
Adsorption of Dyes…  Savanna Journal of Basic and Applied Sciences 

71 
 

Available online at http://www.sjbas.com.ng 
Savanna Journal of Basic and Applied Sciences (June, 2022), 4(1): 71-82 

 
P:ISSN 2705-3164 | E:ISSN 2695-2335  

 

                          

 

 

 
 

Adsorption of Dyes (Rhodamine B and Chromotrope 2R) from Aqueous Solution by 

Pectin-graft-copolymer–montmorillonite Composites Gel 

1,2*Zauro, S. A., 2Vishalakshi, B, 3Chinelo, A. S., 5Aminu, N., 1Sani, S., 1Sani, J, 1Isah, A. A., 1Yahaya, S. and 4Nata’ala, M. K 

1Department of Pure and Applied Chemistry, Usmanu Danfodiyo University, PMB 2346 Sokoto, Nigeria 
2Department of Studies in Chemistry, Mangalore University, 574199 Mangalagangothri, Karnataka, India 

3Department of Chemistry, Michael Cecilia Ibru University, Agbarha-Utor, Nigeria 
4Department of Microbiology, Usmanu Danfodiyo University, PMB 2346 Sokoto, Nigeria 

5Department of Pharmaceutics and Pharmaceutical Microbiology, Usmanu Danfodiyo University, PMB 2346 Sokoto, Nigeria 

 

ABSTRACT 

A pectin graft-copolymer-MMT composite was made via MW irradiation. The graft copolymer hydrogel and its composite were 

prepared using solution polymerisation with the aid of microwave irradiation. The graft-copolymer gel and its composite were 

evaluated for the adsorption of dye (RhB and C2R) molecules. The materials used in this study were of analytical grade and 

obtained from Sigma Aldrich, Bangalore, India.. The adsorption of RhB showed maximum capacity of 83.51 and 71.28 mg/g on 

Pec-g-poly(METAC-co-AMPS) and Pec-g-poly(METAC-co-AMPS)/MMT respectively, whereas, 43.38 and 74.99 mg/g was 

recorded as optimum adsorption capacity for Pec-g-poly(METAC-co-AMPS) and Pec-g-poly(METAC-co-AMPS)/MMT 

respectively towards C2R. The kinetic study indicated the adsorption of RhB on both adsorbents to follow first order kinetic model 

and of C2R to follow pseudo second order kinetic model. The adsorption isotherms for both RhB and C2R correlate well with the 

Freundlich model. The Pec-g-poly(METAC-co-AMPS) Proved to be good adsorbent for RhB. While,Pec-g-poly(METAC-co-

AMPS)/MMT showed higher affinity towards C2R compared to RhB.  
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INTRODUCTION 
The use of polysaccharides graft copolymer gels and their 

composites for various applications have been reported 

(Zhang et al., 2015 and Zia et al., 2018). Some of the 

applications of the polysaccharides graft copolymers and 

their composites are in agriculture for pesticide release (Roy 

et al., 2014 and Sun et al., 2016), pharmaceutical industries 

for drug delivery systems (Mehrdad et al., 2009; Anisha et 

al, 2010 and Xu et al., 2018), water absorbency (Tripathy et 

al., 2010) food additives (Chen et al., 1995), biomedical 

applications in tissue engineering and regenerative 

medicines (Dimitrios et al., 2008; Saxena, 2010; Zhang et 

al., 2011 and Kumar et al., 2018), environmental monitoring 

such in dyes and metal ions removal from waste water 

(Tripathy et al., 2010; Karthika and Vishalakshi, 2015; 

Zauro and Vishalakshi, 2018). 

Pectin is a polysaccharide found in plants as a cell wall 

component. It is one of the complexes, non-toxic 

biopolymers (Sila et al., 2009 and Miceli-Garcia et al., 

2014). It is composed mainly of α (1→4)-D-galacturonic 

acid joined in chains by means of α-(1→4) glycosidic 

linkage (Figure 5). The acid groups along the chain are 

mainly esterified with methoxy groups in the natural 

product. Galacturonic acid main chain also has an occasional 

rhamnose units present, which disrupts the chain’s helix 

formation (de Costa et al, 2016). It is available in two forms 

commercially; high methyl- and low methyl-esterified 

forms. 

