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 ABSTRACT 

The control of water pollution has become of increasing interests because it 

is associated with the life of human beings, animals and the land which is 

irrigated with it. Water pollution has many dimensions and types but 

pollution due to industrial wastes is commonly metal pollution and 

chemical pollution. The present study emphasizes the water pollution and 

composites present in waste water like dyes and surfactants. Dyes are the 

main component of the dyeing industries so the effluent carrying high 

content of dyes along with other composites. It is quite difficult to remove 

dyes from effluents since most of them are stable to light, heat and 

oxidizing agents and they are biologically non-degradable also. Whereas 

the surfactants are the major part of every washing and cleaning agents like 

soaps, washing powder, dish washing bars, toothpastes and widely used in 

textile industry as softener. So both dyes and surfactants are the major 

constituent of domestic and industrial waste water.  The treatment of 

contaminated waste water is necessary before it enter into the stream, lake, 

river or sea. The disposal of wastes containing dyes and surfactants into 

receiving water bodies effects on the values of biological oxygen demand 

(BOD) and chemical oxygen demand (COD) which resulted toxicity of 

aquatic life. In the current study by employing physical and chemical 

treatment methods utilization and removal of surfactant and dyes were 

carried out. The physical treatment method like adsorption technique was 

adopted by using natural materials and their modified surfaces for the 

removal of dyes and surfactant. The physical treatment method is beneficial 

for the removal and the regeneration of adsorbed substances.  It is also 

economical and low cost method and can be employed on industrial scale 

before the disposal of waste into the stream and other reservoirs. The 

efforts were done by developing a model system for the removal of 

surfactant Cetylpyridinum Chloride (CPYCl) and dyes Malachite Green 
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(MG), Methylene blue (MB), Fast Green (FG) from aqueous solution by 

adopting batch adsorption method. The Cetylpyridinum Chloride (CPYCl) 

is the main constituent of daily washing powder and the dyes Malachite 

Green (MG) and Methylene blue (MB)   are used in textile and paper 

industries and Fast Green (FG) dye widely used in food industries. The 

adsorbents were used for the removal of surfactant and dyes are raw 

Charcoal (RC), marine Algea like Ulva Lactuca (UL) and Sargassum 

Muticum (SM), Used Black tea (UBT), and impregnated used black tea 

(IM-UBT). Raw Charcoal was prepared from coconut dry shells, the algae 

Ulva Lactuca (UL) and Sargassum Muticum (SM) were collected from sea 

shore near the Clifton beach of Arabian Sea while Used Black tea (UBT) 

were collected from tea canteens as it is waste material after making tea 

and used for adsorption purposes. The modified surface of UBT were 

prepared by impregnation technique and their nano composites were 

prepared by impregnation with lead nitrate Pb(NO3)2. The batch adsorption 

experiments were run and effect of amount of adsorbents, concentration of 

adsorbate, contact time and temperature were investigated. 

Spectrophotometric technique was adopted for the measurement of 

concentration of dyes before and after adsorption. The adsorption data were 

fitted in the adsorption models like Langmuir, Freundlich and Dubinin-

Radushkevich adsorption  isotherm equations and the values of their 

respective constants were evaluated. Thermodynamic parameters such as 

(ΔG) free energy, (ΔH) enthalpy, and (ΔS) entropy of the system were 

calculated. Mean free energy of sorption (Es) was also estimated in order to 

get the clear picture of energy exchange between the adsorbate and 

adsorbent using D-R adsorption isotherm equation. The values of % 

removal show that adsorption of surfactant (CPYCl) and dyes (MG), (MB) 

and (FG) on the natural and modified adsorbents show about 70% - 80% 

removal tendency.     



13 
 

The chemical treatment method was adopted for the decoloration of dye 

effluent by the photoreduction method. The reduction kinetic was studied 

for all the dye systems but fast green (FG) show dominating results. It is 

evenly widely used for domestic and industrial purposes and also it is a 

representative of its acidic group dyes. The rate of the reaction was 

determined by varying concentration and temperatures of dye, surfactant 

and base (NaOH) at 303K to 323 K at the step of ± 5 °C. It was observed 

that the reduction followed pseudo first-order kinetics with respect to dye, 

surfactant, and OH– ion concentration .The mechanism for the photo 

bleaching of the dye has been proposed and well confirmed by the data 

simulation procedure. The activation parameters of the reaction like 

entropy of activation (ΔS) and free energy of activation (ΔG) showed the 

extremely solvated states of transient complex which was less disorderly 

arranged than the oxidized form of dye, whereas energy of activation Ea 

values reflects a high amount of energy required for the reduction of dye 

with surfactant cetylpyridinum chloride. The % decolorations of dyes were 

obtained about 70 to 80%. 

It was concluded that if the effluent contains acidic dyes and the cationic 

surfactant simultaneously, the dye will reduced by the surfactant and in this 

manner that surfactant in waste will also be utilized to reduce the harmful 

effects of dyes. It is an economical and cost effective method to utilize 

waste material for the purification of effluent also we can regenerate these 

adsorbents for the further treatment process. By employing impregnation 

technique nano composites were prepared from waste material and they 

show better adsorption tendency as compared to commercial adsorbents. 

The purification of waste water was carried out by employing physical 

method like adsorption and chemical method by reduction kinetics 

technique so we can simulate the model for the recycling of solid -liquid 

waste and we save the environment with harmful pollutants. 
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1.1 ENVIRONMENTAL POLLUTION  

The presence of toxic materials and pollutants in the surroundings are the 

main precursors of environmental pollution. Living things and ecosystem 

are affected by these materials. Over population, urbanization and 

industrialization by man is moving this world towards environmental 

decline [1-3].  

The effluents coming from the outlets of industries and entering into the 

environment may contain organic and inorganic chemicals, solid waste, 

toxic metals, hazardous and radioactive wastes. These substances are able 

to penetrate in the basic essentials of living organism by evaporation in air, 

dissolution in water and by adsorption into the soil [4] 

From the ancient civilization to the modern age revolution in the industrial 

growth has become essential for the economic empowerment of the 

country. Nearly most of the industries in the third world countries are 

causing environmental pollution due to unregulated discharge of effluent 

[5]. 

1.2 INDUSTRIAL POLLUTION IN THIRD WORLD COUNTRIES 

The third world countries including Pakistan is full of natural resources 

such as sea, rivers, lake and climate that also support agricultural growth. 

With all these factors and cheap labor there is a great industrial revolution 

that occurred in last three decades to get maximum benefit with the 

available resources. With this rapid growth of the industries our country is 

also the victims of these factors which deteriorate the environment. As in 

Pakistan there are five large rivers which are flowing across the country 

and ended into the Arabian Sea through Indus River. The industrial states 

are located around these resources which help them in the outlet of water as 

well as the discharge of their waste. They discharge their effluents into the 
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streams without pretreatment. Like this the major textile industries are 

located around the costal area of Karachi, they passes out their waste in the 

sea. The other major industrial states are located in Hyderabad, Multan, 

Lahore, Faisalabad, Sialkot, Dera Ismail Khan and Peshawar. They are 

participating in water pollution. The textile, sugar, petrochemicals, food, 

paper and pulp, cement and fertilizers which produces more than 80% of 

total industrial effluents [6]. As these industries are categorized into small, 

medium and large scale some of them were using old technologies and few 

are using new technologies to treat their effluents before its disposal. 

Industrial processes produces wastewater and hazardous gases containing 

heavy metal contaminants and other organic toxic compounds their 

concentrations must be reduces to recommendable levels before 

discharging them into the environment. The implementations of 

environmental laws are necessary. The Environmental Protection Agency 

(EPA) is responsible for the implementation and regulation of 

environmental laws in the country. Laws are there but the problem of 

industrial water pollution has remained uncontrolled because there have 

been no incentives and facilities given by the government to the 

industrialists to treat their effluents. Industrial wastewater including toxic 

chemicals, organic matters and heavy metals is being discharged into 

public sewers which are harmful for the crops because it is also used as 

fertilizer for agriculture purposes. In Khyber Pakhtunkhwa about 80,000 m3 

of industrial wastes having high level of pollutants are discharged daily into 

the Kabul River causing skin diseases, reduces the agricultural productivity 

and decreases in the fish population  

By this disastrous situation the expected average age of male and female is 

reduced compared to the developed countries [7-8]. By using the 

contaminated water and sea food, people get suffered by cancer and liver 

diseases [9-11].  Some other diseases associated with it are cholera, 
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dysentery and hepatitis, which are responsible for one third of all deaths 

[12]. Rules and regulations are developed but their implementations are not 

done properly. A study conducted by UNICEF reported that about 20-40% 

of the hospitals are engaged by patients suffering from water-born diseases, 

such as   Typhoid and Paratyphoid enteric fevers [13, 14]. 

1.3 WATER POLLUTION DUE TO TEXTILE INDUSTRIAL 

WASTE 

The presence of complex aromatic rings and heavy metals in the structure 

of dye makes them toxic, mutagenic and carcinogenic. It was estimated that 

worldwide annual production of dyes and pigments are approximately 7×10 
5 tones and about 10,000 of colorants are exist [15]. From which more than 

9000 of them are synthetic aromatic dyes which are widely used for the 

coloration in different industries and mostly are used in textile industry. 

These dyes pose undesirable effects on the environment [16]. Special 

strategies are required to treat them due to the complex aromatic structures 

which make them physically, chemically, thermally, biologically and 

optically stable [17-18]. Textile mills are playing vital role in water 

pollution. They consumes large volume of water and chemicals during wet 

processing so various waste streams comes out after the wet processing 

operations like desizing, scouring, bleaching, mercerizing, dyeing and 

printing processes. All these processes contribute toward the toxicity of the 

wastewater. Water consumption in textile processing industry varies 

depending on the number and types of processes, production capacity and 

machinery etc [19]. Usually various channels of waste effluents are merged 

into one common stream leading to sea or river is called composite 

effluent. It is necessary to treat this effluent before discharging into 

receiving body [20-23]. The chemical reagents used in different operations 

of textile industry varies in nature like they may be inorganic, organic and 

polymers including enzymes, detergents, dyes, soda and salts [24].   
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1.4 WATER POLLUTION DUE TO DOMESTIC SURFACTANT 

WASTE 

Water from rain, storm drains, and ditches flows directly to streams and 

bays with little or no treatment. Soap and dirt from washing cars can flow 

through storm drains and ditches and end up in streams as untreated while 

it also contains oil and antifreezing agent which also pollute the 

environment. When it rains, water runs over the ground and picks up oil, 

antifreezing agents, and other pollutants and carries them to streams and 

bays.   Gardens and lawns chemicals also pollute the environment. 

Household cleaners which contain chemicals such as surfactant can also 

cause water pollution. Theses cleaners disposed of outside can end up in 

streams and bays. The chemical in these cleaners cause harm to septic 

systems and wastewater treatment plants.  Waste from pet and livestock 

also pollutes the water having harmful bacteria and provides unwanted 

fertilizer in streams. Mostly detergents contain surfactants which were used 

to increase the surface area in the washing processes. These surfactants 

from sewage stream enter into the sea without any prior treatment and 

disturb the sea life [25]. 

1.5 ROLE OF TEXTILE SECTOR IN PAKISTAN 

Karachi is the largest economic city of the country. It has an honor of 

foundation of first industry in the country [26]. Textile industry is the major 

sector in Pakistan, regarding to the production of foreign exchange and 

labor force employment. One can say as it is a backbone of Pakistan 

economy. The number of industries working in this sector is estimated to 

be around 670 in which 300 industries are present in Karachi and rests of 

them are located in other parts of the country [27].  In Karachi, Malir and 

Lyari are two rivers receiving industrial effluent and then dumping into 

Arabian Sea [28]. 
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 Significant amount of COD, BOD, TSS, TDS and heavy metals are present 

in textile waste water [29]. The levels of these parameters are significantly 

high as compared to the values reported in National Environment Quality 

Standards (NEQS) and set by the government of Pakistan [30], National 

and international researches and surveys proposed that the concentrations 

of various pollutants produced by textile industries are above the 

permissible limits [31]. In an ETAD survey about 3600 dyes were tested 

and had LD50 values greater than acceptable range of 2x103 mg/Kg [32]. 

Due to lack of funds and short of interest at government level in the past 

not much research had been done for the characterization of textile 

wastewater. Characterization and monitoring of textile wastewater is 

necessary for the proposition of remedies. Increase in literacy and World 

Trade Organization (WTO) implementation has an important issue in all 

the industrial sectors. Textile sector is a major exporter of Pakistan has 

complied with ISO-14000. In Pakistan there are lack of facilities for the 

treatment of effluent due to the shortage of resources and technical 

facilities [33]. 

There is an ecological and toxicological association of the dyestuffs 

(ETAD) manufacturing industry also working with the aim to control the 

environmental damage to take care of the consumers and the protection of 

industries which was founded in 1974 [34, 35]. But due to large number of 

its members are industrialists and less number of professional 

environmentalists are involved so their contribution is not practically seen 

at the ground level where the common men suffer. 

1.6 SURFACTANTS CHEMISTRY 

The chemical substances which have a property to variate the surface 

tension between different phases are known to be as surfactants. They 

control dispersion stability, wetability, rheology and interfacial tension. 
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They are soluble or partial soluble in both aqueous and non aqueous 

medium. This unique property is due to their amphiphilic character, one 

end of it is hydrophilic while other is oleophilic, head and tail groups 

respectively [36-39]. 

Table 1.1: Examples of Surfactants. 

Type of Surfactant Example Head Group 

Anionic: 

RnOSO3Na 

Sodium Dodecyl 
Sulphate 

OSO3
- 

Cationic: 

RnNR3Br 

Decyltrimethyl 
ammonium bromide 

N+Me3 

Ampholytic 

RnN+(H2)COO- 
Alkyl betaines NHCOO- 

Non ionic 

RnO(CH2CH2O)n OH 
Polyethene oxides (CH2CH2)nOH 

Surfactants are classified in to four groups like  

 Cationic surfactants with positively charged head groups. 

 Anionic surfactants with negative charged head group. 

 Ampholytic  or neutral surfactant with pH dependent head group 

 Non ionic surfactant with uncharged head group.  

Even though that surfactant has different structural classifications; they 

have a common property of micelles formation while micelles are 

aggregates which may form surfactant molecules at a certain critical 

concentrations. Since the physical properties of surfactants are strongly 
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effected by micelle formation. Critical micelle concentration (CMC) can be 

find easily when physical properties like surface tension, electrical 

conductivity and light scattering parameters were plotted against 

concentration of surfactant in solution then a critical changes were 

observed as shown in Figure 1.1.   

 

Figure 1.1 The effect of the CMC (denoted By *) on the physical properties 

of surfactants in aqueous solution. 

The characteristic of surfactants varies with nature of solvents. It can be 

explained by the behavior and positions of surfactants in the solvents                

[40-44]. 

1.6.1 Factors Effecting the CMC of Surfactants. 

1.6.1.1 Hydrophobic Group: In aqueous medium the larger the tail group 

lower will be the CMC value. This property is expected from surfactants 

because the hydrophobic part is less acceptable for aqueous phase and this 

specific character increases the branched hydrophobic chains [45]. 

1.6.1.2 Hydrophilic Group: In aqueous solution, ionic surfactants have 

higher values of CMC compared to non-ionic surfactants with the same tail 
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group. The more ionic parts of a surfactant have the larger CMC value. For 

surfactants containing ethene oxide group, the CMC value decreases with 

the number of ethene oxide units present since this increases 

hydrophobicity of the molecule [46]. 

1.6.1.3 Electrolytes: In the aqueous medium, CMC value decreases due to 

the presence of electrolytes. Non ionic effects are less than anionic effect. 

This characteristic of anionic surfactants is because of the loss of the 

repulsion within the head groups of micelle charged.  While in case of non 

ionic surfactants the loss of critical micelle concentration (CMC) is because 

of “salting out” of the respective head group.  

1.6.1.4 Organic Solvents: Critical micelle concentration (CMC) may be 

changed due to the presence of fractional amount of solvents, either 

impurities or by products. CMC value decreases due to the presence of 

polar organic molecules which have tendency to incorporate into the 

micelle. In case of big molecules, which stuck on the valence area of the 

micelle, decrease the repulsion between head groups of anionic micelles. In 

the straight chain molecules CMC values strictly reduce and this reduction 

continuously increases as the carbon chain length of the impurities 

increases [45]. 

1.6.1.4 Temperature: With the increase in temperature the CMC values 

first reduces and then increases. These strange effects are due to two 

opposing forces operating and the increase in temperature causes the 

dehydration of the head group of the surfactant which in turn induces 

micellization.  

Also, increase in temperature causes a disruption of the water molecules 

surrounding the tail which discourages micellization. The resultant of these 

forces determines whether the CMC values were increases or decreases 

[45-47]. 
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1.6. 2 Micelles Shape 

Before 1913 there is a perception that soaps formed by electrically charged 

aggregates in solution and initially most of these studies were carried out 

on anionic species and the micelles were considered to be spherical in 

shape [48, 49]. In the era of 1950's, much work was carried out on surface 

active agents using light scattering and viscometric techniques to measure 

the micellar molecular weights, micelle shape and surface charges [50-58]. 

The molecular weights of micelles were determined in the order of 30,000 

Da and there were some disagreements between workers. The differences 

were believed to be due to the assumptions made by concerning monomer 

concentrations and micelle size above the CMC during modeling of the 

surfactant systems [59]. 

The shape of anionic micelles often assumed to be spherical; with a core of 

hydrocarbon surrounded by hydrated polar head groups which roses above 

the surface of the micelles core. The size of the micelles was dependent on 

the length of the hydrocarbon chain and the state of charge on the head 

group. The micellar structure of non-ionic species was also studied and 

these molecules produce ellipsoidal shape micelles. The size of which was 

dictated by the length of the hydrocarbon tail and the size of the head group 

[60-64].  

It was concluded that there was an initial association of small micelles to 

form disc like or oblate ellipsoidal shapes and later changed structure to 

form rod-shaped or prolate   ellipsoidal micelles as shown in Figure 1.2. 

1.6.3 Uses of Surfactants. 

Commercially, surfactants are extremely important materials and have 

many applications. They used in textile industries as fabric softener and 
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also in liquid detergents, washing powders and in shampoos as antiseptic 

component. 

 

Figure 1.2   Structures of Micelles. 

(A) Spherical-model; (B) Oblate (disc like) Structure;  (C) Cylindrical (rod 

like) structure; (D) Lamella Structure; (E) Spherical Vesicle. 

They are also used as stabilizers and solubilizers in the paint industry, as 

flocculants in the water industry and as emulsifiers in agricultural 

chemicals [65]. Surfactants controls almost all of these applications   by   

the adsorption on the surface, it can be a rock surface, a liquid/solid 

interface or may be a colloidal particles. The survey was carried out in 

1990 estimated that the worldwide surfactant production was around 

840,000 tones per years, whereas approximately 750,000 tones were 

produced in 1985 [66].  

1.6.4 Colloidal Stability and Surfactant Adsorption. 

Two types of forces are operating like Vander Waals' and electrostatic 

forces govern in the liquid medium. In colloidal solution solid particles 

may become electrically charged through a number of causes. First at a 

certain pH surface groups become ionizes such as    -COOH, second 
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isomorphism substitution, third from solution specific adsorption of one 

type of ion and fourth differential ionic solution formed in AgI. 

Around the spherical particles, an atmosphere of charged ions, carrying 

opposite charges to the colloidal particles developed a system to maintain 

electrical stability. This neutralizing region is referred as the diffuse 

electrical double layer as shown in Figure 1.3. 

 

Figure 1.3: The Helmholtz Electrical Double Layer Model. 

The charge on the particle is distributed over its surface and is balanced by 

the charge in the double layer. The thickness of the double layer decreases 

with an increase in the electrolyte concentration. Figure 1.3 shows a simple 

version of the double layer. The thermal motion causes the ions to be 

spread out in space and thus they form a diffuse double layer. 

The stability of such colloidal systems can be controlled by the addition of 

electrolyte, surfactants or polymers. When two particles approaches to each 

other and their double layers were overlapped, there is an osmotic pressure 

build-up, due to the high concentrations of ions between the particles, 

which causes the solvent to micelles movement out of the overlap region. 

This particle repulsion is known as electrostatic repulsion. On compression 

of the double layer by further electrolyte addition resulted in the 

electrostatic repulsion. 
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The steric repulsion is caused by the adsorption of surfactants or polymers 

onto the surface of particle. There are two components of steric repulsion:  

 

Figure 1.4: Energy paths of colloidal particles due to electrostatic forces as 

the- interpretable separation (h) is varied. 

Where VA denotes repulsive potential and VR denotes attractive potential. 

(i) If close-packed adsorbed layers of surfactant or polymer separates 

the particles which approaches to each other. It unable to inter-

penetrate the particles and resulting steric repulsion.  

(ii) If the adsorbed layers and solvent are 'like' then the tails and loops 

will interpenetrate and causes an increase in the osmotic pressure, 

which resulted the solvent diffusion between the regions where the 

particles and repulsion occurs. Figure 1.4 shows the combined 

energy of electrostatic and dispersive forces involve in a colloidal 

system. 

For smaller particles, with the increase in ionic surfactant addition, will 

increases the repulsive energy barrier and promotes the colloidal stability. 
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Larger particles are more difficult to treat as they have a tendency to settle 

down at the bottom or top of the container under gravity. In these cases, the 

energy minimum is exploited by increasing electrolyte concentration which 

enables the large particles to be held together in a loose floc. Figure 1.5 

shows the combined energy profile showing steric and dispersive forces 

[69]. 

 

Figure 1.5: Energy path of colloidal particles due to steric and dispersive 

forces as a function of (h). 

Non-ionic surfactants are capable of providing steric repulsions to colloidal 

particles, especially effective surfactants are block copolymer surfactants 

such as: poly (oxyethylene)-poly (oxypropylene)-poly (oxyethylene) or 

EO-PO-EO.  

These surfactants provide steric repulsion on the hydrophobic surfaces via 

adsorption of the PO group and the EO groups forming a steric barrier. The 

depth of the minimum on the energy profile is related to the length of the 

EO group of the molecule. These effects have importance in the 

formulation of emulsions [70]. 
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 1.6.5 Applications of Surfactants: 

1.6.5.1 Textile Industries: 

Due to strong permeability at low temperature, surfactants are applicable to 

low temperature for leather degreasing process and complex degreasing 

process containing enzyme preparation. Surfactants are used as liming 

agents, ash removal agents, enzyme softening agents in tannin process. 

They are also used in dyeing, fattening and painting procedures. Surfactant 

also widely used in fabric softening methods [71]. 

1.6.5.2 Froth Flotation.  

Minerals and ores such as copper, nickel, zinc and lead are obtained from 

natural resources in the form of mixtures. To release the desired minerals 

the mixtures were often grounded and separated by sieving, which is made 

easier by froth flotation process.  

The grounded ore is added in water with frothers and air is then blown into 

the suspension. Particles then float to the top of the vessel and are 

separated. The additions of collectors ensure the selectivity of a particular 

mineral [72]. 

1.6.5.3 Detergency. 

 The term detergency is used for the removal of oil or solid particles from a 

solid surface by chemical means.  There are two mechanisms of cleaning 

oily soils from cloths or other surfaces by 'roll-up'.  

Surfactant adsorption causes a decrease in the contact angle of the soil with 

the solid, and then oil is easily removed by a gentle agitation and the 

adsorption of an anionic surfactant onto particulate dirt pulls the particles 

into solution and stabilizes them. Re-deposition of the particles back onto 

the solid is hindered by anionic surfactants and co-polymers [73]. 
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1.6.5.4 Corrosion Inhibition.  

Iron and steel constructions were prone to be rusted and cause corrosion 

particularly from water and brine. The adsorption of surfactants onto the 

metal surface provides hydrophobic barrier to the water and brine solutions. 

1.6.4.5 Bridging Flocculation. 

 The addition of high molecular weight polymers causes flocculation of the 

system in colloidal solutions. Segments at remote areas on the same 

molecule may becomes connected to differing particles and so draw these 

particles together. This phenomenon is exploited in water treatment where 

addition of a few ppm of polyacrylamide causes flocculation of any 

particulate matter in solution [74]. 

1.6.5.6 Solubilization.  

Non-ionic surfactants are used to solubilize oils present in pesticide 

formulations and also in products such as air fresheners while anionic 

surfactants are used to keep these formulations stable and prevent phase 

separation [75]. 

1.6.6. Environmental Concerns Relating to Surfactants. 

After the consumption of all house products virtually used surfactants and 

discharged into sewage systems, from there into the river and streams. As 

surfactants are used in such large quantities both industrially and 

domestically there is a need to increase awareness about their behavior in 

the natural environment [76, 77]. About 300,000 tones of non-ionic 

surfactants produced in the UK, 60% of them are discharged into waste-

water during their use. In the past, the levels of surfactants induces foam in 

rivers and leds to the abolition of branched alkylbenzene sulphonates 

(ABS), which were replaced by linear alkylbenzene sulphonates (LAS) 
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surfactants, which are readily biodegraded in comparison to (ABS) [78].  In 

the last two decades the less visible effects of surfactants upon the 

environment are known. As being increasingly problematic to the primary 

treatment of sewage which involves sedimentation and this can be 

interrupted by the presence of surfactants in the waste. From the 

sedimentation tanks the surfactants emulsify any oil and greases present 

thus reducing their removal as scum. Surfactant reduces oxygen transfer 

within the system in the secondary stage of sewage treatment. In the 

secondary stage they bubbled through the diluted sewage to allow aerobic 

degradation of the organic content.  

In the natural environment, surfactants continue to retard oxygen uptake by 

gathering at the air-water interface and effect on aquatic life [79].  

Surfactant like TX-100 based on a precursor of nonyl phenol which has 

low biodegradability in aqueous systems due to the branched oleophilic 

regions of the molecules. The nonylphenol is used to produce the 

commercial surfactant like C9H19-(C6H4) O-(CH2CH2O)n H. 

Aerobic attack of these molecules resulted in a stepwise cleavage of the 

hydrophilic ethylene oxide chain, leading to shorter ethylene oxide chain 

lengths and increased hydrophobicity. These reactions reduces the 

solubility of the surfactants in water and the effects are increased for 

molecules with branched alkyl groups, but remains unaffected by the length 

of the alkyl chain. The molecules containing the shorter ethoxylate chains 

have been shown to have moderate biodegradability in river water and tend 

to adsorb onto hydrophobic matter while short chain 

nonylphenolethoxylates (NPES) are highly toxic to aquatic organisms and 

leads to NPE's removal from cleaning products in Europe and America 

[79,80]. Alkyl phenol polyethoxylates, in particular NPEs, have attracted 

much attention in the light of new research that suggested the surfactant 
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intake by humans, via the re-use of water, may be affecting on the male 

reproductive system [81-82].  

1.7 DYES 

1.7.1 History of Dyes 

 Human being has been using colorants for coloring surroundings,   skins 

and   clothes since the beginning of their existence. Until the beginning of 

19th century, all colors practiced were derived from nature. Inorganic 

materials like ochre, hematite, manganese oxide and soot have been used 

for dyeing within living memory. The thirty thousand year old Palaeolithic 

rock sketches which were discovered in ancient caves (Chauvet caves) in 

France, give ancient prove of their applications [83]. Natural organic 

material which were also used as a colorant for textile dyes have enduring 

history of applications as a colorant material. Mostly dyes are heterocyclic 

compounds, generally originating from plants but also from insects, lichens 

and fungi. In the year of 1856, manufacturing of synthetic dyes was  begin 

when chemist from England named W.H. Perkin attempting to synthesize 

quinine getting instead of bluish color, a purple color substance was 

obtained with outstanding dye properties later on which became familiar as 

mauveine,  aniline or aniline purple.   

 

 

Figure 1.6 Structure of Indigo dye 
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New dyes were came in the market after the discovery of benzene structure 

by Kekule’s in 1865.  At the start of 20th century in early decades the 

natural dyes were almost totally replaced by the synthetic dye stuff [84-88]. 

1.7.2 Classification of Dyes 

 Electromagnetic radiations were absorbed by all aromatic compounds but 

only those compounds which absorb the visible range having wave 

length~350-700 nm are colored. Dyes contain conjugated double bonds 

with chromophores, delocalized electron systems, and auxochromes, 

electron donating substituents or electron-withdrawing which exaggerate 

the colour of the chromophore by varying the total energy of the electron 

system.   -C=C-, -C=N-, -C=O, -N=N-, -NO2 and quinoid rings are usual 

chromophores,-NH3, -COOH, -SO3H and –OH are auxochromes. Nearly 

twenty to thirty different groups of dyes can be discerned based on 

chromophore or chemical structures.  
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Figure 1.7 Structure of reactive, acidic and basic dyes 

Anthraquinone, triarylmethane, phthalocyanine and azo (monoazo, disazo, 

triazo, polyazo) dyes are important groups quantitatively. Other important 

groups are indamine, oxazine, indigoid, lactone, azine, lactone, thiazole, 

methine, nitro, nitroso, thiazine, diarylmethane methine, indophenol, 

xanthenes, aminoketone and hydroxyketone dyes. Dyes of sulphur and 

stilbene are other groups [89]. Figure 1.7 shows structural formula of 

various dyes 

The vast array of commercial colorants are classified in terms of color, 

structure and applications in the Color Index (C.I.) which was edited since 

1924 (and revised every three months) by the Society of Dyers and 

Colorists and the American Association of Textile Chemists and Colorists. 
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The Color Index (3rd Edition, issue 2) listed about 28,000 commercial 

dyes, representing 10,500 different dyes. C.I. generic names were given to 

each dye, which was determined by its color and   application 

characteristics. Color Index divided into fifteen different classes by virtue 

of their application. 

1.7.2 .1 Acid dyes 

Acid dyes are considered as the largest dye class in the Color index. Acid 

dyes are listed around twenty three thousand; in the current production of 

them are around 40%. These types of dyes are used for dying fabric 

containing nitrogen such as silk, polyamide, wool, modified acryl etc.   

NH4
+ ions for those fibers which have cationic end bind with these dyes. 

Most acid dyes are azo dyes including triarylmethane (green and blue) or 

anthraquinone [90]. 

1.7.2.2 Reactive dyes 

Reactive dyes form covalent bonds with SH-, NH-, or OH- group. Reactive 

groups are usually a heterocyclic aromatic ring substituted with fluoride or 

chloride.  

