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Abtract: In this article, hydrogen peroxide was used to modify jute and coir. IR spectrum of the 

materials showed the appearance of carboxyl groups on oxidized materials which enhances ion 

adsorption capacity for metals. Modified jute and coir was choiced to study the influential 

parameters such as initial metal ion concentration, contact time and pH of the solution on the 

adsorption process. The experimental data was well fitted by the pseudo-second-order kinetics 

model and Langmuir isotherm model. This study showed that under optimum conditions (pH = 5 

and contact time of Ni and Pb experiment chosen at 30 and 120 minutes, repectively), modified 

coir had the highest potential of removal for metal ions, with maximum adsorption capacities were 

48.54 mg/g and 19.34 mg/g for Pb(II) and Ni(II), respectively. 
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1. Introduction

 

Over last a few decades, the rapid economic 

development and population growth has caused 

a negative impact on the environmental quality, 

in which, heavy metals are becoming one of the 

most serious environmental problems. Various 

toxic metals such as Cd, Cu, Ni, Cr, … from the 

industrial sources or human activities [1] are 

commonly associated with pollution and 

toxicity problems. In developing countries such 

as Vietnam [2], India [3], China [4] etc. heavy 

metal pollution becomes more serious because 
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wastewater from household, hospital, 

smallscale industries discharge directly to the 

water sources without any treatment. 

Numerous by-products of agricultural 

residues which represent a low cost and 

environmentally safe source of materials 

showed potential use as adsorbent materials that 

are useful for metal removal from water [5]. 

Chemical composition of common agricultural 

residues include cellulose (30 - 91%), 

hemicellulose (4 - 16%), lignin (0.6 - 26%), 

pectin, waxes and water soluble subtances [6,7]. 

The lignocellulosic or lignin have low cation 

adsorption capacity, therefore, chemical 

modification should be carried out for these 

materials to achieve efficient ion exchangers. 

An example of such processes is made biochar 
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[8-11] from agricultural residues to such as 

adsorbent or copolymerizaion [12] or 

incorporation of certain groups to the 

lignocellulosic materials is used to increase 

their efficiency toward their cation-exchange 

ability, such as, phosphonic groups (-PO3H2) 

[13], sulfonic groups (-SO3H) [14], and 

carboxylic groups (-COOH) [15,16]. 

Hydrogen peroxide is the simplest peroxide 

and finds use as a weak oxidizer. With the 

increasing of hydroxyl, carboxyl and carbonyl 

group, modified cellulosic materials by 

hydrogen peroxide can be used to remove 

heavy metal from wastewater. In oxidation of 

lignin by hydrogen peroxide, the mechanism 

has been extensively discussed by Ney et al. 

[17], whereby, the perhydroxyl anion, as a 

nucleophile, might attack carbon-carbon double 

bonds make diol group. In case of 

lignocellulosic [18], Paruvouri et al. [19]  and 

Shukla et al. [20] showed the formation of 

carboxyl group and carbonyl group.  

Therefore, this study aimed to modify 

cellulose agricultural hydrogen by hydrogen 

peroxide and examine the absorption capacity 

of the modified materials. 

2. Materials and methods 

2.1. Materials and instruments 

All materials were collected at rural areas of 

Ha Noi, Vietnam. Materials were pretreated in 

running tap water for 1–2 h to remove 

coloration and dirt, after that washed with 

distilled water several times. The washed 

materials were transferred to an oven set at 

60°C for 24 h to reduce the water content. The 

higher temperature may changed properties of 

materials. Materials were separated into fibers 

with diameter were less than 0.1 mm.  

All other reagents utilized in the 

experiments were analytical grade and used 

without any further purification, and all 

solutions were prepared with deionized water.  

Infrared spectra (FT-IR) of samples were 

reported in the range of 4000–400 cm
-1

 with a 

resolution of 4 cm
-1

 by Perkin Elmer Spectrum 

GX FT-IR. The surface properties of all the 

adsorbents were examined using scanning 

electron microscopy (SEM). FEI Nova Nanolab 

200 has been used to study surface morphology of 

the adsorbents at 5 keV. Concentration of metal 

ions was performed with a flame atomic absorption 

spectrophotometer (AAS AAnalyst 400). 