Pectin as a biopolymer has good potential for the removal of 

heavy metal ions from the environment. The removal is 

mainly due to chelation of the metal ions with the functional 

groups on the pectin molecule (Kartel et al., 1999).  

There are several reports in literature on the modification of 

Pec using ionic monomers such as acrylamide (Mishra et al, 

2007), maleic acid (Geethanji et al., 2014), acrylic acid 

(Saaraydin et al., 1996 and Li et al., 2010), AMPS (Krishna 

and Vishalakshi, 2017) etc. for various applications. The 

ionic nature of METAC (cationic) and AMPS (anionic) 

make them potential molecules for the removal of both metal 

ions and ionic dyes from aqueous solution. Shukhla et al. 

(2012) reported the synthesis of cationic superadsorbent 

polymer gel based on METAC and acrylic acid and its 

capacity to remove ionic dyes orange G and methylene blue 

from aqueous solutions. 

The use of homopolymer of METAC for the removal of dyes 

(congo red and orange, alizarin cyanine green, fluorescein 

sodium and indigo carmine) was reported (Shukhla and 

Madras, 2012). The adsorption of both dyes was found to 

follow the first-order kinetic model and Langmuir isotherm 

model. 

The large surface area, layered structure and high cation 

exchange capacity of clay make it a potential adsorbent 

material. Montmorillonite (MMT) is one of the natural clays 

with good ion exchange capacity for the heavy metal ions 

and is a good adsorbent material due to its low-cost, 

abundance and environmentally friendly nature (Abollino et 

al., 2003; Turan and Ozgonenel, 2013). There are several 

reports on the use of hybrid organic-clay materials as 

adsorbents.  
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Nesic et al. (2014) reported formation of amidiated pectin-

montmorillonite composite film and used it for the 

adsorption of cationic dye Basic Yellow 28 (BY28). The 

results revealed that as the MMT content in the composite 

increases the amount of BY28 adsorbed also increases. The 

experimental data were fitted best into Langmuir isotherm 

model. 

Mangiacapra et al. (2006) prepared composites made up of 

apple peel pectin with 3% MMT clay using solid-state 

mixing at room temperature and characterised. The physical 

properties such as elastic modulus, thermal degradation, 

sorption and diffusion of water molecules were investigated. 

The results showed that all the parameters analyzed were 

improved in the MMT-nanocomposites. 

The aim of this study was to synthesise, characterise and 

study the adsorption capacity of graft copolymer gel 

containg Pec, METAC and AMPS and its clay composite 

with MMT. Dyes (RhB and C2R) were selected for the 

adsorption study. 

 

MATERIALS AND METHODS 

Materials 

Pectin [Pec], [2-(Methacryloyloxy) ethyl] 

trimethylammonium chloride [METAC], 2-acrylamido-2-

methyl-1-propane sulfonic acid [AMPS], N, N-methylene-

bis-acrylamide [MBA], Ammoniumperoxodisulphate 

[APS], Chromotrope 2R [C2R], Rhodamine B [RhB] and  

Montmorillonite [MMT] were obtained from Sigma Aldrich 

Chemical limited, Bangalore, India and were used as 

received without further purification. 

 

Methods 

Preparation of Poly (METAC-co-AMPS), Pec-g-poly 

(METAC-co-AMPS) and Pec-g-poly (METAC-co-

AMPS) /MMT 

The details preparation of the copolymer, graft copolymer 

and graft copolymer-MMT composite were reported in our 

previous study (Zauro and Vishalakshi, 2018). 

 

Characterization 

The characterization of Pec, Poly (METAC-co-AMPS), Pec-

g-poly(METAC-co-AMPS) and Pec-g-poly(METAC-co-

AMPS)/MMT were carried out using FTIR, TGA, SEM, 

EDS and XRD techniques. 