 

Figure 1.8 Structure of triazyl reactive dye and its interaction with cotton   

After the introduction of reactive dyes in 1965 their production increases 

exponentially year by year in the industrialized countries. With reference to 
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the number of active entries in the list of Color Index, it is the second 

largest class of dye form by the reactive dyes. 

During dyeing process there is lower degree of fixation because of 

hydrolysis of the reactive groups of reactive dye which are an undesired 

and causes side reactions. High amount of salt like urea was used to 

increase the fixation of dye about 10 to 50% and will remain hydrolysed in 

the water phase and not react with the fabric. By the use of reactive dyes 

the problem of colored effluents was identified.   Among the reactive dyes 

80% are metal complex azo compounds [91].   

1.7.2.3 Basic dyes 

Basic dyes are cationic in nature and they are applied for fibers dyeing 

containing acid-group, like modified polyacryl. Most of the basic dyes are 

triarylmethane, diarylmethane, anthraquinone or azo compounds. About 

5% of the dyes listed in the color index are basic [92]. 

1.7.2.4 Metal complex dyes 

These are strong complexes of single metal atom (usually chromium, 

copper, cobalt or nickel) and one or two dye molecules, respectively 1:1 

and 1:2 metal complex dyes. Metal complex dyes are usually azo 

compounds but phthalocyanine metal complex dyes are also applied [93]. 

1.7.2.5 Direct dyes 

Direct dyes having large molecular weight and having high affinity for 

fibers like cellulose.  Vander Waals forces make them to bind with the 

fiber. Direct dyes are mostly azo dyes with more than one azo group or 

oxazine compounds, phthalocyanine or stilbene.  

The direct dyes in the Color Index form the second largest dye class in 

relation to the amount of different dyes. They are used to dye leather, silk, 
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wool, paper and modified cellulose fibers. Most of the mordant dyes are 

azo, oxazine, or triarylmethane compounds and are usually dichromates or 

chromium complexes [93]. 

1.7.2.6 Mordant dyes 

The mordant dyes are used to fix the fabric by a mordant and combines the 

dye with fiber. Mordant dyeing is the oldest ways of dyeing and its uses 

gradually decreases. They are used with wool, leather, silk, paper and 

modified cellulose fibers. Most of the mordant dyes are azo, oxazine or 

triarylmethane compounds [94]. 

1.7.2.7 Disperse dyes 

Disperse dyes are scarcely soluble dyes which penetrates in the synthetic 

fibers (cellulose acetate, polyester, polyamide, acryl, etc.). The diffusion of 

dye requires swelling of the fiber, either due to high temperatures                

(>120 °C) or with the help of chemical softeners. Dying takes place in 

dying baths with fine disperse solutions of the dyes. Disperse dyes form the 

third largest group of dyes in the Color Index. About 1400 different 

compounds are listed, of which ∼40% are currently produced. They are 

usually azo or nitro compounds (yellow to red color), anthraquinones (blue 

and green) or metal complex azo compounds in all colors [95]. 

1.7.2.8 Pigment dyes 

Pigment dyes are organic pigments they are widely applied group of 

colorants. About 25% of all the commercial dyes names are pigment dyes. 

These insoluble, non-ionic compounds or insoluble salts retain their 

crystalline or particulate structure throughout their application. 

 Pigment dyeing is achieved from a dispersed aqueous solution and 

therefore requires the use of dispersing agents. Pigments are usually used 
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together with thickening in print pastes for printing diverse fabrics. Most 

pigment dyes are azo compounds which are yellow, orange and red color or 

metal complexes as of phthalocyanines which is blue and green color. Also 

anthraquinone and quinacridone pigment dyes were also applied [96]. 

1.7.2.9 Vat dyes 

Vat dyes are belonging to those dyes which are water-insoluble. Vat dyes 

mostly used for dyeing fibers like cellulose. The method of dyeing by vat 

dyes depends on the solubility of dye in leuco form which is its reduced 

form. They reduced with sodium dithionite and then impregnated in the 

fabric. After impregnation the dye bring to its insoluble form by the 

application of oxidation. All the vat dyes almost are indigoids or 

anthraquinones [97]. 

1.7.2.10 Anionic and ingrain dyes 

Anionic and ingrain dyes (naphthol dyes) are the insoluble products of a 

reaction between a coupling component usually naphthols, phenols or 

acetoacetyl amides and a diazotised aromatic amine. All naphthol dyes are 

azo compounds [98]. 

1.7.2.11 Sulphur dyes 

Sulphur dyes are complex polymeric aromatics with heterocyclic S-

containing rings. The dyeing process with sulphur dyes involves reduction 

and oxidation process, comparable to vat dyeing. They are mainly used for 

dyeing cellulose fibers [99]. 

1.7.2.12 Solvent dyes 

Solvent dyes are belong to non-ionic dyes and are used for dyeing 

substrates in which they can dissolves like varnish, plastics, ink, fats and 

waxes.  
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They are frequently used in industries for textile-processing. Most solvent 

dyes are diazo compounds and triarylmethane, anthraquinone and 

phthalocyanine solvents [100]. 

1.7.2.13 Fluorescent brighteners 

Fluorescent brighteners or bluing agents mask the yellowish tint of natural 

fibers by absorbing ultraviolet light and weakly emitting visible blue color. 

They are not dyes in the usual sense because they lack intense color.  

Based on chemical structure, several different classes of fluorescent 

brighteners are discerned: stilbene derivatives, coumarin derivatives, 

pyrazolines, 1,2-ethene derivatives, naphthalimides and aromatic or 

heterocyclic ring structures. Many fluorescent brighteners contain triazinyl 

units and water-solubilising groups [101]. 

1.7.2.14 Food dyes and natural dyes 

The use of natural dyes includes flavenol, indigoid, flavone, anthraquinone 

or chroman compounds that can be applied as direct, mordant, acid, 

solvent, or vat dyes in industries for textile-processing operations [102].  

1.7.3 Environmental Impact of dyes 

Many dyes are visible in water at concentrations below 1.00 mg l-1. Textile-

processing wastewaters, typically containing dye content in the range       

10 – 200 mg l-1  are usually highly colored and discharged in open waters 

creates an aesthetic problems.  

As dyes are designed to be chemically and photolytically stable, they are 

highly persistent in natural environment. The release of dyes may causes an 

eco toxic affects and introduces the potential danger of bioaccumulations 

that may eventually affects on humans through the food chain [103,104] 
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1.7.3.1 Bio accumulation 

Ecological and Toxicological Association of Dyes (ETAD) has been 

promoted research in the investigation of bioaccumulation tendency of 

dyestuffs in fishes. The bio concentration factors (BCF) of seventy five 

dyes from different classes were estimated and relates to the partition 

coefficient of water (KOW) / n-octanol of different compound. Dyes which 

are water-soluble and having low KOW value like reactive, basic and acid 

dyes did not bio accumulate. Organic pigments which are water-insoluble 

due to their low fat and water solubility with high partition coefficients did 

not bio accumulate [105,106].  

1.7.3.2 Toxicity of dyestuffs 

In numerous researches studies have been done on dyestuff toxicity. These 

toxicities are genotoxicity, carcinogenicity, mortality and  mutagenicity. 

Studies were diverging to tests with mammals from fishes, algae, bacteria, 

etc. Researches have been done to study the effects of dye containing 

effluents and dyestuffs both anaerobic and aerobic bacterial activity in 

treatment systems of wastewater. Generally acute toxicity of dyestuffs is 

low. Algal growth was tested with dyestuffs and results show that growth 

was not inhibited at dye concentrations below one mg/l while basic dyes 

suppose to be most toxic dyes for algae growth [107,108]. From fish 

mortality tests it was derived that out of 3000 commercial dyestuffs which 

were tested 2% of them had LC50 values less than 1 mg/l. For fishes basic 

dyes are also toxic, particularly with a triphenyl methane structure. Fishes 

also seems to be susceptible to acid dyes. Study on rats for mortality tests 

showed that out of 4461 commercial dyestuffs tested only 1% show LD50 

values less than 250 mg/kg body weight [109]. So, there are very low 

chances of human mortality due to acute dyestuff toxicity. But there is 

always possibility of acute sensitization reactions by humans to dyestuffs 
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and it often occurs. Particularly it has been found that few disperse 

dyestuffs causes allergic reactions like contact dermititis or eczema [110]. 

From several decades the chronic effects of   azo dyes have been studied. 

Traditionally researchers were studying on the effects of food colorants, 

usually azo compounds. In recent years the dye utilising and manufacturing 

occupational exposure of human workers have also received attention. In 

purified form azo dyes are directly carcinogenic or mutagenic except free 

amino groups containing azo dyes [111]. 

Reduction of azo dyes linkages leads to the formation of aromatic amines.  

Numbers of aromatic amines are identified as carcinogens and mutagens. 

Metabolic activity in the lower gastrointestinal tract resulted in the 

reduction of azo dyes in mammals is mainly due to bacterial activity. Other 

organs in the mammalian body also reduce azo dyes especially by kidneys 

and liver.  These aromatic amines are excreted in urine after the reduction 

and absorption of azo dyes in the intestine. Carcinogenesis is one of the 

acute toxic hazard of aromatic amines especially causes the bladder cancer. 

The mechanism of carcinogenicity probably includes the formation of 

acyloxy amines of the aromatic amines through N-acetylation and N-

hydroxylation followed to O-acylation. These acyloxy amines converted to 

carbonium and nitremium ions that bind to RNA and DNA which induces 

tumor formation and mutations [112]. 

Aromatic amines involved in mutagenic activity are strongly related to 

their molecular structure. The International Agency for Research on Cancer 

(IARC) in the year 1975 and in 1982 summarized and published the list on 

suspected benzidine azo dyes, fat-soluble, amino-substituted and 

sulphonated azo dyes.  Dyes which were pointed out in the IARC list are 

mostly taken out of production in most of the countries but some of them 

are still in production in third world countries [113,114]. 
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Genotoxicity of dye is associated with benzidine moieties and aromatic 

amines. While some aromatic amines with naphthalene moieties are 

toluene and aniline. The aromatic amines toxicity depends on the nature of 

substituents and location of the amino-groups in the structure of the 

molecule. For example 1-naphthylamine show less toxicity compared to 2-

naphthylamine [115]. The substitution with methyl, nitro, or halogen atoms 

or methoxy groups may be responsible to increase the toxicity, while 

substitution with sulphonate or carboxyl groups lowers the toxicity [116]. It 

was proved that sulphonated aromatic amines have generally very low or 

neglibile tumorigenic potential and genotoxic as compared to their 

analogues which are unsulphonated [117]. 
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2.0 TECHNIQUES FOR THE REMOVAL OF DYES: 

The various physical, chemical and biological techniques can be employed 

for the removal of dyes and surfactants from wastewater. These techniques 

have their own limitations and cost.  

2.1 DYE REMOVAL TECHNIQUES 

Number of various biological, chemical and physical pre treatment and post 

treatment methods can be employed to remove color from waste waters 

containing dye effluent [117 -126]. Physio chemical processes includes 

ultrasonic mineralization, ion pair extraction, membrane filtration 

coagulation, flocculation, precipitation, flotation, adsorption, ion exchange, 

electrolysis, chemical reduction and advanced oxidation process were 

adopted. Biological methods including biosorption, bacterial, fungal, 

biodegradation in anaerobic, aerobic, combined aerobic / anaerobic 

treatment processes. Numerous factors which decide the economic and 

technical feasibility of each single dye removal method are depends on 

wastewater composition, dye type, costs and dose of necessary chemicals, 

operation costs (material and energy) and environmental fate and handling 

costs of waste products were generated.  

In broad, each method has its own limitations. The use of one individual 

technique often for complete decolarization may not be enough. Dye 

removal approaches to consist of a combination of different methods.  

2.1.1 Filtration through Membrane 

In reverse and nanofiltration osmosis methods molecular weight cut-off 

membranes are used and they can be used for the pre and post treatment 

process, for the removal of dye from the dye bath and from wastewater 

containing textile effluent. Use of  bigger membranes  for ultra filtration 

and microfiltration, is usually not effective, as the pore size of the 
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membrane  is quite big to avoid molecules of dyes passing through it but it 

can be applied as pre treatment method for further reverse osmosis or 

nanofiltration process [127,128]. Spatial requirements are needed for the 

membrane filtration so it is easy and quick to apply. Another benefit of 

membrane filtration is that it permeates and remedy various concentrated 

compounds such as non-reactive dyes etc. This reuse applies mostly for 

smaller waste flows [129].  The drawbacks of membrane techniques are 

membrane fouling and flux decline, regular replacement of the modules 

and necessitating frequent cleaning. Another main disadvantage is the 

concentrate which was generated by membrane filtration must be treated 

further, like by ozonation. The capital expenditures on the application of 

membrane filtration technique are therefore quite high [130]. 

2.1.2 Flocculation/ Coagulation 

Coagulation  is often applied in the treatment of wastewater  containing 

textile-processing effluent, either to remove from the raw wastewater 

certain extent of Chemical Oxygen Demand (COD) and color before  post 

treatment and  some time even as the main process of treatment [131-134]. 

The method is based on the introduction of a coagulant followed by a 

speedy chemical association between the pollutants and the coagulant. The 

flocs or coagulates formed subsequently precipitated and can be removed 

by flotation from the water phase. Number of inorganic coagulants are 

employed, mostly magnesium, lime, aluminum and iron salts. Though 

inorganic compounds are usually not very appropriable for the solutions 

containing highly soluble dyes, rather large quantities of coagulant are 

applied. Flocculation/Coagulation with inorganic chemicals produces 

substantial volumes of unwanted compounds or even toxic sludge that 

should be handled or incinerated otherwise. This reflects a sever 

disadvantage of the method. Organic polymers have been established as 

highly successful as dye coagulants, even for coagulation of reactive dyes, 
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while the sludge production is relatively low. Number of the polymers were 

used for the color removal are cationic and may be toxic to aquatic life in 

very low concentrations (less than 1 mg/l) and some cationic polymers 

have been found to inhibit the nitrification process in biological wastewater 

treatment plants, [135-138]. 

2.1.3 Ion exchange and sorption  

Materials like activated carbon can be employed for the treatment of 

wastewater either by ion exchange or by the process of adsorption. After 

the adsorption treatment it yield saturated waste sludge that can be used 

again after desorption for other round of adsorption before disposed off. As 

there are cationic, nonionic, and anionic dyes, single adsorbents do not 

adsorbed all types of dyes. Activated carbon has a high adsorption capacity 

for the removal of many different types of dyes but it is quite costly and 

desorption of dye molecule from carbon is also expensive so regeneration 

is also high [139-141]. Therefore numerous inexpensive adsorbents have 

been studied as a substitute of activated carbon. Those adsorbents 

comprises of: 

  Natural  biomass of  cellulose like wheat straw, corn/maize cobs, 

maize stalks, linseed , rice husks, straw, wood chips, sawdust, bark, 

coir pith, banana pith, palm fruit, bagasse, peat moss sugar beet pulp, 

sugar industry mud  cotton waste,  linseed cake ,  bunch particles and 

cellulose [142-150] 

 Surface modified cellulose biomass can be used like, carbonized 

coconut-tree sawdust, carbonised coirpith, polyamide-

epichlorohydrin-cellulose, sugarcane bagasse derived anion 

exchange, resin, quaternised-lignocellulose, chemically modified 

sunflower stalks, carbamoyl-cellulose, quaternised-cellulose. [151-

159] 
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 Biomass from bacteria also used like  actinomycetes , activated 

sludge, aeromonas, biogas waste slurry powdered [160-165], fungal 

biomass [166-169], yeast biomass [170], chitin, from shells, insect 

shields and fungal cell walls, chitosan, deacylated chitin, cross-

linked chitosan fibres [171-174]. 

 Materials from soil like silica, sand, , bentonite clay, montmorillonite 

clay, diatomite clay,  natural clay, synthetic clay, vermiculite clay, 

fuller’s earth were also used as effective adsorbents [179-180]; 

 Bone charcoal, wood charcoal, magnetic charcoal, barbecue charcoal 

[181, 182]; 

 activated alumina, bauxite [183-184]; and other substances like 

pyrolysed tire, pressed sludge cake, leather hide, coal dust, 

dealginated seaweed, , steel plant slag, chrome sludge, hair and fly 

ash were also used for the purification of wastes and dyes [185-186]. 

Some of these materials show high dyes removal capacities especially in 

the case of disperse dyes, higher than activated carbon. They strongly 

depend on the dye class. Numerous materials are listed as bark, rice husks, 

hair and cotton waste, have a high affinity for binding with basic dyes but 

hardly remove other classes of dyes. Reactive and acid dyes are usually 

most difficult to remove from some materials like bentonite clay. While 

fullers earth act as an adsorbent have a capacity of binding with many 

classes of dyes [172]. Chitin and chitosan have extremely high capacity of 

binding with acidic and reactive dyes. On the basis of adsorption capacity 

for   acidic and   basic dyes, it was estimated that the use of bagasse pith, 

maize cob and natural clay would require only about 2-10% of the costs of 

activated carbon, although low-cost materials have the adsorption capacity 

considerably lesser than that of activated carbon. To encounter the 

probability of dye adsorption, not only its dye-binding capacity and its 
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costs must be considered. Its properties of regeneration, kinetics of 

adsorption, have limitations with reference to environmental surroundings 

like salt concentration; temperature and pH are important factors which 

affect on the adsorption process.   Literature review for the removal of acid 

dyes show that among animal matter and dead plants, quaternised 

lignocelluloses and cross-linked chitosan were the effective materials with 

respect to adsorption process and ion exchange capacity. Among biological 

materials most of them had low adsorption ability. The polyamide-

epichlorohydrin-cellulose, chitosan and chitin like adsorbents with a high 

adsorption affinity had a disadvantage of very slow kinetics, and 

quaternised cellulose were too costly. In spite of the high number of 

publications on dye adsorption, full-scale application is limited for the 

combination e.g. combined biodegradation and adsorption in anaerobic 

bioreactors or in activated carbon amended the activated sludge systems, or 

combined coagulation and sorption by synthetic clay slurry [170-186]. 

2.1.4 Electrolysis 

In the electrolysis process electrodes are used to treat the waste water by 

employing electric current.  Metals having sacrifical properties are used as 

electrode which draws electrons from the electrode material and resulted in 

the release of Fe (II)-ions to the bulk solution and precipitation of Fe(OH)2 

at the electrode surface. O2, O3 and Cl2 are formed as a result of oxidation 

of water and chloride ions. The hydrogen electrode is used as cathode that 

produces H2 gas from water. Dyes and other organic compounds react 

through the combination of electroflotation, electrocoagulation, 

electrochemical reduction and electrochemical oxidation reactions. 

The process of electrolysis is carried out by applying electric current using 

electrodes through the wastewater which have to treat.  Hydrogen electrode 

is used as cathode which produces H2 gas from water while the anode is 
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usually an iron electrode releases Fe(II) ions to the bulk solution and at the 

electrode surface precipitation of Fe(OH)2 occurs. The chloride and water 

ions are oxidized and resulted in the formation of Cl2,   O3 and O2. Dyes 

react through the combination of electrochemical reduction, oxidation, 

flotation and coagulation: 

 The sorption of precipitated iron take place at the anode by direct 

electrochemical oxidation where oxidized radicals are formed. 

 Electrochemical reduction occurs at the cathode forming reduced 

radicals and in the bulk solution chemical reduction occurs. 

In various researches, for the decolorization of dye containing waste water 

and dye solution, electrochemical methods have been success fully applied. 

But the main disadvantage of electrochemical process is that high amount 

of electrical energy is required which reduces life time of electrode. Second 

demerit is the formation of unwanted products; third drawback is foaming 

[187-190]. 

Electrochemical processes have been effectively applied for the 

decolorization of wastewaters containing dye effluent.  However due to the 

huge energy requirement and short life of electrodes made these processes 

expensive.  Furthermore because of radical reactions unwanted products 

are also formed [191-193]. 

2.1.5 Fenton’s Process (Advanced oxidation)  

By the oxidation of compounds advanced oxidation could be occur with an 

oxidation potential (E0) which is higher than that of oxygen (1.23 V) as 

hydrogen peroxide  (E0 = 1.78 V), hydroxyl radical (E0 = 2.28 V) and the 

ozone (E0 = 2.07 V). In alone hydrogen peroxide is not powerful enough. A 

process of advanced oxidation (AOPs) requires the formation of radical 

species which are highly reactive like HO- radical that can react with 
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compounds and complex dye molecules at wide range. AOPs are frequently 

studied in ozonation are UV/TiO2, UV/H2O2 and Fentons reagent (Fe2+ 

/H2O2).  OH- radicals are formed in the ozonation process when O3 

decomposes in water. 

Though ozone itself is a strong oxidant and hydroxyl radicals are even 

more reactive. Decomposition of ozone requires high pH (>10). Ozone 

treatment of organic molecules proceeds faster in alkaline solutions 

compared to neutral or acidic pH where ozone is the main oxidant.  Ozone 

rapidly decolorizes the water-soluble dyes but non-soluble dyes (vat dyes 

and disperse dyes) reacted much slower [194]. Wastewater containing 

textile-processing effluent also contain different component other than dyes 

including surfactants which will react with ozone so increasing the ozone 

demand. Pretreatment of the wastewater must be done before ozonation is 

applied. In United Kingdom ozonation is used at the final stages after 

biological treatment and filtrations process for the treatment of textile-

processing wastewater [195]. But its reverse process is better in which 

waste water is treated by ozonation with inexpensive biological methods. 

Because ozone converts the organic compounds into biodegradable 

molecules like aldehydes and dicaroboxylic acids and caused reduction in 

the chemical oxygen demand (COD) [196-200]. 

Fenton oxidation is depend on the generation of OH- radicals from Fenton’s 

reagent 

Hydrogen peroxide oxidized the ferrous ion: 

H2O2+ Fe2+   OH + Fe (OH) 2+                    (2.1) 

[Fe(OH)2(H2O)5]2+ like higher oxidised species of  iron may be formed and 

in Fenton oxidation processes it may be probable that these species are the 
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major oxidants. In addition ferric ion reduction also takes place; which 

allow iron for the generation of radicals which act as a catalyst. 

H2O2+ Fe3+    H+ + HO2 + Fe2+   (2.2) 

In contrast to ozonation, the Fenton oxidation method is economical and 

resulted in the reduction of COD values even after-treatment method may 

still be needed. The disadvantage for the use of Fenton oxidation method 

for the treatment of wastewaters containing textile-processing effluent 

having alkaline nature as the Fenton’s process requires low pH value to 

execute. At alkaine pH, large amount of waste sludges becomes 

precipitated to ferric iron salts and to H2O2 is catalytically decomposed to 

oxygen so the process loses usefulness. In addition effectiveness of Fenton 

oxidation will also decreased by the existence of strong chelating agents 

and radical scavengers in the wastewater. 

Photo catalytic methods were depends on the formation of free radicals due 

to UV irradiation. Generally UV light in colored waste streams does not 

penetrate sufficiently; use of photo catalytic methods is limited for the 

treatment processes. 

When hydrogen peroxide is used in combination with UV light, hydroxyl 

radicals are produced as shown in the reaction below: 

Hν + H2O2  2 HO-                              (2.3) 

The disadvantage of the UV/H2O2 method is that it is relatively expensive 

and some time less effective. Due to cheaper, faster and more effectiveness 

of photo catalytic method for which they were receiving attention, 

particularly those which depends on the solid semi conducting materials for 

catalysis. Usually TiO2 particles are used for catalysis. The band gap 

energy is-- exceeded when photons of less than 385 nm were irradiated 
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with the catalytic material and an electron is promoted to conduction band 

from the valence band. The lifetime of a resultant electron-hole pairs is in 

the space-charge region that allows its involvement in chemical reactions 

[201-203]. Oxygen in general is used to produce anion radical of 

superoxide and to scavenge the conduction band electron, which adsorbed 

water molecules and then oxidized in the form of hydroxyl radicals: 

O2 + H2O    
/

 O2
-   + HO-                          (2.4) 

 

TiO2 used in UV treatment as a catalyst and large number of dyes can be 

oxidised.  

2.1.6 Biological techniques 

The principal of biological methods for the dye removal are based on bio 

transformation of dyes by microorganism.  Dyes are not generally easily 

biodegraded because they are designed as long-lasting colorants and stable 

to weather conditions. Nevertheless efforts have been done by the 

researchers by employing mixed and pure cultures of bacteria for complete 

or partial biodegradation of dyes.  

 2.1.6.1 Bacterial biodegradation 

In order to examine the biodegradability of different dyes, the chemical 

structure of the dyes should be considered instead of their applications.  So 

far the studies have been focused on bacterial biotransformation of azo 

dyes which is most abundant class of dyes because the oxidation of azo 

dyes is not possible due to electron withdrawing nature of the azo linkages 

[204]. Generally azo dyes resist bacterial biodegradation in aerobic 

condition. Under fully aerobic conditions bacteria degrade azo dyes which 

have specialized reducing enzymes. Whereas in aerobic condition by 
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reduction of azo linkages is quiet less specific. This anaerobic reduction 

implies decolorisation and then dyes are converted to colorless compounds 

which are harmful to aromatic amines. Anaerobic treatment therefore 

considered as the first stage of the complete degradation of azo dyes. The 

second stage involves conversion of the produced aromatic amines. Several 

aromatic amines can be achieved by biodegradation under aerobic 

conditions [204-210].  

2.1.6.2 Fungal biodegradation 

White-rot fungi and lignin fungi can degrade a broad range of aromatics. 

The property of these is due to their lignolytic enzymes, non-specific 

activity, such as lignin laccase, per oxidase, and manganese per oxidase. 

These extracellular enzymes catalyzed the oxidation reactions like laccase 

and manganese peroxidase catalyze the oxidation of phenolic compounds 

whereas lignin peroxidase catalyses the oxidation of non-phenolic 

aromatics. Involvement of white-rot fungi in the degradation of dyes was a 

subject of many researchers [211]. All dyes from distinct groups are prone 

to fungal oxidation but within fungal species there are different patterns 

with respect to their dye selectivity and catalyzing power. When nutrients 

for fungi become are limited or unavailable fungal degradation of aromatic 

structures is started as a secondary metabolic event [212]. So the enzymes 

are active under starving conditions, nutrients and supplementations of 

energy substrates are necessary for propagation of the cultures. Further 

important factor for the growth of white-rot fungi and expression of 

lignolytic activity are the pH of the environment and availability of enzyme 

cofactors.  Even though for the treatment of synthetic dye solution stable 

operations of continuous fungal bioreactors has been studied [213-215], 

from textile wastewater use of white-rot fungi for the removal of dyes faces 

many troubles. The enzyme production may be variable as wastewater is 

not in the natural environment for the growth of white-rot fungi, retention 



53 
 

in bioreactors and the biomass growth will be a point of concern [216]. 

Application of this method for the treatment of large water volumes may be 

hard because concentrations and extraction of dyes prior to fungal 

treatment may be necessary [217]. Moreover, extensive acidification of the 

highly alkaline textile wastewater is required because of the low optimum 

pH of lignin peroxidase. Furthermore, other constituents of wastewater may 

interfere with fungal dye degradation particularly aromatics [218]. 

The method used in the present study for the removal of dyes and 

surfactant is a physical treatment by adsorption method. The chemical 

treatment was carried out by the reduction kinetics of dye with the 

interaction of surfactant. 

2.2 ADSORPTION 

2.2.1 Theory of Adsorption 

In the bulk   phases irrespective of the state of the phase, the Van der Waals 

forces operating between the molecules, atoms or ions are balanced. At the 

interface the forces become unbalanced due to the action of the molecules 

by both of the phases. These unbalanced forces cause changes in the 

number of molecules, atoms or ions that occurs on the interface and causes 

changes in the concentration is termed as "adsorption". Adsorption resulted 

by the balance of forces at the interface being partly restored [219]. 

Adsorption may be a physical process (physisorption) which is dependent 

on intermolecular forces of attraction and repulsion (e. g. H-bonding or 

Van der Waals forces and thus it is associated with relatively low binding 

energies of approximately 20 kJ/mol. Alternatively it may be due to 

chemical processes, for example the sharing or transferring of electrons 

between the adsorbed species and surface to form chemical bonds which 

are associated with binding energies of approximately 2000/mol. In 
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physisorption the heat of adsorption is small, easily reversible and capable 

of forming multilayer. Whereas in chemisorption the heat of adsorption is 

large, reversibility is extremely difficult and only monolayer are formed 

[220]. 

These systems making the interface can be vapor/gas adsorption (VPA), 

composite liquid adsorption (CLA) and solute solvent adsorption (SSA). 

Many treatment methods have been developed to describe the adsorption 

processes and originally most of them dealt with VPA systems [221]. 

Langmuir pioneered work on the kinetics of VPA systems   and also those 

of CLA systems [222,223]. Langmuir's work describing VPA in monolayer 

was later developed by Brunauer, Emmett and Teller to include adsorbed 

multilayer [224]. Theoretical treatments are numerous although the work 

by Langmuir and Brunauer, Emmett and Teller is perhaps the best known. 

The latter named authors developed the BET equation that is widely used 

for the measurement of the specific surface area of finely divided solids 

[225-226]. This work was also developed further for the solids of low 

surface area using Krypton as the adsorbate in place of Nitrogen [227]. 

2.2.2 Adsorption at the Liquid/Solid Interface. 

Adsorption at the liquid/solid interface forms the basis of many industrial 

processes which includes detergency of dye for the pollution control, ion-

exchange, surface area measurement and liquid/solid chromatographic 

techniques. The mechanism of adsorption at the interface is derived by the 

competition between solvent and solute molecules for the surface sites and 

also by the chemistry of the surface. Adsorption at the solid/liquid interface 

is expressed in the form of an adsorption isotherm, which is a measure of 

the amount of solute adsorbed as a function of its equilibrium 

concentration. Important factors such as mechanism of adsorption, rate of 
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adsorption, adsorbed layer structure and the effects of pH and temperature 

can be predicted or explained by using the adsorption isotherm. 

 

Figure 2.1 Adsorption isotherm model 

The most common form of adsorption isotherm for the adsorption of liquid 

onto a solid is known as the Langmuir isotherm as illustrated in Figure 2.1. 

 

Figure 2.2 The Charles H. Giles Classification of Solid/Solute Adsorption 
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The slope of the curve of the isotherm is a measure of the ease with which 

the liquid molecules are finding adsorption sites on the adsorbent surface. 

