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A new chelating material from mercerized cotton linter was prepared by a 
reaction with succinic anhydride in the presence of toluene/triethylamine 
and a 4-dimethylaminopyridine catalyst, followed by reacting with Fe(III) 
to obtain the final product. The materials were characterized by Fourier 
transform infrared spectrometry, scanning electron microscopy, and 
energy dispersive spectrometer; the adsorption of chromium(VI) from an 
aqueous solution was examined. The Langmuir isotherm accurately fit 
the experimental data, and the calculated adsorption ability of Fe(III)-
loaded adsorbent for chromium(VI) was 11.1 mg/g. The adsorption 
process followed a pseudo-second-order kinetic model.                                                                                                                                            
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INTRODUCTION 
 

Chromium is discharged from multiple industries such as leather tanning, textiles, 

and photography. Chromium(VI) is a hazardous heavy metal, and long- or short-term 

contact or inhalation results in carcinogenicity. Furthermore, it is consistently dangerous 

for the environment. Therefore, removing or reducing chromium(VI) from wastewater 

before its emission into the environment is critical. A variety of chemical treatment 

techniques have been investigated and applied. The removal of pollutants from effluents 

is commonly conducted by ion exchange, absorption, reduction, and precipitation (Gurgel 

et al. 2009). However, the use of costly chemicals and poor removal capacity limit the 

application of these treatments (Park et al. 2005; Park et al. 2007). Therefore, researchers 

have investigated a variety of sorbents for the removal of chromium(VI) from water (Bai 

and Deng 2004; Mohanty et al. 2005; Abdel-Halim et al. 2006; Park et al. 2006a,b; 

Zubair et al. 2008; Zhang et al. 2008; Gurgel et al. 2009; Lo and Mak 2011). 

 Activated carbon can be obtained from a variety of materials such as wood, 

industrial waste, and coal, and it is an effective material for removing chromium(VI) in 

effluents. However, some adsorbents exhibit poor or slow adsorption and high cost. 

Hence, the exploration of high-efficiency adsorbents is imperative (Namasivayam and 

Sureshkumar 2008). A number of metal-loading materials that remove pollutants from 

water have been reported. These include yttrium-loaded poly-(hydroxamic acid) resin 

(Haron et al. 1995), polymer complex of zirconium(V) (Yuchi et al. 1999), Fe(III)-loaded 

cotton cellulose (Zhao et al. 2008), chitosan-Fe(III) complex (Zimmermann et al. 2010; 

Shen et al. 2013), crosslinked alumina-chitosan hybrid adsorbent (Ji et al. 2012), and 

chitosan/Al2O3/magnetite nanoparticles composite adsorbent (Bahareh et al. 2015). 

In this study Fe(III)-loaded succinylated mercerized cellulose was used to remove 

chromium(VI) from water. The availability of a low cost and biodegradable carrier, 
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cotton linter, together with the use of an environmentally safe and low cost metal, iron, 

facilitated this work. A simple preparation procedure and easy regeneration and reuse 

further enhanced our interest in choosing this content for our research. To obtain this 

adsorbent, mercerized cotton linter (MC) was reacted with succinic anhydride (SA), and 

succinylated mercerized cotton linter (SMC) was reacted with Fe(III) solution to obtain 

Fe-functionalized succinylated mercerized cotton linter (ISMC). The absorption of 

chromium(VI) by ISMC was described by the Langmuir model. Fourier transform 

infrared spectrometry (FTIR), scanning electron microscopy (SEM), and energy 

dispersive spectrometer (EDS) were used to characterize the product. 

  
 
EXPERIMENTAL 
 

Materials 
Analytical grade chemicals were purchased from Damao, China. K2Cr2O7 powder 

was dissolved in deionized water to obtain a chromium working solution of 30 mg 

Cr2O7
2−/L. The Fe(III) solution (0.2 mol/L) was obtained by dissolving FeCl3.6H2O into a 

sodium acetate-acetic acid buffer (pH 4.5). 

 

Preparation of Modified Cotton Linter 
Preparation of mercerized cotton linter 
 Cotton linter was manually cut into small pieces and treated with 15 wt.% NaOH 

at room temperature for 24 h. The mercerized cotton linter was filtered and washed with 

deionized water until it reached neutral pH. MC was subsequently treated with acetone at 

room temperature for 3 h, washed, and dried at 30 °C in a vacuum drier for 12 h. 

