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Abstract: Chitosan is a natural based polymer obtained by alkaline deacetylation of chitin, exhibiting excellent biological properties such as 
biodegradation in the human body, and immunological, antibacterial, and wound-healing activity. Chitosan has also been found to be a good 
candidate as a support material for gene delivery, cell culture and tissue engineering. For a breakthrough in utilization, graft copolymeriza-
tion onto chitosan will be a key point, which will introduce desired properties and enlarge the field of the potential applications of chitosan by 
choosing various types of side chains. Methyl acrylate was grafted onto chitosan by using the ceric ammonium nitrate as initiator. The graft-
ed and un-grafted samples were characterized using Fourier (FTIR), and (SEM) methods. Evidence of grafting was confirmed by FTIR. The 
morphology of both biosorbents was evaluated by SEM. Both grafted and un-grafted chitosan were used for the removal of copper ions 
from aqueous solutions. The effects of pH of solution, initial copper ion concentrations, dose of biosorbent and contact time on percentage 
removal of Cu (II) using both biosorbents were studied. Grafted chitosan has been found to have higher adsorption capacity than un-grafted 
one. 
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1 INTRODUCTION                                                                     
 

The continuously increasing demand for the commodi-
ties produces by chemical industries has triggered 
heavy metals accumulation in the eco system. Water is 
polluted in many ways like effluent of leather and 
chemical industries, electroplating industries and dye 
industries [1]. Contamination of aquatic media by 
heavy metals is a serious environmental problem [2,3]. 
Heavy metals are highly toxic even at low concentra-
tions and can accumulate in living organisms, causing 
several disorders and diseases [4,5,6]. Copper for ex-
ample is used extensively in the electrical industry and 
manufacture of fungicides. Although copper can be an 
essential element for human beings in trace amount 
due to the fact that human body can regulate the trace 
level haem statically, it can also be toxic when large 
dosage is ingested [7]. The maximum contaminant 
level for Cu (II) in industrial effluent as suggested by 
United States Environmental Protection Agency 
(USEPA) is 1.3 mg/l [8]. Several methods are used for 
the removal of heavy metals from aqueous solution 
such as, chemical precipitation, oxidation/ reduction, 
filtration, ion exchange, membrane separation and ad-
sorption [9]. 
 
Biosorption is a feasible option because it is both effi-
cient and cheap compared to other conventional meth-
ods for removing toxic metals from effluents [10]. The 