The slope falls steadily with the rise in concentration since the availability 

of vacant sites decreases with an increase in surface coverage. Eventually, 

at the saturation point, the slope becomes zero. Many isotherms have been 

obtained for SSA systems [228-230]. Firstly, the isotherms are classified 

into four main classes based on their initial slope are classified as S,  L, H   

and C type. Each of these four main classes has the subgroups which are 

distinguished by the shape of the isotherm at higher concentrations. The 

scientist Giles relates the adsorption mechanism and the orientation of 

adsorbed molecules to the shape of the isotherm [231]. 

The class S isotherms correspond to adsorbate molecules which are 

perpendicular to the surface whereas class C isotherms are consistent with 

penetration into the structure of the solid by the liquid or solute. 

2.3 ADSORPTION ISOTHERM  

An adsorption isotherm is a graphical representation showing the 

relationship between the amount adsorbed by a unit weight of adsorbent 

and the amount of adsorbate remaining in a test medium at equilibrium. It 

maps the distribution of adsorbed solute between the liquid and solid 

phases at various equilibrium concentrations. Several adsorption isotherms 

have been useful for understanding the process of adsorption. The simplest 

isotherm, recognized to study the surface processes is Langmuir isotherm 

[232, 233].  

2.3.1 The Langmuir adsorption model  

Whenever a gas is in contact with a solid there will be an equilibrium 

established between the molecules in the gaseous phase and the 

corresponding adsorbed species which are bounded to the surface of the 
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solid. Langmuir derived a simple model involving a thermodynamic 

equilibrium to predict the fraction of solid surface covered by an adsorbate 

as a function of its gaseous pressure [234].  

 

Figure 2.3 Langmuir Model for Adsorption 

This was later extended to liquid systems, where the equilibrium involves 

concentrations in solution. In this model adsorbate and solvent molecules 

are compete to adsorb on the vacant sites of adsorbent. Each site must be 

occupied by either a solvent or adsorbate molecule. This model represents 

binding sites, where S represents a solvent molecule, and a shaded ellipse 

represents an adsorbate molecule.  

In order to develop this model Langmuir assumes the formation of a 

monolayer of the adsorbate onto the surface of adsorbent. He also assumed 

that all vacant sites are energetically equivalent. According to this 

adsorption and desorption rates are independent of population of 

neighboring sites. 

2.3.1.1 The Langmuir isotherm equation 

The well known Langmuir equation is represented as 

   Cs/X/m = 1/KVm + Cs/Vm        (2.5) 
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Where,  

K is the Langmuir constant related to the energy, Vm is the monolayer 

capacity, X/m is the amount of dye required to form the monolayer over the 

surface of adsorbent and CS  is the equilibrium concentration of the 

remaining dye present in solution.   

A straight line is obtained by plotting CS/X/m versus CS. The values of Vm 

and K were evaluated from slopes and intercept of the plot [234]. 

2.3.2 Freundlich isotherm equation 

The Freundlich equation is an empirical equation employed to describe the 

heterogeneous system, which is characterized by the heterogenecity factor 

1/n. Hence, the Freundlich isotherm expressed as 

    X/m =K Ce
1/n           (2.6)                                      

A linear form of the Freundlich expression can be obtained by taking 

logarithms of the equation. 

  LogX/m = log KF +1/n log Ce                               (2.7) 

Where  

X is the amount adsorbed per unit mass of the adsorbent m; Cs is the 

equilibrium concentration, n and KF are Freundlich constants.  

Therefore, a plot of log X/m versus log Ce enables to evaluate the values of 

constants KF and n. This isotherm is another form of the Langmuir 

approach for the adsorption on the amorphous surfaces and the amount 

adsorbed represent the summation of adsorption on all the sites. The 

Freundlich isotherm describes reversible adsorption and is not restricted to 

the formation of the monolayer [235, 236]. 
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2.3.3 Dubinin-Radushkevich equation 

D-R isotherm is more general than Langmuir isotherm, since it does not 

assumes a homogeneous surface. The D-R equation is represented as, 

   X/m = Xm exp (-k 2)        (2.8) 

 = RT ln (1+1/Cs)                                          (2.9) 

  Where, 

 Cs is the equilibrium concentration, R is the gas constant expressed in J/K. 

mole, K is a constant relates to the sorption energy in mole2 /KJ, Xm is the 

monolayer capacity, X/m is the amount of solute adsorbed per unit weight 

of solid,  T is the absolute temperature and   is the  adsorption potential. 

 The linearized D-R equation is represented as 

 1n X/m = ln Xm-k 2                                                         (2.10) 

The parameters Xm and K were obtained from the slope and intercept while 

Es is the sorption free energy, which can be calculated as [237-239]. 

   Es = (-2K)-1/2                                                                        (2.11) 

2.4 SURFACTANT ADSORPTION 

Surfactant adsorption onto the mineral oxide surfaces has been of great 

interest for the past two decades. The effect of temperature on the 

adsorption of solid surfaces has been widely investigated. The adsorption 

isotherm of surfactants can be splits into three main areas [240-246] 

Area I which lies below the CMC have low surface coverage and 

correspond to monomeric driven adsorption onto the solid surface. These 
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interactions can include electrostatic interactions or H-bonding, geometric 

factors depending on the nature of surfactant and adsorbing surface. 

 

Figure 2.4 Adsorption isotherm of surfactant 

In Area II there is increase in adsorption and usually occurs at 

concentration just below the CMC. Due to the onset of lateral interactions 

between adjacent adsorbed molecules causes the huge uptake of surfactant 

molecules [241]. 

The area III of the isotherm occurs at the concentrations above the CMC of 

the surfactant at which the slope of the isotherm decreases until the area of 

stability is reached. The position of the stability corresponds to a maximum 

adsorbed amount of surfactant due to the formation of   multilayer of 

molecules [241]. 

The exact shape of the isotherm will depends on the species that make up 

the solid surface and the adsorbate [244, 245]. 

2.4.1 Adsorption of Non-Ionic Surfactant. 

The adsorption phenomenon of non-ionic surfactant takes place onto 

mineral oxides especially silica by the adsorption and calorimetric 
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techniques. The isotherms determine the mechanism of adsorption [247-

252]. 

2.4.1.1 Adsorption Mechanism: 

1. At low surface coverage’s, isolated monomers are adsorbed via H-

bonding of the polar chains of the surfactant to the acidic groups on 

the surface. Water molecules forms hydrogen bonded bridges 

between adjacent oxygen atoms on the chain. These water-chain 

interactions increase with the increase in temperature [253]. By 

fundamental calorimetric studies on the type of adsorption it is found 

to be exothermic in nature [249]. 

2. The aggregation process occurs at higher surface coverage’s which is 

an endothermic process and involves lateral   interactions between 

the hydrocarbon chains of the pre adsorbed molecules. A monolayer 

of adsorbed surfactant 'hemi micelle' is formed.   With the increase in 

concentration further “adsorbed micelle” formed due to lateral 

interactions by a bilayer of adsorbed surfactant [252]. As full 

coverage approaches, the process becomes endothermic [253]. 

2.5 ADSORBENT 

Dyes can be effectively removed by adsorption process. Researchers have 

exploited many low cost and biodegradable effective adsorbents for the 

removal of dyes, metals and surfactants. They were obtained form natural 

sources for the removal of different dyes from aqueous solution at different 

operating conditions. Some of the adsorbents materials that have been used 

with varying success including rice husk, cornelian cherry, apricot stone, 

almond shell, cotton stalk, coir pith, wood, sunflower stalks, orange peel, 

wood cotton fiber, used tea leaves, montmorillonite clay, algae and 

fertilizers waste employed for the removal of dyes from aqueous solution 

[254-263]. In the present work raw Charcoal (RC), Ulva Lactuca (UL),  
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Sargassum Muticum (SM), Used Black tea (UBT),  and impregnated used 

black tea  (IM-UBT) were used as natural and synthetic adsorbents for the 

removal of surfactant cetylpyridinum chloride and dyes , malachite green 

(MG), methylene blue (MB) and fast green (FG) dyes. 

2.5.1 Raw Charcoal from coconut shell: 

The demand for coconut shell charcoal could go up substantially if its uses 

pick up globally. The coconut shell  charcoal are also used currently in the 

development of golf courses and the use of coconut shell charcoal briquette 

in barbecue and poultry raising in Europe and it could raise its demand 

globally. Currently, it is used for making activated carbon. In golf courses, 

a layer of coconut shell charcoal is laid to a certain depth along with sand 

and other biomass before grass is planted. [264] 

Activated carbons are used worldwide in many industrial separation 

processes because of their ability to preferentially adsorb particular 

chemicals when introduced in the solutions. Thus, they find widespread 

uses in applications, which includes water treatment, gas cleaning, food and 

beverages manufacture, solvent recovery, medical and laboratory uses and 

minerals recovery. Almost carbonaceous materials such as wood, coal, 

peat, fruit stones and shells (i.e. material of vegetable origin) are excellent 

starting materials for producing activated charcoal [260]. As wood is 

commonly used for the formation of activated charcoal so the production 

from residues would reduces the pressure on forests.  

The world market for activated carbon in 1990 was estimated to be 375,000 

tons consumption, excluding Eastern Europe and in China. The inclusion of 

other regions suggests a market in excess of 450,000 tons.  By the late 

1990s the world market was estimated that about 700,000 tons/year 

consumption [265-266]. While market growth estimated at 4–6%/yr. So the 
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collection of activated carbon from coconut shell is highly beneficial as it is 

very common fruit and grows through out all the costal regions of Asia.  

2.5.2 Ulva Lactuca 

The common name of Ulva Lactuca is 

sea lettuce and it is green algae come in 

the division of Chlorophyta under the 

species of genus Ulva. Growing from a 

discoid holdfast.  Ulva lactuca is thin 

flat green algae. The margin is   ruffled 

type around 30 cm or more in length and 

across about    30 cm. Its wall 

membrane is translucent, soft and 

having two cells thickness. It grows 

without stipe to rocks by a holdfast 

small across. Usually found in green to 

dark green in color [267-268].  

The species under it has two layers of 

cells which are irregularly arranged if 

we take a cross section. The chloroplasts 

have cup-shaped containing the three 

pyrenoids.   

Ulva lactuca is very common on rocks 

and sub littoral on shores all around the 

beaches of Karachi like Sands Spit, 

Hawks bay, and Zero point.  

 

Figure 2.5 Image of Ulva Lactuca 

 

Table 2.1 Scientiifc classification of  
Ulva Lactuca 
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2.5.3 Sargassum muticum 

It belongs to a genus Sargassum, It is brown seaweed. By a perennial 

holdfast it grows and attached to rocks up to 5 cm in diameter and grows to 

a maximum height of 5 cm. It can grow to 12 m long in warm water having 

the leaf-like laminae and primary lateral branches. Sargassum muticum 

grows below low-water mark to a depth of 10 m.  It is widely seen all 

around the beaches of Karachi like Hawksbay, Sands Spit, and Zero point 

and also around the small Island near Karachi called Manora especially 

during summer season after high tide time.  

Figure 2.6 Image of Sargassum 
muticum 

Table 2.2 Scientific classification of 
Sargassum muticum 

There is lot of concern about its impact on the coastal environment. It has 

become a nuisance forming large detached mat, clogging marinas, 

recreational areas and other sports facilities. It can foul fishing lines, clog 

pipes of boats and trap debris [269-273]. 

2.5.4 Used Black Tea 

Botanically tea plants are known as Camellia Sinensis, generally it is found 

in Eastern Black sea region of Turkey [274]. Camellia Sinensis is belonged 

to the family of Theaceae. It is small shine green and permanent plant, 
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naturally it grows at maximum height of 15 m. Bushes height of tea is to be   

about 60-100 cm [275].  In non alcoholic beverages tea is the most popular 

and oldest drink [276]. Tea is mainly divided into three main natural 

hybrids. First is C. Sinensis (L.), O. Kuntze or China type, second  is 

Camellia assamica (Masters) or Assam type and the third is C. assamica 

types are the most famous where as Combod type is not much famous. 

These studies were related to tea and its leaves [277]. Many studies show 

that tea has beneficial effects to avert illnesses like skin cancer [278], 

Parkinson’s disease [279] and myocardial infection [280]. The cell wall of 

tea leaves consist of structural protein, cellulose, hemi cellulose, condensed 

tannins and lignins. About 33.3% of solid mass of tea leaves have good 

capacity for metal hunting from aqueous solution [281]. Lignin, tannin and 

other phenolic molecules have carboxylate, phenolic hydroxyl and oxyl 

groups [282].  

The tea waste was also used in the adsorption processes [283]. The waste 

from tea factory is already used for metal adsorption, like Cu (II) and Ni 

(II) in aqueous solution [284-286].  

 

Figure 2.7 Image of Used Black tea 
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Used black tea leaves are the abundant material due to large consumption 

of it in Asian countries so it can be effectively utilized as an adsorbent. The 

basic constituents have a considerable influence on taste and color 

characteristics of tea including polyphenolic bodies, caffine, non-caffine 

nitrogenous compounds, peptic substances and minerals [287] 

2.6 Adsorbate 

The substance which is adsorbed on the surface of adsorbent is called 

adsorbate. In the current study surfactant and dyes were used as adsorbate. 

The surfactant Cetylpyridinium chloride (CPYCl) and dyes Fast green 

(FG), Methylene blue (MB) and Malachite green (MG) were used. 

2.6.1 Cetylpyridinium chloride (CPYCl) 

It is a cationic quaternary ammonium compound used in some types of, 

toothpastes, mouthwashes, lozenges, throat sprays, nasal sprays  and breath 

sprays. It is also effective as an antiseptic that kills bacteria and other 

microorganisms. It has been shown to be effective for preventing dental 

plaque and reducing gingivitis [288]. However, it also been alleged   to 

cause brown stains between and on the surface of teeth. It has also been 

used as an ingredient in certain pesticides. [289,290]. Their effects reported 

by the toxicity tests in which lab rats inhaled 0.05, 0.07, 0.13 and 0.29 mg 

of cetylpyridinium chloride. After fourteen days of the initial exposure, 

signs of toxicity included nasal discharge, respiratory difficulty, weight 

loss, bloody tears, and inflammation of the iris, cornea and aqueous humor 

occurs. Other adverse effects in animals including nervous depression, 

convulsions and limb paralysis were also observed. Cetylpyridinium 

chloride has the molecular formula C21H38NCl and its pure form is in solid 

state at room temperature. It has a melting point of 77 °C when anhydrous 

or 80–83 °C in its monohydrate form. It is insoluble in acetone, acetic acid, 

or ethanol. It has a pyridine-like odor and also combustible. Its 
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concentrated solutions are destructive to mucous membranes and toxic 

when swallowed or inhaled. In some products, cetylpyridinium bromide is 

also used instead of Cetylpyridinum chloride. Its properties were virtually 

identical and critical micelle concentration (CMC) is 0.00124M, 

corresponding to 0.042% in water. The structure of Cetylpyridinum 

chloride is shown in Figure 2.8. It is widely used in textile industry as 

fabric softeners, anti-static agents, and antiseptic components in shampoos 

and also in detergents. 

 

Figure 2.8 Structure of Cetylpyridinum Chloride 

2.6.2 Fast Green dye (FG): 

Fast Green (FG) as shown in Figure. 2.9 is a sea green triarylmethane food 

dye (C.I. No. 42053), it is also known as Food Green 3, FD and C Green 

No. 3, Green 1724 and Solid Green FG. The absorption maximum ranging 

from 622 to 626 nm, Fast Green FG possesses a brilliant color, which is 

less likely to fade [291]. It is widely used as a staining agent like 

quantitative stain for histones at alkaline pH after acid extraction of DNA, 

as a protein stain in electrophoresis and recommended as a replacement of 

light green SF yellowish in Masson’s trichome (a staining protocol used in 

histology) [292]. Toxicological data reveals that Fast Green (FG) is highly 

toxic causes irritation in eyes, skin and upper respiratory tract [293]. It also 

acts as a presynaptic locus by inhibiting the release of neuronal 

transmissions in the human/animal nervous system [294]. It is carcinogenic 

and can produce sarcomas at the sites of repeated subcutaneous injections. 
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From long time Fast Green (FG) was used for coloring the foodstuffs, 

however looking in view of its toxicity, European Union and many other 

countries have prohibited in its edible uses [295]. This synthetic organic 

dye is still use in the beverages, dairy products, puddings, cherries, 

confections, ice creams, drink and baked foods in third world countries. 

Although it has been documented that Fast Green (FG) can causes 

chromosomal variations when oral exposure to the mice [296-298]. 

 

 

 

 

 

 

Figure 2.9 Structure of Fast green dye (FG) 

Apart from its uses as a food dye, it is widely used in scientific researches. 

An application of the dye includes the staining of proteins and 

identification of extra cellular recording or injection sites in 

electrophysiological experiments [299,300].  

2.6.3 Methylene Blue: 

Methylene blue is a cationic thiazine dye and has widespread applications, 

which includes coloring paper, temporary hair colorants, dyeing cottons, 

wools and coating for paper stock. It is also used in microbiology, surgery 

and diagnostics and as a sensitizer in photo-oxidation of organic pollutants. 

Although low toxicity of its causes some specific harmful effects in 
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humans such as jaundice, increase in heartbeat, and tissue necrosis            

[301–305]. It can also causes eye burns, which may be responsible for 

permanent injury to the eyes of human and animals, irritation to the 

gastrointestinal tract with symptoms of nausea, vomiting and diarrhea and 

also causes methemoglobinemia, cyanosis, convulsions, tachycardia, and 

dyspnea. 

Contact of methylene blue with skin causes irritation [306]. It is also used 

as an indicator of oxidation-reduction and in the trace analysis of anionic 

surfactant.  One of its uses is as antiseptic in medicinal products. 

 

Figure 2.10 Structure of Methylene Blue dye (MB) 

It is also used as an oxidation-reduction indicator and in the trace analysis 

of anionic surfactants. It has various harmful effects. On inhalation, it can 

give rise to short periods of rapid or difficult breathing, while ingestion 

through the mouth produces a burning sensation and may causes nausea, 

vomiting, diarrhea, and gastritis [307]. Methylene blue was chosen in this 

study due of its known strong adsorption tendency onto solids. Methylene 

blue has a molecular weight of 373.9 g, which corresponds to methylene 

blue hydrochloride with three groups of water. 

2.6.4 Malachite Green 

Malachite green is triphenyl methane dye, which is most widely used for 

coloring purposes, amongst all other dyes of this category. MG discharged 

into receiving waters even at low concentrations, will affect on the aquatic 
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life and causes detrimental effects in liver, gills, kidneys, intestine and 

gonads.  It may causes irritation to the gastro intestinal tract on ingestion in 

human. Contact of MG with skin causes irritation, redness and pain [308]. 

Malachite Green (MG) is a triphenyl methane dye, which is most widely 

used for coloring purposes [309,310]. Malachite green has a property that 

makes it difficult to remove from aqueous solution. If a solution containing 

it discharged into receiving streams it will affect on the aquatic life and 

causes detrimental effects on human organs. 

 

Figure 2.11 Structure of Malachite Green dye (MG) 

In humans, it may causes irritation to the gastro intestinal tract upon 

ingestion. By contact with eyes it will leads to permanent injury of human 

and animals eyes [311].  

2.7 PHOTO CHEMISTRY OF DYES SOLUTION. 

In 1980s, significance of photochemistry was highlighted by Porter [312]. 

In terms of chemistry, life was initiated by photochemical reactions, even 

in present era food and energy is the end products of photosynthetic 

reactions. Among all senses of human, sighting is the most valuable sense. 

Only sense of vision can understand that how our surrounding is classically 

balanced by photochemical reactions. During excited state, dyes capture 

filled and unfilled molecular orbitals, which are more energetic as 
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compared to other orbitals. This difference of energy makes them more 

reactive. This is also justifying for the yield of monomolecular reactions, in 

the presence of sunlight. Most suitable examples are oxidation and 

reduction reactions which are going on in natural atmosphere. A very 

significant sort of reaction is observed when energy transfer from lower 

energized singlet or triplet state of a benefactor type D to a transition state 

receiver A:  

D*(S1) + A(So)                    D(So) + A*(S1)      (2.12) 

D*(T1) + A(So)                    D(So) + A*(T1)               (2.13) 

In this method, the receiver moves up to an energized status A*, whereas 

energized benefactor D* moves back to the lowest status, this procedure is 

distinctive for all photosensitive reactions. 

 

 

 

 

 

 

 

 

 

 

Figure 2.12 Jablonski diagram. 
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Hoffmann, a famous scientist, was an important character in order to 

handle the reactivities of energetic states [313]. Jablonski, draw a diagram, 

which represents the transformation of energetic states are supposed to be 

rapid for dyes and UV stabilizers in the case of polymers [314]. Koizumi 

and Usui was the scientists who attempted to assign expressions to the 

reaction mechanisms, which are classifying the reaction between reacting 

species. If the reaction is in between energetic and bottom states of dye as 

mentioned by (D/D), when the reaction is in between energetic states of 

dye and oxidizing agent then mentioned as (D/O) and the reaction in 

between energetic states of dye and reducing agent then mention by (D/R) 

[315]. It is essential to study the chemical effects of sun light on dyes.  

 

 

 

 

 

 

 

Figure 2.13 Basic phenomenon of sensitizing dyes in light sensitive              

redox reactions 

There are several types of primary processes possible [316], only 

sensitizing (sens) reaction in the triplet state (3sens*) were included such 

chemical reactions involves singlet states which were less important for 

such systems. Figure 2.12 shows the Jablonski diagram showing that 

energy of triplet state (Tn) is always lower then energy of energetic singlet 
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sate (Sn). So S1 is supposed to be extra reactive then others. On the other 

hand, T1 has extended life span and hence favorable for monomer reactions. 

Photochemistry and Woodward’s rule or orbital symmetry is compulsory to 

visualize the sensitizing effects in redox reactions, as mentioned in Figure 

2.13 [317]. 

In order to explain whole phenomenon, singlet state chemical reactions are 

not as much significant for these classification, so just sensitizing (sens) 

reaction in the triplet state (3sens*) includes.   

If the yield of primary products are redical then the reaction represents as 

type I or if the yield is not a radical then reaction is represented as type II. 

Figure 2.13 explains the two identical portions, but the only difference is 

the holding of molecular oxygen and free from molecular oxygen. Kautsky 

and Bruijn found a creation of singlet oxygen (1O2) in a reaction between 

silica gel and sensitized dye [318]. The type and path followed for the 

maximum yield, were totally different in both singlet and triplet oxygen. 

Griffiths and Hawkins, studied a sensitization reaction between 2 and 4 

hydroxy-substituted azo dyes and methylene blue, then projected a classical 

explanation of dye fading on the foundation of singlet-oxygen chemistry 

[319]. 

2.8 REDUCTION OF DYES BY SURFACTANT 

The interaction of surfactant and dye is very significant in dyeing processes 

such as printing ink, textile dyeing and photography [320]. This interaction 

also helps to understand the chemical equilibria, mechanisms and kinetics 

of surfactants sensitized color and fluorescence reactions [321]. In textile 

finishing process surfactants are widely used as auxiliaries [322, 323]. The 

interaction of surfactants plays an important role for achieving level of 

dyeing. The structure of surfactant contains both hydrophilic and 

hydrophobic parts and the solution properties of dye lime absorption 
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spectrum were changed by the addition of least amount of surfactant 

altering the environment of the solution. When the charge of the dye is 

opposite to the charge of the surfactant, then attractive forces were arises 

between the surfactant and the dye molecules and causes complex 

formation in the solution [324, 325]. The redox reaction was observed in 

the presence of reactants sodium hydroxide (NaOH), Fast Green dye (FG) 

and Cetylpyridinum Chloride (CPYCl). In alkaline solution the generated 

hydroxyl radicals (OH-) will attack the target contaminant and degrade it. 

After the attack of OH– ion on the dye, the dye was reduced and 

decolorized to produce lecuo dye molecule and the surfactant got oxidized 

and produces oxalic acid [324-328]. A tentative mechanism for the 

photobleaching of dye is also proposed. The hydroxyl radical is a powerful 

oxidant that can rapidly and non-selectively oxidize organic contaminants 

into carbon dioxide and water [329, 331]. Then it is able to degrade the 

pollutants effectively. 

2.9 INSTRUMENTATION 

2.9.1 Ultraviolet-Visible Spectrophotometer 

The UV-visible spectrophotometer is used as an instrument to measure the 

intensity of light (I) passing through the sample and against the intensity of 

light (Io) before it passes through the sample. The ratio between I/Io is 

called the transmittance, and is generally expressed as a percentage (%T). 

The absorbance, A, is based on the transmittance:                

A = - log (%T)       (2.14) 

The basic parts of a spectrophotometer are a holder for the sample, a light 

source usually employed deuterium lamp for the ultraviolet and 

incandescent bulb for the visible wavelength, monochromator and 

diffraction gratings which are used to separate the different wavelengths of 
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light to a detector. The detector is usually a charge-coupled device (CCD) 

or photodiode with monochromators, which filters the light so that only 

light of a single wavelength reaches the detector. With charge-coupled 

device (CCD) diffraction gratings are used, which collects the light of 

different wavelengths on different pixels. 

Generally samples are liquids for UV-visible spectrophotometer study, 

although the absorbance of solids and even gases can also be considered. 

Usually samples are placed in the cuvettes which is a transparent cell and 

rectangular in shape, normally with 1 cm internal width. In some 

instruments test tubes can also be used. Although plastic or glass absorb 

radiation in UV region but limited in their usefulness is that they work on 

visible wavelengths only. On the other hand the high quality quartz 

cuvettes can be used for both visible and ultra violet spectroscopy.    

2.9.2 Types of Spectrophotometers 

A spectrophotometer can be either double or single beam 

2.9.2.1 Single Beam Ultraviolet-Visible Spectrometry 

In a single-beam ultraviolet-visible spectrophotometer, the light only passes 

through the sample. One beam is used as the reference and the other beam 

passes through the sample [332]. 

 

Figure 2.14 Single Beam Ultraviolet-Visible Spectrophotometer 
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2.9.2.2 Double Beam Ultraviolet-Visible Spectrometry 

In the double beam ultraviolet-visible spectrophotometer, the two beams 

were passes through a beam chopper, which alternatively directs the beam 

through the sample or a reference cell several times per second. The light 

splits into two beams in a double-beam instrument, prior to it reach the 

sample. In various double-beam instruments two detectors are used and the 

intensity of the sample reference beams was determined at the same time. 

In other instruments, two beams were passes through a chopper, which 

blocks one beam at a time. 

 

Figure 2.15 Double Beam Ultraviolet-Visible Spectrometer 

The detector alternates between measuring the reference beam and the 

sample beam. For the given matters, in the spectrum the wavelength at 

which maximum absorption take place is termed as λmax [333]. 

2.9.3 Scanning Electron Microscopy (SEM) 

The scanning electron microscopic techniques (SEM) permit the 

characterization and observation of heterogeneous organic and inorganic 

materials on a nanometer (nm) to micrometer (µm) scale. The popularity of 

the SEM comes from its capability of three dimensional images of the 
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surfaces of a wide range of materials. SEM images are used in a variety of 

wide media from scientific journals to the popular magazines. The major 

uses of the SEM are to obtain topographic images in the magnification 

range of 10-10,000x [334]. 

In the SEM the area to be analyzed or the micro volume to be examined is 

irradiated with a finely focused electron beam, which may be swept in 

across the surface of the specimen to form images or may be static to 

obtain an analysis at one position. The type of signal produced form the 

interaction of the electron beam with the sample includes characteristic X-

rays, back scattered electrons, secondary electron and other photons of 

various energies. These signals were obtained from specific emission 

volume within the sample and can be used to examine many characteristic 

of the sample. 

The imaging signals of greatest interest are the secondary and back 

scattered electron because they vary primarily as a result of differences in 

the surface topography. The secondary electron emissions confined to a 

very small volume near the beam impact area of certain choices of the 

beam energy which permits the images to be obtained at a resolution 

approximating to the size of the focused electron beam. The three-

dimensional appearance of the images is due to the large depth of the field 

of scanning electron microscope as well as to the shadow relief effect on 

the secondary and back scattered electron contrast. 

In the SEM, characteristic X-rays analyses are also emitted as a result of 

electron bombardment. The analysis of the characteristic X- radiation 

emitted from samples can yield by both qualitative identification and 

quantitative elemental information from region of a specimen. Nominally 1 

µm in diameter and depth were adjusted under normal operating conditions 

[335]. 
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2.9.3.1 Scanning process and image formation 

An electron gun was fitted with a tungsten filament and cathode 

thermionically emitted an electron beam. The tungsten has the highest 

melting point and lowest vapor pressure among all metals so it is usually 

used in thermionic electron guns which allowing tungsten to be heated for 

electron emissions. Electron emitters of other types are field emission guns 

(FEG), which may be the cold-cathode type using tungsten single crystal 

emitters and lanthanum hexaboride (LaB6) cathodes, which can be used if 

the vacuum system is upgraded in a standard tungsten filament [336]. 

By condenser lens electron beam of energy ranging from 0.2 to 40 KeV is 

focused to a spot in diameter about 0.4 to 5.0 nm. The beam in the electron 

column passes through pairs of deflector plates or pairs of scanning coils, 

characteristically in the final lens, which deflect the beam in the y and x 

axes and scans over a rectangular area of the sample surface in a raster 

fashion. With the sample the primary electron beam interacts, by repeated 

random scattering the electrons lose energy and absorption within a 

teardrop-shaped volume of the specimen known as the interaction volume, 

which extends from less than 100 nm to around 5 µm into the surface. 

 The size of the interaction volume depends on the electron's density, 

atomic number of the specimen and landing energy. The energy exchange 

between the sample and the electron beam resulted in elastic scattering by 

the reflection of high-energy electrons, emissions of secondary electrons by 

inelastic scattering and the emission of electromagnetic radiations, which 

can be detected by specialized detectors. For the amplification of the 

signals various types of electronic amplifiers were used, which were 

displayed as variations in brightness on a computer monitor. 

With the position of the beam each pixel of computer video memory is 

synchronized on the specimen in the microscope, and the resulting image is 
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therefore a distribution map of the intensity of the signal being emitted 

from the scanned area of the specimen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.16 diagram of a Scanning Electron Microscope (SEM) 

For the amplification of the signals various types of electronic amplifiers 

were used, which were displayed as variations in brightness on a computer 
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monitor. With the position of the beam each pixel of computer video 

memory is synchronized on the specimen in the microscope, and the 

resulting image is therefore a distribution map of the intensity of the signal 

being emitted from the scanned area of the specimen. 

