
International Journal of Chemistry; Vol. 6, No. 2; 2014 
ISSN 1916-9698   E-ISSN 1916-9701 

Published by Canadian Center of Science and Education 

56 
 

Lignocellulosic: Non-Conventional Low Cost Biosorbent for the 
Elution of Coomassie Brilliant Blue (R-250) 

Hajira Tahir1 & Uroos Alam1 

1 Department of Chemistry, University of Karachi, Pakistan 

Correspondence: Hajira Tahir, Department of Chemistry, University of Karachi, Pakistan. Tel: 92-333-362-1470. 
E-mail: hajirat@uok.edu.pk 

 

Received: March 7, 2014   Accepted: April 16, 2014   Online Published: April 22, 2014 

doi:10.5539/ijc.v6n2p56          URL: http://dx.doi.org/10.5539/ijc.v6n2p56 

 

Abstract 

The objective of present research work focuses on the utilization of lignocellulosic material like coir pith for the 
removal of dye. Coir pith is an inexpensive and ecofriendly biosorbent that is utilized for the removal of 
Coomassie Brilliant Blue (R-250) dye from waste streams by adsorption method. The adsorption experiments 
were preceded considering the dose of adsorbent, stay time, concentration of dye, pH(pzc) point zero charge 
activity by pH drift method. Adsorption isotherms for monolayer and multilayered adsorption were applied and 
the values of constants like Langmuir (KL), Freundlich (Kf), and Dubinin-Radushkevich (Es) were estimated by 
applying standard graphical method to assess the adsorption capacity of coir pith raw (CPR) and its modified 
carbonized form (CPC). The most appropriate model for the equilibrium process of CPR-CBB(R-250) and 
CPC-CBB(R-250) were the Freundlich and D-R isotherm model. A complete thermodynamic evaluation was 
conducted by estimating the values of enthalpy (∆H°), free energy (∆G°), and entropy (∆S°) of the system. The 
surface morphology of CPR and CPC was evaluated by Scanning Electron Microscopy (SEM) and Fourier 
transforms infrared (FTIR) techniques. The results showed that with the rise in temperature of the system the dye 
adsorption rate was also increased. Thermodynamic analysis revealed that the adsorption process was 
endothermic and spontaneous in nature. Kinetics of dye removal was also investigated and results revealed that 
CPR and CPC follows second order rate constant. The maximum removal capacity of CBB(R-250) with CPR 
was found to be 70% and of CPC is 99%. 

Keywords: adsorption thermodynamics, coomassie brilliant blue (R-250), FTIR, lignocellulosic material, pH(pzc), 
SEM, triphenylmethane dyes 

1. Introduction 

Water is one of the natural limited reservoirs that is utilized at every step of different industrial processes. The 
water from industries is full of colorful as well as colorless chemical additives. The expulsion of this type of 
polluted water acts as an added factor to environment pollution due to the acidic pH, colored pigments, 
de-foamers, bleaches, detergents, equalizers and many other additives. Dyes are stable, recalcitrant, colorants 
and even potentially carcinogenic and toxic (Vijayaraghavan & Yun, 2008; Wu & Tseng, 2008). Dyes are made 
of conjugated molecules that give them their respective color. The color depends on the number of conjugated 
bonds. Decolorization involves breaking of the conjugated bonds. The discharge of dyes in open water streams is 
worrying for both toxicological and esthetical reasons (Pignon et al., 2003). It is estimated that more than 
100,000 commercially available dyes with over 7×105 tons of dyestuff produced annually (Ravikumar et al., 
2005). The presence of the dyes even at a very low concentration is highly observable and undesirable. 
(Rangabhashiyam et al., 2014; Gautama et al., 2014) 

