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A new efficient anion adsorbent was fabricated by amino-grafting lignocellulose-rich jute stalk (AGJ) to uptake toxic 

hexavalent chromium (Cr(VI)) from aqueous solutions. Batch adsorption experiments were performed as a function of 

adsorbent dosage and initial solution pH to test the adsorption-coupled reduction for anion Cr(VI). Maximum 

chromium adsorption was found at pH 2.0 with an appropriate adsorbent dosage of 1.0 g/L. The adsorption equilibrium 

data were best described by the Langmuir isotherm model. The maximum monolayer adsorption capacity was 154.30 

mg/g, evaluated using the Langmuir equation. The kinetic analysis revealed that the adsorption of Cr(VI) was fitted 

very well by the pseudo-second-order model during the whole adsorption process. The binding mechanism of 

chromium onto the AGJ surface was confirmed by Fourier transform infrared spectroscopy (FTIR) and X-ray 

photoelectron spectroscopy (XPS) analyses. All the results in this study illustrated that AGJ could be considered as an 

economically viable and effective adsorbent for treatment of aqueous solutions contaminated with Cr(VI). 
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INTRODUCTION 

Chromium, which is considered one of the 

top-priority toxic pollutants because of its 

teratogenic and carcinogenic effects in humans, 

exists in the environment mainly in two oxidation 

states, trivalent chromium (Cr(III)) and 

hexavalent chromium (Cr(VI)).1 Compared to 

Cr(III), Cr(VI) is more hazardous and toxic, 

owing to the highly soluble and mobile forms of 

hydrogen chromate (HCrO4
-
), dichromate (Cr2O7

2-
) 

and chromate (CrO4
2-) ions in water streams.2 

Cr(VI) is widely generated from various industrial 

processes, such as electroplating, pharmacy, 

metallurgy, textiles, battery and catalyst 

synthesis.3 The world health organization (WHO) 

recommends that the tolerance limit for Cr(VI) 

should be 0.05 mg/L for discharge into potable 

water, 0.1 mg/L into inland surface water, and 

0.25 mg/L into industrial wastewater.4 Therefore, 

it is of critical importance to remove or reduce the 

concentration of Cr(VI) before its discharge into 

aquatic environments. 

Several  treatment  techniques  have  been  

 

developed for removal of Cr(VI) from aqueous 

solutions, including reduction–precipitation,5 

membrane separation (ultrafiltration, reverse 

osmosis and nanofiltration),6,7 electrolytic 

recovery,
8
 ion exchange/chelation,

9
 microbial 

remediation and adsorption.10,11 Of these methods, 

adsorption has been increasingly considered as an 

effective and versatile alternative for eliminating 

Cr(VI) from water and wastewaters. Activated 

carbon has been employed as a common 

adsorbent for the treatment of contaminants in 

aqueous solutions, but it is prohibitively 

expensive.
12

 Therefore, low-cost adsorbents 

should be exploited for a simple and efficient 

adsorption in water and wastewater treatment. 

Recently, agricultural and industrial by-products, 

such as corn stalk,
13

 wheat straw,
14

 rice bran,
15

 

sugar waste,16 coffee residues,17 and hydrolyzed 

lignocellulosic materials obtained from bioethanol 

production,18 have attracted the attention of 

scientists due to their naturally occurring, 

low-cost, abundant production and 
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lignocellulose-rich content, as well as efficient 

adsorption to some extent. In addition, Sarkar et 

al. reported that water hyacinth shoot powder 

could be a potential adsorbent for removal of Cr 

and Cu, with high adsorbent capacity of about 

99% Cr and Cu from a standard solution (SS), as 

well as from tannery effluent (TE).19 

Jute is also an abundant agricultural waste, 

rich in cellulose and lignocelluloses, which has 

three hydroxyl groups at the anhydroglucose units 

of the cellulose backbone. Thus, it provides the 

possibility for application as adsorbent.
20

 