 

Preparation of SMC 

Five grams of MC were immersed in 160 mL of toluene/triethylamine (70/30, 

w/w) in a flask. Under constant stirring and refluxing, the temperature was raised to 

130 °C, and then 11.70 g of SA and 0.42 g of 4-dimethylaminopyridine were added to the 

mixture under N2 atmosphere with stirring and refluxing for 12 h. The mixture was 

cooled, and extra SA was removed by Soxhlet extraction using tetrahydrofuran/ethanol 

(50/50 v/v) for 10 h. To achieve a better chelating, the carboxylate groups were modified 

(Gurgel et al. 2009). The SMC was placed in NaHCO3 solution for 30 min, filtered, and 

washed with ethanol. Finally, the SMC was vacuum-dried at 30 °C for 12 h.  

 

Preparation of ISMC 

Five grams of SMC was stirred with 200 mL of Fe(III) (0.2 mol/L) at 25 °C for 

24 h. Subsequently, the ISMC was washed with deionized water to eliminate unloaded 

Fe(III) and then vacuum-dried at 60 °C for 12 h. 

 
Characterization of the Material 

The degree of succinylation of SMC was determined by measuring the introduced 

carboxylic acid groups (Gurgel et al. 2008). Briefly, 0.10 g of SMC was immersed in 80 

mL of NaOH (0.01 mol/L) and stirred for 30 min. The mixture was filtered, and 20 mL of 

filtrate was titrated with HCl (0.01 mol/L) in three parallel titrations (Karnitz et al. 2007). 

The carboxyl functional groups were calculated according to Eq. (1):  
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where C1 and C2 are the concentrations of NaOH and HCl solutions, respectively, V1 is 

the volume of NaOH, V2 is the volume of HCl consumed by the unreacted base, and m is 

the mass of SMC. 

A specific amount of ISMC was placed into a beaker with 2 mol/L HCl to 

determine the content of loaded Fe(III), and then the content of Fe(III) in the filtrate was 

determined using an atomic absorption spectrophotometer. 

FTIR spectra were recorded on an instrument (IRPretige-21, Shimadzu, Japan) 

with scanning from 400 to 4000 cm−1 wave numbers. 

SEM and EDS were obtained by an FEI Quanta-200 environmental scanning 

electron microscope combined with an EDS operating at 5 kV accelerating voltage. The 

samples were sputtered with gold prior to analysis. 

 

Batch Sorption Experiments 
To determine the influence of pH, 100 mg of ISMC was put into a 250-mL beaker 

containing 50 mL of 30 mg Cr2O7
2−/L ion solution. The pH range was 2 to 8. During 

adsorption, NaOH and HCl solutions (0.1 mol/L) were used to adjust the pH, and the 

beakers were stirred continuously for 90 min at 25 °C. 

Kinetic studies were performed in a 500-mL beaker flask with 500 mL of 30 to 

100 mg Cr2O7
2−/L solution at room temperature. A total of 1.00 g of ISMC was added, 

and the flask constantly stirred. A small amount (4 mL) of sample was filtered out at 

desired time intervals to analyze the chromium(VI) ion concentration. NaOH and HCl 

solutions (0.1 mol/L) were used to maintain the initial pH of 2. The experiments were 

performed at 298 K. In the equilibrium experiments, 0.10 g of ISMC was placed into 

beakers containing 50 mL of chromium(VI) solution at different concentrations. The 

beakers were stirred for 90 min at room temperature. The initial pH of 2 was maintained 

throughout the experiment. 

 

Regeneration and reuse of the adsorbent 
            For the regeneration, 0.10 g of ISMC saturated with chromium(VI) was put into 

50 mL of 1 mol/L NaOH aqueous and stirred for 1 h. The chromium(VI) concentration 

was determined. The adsorbent was then washed with deionized water to remove the 

extra of NaOH and recondition the adsorbent. This procedure was repeated four times for 

each absorption/regeneration cycle. 

 

 

RESULTS AND DISCUSSION 
 

Degree of Succinylation and Iron(III) 
The modified material was synthesized as described above. The degree of 

succinylation was 2.9 mmol/g, and 72 mg/g Iron(III) was loaded onto ISMC.  

 

FTIR Analysis  
FTIR spectra from of MC and SMC are shown in Fig. 1. The peaks at 3375, 2895, 

1375, 1158, and 1058 cm−1 are related to pure cotton linter. O–H stretching was 
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represented by the band at 3375 cm−1, and the peak at 2895 cm−1 was assigned to C–H 

stretching. The band at 1375 cm−1 was associated with O–H bending. The peak at 1158 

cm−1 represented C–O antisymmetric bridge stretching (Liu et al. 2011). The new band at 

1732 cm−1 in the SMC spectrum illustrated that an esterification reaction occurred 

between the cotton linter and SA. Furthermore, the peaks at 1417 and 1573 cm−1 were 

associated with symmetric and asymmetric stretching vibrations of the ionic carboxylic 

groups, which proved that the first modification was successful (Sanna et al. 2013).  
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Fig. 1. FTIR analysis of (a) MC and (b) SMC 

 

SEM and EDS Analysis  
SEM images of MC and ISMC are shown in Fig. 2. Compared with ISMC, the 

surface of the raw material was smoother. After modification, the surface of the product 

became rough compared to the raw material. These observations indicated that the 

modification process changed the structure of the cellulose surface and that iron was 

loaded onto the surface of ISMC. 

