
  

Utilization of Inorganic Porous Materials for the Removal 

of Dyes from Aqueous Media  

By 

Muhammad Asif Tahir 

M.Phil (UAF) 

2007-ag-703 

 

 

 

 

 

 

 

 

 

A Thesis Submitted in Partial Fulfillment of the Requirements for the 

Degree of 
 

 
DOCTOR OF PHILOSOPHY 

IN 

CHEMISTRY 

 

 
DEPARTMENT OF CHEMISTRY AND BIOCHEMISTRY 

FACULTY OF SCIENCES 

UNIVERSITY OF AGRICULTURE, 

FAISALABAD 

2018



i 
 

  

 

  

__________________

_ 

Muhammad Asif Tahir 

2007-ag-703              



ii 
 



iii 
 



iv 
 

 

 

 

  



v 
 



vi 
 

 

  



vii 
 

 

 

 

 

 

 

 

 



viii 
 



ix 
 



x 
 



xi 
 



xii 
 



xiii 
 



xiv 
 



xv 
 

 

  



xvi 
 

ABSTRACT 

Being a visible contaminant, dye presence in aqueous media make it unfit for drinking use. 

Various efforts to treat this type of contamination are being done now a days. Use of some 

heat stable adsorbents is an appropriate and safe method to uptake colorant particles. 

Synthetic inorganic porous polymers like silica and titania are best to remove cationic 

particles of basic dyes. Practical efforts have been done using such simple materials and their 

composites. The whole phenomenon was optimized using quantitative parameters like 

temperature, dye molecule concentration, amount of added adsorbent, equilibrium time 

required and concentration of hydrogen ions etc. Points of zero charge for MPS, MPT, 

MPST, MPSF and MPS-NH2 were 2.4, 6.2, 5.6, 6.3 and 7.6 respectively. Optimum value of 

pH was observed in range of 7 to 8 for adsorption of all dyes by MPS and MPST with qe 

value upto 46 mg/g. These two adsorbent showed the highest adsorption capacities at 

optimum pH. Optimum time for Basic Blue XGRRL 250  was 90 min with adsorption 

capacity 45.3 and 47.3 by MPS and MPST. Equilibrium was achieved for Golden yellow, 

Red-3R and T-blue at 90 min, 60 to 90 min and 90 min using MPS and MPST as adsorbents. 

Highest adsorption capacities were in range of 43 to 47 mg/g for these dyes using both 

adsorbents. Optimum dose of all adsorbents for adsorption of all dyes was 25 mg. However, 

qe values were different i.e. 71, 65, 74, 57, 27 mg/g for MPS, MPT, MPST, MPSF and MPS-

NH2, respectively. In adsorption of Blue-XXRGL. In case of Golden yellow, Red-3R and T-

blue highest qe values were 62 mg/g for MPS, 69 mg/g for MPST and 68 mg/g for MPST. 

Highest adsorption capacities at 300 mg/g concentration of all dye solutions were 93 and 88 

mg/g for MPS and MPST in case of  Blue-XXRGL. For Golden yellow, Red-3R and T-blue, 

at concentration of 300 mg/L, the highest qe values were 83, 90 and 93 mg/g for MPS and  

87, 88 and  90 mg/g for MPST composite. As adsorption of all dyes was exothermic so 

maximum qe values were observed at 303 K for all dyes. Presence of CTAB surfactant 

decreased adsorption capacities of all adsorbents. It was most  significant for MPS and 

MPST.   In presence of Mg(NO3), Mg ion decreased qe values due to its high charge density 

and competition with dye molecules. Adsorption capacities by MPS and MPST were 

observed 24.3 and 25.5  mg/g, 24.3 and 21.6 mg/g, 24.5 and 21.3 mg/g and 26.5 and 19.6 

mg/g for Blue-XXRGL, Golden yellow, Red-3R and T-blue respectively. Adsorption 

capacities of other adsorbents were also decreased in range of 20 to 25 mg/g.  RSM analysis 

told about interaction of levels of two factors. Langmuir equilibrium model was found best as 

with highest coefficient of determination among all other models. Similarly pseudo second 
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order kinetic equation explained better the phenomenon in case of almost all time variation 

based experiments. Spontaneity of process was predicted by finding the values of 

thermodynamic parameters like enthalpy change (ΔH), entropy change (ΔS) and free energy 

change (ΔG). Characterization of materials was done by SEM, EDX, XRD, FTIR, BET and 

BJH analysis to study surface morphology, crystalinity, functional sites, surface area and pore 

diameter. All experimental values were noted three times and shown with standard deviation.  

 

 



1 
 

CHAPTER 1    

INTRODUCTION 

Fresh water pollutants              

Fresh water is considered as basic necessity due to association with all types of life. It is used 

for domestic, irrigation and industrial purposes. On drinking, it becomes a part of metabolism 

and has vital role in material transportation within cell. Due to its limited availability (1% of 

total water reserves) this type of scarce good should be safe from contamination (Stawiński et 

al., 2017). With increase in population and human activities, there is a rapid growth in 

environmental problems. Contamination of toxic substances in fresh water bodies is so wide 

spread in underdeveloped countries. A number of toxic reagents are being discharged 

unwillingly in aqueous resources without any prior treatment. These reagents include 

pesticides, heavy metals, dyes and pigments, acids and bases etc. Coloring pollutants like 

pigments and dyes become detectable even they are present in less than 1000 ppb 

concentration (Rafatullah et al., 2010). Dyes are one of the major class of pollutants having 

complex structure and synthetic origin. Their stable structure  make them reluctant to degrade 

naturally (Rai et al., 2005). 

Dyes and their hazards 

Dyes and pigments are colorants used by man for many centuries (Christie, 2007). Textile, 

dyeing , paper, leather industry (use of dye for tanning) and paint industries are main user of 

dyestuff (Chincholi et al., 2014; Yagub et al., 2014). Initially these were extracted from 

mullusks, insects and plants and after 1856, synthetic dyes were prepared. Annual production 

of synthetic dyes is over 7 x 105 tons (Celekli and Bozkurt 2013). 2% dyes are lost direct and 

10-15% during textile coloration processing are discharged in water (Liu et al., 2016). Dyes 

have many classes on the basis of structure and useage. They may be acidic, basic, direct, vat, 

disperse and sulfur dyes. There is another vast using class as azo dyes (70% of total useage) 

(Demirbas, 2009). Some are water soluble and others are not i.e. acidic, basic and direct dyes 

are water soluble and azoic group, sulfur, vat and disperse dyes are insoluble on the other 

hand.  Basic dyes are chemically as Diazahemicyanine, cyanine and hemicyanine. Moreover 

thiazine, oxazine and acridine groups also included in their structures. Major uses of basic 

dyes are in paper industry, in dyeing of silk and wool fibers, nylon modified by 

polyacryonitrile and for modified polyester dyeing. They may have azo group in their 

structure which is converted to toxic aromatic amines in living system. As pollutants, dyes 
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can affect human life due to consumption of dye polluted water for drinking and washing 

purposes (Sharma and Sobti 2000). Health risks caused by dyes are skin irritation (Safa and 

Bhatti 2010), allergy, liver and lungs disorders, problems to vasco-circulatory system. 

reproductive and immune system, gene mutation and ultimate cancer (Bhatnagar and Jain 

2005). Many dyes are so toxic even carcinogenic for human and pose serious hazards to 

water dependent life (Kyzas et al. 2013). Azo dyes on reduction (caused by bacterial activity 

in mammals) gives aromatic amines (Zacharias et al., 1995) which are mutagens and cause 

cancer of urinary bladder and liver. In presence of these colorants, water becomes reflector 

and absorber of light entering in it. So due to reduction in sunlight transmittance through 

aquatic atmosphere, photosynthesis may be lessened which is harmful for aquatic plants. 

Moreover, due to absorption of light, inhibition of bacterial growth takes place that creates 

difficulty for biodegradation of many impurties.   

Treatment of water techniques 

Waste water requires treatment before discharging in fresh water. Chromophoric 

groups and auxochromes hit the selection of decolorization method.  Cationic and anionic 

dyes being soluble in water are not removed easily using simple and old (conventional) 

methods (Karthik et al., 2014). A lot of research work has been done for colored water 

treatment using several physicochemical methods which include chemical precipitation, 

flocculation (simple and electro) coagulation, irradiation, ozonation, chemical oxidation, 

photo and biological degradation reverse osmosis and membrane filteration. All these 

methods are advantageous with respect to some points but are costly and suffering from many 

limitations which make them useless for industries for treatment of dyed water on large scale 

(Indra et al., 2005). They may be physical, chemical, combined, biological, radiant and using 

electrical current. Briefly, key points relevant to use of these methods are discussed. 

Sedimentation, as a primary treatment belongs to physical methods. Its use is to treat water 

having waste material discharged from different factories. Muncipal effluents are also treated 

by this technique (Cheremisinoff, 2002). Many options can be chosen to increase settling of 

suspended impurities like use of clarifiers, basins and by flocculating agents. Another 

treatment method is filteration of waste water which includes microfilteration, nano scale 

filteration and reverse osmosis for color removal (Avlonitis et al., 2008). It is a membrane 

process and its major draw backs are high cost and short life of membrane as membrane bears 

greater pressure. Reverse osmosis is also an effective tool to decolorize water against a wide 

spectrum of dyestuff (Turk et al., 2005). It is preferred due to balancing the pH level same as 
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pure water. Coagulation belongs to chemical method to treat waste water. It is an emerging 

robust way (Zhou et al., 2008). It involves addition of some ions Al+3, Fe+3 etc. Although 

flocculation is an advantageous process due to low cost but production of sludge and pH 

dependency are major drawbacks. The limitation is its use only for spraingly soluble dyes in 

aqueous medium like reactive and cationic (basic) dyes. Some times combination of two 

technologies is also effective to achieve the objective (Wang et al., 2007). 

Chemical decomposition of pollutants in polluted water is one of widely used 

phenomenon. It may be by radiation assisted oxidation ( In presence of catalyst or Fenton,s 

process) or by chemical reagent based oxidation ( Cl2, H2O2, O3 and KMnO4). Prior to this, a 

primary treatment is employed. Complex structures of dyes are partially or completely 

degraded to simpler one species like CO2, N2, sulphate ions or aldehyde molecules. Oxidizing 

agent like ozone may give upto 100% removal of color (Lopes et al., 2004) and reduction of 

COD  takes place just in few minutes (Sundrarajan et al., 2007). Advanced form of oxidation 

is excessive use of oxidation processes like Fenton,s reagents oxidation, UV photolysis 

(Gupta et al., 2007) and sonolysis. In photolysis, production of free radicals as highly reactive 

species takes place in the presence of metal oxides (TiO2, ZnO). Rather than physical and 

chemical remedies, use of different species of microorganisms like bacteria etc., is valuable  

(Barragan et al., 2007). These living creatures do minerlization of toxic products by aerobic 

or anaerobic mechanisms carried out in presence of enzymes secreted by microorganisms. 

Among these treatments, adsorption has its own place due to cost effectiveness and 

ecofriendly mechanisms of action. It is also easy to handle with simple experimental design 

(Qadeer 2007).  

Adsorption  

Adsorption as a surface process involves in active uptake of many components (gas or solids) 

of solution system by physical and chemical interaction (Sasaki et al., 2014). It is interaction 

of adsorbate (removed material from media) and adsorbent (On which particles are adsorbed) 

which depends on nature of adsorbate and adsorbent. Adsorbates are tiny particles suspended 

in aqueous or gaseous media and removed by adsorption onto a solid phase. It is used in 

integration of physical-chemical and biological process tools for waste water (Geenens et al., 

2001; Kargi and Pamukoglu,  2003). Increasing trend of adsorption (Leitão and Serrão, 2005) 

in water remediation is due to its universal nature, native to toxic reagents, better output in 

removal and reusebility of adsorbents. (Ali et al., 2012; Pan et al., 2009). Like 

biodegradation, adsorption is also widely used treatment in the purification of waters on 

experimental scale (Crini, 2006). Adsorption of dyes is a multistep process which is (1) 
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diffusion of dye molecules in media to make a homogeneous solution. (2) Diffusion of dye 

molecule through a diffusional boundary layer. (3) Diffusion of dye molecule towards 

interior of adsorbent material. (4) Attachment of dye molecule to the surface of adsorbent 

through molecular interaction (Al-Godah, 2000). This is carried out either in interior surface 

of adsorbent or external surface. Adsorption steps are dependent to dye concentration and 

agitation level. Diffusion of dye molecule into adsorbent involve two mechanisms. It is 

assumed that either adsorbate first diffuses in liquid filling the pores then adsorbed or 

adsorbate is adsorbed first then diffuses from one site to other (Noroozi and Sorial, 2013). 

Adsorption  removes pollutants from aqueous media to transfer substances on solid matrix. 

Adsorption may be physical or chemical. It is related to interaction either strong chemical 

bond (which is irreversible) or due to weak vander Waal,s interaction between adsorbate and 

adsorbent. Physical adsorption is reversible (Allen and Koumanova,  2005). Simple way, cost 

effectiveness with maximum removal  make the adsorption advantageous and successful than 

any other technique used for color elimination even from a dilute medium.  

In various reports, several solid adsorbents such as activated carbon (Kennedy et al., 

2007), clays (Kacha et al., 2003), zeolites (Alpat et al., 2008), biomasses (Ahluwalia et al., 

2007) and industrial waste products (Namasivayam and Sumithra, 2005) have been reported 

to remove colouring substances  from water.  Although activated carbon has outstanding 

adsorption efficiency for organic contaminants but lack of cost effectiveness make avoid to 

use it. Commercial activated carbons obtained from sawdust (Hameed et al., 2008), coconut 

husk (Tan et al., 2008) and cattaid (Qianqian et al., 2010) are made activated physically or 

chemically at high temperature (Amina et al., 2006) to confer porous structure and chemical 

surface functions. (Orfao et al., 2006). In selection of adsorbent, it is viewed that adsorbent 

should be inexpensive and nontoxic (Ali et al., 2012). Use of renewable sources for 

synthetic material development is also a centre of attention (Ummartyotin et al., 2016). 

Recently, it is an art of great interest to develop cost effective adsorbents.   

Natural materials including bentonite, diatomite and kaolin have been used from beginning of 

human history as good ion-exchanger (Rafatullah et al., 2010)  and adsorbents (Guiza  et al., 

2004). Flyash is a natural sorbent having abundant use and cost effectiveness to remove many 

organic pollutants like phenolic products, dyes and pesticides (Mohan et al., 2002: 

Ahmaruzzaman, 2009). Its efficiency can be enhanced by converting it into  zeolites and  

other porous materials such as MCM types (Hui et al., 2006). Biomaterial is another class of 

natural porous solids used in water treatment for removal of heavy metals, dyes and phenols 

(Pavasant et al., 2006: Marungrueng and Pavasant  2007). They have been proven as efficient 



5 
 

adsorbents  due to high lignocelluloses material as their constituents (Sen et al., 2011). Use of 

biomass for this purpose is point of focus of many researchers due to low cost and good 

efficiency of numerous  plant materials. Rather than plant parts, some studies are also about 

the use of fungi, bacteria and algae, chitosan as adsorbents for  decontamination of water 

(Srinivasan and Viraraghavan 2010). Composite of a synthetic polymer with biomass is also 

under consideration for same cleanliness purpose (Nabavi  et al., 2013).  

Inorganic oxides are an important natural as well as synthetic adsorbents. This class 

comprises zeolites (Xu et al., 1997), silica gel (Alemany et al., 1997), silica (Cheng et al., 

2003), alumina (Desai  et al., 1997) and titania (Jafari et al., 2011: Belessi et al., 2009). 

Zeolites are considered good materials for adsorption as they have high surface area, low cost 

and high ion-exchange capability. Silica is also a natural  abundant oxide material which has 

earned attention to use in water purification due to presence of silanol group (Ahmed and 

Ram, 1992) involved in its adsorptive action. Moreover, greater surface area and high thermal 

stability make this adsorbent attractive for decontamination. Silica  gives strong and 

irreversible adsorption than other groups of different adsorbents  but has low resistance 

towards alkaline media. It is competitor of ZnO, TiO2, and ZrO2 in uptake process (Avendano 

et al., 2006).  

Material access has been always attractive for man due to its pronounced influence. From 

silicon chip to nano materials, many materials have been synthesized and are  being used in 

machinery structure, devices and products.  Nanoporous materials are one of them used in 

separation, catalysis, adsorbent, and catalyst supporting materials (Wan and  Zhao 2007). A 

lot of work relevant to synthesis of TiO2, SiO2 and Al2O3 (Naik and Ghosh, 2009) has been 

published. There are three types of nanoporous materials with respect to their pore size micro, 

meso aand macroporous with pore diameter <50 nm, 2 to 50 nm and >50 nm respectively 

(Taguchi et al., 2005). In past, zeolites were used as porous materials with their narrow size 

pore distribution and showed good performance in adsorption (Katiyar et al., 2006) and  

catalysis. But due the very small pores, there was a need to develop new materials with pore 

size in range of size of contaminant molecules ( adsorbed or degraded). So mesoporous 

materials were prepared as MCM-41 which was a silicate material with ordered porosity. 

Now a days, there is a tremendous trend to develop template based mesoporous materials 

with extensive applications.  
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Synthesis and characterization of mesoporous materials 

Sol-gel method is commonly used to synthesise template based mesoporous materials 

(Velikova et al., 2013). In this method, a surfactant which may be cationic (CTAB), anionic 

(SDS) or nonionic (pluronic) is used. Surfactant is dissolved in water at room temperature or  

by heating the system followed by addition of inorganic oxide precursor (alkoxide or some 

inorganic precursor). Agitation of mixture for a particular time gives a gel in which micelle 

form of surfactant in solvent allows formation of metal oxide framework around it. Two main 

processes are involved, first is hydrolysis of precursor and second one is condensation of 

metal/Si hydroxide around  micelle of template in crosslinked form. Micelle acts as 

nucleation of materials. After this gel is filtered, dried and finally calcined to remove 

template. Surfactant can be removed by extraction with some solvents (Pyridine, alcohol or 

acetone). Porosity and size can be controlled by varying pH, temperature, amount of 

surfactant, nature of surfactant and nature of precursor. These materials are very useful due to 

having greater surface area, pore volume and low dielectric permitivity. There are several 

characterization tools relevant to surface morphology of material, elemental analysis 

crystallinity, heat stability and surface area determination. This is carried out by FTIR and 

SEM, EDX, XRD, TGA and BET respectively. 

Aims and objectives 

1. To synthesize template based mesoporous materials and their composites/ 

functionalized form. 

2. To characterize these materials and evaluation of surface morphology. 

3. To use these materials as adsorbent for removal of cationic dyes under the influence 

of pH, time, dose of adsorbent, dye concentration etc. 

4. To optimize these parameters affecting adsorption process using RSM. 

5. To study isothermal, kinetic and thermodynamic aspects of dyes removal. 
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CHAPTER # 2    

REVIEW OF LITERATURE 

Waste water treatment and methods 

Main source of dyes in water is the waste of textile industry which is not useful for aquatic 

plants due to reduction in photosynthetic activity and in decreasing the concentration level of 

oxygen in water (Alqaragully, 2014). Some methods employed for dyes removal are 

classified as biological, chemical and physical (McMullan, 2001).  

Biological methods 

Use of microbes or dead biomass as decolorizing agent in coloured water is bioremediation.  

Biodegradation is one of its modes carried by bacteria, yeast, algae and fungi, but it requires a 

large surface area and has limited efficiency (Fu and Viraraghavan, 2001). It may be aerobic 

or anaerobic. Aerobic is more effective in cost than later and other techniques.  Keeping this 

in mind, Selvam and Priya (2012) used white root fungi to remove azo dye (Congo red and E-

chrome black-T) discharged as textile effluent. Results were average removal as 76 and 56% 

for both dyes. Same process on repeating by batch experimentation gave results 75 and 54% 

removal. Mane et al. (2008) employed same method for treatment of water removing dye 

Reactive blue-59 by Streptomyces krainskii. Enzyme excreted by organism is responsible for 

degradation process.  

Chemical methods 

It is combination of both physical and chemical operations i.e. precipitation, flocculation, and 

chemical process through some oxiding agents and some electrochemical methods. One of 

the major drawbacks is production of sludge. Use of alums or ferric chloride as coagulating 

agent is more emerging technique among these methods to make insoluble the wastes 

(Yadav, 2012).  Zonoozi et al. (2008) adopted coagulation method of removal for an acidic 

colorant using polyaluminumchloride (PAC) and Alum. pH, dose of PAC and alum, 

concentration of solution were parameters used in optimization. Complete destruction of 

chromophoric groups of dye was done by Jovic et al. (2013) by electrochemical oxidation. 

This technique was found convenient way for 100% degradation of reactive dyes. Energy 

cost of this method is very low. Electrocoagulation is to create metal hydroxide bulks in 

water by electric dissolution of Fe or Al based anode. Hussein et al. (2014) used this method 

which was expensive for removal of Reactive blue 19 from textile waste liquids including Fe 

electrodes. Scrutiny of process was done under the influence of several factors hydrogen ion 
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concentration, current density, time of passing electricity, amount of dye dissolved in unit 

water electrolytic concentration and temperature. Maximum removal up to 99% was seen at 

11.5 pH, 50 m A/cm2 charge density, 20 minutes, 5 g/1 electrolytic concentration and 100 

ppm dye concentration at room temperature.  Some amazing results were also attained for 

removal of indigo carmine by electroxidation and electrocoagulation process using 

Pt/Titanium and C (graphite) electrodes.  (Stercipoulous et al., 2014). They did so in presence 

of NaCl as supporting electrolyte, 5mAcm-2 current density with metal/graphite electrodes 

and energy consumption with value 0.87 and 1.75 kWhm-3. The most rapid and the most 

efficient technique for 90% removal of indigo carmine was use of sono electrochemical 

process by Ortega et al. 2013. Similar indigo dye removal upto 88% using Al electrodes was 

evaluated at initial dye concentration 100ppm, pH of solution was 3 with applied density of 

electrical current 10.7 A/m2 for 12 min (Mall et al., 2013).  

Electrochemical oxidation 

 This alternative method was applied for textile indigo dyes by Dogan and Halukturkdemir 

(2012). Process was carried out in electrolytic cells which were divided and like batch system 

with Pt(anode) & Pt foil(cathode). Dye removal was maximum at pH 2 in 16 min and COD 

value 46% at time 40 min. Zakaria and Ashtoukhy (2013) investigated the oxidation of 

Indigo Carmine in wastewater by electrochemical oxidation with horizontally oriented 

electrodes (Pb/PbO2 as anode and stainless steel cathode). Complete removal of color was 

optimized under different condition and reduction in COD value was 88.2%. Results 

weElectrochemical oxidation using Ti/RuO2 and IrO2/TiO2 electrodes and NaCl as electrolyte 

was done by Kavitha (2012) for treatment of polluted water with Acid green V in a tubular 

flow reactor under single pass processor. Optimized values of current density, flow rate, color 

reduction and COD reduction were determined experimentally. Sendhil and Munivasaran 

(2012) studied decrease in flow rate of effluent increases the percentage of color removal 

from water in case of Acid green V by electrochemical oxidation. They also found that the 

energy usage is affected by wastes flow rate, current/cm2 & dye concentration.  

Photocatalytic degradation 

A new technique to mineralize dyes is photocatalytic oxidation (advanced chemical 

oxidation) which does not require the disposal of process product. Use of Ag-TiO2 as 

nanophotocatalyst for removal Amidoblack-10B following photodegradation was carried out 

by Kirupavasam et al. (2012). They investigated effect of pH, H2O2 concentration, contact 

time and concentration of dye etc. on treatment process and also found fitness of second order 

kinetic for degradation process. Methylene blue was degraded using CaO as photocatalyst by 
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Amete et al. (2014). Parameters causing fluctuation in results of process were also studied 

along with COD reduction.  Balachandran et al. (2013) also examined the removal of same 

dye using synthetic nano titanium dioxide (TiO2). Anatase phase TiO2 nanoparticles catalysts 

were synthesized by sol-gel methodology. Fade color of solution was observed after 5 hours.   

Physical methods 

Mezohegyi et al. (2012) worked on the use of different methods for color disappearance from 

aqueous solution. Major focus was on use of activated carbon (AC) amended because it has a 

versatile role i.e. as a dye adsorbent, in AC-enhanced coagulation, in membrane filtration 

processes, in production of free radicals for electrochemical oxidation and in catalysis of 

anerobic biofilm. Puasa et al. (2012) removed the Reactive Black 5 and Reactive Orange 16 

by a new method “Micellar enhanced ultrafiltration”. Cetylpyridinium chloride was used for 

this purpose whose critical micelle concentration was 0.38 g/L. Pressure during operation was 

400kPa and dye removal was near 80% for both dyes. Similar type of membrane filtration 

method was employed in removing acid red, reactive black and reactive blue dyes by Abid et 

al. (2012) under the influence of solution pH dye concentration, pressure at which process 

operated and temperature. Maximum removal was up to 94, 96 and 97% for three dyes i.e. 

red, black and blue. A comparison of biological and physical membrane based method 

showed the preference of membrane based method with greater efficiency.  

Adsorption is an attractive method to treat waste water if sorbent is cost effective and has no 

requirements of some additional steps of pre-treatment. However, a proper design and 

framework of this process is required. Abbas et al. (2012) examined the treatment of waste 

water containing Congo red and Brilliant green, using peanut shell biosorbent. Experiments 

were performed for optimization of shaking time, pH, agitation speed, sorbent dose and 

particle size getting results of qe values i.e. 15.09 mg/g for Congo red and 19.92 mg/g for 

brilliant green. Aziz (2013) also studied the removal of dyes from textile waste water using 

natural clay red and yellow clay selected from two different locations. He noted the qmax 

values of adsorption were 1.2mg/g and 0.7mg/g for both samples of clay red & yellow clay 

respectively. Equilibrium was achieved after 35 min and process followed the Freundlich 

isothermic model. Tahir et al. (2013) modified and characterized “Bentonite Clay” to apply it 

for the removal of reactive dyes. Optimization of condition and modeling of data was 

included in their study. The isotherms were remarkable in Langmuir, Freundlich & Dubinin – 

Radushkevich isothermic models.  
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Factors affecting the adsorption 

As adsorption is considered dependent to several parameters, so their optimization is helpful 

to industrial scale method development to treat polluted water. Factors including are sorbate–

sorbent affinity, surface area of adsorbent particles, different adsorbents ratio, particle size, 

contact time, concentration of pollutant, pH and temperature (Allen and Koumanova, 2005). 

Effect of solution pH 

Solubility and charge on adsorbent surface may be changed by variation in pH (Nandi et al. 

2009). Actually adsorption occurs on surface of adsorbent so charge on surface active centres 

matters and point of zero charge is significant to determine pZc (Liu et al., 2012). It is pH at 

which net charge on surface of adsorbent is zero and it is helpful to define the electrokinetic 

property of surface.  Optimum pH is greater than pZc in case of cationic dye adsorption due 

to negative charge on adsorbent surface for positive charge dye molecule and vice versa for 

anionic dye (Liu et al. (2012). 

Many researchers performed adsorption experiments over a wide range of pH like Adak et al. 

(2005) which removed crystal violet dye up to 80% removal in range of pH 2-11 and found 

optimum pH as 8. Similarly  (Kannan and Sundaram  (2001)), Nandi  et al. (2008) also 

evaluated the uptake ability of activated adsorbent clay, carbon, kaolin and activated rice 

husk using many acidic and basic treatments. These adsorbents show adsorption efficiency 

from 70-85% for removal of Methylene blue, crystal violet and acid yellow 36 dyes. 

Chowdhury et al. (2011) removed Basic Green 4 dye using leaf powder of Ananas comosus 

and noted the effect of H+ ions variation (pH). Optimum pH for maximum removal was 10. 

Dawood and Sen (2012) also found optimum pH 3.5 for active uptake of Congo red using 

pine cone. Auta and Hameed (2014) used pH range from 4 to 9 to study the adsorption 

capacity of dyes onto chitosan clay and noted greater adsorption capacity with increase in pH.  

Acevedo et al. (2015) concluded from adsorption experiments of “Basic Astrazon Yellow 

7GLL” and “Reactive Rifafix Red 3BN” on activated carbons from tyre wastes and 

bituminous coal that optimized pH for basic dye is greater (pH=12) than reactive dye 

optimum pH i.e (pH=2). Malekbala et al. (2015) studied the impact of pH on adsorption of 

methylene blue a basic dye by surfactant modified carbon coated monolith. They found an 

enhancement in adsorptive removal of dye with increase in pH because at low pH MB dye 

(cationic dye) is in competition with H+ ions to adsorb on adsorbent.  

Optimization of contact time and kinetic study 

Adsorbent which removes the adsorbate from solution quickly is considered as more efficient 

so effect of time has its significance in adsorption study. There are several reports in literature 
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regarding the impact of time on adsorptive removal. In this preview some reports are given. 

Malik (2004) evaluated the effect of time on adsorption of direct dyes from waste water using 

activated carbon of sawdust. He performed experiments and noted the effect of time from 0-

150 min. Equilibrium was achieved gradually after 120 min and results showed more 

adsorption in first 60 min. Keivani et al. (2009) utilized the polyaniline composites for 

adsorptive elimination of methylene blue from its aqueous solution. They noted the time 

required to reach equilibrium at intervals from 30-120 min. At start, rate of adsorption was 

rapid and with passage of time it was found less as occupation of binding sites. Similar study 

was done by Fiorentin et al. (2010) which revealed the effective work of orange bagasse for 

removal of reactive blue 5G dye from waste water. Effect of time was noted after 

optimization of other parameters for kinetic study. From results, it was evident that 

adsorption rate was steadily decreased from beginning to equilibrium reached. Equilibrium 

time was reported as 30 min with 85% removal of dye at concentration 25 ppm. Soni et al. 

(2012) determined the equilibrium time for maximum adsorption of o-nitrophenol using nano 

iron oxide and alginate microphones. Equilibrium time was 2 hours. Kamila and Santhi 

(2013) also noted the change in adsorption rate with time using Zn, Mn, Fe oxides adsorbents 

for removal of reactive yellow 15 from waste water. Adsorption equilibrium was at 2 hours 

and they performed further experimentation at this optimum time.  

Sari et al. (2007) performed experiments to evaluate the equilibrium time for removal 

of lead on kaolinite. They applied kinetic models on data obtained at different times. Use of 

first order equation, intra particle diffusion model and 2nd order model explained the 

adsorption mechanism. Second order model was found best due to high correlation 

coefficient. Gonte et al. (2013) studied the effect of time on adsorption of Congo red from 

water and found kinetic constant using different kinetic models. They used pseudo 1st order, 

Elovich, pseudo second order model and intra particle diffusion model.  High value of R2 for 

pseudo second order kinetic model proved it as the best. Use of cost effective agro wastes by 

Nausheen et al. (2014) for removal of reactive dyes from water was reported. Effect of many 

parameters on removal was studied. In optimization of time, pH was kept 2 and initial dye 

concentration was 50 ppm. Absorbance of solution reading was taken after intervals from 5-

180 min. Equilibrium were reached after 120 min at which adsorption was found maximum. 

