule 

10 41.32 56.07 44.62 90.18 45.48 

20 42.74 56.77 48.71 98.25 50.39 

30 49.09 57.44 53.92 98.95 63.58 

40 53.18 59.18 62.89 76.67 61.84 

50 57.83 51.31 77.64 76.15 59.80 

60 50.61 48.24 62.33 75.36 59.16 

 

 

Figure 5b.13: Effect of temperature on cyanide removal 

[WS (wheat straw), KL (kikar leaves), BS (bhindi stem), AN (arjun nuts), BPC (beerri ptta capsule)] 

 

Results for the study of effect of temperature on cyanide removal using geological 

adsorbent are tabulated in Table 5b.14 and are graphically represented in Fig. 5b.14. Gachni 

clay has shown higher removal efficiency (70.85% at 40 °C) than multani mitti. 

 

In case of polymeric adsorbents, the effect of temperature revealed that amberlite IRA 410 

showed maximum removal of cyanide (93.41%) at 30 °C followed by cellulose (94.39%) at 

40 °C. 
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Table 5b.14: Effect of temperature on cyanide removal using geological adsorbents 

 

Temperature 

(°C) 

Percent Removal 

Efficiency of Cyanide  

Multani 

mitti 
Gachni 

10 48.84 54.50 

20 49.97 62.30 

30 56.38 69.87 

40 58.74 70.85 

50 45.57 68.49 

60 40.29 63.30 

 

Relatively lesser removal efficiency was shown by cotton and bakelite. Results for the 

effect of temperature on cyanide removal are tabulated in Table 5b.15 and are graphically 

represented in Fig.5b.15. 

 

 

Figure 5b.14: Effect of temperature on cyanide removal using geological adsorbents 

 

During cyanide adsorption study behavior of the selected adsorbents towards 

temperature variation is associated with the movement of ionic species in the solution as well 

as the interaction of these ions with the adsorbent surface. When the temperature was low, 

there was lesser ionic movement and relatively lesser adsorption was observed in case of 

biological geological and polymeric adsorbents. As the temperature exceeded the room 

temperature (25±2 °C) molecular movements were effective enough for the better interaction 

of cyanide species with adsorbent surface thereby resulting in better adsorption.  
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Table 5b.15: Effect of temperature on cyanide removal using polymeric adsorbents 

 

Temperature 

(°C) 

Percent Removal Efficiency of Cyanide 

Cotton 
Cellulose Amberlite 

IRA 410 
Bakelite 

10 68.13 61.44 56.14 58.06 

20 69.83 44.02 70.23 59.74 

30 70.14 43.41 96.29 63.97 

40 74.46 94.39 97.80 68.56 

50 75.24 77.35 78.63 74.34 

60 57.81 75.08 77.56 72.98 

 

 

Figure 5b.15: Effect of temperature on cyanide removal using polymeric adsorbents 

 

Higher temperature was found to affect the adsorption process either by favoring the 

effective interaction or by evaporation of the solution. Evaporation may affect the 

concentration of the solution at higher temperature and was found to affect the cyanide 

adsorption study. Therefore, the effect of temperature was studied from 10 to 60 °C. In case 

of biological geological and polymeric adsorbents selected in this study relatively higher 

temperature was favored for cyanide removal that might be attributed to the fact that at higher 

temperature the increased kinetic energy of the ions allowed the surface interaction as well as 

the intrapartical diffusion which enhanced the adsorption of cyanide.  

 

Similar trends for adsorptive removal of anionic species have been reported in 

adsorption of chromate ions (Sreenivas et al., 2014, Rehman et al., 2014, Rehman et al., 

2012, Ucun et al., 2008,). 
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5b.2.6 Effect of Chemical Modification 

In addition to the use of raw adsorbents for cyanide removal various chemical 

modifications were also tested to enhance the adsorption capacity of the adsorbents. By 

studying this parameter, better treating agent for chemical modification of the adsorbent can 

be suggested that can give higher values of cyanide removal efficiency. Effect of chemical 

modification was studied by using biological and geological adsorbents. Commercially 

available samples of polymeric material used during study were already specific in their 

function as; Amberlite IRA 410 is anion exchange resin. So they were not modified using any 

chemical reagent.   

 

Effect of chemical modification was studied by using 50 mL of 10 ppm cyanide 

solution. 1.0 g of each treated adsorbent was added to the solution. Adsorption study was 

conducted at the previously optimized conditions of; time of contact, agitation speed pH and 

temperature. Acid treatment of the wheat straw and arjun nuts further enhanced the 

adsorption capacity of these adsorbents for removal of cyanide from solution.  

 

Results for the effect of chemical modification are tabulated in Table 5b.16 and are 

graphically represented in Fig.5b.16. Acid treatment, protonated the adsorbent surface 

thereby increasing the chances for the adsorption of the negative charge and enhanced the 

removal efficiency of cyanide (Yargic et al., 2015).  

 

Table 5b.16: Effect of chemical modification on cyanide adsorption using biological adsorbents 

Modifying 

reagent 

Percent Removal Efficiency of Cyanide 

Wheat 

straw 

Kikar 

leaves 

Bhindi 

stem 
Arjun nuts 

Beerri 

ptta 

capsule 

NaOH 41.76 42.73 41.08 66.71 66.06 

Na2CO3 30.15 48.01 40.81 68.09 56.01 

ZnCl2 44.58 34.20 89.39 51.70 63.09 

CaCl2 47.71 49.69 66.12 52.04 34.10 

HNO3 80.82 66.01 98.08 39.95 70.68 

HCl 88.24 70.77 91.44 36.33 63.59 

CH3OH 41.47 44.42 32.99 70.16 77.85 

C2H5OH 45.09 33.71 35.46 69.13 73.44 

 

Alkalis tend to remove the lignin material and hydrolyze the protein contents on the 

surface of biological adsorbents and open up the active sites as a result removal of cyanide is 

increased. Modification of beerri ptta capsule using methanol enhanced the adsorption 

capacity remarkably.  
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Alcohols are found to washout the coloring matter by dissolving the maximum phyto-

constituents from the biological material and open up the active sites that might be the major 

reason for the increased removal efficiency of cyanide in this case. Modification of wheat 

straw with acid increased its adsorption capacity thereby resulting in higher removal 

efficiency of cyanide. 

 

Results for the cyanide removal using chemically modified adsorbents are tabulated in 

Table 5b.17 and are graphically represented in Fig.5b.17. 

 

Figure 5b.16: Effect of chemical modification on cyanide adsorption 

[WS (wheat straw), KL (kikar leaves), BS (bhindi stem), AN (arjun nuts), BPC (beerri ptta capsule)] 

 

 

Table 5b.17: Effect of chemical modification on cyanide adsorption using geological adsorbents 

 

Modifying 

reagent 

Percent Removal Efficiency of 

cyanide 

Multani mitti Gachni 

NaOH 46.57 98.83 

Na2CO3 51.68 78.48 

ZnCl2 45.73 78.32 

CaCl2 35.30 77.48 

HNO3 49.87 60.89 

HCl 48.06 68.30 

CH3OH 60.20 83.15 

C2H5OH 58.22 87.59 
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Chemical treatment with other selected modifying reagents did not show any 

remarkable increase in the removal efficiency of cyanide in case of gachni and multani mitti. 

Only alkali treatment using sodium hydroxide positively enhanced the removal efficiency of 

gachni clay up to 98.83%. 

 

 

Figure 5b.17: Effect of chemical modification on cyanide adsorption using geological adsorbents 

 

In case of alkali modification of gachni clay, the increased positive charge is induced 

in the clay matrix in the form of sodium ions. It further facilitated the entrapment of cyanide 

ions thereby increased the adsorption. Similar trends have been reported for other uni-

negative species (Buic et al., 2009). 

 

5b.2.7 Effect of Desorbing Reagent 

 Regeneration of the adsorbent is very important as it affirms its reusability and 

ecofriendly nature. Adsorbents can be re-employed for the removal of toxic species after 

regeneration.  

Table 5b.18: Effect of desorbing reagent on cyanide adsorbed biological adsorbents 

Desorbing 

reagent 

Percent Desorption of Cyanide 

Wheat 

straw 

Kikar 

leaves 

Bhindi 

stem 

Arjun 

nuts 

Beerri 

ptta 

capsule 

NaOH 67.58 75.33 84.32 46.49 65.54 

Na2CO3 42.35 68.12 71.23 24.22 61.06 
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Desorption studies were carried out using 0.1 g of each adsorbent in 50 mL of the desorbing 

solution. The solution was agitated at 100 rpm for 30 minutes. For desorption of cyanide, 

sodium hydroxide (0.1M) and sodium carbonate (0.1M) solutions were used. Sodium 

hydroxide was found more effective in desorbing the cyanide from the adsorbents as 

compared to sodium carbonate. This might be due to the fact that as being stronger 

nucleophile hydroxyl ions effectively replaced the cyanide ions on adsorbent surface as 

compared to carbonate ions. Results for desorption are tabulated in Table 5b.18 and are 

graphically represented in Fig.5b.18. 

 

 

Figure 5b.18: Effect of desorbing reagent on cyanide adsorbed biological adsorbents 
 

Results for the desorption studies of cyanide using geological adsorbents are tabulated 

in Table 5b.19 and are graphically represented in Fig.5b.19. 

Table 5b.19: Effect of desorbing reagent on cyanide adsorbed geological adsorbents 

Desorbing reagent 

Percent desorption of 

Cyanide 

Multani 

mitti 
Gachni 

NaOH 45.36 64.79 

Na2CO3 41.39 47.52 
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Figure 5b.19: Effect of desorbing reagent on geological adsorbents 

 

Results for the desorption of cyanide using sodium hydroxide and sodium carbonate 

from polymeric adsorbent are tabulated in Table 5b.20 and are graphically represented in Fig. 

5b.20. 

 

Table 5b.20: Effect of desorbing reagent on polymeric adsorbents 

Desorbing 

reagent 

Percent Desorption of Cyanide 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

NaOH 77.37 74.69 56.31 42.16 

Na2CO3 62.19 58.12 

 

32.10 31.69 

 

 

Figure 5b.20: Effect of desorbing reagent on polymeric adsorbents 
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5b.3  Isothermal Modeling of Cyanide Adsorption 

Isothermal studies were conducted at the optimized conditions of time of contact, 

agitation speed, adsorbent dose and pH. Cyanide solutions in the range of 2 to 14 ppm were 

used for this purpose. Three isothermal models; Langmuir, Freundlich and Temkin were 

employed for isothermal modeling to explore the adsorption mechanism. Parameters for 

‘Langmuir adsorption isotherms’ are given in Table 5b.21.  

 

Table 5b.21: Langmuir adsorption parameters for cyanide adsorption study 

 

Adsorbent 

Langmuir isotherm 

parameters 
RL 

R2 
Qmax 
(mg/g) 

b 

(L/g) 

Wheat straw 0.883 1.535 0.037 0.729 

Kikar leaves 0.871 2.219 0.419 0.192 

Bhindi stem 0.954 1.216 0.146 0.406 

Arjun nuts 0.977 63.90 0.004 0.961 

Beerri ptta capsule 0.977 1.544 0.129 0.436 

Multani mitti 0.992 1.675 0.037 0.729 

Gachni 0.968 7.991 0.138 0.420 

Cotton 0.923 0.616 0.299 0.250 

Cellulose 0.888 0.461 1.754 0.053 

Amberlite IRA 410 0.993 5.882 0.392 0.203 

Bakelite 0.940 1.396 2.668 0.036 

 

Values of regression coefficient (R2) were found to approach unity for all the 

adsorbents except wheat straw, kikar leaves and cellulose which revealed that Langmuir 

adsorption isotherm holds good to explain the adsorption of cyanide. It can also be clearly 

suggested from the data that there are fixed number of adsorption sites uniformly distributed 

on adsorbent surface and cyanide ions have equal affinity towards adsorption sites with no 

lateral interaction between the cyanide ions. Moreover, the Qmax value is also indicative of the 

fact that among the biological adsorbents arjun nuts showed greater tendency for cyanide 

adsorption. Whereas, in case of geological adsorbents; gachni clay showed greater affinity 

towards cyanide ions. In case of polymeric adsorbents; amberlite IRA 410 showed 

comparatively good adsorption capacity for cyanide. 

Langmuir parameter ‘b’ was used to determine the value of dimensionless constant 

RL. It is depicted in Table 5b.21 that for all the adsorbents, the value of this dimensionless 

constant is below 1. This suggests that adsorption of cyanide by the adsorbents selected for 

study is favorable process and these adsorbents can be used for large scale removal of 

cyanide from waste water. 
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Table 5b.22: Freundlich adsorption parameters for cyanide adsorption study 

Adsorbent 
Freundlich Isotherm Parameters 

R2 n 
Kf 

(L/g)1-n 

Wheat straw 0.866 1.440 0.070 

Kikar leaves 0.815 1.152 0.737 

Bhindi stem 0.931 1.030 0.137 

Arjun nuts 0.968 1.156 0.317 

Beerri ptta capsule 0.955 1.143 0.163 

Multani mitti 0.980 1.084 0.061 

Gachni 0.956 1.001 1.089 

Cotton 0.921 1.459 0.134 

Cellulose 0.879 1.633 0.266 

Amberlite IRA 410 0.989 1.360 1.551 

Bakelite 0.847 3.473 0.087 

 

Heterogeneous surface of adsorbent that favors multilayer adsorption of cyanide was 

explored by applying the Freundlich adsorption isotherm. This multilayer adsorption can be 

further explained by the lateral interaction among the cyanide ions. Table 5b.22 revealed that 

non linearity of the system increased with the increased value of ‘n’ that is associated with 

the increased heterogeneity of the adsorbent surface. Value of ‘n’ from 2-10 indicated the 

better adsorption whereas from 1-2 predicted the good adsorption. Higher values of Kf 

indicated the effective bonding of cyanide ions on the adsorbent surface. As it is clear from 

Table 5b.22 that relatively higher values of Kf were shown by; arjun nuts, kikar leaves, 

gachni clay and amberlite IRA 410. It means that cyanide ions penetrated well in the 

heterogeneous adsorbent surface and was effectively removed by these adsorbents.  

 

Table 5b.23: Temkin adsorption parameters for cyanide adsorption study 

Adsorbent 

Temkin Isotherm Parameters 

R2 
BT 

(KJ/mol) 
KT 

(L/mg) 

Wheat straw 0.8629 24.350 1.931 

Kikar leaves 0.771 7.080 9.759 

Bhindi stem 0.8194 8.022 1.532 

Arjun nuts 0.9446 3.609 1.397 

Beerri ptta capsule 0.8572 6.732 1.368 

Multani mitti 0.9625 23.516 4.981 

Gachni 0.8588 3.443 4.981 

Cotton 0.8830 13.633 2.097 

Cellulose 0.7550 14.006 6.617 

Amberlite IRA 410 0.9787 10.034 6.262 

Bakelite 0.7964 8.994 35.216 

 

Equal distribution of binding energies on the adsorbent surface can be explained by 

Temkin isotherm model. Temkin parameters are shown in Table 5b.23. Value of ‘BT’ below 8 

revealed the weak interaction that can be interpreted as physiosorption. Such interactions 

were observed with biological adsorbents like, arjun nuts. Bhindi stem and wheat straw 



223 
 

showed values of ‘BT’ higher than 8, which indicates the ion exchange and chemisorption 

type of interaction among these adsorbents and cyanide ion. Gachni clay showed the ‘BT’ 

values below 8 which predicted weak interactions. Lower BT values are indicative of the fact 

that adsorbents can be easily regenerated after desorption. 

 

 

Figure 5b.21: Comparison of the adsorption capacity of the adsorbents used in present study (*) with the previously 

used adsorbents 

 

In case of polymeric adsorbents, higher values of ‘BT’ revealed that interaction among 

the adsorbent surface and cyanide ion was higher than biological and geological adsorbents. 

This is indicative of the fact that polymeric adsorbents are more specific for the removal of 

anions. Value of ‘BT’ from 8 to 16 depicted ion exchange nature of adsorption process. In 

case of Amberlite IRA 410, cotton and cellulose, the value of ‘BT’ showed that ion exchange 

phenomenon holds more than other interactions in adsorption of cyanide on these adsorbents. 

Higher KT values are indicative of the fact that stronger interactions are present between the 

adsorbent surface and cyanide ions particularly for kikar leaves, multani mitti, gachni clay 

and bakelite as shown in Table 5b.23.  

 

Comparison of the adsorption capacity (mg/g) of the previously used adsorbents and 

the adsorbents used in present study (*) as shown in Fig 5b.21 revealed that selected 
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adsorbents of biological (arjun nuts) geological (gachni clay) and polymeric (cellulose and 

amberlite IRA 410) can be used in batch mode for cyanide removal from water. 

 

5b.4 Kinetics Study for the Cyanide Adsorption 

Kinetics study showed the removal of cyanide as a function of time. The obtained 

data is tabulated in Table 5b.24. This study was conducted by using the 50 mL of 10 ppm 

solution of cyanide and varying the time from 5 to 70 minutes at optimum conditions of 

agitation speed, pH adsorbent dose and temperature. The dependence of experimental data on 

time was investigated by applying pseudo first and pseudo second order kinetics models.  

 
Table 5b.24: Kinetic Study for adsorption of cyanide ions 

Adsorbent 

Pseudo First Order Kinetics 

Parameters 

Pseudo Second Order Kinetics 

Parameters Qexp 
(mg/g) 

R2 
K1 

(min-1) 
Qt 

(mg/g) 
R2 

K2 
(g/mg/min) 

Qt 
(mg/g) 

Wheat straw 0.510 0.0209 2.2896 0.9650 0.4207 0.909 0.96 

Kikar leaves 0.9282 0.0087 1.5120 0.9998 0.9206 0.865 0.90 

Bhindi stem 0.9530 0.0184 1.8460 0.9959 0.3187 0.993 0.93 

Arjun nuts 0.8415 0.0648 13.98 0.9902 0.0908 4.279 4.26 

Beerri ptta capsule 0.9652 0.0505 0.7943 0.9957 0.1792 2.95 3.72 

Multani mitti 0.5226 0.0282 1.4855 0.9978 0.1999 3.874 4.63 

Gachni 0.8583 0.0370 1.0640 0.9998 0.2842 4.123 4.74 

Cotton 0.9514 0.449 23.37 0.9957 0.1358 2.822 3.39 

Cellulose 0.9148 0.109 27.57 0.9974 0.0383 3.593 2.96 

Amberlite IRA 410 0.8670 0.1022 93.06 0.9639 0.0366 4.988 4.85 

Bakelite 0.3772 0.0119 2.510 0.9958 0.7334 3.959 4.17 

 

When maximum cyanide ions were adsorbed, the adsorbent became saturated thereby 

revealed the adsorption capacity of each adsorbent for cyanide removal. Theoretical and 

experimental adsorption capacities are presented as Qt and Qexp in the Table 5b.25. Better 

applicability of the kinetic model was checked by using equations 1.6 and 1.7 (chapter 1) for 

pseudo first and pseudo second order kinetics model respectively. Comparison of the 

regression coefficient (R2) values showed that pseudo second order model is more in 

accordance with the data.  

 

In all the cases, the R2 values for pseudo second order kinetics model approached 

unity. Theoretical and experimental adsorption capacity values were not in agreement with 

each other for pseudo first order kinetics model. Whereas in the case of pseudo second order 

kinetics model, theoretical and experimental adsorption capacity for cyanide ions were in 

accordance with each other which favoured the better applicability of this model. Higher 
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values of pseudo second order rate constant revealed the possibility of chemisorption and 

multilayer adsorption of cyanide ions on the surface of wheat straw, kikar leaves, gachni clay 

and bakelite. 

 

5b.5 Thermodynamic Study for Cyanide Adsorption 

Thermodynamics study for the adsorption process of cyanide ions was conducted by 

using 50 mL of 10 ppm cyanide solution at optimized conditions of time of contact, agitation 

speed, pH and adsorbent dose. Temperature was varied from 10 ºC to 60 ºC in shaking 

incubator. Thermodynamic parameters like; ΔGº, ΔHº and ΔSº were calculated by using 

equations 1.9 and 1.10 (chapter 1) and are tabulated in Table 5b.25. 

 

Table 5b.25: Thermodynamical parameters for adsorption of Cyanide ions 

 

Adsorbent 

Thermodynamics parameters 

R2 
ΔG° 

(KJ/mol) 
ΔH° 

(KJ/mol) 
ΔS° 

(KJ/mol) 

Wheat straw 0.995 -0.636 0.076 -0.140 

Kikar leaves 0.975 -3.100 -1.733 -0.362 

Bhindi stem 0.940 -0.247 -1.023 0.169 

Arjun nuts 0.961 -0.617 -1.09 0.174 

Beerri ptta capsule 0.969 -0.656 -1.462 0.244 

Multani mitti 0.884 -2.368 4.448 -0.581 

Gachni 0.874 -2.470 3.918 -0.453 

Cotton 0.956 -2.978 0.131 -0.573 

Cellulose 0.966 -0.419 1.300 -0.184 

Amberlite IRA 410 0.922 -9.874 -3.784 -1.293 

Bakelite 0.978 -3.98 -6.512 0.601 

 

Negative values of ΔGº indicated the spontaneous nature and thermodynamic 

feasibility of adsorption of cyanide ions using all the adsorbents. Increased negative value of 

ΔGº with temperature indicated the increased cyanide ion removal at high temperature. 

Negative values of ΔHº revealed the exothermic nature of cyanide adsorption process, 

whereas, the positive ΔH° revealed the endothermic nature of cyanide adsorption process  For 

significant adsorption of cyanide ions, the negative values of ΔGº must be accompanied with 

the negative values of ΔHº. Wheat straw, multani mitti, gachni, cotton and cellulose showed 

endothermic nature of cyanide adsorption process. 

 

Positive values of ΔSº showed that when cyanide ions interaction with the adsorbent 

surface imparted randomness to the system. Positive entropy values were shown by bhindi 

stem, arjun nuts and beerri ptta capsule. Negative values of ΔS° revealed that the probability 

of favorable adsorption with no structural changes at liquid-solid interface.  
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5b.6 Application of the Present Study to Industrial Effluents 

Industrial samples for the removal of cyanide were collected from electroplating units 

in vicinity of Lahore (Pakistan). After necessary treatment, the sample was subjected to the 

adsorption study. All the optimized parameter for each adsorbent (as tabulated below in Table 

5b.26) was applied to check the suitability of the adsorbent for cyanide removal on large 

scale. It was observed that percent removal efficiency of each adsorbent was comparatively 

reduced due to the presence of interfering ions in the solution.  

 

Table 5b.26: Results of the optimized conditions for cyanide removal applied to Industrial sample 

 

Adsorbents 

Parameters optimized during Cyanide adsorption and applicability to industrial samples 

Time of 

contact 

(minutes) 

Agitation 

speed 

(rpm) 

Adsorbent 

dose 

(g) 

pH 
Temperature 

(ºC) 

Percent removal efficiency for 

industrial sample 

(%) 

Wheat straw 30 200 1.0 9 50 35.79 35.66 35.60 34.98 34.95 

Kikar leaves 45 250 0.8 7 40 40.17 40.06 40.01 39.88 39.86 

Bhindi stem 30 50 0.6 9 50 44.68 44.65 44.60 44.55 44.53 

Arjun nuts 15 250 0.2 9 30 55.17 55.09 55.02 54.86 54.82 

Beerri ptta capsule 10 150 0.4 6 30 30.18 30.06 30.01 29.97 29.96 

Multani mitti 10 100 1.8 9 40 37.22 37.20 37.15 37.14 37.12 

Gachni 10 50 0.4 9 40 68.34 68.32 68.30 68.21 68.10 

Cotton 40 250 0.6 8 50 50.89 50.84 50.77 50.65 50.64 

Cellulose 40 100 0.8 6 50 52.64 52.54 52.35 52.26 52.24 

Amberlite IRA 410 35 200 0.4 6 40 53.61 53.58 53.54 53.41 53.27 

Bakelite 30 250 0.2 6 40 38.61 37.46 37.12 38.56 37.96 

 

These ions affect the adsorption of cyanide by competing for the active sites and 

covering the adsorbent surface thereby causing reduction in percent removal of cyanide from 

industrial waste. It was found that arjun nuts, gachni clay, cotton, cellulose and amberlite 

IRA 410 effectively removed the cyanide from the industrial effluents.  These adsorbents can 

be employed alone or in combination for the removal of cyanide species from industrial 

waste water.  

 

5b.7 Conclusion 

Present work deals with the adsorptive removal of cyanide from the water. 

Applicability of adsorbents belonging to different groups was checked for their adsorption 

capacity to remove cyanide. Among the biological adsorbents arjun nuts showed good 

adsorption capacity for the removal of cyanide from aqueous medium. Whereas in case of 

geological and polymeric adsorbents; gachni clay, cellulose and amberlite IRA 410 showed 
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good response for removal of cyanide, it can also be concluded from the Qmax values of these 

adsorbents.  

 

Optimization of various operational parameters was carried out and applied for the 

study of the detailed mechanism of cyanide adsorption. It was found that cyanide adsorption 

followed Langmuir monolayer adsorption pattern with the rate dependence on pseudo second 

order kinetics model. Thermodynamical study revealed that adsorption was spontaneous and 

exothermic in nature with positive entropy value which revealed that favorable adsorption of 

cyanide occurred on adsorbents surface with increased randomness of the system. All the 

selected adsorbents were chemically modified using different reagents and it was found that 

chemical modification using sodium hydroxide, methanol, ethanol and hydrochloric acid 

increased the adsorption capacity of some adsorbents. Treatment of wheat straw with 

hydrochloric acid remarkably increased the adsorption capacity than the raw wheat straw. 
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Chapter - 6 

Arsenate 

6.1 Introduction  

Arsenic belongs to group-V elements in periodic table, together with nitrogen (N), 

phosphorus (P), antimony (Sb) and bismuth (Bi). The electronic configuration of arsenic is 

[Ar] 3d104s24p3. Arsenic has a transitional chemical nature between that of metals and 

nonmetals for that reason it is classified as a metalloid. Arsenic is a natural element which is 

widely distributed in the earth’s crust. It is present with average level of 1.8 mg/kg in the 

earth’s crust and the 51st most plentiful element on earth (Ngai, 2002). Arsenic exists in 

oxidation states of –3, 0, +3, and +5, but in groundwater it is frequently found in inorganic 

form as oxoanions with As(+3) and As(+5) (Basu et al., 2014; Chiban et al., 2012). 

Arsenate (AsO3
−4) is a conjugate base of arsenic acid. In arsenate, the arsenic atom has 

a oxidation state (V) and it is also known as pentavalent arsenic. As far as the bio-

geochemistry of arsenic is concerned, arsenate is the key arsenic form and exists as HAsO4
2– 

and H2AsO4
 – in oxidized environment, while arsenite occurs predominantly as H2AsO3

– and 

H3AsO3
0 in reduced environments. Due to relative slow redox transformations, both arsenate 

and arsenite are frequently found in either redox environment. 

Under reducing anaerobic conditions, As (III) species are dominant and thermodynamically 

stable while the As (V) species are predominant and stable in the oxygen rich aerobic 

conditions (Zaspalis et al., 2007; Shih, 2005; Mandal & Suzuki, 2002). 

There are various sources from which arsenic is released into the environment; these are 

either natural or anthropogenic sources. The prevailing natural sources are weathering of 

arsenical rocks i.e. lollingite, orpiment, realgar, arsenopyrite and various volcanic activities. 

Besides natural sources, there are various anthropogenic sources such as the use of arsenical 

pesticides in the fields, waste incineration, landfill leaching, mine tailing and development of 

numerous arsenic compounds that also have prevalent applications, i.e., swine and poultry 

waste (Zongliang et al., 2012). Other anthropogenic sources comprise the ore processing, ore 

roasting and melting in nonferrous smelters, galvanizing processes, treatment of metal 

admixture in bronze, melting of metal in iron works, production of copper and lead alloy, 

production of battery plate, ammunition factories, burning of coal and oil in power plants, 

https://en.wikipedia.org/wiki/Oxygen
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arsenical insecticides, defoliants,  algaecides, debarking trees, feed additives; soil sterilants, 

ship and cattle dips, compost and dung surplus, wood preservatives and pharmaceutical 

substances. Other industrial sources are the ceramics and glassware production, production of 

optoelectronic devices, light-emitting diodes, solar cells, colors and dyes, drying agents for 

cotton, pyrotechnics, decoloring agents solvent and oil recycling, antifouling agents and 

catalysts (Garelick et al., 2008). 

Arsenic is abundant in the environment and it can enter into body through ingestion, 

inhalation and by skin absorption. Once absorbed, this poisonous element can dispense to 

different parts of the human body and accumulate in nails and hair, and initiate arseniasis 

(chronic arsenic poisoning) (Guijian et al., 2007). The maximum permissible concentration of 

arsenic in drinking water was 50 ppb (parts per billion), but in 1993 it was dropped to 10 ppb 

by the WHO (World Health Organization). A latest study established that over 137 million 

people in more than 70 countries are perhaps affected by arsenic polluted drinking water 

(Hassan & Davies-McConchie, 2012). Arsenic is considered as a slow poison which 

rigorously affects the living organisms and human health. In Pakistan various districts of 

south western Punjab and central Punjab contain arsenic upto the level of 906 µg/L that is far 

above the permissible limit (Nickson et al., 2005). 

Depending on local accessibility, the drinking waters usually originate from groundwater or 

surface water, which have varying arsenic contents, although the maximum concentrations 

are frequently found in groundwater. The arsenic contamination of water and soil is 

representing an unlimited threat to human health due to its greater potential to enter into the 

food chain. Moreover, arsenic poisoning also primes to death, which is resultant from 

multisystem organ failure by allosteric inhibition of sulfhydryl having important metabolic 

enzymes. It also restricts some phosphorous involving biochemical processes due to the 

resemblance in their chemical properties (Chien et al., 2012).  

Arsenic accumulates in human body and can attain very noxious levels. Arsenic is very 

hazardous as it can be a source of liver, lung, skin, kidney and bladder cancers. Long-term 

intake of even small levels of arsenic could be risky. Long term drinking of arsenic 

containing water results in pigmentation changes (hyper pigmentation), neurological 

disorders, skin thickening (hyperkeratosis), muscular weakness, nausea, loss of appetite,  

conjunctivitis, gangrene of the limbs, cardiovascular diseases, hearing and vision impairment, 

melanosis, keratosis and edema (swelling) (Mohan et al., 2007; Chien et al., 2012; Eisler, 
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2004). The disease of Blackfoot that prevails in Taiwan is a widespread (endemic) disease 

caused by arsenic intoxication (Chien et al., 2012). Dermal exposure and inhalation are 

considered as the minor substitute pathways of arsenic entry. 

Arsenic is considered as a protoplastic toxin due to its influence on sulphydryl group of cells, 

which disturb cell respiration, cells enzymes and mitosis (Saha et al., 1999). The form of 

arsenic species, amount of exposure, bioavailability, methylation capacity, duration of 

exposure, nutritional status, genetic conditions, selenium intake, occurrence of co-

carcinogenic factors like cigarette smoking and exposure to sunlight can influence the arsenic 

toxicity (Chammui et al., 2014; Chakraborti et al., 2004; Chakraborty  et al., 2002). 

6.2 Previous Work 

Patil-Shinde et al. (2016) have synthesized the tannin-anilineformaldehyde and tannin 

formaldehyde resins for adsorption of arsenate As (V) and arsenite As (III) from the 

contaminated water. A hybrid strategy, based on computational intelligence, was utilized to 

model and optimize the resin based adsorption of As(V) and As(III) ions, as well as to obtain 

optimal reaction conditions. For this purpose, Genetic programming and Genetic algorithm 

modeling strategies were considered. The condition parameters were optimized to boost up 

the adsorption of As(V) and As(III) ions on the two resins. Later, the sets of optimal reaction 

conditions were investigated, by employing optimum conditions adsorption of As (V) and As 

(III) was significantly enhanced on both resins. Similar modeling strategy was then used for 

the removal of other metallic contaminates. 

 

Aranda et al. (2016) have developed modified multi-walled carbon nanotubes, using a 

tertiary amine, to determine trace quantities of As(V) in water samples. Adsorption of As(V) 

on modified multi-walled carbon nanotubes was studied by batch mode experiments and later 

by X-Ray Fluorescence spectrometry, the amount of As(V) was directly determined on the 

adsorbent. 

Fox et al. (2016) have investigated a flocculation coagulation system using a 

combination of ferric salt and cactus mucilage to remove arsenic from water. Ferric nitrate, 

As (V) solutions and mucilage suspensions were mixed and left to stand for a periods of time. 

The flocculation action was confirmed by Scanning Electron Microscope and visual 

observations, as observable flocs were settled down to the bottom of the tubes. It was 

demonstrated that at neutral pH, arsenic removal was rely on the concentration of mucilage 
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and Fe (III), and the time of life of Fe (III) solution. It was revealed that this process was 

quick and maximum removal of arsenic was achieved in short period of time. 

 

Li et al. (2016) have investigated the influence of host pore structure on As(V) 

adsorption. It was studied by fabricating three composite adsorbents with a confined growth 

of hydrous ferric oxide nanoparticles, within cross-linked anion exchangers that had different 

distributions of pore size. It was observed by transmission electron microscopy (TEM) that 

the mean diameter of the confined hydrous ferric oxide nanoparticles were reduced with the 

reduction in average pore size of the cross-linked anion exchangers hosts. While, there was 

an increase in the density of active surface sites due to a size dependent effect, verified by 

potentiometric titration. Increase in the adsorption of As (V) was attained over a wide pH 

range from 3 to 10, as well as in the presence of competing anions including SO4
2-, Cl-, NO3

-, 

HCO3
- and PO4

3-. A promising strategy was demonstrated in this study to control the 

reactivity of the nanoparticles through the size confinement effect of the host pore structure. 

 

Gogoi et al. (2016) have used simplified ionic gelation method in the preparation of 

Montmorillonite clay incorporated chitosan nanocomposite. The structural properties of 

prepared materials were investigated by different characterization techniques. An increase in 

arsenate sorption rate was observed by incorporating of clay into chitosan, followed by 

crosslinking with glutaraldehyde and an improved stability was seen on cyclic run compared 

to glutaraldehyde crosslinked chitosan. The equilibrium data was interpreted by different 

isotherm models and kinetic studies were also conducted. 

 

Nicomel et al. (2016) have reviewed the available technologies used for the 

remediation of arsenic species from water. It was studied that different applied techniques 

like oxidation, membrane filtration, coagulation and flocculation techniques were used to 

remove arsenic species. It was described that the use of various nanoparticles for the 

remediation of contaminated water was also in progress and favorable future research on new 

porous materials was also suggested. 

 

Attinti et al. (2015) have synthesized goethite coated silica nanocomposites material 

for the removal of arsenic As (V) from aqueous solutions. The functional groups, size of 

particle, surface morphology and surface charge of the nanocomposite were characterized by 

Fourier transform infrared spectrometry, scanning electron microscopy (SEM) and a Zeta-
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sizer respectively. Batch adsorption experiments were carried out on the As (V) adsorption as 

a function of contact time, pH, ionic strength and initial concentration. It was observed that at 

pH 3, maximum adsorption occurred and the adsorption capacity was not significantly 

changed with increasing ionic strength. The equilibrium data was interpreted by considering 

different isotherm and kinetic models. It was determined that even at low initial 

concentration, the nanocomposite adsorbent revealed significant removal efficiency for 

arsenic from aqueous solutions. 

 

Xu et al. (2015) have examined ferric based drinking water treatment solids for the 

remediation of arsenate from reverse osmosis concentrate by continuous flow once through 

column experiments. The adsorption of arsenate was examined under different operating 

conditions including: arsenate concentration, pH, loading rate, hydraulic retention time, 

moisture content and temperature of the drinking water treatment solids. It was assessed that 

arsenate removal by the drinking water treatment solids was primarily affected by 

electrostatic interactions, surface complexation and arsenate speciation. The results showed 

that adsorption of arsenate was highly dependent on initial concentration and initial pH and it 

was observed that acidic conditions enhanced the adsorption of arsenate. It was revealed by 

the tests that the potential hazards associated with the use of drinking water treatment solids 

include the leaching of ammonia and organic contaminants, which can be lessened by using 

wet drinking water treatment solids or disposing the initially treated effluent that holds high 

organic concentration. 

 

Babaeivelni (2014) has studied the removal of arsenic from water using different 

manganese oxides (MnO, Mn2O3, Mn3O4 and MnO2) with varying oxidation states. Two 

more effective manganese oxides (Mn2O3, Mn3O4) were focused to study arsenic adsorption 

ability, where the influence of different parameters such as pH, coexisting ions and contact 

time on the removal efficiency was studied. The use of Mn2O3 for elimination of arsenic from 

ash leachates, containing arsenic, was studied. Later, two new manganese oxide coated sands 

were developed in which the adsorption capacity of manganese oxides for elimination of 

arsenic from aqueous solution was complemented by coating the manganese oxides on a low-

cost matrix like sand. The developed sorbents were used in the continuous and batch flow 

modes to eliminate arsenic from water. 
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Verma et al. (2014) have reviewed the current status of research in the field of arsenic 

removal from polluted water and evaluated all available technologies with more emphasis on 

adsorption. It was described that arsenic is a commonly occurring noxious metal in natural 

systems that has affected numerous human beings due to its carcinogen properties in water. It 

was overviewed that a great research, over recent years, has been done to reduce the 

concentration level of arsenic in drinking water, but still there is a demanding need to 

exploree low cost viable techniques. 

 

Clancy et al. (2013) have reviewed and summarized the existing disposal routes for 

arsenic-bearing wastes, which include; stabilization, landfilling, passive aeration, cow dung 

mixing, soil disposal and pond disposal. It was described that different water treatment 

technologies for the removal of arsenic from groundwater have been broadly studied because 

of extensive arsenic contamination of drinking water sources. 

 

Couture et al. (2013) have studied the time dependent sorption of two sulfur 

substituted or thiolated arsenate species (mono- and tetrathioarsenate) by batch experiments 

and linked it to the sorption of arsenate and arsenite in suspensions having goethite, 2-line 

ferrihydrite, mackinawite, or pyrite. Arsenate, arsenite and two thiolated arsenic species were 

strongly adsorbed on ferrihydrite. X-ray absorption spectroscopy (XAS) spectra of adsorbed 

complexes implied that monothioarsenate binds to Iron oxides as a monodentate, inner-sphere 

complex. A substitution of surface sulfur atoms by arsenic and the formation of As-Fe bonds 

were also observed in adsorption of the thiolated arsenic species to the iron sulfide minerals. 

 

Ramírez et al. (2013) have used phosporous and tungsten-Aluminum functionalized 

zeolites, obtained from Mexican fly ash, for the adsorption of As (V) for the treatment of 

drinking water. The effects of pH, dose, ion coexistence, concentration of arsenic and 

temperature effect on As (V) uptake was evaluated. The influence of carbonate concentration 

on As (V) uptake was also evaluated. Kinetic and thermodynamics parameters were 

evaluated to interpret the obtained experimental equilibrium data. The adsorption process was 

spontaneous and endothermic. The stability and regenerability of functionalized zeolites was 

also studied. It was observed that the adsorption capacity of the regenerated functionalized 

zeolite was similar to the original zeolite and due to the high chemical stability. Phosphorous-

tungsten functionalized zeolite was observed as a potential low cost adsorbent for the 

removal of As (V) from aqueous effluents. 
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Shukla et al. (2013) have synthesized a chemically modified artificial zeolite from 

coal fly ash and assessed its adsorption behavior for the remediation of arsenate. The 

synthesized artificial zeolite from coal fly ash was then treated with the solution of iron 

nitrate. After the adsorption experiment the obtained equilibrium data, interpreted by 

isotherm models, showed that the iron modified artificial zeolite relatively has high arsenate 

adsorption capacity. 

 

Roy et al. (2013) have performed column and batch experiments using thioglycolated 

sugarcane carbon, a low cost adsorbent, for the remediation of As (V) and As (III) from 

aqueous systems. An increase in removal efficiency was observed in column experiments, 

when adsorbent dose and influent arsenic concentration increased, while a decrease in 

removal efficiency was observed with increase in flow rate. The Thomas model was utilized 

to study the column experimental data. Study of Fourier transform infrared spectroscopy and 

scanning electron microscopy revealed that high arsenic adsorption favored surface 

complexation on the surface of adsorbent. 

 

Mertens et al. (2012) have studied the removal efficiencies and kinetics of arsenate 

and arsenite from water using polyaluminum granulates, with aluminum nanoclusters in high 

content. Polyaluminum granulates were characterized to be macro- and mesoporous, having a 

specific surface area. Adsorption experiments were conducted with different compositions of 

arsenic contaminated groundwater in the Pannonian Basin. Various isotherm models were 

considered to interpret the obtained equilibrium data of As (III) and As (V) adsorption and 

maximum As(V) adsorption was observed in synthetic water. Electron and micro X-ray 

fluorescence microscopic study was also conducted to reveal the distribution of adsorbates 

into Polyaluminum granulates. 

 

Hassan and Davies-McConchie (2012) have prepared different types of filters using 

Bauxsol, which was immobilized onto wool to remove heavy metals and arsenic from water. 

The exhaustion technique was found the best to immobilize Bauxsol onto wool. Two kinds of 

Bauxsol, acid-neutralized and unneutralized have been investigated, and the removal 

efficiency of arsenic species by acid-neutralized Bauxsol was found significantly higher than 

that of un-neutralized Bauxsol. As far asthe other heavy metals are concerned, lead and 

copper were removed effectively by this developed filter system. A significant effect on the 

removal efficiency was observed by the increasing the contact time. It was revealed by this 
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study that the developed filtration system could be utilized for the removal of lead, arsenic, 

zinc and copper from potable water. 

 

Chien et al. (2012) have investigated the adsorption characteristics of aqueous 

arsenate arsenite As(III) and As(V) in pinchen, baiho and chunliao (Taiwan soils). It was 

shown by conducting batch adsorption experiments that increasing amounts of iron, 

aluminum and manganese oxides resulted in increased adsorptive capability of the soils. The 

adsorption of As (V) was higher in the tested soils than that of As (III). The kinetics studies 

of the adsorption of As (V) and As (III) was also conducted in this work. It was supposed that 

this fundamental study would be useful for further use in the treatment of arsenic polluted 

Taiwan soils. 

 

Zongliang et al. (2012) have prepared a novel cerium loaded cation exchange resin for 

the remediation of arsenic. A series of batch adsorption experiments were performed using 

different conditions such as temperature, time, coexisting ions and pH, to assess the 

adsorption characteristics of cerium loaded resin in the remediation of As (V) and As (III) 

from aqueous solutions. The obtained experimental equilibrium data was interpreted using 

different kinetic and isotherm models. The adsorption of As (V) and As (III) was found to be 

pH sensitive, except, in the occurrence of coexisting ions such as phosphate, chlorate, nitrate, 

sulfate and carbonate, exhibited no notable effect on As (V) and As (III) adsorption. The 

desorption and regeneration study in this work indicated that the adsorption capacity of 

cerium loaded resin for As (V) and As(III) could be remarkably restored using strong base 

like solution of  sodium hydroxide. 

 

Mendoza-Barrón et al. (2011) have prepared a surfactant modified zeolite for the 

adsorption of As (V) from the water solution by batch adsorption experiments. A cationic 

surfactant, named as hexadecyltrimethylammonium bromide, was adsorbed on a 

clinoptilolite, which improved the superficial properties of the clinoptilolite and improved the 

anionic capacity of surfactant modified zeolite. The equilibrium data obtained was interpreted 

by using different isotherm models. It was observed that the As (V) adsorption capacity of the 

surfactant modified zeolite was greater than that of the clinoptilolite due to the interactions 

between the As (V) anions in water solution and anionic sites of surfactant modified zeolite. 

Different kinetic and thermodynamic parameters were employed to explain the nature of 
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adsorption and it was perceived that As (V) was chemisorbed on the surfactant modified 

zeolite and the adsorption process was exothermic in nature. 

 

Das (2010) has investigated the capacity of modified silica gel for arsenate removal 

from synthetic arsenate solution. By a standard procedure the silica gel was modified, later it 

was characterized by using different analytical techniques such as FTIR, SEM, XRD and 

chemical analysis. To know the practical applicability, a detailed removal study of arsenate 

ion was undertaken. It was observed that percentage removal increased with an increase in 

pH up to 5 and after this range percentage removal was decreased. 

 

Martinson et al. (2009) have synthesized cupric oxide nanoparticles and assessed 

them as an adsorbent in the remediation of As (V) and As (III) from groundwater. It was 

observed that the presence of impurities like silicate and sulfate in water did not inhibit As 

(V) adsorption, but only slightly lowered As (III) adsorption. It was observed that elevated 

phosphate concentrations reduced the arsenic adsorption onto cupric oxide nanoparticles. X-

Ray photoelectron spectroscopy (XPS) showed that As (III) was oxidized and adsorbed on 

the surface of cupric oxide in the form of As (V). These results proposed that cupric oxide 

nanoparticles were an operational material for arsenic adsorption and might be used to 

develop an efficient and simple method of arsenic removal. 

Choong et al. (2007) have reviewed that arsenic adulteration in water, particularly in 

groundwater, has been accepted as a main problem of catastrophic proportions. The 

increasing importance of arsenic removal technologies was demonstrated due to the 

recognition that arsenic causes severe health effects even at low concentrations in drinking 

water. The toxicology and hazards of arsenic were briefly evaluated and the current and 

previously available technologies that have been described in arsenic removal were also 

reviewed. 

 

Guo et al. (2007) have performed column and batch tests and utilized natural siderite 

for As (V) and As (III) removal from water. Different instrumental techniques like scanning 

electron microscopy (SEM) and transmission electron microscopy (TEM) were employed to 

evaluate the retention capacity of arsenic on natural siderite.  The results of toxicity 

characteristic leaching procedure (TCLP) suggested that the used adsorbent was inert in 

nature and could be landfilled for the remedy of arsenic species. 
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Mohan et al. (2007) have comprehensively reviewed the removal of arsenic by 

different traditional technologies i.e. precipitation, oxidation, membrane separation, 

coagulation etc. The sorption capacities of sorbents used for remediation of arsenic together 

with the traditional remediation methods were compared. Various method that are in practice 

for the purification of drinking water; industrial effluents, wastewater and technological 

solutions for arsenic were mentioned. The adsorption of arsenic by low-cost adsorbents and 

commercially available carbons were critically reviewed and their adsorption efficiencies 

were compared. The adsorption behavior of arsenic in the presence of different impurities and 

some commercially available adsorbents were also plotted. The adsorption behavior of some 

low-cost adsorbents and commercial adsorbents was also checked. The regeneration of 

adsorbents was also discussed and it was described that strong acids and bases were seemed 

to be the best desorbing agents. 