2.2. Modification of materials 

Raw materials were washed in sodium 

hydroxide and 30% H2O2 solution  for  

modified process with the ratio of 1 gram of 

absorbent with 10 ml of 30% H2O2 and 1M 

NaOH, and then the mixture was boiled for 2 h 

at 85°C. After 2 h, the adsorbent was taken out, 

and washed with distilled water repeatedly, 

until the pH of adsorbent is 7. Then it was dried 

at 80°C for 24 h.  

2.3. Batch adsoption experiments 

Experiments were carried out in batch mode 

and IKA HS 260 was used to equilibrate the 

solutions at 150 rpm. 1g of material was added 

to 100 mL solution of Ni(II) or Pb(II). The 

effect of solution pH was studied in the pH 

range of 1.0 - 5.0 and optimal of contact time 

was studied in 1 – 120 min with concentrations 

of Ni
2+

 and Pb
2+

 were 110 and 430 mg/L, 

respectively. Isotherm studies were 

accomplished by shaking 1 g of material in 50 

mL of aqueous solution of metal ions at 

different initial concentrations (50–1333 mg/L) 

and at optimal of pH and contact time. All 

experiments were conducted at a constant 

temperature.  

The removal efficiency (E) of heavy metals 

and blue methylene was calculated as follows: 

E = ×100 

where Ci and Ce are the initial and the final 

equilibrium concentration of heavy metals and 

blue methylene. 
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2.4. Kinetic model 

The most popular kinetic models are the 

Lagergren pseudofirst-order and The pseudo-

second order which describe how the metal 

interacts with the material. The Lagergren 

model equation [21] is given by: 

= k1(qe – qt) 

The linearised pseudo-first-order equation 

can be represented by the following equation 

ln(qe – qt) = ln(qe) – k1t 

where k1 (in minute) is the pseudo-first-

order adsorption rate constant and qe and qt are 

the values of the mass adsorbed per unit mass 

of adsorbent at equilibrium (capacity) and at 

time t, respectively. However, this model was 

found to be suitable for only the initial of 20 to 

30 min of interaction time and not for the whole 

range of contact times. Additionally, it was 

found that k1 depends on the initial 

concentration of the adsorbate and varies 

significantly depending on the adsorption 

system [22]. The pseudo-second order kinetic 

model as developed by Ho has the following 

form [23]:  

=k2(qe – qt)
2
 

And linear form: 

 

Where k2 is the second order rate constant 

(g/mg.min). 

2.6. Adsoption isotherm 

Adsorption isotherm models have been used 

to describe the interaction between metal ion in 

solution and adsorbents. In addition, the 

isotherm models can be used to explain the 

distribution of metal ion between the liquid and 

solid phase when equilibrium was reached. In this 

work, adsorption isotherm models were generated 

based on Freundlich and Langmuir models to 

evaluate the adsorption capacity of the material. 

The Langmuir equation [24] is given by 

qe = qmkaCe/(1+kaCe) 

And linear form:    

Ce/qe = (1/qm)Ce + 1/(kaqm) 

Where qe is the amount of ion adsorbed 

(mg/g) corresponding to Ce; Ce is the 

equilibrium concentration (mg/l); qm is max 

adsorption capacity (mg/g); ka is  adsorption 

equilibrium constant.  

The Freundlich equation [25] is given by 

qe = KfCe
1/n

 

Linear form 

lnqe = lnKf + (1/n)lnCe 

The constant Kf (mg/g (L/mg)
1/n

) is related 

to the adsorption capacity of materials; and 1/n 

is related to the surface heterogeneity. 

3. Result and discussion  

3.1. Surface of the materials 

The SEM images of the material (Fig. 1-2) 

showed the change in surface of the materials, 

whereby, surface of coir, jute become clean and 

more uniform, outer layer of the original 

material with shaped plate was disappeared, 

instead the fibrous layers, a part of wax and oil 

cover materials were removed and cellulosic 

fibers were transformed into crystalline forms. 

This surface acting like natural fibers are 

treated by sodium hydroxide at high 

concentration (0.8 to 8%)[26]. At that 

condition, lignin, pectin and waxy substances 

were removed from structure of cellulosic fiber 

(Fig. 3).  