biomaterials that are used for sorption are complex a 
number of mechanisms could be occurring simultane-
ously [11]. There are several chemical groups in bio-
mass that could potentially attract and sequester metal 
ions: acetamido groups in chitin, amino and phosphate 
groups in nucleic acids, amino, amido, sulfhydryl and 
carboxyl groups in proteins and hydroxyls in polysac-
charides [12]. Biosorbents, include: fungi [13], algae 
[14], seaweeds [15,16], microorganisms [17,18], and 
chitosan. 
Chitosan is a linear polysaccharide derived from chi-
tin, the second most abundant organic compounds on-
ly next to cellulose in the nature. Chitin can be found 
in the shells of marine invertebrates (crabs, crusta-
ceans, etc.), fungi, insects and yeasts. Depending on 
the source, it generally functions as an exoskeleton, 
providing structural integrity,commonly embedded in 
a matrix of proteins, minerals and at times various 
other polysaccharides. Chitin is a homopolymer com-
prised of 2-acetamido-2-deoxy-β-D-glucopyranose 
units; however, some units exist in the deacetylated 
form as 2-amino-2-deoxy- β -D-glucopyranose. When 
chitin is deacetylated to at least 50%, it is referred to 
as chitosan, in other words this is essentially the N-
deacetylated derivative of chitin. Chitosan has many 
interesting biological and chemical properties. The 
excellent features such as biocompatibility, ecological-
ly safe biodegradability (degradation products of chi-
tosan are non-toxic, non-immunogenic and noncar-
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cinogenic) and low toxicity with versatile biological 
activities (chitosan has antimicrobial activity and low  
immunogenicity) recommends this biopolymer for ap-
plications in biomedicine [19-22]. In addition, chi-
tosan is very efficient for interaction with the anionic 
solutes including dyes in acidic solutions due to the 
reactive groups, such as –OH and –NH2. This property 
has been widely used for the removal of the water-
soluble dyes, as an alternative to the conventional 
sorbents and flocculants [23, 24]. However, due to in-
ter- and intramolecular H-bonding, chitosan is only 
soluble in few dilute acid solutions (depending on the 
molecular weight), which limits its applications. As a 
result, many attempts have been made in chemical 
modification of chitosan, aiming at improving its wa-
ter solubility.Among these an ideal way is the graft 
modification of chitosan [25, 26]. The main advantage 
in the grafting efforts is the high degree of functionali-
ty of chitosan - the molecule backbone contains two 
hydroxyl groups and one primary amine group per re-
peat unit. The active primary amino groups on the 
molecule being reactive provide sites for the attach-
ment of different side groups employing mild reaction 
conditions. In this way versatile materials based on 
chitosan with specific functionality can be obtained. 
Grafting vinyl monomers onto chitosan [27, 28] is one 
of the most effective methods to improve the perfor-
mances of chitosan without sacrificing its properties 
and also is a challenging field of research with unlim-
ited future prospects. Vinyl graft copolymerization can 
be described as the modification of a preexisting pol-
ymer chain (trunk polymer).Graft copolymers are syn-
thesized to improve physicochemical properties of 
synthetic/natural polymers for applications in agricul-
ture, biomedicine and other fields.  
 
The aim of this study was to conduct a kind of chemi-
cal modification of chitosan by graft polymerization of 
methyl acrylate onto the backbone of chitosan. The 
grafted polymer (chitosan-g-methyl acrylate) was 
characterized by FTIR and SEM, which elucidated the 
structure changes in comparison with chitosan. In the 
present work, the chitosan- g- methyl acrylate was ap-
plied for the removal of copper (II) ions from aqueous 
solution. It was found that the copolymer was a prom-
ising matrix for the biosorption of metal ions. The ef-
fect of biosorption parameters such as contact time, 
initial heavy metal concentration, pH of solution, and 
biosorbent dosage was investigated. 

2 MATERIALS AND METHODS:  
2.1 Materials: 
Chitosan (Degree of Deacetylation = 95% and Molec-
ular Weight (100,000 -300,000)) was supplied by 
ACROS ORGANICS CO, Ltd., Japan. Acetic acid, 
Methyl Acrylate, ceric ammonium nitrate, and other 
chemicals of analytical grade were used without fur-

ther purification.Analytical grade CuSO4.5H2O was 
used to make all copper standard solutions used in the 
experiments. A stock solution of 1000 mg/L was pre-
pared by dissolving the powder in reagent grade water. 
Working standards ranging from 20 mg/L to 100 mg/L 
were then prepared by appropriately diluting the stock 
solution. The pH of the metal solution was adjusted to 
that required by the experiment using 1M HCl and 1M  
NaOH. 
 

2.2 Graft copolymerization: 
Chitosan aqueous solution of 2 wt % was prepared by 
dissolving 2 g of chitosan powder in 100 mL of acetic 
acid solution (1%, v/v). After chitosan was fully dis-
solved, ceric ammonium nitrate with known concen-
tration of 0.06 Mol L-1 in 0.5 M nitric acid solution 
was then loaded into the reactor under continuous stir-
ring. Then Methyl Acrylate (0.12 Mol L-1) was inject-
ed into the reactor. The reactor is a three necked round 
bottomed flask (1000 ml), equipped with a magnetic 
stirrer, thermometer, and reflux condenser in a tem-
perature-controlled water bath.The reaction was as-
sumed to have started at the moment the monomer 
was injected.Temperature of the system was strictly 
controlled at 35° C for 3 hr. After completion of the 
reaction, the reaction mixture was immediately poured 
into methanol in the ratio of 1:5 of material to liquor 
for precipitation. The precipitated product was recov-
ered by centrifugation and washed with pure methanol 
(2×50 mL).  
 