 

Figure 2.17 Setup of Scanning Electron Microscope (SEM) instrument. 
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3.1 Removal of surfactant and dyes by adsorption (Physical method) 

The chemicals, adsorbents and adsorbates were used and the adsoprtion 

method was applied to adsorb surfactant and dyes. 

3.1.1 Chemicals and reagents 

Potassium chloride, sodium acetate, citric acid, sodium citrate, acetic acid 

and hydrochloric acid of analar grade were used for the preparation of 

buffers. 

3.1.2 Adsorbents 

Raw charcoal (RC), Ulva Lactuca (UL), Sargassum Muticum (SM), Used 

Black tea (UBT) and Impregnated used black tea (IM-UBT) were used for 

the removal studies as low cost, natural and modified adsorbents. 

3.1.2.1 Preparation of adsorbents 

The resources from where these natural adsorbents were collected and the 

procedure by which they were prepared and further modified to enhance 

the removal efficiency are described as: 

 (a)  Preparation of Raw Charcoal (RC)  

Coconut produced in the coastal area of Karachi- Pakistan and they were 

collected from the DHA Creek club Karachi. They were chosen as 

precursors and their dry shells were crushed into pieces of 2-3 mm. About 

50 gram of coconut shell pieces were heated to the oxygenation 

temperature at the rate of 5°C.min-1 in nitrogen atmosphere and the flow of 

gas was changed to the mixture of air and nitrogen as soon as the 

oxygenation temperature was reached. After that the samples were 

oxygenated for several hours, they were heated again in nitrogen 

atmosphere for activation temperature at 450 °C, and then   kept in 
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desicator.  Before they were applied for adsorption process the adsorbent 

sample was again activated for 6 hours at 110 °C. 

(b)  Preparation of Ulva Lactuca (UL) 

The samples of the Ulva lactuca (UL), green algae, were collected from the 

Manora coastal zone near Karachi city. The U. lactuca samples were then 

comprehensively washed with distilled water and sun-dried for several days 

followed by oven drying for 24h at 60 °C. Particles of 100 micron mesh 

size were obtained by grinding the biomaterials and they were used for the 

adsorption studies. The SEM (Scanning Electron Microscopy) technique 

was adopted to analyze the structural aspect of the adsorbent. 

(c) Preparation of Sargassum muticum (SM) 

Samples of the brown marine algae Sargassum muticum (SM) were 

collected from Hawksbay costal zone. The algae sample was washed with 

tap water and then deionized water to eliminate impurities then oven dried 

at 60 °C for overnight. The algae samples were grounded and sieved to get 

100 micron mesh size and stored in desicator.  

(d) Preparation of Used black Tea (UBT)  

Used household black teas were collected from the University hostel tea 

shop. They were dried in electric oven at 60 °C ± 2°C for 48 h and then 

placed in electric furnace at 110°C for 3 hours in order to get activated 

carbon. Then it kept in dry closed bottles and activated for 30 min at 60 °C 

before it used. 

(e) Preparation of Impregnated Used black Tea (IM-UBT)  

  In the continuity of the above procedure the used black tea was further 

modified by impregnation technique. Impregnation was carried out by 

shaking with 0.6 M Pb(NO3)2 solution for 1 hour at 130 rpm using JISICO 
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shaking incubator (J-NSIL-R/J-NSIL). Then the whole content was filtered 

and the residues were dried in oven at 60 ± 2 °C for 1 hour. 

3.1.3  Adsorbate 

Surfactant Cetylpyridinum Chloride (CPYCl) and dyes malachite green 

(MG), Methylene blue (MB) and Fast green (FG) dyes were used as 

adsorbate in the present work.  

3.1.3.1 Preparation of stock solution of Adsorbate 

Stock solutions of surfactant Cetylpyridinum Chloride (CPYCl) (mol.wt: 

339.99 g )  of strength 1 x 10-1 M  was prepared in double distilled water. 

The stock solutions of 1x10-2 mol/dm3 strength   of malachite green (MG) 

(mol.wt: 927.02 g), fast green (FG) dye (mol.wt: 808.86 g), methylene blue 

(MB) (mol.wt:319.86g) of each dye were prepared in double distilled 

water. For the determination of λmax of   surfactant and dyes, solution of 

1x10-5 mol/dm3 was prepared. The λmax of cetylpyridinum chloride, 

malachite green, methylene blue and fast green was observed as 260 nm, 

665 nm, 620 nm, 622 nm and 540 nm respectively by using Uv-visible 

spectrophotometer.    

3.1.4 Adsorption procedure 

3.1.4.1 Optimization of amount of adsorbents 

The optimum amount of adsorbents RC, UL, SM, UBT and IM- UBT were 

determined at which maximum adsorption takes place. 50 ml of 1x10-4 

mol/dm3 surfactant and  1x10-5 mol/dm3 strength solution of each dye was 

taken in separate series of flasks with variable quantities of adsorbents e.g 

0.1, 0.2, 0.3, 0.4, 0.5, 0.6 …….1.2 gram . The solutions of surfactant and 

dyes were kept in a shaking incubator for 30 min at 120 rpm. After 
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particular time period, contents were filtered and absorbance was noted 

down by using UV-Visible spectrophotometer.   

3.1.4.2 Optimization of shaking time: 

For the determination of effect of shaking time on the adsorption of 

CPYCl, MG, FG, MB on RC, UL, SM, UBT and IM-UBT optimum 

amounts of each adsorbent was added in respective flasks with 50 ml of 

adsorbate solution for varied time period from 5 to 100 min. After that time 

period, contents were filtered and absorbance was recorded by using UV 

visible spectrophotometer.   

3.1.4.3 Optimization of concentration of adsorbate 

For the determination of optimum concentration of surfactant CPYCl and 

dyes, MG, FG and MB solution of different concentrations were prepared. 

50 ml of each adsorbate solution was placed in respective flasks with 

optimum amounts of each adsorbent and optimum shaking time of the 

system. After that time period, contents were filtered and absorbance was 

recorded by using UV-Visible spectrophotometer.  

3.1.4.4 Adsorption at different temperatures 

50 ml of surfactant and dye solution of Cetylpyridinum Chloride (CPYCl), 

malachite green, fast green, methylene blue of different concentrations 

were taken in a series of flasks. Optimum amount of raw charcoal, ulva 

lactuca, sargassum muticum, used black tea and impregnated black tea 

were added in the respective flasks. These flasks were placed in the shaking 

incubator at desired temperature under the optimized conditions. After the 

specific shaking time period, the solutions were filtered by using Whatman 

42 filter paper and analyzed by using spectrophotometer for the 

determination of concentration of dye remaining in the solution.  Then 

experiments were repeated at various temperatures in the range of 30 to 45 
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oC. The values of percentage removal and distribution coefficient (KD) 

were calculated from the adsorption data. The data were also incorporated 

in Freundlich, Langmuir and Dubinin-Radushkevich (D-R) adsorption 

isotherm equations. Thermodynamics of adsorption were also evaluated by 

calculating the values of Gibbs free energy (∆G), enthalpy (∆H) and 

entropy (∆S). 

3.1.4.5 Characterization of adsorbents: 

For the characterization of adsorbents, the samples of adsorbents before 

and after adsorption were dried in an electric oven at 50 °C to remove the 

moisture content then store in a desiccator. After that they were run on 

Scanning Electron Microscope (SEM) and images were scan to study the 

effect of adsorption of surfactant and dyes on the surfaces of adsorbents. 

The SEM characterization was done by University of Karachi Centralized 

Lab. 
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3.2 PART 3 PHOTOCHEMICAL REDUCTION OF DYE 

(CHEMICAL METHOD)  

3.2.1 Chemicals 

Cetylpyridinum chloride, sodium hydroxide (NaOH) and Fast Green dye 

were used. 

3.2.2 Instrument 

UV-visible spectrophotometer (Shimadzu 1601). 

3.2.3 Method 

The solution of Cetylpyridinum Chloride (CPYCl), Sodium hydroxide 

(NaOH) and fast green dye (FG) were prepared by dissolving the known 

amount of them in double distilled water. Kinetic study was made by 

preparing different  sets of reaction mixtures in which the reacting species 

CPYCl, NaOH, FG were mixed together and the progress of the (inlet) 

reaction was monitored by recording the change in optical density during 

the reaction at max = 622 nm by a UV/Visible spectrophotometer 

(Shimadzu 1601). Various operational and activation parameters were 

evaluated in order to find out the order of reaction by measuring the 

particular reaction rate at various temperatures and different ionic 

strengths. Percent decrease in concentration of the dye was also calculated 

by using the following equation. 

% of decrease in concentration = 






 

i

fi

C

CC
 x 100              (3.1) 

Where Ci and Cf are initial and final concentrations respectively. The UV 

visible spectrophotometer (Shimadzu 1601) was used throughout the 

experiments for the measurement of dye concentration. 
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4.0 RESULT AND DISCUSSION: 

PART 1 REMOVAL OF SURFACTANT BY ADSORPTION 

(PHYSICAL METHOD) 

4.1 Adsorption of Cetylpyridinum Chloride (CPYCl) by using Raw 

Charcoal (RC), Ulva Lactuca (UL),  Sargassum Muticum (SM), Used 

Black tea (UBT)  and Impregnated used black tea (IM-UBT).  

The removal of Cetylpyridinum Chloride (CPYCl) surfactant was carried 

out by physical method of adsorption on the surface of natural and 

modified materials which acts as adsorbents. The adsorbents studied were 

Raw Charcoal (RC), Ulva Lactuca (UL), Sargassum Muticum (SM), Used 

Black tea (UBT) and Impregnated used black tea (IM-UBT). Adsorption 

experiments were run under the optimized conditions of amount of 

adsorbents, shaking time and concentrations.  

4.1.1 Effect of amount of adsorbents: 

To find out the effect of adsorbents: RC, UL, SM, UBT and IM-UBT for 

the removal of CPYCl from aqueous solution the batch adsorption 

experiments were run. The optimum amount of the above mentioned 

adsorbents were investigated by varying the amount of adsorbents from 0.1 

to 1.0 gm at the step of 0.1 gram. The adsorption data indicated that 

maximum percent removal were obtained about 97.30 % at 0.4 gm of RC, 

83.21 % at 0.6 gm of UL, 87.32 % at 0.8 gm of SM, 91.36% at 0.6 gm of 

UBT and 86.24% at 0.6 gm of IM-UBT. The distribution coefficient (KD) 

values at the respective amounts were determined are 158.11, 90.14, 70.95, 

85.23, 117.42 and 138.50 (mol/g) respectively. The adsorptions of CPYCl 

were found to be initially increased with the increase in the amount and 

then it drops and again increases with the increase in the amount of 

adsorbent. The variation in the % adsorption values of respective 
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adsorbents shows the irregular and defective edges present on the surface 

of adsorbent. These edges play a significant role during the adsorption 

phenomenon. These edges strike the unsaturated part of the surfactant and 

accelerate the removal of surfactant molecules. Such types of observations 

were also reported for the adsorption of organic acids on the surface of 

finely divided charcoal. The results are shown in Table 4.1.6.1 and Figures 

4.1.7.1- 4.1.7.5. The further adsorption experiments were run under the 

optimized amount of adsorbents [338].  

4.1.2 Effect of shaking time: 

Table 4.1.6.2 illustrates the adsorption of CPYCl surfactant on RC, UL, 

UBT and IM-UBT adsorbents by varying the staying time period. 

Maximum adsorption of CPYCl was observed on IM-UBT about 95.36% 

adsorption at 40 minutes time period. The values of KD were also increased 

with the increase in time. For RC- CPYCl, UL-CPYCl, SM-CPYCl, and 

UBT-CPYCl systems the maximum adsorption of surfactant takes place at 

20 minutes about 94.22%, 40 minutes about 82.25%, 45 minutes about 

84.35% and 25 minutes about 91.19% respectively. The values of KD also 

follow the same pattern. In UL, SM, UBT the adsorption was increased 

with the increase in stay time and then decreased but in case of IM-UBT 

and RC systems the adsorption was increased, then decreased and again 

increased with the increase in time. Results are shown in Figures 4.1.7.6 - 

4.1.7.10. In brief when a pure liquid is in contact with solid, the state of 

affairs at the interface between solid and the liquid will be different from 

that in the interior part of the liquid because of the molecules or ions of the 

solid now replace the molecules of liquid. The forces acting on the liquid 

molecules are transferred and resulted in the increase in concentrations of 

the liquid at the interface. The liquid may be adsorbed at the surface of the 

solid but adsorption is obviously much less than in solid gaseous system. 

The number of molecules, which will be adsorbed at the surface of solid or 
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liquid from the adsorbate, will be directly proportional to the concentration. 

During the period of adsorption after a shorter or longer duration, 

equilibrium was established between the molecules in the bulk phase and 

adsorbed phase. For better understanding, the phenomena of the adsorption, 

when aqueous solution of CPYCl comes in contact with the surface of  

adsorbent the unsaturated part of CPYCl will strikes the irregular or 

defective edges of adsorbent. CPYCl molecules get started to join on the 

adsorbent surface hence there is a formation of thick layer of CPYCl on the 

surface of adsorbent [339].   

4.1.3 Effect of concentration of CPYCl              

The removal of CPYCl was observed by varying CPYCl concentration 

under the optimized amount of RC (0.4 gm), UL (0.6 gm),   SM (0.8 gm), 

UBT (0.5 gm) and   IM-UBT (0.4 gm). In most of the systems the 

adsorption was increased with the increase in concentration of CPYCl then 

it drops. The maximum adsorption was observed at concentration 2.0 x 10-4 

mol.dm-3. The values of KD were showing random behavior through out the 

system. The maximum adsorption was observed at concentrations 2.0×10-4 

mol. dm-3 as 86.16 % for RC system, 80.25 % for UL, 80.35 % for SM, 

76.24 % for UBT and 80.25% IM-UBT systems. The adsorption was 

increased with the increase in concentration of CPYCl and become 

constant and then starts decreasing. The results are summarized in Table 

4.1.6.3 and Figures 4.1.7.11- 4.1.7.15. 

4.1.4 Adsorption Isotherms 

An adsorption isotherm is a graphical representation showing the 

relationship between the amount adsorbed by a unit weight of adsorbent 

and the amount of adsorbate remaining in the test medium at equilibrium. It 

maps the distribution of adsorbed solute between the liquid and solid 

phases at various equilibrium concentrations [329]. The adsorption 
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isotherm is based on the data which is specific for each CPYCl-adsorbent 

system. The inspection of adsorption isotherm shows a decrease in the 

pattern of adsorption of CPYCl with the increase in temperature. It reveals 

that adsorption of CPYCl on the adsorbents RC, SM, UBT and IM-UBT is 

showing exothermic behavior except CPYCl-UL system which shows an 

endothermic behavior.   The data was also fitted to the Langmuir, 

Freundlich and Dubinin-Radushkevich (D-R) adsorption isotherm 

equations [340].  

4.1.4.1 Langmuir adsorption isotherm 

The simplest theoretical model that can be used to describe monolayer 

adsorption capacity is the Langmuir model [341]. The Langmuir adsorption 

isotherm is the best known model and most frequently utilized to determine 

the adsorption parameter. The well known Langmuir equation is [342] 

given as: 

         Cs/X/m = 1/KVm + Cs/Vm          (4.1) 

Where, K is the adsorption coefficient or Langmuir constant, Vm is the 

monolayer capacity, X/m is the amount of CPYCl required to form a 

monolayer over the surface of adsorbent and Cs is the equilibrium 

concentration. A straight line was obtained by plotting Cs/X/m versus Cs. 

From the values of slopes and intercept constants K and Vm were evaluated. 

The adsorption experiments were accomplished at different temperatures 

ranging from 303 to 318 K as shown in Figures 4.1.7.16 - 4.1.7.20. The 

results are summarized in Table 4.1.6.4. They show that there is an increase 

in the values of K with the rise in temperature for RC-CPYCl, SM-CPYCl 

and UBT-CPYCl systems except 313K for UBT-CPYCl system, but in case 

of UL-CPYCl system the values of K decreases and then increases at high 

temperatures.  It shows that there is a strong adsorbate-adsorbent 

interaction at higher temperatures for all the systems. It also reveals that the 
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adsorption affinity of CPYCl increases with the rise in temperature so 

adsorption is highly favorable at higher temperatures [343]. For IM-UBT-

CPYCl system the values of K decreases with the rise in temperature 

except at 308 K and than increases at 318 K. The monolayer capacities 

(Vm), for RC-CPYCl, UL-CPYCl and SM-CPYCl systems were decreased 

with the rise in temperature. 

While in case of UBT-CPYCl and IM-UBT-CPYCl systems, the values of 

Vm were increased with the rise in temperature except at 303 K and 313 K 

for UBT.  

4.1.4.2 Freundlich adsorption isotherm 

The Freundlich isotherm has been expressed as, 

Log X/m = log K +1/n log Cs                   (4.2)                             

Where, X/m is the amount adsorbed per unit mass of the adsorbent, Cs is 

the equilibrium concentration, and 1/n and K are constants [344]. Figures 

4.1.7.21- 4.1.7.25 depicts the Freundlich plots which were obtained at 

various temperatures. Values of K and n were computed from the slopes 

and intercepts of respective plots, listed in Table 4.1.6.5. The constant K 

relates the degree of adsorption, while n provides the information about the 

estimation of intensity of the adsorption.  

The increase in the values of K with the rise in temperature for UBT-

CPYCl and IM-UBT-CPYCl systems, reveals that adsorption affinity of 

cetylpyridinum chloride for the above adsorbents were increased with the 

rise in temperature showing that adsorption is favorable at higher 

temperatures while decreased in the values of K with the rise in 

temperature showing that adsorption of CPYCl on RC, UL and SM systems 

are favorable at low temperatures due to process of desorption at higher 

temperatures [ 345]. 
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4.1.4.3 Dubinin-Radushkevich isotherm 

 The adsorption data was also fitted on Dubinin-Radushkevich (D-R) 

isotherm equation, which is represented in the linearized form as:  

Ln X/m = Ln Xm – K є2                                         (4.3) 

є = RTln (1+1/ Cs)                                                        (4.4) 

Where, Xm is the monolayer capacity of adsorbent , K is a constant related 

to adsorption energy,  є is adsorption potential , R is a gas constant, T is 

absolute temperature, X/m is the amount adsorbed per unit mass of the 

adsorbent, Cs is the equilibrium concentration [346]. The D-R plots of ln 

(X/m) versus є 2 were obtained at various temperatures are shown in 

Figures 4.1.7.26 - 4.1.7.30.   Values of Xm and K were calculated from the 

intercept and slopes of their respective plots and the mean free energy of 

sorption (Es) was calculated from K by using the following equation:      

Es= (-2K)-1/2                                                                  (4.5) 

Table 4.1.6.6 shows the values of Es. It was increased with the temperature, 

indicating an increase in CPYCl sorption with the increase in temperature.  

4.1.4.4 Thermodynamic parameters                                                                                    

The thermodynamic studies play an important role to understand the nature 

of adsorption [347].  Thermodynamic parameters related to the adsorption 

of CPYCl such as free energy change (ΔG), enthalpy change (ΔH) and 

entropy change (ΔS), are shown in Table 4.1.6.7 and calculated by using 

the following equations. 

ΔG = -R T ln KD                                            (4.6) 

Ln K = ΔS / R – ΔH / RT                                              (4.7) 
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ΔG= ΔH - T ΔS                                                              (4.8) 

The values of ΔH and ΔS were calculated from the slope and intercept of 

the linear variation of Ln KD with the reciprocal of temperature (1/T) are 

shown in Figures 4.1.7.31-4.1.7.35. The values of ΔG for all the systems 

were negative at different temperatures showing the spontaneous behavior 

of adsorption process. The values of ΔH were positive for UL-CPYCl 

system show the endothermic nature of adsorption process while for other 

systems ΔH vlaues were negative showing exothermic behavior of 

adsorption process. The values of ΔS were positive for all the systems.  

4.1.5 Characterization of surface morphology of adsorbents:  

The surface of Raw Charcoal (RC), Ulva Lactuca (UL), Sargassum 

Muticum (SM), Used Black tea (UBT) and Impregnated used black tea 

(IM-UBT) were studied by taking images through scanning electron 

microscope (SEM) before and after adsorption with Cetylpyridinum 

Chloride (CPYCl). 

Figure 4.1.8.1 shows the surface of Raw Charcaol (RC) adsorbent which 

was unsaturated before adsorption of dyes and Figure 4.1.8.2 shows 

saturated surface of RC after adsorption. 

Figures 4.1.8.3 Shows the image of ulva lactuca (UL) and Figure 4.1.8.4 

shows surface image after treatment with CPYCl.  

Figure 4.1.8.5 and 4.1.8.6 show the SEM image of Saragrassum Muticum 

(SM) and before and after adsorption respectively, showing that the vacant 

sites were covered by adsorbate as seen in the images 

Figures 4.1.8.7 and 4.1.8.8 show the SEM images of used black tea (UBT) 

before and after adsorption of CPYCl respectively. Micrograph images 
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reflect that the porous sites which were empty before adsorption are filled 

with the adsorbate molecules. 

Figure 4.1.8.9 shows the image of IM-UBT before the treatment with 

CPYCl as it is pretreated with lead nitrate so its surface is more rough then 

UBT and containing  more sites where 4.1.8.10 shows the surface of IM-

UBT in which thick layer of adosrbate was covered on the surface of  

adsorbent and hide the rough surface of the adsorbent. 
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4.1.6 TABLE 

Table: 4.1.6.1 

Optimization of  amounts of adsorbents for the removal of Cetylpyridinum 

Chloride (CPYCl) on Raw charcoal (RC), Ulva lactuca (UL), Sargassum 

muticum (SM), used black tea (UBT) and Impregnated used black tea          

(IM -UBT) 

Raw charcoal (RC) 

Amount of Adsorbent 

(gram) 
Ce (mol/L) 105 % Removal KD (mol/gram) 

0.1 3.273 25.14 163.41 

0.2 9.054 69.65 226.20 

0.3 11.62 89.53 193.92 

0.4 12.68 97.31 158.11 

0.5 12.75 97.84 127.19 

0.6 12.88 98.52 106.73 

0.7 12.53 96.28 89.402 

0.8 12.62 96.47 78.382 

0.9 12.71 97.53 70.442 

Ulva Lactuca (UL) 

0.1 6.522 50.14 325.91 

0.2 7.178 55.16 179.27 

0.3 7.825 60.13 130.28 

0.4 8.867 68.18 110.79 

0.5 9.924 76.28 99.165 

0.6 10.81 83.21 90.142 

0.7 10.72 82.11 76.252 

0.8 10.79 82.67 67.115 

0.9 10.53 81.14 58.573 

1.0 10.46 80.05 52.031 

Sargassum Muticum (SM) 

0.1 5.835 44.86 291.59 

0.2 6.662 51.23 166.50 

Continue	→
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Amount of Adsorbent 

(gram) 
Ce (mol/L) 105 % Removal KD (mol/gram) 

0.3 7.758 59.64 129.22 

0.4 8.223 63.25 102.78 

0.5 8.494 65.32 84.921 

0.6 9.527 73.24 79.341 

0.7 10.33 79.35 73.681 

0.8 11.45 87.32 70.951 

0.9 11.16 85.21 61.541 

1.0 10.98 83.72 54.415 

Used Black Tea (UBT) 

0.1 7.591 58.35 379.28 

0.2 8.451 64.99 211.22 

0.3 9.801 75.35 163.26 

0.4 11.12 85.23 138.50 

0.5 11.75 90.32 117.42 

0.6 11.90 91.36 98.975 

0.7 11.68 89.36 82.984 

0.8 11.67 89.45 72.684 

0.9 11.81 90.44 65.324 

1.0 11.22 86.32 56.101 

Impregnated Used Black Tea (IM -UBT) 

0.1 7.832 60.23 391.50 

0.2 8.693 66.82 217.17 

0.3 9.795 75.32 163.19 

0.4 11.14 85.23 138.50 

0.5 11.22 86.23 112.10 

0.6 11.35 86.84 94.033 

0.7 10.95 84.22 78.195 

0.8 10.98 83.54 67.882 

0.9 10.66 81.84 59.082 

1.0 10.41 80.32 52.214 
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Table: 4.1.6.2 

Optimization of shaking  time  for the removal of Cetylpyridinum Chloride 

(CPYCl) on Raw charcoal (RC), ulva lactuca (UL), Sargassum muticum 

(SM), used black tea (UBT) and Impregnated used black tea (IM -UBT) 

Raw charcoal (RC) 

Time (min) 
Ce (mol/L) 

105 
% Removal KD (mol/gram) 

5.0 5.552 46.22 38.52 

10 8.912 74.22 61.85 

15 9.803 81.73 68.08 

20 11.32 94.22 78.52 

25 10.93 91.11 75.93 

30 11.85 98.44 82.03 

35 11.92 99.24 82.70 

40 11.75 97.48 81.23 

45 11.83 98.44 82.03 

50 11.58 95.68 79.73 

55 11.97 99.11 82.59 

60 11.79 97.60 81.33 

Ulva Lactuca (UL) 

5.0 4.211 35.12 29.27 

10 4.702 39.15 32.63 

15 5.312 44.26 36.88 

20 5.832 48.56 40.47 

25 7.085 58.96 49.13 

30 7.714 64.23 53.53 

35 8.893 74.10 61.75 

40 9.875 82.25 68.54 

45 9.997 83.25 69.38 

Continue	→ 
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Time (min) 
Ce (mol/L) 

105 
% Removal KD (mol/gram) 

50 9.888 82.36 68.63 

55 9.629 80.14 66.78 

60 9.399 78.23 65.19 

Sargassum Muticum (SM) 

5.0 3.631 30.23 25.19 

10 4.242 35.35 29.46 

15 4.845 40.36 33.63 

20 6.084 50.65 42.21 

25 6.995 58.23 48.53 

30 8.314 69.23 57.69 

35 8.562 71.35 59.46 

40 9.762 81.35 67.79 

45 10.12 84.35 70.29 

50 10.02 83.44 69.53 

55 9.752 81.25 67.71 

60 8.222 82.22 68.52 

Used Black Tea (UBT) 

5.0 5.682 47.32 39.43 

10 7.042 58.64 48.87 

15 9.042 75.32 62.77 

20 10.22 85.32 71.10 

25 10.91 91.19 75.99 

30 11.12 92.32 76.93 

35 10.83 90.32 75.27 

40 11.05 91.77 76.48 

45 11.05 91.55 76.29 

50 10.85 90.32 75.27 

55 10.46 86.36 71.97 

Continue	→
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Time (min) 
Ce (mol/L) 

105 
% Removal KD (mol/gram) 

60 10.64 88.35 73.63 

Impregnated Used Black Tea (IM -UBT) 

5.0 6.521 54.36 45.30 

10 8.282 68.96 57.47 

15 9.632 80.23 66.86 

20 11.32 94.36 78.63 

25 11.32 94.26 78.50 

30 11.28 93.36 77.80 

35 11.36 94.25 78.54 

40 11.44 95.36 79.47 

45 10.88 90.36 75.30 

50 11.04 91.25 76.04 

55 11.15 92.63 77.17 

60 11.25 93.36 77.80 
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Table: 4.1.6.3 

Optimization of  concentrations for the removal of Cetylpyridinum 

Chloride (CPYCl) on Raw charcoal (RC), ulva lactuca (UL), Sargassum 

muticum (SM), used black tea (UBT) and Impregnated used black tea           

(IM -UBT) 

Raw charcoal (RC) 

Concentration of 

Cetylpyridinum Chloride 

(CPYCl) (mol/L) 104 

Ce (mol/L) 

105 

% Removal KD 

(mol/gram) 

0.40 1.23 30.74 51.23 

0.60 4.92 81.98 136.6 

0.80 4.60 57.44 95.73 

1.00 7.78 77.82 129.7 

2.00 1.72 86.16 143.6 

4.00 3.15 78.82 131.3 

6.00 4.03 67.23 112.0 

8.00 5.28 66.05 110.0 

10.0 7.07 70.73 117.8 

20.0 2.00 10.02 16.70 

Ulva Lactuca (UL) 

0.40 1.77 44.35 36.96 

0.60 3.62 60.35 50.29 

0.80 6.27 78.36 65.30 

1.00 8.34 83.35 69.46 

2.00 1.61 80.25 66.88 

4.00 2.89 72.35 60.29 

6.00 4.58 76.49 63.67 

8.00 5.08 63.59 52.92 

10.0 5.43 54.39 45.25 

20.0 6.45 32.25 26.88 

Sargassum Muticum (SM) 

0.40 2.81 70.25 43.91 

0.60 4.83 80.45 50.28 

Continue	→ 
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Concentration of 

Cetylpyridinum Chloride 

(CPYCl) (mol/L) 104 

Ce (mol/L) 

105 

% Removal KD 

(mol/gram) 

0.80 6.83 85.35 53.34 

1.00 8.14 81.35 50.84 

2.00 1.61 80.35 50.22 

4.00 3.29 82.36 51.44 

6.00 4.70 78.36 48.98 

8.00 5.22 65.25 40.78 

10.0 5.84 58.36 36.48 

20.0 8.05 40.23 25.14 

Used Black Tea (UBT) 

0.40 3.41 85.35 106.69 

0.60 5.18 86.25 107.81 

0.80 6.35 79.36 99.20 

1.00 8.03 80.25 100.31 

2.00 1.52 76.24 95.30 

4.00 2.93 73.21 91.51 

6.00 4.21 70.15 87.69 

8.00 4.87 60.89 76.11 

10.0 5.0.3 50.36 62.95 

20.0 7.25 36.25 45.31 

Impregnated Used Black Tea (IM -UBT) 

0.40 2.74 68.45 114.08 

0.60 4.70 78.32 130.53 

0.80 7.14 89.23 148.72 

1.00 8.44 84.36 140.60 

2.00 1.61 80.25 133.75 

4.00 3.05 76.25 127.08 

6.00 4.46 74.28 123.80 

8.00 5.48 68.52 114.20 

10.0 6.42 64.23 107.05 

20.0 1.11 55.36 92.271 
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Table: 4.1.6.4 

Langmuir parameters for the removal of Cetylpyridinum Chloride (CPYCl) 

on raw charcoal (RC), ulva lactuca (UL), sargassum muticum (SM), used 

black tea (UBT) and impregnated used black tea (IM -UBT) 

 

Adsorbents 
Temperature 

(K) 

(K) 

10-2 

(Vm) 

102 

Raw charcoal 

(RC) 

303 5.76 5.43 

308 5.22 4.67 

313 6.92 4.38 

318 9.42 3.42 

Ulva lactuca 

(UL) 

303 6.08 7.48 

308 5.45 7.06 

313 4.62 6.98 

318 7.12 5.85 

Sargassum 

muticum 

(SM) 

303 1.63 13.9 

308 2.10 11.1 

313 2.58 7.91 

318 3.89 6.95 

Used black 

tea (UBT) 

303 3.04 7.83 

308 3.79 7.75 

313 2.89 8.87 

318 4.34 9.23 

Impregnated 

used black tea 

(IM -UBT) 

303 2.50 16.0 

308 2.90 20.3 

313 1.43 35.1 

318 2.16 42.0 
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Table: 4.1.6.5 

Freundlich parameters for the removal of Cetylpyridinum Chloride 

(CPYCl) on raw charcoal (RC), ulva lactuca (UL), sargassum muticum 

(SM), used black tea (UBT) and impregnated used black tea (IM -UBT). 