However, the jute adsorbent lacks high adsorption 

capacity toward heavy metal contaminants in its 

native form. It was reported that the metal ion 

uptake reached values of only 4.23, 3.37 and 3.55 

mg g-1 for Cu(II), Ni(II) and Zn(II), respectively, 

by jute fibres.
21

 With the aim of enhancing the 

adsorption capacity, chemically modified 

cellulose absorbent has been synthesized. Hao et 

al. prepared a novel amino-functionalized 

cellulose adsorbent in an ionic liquid 

homogeneous system, which displayed a high 

removal efficiency for Cr(VI), with optimal Cr(VI) 

uptake of 32.5 mg g-1.22 Du et al. have reported 

the preparation of a low-cost carboxyl modified 

jute fiber for removal of Pb(II), Cd(II), and Cu(II) 

from water, with remarkably high adsorption 

capacity (157.21, 88.98 and 43.98 mg g-1 for 

Pb(II), Cd(II), and Cu(II), respectively).
23 

The main objective of this work has been to 

investigate the potential use of an anionic 

adsorbent synthesized from jute stalks through 

amino-functionalization of natural cellulose in 

removing Cr(VI) anion species from water. The 

prepared anionic adsorbent from jute stalks was 

characterized by chemical analysis and the effects 

of important parameters, including adsorbent 

dosage and initial pH of the solution, were 

conducted using batch experiments. The potential 

application of functionalized jute stalks for 

adsorption of Cr(VI) from water was investigated 

under kinetic and equilibrium conditions. The 

mechanism of Cr(VI) adsorption onto the 

jute-based adsorbent was determined by several 

kinetic and isotherm adsorption models. The 

interaction between Cr(VI) and the adsorbent was 

eliminated by FTIR and XPS analyses. 

 

EXPERIMENTAL 
Preparation of amine grafted jute 

The raw jute was obtained from the experimental 

field of the Institute of Bast Fiber Crops, Chinese 

Academy of Agricultural Sciences, China. It was 

washed with de-ionized (DI) water, dried in sunlight 

until all the moisture was evaporated. Then, the raw 

jute was smashed to pieces and sieved to the desired 

mesh size of 100~300 µm. For preparation of amine 

grafted jute (AGJ), a 250 mL three-neck round bottom 

flask was employed, and then two grams of raw jute 

powder, 10 mL of epichlorohydrin and 12 mL of 

N,N-dimethylformamide were mixed in it and stirred 

for 1 h at 100 °C. After addition of 2 mL of 

diethylenetriamine drop by drop, the mixture was 

stirred for another 1 h, followed by the addition of 10 

mL of triehylamine and stirring for 3 h. The primary 

product was washed with DI water, freeze-dried for 24 

h, and then sieved to an appropriate mesh size of 

100~300 µm. Finally, the obtained samples were stored 

in desiccators as absorbents. 

 

Characterization of adsorbents 

The morphologies of raw jute and AGJ were 

observed by scanning electron microscopy (SEM) 

using a JSM-5600 LV microscope (JEO, Ltd., Japan). 

The BET surface area was determined by an ASAP 

2020 Accelerated Surface Area and Porosimetry 

System (Micromeritics Instrument Corporation, USA). 

Infrared adsorption spectra were recorded on a Fourier 

transform infrared (FTIR) spectrometer (IRAffinity-1, 

Shimadzu) at room temperature, in the range from 400 

to 4000 cm
-1

. The composition and binding energy 

information of AGJ and AGJ loaded with Cr(VI) were 

investigated by X-ray photoelectron spectroscopy 

(XPS), using a Thermo Scientific Escalab 250Xi 

spectrometer equipped with a monochromic Mg Kα 

X-ray source. Detailed spectra processing was 

performed by commercial Thermo Avantage software 

(v. 5.52, Thermo Scientific). 

 

Adsorption experiments 

All adsorption experiments were conducted in 

sealed 50 mL conical flasks that contained 20 mg AGJ 

and 20 mL Cr(VI) solution with appropriate 

concentrations. The flasks were placed on an incubator 

at 150 rpm shaking speed at an appropriate 

temperature. After adsorption, samples were drawn out 

from the flasks and then filtered through a 0.45 µm 

membrane filter. The residual concentration of Cr(VI) 

in the filtrate was analyzed using a UV-vis 

spectrophotometer (Shimadzu UV-2550, Japan). The 

pink complex formed from Cr(VI) and 

1,5-diphenylcarazide was determined at the maximum 

adsorption wavelength of 540 nm.
24

 The amount 

adsorbed (qe, mg/g) was calculated as follows: 

m

VCC
q e

e

)( 0 −
=               (1) 

where C0 and Ce are the initial and equilibrium 
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concentrations of Cr(VI) (mg/L), V is the solution 

volume (L), and m is the mass of adsorbent (g). 