 

Zaspalis et al. (2007) have proposed an adsorption filtration process with porous 

ceramic membranes for the removal of arsenic As (V) ions from water. Iron oxide in micro- 

and nanoparticle form was utilized as adsorbent in combination with microfiltration and 

ultrafiltration asymmetric multilayer ceramic membranes, respectively. The results revealed 

that in the adsorption ultrafiltration process, nanoparticle adsorbent reduced the concentration 

of arsenate. 

 

Jankong et al. (2007) have investigated the influence of rhizosphere microbes and 

phosphorus fertilizer on arsenic amassing by silverback fern, Pityrogramma calomelanos. In 

this study both field and greenhouse experiments were performed. Soil was collected, utilized 

in the greenhouse experiment and rhizosphere microbes (fungi & bacteria) were isolated from 

roots of Pityrogramma calomelanos. The experimental results indicated that phosphorus 

fertilizer expressively improved plant biomass and arsenic accumulation of the experimental 

Pityrogramma calomelanos. Rhizobacteria significantly increased the biomass and arsenic 

content of the experiment plants. Consequently, phosphorus fertilizer and rhizosphere 

bacteria improved arsenic phytoextraction. In comparison, rhizofungi considerably reduced 

arsenic concentration in plants but enhanced plant biomass. Thus, rhizosphere fungi utilized 

their effects on phytostabilization. 

 

Zhang et al. (2005) have investigated the efficiency of Fe-Ce bimetal adsorbent for 

the removal of As (V). Surface morphology and functional groups were studied by 
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transmission electron micrograph (TEM), X-ray powder diffraction (XRD), X-ray 

photoelectron spectroscopy (XPS) and Fourier transform infrared spectra (FTIR) methods. It 

was observed that bimetal oxide adsorbent exhibited significantly greater As (V) adsorption 

capacity than the Fe and Ce oxides separately. 

 

Chuang et al. (2005) have used batch reactor to check the efficiency of self-

manufactured activated carbon from oat hulls to adsorb As (V). It was indicated by the results 

that the adsorption capacity of activated carbon was affected by initial pH value. The 

adsorption capacity decreased when the initial pH was increased. Equilibrium data was 

interpreted by different isotherm and kinetic models. 

 

Al Rmalli et al. (2005) have demonstrated the potential of dried, non-living roots of 

Eichhornia crassipes (Mart.) Solms (water hyacinth plant) to remove arsenic from water. 

Atomic absorption spectrometry was used to determine the amount of removed As (III) and 

As (V) from a solution. It was observed that the arsenic amount left in solution was found to 

be the same value as written in the WHO guideline limit value for arsenic in drinking water. 

 

Dutta et al. (2004) have investigated the adsorption of As (V) and As (III) on two 

commercially available suspensions of titanium dioxide as a function of initial concentration 

and pH of adsorbate ions. The variation in adsorption behavior of two suspensions was 

studied by measuring the zeta potential values and BET surface area of titanium dioxide. It 

was observed that at pH 4 the adsorption of As (V) onto titanium dioxide suspensions was 

greater than As (III), whereas, at pH 9 the adsorption capacity of As (III) was higher. 

Adsorption behavior of As (V) and As (III) at different pH values were explained by 

electrostatic factors between arsenic species and surface charge of titanium dioxide particles. 

Different isotherm equations were used to understand the adsorption nature of arsenic onto 

titanium dioxide suspensions. 

 

Salido et al. (2003) have used Pteris vittata (Chinese brake ferns) and Brassica juncea 

(Indian mustard plants) to assess their potential of phytoremediation of lead and arsenic from 

contaminated soils. Greenhouse and field experiments were performed with Pteris vittata to 

extract arsenic and the effect of soil pH on the extraction of arsenic was also investigated. 

The results revealed that an increase in soil pH improved the removal of arsenic. In 

conclusion, it was supposed that phytoremediation would be an appropriate substitute to 
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conventional remediation techniques, particularly for soils that do not need immediate 

remediation. 

 

Xu et al. (2002) have prepared a novel adsorbent, aluminum loaded shirasu-zeolite P1 

and used for the As (V) ion adsorption from aqueous system. The obtained experimental 

equilibrium data was interpreted by different isotherm and kinetic models. It was observed 

that the As (V) adsorption was slightly pH dependent. The presence of coexisting ions like 

chloride, arsenite, sulfate, nitrate, acetate and chromate barely affected the As (V) adsorption, 

while the coexisting phosphate significantly affected the adsorption process. The feasibility 

of this technique in practical utilization was also evaluated by adsorption/desorption multiple 

cycles with in-situ regeneration or desorption operation. 

 

Ngai (2002) has evaluated the arsenic adsorption media and evaluation was conducted 

as part of the Massachusetts Institute of Technology Nepal Water Project 2001-2002. As (V) 

and As (III) was separated in the raw water using Bio-Rad AG1-X8 strong ion exchange resin 

and the concentration of arsenic was analyzed using industrial test systems quick arsenic test 

kit. Graphite furnace atomic absorption spectrometry technique was used to analyze the 

samples. An activated alumina manganese oxide adsorption media was tested for the 

treatment of arsenic in the raw water and based on encouraging results, further assessment of 

the activated alumina manganese oxide adsorption media on its technical and economic 

aspects was suggested. 

 

Visoottiviseth et al. (2002) have assessed the potential of various native plant species 

for phytoremediation of arsenic contaminated land. The standards used in the selection of 

plants for phytoremediation were included: high bioaccumulation factor, high arsenic 

tolerance, high propagation rate, short life cycle, large shoot biomass and wide distribution. 

Two species of ferns (Pteris vittata and Pityrogramma calomelanos), a shrub (Melastoma 

malabrathricum) and an herb (Mimosa pudica) were appeared appropriate for 

phytoremediation. It was spotted that the ferns by far, were the most gifted plants at 

accumulating arsenic from soil. 

 

Katsoyiannis et al. (2002) have modified the polymeric materials such as polyHIPE 

and polystyrene by coating their surface with suitable adsorbing agents like iron hydroxide, 

and used them in the elimination of inorganic arsenic anions from polluted water sources. 
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The performed experiments showed that both modified media of polymeric materials were 

proficient in arsenic removal from the aqueous stream. However, among the studied 

materials, polyHIPE was found effective in the arsenic removal. 

 

Farrell et al. (2001) have examined the mechanisms involved in elimination of 

arsenate from drinking water supplies by means of zero-valent iron media. Batch experiments 

were performed by using iron wires that were suspended in anaerobic arsenate solutions. In 

this study, Tafel analysis was practiced to determine the rate of corrosion of iron wires as a 

function of elapsed time. A dual-rate kinetic model was studied to describe the removal 

kinetics in the batch reactors. There was no quantifiable reduction of As (V) to As (III) was 

observed, as indicated by Ion chromatography analyses. X-ray absorption spectroscopy 

analyses specified that all arsenic linked with the zero-valent iron surfaces was in the 

oxidation state +5. It was marked that the removal of arsenate by zero-valent iron media only 

involved a surface complexation, under conditions applicable to drinking water treatment and 

it does not included the reduction to metallic arsenic.  

 

Jain et al. (1999) have evaluated the changes in surface charge properties and 

H+/OH- release stoichiometry of adsorbent during the adsorption of As (V) and As (III) on 

ferrihydrite in the pH range of 4 to 10. Important bonding mechanism clues were also 

provided by this study. It was observed that the amount of H+ or OH- release per mole of 

adsorbed arsenic varied with the arsenic surface coverage, demonstrating that different 

mechanisms of arsenic adsorption prevailed at low versus high coverage. The outcomes of 

this revealed the reduced adsorption of arsenate at high pH and of arsenite at low pH. 

  



242 
 

 

 

Chapter 6, part (a) 

 

 

 

Experimental Work 

(Arsenate) 

 

  



243 
 

6a. Experimental Work 

 

(Arsenate) 

 

 

6a.1 Material and Reagents Used 

For conducting arsenate adsorption studies sodium arsenate (Sigma Aldrich) was used 

for making standard arsenate solution. Zinc chloride (Sigma Aldrich) and copper (II) chloride 

(Merck) was used for chemical modification of adsorbents selected for arsenate adsorption 

study. Sodium hydroxide and hydrochloric acid were also used for adjusting the pH of the 

solution. 

Doubly distilled water was used throughout this work. All glassware used in this study was of 

Pyrex, Germany. Nitric acid and doubly distilled water was used to wash the glassware. 

Washed glassware was dried in oven at 100°C for 4 hours prior to adsorption studies. 

 

6a.2 Instruments Used 

 Electronic weighing balance (Shimadzu Corporation Japan) 

 Orbital shaker (Yellow line OS 10control)  

 pH meter (Hanna) 

 Atomic absorption spectrophotometer (Perkin Elmer AAnalyst 100) 

 

6a.3 Solutions Used During Arsenate Adsorption Studies 

 Sodium arsenate (1.194 g) was dissolved in distilled water and volume was made up 

to 1000 mL to make 1000 ppm solution of arsenate. Further dilutions were made by 

taking required aliquot of this sample. Solutions of arsenate in the range of 10-50 ppm 

with the regular interval of 10 ppm were used for calibration of atomic absorption 

spectrophotometer. 

 0.1M solution of sodium hydroxide and hydrochloric acid were prepared for adjusting 

the pH of the arsenate solution. 

 All the solutions for chemical modification of adsorbents were made according to the 

procedure mentioned in chapter 2 (section 2.4) 
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6a.4 Adsorbents Selected for Arsenate Adsorption  

In order to conduct the adsorption study for arsenate, adsorbents belonging to the 

three categories as mentioned earlier (Chapter 1) were subjected to the initial experiment for 

arsenate removal. Each adsorbent (0.2 g) was added separately to the 50 mL of 50 ppm 

solution of chromate. Solutions were shaken for 30 minutes at 150 rpm at room temperature. 

After filtration, the remaining arsenate concentration in solution was checked by using atomic 

absorption spectrophotometer. Adsorption percentage was calculated by the equation 1.23 

(Chapter 1). It was found that raw forms of all the biological and geological adsorbents did 

not prove efficient in removing arsenate from the aqueous medium with the exception of 

wheat straw (38.14%), arjun nuts (37.51%) and multani mitti (59.63%). Among the 

polymeric adsorbents amberlite IRA 410 was found good in removing arsenate (68.64%) in 

the initial experiments. In order to enhance the adsorption capacity of these adsorbents; wheat 

straw, arjun nuts, and multani mitti were subjected to chemical modification. These modified 

adsorbent were then studied for arsenate removal from aqueous medium.  Amberlite IRA 410 

(anion exchange resin) was not modified as the polymeric adsorbents throughout this study 

were not subjected to any chemical modification. Therefore it was used as such during 

present study also.  

 

6a.4.1 Chemical Modification of Selected Adsorbents for Arsenate Removal 

 In order to conduct the arsenate adsorption study wheat straw, arjun nuts, multani 

mitti and amberlite IRA 410 were selected based upon the raw adsorbent performance for 

arsenate adsorption. These adsorbents except amberlite (Amb) were than chemically 

modified using zinc chloride and copper (II) chloride solutions. For modifying the adsorbent 

surface 250 mL of 0.01M solution of zinc chloride and copper chloride were added separately 

in 500 mL beaker containing 50g of wheat straw, arjun nuts, and multani mitti. The soaked 

adsorbents were then heated at 70 °C for 10 hrs. During heating the adsorbent were shaken 

periodically for 30 minutes after every 2 hours. After the prescribed time the adsorbents were 

filtered and washed with distilled water to remove the extra modifying reagents on the 

adsorbent surface. Washed adsorbents were than dried in oven at 80 °C for 2 hours. These 

adsorbents were then stored in separate sample bottles for further experimentation. Based 

upon the type of modification the adsorbents were tagged as Zn.WS (zinc modified wheat 

straw), Cu.WS (copper modified wheat straw), Zn.AN (zinc modified arjun nuts), Cu.AN 

(copper modified arjun nuts), Zn.MM (zinc modified multani mitti) and Cu.MM (copper 

modified multani mitti). Purpose of selecting zinc and copper modification was based on the 
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fact that when zinc and copper are incorporated on adsorbent surface they can more 

effectively adsorb arsenate from aqueous medium. This may also be supported by the 

solubility product of zinc arsenate (ksp= 2.8×10-28) and copper (II) arsenate (ksp= 7.95×10-

36). 

6a.5 Parameters Optimization 

In order to conduct the adsorption studies for arsenate, effect of the following 

parameters were studied using chemically modified biological and geological adsorbents and 

polymeric adsorbent without chemical modification. 

 

6a.5.1 Time of Contact 

 Effect of contact time was studied by adding 0.2 g of each adsorbent in 50 mL of 50 

ppm arsenate solution. Time of contact between adsorbent and adsorbate was varied from 5 

to 70 minutes with the regular interval of 5 minutes. All the samples were shaken with the 

same agitation speed of 150 rpm at room temperature. Arsenate was estimated after each 

experiment performed for optimizing time of contact. 

 

6a.5.2 Agitation Speed 

 Optimization of this parameter was based upon the fact that better contact of 

adsorbate with adsorbent results in the formation of arsenate layer over adsorbent surface. 

Shaking speed also called ‘agitation speed’ was studied with 0.2 g of adsorbent in 50 mL of 

50 ppm arsenate solution. Agitation speed was varied from 50 to 450 rpm at optimized 

conditions of time of contact at room temperature. Arsenate concentration was determined 

after filtration of aliquot obtained after optimization of agitation speed.  

 

6a.5.3 Adsorbent Dose 

Adsorption is based upon the fact that more adsorbate can be removed from aqueous 

medium by increasing the adsorbing site. By increasing the adsorbent dose, the numbers of 

adsorbing sites are also increased. This parameter is optimized at room temperature by 

varying the adsorbent dose from 0.2-2.0 g. Arsenate solution 50 ppm (50mL) was used at 

optimized conditions of time of contact and shaking speed. Remaining arsenate concentration 

was determined by using atomic absorption spectrometer. 
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6a.5.4 pH 

 It is very sensitive parameter and affects the quality of adsorption process. This 

parameter was optimized by shaking 50 mL of 50 ppm arsenate solution with optimized 

adsorbent dose, time of contact and shaking speed. pH was varied from 3-11 in order to study 

the behavior of arsenate in acidic as well as basic medium. pH of the solution was adjusted by 

using 0.1M sodium hydroxide and 0.1M hydrochloric acid solutions. Remaining arsenate 

concentration after every pH optimizing experiment was determined by using atomic 

absorption spectrometer. 

 

6a.5.5 Temperature 

 This parameter was optimized by using 50 mL of 50 ppm arsenate solution by varying 

the temperature from 10 °C to 60 °C under the optimized conditions of contact time, agitation 

speed, adsorbent dose and pH. After filtration in each case the remaining arsenate 

concentration was measured by the same procedure as mentioned above.  

 

6a.5.7 Desorption 

Desorption studies were conducted to study the regeneration of adsorbent which in 

turns favors its applicability, usability on large scale and environment friendly nature. 

Desorption study was carried out according to the procedure mentioned in chapter 2 (section 

2.6) using sodium hydroxide and sodium carbonate. Obtained filtrates were subjected to 

arsenate estimation by the same method as mentioned earlier. 

 

6a.5.8 Isothermal Study for Arsenate Removal 

  

Adsorption mechanism was explored by conducting the isothermal, kinetics and 

thermodynamics study of the adsorption process for arsenate.  

For isothermal studies the adsorbate concentration was varied from 10 to 50 ppm after 

regular interval of 10 ppm. 50 mL of each concentration of arsenate solution was used under 

the previously optimized parameters of time of contact, agitation speed, pH, adsorbent dose 

and temperature. Same experimental procedure was followed for three isothermal models. 

Remaining arsenate concentration in each set of experiment was determined by atomic 

absorption spectrometer. Adsorption (%) by each adsorbent was calculated at any instant of 

time using equation 1.23. 
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𝑨𝒅𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 (%) =  
𝑪°− 𝑪𝒆

𝑪°
× 𝟏𝟎𝟎     (1.23) 

 

‘Ce’ and ‘Cº’ are the concentrations of arsenate before and after adsorption respectively. In 

the present study, three isothermal models; Langmuir, Freundlich and Temkin were used for 

exploring the adsorption mechanism.  

Langmuir adsorption isotherm was studied using the equation 1.1. Linearity of the plot 

between 1/q vs. 1/Ce revealed the applicability of the adsorption model. Favorability of the 

adsorption process was revealed by determining the dimensionless factor ‘RL’ using equation 

1.3.  

In order to explore that either the adsorption is heterogeneous or not, Freundlich adsorption 

model was studied using equation 1.4 (Chapter 1). Linear plot of ‘log q’ vs. ‘log Ce’ indicates 

the applicability of Freundlich adsorption model. Freundlich constant ‘n’ shows the quality of 

adsorption. 

Third adsorption model that was applied to the arsenate adsorption was Temkin adsorption 

isotherm model using equation 1.5 (Chapter 1) that deals with the uniform distribution of 

energy throughout the adsorbent surface. Linear plot of ‘q’ vs. ‘In Ce’ reveals the 

applicability of this model. Temkin constant BT gives information about the nature of 

interaction between adsorbent and adsorbate.  

 

6a.5.9 Kinetics Study for Arsenate Removal 

 

In order to conduct the kinetics study 50 mL of 50 ppm solution of arsenate was used 

and agitated for 5 to 70 minutes keeping the optimized conditions under consideration. 

Filtrate obtained in each case was subjected to the arsenate estimation by using atomic 

absorption spectrometer.  

Pseudo first and pseudo second order kinetics models used for studying the kinetic 

behavior of arsenate adsorption process using equation 1.6 and 1.7 (Chapter 1) respectively. 

Value of regression coefficient (R2) in case of plotting a graph between log (qe-qt)’ vs.‘t’ was 

found helpful in concluding the suitable applicability of pseudo first order kinetics model. In 

case of pseudo second order kinetics model linearity of the plot between ‘t/qt’ vs. ’t’ showed 

the suitability of the model.  
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6a.5.10 Thermodynamic Study for Arsenate Removal 

 

Thermodynamics study was conducted by varying temperature of the arsenate 

solution from 10 °C to 60 °C. Arsenate solution 50 ppm (50 mL) was used with optimized 

conditions of time of contact, agitation speed, adsorbent dose and pH. Enthalpy (ΔHº) and 

entropy (ΔSº) of the adsorption process were calculated by the regression analysis of the 

linear plot of In KD vs. 1/T. Thermodynamic parameter Gibbs free energy (ΔGº) was then 

calculated using equation 1.9 (Chapter 1). Negative values of enthalpy and Gibbs free energy 

revealed that adsorption was exothermic and spontaneous in nature. Whereas, the positive 

value of entropy revealed the randomness in the system due to the interaction between 

arsenate and the adsorbent. 

 

6a.6 Treatment of the Real Wastewater Samples 

 

Industrial samples for the arsenate adsorption study were collected from five ceramics 

industries in the vicinity of Lahore. These industries were marked A, B, C, D and E. Three 

samples were collected from each tanning unit. Pretreatment procedure as settling, 

decantation, and filtration was applied to the industrial samples. The filtered samples were 

then diluted by taking 1mL of this sample to 100mL. Optimized condition of time of contact, 

agitation speed, pH, temperature and adsorbent dose were applied to check the suitability of 

the present study for arsenate adsorption using the selected adsorbents in batch mode.  
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Result and Discussion 

(Arsenate) 
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6b: Result and Discussion 

 

Arsenic is among the top class pollutants that are proved carcinogenic, mutagenic and lethal 

to human beings as well as animals. Effluent disposal is the major issue that must be 

addressed in order to save the community from the harmful and lethal effect of various 

pollutants belonging to different categories. Various industrial effluents in Pakistan are 

responsible for the continuous addition of arsenic species in nearby water bodies. Ceramics 

industries, leather tanneries, metal mining and smelting processes are some of the source of 

arsenic in addition to anthropogenic sources. In present study zinc and copper treated selected 

adsorbents along with the polymeric adsorbent amberlite IRA 410 (Amb) were employed for 

removing arsenate from water.  

Results obtained after the characterization of adsorbents and optimizing the operational 

conditions has been discussed below; 

 

6b.1 Spectroscopic Study of Adsorbent 

Selected adsorbents were characterized before and after adsorption by spectroscopic 

techniques including: scanning electron micrographs and Fourier transform infrared 

spectroscopy 

 

6b.1.1 S.E.M imaging/ EDX of the Adsorbents after Arsenate Adsorption 

  

Adsorbents selected for arsenate adsorption were studied for their surface 

characterization and morphology by S.E.M technique. Copper and zinc treated selected 

adsorbents were subjected to S.E.M imaging before arsenate adsorption in order to check the 

change in morphology of raw adsorbents as mentioned earlier in Table 2.5.2 (chapter 2). 

After modification brittleness and increased roughness of adsorbent surface favored the 

arsenate adsorption. After adsorption, the adsorbents were again subjected to S.E.M analysis 

in order to check any difference in surface morphology that could be due to the interaction of 

arsenate with the adsorbent surface. For taking the S.E.M micrographs adsorbent surface was 

coated with gold through gold sputter by applying accelerating voltage of 15kV. S.E.M 

micrographs of copper and zinc treated adsorbents before and after adsorption are represented 

in Fig. 6b.1* and elemental detail for the samples is shown in Table 6b.1*. 
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S.E.M analysis of the samples revealed change in the surface morphology of all the 

biological, geological and polymeric adsorbents. Presence of zinc and copper, in chemically 

treated adsorbents, revealed that these reagents interacted and modified the adsorbent surface, 

as compared to the raw forms presented in Table 2.4 (chapter 2). Further the adsorption of 

arsenate on chemically treated adsorbents revealed the good interaction of arsenate on 

adsorbent surface which is shown in Table 8b.1*.This means that chemically modified form 

of all the adsorbents was suitable for the adsorption of arsenate on the surface due to which 

arsenate interacted well and further brought the change in the surface morphology of the 

adsorbents. 

Table 6b.1*: Elemental detail of copper and zinc adsorbed adsorbents before and after arsenate adsorption 

Sample 

Code 
Morphology 

Elements (Atom. %) 

C O Si Na Ca Cu Mg Al K As Zn 

a 
Feather 

Edge 
48.81 50.08 0.84        0.27 

b 
Muddy 

Rock 
49.23 50.24   0.49      0.04 

c Abraded 1.66 72.81 12.57  0.33  2.71 7.06 0.93  1.92 

d Jagged 45.90 53.04 0.74   0.31      

e Layered 47.56 56.12 0.16   0.27  1.44    

f Gooey 3.73 72.56 10.12   1.29 2.73 8.83 0.73   

g Flaky 60.65 31.81   4.34   2.43  0.77  

h Jagged 45.28 53.15 1.08       0.20 0.28 

i Jagged 49.63 49.16  0.48      0.16 0.57 

j Gooey 2.41 79.58 7.29 2.50    4.79 0.59 1.05 1.69 

k Layered 46.64 52.07 0.36 0.56  0.20    0.17  

l Layered 51.72 41.55  0.63  0.19 0.12 5.67  0.12  

m Flaky 3.90 75.41 6.00  9.66 0.84 0.98   3.20  

 

Elemental analysis along with S.E.M revealed the adsorption of arsenate onto the 

adsorbents surface. The presence of copper and zinc is also indicated in the elemental detail 

as tabulated in Table 6b.1*. 

6b.1.2 FT-IR Analysis of adsorbents after arsenate adsorption 

 

FT-IR analysis of arsenate adsorbed adsorbents was performed in the same way as 

mentioned for raw adsorbents in chapter 2 under the same operating conditions. Chemically 

modified adsorbents for arsenate removal are also shown in Fig. 6b.2*. 
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Figure 6b.2*: FT-IR absorption bands of chemically modified and arsenate adsorbed adsorbents 

 
[a (zinc adsorbed wheat straw), b (zinc adsorbed arjun nuts), c (zinc adsorbed multani mitti), d (copper adsorbed wheat 

straw), e (copper adsorbed nuts), f (copper adsorbed multani mitti), g (arsenate adsorbed Amberlite), h (arsenate adsorbed 

zinc treated wheat straw), i (arsenate adsorbed zinc treated arjun nuts), j (arsenate adsorbed zinc treated multani mitti), k 

(arsenate adsorbed copper treated wheat straw), l (arsenate adsorbed copper treated arjun nuts) and m (arsenate adsorbed 

copper treated multani mitti)] 

 

a) The FT-IR spectrum of zinc (Zn) treated wheat straw was comparatively studied with 

FTIR spectrum of raw wheat straw. An obvious shift in absorbance band from 2919 

cm-1 (raw) to 2915 cm-1 and the emergence of a new absorbance band 2851 cm-1 

corresponds C–H stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 2015; 

Ammari, 2014; Das & Adak, 2015; Pavia, 2001). The shift of absorbance band from 

793 cm-1 (raw) to 726 cm-1 correspond the C–H out of plane bending (Painter et al., 

1985; Chen et al., 2015; Pavia, 2001). An obvious shift in band from 1033 cm-1 (raw) 

to 1035 cm-1 signifies the C–O stretching vibrations on the surface of adsorbent (Tan 

et al., 2008; Abdel-Ghani et al., 2015). The emergence of new band 1238 cm-1 

correspond the C–N amines functional group (Pavia, 2001) and the newly emerged 
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absorbance band 1156 cm-1 correspond the C–X where “X” denoted the fluoride 

element (Das & Adak, 2015; Pavia, 2001). 

 

b) The FT-IR spectrum of zinc (Zn) treated nuts were comparatively studied with FTIR 

spectrum of raw nuts. The rise of new absorbance band 2918 cm-1 corresponds C–H 

stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 2014; 

Das & Adak, 2015; Pavia, 2001). The emergence of absorbance bands 752 cm-1, 726 

cm-1 and 685 cm-1 signifies the C–H out of plane bending (Painter et al., 1985; Chen 

et al., 2015; Pavia, 2001). An obvious shift in band from 1032 cm-1 (raw) to 1035 cm-

1 signifies the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). The shifting and band absorbance from 1340 cm-1 (raw) to 

1236 cm-1 correspond the C–N amines functional group (Pavia, 2001). The newly 

emerged absorbance bands 1162 cm-1 and 1104 cm-1 correspond the C–X where “X” 

denoted the fluoride element (Das & Adak, 2015; Pavia, 2001). The emergence of 

absorbance band 1616 cm-1 matches the N–H bending vibrations of primary and 

secondary amines (Pavia, 2001). 

 

c) The FT-IR spectrum of zinc (Zn) treated multani clay was comparatively studied with 

FTIR spectrum of raw multani clay. The emergence of absorbance bands 979 cm-1, 

912 cm-1 and band shift from 799 cm-1 (raw) to 800 cm-1 signifies the C–H out of 

plane bending (Painter et al., 1985; Chen et al., 2015; Pavia, 2001). A clear shift in 

absorbance band from 1655 cm-1 (raw) to 1644 cm-1 corresponds the C=O stretching 

vibrations of aldehydes (Xu et al., 2012; Naiya et al., 2011; Ammari, 2014). The shift 

in absorbance band from 695 cm-1 (raw) to 782 cm-1 matches the C–X where “X” 

denoted the chloride element (Das & Adak, 2015; Pavia, 2001). 

 

d) The FT-IR spectrum of copper (Cu) treated wheat straw was comparatively studied 

with FTIR spectrum of raw wheat straw. The appearance of absorbance band 896 cm-1 

signifies the C–H out of plane bending (Painter et al., 1985; Chen et al., 2015; Pavia, 

2001). An obvious shift in band from 1033 cm-1 (raw) to 1032 cm-1 signifies the C–O 

stretching vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 

2015). A newly appeared absorbance band 1720 cm-1 corresponds the C=O stretching 

vibrations of aldehydes (Xu et al., 2012; Naiya et al., 2011; Ammari, 2014). The 
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newly emerged absorbance band 1376 cm-1 correspond the C–X where “X” denoted 

the fluoride element (Das & Adak, 2015; Pavia, 2001). 

 

e) The FT-IR spectrum of copper (Cu) treated nuts were comparatively studied with 

FTIR spectrum of raw nuts. The rise of new absorbance bands 2918 cm-1 and 2849 

cm-1 corresponds C–H stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 

2015; Ammari, 2014; Das & Adak, 2015; Pavia, 2001). The appearance of absorbance 

band 897 cm-1 signifies the C–H out of plane bending (Painter et al., 1985; Chen et 

al., 2015; Pavia, 2001). The shifting in band from 1032 cm-1 (raw) to 1030 cm-1 

signifies the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). A newly appeared absorbance band 1723 cm-1 corresponds 

the C=O stretching vibrations of aldehydes (Xu et al., 2012; Naiya et al., 2011; 

Ammari, 2014). The shifting of band absorbance from 1340 cm-1 (raw) to 1231 cm-1 

correspond the C–N amines functional group (Pavia, 2001). The newly emerged 

absorbance band 1104 cm-1 correspond the C–X where “X” denoted the fluoride 

element (Das & Adak, 2015; Pavia, 2001). The emergence of absorbance band 1601 

cm-1 matches the N–H bending vibrations of primary and secondary amines (Pavia, 

2001). 

 

f) The FT-IR spectrum of copper (Cu) treated multani clay was comparatively studied 

with FTIR spectrum of raw multani clay. The appearance of absorbance bands 981 

cm-1 and 913 cm-1, 799 cm-1 and band shifting from 800 cm-1 (raw) to 803 cm-1 

signifies the C–H out of plane bending (Painter et al., 1985; Chen et al., 2015; Pavia, 

2001). A clear shift in absorbance band from 1655 cm-1 (raw) to 1650 cm-1 

corresponds the C=O stretching vibrations of aldehydes (Xu et al., 2012; Naiya et al., 

2011; Ammari, 2014). The emergence of absorbance band 1637 cm-1 matches the N–

H bending vibrations of primary and secondary amines (Pavia, 2001). 

 

g) The FT-IR spectrum of copper (Cu) treated amberlite was comparatively studied with 

FT-IR spectrum of raw amberlite. An obvious shift in absorbance band from 2919 cm-

1 (raw) to 2918 cm-1 corresponds C–H stretching of alkanes (David et al., 1999; 

Abdel-Ghani et al., 2015; Ammari, 2014; Das & Adak, 2015; Pavia, 2001). The 

appearance of absorbance bands 985 cm-1, 849 cm-1 and shift of absorbance band 

from 822 cm-1 (raw) to 829 cm-1 correspond the C–H out of plane bending (Painter et 
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al., 1985; Chen et al., 2015; Pavia, 2001). A shift in absorbance bands from 1086 cm-1 

(raw) to 1061 cm-1 and from 1055 cm-1 (raw) to 1022 cm-1 match the C–O stretching 

vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). A 

shift in absorbance band from 1656 cm-1 (raw) to 1654 cm-1 corresponds the C=O 

stretching vibrations of aldehydes (Xu et al., 2012; Naiya et al., 2011; Ammari, 

2014). The newly emerged absorbance band 1378 cm-1 correspond the C–X where 

“X” denoted the fluoride element (Das & Adak, 2015; Pavia, 2001). The emergence 

of absorbance bands 1639 cm-1 and 1615 cm-1 matches the N–H bending vibrations of 

primary and secondary amines (Pavia, 2001). 

 

h) The FT-IR spectrum of arsenate loaded (After adsorption) on zinc (Zn) treated wheat 

straw was comparatively studied with FTIR spectrum of zinc (Zn) treated wheat 

straw. An obvious shift in absorbance band from 2915 cm-1 (Zn treated wheat straw) 

to 2920 cm-1 corresponds C–H stretching of alkanes (David et al., 1999; Abdel-Ghani 

et al., 2015; Ammari, 2014; Das & Adak, 2015; Pavia, 2001). The appearance of 

absorbance bands 901 cm-1 correspond the C–H out of plane bending (Painter et al., 

1985; Chen et al., 2015; Pavia, 2001). A clear shift in band from 1035 cm-1 (Zn 

treated wheat straw) to 1032 cm-1 signifies the C–O stretching vibrations on the 

surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). An appearance of 

absorbance band 1637 cm-1 corresponds the C=O stretching vibrations of aldehydes 

(Xu et al., 2012; Naiya et al., 2011; Ammari, 2014). The shifting of band absorbance 

from 1238 cm-1 (Zn treated wheat straw) to 1158 cm-1 correspond the C–N amines 

functional group (Pavia, 2001). A clear shift in absorbance band from 1156 cm-1 (Zn 

treated wheat straw) to 1236 cm-1 corresponds the C–X where “X” denoted the 

fluoride element (Das & Adak, 2015; Pavia, 2001). The emergence of absorbance 

bands 3422 cm-1, 3424 cm-1 and 1604 cm-1 corresponds the N–H stretching and 

bending vibrations of primary and secondary amines (Pavia, 2001). 

 

i) The FT-IR spectrum of arsenate loaded (After adsorption) on zinc (Zn) treated nuts 

was comparatively studied with FTIR spectrum of zinc (Zn) treated nuts. An obvious 

shift in absorbance band from 2918 cm-1 (Zn treated nuts) to 2922 cm-1 corresponds 

C–H stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 

2014; Das & Adak, 2015; Pavia, 2001). The appearance of absorbance bands 897 cm-1 

correspond the C–H out of plane bending (Painter et al., 1985; Chen et al., 2015; 
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Pavia, 2001). A clear shift in band from 1035 cm-1 (Zn treated nuts) to 1032 cm-1 

signifies the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). An appearance of absorbance bands 3347 cm-1 and 3321 

cm-1 corresponds the H-bonded O–H stretching vibrations (Gupta et al., 2011; Tan et 

al., 2008; Naiya et al., 2011; Pavia, 2001; Ammari, 2014). An appearance of 

absorbance band 1732 cm-1 corresponds the C=O stretching vibrations of aldehydes 

(Xu et al., 2012; Naiya et al., 2011; Ammari, 2014). The appearance of absorbance 

bands 1160 cm-1 and 1104 cm-1 correspond the C–N amines functional group (Pavia, 

2001). A clear shift in absorbance band from 1162 cm-1 (Zn treated nuts) to 1238 cm-1 

corresponds the C–X where “X” denoted the fluoride element (Das & Adak, 2015; 

Pavia, 2001). The emergence of absorbance band 3364 cm-1; shift in absorbance band 

from 1616 cm-1 (Zn treated nuts) to 1618 cm-1 and emergence of new band 1594 cm-1 

corresponds the N–H stretching; and bending vibrations of primary and secondary 

amines respectively (Pavia, 2001). 

 

j) The FT-IR spectrum of arsenate loaded (After adsorption) on zinc (Zn) treated 

multani clay was comparatively studied with FTIR spectrum of zinc (Zn) treated 

multani clay. An obvious shift in absorbance bands from 979 cm-1 (Zn treated multani 

clay) to 985 cm-1; from 912 cm-1 (Zn treated multani clay) to 914 cm-1 and from 799 

cm-1 (Zn treated multani clay) to 801 cm-1 corresponds C–H out of plane bending 

(Painter et al., 1985; Chen et al., 2015; Pavia, 2001). The shifting of absorbance band 

from 1644 cm-1 (Zn treated multani clay) to 1657 cm-1 corresponds the C=O stretching 

vibrations of aldehydes (Xu et al., 2012; Naiya et al., 2011; Ammari, 2014). The 

appearance of absorbance band 689 cm-1 corresponds the C–X where “X” denoted the 

chloride element (Das & Adak, 2015; Pavia, 2001). The emergence of absorbance 

band 1639 cm-1 corresponds the N–H bending vibrations of primary and secondary 

amines respectively (Pavia, 2001). 

 

k) The FT-IR spectrum of arsenate loaded (After adsorption) on copper (Cu) treated 

wheat straw was comparatively studied with FT-IR spectrum of copper (Cu) treated 

wheat straw. The rise of absorbance band 899 cm-1 matches C–H out of plane bending 

(Painter et al., 1985; Chen et al., 2015; Pavia, 2001). A clear shift in band from 1032 

cm-1 (Cu treated wheat straw) to 1033 cm-1 signifies the C–O stretching vibrations on 

the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). The shifting of 
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absorbance band from 1720 cm-1 (Cu treated wheat straw) to 1721 cm-1 corresponds 

the C=O stretching vibrations of aldehydes (Xu et al., 2012; Naiya et al., 2011; 

Ammari, 2014). The appearance of absorbance band 1322 cm-1 and 1104 cm-1 

correspond the C–N amines functional group (Pavia, 2001). The appearance of 

absorbance band 704 cm-1 and shift in band from 1376 cm-1 (Cu treated wheat straw) 

to 1238 cm-1 corresponds the C–X where “X” denoted the chloride and fluoride 

elements respectively (Das & Adak, 2015; Pavia, 2001). 

 

l) The FT-IR spectrum of arsenate loaded (After adsorption) on copper (Cu) treated nuts 

was comparatively studied with FT-IR spectrum of copper (Cu) treated nuts. The rise 

of absorbance bands 976 cm-1, 912 cm-1 and shift in absorbance bands from 897 cm-1 

(Cu treated nuts) to 801 cm-1 and from 670 cm-1 (Cu treated nuts) to 689 cm-1 matches 

C–H out of plane bending (Painter et al., 1985; Chen et al., 2015; Pavia, 2001). An 

appearance of absorbance band 3619 cm-1 corresponds the O–H (free) stretching 

vibrations (Gupta et al., 2011; Tan et al., 2008; Naiya et al., 2011; Pavia, 2001; 

Ammari, 2014). The appearance of absorbance bands 780 cm-1 and 672 cm-1 

corresponds the C–X where “X” denoted the chloride element (Das & Adak, 2015; 

Pavia, 2001). The shift in absorbance band from 1601 cm-1 (Cu treated nuts) to 1639 

cm-1 matches the N–H bending vibrations of primary and secondary amines 

respectively (Pavia, 2001). 

 

m) The FT-IR spectrum of arsenate loaded (After adsorption) copper (Cu) treated multani 

clay was comparatively studied with FT-IR spectrum of copper (Cu) treated multani 

clay. The appearance of absorbance bands 2928 cm-1 and 2859 cm-1 matches the C–H 

stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 2014; 

Das & Adak, 2015; Pavia, 2001). The appearance of absorbance band 899 cm-1 and 

band shift from 800 cm-1 (Cu treated multani clay) to 823 cm-1 and 799 cm-1 (Cu 

treated multani clay) to 797 cm-1 signifies the C–H out of plane bending (Painter et 

al., 1985; Chen et al., 2015; Pavia, 2001). A rise of absorbance band 1033 cm-1 

signifies the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). 
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Table 6b.2*: FT-IR absorption bands of chemically modified and arsenate adsorbed adsorbents 

Functional Groups 

Adsorption band 

(cm-1) 

Chemically modified adsorbents and arsenate adsorbed selected adsorbents 

a b c d e f g h i j k l m 

C–H stretching 
alkane 

(3000-2850) 

aromatic (3150-
3050) (s) 

Aldehyde (2900-

2800) (w) 
Alkene out of plane 

bend   (1000-650) 

2915 

2851 

2918 

752 

979 

912 
896 

2918 

2849 

891 

913 

2918 

985 

2920 

901 
2922 

985 

914 
- 

976 

912 

2928 

2859 

C–H Aromatic (Out 

of plane bend) (900-

690) (s) 

726 
726 

685 
799 - 

897 

670 

803 

800 

799 

849 

829 
726 897 801 899 

801 

689 

899 

823 

797 

C–O Alcohol, Ester, 
Ethers, Carboxylic 

acid, Anhydrides 

(1300-1000) (s) 

1035 1035 - 1032 1030 - 
1061 

1022 
1032 1032 - 1033 - 1033 

O–H Alcohols, 

Phenols H-Bonded 

(3400-3200) (m), 
Free 

(3650-3600) (m) 

- - - - - - - - 
3347 

3321 
- - 3619 - 

C=O 

Stretching of 

Aldehyde 
(1740-1720) (s) 

& Amides (1680-

1630) (s) 

- - 1644 1720 1723 1650 1654 1637 1732 1657 1721 - 1734 

C–N Amines 
(1350-1000) (m-s) 

1238 1236 - - 1231 - 1089 1158 
1160 

1104 
- 

1322 

1104 
- 1162 

C–X  Fluoride 

(1400-1000) (s) 

Chloride 
(785-540) (s) 

Bromide, Iodide 

(<667) (s) 

1156 
1162 

1104 
782 1376 1104 - 1378 1236 1238 

782 

689 

1238 

704 

780 

672 
1242 

S=O 
Sulfones, Sulfonyl 

Chloride, Sulfates, 

Sulfonamide 

(1375-1300) and 

(1350-1140) 

(s) 

1365 
1341 

1328 
- 1161 

1320 

1160 
- 1222 

1365 

1341 

1369 

1318 
- 

1367 

1162 
- - 

N–H 

Primary & 

Secondary amines 
and amides 

Stretching (3500-

3100) (m) 
Bending (1640-

1550) (m-s) 

- 1616 - - 1601 1637 
1639 

1615 
- 

3365 

1618 

1594 

1639 - 1639 1633 

 

A clear shift in absorbance band from 1650 cm-1 (Cu treated multani clay) to 1734 cm-1 

corresponds the C=O stretching vibrations of aldehydes (Xu et al., 2012; Naiya et al., 

2011; Ammari, 2014). The appearance of absorbance band 1162 cm-1 correspond the C–N 

amines functional group (Pavia, 2001). The appearance of absorbance band 1242 cm-1  
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corresponds to the C–X where “X” denoted the fluoride element (Das & Adak, 2015; 

Pavia, 2001). The shift in absorbance band from 1637 cm-1 (Cu treated multani clay) to 

1633 cm-1 matches the N–H bending vibrations of primary and secondary amines 

respectively (Pavia, 2001). 

 

6b.2 Parameters Optimization 

 

In order to explore the adsorption behavior of As (V) various parameters like; time of 

contact, agitation speed, adsorbent dose, pH and temperature were optimized. In depth study 

of the mechanism of adsorption was investigated by applying the isothermal study. 

Dependence of As (V) adsorption on time was investigated by applying the pseudo first and 

pseudo second order kinetics model. Spontaneity in the As (V) adsorption was checked by 

studying the thermodynamic behavior of the process 

 

6b.2.1 Effect of Time of Contact 

The effect of contact time was investigated by varying the time from 5 to 70 minutes 

using 50 mL of 50 ppm of As (V) solution. Selected adsorbents (0.2 g) were used for As (V) 

adsorption study at constant agitation speed of 150 rpm. Results obtained after optimizing the 

time of contact for As (V) adsorption using; Zn.WS, Zn.AN, Zn.MM, Cu.WS, Cu.AN, 

Cu.MM and Amb are tabulated in Table 6b.1 and are graphically represented in Fig.6b.1. 

 

Table 6b.1: Effect of contact time on arsenate adsorption  

Contact 

time 

(minutes) 

Percent Removal Efficiency of  Arsenate 

Zn.WS Zn.AN Zn.MM Cu.WS Cu.AN Cu.MM Amb 

5 51.36 47.79 43.18 45.91 73.18 59.09 58.18 

10 62.77 51.86 54.33 50.88 68.74 59.68 59.64 

15 69.55 52.49 65.91 58.64 64.09 59.79 61.82 

20 71.44 53.88 63.64 65.91 63.84 59.91 62.97 

25 72.89 46.82 62.54 69.46 62.69 59.99 65.43 

30 72.97 45.44 62.36 72.36 61.77 62.36 66.74 

35 73.48 44.36 61.36 75.89 60.48 71.82 69.22 

40 73.59 43.24 60.49 77.73 60.27 72.16 78.73 

45 74.68 42.57 59.09 74.19 59.38 66.64 71.63 

50 76.36 42.21 58.26 73.84 59.05 65.48 69.74 

55 72.73 41.98 56.82 72.56 58.61 63.64 65.3 

60 71.99 41.56 56.71 65.19 57.99 62.19 65.19 

65 58.18 41.43 56.64 64.32 57.94 61.36 64.97 

70 58.06 41.24 56.38 62.19 57.86 61.27 64.83 
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In case of zinc treated adsorbents relatively lesser removal efficiency was observed as 

compared to copper treated adsorbents. Among the zinc treated adsorbents Zn.WS showed 

the highest removal efficiency of 76.36%. Cu.WS showed highest removal efficiency of 

77.73% followed by Cu.AN and Cu.MM. 

 

Initially the removal efficiency was found to increase by increasing the time of 

contact then after attaining equilibrium no profound increase was observed as shown in Fig. 

6b.1. 

 

 

 

Figure 6b.1: Effect of time of contact on arsenate removal  

[Zn.WS (zinc treated wheat straw), Zn.AN (zinc treated arjun nuts), Zn.MM (zinc treated multani mitti), Cu.WS (copper 

treated wheat straw), Cu.AN (copper treated arjun nuts), Cu.MM (copper treated multani mitti), Amb (Amberlite IRA 410)] 
 

Polymeric adsorbent (Amb) showed that adsorption of As (V) increased in the 

beginning and after attaining the equilibrium, the removal efficiencies showed nearly the 

same trends. Highest removal efficiency (78.73%) was shown by amberlite IRA 410 at 40 

minutes. Relatively faster equilibrium was attained in case of Zn.AN, Zn.MM and Cu.AN 

which is similar to arsenic adsorption on laterite soil (Maji et al., 2008). 

 

This might be attributed to the availability of greater number of adsorption sites in the 

beginning or the removal of As (V). With the passage of time, the adsorbent surface was 

covered by As (V) thereby causing saturation of ions on the adsorbent surface and resulting 

in the decrease in the removal efficiency. Another factor affecting the As (V) adsorption on 

40

45

50

55

60

65

70

75

80

85

90

10 20 30 40 50 60 70

Zn.WS

Zn.AN

Zn.MM

Cu.WS

Cu.AN

Cu.MM

Amb

Time of Contact (minutes)

P
er

ce
n

t 
R

em
o
v
a
l 

E
ff

ic
ie

n
cy

 (
%

)



264 
 

adsorbent under study was the aggregation of negatively charged species on adsorbent 

surface that repelled the incoming similar charges.  

 

6b.2.2 Effect of Agitation Speed 

Agitation speed ensures the contact of ions in the solution to the adsorbent surface and 

further penetration of ions across the external boundary on adsorbent. Effect of agitation 

speed was studied by varying the speed from 50 to 450 rpm using 0.2 g of each adsorbent in 

50 mL of 50 ppm arsenate solution. All the solutions were agitated for the optimized period 

of time. Results obtained for Zn.WS, Zn.AN, Zn.MM, Cu.WS, Cu.AN, Cu.MM and Amb are 

tabulated in Table 6b.2 and are graphically represented in Fig. 6b.2. Comparison among the 

zinc treated, copper treated and polymeric adsorbents revealed that polymeric adsorbents 

proved more efficient in removal of arsenate ions. 