Effect of time data was used in discussion of kinetic study of process and pseudo second 

order kinetic model proved valuable. Patil et al. (2015) determined kinetic constants by 

conducting an experimental study in which degradation of Rhodamine G was degraded by 
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ZnO-montmorillonite. They applied pseudo-second order, pseudo first order and intra-

particle diffusion model on data and found pseudo second order model good.  

Dye concentration and adsorption 

Adsorption decreases due to increase in initial dye concentration generally. It may due to 

saturation of adsorbent sites but its opposite trend is also seen (Bulut and Aydın, 2006). 

Bagha et al. (2011) evaluated removing ability of kaolin for MB dye in dye range of 10 to 40 

ppm. He observed the decrease in adsorption from 90 to 62% removal with concentration 

elevation. It may be due to high driving force of mass transfer at elevated concentration. A 

composite interface of chitosan/alumina for adsorption of methyl orange was used by Zhang 

et al. (2012).  They studied the effect of concentration on process by varying value of initial 

dye concentration from 20 mg/L to 400 mg/L. Result showed a decrease in adsorption 

percentage from 99.53 to 83.55%. Bajpai et al. (2012) showed interest in the evaluation of 

correlation coefficients of different isothermal model on the data obtained from adsorption of 

Methlene blue. The found the process as chemisorption or monolayer deposition process after 

confirmation the fitness of Langmuir model on results with R2= 0.997. Elhami et al. (2013) 

also performed experimental study of adsorption parameters of Eosin dye onto 

diethylentriamine-montmorillonite as stationary phase. Their result was different from others. 

They found as Freundlich equation best to explain the adsorption as physiosorption with high 

correlation coefficient value as 0.979 than its value in Langmuir modeling (R2= 0.947). For 

some dyes, a small increase in concentration may cause a valuable change in active uptake 

capacity as studied by Yagub et al. (2012) did removal of Methylene blue by pine leaves 

powder. Results showed a decreasing trend from 96.5 to 40.9% as the initial dye 

concentration increased from10 to 90 mg/L with equilibrium time 240 min. In literature, 

adsorption of basic blue 9, Rhodamine B, Malachite green and Eriochrome black T was also 

discussed under the effect of varying the dye concentration by sugarcane bagasse (Zhang et 

al. 2013), Rice husk (Ramaraju et al. (2013) and activated carbon (Luna et al. (2013). Trend 

was similar as discussed from 90% to 55% and in some cases 45 to 10%. Wang and Li (2013) 

investigated the effect of initial dye concentration on adsorptive removal of Reactive Red 228 

(RR228) dye from coloured solution onto modified flax shive cellulose. They noticed the 

increase in adsorption capacity by enhancing the solution concentration from 60-100 mg/L. 

They also evaluated the concentration effect using isothermal modeling and found Langmuir 

model as the most valuable. Bhatti and Nausheen (2015) investigated the adsorption potential 

of some agro-waste material for removal of Turquoise blue PG dye. They used different types 

of isothermal models on data obtained from linear increase of adsorption with initial dye 
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concentration. Results of correlation coefficient of isothermal plots showed the Langmuir 

model as best to explain the uptake process variation with concentration. That was indication 

about chemisorptions. Salem et al. (2016) described the effect of initial dye concentration in 

his published work. They used nano-composites of silver/polyaniline for adsorption of 

brilliant green(BG) and varied the concentration from 40 to 60 mg/L. Data showed a slight 

increase in adsorption capacity from 17 mg to 21 mg on 1 g adsorbent. Increase in adsorption 

capacity with increase in concentration was confidently reported after fitting various 

isotherms on results like Langmuir, Freundlich and temkin. Fitness of Langmuir model 

showed the process as chemisorptions. Cheng et al. (2015) noticed that increase in dye 

concentration enhances the adsorption capacity of sorbent  Cu(II)-AMTD xerogelunder (0.5 

g/L dose) in removal of three dyes as 96 and 105 mg/g for Methyl orange, Thymol blue and 

Acid fuchsin, at equilibrium respectively. The results showed that the adsorption capacity 

was increased with an increase in the dye concentration. They reported reason of mechanism 

as increase in dye amount in solution increases the mass gradient between sorbent and 

solution.   

Thermodynamical feasibility of adsorption 

Being an important physicochemical factor, temperature has a significant role to decide 

adsorption as exothermic or endothermic process. This leads to predict the spontaneity of 

process. Temperature can change the adsorption capacity (Argun et al. 2008). If increase in 

temperature decreases the adsorption capacity, then this is exothermic process and can be due 

to weakening of surface interactions of dye molecules and adsorbent surface and its reverse 

trend shows that the process is endothermic. Hameed and Ahmad (2009) studied an 

increasing trend in adsorption capacity of Methylene blue using garlic peel. Range of 

temperature was 30 to 50 °C and qe value was going upward 82.64 to 142.86 mg/g. 

Investigation indicated the process was  endothermic in nature. Free energy change was 

found to be negative showing adsorption as spontaneous process. Vimonses et al. (2009) 

conducted experiments to evaluate adsorption capacity of kaolin for removal of Congo red at 

different temperatures (279 K to 333 K) and found the process as exothermic. Research 

findings of Senthil et al. (2010) were also in favour to express that adsorption of Crystal 

violet (CV) on activated carbon (prepared from coconut flowers and activated by H2SO4 and 

H3PO4) is an endothermic process. The conclusion was based on experimentation at different 

temperatures i.e. 28, 33, 38, 43 and 48 °C. Increase in adsorption was from 19.8 to 96.80% 

using H3PO4 activated adsorbent and 7.02%-48.83% for H2SO4 activated adsorbent. 

According to their assumption, this may be due to internal swelling of activated carbon 
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causing more diffusion of adsorbate. Rise in temperature may also enhance the mobility of 

dye ions. Congo red and Methylene blue adsorption under effect of temperature was observed 

by Auta and Hameed (2012) and result was similar that it was exothermic process for Congo 

red and endothermic for methylene blue whose temperature range for experimentation was 

303 to 313 K. Removal of basic blue 9 by sugarcane bagasse was found as endothermic 

process in range of 303 K to 323 K. Chen et al. (2012) worked on determination of 

thermodynamic parameters like free energy change, entropy change and enthalpy change to 

predict the process of adsorption as spontaneous or not. Their study was about adsorption of 

copper on magnetic nano composite and they found the process endothermic from positive 

value of enthalpy change and spontaneous from values of free energy change. Zhang et al. 

(2013) did another study to emphasize the key role of temperature was removal of Naphthol 

Green B by residue sludge in temperature range 288-323 and process was found as heat 

absorbing. Many other researchers also observed the similar two trends for different dyes 

including Congo red by residue sludge as exothermic (Attallah et al. 2013) acid yellow 23 by 

saw dust as endothermic (Banerjee and Chattopadhyaya, 2017) and reactive black 5 by 

activated bamboo waste as endothermic (Ahmad et al., 2013). Ozdes et al. (2014) did 

experimental work to find thermodynamic variables like standard enthalpy change and Gibbs 

free energy change from data of temperature effect on adsorption of methylene blue on illitic 

clay mineral. Thermodynamic plots indicated the phenomenon as more feasible and 

endothermic in nature.  Novacron orange P-2R removal from its solution affected by heat was 

checked by Noreen and Bhatti (2014) using a waste biomass sugarcane bagasse. Rather than 

other parameters, they focused on increasing temperature effect on the adsorption of dye. 

Temperature levels were used from 30 to 60 conducting experiment at other optimum 

conditions. It was inferred from results that biosorption capacity of raw and modified 

adsorbent was reduced by temperature elevation. Thermodynamic parameters values showed 

the process is exothermic for raw sugarcane bagasse biosorbent and becomes endothermic if 

baggase is treated by acid or base solution. Sadaf et al. (2014) narrated the removal of direct 

dyes from solution using lingo-cellulosic biomaterial. With optimization of other parameters, 

effect of temperature was also evaluated and found mitigation in adsorptive removal with 

increase in temperature from 303 to 333K. Shirvani et al. (2015) studied the experimental 

data of adsorption of Ni on Ca-bentonite. They used thermodynamic equations to find 

thermodynamic constants i.e. free energy, enthalpy and entropy change. Enthalpy change 

value predicted the process as endothermic. Fu et al. (2016) sensitized the temperature as 

important factor to affect adsorption and conducted a study with polydopamine (PDA) 
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microspheres. Adsorbent was synthesized by a facile oxidation polymerization route. They 

evaluated separation of organic dyes with fluctuations in values of different parameters 

affecting the process.  

Effect of amount of adsorbent 

Generally, it is assumed that increase in adsorbent dose is proportional to uptake of pollutant 

molecule in solution. It is due to more availability of adsorption sites. But, some trends were 

seen opposite to this assumption which may be due to a competition between adsorbent 

particles and their collisions. Increase in removal percentage was observed with increase in 

sorbent amount in solution by Sonawane and Shrivastava (2009). They did experiment of 

adsorption influenced by dose of adsorbent for removal of Malachite green (MG) using maize 

cob at low concentration of dye (20 ppm) for a short duration at pH=8. The removal 

percentage was 90 to 98% using dose 0.5 to 12 g/dm3.  

A lot of work relevant work to this study is directly reported in literature. Zhang et al. (2012) 

observed the adsorption capacity of chitosan/Alumina composite for methyl orange upto 99% 

using adsorbent dose 1-12 g/L. Similar trend was observed using modified alumina (Adak 

2005) and kaolin (Nandi et al. 2008) for crystal violet dye in range of dose 5-20 and 0.25-4 

g/L respectively. The removal percentage was near to 97 and 99%. Dawood and Sen (2012) 

used pine cone as adsorbent for removal of congo red and described a small increase in 

adsoption by increase in dose of adsorbent. Jvadian et al. (2014) studied a batch adsorption of 

anionic dyes from aqueous solution using polyanilinealumina nano composites. They also 

studied the effect of adsorbent dose on adsorption. They found adsorption as linear function 

of adsorbent dose due to availability of more sites for adsorbate interactions. Adsorption 

capacity was decreased due to increase in mass of adsorbent as it is denominator factor in 

formula to find qe. Sadaf et al. (2014) evaluated the adsorption potential of lingo-cellulosic 

waste for direct dyes from aqueous solution. Variation in adsorbent dose was reported as 

0.05-0.3 g in each 50 mL solution. There was a decrease in the adsorption capacity which 

was reported with reason as aggregation of binding sites and the reduction in surface area. 

Hassani et al. (2015) reported the increase in removal percentage of cationic dyes Basic 

Green 4 and Basic Yellow 28 using low to high dose of modified nano clay. They narrated 

the reason of such trend as increase in binding sited due to increase in dose added of sorbent 

in solution. Experimental conditions 30 mg/L dye concentration, pH = 6 and 35 min duration.  

Use of different types of adsorbents  

Adsorbents belong to many classes which may be organic or inorganic. These include silica 

gel, activated alumina, zeolites and activated carbon etc. Silica gels are considered as good 
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adsorbent due to low density and high surface area (Ahmed and Ram 1992; Backhaus et al. 

2001). Their effectiveness may be enhanced by some modifications (Moriguchi et al. 2005: 

Saad et al. 2008). Moreover, activated alumina is also one of the synthetic porous materials 

due to leaving pore on dehydration of hydroxyl form. They have surface area in range of 200-

300 m2/g and are used as adsorbent to remove hydrocarbons along with many other pollutants 

(Naiya et al. 2009) 

Composites of alumina and silica as zeolites with different ratios of Si/Al are also used as 

selective adsorbent. Some are natural and others are synthetic. Various zeolites have been 

employed for the removal of pollutants (Motsi et al. 2009). A widely used and popular 

adsorbent all over the world is activated carbon, whose fore runner form animal charcoal has 

been recognized in past decades for purification of water. To produce activated carbon there 

are some steps like raw material dehydration followed by carbonization and activation. 

Activated carbon is one of best adsorbent due to high surface area ranging from 500 to 

2000m2/g. As an adsorbent, it is used as a versatile mode to remove pollutants such as metal 

ions (Gabaldon et al. 2000), dyes (Pereira et al. 2003; Gomez et al. 2007), detergents (Malhas 

et al. 2002), pesticides (Foo and Hameed 2009), phenols (Dabrowski et al. 2005), chlorinated 

hydrocarbons (Sotelo et al. 2002) and many other chemicals and organisms (Utrilla et al. 

2003). A number of publications are about conversion of low cost agriculture waste into 

activated carbon as agricultural products have hemicelluloses as component and a number of 

functional sites on its surface. It is a promising alternative to minimize the cost of preparation 

of activated carbon.  Some low cost agro wastes have also been used for this purpose 

including shells, nuts, stones wastes of some dry fruits and wastes of some cereals like rice, 

maize and corn, sugarcane bagasse and coir pith etc. (Nyazi et al. 2005; Soleimani et al. 

2008). As one of the major crop in world, rice wastes (husk, hull, and rice bran) has been 

used for dyes and phenol removal reported in literature. For the removal of Reactofix Navy 

Blue 2 GFN  by wheat husk after its activation Gupta et al. (2007) conducted a series of 

experiments and found the adsorbent very efficient.  Equilibrium was attained ust in 35 to 40 

min at high concentration of hydrogen ions. Major restriction in use of that efficient 

adsorbent is its cost. So, attention of researcher is towards cost effective and high organic 

contents material development which can be easily activated Another high adsorption 

capacity report (up to 650 mg/g) was prepared by Chandrasekhar and Pramada (2006) for 

removal of Methylene blue from aqueous solution by rice husk. Same adsorbent was used by 

Lakshmi et al. (2009) for the removal of indigo carmine with qe 29 to 66 mg/g at temperature 

range 293-323 K. Wheat is also a cereal product. Wheat industry wastes comprise wheat bran 
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and husk etc. As an adsorbent, it was used to remove reactive blue19 (RB19), reactive red195 

(RR 195) and reactive yellow145 (RY 145) from water by Fatma et al. (2007).  Adsorption 

capacity up to 300 mg/g at room temperature showed tea waste as a valueable sorbent. Same 

type of examination was also done by Uddin et al. (2009) with surface characterization of 

adsorbent surface by FTIR technique. They worked on adsorption equilibrium increased  by 

varying concentration of dye  from 20 to 50 mg/L. Process followed a pseudo-second order 

kinetic equation. An increase in qe was seen with increase in concentration. Eroglu et al. 

(2009) and Murugesan et al. (2006) are also in list of researchers who used tea waste for 

adsorption of different pollutants. Investigations of Namasivayam et al. (2001) were about 

adsorption capacity of investigated coir pith as an adsorbent for the removal of Rhodamine B 

and acid violet dyes. They found low adsorption capacities, (2.6 and 8.1 mg/g for Rhodamine 

B and acid violet respectively.  Hameed et al. (2008) used the coconut bunch waste for 

uptake of methylene blue from aqueous solution and calculated onolayer adsorption capacity 

as 70.92 mg/g at 30 ◦C. Data was found best in second order kinetic plot. Tan et al. (2008) 

did not use direct coconut waste but prepared activated carbon from it and observed the effect 

of initial dye concentration and temperature on adsorption process. They evaluated 

monolayer adsorption capacity from Langmuir adsorption isotherm as 435 mg/g. The kinetics 

was found to follow pseudo-second-order kinetic model. Peanut husk as adsorbent was used 

by Han et al. 2008 for adsorption of Neutral Red (NR) at 295K and process was optimized 

under the influence of various parameters like pH, adsorbent dose, time of contact and 

concentration of dye dissolved. Maximum adsorption was calculated as 38 mg/g. Intra-

particle diffusion model explained the process at the two levels. Fruit skin which is called 

peel currently gained attention in adsorptive removal of dyes from water. Arami et al. (2005) 

studied the adsorption ability of orange peel in removal of textile dyes (Direct Red 23 and 

Direct Red 80) from polluted water. Maximum capacity of removal was found 11 for red 23 

dye and 21 mg/g for red 80 at optimized pH 2. Annadurai et al. (2002) also found a decrease 

in adsorption capacities of banana and orange peels for some dyes in order Methyl orange 

>Methyleneblue > RhodamineB > Congo red >Methyl violet > Amido black 10B. In 

comparison of capacities, peel banana peel was found more efficient. Similar work was done 

by Memon et al. (2008). He used watermelon peel in treating thermally for pesticides 

removal with 99% removal at pH=6 and time= 60 min. 0.1 g adsorbent dose in 20 mL 

solution was used for each experiment. Hameed and Ahmad (2009) removed Methylene blue 

dye using garlic peel in batch experimentation. Adsorption was found as function of time of 

agitation, initial dye concentration, pH and temperature. Adsorption capacities were 83, 124 
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and 142 mg/g at temperature 30, 40 and 50oC. Shells have also proven as cheap adsorbent for 

removal of toxic substances. Mn-carbonaceous (activated/Non-activated) were prepared by 

Calvete et al. (2009) from Brazilian pine-fruit-shell. These were used in removal of Procion 

Red MX 3B dye (PR-3B). Actually, activation increases the specific surface area pore 

volume and pore diameter. Haddad (2016) focused on the use of mussel shells to remove 

Basic Fuchsin dye adsorption from aqueous media and also studied kinetics aspects, 

isothermal plots and thermodynamics parameters of process. Process of optimization was 

carried out varying the values of pH initial dose of sorbent, dye concentration etc. Adsorption 

of dye was a spontaneous process assessed by free energy change. Eggshell is an animal mass 

but not comprises organic material rather than membrane. However, it showed great 

efficiency for colour removal. Experimentation was done by Khalek et al. (2017) to treat 

aqueous solution of Methylene blue (a basic dye) and Congo red. Results showed a difference 

in adsorption behaviour of both dyes according to their nature. FTIR and FESEM used for 

characterization showed functional groups and surface morphologies of untreated eggshell 

powder and adsorbed Eggshell. Congo red anions favoured the adsorption on positive charge 

of eggshell at relatively low pH. Both dyes followed 2nd order kinetics and Freundlich 

isotherm showing phenomenon as multilayer deposition. Maximum adsorption capability 

(qmax) was measured to be 95 mg/g and 49.6 mg/g for methylene blue and congo red 

respectively for their 100 ppm solution. 

Seed chaff of Cedrela odorata for removal of toxic pollutants namely Crystal violet, 

Methylene blue, Congo red and Methyl orange were used in experimentation by Babalola et 

al. (2016).  They reported it as locally sourced, indigenous and ubiquitous. Various tools of 

characterization like XRD, TG, FTIR and SEM were used to indicate the organic moieties as 

adsoption sites of adsorbent. Moreover, pZc and specific surface area were also found. 

Similarly adsoption of Ramazol Black B (RB5) using stalk and hull of cotton plants as 

adsorbent was also described by Tunc et al. (2009). Mechanism of removal was strongly 

dependent to pH as both adsorbents were found with good capabilities of sorption with qmax 

value 35.7 for CS (stalk) and 51 mg/g for CH (hull) at pH 1. There were two factors found 

playing important role in process one was external mass transfer and other was intra-particle 

diffusion. Pseudo second order kinetic holds the mechanism of adsorption. Bark is one of the 

waste products from the timber industry. Tahir et al. (2016) used bark of Eucalyptus 

angophroides for the removal of direct dyes and they studied the process isothermally, 

kinetically and thermodynamically.  Fly ash used in road construction, bricks, cements etc. is 

major solid waste material of thermal power stations. It contains high %age of silica and 

file:///C:/Users/vc/Desktop/thesis%20folder/review%20papers/paper%2022%20review.htm
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alumina so it can be used as adsorbent on bulk scale.  Rao and Rao (2006) showed the 

efficiency of fly ash as adsorbent for treatment of two dyes solution first one is Congo red 

and other is Methylene blue. They found the process as exothermic and monolayer deposition 

so they reported it as good sorbent to remove color from industrial effluents. Removal of 

Methylene blue using fly ash adsorbent was also studied by Rastogi et al. (2008) and they 

reported up to 59% removal at 6.7 pH and dose 0.9g/L. Optimum dye concentration was 65 

mg/L. Removal efficiency up to 99% was studied by Saha and Datta (2009) using fly ash 

adsorbent for dyes with regression coefficient 0.999. Aluminum industry waste (red mud) is 

another waste product of bauxite (alumina) processing. It has also been used as adsorbent in 

removing the methylene blue from aqueous solution by Wang et al. (2005). Adsorption 

capacity of red mud was found 8x10-6 mol/g. Batch experimentation was conducted again to 

investigate the adsorption capacity of activated red mud for removal of congo red by Tor and 

Cengeloglu (2006). Monolayer adsorption was shown by fitness of Langmuir isothermal 

model on data. Fast green, rhodamine B and methylene blue were removed from aqueous 

solution near to 94, 92 and 75 percent respectively using red mud (Gupta et al. 2004).  They 

also found the process following both Langmuir and Frendlich isotherms and exothermic in 

nature. Bhatnagar et al. 2007 investigated the removal of orange G dye (anionic) from water 

using Papermill sludge.  Adsorption capacity of waste adsorbent for anionic dye was reported 

as 62 mg/g at room temperature. 

Different types of wastes sludges as adsorbent 

Byproducts of industries being used as adsorbents by researchers include some metal 

hydroxide sludge. As low cost adsorbent, it was used for removal of Remazol Brilliant Blue, 

a reactive dye by Santos et al. (2008). They reported qmax 91mg/g at room temperature and 

neutral pH. An effort was done to investigate the adsorption ability of metal hydroxide sludge 

by Golder et al. (2006). Sewage sludge has also been proven an effective unit of adsorbent 

class. Chen et al. 2005 evaluated adsorptive removal capacity of adsorbent prepared from 

sewage sludge for Direct Dark Brown M and Acid Mordant Brown RH. Researchers found 

adsorbent contained carbonaceous material and showed adsorption capacity up to 502 and 

330 mg/g for Direct Dark Brown M and Acid Mordant Brown RH, respectively. Treatment of 

sewage sludge to convert it into carbonaceous product using acids was experienced by Rio et 

al. (2005). Activated sludge was tested for heavy metal ion (copper), phenol and dyes (acid 

red 18 and basic violet 4) removal from water media or low boiling point organics (acetone 

and toluene)  from gaseous phase. Maximum adsorption capacity was near to 80mg/g for 

copper, 40 to 53 mg/g for phenol and up to 60 mg/g for dyes and VOCs. Examination of 
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magnetically modified sludge for removal of organic dyes was done by Maderova1 et al. 

(2016).  After Screening of 12 dyes aniline blue, Nile blue, Bismarck brown Y and Safranin 

O) were chosen further experimentation due to their promising binding onto magnetic 

activated sludge. Conditions affected sorption was contact time, temperature, pH. The 

maximum adsorption capacities of magnetic activated sludge were 768, 247, 515 and 327 

mg/g for aniline blue, Bismarck brown Y, Nile blue and safranin O, respectively. Time of 

equilibrium was seen 15-20 min for 88% removal. Various adsorption isotherms were used to 

analyze data including Langmuir, Freundlich, and Sipsiso thermal models, with fitness on 

error function basis.  

Miscellaneous industrial wastes as adsorbents 

Sener (2008) used some solid wastes as obtained from distiller waste (DW), (a byproduct of 

the soda ash production process) as an alternative adsorbent for effective removal of anionic 

dyes from water. He showed that the adsorption process was strongly affected by initial pH. 

As pH was increased, dye (anionic Procion Crimson H-EXL reactive red 231) removal was 

also increased. As time of equilibrium was found up to 2 min, so process data was considered 

to follow second order kinetics.  Adsorption of two dyes Basic yellow 28 (BY 28) and Basic 

red 46 (BR 46) onto waste of boron processing industrial unit was studied by Olgun and Atar 

(2009). Optimized condition of pH was evaluated as 9. Adsorption phenomenon was better 

explained by non-linear regression model of kinetics (1st order). Qmax for both dyes BY 28 

and BR 46 were reported as 75 and 74.3 mg/g, respectively. Synthetic and composite 

adsorbents have been attracted the researchers due to their specificity and high adsorption 

capacity. Kumari et al. (2017) did worthy effort to remove Crystal violet dye from aqueous 

media using activated carbon and chitosan composite. Process was taken as function of 

independent variables i.e. pH, dye concentration and adsorbent dose.  IR, XRD and FESEM 

were characterization tools. Stawiński et al. (2017) developed some activated adsorbents 

using acidic and basic treatments on vermiculite to improve its adsorption properties. They 

presented their work as removal of copper cations, cationic dyes from bi and tri component 

aqueous solutions. Result showed the enhanced adsorption capacity of activated materials 

than raw materials for dyes. However, adsorption capacity was not significantly changed after 

activation of material by acids.  Lessa et al. (2017) Synthesized an ecofriendly pectin & 

pectin/cellulose microfibers beads (PB and PBCF)  using orange bagasse extract, a solid 

waste of food industry. Properties of PBCF beads were much different than beads without 

CF. Both of them were used as testing adsorbents for removal of methylene blue from 

aqueous solution. These adsorbents showed very high adsorption capacity i.e. 1553 mg/g for 
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PB and 2307 mg/g for PBCF. Best fitted isothermal model was Langmuir and 

thermodynamics showed that adsorption process was spontaneous and favourable.   

Synthetic adsorbents 

Tang et al. (2010) synthesized a novel nano composite poly (aniline-co-o 

aminophenol)/SBA-15 to investigate removal of Hg (II) from water. Zhang and Kong (2011) 

studied maximum adsorption of Methylene blue and Congo red as 44 and 11.2 mg/g from 

solution using nanomaterial magnetic Fe3O4 core–shell. They also found the second order 

graph as best to explain the mechanism. Srivastava et al. (2013) also noticed that second 

order kinetic model and Langmuir isotherm best to explain process response affected by 

several parameters kinetically and isothermally. They adsorbed Reactive Blue (RB) 21 dye 

on nano material TiO2. Maximum removal capacity was 22.7 mg/g.  Use of starch/cellulose 

nano whiskers hydrogel composite for adsorption of Methylene blue by Gomes et al. (2015) 

was a new step towards natural material based synthetic materials. Maximum adsorption of 

Methylene blue was calculated 2050 mg/g onto dried gel of composite at pH 5. Varying the 

initial concentration of dye (from 1500 ppm to 2500 ppm), a variance of adsorption capacity 

from 1450 to 2050 was recorded with more than 90% removal. Use of this adsorbent has 

advantages over other adsorbents as it is synthesized from biodegradable polymers and its 

adsorption equilibrium was reached in a short time (1 hour) following second order kinetics. 

Salama (2016) reported an extra ordinary value of adsorption capacity i.e. 671 mg/g of a 

composite of hydroxyl apatite with Carboxymethyl cellulose grafted polymethacrylic acid for 

MB dye removal. He conducted a series of batch experiments of adsorption influenced by 

many quantitative factors. Data was analyzed kinetically and isothermally and it was 

concluded that pseudo-second order  model is fit kinetical interpretation of phenomenon and 

and Langmuir isotherm models is good for mechanism description. Duman et al. (2016) 

concluded from its experimental effort for adsorptive removal of cationic and anionic dyes 

using magnetic walled nano tubes of carbon and Fe3O4. SEM and FTIR analysis were done to 

understand surface arrangement of adsorbent and TGA analysis was to check heat stability of 

adsorbent. Equilibrium time for adsorption was  300 min and maximum uptake was noted at 

high concentration of H+ ions in solution. It was also noted that Langmuir model fitness 

explained monolayer deposition of molecules on surface. Kinetically data was found 

following 2nd order equation and overall process was spontaneous and heat releasing. Same 

type of work was done by Dil et al. (2017) for adsorption of dyes and heavy metals using 

activated carbon loaded by zinc (II) oxide nanorods. TEM, XRD-EDS and SEM were 

characterization tools for confirmation of desired hierarchy of rods. Adsorption was 
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optimized under influence of adsorbete concentration, dose, and ultrasonic time. Response 

surface methodology was statistical way to evaluate simultaneous effect of more than one 

parameter. The maximum removal percentage was (>97.0%) for targets compounds.  

Synthesis and use of mesoporous material as adsorbent 

As earlier prescribed that adsorption being efficient and cheap technology is much attractive 

(Debnath et al., 2013). It is all due to high adsorption capacity of adsorbent and selectivity of 

adsorbate.  From last 20 years, a novel adsorbent, mesoporous silica has also attracted 

attention due to its greater surface area, varying pore structure, high volume of pores, 

orderness in porosity along with thermal and mechanical stability in structure. They are also 

available for further functionalization of their surface to increase their specificity in 

adsorption. (Yan et al. 2006; Chen et al. (2012). These materials include SBA-15, MCM-41, 

SBA-3 and MCM-48 etc. Today, these materials are in action to remove heavy metal ions 

(Aguado et al. 2009; Li et al. 2011; Addy et al. 2012; Shahbazi et al. 2013), colour bearing 

groups containing dyes (Pugazhenthi 2009; Boukoussa et al., 2013; Badiei et al., 2014), 

Polyaromatic hydrocarbonss (Vidal et al., 2011; Balati et al., 2014) with excellent results of 

removal ability (Najafi et al. (2012). SBA-15 and MCM-48 are best materials for this 

application due to larger pore size allowing dye particle to diffuse into pores of adsorbent 

easily (Wang and Li 2006; Juang et al. 2007; Huang et al. 2011). Greater working efficiency 

of mesoporous materials depends on functional group and major class of dye molecule. As 

mesoporus silica contain Si-OH group and negative charge on its surface, so it favours 

adsorption of positive charge bearing functional group of dye (cationic dyes). In literature, 

there is clear difference of adsorption capacity of chitosan functional MPSs for cationic 

(0.012 mmol/g) and anionic dye (90.6–1.96 mmol/g) (Cestari et al. 2009).  Fabrication of 

mesoporous materials by carboxylic and amino group is useful to enhance or to alter 

adsoption capacity of material for capturing acidic and basic dyes due to change in 

electrostatic interactions (Santos et al. (2013). The greater selective adsorption of anionic 

dyes from an aqueous solution by PDDA1 functionalized SBA-15 is due to its larger 

adsorption capacity than that of PDDA functionalized commercial silica and granular 

activated carbon (360 mg/g vs. 40.8 and 29.6 mg/g, respectively). It was concluded 

impregnation of PDDA affected by pore structure and high loading capacity of pore (Joo et 

al. 2009). Mesoporous silica particles were easily charged positive due to protonation in 

acidic water and ready to carry other charged pollutants from water which bear opposite 

charge (Walcarius and Mercier 2010).  