Adsorbents 
Temperature 

(K) 

K 

 

n 

 

Raw charcoal (RC) 

303 3.83 1.29 

308 4.23 1.23 

313 3.36 1.31 

318 3.72 1.32 

Ulva lactuca 

(UL) 

303 4.19 1.34 

308 5.68 1.07 

313 5.14 1.25 

318 4.40 1.31 

Sargassum 

muticum (SM) 

303 11.40 1.08 

308 8.59 1.12 

313 6.70 1.14 

318 6.14 1.19 

Used black tea 

(UBT) 

303 4.37 1.27 

308 5.90 1.18 

313 7.48 1.15 

318 8.69 1.19 

Impregnated used 

black tea (IM -

UBT) 

303 13.43 1.13 

308 23.93 1.10 

313 23.28 1.09 

318 47.21 1.07 

 

 



106 
 

Table: 4.1.6.6 

D-R parameters for the removal of Cetylpyridinum Chloride (CPYCl) on 

raw charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used 

black tea (UBT) and impregnated used black tea (IM -UBT). 

Adsorbents 
Temperature 

(K) 

K  

109 

Xm  

101 

Es (J/mol)  

10-3 

Raw charcoal 

(RC) 

303 -6.74 1.25 8.61 

308 -6.99 1.22 8.46 

313 -6.27 1.15 8.93 

318 -6.06 1.36 9.08 

Ulva Lactuca 

(UL) 

303 -6.64 1.69 8.68 

308 -6.01 1.29 9.12 

313 -6.86 1.76 8.54 

318 -6.26 1.72 8.94 

Sargassum 

muticum 

(SM) 

303 -8.52 2.35 7.66 

308 -7.89 2.02 7.96 

313 -7.58 1.69 8.12 

318 -7.02 1.74 8.44 

Used black tea 

(UBT) 

303 -7.22 1.59 8.32 

308 -7.60 1.76 8.11 

313 -7.53 2.04 8.15 

318 -6.97 2.57 8.47 

Impregnated 

used black tea 

(IM -UBT) 

303 -8.11 5.54 7.85 

308 -7.93 5.07 7.94 

313 -8.16 3.72 7.83 

318 -7.73 3.87 8.04 
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Table: 4.1.6.7 

Thermodynamic parameters for the removal of  Cetylpyridinum Chloride (CPYCl) on 

the surface of raw charcoal (RC), ulva lactuca (UL), sargassum muticum (SM), used 

black tea (UBT) and Impregnated used black tea (IM -UBT) 

Adsorbent 

Concentration 

of (CPYCl) 

104 

∆H 

(kJ/mol) 

102 

∆S 

(J/mol.K)

10 

∆G  (kJ/mol) 

303 

K 

10 

308 

K 

10 

313 

K 

10 

318 

K 

10 

Raw 

charcoal 

(RC) 

0.40 -6.48 2.77 -1.46 -1.48 -1.49 -1.50 

0.80 -6.57 2.86 -1.50 -1.51 -1.53 -1.54 

2.00 -6.72 2.86 -1.53 -1.53 -1.56 -1.58 

6.00 -7.04 2.79 -1.52 -1.53 -1.54 -1.56 

10.0 -7.01 2.78 -1.54 -1.55 -1.57 -1.58 

Ulva 

Lactuca 

(UL) 

0.40 5.37 6.17 -1.33 -1.39 -1.39 -1.42 

0.80 5.22 6.47 -1.43 -1.47 -1.50 -1.53 

2.00 5.17 6.61 -1.48 -1.51 -1.55 -1.58 

6.00 4.95 6.59 -1.50 -1.53 -1.56 -1.60 

10.0 4.91 6.57 -1.49 -1.53 -1.56 -1.59 

Sargassum 

muticum 

(SM) 

0.40 -2.98 3.71 -1.41 -1.43 -1.45 -1.47 

0.80 -3.46 3.41 -1.37 -1.39 -1.41 -1.42 

2.00 -3.52 3.54 -1.41 -1.43 -1.44 -1.46 

6.00 -3.95 3.35 -1.42 -1.44 -1.45 -1.47 

10.0 -4.01 3.31 -1.40 -1.41 -1.43 -1.45 

Used black 

tea 

(UBT) 

0.40 -5.96 3.35 -1.61 -1.62 -1.64 -1.66 

0.80 -5.84 3.42 -1.62 -1.63 -1.65 -1.67 

2.00 -5.81 3.41 -1.61 -1.63 -1.64 -1.66 

6.00 -5.78 3.38 -1.60 -1.61 -1.63 -1.65 

10.0 -5.49 3.39 -1.57 -1.59 -.1.61 -1.62 

Impregnate

d used black 

tea (IM -

UBT) 

0.40 -14.0 1.28 -1.79 -1.79 -1.80 -1.81 

0.80 -14.0 1.32 -1.79 -1.80 -1.81 -1.81 

2.00 -12.8 1.70 -1.80 -1.81 -1.82 -1.83 

6.00 -12.2 1.88 -1.79 -1.80 -1.81 -182 

10.0 -12.6 1.62 -1.75 -1.75 -1.76 -1.77 
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4.1.7 Figures 
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Figure 4.1.7.1 Optimization of amount of Raw Charcoal 
(RW) for the removal of Cetylpryidinum Chloride (CPYCl).
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Figure 4.1.7.2 Optimization of amount Ulva lactuca (UL) for 

the removal of Cetylpyridinum Chloride (CPYCl).
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Figure 4.1.7.3 Optimization of amount of Saragrassum 

muctium (SM) for the removal of Cetylpryidinum Chloride 
(CPYCl).
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Figure 4.1.7.4 Optimization of amount of Used Black Tea 
(UBT) for the removal of Cetylpryidinum Chloride (CPYCl).
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Figure 4.1.7.6 Optimization of shaking time for the removal 
of Cetylpryidinum Chloride (CPYCl) using Raw charcoal 

(RC).
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Figure 4.1.7.5 Optimization of amount of Impregnated used 

Black Tea (IM-UBT) for the removal of Cetylpryidinum 
Chloride (CPYCl).
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Figure 4.1.7.7 Optimization of shaking time for the removal 
of Cetylpyridinum Chloride (CPYCl) using Ulva lactuca 

(UL).
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Figure 4.1.7.8 Optimization of shaking time  for the removal 
of Cetylpyridinum Chloride (CPYCl) using Sargassum 

muticum (SM)  
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Figure 4.1.7.9 Optimization of shaking time for the removal of 
Cetylpyridinum Chloride (CPYCl) using Used Black tea 

(UBT).
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Figure 4.1.7.10 Optimization of shaking time for the removal of 
Cetylpyridinum Chloride (CPYCl) using Impregnated used 

Black tea (IM-UBT).
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Figure 4.1.7.11 Optimization of concentration of 
Cetylpyridinum Chloride (CPYCl)  by using raw charcoal 

(RC).
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Figure 4.1.7.12 Optimization of concentration of 
Cetylpyridinum Chloride (CPYCl) by using ulva lactuca 

(UL).
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Figure 4.1.7.13 Optimization of concentration of 
Cetylpyridinum Chloride (CPYCl) by using Sargassum 

muticum (SM).
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Figure 4.1.7.14 Optimization of concentration of 

Cetylpyridinum Chloride (CPYCl) by using used Black tea 
(UBT).  
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Figure 4.1.7.15 Optimization of concentration of 
Cetylpyridinum Chloride (CPYCl) by using impregnated 

used Black tea (IM-UBT).
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Figure 4.1.7.16 Langmuir isotherm of Raw charcoal (RC) -
Cetylpyridinum Chloride (CPYCl) system.
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Figure 4.1.7.17  Langmuir isotherm of ulva lactuca (UL) -

Cetylpyridinum Chloride (CPYCl) system
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Figure 4.1.7.18 Langmuir isotherm of Sargassum muticum 

(SM) -Cetylpyridinum Chloride (CPYCl) system.
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Figure 4.1.7.19 Langmuir isotherm of used black tea (UBT) -
Cetylpyridinum Chloride (CPYCl) system.
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Figure 4.1.7.20 Langmuir isotherm of Impregnated used 
black tea (IM -UBT) - Cetylpyridinum Chloride (CPYCl) 

system.
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Figure 4.1.7.21 Freundlich Isotherm of Raw charcoal (RC)-
Cetylpyridinum Chloride (CPYCl) system.
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Figure 4.1.7.22 Freundlich Isotherm of ulva lactuca (UL) -
Cetylpyridinum Chloride (CPYCl) system.

303 k

308 K

313 K

318 K



119 
 

 

 

\  

-3.5

-3

-2.5

-2

-1.5
-4.8 -4 -3.2

lo
g

 X
/m

log Ce

Figure 4.1.7.23 Freundlich Isotherm of Sargassum muticum 
(SM) - Cetylpyridinum Chloride (CPYCl) system.
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Figure 4.1.7.24 Freundlich Isotherm of used black tea (UBT) -
Cetylpyridinum Chloride (CPYCl) system.
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Figure 4.1.7.25 Freundlich Isotherm of Impreganted used 
black tea (IM -UBT)-Cetylpyridinum Chloride (CPYCl) 

system.
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Figure 4.1.7.26  D-R isotherm of Raw charcol (RC)-
Cetylpyridinum Chloride (CPYCl) system 

303 K

308 K

313 K

318 K



121 
 

 

 

 

-7

-5

-3

3.00E+08 5.00E+08 7.00E+08

L
n

 X
/m

έ2

Figure 4.1.7.27 D-R isotherm of Ulva lactuca (UL)-
Cetylpyridinum Chloride (CPYCl) system.
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Figure 4.1.7.28 D-R isotherm of Sargassum muticum (SM) -
Cetylpyridinum Chloride (CPYCl) system.
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Figure  4.1.7.29 D-R isotherm of used black tea (UBT) -
Cetylpyridinum Chloride (CPYCl) system.
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Figure  4.1.7.30 D-R isotherm of Impregnated used black tea 
(IM -UBT) - Cetylpyridinum Chloride (CPYCl) system.
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Figure  4.1.7.33 Plot of Ln KD vs 1/T for Sargassum muticum 
(SM) - Cetylpyridinum Chloride (CPYCl) system.
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Figure  4.1.7.34 Plot of Ln KD vs 1/T for used black tea (UBT) 
Cetylpyridinum Chloride (CPYCl) system 

0.4 E-04 M

0.8 E-04 M

2.0 E-04 M

6.0 E-04 M

10 E-04 M



125 
 

 

 

 

  

4.4

4.6

4.8

5

3.12E-03 3.17E-03 3.22E-03 3.27E-03 3.32E-03

Ln KD

1/T (K-1)  

Figure  4.1.7.35 Plot of Ln KD vs 1/T for  Impreganted used 
black tea (IM -UBT) Cetylpyridinum Chloride (CPYCl) 

system 

0.4 E-04 M

0.8 E-04 M

2.0 E-04 M

6.0 E-04 M

10 E-04 M



126 
 

4.1.8 Images of adsorbents by Scan Electron Microscope (SEM) 

 

Figure 4.1.8.1 SEM image of Raw charcoal before adsorption  

 

 

Figure 4.1.8.2 SEM image of Raw charcoal after adsorption of                

Cetylpyridinum Chloride (CPYCl) 
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Figure 4.1.8.3 SEM image of Ulva Lacuta (UL) before adsorption 

 

 

Figure 4.1.8.4 SEM image of Ulva Lacuta (UL) after adsorption of 

Cetylpyridinum Chloride (CPYCl) 
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Figure 4.1.8.5 SEM image of Saragrassum muticum (SM) before 

adsorption 

 

 

Figure 4.1.8.6 SEM image of Saragrassum muticum (SM) after 

adsorption of Cetylpyridinum Chloride (CPYCl) 
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Figure 4.1.8.7 SEM image of used black tea (UBT) before adsorption 

 

  

 

Figure 4.1.8.8 SEM image of used black tea (UBT) after adsorption of 

Cetylpyridinum Chloride (CPYCl) 
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Figure 4.1.8.9 SEM image of Impregnated used black tea (IM-UBT) 

before adsorption 

 

 

Figure 4.1.8.10 SEM image of Impregnated used black tea (IM-UBT) 

after adsorption of Cetylpyridinum Chloride (CPYCl) 
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PART 2 REMOVALOF DYES BY ADSORPTION (PHYSICAL 

METHOD) 

4.2 Adsorption of Malachite Green (MG) dye by using Raw Charcoal 

(RC), Ulva Lactuca (UL),  Sargassum Muticum (SM), Used Black tea 

(UBT),  and Impregnated used black tea (IM-UBT )  

The removal of dye was carried out by adsorption process. By using Raw 

Charcoal (RC), Ulva Lactuca (UL), Sargassum Muticum (SM), Used Black 

tea (UBT) and impregnated used black tea (IM-UBT) adsorbents. The 

adsorption study was done under the optimized parameters of amounts of 

adsorbents, shaking time and effect of concentration. 

4.2.1 Effect of amount of adsorbents 

Effect of amount of adsorbents for the removal of Malachite Green (MG) 

dye from aqueous solution using RC, UL, SM, UBT and IM-UBT as 

adsorbents was determined. Optimum amount of respective adsorbents 

were investigated by varying its amount. The results indicated that 

maximum adsorption capacities were obtained about 85.60 % of MG at 0.6 

gm of RC, 82.10 % at 0.8 gm of UL, 78.74 % at 0.7 gm of SM, 75.32 % at 

0.5 gm of UBT, and 80.23 % at 0.4 gm of IM-UBT. The distribution 

coefficient (KD) values at the respective amounts were 71.33, 51.31, 56.24, 

75.32 and 100.29 mol/gram respectively.  Overall, the adsorption of 

malachite green dye was initially increased with the increased in the 

amount of adsorbent and then it becomes constant. The results are shown in 

Table 4.2.6.1 and Figures 4.2.7.1 - 4.2.7.5. The further adsorption 

experiments were run keeping the optimized amount of adsorbents. 

4.2.2 Effect of shaking time 

Table 4.2.6.2 illustrates the adsorption of malachite green dye on RC, UL, 

SM, UBT and IM-UBT adsorbents by varying shaking time period. The 
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adsorption was increased to a certain time then decreases because surface 

of adsorbents does not have more active sites for the adsorption of dye 

[348-351]. The values of KD were also increased with the increase in time. 

For MG-RC, MG-UL, MG-SM, MG-UBT and MG.IM-UBT systems, the 

maximum adsorption of dye was take place at 70 minutes about 83.21%, 40 

minutes about 84.43%, 35 minutes about 81.35 %, 30 minutes about 80.10 

%, and 15 minutes about 85.20 %, respectively. The MG-IM-UBT system 

show maximum adsorption at comparatively less time interval. Results are 

shown in Figures 4.2.7.6 - 4.2.7.10. 

 4.2.3 Effect of concentration of dye             

The removal of malachite green dye was observed by varying dye 

concentration under the optimized amount of  RC (0.6 gram), UL (0.8 

gram), SM (0.7gram), UBT(0.5 gram) , IM-UBT (0.5 gram) and optimized 

shaking time RC (70 min), UL (40 min), SM (35 min), UBT( 30 min) , IM-

UBT (15 min). For MG-RC system the adsorption was increased with the 

increase in concentration of MG dye then it droped and again increased. 

The maximum adsorption was observed at concentration 9.0 ×10-5 mol.dm-

3. For MG-UL system the % adsorption was increased with the increase in 

the concentration of dye then it was decreased with the increase in 

concentration. The maximum adsorption observed at concentration                

7.0 ×10-5 mol.dm-3 was 84.35 %. For MG-SM system the values of % 

adsorption initially constant with the increase in concentration of malachite 

green dye then it decreases with the further increase in concentration. The 

maximum adsorption was observed at7.0×10-5 mol.dm-3 concentration 

about 75.30 % for MG-SM system. For MG-UBT system the % adsorption 

increases with the increase in concentration than it gets constant. The 

maximum adsorption was observed at 9.0×10-5 mol.dm-3 about 82.15 %.  

For MG-IM-UBT system the values of % adsorption were comparatively 

higher with the increase in concentration then they were slightly decreased 
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with the further increase in concentration. The maximum adsorption was 

observed at 1.0×10-4 mol.dm-3 about 82.15 %. The results are summarized 

in Table 4.2.6.3 and Figures 4.2.7.11- 4.2.7.15. 

4.2.4 Adsorption Isotherms Studies 

4.2.4.1 Langmuir adsorption isotherm 

The adsorption experiments were accomplished at different temperatures 

ranging from 303 K to 318 K as shown in Figures 4.2.7.16 - 4.2.7.20. The 

results are summarized in Table 4.2.6.4. The increase in the values of K 

with the rise in temperature for MG-RC, MG-UL, MG-SM, MG-UBT, 

MG-IM-UBT systems predicts the strong adsorbate-adsorbent interaction at 

higher temperatures. It reveals that the adsorption affinity of dye increases 

with the rise in temperature so adsorption is highly favorable at higher 

temperatures. The monolayer capacities (Vm), for all the systems were 

decreasing with the increase in temperature, indicating the high affinity of 

dye adsorption at low temperatures.  

4.2.4.2 Freundlich adsorption isotherm 

 Figures 4.2.7.21- 4.2.7.25 depict the Freundlich plots for the adsorption of 

MG on RC, UL, SM, UBT and IM-UBT at temperatures 303 K to 318 K at 

the step of 5 K. Values of K and n were computed from the slopes and 

intercepts of their representative plots, listed in Table 4.2.6.5. The constant 

K relates to the degree of adsorption, while n provides the estimation of 

intensity of the adsorption.  

The decrease in the values of K with the rise in temperature for MG-RC, 

MG-UL, MG-SM, MG-UBT and MG-IM-UBT systems, reveals that 

adsorption affinity of malachite green dye for the above adsorbents were 

decreased with the rise in temperature showing that adsorption is less 

favorable at higher temperatures. 
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4.2.4.3 Dubinin Radushkevich isothem    

The D-R plots were obtained at various temperatures are shown in Figures 

4.2.7.26 - 4.2.7.30.   Values of Xm and K were calculated from the intercept 

and slopes of their respective plots. Table 4.2.6.6 shows the values of Es. 

For MG-RC, MG-UL, MG-SM, MG-UBT and MG-IM-UBT systems, it 

was increased with the temperature, indicating the increase in dye sorption 

with the rise in temperature. 

4.2.4.4 Thermodynamic parameters 

The values of ΔH, ΔS and ΔG were calculated from the slopes and 

intercepts of the linear variation of Ln KD with the reciprocal of 

temperature (1/T) are shown in Figures 4.2.7.31- 4.2.7.35 and Table 

4.2.6.7. The values of ΔG for MG-RC, MG-UL, MG-SM, MG-UBT and 

MG-IM-UBT systems were negative at different temperatures showing the 

spontaneous behavior of adsorption process. While the values of ΔH were 

negative for all the systems showed the exothermic nature of adsorption 

process. The values of ΔS were positive for all the adsorbate –adsorbent 

system [352].                                                                                                                            

4.2.5 Characterization of surface morphology of adsorbents: 

The surface morphology of Raw Charcoal (RC), Ulva Lactuca (UL), 

Sargassum Muticum (SM), Used Black tea (UBT) and Impregnated used 

black tea (IM-UBT) were studied by taking images through scanning 

electron microscope (SEM) after adsorption with malachite green (MG). 

 Figures 4.2.8.1 - 4.2.8.5   show the SEM images of respective adsorbent 

after the treatment of malachite green dye. By taking the SEM images we 

can conclude that after adsorption the vacant sites of adsorbents hold the 

adsorbate molecules. Due to Vander Walls forces the dye molecules are 

physically adsorbed and forming a weak bond between adsorbent and 
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adsorbate. Surface of all the adsorbents show random adsorption behavior 

while some parts are thickly covered with adsorbate layer and some are not. 
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4.2.6 TABLES 

Table: 4.2.6.1 

Optimization of  amounts of adsorbents for the removal of Malachite Green 

(MG) dye on Raw charcoal (RC), ulva lactuca (UL), Sargassum muticum 

(SM), used black tea (UBT) and Impregnated used black tea (IM -UBT). 

Raw charcoal (RC) 

Amount of 

Adsorbent (gram) 
Ce (mol/L) 105 % Removal KD (mol/gram) 

0.1 3.32 66.37 331.8 

0.2 3.26 65.13 162.8 

0.3 3.47 69.35 115.5 

0.4 3.61 72.28 90.35 

0.5 3.81 76.21 76.21 

0.6 4.28 85.6 71.33 

0.7 4.24 84.17 60.07 

0.8 4.15 83.01 51.88 

0.9 4.13 82.56 45.87 

1.0 4.23 85.36 42.68 

1.5 4.31 86.15 28.72 

2.0 4.11 82.15 20.54 

Ulva Lactuca (UL) 

0.1 3.21 64.16 320.8 

0.2 3.31 66.13 165.3 

0.3 3.36 67.18 111.9 

0.4 3.71 74.28 92.84 

0.5 3.76 75.21 75.21 

Continue	→
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Amount of 

Adsorbent (gram) 
Ce (mol/L) 105 % Removal KD (mol/gram) 

0.6 3.67 73.36 61.13 

0.7 3.62 72.36 51.69 

0.8 3.57 71.45 44.66 

0.9 3.72 74.44 41.36 

1.0 3.82 76.32 38.16 

1.5 3.91 78.25 26.08 

2.0 3.95 79.98 19.75 

Impregnated Used Black Tea (IM -UBT) 

0.1 3.68 73.52 367.6 

0.2 3.64 72.82 182.0 

0.3 3.72 74.32 123.8 

0.4 4.01 80.23 100.2 

0.5 4.06 81.23 81.23 

0.6 4.24 84.89 70.67 

0.7 4.11 82.29 58.71 

0.8 4.08 81.54 50.96 

0.9 4.19 83.8l 46.56 

1.0 4.11 82.19 41.05 

1.5 4.23 84.51 28.17 

2.0 4.28 85.56 21.39 
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Table: 4.2.6.2 

Optimization of  time  for the removal of Malachite Green (MG) on Raw 

charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea 

(UBT) and Impregnated used black tea (IM -UBT). 

Raw charcoal (RC) 

Time (min) Ce (mol/L) 105 % Removal 
KD 

(mol/gram) 

5.00 1.82 36.34 30.28 

10.0 2.21 44.26 36.88 

15.0 2.79 55.79 46.42 

20.0 3.21 64.22 53.52 

25.0 3.42 68.32 56.93 

30.0 3.47 69.44 57.87 

35.0 3.66 73.24 61.03 

40.0 3.87 77.48 64.57 

45.0 4.07 81.44 67.87 

50.0 4.02 80.35 66.92 

55.0 3.96 79.11 65.93 

60.0 3.83 76.69 63.83 

70.0 3.73 74.68 62.17 

80.0 3.93 78.68 65.50 

90.0 3.96 79.28 66.07 

100 3.89 77.85 64.88 

Ulva Lactuca (UL) 

5.00 2.14 42.86 26.79 

10.0 2.32 46.44 29.03 

15.0 2.49 49.72 31.08 

20.0 2.76 55.25 34.50 

25.0 3.03 60.52 37.83 

30.0 3.12 62.32 38.95 

35.0 3.71 74.10 46.31 

40.0 4.01 80.25 50.16 

Continue	→ 
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Time (min) Ce (mol/L) 105 % Removal 
KD 

(mol/gram) 

45.0 4.02 80.35 50.22 

50.0 4.07 81.36 50.85 

55.0 4.01 80.14 50.09 

60.0 4.06 81.23 50.77 

70.0 4.16 83.21 52.01 

80.0 4.13 82.57 51.56 

90.0 3.97 79.38 49.56 

100 3.83 76.55 47.81 

Sargassum Muticum (SM) 

5.00 2.01 60.23 28.72 

10.0 2.27 65.35 32.36 

15.0 2.42 68.36 34.54 

20.0 2.82 70.65 40.33 

25.0 3.24 78.23 46.31 

30.0 3.69 79.23 52.78 

35.0 3.86 81.35 55.11 

40.0 4.02 81.35 57.46 

45.0 4.22 84.35 60.27 

50.0 4.27 83.44 61.03 

55.0 4.21 81.25 60.18 

60.0 4.21 82.22 60.16 

70.0 4.22 83.36 60.26 

80.0 4.15 84.02 59.30 

90.0 4.12 79.36 58.83 

100 4.21 78.42 60.15 

Used Black Tea (UBT) 

5.00 2.51 50.14 50.14 

10.0 2.66 53.25 53.25 

15.0 3.06 61.17 61.17 

20.0 3.52 70.32 70.32 

25.0 3.54 71.19 71.19 

30.0 3.92 78.32 78.32 

35.0 4.01 80.19 80.1 

Continue	→ 
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Time (min) Ce (mol/L) 105 % Removal 
KD 

(mol/gram) 

40.0 4.26 85.18 85.18 

45.0 4.32 86.35 86.35 

50.0 4.52 90.32 90.32 

55.0 4.37 87.35 87.35 

60.0 4.32 86.44 86.44 

70.0 4.22 84.31 84.31 

80.0 4.33 86.57 86.57 

90.0 4.44 88.77 88.77 

100 4.36 87.11 87.11 

Impregnated Used Black Tea (IM -UBT) 

5.00 3.41 68.23 85.29 

10.0 3.82 76.36 95.45 

15.0 4.26 85.21 106.50 

20.0 4.36 87.25 109.06 

25.0 4.51 90.25 112.75 

30.0 4.32 86.34 107.93 

35.0 4.16 83.21 104.01 

40.0 4.21 84.11 105.14 

45.0 4.31 86.16 107.70 

50.0 4.16 83.25 104.06 

55.0 4.42 88.36 110.45 

60.0 4.38 87.58 109.38 

70.0 4.46 89.25 111.56 

80.0 4.26 85.22 106.53 

90.0 4.16 83.29 104.00 

100 4.22 84.30 105.38 
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Table: 4.2.6.3 

Optimization of concentration for the removal of Malachite Green (MG) on 

Raw charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used 

black tea (UBT) and Impregnated used black tea (IM -UBT) 

Raw charcoal (RC) 

Concentration of 

MG 

(mol/L) 105 

Ce (mol/L) 105 % Removal KD (mol/gram) 

0.70 0.527 75.35 62.79 

0.90 0.650 72.24 60.20 

1.00 0.731 73.44 61.20 

3.00 0.236 78.82 65.68 

5.00 3.661 73.16 60.97 

7.00 5.102 72.82 60.68 

9.00 6.884 76.44 63.70 

10.0 7.513 75.05 62.54 

30.0 20.91 69.73 58.11 

50.0 30.24 60.31 50.26 

Ulva Lactuca (UL) 

0.70 0.513 73.35 45.84 

0.90 0.705 78.35 48.97 

1.00 0.804 80.36 50.23 

3.00 2.441 81.35 50.84 

5.00 4.160 83.25 52.03 

7.00 5.901 84.35 52.72 

9.00 7.242 80.41 50.25 

10.0 7.556 75.52 47.19 

30.0 2.201 73.35 45.81 

50.0 3.466 69.25 43.28 

Sargassum Muticum (SM) 

0.70 0.513 73.3 52.36 

0.90 0.652 72.45 51.75 

1.00 0.714 71.35 50.96 

Continue	→
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Concentration of 

MG 

(mol/L) 105 

Ce (mol/L) 105 % Removal KD (mol/gram) 

3.00 2.232 74.35 53.11 

5.00 3.674 73.35 52.39 

7.00 5.278 75.3 53.79 

9.00 6.605 73.36 52.40 

10.0 6.831 68.25 48.75 

30.0 18.72 62.36 44.54 

50.0 29.63 59.23 42.31 

Used Black Tea (UBT) 

0.70 0.527 75.23 75.23 

0.90 0.705 78.21 78.21 

1.00 0.734 73.36 73.36 

3.00 2.175 72.21 72.21 

5.00 3.914 78.24 78.24 

7.00 5.614 80.21 80.21 

9.00 7.398 82.15 82.15 

10.0 8.091 80.89 80.89 

30.0 24.45 81.36 81.36 

50.0 39.71 79.35 79.35 

Impregnated Used Black Tea (IM -UBT) 

0.70 0.547 78.15 97.69 

0.90 0.742 82.42 103.03 

1.00 0.823 83.23 104.04 

3.00 2.531 84.36 105.45 

5.00 4.515 90.25 112.81 

7.00 6.074 86.72 108.41 

9.00 7.494 83.18 103.98 

10.0 8.454 84.52 105.65 

30.0 2.384 79.23 99.042 

50.0 3.771 75.36 94.201 
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Table: 4.2.6.4 

Langmuir parameters for the removal of Malachite Green (MG) on Raw 

charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea 

(UBT) and Impregnated used black tea (IM -UBT) 

Adsorbents 
Temperature 

(K) 

(K) 

10-3 

(Vm) 

103 

Raw charcoal 

(RC) 

303 2.83 27.21 

308 3.54 25.70 

313 3.65 21.11 

318 6.95 14.43 

Ulva lactuca  

(UL) 

303 2.37 9.60 

308 2.18 9.16 

313 2.78 9.01 

318 2.93 8.33 

Sargassum 

muticum (SM) 

303 3.50 8.66 

308 4.62 8.33 

313 5.08 7.58 

318 4.04 7.07 

Used black tea 

(UBT) 

303 2.13 19.65 

308 2.58 16.24 

313 3.15 13.20 

318 4.15 12.76 

Impregnated 

used black tea 

(IM -UBT) 

303 1.16 41.15 

308 2.15 18.60 

313 3.36 14.28 

318 5.38 8.42 
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Table: 4.2.6.5 

 Freundlich parameters for the removal of Malachite Green (MG) on raw 

charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea 

(UBT) and Impregnated used black tea (IM -UBT). 