Biosorption processes are particularly suitable for the treatment of solutions containing dilute (toxic) dye 
concentration (Aksu, 2005; Aksu & Tezer, 2005; Fu & Viraraghavan, 2002; Robinson et al., 2001). 
Biosorption is one of the physiochemical process that take place without providing energy. The removal of 
impurities from water streams is dependent upon on the cellular structure of the sorbent. Bioaccumulation is an 
active metabolic process driven by energy from a living organism and requires respiration. Since biosorption is 
determined by equilibrium, it is largely influenced by pH, the concentration of biomass and the interaction 
between different metallic ions (Valesquez et al., 2009). Adsorbents are usually in the form of spherical pallets, 
rods, moldings or monoliths with hydrodynamic diameters. They must have high abrasion resistance, high 
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thermal stability and small pore diameters, which results in higher exposed surface area and hence high surface 
capacity for adsorption (Magdy & Daifullah, 1998; Namasivayam et al., 2001). They should be cheap, easily 
available and disposable without regeneration. These materials are derived from natural resources, plant wastes 
or industrial by-products as peat, wood, barley and rice husk, etc. Most of them are cellulose-based and can be 
used without any previous thermal or chemical treatment (Ferrero, 2007). Adsorbents containing high levels of 
cellulose irreversibly adsorb basic dyes through columbic attraction since negative surface charge is acquired by 
cellulose on contact with water (Robinson et al., 2002; Robinson, Chandaran, & Nigam, 2002; Annadurai et al., 
2002; Sun & Yan, 2003; Garg et al., 2003; EL Zawahry & Kamel, 2004; Batzias & Sidiras, 2004; Ozacar & 
Sengil, 2005; Bousher et al., 1997; Chial et al., 1993). Activated carbon adsorption is the most popular 
physio-chemical treatment for the removal of dissolved organics from wastewaters. In general, activated carbons 
are efficient in the adsorption of both organic and inorganic dyes (Namasivayam & Kavitha, 2002). 

The soil and climatic conditions of coastal areas in Sindh and Balochistan offer great opportunities for speedy 
growth of coconut and oil palm trees. The coconut requires warm climate with temperatures of 22 °C or higher. 
Coconut can be grown in wide range of soils. Coconut husk is the meso-carp of coconut and a coconut consists 
of 33–35% of husk. Coir dust is rich in lignin and tannins. It is composed of cellulose, furfural, and lignin. The 
outermost covering of coconut shell that surrounds the coconut is called coir. It consists mainly of fibers, which 
have traditionally been used to manufacture rope, carpets, doormats, upholstery stuffing, brushes etc. Between 
these fibers is the corky substance called coir pith or coir dust. Due to the presence of high content of lignin of 
about 45.84% and cellulose 43.44%, it is called as lignocellulosic biosorbent. Nowadays coconut husks are used 
as fuel for coconut processing, as a domestic fuel and as a source of fiber for rope and mats (Tan et al., 2008) 

Coomassie Brilliant Blue is one of the triphenylmethane dyes. This class of dyes is organic compounds 
containing colored cation. The intense color of triphenylmethane dye is because of the conjugated system of 
alternate double and single bonds. They are highly light resistant and are used chiefly in copying papers, in 
hectograph and printing inks, and in textile applications for which light fastness is not an important requirement. 
They are applied by various techniques, but most belong to the basic class, which are adsorbed from solution by 
silk or wool and have little affinity for cotton (Fox, 1987). The name Coomassie was adopted at the end of the 
19th century as a trade name by the Bleckley based dye manufacturer Levinstein Ltd, in marketing a range 
of acid wool dyes. The original Coomassie dye was developed as a wool dye and named to commemorate the 
1896 British occupation of Coomassie (now Kumasi) in Ghana. In Coomassie Blue R-250 (“R” standing for 
“reddish” and “250” being the dye strength indicator). R-250 is typically color invariant. The color of the dye 
depends on the acidity of the solution. The dye has a red color with an absorption maximum at a wavelength of 
470 nm at lower pH values. At pH = 1 the dye is green with an absorption maximum at 620 nm while above pH 
= 2 the dye is bright blue with a maximum at 595 nm. At pH 7 the dye has an extinction coefficient of 43,000 
M−1cm−1 (Azmi et al., 1998). 

In this work removal of CBB (R-250) was carried out by utilizing lignocellulosic sorbent CPR and CPC. The 
results showed that the % removal capacity increased along with the enhancement of the surface capacity. 

2. Materials and Method 

2.1 Materials 

Coomassie Brilliant Blue (R-250) was obtained from BDH laboratory Chemicals having color Index 42660. The 
chemical formula of CBB is C45H44N3NaO7S2 and its molecular weight is 825.97 g/mole. It was used as an 
adsorbate. While Methanol 99.85% was used to dissolve the dye, as this particular dye is partially soluble in 
water.  