 

Table 6b.2: Effect of agitation speed on arsenate adsorption 

Agitation 

speed 

(rpm) 

Percent Removal Efficiency of  Arsenate 

Zn.WS Zn.AN Zn.MM Cu.WS Cu.AN Cu.MM Amb 

50 70.4 49.07 47.29 76.37 72.81 69.19 92.62 

100 75.73 50.84 49.07 77.49 73.71 70.09 97.07 

150 77.51 59.73 55.21 78.61 74.62 71.02 99.73 

200 74.84 68.62 70.4 76.37 80.04 72.81 97.96 

250 71.29 62.4 52.62 71.88 75.52 68.49 95.29 

300 65.96 55.29 51.73 68.42 69.67 66.57 94.4 

350 64.18 45.51 50.84 63.93 64.49 65.51 93.51 

400 62.4 42.84 49.96 59.44 63.18 64.67 92.62 

450 60.62 41.29 49.07 59.21 62.34 62.89 91.73 

 

Results showed that percentage removal of arsenate generally increased with agitation 

speed until after equilibrium was attained. After that remarkable increase in removal 

efficiency was observed. In case of polymeric adsorbent higher removal efficiency was 

observed at 150 rpm as compared to zinc and copper treated adsorbents.  

 

Agitation increases the external mass transfer coefficient that resulted in the increased 

adsorption of arsenate ions. As all the sites get filled, further increase in agitation speed had 

negative impact on the adsorption because of availability of lesser time for interaction 

between adsorbent surface and arsenate ions in the solution. 
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Figure 6b.2: Effect of agitation speed on arsenate removal  

 

[Zn.WS (zinc treated wheat straw), Zn.AN (zinc treated arjun nuts), Zn.MM (zinc treated multani mitti), Cu.WS (copper 

treated wheat straw), Cu.AN (copper treated arjun nuts), Cu.MM (copper treated multani mitti), Amb (amberlite IRA 410)] 
 

Lesser time to interact due to higher speed increased the chances of collision of 

molecules with adsorbent surface in such a way that the adsorbed ions might get detached 

from adsorbent surface thereby resulting in a decrease in percentage removal of arsenate. 

 

6b.2.3 Effect of Adsorbent Dose 

Effect of adsorbent dose was studied at the optimized values of time of contact and 

shaking speed. Adsorbent dose was varied from 0.2 to 2.0 g using 50 mL of 50 ppm arsenate 

solution at room temperature. Results obtained are tabulated in Table 6b.3 and are graphically 

represented in Fig.6b.3.  

 

Table 6b.3: Effect of adsorbent dose on arsenate adsorption 

Adsorbent 

dose (g) 

Percent Removal Efficiency of  Arsenate 

Zn.WS Zn.AN Zn.MM Cu.WS Cu.AN Cu.MM Amb 

0.2 89.33 79.33 69.33 86.6 92.43 84.66 98.25 

0.4 90.00 86.00 87.76 78.43 90.49 94.37 96.31 

0.6 90.67 85.67 84.36 76.89 82.72 96.31 90.49 

0.8 86.00 81.00 81.08 74.95 78.83 92.43 90.41 

1.0 84.33 71.06 82.67 73.55 78.56 90.49 88.54 

1.2 82.67 67.46 81.16 73.01 78.49 88.54 88.42 

1.4 79.33 64.33 78.64 71.07 77.92 86.6 84.62 

1.6 79.32 62.76 76.12 69.13 77.36 82.72 82.72 

1.8 78.69 61.27 75.84 68.39 77.02 82.51 82.59 

2.0 78.51 61.09 74.46 68.03 76.98 82.19 82.16 
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It was revealed generally that by varying the adsorbent dose from 0.2 to 2.0 g removal 

efficiency was found to increase for all the adsorbents up to a certain limit in all cases.  

Among the zinc treated adsorbents, Zn.WS showed highest removal efficiency (90.67%). 

Whereas in case of copper treated adsorbents relatively better removal efficiencies were 

observed as compared to zinc treated adsorbents. 

 

 

Figure 6b.3: Effect of adsorbent dose on arsenate removal 

[Zn.WS (zinc treated wheat straw), Zn.AN (zinc treated arjun nuts), Zn.MM (zinc treated multani mitti), Cu.WS (copper 

treated wheat straw), Cu.AN (copper treated arjun nuts), Cu.MM (copper treated multani mitti) and Amb (amberlite IRA 

410)] 

 

Highest removal efficiency (98.25 %) was obtained by using 0.2 g of Amb. The 

increased removal efficiencies could be attributed to the fact that by increasing the adsorbent 

dose the active sites available for arsenate ions adsorption increased accordingly. After 

reaching the maximum removal efficiency, no further increase was observed even after 

increasing the dose. This might be due to the reason that with the constant arsenate ion 

concentration; initially plenty of ions were available for active adsorption site.  

 

Aggregation of adsorbents by increasing the adsorbent dose resulted in the limited 

exposure of active sites for adsorbing arsenate.  As a result the percentage removal decreases 

or nearly becomes constant after reaching a certain maximum value.  
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6b.2.4 Effect of pH 

Effect of pH was studied by varying pH from 3-11 using optimized conditions of time 

of contact, agitation speed and adsorbent dose at room temperature. Arsenate solution 50 ppm 

(50 mL) was used for optimizing the parameter of pH. Removal efficiency was found to 

increase in the pH range of 5 to 7 in the cases of all the adsorbents.  

 

Table 6b.4: Effect of pH on arsenate adsorption 

pH 
Percent Removal Efficiency of  Arsenate 

Zn.WS Zn.AN Zn.MM Cu.WS Cu.AN Cu.MM Amb 

3 51.74 48.51 40.46 69.29 76.36 68.85 73.48 

4 52.83 45.06 52.76 70.30 77.37 69.47 78.91 

5 53.91 42.76 70.00 71.31 78.26 70.43 80.01 

6 60.43 49.66 56.80 77.37 78.10 66.29 84.35 

7 59.35 56.55 47.36 76.36 84.45 65.33 85.43 

8 59.35 54.21 46.21 75.26 82.41 64.29 82.17 

9 58.26 49.66 45.06 75.18 81.44 51.48 81.09 

10 58.26 48.51 43.91 74.89 80.40 50.29 80.14 

11 57.17 48.50 42.76 74.21 78.34 37.36 78.33 

 

Highest removal efficiency was obtained for Amb (85.43%) at pH 7 whereas zinc 

treated adsorbents showed lesser removal efficiency for arsenate as compared to copper 

treated adsorbents. In case of copper treated adsorbents Cu.AN showed 84.45% arsenate 

removal at pH 7. Better removal efficiency in the above mentioned range at compared to a 

higher pH might be attributed to the fact that in basic pH medium hydroxide ions compete 

with arsenate ions for adsorption (Kundu et al., 2004). Results obtained are tabulated in Table 

6b.4 and are graphically represented in Figure 6b.4.  

 

Existence of arsenic species in solution is highly dependent upon the pH. In acidic 

conditions oxy-anions of arsenic with net negative charge exist in the solution. When 

adsorbent is treated with zinc and copper, the overall positive charge on adsorbent surface 

might have increased the tendency of adsorbent to adsorb arsenate ions. 
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Figure 6b.4: Effect of pH on arsenate removal 

[Zn.WS (zinc treated wheat straw), Zn.AN (zinc treated arjun nuts), Zn.MM (zinc treated multani mitti), Cu.WS (copper 

treated wheat straw), Cu.AN (copper treated arjun nuts), Cu.MM (copper treated multani mitti) and Amb (amberlite IRA 

410)] 

 

In acidic pH range, the increase in the removal efficiency might be attributed to the 

fact that negative charges on the surface of adsorbents get neutralized by Zn++ and Cu++ ions 

in the solutions at lower pH. In such cases the negative charge repulsion on the adsorbent 

surface is reduced and thereby increased the adsorption of arsenate ions in acidic medium.  

 

Another factor that affects the arsenate adsorption is the value of pHpzc of the 

adsorbent. When the pH is lower than pHpzc, the surface of adsorbent acquire the positive 

charge and when pH is higher than pHpzc, the surface of adsorbent acquire the negative 

charge. It means that surface of adsorbent can provide several types of direct or indirect, 

physical /chemical interactions to the arsenate ions in solution. Arsenate ions can interact 

with the surface of the adsorbents when the surface is positive, neutral or negative.  

 

Direct interactions may result from the attraction between positive charge on 

adsorbent surface and negatively charged arsenate ions. These positively charged ions behave 

as bridges between the adsorbent surface and arsenate in the solution. On the neutral surface, 

some sort of ion exchange phenomenon may have occurred where negatively charged 

hydroxyl ions are replaced by arsenate ions thereby causing removal of arsenate possible 

when pH is equal to pHpzc. Surface morphology and point of zero charge along with the pH of 
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solution affected the removal of arsenate by different types of adsorbents. Effective removal 

of arsenate species by using all the adsorbents in present study was observed in pH range of 5 

to 7. 

 

6b.2.5 Effect of Temperature 

Temperature has a remarkable effect on adsorption of arsenate. Its effect on the 

arsenate removal was studied in the range of 10 to 60 °C at optimized conditions of time of 

contact, agitation speed, adsorbent dose and pH. Results obtained are tabulated in Table 6b.5 

and are graphically presented in Fig.6b.5 for selected adsorbents. 

Table 6b.5: Effect of temperature on arsenate adsorption 

Temperature 

(°C) 

Percent Removal Efficiency of  Arsenate 

Zn.WS Zn.AN Zn.MM Cu.WS Cu.AN Cu.MM Amb 

10 42.31 40.18 45.18 65.22 67.36 61.27 71.04 

20 49.16 40.86 58.16 68.16 69.14 62.34 72.39 

30 56.84 49.35 79.32 71.98 73.98 62.97 76.78 

40 70.15 56.74 55.03 80.34 75.60 68.71 84.66 

50 62.09 48.66 50.68 77.65 79.59 68.10 82.17 

60 35.14 39.85 49.01 70.20 60.13 60.24 75.29 

 

Behavior of the selected adsorbents towards temperature variation is associated with 

the movement of ionic species in the solution as well as the interaction of these ions with the 

adsorbent surface. 

When the temperature was low, there was lesser ionic movement and relatively lesser 

adsorption was observed in case of all the selected adsorbents. As the temperature 

approached the room temperature, molecular movements were effective enough for the better 

interaction of chromate species with adsorbent surface thereby resulting in better adsorption. 

Higher temperature was found to affect the adsorption process either by favoring the effective 

interaction or by evaporation of the solution. 

Evaporation may affect the concentration of the solution at higher temperature and 

was found to affect the results of adsorption study. Therefore, the effect of temperature was 

studied from 10 to 60 °C. In case of Zn.MM, Cu.WS and Amb highest removal efficiency of 

79.32%, 80.34% and 84.66% was attained at 30 °C and 40 °C respectively. 
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Figure 6b.5: Effect of temperature on arsenate removal  

[Zn.WS (zinc treated wheat straw), Zn.AN (zinc treated arjun nuts), Zn.MM (zinc treated multani mitti), Cu.WS (copper 

treated wheat straw), Cu.AN (copper treated arjun nuts), Cu.MM (copper treated multani mitti) and Amb (amberlite IRA 

410)] 

Whereas, higher temperature favored greater arsenate removal in case of Cu.AN 

(79.59%) that might be attributed to the fact that at higher temperature the increased kinetic 

energy of the ions allowed the surface interaction as well as the intraparticle diffusion which 

enhanced the adsorption of arsenate.  

 

6b.2.7 Effect of Desorbing Reagent 

 

 Regeneration of the adsorbent is very important as it affirms its reusability and 

ecofriendly nature.  

 

Table 6b.6: Effect of desorbing reagent on adsorbed arsenate  

Desorbing 

reagent 

Percent Removal Efficiency of  Arsenate 

Zn.WS Zn.AN Zn.MM Cu.WS Cu.AN Cu.MM Amb 

NaOH 54.19 43.66 58.78 65.35 62.76 58.74 74.36 

Na2CO3 50.16 40.18 50.67 59.46 50.14 55.39 51.28 
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Figure 6b.6: Effect of desorbing reagent on arsenate desorption  

[Zn.WS (zinc treated wheat straw), Zn.AN (zinc treated arjun nuts), Zn.MM (zinc treated multani mitti), Cu.WS (copper 

treated wheat straw), Cu.AN (copper treated arjun nuts), Cu.MM (copper treated multani mitti) and Amb (amberlite IRA 

410)] 

 

 Adsorbents can be re-employed for removal of toxic species after regeneration. 

Desorption studies were carried out using 0.1 g of each adsorbent in 50 mL of the desorbing 

solution. The solution was agitated at 100 rpm for 30 minutes.  

 

 For desorption of arsenate, sodium hydroxide (0.1M) and sodium carbonate (0.1M) 

solutions were used. Sodium hydroxide was found more effective in desorbing the arsenate 

from the adsorbents as compared to Sodium carbonate. This might be due to the fact that as 

being stronger nucleophile hydroxyl ions effectively replaced the arsenate ions on adsorbent 

surface as compared to carbonate ions. Similar results have been reported for arsenate 

desorption from aluminium loaded shirasu zeolite (Guo & Chen, 2005) and zirconium loaded 

phosphoric acid chelating resin (Zhu & Jyo, 2001) using sodium hydroxide as desorbing 

reagent. Results for desorption are tabulated in Table 6b.6 and are graphically represented in 

Fig.6b.6. 

 

6b.2.8 Isothermal Modeling of Arsenate Adsorption 

Isothermal studies were conducted at the optimized conditions of time of contact, 

agitation speed, adsorbent dose and pH. Arsenate solutions in the range of 10 to 70 ppm were 

used for this purpose. Three isothermal models as discussed earlier were employed for 
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isothermal modeling to explore the adsorption mechanism. Parameters for ‘Langmuir 

adsorption isotherms’ are given in Table 6b.7.  

 

Value of regression coefficient (R2) is approaching unity in all the adsorbents which 

revealed that Langmuir adsorption isotherm holds good to explain the adsorption of arsenate. 

It can also be clearly suggested from the data that there are fixed number of adsorption sites 

uniformly distributed on adsorbent surface and arsenate ions have equal affinity towards 

adsorption sites with no lateral interaction between the arsenate ions. Moreover, the Qmax 

value is also indicative of the fact that Zn.MM, Amb, Cu.WS and Cu.AN showed greater 

tendency for arsenate adsorption.  

 

Table 6b.7: Langmuir adsorption parameters for arsenate adsorption study 

 

Adsorbent 

Langmuir isotherm 

parameters 
RL 

R2 
Qmax 
(mg/g) 

b 

(L/g) 

Zn.WS 0.7061 1.925 0.120 0.143 

Zn.AN 0.9381 6.911 0.158 0.112 

Zn.MM 0.8514 2.143 0.036 0.357 

Cu.WS 0.6860 4.200 0.171 0.104 

Cu.AN 0.6993 5.722 0.516 0.037 

Cu.MM 0.9884 26.309 0.017 0.540 

Amb 0.9237 9.807 0.109 0.155 

 

Langmuir parameter ‘b’ was used to determine the value of dimensionless constant 

RL. It is depicted in Table 6b.7 that for all the adsorbents, the value of this dimensionless 

constant is below 1. This suggests that adsorption of arsenate by the adsorbents selected for 

study is a favorable process and these adsorbents can be used for large scale removal of 

arsenate from waste water. 

 

Multilayer adsorption of arsenate on the heterogeneous surface of adsorbent was 

explored by applying the Freundlich isotherm. This multilayer adsorption can be further 

explained by the lateral interaction among the arsenate ions. Table 6b.8 revealed that non 

linearity of the system increased with the increased value of ‘n’ that is associated with the 

increased heterogeneity of the adsorbent surface. Value of ‘n’ from 2-10 indicated the better 

adsorption whereas from 1-2 predicted good adsorption. 
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Table 6b.8: Freundlich adsorption parameters for arsenate adsorption study 

Adsorbent 

Freundlich Isotherm Parameters 

R2 n 
Kf 

(L/g)1-n 

Zn.WS 0.7393 1.342 0.178 

Zn.AN 0.9333 1.250 0.806 

Zn.MM 0.7872 1.107 0.065 

Cu.WS 0.7063 1.722 0.623 

Cu.AN 0.7666 2.152 1.613 

Cu.MM 0.9818 0.978 0.390 

Amb 0.9062 1.372 0.926 

 

 

Higher values of Kf indicated the effective bonding of arsenate ions on the adsorbent 

surface. As it is clear from Table 6b.8 that relatively higher values of Kf were shown by Amb 

and Cu.AN. It showed that arsenate ions penetrated well in the heterogeneous adsorbent 

surface and was effectively removed by these adsorbents.  

Table 6b.9: Temkin adsorption parameters for arsenate adsorption study 

Adsorbent 

Temkin Isotherm Parameters 

R2 
BT 

(KJ/mol) 

KT 

(L/mg) 

Zn.WS 0.6421 2.345 0.343 

Zn.AN 0.8232 1.028 0.912 

Zn.MM 0.6754 2.512 0.184 

Cu.WS 0.5731 1.148 0.388 

Cu.AN 0.6766 1.080 1.220 

Cu.MM 0.8948 0.837 0.475 

Amb 0.7831 0.673 0.524 

 

Temkin isotherm model explains the equal distribution of binding energies on the 

adsorbent surface. Table 6b.9 shows all the Temkin parameters. Value of ‘BT’ below 8 

revealed the weak interaction that can be interpreted as physiosorption. Such interactions 

were shown by all the adsorbents. Lower BT values are indicative of the fact that adsorbents 

can be easily regenerated after desorption. 

 

Higher KT values are indicative of the stronger interactions between the adsorbent 

surface and arsenate ions particularly in case of Cu.AN as shown in Table 6b.9. Comparison 
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of the adsorption capacities (mg/g) of the adsorbents reported in literature and the adsorbents 

used in present study are shown in Fig. 6b.7 

 

 

 

Figure 6b.7: Comparison of the adsorption capacity of the adsorbents used in present study (*) with the previously 

used adsorbents 

 

6b.2.9 Kinetics Study for the Arsenate Adsorption 

 

Kinetics study showed the removal of arsenate as a function of time and the data 

obtained is tabulated in Table 6b.10. This study was conducted by using the 50 mL of 50 ppm 

solution of arsenate and varying the time from 5 to 70 minutes at optimum conditions of 

agitation speed, pH adsorbent dose and temperature. The dependence of experimental data on 

time was investigated by applying pseudo first and pseudo second order kinetics models.  

When maximum arsenate ions are adsorbed the adsorbent becomes saturated thereby 

revealing the adsorption capacity of each adsorbent for arsenate removal. Theoretical and 

experimental adsorption capacities represented as Qt and Qexp are shown in the Table 6b.11. 

Better applicability of the kinetic model was checked by using equations 1.6 and 1.7 (Chapter 

1) for pseudo first and pseudo second order kinetics model respectively. Comparison of the 

regression coefficient (R2) values showed that pseudo second order model is more in 

accordance with the data.  
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Table 6b.10: Kinetic study for adsorption of arsenate 

Adsorbent 

Pseudo First Order Kinetics 

Parameters 

Pseudo Second Order Kinetics 

Parameters Qexp 

(mg/g) 

R2 
K1 

(min-1) 

Qt 

(mg/g) 
R2 

K2 

(g/mg/min) 

Qt 

(mg/g) 

Zn.WS 0.877 0.839 0.258 0.997 0.0271 14.54 17.07 

Zn.AN 0.593 0.108 16.54 0.977 0.029 3.469 8.41 

Zn.MM 0.931 0.088 0.476 0.995 0.0287 6.291 8.98 

Cu.WS 0.584 0.039 38.04 0.998 0.036 15.643 15.74 

Cu.AN 0.930 0.261 0.107 0.968 0.012 7.953 15.80 

Cu.MM 0.563 0.043 98.73 0.998 0.136 19.93 20.82 

Amb 0.940 0.091 842.7 0.999 0.018 22.70 22.39 

 

In all the cases, the R2 values for pseudo second order kinetics model approached 

unity. Theoretical and experimental adsorption capacity values were not in agreement with 

each other for pseudo first order kinetics model. Whereas in the case of pseudo second order 

kinetics model theoretical and experimental adsorption capacity for arsenate ions were in 

accordance with each other which showed the better applicability of this model. Suitability of 

pseudo second order kinetics model has also been reported for biomass to be used for the 

removal of arsenic compounds (Ansone et al., 2012).  

 

Lower values of pseudo second order rate constant revealed the possibility of 

chemisorption and multilayer adsorption of arsenate ions on the surface of Cu.AN and Amb.  

 

6b.2.10 Thermodynamic Study for Arsenate Adsorption 

 

Thermodynamics study for adsorption process of arsenate ions was conducted by 

using 50 mL of 50 ppm arsenate solution at optimized conditions of time of contact, agitation 

speed, pH and adsorbent dose. Temperature was varied from 10 ºC to 60 ºC in shaking 

incubator. Thermodynamic parameters like; ΔGº, ΔHº and ΔSº were calculated by using 

equations 1.9 and 1.10 (Chapter 1) and are tabulated in Table 6b.12. 

 

Negative values of ΔGº indicated the spontaneous nature and thermodynamic 

feasibility of adsorption of arsenate ions using all the adsorbents. Increased negative value of 

ΔGº with temperature indicated the increased arsenate ion removal at high temperature. 
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Positive values of ΔHº revealed the endothermic nature of arsenate adsorption process. Such 

endothermic and spontaneous nature of arsenate adsorption was observed when laterite iron 

concretion was used for arsenate removal (Partey et al., 2008). Negative values of ΔS° 

revealed the probability of favorable adsorption with no structural changes at liquid-solid 

interface.  

 

Table 6b.11: Thermodynamical parameters for adsorption of arsenate 

 

Adsorbent 

Thermodynamics parameters 

R2 
ΔG° 

(KJ/mol) 

ΔH° 

(KJ/mol) 

ΔS° 

(KJ/mol) 

Zn.WS 0.973 -21.11 8.647 -0.093 

Zn.AN 0.844 -0.560 7.468 -0.026 

Zn.MM 0.775 -2.494 3.524 -0.018 

Cu.WS 0.588 -2.447 4.036 -0.019 

Cu.AN 0.815 -2.528 2.133 -0.014 

Cu.MM 0.839 -3.370 2.471 -0.018 

Amb 0.859 -3.858 2.927 -0.021 

 

6.3 Application of the Present Study to Industrial Effluents 

 

Industrial samples for the arsenate adsorption study were collected from five ceramics 

industries in the vicinity of Lahore. These industries were marked A, B, C, D and E. Three 

samples were collected from each unit.  

 

All the optimized parameter for each adsorbent (as tabulated below in Table 6b.12) 

was applied to check the suitability of the adsorbent for arsenate removal on large scale. It 

was observed that percent removal efficiency of each adsorbent was comparatively reduced 

due to the presence of interfering ions in the solution. These ions affected the adsorption of 

arsenate ions by competing for the active sites and covered the adsorbent surface thereby 

causing reduction in percent removal of arsenate. 

 

It was found that Zn.AN, Cu.MM and Amb effectively removed the arsenate from the 

industrial effluents.  These adsorbents can be used alone or in combination for the effective 

removal of arsenate from industrial waste water.  
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Table 6b.12: Results of the optimized conditions for arsenate removal applied to Industrial sample 

 

Adsorbents 

Parameters optimized during arsenate adsorption and applicability to industrial samples 

Time of 

contact 

(minutes) 

Agitation 

speed 

(rpm) 

Adsorbent 

dose 

(g) 

pH 
Temperature 

(ºC) 

Average percent removal efficiency for 

industrial sample 

(%) 

  A              B             C             D               E 

Zn.WS 50 150 0.6 6 40 40.46 39.48 41.00 41.56 42.64 

Zn.AN 20 200 0.4 7 30 54.68 55.17 53.64 52.62 54.18 

Zn.MM 15 200 0.4 5 40 40.24 40.56 40.18 41.74 41.33 

Cu.WS 40 150 0.2 7 30 53.76 52.9 53.16 53.42 52.97 

Cu.AN 5 200 0.2 7 40 56.81 56.24 55.98 56.10 55.79 

Cu.MM 40 200 0.2 5 40 60.17 59.44 60.23 59.76 59.84 

Amb 40 150 0.2 7 40 62.33 62.23 61.98 60.80 61.34 

 

 

6.4 Conclusion: 

Present work deals with the adsorptive removal of arsenate from the aqueous medium. 

Applicability of adsorbents belonging to different groups was checked for their adsorption 

capacity to remove arsenate. Among the selected adsorbents copper treated adsorbents and 

Amb showed good adsorption capacity for the removal of arsenate from aqueous medium, it 

was also indicated by the Qmax values of these adsorbents. Optimization of various operational 

parameters was carried out and applied for the detailed mechanism study of arsenate. It was 

found that arsenate adsorption followed Langmuir monolayer adsorption pattern with the rate 

dependence on pseudo second order kinetics model. Thermodynamical study revealed that it 

is spontaneous and endothermic in nature with negative entropy value which revealed that the 

probability of favorable adsorption with no structural changes at liquid-solid interface took 

place. Chemical modification increased the adsorption capacity of the selected adsorbents as 

compared to their raw forms. Cu.MM showed best results for the removal of the arsenate 

among the selected adsorbents belonging to three categories as chemically modified 

(biological, geological) and non-modified polymeric.  

  



278 
 

 

 

Chapter - 7 

 

 

Chromate 

  



279 
 

Chapter - 7 

(Chromate) 

 

7.1 Introduction 

 

Chromium is the name derived from the Greek word ‘Chroma’ that means color. It is 

among the top listed sixteen pollutants that are reported human carcinogens. An elevated 

level of chromium in drinking water is the worldwide issue that has become a serious health 

concern. The permissible level of total chromium as per recommendations of EPA is 0.1 

mg/L (Baruthio, 1992). Chromium is usually found in two oxidation states; trivalent Cr (III) 

and hexavalent Cr (VI). Hexavalent form of chromium is five hundred times more poisonous 

than trivalent form. Cr (III) is naturally found in the environment but Cr (VI) occurs rarely. 

Hexavalent chromium is found mostly in the form of oxy-anions, whereby in combination 

with oxygen it forms chromate (CrO4
-2) and dichromate ions (Cr2O7 

-2). Hexavalent 

chromium is a group ‘A’ human carcinogenic because of its mutagenic, carcinogenic and 

teratogenic nature (Bodaghpour et al., 2012). Its compounds are strong oxidizing agents at 

low and neutral pH. 

 

Naturally occurring hexavalent chromium may be linked with chromium containing 

rocks. Natural sources may also be volcanic dust, continental dust flux and gas flux 

(Bodaghpour et al., 2012). Anthropogenic sources responsible for the addition of hexavalent 

chromium in the environment are its use in production of stainless steel, as wood 

preservative, in textile dyeing, leather tanning, metallurgy and production of refractory 

material and anti-corrosive coatings (Barnhart, 1997; Proctor et al.,2002; Rita et al., 2014). 

Other sources may include; incineration of sewage sludge, municipal refuse, emission from 

chromium based automotive catalytic converters and cooling towers, the wearing down of 

asbestos brake linings (Bodaghpour et al., 2012). 

 

Hexavalent chromium is an oxidized form of chromium (Cr), which is world’s most 

strategic, highly soluble and critical metal pollutant having extensive uses in different 

industries. Like all the other metallic pollutants it is non-biodegradable. It has allergic and 

carcinogenic effects in humans and animals, which has been confirmed by different 

epidemiologic studies (Das & Mishra, 2008). In human beings, the carcinogenicity of Cr (VI) 
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is routed by inhalation (McLean et al., 2012). The carcinogenic nature of chromium has been 

illustrated from a study of mutagenic activity in microorganisms (bacteria) and a 

comprehensive work with isolated cell systems. It has been observed that chromates are 

mutagenic in Salmonella typhimurium and Escherichia coli species whereas, in Bacillus 

subtilis, DNA repair has been reported to be influenced (Norseth, 1981). Chromyl chloride is 

a chromium (VI) halo-oxo compound and it is an illustrated genotoxic compound (Cieslak-

Golonka, 1995).   

 

The uptake of chromium (VI) compounds through the digestive tract and airways is 

faster.  When chromium compound comes in contact with broken skin, it results in a 

formation of deeply penetrating hole. Ulcers formation also results in chromium exposure 

and in chromate handling workers, ulcers on the nasal septum are very common in such 

cases. In human beings, a higher amount exposure of chromium compounds can result in the 

inhibition of erythrocyte glutathione reductase, which lower reduction capacity of 

methemoglobin to hemoglobin. Different in vivo and in vitro studies revealed that chromate 

compounds can bring DNA damage in several different ways and can initiate the formation of 

DNA adducts, sister chromatid exchanges, chromosomal aberrations, transcription of DNA 

and alterations in replication (Matsumoto et al., 2006). The primary affects that result with 

exposure to hexavalent chromium compounds are gastrointestinal, respiratory, hematological, 

immunological, developmental, reproductive, ocular and dermal irritation. In humans and 

animals, the most complex non-cancer effects of Cr (VI) compounds are gastrointestinal 

(ulceration, irritation and non-neoplastic lesions of the small intestine and stomach), 

respiratory (lung and nasal irritation, changed pulmonary function), reproductive 

(histopathological alteration to the epididymis, decreased sperm count in males) and 

hematological (hypochromic anemia, microcytic). Acute oral toxicity of hexavalent 

chromium ranges between 50-150 µg/kg. Intentional or accidental ingestion of very high 

amounts of Cr (VI) compounds by humans may cause in severe cardiovascular, respiratory, 

hematological, gastrointestinal, renal, hepatic and neurological effects (ATSDR, 2012). 

 

Prolonged exposure to Cr (VI) compounds increases the risk of lung cancer and the 

noxious nature of this poisonous chemical can be judged by a case study of “Sukinda 

chromite valley” (India) case, which has main chromite deposits. There were various 

common ailments observed among the inhabitants and it was also observed that a constant 
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contact to chromium contaminated water and dust caused asthma, tuberculosis, 

gastrointestinal bleeding, birth defects, Infertility, and stillbirths (Das & Mishra, 2008). 

 

Like human being and animals, plants are also affected by chromium and its excess 

beyond the tolerable limit is destructive to plants. In the meantime, it severely disturbs the 

biological factors of the plant and by this route it passes into the food chain that also affects 

the consumers of these plant materials. Reduction in root growth, inhibition of seed 

germination, leaf chlorosis and depressed biomass are the common problems due to 

chromium phytotoxicity (Jaishankar et al., 2014). 

 

Previous Work 

 

Song et al. (2016) have studied the adsorption of Cr (VI) from wastewaters using 

cost-effective biosorbents viz. wheat straw and Eupatorium adenophorum. A low cost 

biosorbent was prepared from these plants through a simple carbonization method for the 

removal of Cr (VI) from aqueous medium. For attaining ideal conditions, several factors of 

adsorption process such as sorbent dosage, contact time, pH and temperature were optimized. 

The equilibrium isotherm data of adsorption was analyzed by different isotherm and kinetic 

models. Maximum adsorption capacity of Cr (VI) was obtained at pH 1.0 and both of the 

biosorbents showed notable adsorption potential. The thermodynamic study revealed that the 

adsorption process was endothermic in nature. 

 

Yao et al. (2016) have studied the adsorption of Cr (VI) on aminated wheat straw. In 

this study a highly effective aminated wheat straw was prepared by a series of reactions. At 

first, the adsorbent was oxidized with nitric acid and then tetraethylenepentamine (TEPA) 

was grafted on the surface of wheat straw. Further oxidation by HNO3 resulted in more 

hydroxyl and carboxyl groups available on the surface of wheat straw for subsequent 

reactions. The aminated wheat straw showed a positive zeta potential (Below pH 9.8) due to 

lot of amine groups on the adsorbent surfaces. The equilibrium data of adsorption process 

was analyzed by isotherm models. The desorption studies revealed that the used adsorbent 

can be reprocessed by a regeneration process and it can be used in adsorption process for five 

times. An electrostatic attraction was perceived in the adsorption of Cr (VI) on the surface of 

aminated wheat straw. It was concluded that in spite of some co-existing contaminants in 
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wastewater, the aminated wheat straw exhibited maximum selectivity and adsorption capacity 

for Cr (VI). 

 

Veselska et al. (2016) have studied the adsorption mechanisms of Cr (VI) adsorption 

on kaolinite and illite (natural clays) and ferrihydrite and birnessite (synthetic minerals). 

Different adsorption parameters such as pH, ionic strength, sorbate concentration and 

sorbate/sorbent ratio were studied in a serious of experiments. The surface characterization of 

adsorbent was done by X-ray photoelectron spectroscopy, Fourier transform infrared 

spectroscopy and X-ray absorption spectroscopy.  

 

Netzahuatl-Muñoz et al. (2015) have studied the biosorption of chromium (VI) ion 

from an aqueous solution using Cupressus lusitanica bark. In this study adsorption 

parameters such as initial concentration of Cr (VI) and contact time were optimized. A rise in 

biosorption rate of chromium ions was observed with elevation in temperature. The 

equilibrium data was interpreted by employing different kinetic and isotherm models. 

Thermodynamical studies were also considered to evaluate the nature of adsorption process 

and the biosorption of chromium ions was predicted as non-spontaneous and an endothermic 

process. The biosorption of chromium ions on Cupressus lusitanica bark was a chemical 

sorption phenomenon. It was concluded that easy availability, low cost and renewable nature 

of Cupressus lusitanica bark made it very effective, attractive and cost efficient method to 

remediate the water and wastewater contaminated with Cr (VI). 

 

Bello et al. (2015) have reviewed the use of synthetic materials, agricultural wastes 

and aquatic organisms as adsorbents for the remediation of Cr (VI) from aqueous solution. It 

was observed that the adsorption of Cr (VI) onto the adsorbents was largely influenced by the 

pH of the solution and pore size of the adsorbent. It was concluded that there is dire need to 

study readily and inexpensive available adsorbents for the remediation of Cr (VI) from the 

environment. 

 

Anand et al. (2014) have prepared rick husk ash for the adsorption of Cr (VI) from 

water solutions. The chromium solutions of different concentrations were prepared in 

laboratory. The adsorption experiments were conducted using different dosages of rice husk 

ash at varying pH values. Different parameters of adsorption process such as dosage 

adsorbent, pH and reaction time were optimized to attain the maximum removal of Cr (VI) 
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from aqueous solutions. The equilibrium data was interpreted by different isotherm models in 

order to check the response of rice husk ash for Cr (VI) removal. 

 

Thilagavathy & Santhi (2014) have assessed the biosorption potential of Acacia 

nilotica leaves for the removal of hexavalent chromium. Different analytical techniques such 

as scanning electron microscopy, Fourier transform infrared spectroscopy and energy 

dispersive X-ray spectrometry were used for the characterization of adsorbent. Different 

parameters of adsorption process such as initial concentration of Cr (VI), contact time, pH, 

process temperature, bed thickness in the fixed bed column mode and flow rate were 

optimized in batch system. The equilibrium data were interpreted by different isotherm and 

kinetic models. The adsorption nature and mechanism was studied by considering various 

thermodynamical parameters. The recovery of adsorbed metals was also revealed by the 

process of desorption. 

 

Thilagavathy and Santhi (2014) have prepared a carbonaceous adsorbent from Acacia 

nilotica leaves and chemically treating this indigenous waste with phosphoric acid. Batch 

mode experiments were performed to study the influences of different parameters of 

adsorption process such as pH, adsorbent dose, contact time and initial concentration of 

adsorbate. Equilibrium isotherm data was analyzed by using different isotherm models. The 

results of equilibrium data revealed that Cr (VI) was adsorbed onto Acacia nilotica leaf 

carbon in single and multiple systems. Kinetic data was analyzed by employing different 

kinetic models. The mechanism of adsorption process was studied by different 

thermodynamic parameters and results indicated that the process of adsorption was 

endothermic and spontaneous in nature. A column study was also conducted to observe the 

adsorption process and it was noticed that the removal efficiency was increased with the 

decrease flow rate. Further biosorption experiments showed a significant decrease in uptake 

capability of metal by the adsorbents when two or more metal systems were used as 

compared to single metal system. 

 

Gupta & Mote (2014) have studied the removal of hexavalent chromium from 

aqueous solutions using low cost fruit (orange peel), timber (sawdust) and agricultural (rice 

husk, sugarcane bagasse) wastes. The rice husk was used both in dried as well as in ash form. 

A series of batch mode experiments were performed at room temperature to study the effect 

of different parameters of adsorption process such as pH, adsorbent dose, and initial metal ion 
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concentration and agitation time. The equilibrium data was analyzed by different isotherm 

and kinetic models. Maximum monolayer adsorption capacity was observed in the case of 

dried rice husk at room temperature. It was observed that pH and liquid/solid ratio 

significantly affect the maximum absorption of hexavalent chromium. 

 

Conceição et al. (2014) have used citric acid treated okra pods powder as biosorbent 

for the removal of Cr (VI) from aqueous solutions. The stock solutions of Cr (VI) were 

prepared in laboratory using potassium dichromate. The determination of hexavalent 

chromium was performed spectrophotometrically using a process of complexation with 1,5-

diphenylcarbazide. Different parameters of adsorption process such as pH, temperature, 

contact time and adsorbent dose were optimized. The equilibrium data was interpreted by 

different isotherm models. The adsorption of Cr (VI) on okra powder was analyzed by 

different analytical techniques such as Scanning electron microscope, Fluorescence of X-rays 

and Fourier transform infrared spectroscopy. It was observed that the okra powder 

proficiently removed Cr (VI) from aqueous solutions. 

 

Ferrero et al. (2014) have prepared chitosan coated cotton gauze and studied its 

adsorption potential for the removal of Cu (II) and Cr (VI) ions from water solutions. 

Different analytical techniques such as Scanning electron microscopy, Fourier transform 

infrared spectroscopy in attenuated total reflection mode (FTIR-ATR) and Energy dispersive 

X-ray spectroscopy were used for the characterization of adsorbent. Different parameters of 

adsorption process such as temperature, pH, concentration of metals ion and time of contact 

were optimized in batch mode experiments. It was revealed that Cr (VI) and Cu (II) metals 

were adsorbed at pH 3 and 5 respectively. The equilibrium data was interpreted for best fit 

isotherm model and adsorption kinetics was studied by considering different kinetic models. 

 

Kumar and Peter (2014) have studied the adsorption of Cr (VI) from aqueous solution 

using different economical admixtures such as rice husk, fly ash, shredded tyre and two 

different types of soil along with the admixtures. The adsorption results revealed that a 

admixture of shredded tyre, rice husk and fly ash, the shredded tyre displayed higher 

performance in removal of chromium (VI). It was also observed that the soil with finer 

particle content showed a reasonable decrease in concentration of Cr (VI) when smaller 

initial concentration of Cr (VI) was used. 
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Prasad and Thirumalisamy (2013) have studied the physical characteristics of Acacia 

nilotica leaves in relation to their application as an adsorbent for the treatment of wastewater 

to eliminate hazardous hexavalent chromium. In analytical techniques, Scanning electron 

microscope and Fourier transform infrared spectroscopy were used for the characterization of 

adsorbent. The equilibrium data was interpreted by isotherm models and different error 

analysis methods were used to assess the suitability of the adsorption isotherm. It was 

revealed that by a desorption process there is a possibility to recover the adsorbed metal. 

 

Thilagavathy and Santhi (2013) have used Acacia nilotica leaves, a eco-friendly, 

cheap and easily available plant adsorbent for the removal of Cr (VI) from aqueous solution 

in single and binary ion systems. Batch experiments were performed in this study and Cu (II) 

and Co (II) were also studied in a mixture with Cr (VI). The leaves of Acacia nilotica were 

treated with sulfuric acid and effect of different adsorption parameters such as pH, initial 

concentration of metal and time of contact were optimized. Equilibrium data was interpreted 

by different isotherm and kinetic models. A notable recycling and desorption capacity of Cr 

(VI) and sulfuric acid treated Acacia nilotica was also observed in this study. 

 

Bajda and Kłapyta (2013) have investigated the chromate adsorption on hexadecyl 

trimethylammonium (HDTMA) bromide treated natural montmorillonite, glauconite and 

clinoptilolite. All the adsorption experiments were conducted in batch mode. It was observed 

that with an increase in pH value from 1.3 to 10, the chromate removal from the solution 

constantly decreased and highest chromate removal was obtained at pH between 1.3 and 6. 

The obtained results suggested that the surfactant molecules, which bound to the outer 

surfaces of the glauconite and clinoptilolite, exhibited greater chromate adsorption as 

compared with such molecules positioned in the interlayer spaces of the montmorillonite. 

 

Singh and Singh (2012) have prepared rice husk carbon from a low cost by-product of 

a rice mill and it was activated with H3PO4. The activated rice husk carbon was used as 

adsorbent for the removal of Cr (VI) from aqueous solutions. The stock solution of Cr (VI) 

was prepared by using potassium dichromate. The effect of various parameters of adsorption 

process such as pH, adsorbent dose and time of contact was studied in batch mode 

experiments. A significant adsorption capacity of rice husk carbon was demonstrated in this 

study. The surface characteristics of adsorbent were studied by FTIR. It was observed that 
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rice husk carbon was highly selective for Cr (VI) adsorption and it was proposed that it can 

be conveniently employed as a cost effect adsorbent in the treatment of industrial wastewater. 

 

Vargas et al. (2012) have used carnation flowers waste to generate a compost and 

assessed the adsorption capacity of prepared compost for the removal of Cr (VI) from 

aqueous solutions. Different adsorption parameters such as adsorbent dosage and pH were 

optimized. The equilibrium data was analyzed by different isotherm and kinetic models. The 

equilibrium data of adsorption studied was best described by second order kinetics. It was 

suggested that the compost of carnation flower waste could be used in decontamination 

purpose to remove Cr (VI) from polluted waters. 

 

Wanees et al. (2012) have investigated the adsorption potential of bentonite and 

activated carbon for the removal of hexavalent chromium ions from wastewater. Various 

parameters of adsorption process such as effects of initial concentration, agitation speed, 

adsorbent dose, contact time, pH and temperature of solution and other optimum conditions 

were investigated using batch type experiments. The equilibrium data was studied by using 

different kinetic and isotherm models. Thermodynamic parameters have also been calculated 

to determine the nature of mechanism of adsorption process. In this study, bentonite was 

found as more effective adsorbent for the removal of Cr (VI). 

 

Yasmine et al. (2012) have studied the application of Amberlite IRA 410, a strong 

anion exchanger, for the removal of chromium (VI) from aqueous solution. The effect of 

initial concentration of chromium (VI) was studied by performing batch mode experiments. 

The adsorption equilibrium data was examined by different isotherm and kinetic models. 

Isotherm data showed that a monolayer sorption of Cr (VI) was occurred onto the surface of 

the resin. An increase in sorption capacity was observed with an increase in initial 

concentration of Cr (VI). Mechanism and nature of adsorption was studied by 

thermodynamic parameters and an endothermic and spontaneous nature of adsorption process 

was predicted. 

 

Hu et al. (2011) have reported the batch removal of chromate and p-

nitrochlorobenzene using montmorillonite that was chemically treated with cetyl 

trimethylammonium bromide and poly(hydroxo aluminium) ions. At first montmorillonite 

was prilled with poly(hydroxo aluminium) ions to form Al-pillared montmorillonite. 
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Different batch experiments were conducted. The equilibrium data was analyzed by different 

isotherm and kinetic models. It was revealed that the chromate was chemisorbed primarily by 

ion exchange process. Al-pillared montmorillonite modified with cetyl trimethylammonium 

showed maximum adsorption of chromate and p-nitrochlorobenzene at pH 4.0. 

 

Naiya et al. (2011) have utilized the rice waste, which is considered as a cost effective 

agricultural waste, for the removal of Cr (VI) from aqueous solution. The interaction of 

different functional groups and adsorption capacity of rice waste was studied. Different 

parameters of adsorption process were optimized by batch adsorption technique. A detailed 

Fourier transform infrared (FTIR) spectroscopic screening of adsorbent was performed before 

and after the adsorption of Cr (VI). It was concluded that different functional groups such as 

alkene, surface hydroxyl, carboxilate anion, aromatic nitro and silicon oxide etc. could be 

responsible for the adsorption of hexavalent chromium. 

 

Zhou et al. (2011) have studied the adsorption of Cr (VI) from aqueous solutions by 

modified cellulose. In this study, the cellulose powder was attached with 

glycidyl methacrylate (Vinyl monomer) by an initiator (Ceric ammonium nitrate). It was 

further derivatized with quaternary and β-CD ammonium groups. The equilibrium data of 

adsorption process was evaluated by isotherm models. The adsorption-desorption 

experiments revealed that the modified adsorbent exhibited a good reproducibility and it 

could be reused for five times at least. 

 

Barquist and Larsen (2010) have synthesized zeolite composites with magnetic iron 

oxide. Bifunctional zeolite composites were successively functionalized with 3-

aminopropyltriethoxysilane. The amine functionalized composites were characterized by 

thermo- gravimetric analysis to quantify the functionalization, powder X-ray diffraction to 

confirm crystallinity and zeta potential measurements to screen the surface charge. 

Mössbauer spectroscopy and X-ray photoelectron spectroscopy have been used to study 

magnetic iron oxide. It was noticed that the 3-aminopropyltriethoxysilane functionalization 

amplified the zeta potential and this resulted in an increase adsorption of chromate as 

compared to un-functionalized iron oxide/zeolite composites. An electrostatic interaction was 

attributed between the negatively charged chromate anions and positively charged amine 

groups. The retrieval or desorption of the iron oxide/zeolite composite and chromate anions 

was also studied. 
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Hu et al. (2010) studied the adsorption of chromate on cetyltrimethylammonium 

bromide and aluminum hydroxypolycation treated montmorillonite. Batch mode experiments 

were conducted in this study. Different analytical techniques such as X-ray diffraction, X-ray 

photoelectron spectrum, Fourier transform infrared spectrum and zeta potential were used to 

characterize natural and modified montmorillonite. The experimental data showed that 

adsorption capacity of chromate was significant only when aluminum hydroxypolycation was 

intercalated with montmorillonite before cetyltrimethylammonium bromide. The equilibrium 

data of adsorption studies was interpreted by different isotherm and kinetic models. 