 

Adsorption of RhB and C2R dyes 

A known amount of the samples were immersed in 100 mg/L 

solutions of dyes. About 2.5 mL aliquots of the supernatant 

solution were withdrawn at different interval and the 

absorbance values were measured using UV-visible 

spectrophotometer at appropriate absorption maxima. The 

calibration curves were used to convert the absorbance 

measured into concentration. Different initial dye 

concentrations (10, 30, 50, 70 and 80 mg/L) were used for 

isotherm studies. Varied amount of the adsorbent samples 

were immersed in dye solutions of known concentrations 

and allowed to stand for 8-14 hours and the resultant 

supernatant solutions were decanted and the absorbance 

were measured (Sila et al., 2009). The amounts of dye 

adsorbed at time t (qt) and at equilibrium (qe) in mg/g were 

calculated using eqs. 1 and 2 respectively. 

𝑞𝑡 =
(𝐶0 − 𝐶𝑡) 

𝑀
× 𝑉 … … … … … … … … … . .1 

𝑞𝑒 =
(𝐶0 − 𝐶𝑒) 

𝑀
× 𝑉 … … … … … … … … … . .2 

Where  C0, Ct  and Ce are the concentration of the dye 

(mg/L) at time t =0, t=t and at equilibrium respectively, M 

is the weight of the graft copolymer/composite gel (g) and 𝑉 

is the volume (L) of the dye solutions. 

 

Competitive Adsorption of Dyes  

The competitive adsorption of the two dyes were carried out 

by suspending 20 mg of the adsorbents in 50 mL of the 

mixture of dyes containing 100 mg/L of each dye and 

allowed to stand for eight hours at room temperature (Shukra 

and Madras, 2012). The resultant supernatant solutions were 

diluted appropriately and the absorbance value at λmax of 

each dye was recorded using UV-visible spectrophotometer. 

The amount of dyes adsorbed competitively was calculated 

using eq. 2. 

 

Desorption Studies  

The re-usability of the graft copolymers and their composites 

as adsorbents for dyes were carried out by suspending about 

15 mg of the dye loaded adsorbents in 25 mL of solution (pH 

1.2 and pH 13.0) and allowed to stand for 8 hours at room 

temperature. The solutions were filtered and diluted 

appropriately and the absorbance values of the solution were 

measured using UV-visible spectrophotometer (Ilgin et al., 

2015). The amount of the dye desorbed into the dripping 

media was calculated using equation 2 and the percentage of 

desorption was calculated using eq. 3. 

Desorption(%) =
amount desorbed

𝑎𝑚𝑜𝑢𝑛𝑡 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑
× 100 … … … … .3 

 

Kinetic Studies 

In order to investigate the mechanism of adsorption of dyes, 

the adsorption kinetic data were analysed using various 

kinetics models. The models employed in this work are 

Lagergren pseudo–first-order (Mangiacopra et al., 2006) 

and Ho and McKay (1998) pseudo-second-order.  

 

Lagergren pseudo first order kinetic  

This is based on the assumption that the rate of adsorption of 

adsorbate with time is directly proportional to difference in 

equilibrium concentration and concentration with time. The 

model is represented mathematically as;  

log(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑜𝑔𝑞𝑒 −
𝑘1

2.303
𝑡 … … … ............................... 4 

Where, qe, qt and t are as defined earlier and k1 is the rate 

constant (hr-1) for the first order kinetic. 

 

Pseudo Second Order Kinetic Model 

The pseudo-second-order rate expression of Ho and McKay 

is represented as:  
𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 𝑡 +

1

𝑞𝑒
… … … … . … … … … … .5 

Where k2 is the adsorption rate constant for second-order 

kinetic process (gmg-1hr-1). 
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Adsorption Isotherm Studies 

Adsorption isotherms describe the performance of 

adsorbents in adsorption processes by describing the surface 

interaction between the adsorbent and adsorbate (Sadeghi 

2011). Various isotherm models are used to describe the 

nature of adsorption process. In this study, the commonly 

used isotherms models namely; Langmuir (Thakur and 

Arotiba, 2017) and Freundlich (Mishra et al, 2016) isotherm 

models are employed. 