3.2. The changes of functional groups  

The structure of the original and modified 

materials (jute and coir) analyzed via IR 

spectrum was showed in figure 4,5. Vibrations 

at 1596-1600 cm
-1

 (aromatic ring vibrations), 

1502 cm
-1

 (aromatic rings vibrations), and 

1234-1246 cm
-1

 (guaiacyl ring breathing with 

stretching C=O) can be seen in all the spectra 

proved the existence of aromatic ring in the 

original and modified materials. This fact 

indicates that the oxidation treatment only 

eliminated wax and oil layer but it did not 

affect lignin.  



P.H. Giang et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 33, No. 1S (2017) 141-148 

 

144 

IR spectrum of the modified material had a 

new peak at 1728-1740 cm
-1

, and this peak is 

characteristic by fluctuating valence of the 

carboxyl group. This proves, H2O2 has oxidized 

original materials to form carboxyl groups, 

increased cation adsorption capacity of the 

material for metal ions.  

 

Figure 3. IR spectrum of original coir. 

 

Figure 4. IR spectrum of modified coir. 

 

3.4. The factors affecting adsorption process 

 

Figure 5. The effect of pH on the adsorption 

process  

of Ni
2+

. 

 

Figure 6. The effect of pH on the adsorption 

process of Pb
2+

. 

Fig.6-8 showed the effect of pH on the 

adsorption process of metal ions. The 

influences of pH on the cation adsorption of the 

4 materials have similarities. At low pH values, 

a)  b)  a)  b)  

Figure 1. SEM image of original materials;  

a) Coir; b) Jute.  

Figure 2. SEM image of modified materials, 

 a) Coir; b) Jute. 
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the efficiency of heavy metal ions adsorption is 

very low because of competition of the H
+
 ions 

with metal ions. When the pH increased, the 

efficiency of metal ion adsorption increased. 

The trend of increasing absorption capacity has 

been continued when pH increased. However, 

when considering the fact that metal ions could 

be precipitated by hydroxide formation, the 

optimal pH value of adsorption process was at 5.  

Typical biosorption kinetics exhibit a rapid 

initial uptake, followed by a slower process. It 

has been observed that maximum removal rate 

took place within the first 30 min (Fig. 8). After 

this period, in the Ni ion case, the amount of 

bound metal ions did not change during the 

course of the process. Meanwhile, after the first 

30 min, the adsorption process of Pb ion had 

continued however adsorption capacity changed 

not much and reached equilibrium in 

approximately 90-120 minutes. Thus, the 

contact time of Ni and Pb experiment was 

chosen at 30 and 120 min, repectively. 

  

Figure 7. The effect of contact time on adsorption process. 

Table 1. Kinetic model parameters 

Pseudo-first order 
Pb Ni 

K1(g/mg.min) R
2
 K1 (g/mg.min) R

2
 

O. Coir 0.0262 0.9913 0.0454 0.832 

M. Coir 0.0438 0.9411 0.0358 0.7074 

O. Jute 0.0334 0.9582 0.0306 0.2715 

M. Jute 0.0522 0.9515 0.0274 0.7062 

Pseudo-second order 

Pb Ni 

K2 (g/mg.min) R
2
 K2(g/mg.min) R

2
 

O. Coir 0.0029 0.9935 0.21 0.9995 

M. Coir 0.0075 0.9998 0.75 0.9999 

O. Jute 0.0059 0.9957 0.27 0.9945 

M. Jute 0.0012 0.9809 0.21 0.9998 
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The experimental results of the biosorption 

kinetics were compared to two kinetic models, 

allowing determining the parameters of these 

models (Table 1). The pseudo-first order model 

is poor in describing the experimental data of 

Ni(II), in case of Pb(II), the correlation 

coefficients exceed 0.95 to 0.99, which suggest 

good fitting, however, in the case of Ni, the 

correlation coefficients are lower (<0,85 in all 

case). The pseudo-second order model provides 

a better fitting with the correlation coefficient is 

always greater than 0.98. Comparison of the 

experimental results with model data confirmed 

a good correlation of the experimental results 

with the pseudo-second order model, which is 

proved to be the best for the description of 

biosorption kinetics. 

3.5. Adsorption isotherm 

The parameters of Langmuir and Freundlich 

equations for the adsorption capacity of two 

metals onto the four materials obtained as 

described above are given in Tab.2 and Fig.9-10. 