 

Ng et al. (2010) have studied the biological removal of chromate using 

Brevibacterium casei. This biomass was used because in nutrient-limiting condition it can 

decrease Cr (VI) in the presence of the azo dye Acid Orange-7. The said biological strain was 

isolated from a sample of sewage sludge of a dyeing factory. A response surface 

methodology, which is normally used to improve the growth conditions for food 

microorganisms to increase the yield of product, was used to regulate the optimal conditions 

for dye decolourization and chromate reduction by Brevibacterium casei. A new mechanism 

was recommended for the reduction of chromate coupling with azo dye Acid Orange-7 

decolourization by Brevibacterium casei. It was assessed that under nutrient-limiting 

condition, azo dye Acid Orange-7 could be used as an electron donor by the reduction 

enzyme of Brevibacterium casei for Cr (VI) reduction. 

 

Bingol et al., (2009) have studied the batch removal of chromate ions (CrO4
2−) from 

wastewater using cationic surfactant modified lichen (Cladonia rangiformis (L.)) under 

different experimental conditions. The biomass was modified with cetyltrimethylammonium 

bromide. Various parameters of adsorption studies such as the presence of the surfactant, 

effects of pH, initial concentration of CrO4
2−, biosorption time and biosorbent dosage were 

studied. The results showed that with the decrease in pH, biosorption efficiency of chromium 

increased. The experimental results revealed that the modification of biomass significantly 

enhanced the biosorption efficiency. 

 

Atia (2008) has modified the bentonite with cetylpyridinium bromide. Different 

analytical techniques such as elemental analysis, Infrared Spectroscopy, thermogravimetric 

analysis, X-ray diffraction, electrokinetic mobility measurements and specific surface area 

were used to study the modified bentonite. The surfactant was adsorbed on the modified 
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montmorillonite in a bilayer structure. The oxyanions of Cr (VI) and Mo (VI) were removed 

from aqueous solutions by modified organo-bentonite. Different kinetic models were studied 

to interpret the equilibrium data and the nature and mechanism of adsorption process was 

studied by thermodynamical parameters. The standard free energy values for adsorbates 

indicated that a spontaneous adsorption process took place. The appropriate operation of the 

organo-bentonite in continuous flow systems was determined by column studies. 

 

Leyva-Ramos et al. (2008) has modified the bentonite clay by adsorbing a cationic 

surfactant (Hexadecyltrimethylammonium bromide) on the interlayer spacing and external 

surface of the bentonite. This modified bentonite was used for the adsorption of Chromium 

(VI) from aqueous solution. Batch mode process was used to determine the adsorption 

equilibrium data of chromium (VI). The influence of the pH and temperature on the 

adsorption isotherm was also investigated. It was observed that maximum Cr (VI) was 

adsorbed at pH 5 and adsorption capacity reduced with an increase in pH value. The study of 

thermodynamic parameters revealed that adsorption process was exothermic in nature. The 

chemisorption of Cr (VI) on modified bentonite was shown by desorption studies when Cr 

(VI) was irreversibly adsorbed on modified bentonite. 

 

Thacker et al. (2007) has studied the reduction of Cr (VI) by a gram negative strain of 

Brucella sp. The experimental results revealed that by adjusting the medium at pH 7 and 

37°C, the used strain had reduced the major percentage of chromate. It was also observed that 

with an increase in Cr (VI) concentration in the medium resulted in reduced growth rate of 

strain. The used strain also showed a tolerance to multiple heavy metal (Zn, Ni, Pb, Hg, Co) 

and antibiotics resistance. The assay with crude cell free extracts revealed that the reduction 

of hexavalent chromium was primarily linked with the soluble fraction of the cell. High Cr 

(VI) reducing ability and high Cr (VI) concentration resistance of Brucella strain made it a 

right choice for bioremediation. 

 

Bhattacharyya and Gupta (2006) have studied the interactions and utilization of 

kaolinite, poly(oxozirconium) kaolinite, acid-activated kaolinite and tetrabutylammonium 

kaolinite for the removal of Cr(VI) from aqueous medium. The parameters of adsorption 

process such as initial concentration of Cr (VI), adsorbent dosage, pH, time of contact and 

temperature were optimized. It was observed that the adsorption process was pH dependent. 

Isotherm and kinetic models were studied to interpret the best fit equilibrium data. The study 
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of thermodynamic parameters revealed that the process of adsorption was endothermic. The 

results showed that acid-activated kaolinite has the maximum adsorption capacity followed 

by non-activated kaolinite, poly(oxozirconium) kaolinite and tetrabutylammonium kaolinite. 

 

Rani et al. (2006) have studied the adsorption of hexavalent chromium from aqueous 

solutions using bark of Acacia nilotica. In this study, both untreated and treated Acacia 

nilotica L. bark powder were used. The bark powder of plant was treated through a 

carbonization process. Batch experiments were conducted to study the adsorption process and 

different parameters of adsorption such as effect of dose, effect of contact time and effect of 

pH were optimized. Maximum percentage removal of Cr (VI) from synthetic samples was 

observed for treated Acacia bark carbon. Both of the adsorbent showed maximum Cr (VI) 

adsorption at pH 2.0. The equilibrium data of adsorption was analyzed by different isotherm 

and kinetic models. 

 

Marshall and Wartelle (2006) have created dual functional ion exchange resins from 

sugarcane bagasse, soybean hulls and corn stover. These resins were prepared in a two-step 

process, at first the by-products were treated with citric acid solution in order to impart more 

negative charge, and then positive charge was impacted by treating it with 

dimethyloldihydroxyethylene urea (cross linking reagent) and choline chloride, (quaternary 

amine). Later in the process, the order of reaction was inverted, imparting positive charge 

first followed by the negative charge addition. These collective reactions added both anionic 

and cationic character to the by-products that resulted in an increased removal of copper 

cation and the chromate anion as compared to unmodified by-products. It was established that 

these dual functional resins adsorbed more contaminants as compared to commercial anion or 

cation exchange resins. 

 

Wartelle et al. (2005) have modified the cellulose containing agricultural by-products 

with cross linking reagents, dimethyloldihydroxyethylene urea and choline chloride. Soybean 

hulls, corn stover and sugarcane bagasse were used as cellulose containing agricultural by-

products. Soybean hulls were used as substrate and optimization of the modification method 

was attained by this substrate. Later, the optimized method was used to modify corn stover 

and sugarcane bagasse. Highest adsorption efficiencies were observed in modified cellulose 

containing agricultural wastes. Dimethyloldihydroxyethylene urea and choline chloride 
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modified by-products formed an anion exchange resin that had a higher adsorption capacity 

of chromate ions that either singly or co-existing with other anions in aqueous solutions. 

 

Maryuk et al. (2005) have studied the adsorption of chromates on stearalkonium 

bentonite. The adsorption of chromates on adsorbent was characterized by Scanning electron 

microscopy. The effect of pH on the concentration of Cr (VI) anions was optimized and it 

was observed that chromate adsorption was dropped at higher pH values. The equilibrium 

data was interpreted by considering selective kinetic models. 

Majdan et al. (2005) have studied the adsorption mechanism of chromate anions on 

hexadecyltrimethylammonium bromide treated bentonite. Different analytical techniques 

such as Scanning electron microscope (SEM), Fourier transform infrared (FTIR) 

spectroscopy and Small Wide Angle X-Ray Scattering (SWAXS) patterns were used to study 

the adsorption mechanism.  Scanning electron microscopic measurements showed that the 

molar ratio for the majority of points of bentonite surface were in 1-2 range. FTIR spectra of 

modified bentonite showed a change of gauche to trans form conformation in the surfactant 

arrangement and SWAXS patterns evidently proposed the absorption of chromate anions into 

the inter-lamellar space of bentonite structure. 

 

Faghihian et al. (2005) have studied the adsorption of chromate anion on modified 

clinoptilolite. Different cations were used in the modification process. The maximum amount 

of chromate adsorbed when a lead exchanged form was used. A desorption study of chromate 

in deionized water revealed that a notable percentage of the adsorbed chromate was released, 

which was depending upon the exchangeable cation. 

 

Mohanty et al. (2005) have prepared carbon from Terminalia arjuna nuts and 

chemically treated the prepared carbon with zinc chloride. This chemically activated carbon 

was used for Cr (VI) adsorption from dilute aqueous solutions. The ratio of chemicals 

(activating agent/precursor, g/g) was found to be an important parameter in chemical 

activation. Carbonization time and temperature were the other two significant variables, 

which had important influence on the pore structure of carbon. The developed activated 

carbon showed a significant capability to adsorb chromium (VI) from dilute aqueous 

solutions. Different adsorption parameters such as adsorbent dosage, contact time, initial 

concentration and pH were optimized. The equilibrium data was analyzed by different 
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isotherm and kinetic models. The maximum adsorption capacity of Cr (VI) was obtained at 

pH 1.0. 

 

Ghiaci et al. (2004) have studied the removal of chromate ions from aqueous solution 

on natural and synthetic zeolites. Zeolites were modified with the quaternary amines such as 

n-cetylpyridinium bromide, hexadecyltrimethylammonium bromide and MCM-41 molecular 

sieve. The equilibrium data of adsorption study was analyzed by isotherm models. The 

maximum adsorption of chromate was observed over synthesized MCM-41 zeolites. 

 

Houri et al. (1999) have used anionic clays for the removal of chromate ions from 

aqueous solutions. Different analytical techniques such as Fourier transform infrared 

spectroscopy and X-ray diffraction were used for the characterization of adsorbents. The 

interaction of the CrO4
-2 ions with anionic clays has been studied by UV-visible 

spectroscopic technique. It was observed that the sorption capacities of anionic clays for the 

CrO4
-2 ions were close to 1 mmol/g. 

 

Zachara et al. (1988) have saturated the kaolinite with NaClO4 and studied the 

adsorption of chromate (CrO4
2-) ions over different pH values. It was observed that the rate of 

adsorption increased with decreasing pH due to protonation of variable charge sites on 

kaolinite or chromate ions. Chemical pretreatment of adsorbent affected the magnitude of 

chromate adsorption.  The adsorption of sulfate ions was also studied and it was suggested 

that the two solutes adsorbed freely on separate sites. A site binding model of the kaolinite 

edge was proposed to describe the adsorption of both sulfate and chromate.  
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7a. Experimental Work 

(Chromate) 

 

7a.1 Material and Reagents Used 

 

For conducting chromate adsorption studies, potassium chromate (Sigma Aldrich) 

was used for making standard chromate solution. Hydrochloric acid (Merck) was used for 

chemical modification of adsorbents selected for chromate study. Sodium hydroxide and 

hydrochloric acid were also used for adjusting the pH of the solution. 

Doubly distilled water was used throughout this work. All glassware used in this study was of 

Pyrex, Germany. Nitric acid and doubly distilled water was used to wash the glassware. 

Washed glassware was dried in oven at 100°C for 4 hours prior to adsorption studies. 

 

7a.2 Instruments Used 

 Electronic weighing balance (Shimadzu Corporation Japan) 

 Orbital shaker (Yellow line OS 10control)  

 pH meter (Hanna) 

 Atomic absorption spectrophotometer (Perkin Elmer AAnalyst 100) 

 

7a.3 Solutions Used During Chromate Adsorption Studies 

 Potassium chromate (2.21 g) was dissolved in distilled water and volume was made 

up to 1000 mL to make 1000 ppm solution of chromate. Further dilutions were made 

by taking required aliquot of this sample. Solutions of chromate in the range of 10-50 

ppm with the regular interval of 10 ppm were used for calibration of atomic 

absorption spectrophotometer. 

 0.1M solution of Sodium hydroxide and Hydrochloric acid were prepared for 

adjusting the pH of the chromate solution. 

 All the solutions for chemical modification of adsorbents were made according to the 

procedure mentioned in chapter 2 (section2.4) 

 

7a.4 Adsorbents selected for Chromate Adsorption  

In order to conduct the adsorption study for chromate, adsorbents belonging to the 

three categories as mentioned earlier (Chapter 1) were subjected to the initial experiment for 

chromate removal. Each adsorbent (0.2 g) was added separately to the 50 mL of 50 ppm 
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solution of chromate. Solutions were shaken for 30 minutes at 150 rpm at room temperature. 

After filtration, the remaining chromate concentration in solution was checked by using 

atomic absorption spectrophotometer. Adsorption percentage was calculated by the equation 

1.23 (Chapter 1). It was found that raw forms of all the biological and geological adsorbents 

did not prove efficient in removing chromate anions from the aqueous medium with the 

exception of arjun nuts (37.27%), beerri ptta capsule (34.11%) and multani mitti (39.59%). 

Among the polymeric adsorbents amberlite IRA 410 was found good in removing chromate 

ion (78.64%) in the initial experiment. In order to solve this problem arjun nuts, beerri ptta 

capsule and multani mitti were subjected to chemical modification and that modified 

adsorbent were then studied for chromate removal from aqueous medium.  Amberlite IRA 

410 (anion exchange resin) was not modified as the polymeric adsorbents throughout this 

study were not subjected to any chemical modification.  

 

7a.4.1 Chemical Modification of Selected Adsorbents for Chromate Removal 

  

In order to conduct the chromate adsorption study arjun nuts, beerri ptta capsule, multani 

mitti and amberlite IRA 410 were selected. These were than chemically modified using 

hydrochloric acid. For modifying the adsorbent surface 250 mL of 0.01M solution of 

hydrochloric acid was added separately in 500 mL beaker containing 50 g of arjun nuts, 

beerri ptta capsule and multani mitti. The soaked adsorbents were then heated at 70 °C for 10 

hrs. During heating the adsorbent were shaken periodically for 30 minutes after every 2 

hours. After the prescribed time, the adsorbents were filtered and washed with distilled water 

to wash away the extra acid on the adsorbent surface. Washed adsorbents were than dried in 

oven at 80 °C for 2 hours. These adsorbents were then stored in separate sample bottles for 

further experimentation. 

 

 It has been reported that acid treatment of the adsorbent surface results in the 

exposing the pure amino sugars and d-glucosamine on the surface of biological adsorbents 

(Gardea-Torresdey et al., 2000). In wastewaters depending upon the acidity, chromium (VI) 

species exist in the form of oxo-anions species i.e. chromate (CrO4
-2, HCrO4

-2) dichromate 

(Cr2O7-2). Overall positive charge on the surface of adsorbents might increase that favored 

the adsorption of chromate species on selected adsorbents that have been treated with acid.  
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7a.5 Parameters Optimization/ Isothermal, Kinetics and Thermodynamics Study 

In order to conduct the adsorption studies for chromate, effect of the following 

parameters were studying using chemically modified biological and geological adsorbents 

and polymeric adsorbent without chemical modification. 

 

7a.5.1 Time of Contact 

 Effect of contact time was studied by adding 0.2 g of each adsorbent in 50 mL of 50 

ppm chromate solution. Time of contact between adsorbent and adsorbate was varied from 5 

to 70 minutes with the regular interval of 5 minutes. All the samples were shaken with the 

same agitation speed of 150 rpm at room temperature. Chromate was estimated after each 

experiment performed for optimizing time of contact. 

 

7a.5.2 Agitation Speed 

 Optimization of this parameter is based upon the fact that better contact of adsorbate 

with adsorbent results in the formation of chromate layer over adsorbent surface. Shaking 

speed also called ‘agitation speed’ was studied with 0.2 g of adsorbent in 50 mL of 50 ppm 

fluoride solution. Agitation speed was varied from 50 to 450 rpm at optimized conditions of 

time of contact at room temperature. Chromate concentration was determined after filtration 

of aliquot obtained after optimization of agitation speed.  

 

7a.5.3 Adsorbent Dose 

Adsorption is based upon the fact that more adsorbate can be removed from aqueous 

medium by increasing the adsorbing site. By increasing the adsorbent dose, the numbers of 

adsorbing sites are also increased. This parameter was optimized at room temperature by 

varying the adsorbent dose from 0.2-2.0 g. 50 mL of 50 ppm chromate solution was used at 

optimized conditions of time of contact and shaking speed. Remaining chromate 

concentration was determined by using atomic absorption spectrometer. 

 

7a.5.4 pH 

 It is very sensitive parameter and affects the quality of adsorption process. This 

parameter was optimized by shaking 50 mL of 50 ppm chromate solution with optimized 

adsorbent dose, time of contact and shaking speed. pH was varied from 3-11 in order to study 

the behavior of chromate ions in acidic as well as basic medium. pH of the solution was 

adjusted by using 0.1M sodium hydroxide and 0.1M hydrochloric acid solutions. Remaining 
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chromate concentration after every pH optimizing experiment was determined by using 

atomic absorption spectrometer. 

 

7a.5.5 Temperature 

 This parameter was optimized by using 50 mL of 50 ppm chromate solution by 

varying the temperature from 10 °C to 60 °C under the optimized conditions of contact time, 

agitation speed, adsorbent dose and pH. After filtration in each case the remaining chromate 

concentration was measured by the same procedure as mentioned above.  

 

7a.5.7 Desorption 

Desorption studies were conducted to study the regeneration of adsorbent which in 

turns favors its applicability, usability on large scale and environment friendly nature. 

Desorption study was carried out according to the procedure mentioned in chapter 2 (section 

2.6) using sodium hydroxide and sodium carbonate. Obtained filtrates were subjected to 

chromate estimation by the same method as mentioned earlier. 

 

7a.5.8 Isothermal Study for Chromate Removal 

  

Adsorption mechanism was explored by conducting the isothermal, kinetics and 

thermodynamics study of the adsorption process for chromate ions.  

For isothermal studies the adsorbate concentration was varied from 10 to 50 ppm after 

regular interval of 10 ppm. Chromate solution 50 mL of each concentration was used under 

the previously optimized parameters of time of contact, agitation speed, pH, adsorbent dose 

and temperature. Same experimental procedure was followed for three isothermal models. 

Remaining chromate concentration in each set of experiment was determined by atomic 

absorption spectrometer. Adsorption (%) by each adsorbent was calculated at any instant of 

time using equation 1.23. 

 

𝑨𝒅𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 (%) =  
𝑪°− 𝑪𝒆

𝑪°
× 𝟏𝟎𝟎     (1.23) 

 

‘Ce’ and ‘Cº’ are the concentrations of chromate ions before and after adsorption respectively. 

In the present study, three isothermal models; Langmuir, Freundlich and Temkin were used 

for exploring the adsorption mechanism.  
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Langmuir adsorption isotherm was studied using the equation 1.1. Linearity of the plot 

between 1/q vs. 1/Ce revealed the applicability of the adsorption model. Favorability of the 

adsorption process was revealed by determining the dimensionless factor ‘RL’ using equation 

1.3.  

In order to explore that either the adsorption is heterogeneous or not, Freundlich adsorption 

model was studied using equation 1.4 (Chapter 1). Linear plot of ‘log q’ vs. ‘log Ce’ indicated 

the applicability of Freundlich adsorption model. Freundlich constant ‘n’ showed the quality 

of adsorption. 

Third adsorption model that was applied to the chromate adsorption was Temkin adsorption 

isotherm model using equation 1.5 (Chapter 1) that deals with the uniform distribution of 

energy throughout the adsorbent surface. Linear plot of ‘q’ vs. ‘In Ce’ revealed the 

applicability of this model. Temkin constant BT gave information about the nature of 

interaction between adsorbent and adsorbate.  

 

7a.5.9 Kinetics Study for Chromate Removal 

In order to conduct the kinetics study 50mL of 50ppm solution of chromate was used 

and agitated for 5 to 70 minutes keeping the optimized conditions under consideration. 

Filtrate obtained in each case was subjected to the chromate estimation by using atomic 

absorption spectrometer. Pseudo first and pseudo second order kinetics models are used for 

studying the kinetic behavior of chromate adsorption process using equation 1.6 and 1.7 

(Chapter no.1) respectively. Value of regression coefficient (R2) in case of plotting a graph 

between log (qe-qt)’ vs.‘t’ is helpful in concluding the suitable applicability of pseudo first 

order kinetics model. In case of pseudo second order kinetics model linearity of the plot 

between ‘t/qt’ vs. ’t’ showed the suitability of the model.  

 

7a.5.10 Thermodynamic Study for Chromate Removal 

Thermodynamics study was conducted by varying temperature of the chromate 

solution from 10 °C to 60 °C. 50mL of 50 ppm solution was used with optimized conditions 

of time of contact, agitation speed, adsorbent dose and pH. Enthalpy (ΔHº) and entropy (ΔSº) 

of the adsorption process were calculated by the regression analysis of the linear plot of In KD 

vs. 1/T. Thermodynamic parameter Gibbs free energy (ΔGº) was then calculated using 

equation 1.9 (Chapter 1). Negative values of enthalpy and Gibbs free energy revealed that 

adsorption was exothermic and spontaneous in nature. Whereas, the positive value of entropy 
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revealed the randomness in the system due to the interaction between chromate ion and the 

adsorbent. 

 

7a.6 Treatment of the Real Wastewater Samples 

Industrial samples for the chromate adsorption study were collected from five leather 

tanning units in the vicinity of Lahore. These industries were marked A, B, C, D and E. Three 

samples were collected from each tanning unit. Pretreatment procedure such as settling, 

decantation, and filtration were applied to the industrial samples. The filtered samples were 

then diluted by taking 1 mL of this sample to 100 mL. Optimized condition of time of 

contact, agitation speed, pH, temperature and adsorbent dose were applied to check the 

suitability of the present study for chromate adsorption using the selected adsorbents in batch 

mode.  
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7b: Result and Discussion 

 

Hexavalent chromium is very toxic pollutant that is carcinogenic and mutagenic in 

nature. It is present in the industrial waste of so many industries working in Pakistan 

especially; leather tanning units and electroplating industry. Effluent disposal is the major 

issue that must be addressed in order to save the community from the harmful and lethal 

effect of various pollutants belonging to different categories. By using adsorbents as 

mentioned earlier the removal of Cr (VI) was studied. As the biological and geological 

adsorbents were acid treated for the present study so they were named as AT.AN (acid treated 

arjun nuts), AT.BPC (acid treated beerri ptta capsule), and AT.MM (acid treated multani 

mitti). Along with these adsorbents commercially available amberlite IRA 410 was used 

without any chemical treatment. Results obtained after the characterization of adsorbents and 

optimizing the operational conditions has been discussed below; 

 

7b.1 Spectroscopic Study of Adsorbents 

Selected adsorbents were characterized before and after adsorption by spectroscopic 

techniques including; scanning electron micrographs and Fourier transform infrared 

spectroscopy 

 

7b.1.1 S.E.M imaging/ EDX of the adsorbents after chromate adsorption 

 Adsorbents selected for chromate adsorption were studied for their surface 

characterization and morphology by S.E.M technique. Acid treated selected adsorbents were 

subjected to S.E.M imaging before chromate adsorption in order to check the change in 

morphology of raw adsorbents as mentioned earlier in Table 2.5.2 (chapter 2). After 

modification brittleness and increased roughness of adsorbent surface favored the chromate 

adsorption. After adsorption the adsorbents were again subjected to S.E.M analysis in order 

to check any difference in surface morphology that could be due to the interaction of 

chromate with the adsorbent surface. For taking the S.E.M micrographs adsorbent surface 

was coated with gold through gold sputter by applying accelerating voltage of 15kV. S.E.M 

micrographs of acid treated adsorbents before and after adsorption are represented in Fig. 

7b.1* and elemental detail for the samples is shown in Table 7b.1*. 
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S.E.M analysis of the samples revealed change in the surface morphology of all the 

biological, geological and polymeric adsorbents. Presence of chromate in the EDX analysis 

of chromate adsorbed adsorbents revealed the interaction of these chromate occurred with the 

adsorbent surface. This means that chemically modified form of selected adsorbents are 

suitable for the adsorption of chromate on their surface and further brought the change in the 

surface morphology of the adsorbents. 

 

Table 7b.1*: EDX detail of chromate adsorbed adsorbent 

Sampl

e Code 

Morpholog

y 

Elements (Atom. %) 

C O Cl Mg Al Si Cu Cr K Ca Fe 

a Jagged 47.68 49.90 1.59 - 0.82 - - - - - - 

b 
Smoky 

Fluff 
49.15 45.38 2.60 0.52 2.35 - - - - - - 

c Abraded 1.47 67.16 1.39 2.11 7.93 14.32 - - 2.07 1.51 2.02 

d 
Plane 

dotted 
67.70 30.81 0.23 - 0.31 - - 0.94 - - - 

e Layered 53.68 43.55  - 2.10 - 0.45 0.23 - - - 

f Rough 12.98 65.19 
20.2

4 
- 0.19 0.15 - 0.05 0.93 0.29 - 

g Abraded 2.35 73.06 1.40 1.83 6.65 10.76 - 0.07 1.84 0.81 1.25 

 

 

7b.1.2 FT-IR analysis of the adsorbents after chromate adsorption 

 

a) The FT-IR spectrum of acid treated nuts was comparatively studied with FTIR 

spectrum of raw nuts. An apparent shift in absorbance band from 1032 cm-1 (raw) to 

1030 cm-1 and 1031 cm-1 (raw) to 1030 cm-1 signifies the C–O stretching vibrations on 

the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). A clear decrease 

in absorbance band from 1340 cm-1 (raw) to 1319 cm-1 corresponds the C–N 

stretching in amines (Pavia, 2001).  

 

b) The FT-IR spectrum of acid treated capsules was comparatively studied with FTIR 

spectrum of raw capsules. 
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7b.1.2 FT-IR Analysis of the adsorbents after chromate adsorption 
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Figure 7b.2*: FTIR of chemically modified and chromate adsorbed adsorbents 

[a (acid treated arjun nuts), b (acid treated beerri ptta capsule), c (acid treated gachni), d (chromate adsorbed 

Amberlite), e (chromate adsorbed acid treated arjun nuts), f (chromate adsorbed acid treated beerri ptta 

capsule) and g (chromate adsorbed acid treated gachni)] 

 

A clear shift in absorbance band from 2928 cm-1 (raw) to 2895 cm-1 correspond the 

C–H stretching in alkane (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 

2014; Das & Adak, 2015). The emergence of a new peak at 896 cm-1 correspond the 

C–H out of plane bending in aromatic group (Painter et al., 1985; Chen et al., 2015). 

An obvious shift in band from 1024 cm-1 (raw) to 1022 cm-1 signifies the C–O 

stretching vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 

2015). A clear decrease in absorbance band from 3295 cm-1 (raw) to 3293 cm-1 

corresponds the H-bonded O–H stretching in alcohols and phenols (Gupta et al., 

2011; Tan et al., 2008; Naiya et al., 2011; Pavia, 2001; Ammari, 2014). The 

emergence of an absorbance band at 1594 cm-1 corresponds the N–H bending of 

primary and secondary amines (Pavia, 2001). 

 

c) The FT-IR spectrum of acid treated Gachi clay was comparatively studied with FTIR 

spectrum of raw Gachi clay. The emergence of a new band at 979 cm-1 correspond the 

C–H out of plane bending in in alkene (Pavia, 2001). A shift in band from 780 cm-1 

(raw) to 779 cm-1 corresponds to C–X where “X” denoted chloride element (Pavia, 

2001; Das & Adak, 2015). 
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d) The FT-IR spectrum of acid treated amberlite was comparatively studied with FTIR 

spectrum of raw amberlite. The emergence of a new peak at 987 cm-1 correspond the 

C–H out of plane bending in in alkene (Pavia, 2001). An obvious shift in band from 

822 cm-1 (raw) to 853 cm-1 correspond the C–H out of plane bending in aromatic 

group (Pavia, 2001; Painter et al., 1985; Chen et al., 2015). An obvious shift in band 

from 1055 cm-1 (raw) to 1022 cm-1 signifies the C–O stretching vibrations on the 

surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). A shift in band from 

703 cm-1 (raw) to 704 cm-1 and emergence of a new absorbance band at 1089 cm-1 

corresponds to C–X where “X” denoted chloride and fluoride elements respectively 

(Pavia, 2001; Das & Adak, 2015). The emergence of an absorbance band at 1615 cm-1 

corresponds the N–H bending of primary and secondary amines (Pavia, 2001). 

 

e) The FT-IR spectrum of acid treated nuts was comparatively studied with FTIR 

spectrum of acid treated nuts. The emergence of two new absorbance band at 2852 

cm-1 correspond the C–H stretching in alkane (Naiya et al., 2011; David et al., 1999; 

Abdel-Ghani et al., 2015; Ammari, 2014; Das & Adak, 2015) The emergence of a 

new peak at 932 cm-1 correspond the C–H out of plane bending in in alkene (Pavia, 

2001). The emergence of new band 895 cm-1 correspond the C–H out of plane 

bending in aromatic group (Pavia, 2001; Painter et al., 1985; Chen et al., 2015). An 

apparent shift in absorbance band from 1030 cm-1 (acid treated) to 1031 cm-1 signifies 

the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-

Ghani et al., 2015). A clear decrease in absorbance band from 1319 cm-1 (acid 

treated) to 1317 cm-1 corresponds the C–N stretching in amines (Pavia, 2001). The 

emergence of an absorbance band at 1594 cm-1 corresponds the N–H bending of 

primary and secondary amines (Pavia, 2001). 

 

f) The FT-IR spectrum of acid treated capsules was comparatively studied with FTIR 

spectrum of acid treated capsules. A clear shift in absorbance band from 2895 cm-1 

(raw) to 2918 cm-1 correspond the C–H stretching in alkane (David et al., 1999; 

Abdel-Ghani et   
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Table 7b.2*: FT-IR absorption bands of chemically modified and chromate adsorbed adsorbents 

Functional Groups 

Adsorption band (cm-1) 

Chemically modified and chromate adsorbed adsorbents 

a b c d e f g 

C–H stretching alkane 

(3000-2850) aromatic (3150-3050) (s) 

Aldehyde (2900-2800) (w) 

Alkene out of plane bend   (1000-650) 

- 2895 979 987 
2852 

932 
2918 982 

C–H Aromatic (Out of plane bend) 

(900-690) (s) 
- 896 - 853 895 - 798 

C–O Alcohol, Ester, Ethers, Carboxylic 

acid, Anhydrides 

(1300-1000) (s) 

1030 1022 - 1022 1031 1022 - 

O–H Alcohols, Phenols H-Bonded 

(3400-3200) (m), 

Free 

(3650-3600) (m) 

- 3295 - - - 3283 - 

C–N Amines 

(1350-1000) (m-s) 
1319 - - 1222 1317 1321 - 

C–X  Fluoride (1400-1000) (s) 

Chloride 

(785-540) (s) 

Bromide, Iodide 

(<667) (s) 

- - 779 

1089 

704 

647 

- 1158 781 

S=O 

Sulfones, Sulfonyl Chloride, Sulfates, 

Sulfonamide 

(1375-1300) and 

(1350-1140) 

(s) 

1160 - - 1372 
1371 

1366 
1231 - 

N–H 

Primary & Secondary amines and 

amides 

Stretching (3500-3100) (m) 

Bending (1640-1550) (m-s) 

- 1594 - 1615 
1597 

1594 
1596 - 

 

al., 2015; Ammari, 2014; Das & Adak, 2015). The emergence of new absorbance band 

1022 cm-1 signifies the C–O stretching vibrations on the surface of adsorbent (Tan et al., 

2008; Abdel-Ghani et al., 2015). A clear decrease in absorbance band from 3295 cm-1 

(acid treated) to 3283 cm-1 corresponds the H-bonded O–H stretching in alcohols and 

phenols (Gupta et al., 2011; Tan et al., 2008; Naiya et al., 2011; Pavia, 2001; Ammari, 

2014). The emergence of new absorbance band 1321 cm-1 corresponds the C–N stretching 

in amines (Pavia, 2001). A clear shift of absorbance band from 1594 cm-1 to 1596 cm-1 

corresponds the N–H bending of primary and secondary amines (Pavia, 2001). 
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g) The FT-IR spectrum of acid treated Gachi clay was comparatively studied with FTIR 

spectrum of acid treated Gachi clay. Clear shifts in absorbance band from 979 cm-1 to 

982 cm-1correspond the C–H out of plane bending in in alkene (Pavia, 2001). The 

emergence of new band 798 cm-1 correspond the C–H out of plane bending in 

aromatic group (Pavia, 2001; Painter et al., 1985; Chen et al., 2015). A shift in band 

from 779 cm-1 (raw) to 781 cm-1 corresponds to C–X where “X” denoted chloride 

element (Pavia, 2001; Das & Adak, 2015). 

 

7b.2 Parameters Optimization 

In order to explore the adsorption behavior of Cr (VI) various parameters like; time of 

contact, agitation speed, adsorbent dose, pH and temperature were optimized. Mechanism of 

adsorption was investigated by applying the isothermal study. Dependence of Cr (VI) 

adsorption on time was investigated by applying the pseudo first and pseudo second order 

kinetics model. Spontaneity of the Cr (VI) adsorption was checked by studying the 

thermodynamic behavior of the process. 

 

7b.2.1 Effect of Time of Contact 

The effect of contact time was investigated by varying the time from 5 to 70 minutes 

using 50 mL of 50 ppm of Cr (VI) solution. Selected adsorbents (0.2 g each) was used for Cr 

(VI) adsorption study at constant agitation speed of 150 rpm. Results obtained after 

optimizing the time of contact for Cr (VI) adsorption using; AT.AN, AT.BPC, AT.MM and 

Amb are tabulated in Table 7b.1 and are graphically represented in Fig.7b.1. 

 

Table 7b.1: Effect of contact time on chromate adsorption  

Contact 

time 

(minutes) 

Percent Removal Efficiency of Chromate 

AT.AN AT.BPC AT.MM Amb 

5 61.03 56.91 53.81 78.56 

10 62.56 57.52 55.64 80.17 

15 65.15 58.97 56.91 82.68 

20 66.32 60.22 58.76 83.24 

25 67.22 65.15 60.00 83.71 

30 69.46 68.49 60.57 84.28 

35 72.37 74.43 61.03 84.74 

40 70.11 72.31 63.44 88.46 

45 68.25 67.94 66.19 90.93 

50 67.48 65.46 67.58 90.03 

55 66.19 63.09 69.28 89.90 

60 65.74 62.81 64.28 89.64 

65 65.15 62.06 65.15 89.23 

70 65.04 61.97 65.04 89.10 
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In case of acid treated biological adsorbents, initially the removal efficiency was 

found to increase by increasing the time of contact then after attaining equilibrium no 

profound increase was observed as shown in Fig. 7b.1. In case of geological adsorbent, the 

equilibrium was attained slowly and after attaining the equilibrium, the removal efficiency 

became nearly constant as evident from the Fig. 7b.1. 

 

 

Figure 7b.1: Effect of time of contact on chromate removal  

[AT.AN (acid treated arjun nuts), AT.BPC (acid treated beerri ptta capsule), AT.MM (acid treated multani mitti), Amb 

(Amberlite IRA 410)] 

 

Polymeric adsorbent showed that adsorption of Cr (VI) increased in the beginning and 

after the equilibrium was attained the removal efficiencies showed nearly the same trends. 

Highest removal efficiency (90.93%) was shown by amberlite IRA 410 after 45 minutes 

contact. This might be attributed to the fact that in the beginning the availability of greater 

number of adsorption sites increased the removal of Cr (VI). With the passage of time, the 

adsorbent surface was covered by Cr (VI) thereby causing saturation of ions on the adsorbent 

surface and resulting in the decrease in the removal efficiency.  

Another factor affecting the Cr (VI) adsorption on adsorbent under study was the 

aggregation of negatively charged species on adsorbent surface that repelled the incoming 

similar charges. Use of redox polymer for Cr (VI) removal has been reported to show the 

similar trends (Vetriselvi and Santhi, 2015). Shells of walnuts, hazelnuts and almond when 

used for Cr (VI) removal had also shown the similar results (Pehlivan and Altun, 2008).  
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7b.2.2 Effect of Agitation Speed 

Agitation speed ensures the contact of ions in the solution to the adsorbent surface and 

further penetration of ions across the external boundary on adsorbent. Effect of agitation 

speed was studied by varying the speed from 50 to 450 rpm using 0.2 g of each adsorbent in 

50 mL of 50 ppm chromate solution. All the solutions were agitated for the optimized period 

of time. Results obtained for AT.AN, AT.BPC, AT.MM and Amb are tabulated in Table 7b.2 

and are graphically represented in Fig. 7b.2.  

 

Comparison among the biological, geological and polymeric adsorbents revealed that 

polymeric adsorbents were more efficient in removal of chromate ions. Results showed that 

percentage removal of chromate generally increased with agitation speed and after the 

establishment of equilibrium was attained no remarkable increase in removal efficiency was 

observed. In case of polymeric adsorbent, higher removal efficiency was observed at 150 rpm 

as compared to biological and geological adsorbents. 

 

Table 7b.2: Effect of agitation speed on chromate adsorption 

Agitation 

speed 

(rpm) 

Percent Removal Efficiency of Chromate 

AT.AN AT.BPC AT.MM Amb 

50 61.66 55.03 49.25 80.46 

100 62.72 56.25 50.40 83.93 

150 63.46 57.34 52.72 88.55 

200 65.03 66.59 64.28 86.24 

250 59.25 56.18 66.59 83.93 

300 58.09 59.65 72.37 80.46 

350 58.06 58.50 67.75 75.84 

400 57.94 57.34 58.50 67.75 

450 57.68 57.06 57.34 66.59 

 

Agitation increases the external mass transfer coefficient that resulted in the increased 

adsorption of chromate ions. As all the sites get filled further increase in agitation speed had 

negative impact on the adsorption because of availability of lesser time for interaction 

between adsorbent surface and chromate ions in the solution. Similar trends were seen in 

biological materials as leaf samples for Cr (VI) removal (Moussavi and Barikbin, 2010). 

 

Lesser time to interact due to higher speed increased the chances of collision of 

molecules with adsorbent surface in such a way that the adsorbed ions might get detached 

from adsorbent surface thereby resulting in a decrease in percentage removal of chromate. 
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Figure 7b.2: Effect of agitation speed on chromate removal  

[AT.AN (acid treated arjun nuts), AT.BPC (acid treated beerri ptta capsule), AT.MM (acid treated multani mitti) and Amb 

(amberlite IRA 410)] 

 

7b.2.3 Effect of Adsorbent Dose 

Effect of adsorbent dose was studied at the optimized values of time of contact and 

shaking speed. Adsorbent dose was varied from 0.2 to 2.0 g using 50 mL of 50 ppm chromate 

solution at room temperature.  

Results obtained are tabulated in Table 7b.3 and are graphically represented in 

Fig.7b.3. It was revealed generally that by varying the adsorbent dose from 0.2 to 2.0 g 

removal efficiency was found to increase for all the adsorbents up to a certain limit. 

 

Table 7b.3: Effect of adsorbent dose on chromate adsorption 

Adsorbent 

dose 

(g) 

Percent Removal Efficiency of Chromate 

AT.AN AT.BPC AT.MM Amb 

0.2 66.90 58.85 52.41 97.42 

0.4 79.54 61.15 58.52 98.08 

0.6 76.90 63.45 66.90 97.93 

0.8 75.75 70.34 65.71 97.92 

1.0 73.45 70.27 64.87 96.87 

1.2 73.40 70.16 64.52 96.76 

1.4 72.30 69.84 64.13 96.63 

1.6 71.15 69.55 64.06 95.32 

1.8 71.15 68.32 63.81 95.25 

2.0 70.93 68.17 63.42 95.10 
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Figure 7b.3: Effect of adsorbent dose on chromate removal  

 
[AT.AN (acid treated arjun nuts), AT.BPC (acid treated beerri ptta capsule), AT.MM (acid treated multani mitti) and Amb 

(amberlite IRA 410)] 

 

Among the acid treated adsorbents AT.AN showed better removal efficiency 

(79.54%) than AT.BPC and AT.MM. similar effect had been observed when red pine 

sawdust was used for chromate removal after chemical modification ( Gode et al., 2008a). 

Whereas, in case of polymeric adsorbents, highest removal efficiency (98.08 %) was obtained 

by using 0.4 g of the adsorbent. This increase can be attributed to the fact that by increasing 

the adsorbent dose, the active sites available for chromate ions adsorption increased 

accordingly.  

 

After reaching the maximum removal efficiency no further increase was observed 

even after increasing the dose. This might be due to the reason that with the constant 

chromate ion concentration; initially plenty of ions were available for active adsorption site. 

Increased amount of solid adsorbents results in aggregation of mass which in turn reduces the 

exposed number of active site for adsorption. As a result the percentage removal nearly 

became constant after reaching a certain maximum value.  

 

7b.2.4 Effect of pH 

Effect of pH was studied by varying pH from 3-11 using optimized conditions of time 

of contact, agitation speed and adsorbent dose at room temperature. Chromate solution 50 

ppm (50 mL) was used for optimizing the parameter of pH. Removal efficiency was found to 

increase in the pH range of 3 to 6 in all the cases of adsorbents. Highest removal efficiency 
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was obtained for AT.AN (81.88%) at pH 5 in case of acid treated adsorbents whereas 

polymeric adsorbents showed 96.62% chromate removal at pH 5. 

 

Table 7b.4: Effect of pH on chromate adsorption 

pH 
Percent Removal Efficiency of Chromate 

AT.AN AT.BPC AT.MM Amb 

3 60.81 47.30 47.03 94.59 

4 74.32 54.05 56.30 95.95 

5 81.88 67.57 81.08 96.62 

6 67.57 60.81 70.81 95.27 

7 60.81 40.54 57.30 88.51 

8 50.54 39.70 50.54 87.84 

9 50.21 39.62 50.36 81.04 

10 49.66 39.41 49.14 74.32 

11 49.01 39.06 49.00 67.57 

 

Existence of chromium species in solution is highly dependent upon the pH. In acidic 

conditions, oxy-anions of chromium with net negative charge exist in the solution. When 

adsorbent is treated with acid, the overall charge on adsorbent surface might have increased 

the tendency of adsorbent to adsorb chromate ions. In acidic pH range the increase in the 

removal efficiency might be attributed to the fact that negative charges on the surface of 

adsorbents get neutralized by H+ ions in the solutions at lower pH. 

 

 

Figure 7b.4: Effect of pH on chromate removal  

AT.AN (acid treated arjun nuts), AT.BPC (acid treated beerri ptta capsule), AT.MM (acid treated multani mitti) and Amb 

(amberlite IRA 410) 
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adsorption is the value of pHpzc of the adsorbent. As the pH is lower than pHpzc, the surface of 

adsorbent acquires the positive charge and when pH is higher than pHpzc, the surface of 

adsorbent acquires the negative charge. 

 

It means that surface of adsorbent can provide several types of direct or indirect, 

physical /chemical interactions to the chromate ions in solution. Chromate ions can interact 

with the surface of the adsorbents when the surface is positive, neutral or negative. Direct 

interactions may result from the attraction between positive charge on adsorbent surface and 

negatively charged chromate ions. These positively charged ions behave as bridges between 

the adsorbent surface and chromate in the solution. On the neutral surface, some sort of ion 

exchange phenomenon may have occurred where negatively charged hydroxyl ions might be 

replaced by chromate ions thereby causing removal of chromate possible when pH is equal to 

pHpzc. Surface morphology and point of zero charge along with the pH of solution affected 

the removal of chromate by different types of adsorbents. Effective removal of chromate 

species by using all the adsorbents in present study was observed in the range of pH 3 to 5. 

As discussed earlier the oxy anion species of chromium at low pH carry negative charge and 

predominantly exist as chromate ions (CrO4
-2 and HCrO4

-2). It is supposed to be removed 

preferentially at acidic pH (Isa et al., 2008). 

 

7b.2.5 Effect of Temperature 

Temperature has a remarkable effect on adsorption of chromate. Its effect on the 

chromate removal was studied in the range of 10 to 80 °C at optimized conditions of time of 

contact, agitation speed, adsorbent dose and pH. Results obtained are tabulated in Table 

7b.13 and are graphically presented in Fig.7b.5 for selected adsorbents. 

Table 7b.5: Effect of temperature on chromate adsorption 

Temperature 

(°C) 

Percent Removal Efficiency of Chromate 

AT.AN AT.BPC AT.MM Amb 

10 79.23 69.20 63.20 83.2 

20 80.61 71.20 64.15 84.12 

30 81.34 75.12 65.23 87.56 

40 77.56 77.32 67.15 84.47 

50 75.12 74.52 69.48 82.19 

60 72.2 72.21 68.45 79.46 

 



315 
 

 

Figure 7b.5: Effect of temperature on chromate removal  

AT.AN (acid treated arjun nuts), AT.BPC (acid treated beerri ptta capsule), AT.MM (acid treated multani mitti) and Amb 

(amberlite IRA 410) 

 

Behavior of the selected adsorbents towards temperature variation is associated with 

the movement of ionic species in the solution as well as the interaction of these ions with the 

adsorbent surface. When the temperature was low there was lesser ionic movement and 

relatively lesser adsorption was observed in case of biological and geological adsorbents. As 

the temperature approached the room temperature molecular movements were effective 

enough for the better interaction of chromate species with adsorbent surface thereby resulting 

in better adsorption. Higher temperature was found to affect the adsorption process either by 

favoring the effective interaction or by evaporation of the solution.  

 

Evaporation may affect the concentration of the solution at higher temperature and 

was found to affect the results of adsorption study. Therefore, the effect of temperature was 

studied from 10 to 60 °C. In case of AT.AN and Amb highest removal efficiency of 81.34% 

and 87.56 was attained respectively at 30 °C. Whereas higher temperature favored greater 

chromate removal in case of AT.BPC and AT.MM that might be attributed to the fact that at 

higher temperature, the increased kinetic energy of the ions allowed the surface interaction as 

well as the intraparticle diffusion this enhanced the adsorption of chromate. Same trends for 

adsorptive removal of chromate ions have been reported by other research groups (Sreenivas 

et al., 2014, Rehman et al., 2014, Rehman et al., 2012, Ucun et al., 2008). 
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7b.2.7 Effect of Desorbing Reagent 

 Regeneration of the adsorbent is very important as it affirms its reusability and 

ecofriendly nature. Adsorbents can be re-employed for removal of toxic species after 

regeneration. Desorption studies were carried out using 0.1 g of each adsorbent in 50 mL of 

the desorbing solution. The solution was agitated at 100 rpm for 30 minutes.  

 

 For desorption of chromate, sodium hydroxide (0.1M) and sodium carbonate (0.1M) 

solutions were used. Sodium hydroxide is found more effective in desorbing the chromate 

from the adsorbents as compared to Sodium carbonate. This might be due to the fact that as 

being stronger nucleophile, hydroxyl ions effectively replaced the chromate ions on adsorbent 

surface as compared to carbonate ions. Results for desorption are tabulated in Table 7b.6 and 

are graphically represented in Fig.7b.6. 