 

Langmuir Isotherm Model 

The Langmuir isotherm model quantitatively describes 

equilibrium monolayer of the adsorbate formation on the 

surface of the adsorbent, and is expressed as follows; 
𝐶𝑒

𝑞𝑒
=

1

𝑞𝑚
𝐶𝑒 +

1

𝐾𝐿𝑞𝑚
… … … … … . . … … … 6 

Where, qm is the maximum adsorption corresponding to 

complete monolayer coverage on the surface (mg/g), KL is 

the Langmuir constant which is related to the energy of 

adsorption (L/mg). other parameters retain their usual 

meaning. 

The essential feature of the Langmuir isotherm can be 

represented in terms of separation factor (dimensionless 

equilibrium parameter) RL which is expressed as; 

𝑅𝐿 =
1

1 + 𝐾𝐿𝐶𝑂
… … … … … … … … … … … . 7 

The value of RL indicates the favorability of adsorption as 

follows; 

 RL>1: adsorption is unfavourable 

RL =1: adsorption is linear 

0< RL<1: adsorption is favourable and 

RL=0: adsorption is irreversible.  

 

Freundlich Isotherm model 
The Freundlich adsorption isotherm model encompasses the 

heterogeneity of the surface and the adsorption capacity is 

related to the equilibrium concentration of the adsorbate. 

The Freundlich isotherm is commonly expressed as; 

𝑙𝑛𝑞𝑒 =
1

𝑛
𝑙𝑛𝐶𝑒 + 𝑙𝑛𝑘𝑓 … … … … … … … … … .8 

Where, kf and n are Freundlich adsorption isotherm constants 

that represent the adsorption capacity and the degree of 

nonlinearity between adsorbate concentration and the 

adsorption respectively. The value of n determines the 

favourability of the adsorption. If n is in the range of 1 to 10, 

then the adsorption is considered as favourable.  

 

RESULTS AND DISCUSSION 

Preparation of Pec-g-poly(METAC-co-AMPS) 

The copolymer of METAC and AMPS were grafted onto 

pectin. Firstly, the initiator APS was dissociated under 

microwave producing sulphate anion-radical which abstracts 

hydrogen from hydroxyl group of Pectin to form the 

corresponding macroradical (Pectin macroradicals) 

(Chautan et al., 2017). The METAC and AMPS were 

copolymerised on pectin along with MBA to form 

copolymer gel (Sadeghi, 2011). The formation of Pec-g-

poly(METAC-co-AMPS) gel in the presence of APS is 

shown in Fig. 1 
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Fig. 1: Schematic representation of formation of Pec-g-poly(METAC-co-AMPS) gel 
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Characterization 