Synthesis of simple and functionalized MPSs 
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Many cationic and anionic surfactants are used in mesoporous silica synthesis as template to 

manufacture different sized and shaped particles (Pal and Bhaumik 2013). They may be 

hexagonal, cubic and lamellar shape by changing surfactant and silica precursor/surfactant 

ratio. e.g. MCM-41 by cetylammonium bromide (CTAB) which is of 20 to 30 Å pore sized.  

(Oye et al., 2006). Herrera et al. (2006) studied the physical and chemical features of WO3 

supported on SBA-15 mesoporous silica. This composite was synthesized by controlled 

grafting process through atomic layer deposition and composites were studied by x-ray 

diffraction, optical absorption, and transmission electron microscopy. Huang et al. (2011) 

synthesized simple but ordered mesoporous silica SBA-15 using nonionic surfactant as 

director for structure. Experimentation was done under acidic conditions. For contemplation 

of structural features, XRD patterns, SEM and nitrogen adsorption isotherm helped so much. 

To examine adsorption ability, cationic dyes solution was used and material showed good 

affinity for cationic dye s and poor interaction with anionic dyes. For further modeling 

isothermal study and kinetic and thermodynamic data revealed that adsorption process is 

second order process and both Freundlich and Langmuir isotherms were fit for process. So 

SBA-15 was effective for removal of methylene blue and JGB dyes. Same material with 

amine-aminophenol functionalization was prepared by Tang et al. (2010) for adsorption of 

Hg(II) from water in wide pH range. To attain enlarged pore size, chemical oxidation was 

applied for polymerization of aminophenol and aniline on SBA template. Adsorption capacity 

was seen up to 400 mg/g for such type of multi-composite adsorbent. Kinetic model was 

pseudo-second order to explain process and conclusion was that adsorption was controlled by 

chemical process and mechanism was studied by FTIR and X-ray photoelectron 

spectroscopy. Sun et al. (2010) prepared mesoporous titania nano particles using TiCl4 at 

mild conditions and observed the effect of Ti+4 ions along with water contents. They 

characterized the material by X-rays diffraction, field emission microscopy, TEM and 

Brunauer–Emmett–Teller surface area methods. Result showed heat stability of product and 

water/butanol ration effect on crystal phase and morphology. Different strategically 

techniques are for functionalizing of mesoporous silica like co-condensation, grafting and 

imprint coating. (Vinu 2005; Slowing et al. 2008; Zhao et al. 2012). Co-condensation is 

widely used technique for production of inorganic-organic hybrid synthesis network. Main 

advantages of this process are usage of wide range of organoalkoxysilane, reaction 

conditions, homogeneity and heavy loading of functional group on surface without disturbing 

the ordered structure of the pores (Slowing et al. 2008; Yokoi et al. 2012). Post grafting 

functionalization is also a good method which involves reaction between organosilane and 
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silanol group in solvent reflux heating. This method has one disadvantage as reduction in size 

of pore when some functional group attached on inner side of pore (Norhasyimi and Rahmat, 

2010; Pal and Bhaumik, 2013). Guillermo et al. (2011) evaluated the adsorption capacities of 

hydrogels of chitosan and chitin fabricated with SiO2 mesoporous materials formed by the 

sol-gel method. Four dyes (Remazol Black B, Erythrosine B, Neutral Red and Gentian 

Violet) were adsorbed on these adsorbents to evaluate replacement of chitosan hydrogel by 

chitin. Adsorption was pH dependent with spontaneous charge association mechanism. This 

was assessed by calculation of free energy change. Characterization tools were Attenuated 

Total Reflectance-Fourier Transform Infrared Spectroscopy (ATR-FTIR), SEM, EDS, 

Nitrogen Adsorption Isotherms and 13C solid-state NMR. It was concluded that Chitin 

containing matrix had same or higher adsorption capacity than the chitosan. In-situ formation 

of silica-chitosan composite using chitosan as biopolymer and tetrethylorthosilicate as silica 

precursor was performed by Budnyak et al. (2015). Different types of characterization were 

used to study pore volume and silica-chitosan interaction in which differential thermal 

analysis, CHN analyzer, BET, SEM and FTIR are involved. Obtained Nano porous 

composite was used for adsorption Cr, Mo and vanadium. Qmax as adsorption capacity and 

kinetic parameters of adsorption were also evaluated. Marcoux et al. (2015) synthesized 

functionalized mesoporous materials using a two-step pore surface-confined polymerization 

technique. Material was characterized by (TG/DTA-MS) CHN analyzer, solid state C-13 

NMR and zetapotetial titrations to find mesopore distribution. Such type of material was 

found appropriate as highly selective sorbents, catalysts or drug delivery systems. An 

assessment was done for catalytic activity of material and it was found with good efficiency 

in aldol type reactions. Functionalized material by amine group showed better one than 

simpler mesoporous material. Barros et al. (2015) synthesized simple and amine 

functionalized mesoporous nanoparticles of silica to observe biomedical applications like 

molecular imaging at cellular level. They analyzed the particles surface morphology by 

scanning electron microscopy, XRD and TEM. Elemental analysis and functionality check 

was done by FTIR spectroscopy and zeta potential and their heat stability was seen by TGA. 

Their study showed great potential of mesoporous silica to carry drug towards target. Invivo 

experimentation was done in mices with Bio-distribution and scintigraphic images. This 

platform could be satisfactory for theranostic purposes. Amine functionalized silica was also 

prepared by Velikova et al. (2013) using a different source of amine bis-[3-(trimethoxyosilyl) 

propyl] amine (BTPA) with tetraethyl ortho-silicate (TEOS) through a simple co-

condensation approach. Xylene was used as swelling agent and surfactant Pluronic P-123 was 
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as structural directing agent under pH conditions as acidic. They also used inorganic salt to 

improve meso-structure ordering and porous framework. Effect of addition of BTPA amount 

in incorporation of organic groups in the silica framework was also investigated through 

characterization of material. Characterization was done by powder X-ray diffraction, SEM, 

FTIR, 29 Si MAS, C-13 MAS NMR and elemental analysis. Materials were also found as 

good adsorbent for Hg (II) removal from acidic aqueous solution. Lapri et al. (2015) prepared 

mesoporous sodalite is a type of zeolite by modification of micropous sodalite having ultra-

micropore size and high thermal stability. It is due to the oddity of catalytic application of 

microporous sodalite as it had smallest pores with size (2.8 Å) and low surface area. Focus of 

study was to synthesize mesoporous structures using meso-templates and fumed silica as 

silica source at 150oC through hydrothermal treatment. Although use of all templates for 

objective synthesis of mesoporous materials was reported as appropriate but higher BET 

surface area was achieved using mixture of tetrapropyl ammonium hydroxide and 

cetyltrimethylammonium bromide with ratio of 1: 1. This comparison was carried out on 

characterization of materials by SEM, XRD, BET and FTIR. A loss of mono dispersed 

aggregation of hollow structures of mesoporous silica by calcinations at 550oC was reduced 

using hydrothermal treatment of template (polystyrene (PS) particles) removal by Kato and 

Kato (2016). This was an improved method for the synthesis of mesoporous silica hollow 

capsules (MSHCs) which increased the yield up to 35 to 85%. Other parameters having 

influence on the preparation were also studied for optimization of process. 
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CHAPTER 3 

                                           MATERIALS AND METHODS 

Experimentation for research findings was done in Environmental Chemistry Laboratory, 

Department of Chemistry, University of Agriculture, Faisalabad. 

Instruments 

Orbital shaker incubator (PA 250/25.H) for shaking the adsorbent added dye solutions. 

Analytical balance 

Shimadzu (AW 220) electronic balance with weighing capacity 0.1 mg to 220 mg was used. 

pH Meter 

HI-8014 HANNA Instruments pH meter was used for measuring pH of solutions.  

UV/Visible Spectrophotometer  

It was used to take absorbance of dye solutions (Model CECIL 7200). 

Furnace 

It was used for calcinations of materials (Model ZMT104) 

Magnetic strirr 

It was used in material synthesis (Model DIAB MS-H-S) 

Chemicals for preparation of adsorbents 
 

Mesoporous materials (silica, titania and their composites) were used as adsorbent. These 

adsorbents were prepared using the following chemicals: 

TiCl4, Pluronic (P-123), Lauric acid, Tetraethylorthosilicate, Ferric chloride, NaBH4, n-

butanol, Triethanolamine, Ethanol, 0.1 M HCl, 0.1 M NaOH, 2-aminoethyl-3-

aminopropylsilicate  

Synthesis of the mesoporous silica 

Synthesis of mesoporous silica was done according the method of Choi et al. (2003) with 

small modifications. This was template based synthesis so Pluronic P123 (EO20PO70EO20, 

Aldrich) was dissolved in acid mixed water using 3.5 mL volume of commercial HCl in 100 

mL water for 12 to 24 h. Solution pH was less than 2. Some ethanol was used in this mixture 

and solution stirred at 35oC for 1 h. After this 8.5 g tetraethylorthosilicate (TEOS, 98%, 

Sigma-Aldrich) was added (molar ratio with solution was 45 (solution) :1(TEOS)). Again 

reaction was continued for 1 day at same temperature. This was followed by aging for 48 

hours. Material synthesized, was filtered, washed with deionized water and dried at 100oC. 
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To remove template ethanol was used as solvent (solvent extraction) and material was 

calcined in furnace at 500oC for 6 h.  

Synthesis of mesoporous titania: 

Simple room temperature synthesis of mesoporous titania was done using inorganic precursor 

TiCl4, hydrolyzed in solution of n-butyl alcohol and ultra pure water at room temperature. 

Same approach was used to synthesize titania using method of Park et al., (1997) with some 

differences in procedure to prepare desired shape of titania. First of all,4 g TiCl4 (purchased 

from Daegung Chemical Reagent Company Ltd., China, CP, 98%) was put into 80 mL 

alcohol in an ice-bath water solution with fast stirring (800 rpm) to mix. A yellow solution 

was formed which was dropped in a flask containing 25 mL hot water and 2 mL 

triethanolamine was added in reaction mixture followed by stirring to homogenize the 

mixture. The last solution was subjected to reflux heating at 80oC for 2 to 3 h and was 

centrifuged to get white precipitate which were washed and dried in the oven.   

Preparation of silica-titania composite by sol gel method: 

To prepare silica titania composite, a combination of two methods mentioned above was used 

with modifications. TiCl4 was put into 80 mL alcohol in an ice-bath water solution with fast 

stirring to mix. A yellow solution was formed. 1-2 g pluronic surfactant was dissolved in 50 

mL of water under acidic conditions at 50oC. Some amount of ethanol and 4 g TEOS 

(tetraethylorthosilicate) was added in this solution followed by stirring (800 rpm) for 2 h. 

Yellow sol of titania was added in this solution after the formation of gel. Titania 

condensation to form network of TiO2 occurs on template silica nucleus. Resulting product 

was washed with ethanol, dried at 80oC and calcined at 500oC in the presence of air.     

Synthesis of mesoporous silica-iron composite 

Composite of porous silica with iron was prepared using method described by Akram et al., 

(2017) with slight modifications. For this purpose, 6 g of mesoporous silica was added in 50 

mL FeCl3 solution having molarity 0.45. Mixture was stirred (at 800 rpm) continuously for 1 

h on a  magnetic stirrer. Along this 0.25M sodium borohydride was added drop wise. After 

some time solution was filtered, then washed the residue two times with filtered water and 

ethanol until transparent filterate was obtained. Residue powder was dried in the oven at 60oC 

for 2 h.  

Amine functionalized silica synthesis 

Method used for synthesis of amine functionalized mesoporous silica was same as earlier 

prescribed by Kim et al., (2008). Surfactant used for this method was Lauric acid (an anionic 

surfactant). Mole ratio of chemical reagents was used as 0.2:0.8:0.1:180:20 for 
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APS:TEOS:anionic surfactant :H2O:EtOH where X is the proportion of APS in the total silica 

content. First of all 0.6g surfactant was dissolved in 150 ml mixture of water and ethanol. 

Solution was stirred at 60oC. 4.6 g TEOS and 1.15 g APS were added. pH was adjusted to 1 

using HCl or propanoic acid. After formation of precipitate/powder, mixture was filtered and 

washed with acetonitrile (100 mL for every 1 g residue) to remove template. Amine group is 

protonated in acidic environment so AMS was washed with alkali solution and water to 

become it neutral.  

 

Dyes  

Four cationic dyes with commercial names Blue-XRRGL, Golden yellow, Red-3R and 

Turquoise-blue X-GB  were purchased from local market to study their adsorption from 

aqueous solution. 

Stock solutions of dyes and their standard curves 

By dissolving 1 g of each dye in 1 dm3 of water, 1000 ppm concentration stock solutions 

were prepared for further dilutions used in experimentation. Cationic dye solutions were 

made by heating water as their low solubility at room temperature. Solutions were shaken 

well and stored in glass bottles. Dilute solutions of each dye were prepared from stock 

solution by the formula: 

     C1V1 = C2V2                 

These are concentrations and volumes of stock (C1 and V1) and desired solutions (C2 and V2). 

From straight line plot between concentration of solution and its absorbance, standard factor 

(SF) was determined. SF is useful to find unknown concentration of dye solution by the 

formula 

Ce (mg/L) = SF . Ae 

Here equilibrium concentration of dye solution is Ce and Ae is absorbance of that solution at 

particular wavelength absorbed by the maximum molecules.  

Batch adsorption studies 

For batch adsorption study, a calculated amount of adsorbent was put in solution of each dye 

in 250 mL flask having 50 mL solution of particular concentration. One batch was set to 

optimize one parameter affecting the adsorption process. Conical flasks were kept in orbital 

shaker at a specific temperature and shaking speed for predetermined time. Adsorbed amount 

of dye was calculated using the formula 

                                  q = (Ci- Ce) V/W  
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Here q (mg/g) represents the amount of dye adsorbed onto unit mass of mesoporous 

materials. Ci-Ce (mg/L) is difference of initial concentration of solution and equilibrium 

concentration of the dye solution. Volume of solution in flask was shown by V and amount of 

adsorbent in grams was presented in above formula by W. Solution was centrifuged after 

batch experiment to remove adsorbent. Supernatant was analyzed spectrophotometrically to 

find dye concentration (Gong et al., 2005). Effects of various parameters like concentration 

of dye, amount of adsorbent, pH, contact time, presence of surfactant and electrolyte were 

studied.  

Point of zero charge 

Solid addition method was used to determine pZc of each adsorbent described the Mall et al. 

(2006). For this purpose, 10 solutions of KNO3 with molarity 0.1 were prepared. Their pH 

was adjusted from 1 to 10 using solutions of HCl and NaOH. 0.1 g of each adsorbent 

(mesoporous material) was added in series of solution having fixed pH from 1 to 10. 50 

flasks having suspension were shaken manually for sometimes and were kept for 1 day with 

intermittent manual shaking. After 24 h, another reading of pH was taken and change or 

difference in pH was noted. A graph was plotted between initial pH on X-axis and change in 

pH on Y-axis. Point of interaction of X-axis gave pZc. 

Effect of pH 

Optimum pH is decided by pZc at which charge is zero on adsorbent particles. It also affects 

the adsorption capability and solubility of dye in solution. Adsorption of all the four dyes was 

performed at pH range 2 to 11 at 30°C to determine the optimum pH. Shaking time was 2 h 

and dose of all adsorbents as 0.05 g with initial dye concentration of 50 ppm. 

Effect of adsorbent dose 

Adsorbent dose used in batch experimentation was in the range of 25 mg to 200 mg. 

Adsorption was studied by adding different amounts of adsorbent such as 0.025 , 0.05, 0.075, 

0.10, 0.15, 0.20 g in 50 mL of dye solution. Dose was optimized at pH 2, 120 rpm shaking 

speed and 30oC upto 2 h. 

Effect of contact time 

Optimization of contact time was done using sorbent 0.05 g for 50 ppm dye solution,  

optimum pH, 120 rpm shaking speed and 30oC. For this purpose absorbance of solution in 

experimental flask was noted at selected time intervals i.e. 5, 10, 15, 20, 30, 45, 60, 90, 120, 

180 and 240  minutes. 
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Effect of initial dye concentration 

As dye concentration provides driving force to overcome resistance in all mass transfer from 

solution to solid phase so its effect was also considered. It was expected on above assumption 

that higher concentration of dye will definitely enhance the active uptake process. (Aksu, 

2005). Experimental efforts were done at different concentrations of dye solutions by adding 

optimum amount of adsorbent dose i.e. 0.05 g in 50 mL solution. Concentration levels were 

25, 50, 75, 100, 150, 200, 300 and 400 mg/l. Conditions of pH and time were kept optimum.   

Effect of temperature 

It is also an important factor for the adsorption capacity and to predict the process 

spontaneity. The experiments were performed at 30, 37, 44, 51, 58 and 65°C using 0.05 g of 

each sorbent added to 50 mg/L dye solution under pre-optimized conditions of other 

parameters. 

Effect of electrolytes 

As salts are also consumed in different operations of industries so ionic concentration also 

impact in favour or inhibition of adsorption (Safa and Bhatti, 2010). Different salts having 

different metal cations were used to note their effect on adsorption i.e. 0.1% solution of each 

including NaCl, Mg (NO3)2, Cd(NO3)2, CaCl2 etc.  

Effect of surfactants and detergents 

Effect of different surfactants on the adsorption process was investigated. Among all, 

surfactants used were Lauric acid, CTAB, SDS, pluronic and one commercial scale 

surfactant/detergent (Surf Excel). 1% solution of surfactant was used in each experiment 

keeping other conditions as optimum. 

Equilibrium modeling 

To evaluate nature of adsorption process, isothermal modeling was done. The most widely 

used two-parameter equation; describing process as chemisorption is the Langmuir equation 

(Langmuir, 1918) which has the form:  

  Ce/qe = Ce/qmax+1/qmax.b 

A graph was plotted between Ce/qe and Ce to find qmax (maximum adsorption capacity) and b 

(a constant describing the nature of process) from slope and intercept of the equation. This 

was done for the adsorption of each dye with each adsorbent. 

Freundlich isotherm equation is also an empirical equation which is used to explain 

adsorption (Freundlich, 1906). This equation has the form  
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                           Log qe = logKF+1/nlogCe 

Here KF and n are constant which are determined by plotting a graph between logqe and 

logCe. Moreover, Temkin (Temkin and Pyzhev, 1940), Doubinin-Radushkevich (Doubinin 

and Radushkevich, 1947) and Harkins Jura isothermal models (Harkins and Jura, 1944) were 

also applied. 

Kinetics study 

To reveal mechanism of adsorption, kinetic constants should be known. For this a first order, 

second order and intraparticle diffusion models were applied. The following equation was 

adopted to plot a graph between time and (qe-qt) to find rate constant and correlation 

coefficient of the first order process.  

log (qe– qt) = log (qe) – (k1/2.303).t  

Here qe and qt stand for adsorption capacity at equilibrium and any time respectively and k1 is 

uptake phenomenon constant. Second order model was also applied using the equation 

(t/qt) = 1/k2 qe
2 + 1/qe. (t)   

Where k2 is the equilibrium rate constant of pseudo second order sorption (g/mg.min).  

Intra-particle diffusion model was also applied to the data obtained to predict the adsorption 

as combination of several mechanisms. Equation for plot of that model is 

qt = ki t1/2 + C 

Thermodynamic study 

 To evaluate feasibility of process, different thermodynamic indicators must be known i.e. 

change in enthalapy (∆H), change in entropy (∆S) and change in free energy (∆G) during the 

process. Their signs help to predict the feasibility of process. Batch experiments were 

conducted at different temperatures 30, 37, 44, 51, 58 and 65oC.  Thermodynamic parameters 

were calculated using their relation and plot between lnKd and 1/T.  

lnKd  =  
∆S  

𝑅
 -  

∆H  

𝑅𝑇
 

        

Here Kd is equilibrium ratio between qe and Ce. ∆G  was determined using formula  

       ∆G = -2.303RTlog Kd   

Chemical characterization of mesoporous materials 

For the measurement of specific surface area and pore size of material with mesopores, N2 
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adsorption desorption isotherm was used. For this BET Micromeritics Instrument Corp, 

Gemini V2.0 and BJH (ASAP 2010) were used. 70 mg of each sample was degassed first at 

573 K for 2 h and then analysis was done with nitrogen gas adsorption measurement 

temperature (77 K). This low temperature was used to avoid changes in morphology induced 

thermally. XRD spectra of mesoporous materials were taken to know structural features of 

the materials. For this purpose, instrument used as radiation source was X-ray diffractometer 

(PAN analytical, Xpert pro, Almelo, Netherlands); Cu Kα and operating conditions were 40 

kV energy and changing 2θ values from 10 to 70. FTIR spectra were taken using Nicolet 

IS10 model instrument. Wave number range for each spectrum was 4000 to 500 cm-1 at room 

temperature. Morphology of material, its elemental composition and pore identification 

analysis were done by SEM, coupled with EDX analysis (Hitachi S3400N).   

Response surface methodology 

A 5-factor and 3-level central composite design (CCD) was employed to optimize the 

adsorption efficiency of cationic dyes in a narrow range by good adsorbent. Experimental 

factors including pH (A, 5, 6, 7), contact time (B 40, 60, 80 min), adsorbent dose (C 0.025, 

0.05, 0.075 g/50 mL), dye concentration (D, 40, 50, 60 mg/L) and temperature (E 23, 30, 37) 

were taken as independent variables and their values were choosen by single factor 

optimization. Dependent variable also called reponse variable was adsorption capacity of 

dyes by mesoporous silica. The levels of each variable were coded as -1, 0 and +1 , 

respectively. A total of 26 experiments were designed by using Design expert 7.0 software 

(supplied by stat-ease Minneapolis, MN 55413-2561). The computer specifications to ensure 

the ability to run the software was: Processor - dual core @ 1.6 GHz (i5  Intel processor) 

RAM - 4 GB, Hard Drive - 320 GB 5400 RPM hard drive. The experimental data from CCD 

were analyzed by regression analysis and fitted into the second-order polynomial equation to 

establish a relationship between the response and various variables as was prescribed by 

Asfaram et al., (2015) and Mazaheri et al., (2015). Coefficient of determination R2, Adusted 

and predicted R2, Coefficient of variation, F-value ( Fisher test) and lack of fittness obtained 

from analysis of variance (ANOVA) provided the aadequacy of the model. Significance of 

that model and its variables were evaluated at p <0.05 or 5% probability level (error chances). 

Three dimensional response surfaces were generated using the quadratic model equation (Qu 

et al., 2011). 

Batch experimental study after optimization of parameters 

After optimization of factors affecting adsorption by classical method and RSM, experiments 

were performed to evaluate COD values of treated water. For this purpose, 50 mL solution of 
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each dye was taken in flask and at optimized conditions it was treated using different MP 

materials. Blank solutions were also run side by side. At the end of experiments, pH and 

COD values of untreated and treated water were recorded. For determination of COD value 

digestion solution was prepared by adding 2.66 g K2Cr2O7, 8.33 g HgSO4 in 42 mL of H2SO4 

and diluting it to 250 mL with deionized water .Catalyst solution was prepared dissolving 

Ag2SO4 in H2SO4. Standard stock solution of potassium hydrogen phthalate (KHP) of 425 

ppm concentration was also prepared. It gives 500 mg/L COD. After washing digestion vials, 

catalyst solution and digestion solution were mixed (3.5 + 1.5 respectively). 2.5 mL sample 

was added in vial. All reagents were used in blank experiment except oxidizing agent. The 

vials were placed in the oven at 150oC for 2 h, and allowed to cool at room temperature. 

Absorbance of two solutions were taken and COD value was measured using the formula 

COD value = Standard factor x Absorbance of solution  

Here standard factor is (concentration of standard/ Absorbance of standard). COD was taken 

as COD mg O2 L
-1. 
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CHAPTER # 4     

RESULTS AND DISCUSSION 

4.1. Point of zero charge (pZc) determination 

Charge on binding site of adsorbent has significant effect to decide the maximum removal of 

dye molecules at different pH values. Point of zero charge is pH where charge on adsorbent 

active site is zero. It is electrokinetic characteristic of binding surface. Point of zero charge is 

only defined by pH for the systems in which hydrogen ion and hydroxyl ions are potential 

determining (Yagub et al., 2014). So to check acquired charge on adsorbent due to varying 

pH value, pZc is a useful parameter (Shakoor and Nasar 2016). It is also necessary to guess 

the adsorption mechanism. Determination of point of zero charge on adsorbent also helps to 

understand the adsorption dependence on pH. Point of zero charge tells about the electrical 

neutrality of the adsorbent (Gupta et al., 2016). It is experimently observed that at pH below 

the pZc, functional sites of adsorbent are protonated due to excess H+ ions and positive 

charge on the adsorbent surface favours the adsorption of anionic dye (acidic dye). Acidic 

dyes are adsorbed mostly at lower pH because it is easy for positive adsorbent to attract 

negative dye molecules (Malamis and Katsou 2013). However, for cationic dye molecules, 

this trend is opposite. Present research work is relevant to cationic dyes adsorption so 

maximum removal was seen above the pZc at basic pH at which charge on adsorption sites is 

considered as negative and results were shown in figures (4.1 to 4.5). Points of zero charge 

found for MPS, MPT, MPST, MPSF and MPS-NH2 are 2.4, 6.2, 5.6, 6.3 and 7.6 respectively.  

Point of zero charge of Jajuba seeds for the removal of Congo red dye was determined by 

Reddy et al. (2012). It was 7 for Jajube seeds. Maximum uptake found in that 

experimentation was at pH<pZc due to appearance of positive charge to remove negative 

charge bearing dye molecules. Lessa  et al. (2017) determined  pZc onto pectin/cellulose 

microfibers beads and used them for adsorptive removal of methylene blue. They found pZc= 

2.65. Ofomaja and Ho (2008) studied the adsorption of methylene violet dye onto sawdust 

(Mansonia wood). Adsorption was found maximum above the pH 7. That optimum value of 

pH was a slight greater than point of zero charge of adsorbent. El Qada et al. (2008) 

presented increase in adsorption capacity of basic methylene blue showed that the maximum 

adsorption capacity of activated carbon for basic dye methylene blue enhancing pH from 4 to 

11. Point of zero charge for this adsorbent was 6.3. Decreasing trend of adsorption at low pH 

may be due to repulsion between positive charged protonated adsorbent and cationic dye.  
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Fig. 4.1. Point of zero charge determination for mesoporous silica (MPS) 

 

 

 

 

 

Fig. 4.2. Point of zero charge determination for mesoporous titania (MPT) 
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Fig. 4.3. Point of zero charge determination for mesoporous silica-titania 

(MPST) 

 

 

 

 

 

Fig. 4.4. Point of zero charge determination for mesoporous silica-iron(MPSF) 
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Fig. 4.5. Point of zero charge determination for mesoporous amine silica (MPS-NH2) 

 

4.2. Effect of parameters on adsorption 

4.2.1. Effect of solution pH 

It is  remarkable factor affecting the adsorption of dyes. On experimental scale, it is adjusted 

using dilute and somehow concentrated solutions of NaOH and HCl. It also affects the 

structure stabilization of dye molecules and intensity of color of dye solution in alkaline and 

acidic media (giving a leuco-structure in basic environment reported by Badiei et al. 2014). 

So pH range should be selected carefully taking it important in adsorption mechanism. In fact 

main role of pH is to control the magnitude of electrostatic charge on adsorbent and dye 

molecule resulting the variation in adsorption capacity of solid phase for dye molecule. 

Generally low pH favours active uptake of anionic dye on adsorbents and higher pH favours 

the phenomenon of adsorption of cationic dyes. At low pH, the percentage removal of 

cationic dyes is decreased and percentage removal of anionic dye is increased as described by 

many reports. (Khaled et al., 2009; Salleh et al., 2011; Yan et al., 2013). 

 A series of experiments were conducted  to evaluate the effect of pH on the 

adsorption of cationic dyes onto mesoporous silica and its composites. Range of pH from 2 to 

11 for each dye was adjusted using NaOH and HCl solution. There were four dyes and five 

adsorbents and pH factor has 10 levels.  It was observed that qe values (adsorption per unit 

mass of adsorbent) for dye Basic Blue XGRRL 250  were maximum 47.32 mg/g at pH 7 

using MPS, 43.12 mg/g at pH 8 using MPT, 45.62 mg/g at pH 7 using MPST, 35.18 mg/g at 

pH 8 using MPSF composite (Fig. 4.6). Amine functionalized silica showed low removal at 

lower pH as it carries positive charge at pH 2 to 7 (less than its pZc). Optimum pH for amine 
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functionalized silica was found 9 at which qe was 12.1 mg/g.  Percentage removal of Basic 

Blue XGRRL 250  dye at optimum pH were 95%, 86%, 91%, 71% and 17% for MPS, MPT, 

MPST, MPSF and MPS-NH2 adsorbents at their optimum pH, respectively. 

For dye Golden yellow, same levels of pH were taken. Optimum values of pH  found 

for this dye were 6, 8, 7, 8 and 9 with qe values 41.21, 39.17, 42. 71, 36.45 and 17.56 mg/g 

using MPS, MPT, MPST, MPSF and MPS-NH2 respectively. Trend of adsorption for all 

adsorbents was increasing from pH 2 to optimum pH then decreasing. Optimum values of pH 

was higher than pZc for all adsorbents. As dyes were cationic and thus negative charge is 

required for adsorption. Each adsorbent carries this charge above its neutral pH or pZc. 

Percentage removal of Golden yellow dye at optimum pH were 83.4%, 74%, 84.5%, 73% 

and 25.1% using  MPS, MPT, MPST, MPSF and MPS-NH2 adsorbents, respectively at their 

optimum pH. Fig 4.7 presents the results.  

Third dye under discussion was Red-3R. Its qe was found maximum 47.29 mg/g at pH 7 for 

MPS, 44.17 mg/g at pH 8 using MPT, 46.21 mg/g at pH 7 using MPST composite and 40.45 

mg/g at pH 8 using MPSF composite. Optimum pH values almost same for this dye as for 

Basic Blue XGRRL 250 . However, there was a minor difference in the calculation of qe for 

adsorbent titania. There was a low affinity of the dye towards amine functionalized silica and 

its optimum pH for amine functionalized silica was found 9 at which qe was 11.56 mg/g.  

Percentage removal of the dye at optimum values of pH for different adsorbents  were 95%, 

87%, 92%, 81% and 23% using  MPS, MPT, MPST, MPSF and MPS-NH2 adsorbents 

respectively, at their optimum pH. Fig 4.8 presents the above results. 