 

Table 7b.6: Effect of desorbing reagent on adsorbed chromate  

Desorbing 

reagent 

Percent Desorption of chromate 

AT.AN AT.BPC AT.MM Amb 

NaOH 65.48 51.48 55.38 76.79 

Na2CO3 51.47 39.55 41.47 50.79 

 

 

Figure 7b.6: Effect of desorbing reagent on chromate desorption  

AT.AN (acid treated arjun nuts), AT.BPC (acid treated beerri ptta capsule), AT.MM (acid treated multani mitti) and Amb 

(amberlite IRA 410) 
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7b.2.8 Isothermal Modeling of Chromate Adsorption 

Isothermal studies were conducted at the optimized conditions of time of contact, 

agitation speed, adsorbent dose and pH. Chromate solutions in the range of 10 to 70 ppm 

were used for this purpose. Three isothermal models as discussed earlier were employed for 

isothermal modeling to explore the adsorption mechanism. Parameters for ‘Langmuir 

adsorption isotherms’ are given in Table 7b.7.  

 

Value of regression coefficient (R2) is approaching unity in all the adsorbents which 

revealed that Langmuir adsorption isotherm holds good to explain the adsorption of 

chromate. It can be also clearly suggested from the data that there are fixed number of 

adsorption sites uniformly distributed on adsorbent surface and chromate ions have equal 

affinity towards adsorption sites with no lateral interaction between the chromate ions. 

Moreover, the Qmax value is also indicative of the fact that among the acid treated adsorbents 

AT.AN showed greater tendency for chromate adsorption. In case of polymeric adsorbent; 

Amb showed better adsorption capacity for chromate. Overall amberlite IRA 410 showed 

highest Qmax (31.709 mg/g) among all the selected adsorbents for chromate adsorption. 

 

Table 7b.7: Langmuir adsorption parameters for chromate adsorption study 

 

Adsorbent 

Langmuir isotherm 

parameters 
RL 

R2 
Qmax 
(mg/g) 

b 

(L/g) 

AT.AN 0.9457 6.419 0.047 0.289 

AT.BPC 0.9016 0.484 0.134 0.129 

AT.MM 0.8531 1.299 0.064 0.238 

Amb 0.9638 31.709 0.024 0.450 

 

Langmuir parameter ‘b’ was used to determine the value of dimensionless constant 

RL. It is depicted in Table 7b.7 that for all the adsorbents, the value of this dimensionless 

constant is below 1. This suggested that adsorption of chromate by the adsorbents selected for 

study was favorable process and these adsorbents can be used for large scale removal of 

chromate from waste water. 

 

Multilayer adsorption of chromate on the heterogeneous surface of adsorbent was 

explored by applying the Freundlich isotherm. This multilayer adsorption can be further 

explained by the lateral interaction among the chromate ions. 
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Table 7b.8: Freundlich adsorption parameters for chromate adsorption study 

Adsorbent 
Freundlich Isotherm Parameters 

R2 n 
Kf 

(L/g)1-n 

AT.AN 0.9477 1.274 0.320 

AT.BPC 0.9482 2.791 0.112 

AT.MM 0.8441 1.645 0.115 

Amb 0.9577 0.968 0.600 

 

Table 7b.8 revealed that non linearity of the system increased with the increased value 

of ‘n’ that is associated with the increased heterogeneity of the adsorbent surface. Value of 

‘n’ from 2-10 indicated the better adsorption whereas from 1-2 predicted good adsorption.  

 

Higher values of Kf indicated the effective bonding of chromate ions on the adsorbent 

surface. As it is clear from Table 7b.8 that relatively higher values of Kf were shown by Amb 

and AT.AN. It showed that chromate ions penetrated well in the heterogeneous adsorbent 

surface and were effectively removed by these adsorbents.  

Temkin isotherm model explains the equal distribution of binding energies on the 

adsorbent surface. Table 7b.9 shows all the Temkin parameters. Value of ‘BT’ below 8 

revealed the weak interaction that can be interpreted as physiosorption. Such interactions 

were shown by AT.AN, AT.MM, Amb. Only AT.BPC showed values of ‘BT’ higher than 8, 

which indicates the chemisorption. Lower BT values are indicative of the fact that adsorbents 

can be easily regenerated after desorption. 

 

Table 7b.9: Temkin adsorption parameters for chromate adsorption study 

Adsorbent 
Temkin Isotherm Parameters 

R2 
BT 

(KJ/mol) 
KT 

(L/mg) 

AT.AN 0.900 0.719 0.390 

AT.BPC 0.897 9.809 0.729 

AT.MM 0.719 2.547 0.270 

Amb 0.867 0.438 0.395 
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Figure 7b.7: Comparison of the adsorption capacity of the adsorbents used in present study (*) with the previously 

used adsorbents 

 

Higher KT values are indicative of the fact that stronger interactions are present 

between the adsorbent surface and chromate ions particularly for AT.BPC as shown in Table 

7b.9. Comparison of the adsorption capacities (mg/g) of the adsorbents reported in literature 

and the adsorbents used in present study are shown in Fig. 7b.7. AT.AN and Amb were found 

to show comparative trends for chromate removal as reported in the literature. 

 

7b.2.9 Kinetics Study for the Chromate Adsorption 

Kinetics study showed the removal of chromate as a function of time and data 

obtained is tabulated in Table 7b.10. This study was conducted by using the 50 mL of 50 ppm 

solution of chromate and varying the time from 5 to 70 minutes at optimum conditions of 

agitation speed, pH adsorbent dose and temperature. The dependence of experimental data on 

time was investigated by applying pseudo first and pseudo second order kinetics models.  

 

When maximum chromate ions were adsorbed, the adsorbent becomes saturated 

thereby revealing the adsorption capacity of each adsorbent for chromate removal. 

Theoretical and experimental adsorption capacities represented as Qt and Qexp are shown in 

the Table 7b.11. Better applicability of the kinetic model was checked by using equations 1.6 
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and 1.7 (Chapter 1) for pseudo first and pseudo second order kinetics model respectively. 

Comparison of the regression coefficient (R2) values showed that pseudo second order model 

is more in accordance with the data.  

 

Table 7b.10: Kinetic Study for adsorption of chromate 

Adsorbent 

Pseudo First Order Kinetics 

Parameters 

Pseudo Second Order Kinetics 

Parameters Qexp 
(mg/g) 

R2 
K1 

(min-1) 
Qt 

(mg/g) 
R2 

K2 
(g/mg/min) 

Qt 
(mg/g) 

AT.AN 0.617 0.0426 1.4207 0.9946 0.0397 7.211 9.020 

AT.BPC 0.489 0.0618 1190.09 0.9861 0.0307 10.54 11.61 

AT.MM 0.888 0.1278 39027.3 0.9869 0.0103 14.07 13.94 

Amb 0.932 0.1151 1984.9 0.9991 0.0160 23.37 22.75 

 

In all the cases the R2 values for pseudo second order kinetics model approached 

unity. Theoretical and experimental adsorption capacity values were not in agreement with 

each other for pseudo first order kinetics model. Whereas in the case of pseudo second order 

kinetics model theoretical and experimental adsorption capacity for chromate ions were in 

accordance with each other which showed the better applicability of this model. Lower values 

of pseudo second order rate constant revealed the possibility of chemisorption whereas 

multilayer adsorption of chromate ions on the surface of AT.AN, AT.BPC, AT.MM and Amb 

was low. 

 

7b.2.10 Thermodynamic Study for Chromate Adsorption 

Thermodynamics study for adsorption process of chromate ions was conducted by 

using 50 mL of 50 ppm chromate solution at optimized conditions of time of contact, 

agitation speed, pH and adsorbent dose. Temperature was varied from 10 ºC to 60 ºC in 

shaking incubator. Thermodynamic parameters like; ΔGº, ΔHº and ΔSº were calculated by 

using equations 1.9 and 1.10 (Chapter 1) and are tabulated in Table 7b.11. 

 

Negative values of ΔGº indicated the spontaneous nature and thermodynamic 

feasibility of adsorption of chromate ions with all the adsorbents. Increased negative value of 

ΔGº with temperature indicated the increased chromate ion removal at high temperature. 

Positive values of ΔHº revealed the endothermic nature of chromate adsorption process.  For 

significant adsorption of chromate ions the negative values of ΔGº must be accompanied with 
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the negative values of ΔHº. Negative values of ΔS° revealed the probability of favorable 

adsorption with no structural changes at liquid-solid interface.  

 

Table 7b.11: Thermodynamical parameters for adsorption of chromate 

 

Adsorbent 

Thermodynamics parametrs 

R2 
ΔG° 

(KJ/mol) 
ΔH° 

(KJ/mol) 

ΔS° 
(KJ/mol) 

AT.AN 0.857 -3.685 0.423 -0.013 

AT.BPC 0.477 -3.173 2.655 -0.017 

AT.MM 0.944 -2.173 4.191 -0.019 

Amb 0.834 -4.833 3.458 -0.026 

 

 

7b.6 Application of the Present Study to Industrial Effluents 

 

Industrial samples for the chromate adsorption study were collected from five leather 

tanning units in the vicinity of Lahore. These industries were marked A, B, C, D and E. Three 

samples were collected from each tanning unit. All the optimized parameter for each 

adsorbent (as tabulated below in Table 7b.12) was applied to check the suitability of the 

adsorbent for chromate removal on large scale. It was observed that percent removal 

efficiency of each adsorbent was comparatively reduced due to the presence of interfering 

ions in the solution. These ions affected the adsorption of chromate ions by competing for the 

active sites and covered the adsorbent surface thereby causing reduction in percent removal 

of chromate. It was found that AT.AN and Amb effectively removed chromate from the 

industrial effluents.  These adsorbents can be used alone or in combination for the effective 

removal of chromate from industrial waste water.  

 

Table 7b.12: Results of the optimized conditions for chromate removal applied to Industrial sample 

 

Adsorbents 

Parameters optimized during chromate adsorption and applicability to industrial samples 

Time of 

contact 

(minutes) 

Agitation 

speed 

(rpm) 

Adsorbent 

dose 

(g) 
pH 

Temperature 

(ºC) 

Average percent removal efficiency for 

industrial sample 

(%) 

  A              B               C               D               E 

Arjun nuts 35 200 0.4 5 30 40.35 41.23 41.09 40.28 40.17 

Beerri ptta 

capsule 
35 200 0.8 5 40 38.42 38.16 39.22 39.46 39.17 

Multani 

mitti 
55 300 0.6 5 50 39.12 38.97 38.85 39.06 39.44 

Amberlite 

IRA 410 
45 150 0.4 5 30 58.36 58.12 58.39 59.24 58.99 
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7b.7 Conclusion: 

Present work deals with the adsorptive removal of chromate from the aqueous 

medium. Applicability of adsorbents belonging to different groups was checked for their 

adsorption capacity to remove chromate. Among the selected adsorbents AT.AN and Amb 

showed good adsorption capacity for the removal of chromate from aqueous medium, it can 

be concluded from by the Qmax values of these adsorbents. It was found that chromate 

adsorption followed Langmuir monolayer adsorption pattern with the rate dependence on 

pseudo second order kinetics model. Thermodynamical study revealed that it is spontaneous 

and endothermic in nature with negative entropy value which revealed that the probability of 

favorable adsorption with no structural changes at liquid-solid interface. Chemical 

modification increased the adsorption capacity of the selected adsorbents as compared to their 

raw forms. Amberlite IRA 410 showed best results for the removal of the chromate among 

the selected adsorbents belonging to three categories i.e. biological geological and polymeric. 

Amberlite IRA 410 is an anion exchange resin and has effectively removed chromate from 

the real water samples. It is therefore recommended for the chromate treatment plants to 

remove toxic chromate species from effluents. 
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Chapter - 8 

Phenol 

 

8.1 Introduction 

 

Phenol is an organic compound also termed as “carbolic acid”, “benezol” or 

“monohydroxy benzene”. It is characterized by a −OH (hydroxyl) group bonded with 

a carbon atom of an aromatic ring. There is a strong hydrogen bonding in phenol which is 

comparable to alcohols. Therefore, phenol has greater solubility in water and higher boiling 

point. Phenol is present as colorless to white solid, in its pure form with a characteristic 

sickening sweet and tarry odor. Phenol is a toxic compound obtained from coal tar and found 

as a decomposition product of organic matter, food material and animals and humans waste. 

It is used in the formation of different phenolic resins as Bakelite that has been extensively 

used in making appliances handles, knobs, agitators in washing machine and electrical 

devices. 

 

Phenol and its different derivatives are considered as toxic in nature, because they are 

harmful to living organisms even in small concentrations. Phenolic compounds are 

considered as carcinogenic and are among the 126 chemicals that have been declared as 

primary pollutants (EPA, 2002). In potable waters, the World Health Organization (WHO) 

endorses the acceptable phenolic concentration of 0.001 mg L−1. 

Phenol in its different forms is present naturally in prokaryotes, fungi and algae. Amino acid 

as tyrosine contains substituted phenol in it. Flavoring and aromas from the essential oils of 

different plants also contain phenolic compounds in it.   

 

A rapid development of industrial sector is one of the major reasons of pollution in 

ground and surface waters. Different organic pollutants as dyes and phenolic compounds are 

discharged into these natural water sources without prior treatment (Viraraghavan et al., 

1998). The collective anthropogenic sources of phenol in water bodies include industrial 

emissions from petroleum refineries, coal gas, coke oven plants, petrochemicals, 

pharmaceuticals, disinfectants, nitrogen works, synthetic resins, adhesives, plastics,  textile 

and leather (Rengaraj et al., 2002), foundry operations, aircraft maintenance, paper 

processing plants or mills, paint manufacturing, fertilizers, pesticides, rubber reclamation 
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plants, dyes, fiber glass manufacturing, ceramic plants and steel industries (Caetano et al., 

2009). 

 

Variety of indoor products used on daily basis contains phenol in them. Disinfectants, 

biocides and tobacco smoke are also such sources. Different semi-medicinal preparations as 

shaving creams, mouth washes, ear and nose ointments, antiseptic lotions and cold sore 

lotions contain phenol in them ( Sittig, 1985). 

 

Phenol has significant health effects in human beings. Exposure to phenol either by 

ingestion, inhalation, or absorption through skin is very harmful. Phenol is quickly absorbed 

by the skin and causes skin burns.  

 

Adverse health effects caused by phenol includes; cardiovascular, respiratory, 

hematological, gastrointestinal, musculo-skeletal, renal, hepatic, dermal, loss of body weight, 

ocular, immunological, metabolic, lympho reticular, reproductive, neurological, 

developmental effects and cancer (ATSDR, 2008). Over exposure to phenol may results in 

irregular breathing, muscle weakness, tremor, coma, convulsion, cyanosis, vertigo, diarrhea, 

dark coloration of the urine and salivation. The intake of phenol contaminated water causes 

tissue erosion, protein degeneration, damage capillaries, fainting and headache in human 

body (Villegas et. al., 2016; Busca et al., 2008).  

 

8.2 Previous Work 

 

Removal of phenols and its derivatives from water is significantly important subject 

in order to protect our environment and public health. Different methods have been 

investigated for the treatment of wastewaters containing these pollutants. 

 

Villegas et al. (2016) have reviewed the efficiency of both advanced treatment and 

conventional methods of phenol adsorption. Conventional treatment methods such as 

absorption, distillation, extraction, electrochemical oxidation and chemical oxidation have 

shown greater efficiencies with numerous phenolic compounds as compared to advanced 

treatment methods like, ozonation, Fenton processes, photochemical treatment and wet air 

oxidation, which have greater energy costs. It was stated that biological treatment is energy 
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saving and eco-friendly as compared to physicochemical treatment, but it cannot be useful 

where there were pollutants in higher concentrations. 

 

Bazrafshan et al. (2016) have systematically reviewed various adsorbents used for the 

remediation of phenol and its derivatives from different aqueous solutions. Moreover, it have 

been professed that further research is required to find the practical efficacy of low-cost 

adsorbents to remove phenolic compounds on commercial scale. 

 

Kulkarni & Kaware (2014) have reviewed the adsorption kinetics and isotherm of 

phenol removal. Various biological and non-biological methods were available for the 

removal of phenol. It was perceived that most of adsorption studies followed second order 

kinetics and isothermal data best fitted in Langmuir isotherm model. 

 

Girish & Murty (2014) have investigated the adsorption of phenol on a chemically 

treated Lantana camara, a forest waste. Batch studies were conducted and the effects of 

different experimental parameters such as contact time, pH, phenol concentration and 

adsorbent dosage were optimized. 

 

Bousba & Meniai (2014) have evaluated the adsorption efficiencies of sewage sludge 

based adsorbent for the remediation of phenol from water. The sewage sludge based 

adsorbent was prepared by sulfuric acid activation followed by pyrolysis in inert atmosphere. 

The phenol removal was decreased in highly alkaline condition. This study showed that 

sewage sludge based adsorbent could be an efficient candidate for removal of phenol from 

water. 

 

Kumar & Kumar (2013) have assessed the possible use of sodium zeolite for the 

adsorption of phenol. The effects of pH, contact time, initial phenol concentration and 

adsorbent dosage on the phenol adsorption were studied. Different equilibrium isotherms 

were considered to interpret the adsorption data. 

Kulkarni et al. (2013) have reviewed the removal of phenol from different sources by 

various methods. The methods such as electrocoagulation, polymerization, 

photodecomposition, extraction, ion exchange and advanced oxidation have been described 

by various researchers to be effective for the removal of phenol. 
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Sunil & Jayant (2013) have reviewed the remediation of phenol by adsorption by 

using different adsorbents. The influence of different parameters like pH, adsorbent dose and 

particle size on the adsorption rate has been considered by many researchers. Reuse and 

regeneration of the adsorbent has been assessed as a key area of research. Efficient method, 

have been developed for regeneration and this reuse of the adsorbents.  

 

Bello et al. (2013) have reviewed the adsorption as an operational method for phenol 

and its derivative removal from wastewater. It has been pointed out that adsorption of these 

noxious chemicals can be attained through different adsorbents such as naturally occurring 

materials, commercial activated carbon, waste material, synthetic polymer and activated 

carbon from waste materials. 

 

Abdel kreem (2013) has studied the possible use of olive mill waste in phenol 

removal from aqueous effluents. Batch mode adsorption was investigated by optimizing the 

effects of varying parameters such as initial concentration of phenol, operating time and solid 

to solution ratio. Column mode adsorption studies were made by considering varying 

parameters such as bed height, initial concentration of phenol and volumetric flow rate. An 

increased adsorption rate was perceived as the initial concentration of phenol increased, bed 

height increased, the solid to solution ratio increased and volumetric flow rate decreased. 

Different isotherm and kinetic parameters were also evaluated. 

 

Djebbar et al. (2012) have conducted the batch sorption tests to remove phenol from 

synthetic wastewaters by natural clay. The isothermal adsorption capacity and sorption 

kinetics was studied before and after activation of the natural clay. The influence of different 

parameters like pH, initial phenol concentration, contact time, temperature and adsorbent 

dose on the phenol removal from synthetic wastewater was also assessed. It was perceived 

from thermodynamical results that phenol adsorption on activated natural clay was of 

exothermic nature. 

 

Girish & Murty (2012) have reviewed the utilization of locally available adsorbents 

for the remediation of phenolic compounds. Based on recent publication, a comparative 

overview of removal performances of some locally available adsorbents has been discussed. 
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Gao et al. (2012) have studied the adsorption of different phenolic compounds on 

sediment at different temperatures. Different isotherm and kinetic models were considered to 

analyze the equilibrium data and kinetic parameters and it was observed that with an increase 

in temperature the adsorption capacity was also increased. The considered thermodynamic 

parameters revealed that adsorption process was of spontaneous nature. 

 

Figueiredo et al. (2011) have studied the effect of surface chemistry and texture on 

the phenol adsorption capacity of activated carbon fibers. These adsorbents were prepared 

when a phenolic textile fiber underwent carbonization, followed by activation (under 

supercritical state and atmospheric pressure). The materials were characterized by 

temperature encoded desorption studies and carbon-dioxide and nitrogen adsorption. A solid 

association between the micropore volume and the amount of adsorbed phenol was observed. 

The relationship between amount of chemisorbed and physiosorbed phenol and surface 

oxygen concentration was evaluated, and it was revealed that a greater amount of surface 

oxygen groups reduced the phenol chemisorption capacity of activated carbon fibers. 

 

Hararah et al. (2010) have evaluated various newly synthetic and commercial 

polymers for their ability to adsorb phenol from an aqueous solution. Different experimental 

parameters such as pH of solutions, initial phenol concentrations and temperature were 

optimized. The results revealed that polystyrene-co-1,3‐butadiene exhibited the best 

adsorption capacity among all of the polymeric adsorbent used. The phenol concentration, 

agitation rate and solution temperature played an important role in prompting the capacity of 

the adsorbents. 

 

Senturk et al. (2009) have used natural bentonite, modified with cetyl 

trimethylammonium bromide (cationic surfactant), as an adsorbent for the remediation of 

phenol from aqueous solutions. Different instrumental techniques were used for the 

characterization of natural and modified bentonites. A batch experiment was performed in 

this adsorption studies and the influence of different experimental parameters such as contact 

time, solution pH, concentration of modified adsorbent, initial phenol concentration and 

temperature were assessed upon the adsorption of phenol onto modified bentonite. A 

spontaneous and exothermic type of adsorption reaction was judged as indicated by 

thermodynamical parameters. 
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Alkaram et al. (2009) have demonstrated the removal of phenol from aqueous 

solutions by organically modified clay materials. Two cationic surfactant 

phenyltrimethylammonium bromide and hexadecyltrimethylammonium bromide were used 

for the surface modification of raw kaolinite and bentonite. Adsorption kinetics and 

equilibrium of phenol adsorption were studied. The thermodynamical results revealed that 

phenol adsorption process was endothermic in nature. 

 

Lin & Juang (2009) have reviewed the practical viability of the use of synthetic 

resins, activated carbon and different low cost natural adsorbents for the remediation of 

phenol and its various derivatives from polluted water. The researchers have worked on low-

cost materials such as sludge, coal fly ash, zeolites, biomass and other adsorbents, which are 

locally available and have greater adsorption capacity Instead of commercial synthetic resins 

and activated carbon. The comparison of removal performance of aforesaid low-cost 

adsorbents with that of synthetic resins and activated carbon has been also presented in this 

review. 

 

Caetano et al. (2009) have evaluated the removal of phenol from aqueous solution by 

using two ion exchange resins and a non-functionalized hyper-crosslinked polymer. The 

influence of pH on the degree of adsorption was also studied. Different properties of resins 

were considered to understand the mechanisms and interactions of adsorbate with adsorbents. 

 

Azam et al. (2009) have used coconut shell-based activated carbon to investigate the 

liquid-phase adsorption of phenol. A physiochemical activated of coconut shell was done at 

temperature to convert it into an excellent activated carbon. Earlier, the coconut shell went 

through carbonized and the resulted char was steeped with KOH. In order to assess the 

efficiency of coconut shell-based activated carbon, successive batch adsorption experiment 

was conducted. 

 

Zhang et al. (2009) have investigated the adsorption efficacies of synthesized 

aminated polystyrene resins for the removal of phenol in aqueous solution. The adsorption 

efficacies were also compared with Amberlite XAD-4 (commercial polystyrene resin) and 

Amberlite IRA-96 (weakly basic polystyrene resin). The adsorption isotherms were well 

defined by Langmuir and Freundlich isotherm models. The outcomes of adsorption studies 

indicated that all the adsorbents spontaneously adsorbed the phenol. A homogeneous surface 
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was observed through energy heterogeneity analysis (Do's model) and it was postulated that 

the superior adsorption affinity and capacity of the aminated resins were possibly due to their 

several π–π stacking interactions and hydrogen bonding with phenol molecule. 

 

Mittal et al. (2009) have employed a waste of thermal power plants (bottom ash) and 

an agricultural waste material (deoiled soya) for effective recovery and removal of hazardous 

phenol red dye from wastewaters. The operational parameters and adsorption characteristics 

were determined by monitoring various parameters such as effect of concentration of the dye, 

effect of pH, contact time, amount of adsorbents and temperature. Different isotherm and 

kinetic models were used to analyze the equilibrium data and kinetic parameters. The 

maximum monolayer adsorption capacity was attained for the phenol red-bottom ash system 

at 50 °C. Different thermodynamic parameters revealed the endothermic nature of the 

process. A comparison between film and particle diffusion mechanisms was carried out. The 

characteristics of column regeneration were also studied and retrieval percentage larger than 

90% was attained for used adsorbents by using an acidic eluent. 

 

Lin et al. (2009) have studied the adsorption of phenol from aqueous solution using 

hydroxyapatite nano-powders which were prepared by chemical precipitation. The influence 

of initial phenol concentration, contact time, adsorbent dosage, pH, calcining temperature of 

adsorbent and solution temperature on the phenol adsorption was optimized. The adsorption 

equilibrium, kinetic and thermodynamic parameters were also examined. The thermodynamic 

parameters proposed an endothermic and spontaneous nature of phenol adsorption. 

 

Kamble et al. (2008) have studied the adsorption of phenol and o-chlorophenol from 

wastewaters by surface modified zeolite materials which have been prepared from a waste 

material like fly ash. A comparative study of phenol and o-chlorophenol adsorption on fly ash 

based zeolite; surface modified fly ash based zeolite and commercial zeolite-Y was 

conducted. The influence of different parameters like pH, adsorbent dose and initial 

concentration were investigated and optimized. 

 

Busco et al. (2008) have reviewed the available technologies and recent advancement 

for the remediation of phenol from gaseous and water streams. Different separation 

technologies, destruction technologies and for the removal of phenol from gases; membrane 

separation, absorption in liquids, condensation, adsorption on solids, photocatalytic, catalytic, 
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thermal and biological oxidation have been discussed. The performance of different 

techniques used and the experimental conditions have been compared. 

 

Ahmaruzzaman (2008) have reviewed the adsorption of phenolic compounds by 

different conventional and non-conventional adsorbents. A critical analysis of different 

adsorbents, their characteristics, limitations, advantages and different mechanisms involved 

in adsorption were discussed. It was obvious from the review that low-cost adsorbents have 

verified high removal abilities for certain phenolic compounds. 

 

Sonawane et al. (2008) have investigated the phenol sorption onto nanoclay 

(organophilic bentonite) by ultrasonic irradiation. Nanoclay was chemically modified by 

using different intercalating agents. A sonication technique was used in the synthesis of 

nanoclay. Adsorption equilibrium was attained within short period of time and it was 

established that the resistance of intra-particle diffusion was overcome due to sonication. 

hexadecyl trimethyl ammonium chloride modified nanoclay displayed greater parameter 

values in this study. 

 

Nayak & Singh (2007) have investigated the removal potential of abundantly 

available and low-cost clay for phenol removal from aqueous solutions. Various experimental 

conditions like pH, particle size and temperature were investigated in this study. 

Thermodynamics studies confirmed the endothermic and spontaneous nature of phenol 

adsorption by the clay. 

 

Mukherjee et al. (2007) have investigated the removal of phenol from water by using 

carbonaceous materials, bagasse ash, activated carbon and wood charcoal as adsorbents. 

Batch experiments were carried out and the influence of solution pH, adsorbent dosages and 

anions concentration on phenol removal were studied. 

 

Dursun et al. (2005) have studied the phenol adsorption from aqueous solution using 

beet pulp carbon as an adsorbent. Batch experiments were conducted and different adsorption 

parameters were optimized. The thermodynamic parameters such as, change in Gibb’s free 

energy, equilibrium constant, changes in standard entropy and standard enthalpy were 

determined. The results revealed that the phenol adsorption on beet pulp carbon was 

spontaneous and endothermic in nature. 
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Ahmar-uz-zaman (2005) has investigated the removal of phenol from wastewaters 

using raw coal and phosphoric acid treated residual coal as adsorbents. Some low-cost 

adsorbents such as coke breeze, petroleum coke, rice husk and rice husk char were also used 

in this study. Batch experiments were carried out and the influence of various experimental 

variables such as contact time, pH and temperature were optimized. 

 

Dabrowski et al. (2005) have reviewed the remediation of phenol and its derivatives 

on activated carbons by adsorption. The influence of pH of solution, carbon surface 

functionalities and heterogeneity effects on adsorption of phenolic compounds were checked 

in this study. The irreversible adsorption of phenol and influence of its different derivatives 

on their uptake through activated carbons is also considered. Moreover, the applications of 

novel adsorbents for the adsorption of phenol were also illustrated. 

 

Roostaei & Tezel (2004) used silica gel, activated carbon, activated alumina, HiSiv 

3000, HiSiv 1000 and Filtrasorb-400 to study the liquid-phase adsorption of phenol from 

water. Adsorption kinetic and equilibrium capacities were analyzed in this study. The results 

of kinetics experiments revealed that HiSiv 1000 has the maximum adsorption rate among the 

studied adsorbents so; further detailed studies were conducted with this adsorbent. The 

effects of thermal regeneration, temperature and particle size on phenol adsorption by HiSiv 

1000 were assessed. 

 

Tancredi et al. (2004) have prepared granular activated carbon from Eucalyptus 

grandis sawdust by mixing powdered activated carbon, kaolin as reinforcing agent and 

carboxymethyl cellulose as a binder, for the adsorption of phenol. Surface characterization, 

critical analysis of granular activated carbon and powdered activated carbon were performed. 

Different isotherm and kinetic models were considered to analyze the equilibrium data and 

kinetic parameters. For the regeneration of granular activated carbon, thermogravimetric 

analysis was performed in order to study adsorption conditions and characteristics. 

 

Al-Asheh et al. (2003) have considered chemical and physical methods for the 

activation of bentonite to remove phenol from aqueous solutions. Bentonite was treated with 

sodium which later on underwent numerous activation methods prior to its contact to the 

phenol solution. Na-bentonite was treated with a cationic surfactant, pillaring agent and a 
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mixture of aforesaid cationic surfactant and pillaring agent. In physical treatment of Na-

bentonite, an oven was used. The results revealed that natural bentonite showed least 

adsorption and maximum removal was found for bentonite that was chemically treated with a 

mixture cationic surfactant and pillaring agent. 

Calace et al. (2002) have studied the adsorption capacity of paper mill sludge for the 

removal of phenols. Phenol and its different derivatives were considered in this adsorption 

study by batch experimentations. 

 

Rengaraj et al. (2002) have used activated carbon made from rubber seed coat, which 

is a by-product of agricultural waste, for the adsorption of phenol from aqueous solution. By 

using column and batch studies, various parameters such as adsorbent dosage, solution pH 

and contact time were optimized. The appropriateness of activated carbon from rubber seed 

coat, as adsorbent, was assessed on real industrial effluents of phenol based resin 

manufacturing industry. 

 

Rengaraj et al. (2002) have carried out the adsorption of phenol from aqueous 

solution on activated palm seed coat carbon. Different experimental conditions such as 

phenol concentration, contact time, pH and adsorbent dose were optimized. A relative study 

with a commercial activated carbon revealed that palm seed coat carbon is more operative 

than commercial activated carbon. 

 

Banat et al. (2000) have studied the adsorption potential of bentonite for the 

remediation of phenol from aqueous solutions. Batch isotherm and kinetics studies were 

experimented to assess the effect of initial concentration, contact time, presence of solvent, 

pH and the desorption features of bentonite. The solvent used to dissolve phenol significantly 

affects the adsorption process. In the presence of cyclohexane the affinity of bentonite to 

phenol was greater than water and it was lowest in the case of methanol. 

 

Viraraghavan & Alfaro (1998) have studied the efficiency of bentonite, fly ash and 

peat; some less expensive adsorbents; in phenol removal from wastewater by adsorption. 

Kinetic and isothermal studies were conducted by batch experiments. The effect of pH on 

adsorption was also considered in this study. 
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8a. Experimental Work 

(Phenol) 

 

8a.1 Material and Reagents Used 

 

For conducting phenol adsorption studies phenol (Sigma Aldrich) was used for 

making standard phenol solutions. For the spectrophotometric study of phenol 4-

aminoantipyrine (Merck) and potassium ferricyanide (Merck) were used. Ammonium 

chloride and ammonium hydroxide were used to make the ammonical buffer for the 

spectrophotometric determination of phenol.   

Sodium hydroxide and hydrochloric acid, nitric acid, sodium carbonate, zinc chloride, 

calcium chloride, methanol and ethanol of (Merck) were used for chemical modification of 

adsorbents selected for phenol adsorption study. Sodium hydroxide, Hydrochloric acid were 

also used for adjusting the pH of the solution. 

 

Doubly distilled water was used throughout this work. All glassware used in this 

study was of Pyrex, Germany. Nitric acid and doubly distilled water was used to wash the 

glassware. Washed glassware was dried in oven at 100°C for 4 hours prior to adsorption 

studies. 

 

8a.2 Instruments Used 

 Electronic weighing balance (Shimadzu Corporation Japan) 

 Orbital shaker (Yellow line OS 10control)  

 pH meter (Hanna) 

 Spectrophotometer (Hitachi U1800)  

 

8a.3 Solutions Used During Phenol Adsorption Studies 

Standard phenol solution;  

 One gram of phenol was added to distilled water and shaken well. After thorough 

mixing of the phenol the volume of the solution was made up to 1000 mL. This 

solution was tagged as 1000 ppm phenol solution. Further dilutions during the study 

were made by using this stock solution. 
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 4-Aminoantipyrine (2.0 g) was added to the small quantity of distilled water. Solution 

was shaken to mix the contents. Final volume was made up to 100 mL. 

 Potassium ferricyanide (8.0 g) of was weighed and added to 50 mL of distilled water, 

after mixing well the final volume was made up to 100 mL. 

 Ammonical buffer was made by dissolving 17.0g of ammonium chloride in 143 mL 

of ammonium hydroxide. The mixture was diluted to 250 mL using doubly distilled 

water. 

 

8a.4 Procedure for Phenol Estimation 

For phenol estimation throughout this work, spectrophotometric method was 

employed. Phenol estimation was performed after each parameter optimization experiment, 

kinetics, and isothermal and thermodynamics study. Standard phenol solutions in the range of 

1 to 8 ppm (with regular interval of 1 ppm) were used for instrumental calibration. After 

treatment of phenol solutions using different adsorbents the solutions were filtered. To the 

filtrate 2 mL of ammonical buffer was added and mixed well. Then 2 mL of 4- 

aminoantipyrine solution was added and shaken thoroughly. After that 2 mL of potassium 

ferricyanide was added and mixed thoroughly and left for 15 minutes. Reddish brown colored 

complex was formed. Absorbance of the complex so formed was measured at 510 nm using 

spectrophotometer U1800, Hitachi. By the addition of aminoantipyrine to the phenol solution 

in alkaline medium an intermediate is formed which was converted to antipyrine dye in the 

presence of potassium ferricyanide in alkaline medium. This antipyrine dye thus formed is of 

reddish brown color. This method is sensitive up to 5 ppb level. 

 

8a.5 Adsorbents Selected for Phenol Adsorption  

In order to conduct the adsorption study for phenol, adsorbents belonging to the three 

categories as mentioned earlier (chapter 1) were subjected to the initial experiments for 

phenol removal. 0.2 g of each adsorbent was added separately to the 50 mL of 5 ppm solution 

of phenol. Solutions were shaken for 30 minutes at 150 rpm at room temperature. After 

filtration the remaining phenol concentration in solution was checked spectrophotometrically. 

Adsorption percentage was calculated by the equation 1.23 (Chapter 1). Those adsorbents 

which showed adsorption below 25% were excluded from the study like; Rice husk (24.16%), 

wheat straw (20.25%), bentonite (19.78%), kaolin (22.59%) and bakelite (13.67%). Further 

study was carried out with bhindi stem (BS), kikar leaves (KL), arjun nuts (AN), beerri ptta 
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capsule (BPC), multani mitti gachni, cotton, cellulose and amberlite IRA 410 (Amb IRA 

410). 

 

8a.6 Parameters Optimization/ Isothermal, Kinetics and Thermodynamics Study 

In order to conduct the adsorption studies for phenol, effect of the following 

parameters were investigated. 

 

8a.6.1 Time of Contact 

 Effect of contact time was studied by adding 0.2 g of each adsorbent selected for 

study in 50 mL of 5 ppm phenol solution. Time of contact between adsorbent and adsorbate 

was varied from 5 to 70 minutes with the regular interval of 5 minutes. All the samples were 

shaken with the same agitation speed of 150 rpm at room temperature. Phenol was estimated 

after each experiment performed for optimizing time of contact. 

 

8a.6.2 Agitation Speed 

 Optimization of this parameter is based upon the fact that better contact of adsorbate 

with adsorbent results in the formation of phenol layer over adsorbent surface. Shaking speed 

also called ‘agitation speed’ was studied with 0.2 g of adsorbent in 50mL of 5 ppm phenol 

solution. Agitation speed was varied from 50 to 450 rpm at optimized conditions of time of 

contact at room temperature. Phenol content was determined after filtration of aliquot 

obtained after optimization of agitation speed.  

 

8a.6.3 Adsorbent Dose 

Adsorption is based upon the fact that more adsorbate can be removed from aqueous 

medium by increasing the adsorbing sites. By increasing the adsorbent dose the number of 

adsorbing sites also increases. This parameter is optimized at room temperature by varying 

the adsorbent dose from 0.2-2.0 g. 50 mL of 5 ppm phenol solution was used at optimized 

conditions of time of contact and shaking speed. Remaining phenol concentration was 

determined spectrophotometrically. 

 

8a.6.4 pH 

 It is very sensitive parameter and affects the quality of adsorption process. This 

parameter was optimized by shaking 50 mL of 5 ppm phenol solution with optimized 

adsorbent dose, time of contact and shaking speed. pH was varied from 3-11 in order to study 
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the behavior of phenol in acidic and basic medium. pH of the solution was adjusted by using 

0.1M sodium hydroxide and 0.1M hydrochloric acid solution. Remaining phenol 

concentration after every pH optimizing experiment was determined spectrophotometrically. 

 

8a.6.5 Temperature 

 This parameter is optimized by using 50mL of 5ppm phenol solution by varying the 

temperature from 10 °C to 60 °C under the optimized conditions of contact time, agitation 

speed, adsorbent dose and pH. After filtration in each case the remaining phenol 

concentration was measured spectrophotometrically. 

 

8a.6.6 Chemical Modification 

For the chemical modification of adsorbent the same procedure was followed as 

mention in Chapter no 2 (section 2.4). Modified biological and geological adsorbent were 

applied for phenol removal studies and the remaining phenol concentration was determined 

by using spectrophotometer. 

 

8a.6.7 Desorption 

Desorption studies were conducted to investigated the regeneration of adsorbent 

which in turns favors its applicability, usability on large scale and environment friendly 

nature. Desorption study was carried out according to the procedure mentioned in Chapter no. 

2 (section 2.6) using sodium hydroxide and sodium carbonate. Filtrates obtained were 

subjected to phenol estimation by the same method as mentioned earlier. 

 

8a.6.8 Isothermal Study for Phenol Removal  

Adsorption mechanism was explored by conducting the isothermal, kinetics and 

thermodynamics study of the adsorption process for phenol.  

For isothermal studies the adsorbate concentration was varied from 1 to 8 ppm after 

regular interval of 1.0 ppm. 50 mL of each concentration of phenol solution was used under 

the previously optimized parameters of time of contact, agitation speed, pH, adsorbent dose 

and temperature. Same experimental procedure was followed for three isothermal models. 

Remaining phenol concentration in each set of experiment was determined by 

spectrophotometric method as mentioned earlier in the experimental portion of this chapter. 

Adsorption (%) by each adsorbent was calculated at any instant of time using equation 1.23. 
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𝑨𝒅𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 (%) =  
𝑪°− 𝑪𝒆

𝑪°
× 𝟏𝟎𝟎     (1.23) 

 

‘Ce’ and ‘Cº’ are the concentrations of phenol before and after adsorption respectively. In 

present studies, three isothermal models; Langmuir, Freundlich and Temkin were used for 

exploring the adsorption mechanism.  

Langmuir adsorption isotherm was studied using the equation 1.1. Linearity of the 

plot between 1/q vs. 1/Ce revealed the applicability of the adsorption model. Favorability of 

the adsorption process was revealed by determining the dimensionless factor ‘RL’ using 

equation 1.3.  

In order to explore that either the adsorption is heterogeneous or not Freundlich 

adsorption model was studied using equation 1.4 (chapter 1). Linear plot of ‘log q’ vs. ‘log 

Ce’ indicates the applicability of Freundlich adsorption model. Freundlich constant ‘n’ shows 

the quality of adsorption. 

Third adsorption model that was applied to the phenol adsorption was Temkin 

adsorption isotherm model using equation 1.5 (chapter 1) that deals with the uniform 

distribution of energy throughout the adsorbent surface. Linear plot of ‘q’ vs. ‘In Ce’ reveals 

the applicability of this model. Temkin constant BT gives information about the nature of 

interaction between adsorbent and adsorbate.  

 

8a.6.9 Kinetics Study for Phenol Removal 

In order to conduct the kinetics study, 50 mL of 5 ppm solution of phenol was used 

and agitated for 5 to 70 minutes under optimized conditions. Filtrate obtained in each case 

was subjected to the phenol estimation by using spectrophotometer. Pseudo first and pseudo 

second order kinetics models are used for studying the kinetic behavior of phenol adsorption 

process using equation 1.6 and 1.7 (chapter 1) respectively. Value of regression coefficient 

(R2) in case of plotting a graph between log (qe-qt)’ vs.‘t’ is helpful in concluding the suitable 

applicability of pseudo first order kinetics model. In case of pseudo second order kinetics 

model linearity of the plot between ‘t/qt’ vs. ’t’ showed the suitability of the model.  

 

8a.6.10 Thermodynamic Study for Phenol Removal 

Thermodynamics study was conducted by varying temperature of the phenol solution 

from 10 °C to 60 °C. Phenol solution 5 ppm (50 mL) was used with optimized conditions of 

time of contact, agitation speed, adsorbent dose and pH. Enthalpy (ΔHº) and entropy (ΔSº) of 
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the adsorption process were calculated by the regression analysis of the linear plot of In KD 

vs. 1/T. Thermodynamic parameter Gibbs free energy (ΔGº) was then calculated using 

equation 1.9 (chapter 1). Negative values of enthalpy and Gibbs free energy revealed that 

adsorption is exothermic and spontaneous in nature. Whereas, the positive value of entropy 

revealed the randomness in the system due to the interaction between phenol and the 

adsorbent. 

 

8a.7 Treatment of the Real Wastewater Samples 

Industrial samples for the removal of phenol were collected from five textile and 

leather industries in the vicinity of Lahore, Pakistan. These samples were named as A, B, C, 

D and E. Pretreatment procedure as settling, decantation, and filtration was applied to the 

industrial samples. The filtered samples were then diluted by taking 1mL of this sample to 

100 mL. Optimized condition of time of contact, agitation speed, pH, temperature and 

adsorbent dose were applied to check the suitability of the present study for phenol 

adsorption using the selected adsorbents in batch mode.   
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8b. Results and discussion 

(Phenol) 

 

Phenol is among the organic pollutants that are appreciably water soluble and they can 

harm living organisms very seriously. Therefore, removal of phenol from water should be 

considered a serious issue, as phenol is listed among the priority pollutant. Various water 

purification techniques have been practiced to remove such pollutants from water. But in 

countries like Pakistan where the operational cost of any project is the deciding parameter it 

is needed to use such methodology that can be used by people and at higher level for water 

purification. Adsorption is one of the cheap water purification technique in which use of 

indigenous materials makes it even more cost effective. In present work, phenol was removed 

from aqueous media by solid phase extraction using nine different adsorbents. These 

adsorbents belong to three different categories; biological, geological and polymeric. The 

study is found to be influenced by two main factors;  

 Adsorbents characteristics  

 Operational parameter  

Results obtained from the characterization and optimization of the parameters is discussed 

below; 

 

8b.1 Spectroscopic Study of Adsorbent 

Selected adsorbents were characterized before and after adsorption by spectroscopic 

techniques including; scanning electron micrographs and Fourier transform infrared 

spectroscopy 

 

8b.1.1 S.E.M imaging/ EDX of the adsorbents after phenol adsorption 

 Adsorbents selected for phenol adsorption were studied for their surface 

characterization and morphology by S.E.M technique and results are shown in Table 2.5.2 

(Chapter 2). After adsorption the adsorbents were again subjected to S.E.M analysis in order 

to check any difference in surface morphology that is due to the interaction of phenol with the 

adsorbent surface. Phenol adsorbed adsorbent surface was coated with gold through gold 

sputter by applying accelerating voltage of 15kV. S.E.M micrographs of adsorbents after 

adsorption are 
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presented in Fig. 8b.1* and elemental detail for the samples is shown in Table 8b.1*. S.E.M 

analysis of the samples revealed change in the surface morphology of all the biological, 

geological and polymeric adsorbents. Moreover, variation in the oxygen contents in Table 

8b.1* as compared to Table 2.4 is indicative of the fact that interaction of phenol with 

adsorbent surface occurred.  This means that raw form of all the adsorbents was suitable for 

the adsorption of phenol on the surface due to which phenol interacted well and further 

brought the change in the surface morphology of the adsorbents. 

 

Table 8b.1*: EDX detail of phenol adsorbed adsorbents 

Sample Code Morphology 

Elements (Atom. %) 

C O Na Mg Al Ca Cu Si S Fe K 

a Gooey 50.81 40.71 0.31 0.36 7.07 0.44 0.19 0.11 - - - 

b Layered 58.99 39.54 0.32 - 0.28 0.43 - 0.44 - - - 

c Jagged 49.13 50.04 0.60 - - 0.23 - - - - - 

d Layered 50.02 48.79 0.58 0.34 - 0.28 - - - - - 

e Abraded 1.61 72.57 - 2.85 7.05 0.38 - 13.36 - 1.49 0.69 

f Abraded 1.47 72.31 2.28 2.71 7.48 0.51 - 11.34 - 0.84 1.06 

g Gooey 51.04 48.96 - - - - - - - - - 

h Mottled 49.58 50.41 - - - - - - - - - 

i Mottled 70.07 29.51 -- - 0.42 -- - - - - - 

 

8b.1.2 FT-IR Analysis of phenol adsorbed adsorbents 

 

After adsorption of phenol various different absorption bands appeared in FT-IR spectra 

of adsorbents selected for phenol study. As compared to the raw adsorbents mentioned in 

chapter no. 2 after the adsorption of phenol new bands appeared and broadness of bands are 

discussed below. Absorption bands for phenol adsorbed adsorbents are tabulated in Table 

8b.2*. 

a) FTIR spectra showed a range of absorbance bands and there were clear shifts 

observed in wavenumbers. An apparent shift in the absorbance band from 2924 cm-1 

(raw) to 2903 cm-1 was observed that corresponds C–H stretching of alkanes (David et 

al., 1999). A newly emerged absorbance band at 901 cm-1 correspond the C–H out of 

plane bending in alkenes (Painter et al., 1985; Chen et al., 2015). 
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Figure 8b.2*: FT-IR absorption bands of phenol adsorbed adsorbents 

[a (phenol adsorbed bhindi stem), b (phenol adsorbed kikar leaves), c (phenol adsorbed arjun nuts), d (phenol 

adsorbed beerri ptta capsule), e (phenol adsorbed multani mitti), f (phenol adsorbed gachni), g (phenol 

adsorbed cellulose), h (phenol adsorbed cotton), and i (phenol adsorbed Amberlite)] 

 

Two new bands 763 and 696 cm-1 correspond the C–H out of plane bending in 

aromatic group. The obvious decrease in absorbance band from 1737 cm-1 (raw) to 

1736 cm-1 was observed that corresponds the C=O stretching in aldehydes  (Xu et al., 

2012; Naiya et al., 2011). N–H bending in primary and secondary amines, amides was 

observed at an newly emerged band 1598 cm-1 (Pavia, 2001). 
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b) An obvious shift in the wavenumber of main band linked with the phenol loaded 

adsorbent was compared with the FT-IR bands of raw adsorbent. The shift of 

absorbance band from 2918 cm-1 (raw) to 2920 cm-1 and emergence of a new band at 

2853 cm-1 correspond the C–H stretching in alkane (David et al., 1999). The 

emergence of a new peak at 758 cm-1 correspond the C–H out of plane bending in 

aromatic group (Painter et al., 1985; Chen et al., 2015). An obvious shift in band from 

1028 cm-1 (raw) to 1020 cm-1 signifies the C–O stretching vibrations of carboxylic 

acids, phenols, esters, ethers and anhydrides on the surface of adsorbent (Tan et al., 

2008; Abdel-Ghani et al., 2015). A clear increase in shift in band from 1720 cm-1 

(raw) to 1736 cm-1 signifies the C=O stretching vibrations in aldehydes (Xu et al., 

2012; Naiya et al., 2011). An apparent increase in absorbance band from 721 cm-1 

(raw) to 728 cm-1 corresponds to C–X where “X” denoted chloride element (Pavia, 

2001). 