FTIR  

The FTIR Spectra of Pec, Poly(METAC-co-AMPS), Pec-g-

poly(METAC-co-AMPS) and Pec-g-poly(METAC-co-

AMPS)/MMT are shown in Fig. 2. The broad band at 

3333cm-1 observed in Fig. 2a is attributed to the O-H 

stretching of Pec and the band at 2922 cm-1 corresponds to 

the -C-H stretching vibration of -CH2. The absorption at 

1720 cm−1 is due to stretching vibration of C=O of -COO- 

(Wilpiszewska et al, 2015). The band at 1009 cm−1 is 

assigned to C–O stretching. Fig. 2b represents the IR 

spectrum of poly(METAC-co-AMPS) in which a 

characteristic broad band  at 3374cm-1 was observed for 

stretching  of O-H of  AMPS and N-H of METAC unit. The 

weak band at 1716 cm-1 due to C=O stretch of amide group 

was also observed. The appearance of a band at 1553 cm-1 is 

due to the stretching of C-N-H (Amir et al, 2006). The two 

sharp bands at 1040 and 948 cm-1 are assigned to S-O 

stretching and C-S stretching of the AMPS respectively 

(Zhang et al., 2014). From the spectrum Pec-g-

poly(METAC-co-AMPS) shown in Fig. 1c, it could be 

deduced that  all the characteristic bands that were seen in 

Figures 2.0a and b appears in Fig. 2c with little shift of few 

bands which stand as evidence for graft copolymerisation of  

poly(METAC-co-AMPS) on Pectin. In the spectrum of Pec-

g-poly(METAC-co-AMPS), the bands at 1718 and 1657cm-

1 are due to asymmetric and symmetric stretching vibration 

of COO− respectively (Wang et al., 2011).  Similarly, in 

addition to the bands on the spectrum of Pec-poly(METAC-

co-AMPS), (Fig. 2c), bands at 1472 cm-1 (CH2- scissoring 

vibration),  960 cm-1 (Si-OH stretching), 886 cm-1 (Si-O-Si 

stretching) (Singh and Singh, 2015) were observed on the 

spectrum of Pec-g-poly(METAC-co-AMPS)/MMT (Fig. 

2d) indicating the  incorporation of MMT in the gel matrix.  

 
    Fig. 2: FTIR spectra of a) Pec, b) Poly(METAC-co-AMPS), c) Pec-g-poly(METAC-co-AMPS) and d)Pec-g-poly(METAC-co-

AMPS)/MMT 

TGA 

The thermograms of Pec, poly(METAC-co-AMPS), Pec-g-

poly(METAC-co-AMPS) and Pec-g-poly(METAC-co-

AMPS)/MMT are presented in Fig. 3.  Pec (Fig. 3a) showed 

two degradation steps. The first step starting from the room 

temperature and extending to 100 0C is attributed to the loss 

of water molecules accounting to 11% weight loss. The 

second stage occurs around 250 0C with sharp weight loss of 

43% and the degradation proceeds gradually upto 500 0C 

which is attributed the degradation of the Pec chain by 

eliminating small molecules such as CO2 and CO leaving 

about 26% of the Pec as residue which is similar to the 

reported data (Einhorn-Stolla et al., 2007).  For 

poly(METAC-co-AMPS) (Fig. 3b), a two degradation 

stages are observed. The first step occurs between the 

temperature range of 35-110 0C with a weight loss of 16% 

attributed to the loss of moisture in the sample. The second 

step occurred at 220 0C with a major weight loss of 82% and 

is linked to the dissociation of AMPS and METAC units 

leaving 2% residue. The thermogram of Pec-g-poly 

(METAC-co-AMPS) presented in Fig. 3c shows similar 

degradation pattern as poly (METAC-co-AMPS). The first 

step occurs in the temperature range of 35-100 0C due to the 

elimination of moisture with weight loss of 16%. The second 

stage occurs gradually from 225 to 535 0C leaving 7% of the 

material as residue. For Pec-g-poly(METAC-co-

APMS)/MMT (Fig. 3d), four degradation steps were 

observed. The first step occurred between 66 to 130 0C due 

to the elimination of water molecules. The second stage is 

observed from 140 to 237 0C with 6% weight loss which 

could be attributed to the dissociation of Pec from the whole 

system. The third step of degradation occurred around 250 
0C and the degradation proceeds gradually up to 616 0C with 

a major weight loss 74% leaving around 3% as residual 

matter. Pec-g-poly(METAC-co-APMS)/MMT showed 

higher thermal stability compared Pec, poly(METAC-co-

APMS) and Pec-g- poly(METAC-co-APMS) and this could 

be attributed to the incorporation of MMT in the system. 
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    Fig. 3: TGA thermograms of a) Pec, b) Poly(METAC-co-AMPS), c) Pec-g-poly(METAC-co-AMPS)and d)Pec-g-

poly(METAC-co-AMPS)/MMT 

FESEM 

The SEM images of Pec, poly(METAC-co-AMPS), Pec-g-

poly(METAC-co-AMPS) and Pec-g-poly(METAC-co-

AMPS)/MMT are presented in Fig. 4. The surface 

morphology of Pec appears rough and porous (Fig. 4a). The 

surface of poly(METAC-co-AMPS) appears cotton-like 

(Fig. 4b). The changes in surface morphology on grafting of 

Pec with poly(METAC-co-AMPS) is shown in Fig. 4c. The 

surface of this sample shows some cracks and appears rough, 

undulant and loose.  Incorporation of MMT into the system 

shows considerable change in the surface producing smooth 

structure with noticeable clay agglomerates on the surface 

(Zauro and Vishalakshi, 2018) (Fig. 4d). 