Experiments to determine optimum  pH for dye Turquoise-blue X-GB  were performed  at 

different values of pH (2 to 11). Results showed that maximum adsorption capacities were 

45.21 mg/g, 40.17 mg/g, 44.71 mg/g, 39.45 mg/g and 12.76 mg/g at pH 6, 8, 7, 8, 9 using 

adsorbents MPS, MPT, MPST, MPSF and MPS-NH2 respectively. All adsorbents carry 

negative charge except amine functionalized silica which has no proper tendency to attract 

cationic dye at greater pH, however, adsorption of functionalized silica is due to some free 

Si-O sites with negative charge. Trend of varying the adsorption capacities with pH was same 

for all adsorbents from acidic to basic pH . Difference in optimum pH value depends on 

charge on adsorbent and different chemical nature and change of adsorbate molecules. Fig. 

4.9 presents the results 
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Fig. 4.6. Effect of pH on the adsorption of Basic Blue XGRRL 250  on mesoporous 

materials 

 

 

Fig. 4.7. Effect of pH on the adsorption of Golden yellow  on mesoporous materials 
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Fig. 4.8. Effect of pH on the adsorption of Red-3R  on mesoporous materials 

 

 

 

Fig. 4.9. Effect of pH on the adsorption of Turquoise-blue X-GB  on mesoporous 

materials 
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Yellow D (cationic dye) onto Al-MCM-41 composite. It was noted that % removal  was 

markedly increased from 23% (pH= 2) to 67% (pH 10).  

Yang and Feng (2010) reported the decrease in adsorption capacity with increase in pH i.e. 

inverse effect for anionic dye (sulphonated Azo dye). Adsorption ability of 

dimethyldecylamine- MPS (mesoporous silica) for sulphonated azo dye was 0.3 mg/g and 

gradually enhanced by decreasing the pH to 3. It was assumed that decrease in adsorption 

capacity  might be due to deprotonation of the surface sites or functional groups and –ve 

charge of azo dye which led to an electrostatic repulsion between adsorbent and adsorbate. 

 From above discussion, it is concluded that active uptake of dye may be increased or 

decreased with change in concentration of H+ or OH- in media. In literature, adsorptive 

removal of acidic dye have been recorded at a pH range 2 to 6 and removal of cationic dye at 

range 7 to 11. At high pH, disappearance of positive charge takes place and negative charge 

on adsorbent attract the cationic (positive) dye molecule. 

Data was anaylsed statistically. Highly significant mean squares show variation of adsorption 

capacities with change in pH for different adsorbents. Mean comparison analysis was also 

done and results were shown in tables.  

Table 4.1.  Analysis of variance.(pH vs Adsorbents) 

Source of variation Degrees of 

freedom 

Mean squares 

Basic Blue 

XGRRL 250 

Golden yellow Red-3R T.Blue 

pH 

Adsorbents  

pH x Adsorbents 

Error 

Total 

  9 

  4 

 36 

100 

149 

1188.09** 

2279.55** 

 144.55** 

   1.04 

957.46** 

843.23** 

145.85** 

  0.96 

1483.08** 

1235.70** 

 177.00** 

   1.63 

1089.07** 

1322.71** 

 144.61** 

   1.46 

** = Highly significant (P<0.01) 

4.2.2. Effect of contact time 

Time is an important factor affecting any type of physical or chemical phenomenon.  In case 

of adsorption it is considered time required to uptake maximum amount of adsorbate till 

equilibrium between adsorption and desorption is achieved (Bharathi and Ramesh, 2013). 

Time factor is an indicator of economic feasibility of a physical or chemical process at full 

scale operation. In waste water treatment that adsorbent is taken as more efficient onto which 
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adsorbate mass transference happens in short duration (Anbia and Salehi, 2012). In present 

study, MPS and its composite removed dyes from solution by shaking in short period of time 

i.e. 60 to 90 min. To evaluate the optimum time required for adsorption, dye solutions in 

flasks were subjected to shakers and porous composites were added in these solutions. 

Absorbance of solutions were taken after 5,10, 15, 20, 30, 45, 60, 90, 120, 180, 240 min to 

measure equilibrium and adsorbed concentration. Basic Blue XGRRL 250  dye was adsorbed 

with highest percentage removal by MPS and and it showed lowest affinity with amine 

functionalized silica. MPST composite also showed good efficiency with qe value 45 mg/g 

just in 60 to 90 min shaking. Optimum  time was found as 70-90 min using MPS, MPT, 

MPST composite and 120 min for MPSF composite (Fig. 4.8). Results showed that 

adsorption occurs in initial time rapidly but with passage of time rate of adsorption decreased 

until equilibrium was achieved. This trend was seen in case of all dyes. This is according to 

principle in which rate of adsorption is directly proportional to amount of molecules in 

solution and rate of desorption is directly proportional to covered surface of adsorbent with 

dye molecules. Similar trend was shown by Methylene blue (basic dye) whose adsorption 

occured just in 15 min onto HPG-COOH3-SBA-15 reported by Chen et al. (2012).  The 

equilibrium time was 15 min. Moreover 95% of dye was adsorbed within the first 7 min. 

Results were showing the HPG-COOH-SBA-15 as good and  efficient adsorbent.  

Golden Yellow dye adsorption under the impact of time was studied and results are slightly 

different than Basic Blue XGRRL 250 . Equilibrium time was 70-80 min for MPS and MPST 

composites and 90 min for MPT and MPSF composites with removal %age upto 90% (Fig. 

4.11). However, amine silica did not show good % removal but equilibrium time recorded 

was 45 min. Some time adsorption-desorption equilibrium time comes very soon due to 

larger affinity of dye towards adsorbent and weak interaction between adsorbent and dye 

which favours desorption.  

Dye Red-3R was upto 95% adsorbed by MPS and MPST composite in just 60 min and rather 

than its adsorption on MPT and MPSF composite in 90 min (Fig. 4.12). Difference in time of 

equilibrium was assumed on the basis of difference in structure of dye and its interaction with 

particular adsorbent. Amine functionalized silica showed no significant adsorption after 45 

min. Qe values at optimum times were more than 40 mg/g for MPS, MPT, MPST composites 

and in the range of 35 to 40 mg/g  for MPSF composites for all dyes. Turquoise-blue X-GB  

dye was adsorbed onto MPS with qe value near to 44 mg/g in 80 min. 95% adsorption was 

achieved just in 60 min(4.13). Equilibrium time for same dye adsorption were 60 , 90 , 60 

and 30 min using adsorbents MPT, MPST, MPSF composites, respectively. Adsorption 
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increased from zero time to equilibrium time as observed by Chang et al. (2013). They 

observed this trend in the adsorption of methylene blue onto hybrid material of mesoporous 

silica Al-SBA-15 like composites used in the present study. Equilibrium time of their study 

was short. Actually dye deposition on adsorbent surface continues fast at the start of the 

process and after some time no significant mass transfer is observed. It is due to very low 

concentration of dye in solution after equilibrium time and no more space is available for dye 

molecules onto adsorbent surface after optimum time is reached. At that time adsorbed 

concentration of dye tends to go for desorption and comes in dynamic equilibrium with that 

amount of dye which is being adsorbed. Time required to this state is equilibrium time and 

amount of dye adsorbed shows maximum adsorption capacity of the adsorbent (Crini and 

Badot 2008). Electrostatic repulsion among  adsorbate molecules which are free in solutions 

and are adsorbed on surface of adsorbent may be responsible to slow rate of adsorption 

process with passage of time (Khaled et al., 2009). Tayebi (2016) evaluated the optimum 

time to achieve equilibrium in adsorption of reactive orange 16 dye from aqueous media by 

native and composite form of polyaaniline. 

 

 

Fig. 4.10. Effect of  time on the adsorption of dye Basic Blue XGRRL 250  by 

mesoporous materials 
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Fig. 4.11. Effect of contact time on the adsorption of dye Golden yellow by mesoporous 

materials  

 

 

Fig. 4.12. Effect of contact time on the adsorption of dye Red-3R by mesoporous 

materials 

 

Fig. 4.13. Effect of contact time on the adsorption of dye Turquoise-blue X-GB  by 

mesoporous materials 
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Data was anaylsed statistically. Highly significant mean squares show variation of adsorption 

capacities with change in contact time for different adsorbents. Mean comparison analysis 

was also done and results were shown in tables.  

Table 4.2.  Analysis of variance (Time vs Adsorbents) 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

Basic Blue 

XGRRL 250 

Golden yellow Red-3R T.Blue 

Time 

Adsorbents  

Time x 

Adsorbents 

Error 

Total 

10 

  4 

 40 

110 

164 

1719.11** 

4857.88** 

  79.20** 

   2.61 

1661.22** 

1783.96** 

  27.72** 

   2.00 

1608.80** 

3190.30** 

  32.96** 

   3.23 

1905.81** 

2227.84** 

  38.05** 

   2.59 

** = Highly significant (P<0.01) 

 

4.2.3. Effect of initial dye concentration 

Waste water discharged from industries contains different concentration of colorants. So 

there is a need to study the effect of dye concentration on the adsorption. Dye concentration 

affects the adsorption due to correlation between number of dye molecules and number of 

adsorptive sites. Generally removal efficiency decreases with increase in concentration of dye 

solution. It may be due to filling of adsorptive sites of adsorbent with dye molecules or 

increase in competition among dye molecules to adsorb. When unoccupied sites on adsorbent 

become filled then due to lack of binding sites, a decrease in adsorption efficiency is 

observed.(Salleh et al., 2011). 

 However, adsorption capacity to achieve equilibrium in short time increases with increase in 

initial dye concentration and this may be due to the high driving force for mass transfer at a 

high initial dye concentration (Bulut and Aydin, 2006). It is also relevant to the nature of 

adsorbent. Batch adsorption was performed to check the impact of initial concentration of dye 

on the adsorption using dye solutions with concentrations 25, 50, 75, 100, 150, 200, 300 and 

400 ppm at the optimum pH for each dye and adsorbent. Adsorbent dose was 0.05 g/50 mL 

of solution, 120 rpm speed of shaking and 303K temperature. Results were shown in Fig. 

4.14 Adsorption of dye Basic Blue XGRRL 250 increased by increasing concentration of 
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dye. Maximum uptake of dye Basic Blue XGRRL 250  was 92.57 mg/g by MPS, 78.59 mg/g 

by MPT, 88.73 mg/g by MPST composite, 74.56 mg/g by MPSF composite and 34.82 mg/g 

by amine functionalized MPS at 400 ppm concentration. MPS and its composites have very 

good efficiency to adsorb dye Basic Blue XGRRL 250  at initial dye concentration 400 ppm 

(maximum concentration used in experiments). The highest adsorption capacity achieved at 

200 ppm concentration and only a small difference in qe at 150 ppm and 400 ppm 

concentrations.     

Same type of experimentation was done for dye GY dye with similar levels of initial dye 

concentration to evaluate the effect of concentration. Results (Fig. 4.15) showed that at 150 

ppm concentration, 95% removal was completed, Further increase in  

 

 

   

Fig. 4.14. Effect of dye concentration on the adsorption of dye Basic Blue XGRRL 250  

by mesoporous materials 
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Fig. 4.15. Effect of dye concentration on the adsorption of dye Golden yellow by 

mesoporous materials. 

 

Fig. 4.16. Effect of dye concentration on the adsorption of  dye Red-3R by mesoporous 

materials 
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Fig. 4.17. Effect of dye concentration on the adsorption of  dye Turquoise-blue X-GB  by 

mesoporous materials 
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might be due to attaining the significant driving force by initial concentration to reduce the 

mass transfer  resistance among solid adsorbent  and the aqueous phases (Tunc et al., 2009; 

Fayoud et al., 2016) which leads to establishment of equilibrium between adsorptive surfaces 

and adsorbates ( dye molecules). 

The adsorption capacity of dye TB showed linear trend of the variation of qe value with 

change in concentration (Fig. 4.17). Sadaf et al. (2014) reported such type of variation of 

adsorption ability w.r.t unit mass of adsorbent for dye concentration range of 10 to 200 mg/L 

using sugarcane baggase as adsorbent. They showed an increase in adsorption capacity with 

increase in dye concentration. Esmaeli et al. (2013) also investigated the effect of dye 

concentration on adsorption using solutions 10 to 50 ppm of acid dye on brown alga at pH 2 

and dose 1 g/ L. They noted the increase in adsorption capacity from 7 to 23 mg/g on raising 

amount of dye concentration. Data were anaylsed statistically. Highly significant mean 

squares show variation of adsorption capacities with change in dye concentration for different 

adsorbents. Mean comparison analysis was also done and results were shown in table.  

Table 4.3.  Analysis of variance (Dye Conc. vs Adsorbents) 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

Basic Blue 

XGRRL 250 

Golden yellow Red-3R T.Blue 

Concentration 

Adsorbents  

Conc. x 

Adsorbents 

Error 

Total 

  6 

  4 

 24 

 70 

104 

6041.4** 

6255.7** 

 133.4** 

   3.8 

5166.5** 

4383.5** 

 110.7** 

   5.5 

5795.1** 

6712.3** 

 177.4** 

   7.1 

6351.3** 

6108.7** 

 150.5** 

   7.1 

** = Highly significant (P<0.01) 

4.2.4. Effect of temperature 

All physical and chemical processes occur with change in energy and release or absorbtion of 

heat. So these phenonmenon are dependent to temperature. Change in temperature is actually 

an indicator of spontaneity of the process. Nature of adsorption either spontaneous or non 

spontaneous is determined by performing experiments at different temperatures (Demirbaş 

and Alkan, 2013).  If the adsorption capacity increases with increase in temperature then it is 

an endothermic process. This happens due to change in mobility of dye molecule with change 
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in temperature. Moreover, at high temperature, physical interactions become weak and  

decrease in adsorption is observed. Solubility of solutes especially dyes also increase with 

increase in temperature. Decreasing trend of adsorption with temperature knows as 

exothermic as this may lessens the adsorptive interactions between dyes and the active sites 

of adsorbent as a result of decreasing adsorption capacity (Chowdhary and Saha, 2010; Salleh 

et al., 2011; Bharathi and Ramesh, 2013).  

From experimental data at varied temperature, various thermodynamic parameters are 

determined. This gives real application of temperature impact on adsorption. Change in Gibbs 

free energy (ΔG), change in enthalpy (ΔH) and entropy change (ΔS) provide information 

about the adsorption mechanism. The positive values of ΔH reveal the endothermic nature of 

adsorption and the possibility of chemical adsorption. The negative values of ΔG reveal that 

adsorption is highly favourable. The positive values of ΔS reveal increased disorder and 

randomness at the solid solution interface of the adsorbent (Demirbas 2009; Ping Ge 2011; 

Sharma and Das, 2012).  

In the study, experiments were conducted at temperatures 303, 310, 317, 324, 331 and 

338 K, and the effect of increase in temperature was noted. In case of dye Basic Blue 

XGRRL 250 , there was a linear decrease in adsorption capacity with increase in temperature 

using all adsorbents and composites as shown in figure 4.18. However, optimum temperature 

for this dye was found as 303K (room temperature). Maximum values of qe for different 

adsorbents were recorded as 46.63 mg/g using MPS , 40.11 mg/g using MPT, 45.56 mg/g 

using MPST composite, 38.73 mg/g using MPSF composite and 15.64 mg/g using amine 

functionalized MPS at 303 K. Other conditions like pH, adsorbent dose, contact time etc. 

were kept optimized and shaking speed was 120 rpm. Similar trend of decrease in adsorption 

was observed in case of dye golden yellow (Fig. 4.19), Red-3R (4.20) and Turquoise-blue X-

GB (4.21) with increase in temperature, showing the phenomenon as exothermic. For Golden 

Yellow dye, value of adsorption capacities were 42.63, 37.52, 41.84, 33.69 and 15.74 mg/g 

for MPS, MPT, MPST, MPSF composite and amine functionalized MPS, respectively. Red-

3R dye adsorption at optimum temperature was significantly higher than others on different 

adsorbents. Although adsorption with increase in temperature was seen in decreasing trend as 

47 mg/g to 12 mg/g onto MPS in the range of temperature 303 K to 338 K and same in case 

of all adsorbents. Qe values at 303 K of red dye were 47.07 mg/g using MPS, 41.36 mg/g 

using MPT, 45.04 mg/g using MPST composite, 37.23 mg/g using MPSF composite and 

16.24 mg/g using amine functionalized silica. Results trend can be observed from figure 4.19. 

Adsorbent capacitiy of Turquoise-blue X-GB  was different at optimum temperature 303K on 
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different adsorbents i.e. 45.63 mg/g on MPS, 40.11 on MPT, 44.32 on MPST composite, 

36.45 on MPSF composite and 18.24 mg/g on aminefunctionalized MPS.  

In a study, adsorption of Yellow 87 dye onto mesoporous silica (uncalcined Al-MCM-41 and 

MCM-41) was found exothermic (Wu et al., 2012; Boukoussa et al., 2013).  Results showed 

the decreasing trend in adsorption from 72% to 60% when the temperature was increased 

from 297 K to 353 K. The increase in temperature seems to promote a gradual decrease in the 

interaction between the dye particles and the active surfaces of  mesoporous silica. They also 

found the positive value of ΔS indicating the disorder at the solid–solution interface with 

increase in temperature. In another study, Eftekhari et al. (2010) found the value of ΔH is 

negative (−17.9 kJ/mol) for the adsorption of Methylene blue by same adsorbent showing 

process as exothermic. Huang et al. (2011) also evaluated similar indicators of spontaniety 

for the adsorption of Methylene blue onto different adsorbent SBA-15. These studies show 

that the adsorption of dyes by MPSs can be either an endothermic or exothermic depending 

on the surface chemistry of silica. Data were anaylsed statistically. Highly significant mean 

squares show variation of adsorption capacities with change in temperature for different 

adsorbents. Mean comparison analysis was also done and results were shown in tables.  

Table 4.4.  Analysis of variance.(Temperature vs Adsorbents) 

Source of variation Degrees of 

freedom 

Mean squares 

Basic Blue 

XGRRL 250 

Golden yellow Red-3R T.Blue 

Temperature 

Adsorbents  

Temp. x Adsorbents 

Error 

Total 

5 

 4 

20 

60 

89 

1699.79** 

1286.89** 

  38.00** 

   1.72 

1565.00** 

1025.01** 

  37.42** 

   1.92 

1754.63** 

1191.20** 

  43.48** 

   2.32 

1612.14** 

 983.82** 

  29.11** 

   1.63 

** = Highly significant (P<0.01) 
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Fig. 4.18 Effect of temperature on the adsorption of dye Basic Blue XGRRL 250  by 

mesoporous materials. 

 

 

Fig. 4.19 Effect of temperature on the adsorption of dye Golden yellow by mesoporous 

materials. 
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Fig. 4.20.  Effect of temperature on the adsorption of dye Red-3R by mesoporous 

materials. 

 

 

   

Fig. 4.21.  Effect of temperature on the adsorption of dye Turquoise-blue X-GB  by 

mesoporous materials. 
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4.2.5. Effect of adsorbent dosage  

This parameter has also impact on adsorption of adsorbate at other optimum conditions. To 

determine optimum dose of adsorbent for maximum removal of dye, suspensions were 

prepared with different amounts of adsorbent in  adsorbate solution. Concentration of 

adsorbate remains fixed and mixture was shaken until equilibrium was reached (Salleh et al., 

2011; Anbia and Salehi 2012; Karim et al., 2012). From literature, it becomes clear that 

removal of dye by adsorption increases with increase in adsorbent dose and same effect was 

seen in case of mesoporous silica and its composites, but qe decreases with increase in 

amount of adsorbent dose.   

After optimization of various parameters next step was to optimize adsorbent dose. Six levels 

of dose were used for each dye and adsorbent (25, 50, 75, 100, 150, 200 mg for 50mL 

solution) and it was observed that qe values were 71.34 mg/g, 65.63 mg/g 74.56 mg/g, 56.78 

mg/g and 26.38 mg/g for MPS, MPT, MPST composite, MPSF composite and amine 

functionalized silica for Dye-Blue XGRRL respectivel  (FigS. 4.20 to 4.29).  Although these 

values  were very high using dose of 25 mg in 50 mL solution  but % removal was the highest 

at dose 50 mg in 50 mL solution. As it was 94% using MPS and 84%, 92%, 37%, 33% using 

MPT, MPST, MPSF and MPS-NH2 respectively. Although % removal increases when dose is 

increased from 25 mg to 200 mg but qe value is decreased. In case of Golden Yellow dye 

results were not so different but qe values were lower than for adsorption of Basic Blue 

XGRRL 250  dye (Fig. 4.22). Using 25 mg dose in each experiment with 50 mL solution, qe 

values were 61.35 mg/g, 52.63 mg/g, 59.31 mg/g, 49.84 mg/g and 26.38 mg/g for MPS, 

MPT, MPST composite, MPSF composite and amine functionalized silica, respectively. 

Again percent removal was the highest using dose 50 mg in each solution that were 89% 

using MPS , 78% using MPT, 87% using MPST composite, 75% using MPSF composite and 

31%  using MPSA.  

Qe values  calculated at 25 mg and 50 mg doses of adsorbents in adsorption of Red-3R dye 

(Fig. 4.20) were 69.23 and 47.17 mg/g for MPS, 64.37 and 41.32 mg/g for MPT, 68.98 and 

45.84 mg/g for MMPST composite, 56.45 mg/g and 38.72 mg/g for MPSF composite and 

23.38 and 18.16 mg/g for amine functionalized silica respectively. Despite of the highest 

value of qe using lesser dose, % removal is good using 50 mg dose for each experiment. 50 

mg/50 mL (1 g/L) dose was selected as optimized dose. Similar results were shown for 

Turquoise-blue X-GB  dye whose qe values using 50 mg dose were 45.67 mg/g, 40.45 mg/g, 

46.67 mg/g, 39.72 mg/g and 17.16 mg/g using MPS, MPT, MPST composite, MPSF 

composite and amine functionalized silica, respectively (Fig. 4.21) with % removal of 91,  
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Fig. 4.22. Effect of adsorbent dose on the adsorption of dye Basic Blue XGRRL 250  by 

mesoporous materials. 

 

 

 

Fig. 4.23. Effect of adsorbent dose on the adsorption of dye Basic Blue XGRRL 250  by 

mesoporous materials, (% removal) 
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Fig. 4.24. Effect of adsorbent dose on the adsorption of dye Golden yellow by 

mesoporous materials. 

 

 

 

Fig. 4.25. Effect of adsorbent dose on the adsorption of dye Golden yellow by 

mesoporous materials, (% removal) 
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Fig. 4.26. Effect of adsorbent dose on the adsorption of dye Red-3R by mesoporous 

materials. 

 

 

 

Fig. 4.27. Effect of adsorbent dose on the adsorption of dye Red-3R by mesoporous 

material, .(% removal) 
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Fig. 4.28. Effect of adsorbent dose on the adsorption of dye Turquoise-blue X-GB  by 

mesoporous materials. 

 

 

 

Fig. 4.29. Effect of adsorbent dose on the adsorption of dye Turquoise-blue X-GB  by 

mesoporous materials, (% removal) 
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81 93, 79 and 34 % respectively (Fig. 4.23),. Optimized dose for further experimentation was 

chosen as 50 mg/ 50 mL of solution for each adsorbent. Anbia and Salehi (2012) reported the 

adsorption of AG-28 using adsorbent PEHA2-SBA-3 with adsorbent dose of 0.2 to 0.4 g/l. 

Results showed an increase in dye removal percentage from 95.9 to 98.9% and decrease in qe 

value from 479.5 to 247.2 mg/g. As mass is a denominator factor in formula of adsorption 

capacity so increase in adsorbent mass results in the decrease in adsorption capacity. At 

higher dosage of adsorbents, there is a significant unsaturation of adsorbent sites. The 

recorded trend indicates that adsorbent dose affected both the percentage of dye removed and 

adsorption capacity. So optimization of dose in terms of highest %age removal and maximum 

adsorption capacity is a significant aspect of the treatment of dyed water. (Bharathi and 

Ramesh, 2013). 

Hassani et al. (2012) evaluated the adsorption capacity of chemically modified nanoclay with 

respect to dose for two basic dyes (cationic) i.e. Basic Green 4 (BG4) and Basic Yellow 28 

(BY28). They found a sharpe increase in removal efficiency with increase in dosage of 

adsorbent for both dyes at initial dye concentration of 30 ppm, initial pH 6 and equilibrium 

time of 35 min. According to researchers, increase in dose provides more surface area which 

leads to availability of more binding sites for uptake of specific colorants on nanoclay. 

Another research findings by  Sonawane and Shrivastava  (2009) gave information that how 

doses of adsorbent (maize cob) affected the removal of Malachite green (MG) from aqueous 

media. They concluded same trend of dye removal i.e. an increase in removal from 90 to 99% 

on varying doses of adsorbent from 0.05 to 1.2 g in 100 mL solution at optimum conditions 

of other parameters (20 mg/L of dye, pH = 8 and a contact time of 25 min).  

Data were anaylsed statistically. Highly significant mean squares show variation of 

adsorption capacities with change in adsorbent dose for different adsorbents. Mean 

comparison analysis was also done and results were shown in table.  

4.2.6. Effect of surfactants 

Use of detergents or surfactants is common in different industrial operations. Their presence 

in water also affects the adsorption capacity of adsorbents. To evaluate the effect of 

surfactants, a fixed concentration (1%) of each surfactant was used in experiments. These 

were SDS, Lauric acid, CTAB, Pluronic and commercial surf. SDS and Lauric acid were 

anionic whereas CTAB and Pluronic are cationic and non ionic, respectively. Their presence 
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Table 4.5.  Analysis of variance.(Dose vs Adsorbents) 

Source of 

variation 

Degrees of 

freedom 

Mean squares 

Basic Blue 

XGRRL 250 

Golden yellow Red-3R T.Blue 

Dose 

Adsorbents  

Dose x 

Adsorbents 

Error 

Total 

5 

 4 

20 

60 

89 

4853.2** 

1455.7** 

 111.8** 

   2.2 

3525.91** 

 845.30** 

  66.64** 

   1.73 

4785.3** 

1294.8** 

 116.8** 

   1.9 

  594.8** 

17849.0** 

 4126.3** 

    7.3 

** = Highly significant (P<0.01) 

in solution showed effect on uptake of dyes molecules onto MPS and its composites. Results 

were presented in figures (4.30 to 4.33) according to which CTAB presence affected strongly 

the adsorption of Basic Blue XGRRL 250  on adsorbent. Adsorption capacity was reduced to 

21.34 mg/g, 23.45, 17.86, 20.56 and 7.12 mg/g using MPS, MPT, MPST composite, MPSF 

composite and amine functionalized silica, respectively. Anionic surfactants showed no 

significant effect of decrease in adsorption capacity as qe values were reduced between 35 to 

40 mg/g for all adsorbents except amine functionalized as shown in figures. Anionic and non- 

 

Fig. 4.30. Effect of surfactant on the adsorption of dye Basic Blue XGRRL 250  by 

mesoporous materials. 
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Fig. 4.31. Effect of surfactant on the adsorption of dye Golden yellow by mesoporous 

materials. 

 

 

 

 

 

Fig. 4.32.  Effect of surfactant on the adsorption of dye Red -3R by mesoporous 

materials. 
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Fig. 4.33. Effect of surfactant on the adsorption of dye T-blue by mesoporous materials. 
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upto 18,21.6, 23.1, 16.6, 10.7  mg/g using MPS, MPT, MPST, MPSF and amine silica, 

respectively. These were smaller than their controlled experimental values in normal 

experiment. Reduction in adsorption capacities might be due to similarity in charges  of 
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onto MPS, MPT, MPST, MPSF and amine functionalized silica, respectively. Nausheen et al. 

(2014) also studied similar  effects of surfactant on active uptake of a reactive dye Drimarine 

yellow HF-3GL using cheap biomass sugarcane baggase. Results showed a drastic reduction 

in qe values in the presence of SDS as dye was negatively charge species in the solution.  

Data were anaylsed statistically. Highly significant mean squares show variation of 

adsorption capacities with change in  surfactant for different adsorbents. Mean comparison 

analysis was also done and results were shown in table.  

Table 4.6.  Analysis of variance.(Surfactant vs Adsorbents) 

Source of variation Degrees 

of 

freedom 

Mean squares 

Basic Blue 

XGRRL 250 

Golden 

yellow 

Red-3R T.Blue 

Surfactant 

Adsorbents  

Surfactant x 

Adsorbents 

Error 

Total 

4 

 4 

16 

50 

74 

516.57** 

1247.40** 

  19.70** 

   2.08 

664.81** 

1039.66** 

  27.76** 

   2.17 

633.13** 

1460.99** 

  30.91** 

   2.69 

693.93** 

1349.03** 

  15.76** 

   2.59 

** = Highly significant (P<0.01) 

4.2.7. Effect of electrolytes 

Many salts are also used in dyeing process (Aksu and Balibek, 2010). That’s why effects of 

salts/electrolytes are important to study for the removal of dyes. Actually it is relevant to 

electrostatic and non electrostatic interactions between dye particles and sorbent charged 

surfaces so concentration of salt can vary the adsorption capacity of adsorbent. (Dogan et al., 

2008). In present study to evaluate the effect of electrolytes on adsorption, 0.1% solution of 

electrolytes was used. Electrolyte were NaCl, Mg(NO3)2, Cd(NO3)2, CaCl2 and KNO3. 

Although the presence of all electrolytes affected the adsorption capacity but significant 

decrease was observed using Mg(NO3)2 for all dyes which may be due to high charge density 

of Mg ion and competition with dye molecule for adsorption. Mg+2 ion decreased the qe value 

upto 24.4, 22.31, 20.57, 22.11, 5.04 mg/g from 47.9, 40.4, 45.6, 35.67 and 15.73 mg/g onto 

MPS, MPT, MPST, MPSF, amine functionalized MPS respectively in case of Basic Blue 

XGRRL 250  dye. Similarly in case of Golden yellow dye (fig. 4.34), adsorption capacity 
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was decreased from 42.3, 37.9, 38.7, 34.9, and 16.7 to 24.3, 23.2, 21.6, 22.7 and 7.8 mg/g 

onto MPS, MPT, MPST, MPSF and amine functionalized MPS, respectively (Fig. 4.35). 

 

 

Fig. 4.34. Effect of electrolytes on the adsorption of dye Basic Blue XGRRL 250  by 

mesoporous materials. 

 

 

Fig. 4.35. Effect of electrolytes on the adsorption of dye Golden yellow by mesoporous 

materials. 
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Fig. 4.36.  Effect of electrolytes on the adsorption of dye Red-3R by mesoporous 

materials. 