The crude copolymer thus obtained was dried till con-
stant weight under vacuum (7.6 mm Hg) for 24 h at 
40° C. The crude copolymer thus obtained was dried 
till constant weight under vacuum (7.6 mm Hg) for 24 
h at 40° C. The dried product was extracted with di-
methylformamide for 48 h and washed with methanol 
to remove the homopolymer (polyacrylonitrile). The 
grafted Chitosan (Chitosan-g-MA) was dried to a con-
stant weight under vacuum (7.6 mm Hg) for 24 h at 
40° C [29].  
 
 
2.3 Characterization of grafted polymer: 
 
2.3.1  FTIR spectroscopy studies: 

 
The Fourier Transform Infrared Spectrum (FTIR) of 
chitosan and also grafted chitosan samples were 
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analyed in wide range wavelength between 400 cm -1 
and 4000 cm -1 by FTIR- 8400 S Shimadzu. 
 
2  3.2  SEM (Scanning electron microscope): 
 
Scanning electron microscopy images were obtained 
for Chitosan and grafted chitosan (chitosan-g-MA) by 
SEM "JEOL JSM 6360 LA." 
 
 
2.4. Adsorption isotherm experiment: 
 
Batch adsorption experiments were performed with 
different concentrations of copper sulfate 
(CuSO4.5H2O) to investigate the extent of adsorption. 
The extent of removal of Cu (II) was investigated by 
changing the adsorbent dose, pH of the solution, time 
 of shaking, initial concentration of Cu (II) solution.  
The pH of each solution was adjusted to different val-
ues with either NaOH or HCl. The stoppered bottles 
were stirred (at 30°C) at fixed speed, 160 rpm for var-
ious time intervals. The adsorbate was separated using 
centrifuge technique and supernatant liquid was ana-
lyzed for residual concentration of the metals by 
UV/DR2010 spectrophotometer.The mixture was 
stirred until it reached equilibrium stage. The mixture 
was separated by means of centerifuge field and the 
residual concentration of Cu (II) ion in solution was 
determined by UV–DR2010 spectroscopy at 560 nm, 
the maximum adsorption wavelength for copper ions.  
 
The percentage removal of metal ions was calculated  
using the following equation  : 
 
 % removal =CRi R-CReR / Ci*100         (1)        
                                 
The amount of Cu (II) adsorbed using chitosan and 
grafted chitosan at equilibrium, qe (mg/g) was calcu-
lated by the following mass balance relationship: 
 
qe= (CRiR-Ce)*V/m                           (2)    
                                                                                        
     
Where CRi R and CReR are the initial and equilibrium liquid-
phase concentration of copper, respectively (mg/l), V 
the volume of the solution (l), and W is the weight of 
the adsorbent used (g). 
 
3. Results and Discussions 

 
3.1 Infrared Spectroscopy (FTIR): 
 
FTIR is a promising tool to identify unknown sub-
stances and to determine the amount of components in 
a given sample. This test was performed to get authen-
ticated information about the vibrational origin of the 
amide, carbonyl and alcoholic groups of both chitosan 
and grafted chitosan. Spectrophotometric observation 
of both chitosan and grafted chitosan grafted was in 
the range of 400-4000 cmP

-1
P, and served as a direct 

mean for the identification of the organic function on 
the surface. An examination of both chitosan and 
grafted chitosan possibly provided information regard-
ing the specific functional groups that might have par-
ticipated in the adsorption reaction and also indicated 
the surface sites on which biosorption can take place 
which indicated the possibility of using chitosan and 
grafted chitosan as biosorbents. FTIR spectrum of chi-
tosan is shown in Figure 1 (curve A (red color)). It 
showed a broad peak at 3429 cmP