 
   Fig. 4: FESEM images of a) Pec, b) Poly(METAC-co-AMPS), c) Pec-g-poly(METAC-co-AMPS) and d)Pec-g-poly(METAC-

co-AMPS)/MMT 

EDS 

The composition of Pec-g-poly(METAC-co-AMPS)/MMT was investigated using EDS. Fig. 5 shows the elemental distribution on 

the surface of the  material. In addition to C and O which are common to METAC, AMPS and Pec, Cl and S peaks were observed 

which are associated with METAC and AMPS (Singh and Singh, 2015). The incorporation of MMT within the graft copolymer is 

indicated by the appearance of peaks of Si, Al, Fe, Mg, Ca, Na and K characteristic of the clay material. 

 
Fig. 5: EDS image Pec-g-poly (METAC-co-AMPS)/MMT   
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XRD 

The XRD diffractograms of Pec, MMT, Pec-g-

poly(METAC-co-AMPS) and Pec-g-poly(METAC-co-

AMPS)/MMT samples are shown in Fig. 6. The 

diffractogram of Pec (Fig. 6a) shows the amorphous nature 

of the polysaccharide. de Costa et al. (2016), reported similar 

XRD results of Pec. The MMT diffractogram (Fig. 6b) 

shows multipe crystalline peaks at 2θ values of 12.30, 15.120, 

19.60, 25.210 and 28.30. The crystalline nature of MMT is 

corroborated by the finding of Eģri et al. (2016).  The 

diffractogram of Pec-g-poly(METAC-co-AMPS), shows the 

complete amorphous nature of the gel (Fig. 6c).  The Pec-g-

poly(METAC-co-AMPS)/MMT diffractogram appears semi 

crystalline  (Fig. 6d) with a sharp peak at 2θ of 28.9 

indicating the incorporation of MMT within the Pec-g-

poly(METAC-co-AMPS) network.  

 
Fig. 6:  XRD difractograms of a) Pec, b) MMT c)Pec-g-poly(METAC-co-AMPS) and  d) Pec-g-poly(METAC-co-AMPS)/MMT 

 

Adsorption Studies of RhB and C2R 

Effect of Contact Time  

The effect of contact time on the adsorption of RhB and C2R 

on Pec-g-poly(METAC-co-AMPS) and Pec-g-

poly(METAC-co-AMPS)/MMT is shown in Fig. 8. The 

adsorption proceeds slowly up to 8 hours for both dyes on 

both adsorbents and increase steadily up to fourteen hours 

(Fig. 8). The adsorption in both cases is attributed to the 

electrostatic interaction between the adsorbents and the 

adsorbates as shown in fig 7 below: 
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Fig. 7: Proposed mechanism for the adsorption of RhB and C2R on Pec-g-poly(METAC-co-AMPS) s

Initially, the adsorption of RhB proceeds slowly compared 

to that of C2R on both adsorbents. The maximum adsorption 

of 83.51 and 71.28 mg/g of RhB on Pec-g-poly(METAC-co-

AMPS) and Pec-g-poly(METAC-co-AMPS)/MMT 

respectively was observed after fourteen  

hours. While adsorption of 43.38 and 74.99 mg/g of C2R 

was recorded on Pec-g-poly(METAC-co-AMPS) and Pec-g-

poly(METAC-co-AMPS)/MMT respectively during the 

same period.  
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    Fig. 8: Amount of RhB and C2R adsorbed (mg/g) on a) Pec-g-poly(METAC-co-AMPS) and b) Pec-g-poly(METAC-co-

AMPS)/MMT with time. 

Adsorption Kinetics 

The kinetic studies of RhB and C2R adsorption on the 

adsorbents was carried out using initial dye concentration of 

100mg/L in all cases. The adsorption data obtained were 

analysed using two kinetic models. 