 

 

Fig. 4.37.  Effect of electrolytes on the adsorption of dye Turquoise-blue X-GB  by 

mesoporous materials. 
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Presence of Mg ion also affected the adsorption of Red-3R dye upto 15 mg/g decrease for 

each mesoporous material adsorbent (Fig. 4.36). In the removal of Turquoise-blue X-GB, 

adsorption capacity was 37 to 47 mg/g using mesoporous materials and their composites in 

control experiments (Fig. 4.37). The adsorption capacity  was decreased to 26.5, 24.7, 19.56, 

19.23, 6.6 mg/g using MPS, MPT, MPST, MPSF and amine functionalized MPS in the 

presence of Mg ion, respectivel. Among other electrolytes, impact of zinc nitrate in the 

decrease for adsorption capacity was significant. All results in bar graph forms were 

presented in Figures 4.34 to 4.37.   

Data were anaylsed statistically. Highly significant mean squares show variation of 

adsorption capacities with change in electrolyte for different adsorbents. Mean comparison 

analysis was also done and results were shown in table.  

Table 4.7.  Analysis of variance.(Electrolyte vs Adsorbents) 

Source of variation Degrees of 

freedom 

Mean squares 

Basic Blue 

XGRRL 250 

Golden yellow Red-3R T.Blue 

Electrolyte 

Adsorbents  

Electrolyte x 

Adsorbents 

Error 

Total 

5 

 4 

20 

60 

89 

509.59** 

2039.25** 

  23.00** 

   1.71 

214.19** 

1225.92** 

  30.28** 

   1.11 

518.07** 

1277.56** 

  31.86** 

   1.49 

430.21** 

1274.42** 

  21.04** 

   1.61 

** = Highly significant (P<0.01) 

4.2.8. Different mass ratios of good adsorbents 

As evident from all above factors, MPS, MPT  and MPST composite were found as good 

adsorbents for the removal of basic dyes. Next experiments were to determine optimum ratios 

of masses of these adsorbents. Three ratios of the masses of MPS with MPT and MPST 

composites were used. Total mass of adsorbent put in solution flask was 0.05 g and mass 

ratios of MPS with MPT and MPST were 1:3, 1:1 , 3:1 (25%, 50% and 75% of MPS). It was 

found for  XGRRL (Fig. 4.38) that maximum adsorption capcity was 46.56 mg/g and 43.56 

mg/g using 25% mass ratio of MPS for both mixtures ( MPS/MPST and MPS/MPT). It 

shows that the greater the mass of MPST and MPT greater the qe value. However, a different 

trend was seen in data presentation of the adsorption of Golden yellow dye by all levels of 



67 
 

both mixtures (Fig. 4.39). Qe value was the highest 41.25 mg/g using 75/25%mass ratio in 

MPS/MPST mixture and 39.96 mg/g using 25/75 % mass ratio in MPS/MPT mixture. It may 

be due to different interactions of dye with adsorbent mixture. In adsorption of Red-3R (Fig. 

4.40), Optimum ratio of masses were 3:1 and 3:1 of mixtures MPS/MPST and MPS/MPT 

with qe values 47.32 and 44.21 mg/g. Similarity in results was found  in the removal of 

Turquoise-blue X-GB .(3:1) mass ratio of MPS with both other adsorbents showed maximum 

adsorption capacity (44.32 and 43.21 mg/g qe values (Fig. 4.41). 

 

 

Fig. 4.38. Effect of mass ratio of different MP materials on the adsorption of dye Basic 

Blue XGRRL 250 . 

 

 

Fig. 4.39.  Effect of mass ratios of different mesoporous materials on the adsorption of 

dye Golden yellow. 
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Fig. 4.40.  Effect of mass ratios of different mesoporous materials on the adsorption of 

dye Red-3R 

 

 

Fig. 4.41.  Effect of mass ratios of different mesoporous materials on the adsorption of 

dye Turquoise-blue X-GB . 
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4.3. Isothermal study  

Adsorption isotherms have importance due to role in designing adsorption system and to 

predict the adsorption capacity and interaction of dye molecules with adsorbent. It also gives 

valuable information about mechanisms of adsorption (Janaki et al., 2012). Isotherms shows 

relation between equilibrium amount of adsorbate in solution at constant temperature and 

adsorbed amount of adsorbate onto unit amount of adsorbent (Rangabhashiyam et al., 2014). 

To apply adsorption system on practical scale, adsorption isothermal study is a necessary tool 

based on different adsorption models (Debnath et al., 2015). Data of present study were 

analysed using different isotherms like Freundlich, Harkins-Jura, Langmuir, Doubinin-

Radushkevich (D-R) model and Temkin isotherm. 

Freundlich adsorption isotherm 

Earliest equation used to study concentration effect on adsorption at constant temperature was 

Freundlich isotherm which explained the mechanisms of adsorption (Freundlich, 1906). 

According to the model presented by Freundlich, the adsorption process happens by the 

interaction of particles (adsorbate) on heterogeneous surface and adsorption is a multilayered 

process with unequal distribution of adsorption heat. An exponential decrease in adsorption 

capacity is seen with increase in the binding surfaces. 

The linear relationship is presented: 

   log qe  =  log KF + 1/n log Ce 

Here KF constant is related to binding energy, and qe tells about the deposition of adsorbate 

on adsorbent and explains the amount of adsorbate particles adsorbed onto the sorbent 

surface for unit equilibrium concentration. Here n is a constant which represents the 

adsorption intensity. It also decides the favorability of the adsorption. Value of n is greater 

than one for favourable adsorption (Anjaneya et al., 2009) but less than one of n shows 

chemical nature of adsorption phenomenon. Environmental factors decides the constants  in 

Freundlich equation (Rangbhashiyam et al., 2014) and their values are determined from slope 

and intercept of graph plotted between logarithm values of qe and Ce.  

Harkins-Jura adsorption isotherm 

This model tells about the multilayer formation of adsorbate onto adsorbent surface due to 

heterogeneous pore distribution in adsorption (Harkins and Jura, 1944). Equation form is as: 

1/qe
2  =  

𝐵

𝐴
 – 

1

𝐴
 log Ce 
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Here A and B are Harkins- Jura isothermal parameter and constant, respectively.  

Langmuir adsorption isotherm 

According to Langmuir, the adsorption is a monolayer deposition of adsorbate molecules 

onto adsorbent surface which carry fixed number of capable binding centres. Occupied 

surface of adsorbent has no affinity to further adsorbate particles. Equation form of Langmuir 

model is given by: 

                                                           
𝐶𝑒

𝑞𝑒
  =  

1

qm𝑏
  +   

𝐶𝑒

𝑞𝑚
 

Maximum adsorption power is shown by qm and constant ‘b’ representing the adsorption 

energy. Ce tells about the concentration of dye molecules at time of equilibrium in solution.  

Another factor  RL which has no unit and called as equilibrium factor or separation factor. It 

is connected with initial concentration of dye (Co) and Langmuir constant b as follows: 

     RL  =  
1

1+𝑏𝐶𝑜
 

Value of RL also decides the nature of adsorption either it is favourable or not. If RL>1 then 

adsorption is unfavourable. If  RL is less than 1 then process will be linear but if RL=1 then 

process will be irreversible.  

Temkin isotherm 

This isotherm assumes that heat of adsorption (molecules in layer) is decreased with covering 

of adsorbent surface. On the whole, binding sites are equally distributed on adsorbent 

surfaces (Temkin and Pyzhev, 1940). 

Linear form of the Temkin equation is 

qe = BlnA+ BlnCe  

Here B is equal to RT/b (R is gas constant with value 8.31 Jmol-1K-1), T is absolute 

temperature in K and Temkin constant is b. A stands for equilibrium binding constant and 

adsorption heat is explained by constants B. Values of these constant can be determined from 

graph plotted between equilibrium adsorbed amount of dye qe and lnCe. 

Doubinin-Radushkevich (D-R) model 

This model is best to determine apparent free energy and other characteristics of adsorption   

(Doubinin and Radushkevich, 1947). Assumption of D-R model is explained in mathematical 

form as: 
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     lnqe = lnqm- βε2 

In this equation, constant β indicates the value of adsorption energy and qm stands for 

maximum active uptake capacity. Another constant ε presents the Polanyi potential which is 

calculated from the following relation: 

ε = RTln(1+1/Ce) 

R is gas constant, T for temperature in K.  

Mean free energy estimated from this model is energy change on transference for one mole of 

adsorbate onto surface of adsorbent from solution .E can be calculated using following 

equation in which beta value is put 

.    E = 1/(2β)1/2 

Table. 4.8. Isothermal modeling parameters for the adsorption of dye Turquoise-blue X-

GB  

Isothermal models Turquoise-blue X-GB  

SiO2 TiO2 SiO2-TiO2 SiO2-Fe SiO2-NH2 

Langmuir 

qm Cal (mg/g) 

b 

RL 

R2 

 

83.34 

0.3636 

0.0521 

0.974 

 

80.02 

0.1436 

0.1221 

0.984 

 

111.12 

0.0756 

0.209 

0.962 

 

74.07 

0.049 

0.2879 

0.892 

 

40.13 

0.0282 

0.4143 

0.989 

Freundlich 

KF 

n 

R2 

 

28.11 

3.876 

0.914 

 

3.7848 

8.4745 

0.85 

 

21.86 

3.3004 

0.789 

 

9.9542 

2.4630 

0.844 

 

4.2333 

2.4449 

0.966 

Temkin 

A 

B 

R2 

 

5.97 

13.97 

0.971 

 

3.16 

12.9 

0.918 

 

2.23 

16 

0.905 

 

0.47 

17.03 

0.883 

 

0.24 

9.16 

0.987 

D-R model 

β 

Qm 

E 

R2 

 

0.0825 

82.8 

2.4618 

0.912 

 

0.1632 

74.57 

1.7503 

0.949 

 

0.228 

92.19 

1.4808 

0.995 

 

0.4018 

68.95 

1.1155 

0.825 

 

0.704 

35.23 

0.8427 

0.931 

Harkins-Jura 

A 

B 

R2 

 

1428.57 

1.71 

0.703 

 

1250 

1.376 

0.665 

 

1075 

1.2903 

0.523 

 

769.23 

2.46 

0.717 

 

185.19 

2.07 

0.796 
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From Table 4.8, it was observed that adsorption of Turquoise-blue X-GB  dye followed 

Langmuir isothermal model in most of cases. Adsorption by MPS followed Langmuir as well 

as Temkin isotherms with greater values of R2 (0.974, 0.971). Fitness of Langmuir model 

gives idea about formation of monolayer of adsorbate on adsorbent surface.  Same result was 

seen by mesoporous titania and MPSF composites. Their value of RL is in the range of 0-1 

which shows adsorption process is a favourable phenomenon (Rangabhashiyam et al., 2014). 

Moreover, D-R isotherm explains the adsorption in case of MPST composite as adsorbent 

with R2 of 0.995. Harkins-jura model was unfit for explaining of process due to low values of 

R2. For silica-amine, Both Temkin and Langmuir explained  the process with greater values 

of R2. Fitness of Temkin isothermal model shows that binding energy of all sites is same on 

adsorbent surfaces.  

Table. 4.9. Isothermal modeling parameters for adsorption of dye Golden yellow 

Isothermal models Golden yellow 

SiO2 TiO2 SiO2-TiO2 SiO2-Fe SiO2-NH2 

Langmuir 

qm Cal (mg/g) 

b 

RL 

R2 

 

71.42 

0.25 

0.074 

0.935 

 

90.91 

0.0493 

0.2894 

0.971 

 

83.66 

0.1143 

0.1490 

0.989 

 

100.06 

0.0327 

0.3788 

0.939 

 

38.46 

0.0290 

0.4080 

0.935 

Freundlich 

KF 

n 

R2 

 

21.136 

3.57 

0.955 

 

15.2869 

3.125 

0.803 

 

17.3914 

3.0395 

0.954 

 

13.42 

2.985 

0.755 

 

3.819044 

2.3529 

0.952 

 

Temkin 

A 

B 

R2 

 

2.62 

13.6 

0.975 

 

1.24 

13.79 

0.911 

 

1.21 

16.35 

0.987 

 

1.01 

13.64 

0.867 

 

0.21 

9.305 

0.959 

D-R model 

β 

Qm 

E 

R2 

 

0.1142 

70.96 

2.0924 

0.8636 

 

0.344 

74.23 

1.2055 

0.996 

 

0.1949 

76.46 

1.6011 

0.915 

 

0.4343 

73.48 

1.2299 

0.985 

 

0.7075 

34.09 

0.8406 

0.8655 

Harkins-Jura 

A 

B 

R2 

 

1665.4 

2.03 

0.742 

 

1204.81 

2.53 

0.639 

 

1098.91 

1.43 

0.586 

 

755.28 

2.34 

0.631 

 

176.37 

2.15 

0.848 

 

In adsorption of Golden yellow not a single isothermal model explains the phenomenon best 

for all (Table 4.9) . Langmuir model is best fitted in case of the adsorption of dye onto MPST 

with R2 of 0.989 and RL = 0.1490 showing the adsorption favourable. Langmuir isothermal 
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model assumes the surface as homogenous for the formation of monolayer of adsorbate 

molecules. However, fitness of D-R model in case of MPT and MPSF composite adsorbents 

leads us to assumption of non homogenous binding sites of adsorbent surfaces. E is energy of 

adsorption in this model.  R2 values are 0.996 and 0.985 for MPT and MPSF, respectively. 

Temkin isotherm, which tells about equal surface energy for all binding sites, showed its 

fitness for dye adsorption affected by concentration data onto MPS and amine silica with of 

R2  0.975 and 0.959,  respectively.  

Table. 4.10. Isothermal modeling parameters for adsorption of dye Red-3R 

Isothermal models Red-3R 

SiO2 TiO2 SiO2-TiO2 SiO2-Fe SiO2-NH2 

Langmuir 

qm Cal (mg/g) 

b 

RL 

R2 

 

76.92 

1.32 

0.0156 

0.949 

 

100.09 

0.0900 

0.1816 

0.956 

 

81.97 

0.2687 

0.0692 

0.982 

 

81.32 

0.0577 

0.2572 

0.943 

 

29.41 

0.08134 

0.1973 

0.844 

Freundlich 

KF 

n 

R2 

 

35.8018 

5.00 

0.917 

 

22.90 

3.62 

0.758 

 

26.71 

3.96 

0.877 

 

13.24 

2.84 

0.838 

 

7.74 

3.83 

0.917 

Temkin 

A 

B 

R2 

 

35.68 

10.65 

0.971 

 

3.21 

13.96 

0.867 

 

5.93 

13.10 

0.948 

 

0.804 

15.43 

0.900 

 

1.03 

5.695 

0.927 

D-R model 

β 

Qm 

E 

R2 

 

0.0378 

79.85 

3.6369 

0.9137 

 

0.2075 

85.74 

1.5522 

0.944 

 

0.1008 

80.15 

2.2271 

0.942 

 

0.3306 

71.52 

1.2297 

0.8909 

 

0.3585 

29.05 

1.1809 

0.8038 

Harkins-Jura 

A 

B 

R2 

 

3332.14 

4.03 

0.729 

 

8130.09 

8.94 

0.527 

 

840.33 

1.092 

0.673 

 

476.19 

1.01 

0.669 

 

136.79 

1.02 

0.874 

 

Table 4.10. informs about the Langmuir model as representator of adsorption phenomenon 

affected by concentration of dye Red-3R onto MPT, MPST, MPSF composites. Monolayer 

adsorption is an abstract idea of chemisorption on the adsorbents containing Si-O, Ti-O and 

Fe-O groups.  RL value is in range of 0 to 1 inform about adsorption as favourable.  Fitness of 

Temkin isotherm assumes spreading of binding energies as non-distinguishable over sites of 

adsorbents. Two adsorbents MPS and amine silica adsorbed dye with different concentrations 

following Temkin model. In adsorption of Red-3R, D-R model and Harkins-Jura model are 
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unsuitable due to low values of R2. Freundlich model was also not good to explain the whole 

phenomenon as multilayer.  

Table. 4.11. Isothermal modeling parameters for adsorption of dye Basic Blue XGRRL 

250  

Isothermal models Basic Blue XGRRL 250  

SiO2 TiO2 SiO2-TiO2 SiO2-Fe SiO2-NH2 

Langmuir 

qm Cal (mg/g) 

b 

RL 

R2 

 

80.64 

1.0333 

0.01898 

0.958 

 

 

90.91 

0.088 

0.1851 

0.994 

 

79.36 

0.4064 

0.0468 

0.969 

 

76.93 

0.0476 

0.2957 

0.895 

 

38.46 

0.0294 

0.4047 

0.989 

Freundlich 

KF 

n 

R2 

 

35.37 

4.81 

0.905 

 

19.51 

3.46 

0.842 

 

29.14 

4.17 

0.876 

 

9.96 

2.46 

0.844 

 

4.23 

2.44 

0.966 

Temkin 

A 

B 

R2 

 

27.09 

11.29 

0.968 

 

2.19 

13.53 

0.938 

 

9.03 

12.56 

0.937 

 

0.467 

17.03 

0.892 

 

0.2392 

9.159 

0.987 

D-R model 

β 

Qm 

E 

R2 

 

0.0436 

82.15 

3.3876 

0.9245 

 

0.219 

76.33 

1.5109 

0.9707 

 

0.0784 

80.51 

2.5253 

0.9263 

 

0.4018 

68.95 

1.1155 

0.825 

 

0.704 

35.23 

0.8427 

0.9312 

Harkins-Jura 

A 

B 

R2 

 

2941.17 

3.53 

0.704 

 

7446 

8.19 

0.611 

 

2386.64 

3.10 

0.688 

 

826.44 

2.74 

0.717 

 

188.33 

2.146 

0.796 

 

Table 4.11. provides information about isothermal parameters of various models for Basic 

Blue XGRRL 250  adsorption. The highest values of R2 i.e. 0.994, 0.969, 0.895,  and 0.989 

show the Langmuir isotherm is a suitable model to predict phenomenon as monolayer 

deposition of dye molecules on MPT, MPST, MPSF and amine silica composites. Values of 

RL were also in favourable range. Lower R2 shows the poor nature of other models to explain 

adsorption. However, Temkin model showed good fitness for the adsorption by MPS. These 

all models were used by Bhatti and Nausheen (2016) in the study of Turquoise-blue X-GB  

adsorption on agrowaste material and found Langmuir model the best with high R2. However, 

in the study of Kalaivani et al. (2015) for the removal of Ni(II) ion from water using activated 

carbon, it was noticed that Langmuir> Temkin> Freundlich. This resembles with the results 

of present the study. Langmuir model was also found the best in the study of cationic dyes 
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adsorption on mesoporous carbon coated monoliths  modified by surfactant by Malekbala et 

al. (2015). Langmuir model was found appropriate for adsorptive removal of Methylene blue 

on mesoporous silica by Huang et al. 2011. Juang et al. (2007) also studied the adsorption of 

BV-10 dye on same adsorbent, and the effect of concentration was  explained by Langmuir 

isotherm with R2 of 0.999. Joo et al. (2009) described the adsorption of three dyes Rifazol 

Yellow GR, Rifazol Red BB 150 and Rifafix Yellow 3RN150H on PDDA-SBA-15 

adsorbent. It was well described by the Langmuir model with the highest R2 and steep 

increase in qe i.e. 120, 240, 340 mg/g, respectively. Similar results were reported for the 

adsorptive removal of AR14, AB1 and AB25 dyes by MPSs-NH2 with monolayer adsorption 

thickness that confirmed Langmuir model suitability (Mahmoodi et al., 2011). In an another 

study, Haddad (2016) showed the adsorption of Basic Fuchsin onto CMS was fitted to the 

Langmuir isotherm. Following the adsorption data to the Langmuir isotherm implied that the 

binding energy on the whole surface of the adsorbent was uniform. It was also indicated that 

the adsorbed dye molecules did not inter-act or compete with each other but only adsorbed by 

forming a monolayer. 

4.4. Kinetic modeling 

Kinetic parameters are helpful to evaluate the dynamics of adsorption (Deniz and Karaman, 

2011). Study of kinetic aspects of process explains the mechanism and operation feasibility of 

adsorption (Feng et al., 2012). In choice of adsorbent, its adsorption capacity is not only kept 

in mind but fast adsorption or high mass transfer rate is also considered (Qiu et al. 2009; 

Gandhimathi et al. 2012). Estimation of mechanisms and rate is easy to find by determining 

the values of kinetic constants (Ho and Mckay 1999). Experimentation using variables to test 

data is helpful to confirm mechanisms of adsorption as film diffusion or diffusion adsorption. 

It may be a combination of these (Ho et al. 2000). Pseudo first order model is also called 

Lagergren model (Parab et al., 2009). According to this model, variation in concentration of 

dye is a function of time as given by 

log (qe–qt) = log qe – k1t /2.303  

Here t is time in min, qe and qt are adsorption capacities at equilibrium and time t 

respectively, and k1 is a rate constant which shows change in concentration per unit time. It is 

the slope between log (qe–qt) vs time. 

Pseudo second order kinetic model which is known as Ho and Mckay model as discussed in a 

report by  Mahmoodi et al. (2011).  

1/ qt = 1 / k2 qe
2 + 1/qet 
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Following this equation, a graph is plotted between 1/qt and 1/time. Slope of the graph gives 

value of qe (adsorption capacity). Rate constant k2 is determined from the intercept of the 

plot. Pseudo second order model is good when pseudo first order can not predict the dye 

amount adsorbed and adsorption mechanism. Pseudo second order is based on the assumption 

that rate determining step of the sorption is chemisorption (Salleh et al., 2011). This model is 

associated with the situation when rate of direct adsorption controls overall sorption kinetics 

(Plazinski et al., 2009). No need to know adsoption capacity after applying pseudo second 

order model as its value can be deduced from this model (Ho 2006; Plazinski et al., 2009). 

Adsorption of anionic and cationic dye mostly follow second order kinetics.  

Third one is intraparticle diffusion model or Webber and Morris model (Qin et al., 2009) 

which is 

qt = ki t1/2 + C 

Here ki is rate constant and C is thickness of the boundary layer. This model assumes the 

adsorption as multistep operation including migration of adsorbate through external layer 

film of liquid which is around particle of adsorbate followed by solute movement from the 

surface of the particles into internal sites by pore and/or surface diffusion. At the end, 

attachment of sorbate on binding sites of interior of adsorbent surface, and this step is a fast 

step than other two.  

In Table 4.12. kinetic constants are presented to discuss the mechanisms and proportionality 

of phenomenon with time. For Turquoise-blue X-GB  dye adsorption by different adsorbents 

the pseudo second order kinetic model is suitable with R2 values of 0.998, 0.992, 0.988, 

0.977, 0.974 for MPS, MPT, MPST composite, MPSF composite and amine silica, 

respectively. Adsorption capacity calculated also correlates with calculated qe values. R2 

values of intraparticle diffusion model are also high for four adsorbents. A large difference in 

calculated and experimental values of qe denies the acceptance of first order model. In Table 

4.13. similar acceptance of pseudo second order model can be observed with R2  range of 

0.974-0.996 for all adsorbents to remove Golden yellow dye. This order fitness means 

phenomenon of change in dye concentration is directly proportional to square of binding sites 

of adsorbents. It is considered as best at initial step of adsorption generally. It is not good for 

entire range of results till equilibrium time. In adsorption of Golden yellow correlation 

coefficients of model are higher than previous. A study using this type of adsorbent MCM-41 

mesoporous silica for removal of dye Yellow-87 was published in which adsorption data was 

presented using first and second order models (Wu et al., 2012). They did experimentation 
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varying both time and concentration and pseudo second order explained the phenomenon at 

higher dye concentrations. At initial stage, adsorptive removal was very rapid and maximum 

removal was within 10 min.  

More acceptable fitness of second order model was seen in adsorption phenomenon of Red-

3R dye with R2 values higher than 0.99 for all sorbents. (Table 4.14) is clear indication for 

conclusion. In removal of Blue-XXGRL (Table 4.15) verifies the second order model fitness 

to data. R2 value for dye adsorption on MPS is 0.999 as good affirmation of linear trend 

between reciprocal of qt and inverse of time. In this table, higher values of R2 of intraparticle 

diffusion model state the adsorption phenomenon as mixture of many process operations. 

Huang et al., (2011) investigated the time effect on the adsorption of  Methylene blue by 

SBA-15 mesoporous silica and found pseudo second order model to describe the 

phenomenon well. They found adsorption capacity and rate constants for adsorption of MB as 

well as dye JGB which was bigger in molecule size. Contrary to these results, adsorption of 

Methylene blue by titania- mesoporous silica composite was explained by pseudo first order 

(Messina and Schulz 2006). 

Table. 4.12. Kinetic parameters for adsorption of dye Turquoise-blue X-GB  

Kinetic models Turquoise-blue X-GB  

SiO2 TiO2 SiO2-TiO2 SiO2-Fe SiO2-NH2 

Pseudo first order 

k1 

qe exp 

qe cal 

R2 

 

0.019 

43.94 

31.15579 

0.842 
 

 

0.058 

38.98 

50.70376 

0.958 

 

0.041 

45.7 

46.94609 

0.968 

 

0.055 

37.9 

40.85381 

0.818 

 

0.033 

17.01 

7.713716 

0.597 

Pseudo second order 

k2 

qe exp 

qe cal 

R2 

 

0.001786 

43.94 

47.61905 

0.998 

 

0.002142 

38.98 

43.47826 

0.992 

 

0.001462 

45.7 

52.63158 

0.988 

 

0.00196 

37.9 

45.45455 

0.977 

 

0.010947 

17.01 

19.23077 

0.974 

  
 

Intraparticle diffusion  

Kpi(mg/g. min1/2) 

Ci 

R2 

 

4.356 

6.488 

0.923 

 

4.738 

-1.115 

0.934 

 

5.587 

-2.528 

0.927 

 

5.073 

-4.156 

0.923 

 

2.23 

-0.358 

0.782 
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Table. 4.13. Kinetic parameters for adsorption of dye Golden yellow 

Kinetic models Golden yellow 

SiO2 TiO2 SiO2-TiO2 SiO2-Fe SiO2-NH2 

Pseudo first order 

k1 

qe exp 

qe cal 

R2 

 

0.027 

42.4 

28.33 

0.946 
 

 

0.017 

37.7 

33.78 

0.868 

 

0.021 

40.3 

31.06 

0.889 

 

0.011 

32.9 

31.03 

0.763 

 

0.003 

17.11 

35.90 

0.548 

Pseudo second order 

k2 

qe exp 

qe cal 

R2 

 

0.001773 

42.4 

45.46 

0.996 

 

0.002142 

37.7 

37.03 

0.990 

 

0.001208 

40.3 

43.47 

0.988 

 

0.002032 

32.9 

31.25 

0.994 

 

0.002782 

17.11 

19.23 

0.974 

  
 

Intraparticle diffusion  

kpi(mg/g. min1/2) 

Ci 

R2 

 

4.388 

5.064 

0.868 

 

4.952 

-4.525 

0.942 

 

4.903 

-1.223 

0.889 

 

4.104 

-1.116 

0.902 

 

2.24 

-0.358 

0.782 

 

 

Table. 4.14.  Kinetic parameters for adsorption of dye Red-3R 

Kinetic models Red-3R 

SiO2 TiO2 SiO2-TiO2 SiO2-Fe SiO2-NH2 

Pseudo first order 

k1 

qe exp 

qe cal 

R2 

 

0.037 

46.9 

33.09 

0.917 
 

 

0.021 

43.7 

30.41 

0.813 

 

0.042 

45.2 

30.85 

0.838 

 

0.043 

38.8 

27.30 

0.876 

 

0.012 

17.3 

2.95 

0.618 

Pseudo second order 

k2 

qe exp 

qe cal 

R2 

 

0.001762 

46.9 

50 

0.996 

 

0.002704 

43.7 

41.66 

0.998 

 

0.000158 

45.2 

49.93 

0.994 

 

0.001967 

38.8 

48.85 

0.998 

 

0.002888 

17.3 

19.12 

0.991 

 

Intraparticle diffusion  

Kpi(mg/g. min1/2) 

Ci 

R2 

 

4.965 

5.716 

0.886 

 

4.431 

7.637 

0.84 

 

5.223 

2.938 

0.897 

 

3.584 

8.723 

0.875 

 

2.131 

-0.425 

0.875 
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Table. 4.15.  Kinetic parameters for adsorption of dye Blue-XXGRL 

Kinetic models Blue-XXGRL 

SiO2 TiO2 SiO2-TiO2 SiO2-Fe SiO2-NH2 

Pseudo first order 

k1 

qe exp 

qe cal 

R2 

 

0.017 

47.4 

32.134 

0.861 
 

 

0.063 

43.2 

52.74 

0.961 

 

0.043 

45.4 

61.92 

0.958 

 

0.056 

34.7 

43.87 

0.829 

 

0.027 

8.1 

8.741 

0.678 

Pseudo second order 

k2 

qe exp 

qe cal 

R2 

 

0.00213 

47.4 

42.64 

0.999 

 

0.0021 

43.2 

39.786 

0.994 

 

0.001653 

45.4 

63.653 

0.998 

 

0.00174 

34.7 

45.46 

0.977 

 

0.01093 

8.1 

19.207 

0.976 

  
 

Intraparticle diffusion  

Kpi(mg/g. min1/2) 

Ci 

R2 

 

4.256 

6.586 

0.945 

 

4.738 

1.175 

0.932 

 

5.647 

3.628 

0.947 

 

6.175 

-5.276 

0.913 

 

1.814 

-0.458 

0.792 

 

Amine functionalized mesoporous silica was used to remove anionic dye and results showed 

that concentration of dye gave driving force to diffuse the molecules into internal surface of 

the adsorbent as discussed with reference to intraparticle diffusion model in present study 

(Qin et al. 2009). Results of the present study were matched with study by Sadaf and Bhatti 

(2014) for the removal of Indosol Yellow BG dye using peanut husk.  

4.5. Thermodynamic parameters and feasibility of the process 

To know the nature of adsorption, evaluation of thermodynamic parameters is necessary tool. 

Values of these parameters indicate the process as spontaneous or non spontaneous. These 

parameters are Enthalapy change (ΔH), Entropy or randomness in the system change (ΔS) 

and Gibbs free energy change (ΔG). Data of adsorption affected by variable temperature was 

obtained and these parameters were calculated. ΔG was determined for each dye and 

adsorbent using the following equation 

ΔG = - RTlnKd 

Here Kd is thermodynamic equilibrium constant and equal to qe/Ce. It is actually a 

distribution factor of dye between solid sorbent and liquid phase. Ratio of dye concentration  

was noted and Gibbs free energy was calculated. To find values of ΔH and ΔS, a graph was 

plotted between lnKd and inverse of temperature according to the following equation. =       

   .lnKd = 
ΔS

𝑅
−  

ΔH

𝑅𝑇
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Slope of the graph gave values of enthalapy change and its intercept indicated the value of 

entropy change. These values were listed in Tables 4.16 to 4.19. Negative values of ΔH for 

the adsorption of all basic dyes onto mesoporous materials showed the nature of adsorption 

process as exothermic. The negative sign for entropy change indicated the decrease in 

disorderness on the transfer of sorbate from liquid phase to solid sorbent (Mittal et al., 2010). 