In the dosage experiments, 5~80 mg dosages of 

AGJ were added into batches of 20 mL of Cr(VI) 

solution with the concentration of 100 mg/L under 

stirring conditions for 4 h at natural pH. The effect of 

pH on the adsorption of AGJ was investigated by 

mixing 20 mg of AGJ with 20 mL of 100 mg/L Cr(VI) 

solution at different initial pH values of 2~9.The 

solution pH was adjusted with 0.5 M NaOH or HCl 

solution. To determine the minimum time required for 

reaching adsorption equilibrium, adsorption kinetics 

studies were carried out with various concentrations of 

Cr(VI) (50, 100 and 200 mg/L) at 25 °C. The 

concentrations of Cr(VI) were analyzed at given time 

intervals from 1 min to 4 h. The adsorption isotherms 

of Cr(VI) on AGJ were obtained at 25 °C, 35 °C and 

45 °C, respectively, to evaluate the thermodynamic 

properties and the maximum adsorption. Typically, 20 

mL of Cr(VI) with initial concentrations ranging from 

10 to 500 mg/L were mixed with 20 mg of AGJ, and 

shaken for 4 h at constant temperature to attain 

equilibrium. After filtering separation, the Cr(VI) 

concentrations were measured.  

 

RESULTS AND DISCUSSION 

Characterization 

The morphologies of raw jute and AGJ were 

observed using SEM. As shown in Figure 1, the 

surface of AGJ was relatively smoother than that 

of raw jute, suggesting the order of cellulose in 

jute has been improved during the amination 

reaction. The BET measurement revealed that the 

specific surface areas of raw jute and AGJ were 

75.84 m2 g-1 and 52.03 m2 g-1, respectively. The 

BET surface area of AGJ decreased after grafting 

with amine groups, which is consistent with the 

results of SEM analysis. These results are similar 

to those from a previous report.25 

 

 

 
 

Figure 1: SEM images of raw jute (a) and AGJ (b) 

 

FTIR spectral analysis is important to identify the 

characteristic functional groups, which are 

responsible for the adsorption of metal ions.26 The 

FTIR spectra of AGJ and Cr(VI) laden AGJ are 

displayed in Figure 2. It is apparent that there 

were some changes in the peak frequencies 

observed from the FTIR spectra. The spectrum of 

AGJ exhibits an absorption band at 3433 cm
-1

, 

which corresponds to the bonded -OH stretching 

vibration. After adsorption of Cr(VI), it shifted to 

3419 cm-1 in the spectrum of Cr(VI) laden AGJ, 

partially owning to complexation of Cr(VI) with 

-OH groups.27 The appearance of a new peak at 

892 cm
-1

 in the spectrum of Cr(VI) laden AGJ 

indicates the adsorption of Cr(VI) on AGJ. A 

similar phenomenon has been reported by Ren et 

al.28 In the AGJ spectrum, the band at 1058 cm-1 

corresponds to the C-O-C stretching vibration of 

the cellulose backbone.29 The broad band 

observed at 1641 and 1370 cm
-1

 could be assigned 

to the carboxyl and amine groups.30 After Cr(VI) 

binding, the characteristic peaks at 1641 and 1370 

cm-1 shifted to 1646 and 1372 cm-1, respectively, 

indicating that amino and carboxyl groups 

contributed to the adsorption of Cr(VI). These 

results suggest that the adsorption of Cr(VI) onto 

AGJ could be ascribed to the complex interactions 

between Cr(VI) and AGJ, including electrostatic 

attraction, complexation, as well as ion exchange. 