 

 

 

Adsorbents 
Temperature 

(K) 
K n 

Raw charcoal 

(RC) 

303 7.98 1.25 

308 4.95 1.28 

313 6.30 1.36 

318 2.67 1.45 

Ulva lactuca 

(UL) 

303 2.22 1.27 

308 1.97 1.07 

313 1.94 1.30 

318 1.87 1.32 

Sargassum muticum 

(SM) 

303 1.58 1.37 

308 1.61 1.39 

313 1.31 1.43 

318 1.17 1.41 

Used black tea 

(UBT) 

303 3.64 1.29 

308 3.70 1.24 

313 2.81 1.33 

318 3.56 1.31 

Impregnated used 

black tea (IM -UBT) 

303 6.82 1.22 

308 3.40 1.31 

313 2.72 1.34 

318 1.14 1.50 
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Table: 4.2.6.6 

D-R parameters for the removal of  Malachite green (MG) on Raw charcoal 

(RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea (UBT) 

and Impregnated used black tea (IM -UBT). 

 

 

Adsorbents 
Temperature 

(K) 

K 

109 

Xm 

102 

Es 

(J/mol) 10-3 

Raw charcoal 

(RC) 

303 -6.31 14.5 8.96 

308 -5.54 12.0 9.52 

313 -5.66 12.6 9.41 

318 -4.90 8.53 10.1 

Ulva Lactuca 

(UL) 

303 -5.91 4.36 9.24 

308 -5.54 3.11 9.56 

313 -5.66 4.18 9.48 

318 -5.43 4.09 9.69 

Sargassum 

muticum 

(SM) 

303 -5.66 4.03 9.47 

308 -5.43 4.46 9.66 

313 -5.21 3.92 9.83 

318 -4.81 3.44 10.2 

Used black tea 

(UBT) 

303 -6.04 7.58 9.13 

308 -6.17 8.56 9.04 

313 -5.54 6.58 9.59 

318 -5.43 8.19 9.65 

Impregnated 

used black tea    

(IM -UBT) 

303 -5.54 1.24 9.56 

308 -5.21 6.56 9.84 

313 -4.90 7.82 10.1 

318 -4.71 4.25 10.3 
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Table: 4.2.6.7 

Thermodynamic parameters for the adsorption of  Malachite Green (MG) 

on the surface of Raw charcoal (RC), ulva lactuca (UL), Sargassum 

muticum (SM), used black tea (UBT) and Impregnated used black tea          

(IM -UBT 

Adsorbent 

Concentration 

of MG 

105 

∆H 

(kJ/mol) 

102 

∆S 

(J/mol.K)

10 

∆G  (kJ/mol) 

303 

K 

10 

303 

K 

10 

303 

K 

10 

303 

K 

10 

Raw 

charcoal 

(RC) 

0.70 -4.80 3.23 -1.46 -1.47 -1.49 -1.51 

1.00 -3.93 3.65 -1.49 -1.51 -1.52 -1.54 

5.00 -3.80 3.63 -1.48 -1.50 -1.52 -1.54 

9.00 -3.33 4.04 -1.54 -1.56 -1.58 -1.60 

30.0 -3.31 3.85 -1.51 -1.53 -1.55 -1.57 

50.0 -3.02 4.06 -1.51 -1.53 -1.55 -1.57 

Ulva 

Lactuca 

(UL) 

0.70 -3.31 3.44 -136 -1.37 -1.39 -1.41 

1.00 -0.90 4.22 -1.36 -1.38 -1.40 -1.42 

5.00 -0.96 4.33 -1.39 -1.42 -1.44 -1.46 

9.00 -1.33 4.33 -1.43 -1.45 -1.47 -1.50 

30.0 -3.07 3.83 -1.45 -1.47 -1.49 -1.51 

50.0 -4.29 2.68 -1.21 -1.23 -1.24 -1.25 

Sargassum 

muticum 

(SM) 

0.70 -4.71 3.48 -1.47 -1.48 -1.50 1.52 

1.00 -4.48 3.46 -1.47 -1.49 -1.51 1.52 

5.00 -4.39 3.34 -1.40 -1.42 -1.44 -1.47 

9.00 -4.36 3.54 -1.52 -1.54 -1.56 -1.58 

30.0 -4.10 3.52 -1.50 -1.51 -1.53 -1.55 

50.0 -3.871 3.45 -1.41 -1.43 -1.45 -1.46 

Continue →
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Adsorbent 

Concentration 

of MG 

105 

∆H 

(kJ/mol)

102 

∆S 

(J/mol.K)

10 

∆G  (kJ/mol) 

303 

K 

10 

303 

K 

10 

303 

K 

10 

303  

K 

10 

Used black 

tea (UBT) 

0.70 -3.34 4.02 -1.54 -1.56 -1.58 -1.60 

1.00 -2.93 4.24 -1.56 1.58 -1.60 -1.62 

5.00 -2.68 4.44 -1.60 -1.62 -1.64 -1.66 

9.00 -2.33 4.55 -1.62 -1.64 -1.67 -1.69 

30.0 -2.57 4.52 -1.61 -1.67 -1.69 -1.72 

50.0 -2.54 4.52 1.66 1.69 1.71 1.73 

Impregnate

d used 

black tea 

(IM -UBT) 

0.70 -3.22 4.42 -1.65 -1.67 -1.69 -1.71 

1.00 -2.44 4.72 -1.66 -1.69 -1.71 -1.73 

5.00 -2.43 5.12 -1.78 -1.84 1.84 -1.86 

9.00 -2.13 4.92 -1.72 -1.74 -1.77 -1.79 

30.0 -1.97 5.02 -1.71 1.73 -1.76 -1.78 

50.0 -1.72 4.92 -1.68 1.70 -1.73 -1.75 
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Figure 4.2.7.1 Optimization of amount of Raw charcoal (RC) 
for the removal of Malachite Green (MG) dye 
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Figure 4.2.7.2 Optimization of amount Ulva lactuca (UL) for 
the removal of Malachite Green (MG) dye
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Figure 4.2.7.3 Optimization of amount of Saragrassum 

muctium (SM) for the removal of of Malachite Green (MG) 
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Figure 4.2.7.4 Optimization of amount of used Black Tea 

(UBT) for the removal of Malachite Green (MG) dye.
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Figure  4.2.7.5 Optimization of amount of Impregnated used 
Black Tea (IM-UBT) for the removal of Malachite Green 

(MG) dye.
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Figure 4.2.7.6 Optimization of shaking time  for the removal of 
Malachite Green (MG) dye  using Raw charcoal (RC).
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Figure 4.2.7.8 Optimization of shaking time  for the 
removal of Malachite Green (MG) dye using Sargassum 
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Figure 4.2.7.9 Optimization of shaking time  for the removal 
of Malachite Green (MG) dye using Used Black tea (UBT).
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Figure 4.2.7.10 Optimization of shaking time  for the removal  
of Malachite Green (MG) dye using Impregnated used Black 

tea (IM-UBT)
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Figure 4.2.7.11 Optimization of concentration for the removal
of Malachite Green (MG) by using Raw charcoal (RC).
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Figure 4.2.7.12 Optimization of concentration for the removal 
of Malachite Green (MG)  by using Ulva lactuca (UL).
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Figure 4.2.7.13 Optimization of concentration for the removal 
of Malachite Green (MG)  by using Sargassum muticum 

(SM).  

% Removal

KD

30

50

70

90

0

25

50

75

100

7.00E-06 1.00E-05 5.00E-05 9.00E-05 3.00E-04

K
D

 (
m

o
l/g

ra
m

)

%
 R

e
m

o
va

l

Concentration (mol/L)

Figure 4.2.7.14 Optimization of concentration for the removal 
of Malachite Green (MG)  by using Used Black tea (UBT). 
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Figure 4.2.7.15 Optimization of concentration for the removal 
of Malachite Green (MG)  by using Impregnated used Black 

tea (IM-UBT).
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Figure 4.2.7.16 Langmuir isotherm of Raw charcoal (RC) -
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Figure 4.2.7.17 Langmuir isotherm of Ulva lactuca (UL) -
Malachite Green (MG) dye system.
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Figure 4.2.7.18 Langmuir isotherm of Sargassum muticum 
(SM) - Malachite Green (MG) dye system.
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Figure 4.2.7.19 Langmuir isotherm of Used black tea (UBT) -

Malachite Green (MG) dye system.
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Figure 4.2.7.20 Langmuir isotherm of  Impreganted used 
black tea (IM -UBT) -Malachite Green (MG) dye  system.
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Figure 4.2.7.21 Freundlich Isotherm of Raw charcoal (RC) -
Malachite Green (MG) dye system.
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Figure 4.2.7.22 Freundlich Isotherm of Ulva lactuca (UL) -
Malachite Green (MG) dye system.
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Figure 4.2.7.23 Freundlich Isotherm of Sargassum muticum 
(SM) - Malachite Green (MG) dye system.    
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Figure 4.2.7.24 Freundlich Isotherm of used black tea (UBT) -
Malachite Green (MG) dye system.
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Figure 4.2.7.25 Freundlich Isotherm of Impregnated used 
black tea (IM -UBT) - Malachite Green (MG) dye system.
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Figure 4.2.7.26 D-R isotherm of  Raw charcoal (RC) -
Malachite Green (MG) dye system.
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Figure 4.2.7.27 D-R isotherm of Ulva lactuca (UL) - Malachite 
Green (MG) dye system
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Figure 4.2.7.28 D-R isotherm of Sargassum muticum (SM) -
Malachite Green (MG) dye system.
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Figure 4.2.7.29 D-R isotherm of Used black tea (UBT) -
Malachite Green (MG) dye system.
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Figure 4.2.7.30 D-R isotherm of Impregnated used black tea             
(IM -UBT) - Malachite Green (MG) dye system.
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Figure 4.2.7.31 Plot of Ln KD vs 1/T for Raw charcoal (RC) -
Malachite Green (MG) dye system.  
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Figure 4.2.7.32 Plot of Ln KD vs 1/T for Ulva lactuca (UL) -
Malachite Green (MG) dye system. 

0.7 E-05 M

1.0 E-05 M

5.0 E-05 M

9.0 E-05 M

30 E -05 M

50 E-05 M



164 
 

 

 

 

3.6

3.75

3.9

4.05

4.2

3.12E-03 3.18E-03 3.24E-03 3.30E-03

1/T (K-1)

Ln KD

Sargassum muticum (SM) /T for 1vs DPlot of Ln K4.2.7.33 Figure 
-Malachite Green (MG) dye system. 

0.7 E-05 M

1.0 E-05 M

 5.0 E-05 M

9.0 E-05 M

30 E-05 M

50 E-05 M

4.1

4.2

4.3

4.4

4.5

4.6

3.12E-03 3.18E-03 3.24E-03 3.30E-03

1/T (K-1)

Ln KD

/T for used black tea                        1vs DPlot of Ln K4.2.7.34 Figure 
(UBT) - Malachite Green (MG) dye system.

0.7 E-05 M

1.0 E-05 M

5.0 E-05 M

9.0 E-05 M

30 E-05 M

50 E-05 M



165 
 

 

  

4.4

4.5

4.6

4.7

4.8

3.12E-03 3.18E-03 3.24E-03 3.30E-03

1/T (K-1)

Ln KD

Figure 4.2.7.35 Plot of Ln KD vs 1/T for Impreganted used black 
tea           (IM -UBT) - Malachite Green (MG) dye system. 
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4.2.8 IMAGES OF ADSORBENTS BY SCAN ELECTRON 

MICROSCOPE (SEM) 

 

Figure 4.2.8.1 SEM image of Raw charcoal (RC) after adsorption of              
Malachite Green (MG). 

 

Figure 4.2.8.2 SEM image of   Ulva Latuca (UL)after adsorption of      

 Malachite Green (MG).   
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Figure 4.2.8.3 SEM image of   Saragrassum muticum (SM) after 

adsorption of Malachite Green (MG).   

 

 

Figure 4.2.8.4 SEM image of Used black tea (UBT) after adsorption 

of  Malachite Green (MG).   
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Figure 4.2.8.5 SEM image of Impregnated used balck tea (IM-UBT) 

after adsorption of Malachite Green (MG). 
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4.3 REMOVAL OF FAST GREEN DYE BY USING RAW 

CHARCOAL (RC), ULVA LACTUCA (UL), SARGASSUM 

MUTICUM (SM), USED BLACK TEA (UBT),  AND 

IMPREGNATED USED BLACK TEA (IM-UBT)  

The removal of fast green (FG) was carried out  by adsorption process on 

the surface of natural adsorbents like Raw Charcoal (RC), Ulva Lactuca 

(UL), Sargassum Muticum (SM), Used Black tea (UBT) and impregnated 

used black tea (IM-UBT) under the optimized conditions of  dose of 

adsorbent, shaking time and concentration of adsorbate. 

4.3.1Effect of amount of adsorbents 

Optimum amount of the above adsorbents were investigated by varying the 

amount of adsorbents. The results showed that adsorption of fast green dye 

on the surface of (RC), (UL), (SM), (UBT) and IM-UBT were initially not 

significant but with the increase in adsorbent amount % removal values 

were increased and reaches to equilibrium value at 0.8 gm (73.01%) for 

RC, 0.9 gm ( 70.21%) for UL, 0.70 gm (66.21%) for SM, 0.6 gm (63.36%) 

for UBT and 0.4 gm (64.23%) for IM-UBT.   After that % adsorption 

values were decreasing with the increase in the amount of adsorbents. All 

the adsorbents have the % removal values in the range of 60% to 70%, 

however the ratio of dye adsorbed to adsorbents (KD) were decreased with 

the increase in the amount of adsorbents. The distribution coefficient (KD) 

values at the respective amounts were 45.63, 39.01, 47.29, 52.80 and 80.29 

mol /gram respectively. The results are shown in Table 4.3.6.1 and Figures 

4.3.7.1 - 4.3.7.5.  

4.3.2 Effect of shaking time 

Effect of shaking time for the removal of dye was investigated by keeping 

optimum amount of adsorbents. Table 4.3.6.2 illustrates the adsorption of 
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FG dye on RC, UL, SM, UBT and IM-UBT adsorbents by varying the 

shaking time period. Maximum removal of dye was obtained on IM-UBT 

system at 30 minutes about 74.23%. The values of KD were also increased 

with the increase in time. For FG-RC system the maximum adsorption of 

dye was obtained at 20 minutes about 60.32%, for FG-UL system the 

maximum adsorption of dye was observed at 25 minutes about 64.23%. 

While for FG-SM system about 70.44% adsorption was obtained at 40 

minutes, for FG-UBT system at 30 minutes about 75.32% and for FG-IM-

UBT system the maximum adsorption was observed at 20 minutes about 

74.23%. The values of KD also follow the same pattern. In case of FG-UL 

and FG-SM systems the adsorption was increased with the increase in time 

and then decreased. Results are shown in Figures   4.3.7.6- 4.3.7.10.   

4.3.3 Effect of concentration of dye             

Initial concentrations of fast green dye solutions were varied in order to 

determine maximum dye removal under the optimized amount of RC 

(0.8gm), UL (0.9 gm), SM (0.7gm), UBT (0.6 gm) and IM-UBT (0.4 gm). 

The % removal values for RC-FG system were increased with the increase 

in concentration of FG dye then it drops and again increased, the maximum 

adsorption (90.86 %) was observed at 6.0×10-4 mol.dm-3. The values of KD 

were showing random behavior through out the system. For UL-FG system 

the adsorption was increased with the increase in concentration and then it 

gets constant values. The maximum adsorption observed at concentration 

2.0×10-4 mol.dm-3 was 70.35 %.   For the rest of systems SM-FG, UBT-FG 

and IM-UBT-FG, the adsorption was increased with the increase in 

concentration of dye then it was decreased with the increase in 

concentration. For SM-FG system the maximum adsorption observed at 

concentration 2.0×10-4 mol.dm-3 was 74.35 %. The UBT-FG system shows 

maximum adsorption at concentration 4.0×10-4 mol.dm-3 about 72.15 % 

and for IM-UBT-FG system the maximum adsorption was observed at 
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2.0×10-4 mol.dm-3 about 66.72 %. The results are summarized in Table 

4.3.6.3 and Figures 4.3.7.11- 4.3.7.15. 

4.3.4 Adsorption Isotherms Studies 

4.3.4.1 Langmuir adsorption isotherm 

The adsorption experiments were accomplished at different temperatures 

ranging from 303 K to 318 K as shown in Figures 4.3.7.16 - 4.3.7.20. The 

results are summarized in Table 4.3.6.4. For RC-FG system there is a 

decrease in the values of K with the rise in temperature except at 318 K, 

showing that there is strong adsorbate-adsorbent interaction at lower 

temperatures. For UL-FG and SM-FG systems the values of constant K 

was high at 303 K then decreases with the increases in temperature. For 

UBT-FG system the value of K is constant throughout the system except at 

303 K. For IM-UBT-FG system the values of constant K were nearly same 

throughout the system show uniformity in adsorbate and adsorbent 

interaction in the overall process. It reveals that the adsorption affinity of 

dye decreases with the rise in temperature so adsorption is highly favorable 

at low temperatures. The monolayer capacities (Vm) for all the systems 

decrease with the increases in temperature while for IM-UBT-FG system is 

on the higher side.  

4.3.4.2 Freundlich adsorption isotherm 

Figures 4.3.7.21- 4.3.7.25 depicts the Freundlich plots which were obtained 

at various temperatures. Values of K and n were computed from the slopes 

and intercepts of their plots are listed in Table 4.3.6.5. The constant K 

relates to the degree of adsorption, while n provides the estimation of the 

intensity of the adsorption. The values of K show random behavior for RC-

FG and SM-FG systems while for UL-FG, UBT-FG, IM-UBT-FG systems 

it decreases with the increase in temperature it reveals that adsorption 
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affinity for the above adsorbents increases with the rise in temperature 

showing that adsorption is more favorable at higher temperatures. While 

the value of n decreases with the rise in temperature for all other systems 

showing that the binding capacity decreases with the rise in temperature. 

4.3.4.3 Dubinin Radushkevich isotherm 

 The D-R plots were obtained at various temperatures are shown in Figures                   

4.3.7.26 - 4.3.7.30. Values of Xm and K were calculated from the intercept 

and slopes of their respective plots. Table 4.3.6.6 shows the values of 

sorption capacity Es. For RC-FG and SM-FG systems, it was decreased 

with the rise in temperature. While Es values were increased with the 

increase in temperature for UL-FG, UBT-FG and IM-UBT-FG systems 

indicating an increase in dye sorption with the rise in temperature. 

4.3.4.4 Thermodynamic parameters 

Table 4.3.6.7 shows the values of ΔH and ΔS, calculated from the slope 

and intercept of the linear variation of Ln KD with the reciprocal of 

temperature (1/T) as shown in Figures 4.3.7.31- 4.3.7.35. The values of ΔG 

for all the systems were negative at various temperatures showing the 

spontaneous behavior of adsorption process. In case of RC-FG system the 

values of ΔH were negative and decrease with the increase in 

concentration. While in other systems UL-FG, SM-FG, UBT-FG, IM-

UBT-FG it was increases with the increases in temperature showing the 

exothermic behavior of adsorption process. The values of ΔS were positive 

for all the adsorbate –adsorbent systems. 

4.3.5 Scanning Electron Microscopy (SEM) Studies  

The surface morphology of raw charcoal (RC), ulva lactuca (UL), 

sargassum muticum (SM), used black tea (UBT) and impregnated used 
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black tea (IM-UBT ) were monitored by taking images through scanning 

electron microscope (SEM) before and after adsorption of fast green (FG). 

 Figures 4.3.8.1- 4.3.8.5   show the SEM images of  the surface of raw 

charcaol (RC),  ulva lactuca (UL), saragrassum muticum (SM), used black 

tea (UBT)  and impregnated used black tea (IM-UBT )  respectively after 

the adsorption of fast green (FG) dye. As the fast green dye is acidic in 

nature and surface of IM-UBT it highly saturated with the adsorabte as the 

surface of it was previously modified by impregnation with lead nitrae, so 

by that sites have an extra affinity for the dye adsorption.  On other 

adsorbents a thin layer was observed which covered the surface of 

adsorbents but some pores still visible on the surface of adsorbents. 
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4.3.6 TABLES 

Table 4.3.6.1 

Optimization of  amounts of adsorbents for the removal of Fast Green (FG) 

on Raw charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used 

black tea (UBT) and Impregnated used black tea (IM -UBT) 

Raw charcoal (RC) 

Amount of 

Adsorbent (gram) 
Ce (mol/L) 105 % Removal KD (mol/gram) 

0.1 6.03 46.37 231.8 

0.2 5.87 45.13 112.8 

0.3 6.42 49.35 82.25 

0.4 6.80 52.28 65.35 

0.5 7.57 58.21 58.21 

0.6 8.53 65.61 54.67 

0.7 8.61 66.21 47.29 

0.8 9.49 73.01 45.63 

0.9 9.17 70.56 39.20 

1.0 9.02 69.36 34.68 

1.5 9.25 71.15 23.72 

2.0 9.38 72.15 18.04 

Ulva Lactuca (UL) 

0.1 5.75 44.23 221.1 

0.2 6.27 48.26 120.6 

0.3 7.28 56.02 93.37 

0.4 7.66 58.96 73.70 

0.5 7.83 60.24 60.24 

Continue	→
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Amount of 

Adsorbent (gram) 
Ce (mol/L) 105 % Removal KD (mol/gram) 

0.6 8.26 63.54 52.95 

0.7 8.38 64.46 46.04 

0.8 8.54 65.66 41.04 

0.9 9.13 70.21 39.01 

1.0 8.35 64.25 32.13 

1.5 8.21 63.15 21.05 

2.0 8.94 68.92 17.23 

Sargassum Muticum (SM) 

0.1 4.96 38.16 190.8 

0.2 5.36 41.25 103.1 

0.3 5.62 43.26 72.10 

0.4 7.06 54.32 67.90 

0.5 6.92 53.25 53.25 

0.6 7.59 58.36 48.63 

0.7 8.61 66.21 47.29 

0.8 8.91 68.52 42.83 

0.9 8.62 66.32 36.84 

1.0 8.75 67.34 33.67 

1.5 8.85 68.10 22.70 

2.0 8.47 65.14 16.29 

Used Black Tea (UBT) 

0.1 6.55 50.35 327.2 

0.2 7.11 54.73 251.7 

0.3 5.90 45.41 136.8 

0.4 7.06 54.29 75.68 

0.5 7.19 55.32 67.86 

Continue	→
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Amount of 

Adsorbent (gram) 
Ce (mol/L) 105 % Removal KD (mol/gram) 

0.6 8.24 63.36 55.32 

0.7 8.11 62.36 52.80 

0.8 7.94 61.45 44.54 

0.9 8.38 64.44 38.41 

1.0 8.62 66.32 35.80 

1.5 8.61 66.25 33.16 

2.0 8.49 65.31 22.08 

Impregnated Used Black Tea (IM -UBT) 

0.1 5.61 43.12 215.6 

0.2 6.22 47.82 119.5 

0.3 6.93 53.32 88.87 

0.4 8.35 64.23 80.29 

0.5 7.96 61.23 61.23 

0.6 8.29 63.80 53.17 

0.7 8.09 62.22 44.43 

0.8 8.13 62.54 39.09 

0.9 8.29 63.83 35.44 

1.0 8.59 66.12 33.05 

1.5 8.39 64.51 21.50 

2.0 8.52 65.56 16.39 

 

 

 

 

 

 



177 
 

Table  4.3.6.2 

Optimization of  time  for the removal of Fast Green (FG) on Raw charcoal (RC), ulva 

lactuca (UL), Sargassum muticum (SM), used black tea (UBT) and Impregnated used 

black tea (IM -UBT). 

Raw charcoal (RC) 

Time (min) Ce (mol/L) 105 % Removal KD (mol/gram) 

5.00 6.54 54.54 34.09 

10.0 6.76 56.32 35.20 

15.0 7.04 58.74 36.69 

20.0 7.24 60.32 37.70 

25.0 7.02 58.47 36.54 

30.0 7.25 60.44 37.78 

35.0 7.59 63.24 39.53 

40.0 7.50 62.48 39.05 

45.0 7.37 61.44 38.40 

50.0 7.96 66.35 41.44 

55.0 7.81 65.11 40.69 

60.0 7.99 66.65 41.63 

70.0 7.39 61.62 38.50 

80.0 7.87 65.62 41.00 

90.0 7.59 63.28 39.55 

100 8.02 66.85 41.78 

Ulva Lactuca (UL) 

5.00 4.62 38.51 21.39 

10.0 5.09 42.44 23.58 

15.0 6.56 54.65 30.36 

20.0 6.88 57.32 31.84 

25.0 7.71 64.23 35.68 

30.0 7.59 63.25 35.14 

35.0 7.45 62.12 34.51 

Continue	→
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Time (min) Ce (mol/L) 105 % Removal KD (mol/gram) 

40.0 8.09 67.42 37.46 

45.0 7.71 64.25 35.69 

50.0 7.59 63.21 35.12 

55.0 7.59 63.25 35.14 

60.0 8.09 67.42 37.46 

70.0 7.57 63.12 35.07 

80.0 7.96 66.32 36.84 

90.0 7.83 65.21 36.23 

100 7.58 63.15 35.08 

Sargassum Muticum (SM) 

5.00 4.83 40.21 28.72 

10.0 5.44 45.32 32.36 

15.0 5.80 48.36 34.54 

20.0 6.78 56.46 40.33 

25.0 7.78 64.84 46.31 

30.0 8.05 66.89 47.78 

35.0 8.18 68.16 48.69 

40.0 8.45 70.44 50.31 

45.0 7.73 64.38 45.99 

50.0 4.83 65.44 46.74 

55.0 5.44 66.25 47.32 

60.0 5.80 68.22 48.73 

70.0 6.78 69.36 49.54 

80.0 7.78 70.02 50.01 

90.0 8.03 70.36 50.26 

100 8.18 70.21 50.15 

Used Black Tea (UBT) 

5.00 6.02 50.14 41.78 

10.0 6.51 54.25 45.21 

15.0 8.18 68.17 56.81 

20.0 8.44 70.32 58.60 

Continue	→
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Time (min) Ce (mol/L) 105 % Removal KD (mol/gram) 

25.0 8.78 73.19 60.99 

30.0 9.04 75.32 62.77 

35.0 8.89 74.11 61.75 

40.0 8.42 70.18 58.48 

45.0 8.80 73.35 61.13 

50.0 8.44 70.32 58.60 

55.0 8.56 71.35 59.46 

60.0 8.33 69.44 57.87 

70.0 8.68 72.31 60.26 

80.0 8.83 73.57 61.31 

90.0 8.49 70.77 58.98 

100 8.89 74.11 61.76 

Impregnated Used Black Tea (IM -UBT) 

5.00 7.59 63.23 79.04 

10.0 8.08 67.36 84.20 

15.0 8.42 70.2 87.75 

20.0 8.91 74.23 92.79 

25.0 8.66 72.2 90.25 

30.0 8.56 71.34 89.18 

35.0 8.44 70.34 87.93 

40.0 8.29 69.11 86.39 

45.0 8.42 70.16 87.70 

50.0 8.19 68.25 85.31 

55.0 8.32 69.36 86.70 

60.0 8.46 70.51 88.13 

70.0 8.79 73.25 91.56 

80.0 8.90 74.20 92.75 

90.0 8.80 73.35 91.69 

100 8.93 74.42 92.63 
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Table  4.3.6.3 

Optimization of concentration for the removal of Fast Green (FG)   on Raw charcoal 

(RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea (UBT) and 

Impregnated used black tea (IM -UBT) 

 

Raw charcoal (RC) 

Concentration of Fast 

Green (FG) (mol/L) 104 
Ce (mol/L) 105 % Removal 

KD 

(mol/gram) 

0.200 1.11 55.35 34.59 

0.400 2.29 57.24 35.78 

0.600 3.81 63.44 39.65 

0.800 5.51 68.82 43.01 

1.000 6.32 63.16 39.48 

2.000 12.6 62.82 39.26 

4.000 26.24 65.44 40.90 

6.000 45.01 75.05 46.91 

8.000 55.82 69.73 43.58 

10.00 60.34 60.31 37.69 

Ulva Lactuca (UL) 

0.200 0.867 43.35 24.08 

0.400 1.931 48.35 26.86 

0.600 3.021 50.36 27.98 

0.800 4.356 54.35 30.19 

1.000 6.334 63.25 35.14 

2.000 1.414 70.35 39.08 

4.000 2.786 69.4 38.56 

6.000 3.932 65.5 36.39 

8.000 5.461 68.3 37.94 

10.00 6.932 69.25 38.47 

Sargassum Muticum (SM) 

0.200 0.866 43.30 30.93 

Continue	→
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Concentration of Fast 

Green (FG) (mol/L) 104 
Ce (mol/L) 105 % Removal 

KD 

(mol/gram) 

0.400 1.701 42.45 30.32 

0.600 3.080 51.35 36.68 

0.800 5.150 64.35 45.96 

1.000 7.041 70.35 50.25 

2.000 1.495 74.31 53.07 

4.000 2.535 63.36 45.26 

6.000 4.105 68.25 48.75 

8.000 4.996 62.36 44.54 

10.00 5.922 59.23 42.31 

Used Black Tea (UBT) 

0.200 0.905 45.23 37.69 

0.400 1.934 48.21 40.18 

0.600 3.205 53.36 44.47 

0.800 4.982 62.21 51.84 

1.000 6.821 68.24 56.87 

2.000 1.401 70.21 58.51 

4.000 2.892 72.15 60.13 

6.000 4.191 69.89 58.24 

8.000 5.395 67.36 56.13 

10.00 6.241 62.35 51.96 

Impregnated Used Black Tea (IM -UBT) 

0.200 0.963 48.15 60.19 

0.400 2.100 52.42 65.53 

0.600 3.191 53.23 66.54 

0.800 4.351 54.36 67.95 

1.000 6.034 60.25 75.31 

2.000 1.335 66.72 83.40 

4.000 2.532 63.18 78.98 

6.000 3.851 64.23 80.29 

8.000 4.905 61.23 76.54 

10.00 6.043 60.36 75.45 
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Table 4.3.6.4 

Langmuir parameters for the removal of Fast Green (FG) on Raw charcoal 

(RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea (UBT) 

and Impregnated used black tea (IM -UBT) 

Adsorbents 
Temperature 

(K) 

(K) 

10-3 

(Vm) 

102 

Raw charcoal 

(RC) 

303 2.42 2.76 

308 1.61 3.28 

313 1.28 3.56 

318 1.74 3.84 

Ulva lactuca 

(UL) 

303 2.18 2.54 

308 1.69 2.69 

313 1.55 2.81 

318 1.52 3.13 

Sargassum 

muticum (SM) 

303 3.25 2.80 

308 1.96 3.00 

313 1.75 3.57 

318 1.84 3.88 

Used black tea 

(UBT) 

303 1.64 4.08 

308 1.47 4.52 

313 1.40 4.78 

318 1.45 4.93 

Impregnated 

used black tea 

(IM -UBT) 

303 1.45 6.25 

308 1.45 6.90 

313 1.16 8.63 

318 1.19 9.33 
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Table  4.3.6.5 

Freundlich parameters for the removal of Fast Green (FG) on  Raw 

charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea 

(UBT) and Impregnated used black tea (IM -UBT). 