2.2 Making of Coomassie Brilliant Blue (R-250) Solution 

CBB is insoluble in cold water and slightly soluble in warm water. It was first dissolved in methanol and then the 
solution was made up to desired concentration with distilled water. The stock solution of CBB was prepared 
having concentration of 100 ppm (1.2×10−4 mol/dm3). Maximum wavelength of dye solution was recorded by 
taking spectrum using double beam spectrophotometer (T80 UV/VIS Spectrophotometer) and it was found to be 
591 nm. The prepared stock solution was used for the adsorption and thermodynamic studies. The chemical 
structure of CBB is shown in Figure 1. 
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mol/dm3 NaCl solutions was adjusted between 1.5 to 12.5 by adding required amount of 0.5 M HCl or NaOH. 
The 0.8 gm of adsorbent was added in 60 mL of solution in Erlenmeyer flask and placed in covered condition for 
48 hrs. After specific time period the pH was noted by using PHS-3BW Microprocessor pH Meter. 

3.5 Photocatalytic Degradation  

Thin film coated was prepared by mixing 1.5 g of titanium dioxide and 1g part of cement. Semisolid mass was 
prepared with de-ionized water. A thin coating of titanium dioxide paste was applied over the inner surface of the 
petri dish and allowed to dry at room temperature for 24 hours. The next day 100 ml Coomassie Brilliant Blue 
(R-250) dye solution of 4.82×10-5 M was taken in the petri dish and exposed to direct sunlight. The 
photocatalytic degradation of Coomassie Brilliant Blue R-250 was observed after each 10 minutes by taking few 
ml of dye solution and the absorbance was measured to determine the %degradation of dye (Hema, 2008). 

4. Results and Discussion 

In recent research work, the removal of CBB (R-250) has been examined onto CPR and CPC. The adsorption, 
effect of point zero charge, thermodynamic and rate order kinetics were examined by series of adsorption 
experiments considering the ideal quantity of CPR and CPC and stay time.  

4.1 Effect of Amount of Adsorption Parameter 

The dose of adsorbent is an exclusive parameter as it quantifies the capacity of an adsorbent for the initial dye 
concentration. The adsorption of CBB (R-250) dye onto CPR and CPC was examined by changing the amount of 
adsorbent from 0.1 to 1.5 g. The results showed that the percentage removal capacity of CBB (R-250) increased 
with the increase quantity of CPR and CPC. The maximum adsorption was observed at 0.8 gm of adsorbent. This 
is because of the availability of more adsorption sites. The amount of adsorbent at time t, KD (mol/g), was 
calculated using the following formula: 

KD = (Ci-Cf) V/W                         (1) 

Where Cf (mol/dm3) is the final dye concentration at any time, Ci (mol/dm3) is the initial concentration of dye in 
the solution, Vis the volume of the solution (ml) and W is the mass of the adsorbent (g). 

The amount of equilibrium adsorption, X/m (mol/g) was calculated as: 

X/m = (Ci-Ce) V/W                      (2) 

Where Ci and Ce (mol/dm3) are the initial concentrations of dye at equilibrium. The % removal of dye was 
calculated as follows: 

% Removal = (Ci-Cf)/Ci × 100                  (3) 

The KD and % removal values for the maximum adsorption of CPR & CPC were found to be 62.5 and 100% 
respectively as shown in Figure 2. 

 

Figure 2(a). Graph of optimization of amount of CPR 
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Figure 2(b). Graph of optimization of amount of CPC 

 

4.2 Effect of Shaking Time 

The results revealed that there was a sharp increase in dye adsorption with the increasing time factor and finally 
highest adsorption capacity of CBB (R-250) on CPR was 73.0% at 50 minutes and for CPC 100% at 90 minutes. 

4.3 Effect of Concentration of Adsorbate 

The effect of concentration of dye by using optimum amount of CPR and CPC was studied. The concentration of 
CBB (R-250) was in range from 2.421×10-5 to 6.653×10-5 M. The optimum concentration of adsorbate for CPR 
was 4.237×10-5 M and for CPC 2.421×10-5 M. 

4.4 Effect of Temperature 

For estimating the effect of temperature for the removal of CBB (R-250) through CPR, the temperatures were 
varied from 303 to 323 K (±2 K). The results showed that with the increase in temperature the adsorption of CPR 
increased upto 70 %. 

With CPC, the temperature was varied from 293 K to 308 K (±2 K).The results showed that the adsorbing 
capacity of CPC increased up to 99.99% with the increase in temperature. 

4.5 Adsorption Isotherm 

Adsorption isotherm is an invaluable curve describing the phenomenon governing the retention or mobility of a 
substance from the aqueous porous media on aquatic environments to a solid-phase at a constant temperature and 
pH (Limousin et al., 2007; Ncibi, 2008). Typically, the mathematical correlation, which constitutes an important 
role towards the modeling analysis, operational design and applicable practice of the adsorption systems, is 
usually depicted by graphically expressing the solid-phase against its residual concentration (Langmuir, 1916). 