Values of ΔG became negative to positive with increase in temperature indicating that the 

adsorption phenomenon was spontaneous at room temperature. As It was exothermic also so 

at higher temperatures. Spontaneous nature of adsorption of basic dyes in present study with 

high values of qe makes certain the use of adsorbent MP. 

Table. 4.16.  Thermodynamic parameters  for the adsorption of dye Turquoise-blue X-

GB  

Thermodynamic 

parameters 

Turquoise-blue X-GB  

303 K 310 K 317K 324 K 331 K 338 K 

SiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-5.711 

-78.81 

-0.241 

 

-4.022 

 

-2.333 

 

-0.644 

 

1.044 

 

2.733 

TiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-3.99 

-68.64 

-0.213 

 

-2.505 

 

-1.012 

 

0.480 

 

1.974 

 

3.467 

SiO2-TiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-4.946 

-76.36 

-0.235 

 

-3.296 

 

-1.646 

 

 

0.0032 

 

1.653 

 

3.303 

SiO2-Fe 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(Jmol-1 K-1) 

 

-2.833 

-60.09 

-0.198 

 

-1.511 

 

-0.189 

 

1.133 

 

2.455 

 

3.777 

SiO2-NH2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(Jmol-1 K-1) 

 

1.008 

-41.26 

-0.139 

 

1.985 

 

2.961 

 

3.938 

 

4.915 

 

5.891 
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Table. 4.17. Thermodynamic parameters for the adsorption of dye Golden yellow 

Thermodynamic 

parameters 

G.Yellow 

303 K 310 K 317K 324 K 331 K 338 K 

SiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-5.14 

-68.81 

-0.256 

 

-4.312 

 

-2.363 

 

-0.174 

 

2.324 

 

3.7493 

TiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-4.785 

-63.59 

-0.343 

 

-2.565 

 

-2.012 

 

-0.780 

 

0.974 

 

2.567 

SiO2-TiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-5.786 

-70.64 

-0.435 

 

-3.163 

 

-2.546 

 

 

0.7654 

 

2.789 

 

4.456 

SiO2-Fe 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(Jmol-1 K-1) 

 

-3.643 

-64.13 

0.234 

 

-1.721 

 

-0.569 

 

1.174 

 

2.632 

 

3.895 

SiO2-NH2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(Jmol-1 K-1) 

 

1.076 

-37.26 

-0.167 

 

1.855 

 

2.781 

 

3.468 

 

5.715 

 

5.898 
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Table. 4.18. Thermodynamic parameters for the adsorption of dye Red-3R 

Thermodynamic 

parameters 

Red-3R 

303 K 310 K 317K 324 K 331 K 338 K 

SiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-6.473 

-71.91 

-0.345 

 

-3.726 

 

-3.573 

 

-2.684 

 

-0.044 

 

1.764 

TiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-4.897 

-68.64 

-0.323 

 

-3.785 

 

-2.052 

 

0.490 

 

1.864 

 

3.107 

SiO2-TiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-5.743 

-59.346 

-0.235 

 

-3.074 

 

-2.375 

 

 

0.123 

 

1.643 

 

3.073 

SiO2-Fe 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(Jmol-1 K-1) 

 

-1.735 

-56.92 

-0.297 

 

-1.431 

 

-0.586 

 

2.433 

 

3.751 

 

4.727 

SiO2-NH2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(Jmol-1 K-1) 

 

1.348 

-32.26 

-0.249 

 

2.765 

 

3.561 

 

4.728 

 

4.986 

 

5.671 
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Table. 4.19. Thermodynamic parameters for the adsorption of dye Basic Blue XGRRL 

250  

Thermodynamic 

parameters 

Basic Blue XGRRL 250  

303 K 310 K 317K 324 K 331 K 338 K 

SiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-6.005 

 

-88.81 

 

-0.273 

 

-4.092 

 

-2.180 

 

-0.267 

 

1.645 

 

3.558 

TiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-3.668 

 

-63.90 

 

-0.198 

 

-2.227 

 

-0.885 

 

0.505 

 

1,897 

 

3.288 

SiO2-TiO2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(kJmol-1 K-1) 

 

-5.609 

 

-82.24 

 

-0.252 

 

-3.839 

 

-2.069 

 

-0.298 

 

1.471 

 

3.242 

SiO2-Fe 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(Jmol-1 K-1) 

 

-3.049 

 

-67.01 

 

-0.211 

 

-1.572 

 

-0.094 

 

1.383 

 

2.860 

 

4.338 

SiO2-NH2 

ΔG(kJ/mol) 

ΔH(kJ/mol) 

ΔS(Jmol-1 K-1) 

 

1.566 

 

-49.19 

 

-0.167 

 

2.739 

 

3.912 

 

5.084 

 

6.257 

 

7.430 
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4.6. Characterization of materials 

4.6.1. X-ray diffraction(XRD) analysis 

Structure and crystallinity in mesoporous materials was measured by X-ray diffraction 

(XRD) analysis using an X-ray diffractometer (PANalytical, X’ Pert Pro, Almelo, 

Netherlands) with Cu Kα as the radiation source. The source was operated at 40 kV with 2θ 

value varying from 10 to 70. X-ray diffraction analysis was performed to locate any 

crystalline nature of the prepared samples. Figure 4.42 shows XRD of mesoporous the 

materials, having a broad peak at 2θ = 32°, which suggest the formation of amorphous 

samples (JCPDS #29-0369). There is no sharp and intense peak in all these samples and only 

one broad diffraction halo has been observed. So there is no crystallinity in any of these 

samples. Even the mesoporous materials and their composites (MPS, MPT, MPST, MPS-

NH2) do not show any of the long term arrangement of particles to form crystals. 

 

Fig. 4.42.  X-rays diffraction spectra of different mesoporous materials 
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4.6.2. Surface area and pore size determination (BET and BJH) 

The surface area of mesoporous materials was measured by the Barrett–Emmett– Teller 

(BET) method using the BET instrument (Gemini VII 2380 Surface Area Analyzer, 

Micromeritics) and pore size analyser). 0.70 g of sample was degassed for 2 h at 300ºC and 

the analysis was performed with N2 adsorption measurements temperature (-196 ºC). To 

avoid any thermally induced changes, low temperature was used. Three point BET 

correlation technique was used to determine the surface area of  the materials. 

In present study, a simple and facile sol-gel technique was used for the preparation of 

mesoporous materials. The supramolecular chemistry was employed and Pluronic P-123, a 

block co-polymer, was used as a soft template to generate porosity. Prepared samples 

possessed the surface area of 327, 376, 415, 427 and 393  m2/g for MPS, MPT, MPST, MPSF 

and MPS-NH2 respectively which was measured from BET nitrogen adsorption and 

desorption curve (Table 4.20). There are different types of curves for micro, meso and macro 

porous materials and IUPAC has designated all the curves depending upon their shapes and 

related them to pore size. These curves are typically type IV curves which are the 

characteristics of mesoporous materials only. The hysteresis loop is also classified according 

to the range of pore size, as all of these curves show a type H1. Pore size which is the given 

by those materials, is uniform and is further confirmed by BJH pore size determination. The 

pore size curves show the pore size of 13, 19, 21, 22, and 18 nm for MPS, MPT, MPST, 

MPSF and MPS-NH2 respectively. The pore size distribution of these mesoporous materials 

lies well in the mesoporous range as shown in Figure (4.43 to 4.47). The size of the pore 

designates them to be perfectly in the lower mesoporous range.  
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Fig. 4.43.  Mesoporous silica (a) BET  N2 adsorption-desorption isotherm (b) BJH Pore 

size and pore volume 
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Fig. 4.44.  Mesoporous titania (a) BET  N2 adsorption-desorption isotherm (b) BJH Pore 

size and pore volume 
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Fig. 4.45.  Mesoporous silica-titania (a) BET  N2 adsorption-desorption isotherm (b) 

BJH Pore size and pore volume 

         

 

 

 

 

Fig. 4.46.  Mesoporous silica-iron (a) BET  N2 adsorption-desorption isotherm (b) BJH 

Pore size and pore volume 
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Fig. 4.47.  Mesoporous silica-amine (a) BET  N2 adsorption-desorption isotherm (b) 

BJH Pore size and pore volume 

 

 

Table 4.20. Surface area and  pore size  of different adsorbents 

Sample  BET surface 

area (m2/g) 

 

Pore size(nm) 

Mesoporous silica 327 

 
13 

Mesoporous 

titania 

376 

 
19 

Mesoporous silica 

titania 

415 

 
21 

Mesoporous silica 

iron composite 

427 

 
22 

Amine 

functionalized 

silica 

393 

 
18 
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4.6.3. SEM and EDX analysis 

Scanning electron microscopy (SEM) has been a primary tool for characterizing the surface 

morphology and fundamental physical properties of the adsorbent surface. It is useful for 

determining the porosity and appropriate size distribution of the adsorbent. To study 

morphological features with pore identification at surface of materials and their elemental 

composition, analysis was done by scanning electron microscope coupled with EDX (Hitachi 

S3400N). It was seen that pores were present on material surfaces. Three images were taken 

for each material and image was presented so that pores can be seen easily. These pores are in 

the range of mesoporosity verified by BJH analysis. Pore distribution was seen as nonuniform 

because calcination removal of template disturbs the structure of particles. SEM analysis of 

MPS is shown in Figure 4.48. In elemental composition, titanium with small proportion was  

present which may be due to impurity of silica source. Remaining SEM analysis along with 

EDX and elemental %age are shown in figures 4.49 to 4.52.  

 

 

 

Fig. 4.48.  SEM image and EDX spectrum of mesoporous silica with elemental analysis 
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Fig. 4.49.  SEM image and EDX spectrum of porous titania with elemental analysis 

 

 

Fig. 4.50.  SEM image and EDX spectrum of MPST with elemental analysis 
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Fig. 4.51.  SEM image and EDX spectrum of MPSF with elemental analysis 

 

Fig. 4.52.  SEM image and EDX spectrum of MPS-NH2 with elemental analysis 
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4.6.4. FTIR analysis 

To investigate the characteristics of MPS, MPT, MPST, MPSF and MPS-NH2, Fourier 

transform infrared spectra were recorded in the range of 450–4000 cm-1. The FTIR spectrum 

of MPS (Figure 4.53) showed peaks at 1074 cm-1 and 801 cm-1 indicating Si–O–Si 

asymmetric stretching vibration and symmetric stretching vibrations. Similarly Figure 4.54 

shows the FTIR spectra of MPT having peaks at 500 cm-1 of stretching vibration of Ti-O-Ti. 

Moreover, band at 3357 cm-1 is assigned to stretching mode of the O–H bond of free water. 

In Figure 4.55, FTIR spectrum of MPST composite showed five peaks. At 785 cm-1 for  Si-

O-Si symmetric vibration , at 947cm-1 for Si-O-Ti stretching vibration, at 1068 cm-1 for 

asymmetric vibration of Si-O-Si, at 1447 for stretching vibration of Ti-O-C (template 

attached) and at 3022 cm-1 for O-H stretching vibration. Figure 4.56 showed the spectrum of 

MPSF composite with peaks at 463 cm-1 and 1081 cm-1 as confirmation of Fe-O stretching 

and asymmetric stretching vibration of Si-O-Si.  

In Figure 4.57 several peaks confirmed the presence of several groups. Peak at 795 cm-1 was 

indication of symmetric vibration of silica, at 963 peak showed presence of vibration of Si-O-

Ti linkage, at 1079 cm-1 presence of Si-O-Si was confirmed. However, peak at 1527 cm-1 was 

assigned to N-H bond which confirms the functionalization of amine group. Moreover, peak 

at  3391 cm-1 may be due to stretching vibration of free water O-H. (Budnyak et al., 2015) 

 

 

Figure 4.53. FTIR spectrum of  MPS 
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Figure 4.54. FTIR spectrum of  MPT 

 

 

 

 

 

Figure 4.55. FTIR spectrum of  MPST 
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Figure 4.56. FTIR spectrum of  MPSF 

 

 

 

 

Figure 4.57. FTIR spectrum of  MPS-NH2 
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4.7. Response surface methodology (RSM) 

RSM is a statistical technique useful in designing the adsorption of pollutant influenced by 

several factors. For RSM, independent variables (main effects) were pH (A), time (B), 

adsorbent dose (C), concentration of dye solution (D) and temperature (E). Effect of 

interaction among the variables were studied on the response (adsorption capacity qe). Three 

different levels of variables were investigated in triplicate.  

A central composite design administers the most prscised estimates and minimizes the level 

of ellipsoidal confidence for model coefficients (Karmakar and Ray, 2011). Total 26 runs in 

short experimentation were conducted for the removal of each dye under several factors the 

values of qe obtained were means of triplicate (Table 4.21). DOE 7.0 trial version, software 

was employed for data analysis. Adsorbent silica-titania was selected due to its higher 

adsorption capacity. 

A second order polynomial equation was used to illustrate the outcome of experiments in 

linear, cross products and quadratic equation. 

Y= b0 + ∑ biX𝑘
𝑖=1 𝑗 + ∑ bijXi𝑘

𝑖=1
2 + ∑ ∑ bijXiXj𝑘

𝑗
𝑘
𝑖<𝑗  + e 

Test codes were given to levels of factors according to equation: 

xi =  
(Xi−Xo)

𝛥𝑋𝑖
 

Here dimensionless value of different independent variables is xi, independent variable real 

value is Xi, independent variable central point real value is Xo, and step change value is 𝛥𝑋𝑖. 

Analysis of variance Tables were presented to conclude the linear, interaction and quadratic 

regression coefficients. To evaluate the significance of each interaction and linear  term, p-

value is used (Lewis et al., 1999). Full quadratic multiple regression analysis produced the 

following equations for response determination in which Y1, Y2, Y3 and Y4 are responses 

(Box and Draper, 1959). 

Y1 = (+43.70) +(-5.05A) + (+2.45B) + (-15.04C) + (+10.58D) + (-4.13E) + (+3.87 AB) + 

(+4.69AC) + (-2.23AD) + (-0.23AE) + (+0.46BC) + (-3.91BD) + (+0.76BE) + (-4.35CD) + 

(+3.45CE) + (-9.08DE) + (-17.74A2) + (-5.54B2) + (+11.80C2) + (+7.04D2) + (-1.50 E2) 

 

Y2 = (+42.97) +(-2.94A) + (+3.55B) + (-12.68C) + (+8.66 D) + (-5.19E) + (+1.96AB) + 

(+1.62AC) + (+0.21AD) + (+0.50AE) + (-2.84BC) + (-1.51BD) + (+1.61BE) + (-3.41CD) + 

(+2.53CE) + (-4.11DE) + (-18.70A2) + (-3.28B2) + (+12.02C2) + (+10.66D2) + (-5.08 E2) 
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Y3 = (+40.89) +(-1.20A) + (+5.41B) + (-10.66C) + (+7.36D) + (-2.36E) + (+10.93 AB) + 

(+3.64AC) + (+5.13AD) + (+0.54AE) + (-1.96BC) + (+0.14BD) + (-1.24BE) + (-5.07CD) + 

(-1.94CE) + (-6.89DE) + (-12.90A2) + (-4.68B2) + (+12.54C2) + (+3.70D2) + (+0.46 E2) 

 

Y4 = (+40.59) +(-0.080A) + (+5.06B) + (-10.67C) + (+9.21D) + (-1.70E) + (+6.81 AB) + 

(+0.32AC) + (+3.48AD) + (+1.45AE) + (-4.44BC) + (+1.13BD) + (+1.35BE) + (-10.53CD) 

+ (-4.94CE) + (-1.46DE) + (-10.10A2) + (-5.42B2) + (+16.68C2) + (+4.72D2) + (-4.98 E2) 

 

Table. 4.21. Adsorption capacities (qe) of  MPS composite using CCD design (central 

composite design) 

Run 

No. pH 

Time 

(min) 

Dose 

(g) 

Dye 

concentratio

n (mg/L) 

Temp. 

(oC) 

G.yello

w (qe) 

T- blue 

(qe) 

Blue 

XGRR

L (qe) 

Red-3R 

(qe) 

1 6 60 0.05 50 30 41.54 42.65 40.32 39.78 

2 6 60 0.05 50 30 43.12 42.96 40.29 39.74 

3 6 50 0.05 50 30 40.39 41.08 37.04 36.72 

4 6 70 0.05 50 30 43.94 43.53 42.45 41.78 

5 7 80 0.075 40 23 19.72 20.14 36.75 37.61 

6 6.5 60 0.05 50 30 36.84 36.73 37.09 38.04 

7 5 80 0.075 40 37 24.99 26.96 22.94 22.81 

8 7 40 0.075 60 23 36.75 34.25 34.13 32.67 

9 5 80 0.075 60 23 35.14 35.46 29.73 28.94 

10 6 60 0.05 50 30 41.43 42.91 39.83 39.94 

11 7 40 0.075 40 37 15.26 15.12 14.53 17.53 

12 6 60 0.05 50 33.5 39.12 41.25 39.85 38.51 

13 5 40 0.075 60 37 26.13 26.13 20.95 19.97 

14 6 60 0.05 50 26.5 44.31 45.38 42.21 40.21 

15 6 60 0.05 55 30 49.98 50.74 45.52 46.39 

16 6 60 0.05 45 30 41.32 40.16 38.16 37.18 

17 6 60 0.0625 50 30 39.65 39.12 38.72 39.44 

18 5 40 0.025 40 23 43.71 42.39 44.78 32.84 

19 6 60 0.05 50 30 44.37 44.95 41.99 41.46 

20 5 80 0.025 60 37 59.86 58.27 50.33 74.33 

21 7 80 0.025 60 23 75.54 73.86 89.86 87.86 

22 5.5 60 0.05 50 30 39.78 41.78 38.29 38.12 

23 6 60 0.05 50 30 44.23 45.11 41.86 41.93 

24 6 60 0.0375 50 30 52.33 54.16 49.38 50.11 

25 7 40 0.025 60 37 39.18 36.18 39.44 59.44 

26 7 80 0.025 40 37 42.78 42.17 52.24 51.24 
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4.7.1. Analysis of variance for response surface model  

Coefficient of determination (R2) is a parameter to measure variability in responses by 

independent variables and their interactions. Predicted R2 values are 0.8788, 0.6276, 0.6053 

and 0.8817 for Golden yellow, Turquoise-blue X-GB , XGRRL-blue and Red-3R removal, 

respectively (Table 4.22). Actual R2 is corrected by adjusted R2 for the size of sample and 

multiplicity of factors (Zhu et al., 2011). Small sample size and large number of factors 

provide smaller adjusted R2 value than actual R2. In the present study, both are closer to each 

other. Low values of Coeff. of variation (CV) (less than ten) show precision and reliability of 

experiments (Box et al., 1978). Signal to noise ratio is measured by adequate precision whose 

acceptable value for the confirmation of model is greater than 4. In the present study it is 

60.55, 53.06, 94.13 and 83.84 for Golden yellow, Turquoise-blue X-GB , XGRRL and Red-

3R, respectively. Standard deviation  values (1.08, 1.26, 0.89, 0.93) are clear indicators about 

strong compliances of the model. 

    

Table. 4.22. Statistical parameters for response surface model 

Source Golden Yellow 

1 

Turquoise-blue 

X-GB  2 

XGRRL-blue Red-3R 

R-Squared 0.9983 0.9977 0.9991 0.9992 

Adj R-Squared 0.9913 0.9885 0.9955 0.9961 

Pred R-Squared 0.8788 0.6276 0.6053 0.8817 

Adeq Precision 60.550 53.062 94.130 83.84 

Std. Dev. 1.08 1.26 0.89 0.93 

Mean 40.90 40.82 40.33 41.33 

C.V. % 2.64 3.10 2.21 2.26 

  

4.7.2. Analysis of variance (ANOVA) for the models 

Model F-vlues are 144.07, 108.86, 275.82, 317.90 for Golden yellow, Turquoise-blue X-GB , 

XGRRL and Red-3R, respectively show significance of model. F-value is actually a ratio of 

Sr2 (sum of squares of regression Coefficient) to Se2 (sum of squares of error). Tabulated F-

value must be less than F-value calculated. Low probability along with high F-value are 

another criteria to check fitness of model. Significance of the model for different dye 

adsorption on MPS concluded by values of probab> F <0.05 (Table 4.16 to 4.19).  
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In case of Golden yellow dye adsorption, greater F-value 144.07 makes the model significant 

at p > F ≤ 0.01%. On the basis of probability >F value less than 0.05, some linear, interaction 

and quadratic terms are significant i.e. A, C, D, E, AC, DE, A2, C2, D2.  Lack of fitness was 

not significant relative to pure error. There is almost 96% chance that lack of fit F-value due 

to noise and model is best fitted for all dyes. 

In case of Turquoise-blue X-GB  dye removal, greater F-value 108.86 implies that the model 

is significant and chance is upto 0.01% possibility of such greater value due to noise. On the 

basis of prob >F value less than 0.05, some linear, interaction and quadratic terms were found  

i.e. C, D, E, A2, C2, D2.   

ANOVA study of XGRRL-blue removal from the aqueous solution under influence of 

different parameters showed greater F-value 275.82 makes the model significant at p > F ≤ 

0.01%. On the basis of probability >F value less than 0.05, some linear, interaction and 

quadratic terms are significant  i.e. B, C, D, AB, AD, CD, DE, A2, C2.   

In discussion of Red-3R, adsorption response surface methodology, F-value was determined 

as 317.90. It makes the model significant and to lessen  the chance of possibility  of such 

greater value due to noise upto 0.01%. On the basis of probability >F value less than 0.05, 

some linear, interaction and quadratic terms were found to be significant i.e. B, C, D, AB, 

BC, CD, CE, A2 and C2.  Lack of fitness was not significant relative to pure error. There is 

almost 96% chance that lack of fit F-value due to noise and model is best fitted 
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Table. 4.23. Analysis of variance (Golden yellow dye) 

 

 

Source 

Sum of 

Squares df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 

 Model 3357.39 20 167.8695 144.0709 < 0.0001 Significant 

A-pH 12.75125 1 12.75125 10.94352 0.0213 Significant 

B-time 3.00125 1 3.00125 2.575767 0.1694 

 C-dose 113.1008 1 113.1008 97.06667 0.0002 Significant 

D-conc. of dye 55.9682 1 55.9682 48.03367 0.0010 Significant 

E-temperature 8.52845 1 8.52845 7.319384 0.0425 Significant 

AB 5.670476 1 5.670476 4.866581 0.0785 

 AC 8.347104 1 8.347104 7.163747 0.0440 Significant 

AD 1.88734 1 1.88734 1.619775 0.2591 

 AE 0.019475 1 0.019475 0.016714 0.9022 

 BC 0.078728 1 0.078728 0.067567 0.8053 

 BD 5.783608 1 5.783608 4.963674 0.0764 

 BE 0.216468 1 0.216468 0.18578 0.6844 

 CD 7.184482 1 7.184482 6.165949 0.0556 

 CE 4.505981 1 4.505981 3.867175 0.1064 

 DE 31.23734 1 31.23734 26.80887 0.0035 Significant 

A2 49.09955 1 49.09955 42.13878 0.0013 Significant 

B2 4.784153 1 4.784153 4.10591 0.0986 

 C2 21.7456 1 21.7456 18.66276 0.0076 Significant 

D2 7.743374 1 7.743374 6.645607 0.0496 Significant 

E2 0.34951 1 0.34951 0.29996 0.6075 

 Residual 5.825934 5 1.165187 

   Lack of Fit 0.002414 1 0.002414 0.001658 0.9695 not significant 

Pure Error 5.82352 4 1.45588 

   Cor Total 3363.216 25 
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Table. 4.24. Analysis of variance (Turquoise-blue X-GB ) 

  

  

Source 

Sum of 

Squares df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 

 Model 3478.957 20 173.9478 108.8637 < 0.0001 Significant 

A-pH 4.3218 1 4.3218 2.704761 0.1610 

 B-time 6.30125 1 6.30125 3.943583 0.1038 

 C-dose 80.3912 1 80.3912 50.31214 0.0009 Significant 

D-conc. of dye 37.4978 1 37.4978 23.46767 0.0047 Significant 

E-temperature 13.46805 1 13.46805 8.428862 0.0337 Significant 

AB 1.460806 1 1.460806 0.914233 0.3829 

 AC 0.989471 1 0.989471 0.619252 0.4670 

 AD 0.016854 1 0.016854 0.010548 0.9222 

 AE 0.094128 1 0.094128 0.058909 0.8179 

 BC 3.065289 1 3.065289 1.918384 0.2246 

 BD 0.86588 1 0.86588 0.541904 0.4947 

 BE 0.983357 1 0.983357 0.615426 0.4683 

 CD 4.410598 1 4.410598 2.760334 0.1575 

 CE 2.422521 1 2.422521 1.516113 0.2730 

 DE 6.414023 1 6.414023 4.014161 0.1015 

 A2 54.60807 1 54.60807 34.17599 0.0021 Significant 

B2 1.684208 1 1.684208 1.054047 0.3517 

 C2 22.5319 1 22.5319 14.1014 0.0132 Significant 

D2 17.71976 1 17.71976 11.08976 0.0208 Significant 

E2 4.035655 1 4.035655 2.52568 0.1729 

 Residual 7.989246 5 1.597849 

   Lack of Fit 0.007766 1 0.007766 0.003892 0.9532 not significant 

Pure Error 7.98148 4 1.99537 

   Cor Total 3486.946 25 
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Table. 4.25. Analysis of variance (Blue- XGRRL)  

 

 

 

Source 

Sum of 

Squares df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 

 Model 4374.182 20 218.7091 275.8232 < 0.0001 Significant 

A-pH 0.72 1 0.72 0.908022 0.3844 

 B-time 14.63405 1 14.63405 18.45562 0.0077 Significant 

C-dose 56.8178 1 56.8178 71.65532 0.0004 Significant 

D-conc. of 

dye 27.0848 1 27.0848 34.15778 0.0021 Significant 

E-temperature 2.7848 1 2.7848 3.512028 0.1198 

 AB 45.30599 1 45.30599 57.13729 0.0006 Significant 

AC 5.032588 1 5.032588 6.346808 0.0532 

 AD 9.969741 1 9.969741 12.57326 0.0165 Significant 

AE 0.11224 1 0.11224 0.141551 0.7222 

 BC 1.460621 1 1.460621 1.84205 0.2328 

 BD 0.007612 1 0.007612 0.0096 0.9258 

 BE 0.58339 1 0.58339 0.735738 0.4302 

 CD 9.724546 1 9.724546 12.26403 0.0172 Significant 

CE 1.431013 1 1.431013 1.804711 0.2369 

 DE 17.98038 1 17.98038 22.67581 0.0051 Significant 

A2 25.95322 1 25.95322 32.73069 0.0023 Significant 

B2 3.411285 1 3.411285 4.302116 0.0927 

 C2 24.56307 1 24.56307 30.97752 0.0026 Significant 

D2 2.142441 1 2.142441 2.701922 0.1611 

 E2 0.03374 1 0.03374 0.042552 0.8447 

 Residual 3.96466 5 0.792932 

   Lack of Fit 0.01038 1 0.01038 0.0105 0.9233 not significant 

Pure Error 3.95428 4 0.98857 

   Cor Total 4378.146 25 
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Table. 4.26. Analysis of variance (Red-3R dye) 

 

Source 

Sum of 

Squares df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 

 Model 5538.488 20 276.9244 317.9006 < 0.0001 Significant 

A-pH 0.0032 1 0.0032 0.003674 0.9540 

 B-time 12.8018 1 12.8018 14.69607 0.0122 Significant 

C-dose 56.92445 1 56.92445 65.3475 0.0005 Significant 

D-conc. of dye 42.41205 1 42.41205 48.68772 0.0009 Significant 

E-temperature 1.445 1 1.445 1.658815 0.2541 

 AB 17.57862 1 17.57862 20.17971 0.0064 Significant 

AC 0.03781 1 0.03781 0.043405 0.8432 

 AD 4.57833 1 4.57833 5.255781 0.0704 

 AE 0.79221 1 0.79221 0.909432 0.3841 

 BC 7.459067 1 7.459067 8.562778 0.0328 Significant 

BD 0.480351 1 0.480351 0.551428 0.4911 

 BE 0.688969 1 0.688969 0.790916 0.4146 

 CD 42.03101 1 42.03101 48.25029 0.0009 Significant 

CE 9.244408 1 9.244408 10.61229 0.0225 Significant 

DE 0.809564 1 0.809564 0.929355 0.3793 

 A2 15.91231 1 15.91231 18.26684 0.0079 Significant 

B2 4.580039 1 4.580039 5.257743 0.0704 

 C2 43.44013 1 43.44013 49.86792 0.0009 Significant 

D2 3.481555 1 3.481555 3.996717 0.1020 

 E2 3.866227 1 3.866227 4.438309 0.0890 

 Residual 4.355518 5 0.871104 

   Lack of Fit 0.003918 1 0.003918 0.003602 0.9550 not significant 

Pure Error 4.3516 4 1.0879 

   Cor Total 5542.843 25 
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4.7.3. Regression coefficients of estimate 
 

Table. 4.27. Regression coefficient and standard error for all dyes 

 

Factor 

Turquoise-blue X-GB  Golden yellow XGRRL-blue Red-3R 

Coefficient 

Estimate 

Standard 

Error 

Coefficient 

Estimate 

Standard 

Error 

Coefficient 

Estimate 

Standard 

Error 

Coefficient 

Estimate 

Standard 

Error 

Intercept 42.9696 0.337797 43.69838 0.28846 40.89453 0.237961 40.59245 0.249415 

A-pH -2.94 1.787652 -5.05 1.526556 -1.2 1.259311 -0.08 1.319927 

B-time 3.55 1.787652 2.45 1.526556 5.41 1.259311 5.06 1.319927 

C-dose -12.68 1.787652 -15.04 1.526556 -10.66 1.259311 -10.67 1.319927 

D-conc. of dye 8.66 1.787652 10.58 1.526556 7.36 1.259311 9.21 1.319927 

E-temperature -5.19 1.787652 -4.13 1.526556 -2.36 1.259311 -1.7 1.319927 

AB 1.963391 2.053423 3.868301 1.75351 10.93423 1.446534 6.810874 1.516161 

AC 1.615891 2.053423 4.693301 1.75351 3.644233 1.446534 0.315874 1.516161 

AD 0.210891 2.053423 -2.2317 1.75351 5.129233 1.446534 3.475874 1.516161 

AE 0.498391 2.053423 -0.2267 1.75351 0.544233 1.446534 1.445874 1.516161 

BC -2.84411 2.053423 0.455801 1.75351 -1.96327 1.446534 -4.43663 1.516161 

BD -1.51161 2.053423 -3.9067 1.75351 0.141733 1.446534 1.125874 1.516161 

BE 1.610891 2.053423 0.755801 1.75351 -1.24077 1.446534 1.348374 1.516161 

CD -3.41161 2.053423 -4.3542 1.75351 -5.06577 1.446534 -10.5316 1.516161 

CE 2.528391 2.053423 3.448301 1.75351 -1.94327 1.446534 -4.93913 1.516161 

DE -4.11411 2.053423 -9.0792 1.75351 -6.88827 1.446534 -1.46163 1.516161 

A2 -18.7049 3.199598 -17.7364 2.732281 -12.8951 2.253956 -10.097 2.362449 

B2 -3.28492 3.199598 -5.53643 2.732281 -4.67505 2.253956 -5.41704 2.362449 

C2 12.01508 3.199598 11.80357 2.732281 12.54495 2.253956 16.68296 2.362449 

D2 10.65508 3.199598 7.043567 2.732281 3.704947 2.253956 4.722959 2.362449 

E2 -5.08492 3.199598 -1.49643 2.732281 0.464947 2.253956 -4.97704 2.362449 

 

In Table 4.27, regression coefficients of estimate and standard error for linear, interaction and 

quadratic factors are presented. In the adsorption of Turquoise-blue X-GB  dye, larger values 

of linear factors are for dose and dye concentration factors showing significant effects. 