 

c) The emergence of a new peak at 2885 cm-1 correspond the C–H stretching in alkane 

(David et al., 1999; Abdel-Ghani et al., 2015). The emergence of two new bands at 

896 cm-1and 760 cm-1 correspond the C–H out of plane bending in aromatic group 

(Painter et al., 1985; Chen et al., 2015). An obvious shift in band from 1032 cm-1 

(raw) to 1030 cm-1 signifies the C–O stretching vibrations of carboxylic acids, 

phenols, esters, ethers and anhydrides on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). A clear increase in absorbance band from 3289 cm-1 (raw) 

to 3310 cm-1 corresponds the H-bonded O–H stretching in alcohols and phenols 

(Gupta et al., 2011; Tan et al., 2008; Naiya et al., 2011; Pavia, 2001). An emergence 

of new peak at 1735 cm-1 signifies the C=O stretching vibrations in aldehydes (Xu et 

al., 2012; Naiya et al., 2011; Pavia, 2001).  

 

d) The shift of absorbance band from 2928 cm-1 (raw) to 2933 cm-1 correspond the C–H 

stretching in alkane (David et al., 1999; Abdel-Ghani et al., 2015). The emergence of 

new band at 901 cm-1 corresponds the C–H out of plane bending in alkene. The 

emergence of a new band at 817 cm-1 correspond the C–H out of plane bending in 

aromatic group (Painter et al., 1985; Chen et al., 2015). An obvious shift in band from 

1024 cm-1 (raw) to 1030 cm-1 signifies the C–O stretching vibrations of carboxylic 

acids,  
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Table 8b.2*: FT-IR absorption bands for phenol adsorbed adsorbents 

Functional Groups 

Adsorption band (cm-1) 

Adsorbents selected for phenol removal 

a b c d e f g h 

C–H stretching alkane 

(3000-2850) aromatic (3150-3050) (s) 

Aldehyde (2900-2800) (w) 

Alkene out of plane bend   (1000-650) 

2909 

901 

2920 

2853 
2885 

2933 

901 

978 

913 
978 2891 

2898 

985 

C–H Aromatic (Out of plane bend) (900-

690) (s) 

763 

696 
758 

896 

760 
817 799 

830 

799 
898 

897 

799 

694 

C–O Alcohol, Ester, Ethers, Carboxylic 

acid, Anhydrides 

(1300-1000) (s) 

1032 1020 1030 1030 - - 
1055 

1030 

1030 

1000 

O–H Alcohols, Phenols H-Bonded 

(3400-3200) (m), 

Free 

(3650-3600) (m) 

- - 3310 3285 - - 3291  

C–N Amines 

(1350-1000) (m-s) 
1238 - 1233 1235 - - 1205 

1205 

1054 

C=O 

Stretching of Aldehyde 

(1740-1720) (s) 

& Amides (1680-1630) (s) 

1736 1736 1735 1736 - - - - 

C–X  Fluoride (1400-1000) (s) 

Chloride 

(785-540) (s) 

Bromide, Iodide 

(<667) (s) 

1158 

1104 

720 

674 

1197 

728 

1156 

1101 
- 780 782 

1161 

1108 

1162 

1108 

S=O 

Sulfones, Sulfonyl Chloride, Sulfates, 

Sulfonamide 

(1375-1300) and 

(1350-1140) 

(s) 

1374 

1320 
1158 

1370 

1323 

1376 

1332 
- - 

1364 

1314 

1359 

1337 

1315 

N–H 

Primary & Secondary amines and amides 

Stretching (3500-3100) (m) 

Bending (1640-1550) (m-s) 

1598 1609 1594 
1637 

1598 
- - - - 

 

phenols, esters, ethers and anhydrides on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). A clear increase in absorbance band from 3284 cm-1 (raw) 

to 3285 cm-1 corresponds the H-bonded O–H stretching in alcohols and phenols 

(Gupta et al., 2011; Tan et al., 2008; Naiya et al., 2011; Pavia, 2001). A clear increase 

in shift in band from 1731 cm-1 (raw) to 1736 cm-1 signifies the C=O stretching 

vibrations in aldehydes (Xu et al., 2012; Naiya et al., 2011; Pavia, 2001). 
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e) The emergence of two new bands at 978 cm-1 and 913 cm-1 corresponds the C–H out 

of plane bending in alkene (Pavia, 2001). An obvious shift in band from 800 cm-1 

(raw) to 799 cm-1 correspond the C–H out of plane bending in aromatic group (Painter 

et al., 1985; Chen et al., 2015; Pavia, 2001). 

 

f) A new band at 978 cm-1 corresponds the C–H out of plane bending in alkene (David et 

al., 1999; Abdel-Ghani et al., 2015). An obvious shift in band from 798 cm-1 (raw) to 

799 cm-1 and emergence of a new band at 830 cm-1 correspond the C–H out of plane 

bending in aromatic group (Painter et al., 1985; Chen et al., 2015). An apparent 

increase in absorbance band from 780 cm-1 (raw) to 782 cm-1 corresponds to C–X 

where “X” denoted chloride element (Pavia, 2001). 

 

g) FT-IR spectra showed a range of absorbance bands and there were clear shifts 

observed in wavenumbers. The emergence of new peak at 898 cm-1 corresponds the 

C–H out of plane bending in aromatic group (Painter et al., 1985; Chen et al., 2015). 

An obvious shift in band from 1054 cm-1 (raw) to 1055 cm-1 and from 1029 cm-1 

(raw) to 1030 cm-1 signifies the C–O stretching vibrations of carboxylic acids, 

phenols, esters, ethers and anhydrides on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). A clear decrease in absorbance band from 3333 cm-1 (raw) 

to 3291 cm-1 corresponds the H-bonded O–H stretching in alcohols and phenols 

(Gupta et al., 2011; Tan et al., 2008; Naiya et al., 2011; Pavia, 2001). 

 

h) FT-IR spectra showed a range of absorbance bands and there were clear shifts 

observed in wavenumbers. The shift of absorbance band from 2892 cm-1 (raw) to 

2898 cm-1 correspond the C–H stretching in alkane (David et al., 1999; Abdel-Ghani 

et al., 2015). The emergence of new peak at 985 cm-1 corresponds the C–H out of 

plane bending in alkene (Pavia, 2001). The emergence of three new bands at 897 cm-

1, 799 cm-1 and 694 cm-1 corresponds the C–H out of plane bending in aromatic group 

(Painter et al., 1985; Chen et al., 2015; Pavia, 2001). An obvious shift in band from 

1031 cm-1 (raw) to 1030 cm-1 signifies the C–O stretching vibrations of carboxylic 

acids, phenols, esters, ethers and anhydrides on the surface of adsorbent (Tan et al., 

2008; Abdel-Ghani et al., 2015; Pavia, 2001). 
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8b.2 Parameters Optimized During Phenol Adsorption Study 

Effect of different parameters like; time of contact, agitation speed, pH, adsorbent 

dose and chemical modification were studied in detail. These parameters were optimized in 

order to explore adsorption behavior. Mechanism of the adsorption process was explored by 

applying the isothermal models. Kinetics and thermodynamic studies showed the time and 

temperature dependence of adsorption study.  

 

8b.2.1 Effect of Time of Contact 

The effect of contact time was investigated by varying the time from 5 to 70 minutes 

using 50 mL of 5 ppm of phenol solution. 0.2 g of all the selected adsorbents was used for 

phenol adsorption study at constant agitation speed of 150 rpm.  

 

Table 8b.1: Effect of contact time on phenol adsorption using biological adsorbents 

Contact 

time 

(minutes) 

Percent Removal Efficiency of phenol 

Bhindi 

stem 

Kikar 

leaves 

Arjun 

nuts 

Beerri 

ptta 

capsule 

5 79.99 78.37 61.94 80.86 

10 80.17 85.97 69.75 81.14 

15 80.24 77.69 70.48 82.18 

20 81.88 76.34 70.78 82.31 

25 82.75 74.25 75.88 82.36 

30 79.96 73.51 76.89 82.69 

35 76.50 72.39 77.05 83.64 

40 76.23 70.76 78.55 83.78 

45 75.29 70.18 78.98 84.11 

50 75.18 69.33 79.19 84.29 

55 74.39 69.17 80.39 85.01 

60 72.01 69.06 80.95 85.22 

65 71.16 68.75 73.76 81.14 

70 71.05 68.70 73.62 80.02 

 

It was found that in case of biological adsorbent, kikar leaves, arjun nuts and beerri 

ptta capsule were found to show greater removal efficiency, as shown in Table 8b.1 and are 

graphically represented in Fig.8b.1. Equilibrium was established within 25 minutes for bhindi 

stem but it took 60 minutes for arjun nuts and beerri ptta capsule. 

Adsorption study using clay revealed that greater removal efficiency was shown by 

multani mitti after 35 minutes whereas in case of gachni clay highest removal efficiency was 

attained after 20 minutes, as shown in Table 8b.2 and are graphically represented in Fig.8b.2. 

In case of polymeric adsorbents, almost comparable trends were shown by all the 

adsorbents with a little higher removal efficiency of cotton and amberlite was attained after 
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25 and 10 minutes respectively, as shown in Table 8b.3 and are graphically represented in 

Fig. 8b.3. 

 

 

Figure 8b.1: Effect of time of contact on removal of phenol  

BS (bhindi stem), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule) 

 

Generally the adsorption of phenol was rapid in the beginning due to the availability 

of greater number of adsorption sites. With the passage of time phenol tends to cover 

adsorbent surface thereby reducing the removal efficiency. 

Table 8b.2: Effect of contact time on phenol adsorption using geological adsorbents 

Contact  Time 

(minutes) 

Percent removal efficiency of 

phenol 

Multani 

mitti 
Gachni 

5 61.59 85.17 

10 61.98 86.02 

15 62.15 86.54 

20 62.88 89.47 

25 63.46 83.84 

30 68.51 81.76 

35 73.39 79.51 

40 65.40 74.38 

45 64.19 73.81 

50 58.92 72.40 

55 57.38 71.11 

60 51.02 71.09 

65 51.04 71.02 

70 50.97 70.86 
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Figure 8b.2: Effect of time of contact on phenol removal using geological adsorbents 
 

Another factor affecting the phenol adsorption was the aggregation of negatively 

charged phenolate ion formed in solution on adsorbent surface that repel the incoming similar 

charges. In case of all the adsorbents maximum optimized time ranges up to 35 minutes.  

 

Table 8b.3: Effect of contact time on phenol adsorption using polymeric adsorbents 

Contact 

Time 

(minutes) 

Percent removal efficiency of phenol 

Cotton Cellulose 
Amberlite 

IRA 410 

5 39.98 42.19 43.04 

10 41.93 45.70 43.85 

15 46.08 43.18 44.26 

20 44.97 43.06 45.62 

25 46.86 42.67 48.19 

30 43.05 42.15 46.43 

35 43.01 41.93 45.07 

40 42.88 41.66 43.72 

45 41.78 40.36 43.45 

50 41.35 40.56 42.91 

55 41.06 40.15 41.54 

60 40.74 39.88 41.66 

65 40.52 39.75 41.31 

70 40.51 39.70 40.28 

 

50

55

60

65

70

75

80

85

90

95

0 10 20 30 40 50 60 70

Multani

mitti

Gachni

Time of contact ( minutes)

P
er

ce
n

t 
re

m
o
v
a
l 

ef
fi

ci
en

cy
 (

%
)



353 
 

 

Figure 8b.3: Effect of time of contact on phenol removal using polymeric adsorbents 

 

 

8b.2.2 Effect of Agitation Speed 

Effect of agitation speed was studied by varying the shaking speed from 50 to 450 

rpm using 0.2 g of each adsorbent in 50 mL of 5 ppm phenol solution. All the solutions were 

agitated for the optimized period of time. It was found that in case of biological adsorbents; 

kikar leaves showed maximum efficiency for removing phenol from the solution at 300 rpm. 

Further increase in the agitation speed resulted in the decrease in removal efficiency. Results 

for biological adsorbents are reported in Table 8b.4 and graphically shown in Fig. 8b.4. 

 

Table 8b.4: Effect of agitation speed on phenol adsorption using biological adsorbents 

Agitation 

speed 

(rpm) 

Percent Removal Efficiency of phenol 

Bhindi 

stem  

Kikar 

leaves 

Arjun nuts Beerri 

ptta 

capsule 

50 75.46 76.47 62.86 60.26 

100 77.09 76.51 68.51 69.19 

150 80.35 76.23 70.95 76.12 

200 78.18 76.15 69.73 70.15 

250 76.28 78.34 68.33 68.26 

300 74.19 84.21 65.47 67.16 

350 69.47 81.33 64.29 65.23 

400 66.02 80.86 62.17 65.10 

450 65.01 80.61 60.28 64.23 

35

37

39

41

43

45

47

49

51

53

55

0 10 20 30 40 50 60 70

Cotton

Cellulose

Amb

IRA 410

Time of contact (minutes)

P
e

rc
e

n
t 

re
m

o
v
a

l 
e

ff
ic

ie
n

c
y
 (

%
)



354 
 

 

 

Figure 8b.4: Effect of agitation speed on phenol removal from water  

BS (bhindi stem,), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule) 

 

In case of geological adsorbents; parameter of agitation speed was optimized and 

equilibrium was attained at 150 rpm and 200 rpm for multani mitti and gachni clay. 

Maximum removal efficiency of 84.24% was shown by gachni clay. Further increase in 

agitation speed showed decrease in adsorption of phenol. Results for geological adsorbents 

are tabulated in Table 8b.5 and are graphically represented in Fig. 8b.5. 

 

Table 8b.5: Effect of agitation speed on phenol adsorption using geological adsorbents 

Agitation speed 

(rpm) 

Percent Removal Efficiency of 

phenol 

Multani mitti Gachni 

50 60.93 78.92 

100 68.62 76.51 

150 72.09 80.13 

200 71.84 84.24 

250 70.84 78.97 

300 69.55 75.85 

350 69.13 74.55 

400 68.29 74.16 

450 68.16 74.03 
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Polymeric adsorbents, showed relatively low affinity for phenol as compared to geological 

and biological adsorbents. Cotton was found to show maximum removal efficiency at 350 

rpm. 

 

 

 

Figure 8b.5: Effect of agitation speed on phenol removal from water using geological adsorbents 

 

Further increase in the agitation speed resulted in the decreased adsorption of phenol. 

Results for polymeric adsorbents is tabulated in Table 8b.6 and are graphically shown in Fig. 

8b.6. 

Results showed that percent removal of phenol increased and after equilibrium was 

attained no remarkable increase in removal efficiency was observed. Contact between ionic 

species present in the solution and surface of the adsorbent was affected by agitation speed. 

 

Table 8b.6: Effect of agitation speed on phenol adsorption using polymeric adsorbents 

Agitation 

speed 

(rpm) 

Percent Removal Efficiency of 

phenol 

Cotton  Cellulose Amberlite 

IRA 410 

50 53.05 66.15 47.89 

100 54.07 66.49 49.15 

150 56.33 67.62 49.01 

200 61.30 68.07 50.95 

250 62.65 68.04 50.41 

300 65.36 70.78 50.96 

350 71.24 69.32 52.14 

400 65.03 68.75 50.23 

450 60.28 68.07 50.12 
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Figure 8b.6: Effect of agitation speed on phenol adsorption using polymeric adsorbents 

 

Agitation increases the external mass transfer coefficient that resulted in the increased 

adsorption of phenol. As all the sites get filled further increase in agitation speed had negative 

impact on the adsorption because of availability of lesser time for interaction between 

adsorbent surface and phenol in the solution.  

 

Lesser time to interact due to the higher speed increased the chances of collision of 

molecules with adsorbent surface in such a way that the adsorbed ions might get detached 

from adsorbent surface thereby resulting in a decreased percent removal of phenol. 

 

8b.2.3 Effect of Adsorbent Dose 

  

Effect of adsorbent dose was studied at the optimized values of time of contact and 

shaking speed. Adsorbent dose was varied from 0.2 to 2.0 g using 50 mL of 5 ppm phenol 

solution at room temperature.  

 

Study revealed that in case of biological adsorbents; kikar leaves showed maximum 

removal efficiency for phenol than all the other adsorbents. Removal efficiency tends to 

increase and reach the maximum value after equilibrium was attained. The results are 

tabulated in Table 8b.7 and are graphically represented in Fig.8b.7. 
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Table 8b.7: Effect of adsorbent dose on phenol adsorption using biological adsorbents 

Adsorbent 

dose (g) 

Percent Removal Efficiency of Phenol 

Bhindi 

stem 

Kikar 

leaves 

Arjun 

nuts 

Beerri 

ptta 

capsule 

0.2 61.27 56.20 67.20 72.93 

0.4 63.14 59.44 72.18 68.67 

0.6 67.24 64.74 65.65 67.41 

0.8 72.61 68.87 64.97 65.66 

1.0 69.31 71.81 63.03 64.23 

1.2 54.23 72.99 62.18 63.42 

1.4 52.13 77.41 53.52 61.77 

1.6 52.01 75.94 51.79 60.58 

1.8 50.32 74.59 50.65 59.78 

2.0 49.95 74.23 48.32 57.18 

 

In case of geological adsorbents, maximum removal efficiency was shown by gachni 

clay followed by multani mitti. Removal efficiency of phenol in all the cases was increased 

initially and then decreased as tabulated in Table 8b.8 and are graphically represented in Fig. 

8b.8. 

 

 

Figure 8b.7: Effect of adsorbent dose on phenol adsorption  

BS (bhindi stem), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule) 

 

Polymeric adsorbents showed relatively low values of removal efficiency for phenol 

than biological and geological adsorbents. Cotton showed greater removal efficiency among 

all the polymeric adsorbents selected for study. 
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Table 8b.8: Effect of adsorbent dose on phenol adsorption using geological adsorbents 

Adsorbent dose 

(g) 

Percent Removal Efficiency of 

Phenol 

Multani mitti Gachni 

0.2 62.07 82.52 

0.4 70.86 71.97 

0.6 70.43 68.61 

0.8 69.55 68.23 

1.0 69.35 67.76 

1.2 68.16 67.46 

1.4 65.17 67.01 

1.6 64.27 66.32 

1.8 62.19 65.94 

2.0 62.07 65.46 

 

Removal efficiency increased in the beginning and attained the maximum value. The results 

are tabulated in Table 8b.9 and are graphically represented in Fig.8b.9. 

 

 

Figure 8b.8: Effect of adsorbent dose on phenol adsorption using geological adsorbents 

 

It was generally revealed that by varying the adsorbent dose from 0.2 to 2.0g removal 

efficiency was found to increase for all the adsorbents up to a certain limit. This increase was 

attributed to the fact that by increasing the adsorbent dose the active sites available of phenol 

adsorption increased accordingly. 

 

As the concentration of phenol was kept constant; increasing the adsorbent dose 

increased the ratio of adsorbent to adsorbed phenol. 
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Table 8b.9: Effect of adsorbent dose on phenol adsorption using polymeric adsorbents 

Adsorbent 

dose (g) 

Percent Removal Efficiency of Phenol 

Cotton  Cellulose Amberlite 

IRA 410 

0.2 59.68 70.97 66.97 

0.4 61.64 68.29 70.40 

0.6 69.37 68.33 68.48 

0.8 72.32 67.56 67.57 

1.0 67.29 67.10 66.68 

1.2 64.24 66.28 65.36 

1.4 63.28 65.19 65.48 

1.6 63.05 64.29 64.56 

1.8 62.45 63.54 63.48 

2.0 62.01 62.48 62.47 

 

 

Figure 8b.9: Effect of adsorbent dose on phenol adsorption using polymeric adsorbents 

 

After reaching the maximum removal efficiency no further increase was observed 

even after increasing the dose. This might be due to the reason that with the constant phenol 

concentration; initially plenty of phenol was available for active adsorption site. When all the 

active sites were covered with phenol further adsorption was hindered by the presence of 

bulky phenol molecule. As a result the percent removal nearly becomes constant after 

reaching a certain maximum value. Similar trends were observed by using pomegranate peel 

carbon (Mojtaba et al., 2016). 

 

 8b.2.4 Effect of pH of the Solution 
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solution was used for optimizing the parameter of pH. Removal efficiency was found to 

increase in the pH range of 5 to 7 in case of biological adsorbents. Highest values of 

adsorption were obtained for kikar leaves at pH 6. Results are tabulated in Table 8b.10 and 

are graphically represented in Fig. 8b.10. 

 

Table 8b.10: Effect of pH on phenol adsorption using biological adsorbents 

pH 

Percent Removal Efficiency of Phenol 

Bhindi 

stem 

Kikar 

leaves 

Arjun 

nuts 

Beerri 

ptta 

capsule 

3 62.16 74.21 51.36 61.64 

4 62.56 74.53 51.09 65.38 

5 71.06 75.15 75.59 66.26 

6 72.16 78.47 60.17 72.14 

7 72.89 75.30 59.60 68.84 

8 71.33 77.04 55.69 66.19 

9 70.16 76.10 55.41 51.06 

10 69.20 74.35 51.35 42.31 

11 55.6 75.38 49.42 40.17 

 

 

 

Figure 8b.10: Effect of pH on phenol adsorption 

BS (bhindi stem), KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule) 

 

Geological adsorbents, showed the increased trend of removal efficiency in slightly 

acidic to basic pH, with the highest removal efficiency obtained in the case of gachni clay. 
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Results for phenol removal using geological clays are shown in Table 8b.11 and graphically 

represented in Fig.8b.11. 

 

Table 8b.11: Effect of pH on phenol adsorption using geological adsorbents 

pH Percent Removal Efficiency of 

Phenol 

 Multani 

mitti 

Gachni 

3 72.14 81.93 

4 76.14 82.34 

5 85.24 84.67 

6 82.08 90.29 

7 82.71 87.36 

8 81.06 86.79 

9 77.71 74.18 

10 75.23 71.17 

11 74.17 70.33 

 

 

Figure 8b.11: Effect of pH on adsorption of phenol using geological adsorbents 

 

 

In case of polymeric adsorbents, phenol was effectively removed using cotton and 

cellulose at pH 6 and 7 respectively. Results for polymeric adsorbents are shown in Table 

8b.12 and are graphically represented in Fig.8b.12. 
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the pH is high (basic medium) greater number hydroxide ions will be present that will attract 

more hydrogen ion from the phenol resulting in the formation of phenolate ion at higher pH. 

  

Table 8b.12: Effect of pH on phenol adsorption using polymeric adsorbents 

pH 

Percent Removal Efficiency of 

Phenol 

Cotton Cellulose 
Amberlite 

IRA 410 

3 51.34 61.04 56.13 

4 55.76 61.21 55.91 

5 56.71 58.01 54.41 

6 61.25 57.06 54.03 

7 61.16 68.29 55.98 

8 42.73 60.15 55.23 

9 41.98 48.86 55.38 

10 41.13 48.43 54.17 

11 40.65 48.08 52.30 

 

 

Figure 8b.12: Effect of pH on phenol adsorption using polymeric adsorbents 

 

 

Another factor that affects the phenol adsorption is the value of pHpzc, of the 

adsorbent. As the pH is lower than pHpzc, the surface of adsorbent acquire the positive charge 

and when pH is higher than pHpzc, the surface of adsorbent attain the negative charge. It 

means that surface of adsorbent can provide several types of direct or indirect, physical 

/chemical interactions to the phenol and phenolate ion present in the solution. Direct 

interactions may result from the attraction between positive charge on adsorbent surface and 
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negatively charged phenolate ion and vice versa. Increase in the pH of the solution (basic 

medium) result in the excess of hydroxyl ions that prevent the adsorption of phenol as a result 

the adsorption is reduced at higher pH. 

On the surface of biological adsorbents, various amines, carboxyl and alcoholic 

groups are present that may dissociate under the effect of solution pH and result in the 

complexation process for the removal of phenol. This is in accordance with the previously 

obtained results (Mahvi et al., 2004).  

 

8b.2.5 Effect of Temperature 

 Temperature has a remarkable effect on adsorption process. Its effect on the 

adsorption of phenol was studied at optimized conditions of time of contact, agitation speed, 

adsorbent dose and pH. Results obtained are tabulated in Table 8b.13 and are graphically 

presented in Fig.8b.13 for biological adsorbents. 

 

Table 8b.13: Effect of temperature on adsorption of phenol using biological adsorbents 

 

Temperature 

(ºC) 

Percent removal efficiency of Phenol 

Bhindi 

stem 

Kikar 

leaves 

Arjun 

nuts 

Beerri 

ptta 

capsule 

10 72.84 52.86 90.17 91.35 

20 73.32 75.28 92.72 92.76 

30 75.45 61.47 96.60 90.92 

40 76.16 38.47 96.10 85.09 

50 82.32 31.41 95.34 83.89 

60 79.24 30.04 91.37 82.14 

 

 

Figure 8b.13: Effect of temperature on phenol adsorption  

BS (bhindi stem), KL (kikar leaves), AN (arjun nuts), BPC (beerri ptta capsule) 
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The effect of temperature on adsorption of phenol using geological adsorbents was 

studied and results are tabulated in Table 8b.14 and are graphically represented in Fig.8b.14. 

 

Table 8b.14: Effect of temperature on adsorption of phenol using geological adsorbents 

Temperature 

(ºC) 

Percent removal efficiency 

of Phenol 

Multani 

mitti 

Gachni 

10 67.41 87.39 

20 78.40 88.14 

30 78.95 88.76 

40 80.62 89.36 

50 82.17 90.98 

60 79.22 90.71 

 

 

Figure 8b.14: Effect of temperature on adsorption of phenol using geological adsorbents 

 

       In case of polymeric adsorbents; effect of temperature on adsorption of phenol was 

studied by varying the temperature from 10 to 60 °C keeping all the other parameters 

constant. The results are tabulated in Table 8b.15 and are graphically represented in 

Fig.8b.15. 
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Table 8b.15: Effect of temperature on adsorption of phenol using geological adsorbents 

Temperature 

(ºC) 

Percent removal efficiency of 

Phenol 

Cotton Cellulose 
Amberlite 

IRA 410 

10 50.38 48.12 56.29 

20 56.73 62.71 57.12 

30 57.58 42.43 58.55 

40 57.80 48.44 59.21 

50 77.35 44.04 60.80 

60 62.84 32.75 61.81 

 

 

Figure 8b.15: Effect of temperature on adsorption of phenol using geological adsorbents 

 

Temperature is associated with the movement of the molecules and ionic species in 

the solution as well as the interaction of these species with the adsorbent surface. When the 

temperature was low there was lesser ionic movement and relatively lesser adsorption was 

observed. As the temperature approached the room temperature (25 °C) molecular 

movements were effective enough for the better interaction of phenol with adsorbent surface 

thereby resulting in better adsorption. Higher temperature was found to affect the adsorption 

process either by affecting the effective interaction or by varying the solution concentration.  

 

Adsorption of phenol generally increased with increasing temperature showing that 

better adsorption was observed at higher temperature. With the increase in temperature the 

rate of diffusion of phenol across the external boundary layer of adsorbent increased thereby 
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decreasing the viscosity of solution. Similar trends were observed when polymeric adsorbents 

were used for removal of phenol (Hararah et al., 2010). Evaporation may affect the 

concentration of the solution at higher temperature and was found to affect the results of 

adsorption study. Therefore, the effect of temperature was studied from 10 to 60 °C.  

 

8b.2.6 Effect of Chemical Modification 

In addition to the use of raw adsorbents for phenol removal various chemical 

modifications were also tested to enhance the adsorption capacity of the adsorbents. Effect of 

chemical modification was studied by using biological and geological adsorbents. 

Commercially available samples of polymeric material used during study were already 

specific in their function as; Amberlite IRA 410 is anion exchange resin. So they were not 

modified using any chemical substance.   

 

Effect of chemical modification was studied by using 50 mL of 5 ppm phenol 

solution. 1.0 g of each treated adsorbent was added to the solution. Adsorption study was 

conducted at the previously optimized conditions of: time of contact, agitation speed pH and 

temperature. In case of biological adsorbents chemical modification using ethanol increased 

the removal efficiency for arjun nuts up to 97.83% whereas with zinc chloride it gave 

86.09% removal of phenol. Increased removal efficiency using zinc chloride modification of 

arjun nuts is in accordance with (Mohanty et al., 2005). Acid modification of kikar leaves 

showed relatively better results than other modifications of the kikar leaves. 

 

Results for the effect of chemical modification are tabulated in Table 8b.16 and are 

graphically represented in Fig.8b.16.  

 

Table 8b.16: Effect of chemical modification on phenol adsorption using biological adsorbents 

Modifying 

reagent 

Percent removal Efficiency of Phenol 

Bhindi 

stem 

Kikar 

leaves 

Arjun 

nuts 

Beerri ptta 

capsule 

NaOH 84.43 57.42 68.73 53.85 

Na2CO3 51.60 65.57 56.90 42.23 

ZnCl2 42.86 46.61 86.09 84.08 

CaCl2 64.81 56.41 57.57 41.11 

HNO3 52.86 52.10 73.24 52.52 

HCl 47.23 82.63 63.43 56.21 

CH3OH 53.06 51.74 73.81 57.84 

C2H5OH 66.31 48.85 97.83 65.10 
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Figure 8b.16: Effect of chemical modification on phenol adsorption  

BS (bhindi stem, KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule) 
 

In case of geological adsorbents no remarkable increase in the adsorption capacity of 

multani mitti and gachni was observed. Results are tabulated in Table 8b.17 and are 

graphically represented in Fig.8b.17.  

 

Table 8b.17: Effect of chemical modification on phenol adsorption using geological adsorbents 

Modifying 

Reagent 

Percent Removal Efficiency 

of Phenol 

Multani 

mitti 

Gachni 

NaOH 52.19 68.50 

Na2CO3 49.94 67.24 

ZnCl2 77.74 81.63 

CaCl2 53.13 58.86 

HNO3 63.76 65.64 

HCl 52.82 69.09 

CH3OH 40.63 77.36 

C2H5OH 40.31 78.54 

 

In case of multani mitti and gachni modification using zinc chloride increased positive 

charge in the clay matrix in the form of sodium ions. It further facilitated the entrapment of 

phenolate ions thereby increasing the adsorption. Effect of various modifying reagents was 

also studied (Ali & Saeed, 2016) for the removal of phenol. 
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Figure 8b.17: Effect of chemical modification on phenol removal using geological adsorbents 

 

8b.2.7 Effect of Desorbing Reagent 

 Regeneration of the adsorbent is very important as it affirms its reusability and 

ecofriendly nature. Adsorbents can be re-employed for removal of toxic species after 

regeneration. Desorption studies were carried out using 0.1 g of each adsorbent in 50mL of 

the desorbing solution. The solution was agitated at 100 rpm for 30 minutes. For desorption 

of phenol, sodium hydroxide (0.1M) and sodium carbonate (0.1M) solutions were used. 

Sodium hydroxide is found more effective in desorbing the phenol from the adsorbents as 

compared to sodium carbonate. This might be due to the fact that formation of sodium salt of 

phenol facilitated desorption of phenol from the adsorbent surface.  

 

Table 8b.18: Effect of desorbing reagent on biological adsorbents 

Desorbing 

Reagent 

Percent desorption of phenol 

Bhindi 

stem 

Kikar 

leaves 

Arjun 

nuts 

Beerri 

ptta 

capsule 

NaOH 66.32 75.14 56.59 65.89 

Na2CO3 39.74 42.19 23.45 31.77 

 

 Desorption of phenol from activated carbon by using sodium hydroxide as a 

desorbing reagent has also been reported (Ozkaya, 2006). Results for desorption studies are 

tabulated in Table 8b.18 and are graphically represented in Fig.8b.18. 
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Figure 8b.18: Effect of desorbing agent on biological adsorbent 

 

Desorption of phenol in case of geological adsorbents showed almost the same trends 

as found in case of biological adsorbents.  

 

Sodium hydroxide effectively desorbed phenol from adsorbents surface by the 

replacement of phenol ions with hydroxyl ions. Results for phenol desorption from clays 

surface is tabulated in Table 8b.19 and are graphically represented in Fig.8b.19. 

 

Table 8b.19: Effect of desorbing reagent on geological adsorbents 

Desorbing 

Reagent 

Percent desorption of 

Phenol 

Multani 

mitti 
Gachni 

NaOH 48.18 74.41 

Na2CO3 30.59 55.76 
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Figure 8b.19: Effect of desorbing agents on geological adsorbents 

 

Desorption results for the polymeric adsorbents are tabulated in Table 8b.20 and are 

graphically represented in Fig.8b.20. Sodium hydroxide showed higher desorption results. 

 

Table 8b.20: Effect of desorbing reagent on polymeric adsorbents 

Desorbing 

Reagent 

Percent desorption of Phenol 

Cotton Cellulose 
Amberlite 

IRA 410 

NaOH 68.37 54.19 62.78 

Na2CO3 25.85 43.18 41.09 

 

 

Figure 8b.20: Effect of desorbing agent on polymeric adsorbents 
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8b.3 Isothermal Modeling for Phenol 

Isothermal studies were conducted at the optimum conditions of time of contact, 

agitation speed, adsorbent dose and pH. Phenol solutions in the range of 1 to 8 ppm were 

used for this purpose. Three isothermal models as discussed earlier were employed for 

isothermal modeling to explore the adsorption mechanism. Parameters for ‘Langmuir 

adsorption isotherms’ are given in Table 8b.21.  

 

Table 8b.21: Langmuir adsorption parameters for Phenol adsorption study 

 

Adsorbent 

Langmuir  Isotherm Parameters 
 

RL 
R2 

Qmax 

(mg/g) 

b 
(L/g) 

Bhindi stem 0.886 2.521 0.154 0.564 

Kikar Leaves 0.976 20.568 0.034 0.854 

Arjun nuts 0.938 5.048 0.051 0.796 

Beerri ptta capsule 0.888 4.290 0.041 0.829 

Multani mitti 0.953 1.331 7.486 0.026 

Gachni 0.779 6.834 0.074 0.729 

Cotton 0.983 6.035 0.054 0.787 

Cellulose 0.955 4.397 0.128 0.609 

Amberlite IRA 410 0.975 2.729 0.101 0.664 

 

Value of regression coefficient (R2) is approaching unity in case of those adsorbents 

where Langmuir adsorption isotherm holds good to explain the adsorption of phenol. It is 

also clearly suggested from the data that there are fixed number of adsorption sites uniformly 

distributed on adsorbent surface and phenol ions have equal affinity towards adsorption sites 

with no lateral interaction among phenol ions. Moreover, the Qmax value is also indicative of 

the fact that among the biological adsorbents kikar leaves showed greater tendency for phenol 

adsorption. In case of geological adsorbents gachni clay showed greater affinity for phenol 

ions. The order of adsorption capacity for polymeric adsorbents was cotton> cellulose > 

amberlite IRA 410. 

Langmuir parameter ‘b’ was used to determine the value of dimensionless constant 

RL. It was depicted in Table 8b.21 that for all the adsorbents the value of this dimensionless 

constant is below 1. This suggested that adsorption of phenol by the adsorbents selected for 

study was favorable process and these adsorbents can be used for large scale removal of 

phenol from waste water. 
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Table 8b.22: Freundlich adsorption parameters for phenol adsorption study 

 

Adsorbent 

Freundlich isotherm Parameters 

R2 n 
Kf 

(L/g)1-n 

Bhindi stem 0.800 0.863 0.428 

Kikar Leaves 0.944 1.106 0.662 

Arjun nuts 0.895 0.844 0.257 

Beerri ptta capsule 0.922 0.780 0.152 

Multani mitti 0.960 1.562 0.991 

Gachni 0.678 1.187 0.536 

Cotton 0.979 0.981 0.319 

Cellulose 0.937 0.879 0.520 

Amberlite IRA 410 0.981 0.957 0.252 

 

Multilayer adsorption on the heterogeneous surface of adsorbent was explored by 

applying the Freundlich isotherm. This multilayer adsorption can be further explained by the 

lateral interaction among the phenol ions. Table 8b.20 revealed that non linearity of the 

system increased with the increased value of ‘n’ that is associated with the increased 

heterogeneity of the adsorbent surface. Value of ‘n’ from 2-10 indicated the better adsorption 

whereas from 1-2 predicted good adsorption.  

 

Table 8b.23: Temkin isotherm parameters for phenol adsorption study 

 

Adsorbent 

Temkin isotherm Parameters 

R2 
BT 

(kJ/mol) 
KT 

(L/mg) 

Bhindi stem 0.712 6.144 3.235 

Kikar Leaves 0.884 4.900 4.695 

Arjun nuts 0.779 7.508 2.845 

Beerri ptta capsule 0.829 5.104 1.412 

Multani mitti 0.615 3.285 10.097 

Gachni 0.566 5.487 4.954 

Cotton 0.933 8.799 3.872 

Cellulose 0.830 4.332 3.167 

Amberlite IRA 410 0.922 8.351 2.979 

 

Higher values of Kf indicated the effective bonding of phenol ions on the adsorbent 

surface. As it is clear from Table 8b.19 that relatively higher values of Kf were shown by 

bhindi stem, kikar leaves, multani mitti, gachni clay and cellulose. It showed that phenol ions 

penetrated well in the heterogeneous adsorbent surface and was effectively removed by these 

adsorbents.  
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Temkin isotherm model explains the equal distribution of binding energies on the 

adsorbent surface. Table 8b.23 shows all the Temkin parameters. Value of ‘BT’ below 8 

revealed the weak interaction that can be interpreted as physiosorption. Such interactions 

were shown by biological and geological adsorbents. Lower BT values are indicative of the 

fact that adsorbents can be easily regenerated after desorption. 

 

 

Figure 8b.21: Comparison of the adsorption capacities of the adsorbents used in past with adsorbent used in present 

study (*) for phenol removal 

 

In case of polymeric adsorbents; cotton and amberlite IRA 410 showed higher values 

of ‘BT’ which revealed that interaction among the adsorbent surface and phenol ion is higher 

than biological and geological adsorbents. This is an indicator of the fact that polymeric 

adsorbents more effectively removed phenol from the solution. Higher KT values are 

indicative of the fact that stronger interactions are present between the adsorbent surface and 

phenol ions as shown in Table 8b.23. Comparison of the adsorption capacity of the 

adsorbents previously used and the adsorbent selected in the present study is represented in 

Fig: 8b.21. It is clearly indicated that adsorbents used in present study are capable of 

removing of phenol efficiently from water. 
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8b.4 Kinetic Study for Phenol Adsorption 

Kinetics studies showed the removal of phenol as a function of time and data obtained 

is tabulated in Table 8b.24. This study was conducted by using the 50 mL of 5 ppm solution 

of phenol and varying the time from 5 to 70 minutes at optimum conditions of agitation 

speed, pH adsorbent dose and temperature. The dependence of experimental data on time was 

investigated by applying pseudo first and pseudo second order kinetic models.  

 

When maximum phenol was adsorbed the adsorbent becomes saturated thereby 

revealing the adsorption capacity of each adsorbent for phenol removal. Theoretical and 

experimental adsorption capacities represented as Qt and Qexp are shown in the Table 8b.24. 

Better applicability of the kinetic model was checked by using equations 1.6 and 1.7 (chapter 

1) for pseudo first and pseudo second order kinetics model respectively. Comparison of the 

regression coefficient (R2) values showed that pseudo second order model is more in 

accordance with the data.  

 

Table 8b.24: Kinetic Study for adsorption of phenol 

Adsorbent 

Pseudo First order Kinetics Parameters Pseudo Second Order Kinetics Parameters  

Qexp 

(mg/g) 
R2 

K1 

(min-1) 

Qt 

(mg/g) 
R2 

K2 

(g/mg/min) 

Qt 

(mg/g) 

Bhindi stem 0.953 0.002 1.116 0.999 3.31 0.554 0.56 

Kikar Leaves 0.474 0.0002 2.237 0.999 138.37 0.162 0.16 

Arjun nuts 0.993 0.005 2.657 0.999 1.357 0.483 0.50 

Beerri ptta capsule 0.989 0.009 1.535 0.999 0.776 0.972 1.00 

Multani mitti 0.853 0.004 1.255 0.997 1.240 0.466 0.48 

Gachni 0.952 0.007 1.481 0.999 1.112 0.900 0.95 

Cotton 0.868 0.011 1.618 0.999 1.363 0.447 0.62 

Cellulose 0.9256 0.011 0.424 0.999 1.002 1.017 1.20 

Amberlite IRA 410 0.993 0.004 1.212 0.999 1.985 1.073 1.09 

 

In all the cases the R2 values for pseudo second order kinetics model is approaching 

unity. Theoretical and experimental adsorption capacity values were not in agreement with 

each other for pseudo first order kinetics model. Whereas in the case of pseudo second order 

kinetics model theoretical and experimental adsorption capacity for phenol were in 

accordance with each other which showed the better applicability of this model. Higher 

values of pseudo second order rate constant revealed the possibility of chemisorption and 
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multilayer adsorption of phenol on the surface of arjun nuts, Beerri ptta capsule, bhindi stem, 

kikar leaves, cellulose and amberlite IRA 410 with time.  

 

8b.5 Thermodynamic Study for Phenol Adsorption 

Thermodynamics study for adsorption process of phenol was conducted by using 

50mL of 5ppm phenol solution at optimized conditions of time of contact, agitation speed, 

pH and adsorbent dose. Temperature was varied from 10 ºC to 60 ºC. Thermodynamic 

parameters like; ΔGº, ΔHº and ΔSº were calculated by using equations 1.9 and 1.10 (Chapter 

1) and are tabulated in Table 8b.25. 

 

Table 8b.25: Thermodynamical parameters for adsorption of phenol 

 

Adsorbents 

Thermodynamics Parameters 

R2 
ΔGº 

(kJ/mol) 

ΔHº 

(kJ/mol) 

ΔSº 

(kJ/mol) 

Bhindi stem 0.940 -3.590 -1.749 0.381 

Kikar leaves 0.902 -1.254 -1.475 0.221 

Arjun nuts 0.969 -0.704 -0.199 0.145 

Beerri ptta capsule 0.880 -6.974 -8.904 0.888 

Multani mitti 0.924 -14.816 -6.053 1.705 

Gachni 0.916 -1.805 -0.022 0.319 

Cotton 0.838 -1.394 -0.618 0.121 

Cellulose 0.604 -1.008 -0.973 0.045 

Amberlite IRA 410 0.990 -1.331 -0.416 0.149 

 

Negative values of ΔGº indicate the spontaneous nature and thermodynamic 

feasibility of adsorption of phenol using all the adsorbents. Increased negative value of ΔGº 

with temperature indicates the increased phenol removal at high temperature. Negative values 

of ΔHº revealed the exothermic nature of phenol adsorption process.  For significant 

adsorption of phenol the negative values of ΔGº must be accompanied with the negative 

values of ΔHº. Positive values of ΔSº showed that when phenol interacted with the adsorbent 

surface, this interaction imparted randomness to the system.  

 

8b.6 Application of the Present Study to Industrial Effluents 

 

Industrial samples for the removal of phenol were collected from textile and leather 

industries situated in vicinity of Lahore (Pakistan). All the optimized parameter for each 
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adsorbent (as tabulated below in Table 8b.26) was applied to check the suitability of the 

adsorbent for phenol removal on large scale. It was observed that percent removal efficiency 

of each adsorbent was comparatively reduced due to the presence of interfering ions and 

different molecular species in the solution. These species affect the adsorption of phenol by 

competing for the active sites and cover the adsorbent surface thereby causing reduction in 

percent removal of phenol.  

 

It was found that kikar leaves, arjun nuts, gachni and cellulose effectively removed 

phenol from the industrial effluents.  These adsorbents can be employed alone or in 

combination for the removal of phenol from industrial waste water.  

 

Table 8b.26: Results of the optimized conditions for phenol removal applied to Industrial sample 

 

Adsorbents 

Parameters optimized during Phenol adsorption and applicability to industrial sample 

Time of 

contact 

(minutes) 

Agitation 

speed 

(rpm) 

Adsorbent 

dose 

(g) 

pH 
Temperature 

(ºC) 

Percent removal efficiency for industrial 

sample 

(%) 

     A             B              C                D              E 

Bhindi stem 25 150 0.8 7 50 36.15 36.24 36.21 36.10 35.94 

Kikar leaves 10 300 1.4 6 20 50.24 50.19 50.16 50.21 50.49 

Arjun nuts 60 150 0.4 5 30 45.76 45.91 46.03 45.88 45.61 

Beerri ptta capsule 60 150 0.2 6 20 41.58 41.48 41.16 40.34 40.17 

Multani mitti 35 150 0.4 5 50 30.16 31.47 30.48 30.16 31.24 

Gachni 20 200 0.2 6 50 49.47 49.21 49.14 49.87 50.01 

Cotton 25 350 0.8 6 50 25.16 27.34 26.51 25.77 25.38 

Cellulose 10 300 0.2 7 20 43.66 43.17 43.29 43.89 43.64 

Amberlite IRA 410 25 350 0.4 7 60 37.39 37.14 37.56 37.19 37.26 

 

 

 

8b.7 Conclusion 

Present work deals with the adsorptive removal of phenol from the water. 