The CBB (R-250) concentration was varied from 20 to 60 ppm by keeping all other parameters constants. By 
using the adsorbed quantity of CBB (R-250) and equilibrium concentration (Ce), the adsorption isotherms of 
CBB (R-250) on CPR and CPC were evaluated by drawing a graph between extent of adsorption (log q) and 
equilibrium concentration logCe. The adsorption data was fitted in adsorption model like Langmuir, Freundlich 
and Dubinin-Radushkevich adsorption isotherms. 

4.5.1 Langmuir Adsorption Isotherm 

Langmuir adsorption isotherm is in use from many years to express and compare the adsorption capacity of 
different biosorbents (Vijayaragahavan et al., 2006). This empirical model focuses monolayer adsorption (the 
adsorbed layer is one molecule in thickness), with adsorption can only occur at a definite localized sites, that are 
identical and equivalent, with no lateral interaction and stearic hindrance between the adsorbed molecules, even 
on adjacent sites (Demirbas et al., 2008). 

Graphically, it is characterized by a plateau, an equilibrium saturation point where once a molecule occupies a 
site, no further adsorption can take place (Senthilkumar et al., 2010; Tahir et al., 2009). Moreover, Langmuir 
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theory has related rapid decrease of the intermolecular attractive forces to the rise of distance.  

By applying Langmuir isotherm, the values of Langmuir constants were evaluated as shown below: 

Ce/X/m= (1/KVm) + Ce/Vm                             (4) 

Where Ce is equilibrium concentration (moles/dm3), Vm is monolayer sorption capacity, X/m is maximum 
possible amount of dye that can be adsorbed per unit dry weight of sorbent (mol/gm), K is Langmuir empirical 
constant, also called binding constant. From the slope 1/Vm and intercepts 1/K·Vm was evaluated (UCUN, 2011) 
as shown in Table 1. 

 

Table 1. Langmuir parameter for the adsorption of CBB (R-250) onto CPR & CPC: 

CPR CPC 

Temperature 
(°C) 

Vm KL R2 
Temperature 

(°C) 
Vm KL R2 

303 0.00282 4.60 0.808 293 0.0141 1.6*10-2 0.086 

308 0.00175 5.15 0.75 298 -0.0003 -2.1*10-3 0.189 

313 0.00277 5.42 0.762 303 0.0006 7.09*10-3 0.090 

318 0.0175 1.66 0.036 308 -0.00002 -8.6*10-6 0.368 

 

4.5.2 Freundlich Adsorption Isotherm 

The mathematical expression for Freundlich isotherm is represented as; 

LogX/m = LogK + 1/n LogCe               (5) 

Where “Ce” is the dye equilibrium concentration in solution (mg/dm3).The values of Kf and 1/n were obtained 
by plotting graph between logX/m and log Ce (Lagergen, 1898). The Freundlich isotherm describes the 
disordernes of the adsorbent surface. It considers multilayer adsorption with a heterogeneous energetic 
distribution of active sites accompanied by interactions between adsorbed molecules. Constant Kf is Freundlich 
constant that indicates the adsorption capacity where 1/n is the attribute of adsorption. As the temperature 
increases the constants Kf and n change to reflect the empirical observation that the quantity adsorbed rises. The 
value of n for CPR lies between 1 and 10 indicates a favorable sorption process. Whereas the values of n for 
CPC at 293 K and 298 K are between 1 and 10 confirming the advantageous sorption process while at 303 K and 
308K the values of n are less than 1 shows feasible adsorption process. The results are compiled in Table 2 and 
Figure 3 (a & b). 

 

Table 2. Freundlich parameter for the adsorption of CBB (R-250) onto CPR & CPC 

CPR CPC 

Temperature 
(°C) 

n Kf R2 
Temperature 

(°C) 
n Kf R2 

303 1.75 0.476 0.92 293 1.32 0.738 0.649 

308 3.15 0.0301 0.61 298 1.65 0.121 0.947 

313 1.59 0.8016 0.87 303 0.56 34700 0.923 

318 1.08 15.10 0.93 308 0.43 102000 0.757 
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Figure 3(a). Freundlich isotherm graph for the adsorption of CBB (R-250) onto CPR 

 

Figure 3(b). Freundlich isotherm graph for the adsorption of CBB (R-250) onto CPC 

 

4.5.3 D-R Adsorption Isotherm  

Dubinin-Radushkevich isotherm is commonly used to evaluate the mechanism of adsorption by using Guassian 
energy distribution for a heterogeneous surface (Gunay et al., 2007; Dabrowski, 2001). It is represented as; 

LnX/m = LnXm+ Kε2                (7) 

Where Xm is the adsorbent monolayer capacity, and έ is Polanyi potential (ε = amount of dye that can be 
adsorbed per unit weight of sorbent) which can be obtained as: 

ε2 = RTLn (1+1/Ce)               (8) 

In the above equation R represent the gas constant (8.314 J/mol K), T is absolute temperature (K) and Ce is 
adsorbate equilibrium concentration (M). 