 

Cr(VI) adsorption tests  

Effect of adsorbent dose on Cr(VI) adsorption 

The effect of AGJ dosage on Cr(VI) adsorption 

is shown in Figure 3. It can be noted that the 

uptake of Cr(VI) increased rapidly with the 

increasing dosage of AGJ adsorbent from 0.25 to 
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1.5 g/L. In this period, more Cr(VI) ions were 

removed, which could be ascribed to higher 

surface area and more active sites for Cr(VI) 

adsorption provided by increasing the AGJ dosage. 

The removal efficiency of Cr(VI) was maintained 

high (95~100%) as the dosage of AGJ was 

increased from 1.5 to 4.0 g/L. However, the 

adsorption capacity (qe) of Cr(VI) by the AGJ 

adsorbent decreased from 116.3 to 27.7 mg/g, 

while increasing the AGJ dosage from 0.25 to 4.0 

g/L. Therefore, an optimum dosage of 1.0 g/L was 

selected for subsequent adsorption experiments. 

 

 
Figure 2: FTIR spectra of (a) AGJ and (b) Cr laden AGJ 

  
Figure 3: Effect of AGJ dosage on Cr(VI) adsorption (20 

mL of 100 mg/L Cr(VI) solution used with 0.25 to 4.0 

g/L of AGJ for 4 h) 

 

Figure 4: Adsorption performance of AGJ at 

different initial pH of Cr(VI) solution (20 mg AGJ 

used with 20 mL of 100 mg/L Cr(VI) solution at 

different initial pH values of 2~9 for 4 h) 

 

Effect of pH on Cr(VI) adsorption 

The pH is one of the most important factors 

for metal adsorption onto adsorbents from 

aqueous solution. The adsorption of Cr(VI) onto 

AGJ as a function of pH is illustrated in Figure 4. 

It can be noted that the uptake of Cr(VI) 

decreased from 103.42 mg/g to 35.07 mg/g with 

increasing pH from 2.04 to 9.33. There are 

various forms of Cr(VI) in aqueous solution, such 

as HCrO4
-, Cr2O7

2-, CrO4
2-, etc. The chromate 

anions HCrO4
-
 and Cr2O7

2-
 are predominant 

between pH 2.0 and 6.0, while CrO4
2- is 

predominant above pH 6.0.
25

 It suggests that one 

adsorption site from AGJ was required for the 

adsorption of dominant HCrO4
-
 at lower pH, 

while two adsorption sites were necessary for the 

adsorption of divalent Cr2O7
2-

 or CrO4
2-

 at high 

pH.31 Therefore, there was a higher adsorption 

capacity of Cr(VI) ions by AGJ at lower pH than 

at relatively higher pH.  

In addition, at lower pH, the protonation of the 

amino groups grafted onto AGJ was enhanced, 

and as a result, more negatively charged Cr(VI) 

ions were attracted by more positively charged 

hydronium ions (H
+
) on the surface of AGJ. In 

contrast, at higher pH, the OH- anion was 

increased with the increasing pH, which resulted 

in repulsion between the OH- and the negatively 
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charged Cr(VI) ions, whilch led to a decreasing 

adsorption capacity for Cr(VI).
32 

 

Adsorption kinetics 

The adsorption kinetics of Cr(VI) by AGJ at 

different Cr(VI) concentration is shown in Figure 

5. It is worth noting that the adsorption rate 

increased dramatically within the first 10 min and 

the adsorbed amount of Cr(VI) reached 48.56, 

79.14 and 98.92 mg/g, when the initial Cr(VI) 

concentration was 50, 100 and 200 mg/g, 

respectively. The rapid uptake in the initial stage 

could be attributed to the high concentration 

gradient, which displayed a high driving force for 

migration of Cr(VI) from the solution onto the 

surface of AGJ. Subsequently, the adsorption rate 

was observed to be slow and an apparent 

equilibrium was achieved. The equilibrium time 

for adsorption of Cr(VI) onto the surface of AGJ 

was found to be around 60 min for different 

concentrations of Cr(VI). 

In order to understand the mechanism involved 

in the adsorption process, the adsorption kinetics 

was examined. Numerous kinetic models provide 

an insight into the reaction order of adsorption 

based on the capacity of the adsorbent and the 

solution concentration.33 To evaluate the 

adsorption kinetics of Cr(VI) onto AGJ, several 

models have been employed: the Lagergren 

pseudo-first-order model and 

pseudo-second-order model and the Elovich 

equation model. 