Pseudo first order kinetic model 

The Lagergren pseudo–first order kinetic model was 

adopted. The value of k1 and R2 were calculated from the plot 

of log (qe-qt) vs t (Fig. 9) and tabulated in Table 1. The 

adsorption of RhB on both adsorbents is well explained by 

this model as seen from the R2 values and the comparison of 

the experimental qe values with the values determined based 

on the model. The adsorption of C2R does not fit into the 

first order kinetic model as indicated by the large difference 

between the qe (calculated) for C2R adsorption and qe 

(experimental) values on both adsorbents. Furthermore, the 

R2 values are low, which is an indication of low quality 

linearization (Zauro and Vishalakshi, 2018). 

 
  Fig. 9: Pseudo first order kinetic plots for the adsorption of RhB and C2R on a) Pec-g-poly(METAC-co-AMPS) and b) Pec-g-

poly(METAC-co-AMPS)/MMT  

Pseudo second order kinetic model 

The pseudo-second-order rate expression of Ho and McKay 

(1998) was adopted in this study. The values of k2 and qe 

were calculated from the slope and intercept of the linear plot 

of t/q vs t (Fig. 10) and tabulated (Table 1). The calculated 

and experimental qe values agreed with each other in the case 

of C2R adsorption on both adsorbents which are indicative 

of better fitting of adsorption data to this kinetic model. 

Similarly, the R2 values are greater for second order fit than 

those for the pseudo first order model and they approach 

unity in all cases. Hence, adsorption of C2R on both 

adsorbents correlates better with pseudo-second order 

kinetic model. Similar observation was reported elsewhere 

(Ribeiro et al, 2012; Ekici and Guntekin 2018).  Therefore 

the experimental results support the assumption behind the 

model that the rate limiting step in the adsorption of dyes is 

chemisorption involving valence forces through the 

exchange of electrons between adsorbent and dye molecules 

(Sila et al, 2009).  
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  Fig. 10: Pseudo second order kinetic plots for the adsorption of RhB and C2R on a) Pec-g-poly(METAC-co-AMPS) and b) Pec-

g-poly(METAC-co-AMPS)/MMT.  

      Table 1: Kinetic data for the adsorption of RhB and C2R on a) Pec-g-poly(METAC-co-AMPS) and b) Pec-g-poly(METAC-

co-AMPS)/MMT.  

 Adsorption isotherms  

The adsorption data were fitted with various isotherm 

models and the results are discussed below. 

Langmuir isotherm 

The Langmuir constants KL and qm were determined from the 

intercept and slope of the linear plots of Ce/qe versus Ce 

(Fig. 11) and the corresponding data are  given in Table 

2.The R2 values were low in both cases, indicating that the 

Langmuir model was not suitable for RhB and C2R 

adsorption onto the adsorbents.  

Freundlich isotherm model 

The values of kF and n were calculated from the intercept and 

slope of the plot of log qe and log Ce(Fig. 12) and are 

presented in Table 2. As can be seen in Table 2, the values 

of Freundlich parameter n for RhB on both adsorbents and 

C2R on the gel are within the range of 1-10, which implies 

the chemisorption process (Ekici and Guntekin, 2018). The 

data indicate that the equilibrium adsorption of RhB and 

C2R is best described by the Freundlich isotherm model on 

both adsorbents. 

 
 Fig. 11: Langmuir isotherm plots for the adsorption RhB and C2R on a) Pec-g-poly(METAC-co-AMPS) and b) Pec-g-

poly(METAC-co-AMPS)/MMT.  

Adsorbent Pec-g-poly(METAC-co-

AMPS) 

Pec-g-poly(METAC-co-

AMPS)/MMT 

Dyes RhB C2R RhB C2R 

 qe exp (mg/g) 83.51 43.38 71.28 74.99 

 

First order 

qe cal (mg/g) 91.41 50.12 78.52 54.08 

k1×10-4 (hr-1) 2.50 2.30 1.20 1.90 

R2 0.536 0.901 0.978 0.939 

 

Second order  

qecal (mg/g) 10.42 45.45 6.329 71.43 

k2×10-4  (g/mg/hr) 73.70 7.20 2.20 1.12 

R2 0.990 0.984 0.403 0.958 
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Fig. 12: Freundlich isotherm plots for the adsorption RhB and C2R on a) Pec-g-poly(METAC-co-AMPS) and b) Pec-g-

poly(METAC-co-AMPS)/MMT. 