The plot of lnX/m versus έ2 is a straight line with slope K and intercepts lnXm as shown in Table 3 and Figure 
4(a & b). By using K, the mean free energy of sorption is calculated as, 

Es = 1/ (2k) -1/2                          (9) 
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Table 3. D-R parameter for the adsorption of CBB (R-250) onto CPR & CPC 

CPR CPC 

Temperature 
(°C) Xm Es R2 

Temperature 
(°C) Xm Es R2 

303 0.0220 -1.21*104 0.913 293 0.0149 -9.12*103 0.641 

308 0.0053 -1.52*104 0.602 298 3.51 -7.07*103 0.913 

313 0.0286 -1.21*104 0.879 303 0.00528 -10.0*103 0.946 

318 0.121 -9.13*103 0.935 308 8.05 -5.0*103 0.773 

 

 
Figure 4(a). D-R isotherm graph for the adsorption of CBB (R-250) onto CPR 

 
Figure 4(b). D-R isotherm graph for the adsorption of CBB (R-250) onto CPC 
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∆G˚ = ∆H˚ - T∆S˚                       (10) 

∆G˚ = -RTLnK                   (11) 
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The values of enthalpy and entropy were calculated from the slope and intercept of the linear variations of lnK 
with the reciprocal of temperature (1/T) as shown in Figure 5(a & b). The values are represented in Tables 4 & 5. 
The negative values of ΔGº indicates the spontaneous nature of adsorption process whereas the positive values of 
ΔHº confirms the endothermic nature of the system. 

 

Table 4. Thermodynamic parameters for CBB (R-250) onto CPR 

Conc (M) ΔH°  ΔS°  ΔG° (KJ/mol) 

105 (KJ/mol) (KJ/mol) 303 K 308 K 313 K 318 K 

2.42 17.950 86.715 -8.32 -8.76 -9.19 -9.63 

3.03 7.782 54.939 -8.86 -9.14 -9.41 -9.69 

3.63 6.211 50.333 -9.04 -9.29 -9.54 -9.80 

4.24 7.959 55.945 -8.99 -9.27 -9.55 -9.83 

4.84 4.031 43.640 -9.19 -9.41 -9.63 -9.85 

5.45 2.542 38.743 -9.20 -9.39 -9.58 -9.78 

6.65 2.594 39.117 -9.26 -9.45 -9.65 -9.85 

 

Table 5. Thermodynamic parameters for CBB (R-250) onto CPC 

Conc (M) ΔH°  ΔS°  ΔG° (KJ/mol) 

105 (KJ/mol) (KJ/mol) 303 K 308 K 313 K 318 K 

2.42 7.183 57.493 -10.24 -10.53 -10.81 -11.10 

3.03 5.361 51.307 -10.19 -10.44 -10.70 -10.95 

3.63 6.086 53.701 -10.19 -10.45 -10.72 -10.99 

4.24 5.806 52.812 -10.20 -10.46 -10.72 -10.99 

4.84 4.595 48.821 -10.20 -10.44 -10.69 -10.93 

5.45 4.565 48.721 -10.20 -10.44 -10.68 -10.93 

6.65 7.906 59.721 -10.19 -10.49 -10.79 -11.09 

 

 

Figure 5(a). Graph of Ln KD vs 1/T for CPR 
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Figure 5(b). Graph of Ln KDvs 1/T for CPC 

 

4.7 Determination of Point of Zero Charge pH(pzc) 

The graphs of pH (pzc) were plotted to determine the pH at which the initial and final pH values were equal. Final 
pH of the solutions was recorded and results were plotted with final pH against initial pH by using Table 6 as 
shown in Figure 6 (Vijayayakumar et al., 2012). 