Adsorbents 
Temperature 

(K) 
K n 

Raw charcoal (RC) 

303 3.42 1.40 

308 3.16 1.39 

313 5.92 1.30 

318 5.62 1.26 

Ulva lactuca 

(UL) 

303 3.67 1.34 

308 3.37 1.07 

313 3.78 1.31 

318 3.71 1.33 

Sargassum muticum 

(SM) 

303 2.78 1.49 

308 5.20 1.30 

313 4.33 1.35 

318 4.01 1.39 

Used black tea 

(UBT) 

303 4.75 1.36 

308 5.02 1.34 

313 6.01 1.31 

318 6.70 1.30 

Impregnated used 

black tea (IM -UBT) 

303 11.0 1.26 

308 11.6 1.25 

313 11.8 1.25 

318 13.6 1.19 
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Table  4.3.6.6 

D-R parameters for the removal of Fast Green (FG)   on Raw charcoal 

(RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea (UBT) 

and Impregnated used black tea (IM -UBT). 

Adsorbents 
Temperature

(K) 

K  

109 

Xm 

 10 

Es (J/mol) 

10-3 

Raw charcoal 

(RC) 

303 -6.01 1.27 9.12 

308 -5.76 1.11 9.32 

313 -6.04 1.69 9.10 

318 -6.13 1.50 9.03 

Ulva Lactuca 

(UL) 

303 -6.09 1.24 9.06 

308 -6.05 1.19 9.09 

313 -5.86 1.18 9.24 

318 -5.76 1.16 9.32 

Sargassum 

muticum 

(SM) 

303 -5.31 1.90 9.70 

308 -5.40 1.65 9.62 

313 -5.61 1.44 9.44 

318 -5.83 1.41 9.26 

Used black tea 

(UBT) 

303 -6.33 1.57 8.89 

308 -6.05 1.65 9.09 

313 -5.92 1.81 9.19 

318 -5.83 1.94 9.26 

Impregnated used 

black tea (IM -

UBT) 

303 -6.76 3.07 8.60 

308 -6.73 3.13 8.62 

313 -6.59 3.36 8.71 

318 -6.05 3.46 9.09 
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Table 4.3.6.7 

Thermodynamic parameters for the removal of  Fast Green (FG)  on the surface of Raw 

charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea (UBT) and 

Impregnated used black tea (IM -UBT) 

Adsorbent 
Concentration 

of (FG) 

104 

∆H 

(kJ/mol) 

102 

∆S 

(J/mol.K)

10 

∆G  (kJ/mol) 

303 

K 

10 

308 

K 

10 

313 

K 

10 

318 

K 

10 

Raw Charcoal 

(RC) 

0.20 -8.30 1.21 -1.19 -1.20 -1.20 -1.21 

0.60 -8.20 1.64 -1.29 1.30 -1.30 -1.31 

1.00 -8.18 1.61 -1.31 -1.32 -1.33 -1.34 

4.00 -8.03 1.80 -1.36 -1.37 -1.37 -1.38 

8.00 -7.74 2.01 -1.38 -1.38 -1.40 -1.41 

10.0 -7.34 2.24 -1.38 -1.40 -1.40 -1.42 

Ulva Lactuca 

(UL) 

0.20 -6.05 2.03 -1.21 -1.22 -1.22 -1.24 

0.60 -6.45 1.91 -1.22 -1.23 -1.24 -1.24 

1.00 -7.10 2.02 -1.31 -1.32 -1.33 -1.32 

4.00 -6.10 2.43 -1.33 -1.34 1.36 -1.37 

8.00 -6.58 2.25 -1.32 -1.33 -1.34 -1.35 

10.0 -6.92 2.14 -1.32 -1.33 -1.34 -1.36 

Sargassum 

muticum 

(SM) 

0.20 -6.02 2.39 -1.32 -1.33 -1.35 -1.36 

0.60 -6.17 2.39 -1.34 -1.35 -1.36 -1.38 

1.00 -6.43 2.43 1.37 -1.39 -1.40 -1.41 

4.00 -6.79 2.47 -1.47 -1.44 -1.45 -1.46 

8.00 -6.90 2.47 -1.43 -1.45 -1.46 -1.47 

10.0 -6.59 2.56 -1.43 -1.44 -1.46 -1.47 

Continue →



186 
 

 

 

 

 

  

 

 

 

 

 

 

 

 

Adsorbent 
Concentration 

of (FG) 

104 

∆H 

(kJ/mol) 

102 

∆S 

(J/mol K)

10 

∆G  (kJ/mol) 

303 

K 

10 

308  

K 

10 

313

K 

10 

318 

K 

10 

Used black 

tea 

(UBT) 

0.20 -3.64 3.23 -1.33 -1.34 -1.36 -1.38 

0.60 -4.08 3.24 -1.37 -1.34 -1.41 -1.42 

1.00 -4.14 3.42 -1.44 -1.46 -1.47 -1.49 

4.00 -4.28 3.56 -1.48 -1.50 -1.52 -1.54 

8.00 -4.47 3.48 -1.47 -1.49 -1.51 -1.52 

10.0 -4.64 3.34 -1.46 -1.48 -1.49 -1.51 

Impregnate

d used black 

tea (IM -

UBT) 

0.20 -5.46 3.28 -1.51 -1.53 -1.54 -1.56 

0.60 -5.75 3.34 -1.56 -1.57 -1.59 -1.61 

1.00 -5.76 3.32 -1.58 -1.60 -1.62 -1.63 

4.00 -5.84 3.48 1.61 -1.63 -1.65 -1.66 

8.00 -5.57 3.61 -1.63 -1.65 -1.67 -1.68 

10.0 -5.33 3.79 -1.63 -1.65 -1.67 -1.69 
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4.3.7 FIGURES 
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Figure 4.3.7.1 Optimization of amount of Raw charcoal 
(RC) for the removal of Fast Green (FG) dye.
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Figure 4.3.7.2 Optimization of amount of ulva lactuca (UL) 
for the removal of Fast Green (FG) dye.
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Figure 4.3.7.3 Optimization of amount of Saragrassum 
muctium (SM) for the removal of Fast Green (FG) dye.
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Figure 4.3.7.4 Optimization of amount of Used Black Tea 
(UBT) for the removal of Fast Green (FG) dye.
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Figure 4.3.7.5 Optimization of amount of Impregnated used 
Black Tea (IM-UBT) for the removal of Fast Green (FG) 

dye.
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Figure 4.3.7.6 Optimization of shaking time for the removal 
of Fast Green (FG) dye  using Raw charcoal (RC). 
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Figure 4.3.7.7 Optimization of shaking time  for the 
removal of Fast Green (FG) dye using ulva lactuca (UL).  
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Figure 4.3.7.8 Optimization of shaking time  for the removal 
of Fast Green (FG) dye using Sargassum muticum (SM).  
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Figure 4.3.7.9 Optimization of shaking time  for the removal 
of Fast Green (FG) dye using used Black tea (UBT).
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Figure 4.3.7.10 Optimization of shaking time  for the 
removal of Fast Green (FG) dye using impregnated used 

Black tea (IM-UBT).
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Figure 4.3.7.11 Optimization of concentration for the 

removal of Fast Green (FG) dye by using Raw charcoal 
(RC).
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Figure 4.3.7.12 Optimization of concentration for the 

removal of Fast Green (FG) dye by using Ulva Lactuca 
(UL).
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Figure 4.3.7.13 Optimization of concentration for the 
removal of Fast Green (FG) dye by using Sargassum 

muticum (SM).  
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Figure 4.3.7.14 Optimization of concentration for the 
removal of Fast Green (FG) dye by using used Black tea 

(UBT).
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Figure 4.3.7.15 Optimization of concenteration for the 
removal of Fast Green (FG) dye by using impregnated used 

Black tea (IM-UBT)
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Figure 4.3.7.16 Langmuir isotherm of Raw Charcoal - Fast 
Green (FG) dye system.
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Figure 4.3.7.17 Langmuir isotherm of Ulva lactuca (UL) -
Fast Green (FG) dye system.   
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Figure 4.3.7.18 Langmuir isotherm of Sargassum muticum 
(SM) - Fast Green (FG) dye system.

303 K

308 K

313 K

318 K



196 
 

 

 

 

6.00E-03

1.60E-02

2.60E-02

3.60E-02

0.00E+00 2.00E-04 4.00E-04 6.00E-04

C
e
/X

/m
 (

g
ra

m
/m

l)

Ce (mol/L)

Figure 4.3.7.19 Langmuir isotherm of  Used black tea 
(UBT) - Fast Green (FG) dye system.
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Figure 4.3.7.20 Langmuir isotherm of Impreganted used 
black tea (IM -UBT) - Fast Green (FG) dye system.
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Figure 4.3.7.21 Freundlich Isotherm of Raw Charcoal 
(RC)-Fast Green (FG) dye system.
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Figure 4.3.7.22 Freundlich Isotherm of ulva lactuca (UL)-
Fast Green (FG) system. 
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Figure 4.3.7.23 Freundlich Isotherm of Sargassum muticum 
(SM) - Fast Green (FG) dye system.
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Figure 4.3.7.24 Freundlich Isotherm of used black tea 
(UBT) - Fast Green (FG) dye system.
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Figure 4.3.7.25 Freundlich Isotherm of Impregnated used 
black tea (IM -UBT) - Fast Green (FG) dye system.
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Figure 4.3.7.26 D-R isotherm of Raw Charcoal (RC) - Fast 
Green (FG) dye system.
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Figure 4.3.7.27 D-R isotherm of Ulva lactuca (UL) - Fast 
Green (FG) system.
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Figure 4.3.7.28 D-R isotherm of Sargassum muticum (SM) 
- Fast Green (FG) dye system.
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Figure 4.3.7.29 D-R isotherm of used black tea (UBT) - Fast 
Green (FG) dye system.
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Figure 4.3.7.30 D-R isotherm of Impregnated used black 
tea (IM -UBT) - Fast Green (FG) dye system.
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Figure 4.3.7.32 Plot of Ln KD vs 1/T for Ulva lactuca (UL) -
Fast Green system.  
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Figure  4.3.7.33  Plot of Ln KD vs 1/T for Sargassum 
muticum (SM) - Fast Green (FG) dye system.
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Figure  4.3.7.34  Plot of Ln KD vs 1/T for of used black tea 
(UBT) - Fast Green (FG) dye system.
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Figure  4.3.7.35 Plot of Ln KD vs 1/T for Impregnated used 
black tea (IM -UBT) - Fast Green (FG) dye system.
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4.3.8 IMAGES OF ADSORBENT BY SCANNING ELECTRON 

MICROSCOPE (SEM) 

 

Figure 4.3.8.1 SEM image of Raw charcoal (RC) after adsorption of Fast 

Green (FG) 

 

 

Figure 4.3.8.2 SEM image of Ulva Lactuca (UL) after adsorption of Fast 

Green (FG) 
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Figure 4.3.8.3 SEM image of Saragrassum muticum(SM) after adsorption 

of Fast Green (FG) 

 

 

Figure 4.3.8.4 SEM image of Used balck tea (UBT) after adsorption of Fast 

Green (FG) 



207 
 

 

 

Figure 4.3.8.5 SEM image of Impreganted used balck tea (IM-UBT) after 

adsorption of Fast Green (FG) 
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4.4 REMOVAL OF METHYLENE BLUE DYE (MB) BY USING 

RAW CHARCOAL (RC), ULVA LACTUCA (UL), SARGASSUM 

MUTICUM (SM), USED BLACK TEA (UBT),  AND 

IMPREGNATED USED BLACK TEA (IM-UBT). 

Removal of   methylene blue (MB) dye by adsorption method on the 

surface of adsorbents like raw charcoal (RC), ulva lactuca (UL), sargassum 

muticum (SM), used black tea (UBT) and impregnated used black tea (IM-

UBT) was carried out. 

4.4.1 Effect of amount of RC, UL, SM, UBT and IM-UBT 

Optimum amount of the above adsorbents were investigated by varying its 

amount. The results showed that adsorption of MB dye on the surface of 

RC, UL, SM, UBT and IM-UBT were increased with the increase in 

adsorbent amount and reached an equilibrium value at 0.7 gm (97.11%) for 

RC, 0.6 gm (90.21%) for UL, 0.7 gm (91.36%) for SM, 0.5 gm (87.9%) for 

UBT and 0.4 gm (88.23%) for IM-UBT. After the equilibrium the 

adsorption was decreased with the increase in the amount of adsorbents. As 

the percentage removal of MB dye increased with the increase in the 

amount of adsorbents, however the ratio of dye adsorbed to adsorbents 

(KD) was decreased with the increasing in the amount of adsorbents. The 

distribution coefficient (KD) values at the respective amounts obtained were 

69.36, 88.28, 90.32, 106.54 and 110.29 mol/gram. The results are shown in 

Table 4.4.6.1 and Figures 4.4.7.1- 4.4.7.5. The further adsorption 

experiments were run under these optimized amounts of adsorbents. 

4.4.2 Effect of shaking time 

Effect of shaking time for the removal of dye MB was investigated by 

keeping the optimum amount of adsorbents. Table 4.4.6.2 and Figures 

4.4.7.6 - 4.4.7.10 illustrates the adsorption of MB dye on Raw Charcoal 
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(RC), Ulva Lactuca (UL), Sargassum Muticum (SM), Used Black tea 

(UBT) and impregnated used black tea (IM-UBT) adsorbents by varying 

the shaking time period. Maximum removal of dye was obtained on RC at 

20 minutes about 94.22%. The values of KD were also increased with the 

increase in stay time. For MB-UL, MB-SM, MB-UBT, and MB-IM-UBT 

systems the maximum adsorption of dye was taken place at 40 minutes 

about 90.25%, 35 minutes about 81.35% at 30 minutes about 90.32% and 

at 35 minutes about 95.25 % removal respectively. The values of KD also 

follow the same pattern as % removal.  The % removal values were 

increased with increased in time then they were decreased as the desorption 

process started.  

4.4.3 Effect of concentration of dye              

Initial concentrations of MB dye solutions were varied in order to 

determine the dye removal under the optimized amount of RC (0.7 gm), 

UL (0.6 gm), SM (0.7 gm), UBT (0.5 gm) and IM-UBT (0.4 gm). For RC-

MB system the adsorption was increased with the increase in concentration 

of MB dye then it droped and again increased. The maximum adsorption 

(88.23 %) was occurred at concentration 3.0×10-5 mol.dm-3. For UL-MB 

system the maximum adsorption (88.23 %) was observed at 1.0×10-5 

mol.dm-3 concentration. The adsorption was increased with the increase in 

concentration of MB dye then it droped and again increased. For SM-MB 

system the maximum adsorption (78.36%) was occurred at concentrations 

7.0×10-5 mol.dm-3. All the concentrations applied show the % adsorption 

between 70 to 80% and the values of KD showing random behavior.   For 

UBT-MB and IM-UBT systems the % adsorption was initially on the 

higher side then decreases gradually with the increase in concentration. The 

maximum adsorption was observed at concentration 0.5×10-5 mol.dm-3 

about 89.36 % and 0.7×10-5 mol.dm-3 about 87.36 %. The results are 

summarized in Table 4.4.6.3 and Figures 4.4.7.11- 4.4.7.15. 
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4.4.4 Adsorption Isotherms Studies 

4.4.4.1 Langmuir adsorption isotherm 

The experiments for the study of Langmuir adsorption isotherm were done 

at temperatures ranging from 303 K to 318 K as shown in Figures 4.4.7.16 

- 4.4.7.20 and reported in Table 4.4.6.4. The RC-MB system showed 

increase in the values of K with the increase in temperature showing strong 

interaction at higher temperatures. The values of K were increased with the 

rise in temperature for UL-MB system except at 318 K. For SM-UL system 

the value of K was decreased with the increase in temperature except at 313 

K showing strong adsorbate-adsorbent interaction at low temperatures.  In 

case of UBT-MB system the values were decreased with the increase in 

temperature except at 300 K, while the IM-UBT- MB systems show 

random values of K. The monolayer capacities (Vm) for all systems were 

decreased with the rise in temperature showing high affinity of dye 

adsorption at lower temperatures. 

4.4.4.2 Freundlich adsorption isotherm 

Figures 4.4.7.21- 4.4.7.25 represents the Freundlich plots which were 

obtained at various temperatures. Values of K and n were computed from 

the slopes and intercepts of respective plots, listed in Table 4.4.6.5. The 

constant K relates to the degree of adsorption, while n provides the 

estimation of adsorption intensity. The values of K were decreased for RC-

MB, UBT-MB, IM-UBT-MB systems.  It reveals that adsorption affinity 

for the above adsorbents was decreased with the rise in temperature 

showing that adsorption is more favorable at low temperatures. In case of 

UL-MB and SM-MB systems the values of K were also decreased with the 

rise in temperatures with the exceptions at 313 K for UL-MB and SM-MB 

systems at 308 K.  While the values of  “n” were increased with the rise in 
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temperature for all the systems with the same exceptions as previous in the 

value of K. 

4.4.4.3 Dubinin Radushkevich isotherm 

 The D-R plots were obtained at various temperatures are shown in Figures 

4.4.7.26 - 4.4.7.30.    Values of Xm and K were calculated from the 

intercept and slopes. Table 4.4.6.6 shows the values of Es. For all the 

systems the values of Es were increased with the rise in temperature 

indicating decrease in dye sorption with the increase in temperature. 

4.4.4 .4 Thermodynamic parameters 

The values of ΔH and ΔS were calculated from the slope and intercept of 

the linear variation of Ln KD with the reciprocal of temperature (1/T) as 

shown in Figures 4.4.7.31- 4.4.7.35. The values of ΔG for all the systems 

were negative at various temperatures showing the spontaneous behavior of 

adsorption process. The positive values of ΔH were increased with the 

increase in concentration showing endothermic nature of adsorption 

process. The values of ΔS were positive for all the adsorbate –adsorbent 

systems. The results are tabulated in Table 4.4.6.7. 

4.4.5 Characterization of Adsorbent 

The surface of Raw Charcoal (RC), Ulva Lactuca (UL), Sargassum 

Muticum (SM), Used Black tea (UBT) and impregnated used black tea 

(IM-UBT) were studied by taking images through scanning electron 

microscope (SEM) after adsorption with methylene blue (MB) dye. 

 Figures 4.4.8.1- 4.4.8.5   show the SEM images of Raw Charcoal (RC),  

ulva lactuca (UL), Saragrassum Muticum (SM), Used Black tea (UBT)  and 

impregnated used black tea (IM-UBT )  respectively after the removal of 

methylene blue (MB) dye. As a mehtylene blue is a basic dye so thick layer 
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of adsorbate can be seen on the surface of RC and UBT, while on other 

adsorbents UL, SM and IM-UBT surface is unsaturated and the layers are 

thin. The most of the SM surface is uncovered and pores were still visible 

in the images. 
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4.4.6 TABLES 

Table: 4.4.6.1  

Optimization of  amounts of adsorbents for the removal of Methylene Blue 

(MB) on Raw charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), 

used black tea (UBT) and Impregnated used black tea (IM -UBT) 

Raw charcoal (RC) 

Amount of 

Adsorbent (gram) 
Ce (mol/L) 106 % Removal KD (mol/gram) 

0.200 7.821 78.16 195.4 

0.300 8.014 80.13 133.5 

0.400 9.025 90.18 112.7 

0.500 9.236 92.28 92.28 

0.600 9.627 96.21 80.18 

0.700 9.718 97.11 69.36 

0.800 9.568 95.61 59.75 

0.900 9.418 94.12 52.28 

1.000 9.508 95.01 47.51 

1.500 9.208 92.25 30.67 

2.000 9.048 90.36 22.59 

Ulva Lactuca (UL) 

0.200 8.428 84.16 210.4 

0.300 8.615 86.13 143.5 

0.400 8.726 87.18 108.9 

0.500 8.832 88.28 88.28 

0.600 9.021 90.21 75.18 

Continue	→
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Amount of 

Adsorbent (gram) 
Ce (mol/L) 106 % Removal KD (mol/gram) 

0.700 9.414 94.11 67.22 

0.800 9.563 95.62 59.75 

0.900 9.414 94.12 52.28 

1.000 9.502 95.01 47.51 

1.500 9.205 92.25 30.67 

2.000 8.946 89.36 22.34 

Sargassum Muticum (SM) 

0.200 7.841 78.35 391.7 

0.300 8.505 84.99 212.4 

0.400 8.542 85.35 142.2 

0.500 8.523 85.23 106.5 

0.600 9.038 90.32 90.32 

0.700 9.146 91.36 76.13 

0.800 8.957 89.36 63.83 

0.900 8.955 89.45 55.91 

1.000 9.043 90.44 50.24 

1.500 8.635 86.32 43.16 

2.000 8.734 87.25 29.08 

Used Black Tea (UBT) 

0.200 7.841 78.35 391.7 

0.300 8.503 84.99 212.4 

0.400 8.547 85.35 142.2 

0.500 8.526 85.23 106.5 

0.600 9.038 90.32 90.32 

Continue	→
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Amount of 

Adsorbent (gram) 
Ce (mol/L) 106 % Removal KD (mol/gram) 

0.700 9.144 91.36 76.13 

0.800 8.942 89.36 63.83 

0.900 8.955 89.45 55.91 

1.000 9.046 90.44 50.24 

1.500 8.638 86.32 43.16 

2.000 8.737 87.25 29.08 

Impregnated Used Black Tea (IM -UBT) 

0.200 7.685 76.82 192.0 

0.300 8.034 80.32 133.8 

0.400 8.828 88.23 110.2 

0.500 9.026 90.23 90.23 

0.600 9.487 94.82 79.12 

0.700 9.224 92.28 65.86 

0.800 9.153 91.54 57.21 

0.900 9.387 93.81 52.11 

1.000 9.315 93.12 46.55 

1.500 9.308 93.58 31.00 

2.000 8.934 89.25 22.31 
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Table: 4.4.6.2 

Optimization of  shaking time  for the removal of Methylene Blue (MB) on 

Raw charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used 

black tea (UBT) and Impregnated used black tea (IM -UBT). 

Raw charcoal (RC) 

Time (min) Ce (mol/L) 105 % Removal 
KD 

(mol/gram) 

5.00 4.62 46.22 33.01 

10.0 7.42 74.22 53.01 

15.0 8.17 81.74 58.36 

20.0 9.42 94.22 67.30 

25.0 9.11 91.11 65.08 

30.0 9.24 92.44 66.03 

35.0 8.92 89.24 63.74 

40.0 8.75 87.48 62.49 

45.0 8.64 86.44 61.74 

50.0 8.47 84.68 60.49 

55.0 8.91 89.11 63.65 

60.0 9.06 90.63 64.71 

70.0 8.56 85.62 61.14 

80.0 8.46 84.64 60.43 

90.0 8.36 83.65 59.71 

100 8.16 81.64 58.29 

Ulva Lactuca (UL) 

5.00 4.29 42.86 26.79 

10.0 4.44 44.44 27.78 

15.0 4.87 48.72 30.45 

20.0 7.02 70.21 43.88 

25.0 7.85 78.52 49.08 

30.0 8.23 82.32 51.45 

35.0 8.41 84.18 52.56 

Continue	→
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Time (min) Ce (mol/L) 105 % Removal 
KD 

(mol/gram) 

40.0 9.03 90.25 56.41 

45.0 9.04 90.35 56.47 

50.0 8.94 89.36 55.85 

55.0 8.41 84.14 52.59 

60.0 8.82 88.23 55.14 

70.0 8.32 83.21 52.01 

80.0 8.25 82.55 51.56 

90.0 8.03 80.36 50.19 

100 7.85 78.55 49.06 

Sargassum Muticum (SM) 

5.00 6.02 60.23 43.02 

10.0 6.54 65.35 46.68 

15.0 6.84 68.36 48.83 

20.0 7.07 70.65 50.46 

25.0 7.82 78.23 55.88 

30.0 7.92 79.23 56.59 

35.0 8.14 81.35 58.11 

40.0 8.14 81.35 58.11 

45.0 8.44 84.35 60.25 

50.0 8.34 83.44 59.60 

55.0 8.13 81.25 58.04 

60.0 8.22 82.22 58.73 

70.0 8.34 83.36 59.54 

80.0 8.40 84.02 60.01 

90.0 7.94 79.36 56.69 

100 7.84 78.42 56.01 

Used Black Tea (UBT) 

5.00 5.73 57.32 71.65 

10.0 5.86 58.64 73.30 

15.0 6.53 65.32 81.65 

Continue	→
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Time (min) Ce (mol/L) 105 % Removal 
KD 

(mol/gram) 

120.0 7.53 75.32 94.15 

25.0 8.12 81.19 101.4 

30.0 9.03 90.32 112.9 

35.0 9.01 90.14 112.6 

40.0 8.98 89.77 112.2 

45.0 8.66 86.55 108.1 

50.0 8.83 88.32 110.4 

55.0 8.54 85.36 106.7 

60.0 8.24 82.35 102.9 

70.0 8.03 80.25 100.3 

80.0 8.36 83.64 104.5 

90.0 8.83 88.32 110.4 

100 8.32 83.15 103.9 

Impregnated Used Black Tea (IM -UBT) 

5.00 6.44 64.36 45.97 

10.0 6.90 68.96 49.26 

15.0 7.02 70.23 50.16 

20.0 7.24 72.36 51.69 

25.0 8.42 84.25 60.14 

30.0 8.84 88.36 63.11 

35.0 9.53 95.25 68.04 

40.0 9.44 94.36 67.40 

45.0 9.24 92.36 65.97 

50.0 9.03 90.25 64.46 

55.0 8.36 83.67 59.71 

60.0 8.44 84.36 60.26 

70.0 8.13 81.25 58.04 

80.0 7.94 79.36 56.69 

90.0 8.22 82.24 58.71 

100 8.13 81.31 58.07 
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Table: 4.4.6.3 

Optimization of  concentration for the removal of Methylene Blue (MB)  

by using on Raw charcoal (RC), ulva lactuca (UL), Sargassum muticum 

(SM), used black tea (UBT) and Impregnated used black tea (IM -UBT). 

Raw charcoal (RC) 

Concentration of 

Metthylene Blue 

(MB) 

(mol/L) 105 

Ce (mol/L) 106 % Removal 
KD 

(mol/gram) 

0.10 0.64 64.74 161.8 

0.30 2.16 71.98 179.9 

0.50 3.87 77.45 193.6 

0.70 5.52 78.82 197.0 

0.90 7.30 81.16 202.9 

1.00 8.28 82.82 207.0 

3.00 26.5 88.23 220.5 

5.00 38.0 76.05 190.1 

7.00 45.3 64.73 161.8 

9.00 51.3 57.02 142.5 

Ulva Lactuca (UL) 

0.10 0.74 74.35 61.96 

0.30 2.29 76.35 63.63 

0.50 3.92 78.36 65.30 

0.70 5.76 82.35 68.63 

0.90 7.58 84.25 70.21 

1.00 8.64 86.35 71.96 

3.00 22.9 76.47 63.67 

5.00 40.8 81.57 67.92 

7.00 56.2 80.35 66.92 

9.00 70.4 78.25 65.21 

Sargassum Muticum (SM) 

0.10 0.63 63.32 45.21 

0.30 2.35 78.45 56.04 
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Continue	→ 

Concentration of 

Metthylene Blue 

(MB) 

(mol/L) 105 

Ce (mol/L) 106 % Removal 
KD 

(mol/gram) 

0.50 3.77 75.35 53.82 

0.70 4.99 71.35 50.96 

0.90 6.69 74.35 53.11 

1.00 7.83 78.34 55.93 

3.00 22.6 75.36 53.83 

5.00 35.6 71.25 50.89 

7.00 54.9 78.36 55.97 

9.00 63.2 70.23 50.16 

Used Black Tea (UBT) 

0.10 0.76 76.23 95.29 

0.30 2.50 83.21 104.0 

0.50 4.47 89.36 111.7 

0.70 5.96 85.21 106.5 

0.90 6.59 73.24 91.55 

1.00 7.22 72.21 90.26 

3.00 21.0 70.15 87.69 

5.00 32.9 65.89 82.36 

7.00 44.4 63.367 79.20 

9.00 53.4 59.357 74.19 

Impregnated Used Black Tea (IM -UBT) 

0.10 0.80 80.15 133.5 

0.30 2.53 84.31 140.5 

0.50 4.36 87.23 145.3 

0.70 6.12 87.36 145.6 

0.90 7.22 80.25 133.7 

1.00 7.53 75.25 125.4 

3.00 22.0 73.28 122.1 

5.00 34.3 68.52 114.2 

7.00 49.2 70.23 117.0 

9.00 58.8 65.36 108.9 
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Table: 4.4.6.4 

Langmuir parameters for the removal of Methylene Blue (MB) on raw 

charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea 

(UBT) and Impregnated used black tea (IM -UBT) 

Adsorbents 
Temperature 

(K) 

(K) 

10-4 

(Vm) 

103 

Raw charcoal 

(RC) 

303 1.74 4.41 

308 3.36 2.98 

313 4.05 2.74 

318 3.56 3.12 

Ulva lactuca 

(UL) 

303 1.01 3.20 

308 1.53 2.61 

313 1.66 2.00 

318 1.28 2.30 

Sargassum 

muticum (SM) 

303 2.54 1.88 

308 1.61 1.88 

313 2.49 1.82 

318 1.82 1.72 

Used black tea 

(UBT) 

303 2.39 2.62 

308 6.70 2.13 

313 3.55 2.01 

318 2.50 2.00 

Impregnated 

used black tea 

(IM -UBT) 

303 1.62 5.60 

308 1.00 5.26 

313 1.93 4.33 

318 1.20 4.16 
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Table: 4.4.6.5 

Freundlich parameters for the removal of Methylene Blue (MB) on  Raw 

charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea 

(UBT) and Impregnated used black tea (IM -UBT). 