Applicability of adsorbents belonging to different groups was checked for their adsorption 

capacity to remove phenol. Kikar leaves, arjun nuts, gachni and cotton removed phenol more 

efficiently than other adsorbents in present study selected for the adsorption of phenol. It was 

also indicated by the Qmax values of these adsorbents. Optimization of various operational 

parameters was studied and applied for the detailed adsorption mechanism exploration for 

phenol. It was found that phenol adsorption followed Langmuir monolayer adsorption pattern 

with the rate dependence on pseudo second order kinetics model. Thermodynamical study 
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revealed that it is spontaneous and exothermic in nature with positive entropy value which 

clearly indicated the increased randomness of the system during adsorption. All the selected 

adsorbents were chemically modified using different reagents and it was found that chemical 

modification increased the adsorption capacity of the adsorbents like arjun nuts, bhindi stem 

and beerri ptta capsule. Use of chemically modified adsorbents can be even more effective in 

removing phenol from water.  
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Chapter - 9 

Alizarin Red S 

 

9.1 Introduction 

 

Alizarin Red S dye is also known as 2-Anthraquinonesulfonic acid; 1,2-dihydroxy-

9,10-anthra-quinonesulfonic acid sodium salt; ARS and Alias Mordant Red 3. It is anionic, 

water soluble anthraquinone dye and an extensively used in industrial sector. It is a derivative 

of alizarin, which is considered as a natural dye extracted from the roots of Rubia tinctorum 

also known as madder and belongs to the family Rubiaceae. Alizarin red S is synthesized by 

sulfonation of alizarin (Ghaedi et al., 2012). Alizarin red S is also used as acid-base indicator, 

in stain microscopy and in determination of fluorine (Abou-Gamra, 2014). In textile industry 

alizarin red S is commonly used as a coloring agent. This dye is also utilized to stain 

biological specimens such as small invertebrate embryos and mineralized bones in vertebrate 

groups. This synthetic dye is stored away from humidity and heat because it is a strong 

oxidizing agent. It is a non-biodegradable and chemically stable hence, it cannot be fully 

mineralized by conventional processes of treatment. It is unaffected by degradation process 

due to its structure that offers high optical, physicochemical and thermal stability (Machado 

et al., 2016). 

The process of dying, either in textile, leather or paper industry, is considered as a 

significant source of environmental pollution. The quantity of wastewater having processed 

dyes is constantly increasing. Industrial effluents containing different chemicals species, 

especially synthetic dyes are considered potential carcinogenic in nature. Some dyes undergo 

aerobic and anaerobic decomposition that results in the development of carcinogenic 

compounds. In addition, the colored pollutants reduce the penetration of light and prevent the 

process of photosynthesis under water. The discharge of effluents from different dyeing 

industry to the water bodies is a main human concern. Alizarin red S dye is considered one of 

the dyes that produce purple and red colored solution depending on the pH of water (Roopaei 

et al., 2014).  

Naturally, alizarin red S cannot be degraded because it has a complex arrangement of 

aromatic rings; hence it turns noxious and a potential toxic to the aquatic life and biota. The 

use of water having even trace quantity of toxic alizarin red S causes a number of harmful 

effects, such as malfunctioning of lungs, gastritis, painful micturition, severe headache and 
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methemoglobinemia (Sujitha & Ravindhranath, 2016). It can be a source of eye and skin 

irritation, cytotoxicity, carcinogenicity, genotoxicity and toxicity to freshwater organisms 

(Sabnis, 2008). 

 

9.2 Previous Work 

Srinivasan and Ilavenil (2017) have reviewed the remediation of various synthetic 

dyes and heavy metals from wastewaters. Alizarin red, thymol blue, drimarene dye and 

malachite green were considered in this study. The competency of cynodon dactylon as 

economical adsorbent was reviewed in this study. The influence of pH, temperature and 

various concentrations of adsorbate-adsorbent were also studied. 

 

Sujitha and Ravindhranath (2016) have studied the extraction of alizarin red S dye 

from simulated water using activated carbon derived from Achyranthes aspera plant stem. A 

series of batch mode experiments were performed. The effects of various physicochemical 

parameters such as concentration of adsorbent, initial concentration of dye, agitation time, pH 

and temperature were probed and the conditions were optimized to attain the maximum 

removal of dye. The adsorption data was analyzed using different isotherm models. The 

adsorption kinetics was evaluated by different kinetic models. The study of thermodynamic 

parameters revealed that the adsorption of alizarin red S was endothermic and spontaneous in 

nature. The experimental procedure was then applied to the real wastewater samples collected 

from the effluents of textile industries and effective results were obtained. 

 

Machado et al. (2016) have investigated the removal of alizarin red S from aqueous 

solutions, using single and multi-walled carbon nanotubes (Nano-adsorbents). The influence 

of various parameters such as shaking time, pH and temperature on the process of adsorption 

was studied. The equilibrium data was analyzed by different isotherm and kinetic models. 

The nature of adsorption process was investigated by studying different thermodynamic 

parameters. The electrostatic interaction study between adsorbate and nano-adsorbent was 

carried out by means of degree of enthalpy change. The hypothetical calculations showed that 

the binding energies between alizarin red S and single-walled carbon nanotube was enhanced 

as the diameter of nanotube got bigger; however, no change was observed in the binding 

distance. Therefore, from these experimental results it was revealed that electrostatic 

interaction may be liable for the adsorption of alizarin red S onto single-walled carbon 

nanotube. 
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Zhang et al. (2016) have studied the removal of alizarin red and methyl orange dye by 

using N-methylimidazolium anion exchange resin. Different functional group contents of 

anion exchange resin, having a varying concentration, were prepared and the affinity for dyes 

and effect on the adsorption capacity was observed. Different adsorptive parameters were 

optimized in this study that can affect the process of adsorption. 

 

Albadarin and Mangwandi (2015) have studied the biosorption of anionic dye, 

alizarin red S and cationic dye methylene blue onto olive stone biomass. The adsorption 

study was conducted as a function of initial concentration of adsorbent and adsorbate, contact 

time and pH of solution. The equilibrium data was analyzed by isotherm and kinetic models 

in a batch mode for single and binary systems. The maximum biosorption of alizarin red S 

was obtained at pH 3.28. In the binary system, it was shown that the methylene blue diffused 

inside the olive stone biomass particle and inhabited the biosorption sites by creating a 

monodentate complex. The alizarin red S only occupied the untaken sites and formed a 

tridentate complex with olive stone active sites. 

 

Fayazi et al. (2015) have studied the remediation of alizarin red S from aqueous 

solution by using magnetic activated carbon nanocomposite. Different experimental 

conditions were optimized in the adsorptive study. The nanocomposites were characterized 

by different analytical techniques such as Field emission scanning electron microscopy, 

Fourier transform infrared spectroscopy, X-Ray Diffractometery, BET analysis and Energy 

dispersive X-ray spectroscopy. The effect of different variables such as concentration of dye, 

adsorbent dose, contact time and pH was investigated in a batch method. The equilibrium 

data was evaluated by isotherm and kinetic models and chemisorption process was perceived 

in this evaluation. This study illustrated that the magnetic activated carbon nanocomposite 

could be employed as a magnetically separable and efficient adsorbent for the environmental 

cleanup. 

 

Gholivand et al. (2015) have studied the adsorption potential of polypyrrole coated 

iron oxide (Fe3O4) nanoparticles for the remediation of two anionic dyes, alizarin red S and 

alizarin yellow GG from aqueous solutions. Different factors such as pH, contact time and 

sorbent amount were optimized, which can affect the removal of dyes. The optimization of 

these parameters done by the response surface methodology based on orthogonal central 
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composite design. The experimental equilibrium data was analyzed by different isotherm and 

kinetic models. The results of isotherm studies revealed a monolayer adsorption of the dyes 

onto modified nanoparticles, which have a homogeneous surface. The obtained results 

showed that the polypyrrole coated Fe3O4 nanoparticles were suitable adsorbent for 

remediation of anionic dyes from aqueous solutions. 

 

Jamshidi et al. (2015) have studied the ultrasonic supported simultaneous removal of 

alizarin red S dye and aluminum (Al3+) ions from aqueous medium using silver nanoparticle 

engrafted activated carbon. Analytical techniques such as Scanning electron microscope and 

Fourier transform infrared spectroscopy were used for the characterization of 

physicochemical properties of silver nanoparticle engrafted activated carbon. The influence 

of various operating parameters such as concentration of adsorbates, mass of adsorbent and 

sonication time on the process of adsorption was investigated. The effects of different 

parameters were studied using central composite design, combined with genetic algorithm 

and desirability function approach. Maximum adsorption for both the adsorbate species was 

achieved at pH value of 6. The equilibrium data was analyzed by different isotherm models 

and maximum monolayer adsorption capacities were observed for alizarin red S and 

aluminum (Al3+) ions. 

 

Gautam et al. (2014) have studied the adsorption of alizarin red S from aqueous 

solutions using mustard husk as biosorbent. The batch mode experiments were conducted 

using simulated aqueous solutions and the influence of initial concentration of dye, contact 

time, pH of solution and temperature were investigated. Analytical techniques such as 

Scanning electron microscopy and Fourier transform infrared spectroscopy and elemental 

analysis were employed for the characterization of prepared biosorbent. The pH at the zero 

point of charge (pHzpc) was also determined. The equilibrium data was explored with 

isotherm models and kinetic adsorption study was also conducted. The thermodynamic study 

showed that biosorption of alizarin red S was favorable, spontaneous and exothermic in 

nature. 

 

Ishaq et al. (2014) evaluated the remediation of alizarin red dye from aqueous 

solution by using activated charcoal. Different variables such as effect of initial concentration 

of dye, contact time and pH were investigated. It was observed that the adsorption of dye 

increased with an increase in the concentration of dye. Maximum adsorption of dye was 
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observed at pH 2 and it decreased with further increase in pH. The equilibrium data was 

evaluated by isotherm models and mechanism of adsorption was determined by different 

kinetic models. 

 

Roosta et al. (2014) have used gold nanoparticles loaded on activated carbon as 

adsorbent for the removal of alizarin red S from aqueous solution. This remediation process 

was carried out through the combination of ultrasound device with adsorbent. The 

nanomaterials were characterized by analytical techniques such as Scanning electron 

microscopy, X-Ray Diffractometery, Transmission electron microscopy and BET analysis. 

By these characterization techniques, a high surface area alongside porous structure of 

adsorbent was observed which made the candidacy of this adsorbent for the remediation of 

large quantity of pollutants. Response surface methodology and central composite design 

were used to assess the main interaction and influence among the variables. The equilibrium 

data was evaluated by isotherm and kinetic models. The experimental studies revealed that a 

very minute quantity of adsorbent was applied for an effective remediation of alizarin red S 

in a very short time period. 

 

Roopaei et al. (2014) have synthesized a new photocatalyst (α-Fe2O3/NiS) for the 

removal of alizarin red S dye from aqueous solution. The synthesized material was 

characterized with Scanning electron microscope; X-ray diffractometer; Transmission 

electron microscope and Fourier transform infrared spectrophotometer. The impacts of 

different parameters such adsorbent dose, initial concentration of dye and pH on the removal 

of alizarin red S was assessed. 

 

Samusolomon & Devaprasath (2014) have used cynodon dactylon as adsorbent and 

studied the removal of an industrial dye, alizarin red S, from aqueous media. Different 

parameters, which can affect the adsorption process such as, adsorbent dose, shaking speed, 

mesh size of adsorbent, time of contact, pH and temperature were optimized. 

 

Wagh and Shrivastava (2014) have studied the kinetics and adsorption mechanism of 

alizarin red S dye onto activated carbon derived from coconut shell. Batch adsorption 

technique was used for the adsorption of alizarin red S by using low cost ecofriendly 

adsorbent. The different variables such as initial concentration of dye, contact time, adsorbent 

dose, temperature and pH were optimized for the maximum removal of the dye. The study 
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indicated an increase in the percentage removal of the dye with an increase in initial 

concentration of dye. Different analytical techniques such as Scanning electron microscopy, 

Fourier transform infrared spectroscopy and Energy dispersive analysis X-ray (EDAX) were 

used for the characterization of adsorbent. The experimental results showed that the coconut 

shell activated carbon was suitable for the remediation of alizarin red S from aqueous 

solution. 

 

Zolgharnein et al. (2014) have studied the adsorption capacity of a novel 

cetyltrimethylammonium bromide modified titanium oxide (TiO2) nanoparticles for the 

remediation of alizarin red S and Indigo carmine dyes from water samples. In this study a 

single and binary batch systems were employed. The effect of various variables on adsorption 

process such as, initial concentration of dye, initial pH and sorbent mass was investigated. A 

statistical experimental design was employed to optimize the process of adsorption. 

Moreover, the isotherm and kinetic study of the adsorption process was also investigated by 

different isotherm and kinetic models.  

 

Gautam et al. (2013) have studied the adsorption isotherms, kinetics, thermodynamics 

and spectroscopic investigations of the removal of the alizarin red S, an anthraquinone dye, 

by mustard husk as an adsorbent. Batch mode experiments were performed using synthetic 

aqueous solutions and the effect of initial concentration of dye, adsorbent dose, initial pH of 

solution and temperature were investigated. The mustard husk was characterized by different 

analytical techniques such as Scanning electron microscopy, Fourier transform infrared 

spectroscopy and through the determination of pH at the zero point of charge (pHpzc). The 

equilibrium data was analyzed by different adsorption isotherm and a multilayer adsorption 

of the dye molecules was revealed onto the active sites on the mustard husk. A rapid 

adsorption process was shown by the kinetic studies. The study of thermodynamic parameters 

revealed that the process of adsorption was spontaneous and endothermic in nature. 

 

Rehman et al. (2013) have investigated the adsorption capacity of Abelmoschus 

esculentus stem for the removal of anionic dyes, alizarin red S and Brilliant blue FCF from 

aqueous medium by performing batch experiments. Different parameters such as adsorbent 

dose, mesh size of adsorbent, agitation speed, pH, contact time and temperature were 

optimized to attain the maximum adsorption of dyes. The thermodynamic parameters were 

calculated to determine the nature of adsorption process. The results showed that the 
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Abelmoschus esculentus stem powder can be utilized at larger scale for the treatment of 

industrial effluents containing alizarin red S and Brilliant blue dyes. 

 

Rehman and Mahmud (2013) have investigated the adsorption potential of Citrullus 

lanatus peels for the remediation of alizarin red S from water. Batch mode experiments were 

performed on laboratory scale. It was observed that the alizarin red S adsorption on Citrullus 

lanatus peels was increased with an increase in temperature and contact time, however, the 

adsorption of dye decreased with an increase in pH. The equilibrium data was analyzed by 

isotherm models and it was indicated that more physiosorption was occurred than 

chemisorption during the adsorption process. The kinetic models were used to study the 

mechanism of adsorption and thermodynamic parameters revealed that the adsorption process 

was favorable and endothermic in nature. 

 

Raut et al. (2013) have evaluated the adsorption potential of an alumina carbon 

composite for the remediation of alizarin red S and methylene blue dye. The equilibrium data 

of adsorption process was evaluated by different isotherm models. The maximum adsorption 

capacity for alizarin red S was observed at pH 5 and for methylene blue it was at pH 8. The 

mechanism of adsorption was explained by different kinetic models. 

 

Fan et al. (2012) have synthesized a novel chitosan coated on the surface of magnetite 

(Fe3O4) using alizarin red as a template for removal and adsorption of alizarin red from 

aqueous solutions. The synthesized material was characterized by analytical techniques such 

as Scanning electron microscopy, Fourier transform infrared spectroscopy and X-Ray 

Diffractometery. A series of batch adsorption experiments were completed to study the 

adsorption selectivity, conditions and reusability. Different isotherm and kinetic models were 

studied to analyze the best fit experimental adsorption data. The selectivity coefficient of 

alizarin red and other dyes onto adsorbent specified a general preference for alizarin red, 

which was greater than non-imprinted magnetic chitosan beads. Furthermore, the sorbent 

signified a good repeatability and a high stability. 

 

Ghaedi et al. (2012) have used a batch method to attain a maximum removal 

percentage of alizarin red S dye from the wastewater using activated carbon. The effect of 

variables such as concentration of adsorbate, size and mass of adsorbent, pH, temperature and 

time of contact on the percentage removal of alizarin red S was investigated. Different 
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isotherm, kinetic and thermodynamics parameters were studied for the best fit experimental 

data. The values of thermodynamic parameters showed that the removal process was 

spontaneous and endothermic in nature. 

 

Fu et al. (2011) have investigated the adsorption of alizarin red S dye in a batch 

reactor by using activated clay modified by iron oxide as adsorbent. Different parameters that 

can influence the adsorption process were optimized and it was observed that the removal 

efficiency of alizarin red S was increased with the increase in the adsorbent dosage, initial 

concentration of dye and time of contact, but a decrease in adsorption was seen with an 

increase of pH of the solution. The adsorption kinetics was investigated by employing 

different kinetic model. The equilibrium data was analyzed by isotherm models. The results 

indicated that the iron modified clay was suitable for adsorption of alizarin red S dye from 

aqueous solutions. 

 

Ghaedi et al. (2011) have studied the removal of alizarin red S and morin dye from 

wastewater using multi-walled carbon nanotube as an efficient adsorbent. The impact of 

different variables such as concentration of the dye, contact time, amount of adsorbent, pH 

and temperature, so forth on the elimination of both dyes was studied in a batch method. The 

equilibrium data of adsorption process was analyzed and graphically correlated by various 

adsorption isotherm models. Kinetic studies were also considered to define the mechanism of 

adsorption and various thermodynamic parameters suggested that the adsorption process of 

alizarin red S and morin dye was feasible and endothermic in nature. 

 

Jadhav et al. (2011) have synthesized a nanocrystalline mixed oxide for the 

adsorption of alizarin red S dye from aqueous solutions. The characteristic studies of 

nanocrystalline mixed oxide were performed with Scanning electron microscope and X-ray 

diffractometer. Transmission electron microscopic analysis was also performed to investigate 

the size of synthesized particle. The effect of various factors such as pH, temperature, initial 

concentration of dye and time of contact was also determined. The equilibrium data was 

analyzed by considering different isotherm models and the experimental results revealed that 

maximum alizarin red S was removed at lower temperature. 

 

Rehman et al. (2011) have used alumina as an effective adsorbent for the removal of 

an industrially important alizarin red S dye from aqueous media. Different parameters of 
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adsorption process that can affect the adsorption process, such as mesh size of adsorbent, 

adsorbent dose, contact time of solution with adsorbent, pH, temperature and stirring speed 

were optimized.  

 

Pirillo et al. (2009) have investigated the adsorption of alizarin, Fluorescein and 

Eriochrome blue black R by employing chitosan, magnetite and goethite as adsorbents. 

Different adsorption parameters were optimized to attain the maximum removal of dye. The 

equilibrium data was analyzed by isotherm models and it was perceived that chitosan was the 

best adsorbent of alizarin followed by the Eriochrome blue black R. Fluorescein did not 

adsorb in significant amounts on chitosan and it presented a lower affinity for the iron oxides 

or magnetite. 

 

Pirillo et al. (2009) have investigated the adsorption process of alizarin and 

Eriochrome blue black R onto magnetite, goethite and co-goethite as a function of pH. A 

characteristic anionic adsorption behavior was seen for alizarin and Eriochrome blue black R 

onto goethite and Co-goethite. The experimental results were fit by a constant capacitance 

model. Goethite showed excellent adsorptive performance as adsorbent of Eriochrome blue 

black R and alizarin. It was also observed that the adsorption of Eriochrome blue black R was 

pH dependent.  

Iqbal and Ashiq (2007) have investigated the adsorption of industrially important dyes 

such as alizarin red S, bromophenol blue, methylene blue, methyl blue, malachite green, 

eriochrome black T, methyl violet and phenol red from aqueous solution on activated 

charcoal. The influence of various parameters such as pH, temperature and shaking time on 

the adsorption behavior was also studied. It was observed that with an increase in temperature 

and pH, the adsorption of all of the dyes on activated charcoal was decreased. The 

equilibrium data was analyzed by considering different isotherm models. The calculated 

values for different kinetic models indicated that the dyes were chemisorbed and 

thermodynamic parameters revealed that the adsorption of dyes on activated charcoal was 

favored at low temperatures. 

 

Wu et al. (2004) have studied the adsorption of alizarin red S and phenol red on 

hybrid gels and mesoporous silica. The mesoporous gels were derived from 

methyltriethoxysilane, tetraethoxysilane, propyltriethoxysilane, vinyltriethoxysilane and 

phenyltriethoxysilane. It was determined by the experimental results that the hybrid gels 
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exhibited more adsorption capacity than that of the pure silica gel. The adsorption capacity of 

the hybrid gels also increased as the surface of gel became more hydrophobic. It was 

suggested that the adsorption of organic dye was primarily governed by the hydrophobic 

interaction between the gel surface and organic dyes. The experimental isotherm data was 

then analyzed by different isotherm models. 
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9a: Experimental Work 

(Alizarin Red S) 

 

9a.1 Material and Reagents Used 

 

For conducting alizarin adsorption studies alizarin dye from Sigma Aldrich was used 

for making standard solutions. Sodium hydroxide, hydrochloric acid, nitric acid, sodium 

carbonate, zinc chloride, calcium chloride, methanol and ethanol of (Merck) were used for 

chemical modification of adsorbents selected for phenol adsorption study. Sodium hydroxide, 

hydrochloric acid were also used for adjusting the pH of the solution. 

Doubly distilled water was used throughout this work. All glassware used in this 

study was of Pyrex, Germany. Nitric acid and doubly distilled water was used to wash the 

glassware. Washed glassware was dried in oven at 100 °C for 4 hours prior to adsorption 

studies. 

 

9a.2 Instruments Used 

 Electronic weighing balance (Shimadzu Corporation Japan) 

 Orbital shaker (Yellow line OS 10control)  

 pH meter (Hanna) 

 Spectrophotometer (Hitachi U1800)  

 

9a.3 Solutions Used During Alizarin red S Adsorption Studies 

 

For preparing standard alizarin red S solution;  

 One gram of alizarin red S was added to distilled water and shaken well. After 

thorough mixing of the dye the volume of the solution was made up to 1000 mL. This 

solution was tagged as 1000 ppm solution. Further dilutions during the study were 

made by using this stock solution. 

 

9a.4 Procedure for Alizarin red S Estimation 

Alizarin red S was estimated spectrophotometrically at 423 nm. The same procedure 

was performed after each parameter optimization experiment, kinetics, and isothermal and 

thermodynamics study. Standard alizarin solutions in the range of 5 to 35 ppm (with regular 
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interval of 5 ppm) were used for instrumental calibration. After treatment of alizarin solution 

using different adsorbents the solutions was filtered. Absorbance of the filtrate was measured 

spectrophotometrically at 423 nm. 

 

9a.5 Adsorbents Selected for Alizarin red S Adsorption  

In order to conduct the adsorption study for alizarin, adsorbents belonging to the three 

categories as mentioned earlier (chapter 1) were subjected to the initial experiment for dye 

removal. 0.2 g of each adsorbent was added separately to the 50 mL of 25 ppm dye solution. 

Solutions were shaken for 30 minutes at 150 rpm at room temperature. After filtration the 

remaining dye was estimated spectrophotometrically. Adsorption percentage was calculated 

by the equation 1.23 (Chapter 1). Those adsorbents which showed adsorption below 25% 

were excluded from the study like; rice husk (12.21%), wheat straw (10.34%), bhindi stem 

(16.78%), bentonite (21.27%) and kaolin (19.41%). Further study was carried out with kikar 

leaves (KL), arjun nuts (AN), beerri ptta capsule (BPC), multani mitti, gachni, cotton, 

cellulose, bakelite and amberlite IRA 410 (Amb IRA 410). 

 

9a.6 Parameters Optimization 

In order to conduct the adsorption studies for alizarin red S, effect of the following 

parameters were investigated. 

 

9a.6.1 Time of Contact 

 Effect of contact time was studied by adding 0.2 g of each adsorbent selected for 

study in 50 mL of 25 ppm dye solution. Time of contact between adsorbent and adsorbate 

was varied from 5 to 70 minutes with the regular interval of 5 minutes. All the samples were 

shaken with the same agitation speed of 150 rpm at room temperature. Alizarin was estimated 

after each experiment performed for optimizing time of contact. 

 

9a.6.2 Agitation Speed 

 Optimization of this parameter is based upon the fact that better contact of adsorbate 

with adsorbent results in the adsorption of dye over adsorbent surface. Shaking speed also 

called ‘agitation speed’ was studied with 0.2 g of adsorbent in 50 mL of 25 ppm dye solution. 

Agitation speed was varied from 50 to 450 rpm at optimized conditions of time of contact at 

room temperature. Alizarin content was determined spectrophotometrically after filtration of 

aliquot obtained after optimization of agitation speed.  
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9a.6.3 Adsorbent Dose 

Adsorption is based upon the fact that more adsorbate can be removed from aqueous 

medium by increasing the adsorbing site. By increasing the adsorbent dose the number of 

adsorbing sites also increases. This parameter is optimized at room temperature by varying 

the adsorbent dose from 0.2 to 2.0 g. Dye solution 25 ppm (50 mL) was used at optimized 

conditions of time of contact and shaking speed. Remaining dye concentration was 

determined spectrophotometrically. 

 

9a.6.4 pH 

 It is very sensitive parameter and affects the quality of adsorption process. This 

parameter was optimized by shaking 50 mL of 25 ppm dye solution with optimized adsorbent 

dose, time of contact and shaking speed. pH was varied from 3 to11 in order to study the 

behavior of dye in acidic and basic medium. pH of the solution was adjusted by using 0.1M 

sodium hydroxide and 0.1M hydrochloric acid solution. Remaining dye concentration after 

every pH optimizing experiment was determined spectrophotometrically. 

 

9a.6.5 Temperature 

 This parameter is optimized by using 50 mL of 25 ppm dye solution by varying the 

temperature from 10 °C to 60 °C under the optimized conditions of contact time, agitation 

speed, adsorbent dose and pH. After filtration in each case the remaining dye concentration 

was measured spectrophotometrically. 

 

9a.6.6 Chemical Modification 

For the chemical modification of adsorbent the same procedure was followed as 

mentioned in chapter 2 (section 2.4). Modified biological and geological adsorbents were 

applied for dye adsorption studies. The remaining dye concentration was determined by 

measuring absorbance at 423 nm. 

 

9a.6.7 Desorption 

Desorption studies were conducted to study the regeneration of adsorbent which in 

turns favors its applicability, usability on large scale and environment friendly nature. 

Desorption study was carried out according to the procedure mentioned in chapter 2 

(section2.6) using sodium hydroxide and sodium carbonate. Obtained filtrates were subjected 

to alizarin red S estimation by the same method as mentioned earlier. 
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9a.6.8 Isothermal Study for Alizarin red S Removal 

  

Adsorption mechanism was explored by conducting the isothermal, kinetics and 

thermodynamics study of the adsorption process for Alizarin red S.  

For isothermal studies the adsorbate concentration was varied from 5 to 35 ppm with 

regular interval of 5 ppm. Dye solution (50mL of each concentration) was used under the 

previously optimized parameters of time of contact, agitation speed, pH, adsorbent dose and 

temperature. Same experimental procedure was followed for three isothermal models. 

Remaining alizarin concentration in each set of experiment was determined 

spectrophotometrically. Adsorption (%) by each adsorbent was calculated at any instant of 

time using equation 1.23 (chapter 1). 

 

𝑨𝒅𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 (%) =  
𝑪°− 𝑪𝒆

𝑪°
× 𝟏𝟎𝟎     (1.23) 

 

‘Ce’ and ‘Cº’ are the concentrations of alizarin before and after adsorption respectively. In the 

present study, three isothermal models; Langmuir, Freundlich and Temkin were used for 

exploring the adsorption mechanism. Langmuir adsorption isotherm was studied using the 

equation 1.1. Linearity of the plot between 1/q vs. 1/Ce revealed the applicability of the 

adsorption model. Favorability of the adsorption process was revealed by determining the 

dimensionless factor ‘RL’ using equation 1.3 (chapter 1).  

 

Freundlich adsorption model was studied to investigate the heterogeneous nature of 

adsorption process using equation 1.4 (Chapter 1). Linear plot of ‘log q’ vs. ‘log Ce’ indicates 

the applicability of Freundlich adsorption model. Freundlich constant ‘n’ shows the quality of 

adsorption. 

 

Third adsorption model that was applied to the dye adsorption was Temkin adsorption 

isotherm model using equation 1.5 (Chapter No.1) that deals with the uniform distribution of 

energy throughout the adsorbent surface. Linear plot of ‘q’ vs. ‘In Ce’ reveals the 

applicability of this model. Temkin constant BT gives information about the nature of 

interaction between adsorbent and alizarin dye.  
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9a.6.9 Kinetics Study for Alizarin red S Removal 

In order to conduct the kinetics study 50 mL of 25 ppm solution of alizarin was used 

and agitated for 5 to 70 minutes keeping the optimized conditions under consideration. 

Filtrate obtained in each case was subjected to the dye estimation by using 

spectrophotometry. Pseudo first and pseudo second order kinetics models are used for 

studying the kinetic behavior of alizarin adsorption process using equation 1.6 and 1.7 

(Chapter 1) respectively.  

 

Value of regression coefficient (R2) in case of plotting a graph between log (qe-qt)’ 

vs.‘t’ is helpful in concluding the suitable applicability of pseudo first order kinetics model. 

In case of pseudo second order kinetics model linearity of the plot between ‘t/qt’ vs. ’t’ 

showed the suitability of the model for alizarin red S adsorption.  

 

9a.6.10 Thermodynamic Study for Alizarin red S Removal 

Thermodynamics study was conducted by varying temperature of the dye solution 

from 10 °C to 60 °C. 50 mL of 25 ppm solution was used with optimized conditions of time 

of contact, agitation speed, adsorbent dose and pH. Enthalpy (ΔHº) and entropy (ΔSº) of the 

adsorption process were calculated by the regression analysis of the linear plot of In KD vs. 

1/T. Thermodynamic parameter Gibbs free energy (ΔGº) was then calculated using equation 

1.9 (Chapter 1).  

Negative values of enthalpy and Gibbs free energy reveal that adsorption is 

exothermic and spontaneous in nature. Whereas, the positive value of entropy reveals the 

randomness in the system due to the interaction between alizarin and the adsorbent. 

 

9a.6 Treatment of the Real Wastewater Samples 

Industrial samples for the removal of alizarin red S were collected from five textile 

industries (dyeing units) in the vicinity of Lahore. These industries were marked A, B, C, D 

and E. Three samples were collected from each dyeing unit. Pretreatment procedure such as 

settling, decantation, and filtration was applied to the industrial samples. The filtered samples 

were then diluted by taking 1 mL of this sample to 100 mL. Optimized condition of time of 

contact, agitation speed, pH, temperature and adsorbent dose were applied to check the 

suitability of the present study for alizarin red S adsorption using the selected adsorbents in 

batch mode. Average percent removal from three samples of each industry is reported in 

Table 9b.26.  
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9b. Results and discussion 

(Alizarin Red S) 

 

Alizarin red S is an anionic dye that is frequently used in the dyeing units of textile 

industries. Dyes are the class of organic pollutants that are carcinogenic and mutagenic in 

nature and in most cases non-biodegradable. They are serious health risk for aquatic life and 

also to human beings. Removal of such pollutants from water bodies is needed to lower 

health risks and to save lives. But in countries like Pakistan, the operational cost of any 

project is the deciding parameter it is required to use such methodology that can be used by 

people and at higher level for water purification keeping in view the cost effectiveness. 

Adsorption is one of the cheap water purification technique in which use of indigenous 

materials makes it even more cost effective. In present work, alizarin red S was removed 

from aqueous media by solid phase extraction using nine different adsorbents. These 

adsorbents belong to three different categories: biological, geological and polymeric. The 

study is found to be influenced by two main factors;  

 Adsorbents characteristics  

 Operational parameter  

Results obtained from the characterization and optimization of the parameters is discussed 

below; 

 

9b.1 Spectroscopic Study of Adsorbent 

Selected adsorbents were characterized before and after adsorption by spectroscopic 

techniques including; scanning electron micrographs and Fourier transform infrared 

spectroscopy 

 

9b.1.1 S.E.M imaging/ EDX of the adsorbents after Alizarin red S adsorption 

 Adsorbents selected for ARS adsorption were studied for their surface 

characterization and morphology by S.E.M technique and results are shown in Table 2.5.2 

(Chapter 2). After adsorption the adsorbents were again subjected to S.E.M analysis in order 

to check any difference in surface morphology that is due to the interaction of ARS with the 

adsorbent surface. ARS adsorbed adsorbent surface was coated with gold through gold 

sputter by applying  
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accelerating voltage of 15kV. S.E.M micrographs of adsorbents after adsorption are 

represented in Fig. 9b.1* and EDX detail for the samples is shown in Table 9b.1*. 

 

S.E.M analysis of the samples revealed change in the surface morphology of all the 

biological, geological and polymeric adsorbents. This means that raw form of all the 

adsorbents was suitable for the adsorption of ARS on the surface due to which alizarin red S 

interacted well and further brought the change in the surface morphology of the adsorbents. 

Presence of the sulfur content and increase in oxygen content in the EDX analysis of alizarin 

adsorbed adsorbents, revealed that, some interaction has taken place between alizarin and the 

adsorbents, which altered the elemental percentages as mentioned in table 9b.1* as compared 

to Table 2.4  (chapter 2).  

Table 9b.1*: EDX detail of Alizarin red S adsorbed adsorbent 

Sample 

Code 
Morphology 

Elements (Atom. %) 

C O Na Ca Al Mg Si K S Fe Cu Cl 

a Pitted 42.84 44.03 0.63 0.20 - - - - 12.30 - - - 

b Layered 38.31 47.28 0.75 - - - - - 13.65 - - - 

c Layered 56.22 40.64 0.69 0.93 0.26  0.29 - 0.95 - - - 

d Gooey 13.98 59.13 2.07 0.20 4.03 1.70 4.25 - 14.27 0.36 - - 

e Layered 8.11 57.13 0.87 0.91 5.58 2.12 10.81 0.95 11.89 1.64 - - 

f Gooey 35.19 51.90 - - 0.46 - - - 12.45 - - - 

g Mottled 46.29 30.77 - - 0.68 - 0.13 - 17.62 - - 4.51 

h Abraded 39.72 40.71 1.21 2.05 0.36 1.64 0.22 - 14.09 - - - 

i Threads 35.31 46.35 - - 5.83 - - - 12.26 - 0.26 - 

 

9b.1.2 FT-IR Analysis of the adsorbents after Alizarin red S adsorption 

 

In order to study change in the functional groups of the adsorbents after alizarin red S 

adsorption FT-IR analysis was conducted. It was found that different new groups appeared in 

adsorbents after the interaction of alizarin red S onto selected adsorbents. Shifts in the 

absorption bands also indicated the interaction of alizarin on adsorbents surface. 

FT-IR spectra of adsorbents after alizarin red S adsorption are shown in Fig. 9b.2* and 

absorption bands are tabulated in Table 9b.2*. 
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Figure 9b.2*: FT-IR absorption bands of alizarin red S adsorbed adsorbents 

[a (ARS adsorbed beerri ptta capsule), b (ARS adsorbed arjun nuts), c (ARS adsorbed kikar leaves), d (ARS 

adsorbed gachni), e (ARS adsorbed multani mitti), f (ARS adsorbed cellulose), g (ARS adsorbed amberlite), h 

(ARS adsorbed bakelite) and i (ARS adsorbed cotton)] 

 

a) The new absorbance band 1655 cm-1 corresponds to C=C stretching vibrations of 

alkenes (Johnson et al., 2012; Ammari, 2014). An obvious shift in band from 1024 

cm-1 (raw) to 1020 cm-1 signifies the C–O stretching vibrations on the surface of 
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adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). A clear shift in absorbance 

band from 1719 cm-1 (raw) to 1721 cm-1  and emergence of new band 1721 cm-1 

corresponds to C=O stretching vibrations of aldehydes (Xu et al., 2012; Naiya et al., 

2011; Ammari, 2014). A huge shift of absorbance band from 1376 cm-1 (raw) to 1240 

cm-1 correspond the C–X where “X” denoted the fluoride element (Das & Adak, 

2015; Pavia, 2001). 

 

b) The emergence of a new absorbance band 2905 cm-1 corresponds C–H stretching of 

alkanes (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 2014; Das & Adak, 

2015; Pavia, 2001). The emergence of new absorbance band 1655 cm-1 corresponds to 

C=C stretching vibrations of alkenes (Pavia, 2001; Johnson et al., 2012; Ammari, 

2014). An obvious shift in bands from 1152 cm-1 (raw) to 1162 cm-1 and 1105 cm-1 

(raw) to 1108 cm-1 and emergence of a new band 1032 cm-1 signifies the C–O 

stretching vibrations on the surface of adsorbent (Tan et al., 2008; Pavia, 2001; 

Abdel-Ghani et al., 2015). A clear shift in band from 3289 cm-1 (raw) to 3345 cm-1 

signifies the O–H stretching vibration of H-bonded alcohols and phenols (Gupta et al., 

2011; Tan et al., 2008; Naiya et al., 2011; Pavia, 2001; Ammari, 2014; Alsawalha, 

2016). The emergence of new band 1736 cm-1 corresponds to C=O stretching 

vibrations of aldehydes (Xu et al., 2012; Naiya et al., 2011; Ammari, 2014). A clear 

shift in band from 1340 cm-1 (raw) to 1320 cm-1 correspond the C–N amines 

functional group (Pavia, 2001). A broad shift of absorbance band from 1376 cm-1 

(raw) to 1240 cm-1 correspond the C–X where “X” denoted the fluoride element (Das 

& Adak, 2015; Pavia, 2001). 

 

c) The new absorbance band 2850 cm-1 and an obvious shift of band from 2918 cm-1 

(raw) to 2917 cm-1 corresponds C–H stretching of alkanes (David et al., 1999; Abdel-

Ghani et al., 2015; Ammari, 2014; Das & Adak, 2015; Pavia, 2001). The emergence 

of new absorbance band 875 cm-1 correspond the C–H out of plane bending in alkenes 

(Painter et al., 1985; Chen et al., 2015). An obvious shift in absorbance band from 

1602 cm-1 (raw) to 1621 cm-1 corresponds to C=C stretching vibrations of alkenes 

(Pavia, 2001; Johnson et al., 2012; Ammari, 2014). The emergence of a new band 

1193 cm-1 and a shift in absorbance band from 1028 cm-1 (raw) to 1018 cm-1 signifies 

the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-

Ghani et al., 2015). A clear shift in absorbance band from 1732 cm-1 (raw) to 1726 
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cm-1  corresponds the C=O stretching vibrations of aldehydes (Xu et al., 2012; Naiya 

et al., 2011; Ammari, 2014). The emergence of new band 1345 cm-1 correspond the 

C–N amines functional group (Pavia, 2001). 

 

d) Three new absorbance band 2953 cm-1, 2918 cm-1, 2869 cm-1 corresponds C–H 

stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 2014; 

Das & Adak, 2015; Pavia, 2001). The shift of absorbance band from 846 cm-1 (raw) to 

798 cm-1 correspond the C–H out of plane bending in alkenes (Painter et al., 1985; 

Chen et al., 2015). The emergence of a new bands 1098 cm-1, 1045 cm-1 and 1025 cm-

1 signifies the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; 

Abdel-Ghani et al., 2015). A clear decrease in absorbance band from 3621 cm-1 (raw) 

to 3336 cm-1 corresponds O–H stretching of physically absorbed water (Alsawalha, 

2016). The emergence of new absorbance band 1179 cm-1 correspond the C–X where 

“X” denoted the fluoride element (Das & Adak, 2015; Pavia, 2001). 

 

e) Three new absorbance band 3056 cm-1, 2918 cm-1, 2870 cm-1 corresponds C–H 

stretching of alkanes (David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 2014; 

Das & Adak, 2015; Pavia, 2001). The shift of absorbance band from 849 cm-1 (raw) to 

800 cm-1 correspond the C–H out of plane bending in alkenes (Painter et al., 1985; 

Chen et al., 2015). The emergence of a new bands 1112 cm-1 and 1013 cm-1 signifies 

the C–O stretching vibrations on the surface of adsorbent (Tan et al., 2008; Pavia, 

2001; Abdel-Ghani et al., 2015). The emergence of band 1236 cm-1 correspond the C–

N amines functional group (Pavia, 2001). A clear shift in absorbance band from 695 

cm-1 (raw) to 771 cm-1 corresponds the C–X where “X” denoted the chloride element 

(Das & Adak, 2015; Pavia, 2001). 

f) The emergence of a new absorbance bands 2952 cm-1, 2919 cm-1 and an obvious shift 

of band from 2891 cm-1 (raw) to 2870 cm-1 corresponds C–H stretching of alkanes 

(David et al., 1999; Abdel-Ghani et al., 2015; Ammari, 2014; Das & Adak, 2015; 

Pavia, 2001). The emergence of absorbance band 848 cm-1 correspond the C–H out of 

plane bending in alkenes (Painter et al., 1985; Chen et al., 2015). A shift in 

absorbance band from 1029 cm-1 (raw) to 1025 cm-1 signifies the C–O stretching 

vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). A 

clear decrease in absorbance band from 3333 cm-1 (raw) to 3318 cm-1 corresponds the 

H-bonded O–H stretching (Gupta et al., 2011; Tan et al., 2008; Naiya et al., 2011; 
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Pavia, 2001; Ammari, 2014; Alsawalha, 2016). The emergence of band 1273 cm-1 

correspond the C–N amines functional group (Pavia, 2001). The emergence of 

absorbance band 742 cm-1 corresponds the C–X where “X” denoted the chloride 

element (Das & Adak, 2015; Pavia, 2001). 

 

g) New absorbance bands 2956 cm-1 and a clear shift of band from 2819 cm-1 (raw) to 

2822 cm-1 corresponds C–H stretching of alkanes (David et al., 1999; Abdel-Ghani et 

al., 2015; Ammari, 2014; Das & Adak, 2015; Pavia, 2001). A shift in absorbance 

band from 822 cm-1 (raw) to 879 cm-1 correspond the C–H out of plane bending in 

alkenes (Painter et al., 1985; Chen et al., 2015). A shift in absorbance band from 1055 

cm-1 (raw) to 1045 cm-1 signifies the C–O stretching vibrations on the surface of 

adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). A clear shift in absorbance 

band from 3224 cm-1 (raw) to 3367 cm-1 corresponds the H-bonded O–H stretching 

(Gupta et al., 2011; Tan et al., 2008; Naiya et al., 2011; Pavia, 2001; Ammari, 2014; 

Alsawalha, 2016). The emergence of band 1266 cm-1 correspond the C–N amines 

functional group (Pavia, 2001). 

 

A shift in absorbance band from 875 cm-1 (raw) to 841 cm-1 correspond the C–H out 

of plane bending in alkenes (Pavia, 2001; Painter et al., 1985; Chen et al., 2015). A 

clear shift in band from 1035 cm-1 (raw) to 1039 cm-1 signifies the C–O stretching 

vibrations on the surface of adsorbent (Tan et al., 2008; Abdel-Ghani et al., 2015). 

The emergence of new absorbance band 3323 cm-1 corresponds the H-bonded O–H 

stretching (Gupta et al., 2011; Tan et al., 2008; Naiya et al., 2011; Pavia, 2001; 

Ammari, 2014; Alsawalha, 2016). A clear shift in band from 1234 cm-1 (raw) to 1229 

cm-1 correspond the C–N amines functional group (Pavia, 2001). A clear shift in 

absorbance band from 760 cm-1 (raw) to 766 cm-1 corresponds the C–X where “X” 

denoted the chloride element (Das & Adak, 2015; Pavia, 2001). The emergence of 

absorbance bands 3422 cm-1, 3424 cm-1 and 1604 cm-1 corresponds the N–H 

stretching and bending vibrations of primary and secondary amines (Pavia, 2001). 

 

h) Absorbance band at 873 cm-1 correspond the C–H out of plane bending in alkenes 

(Painter et al., 1985; Chen et al., 2015). A clear shift in band from 1031 cm-1 (raw) to 

1030 cm-1 signifies the C–O stretching vibrations on the surface of adsorbent (Tan et 

al., 2008; Abdel-Ghani et al., 2015). A clear shift in absorbance band from 3387 cm-1 
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(raw) to 3340 cm-1 corresponds the H-bonded O–H stretching (Gupta et al., 2011; Tan 

et al., 2008; Naiya et al., 2011; Pavia, 2001; Ammari, 2014; Alsawalha, 2016). A 

clear shift in absorbance band from 664 cm-1 (raw) to 747 cm-1 corresponds the C–X 

where “X” denoted the chloride element (Das & Adak, 2015; Pavia, 2001). The 

emergence of absorbance bands 3186 cm-1 and 1633 cm-1, 1592 cm-1 corresponds the 

N–H stretching and bending vibrations of primary and secondary amines (Pavia, 

2001). 

 

Table 9b.2*: FT-IR absorption bands for alizarin red S adsorbed adsorbents 

Functional Groups 

Adsorption band (cm-1) 

Adsorbents after alizarin red S adsorption 

a b c d e f g h i 

C–H stretching alkane 

(3000-2850) aromatic (3150-3050) (s) 

Aldehyde (2900-2800) (w) 

- 2905 
2917 

2850 

2953 

2918 

2869 

3056 

2918 

2870 

2952 

2919 

2870 

2956 

2922 
- - 

C–H Aromatic (Out of plane bend) (900-

690) (s) 
- - 875 846 849 848 879 841 873 

C=C Alkene 

(1680-1600) (m-w) 
1655 1655 1621 - - - - - - 

C–O Alcohol, Ester, Ethers, Carboxylic 

acid, Anhydrides 

(1300-1000) (s) 

1020 

1162 

1108 

1032 

1193 

1018 

1098 

1045 

1025 

1112 

1013 
1025 1045 1039 1030 

O–H Alcohols, Phenols H-Bonded 

(3400-3200) (m), 

Free 

(3650-3600) (m) 

- 3345 - 3336 - 3318 3367 3323 3387 

C=O 

Stretching of Aldehyde 

(1740-1720) (s) 

& Amides (1680-1630) (s) 

1721 

1639 
1736 1732 - - - - - - 

C–N Amines 

(1350-1000) (m-s) 
- 1320 1345 - 1236 1273 1266 1229 - 

C–X  Fluoride (1400-1000) (s) 

Chloride (785-540) (s) 

Bromide, Iodide (<667) (s) 

1240 
1376 

1238 
- 1179 771 

1045 

742 
- 766 747 

S=O 

Sulfones, Sulfonyl Chloride, Sulfates, 

Sulfonamide 

(1375-1300) and 

(1350-1140) 

(s) 

- - - 1370 1150 
1370 

1179 
1370 

1338 

1194 

1275 

1156 

N–H 

Primary & Secondary amines and amides 

Stretching (3500-3100) (m) 

Bending (1640-1550) (m-s) 

- - - - - - - 

3422 

3424 

1604 

3186 

1633 

1592 
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9b.2 Parameters Optimization During Alizarin red S Adsorption Study 

Effect of different parameters like; time of contact, agitation speed, pH, adsorbent 

dose and chemical modification were studied in detail. These parameters were optimized in 

order to explore adsorption behavior. Mechanism of the adsorption process was explored by 

applying the isothermal models. Kinetics and thermodynamic studies showed the time and 

temperature dependence of adsorption study.  