 

Table 6. Point of zero charge pH (pzc) of CPR 

Initial pH of solution 
Initial pH after adding 

adsorbent 
pH after 24 hrs pH after 48 hrs 

2.66 3.87 4.41 4.62 

3.42 5.86 6.12 6.51 

4.20 6.35 6.61 6.74 

10.78 7.10 6.97 7.22 

11.94 10.31 9.12 8.61 

12.97 12.51 11.41 10.23 

 

 
Figure 6. Graph of pH (pzc) of CPR 
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4.8 Investigation of Photocatalytic Degradation 
The experimental results of photocatalytic degradation of Coomassie Brilliant Blue(R-250) using TiO2 were 
shown in Table 7. The maximum degradation of 78.21% was obtained at 4.82×10-5 M dye concentration after 60 
minutes (Naseem & Tahir, 2006). 

Table 7. Photocatalytic degradation of CBB (R-250) 

Concentration of dyes = 9.60×10-5 M 

Volume of dye = 100 ml 

Photocatalyst = TiO2 

Temperature = 37 °C 

Humidity = 59.1% 

λ max = 591 nm 

Time (min) % Degradation 

10 36.46 

20 40.85 

30 66.21 

40 68.27 

50 77.50 

60 78.21 

 

4.9 Rate Order Adsorption Kinetics 

From the optimization of shaking time the adsorption kinetics was evaluated to determine the kinetics of 
CBB-CPR and CBB-CPC system as shown in Figure 7. For this investigation pseudo first and second order 
models were applied by using the following equations (Allen et al., 2004). 

Log (qe-qt) = log qe –k1 t/2.303              (13) 

t/qt = 1/2k2qe2 + 1 t/qe                    (14) 

Where qe and qt are the quantity of dye adsorbed on the adsorbent (mol/g) at equilibrium and time t, k1 is the 
adsorption of pseudo first order rate constant (min-1) and k2 is the adsorption of second order rate constant 
(mol/g.min). The pseudo second-order adsorption kinetic plots are shown in Figure 7(a & b), which shows that it 
follows a pseudo-second order reaction. 

 

 
Figure 7(a). Graph of adsorption Kinetics for CPR 
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Figure 7(b). Graph of adsorption Kinetics for CPC 

 

5. Characterization of Coirpith CPR & CPC 

The surface morphology of CPR CPC was carried out by adopting FTIR and SEM techniques. Fourier transform 
infrared spectroscopy was used to determine the variation in functional groups before and after adsorption by 
using IR-PRESTIGE 21 FTIR Spectrophotometer. Scanning Electron Microscopy (SEM) was used to identify 
the changes in the surface morphology of pre-sorbed and adsorbed CPR and CPC. The SEM was performed by 
using Joel JSM-6380A scanning electron microscope. 

5.1 FTIR Analysis 

FTIR spectroscopy provides structural and compositional information on the functional groups presented in the 
samples. The adsorption capacity of adsorbents depends upon porous nature as well as chemical reactivity of 
functional groups at the surface. This reactivity creates an imbalance between forces at the surface when 
compared to those within the body, thus leading to molecular adsorption by the Vander Waals force (Senthil 
Kumar et al., 2010). The adsorption spectra showed a number of absorption peaks, indicating the complex nature 
of coirpith. FTIR spectra of CPR and CPC are shown in Figure 8 (a & b). The tablets of coirpith were made by 
the binding agent i.e KBr which is also IR active. So the peaks due to KBr were appeared at 2370.51, 1654.92, 
1562.34 and 1460.11 cm-1 and were slightly shifting in all the spectrums. In the spectrum of CPR pre-adsorbed a 
broad peak at 3452.58 cm-1 was observed due to the stretching frequency of (O-H) group. The spectrum of CPC 
before adsorption a broad band at 3450.65 cm-1 corresponds to the presence of hydroxyl group (O-H). The band 
at 2924.09 cm-1 represents the presence of alkanes. The weak band at 1373 cm-1 originates from phenol group of 
lignin. Aromatic skeletal vibrations at 1650, 1562 and 1460 cm-1 are common for lignin samples.  
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Figure 8(a). FTIR image of CPR before adsorption 

 
Figure 8(b). FTIR image of CPC before adsorption 

 

5.2 SEM Analysis 

SEM images of CPC that shows maximum % removal were taken at different magnifications, before and after 
adsorption. Figure 10 shows the surface of CPC which was unsaturated and have many adsorptive sites and 
pores before the adsorption with CBB (R-250). There is a formation of adsorbed layer on the surface of 
adsorbent seems to be no active spaces are available for the further adsorption of dye as shown in Figure 9(a & 
b). 
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