Positive values of regression coefficient for time and concentration showed increase in 

response (qe value) with increase in levels of these factors. Whereas negative values of  

regression Coefficients for pH, dose and temperature indicate high response at medium levels 

of these factors and low response at their high levels. For quadratic factors, positive values of 

factors, C2 and D2 are related to indication about the existence of a minimum point for the 

response. Contrary to negative values of A2, B2, E2 lead to discussion at this inference that  

maximum response exists as a function of certain level of this parameter of adsorption. 

Similar results of these parameters for other dyes indicated larger values of linear factors  

were for dose and concentration of dye for Golden yellow and only dose for Basic Blue 
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XGRRL 250  and Red-3R making it a significant factor. Positive and negative values of 

regression coefficients are same for Golden yellow, Blue –XGRRL and Red-3R. These were 

dose, time (+ve value), pH and concentration of dye (-ve value). This increase in dose and 

time will increase the response but other factors have the highet response at their mid levels.  

For quadratic factors, results were almost alike for above dyes. Positive factors were recorded 

for C2 and D2 for Golden yellow and Red-3R, and and C2, D2, E2 for Basic Blue XGRRL 250. 

On the other hand negative coefficients of reression for quadratic factors were seen as A2, B2 

and E2 in case of Golden yellow and Red-3R and A2, B2 for Basic Blue XGRRL 250. 

4.7.4. Interactions among variables  

Interconnections between different variables and responses were analzed by studying the 

isorespons curves (contour plots) and 3-D response surfaces (Ghorbel et al., 2010). 

Interactions among independent variables were represented by 2D contours and response 

(adsorption) surface plots for optimimum conditions of two factors at a time. This is better 

than one factor one time. Comparative impact on adsorption by two variables was explained 

on the basis of contours keeping other variable values fixed. From different shapes of 

contours, interaction among variables can be predicted as described by Singh et al. (2010).  
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pH vs time 

Response surface curves in Figure 4.58 show disperency in adsorption as function of pH and 

time at fixed values of dose, concentration and temperature i.e. mid level of dose = 0.05g, 

concentration = 50 ppm and temperature = 30oC. Adsorption was affected by varying pH and 

time levels. It was maximum near to mid level of pH (pH=6) and in between the mid and 

highest level of time (time = 60 to 80 min) seen Figure 4.59. Interaction showed that there 

was increase in adsorption with increase in time and a saddle point after which no significant 

increase was at mid level of time. Saddle point was at mid level of pH and high level of pH, 

showed low adsorption capacity. Optimum values of adsorption were recorded as 44.21, 

43.96, 43.40 and 39.53 mg/g for Golden yellow ,Turquoise-blue X-GB  ,Basic Blue XGRRL 

250  and  Red-3R dye respectively. In case of dye Basic Blue XGRRL 250,  optimum value 

of adsorption was obtained at slightly greater pH than mid level.  

 (a).                                                                (b). 

             

 

          (c).                                                               (d). 

               

 

Fig. 4.58. Response surface plots showing the optimum region and values for  pH and 

time (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  and (d) 

Red-3R dye 
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(a).                                                                (b). 

                                  

 

      (c).                                                               (d). 

                

 

Fig. 4.59. Contour plots showing the optimum region and values for  pH and time (a) 

Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  and (d) Red-3R 

dyes 
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pH vs dose 

Responsive curves in Figure 4.60 showed adsorption as function of pH and adsorbent dose at 

mid level values of time, concentration and temperature i.e. mid level of each time = 60, 

concentration = 50 ppm and temperature = 30oC. Adsorption was affected by varying pH and 

dose levels. It was maximum near to mid level of pH (pH = 5.8) and at low level of dose 

(dose = 0.034 g) seen in contour plots of Fig 4.61. Interaction showed that there was decrease 

in adsorption capacity qe with increase in adsorbent dose. Saddle point was nearer to low 

level of dose and  mid level of pH.  High level of pH showed low adsorption capacity shown 

in 3D plots of all dyes . Optimum values of adsorption were recorded as 69.24, 65.42, 63.64 

and 65.97 mg/g for Golden yellow, Turquoise-blue X-GB , Basic Blue XGRRL 250  and 

Red-3R, respectively. 

 (a).                                                                (b). 

              

                         

      (c).                                                               (d). 

                  

Fig. 4.60. Response surface plots showing the optimum region and values for  pH vs 

dose (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  and (d) 

Red-3R dye 
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(a).                                                                (b). 

    

 

      (c).                                                               (d). 

     

 

Fig. 4.61. Contour plots showing the optimum region and values for  pH vs dose (a) 

Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  and (d) Red-3R 

dyes 
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pH vs Concentration 

Response surface curves in Figure 4.62 explained active uptake of dyes as a function of pH 

and concentration at fixed values of time, dose and temperature i.e. mid level of each dose = 

0.05g, time = 60 min and temperature = 30oC. Adsorption was affected by varying pH and 

time levels. Greater adsorption capacitty was observed near to mid level of pH (pH = 6) and 

at highest level of concentration (concentration = 60 ppm) seen in Figure 4.63. Interaction 

showed that there was an increase in adsorption with increase in concentration,  and a saddle 

point after which no significant increase was at the highest level of concentration. Saddle 

point was at mid level of pH, but high level of pH showed low adsorption capacity. This was 

evident from 3D surfaces of all dyes.  Optimum values of adsorption were recorded as 59.60, 

59.74, 50.74 and 52.97 mg/g for Golden yellow, Turquoise-blue X-GB , Basic Blue XGRRL 

250  and Red-3R, respectively. 

 

(a).                                                                (b). 

                                         

 

      (c).                                                               (d). 

                                        

Fig. 4.62. Response surface plots showing the optimum region and values for  pH vs 

concentration (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dyes 
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(a).                                                                (b). 

              

 

      (c).                                                               (d). 

          

Fig. 4.63. Contour plots showing the optimum region and values for  pH vs 

concentration (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dyes 
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pH vs temperature 

Studying the interaction effect of pH and temperature on adsorption, response surface curves 

in Figure 4.64 were considered. In these plots, mid levels of both pH and temperature showed 

maximum response. On increasing temperature from 23 to 37oC, saddle point is nearer to 30 

oC and in pH range it is at pH = 6. Other parameters are constant like dose = 0.05, 

concentration of dye = 50 ppm and time = 60 min. pH and temperature showed antagonistic 

and synergic effect on the adsorption. This was evident from 3D surfaces of all dyes 

especially in case of Turquoise-blue X-GB  and Red-3R dyes. Optimum values of adsorption 

were recorded as 46.57, 44.42, 43.40 and 40.71 mg/g for Golden yellow, Turquoise-blue X-

GB , Basic Blue XGRRL 250  and Red-3R, respectively from contour plots shown in Figure 

4.65.  

 

(a).                                                                (b). 

                              

 

      (c).                                                               (d). 

                           

Fig. 4.64. Response surface plots showing the optimum region and values for  pH vs 

temperature (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dye 
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(a).                                                                (b). 

     

 

      (c).                                                               (d). 

            

Fig. 4.65. Contour plots showing the optimum region and values for  pH vs temperature  

(a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  and (d) Red-3R 

dyes 
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Time vs dose 

Effect of time and dose on the adsorption and their interactions were observed to predict 

levels of dose and the times for maximum adsorption. It was evident from 3D surfaces in 

Figure 4.66 that the response was increased as dose is decreased, and with respect to time, 

maximum response was achieved before the highest level (80 min) and remained constant till 

the end of time. Maximum responses for all dyes were observed as 69.67, 68.72, 64.20 and 

65.63 for mg/g for Golden yellow, Turquoise-blue X-GB , Basic Blue XGRRL 250  and Red-

3R, respectively  

 

(a).                                                                (b). 

                        

 

      (c).                                                               (d). 

                    

Fig. 4.66. Response surface plots showing the optimum region and values for  time vs 

dose (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  and (d) 

Red-3R dyes 
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(a).                                                                (b). 

        

 

      (c).                                                               (d). 

        

 

Fig. 4.67. Contour plots showing the optimum region and values for  time vs dose (a) 

Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  and (d) Red-3R 

dyes 

 

 

 

 

 

 

 

 

 



115 
 

Time vs Concentration 

As more and more time of adsorption can be responsible to remove maximum dye 

concentration, so there is a theoretical interaction between these two factors. In contour plots, 

maximum response values were noted at higher concentration of dye and time required is 60 

to 70 min for all dyes. From 3-D surfaces and contours shown in Figures 4.68 and 4.69, at 

low levels of both factors the adsorption capacity is low. Responses were shown maximum as 

57.74, 59.75, 50.77 and 54.77 mg/g for Golden yellow, Turquoise-blue X-GB , Basic Blue 

XGRRL 250  and Red-3R, respectively (Fig. 4.69). 

 

(a).                                                                    (b). 

                         

 

      (c).                                                               (d). 

                     

Fig. 4.68. Response surface plots showing the optimum region and values for  time vs 

concentration  (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dyes 

(a).                                                                (b). 
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  (c).                                                                            (d). 

          

Fig. 4.69. Contour plots showing the optimum region and values for  time vs 

concentration (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dyes 
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Time vs temperature 

Response surface curves in Figure 4.70 show the adsorption as a function of time and 

temperature  at mid level dose, concentration and temperature. Adsorption was affected by 

varying time and temperature. It was maximum near to the highest level of time and mid 

level of temperature seen in Figure 4.71. Response curves showed there was increase in 

adsorption with increase in time and decrease in temperature, and a saddle point was towards 

the highest level of time. Optimum values of adsorption were recorded as 44.21, 46.35, 

44.87, 45.65 and 41.80 mg/g for Golden yellow, Turquoise-blue X-GB , Basic Blue XGRRL 

250  and  Red-3R dye, respectively in Fig. 4.71. 

(a).                                                                (b). 

                       

 

 

      (c).                                                               (d). 

                   

 

Fig. 4.70. Response surface plots showing the optimum region and values for  time vs 

temperature (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dye 

(a).                                                                (b). 
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 (c).                                                               (d). 

                  

 

Fig. 4.71. Contour plots showing the optimum region and values for  time vs 

temperature (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dyes 
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Dose vs Concentration 

In Figure 4.72, adsorptive removal of basic dyes is described as a function of dose and 

concentration at fixed values of time, pH and temperature i.e. mid level of each pH = 6.00, 

time = 60 min and temperature = 30oC. Adsorption was affected by varying dose and 

concentration. It was observed greater near to lower level of dose (dose = 0.03g) and at the 

highest level of concentration (concentration = 60 ppm) seen in Figure 4.73. Optimum values 

of adsorption were noted from contour plots as 83.32, 82.31, 72.74 and 82.41 mg/g for 

Golden yellow, Turquoise-blue X-GB , Basic Blue XGRRL 250  and Red-3R, respectively. 

(a).                                                                (b). 

            

      (c).                                                               (d). 

             

Fig. 4.72. Response surface plots showing the optimum region and values for dose vs 

concentration  (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dyes 

 

(a).                                                                (b). 
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      (c).                                                               (d). 

        

Fig. 4.73. Contour plots showing the optimum region and values for dose vs 

concentration  (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dyes 
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Dose vs temperature 

One factor one time optimization was further cross verfied and results were obtained using 

contour plots and 3D surfaces of interaction of parameters shown in Figures 4.74 and 4.75. 

Contour plots of dose vs temperature showed maximum adsorption was at mid level of 

temperature and low level of dose. As we increase the dose, response curve sharply comes 

down showing decreasing trend of response. Similarly increase in temperature from 23 to 

37oC gives a slight increase in response upto 30 or 31oC but at high temperature it is further 

decreased. Other parameters values were taken as their mid levels. Points of maxima with 

respect to response variable in 3D surfaces and contour plots were  71.76, 66.69, 60.93 and 

62.73 mg/g for Golden yellow, Turquoise-blue X-GB , Basic Blue XGRRL 250  and  Red-3R 

dye, respectively. 

(a).                                                                (b). 

                   

 

      (c).                                                               (d). 

                 

 

Fig. 4.74. Response surface plots showing the optimum region and values for  dose vs 

concentration (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dyes 
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(a).                                                                (b). 

              

       

   (c).                                                               (d). 

          

Fig. 4.75. Contour plots showing the optimum region and values for  dose vs 

concentration (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  

and (d) Red-3R dyes 
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Concentration vs temperature 

As temperature may affect the binding of dye molecules on adsorbent surface, so increase in 

temperature was found the reason of decreasing adsorption capacity in contour plots. In 

response curves of Turquoise-blue X-GB  and Red-3R, a trend was seen with a small 

difference as first increase in adsorption capacity upto 30oC then decrease. It means near to 

30 oC adsorption was maximum. As concentration levels were taken in the range of low 

concentration so increase in this parameter had a proportionality with response and affected 

adsorption in a linear way. In response surface curves (Figure 4.76), adsorption was found as 

a function of concentration and temperature  at mid level  values of dose, pH and time. The 

highest values of adsorption were recorded as 69.67, 63.10, 60.93 and 62.73 mg/g for Golden 

yellow, Turquoise-blue X-GB , Basic Blue XGRRL 250  and Red-3R, respectively. 

(a).                                                                (b). 

               

      (c).                                                               (d). 

               

Fig. 4.76. Response surface plots showing the optimum region and values for  time vs 

dose  (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue XGRRL 250  and (d) 

Red-3R dyes 
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(a).                                                                (b). 

 

      

 

      (c).                                                               (d). 

       
 

Fig. 4.77. Contour plots showing the optimum region and values for  concentration vs 

temperaturetime vs dose  (a) Golden yellow (b) Turquoise-blue X-GB  (c) Basic Blue 

XGRRL 250  and (d) Red-3R dyes 
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Correlation between predicted vs actual values 

 

The plots for predicted and actual values for the adsorption capacity of four dyes using MPS 

showed a high correspondance among the actual and predicted results shown in Figure 4.78 

(a,b,c and d) 

   

     (a)                                                                        (b) 

                 
 

  (c)             (d) 

 

             

Figure 4.78 Predicted vs actual responses (a) Golden yellow (b) Turquoise-blue X-GB  

(c) Basic Blue XGRRL 250  (d) Red-3R.   

 

 

Final equation for reponse after eliminating non significant terms 

Y1(Golden yellow) = (+43.70) +(-5.05A) + (-15.04C) + (+10.58D) + (-4.13E) + (+4.69AC) +            

(-9.08DE) + (-17.74A2) + (+11.80C2) + (+7.04D2)  

 

Y2 = (+42.97) + (-12.68C) + (+8.66D) + (-5.19E) +  (-18.70A2)  + (+12.02C2) + (+10.66D2)  

 

Y3 = (+40.89) + (+5.41B) + (-10.66C) + (+7.36D) + (+10.93AB) + (+5.13AD) + (-5.07CD) + 

(-6.89DE) + (-12.90A2) + (+12.54C2)  

 

Y4 = (+40.59) + (+5.06B) + (-10.67C) + (+9.21D) + (+6.81 AB) + (-4.44BC) + (-10.53CD) + 

(-4.94CE) + (-10.10A2) +  (+16.68C2)  
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COD values of treated water after the optimization of parameters 

Chemical oxygen demand (COD) is a useful measure of water quality that shows requirement 

of oxygen to oxidize the whole organic pollutant and commonly used as an indirect measure of 

amount of organic pollutants present in untreated and treated water. Both treated and untreated 

water samples were analyzed to determine the values of COD (mg/L). COD values were 

reduced in case of treated water due to removal of organic pollutants. The observed COD 

reduction of treated solution of Basic Blue XGRRL 250, Golden yellow, Red-3R and 

Turquoise-blue X-GB  were upto 93.2, 91.45, 89.85 and 92.12% using MPS as adsorbent after 

optimization of parameters (Table 4.28). 

Previously Chakraborty et al. (2005) used sawdust as waste carbonaceous material as adsorbent 

for the removal of Reactive red CNN and Reactive black B and evaluated the removal upto 93 

and 83% for both dyes with significant reuction in COD value (greater than 90%). Similarly 

Gupta et al. (2007) used wheat husk for the adsorption of Reactofix golden yellow 3 RFN  and 

noted the removal of color and reduction in COD value.  

 

Table 4.28. COD values of dye solutions before and after adsorption treatment using MPS 

at optimized conditions 

No. Dye solution 

(50 ppm) 

COD before treatment COD after treatment % removal 

1 Basic Blue 

XGRRL 250  

817.56 55.51 93.20 

2 Golden yellow 869.63 74.35 91.45 

3 Red-3R 936.71 94.99 89.85 

4 Turquoise-blue 

X-GB  

842.62 66.39 92.12 

 

 

 

 

 

 

 

 

Statistical analysis of data for one factor optimization 
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Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Small letters represent comparison among interaction means and capital letters are used for 

overall mean. 

pH level x Adsorbents interaction mean±SE for Basic Blue XGRRL 250 

pH Adsorbents Mean 

 MPS MPT MPST MPSF MPS-NH2  

2 12.31±0.40qr 7.74±0.20tuv 8.64±0.06stu 12.41±0.29qr 3.78±0.05x 8.98±0.86H 

3 13.54±0.13pq 11.23±0.11qrs 14.31±0.31opq 16.54±0.24nop 4.13±0.03wx 11.95±1.14G 

4 24.51±0.25jk 11.65±0.15qrs 18.91±0.43mn 18.27±0.35mn 4.41±0.04vwx 15.55±1.85F 

5 35.54±0.55fgh 12.46±0.24qr 22.72±0.39jk 19.21±0.19lmn 7.12±0.24u-x 19.41±2.60D 

6 41.26±1.03de 16.35±0.43nop 30.19±0.34i 22.56±0.48jkl 7.56±0.09uv 23.58±3.09C 

7 47.32±1.01a 36.78±0.78fg 45.62±1.09ab 32.18±0.84hi 8.53±0.13stu 34.09±3.74A 

8 45.28±1.25abc 43.12±1.01bcd 43.16±0.95bcd 35.16±1.20fgh 9.10±0.09r-u 35.16±3.62A 

9 25.14±0.17j 42.00±1.14cd 38.19±0.84ef 34.23±0.77gh 7.54±0.07uvw 29.42±3.30B 

10 23.43±0.36jk 32.14±1.03hi 19.08±0.53mn 21.19±0.70klm 7.12±0.09u-x 20.59±2.17D 

11 24.12±0.74jk 28.76±0.48i 17.65±0.52no 11.08±0.14q-t 8.34±0.17stu 17.99±2.06E 

Mea

n 
29.25±2.21A 24.22±2.44C 25.85±2.25B 22.28±1.55D 6.76±0.34E  

 

pH level x Adsorbents interaction mean±SE for Golden yellow 

pH Adsorbents Mean 

 MPS MPT MPST MPSF MPS-NH2  

2 8.29±0.09stu 10.60±0.18o-s 4.23±0.08vw 10.45±0.23o-t 4.24±0.06vw 7.56±0.76F 

3 12.64±0.21mno 16.95±0.02ij 16.25±0.41i-l 11.86±0.16n-r 3.45±0.06w 12.23±1.29D 

4 16.63±0.31ijk 13.14±0.29l-o 14.43±0.26j-n 12.46±0.11m-p 4.13±0.11vw 12.16±1.14D 

5 32.54±1.01cd 16.32±0.46i-l 12.65±0.20mno 15.72±0.25i-m 6.56±0.20uvw 16.76±2.31C 

6 41.21±0.74a 14.87±0.36j-n 32.29±1.01cd 21.34±0.55gh 7.31±0.09s-v 23.40±3.24B 

7 37.56±1.13b 29.24±0.53de 42.71±1.47a 24.97±0.72f 9.12±0.20q-u 28.72±3.12A 

8 29.84±0.70cd 37.17±1.31b 36.23±1.06b 36.45±1.05b 8.23±0.26stu 29.58±2.96A 

9 26.24±0.61ef 32.66±0.92c 18.43±0.43hi 23.21±0.91fg 17.56±0.33ij 23.62±1.50B 

10 13.45±0.06k-o 23.76±0.53fg 13.45±0.36k-o 14.79±0.23j-n 16.98±0.51ij 16.49±1.04C 

11 9.23±0.30p-u 7.24±0.09tuv 8.71±0.21r-u 6.54±0.17uvw 12.34±0.20n-q 8.81±0.54E 

Mea

n 
22.76±2.15A 20.20±1.77B 19.94±2.24B 17.78±1.56C 8.99±0.90D  

 

pH level x Adsorbents interaction mean±SE for Red-3R 

pH   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

2 8.97±0.26p-s 6.50±0.05s 7.98±0.22qrs 7.65±0.06rs 10.34±0.29n-s 8.29±0.35H 

3 13.22±0.09l-p 7.85±0.22rs 14.35±0.31l-o 10.86±0.18n-r 9.45±0.21p-s 11.15±0.64G 

4 22.68±0.61ij 8.71±0.19qrs 14.43±0.10lmn 14.35±0.09l-o 10.13±0.17o-s 14.06±1.31F 

5 36.71±1.78cde 12.23±0.30m-q 18.75±0.36jk 14.12±0.35l-o 8.56±0.08qrs 18.07±2.66E 

6 45.39±1.69a 28.87±0.88gh 34.29±0.81def 25.34±0.48hi 7.12±0.10rs 28.20±3.37C 

7 47.29±1.90a 43.24±1.51ab 46.21±1.58a 32.79±0.53efg 9.32±0.13p-s 35.77±3.82A 

8 35.76±0.62def 44.17±1.00ab 37.23±0.84cd 40.45±1.66bc 12.23±0.24m-q 33.97±3.03B 

9 31.55±0.43fg 34.76±0.82def 26.43±0.32hi 38.21±1.02cd 15.56±0.37klm 29.30±2.12C 

10 16.83±0.33kl 24.76±0.76hi 22.45±0.79ij 34.79±0.75def 8.98±0.11p-s 21.56±2.30D 

11 10.23±0.30n-s 13.24±0.18l-p 13.21±0.43l-p 16.54±0.57kl 10.56±0.22n-s 12.76±0.62F 

Mea

n 
26.86±2.55A 22.43±2.60C 23.53±2.18B 23.51±2.17B 10.23±0.41D  

pH level x Adsorbents interaction mean±SE for T.Blue. 
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pH   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

2 11.25±0.16r-w 8.60±0.28u-y 11.23±0.29r-w 9.45±0.27s-y 2.34±0.03z 8.57±0.88G 

3 14.64±0.33m-r 6.95±0.16xyz 16.35±0.26k-p 11.86±0.30q-v 3.45±0.08z 10.65±1.29F 

4 26.63±0.66i 9.14±0.05t-y 17.43±0.30k-n 12.86±0.17o-t 4.13±0.07z 14.04±2.05E 

5 37.54±1.50bcd 14.32±0.28n-r 19.65±0.45jk 16.72±0.47k-o 7.56±0.16w-z 19.16±2.69C 

6 45.21±0.93a 19.87±0.35jk 35.29±1.25cde 22.34±0.28j 6.31±0.10yz 25.80±3.58B 

7 34.56±0.98def 39.24±1.57bc 44.71±1.35a 29.67±1.32ghi 8.12±0.10v-z 31.26±3.40A 

8 29.84±0.91ghi 40.17±1.21b 31.23±0.74e-h 39.45±1.71b 
11.23±0.28r-

w 
30.38±2.82A 

9 27.24±0.48hi 32.76±1.40efg 22.43±0.68j 31.21±1.01fgh 15.56±0.30l-q 25.84±1.70B 

10 19.45±0.63jkl 21.76±0.61j 18.45±0.42j-m 14.79±0.13m-r 10.98±0.20r-x 17.09±1.03D 

11 11.23±0.14r-w 13.24±0.30o-s 8.21±0.13v-y 6.54±0.09yz 12.56±0.21p-u 10.36±0.69F 

Mea

n 
25.76±2.04A 20.61±2.24C 22.50±2.00B 19.49±1.91D 8.22±0.76E  

 

 

Time x Adsorbents interaction mean±SE for Basic Blue XGRRL 250 

Tim

e 

  Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

5 9.81±0.07r-v 5.43±0.10vwx 9.10±0.13s-w 7.56±0.24t-w 1.22±0.05x 6.62±0.83G 

10 13.45±0.35qrs 12.53±0.15q-t 16.23±0.13opq 12.13±0.28q-u 3.87±0.03wx 11.64±1.11F 

15 21.45±0.48l-o 19.83±0.44m-p 26.18±0.31i-l 14.78±0.12pqr 4.53±0.07vwx 17.35±1.97E 

20 29.08±0.56hij 24.56±0.80j-m 31.24±0.46ghi 19.03±0.65nop 5.16±0.06vwx 21.81±2.50D 

30 38.32±0.89cde 29.16±0.43hij 36.67±1.18d-g 23.45±0.39k-n 6.11±0.20vwx 26.74±3.12C 

45 43.12±1.20abc 36.87±1.00def 40.99±0.73bcd 28.91±0.64h-k 7.03±0.06uvw 31.38±3.52B 

60 45.67±1.25ab 41.28±0.84bcd 44.18±1.16ab 32.18±0.90fgh 8.09±0.15s-w 34.28±3.73A 

90 47.23±1.51a 42.89±1.46abc 45.23±1.65ab 34.69±1.03efg 7.91±0.09t-w 35.59±3.90A 

120 47.32±1.47a 43.18±1.87abc 45.37±1.49ab 35.04±1.00efg 7.93±0.12t-w 35.77±3.92A 

180 47.31±1.57a 43.05±1.58abc 45.28±1.76ab 34.98±1.40efg 8.14±0.21s-w 35.75±3.89A 

240 47.36±2.00a 43.21±1.31abc 45.19±1.01ab 35.11±1.00efg 8.06±0.24s-w 35.79±3.90A 

Mea

n 
35.47±2.47A 31.09±2.33B 35.06±2.19A 25.26±1.76C 6.19±0.38D  

 

Time x Adsorbents interaction mean±SE for Golden yellow 

Tim

e 

  Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

5 10.34±0.21rst 3.80±0.08v 6.39±0.05tuv 5.32±0.11uv 2.25±0.02v 5.62±0.73G 

10 14.85±0.35pqr 9.24±0.26stu 10.12±0.24rst 9.37±0.17stu 3.67±0.11v 9.45±0.95F 

15 23.21±0.64no 14.17±0.38qr 17.35±0.53pq 14.34±0.13qr 8.74±0.07stu 15.56±1.27E 

20 29.79±0.58kl 19.32±0.40op 24.37±0.62mn 18.78±0.25opq 11.45±0.08rs 20.74±1.64D 

30 33.56±0.52f-k 26.56±0.36lmn 31.45±0.64jk 26.57±0.36lmn 16.34±0.36pq 26.90±1.60C 

45 37.87±0.91a-f 31.47±0.64jk 34.79±1.00e-j 29.11±0.64klm 16.98±0.22pq 30.04±1.94B 

60 38.82±1.05a-e 35.38±0.95d-j 38.23±0.89a-f 31.84±0.57ijk 16.95±0.25pq 32.24±2.17A 

90 41.51±1.11ab 37.65±1.12a-g 39.14±1.03a-e 32.89±1.43g-k 17.03±0.19pq 33.64±2.38A 

120 42.14±1.60a 36.98±1.10b-h 40.21±1.98abc 32.18±1.77ijk 16.71±0.13pq 33.64±2.50A 

180 42.38±1.56a 36.32±1.14c-i 40.39±0.94abc 32.65±0.79h-k 17.06±0.51pq 33.76±2.44A 

240 41.93±1.21a 36.16±1.27c-j 40.07±1.39a-d 32.98±0.73g-k 17.22±0.30pq 33.67±2.38A 

Mea

n 
32.40±1.96A 26.10±2.10C 29.32±2.17B 24.18±1.76D 13.13±0.97E  

 

Time x Adsorbents interaction mean±SE for Red-3R 
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Tim

e 

  Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

5 11.34±0.10s-v 12.80±0.27r-v 10.89±0.29uv 11.12±0.24tuv 3.14±0.03x 9.86±0.92G 

10 18.37±0.31o-r 16.23±0.46q-u 15.12±0.29q-u 19.87±0.44opq 4.77±0.06wx 14.87±1.43F 

15 26.21±0.77lmn 27.17±0.55k-n 22.95±0.29nop 23.34±0.42mno 6.73±0.09vwx 21.28±2.00E 

20 32.79±1.01g-k 32.17±0.41h-l 29.37±0.38j-m 28.78±0.50j-n 10.45±0.20uvw 26.71±2.22D 

30 37.56±0.82d-i 37.49±1.06e-i 37.45±1.62e-i 31.67±0.88i-l 14.13±0.36q-u 31.66±2.45C 

45 40.87±1.25b-f 40.47±1.17c-f 42.79±2.01a-f 34.11±0.90g-j 15.98±0.42q-u 34.84±2.68B 

60 46.34±1.18abc 42.38±1.74a-f 45.23±1.25abc 36.84±1.46f-i 16.35±0.25q-u 37.43±2.99A 

90 46.57±1.51ab 43.65±2.00a-d 45.14±1.45abc 38.77±1.73d-g 17.03±0.46p-t 38.23±2.98A 

120 46.94±1.29ab 43.28±1.00a-e 45.19±1.59abc 38.48±1.03d-g 17.11±0.19p-t 38.20±2.95A 

180 46.98±1.45a 43.32±1.48a-e 45.43±1.66abc 38.74±0.94d-g 17.26±0.40o-s 38.35±2.95A 

240 46.63±1.72ab 43.16±1.15a-e 45.07±1.47abc 38.19±1.25d-h 17.29±0.24o-s 38.07±2.92A 

Mea

n 
36.42±2.17A 34.74±1.93B 34.97±2.25B 30.90±1.58C 12.75±0.93D  

 

Time x Adsorbents interaction mean±SE for T.Blue. 