The pseudo-first-order model and the 

pseudo-second-order model are described by 

Equation 2 and Equation 3, while the Elovich 

equation is presented in Equation 4: 

)1( 1tk

et eqq
−−=           (2) 

ee

t

q

t

qk

t
q

+

=

2

2

1

          (3) 

)ln(
1

)ln(
1

tqt
β

αβ
β

+=          (4) 

where qe and qt (mg/g) are adsorption capacity at 

equilibrium and time t (min), respectively; k1 

(min
-1

), and k2 (g mg
-1

 min
-1

) are the rate constant 

of pseudo-first-order, pseudo-second-order model 

and intra-particle diffusion model, respectively; 

Elovich kinetic constants, α (mg(g min)-1) is the 

initial adsorption rate, and β (g mg
-1

) is the 

desorption constant. 

 

  
 

Figure 5: Adsorption kinetic data of Cr(VI) at different concentration of 50, 100 and 200 mg/L onto AGJ, 

fitted by pseudo-first-order (a) and pseudo-second-order model (b) 

 

 

All the corresponding kinetic parameters from 

the four models for different concentrations are 

presented in Table 1. It was observed that the 

pseudo-first-order model showed relatively small 

values of correlation coefficients (R2), indicating 

the limitations of the boundary layer in 

controlling the adsorption process. It is known 

that the pseudo-first-order kinetic model is 

generally applicable to the adsorption process at 

the initial stage, but does not fit well to the whole 

process in many cases.34 However, the R2
 values 

were close to 1 for all Cr(VI) concentrations, 

when the experimental data fitted the 

pseudo-second-order model, which suggested that 

the rate-controlling process of the adsorption 

could be chemical adsorption, involving valence 
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forces by exchange or sharing electrons between 

the adsorbate and the adsorbent. 

The Elovich equation was applied to describe 

the chemical reaction mechanism involving the 

rate-controlling process of adsorption.35 As can be 

seen from Table 1, the initial adsorption rate 

constant α increased with initial Cr(VI) 

concentration, owing to the higher driving force. 

The desorption constant β should decrease with 

initial concentration because of less available 

surface for Cr(VI), which was not consistent with 

the result obtained in this research, indicating that 

the Elovich equation was not suitable for 

describing the adsorption kinetics of Cr(VI) onto 

AGJ. 

 

Adsorption isotherms 

The adsorption equilibrium of Cr(VI) onto 

AGJ was evaluated at different temperatures to 

assess the adsorption capacity of the latter. Three 

important isotherm models were employed in this 

research to analyze the batch experimental data: 

the Langmuir, Freundlich and Temkin isotherm 

models.  

The Langmuir model is based on the 

monolayer kinetic equilibrium between 

adsorption and desorption, as follows:36 

eL

eLm

e
CK

CKq
q

+
=

1
          (5) 

The Freundlich model is an empirical 

multilayer adsorption isotherm for non-ideal 

adsorption onto heterogeneous surfaces, and it has 

the following form:37 
n

eFe CKq
/1=           (6) 

The Temkin equation is: 

ee CBABq lnln +=          (7) 

where qe (mg/g) and Ce (mg/L) are related to the 

equilibrium concentrations in the solid phase and 

fluid phase, respectively. In the Langmuir model, 

qm (mg/g) is the maximum adsorption capacity of 

the monolayer, KL (L/mg) is the equilibrium 

constant. In the Freundlich model, KF 

(mg/g(L/mg)1/n) and 1/n are related to the 

adsorption capacity and adsorption intensity, 

respectively. The parameter 1/n must be between 

0 and 1. In the Temkin model, A (mg/L) is the 

equilibrium binding constant and B is the Temkin 

constant related to the heat of adsorption. 