Adsorbents Temperature 

(K) 

K 

 

n 

 

Raw charcoal (RC) 303 6.53 1.23 

308 1.88 1.43 

313 1.16 1.54 

318 1.12 1.56 

Ulva lactuca 

(UL) 

303 2.18 1.28 

308 1.88 1.07 

313 2.16 1.28 

318 1.46 1.46 

Sargassum muticum 

(SM) 

303 2.05 1.31 

308 2.57 1.23 

313 1.95 1.34 

318 1.39 1.32 

Used black tea 

(UBT) 

303 1.75 1.39 

308 1.21 1.52 

313 0.85 1.52 

318 0.74 1.50 

Impregnated used 

black tea (IM -UBT) 

303 7.03 1.25 

308 3.98 1.26 

313 4.29 1.30 

318 2.82 1.34 
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Table: 4.4.6.6 

D-R parameters for the removal of Methylene Blue (MB) on Raw charcoal 

(RC), ulva lactuca (UL), Sargassum muticum (SM), used black tea (UBT) 

and Impregnated used black tea (IM -UBT). 

Adsorbents 
Temperature 

(K) 

K 

109 

Xm 

102 

Es 

(J/mol)10-3 

Raw charcoal 

(RC) 

303 -5.53 6.03 9.51 

308 -4.58 3.32 10.4 

313 -4.00 2.66 11.1 

318 -3.87 2.55 11.3 

Ulva Lactuca 

(UL) 

303 -5.12 2.34 9.88 

308 -5.06 2.87 9.94 

313 -5.00 2.66 10.0 

318 -4.08 1.33 11.7 

Sargassum 

muticum 

(SM) 

303 -5.05 2.48 9.95 

308 -5.23 2.44 9.78 

313 -4.76 2.39 10.2 

318 -4.59 1.74 10.4 

Used black tea 

(UBT) 

303 -4.86 2.75 10.1 

308 -4.24 2.52 10.8 

313 -4.15 1.96 10.9 

318 -4.01 1.67 11.1 

Impregnated 

used black tea 

(IM -UBT) 

303 -5.34 6.71 9.68 

308 -5.13 4.02 9.87 

313 -4.88 5.08 10.1 

318 -4.69 3.36 10.3 
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Table: 4.4.6.7 

Thermodynamic parameters for the removal of  Methylene Blue (MB) on the 

surface of Raw charcoal (RC), ulva lactuca (UL), Sargassum muticum (SM), 

used black tea (UBT) and Impregnated used black tea (IM -UBT). 

Adsorbent 

Concentration 

of Methylene 

Blue (MB) 

105 

 

∆H 

(kJ/mol) 

10 

∆S 

(J/mol.K) 

 

∆G  (kJ/mol) 

303 

 K 

10 

308 

K 

10 

313 

K 

10 

318 

K 

10 

Raw 

charcoal 

(RC) 

0.10 1.78 1.12 -1.60 -1.66 -1.72 -1.77 

0.50 1.70 1.08 -1.56 -1.61 -1.67 -1.72 

0.90 3.43 1.66 -1.59 -1.67 -1.76 -1.48 

3.00 5.03 2.18 -1.57 -1.68 -1.79 -1.90 

7.00 6.47 2.65 -1.55 -1.68 -1.81 -1.95 

9.00 9.30 3.56 -1.48 -1.66 -1.83 -2.01 

Ulva 

Lactuca 

(UL) 

0.10 1.28 0.89 -1.41 -1.45 -1.50 -1.54 

0.50 1.24 0.90 -1.44 -1.48 -1.53 -1.57 

0.90 1.51 0.99 -1.48 -1.53 -1.58 -1.63 

3.00 1.72 1.07 -1.51 -1.56 -1.61 -1.67 

7.00 1.58 1.02 -1.50 -1.55 -1.60 -1.66 

9.00 1.34 0.95 -1.51 -1.58 -1.60 -1.66 

Sargassum 

muticum 

(SM) 

0.10 0.35 0.54 -1.28 -1.31 -1.33 -1.36 

0.50 0.57 0.62 -1.30 -1.33 -1.36 -1.39 

0.90 0.45 0.59 -1.33 -1.36 -1.39 -1.42 

Continue	→
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Adsorbent 

Concentration 

of Methylene 

Blue (MB) 

105 

 

∆H 

(kJ/mol) 

10 

∆S 

(J/mol.K)

 

∆G  (kJ/mol) 

303 

K 

10 

308 

K 

10 

313 

K 

10 

318 

K 

10 

Sargassum 

muticum 

(SM) 

3.00 0.74 0.70 -1.37 -1.40 .1.44 -1.47 

7.00 0.41 0.60 -1.40 -1.43 -1.46 -1.49 

9.00 0.51 0.49 -1.43 -1.45 -1.48 -1.50 

Used black 

tea 

(UBT) 

0.10 3.14 1.51 -1.43 -1.50 -1.58 -1.65 

0.50 5.38 2.24 -1.40 -1.51 -1.62 -1.73 

0.90 7.49 2.92 -1.35 -1.49 -1.64 -1.78 

3.00 3.60 1.82 -1.90 -1.99 -2.08 -2.17 

7.00 9.83 3.68 -1.31 -1.49 -1.67 -1.86 

9.00 11.8 4.34 -1.25 -1.47 -1.68 -1.90 

Impregnate

d used black 

tea (IM -

UBT) 

0.10 3.27 1.60 -1.57 -1.65 -1.73 -1.81 

0.50 5.23 2.24 -1.54 -1.66 -1.73 -1.88 

0.90 6.30 2.59 -1.53 -1.66 -1.79 -1.92 

3.00 7.75 3.05 -1.48 -1.62 -1.79 -1.94 

7.00 9.19 3.52 -1.47 1.64 -1.82 -1.99 

9.00 9.99 3.77 -1.42 -1.61 -1.80 -1.99 
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Figure 4.4.7.1 Optimization of amount of Raw charcoal (RC) 
for the removal of Methylene Blue (MB) dye.  
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Figure 4.4.7.2 Optimization of amount Ulva lactuca (UL) for 
the removal of Methylene Blue (MB) dye.
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Figure 4.4.7.4 Optimization of amount of used Black Tea (UBT) 
for the removal of Methylene Blue (MB) dye.
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Figure  4.4.7.3 Optimization of amount of Saragrassum 

muctium (SM) for the removal of Methylene Blue (MB) dye.
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Figure 4.4.7.6 Optimization of shaking time  for the 

removal of Methylene Blue (MB) dye using Raw charcoal 
(RC).
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Figure 4.4.7.7 Optimization of shaking time for the removal 

of methylene blue (MB)  dye using ulva lactuca (UL).  
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Figure 4.4.7.8 Optimization of shaking time  for the 
removal of Methylene Blue (MB) dye using Sargassum 

muticum (SM). 
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Figure  4.4.7.9 Optimization of shaking time  for the 
removal of  Methylene Blue (MB) dye using used Black tea 

(UBT)
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Figure 4.4.7.10 Optimization of shaking time  for the 
removal of Methylene Blue (MB) using impregnated used 

Black tea (IM-UBT).
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Figure 4.4.7.11 Optimization of concentration for the 
removal of Methylene Blue (MB) dye by using Raw 

charcoal (RC).
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Figure 4.4.7.12 Optimization of concentration for the 
removal of Methylene Blue (MB) dye by using Ulva lactuca 

(UL).
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Figure 4.4.7.13 Optimization of concentration for the 
removal of Methylene Blue (MB) dye by using Sargassum 

muticum (SM).  
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Figure 4.4.7.14 Optimization of concentration for the 
removal of Methylene Blue (MB) dye by using used Black 
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Figure 4.4.7.15 Optimization of concenteration for the 
removal of Methylene Blue (MB) dye by using impregnated 

used Black tea (IM-UBT).
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Figure 4.4.7.17 Langmuir isotherm of Ulva lactuca (UL)-

Methylene Blue (MB)  system   
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Figure  4.4.7.18 Langmuir isotherm of Sargassum muticum 
(SM) -Methylene Blue (MB) system 
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Figure 4.4.7.19 Langmuir isotherm of used black tea (UBT) 
-Methylene Blue (MB) system. 
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Figure 4.4.7.20 Langmuir isotherm of Impregnated used 
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Figure 4.4.7.21 Freundlich Isotherm of  Raw Charcoal -
Methylene Blue  (MB) system
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Figure 4.4.7.23 Freundlich Isotherm of Sargassum muticum 
(SM) -Methylene Blue (MB) system. 
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Figure 4.4.7.24 Freundlich Isotherm of used black tea 
(UBT)-Methylene Blue (MB) system. 
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Figure 4.4.7.25 Freundlich Isotherm of Impreganted used 
black tea (IM -UBT) -Methylene Blue (MB) system.
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Figure 4.4.7.27 D-R isotherm of ulva lactuca (UL)-
Methylene Blue (MB) system. 
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Figure 4.4.7.29 D-R isotherm of used black tea (UBT)-
Methylene Blue (MB) system.
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Figure 4.4.7.32 Plot of Ln KD vs 1/T for Ulva lactuca (UL) -
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4.4.8 IMAGES OF ADSORBENTS BY SCAN ELECTRON 

MICROSCOPE (SEM) 

 

Figure 4.4.8.1 SEM image of Raw charcoal (RC) after adsorption of 

Methylene Blue (MB) 

 

Figure 4.4.8.2 SEM image of Ulva lactuca (UL) after adsorption of 

Methylene Blue (MB) 
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Figure 4.4.8.3 SEM image of Saragrassum muticum (SM) after adsorption 

of Methylene Blue (MB) 

 

 

Figure 4.4.8.4 SEM image of Used Black tea (UBT) after adsorption of 

Methylene Blue (MB) 
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Figure 4.4.8.5 SEM image of Impregnated Used Black tea (UBT) after 

adsorption of Methylene Blue (MB). 
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PART 3 PHOTOCHEMICAL REDUCTION OF DYE (CHEMICAL 

METHOD) 

4.5 Reduction of dye by surfactant 

4.5.1 Effect of dye  

The photochemical reduction of fast green dye was observed at 625 nm 

λmax by spectroscopically.  The concentration of sodium hydroxide (NaOH) 

and cetylpyridinum chloride (CPYCl) were kept constant while the 

concentrations of dye were varied form (2.0x10-5 _ 6.0 x10-5) mol.dm-3. The 

results for a typical run are reported in Table 5.5.1 and shown in Figure 

6.5.1. The results showed that the optical density of fast green FG dye 

solution was decreased with the increase in the irradiation time, indicating 

that fast green FG is consumed on irradiation. The plot of log Ao-A/Ao-At 

against time are presented in Figure 6.5.2. They were linear and follow the 

pseudo-first order kinetics. The rate constant (K) was determined by 

graphical method. It was obtained as 1.73 ± 0.092 × 10-3 sec-1,    showed the 

pseudo first order kinetics. The result shows that dyes get reduces in the 

presence of surfactant CPYCl in alkaline medium. The acidic dye will react 

with OH- ion then produces colorless compounds which are called leuco 

dye molecule after the reaction of OH- ion. The electrons are localized in 

one of the above ring because of this dye cannot be able to produce color 

and form colorless leuco compound.   

4.5.2 Effect of sodium hydroxide (NaOH) concentration 

The kinetic investigations were carried out by changing the optical density 

of fast green dye at   625 nm wave length. The concentration of dye and 

cetylpyridinum chloride (CPYCl) were kept constant and the concentration 

of sodium hydroxide (NaOH) was varied form   (2.0x10-1_ 6.0 x10-1) 

mol.dm-3. The results for a typical run are reported in Table 4.5.6.1 and 
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Figure 6.5.3. The results show that the rate of reduction of dye increases 

with the increase in concentration of sodium hydroxide. The plot of                

log Ao-A/Ao-At against time is represented in Figure 6.5.4 are linear and 

follow the pseudo-first order kinetics and the rate constant was found to be                         

K = 3.00 ± 0.082 × 10-3 sec-1. 

4.5.3 Effect of reductant (CPYCl) 

Kinetic investigations were carried out by changing the optical density of 

fast green dye at 625 nm wave length. The concentrations of (NaOH) and 

dye were kept constant and the concentration of cetylpyridinum chloride 

(CPYCl) was varied form (2.0x10-2 _ 6.0 x10-2) mol.dm-3. The results for a 

typical run are given in Table 4.5.6.1 and shown in Figure 6.5.5. The 

results showed that the rate of reduction of dye was increased with the 

increase in the concentration of reductant. The plot of log Ao-A/Ao-At 

against time is shown in Figure 6.5.6 are linear and follow the pseudo-first 

order kinetics. The rate constant determines by linear regression method 

was found to be  K= 2.66 ± 0.082 × 10-3 sec-1
. 

4.5.4 Effect of temperature 

The effect of temperature for the reduction of fast green dye is shown in 

Figures 6.5.7 and 6.5.8 and Table 4.5.6.2. The results show that 

decolorization of dye was increases with the increase in temperature. 

Thermodynamic activation parameter like Ea is 10.52 kJ/mol supports that 

initial reaction was preceded slowly. The values of entropy of activation 

(ΔS◦) for the reduction of fast green dye with cetylpyridinum chloride 

223.76 J/mol.K showed a highly  solvated state of activated complex which  

indicates that there is an increase in the degree of freedom due to the 

formation of a  activation complex resulting in an extensive reorientation of 

solvent molecules. The solvent molecules were released OH－ ion which is 

the cause of the reduction of dye . The fairly high values of enthalpy of 
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activation ΔH◦, free energy of activation ΔG◦ and energy of activation (Ea) 

indicates that the transition state is highly saturated. It also reveals that the 

rate determining state is less orderly oriented relative to the reactants. The 

value of ΔH◦ is 8.00 J showed that enthalpy ΔH was not the driving force 

for the formation of complex having entropy value ΔS◦ 223.76 J/mol while 

K was responsible for the formation of the complex that involves formation 

of charged species and solvent molecules for the reduction of dye. The 

values of other parameters like ΔH◦and ΔG◦ also support the reduction 

kinetics of dye. The value of ΔG◦ is 7.58 kJ/mol and the results are 

summarized in Table 4.5.6.3. 

4.5.5 Machanism  

It was observed that, the basic medium facilitates the attack of OH¯, so rate 

constant was increased. At low pH and higher concentrations of reductant 

the change in absorbance is not observed and having a constant rate at pH 

6, while at higher pH change in the rate constant was observed as reported 

in Tables 4.5.6.2 and 4.5.6.3. The OH- nucleophile having large size and 

high charge density makes it less solvated, hence it is more reactive. The 

reduction of dye was followed by the attack of OH- on the N+ atom of dye. 

The values of rate constant increased with the increase in concentration of 

sodium hydroxide and also with the increase in reductant concentration. 

The increase of reaction rate between dye and reductant with the increase in 

sodium hydroxide concentration shows that in the polar solvent the 

formation of activated complex is more favorable. The mechanism, 

between dye and reductant can be written as  

 HOHvhOH
**

2      (4.9)   

OH + dye dye intermediate     (4.10) 
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•OH + dye intermediate    CO2 + H2O + MP           (4.11) 

(MP = mineralization products)  

Reaction mechanism involves the interaction between the protonated form 

of fast green and cetylpyridinum chloride molecule (CPYCl) [353-362]. 

Since [OH-] is present in plentiful amount and oxidation of cetylpyridinum 

chloride may take place at the same time. Protonation of fast green (FG) 

may also take place and leuco fast green was formed.  

    

 
 CPYCl

FG
K

FGCPYCl k





1

1

          (4.12) 

where 1K is the equilibrium constant between the two forms of fast green 

dye. Protonation of the dye may take place in solvent. 

  
  FGHHFG k2       (4.13) 

Protonated form of the fast green may interact with the reductant molecule 

to form leuco dye.  

  RFRHFGH k
2GH3                   (4.14) 

 

   (4.15) 

                                  

  HRFGFGHRH
Fast

2      (4.16) 

 

   
   RHFGH

RFGH
k






2

3
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‐d 

The rate law for the raction 

        RHFGHkr
dt

FG      (4.17) 

For the triplet transition state of the dye  

       FGMCPYClFG T     (4.18)

      FGHMkFG T 1               (4.19) 

or in the form of protonated state  ][ FG  of the dye 

 

 
][

][

][

][
][

31









Hkk

FGH

Hk

FGH
FGFG T   (4.20) 

][

][1
][

13

131



 


Hkk

Hkkk
FGFG T    (4.21) 

Protonated form of dye was formed  

][1

]][[
][

311

31








Hkkk

FGHkk
FGH T     (4.22) 

The rate law for the above reaction after substitution of ][ FGH in equation 

(4.17) can be written as,  

][1

][]][[][

311

312







Hkkk

RHFGHkkk

dt

FGd T   (4.23) 

The rate law shows the first order dependence on RH and fractional order 

with respect to [ H ] which also verified the first order kinetics. This shows 

the dependence on the concentration of cetylpyridinum chloride. The above 

equation can be written for the dimeric form of fast green in solution: 
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312







Hkkk

Hkkk
K

                                (4.24) 

where  

    T

T

FGRH
dt

FGd

K
]][[

][

"




               (4.25) 

or inverse of the equation 

 

232312

111
.

][

1

"

1

kkkkkkHK



            (4.26) 
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4.5.6 TABLES 

Table 4.5.6.1  

First order kinetics of dye at different operational parameters 

[FG+]/[mol.dm-3] 

105 

[NaOH] 

/[mol.-3] 101 

[CPYCL]/ 

[mol.dm-3]

102 

[dx/dt]/ 

[mol.dm-3.s-1]

105 

K 

/ s-1 

103 

Abs 

% 

2.0 2.0 2.0 -7.40 1.73 84.35 

3.0 2.0 2.0 -1.20 1.61 86.19 

4.0 2.0 2.0 -1.33 1.64 88.43 

5.0 2.0 2.0 -1.88 1.52 90.31 

6.0 2.0 2.0 -2.17 1.52 94.52 

2.0 3.0 2.0 -7.16 3.00 55.33 

2.0 4.0 2.0 -6.23 3.37 53.18 

2.0 5.0 2.0 -7.22 4.16 51.78 

2.0 6.0 2.0 -7.13 2.66 58.98 

2.0 2.0 3.0 -5.26 7.71 67.74 

2.0 2.0 4.0 -4.61 8.21 56.02 

2.0 2.0 5.0 -3.81 7.42 55.07 

2.0 2.0 6.0 -7.40 8.34 78.22 
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Table 4.5.6.2 

Influence of temperature on rate constant of photochemical reduction 

of dye. [FG] = 5.54  10-5 mol.dm-3  [CPYCl] = 1.43 x 10-2 mol.dm-3, 

[NaOH] = 1.27 mol.dm-3 

 

 

 

 

Temperature 

K 

- x 

105 

[dx/dt

] 

mol. 

dm-3. s-1 

Apparen

t rate 

constant 

(kapp) 103 

Specific 

rate 

consta

nt (ksp) 

s-1 103 

% 

Decoloration 

% 

Decoloration

at fixed 

time 

 

303 5 1.2 1.2 81.90 76.19 

308 6 1.0 1.3 74.56 70.15 

313 7 1.0 13 67.79 62.71 

318 8 1.6 1.4 85.34 80.17 

323 9 1.7 1.6 80.86 80.86 



255 
 

 

 

Table 4.5.6.3 

Thermodynamic activation parameters of reduction of Fast Green with 

Cetylpyridinum Chloride 

 

 

 

 

Temperature  

K 

303  

K 

308  

K 

313  

K 

318  

K 

323 

 K 

Ea 

kJ/mol 
10.52 

H 

kJ/mol 
8.00 7.95 7.91 7.87 7.83 

- S 

J/mol.K 
223.7 223.9 224.0 224.1 224.2 

G 

kJ/mol 
7.58 7.69 7.80 7.91 8.02 
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4.5.7 FIGURES 

 

Figure 4.5.7.1 A plot of Absorbance Vs time (sec) for the reduction of FG 
with different concentration of Fast Green                        
(2.00x10-5-6.00x10-5) mol.dm-3. 

 

 

Figure 4.5.7.2 A plot of  




AA

AA

t

o




log  Vs time (sec) for the reduction of Fast 

green with different concentrations of Fast Green                        
(2.00x10-5-6.00x10-5) mol.dm-3. 
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Figure 4.5.7.3 A plot of absorbance Vs time (sec) for the reduction of Fast 
Green with different concentrations of NaOH                        
(2.0x10-1_ 6.0 x10-1) mol.dm-3. 

 

 

Figure 4.5.7.4 A plot of  




AA

AA

t

o




log  Vs time (sec) for the reduction of Fast 

Green with different concentrations of NaOH (2.0x10-1_ 6.0 x10-1) mol.dm-3 



258 
 

 

Figure 4.5.7.5 A plot of Absorbance Vs time (sec) for the reduction of Fast 

Green with different concentrations of   Cetylpyridinum Chloride                

(2.0x10-2 _ 6.0 x10-2)  mol.dm-3. 

 

Figure 4.5.7.6 A plot of 




AA

AA

t

o




log Vs time (sec) for the reduction of Fast Green 

with different concentrations of Cetylpyridinum Chloride                 
(2.0x10-2 _ 6.0 x10-2) mol.dm-3. 
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Figure 4.5.7.7 A plot of Absorbance Vs time (sec) for the reduction of Fast 

Green at different temperatures (303-323K). 

 

Figure 4.5.7.7 8 Effect of temperature on the photodecoloration of Fast 

Green with Cetylpyridinum Chloride. 
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CONCLUSION 

Dyes are reported as one of the problematic group in waste water due to 

their good solubility. Synthetic dyes are common water pollutants and are 

frequently found in trace quantities in industrial liquid waste.  

On the other hand surfactants are commonly used in textile dyeing 

processes to improve the quality of dyeing.  They also used as fabric 

softeners, antiseptic and anti-static components. Hence, they are present in 

waste-water in large amounts. Although more than 90% of the surfactants 

are removed in waste-water treatment plants, but trace amount of them 

were released into the water streams. 

It is essential to treat the industrial effluent whether it containing metals, 

dyes, chemicals and the domestic waste which contains the unused laundry 

powders and chemicals which do not have biodegradability. They must be 

monitored and treated before discharged into the sea, river, lake, and 

stream. Because they were not only disturbing the balance of the nature but 

also alarming threats for the cause of several diseases and sea lives. 

In the present study the removal of dyes including acidic, basic and 

surfactants were carried out. It is necessary that relevant technologies and 

economic innovation must be incorporated together to protect our 

environment and save it for our future generation. 

There were continuous efforts in progress at the world wide level to reduce 

the effect of these pollutants. These efforts were done in a manner that 

economically it get viable and not cause an extra burden on the economy of 

the country. 

 The technical feasibility of various non conventional methods for the 

removal of dyes and surfactants were carried out by using waste and low 

cost materials as adsorbents. For this purpose physical and chemical 
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treatment methods were adopted like adsorption as a physical method by 

using natural adsorbents and photoreduction as a chemical method.  

Raw charcoal (RC) was derived form coconut shells and was used for the 

adsorption. It was also previously used as commercial adsorbent but in the 

present work used for comparison studies. The best results were obtained 

about 86.16% removal on 2.0 × 10-4 M of Cetylpyridinum Chloride 

(CPYCl) surfactant. For malachite green (MG) dye about 76.44% removal 

was obtained at 9.0 × 10-5 M concentration of dye. For fast green dye (FG) 

about 75.05% removal was obtained at 6.0 × 10-4 M concentration where as 

methylene blue show 76.05 % removal at 5.0 × 10-5 M concentration. 

Ulva Lactuca (UL) marine algae were collected from the costal regions, as 

it comes on the shoreline in large quantities during the high tide season. It 

was used for the adsorption studies after some initial treatment. The results 

showed that about 83.35% removal of Cetylpyridinum Chloride (CPYCl) 

was obtained at concentration 1.0 × 10-4 M of CPYCl. The malachite green 

(MG) dye showed about 84.35% removal tendency on 7.0 × 10-5 M 

concentration of dye. While  fast green dye (FG) show about 70.35 % 

removal at dye concentration of 1 × 10-4 M. 86.35% removal of methylene 

blue (MB) was obtained at concentration of 1.0 × 10-5 M of dye. 

Sargassum muticum (SM) is brown marine algae, used for the adsorption 

studies. It comes on the shore line during the high tide season especially at 

the end of summer in Arabian Sea.  The effect of this adsorbent for the 

removal of CPYCl shows about 78.36% adsorption at the concentration of   

6.0×10-4 M of CPYCl. For malachite green (MG) 68.25% removal was 

obtained at the concentration of 9.0 × 10-5 M dye. While for fast green dye 

(FG) which is an acidic dye the effect of adsorbent SM was about 62.36%  

at concentration of 8.0 × 10-4 M. Where as methylene blue (MB) show 

about 78.36 % adsorption on SM at 7.0 × 10-5 M concentration of dye. 
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The used black tea is the major waste of houses and hotels and they were 

collected from homes, tea stalls and hotels, the only care should be done 

that not mix it with other waste.   From results it was observed that CPYCl 

(cationic surfactant) show about 80.25 % adsorption on UBT at 

concentration of 1.0 × 10-4 M of CPYCl. For basic dye malachite green 

(MG) the removal was obtained by using UBT was about 79.35 % at 

concentration  5.0 × 10-4M  of dye, while for acidic dye fast green show 

about  62.35 % removal on UBT at concentration 1 × 10-3 M. The basic dye 

methylene blue shows 63.36% at 7.0 × 10-5 M concentration. 

The used black tea surface was modified with Lead (Pb) and its new 

impregnated surface was generated which was tested for the adsorption 

studies. The results show that by using modified black tea (IM-UB T) the 

removal of cationic surfactant (CPYCl) was 84.35%   at concentration                 

1 × 10-4 M of surfactant. The outcome of the adsorption of dyes on IM-

UBT were about 84.52% of malachite green (MG), 60.36 % of fast green 

(FG) and 70.23% of methylene blue (MB) at concentrations of 1.0 ×10-4 M, 

1.0 ×10-3 M and 7.0×10-5  M respectively. 

The data from the adsorption studies were applied on adsorption isotherm 

models like Langmuir, Freundlich and Dubinin-Radushkevitch (D-R) 

adsorption isotherms and it was concluded that adsorption is more 

favorable at low temperatures but in few cases it is dominating at higher 

temperatures. As it is also helpful at high temperatures, like our country 

Pakistan where average temperature in summer is about 40 - 45 °C by 

employing the adsorption method can be removed pollutants on industrial 

scale. It was also revealed that adsorption process at lower temperatures 

was physisorption and follow the formation of monolayer where at higher 

temperatures chemisorption take place, where the multilayer of adorbate  

were formed on the surface of adsorbent. 
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The thermodynamic study was also employed to observe the 

spontaneousity and feasibility of the process. Most of the systems showed 

exothermic behviour but some were endothermic also. In endothermic 

systems the amount of heat required to proceed the adsorption process is 

very low and negligible as this is overcome by high temperature and hot 

weather of the country. 

The chemical treatment method was adopted by photoreduction kinetic 

which was used to reduce the dye contents by the interaction of surfactant 

so if the physical adsorption method are not feasible then to employ the 

chemical method to   reduce the effluent containing dye by the interaction 

of reductant. 

The reduction of fast green dye was done by the cationic surfactant 

Cetylpyridinum Chloride (CPYCl) in the presence of basic medium by 

interacting with sodium hydroxide (NaOH). The energy was supplied to the 

system by the UV- radiations for the reduction of the system showing non 

spontaneous and endothermic behavior. But activation energy values 

showing that reaction is feasible and applicable at all the temperatures. The 

rate of the reaction follows pseudo first-order kinetics with respect to dye, 

surfactant and the medium. From the results it was concluded that % 

reduction of dye were obtained about 81.90%, 74.56%, 67.79%, 85.34% 

and 80.86% at 303 to 323K at the step of 5K.  

From the present studies it was concluded that adsorption process is more 

favorable for the removal of dyes by using natural, low cost adsorbents 

which are recycling waste material and also environmental friendly. In the 

absence of adsorbant the chemical treatment method photoreduction of dye 

is applicable. It is slightly expensive but results were obtained are quite 

favorable to protect the environment and eco system. 
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Research importance and applications 

Color is the most visual characteristic of industrial activities and used in 

almost all industries at the world wide level such as paper manufacturing, 

dyeing cloth, leather treatment, printing, pharmaceutical etc. These 

unfavorable conditions effect on the environment, plants and their 

photosynthesis process. Many of these dyes have shown hazardous 

properties and are toxic in nature due to aromatic structures. At present 

decoloration and removal of dyes by adsorption process has become a 

significant procedure. The importance and application of the reduction and 

removal of dyes is very important for   industrial, medicinal and 

environmental point of view. The method of using dyes, and its 

combination at low levels of light, to selectively inactivate or inhibit the 

intracellular replication of specific viruses, especially for humans and 

immune deficiency virus. 
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Future Perspectives. 

Although the work have been reported by researchers  for the adsorption 

and reduction of dyes, in spite of all its biological and photochemical 

applications and more investigations were also done on its reduction with 

organic , inorganic reducing agents, natural and modified adsorbents with 

following feature can be made in future prospective. 

 The search of environmental friendly adsorbents is still goes on 

which is cheap, and easily recycle able and applied to vast classes of 

the dyes. 

 The desorption is also the important feature which is very useful that 

dye which drain out in the waste, will gain again so it will also 

beneficial for the economy of the industry.  

 The proposed research will be extended to other classes of organic 

dyes like reactive or vat dyes with other reductant in the presence of 

various solvents and mixed solvent systems in order to promote the 

research in textile industry to save textile waste effluents. 

 The another future prospective aim of this study to carried out the 

research in the presence of microorganisms and the other interfering 

agents to check the biological activity before and after the treatment.  
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