 

 
 

Fig. 2. SEM surface analysis of (a, b) MC and (c, d) ISMC  

 
To further confirm the loading of Fe(III) and the adsorption of chromium(VI) 

onto ISMC, EDS spectra were generated (Fig. 3). The surface of the samples detected 

corresponding signal peaks. As expected, the main elements in MC were C and O (Fig. 

3(a)), which were also observed in the other materials (Albadarin et al. 2013). In contrast, 

new Fe peaks were found in ISMC samples (Fig. 3(b,c)). These observations showed that 

Fe(III) was loaded onto the surface of ISMC (Cai et al. 2015). Furthermore, new Cr 

peaks were present in the ISMC samples that had absorbed chromium(VI). This 

observation indicated that chromium(VI) was absorbed onto ISMC.  
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Fig. 3. EDS surface analysis of (a) MC, (b) ISMC, and (c) ISMC after adsorption 

 

Effect of pH on Absorption  
Chromium(VI) exists in different forms in water, including H2CrO4, HCr2O7

−, 

CrO4
2−, HCrO4

−, and Cr2O7
2−. From pH 2 to 6, HCrO4

−, CrO4
2−, and Cr2O7

2− are present, 

but HCrO4
− predominates. At higher pH, CrO4

2− and Cr2O7
2− begin to dominate. CrO4

2− 

is the only aqueous chromate when the pH is higher than 7.5 (Mallick et al. 2006). 

In acidic solution, iron dissolved from ISMC, and the concentration of dissolved 

iron decreased with increasing pH. While the amount of dissolved iron was less than 2% 

of ISMC, so the effect of this aspect could be ignored.  

The adsorption capacities were lower at higher pH. The optimum pH was 2. At 

lower pH values, the main form of chromium(VI) was HCrO4
−, which requires one 

exchange site. As pH increased, the increase in CrO4
2− and Cr2O7

2−, which require two 

exchange sites, resulted in the decreased absorption of chromium(VI) (Leandro et al. 

2009). In addition, the increase of OH−, which could be a competitive adsorption ion for 

chromium(VI), also reduced the adsorption of chromium(VI). Therefore, the optimum pH 

was used in all subsequent experiments. 
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Fig. 4. Effect of pH on the adsorption of chromium(VI) by ISMC 

 

Adsorption Kinetics 
Adsorption kinetic models, based on evaluation of the rate of adsorption, were 

used to calculate the optimum adsorption time. The experiments were performed after 

180 min to ensure that full equilibrium was achieved. Figure 5(a) shows that the 
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absorption ability increased rapidly in the initial 15 min and then increased slowly. ISMC 

rapidly removed chromium(VI) from the solution; absorption potentially occurred on the 

ISMC surface (Zhao et al. 2009). After 90 min, the absorption capacity was stable, so 90 

min was considered the optimum adsorption time. 

The pseudo-first-order kinetic model can be expressed by Eq. 2: 
 

  tkqqq ete 1lglg 
        (2) 

 

where k1 is the constant and qt and qe are the amounts of adsorbed chromium(VI) on 

ISMC at time t and equilibrium, respectively. The pseudo-second-order kinetic model is 

expressed by Eq. 3, where k2 is a constant. 
 

2
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t e e
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The intraparticle diffusion model can be defined by Eq. 4, where ki is the constant and C 

is a constant corresponding to the strength of the boundary layer. 
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Fig. 5. (a) Kinetic models for chromium(VI) adsorption onto ISMC, (b) pseudo-first-order kinetic 
plot, (c) pseudo-second-order kinetic plot, and (d) intraparticle diffusion model 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Sun et al. (2016). “Chromium(VI) removal,” BioResources 11(2), 3038-3048.  3044 

          The pseudo-second-order model gave the best correlation with the experimental 

data (Wu et al. 2009). The qe,cal represents the amount of chromium(VI) adsorbed at 

equilibrium time. As shown in Table 1, the calculated qe,cal in the pseudo-second-order 

model agreed most closely with the experimentally obtained qe,exp. Also, the correlation 

coefficient (R2) was close to 1.0. Therefore, the absorption of chromium(VI) onto ISMC 

followed a pseudo-second-order kinetic model. 