All the constants and correlation coefficients 

obtained from the three isotherm models for 

Cr(VI) adsorption onto AGJ are summarized in 

Table 2. The adsorption isotherm data of Cr(VI) at 

different temperatures fitted with the Langmuir 

model are shown in Figure 6. On the basis of the 

correlation coefficients (R
2
), the Langmuir model 

gave the highest R
2 values, which were greater 

than 0.96 at all the three temperatures tested, 

showing that the Langmuir model yields the best 

fit, among the isotherms examined here. This 

result indicates that a monomolecular layer was 

formed without any interactions between the 

adsorbed molecules in the adsorption process of 

Cr(VI). The value of qm, calculated from the 

Langmuir equation, increased with the increasing 

temperature, and reached 154.30 mg/g at 40 °C, 

which confirmed that the adsorption process for 

Cr(VI) onto AGJ was an endothermic reaction.  

For the Freundlich model, the value of 1/n 

ranged between 0 and 1 at all temperatures, 

indicating favorable adsorption of Cr(VI) onto 

AGJ. Similar results have been reported in the 

adsorption of Cr(VI) onto a new ion-exchanger 

derived from wheat straw.
33

 The Temkin constant 

B increased with the increase in the solution 

temperature, also suggesting the endothermic 

property of the Cr(VI) adsorption process.38 

 

Uptake mechanism 

XPS is one of the most useful tools for 

analyzing the adsorption interaction and the 

defining adsorption mechanisms.
39

 XPS spectra 

could be employed to determine particular 

elements and to identify the valence state of 

metals laden on AGJ. XPS analysis of AGJ before 

and after adsorption of Cr(VI) is depicted in 

Figure 7. As indicated in Figure 7a, the elemental 

composition of AGJ was determined and the 

peaks were successfully assigned to the 

corresponding carbon, oxygen, nitrogen and 

chromium atoms. Compared to AGJ, new peaks 

of Cr 2p appeared in the Cr laden AGJ, indicating 

the successful adsorption of Cr(VI) onto the 

surface of the AGJ composite.  

As shown in Figure 7a, after AGJ adsorbed 

Cr(VI), two new peaks appeared at binding 

energies of 585.9 eV and 576.2 eV. As may be 

noticed in the magnified Figure 7b, the peaks at 

585.9 eV and 576.2 eV were characteristic peaks 

of Cr 2p1/2 and Cr 2p3/2, which suggests the 

presence of Cr(III) in AGJ after adsorption.40 



Jute stalk 

 165 

 

 

Table 1 

Kinetic data and correlation coefficient R
2
 obtained from kinetic models 

 

 Pseudo-first order  Pseudo-second order  Elovich   Intra-particle diffusion  C0 

(mg L
-1

)  K1 (min-1) R
2
 K2 (g(mg min)-1) R

2 α (mg(g min)-1) β (g mg-1) R
2 kp (mg(g min)-1) R

2 

50  0.1656 0.8879 0.0236 0.9999 8.63×101 0.0856 0.9532 11.6965 0.8521 

100  0.2126 0.8267 0.0110 0.9992 1.74×102 0.0535 0.9299 18.9846 0.8097 

200  0.4180 0.8702 0.0073 0.9991 2.25×103 0.0736 0.9498 13.7857 0.8733 

 
 

Table 2 

Isotherm parameters obtained for Cr(VI) adsorption by AGJ 

 

Temperature 
Isotherm models Parameters 

25 °C 35 °C 45 °C 

qm (mg/g) 137.53 151.79 154.30 

KL (L/mg) 0.0116 0.0098 0.0096 Langmuir 

R
2
 0.9823 0.9657 0.9767 

KF (mg/g(L/mg)
1/n

) 10.6883 9.3307 9.5478 

1/n 0.4013 0.4314 0.4315 Freundlich 

R
2
 0.9011 0.9134 0.9206 

A (mg/L) 0.1092 0.1024 0.1009 

B 30.5584 32.3793 33.1076 Temkin 

R
2
 0.9806 0.9593 0.9689 
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Figure 6: Adsorption isotherm of Cr(VI) at different temperature of 25, 35 and 40 °C onto AGJ, fitted by Langmuir 

model 

 

  

  
Figure 7: Wide scan XPS spectra of AGJ and Cr laden AGJ (a); Cr 2p on the AGJ surface after 

adsorption (b); O 1s (c) and N 1s (d) on the AGJ surface before and after adsorption 

 

 