 

9b.2.1 Effect of Time of Contact 

The effect of contact time was investigated by varying the time from 5 to 70 minutes 

using 50 mL of 25 ppm of alizarin dye solution. 0.2 g of all the selected adsorbents was used 

for alizarin adsorption study at constant agitation speed of 150 rpm. It was found that in case 

of biological adsorbent arjun nuts was found to show greater removal efficiency, as shown in 

Table 9b.1 and graphically represented in Fig.9b.1. Maximum removal efficiency (87.92%) 

was shown after 5 minutes in case of arjun nuts. 

 

 

Table 9b.1: Effect of contact time on Alizarin red S adsorption using biological adsorbents 

 

Contact time 

(minutes) 

Percent Removal Efficiency of Alizarin 

red S 

Kikar 

leaves 
Arjun nuts 

Beerri ptta 

capsule 

5 60.24 87.92 64.07 

10 62.64 86.98 66.26 

15 64.27 85.61 69.56 

20 65.71 85.34 70.11 

25 58.57 85.07 73.76 

30 58.47 85.16 75.05 

35 57.27 85.34 72.76 

40 55.62 85.07 71.76 

45 54.31 84.80 71.21 

50 53.46 84.52 69.58 

55 52.53 84.25 69.01 

60 51.98 84.13 67.36 

65 48.16 84.09 67.14 

70 48.03 83.99 67.03 
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Figure 9b.1: Effect of time of contact on removal of alizarin red S 

 KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule) 

 

Adsorption study using clay revealed that greater removal efficiency was shown by 

multani mitti after 35 minutes whereas in case of gachni clay highest removal efficiency was 

attained after 25 minutes, as shown in Table 9b.2 and are graphically represented in Fig.9b.2. 

 

Table 9b.2: Effect of contact time on alizarin red S adsorption using geological adsorbents 

Contact  Time 

(minutes) 

Percent removal efficiency of 

alizarin red S 

Multani mitti Gachni 

5 58.09 80 

10 64.71 80.73 

15 70.59 81.45 

20 73.53 82.91 

25 77.94 85.82 

30 83.09 84.36 

35 88.08 82.91 

40 79.41 82.18 

45 76.47 82.18 

50 77.21 81.45 

55 75.74 80.73 

60 75.01 80.01 

65 74.26 79.98 

70 74.20 79.89 
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Figure 9b.2: Effect of time of contact on alizarin red S removal using geological adsorbents 
 

In case of polymeric adsorbents highest removal efficiency (98.32%) was shown by 

bakelite after 40 minutes followed by amberlite IRA 410. Relatively lesser removal 

efficiency of alizarin red S was shown by cotton and cellulose, as shown in Table 9b.3 and 

are graphically represented in Fig. 9b.3. 

 

Table 9b.3: Effect of contact time on alizarin red S adsorption using polymeric adsorbents 

Contact 

Time 

(minutes) 

Percent removal efficiency of Alizarin red S 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

5 59.65 66.23 76.1 73.93 

10 60.66 66.73 74.47 76.64 

15 68.25 68.25 72.85 83.14 

20 63.70 69.27 71.76 86.94 

25 63.19 69.77 71.22 90.82 

30 62.18 70.28 70.14 92.36 

35 61.16 71.29 69.59 92.90 

40 59.65 70.28 69.59 98.32 

45 58.11 69.27 68.51 97.24 

50 57.11 68.25 67.97 96.15 

55 56.10 67.24 67.93 95.61 

60 55.59 63.71 67.43 95.60 

65 56.10 63.17 66.88 95.07 

70 56.01 63.08 66.81 95.01 

 

The adsorption of alizarin increased in the beginning due to the availability of greater 

number of adsorption sites for all the adsorbents selected for study. With the passage of time 

alizarin tends to cover adsorbent surface thereby reducing the removal efficiency.  
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Figure 9b.3: Effect of time of contact on alizarin red S removal using polymeric adsorbents 

 

Aggregation of bigger dye molecule tends to hinder the further adsorption with the 

passage of time on the adsorbent surface as a result of which a general reduction of removal 

efficiency with the passage of time was observed throughout the study. Similar trends of 

alizarin removal was studied by using iron oxide modified activated clay (Fu et al., 2011). 

 

9b.2.2 Effect of Agitation Speed 

 

Effect of agitation speed was studied by varying the shaking from 50 to 450 rpm 

using 0.2 g of each adsorbent in 50mL of 25ppm alizarin solution.  

 

 

Table 9b.4: Effect of agitation speed on alizarin red S adsorption using biological adsorbents 

 

Agitation 

speed (rpm) 

Percent Removal Efficiency of Alizarin red 

S 

Kikar leaves Arjun nuts 
Beerri ptta 

capsule 

50 67.77 52.57 34.04 

100 76.69 58.29 34.04 

150 55.03 54.01 38.30 

200 42.29 56.88 42.55 

250 41.36 62.14 45.39 

300 40.28 63.48 38.19 

350 40.07 58.29 36.95 

400 39.75 55.43 34.11 

450 39.48 52.57 34.10 
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All the solutions were agitated for the optimized period of time. It was found that in 

case of biological adsorbents; kikar leaves showed maximum efficiency for removing alizarin 

red S when agitated at 100rpm. Further increase in the agitation speed resulted in the decrease 

in removal efficiency. Results for biological adsorbents is reported in Table 9b.4 and 

graphically shown in Fig. 9b.4. 

 

 

Figure 9b.4: Effect of agitation speed on alizarin red S removal from water  

[KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 

 

In case of geological adsorbents; parameter of agitation speed was optimized and 

equilibrium was attained at 300 rpm and 350 rpm for multani mitti and gachni clay. 

Maximum removal efficiency of 84.24% was shown by gachni clay. Further increase in 

agitation speed showed decrease in adsorption of alizarin red S. Results for geological 

adsorbents are tabulated in Table 9b.5 and are graphically represented in Fig. 9b.5. 

 

Table 9b.5: Effect of agitation speed on alizarin red S adsorption using geological adsorbents 

 
Agitation 

speed (rpm) 

Percent Removal Efficiency of 

alizarin red S 

Multani mitti Gachni 

50 47.00 37.96 

100 52.56 41.23 

150 62.01 42.04 

200 69.78 43.27 

250 73.67 48.18 

300 82.56 52.27 

350 76.44 55.54 

400 69.22 50.22 

450 63.67 40.82 
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Figure 9b.5: Effect of agitation speed on alizarin red S removal using geological adsorbents 

 

Polymeric adsorbents showed almost comparable affinity for alizarin red S as 

geological and biological adsorbents. Amberlite IRA 410 was found to show maximum 

removal efficiency at 150 rpm. Further increase in the agitation speed resulted in the 

decreased adsorption of dye. Results for polymeric adsorbents is tabulated in Table 9b.6 and 

graphically shown in Fig. 9b.6. 

 

Results showed that percent removal of alizarin increased and after equilibrium was 

attained no remarkable increase in removal efficiency was observed and removal efficiency 

tends to decrease. Contact between dye present in the solution and surface of the adsorbent 

was affected by agitation speed. 

 

Table 9b.6: Effect of agitation speed on alizarin red S adsorption using polymeric adsorbents 

Agitation 

speed 

(rpm) 

Percent Removal Efficiency of alizarin red S 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

50 60.51 61.04 90.3 66.06 

100 61.52 62.54 90.81 66.57 

150 62.53 63.67 95.35 67.07 

200 63.24 67.07 91.82 67.58 

250 56.97 62.15 91.31 68.06 

300 54.94 60.51 91.31 67.13 

350 55.46 60.01 90.87 66.41 

400 52.97 59.97 91.31 65.19 

450 49.36 59.31 91.31 65.06 
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Figure 9b.6: Effect of agitation speed on alizarin red S adsorption using polymeric adsorbents 

 

Agitation increases the external mass transfer coefficient that resulted in the increased 

adsorption of alizarin. As all the sites get filled further increase in agitation speed had 

negative impact on the adsorption because of availability of lesser time for interaction 

between adsorbent surface and alizarin in the solution.  

 

Lesser time to interact due to higher speed increased the chances of collision of 

molecules with adsorbent surface in such a way that the adsorbed ions might get detached 

from adsorbent surface thereby resulting in a decreased percent removal of alizarin red S. 

 

9b.2.3 Effect of Adsorbent Dose 

 

 Effect of adsorbent dose was studied at the optimized values of time of contact and 

shaking speed. Adsorbent dose was varied from 0.2 to 2.0 g using 50 mL of 25 ppm alizarin 

solution at room temperature.  

 

Study revealed that in case of biological adsorbents; arjun nuts showed maximum 

removal efficiency for alizarin than all the other adsorbents. Removal efficiency tends to 

increase and reach the maximum value after equilibrium was attained. The results are 

tabulated in Table 9b.7 and graphically represented in Fig.9b.7. 
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Table 9b.7: Effect of adsorbent dose on alizarin red S adsorption using biological adsorbents 

Adsorbent dose 

(g) 

Percent Removal Efficiency of alizarin 

red S 

Kikar 

leaves 
Arjun nuts 

Beerri ptta 

capsule 

0.2 61.21 52.73 70.3 

0.4 55.76 75.15 61.21 

0.6 53.94 74.10 60.06 

0.8 52.12 72.03 58.18 

1.0 49.09 71.97 53.47 

1.2 47.27 71.32 47.88 

1.4 45.45 71.07 47.23 

1.6 44.85 70.56 46.22 

1.8 43.64 70.23 46.12 

2.0 43.03 70.21 46.07 

 

 

 

Figure 9b.7: Effect of adsorbent dose on alizarin red S adsorption 

 [KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 

 

In case of geological adsorbents, maximum removal efficiency was shown by multani 

mitti followed by gachni clay. Removal efficiency of alizarin dye in case of multani mitti 

increased gradually and reached its maximum value of 87.71% at 1.0 g dose of multani mitti. 

Whereas in case of gachni clay 0.2 g of it showed maximum removal of 45.81 % as tabulated 

in Table 9b.8 and are graphically represented in Fig. 9b.8. 

 

Polymeric adsorbents showed relatively low values of removal efficiency for alizarin 

red S than biological and geological adsorbents. Amberlite IRA 410 showed greater removal 

efficiency among all the polymeric adsorbents selected for study. Removal efficiency 

increased in the beginning and attained the maximum value with 0.4 g of amberlite IRA 410. 

The results are tabulated in Table 9b.9 and are graphically represented in Fig.9b.9. 
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Table 9b.8: Effect of adsorbent dose on alizarin red S adsorption using geological adsorbents 

Adsorbent dose 

(g) 

Percent Removal Efficiency 

of alizarin red S 

Multani 

mitti 
Gachni 

0.2 80.91 45.81 

0.4 84.87 44.88 

0.6 85.79 44.42 

0.8 86.57 43.50 

1.0 87.71 42.58 

1.2 75.64 42.12 

1.4 75.32 40.28 

1.6 74.91 40.18 

1.8 74.76 40.12 

2.0 74.49 40.06 

 

 

Figure 9b.8: Effect of adsorbent dose on alizarin red S adsorption using geological adsorbents 

 

 

Table 9b.9: Effect of adsorbent dose on alizarin red S adsorption using polymeric adsorbents 

Adsorbent 

dose (g) 

Percent Removal Efficiency of Alizarin red S 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

0.2 42.38 53.55 90.50 49.25 

0.4 43.01 53.96 95.38 44.88 

0.6 43.63 55.18 94.88 44.25 

0.8 48.68 52.74 94.25 44.19 

1.0 41.75 44.62 93.63 44.06 

1.2 41.13 44.22 93.63 43.17 

1.4 40.05 43.81 92.38 43.10 

1.6 40.02 43.47 91.13 42.84 

1.8 39.98 43.06 90.50 42.16 

2.0 39.95 43.04 90.25 42.15 
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Figure 9b.9: Effect of adsorbent dose on alizarin red S adsorption using polymeric adsorbents 

 

It was revealed generally that by varying the adsorbent dose from 0.2 to 2.0 g removal 

efficiency was found to increase for all the adsorbents up to a certain limit. This increase was 

attributed to the fact that by increasing the adsorbent dose the active sites available for 

alizarin adsorption increased accordingly. As the concentration of alizarin was kept constant; 

increasing the adsorbent dose increased the ratio of adsorbent to adsorbed alizarin. After 

reaching the maximum removal efficiency no further increase was observed even after 

increasing the dose.  

 

This might be due to the reason that with the constant alizarin concentration; initially 

plenty of dye was available for active adsorption site. For the adsorption of bulky dye 

molecule the adsorption onto the active site was hindered by the aggregation of solid mass by 

increasing the adsorbent dose. As a result the percent removal nearly becomes constant after 

reaching a certain maximum value. Similar trends were observed by using nano composite of 

activated carbon (Fayazi et al., 2015). 

  

9b.2.4 Effect of pH of the Solution 

  

Effect of pH was studied by varying pH from 3 to11 using optimized conditions of 

time of contact, agitation speed and adsorbent dose at room temperature. Alizarin solution 25 

ppm (50 mL) was used for optimizing the parameter of pH. Greater removal efficiency for 

the dye is observed in the acidic range. Highest values of adsorption were obtained for arjun 
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nuts at pH 3. Results are tabulated in Table 9b.10 and are graphically represented in Fig. 

9b.10. 

 

Table 9b.10: Effect of pH on alizarin red S adsorption using biological adsorbents 

pH 

Percent Removal Efficiency of alizarin 

red S 

Kikar 

leaves 

Arjun 

nuts 

Beerri ptta 

capsule 

3 91.84 93.15 86.36 

4 86.58 90.53 89.14 

5 72.37 85.26 88.37 

6 71.56 72.14 85.29 

7 68.11 70.79 75.38 

8 67.19 65.32 74.17 

9 57.23 61.08 68.22 

10 54.19 54.06 61.26 

11 52.09 52.09 61.11 

 

 

 

Figure 9b.10: Effect of pH on alizarin red S adsorption  

[KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 

 

In case of geological adsorbents highest removal efficiency was obtained in acidic range of 

pH. Results for alizarin removal using geological clays are shown in Table 9b.11 and 

graphically represented in Fig.9b.11. 
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Table 9b.11: Effect of pH on alizarin red S adsorption using geological adsorbents 

pH 
Percent Removal Efficiency of Alizarin 

red S 

 Multani mitti Gachni 

3 57.86 85.46 

4 85.75 84.07 

5 87.44 57.01 

6 82.93 53.56 

7 82.37 49.96 

8 79.55 45.75 

9 75.36 45.18 

10 71.02 42.31 

11 69.78 40.15 

 

 

Figure 9b.11: Effect of pH on adsorption of alizarin red S using geological adsorbents 

 

 

In case of polymeric adsorbents, alizarin red S was effectively removed using 

amberlite IRA 410 and bakelite at pH 3 whereas cotton and cellulose showed good results at 

pH 7. Results for polymeric adsorbents are shown in Table 9b.12 and graphically represented 

in Fig.9b.12. 

 

In fact pH is the major factor affecting the adsorption of anionic dye that is alizarin 

red S. Existence of alizarin in solution is highly dependent upon the pH of the solution as it 

effects the ionization of the dye. 
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Table 9b.12: Effect of pH on alizarin red S adsorption using polymeric adsorbents 

 

pH 

Percent Removal Efficiency of alizarin red S 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

3 28.15 78.04 88.13 81.74 

4 30.26 80.08 86.06 80.32 

5 27.44 80.49 73.31 77.55 

6 54.42 80.90 70.64 73.21 

7 62.79 81.31 67.98 68.51 

8 60.00 80.49 64.79 67.89 

9 60.93 80.08 63.72 67.45 

10 46.98 79.67 61.06 65.32 

11 46.51 79.64 59.47 64.18 

 

 

Figure 9b.12: Effect of pH on alizarin red S adsorption using polymeric adsorbents 

 

Another factor that affects the dye adsorption is the value of pHpzc of the adsorbent. 

As the pH is lower than pHpzc the surface of adsorbent will acquire the positive charge and 

when pH is higher than pHpzc the surface of adsorbent will attain the negative charge. It 

means that surface of adsorbent can provide several types of direct or indirect, physical 

/chemical interactions to the monovalent and multivalent anions present in the solution. 

Direct interactions may result from the attraction between positive charge on adsorbent 

surface and negatively charged monovalent alizarin molecule that are predominantly present 

at lower pH. Increase in the pH of the solution (basic medium) result in the excess of negative 

charge on adsorbent surface which reduced the removal efficiency in basic medium. Similar 

trends were observed with nanocomposites of activated carbon when employed for alizarin 

red S adsorption (Fu et al., 2011). 
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On the surface of cotton and cellulose various amines, carboxyl, lignocellulosic 

materials and alcoholic groups are present that may dissociate under the effect of solution pH 

and result in the better adsorption at neutral pH. This is in accordance with the previously 

done results (Mahvi et al., 2004).  

 

9b.2.5 Effect of Temperature 

 Temperature has a remarkable effect on adsorption process. Its effect on the 

adsorption of alizarin red S was studied at optimized conditions of time of contact, agitation 

speed, adsorbent dose and pH. Results obtained are tabulated in Table 9b.13 and graphically 

presented in Fig.9b.13 for biological adsorbents. 

 

Table 9b.13: Effect of temperature on adsorption of alizarin red S using biological adsorbents 

 

Temperature 

(ºC) 

Percent removal efficiency of 

alizarin red S 

Kikar 

leaves 

Arjun 

nuts 

Beerri 

ptta 

capsule 

10 82.80 62.06 57.86 

20 80.71 66.97 56.36 

30 65.45 73.41 51.87 

40 85.24 54.76 42.89 

50 68.50 41.53 35.41 

60 55.78 34.20 34.46 

  

 

 

Figure 9b.13: Effect of temperature on alizarin red S adsorption  

[KL (kikar leaves), AN (arjun nuts), BPC (beerri ptta capsule)] 
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Adsorption of alizarin red S using geological adsorbents was studied and results are 

tabulated in Table 9b.14 and graphically represented in Fig.9b.14. Highest removal efficiency 

was observed at 30°C and 40 °C for gachni and multani mitti respectively. 

 

Table 9b.14: Effect of temperature on adsorption of alizarin red S using geological adsorbents 

 

Temperature 

(ºC) 

Percent removal efficiency of 

Alizarin red S 

Multani mitti Gachni 

10 92.98 35.78 

20 91.36 26.45 

30 89.33 70.67 

40 94.30 34.16 

50 90.95 22.80 

60 88.11 20.37 

 

 

Figure 9b.14: Effect of temperature on adsorption of alizarin red S using geological adsorbents 

 

In case of polymeric adsorbents; effect of temperature on adsorption of alizarin red S was 

studied by varying the temperature from 10 to 60 °C keeping all the other parameters 

constant. The results are tabulated in Table 9b.15 and graphically represented in Fig.9b.15. 

 

Temperature is associated with the movement of the molecules and ionic species in 

the solution as well as the interaction of these species with the adsorbent surface. As the 

temperature approached the room temperature (25 °C) molecular movements were effective 

enough for the better interaction of alizarin with adsorbent surface thereby resulting in better 

adsorption. Higher temperature was found to affect the adsorption process either by affecting 

the resultant interaction or by varying the solution concentration.  
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Table 9b.15: Effect of temperature on adsorption of alizarin red S using geological adsorbents 

Temperature 

(ºC) 

Percent removal efficiency of Alizarin red S 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

10 46.93 38.45 90.85 71.70 

20 47.63 36.33 93.51 74.36 

30 53.29 41.27 91.91 72.23 

40 31.38 45.51 91.91 66.38 

50 28.55 36.33 90.85 65.32 

60 19.36 26.43 89.26 50.96 

 

 

Figure 9b.15: Effect of temperature on adsorption of alizarin red S using geological adsorbents 

 

Adsorption of alizarin generally increased with increasing temperature showing that 

better adsorption was observed at higher temperature. With increase in temperature the rate of 

diffusion of alizarin across the external boundary layer of adsorbent increased thereby 

decreasing the viscosity of solution. Evaporation may affect the concentration of the solution 

at higher temperature and was found to affect the results of adsorption study. Therefore, the 

effect of temperature was studied from 10 to 60 °C. Similar behavior is shown by other dyes 

as reported in literature (Longhinotti et al,. 1998: Tahir & Rauf, 2006: Iqbal & Ashiq, 2007). 

 

9b.2.6 Effect of Chemical Modification 

In addition to the use of raw adsorbents for alizarin red S removal various chemical 

modifications were also tested to enhance the adsorption capacity of the adsorbents. Effect of 

chemical modification was studied by using biological and geological adsorbents. 
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Commercially available samples of polymeric material used during study were already 

specific in their function as; Amberlite IRA 410 is anion exchange resin. So they were not 

modified using any chemical substance.   

 

Table 9b.16: Effect of chemical modification on alizarin red S adsorption using biological adsorbents 

Modifying 

reagent 

Percent removal Efficiency of 

Alizarin red S 

Kikar 

leaves 

Arjun 

nuts 

Beerri 

ptta 

capsule 

NaOH 66.66 62.09 54.93 

Na2CO3 60.62 62.56 42.84 

ZnCl2 67.96 50.19 62.27 

CaCl2 55.17 51.61 58.48 

HNO3 65.12 46.35 59.43 

HCl 64.64 81.99 61.80 

CH3OH  63.22 69.15 58.96 

C2H5OH 59.43 67.73 58.96 

 

 

Figure 9b.16: Effect of chemical modification on alizarin red S adsorption  

 
[KL (kikar leaves), AN (arjun nuts) and BPC (beerri ptta capsule)] 

 

Effect of chemical modification was studied by using 50mL of 25ppm alizarin 

solution. 1.0g of each treated adsorbent was added to the solution. 

 

Adsorption study was conducted at the previously optimized conditions of; time of 

contact, agitation speed pH and temperature. In case of biological adsorbents chemical 

modification using ethanol increased the removal efficiency for arjun nuts up to 97.83% 
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whereas with zinc chloride it gave 86.09% removal of alizarin red S. Increased removal 

efficiency using zinc chloride modification of arjun nuts is in accordance with (Mohanty et 

al., 2005). Acid modification of kikar leaves showed relatively better results than other 

modifications of the kikar leaves. Results for the effect of chemical modification are 

tabulated in Table 9b.16 and graphically represented in Fig.9b.16.  

 

In case of geological adsorbents no remarkable increase in the adsorption capacity of 

multani mitti and gachni was observed. Results are tabulated in Table 9b.17 and graphically 

represented in Fig.9b.17. Zinc chloride was found to positively modify the multani mitti 

surface and increased the removal efficiency. In case of gachni clay comparable results were 

shown by alkali and methanol. 

 

Table 9b.17: Effect of chemical modification on alizarin red S adsorption using geological adsorbents 

Modifying 

Reagent 

Percent Removal Efficiency 

of Alizarin red S 

Multani 

mitti 

Gachni 

NaOH 84.85 66.48 

Na2CO3 31.30 39.75 

ZnCl2 93.83 54.81 

CaCl2 91.82 48.54 

HNO3 22.62 54.41 

HCl 41.13 37.39 

CH3OH 32.91 67.68 

C2H5OH 43.72 42.68 

 

 

Figure 9b.17: Effect of chemical modification on alizarin red S removal using geological adsorbents 
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In case of multani mitti using zinc chloride increased positive charge in the clay 

matrix in the form of sodium ions. It further facilitated the entrapment of alizarin ions thereby 

increasing the adsorption. 

 

9b.2.7 Effect of Desorbing Reagent 

 Regeneration of the adsorbent is very important as it affirms its reusability and 

ecofriendly nature. Adsorbents can be re-employed for removal of toxic species after 

regeneration. Desorption studies were carried out using 0.1g of each adsorbent in 50mL of 

the desorbing solution. The solution was agitated at 100 rpm for 30 minutes. For desorption 

of alizarin red S; Sodium hydroxide (0.1M) and Sodium carbonate (0.1M) solutions were 

used. Sodium hydroxide is found more effective in desorbing the alizarin red S from the 

adsorbents as compared to Sodium carbonate.  

 
 

Table 9b.18: Effect of desorbing reagent on alizarin adsorbed biological adsorbents 

 

Desorbing 

Reagent 

Percent desorption of alizarin red S 

Kikar 

leaves 

Arjun 

nuts 

Beerri 

ptta 

capsule 

NaOH 67.42 69.76 41.57 

Na2CO3 22.79 35.40 31.48 

 

 This might be due to the fact that formation of sodium salt of dye facilitated 

desorption of alizarin from the adsorbent surface. Results for desorption studies of alizarin 

red S are tabulated in Table 9b.18 and graphically represented in Fig.9b.18. 

 

Figure 9b.18: Effect of desorbing agent on alizarin adsorbed biological adsorbent 
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Desorption of alizarin in case of geological adsorbents revealed that sodium 

hydroxide effectively desorbed alizarin from adsorbents surface by the replacement of dye 

anions with hydroxyl ions. Results for alizarin red S desorption from clays surface is 

tabulated in Table 9b.19 and graphically represented in Fig.9b.19. 

 

Table 9b.19: Effect of desorbing reagent on alizarin adsorbed geological adsorbents 

Desorbing 

Reagent 

Percent desorption of 

alizarin red S 

Multani 

mitti 
Gachni 

NaOH 56.74 54.95 

Na2CO3 27.19 32.64 

 

 

Figure 8b.19: Effect of desorbing agents on alizarin adsorbed geological adsorbents 

 

Desorption results for the polymeric adsorbents are tabulated in Table 9b.20 and 

graphically represented in Fig.9b.20. Sodium hydroxide showed higher desorption results. 

 

Table 9b.20: Effect of desorbing reagent on alizarin adsorbed polymeric adsorbents 

Desorbing 

Reagent 

Percent desorption of alizarin red S 

Cotton Cellulose 
Amberlite 

IRA 410 
Bakelite 

NaOH 49.61 54.30 57.86 40.31 

Na2CO3 36.50 47.76 50.14 35.42 
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Figure 9b.20: Effect of desorbing agent on alizarin adsorbed polymeric adsorbents 

 

9b.3 Isothermal Modeling for Alizarin Red S 

Isothermal studies were conducted at the optimized conditions of time of contact, 

agitation speed, adsorbent dose and pH. Alizarin solutions in the range of 5 to 35ppm were 

used for this purpose. Three isothermal models as discussed earlier were employed for 

isothermal modeling to explore the adsorption mechanism. Parameters for ‘Langmuir 

adsorption isotherms’ are given in Table 9b.21.  

Value of regression coefficient (R2) is approaching unity in case of those adsorbents 

where Langmuir adsorption isotherm holds good to explain the adsorption of alizarin red S. it 

is also clearly suggested from the data that there are fixed number of adsorption sites 

uniformly distributed on adsorbent surface and alizarin has equal affinity towards adsorption 

sites with no lateral interaction among dye molecules. 

 

Table 9b.21: Langmuir adsorption parameters for Alizarin red S adsorption study 

 

Adsorbent 

Langmuir  Isotherm Parameters 
 

RL 
R2 

Qmax 

(mg/g) 

b 
(L/g) 

Kikar Leaves 0.860 42.546 0.005 0.888 

Arjun nuts 0.993 52.951 0.006 0.869 

Beerri ptta capsule 0.987 40.601 0.007 0.851 

Multani mitti 0.936 9.361 0.210 0.160 

Gachni 0.957 0.913 5.955 0.006 

Cotton 0.947 6.612 0.008 0.833 

Cellulose 0.986 5.573 0.039 0.506 

Amberlite IRA 410 0.989 13.966 0.073 0.353 

Bakelite 0.947 28.307 0.036 0.526 
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Moreover, the Qmax value is also indicative of the fact that among the biological 

adsorbents arjun nuts showed greater tendency for dye adsorption. In case of geological 

adsorbents multani mitti showed greater affinity for alizarin dye. The order of adsorption 

capacity for polymeric adsorbents was bakelite>amberlite IRA 410>cotton> cellulose. 

Langmuir parameter ‘b’ was used to determine the value of dimensionless constant 

RL. It was depicted in Table 8b.21 that for all the adsorbents the value of this dimensionless 

constant is below 1. This suggested that adsorption of alizarin red S by the adsorbents 

selected for this study was favorable process and these adsorbents can be used for large scale 

removal of alizarin red S from waste water. 

 

Table 9b.22: Freundlich adsorption parameters for alizarin red S adsorption study 

 

Adsorbent 

Freundlich isotherm Parameters 

R2 n 
Kf 

(L/g)1-n 

Kikar Leaves 0.879 0.754 0.122 

Arjun nuts 0.989 1.034 0.320 

Beerri ptta capsule 0.984 0.925 0.249 

Multani mitti 0.901 1.0969 1.421 

Gachni 0.948 2.129 4.814 

Cotton 0.944 0.868 0.114 

Cellulose 0.978 1.081 0.306 

Amberlite IRA 410 0.973 1.001 0.904 

Bakelite 0.964 1.301 0.582 

 

Multilayer adsorption on the heterogeneous surface of adsorbent was explored by 

applying the Freundlich isotherm. This multilayer adsorption can be further explained by the 

lateral interaction among the alizarin molecules. Table 9b.20 revealed that non linearity of the 

system increased with the increased value of ‘n’ that is associated with the increased 

heterogeneity of the adsorbent surface. Value of ‘n’ from 2 to10 indicates the better 

adsorption whereas from 1to 2 predict good adsorption. Higher values of Kf indicated the 

effective bonding of dye on the adsorbent surface. As it is clear from Table 9b.19 that 

relatively higher values of Kf were shown by gachni clay. It showed that alizarin penetrated 

well in the heterogeneous adsorbent surface and was effectively removed by gachni clay. 

 

Temkin isotherm model explains the equal distribution of binding energies on the 

adsorbent surface. Table 9b.23 shows all the Temkin parameters. Value of ‘BT’ below 8 

revealed the weak interaction that can be interpreted as physiosorption. Such interactions 
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were shown by biological and geological adsorbents. Lower BT values are indicative of the 

fact that adsorbents can be easily regenerated after desorption. 

 

Table 9b.23: Temkin isotherm parameters for alizarin red S adsorption study 

 

Adsorbent 

Temkin isotherm Parameters 

R2 BT 

(kJ/mol) 
KT 

(L/mg) 

Kikar Leaves 0.813 2.386 0.338 

Arjun nuts 0.949 3.035 0.505 

Beerri ptta capsule 0.907 2.718 0.441 

Multani mitti 0.768 2.264 29.336 

Gachni 0.837 3.859 1.774 

Cotton 0.856 1.998 0.431 

Cellulose 0.912 2.037 0.780 

Amberlite IRA 410 0.879 1.527 1.938 

Bakelite 0.975 2.135 1.379 

 

Higher KT values are indicative of the fact that stronger interactions are present 

between the adsorbent surface and alizarin dye as shown in Table 9b.23. Comparison of the 

adsorption capacity of the adsorbents previously used for anionic dye removal and the 

adsorbent selected in the present study are represented in Table 9b. 24. Adsorbents selected in 

present study are comparable for anionic dye removal in adsorption capacity to those reported 

in literature. The adsorbent used in present study and showed maximum adsorption capacity 

for alizarin red S is represented as (*). 

 

Table 9b.24: Comparison of the adsorption capacities of the adsorbents used in past with adsorbent used in present 

study (*) for anionic dye removal 

Adsorbents Dyes 
Qmax 

 (mg/g) 
References 

Peanut hull Sunset yellow 13.99 Gong et al., (2005) 

Coir pith Acid violet 1.6 Namasivayam et al., (2001) 

Rice husk ash Indigo carmine 29.27 Lakshami et al., (2009) 

Jute fiber Eosin yellow 31.48 Porkodi & Kumar (2007) 

Banana pith Acid brilliant blue 4.42 Namasivayam et al., (1998) 

Orange peel Acid violet 17 19.88 Sivaraj et al., (2001) 

Lignite coal Acid red 88 30.9 Venkata et al., (1999) 

Calcined alunite Acid yellow 17 151.1 Ozacar & Sengil (2002) 

Kaolinite Metomega chrome 0.650 Gupta & Shukla (1996) 

Waste newspaper Basic blue 9 390.0 Okada et al., (2003) 

Zeolite Reactive black 5 60.5 Ozdemir et al., (2004) 

Crosslinked chitosan bead Reactive blue 2 2498 Chiou et al., (2004) 

*Kikar leaves Alizarin red S 42.546 Present work 

*Arjun nuts Alizarin red S 52.951 Present work 

*Beerri ptta capsule Alizarin red S 40.601 Present work 

*Multani mitti Alizarin red S 9.361 Present work 

*Amberlite IRA 410 Alizarin red S 13.966 Present work 

*Bakelite Alizarin red S 28.307 Present work 
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9b.4 Kinetic Study for Alizarin Red S Adsorption 

 

Kinetics study showed the removal of alizarin red S as a function of time and data 

obtained is tabulated in Table 9b.25. This study was conducted by using the 50mL of 25ppm 

solution of alizarin and varying the time from 5 to 70 minutes at optimum conditions of 

agitation speed, pH adsorbent dose and temperature. The dependence of experimental data on 

time was investigated by applying pseudo first and pseudo second order kinetics models.  

 

When maximum alizarin was adsorbed the adsorbent becomes saturated thereby 

revealing the adsorption capacity of each adsorbent for alizarin. Theoretical and experimental 

adsorption capacities represented as Qt and Qexp are shown in the Table 9b.24. Better 

applicability of the kinetic model was checked by using equations 1.6 and 1.7 (Chapter no. 1) 

for pseudo first and pseudo second order kinetics model respectively. Comparison of the 

regression coefficient (R2) values showed that pseudo second order model is more in 

accordance with the data.  

 

In all the cases the R2 values for pseudo second order kinetics model are approaching 

unity. Theoretical and experimental adsorption capacity values were not in agreement with 

each other for pseudo first order kinetics model. Whereas in the case of pseudo second order 

kinetics model theoretical and experimental adsorption capacity for alizarin were in 

accordance with each other which showed the better applicability of this model.  

 

Table 9b.25: Kinetic Study for adsorption of alizarin red S 

Adsorbent 

Pseudo First order Kinetics 

Parameters 

Pseudo Second Order Kinetics 

Parameters 
 

Qexp 
 (mg/g) R2 K1 

(min-1) 
Qt 

(mg/g) 
R2 K2 

(g/mg/min) 
Qt 

(mg/g) 

Kikar Leaves 0.8082 0.020 1.050 0.9989 0.744 1.384 1.70 

Arjun nuts 0.6789 0.043 5.744 0.9843 0.200 1.955 2.05 

Beerri ptta capsule 0.9009 0.044 5.133 0.9988 0.185 4.705 4.69 

Multani mitti 0.7660 0.003 1.162 0.9994 3.105 0.786 0.80 

Gachni 0.9655 0.091 20.102 0.9967 0.057 3.830 3.47 

Cotton 0.0689 0.0007 1.248 0.9984 2.720 0.961 1.07 

Cellulose 0.9879 0.0489 1.339 0.9998 0.907 1.504 1.49 

Amberlite IRA 410 0.9683 0.047 4.544 0.999 0.137 3.07 2.90 

Bakelite 0.9821 0.030 0.943 0.999 0.308 4.281 4.76 
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9b.5 Thermodynamic Study for Alizarin Red S Adsorption 

Thermodynamics study for adsorption process of alizarin was conducted by using 

50mL of 25ppm alizarin solution at optimized conditions of time of contact, agitation speed, 

pH and adsorbent dose. Temperature was varied from 10 ºC to 60 ºC. Thermodynamic 

parameters like; ΔGº, ΔHº and ΔSº were calculated by using equations 1.9 and 1.10 (Chapter 

no.1) and are tabulated in Table 8b.26. 

 

Negative values of ΔGº indicate the spontaneous nature and thermodynamic 

feasibility of adsorption of alizarin using all the adsorbents. Increased negative value of ΔGº 

with temperature indicates the increased alizarin removal at high temperature. Negative 

values of ΔHº revealed the exothermic nature of alizarin adsorption process, whereas, the 

positive ΔHº values revealed endothermic nature of alizarin adsorption. Trends of 

endothermic adsorption were shown by clays used in present study. For significant adsorption 

of alizarin the negative values of ΔGº must be accompanied with the negative values of ΔHº 

as shown in case of kikar leaves, arjun nuts, beerri ptta capsule, cotton, amberlite IRA 410 

and bakelite. Positive values of ΔSº showed that when alizarin interacted with the adsorbent 

surface, this interaction imparted randomness to the system.  

 

Table 9b.26: Thermodynamical parameters for adsorption of alizarin red S 

 

Adsorbents 

Thermodynamics Parameters 

R2 
ΔGº 

(kJ/mol) 
ΔHº 

(kJ/mol) 
ΔSº 

(kJ/mol) 

 Kikar leaves 0.934 -2.754 -4.970 0.643 

Arjun nuts 0.955 -1.384 -3.390 0.812 

Beerri ptta capsule 0.849 -0.744 -0.822 0.147 

Multani mitti 0.929 -2.401 0.475 0.614 

Gachni 0.912 -0.743 0.794 0.544 

Cotton 0.916 -0.420 -1.294 0.802 

Cellulose 0.829 -0.467 1.429 0.175 

Amberlite IRA 410 0.859 -6.502 -6.981 0.510 

Bakelite 0.750 -2.593 -2.748 0.196 

 

9b.6 Application of the Present Study to Industrial Effluents 

Industrial samples for the removal of alizarin red S were collected from textile and 

leather industries (dyeing units) situated near Lahore (Pakistan). After necessary treatment as 

mentioned earlier the samples were subjected to the adsorption study. All the optimized 

parameter for each adsorbent (as tabulated below in Table 9b.27) was applied to check the 

suitability of the adsorbent for alizarin red S removal on large scale. It was observed that 
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percent removal efficiency of each adsorbent was comparatively reduced due to the presence 

of interfering ions and different molecular species in the solution.  

 

Table 9b.27: Results of the optimized conditions for alizarin red S removal applied to Industrial sample 

 

Adsorbents 

Parameters optimized during Alizarin red S adsorption and applicability to industrial samples 

Time of 

contact 

(minutes) 

Agitation 

speed 

(rpm) 

Adsorbent 

dose 

(g) 
pH 

Temperature 

(ºC) 

Average percent removal efficiency for 

industrial sample 

(%) 

  A              B                 C                D              E 

Kikar leaves 20 100 0.2 3 40 49.32 49.14 48.97 49.28 48.21 

Arjun nuts 5 300 0.4 3 30 56.18 55.74 56.09 55.68 55.87 

Beerri ptta capsule 30 250 0.2 4 10 45.37 44.12 45.28 45.13 44.99 

Multani mitti 35 300 1.0 5 40 51.89 51.42 51.67 50.71 50.98 

Gachni 25 350 0.2 3 30 44.76 44.54 44.67 44.18 44.13 

Cotton 15 200 0.8 7 30 39.48 39.40 39.36 39.22 39.45 

Cellulose 35 200 0.6 7 40 35.29 34.26 33.27 35.19 32.65 

Amberlite IRA 410 5 150 0.4 3 20 46.17 45.22 44.86 45.87 46.10 

Bakelite 40 250 0.2 3 20 36.19 36.25 36.08 35.83 35.49 

 

These species affect the adsorption of alizarin by competing for the active sites and 

cover the adsorbent surface thereby causing reduction in percent removal of alizarin. It was 

found that kikar leaves, arjun nuts, gachni and cellulose effectively removed alizarin red S 

from the industrial effluents.  These adsorbents can be employed for the removal of alizarin 

red S from industrial waste water.  

 

9b.7 Conclusion: 

Present work deals with the adsorptive removal of alizarin red S from water. 

Applicability of adsorbents belonging to different groups was checked for their adsorption 

capacity to remove alizarin. Arjun nuts, kikar leaves, multani mitti and amberlite IRA 410 

removed alizarin more efficiently than other adsorbents in the present study selected for the 

adsorption of alizarin, it was also indicated by the Qmax values of these adsorbents. 

Optimization of various operational parameters was studied and applied for the detailed 

adsorption mechanism exploration for alizarin. It was found that alizarin adsorption followed 

Langmuir monolayer adsorption pattern with the rate dependence on pseudo second order 

kinetics model. Thermodynamical study revealed that it is spontaneous and exothermic in 

nature with positive entropy value which clearly indicated the increased randomness of the 

system during adsorption. In some cases, adsorption process showed endothermic nature too. 

All the selected adsorbents were chemically modified using different reagents and it was 

found that chemical modification increased the adsorption capacity of the adsorbents like 

arjun nuts and multani mitti.  
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General Conclusion 

Pakistan is a country where due to meager resources and other reasons little attention has 

been paid to control the water pollution with the result that industrial effluents discharged in 

water bodies are adversely affecting the underground water and ultimately public health. 

Detoxification of drinkable water from industrial pollution can be achieved by a number of 

physical and chemical methods. Adsorption of pollutants by various indigenous, cheap and 

easily available adsorbents is one of the simple methods, which can be applied to tackle this 

problem. A lot of work has been done on adsorption of heavy metals from water on different 

adsorbents in last couple of decades but little attention is paid to toxic anions and organic 

pollutants which are equally toxic and hazardous for human health. Present work was focused 

to study the adsorption of toxic anions and representative organic compounds by cheap, 

easily available and indigenous adsorbents.  

Initially fourteen adsorbents from three distinctive categories i.e. Biological, Geological and 

Polymeric were selected for the adsorption studies of Sulfide, Fluoride, Cyanide, Chromate,  

Arsenate, Phenol and a dye Alizarin Red S as these are mostly present in industrial effluents 

in Pakistan. Biological adsorbents include rice husk, wheat straw, kikar leaves, bhindi stem, 

arjun nuts, and beerri ptta capsule whereas bentonite, kaolin, multani mitti, and gachni, were 

selected as Geological adsorbents. Among polymeric materials cotton, cellulose, bakelite and 

amberlite IRA 410 were chosen. Preliminary experiments revealed that not all the adsorbents 

show reasonable adsorption for all the pollutants mentioned, hence for detailed studies only 

those adsorbents were selected for a particular which gave more than 50% adsorption in 

initial experiments. A few pollutants could not be significantly eliminated by any of the raw 

adsorbent in the “list”, therefore to accomplish the task chemically modified adsorbents were 

used to remove such pollutants.  To find out the optimum conditions for maximum adsorption 

like effect of contact time, temperature, pH, adsorbent dose and pollutant concentration, batch 

mode experiments were carried out for each set of adsorbent and pollutant. Standard 

analytical methods were adopted to determine the concentration of each pollutant after each 

experiment. Modern analytical techniques like S.E.M, XRD and FT-IR were employed to 

investigate the available bonding sites on the surface of the adsorbent. Adsorbents were also 

characterized by their elemental analysis. Different isothermal models, kinetic studies and 

thermodynamic studies were performed to study the nature of interaction between the 
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adsorbent and pollutant. To regenerate the adsorbents for reuse, desorption studies were also 

performed with the help of various chemical reagents. Under optimum conditions toxic 

anions and organic pollutants were effective removed by raw and chemically modified 

adsorbents from synthetic solutions as well as real samples. Real samples were collected from 

local water bodies. After optimization of all the parameters the detailed adsorption study was 

conducted. Experiments work revealed the following order of adsorption for various ions and 

organic pollutants by different adsorbents:  

Sulfide: Kikar Leaves > Bentonite > Bhindi stem   

Fluoride:  Gachni > Cotton >Amberlite IRA 410 

Cyanide:  Arjun nuts > Gachni > Amberlite IRA 410 

Arsenate:  Copper treated Multani Mitti > Zinc treated Arjun nuts 

Chromate:  Amberlite IRA 410 > Acid treated Arjun Nuts  

Phenol:  Kikar leaves > Gachni > Cotton 

Alizarin:  Arjun nuts >Kikar leaves > Beerri ptta Capsule  

 

Isothermal and thermodynamic studies reflected that physiosorption, chemisorption 

and ion exchange phenomenon took place while removing the anions and organic pollutants 

from water. Correlation coefficients of isothermal models revealed that predominating 

adsorption mechanism Langmuir adsorption model. Other isothermal parameters like; Kf, n, 

KT, and BT supported physiosorption mode of adsorption in maximum cases. Elevated values 

of these parameters in case of amberlite IRA 410 revealed the ion exchange mode of 

adsorption. Pseudo second order reaction better explained the time dependence of the 

adsorption process. Feasibility and spontaneity of the adsorption process was revealed by 

thermodynamics study of the adsorption process. Increased entropy values showed increased 

randomness of the system after adsorption. Whereas, decreased entropy values suggested no 

structural changes at liquid solid interface during adsorption. Desorption studied showed that 

sodium hydroxide is effective for removing the adsorbed anions in order to make re-use 

ability of these adsorbents possible. After desorption the adsorbents were properly disposed. 

 It can be safely concluded from the present work that selected adsorbents have 

significant potential for the removal of toxic anions as well as organic species from aqueous 

media, therefore, these adsorbents can be employed for water purification at large scale. 
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Future Plan 

 

After accomplishing this comprehensive work on the removal of toxic anions and organic 

pollutants using low cost adsorbents, future plans are extended in various directions in order 

to check the applicability and diversity of this work in environmental remediation. 

 More characterization and characteristics studies of the geological and polymeric 

adsorbents like; thermal properties 

 Synthesis of silver nanoparticles of the novel adsorbents in this study for water 

treatment  

 Study of the anti bacterial and antifungal nature of these nano-adsorbents that is also 

the need of time for water treatment 

 Surface modification of selected adsorbents using different radiation sources as 

microwaves 

 Applying the present study to column mode for treating water at large scale 

 Using these adsorbents to study the removal of pesticides, insecticides and herbicides 

that are also causing water contamination 

 Using mathematical models for studying the further details of adsorption process like 

intraparticle diffusion model 

 Studying recycling of these toxic anions and organic pollutants in order to utilize 

them at laboratory level 
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