 

Table 1. Parameters of Kinetic Models  

 
Adsorption Isotherms  

Adsorption isotherms are essential for understanding the nature of the interactions 

between the adsorbent and the concentration of the adsorbate (Bhatnagar et al. 2011). 

The absorption ability and removal efficiency of ISMC were studied in different 

chromium(VI) concentrations (Fig. 6(a)). Initially, absorption increased as the 

chromium(VI) concentration increased, with a high rate at lower concentrations. 

However, removal efficiency decreased from 71% to 27% at higher initial concentrations.  

The Langmuir and Freundlich isotherm equations are typical two-parameter 

theoretical models evaluate absorption. The Langmuir model is for physical absorption 

processes, while the Freundlich model represents chemical adsorption. The Langmuir and 

Freundlich isotherm models are linearly expressed in Eq. 5 and 6, respectively, 
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where qe is the equilibrium absorption ability, and k and 1/n represent absorption ability 

and strength, respectively. qmax is the maximum absorption ability, Ce is the content of 

chromium(VI) at equilibrium time, and b is the Langmuir constant. The variable k is the 

Freundlich constant. The standard deviation (S. D.) was determined as follows, 
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where Qe,exp and Qe,cal are the experimental and calculated data, respectively.  

The results are shown in Fig. 6(b) and Table 2. The Freundlich model (R2 = 

0.9911,χ2 = 0.023) and the Langmuir model (R2 = 0.9994,χ2 = 0.0053) both effectively 

described the absorption of chromium(VI) onto ISMC. Comparatively speaking, the latter 

was more suitable, which suggests that chromium(VI) is absorbed as a monolayer surface. 

Cr(VI) 
Concentr

ation 
(mg/L) 

qe, 

exp 

Pseudo-first-order Pseudo-second-order 
Intraparticle Diffusion 

Model 

k1 qe, cal R2 k2 qe, cal R2 ki C R2 

30 5.2 0.0146 6.5 0.856 0.0554 5.3 0.996 0.183 3.21 0.666 

50 7.2 0.0132 9.8 0.874 0.0500 7.3 0.998 0.256 4.47 0.583 

100 9.1 0.0070 3.4 0.647 0.0712 9.2 0.999 0.231 6.68 0.522 
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Fitting to this model indicates that the active sites of the loaded adsorbent play a vital role 

in the adsorption of chromium(VI). 

The maximum absorption ability (qmax) obtained from Eq. 5 was 11.1 mg/g. The 

value for parameter b (< 1) indicated that these adsorbents had a high chromium(VI) 

affinity. The Freundlich adsorption intensity parameter (n) was 2.445, indicating the 

applicability of the Freundlich isotherm and the favorable absorption of chromium(VI). 
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Fig. 6. Adsorption isotherms for the absorption of chromium(VI) onto ISMC 

 

Table 2. Isotherm Parameters for the Adsorption of Chromium(VI) onto ISMC 

Langmuir Isotherm Freundlich Isotherm 

qmax b R2 Χ2 S.D. n k R2 Χ2 S.D. 

11.1 0.13722 0.9994 0.0053 1.142 2.445 5.929 0.9911 0.023 2.110 

 
Desorption 
            The regeneration of the adsorbent is important in the practical application. Figure 

7 shows the results of chromium(VI) desorption and adsorbent reuse.  
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Fig. 7. Performance of ISMC by four adsorption–desorption cycles of regeneration 
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It was found that the chromium(VI) ions could be effectively desorbed from 

ISMC using 1.0 mol/L NaOH solution, with a desorption efficiency of over 95%. The 

capacity of adsorption reduced slightly in each cycle, and in the last cycle, the reduction 

was 16%. Therefore, ISMC can be easily regenerated and reused. 

 

 
CONCLUSIONS 
 

1. Fe(III)-loaded cotton linter (ISMC) was successfully synthesized by a reaction with 

succinylated mercerized cellulose and Fe(Ⅲ), which had a 72 mg/g of Fe(III). ISMC 

rapidly removed chromium(VI) from an aqueous solution. 

2. The optimum pH value for chromium(VI) adsorption by ISMC was 2, and its 

maximum chromium(VI) absorption capacity was 11.1 mg/g.  The Langmuir model 

suitably depicted the adsorption equilibrium data. Adsorption followed a pseudo-

second-order kinetic model. After four adsorption-desorption cycles, the reduction of 

adsorption capacity was 16%, which demonstrated that ISMC can be easily 

regenerated and reused. 
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