Tim

e 

  Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

5 12.34±0.28s-v 7.80±0.09vw 6.89±0.04vwx 4.32±0.12wx 2.25±0.05x 6.72±0.92G 

10 18.85±0.29o-r 11.23±0.31uv 11.12±0.29uv 9.87±0.26v 3.67±0.08wx 10.95±1.29F 

15 23.21±0.40mno 16.17±0.24r-u 18.95±0.57o-r 12.34±0.26s-v 8.74±0.20vw 15.88±1.35E 

20 28.79±0.76i-l 22.32±0.38m-p 26.37±0.38lmn 21.78±0.52n-q 11.45±0.18tuv 22.14±1.60D 

30 34.56±0.80e-h 27.56±0.63j-m 32.45±1.05g-j 26.67±0.53k-n 16.34±0.34q-u 27.52±1.71C 

45 37.87±1.24d-g 33.47±0.51f-i 38.79±0.69b-f 32.11±0.21h-k 16.98±0.23p-s 31.84±2.11B 

60 40.82±1.64a-d 38.38±0.99c-f 41.23±0.87a-d 37.84±0.61d-g 16.95±0.45p-s 35.04±2.47A 

90 43.51±1.01abc 38.65±0.99b-f 45.14±1.06a 37.89±1.33d-g 17.03±0.25p-s 36.44±2.72A 

120 43.94±1.73ab 38.98±1.55b-e 45.21±2.20a 37.78±1.60d-g 16.71±0.50q-t 36.52±2.82A 

180 43.78±1.66abc 38.82±0.56b-f 45.69±2.02a 37.95±1.10def 17.06±0.32p-s 36.66±2.78A 

240 43.63±1.92abc 38.86±0.74b-f 45.47±1.28a 37.98±1.64def 17.22±0.54p-s 36.63±2.75A 

Mea

n 
33.75±1.93A 28.39±2.05C 32.48±2.47B 26.96±2.19D 13.13±0.97E  

 

Dose x Adsorbents interaction mean±SE for Basic Blue XGRRL 250 

Dose   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

25 71.34±2.10a 65.63±1.47b 74.56±1.64a 56.78±1.48c 26.38±0.84h 58.94±4.68A 

50 46.92±1.24d 42.38±1.17d 46.13±1.09d 36.73±0.68e 17.16±0.43klm 37.86±2.95B 

75 31.44±0.86fg 26.93±0.59gh 32.24±1.12ef 24.72±0.61hi 11.05±0.25o-r 25.28±2.06C 

100 24.57±0.79hi 20.31±0.40ijk 22.98±0.47hij 16.75±0.35k-n 9.32±0.21pqr 18.79±1.46D 

150 18.64±0.43jkl 14.91±0.36l-o 18.71±0.35jkl 12.34±0.19n-q 7.71±0.10qr 14.46±1.11E 

200 15.43±0.43l-o 11.45±0.28opq 13.42±0.37m-p 8.41±0.23qr 6.42±0.15r 11.03±0.88F 

Mea

n 
34.72±4.70A 30.27±4.54B 34.67±5.03A 25.96±4.02C 13.01±1.68D  

 

 

 

Dose x Adsorbents interaction mean±SE for Golden yellow 
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Dose   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

25 61.35±1.37a 52.63±2.01b 59.31±1.77a 49.84±1.16b 26.38±0.92ef 49.90±3.39A 

50 42.67±0.64c 36.41±0.55d 40.67±0.79c 34.32±1.09d 17.16±0.33ij 34.25±2.43B 

75 28.36±0.91e 23.64±0.70fg 28.94±0.54e 25.92±0.72ef 11.05±0.12lm 23.58±1.77C 

100 20.19±0.61ghi 18.72±0.52hij 22.31±0.38fgh 16.05±0.21ijk 9.32±0.25lmn 17.32±1.21D 

150 16.64±0.16ij 12.29±0.16kl 15.67±0.27jk 10.07±0.19lmn 7.71±0.17mn 12.48±0.90E 

200 9.96±0.17lmn 10.17±0.18lmn 10.43±0.25lmn 8.37±0.14lmn 6.42±0.18n 9.07±0.41F 

Mea

n 
29.86±4.23A 25.64±3.60B 29.56±4.00A 24.10±3.55C 13.01±1.68D  

 

Dose x Adsorbents interaction mean±SE for Red-3R 

Dose   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

25 69.23±2.27a 64.37±0.94b 68.98±1.96a 56.45±1.34c 23.38±0.38ij 56.48±4.63A 

50 47.17±1.28d 41.32±0.98e 45.84±0.98d 38.72±0.52e 18.16±0.42kl 38.24±2.82B 

75 32.28±0.63fg 28.32±0.39gh 32.88±0.83f 25.73±0.74hi 13.05±0.38m-p 26.45±1.94C 

100 21.32±0.51ijk 19.87±0.44jkl 23.11±0.37ij 17.05±0.44klm 8.32±0.22qrs 17.93±1.40D 

150 15.43±0.18l-o 12.91±0.35m-p 16.17±0.41lmn 11.07±0.30o-r 6.71±0.23rs 12.46±0.92E 

200 11.74±0.22n-q 9.96±0.11pqr 11.49±0.33opq 8.97±0.21p-s 5.42±0.08s 9.52±0.62F 

Mea

n 
32.86±4.88A 29.46±4.55B 33.08±4.76A 26.33±4.07C 12.51±1.57D  

 

Dose x Adsorbents interaction mean±SE for T.blue. 

Dose   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

25 25.00±0.42k-o 63.35±1.35ef 57.63±0.93fg 68.31±1.65de 52.84±1.14gh 53.43±4.07A 

50 50.00±0.80gh 45.67±0.41hi 40.45±0.91i 46.67±0.96hi 39.32±0.63ij 44.42±1.10C 

75 75.00±2.42d 30.66±0.85kl 26.67±0.51k-n 31.34±0.76jk 27.92±0.70klm 38.32±4.95E 

100 100.00±3.48c 22.32±0.53l-o 20.32±0.46m-p 24.11±0.39k-o 18.05±0.24n-q 36.96±8.46E 

150 150.00±3.75b 16.64±0.25o-r 13.27±0.18pqr 16.44±0.18o-r 11.07±0.18qr 41.48±14.53D 

200 200.00±5.28a 11.32±0.12qr 10.88±0.10qr 11.43±0.20qr 9.37±0.25r 48.60±20.25B 

Mean 
100.00±14.48

A 
31.66±4.35B 28.20±3.97C 33.05±4.71B 26.43±3.79C  

 

Conc. x Adsorbents interaction mean±SE for Basic Blue XGRRL 250 

Conc.   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

25 24.56±0.55qr 21.35±0.68qrs 23.94±0.61qrs 18.56±0.13rs 11.34±0.20t 19.95±1.30G 

50 46.93±1.22lm 40.71±1.03mn 44.52±1.17lm 27.36±0.60pq 17.65±0.11st 35.43±3.01F 

75 67.85±1.07hi 57.43±0.76k 63.98±1.87ij 48.72±0.85l 22.34±0.55qrs 52.06±4.35E 

100 75.63±1.30fg 63.48±1.65ijk 76.64±1.17efg 58.96±0.70jk 27.65±0.53pq 60.47±4.77D 

150 
84.74±1.35bc

d 
70.91±1.26gh 82.74±0.93cde 64.35±0.95ij 31.24±0.51p 66.80±5.17C 

200 90.73±1.32ab 74.75±0.79fg 84.59±1.95bcd 71.23±1.97gh 33.16±1.06op 70.89±5.40B 

300 92.57±1.47a 78.59±1.47def 88.73±0.79abc 74.56±2.00fg 37.82±0.94no 74.45±5.22A 

Mean 69.00±5.21A 58.17±4.28C 66.45±5.01B 51.96±4.50D 25.89±1.94E  

 

 

Conc. x Adsorbents interaction mean±SE for Golden yellow 
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Conc.   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

25 23.12±0.15mn 
19.18±0.37mn

o 

21.89±0.46mn

o 
17.68±0.43nop 11.34±0.07p 18.64±1.11G 

50 39.53±0.64jk 37.86±0.61jk 40.12±0.54j 36.43±0.23jk 15.43±0.47op 33.87±2.50F 

75 54.53±1.06hi 53.41±1.58hi 51.65±0.78i 50.72±1.21i 21.74±0.61mno 46.41±3.34E 

100 65.72±2.11d-g 59.67±1.15gh 63.38±2.01fg 59.96±2.59gh 26.35±0.33lm 55.02±3.94D 

150 71.45±0.94cde 64.35±1.37efg 76.48±2.27bc 60.35±1.32gh 32.24±0.31kl 60.97±4.15C 

200 81.22±1.02ab 69.71±1.25c-f 82.69±1.55ab 66.23±1.77d-g 34.16±1.11jk 66.80±4.71B 

300 83.42±2.25ab 72.34±1.54cd 87.67±2.25a 68.56±2.74def 35.82±0.67jk 69.56±4.94A 

Mean 59.86±4.63A 53.79±3.98B 60.55±5.01A 51.42±3.85C 25.30±1.98D  

 

Conc. x Adsorbents interaction mean±SE for Red-3R 

Conc.   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

25 24.64±0.69p-t 21.71±0.29r-u 23.54±0.59p-t 19.56±0.62stu 14.34±0.21u 20.76±0.99G 

50 46.93±1.29no 42.24±0.93o 43.78±0.83o 32.15±0.74p 16.94±0.24tu 36.41±2.94F 

75 67.38±1.03i-l 64.67±1.72jkl 62.93±1.85kl 54.26±0.88mn 23.34±0.69q-t 54.52±4.36E 

100 74.38±1.54e-i 68.98±1.88h-k 73.64±1.75f-i 59.76±0.88lm 26.19±0.61p-s 60.59±4.83D 

150 82.35±2.50a-e 75.74±2.54d-i 
79.63±2.21c-

g 
63.24±1.58kl 29.24±0.95pqr 66.04±5.28C 

200 89.71±2.85ab 81.51±1.64b-f 
83.95±2.41a-

d 
72.13±1.88g-j 29.16±0.48pqr 71.29±5.88B 

300 90.42±2.04a 86.58±2.19abc 
87.95±2.28ab

c 
76.85±1.67d-h 30.82±0.46pq 74.52±6.01A 

Mean 67.97±5.07A 63.06±4.84B 65.06±4.92B 53.99±4.36C 24.29±1.34D  

 

Conc. x Adsorbents interaction mean±SE for T.Blue. 

 

 

 

 

Dose x Adsorbents interaction mean±SE for Basic Blue XGRRL 250 

Conc.   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

25 
23.91±0.41mn

o 
22.31±0.31no 21.54±0.48no 18.56±0.20op 11.34±0.30p 

19.53±

1.20F 

50 44.53±0.72hi 40.21±0.96hij 43.52±0.61hi 27.36±0.85lmn 17.65±0.51op 
34.65±

2.82E 

75 64.53±1.49fg 58.97±0.72g 60.98±1.37g 48.72±1.05h 22.34±0.17no 
51.11±

4.11D 

100 72.38±0.82def 66.78±0.71efg 75.64±2.03cd 58.96±1.58g 27.65±0.76lmn 
60.28±

4.64C 

150 86.45±2.19ab 72.93±2.94def 81.74±0.92bc 64.35±1.61fg 31.24±0.31klm 
67.34±

5.28B 

200 91.71±3.13a 76.21±2.40cd 87.96±2.89ab 71.23±1.99def 33.16±0.73jkl 
72.05±

5.64A 

300 93.42±1.59a 77.58±2.30cd 89.92±2.75ab 74.56±2.08cde 37.82±0.28ijk 
74.66±

5.33A 

Mean 68.13±5.42A 59.28±4.34B 65.90±5.31A 51.96±4.51C 25.89±1.93D  
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Temp.   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

303 46.63±1.59a 40.11±1.48b 45.56±0.85a 38.73±0.89bc 15.64±0.23i-l 37.33±3.04A 

310 40.74±0.71b 33.68±1.12d 39.07±1.00b 32.45±1.55d 13.22±0.26klm 31.83±2.65B 

317 33.24±1.00d 30.71±0.71de 34.65±1.51cd 23.67±0.40fgh 10.98±0.08mn 26.65±2.35C 

324 23.12±0.55gh 25.61±0.49fg 27.76±0.43ef 19.74±0.56hi 6.71±0.12opq 20.59±1.99D 

331 18.37±0.57ij 16.83±0.30ijk 18.76±0.18i 14.32±0.12j-m 4.35±0.03pq 14.53±1.43E 

338 
12.71±0.17kl

m 
10.17±0.10mno 11.45±0.20lmn 8.12±0.24nop 3.11±0.08q 9.11±0.90F 

Mean 29.14±2.95A 26.19±2.47B 29.54±2.85A 22.84±2.53C 9.00±1.12D  

 

Dose x Adsorbents interaction mean±SE for Golden yellow 

Tem

p. 

  Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

303 42.63±1.37a 37.52±1.85bc 41.84±0.99ab 33.69±1.05cde 16.74±0.17klm 34.48±2.56A 

310 37.87±1.67bc 35.14±1.13cd 39.86±1.72ab 29.87±0.94ef 12.54±0.25mno 31.06±2.67B 

317 33.67±1.00cde 30.97±0.96de 30.67±0.42e 23.95±0.58gh 11.33±0.24nop 26.12±2.17C 

324 25.93±0.32fg 22.71±0.36ghi 21.67±0.19g-j 17.63±0.26jkl 10.15±0.24n-q 19.62±1.45D 

331 20.32±0.39h-k 13.12±0.28mno 18.76±0.59ijk 8.93±0.21opq 6.12±0.20qr 13.45±1.47E 

338 14.22±0.32lmn 7.34±0.21pqr 
10.12±0.24n-

q 
5.76±0.17qr 3.96±0.11r 8.28±0.96F 

Mea

n 
29.11±2.43A 24.47±2.74C 27.15±2.78B 19.97±2.50D 10.14±1.02E  

 

Dose x Adsorbents interaction mean±SE for Red-3R 

Tem

p. 

  Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

303 47.07±1.32a 41.36±1.33bcd 45.04±2.18ab 37.23±1.60cde 16.24±0.52nop 37.39±3.02A 

310 42.74±1.63ab 35.78±1.37ef 41.96±1.38bc 34.13±1.27ef 15.47±0.26nop 34.02±2.68B 

317 36.63±0.70de 30.91±0.59fgh 33.14±0.65efg 24.46±0.72ijk 11.42±0.32pqr 27.31±2.38C 

324 28.93±0.79ghi 22.74±0.45jkl 26.38±0.54hij 19.28±0.41lmn 9.18±0.16qrs 21.30±1.85D 

331 21.16±0.46klm 16.93±0.28mno 19.68±0.36k-n 13.75±0.21opq 7.84±0.20rs 15.87±1.27E 

338 12.31±0.34o-r 8.76±0.26rs 10.34±0.28qr 9.62±0.14qr 4.61±0.11s 9.13±0.69F 

Mea

n 
31.47±2.95A 26.08±2.72C 29.42±2.97B 23.08±2.46D 10.79±1.00E  

 

Dose x Adsorbents interaction mean±SE for T.Blue. 

Tem

p. 

  Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

303 45.63±1.11a 40.11±1.11b 44.32±1.06a 36.45±1.05bc 18.24±0.42hij 36.95±2.67A 

310 39.76±1.66b 36.32±1.85bc 38.96±1.32b 32.11±0.79d 16.25±0.30jk 32.68±2.36B 

317 36.67±0.35b 32.56±0.36cd 31.52±0.59de 27.46±0.77ef 13.42±0.14kl 28.33±2.15C 

324 26.93±0.52f 23.51±0.53fg 22.63±0.38g 20.32±0.27ghij 10.22±0.33lmn 20.72±1.52D 

331 21.32±0.42gh 17.87±0.03hij 20.56±0.67ghi 16.75±0.11ijk 7.68±0.17no 16.84±1.31E 

338 13.22±0.23klm 9.26±0.17mn 11.45±0.00lmn 8.37±0.14no 4.61±0.05o 9.38±0.78F 

Mea

n 
30.59±2.73A 26.61±2.64C 28.24±2.74B 23.58±2.32D 11.74±1.15E  

Dose x Adsorbents interaction mean±SE for Basic Blue XGRRL 250 
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Sufractan

t 

  Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

SDS 36.85±1.12ab 35.64±1.23abc 37.47±1.60ab 32.14±0.70cd 15.43±0.49gh 31.51±2.24A 

Lauric 

acid 

35.14±1.43ab

c 
36.12±1.06abc 35.78±1.15abc 32.98±0.64bcd 13.22±0.40h 30.65±2.38A 

CTAB 21.34±0.28ef 23.45±0.31e 17.86±0.31fg 20.56±0.13ef 7.12±0.16i 18.07±1.54B 

Pulronic 38.22±0.76a 35.84±0.84abc 37.83±1.09a 30.16±0.43d 12.87±0.42h 30.98±2.56A 

Com.surf 
34.15±0.62a-

d 
36.97±1.07ab 36.14±1.17abc 37.11±0.35ab 13.19±0.13h 31.51±2.48A 

Mean 33.14±1.66A 33.60±1.41A 33.02±2.08A 30.59±1.48B 12.37±0.75C  

 

Dose x Adsorbents interaction mean±SE for Golden yellow 

Sufractan

t 

  Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

SDS 40.56±0.84a 34.85±0.94c-f 40.13±1.00ab 35.12±1.11c-f 17.72±0.51hi 33.68±2.25A 

Lauric 

acid 
40.32±0.45ab 37.86±1.21a-f 38.38±0.57a-e 33.34±0.89f 14.34±0.43ij 32.85±2.56AB 

CTAB 18.12±0.33hi 21.57±0.49gh 23.12±0.68g 16.57±0.18i 10.71±0.25j 18.02±1.17C 

Pulronic 39.17±1.24abc 33.96±0.84ef 38.75±1.93a-d 36.37±1.23a-f 17.13±0.31hi 33.08±2.24AB 

Com.surf 37.23±1.07a-f 34.64±0.87c-f 34.32±0.41def 
35.87±0.59b-

f 
16.21±0.38i 31.65±2.10B 

Mean 35.08±2.31A 32.58±1.55B 34.94±1.71A 31.45±2.04B 15.22±0.69C  

 

Dose x Adsorbents interaction mean±SE for Red-3R 

Surfactant   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

SDS 35.34±0.66d-g 32.45±1.03g 
37.26±1.31c-

g 
34.75±0.96efg 13.42±0.42ij 30.64±2.36C 

Lauric acid 40.45±0.68a-d 
38.86±1.09b-

e 

39.91±0.77a-

e 
33.42±0.96fg 13.34±0.16ij 33.20±2.75B 

CTAB 22.43±0.39h 23.17±0.30h 24.55±0.27h 16.69±0.43i 9.71±0.33j 19.31±1.48D 

Pulronic 44.76±1.44a 
40.71±1.18ab

c 
42.83±1.53ab 35.96±0.68c-g 14.02±0.39ij 35.66±3.03A 

Com.surf 39.17±1.79b-e 
38.55±1.07b-

f 

36.76±1.40c-

g 
38.42±1.21b-f 15.21±0.37i 33.62±2.51B 

Mean 36.43±2.08A 34.75±1.76A 36.26±1.72A 31.85±2.10B 
13.14±0.51

C 
 

 

 

 

 

 

 

 

Dose x Adsorbents interaction mean±SE for T.Blue. 
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Sufractant   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

SDS 42.34±1.07ab 
36.45±0.49c

d 

41.26±0.67ab

c 
36.75±0.55cd 16.72±0.28gh 

34.70±2.50A

B 

Lauric acid 
41.45±0.66ab

c 

37.86±1.09b

cd 

39.84±0.91ab

c 
34.28±0.48d 16.34±0.14h 33.95±2.45B 

CTAB 26.43±0.67e 
22.34±0.58e

f 
21.56±0.62efg 17.69±0.53fgh 8.71±0.28i 19.35±1.62C 

Pulronic 43.25±1.27a 
38.96±1.43a

-d 

39.89±1.04ab

c 
38.71±1.30a-d 

18.13±0.32fg

h 
35.79±2.44A 

Com.surf 
38.71±1.80a-

d 

36.64±0.85c

d 
38.76±1.66a-d 

37.42±1.31bc

d 
14.21±0.43h 33.15±2.59B 

Mean 38.44±1.71A 34.45±1.68C 36.26±2.02B 32.97±2.11C 14.82±0.89D  

 

 

Dose x Adsorbents interaction mean±SE for Basic Blue XGRRL 250 

Metal   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

NaCl 
35.58±0.86c

de 
33.41±1.30c-g 32.15±0.76efg 30.98±0.89fgh 8.71±0.16no 28.17±2.65B 

Mg(NO3)2 
24.37±0.79jk

l 
22.31±0.29kl 20.57±0.45l 22.11±0.38kl 5.04±0.10o 18.88±1.89D 

Cd(NO3)2 
32.76±1.00d-

g 
27.56±0.67hij 29.87±0.85gh 29.66±1.03ghi 10.19±0.27n 26.01±2.18C 

CaCl2 
37.49±0.42b

c 
33.21±0.59d-g 34.52±0.77c-f 29.68±0.51gh 8.43±0.19no 28.67±2.79B 

KNO3 
36.54±1.04b

cd 
36.67±1.02bcd 31.87±0.51efg 25.47±0.66ijk 6.97±0.14no 27.50±2.97B 

Control 47.98±1.10a 40.42±1.04b 45.61±1.05a 35.67±1.01cde 15.73±0.50m 37.08±3.09A 

Mean 35.79±1.72A 32.26±1.46B 32.43±1.81B 28.93±1.07C 9.18±0.81D  

 

Dose x Adsorbents interaction mean±SE for Golden yellow 

Metal   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

NaCl 
31.12±0.80cd

e 
29.15±0.26efg 29.34±0.81ef 23.61±0.38ijk 9.56±0.17mn 24.56±2.12C 

Mg(NO3)2 
24.31±0.64ij

k 
23.24±0.16jk 21.56±0.30k 22.73±0.73jk 7.84±0.11n 19.94±1.64D 

Cd(NO3)2 33.12±0.52cd 24.45±0.54ijk 26.87±0.46f-i 25.71±0.64hij 11.38±0.27m 24.31±1.91C 

CaCl2 
30.23±0.46de

f 
25.78±0.21g-j 30.49±0.18de 

27.86±0.21e-

h 
11.93±0.15m 25.26±1.84C 

KNO3 34.35±0.39c 31.05±0.37cde 33.32±0.83cd 23.45±0.67jk 12.78±0.38m 26.99±2.17B 

Control 42.32±1.85a 37.93±0.99b 38.64±0.74b 21.87±0.62k 16.69±0.23l 31.49±2.76A 

Mean 32.58±1.34A 28.60±1.21C 30.04±1.30B 24.21±0.52D 11.70±0.67E  

 

 

 

 

 

Dose x Adsorbents interaction mean±SE for Red-3R 
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Metal   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

NaCl 
31.12±0.65e

-i 
30.15±0.77f-i 30.34±0.81e-i 29.75±0.28ghi 8.23±0.14q 25.92±2.38C 

Mg(NO3)2 
24.45±0.33

kl 
23.77±0.58kl 22.56±0.65l 21.23±0.44lm 9.54±0.27q 20.31±1.48D 

Cd(NO3)2 
33.73±0.51c

-f 
28.41±0.18hij 24.82±0.15jkl 28.43±0.53hij 16.37±0.31no 

26.35±1.54B

C 

CaCl2 
32.23±1.02

d-h 
32.74±0.78d-g 27.42±0.84ijk 22.78±0.20l 11.45±0.25pq 25.32±2.11C 

KNO3 
36.12±1.45c

d 
34.14±1.03cde 28.51±0.80hij 23.65±0.31kl 13.85±0.28op 27.25±2.17B 

Control 47.33±1.10a 42.61±1.32b 46.08±1.00ab 36.76±0.94c 17.84±0.16mn 38.12±2.91A 

Mean 
34.16±1.70

A 
31.97±1.44B 29.96±1.87C 27.10±1.29D 12.88±0.85E  

 

Dose x Adsorbents interaction mean±SE for T.Blue. 

Metal   Adsorbents   Mean 

 MPS MPT MPST MPSF MPS-NH2  

NaCl 
33.12±0.83e-

h 

32.15±0.83fg

h 

30.34±0.79g-

j 
24.75±0.80klm 10.23±0.21tu 

26.12±2.28C

D 

Mg(NO3)2 
26.45±0.50j-

m 

24.67±0.78kl

m 

19.56±0.43n

op 
19.23±0.32opq 6.54±0.17u 19.29±1.87E 

Cd(NO3)2 34.73±1.02c-f 
23.41±0.54lm

n 

27.82±0.42ij

k 
25.43±0.38klm 14.38±0.45rs 25.15±1.78D 

CaCl2 
34.23±0.81d-

g 
27.34±0.44jkl 

31.42±0.44f-

i 
29.78±0.76hij 12.67±0.40st 

27.09±2.03B

C 

KNO3 
37.12±1.03b-

e 

32.14±0.53fg

h 

32.51±0.96fg

h 

22.65±0.40mn

o 
15.46±0.27qrs 27.98±2.11B 

Control 45.62±1.31a 38.65±1.14bc 39.08±1.31b 37.86±1.15bcd 18.19±0.28pqr 35.88±2.51A 

Mean 35.21±1.42A 29.73±1.29B 30.12±1.44B 26.62±1.46C 12.91±0.92D  
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CHAPTER 5 

SUMMARY 

Textile industries use dyes as colorants in dyeing and printing operations and these color 

pollutants are discharged in water reserves. This type of contamination causes several risks for 

plants and animals. Strategies are being adopted now a days depends on the class of dyes. 

Remedies including osmosis, ultrafilteration, coagulation (chemical and electro), oxidation,  

biological degradation and adsorption belong to physical, chemical and biological classes. 

Adsorption being a cheap and ecofriendly process is preferable using some type of solid on 

which dye particles are deposited. Solid phase may be biological dead mass or synthetic nano 

materials. In the present study, inorganic polymeric materials (silica and its composites), 

having pores on their surfaces in meso range, were used. Factors affecting the process were pH, 

time, adsorbent dose, solution concentration, temperature, surfactants , electrolytes and mass 

ratios of adsorbents. Points of zero charges were 2.4, 6.2, 5.6, 6.3 and 7.6 for MPS, MPT, 

MPST, MPSF and MPS-NH2, respectively. After determination of the point of zero charge of 

different adsorbents one factor one time optimization was done. Optimum pH values were 

between 6 to 9 at which maximum adsorption capacity of different adsorbents (35 to 45 mg/g). 

MPS-NH2 showed poor efficiency due to less affinity towards cationic dyes at pH greater than 

7. Contact time was optimized in the range of 60 to 120 min showing good performance of 

sorbents for all dyes. Moreover, low adsorbent dose showed better adsorption capacity but at 

mid level of dose 0.05 g in 50 mL of dye solution showed maximum % removal. Dye 

concentration increase affected  the adsorption capacity in linear way from 25 ppm to 400 ppm. 

In the use of electrolyte, Mg salt showed significant decrease in the adsorption of cationic dyes 

due to competition with dye molecule. Cationic, anionic and non ionic surfactants in solution 

were also affected the dye removal. Maximum decrease was seen in case of CTAB as cationic 

surfactant. SEM characterization confirmed the porous structure of  the materials followed by 

BET and BJH according to which surface area was in the range of  300 to 450 cm2. From FTIR 

analysis different functional sites were confirmed as peaks for Si-O-Si, Ti-O, N-H, Fe-O and 

O-H. Elemental analysis was done by EDX. Response surface methodology was applied by 

using one MPS adsorbent for the removal of four cationic dyes. In RSM analysis, level 

interactions of different factors were seen. Information revealed from ANOVA showed that 

interactions of pH vs dose and concentration vs temperature were significant in case of Golden 

yellow dye adsorption by mesoporous silica. No interaction was seen significant in case of 

Turquoise-blue X-GB  adsorption. However, interactions among factors i.e. pH vs time, pH vs 
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concentration, dose vs concentration, concentration vs temperature were significant for Basic 

Blue XGRRL 250 . In adsorption of Red-3R dye, pH vs time, time vs dose and dose vs 

concentration interactions were significant. ANOVA also showed lack of fitness of model upto 

90 to 99% non significant. From contours, predicted adsorption capacities were evaluated and 

in the plot of actual and predicted values of response were closer. After optimization of 

parameters, experiments were conducted using MPS for the maximum removal of dyes from 

aqueous media. COD values were determined for each batch and a significant decrease was 

seen after adsorption. COD values were changed from  817 to 55 mg/L for Basic Blue XGRRL 

250 , from 869 to 74 mg/L for Golden yellow, from 936 to 95 mg/L for Red-3R, and from 842 

to 66 mg/L for Turquoise-blue X-GB  removal. Isothermal study stated Langmuir isotherm as 

best representator of adsorption in most of cases and pseudo second order kinetic model was 

best fitted. Thermodynamic parameter ΔG for the feasibility of process was negative showing 

the process as spontaneous and it became non spontaneous at higher temperatures. 

It was concluded that mesoporous materials are good adsorbents to remove cationic dyes from 

aqueous media and they can be applied on industrial scale after further study about their way of 

use. MPS and its composites are inorganic polymers and heat resistant so their use will be valid 

for a wide range of temperature. As they possess negative charge above their pZc so their 

performance for anionic dye removal is not so good. Moreover, amine functionalization has no 

good effects on efficiency of MPS but its composite with titania showed good efficiency. They 

have good adsorption capacity even at high concentration of dye.  

Future perspectives and recommendations 

Development of mesoporous materials for various applications has become a modern trend of 

research. Today these materials are being used in drug delivery, as adsorbents and as bioglass. 

In future there is area of work related to hierarchy of materials, their composite formation and 

their applications. Like organic polymer these are also a centre of attention of scientists due to 

their vast applications in different fields. In the field of treatment of water, these materials can 

be proven as good catalyst support for catalytic degradation of organic pollutans and as 

adsorbents for heavy metal ions and synthetic dyes. There is need to improve structural 

characterization of these materials.    
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