This data indicated that heavy metal ions 

adsorbed onto the materials are described by the 

equation Langmuir more well-fitted than 

Freundlich model with correlation coefficients 

in the model Langmuir always > 0.91. From 

Langmuir equation, calculating the maximum 

adsorption capacity of each material, the 

maximum adsorption capacities of Pb and Ni 

onto modified coir were 48.54 mg/g and 10.76 

mg/g, respectively, higher than the original 

materials. Modified jute has lower sorption 

capacity than coir, with the maximum 

adsorption capacities of Pb and Ni onto 

modified jute were 19.34 mg/g and 4.12 mg/g, 

respectively, however its adsorption capacity 

remains larger than the original jute. This data 

also indicated that selectivity of Pb higher than 

Ni in all case. 

4. Conclusion 

Agricultural by-product is an 

environmentally friendly biosorbent to remove 

heavy metals from wastewater. The study 

showed that coir and jute were modified by 

H2O2 to increase carboxyl group sites.  

Several mathematical models were used to 

describe the equilibrium and kinetics of 

biosorption of heavy metals onto selected 

materials. Kinetic experiments proved that the 

biosorption process was rapid with Ni, with 

equilibrium achieved within 30 min. With the 

case of Pb, biosorption process was also rapid 

in fisrt 30 min, but this process was continued 

and reached equilibrium at 120 min. The 

kinetics of the process were best described 

using the pseudo-second order model. This 

study showed that under optimum conditions, 

modified coir had the highest potential for 

removal of metal ions, with maximum 

adsorption capacities were 48.54 mg/g and 

19.34 mg/g for Pb(II) and Ni(II), respectively. 

 

Figure 9. Langmuir isotherm for removal of Ni using 

modified coir. 

 

Figure 10. Langmuir isotherm for removal of Ni 

using modified jute.
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Table 2. Adsorption isotherm parameters 

Lang 

Muir 

 

Pb Ni 

KL R
2
 Qmax KL R

2
 Qmax 

O. Coir -0.02 0.985 12.48 0.03 0.991 3.98 

M. Coir 0.25 0.999 48.54 0.17 0.995 10.76 

O. Jute 0.01 0.918 12.92 0.13 0.996 2.20 

M. Jute -0.08 0.993 19.34 1.09 0.999 4.12 

 

Freundlich 

Pb Ni 

KF Nf R
2
 KF Nf R

2
 

O. Coir 2.15 5.89 0.997 0.452 2.62 0.96 

M. Coir 24.07 7.85 0.757 2.397 3.16 0.43 

O. Jute 4.63 8.15 0.245 0.525 3.64 0.90 

M. Jute 19.22 166.6 0.028 1.373 4.15 0.82 
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Nghiên cứu xử lý kim loại nặng trong nước  

bằng các phụ phẩm nông nghiệp được oxi hóa 

Phạm Hoàng Giang1, Đỗ Quang Huy1, Lê Danh Quân1, 

 Phạm Thị Thúy1, Đặng Thị Thanh Huyền2 

1
Khoa Môi trường, Trường Đại học Khoa học Tự nhiên, 334 Nguyễn Trãi, Hà Nội, Việt Nam 

2
Đại học Xây Dựng, 55 Giải Phóng, Hai Bà Trưng, Hà Nội, Việt Nam 

Tóm tắt: Nghiên cứu này sử dụng hydropeoxit để biến tính đay và sơ dừa. Phổ IR của vật liệu cho 

thấy các vật liệu oxy hóa đã xuất hiện nhóm carboxyl, tăng cường khả năng hấp phụ ion của kim loại. 

Các nghiên cứu thực nghiệm đã. Nghiên cứu này cho thấy trong điều kiện tối ưu (pH = 5 và thời gian 

phản ứng của Ni (II) và Pb (II) là 30 và 120 phút), sơ dừa biến tính có khả năng loại bỏ ion kim 

loại cao nhất, với khả năng hấp phụ tối đa là 48,54 mg / g và 19,34 mg / g đối với Pb (II) và Ni 

(II) tương ứng. 

Từ khóa: Kim loại nặng, phụ phẩm nông nghiệp, vật liệu hấp phụ. 

 

 

 

 

 