The peak of Cr 2p3/2 at the binding energy of 

576.2 eV could be fitted into two peaks at 576.0 

and 578.1 eV, which was attributed to Cr(III)-OH 

and Cr(VI)-O. The peak of Cr 2p1/2 at the binding 

energy of 585.9 eV could be also fitted into two 

peaks at 585.6 and 587.3 eV, which was assigned 

to Cr(III)-OH and Cr(VI)-O in Cr2O7
2-

 or HCrO4
-
, 

respectively. These results indicated that a part of 

the laden Cr(VI) on the AGJ surface was reduced 

to the less toxic Cr(III), and AGJ also has an 

adsorption capacity for Cr(III).
41

  

To further study the uptake mechanism of 

Cr(VI) by AGJ, the chemical status of O 1s and N 

1s species on the adsorbent surface before and 

after Cr(VI) adsorption was also explored. As 

shown in Figure 7c, the band at 532.3 eV 

corresponding to the peak of C-O was lowered to 

a certain extent and some new peaks of C=O, 

CrO3 and Cr(OH)3 appeared after the adsorption 

of Cr(VI). These results suggested that chromium 
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might bind to ligands containing oxygen, such as 

hydroxyl, carboxyl or phenolic groups, present on 

the surface of AGJ. In addition, the peak of C=O 

increased obviously, which was due to the 

oxidation of the -OH group, implying that the 

hydroxyl groups were the electron donor during 

the process of Cr(VI) reduction to Cr(III). Also, 

the high resolution spectra of N 1s from AGJ 

before and after Cr(VI) adsorption are showed in 

Figure 7d. It can be noted that there are two 

obvious peaks in the spectrum of N 1s from AGJ 

(see Fig. 3b) at binding energies of 398.8 and 

401.7 eV, which were attributed to N atoms 

bonded with C atoms (C-N) and to –NH3
+
, 

respectively.28 The spectrum of N 1s also 

illustrates the smaller contribution of positively 

charged N (-N+) and the relatively larger 

contribution of neutral N (-N), and the ratio of 

-N+/-N was 0.49 for AGJ. However, after the 

adsorption of Cr(VI), the ratio of -N
+
/-N 

decreased to 0.37 (see Fig. 7d). This result 

indicates that the uptake of Cr(VI) by AGJ can be 

attributed to electrostatic attraction through the 

tertiary amine group.  

The overall findings suggest that the 

adsorption of Cr(VI) on AGJ was not a simple, 

single process. The predominant mechanism 

might be chemisorption via amine, hydroxyl 

and/or the additional chemical functional groups 

of AGJ. Moreover, some other kinds of 

interactions, such as ion exchange, chemical 

bonding, hydrogen bonding and physical 

adsorption, also might be involved.  

 

CONCLUSION 

In this work, the adsorption performance of 

low-cost amino grafted jute stalks was 

investigated for the removal of Cr(VI) from 

aqueous solution. The results showed that the 

adsorption of Cr(VI) onto AGJ increased with 

increasing adsorbent dosage, but decreased with 

increasing initial solution pH. The kinetic data 

were perfectly described by the 

pseudo-second-order model, indicating the 

occurrence of a chemical adsorption process. The 

equilibrium adsorption data at different 

temperatures fitted best to the Langmuir 

isotherms. The maximum adsorption capacity of 

AGJ for Cr(VI) was found to be 154.30 mg/g. The 

nature of possible interactions between the 

adsorbent and the metal ion was examined by 

FTIR spectroscopy. It revealed the involvement of 

-OH, -NH2 and -COOH groups in chromium 

binding onto the AGJ surface. Also, the results 

from XPS analysis revealed that a part of the 

adsorbed Cr(VI) onto the AGJ surface was 

reduced to less toxic Cr(III), and the reduced 

Cr(III) was then adsorbed onto the surface of AGJ. 

Besides that, as the adsorbent was developed from 

a low-cost lignocellulose-rich agricultural waste, 

it could be burned after Cr(VI) adsorption, 

without further regeneration, which would help 

reduce the cost of waste disposal. Therefore, it 

can be concluded that AGJ could serve as a 

potential adsorbent for chromium removal from 

aqueous solutions. 
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