Table 2: Isotherm data for the adsorption of RhB and C2R dyes onto adsorbents 

Adsorbent  Pec-g-poly(METAC-co-AMPS) Pec-g-poly(METAC-co-AMPS)/MMT 

Dyes  RhB C2R RhB C2R 

 Co (mg/L) 10 – 100 

Langmuir qm (mg/g) 71.43 62.50 25.64 27.78 

KL (L/mg) 0.003 0.008 0.006 0.013 

RL 1.42 4.70 2.40 3.35 

R2 0.51 0.969 0.673 0.819 

Freundlich kF 0.45 0.57 0.34 0.38 

N 0.89 0.78 0.80 1.46 

R2 0.994 0.995 0.994 0.999 

Competitive Adsorption 

A competition occurs whenever there is an adsorption from 

a mixture of substances. The adsorption of one substance is 

adversely affected in the presence of other solutes in the 

mixture (Retgi et al, 2017). RhB and C2R adsorption from 

binary and single adsorbate systems onto the adsorbents 

were studied and the results are presented in Table 3. 

Considering Pec-g-poly(METAC-co-AMPS); RhB was  

 

adsorbed to higher extent from the pure solution compared 

to the amount from the mixture, whereas higher amount of 

C2R was adsorbed from the mixture compared to that from 

pure solution. But, considering the composite sample Pec-g-

poly(METAC-co-AMPS)/MMT both C2R and RhB were 

adsorbed to higher extent from the mixture compared to the 

amount from individual solution.  
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Table 3: Competitive adsorption of RhB and C2R dyes on the adsorbents. 

 qe (mg/g) 

 Pec-g-poly(METAC-co-AMPS) Pec-g-poly(METAC-co-AMPS)/MMT 

 Pure* Mixed** Pure* Mixed** 

RhB 35.70 25.84 31.92 36.12 

C2R 17.73 24.42 17.56 33.02 

* Adsorption experiments using solution of individual dye of 100mg/L. 

** Adsorption experiments using mixture of RhB and C2R each of 100mg/L 

Desorption Studies 

The re-usability of Pec-g-poly(METAC-co-AMPS) and Pec-

g-poly(METAC-co-AMPS)/MMT as adsorbent materials 

was investigated under  different pH conditions and the 

results are presented in Table 4. It is clear from the Table 

that RhB can be effectively desorbed  thereby regenerating 

the adsorbent at least for two cycles under pH 1.2 and 13.0, 

whereas desorption of C2R under the same conditions is low. 

It was observed that 91.57 and 94.25 % of RhB was 

recovered at pH 1.2, 83.18 and 91.69 % at pH 13.0 from Pec-

g-poly(METAC-co-AMPS) and Pec-g-poly(METAC-co-

AMPS)/MMT during first cycle (Ilgin et al., 2015). The 

amount of C2R recovered both from Pec-g-poly(METAC-

co-AMPS) and Pec-g-poly(METAC-co-AMPS)/MMT at 

pH 1.2 are 48.50 and 48.34 %  respectively. At pH 13.0, 

41.85 and 43.92 % of C2R was desorbed during the first 

cycle. The amount of RhB desorbed from both adsorbents in 

both striping media are higher compared to the amount 

recovered for C2R from both adsorbents. 

     Table 4: Desorption (%) of RhB and C2R from the adsorbents under pH 1.2 and pH 13.0 

 

 

 

 

  

  

 

 

 

 

CONCLUSION 

A pectin graft-copolymer-MMT composite was made via 

MW irradiation and evaluated for the adsorption of RhB and 

C2R. Both the graft copolymer and its MMT-composite 

showed appreciable adsorption towards RhB and C2R, with 

RhB having adsorbed to higher extent on both adsorbent. 

The kinetic study showed that the adsorption of RhB and 

C2R on both adsorbents, followed the first order kinetic 

model and pseudo second order kinetic model respectively. 

The adsorption isotherms for both RhB and C2R correlate 

well with the Freundlich model.  
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