-1
P due to –NH stretch-

ing and –OH stretching peak at 1640 cmP

-1
P ,1592 cmP

-1
P 

peak due to the presence of amide groups. Peak at 
1087 cm P

-1
P indicated C-O stretching, and 1485 cmP

-1
P 

peak is due to –CN stretching. On the other hand, 
FTIR of grafted chitosan (chitosan-g-MA), (curve B 
(blue color)) showed strong peaks at 1720 cmP

-1
P indi-

cating C=O, and C-O stretching vibrations at 1180 cmP

- 

P

1
P. 

 
 
This observation confirmed the grafting on chitosan. 
This result was in agreement with the experimental 
results of Wu and Zhang [30] compared with the spec-
tra of chitosan and grafted chitosan (chitosan-g-MA), 
the observed biosorption peaks at 1720 cmP

-1
P and 1180 

cmP

-1
P.  
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       Fig.1. (A) (red color): FTIR spectra of chitosan. 

       Fig.1. (B): (blue color) FTIR spectra of grafted 
chitosan 

 
3.2 Scanning Electronic Microscopy (SEM): 
 
Figure 2 (a) presented SEM image of the surface mor-
phology of chitosan (external surface). As shown in 
the figure, there is a little texture of roughness on the 
surface. The internal surface of chitosan is shown in 
Figure 2 (b). A number of small pores can be seen in 
the figure, which resulted in enhancing the biosorption 
properties of chitosan for trapping Cu (II) ions. The 
natural polymer had different particle sizes with a 
rough surface. On the other hand, Figure 2 (c) present-
ed SEM micrographs of the surface of grafted chitosan 
(chitosan-g-methyl acrylate). It can be seen that the 
external surface had a large number of rough textures 
with heterogeneous surfaces which resulted in enhanc-
ing the biosorption properties of grafted chitosan. 
Strong interactions between chitosan and methyl acry-
late produced grafted chitosan with larger surface area 
than the un-grafted one, which enhanced the biosorp-
tion of Cu(II). The internal surface of grafted chitosan 
is shown in Figure 2 (d).  
 
As shown in the figure, there is an increase in the 
number of pores compared to that of the un-grafted 
chitosan. Consequently, a well-developed porous net-
work in pore size ranges resulted in improved biosorp-
tion properties of grafted chitosan. 
 

 
 

Fig. 2. (a) 

SEM image of the external surface morphology of  

chitosan 

 
 

Fig. 2. (b) 

SEM image of the internal surface morphology of  

Chitosan 

 

Fig. 2. (c) 
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SEM image of the external surface morphology of 
grafted chitosan 

 

Fig. 2. (d) 

SEM image of the internal surface morphology of 
grafted chitosan 

3.3 Factors influencing the biosorption of Cu(II) 
ions: 
 
The influences of several operational parameters such 
as initial concentration of Cu (II) ions, dose of bio-
sorbent, pH of solution, and contact time were investi-
gated for grafted and un-grafted chitosan. 
 
3.3.1 Effect of contact time: 
 
Figure (5) indicated that % removal of copper was in-
creased with increasing contact time before equilibri-
um was reached.  
 
This is probably due to larger surface area of the bio-
sorbent available at the beginning for adsorption of Cu 
(II) ions. As the surface adsorption sites become ex-
hausted, the uptake rate is controlled by the rate at 
which the adsorbate is transferred from the exterior to 
the interior sites of the adsorbent particles. The effect 
of contact time on metallic biosorption was measured 
for times of 1, 2, 3, 4, and 5 hours. Typically 40-70% 
of the ultimate biosorption capacity occurs within two 
hours of contact for Cu (II) ions. Equilibrium occurs at 
time of 180 min for both grafted and un-grafted chi-
tosan in which maximum removal percent of copper 
was attained. 
 

 

Fig. 5. 

Effect of contact time on Cu (II) percentage removal 

3.3.2 Effect of initial concentration of Cu(II) ions: 
 
The initial concentration of metal ion provides an im-
portant driving force to overcome all mass transfer 
resistances of metal ions between the aqueous and sol-
id phases [31]. The biosorption of Cu (II) ions onto 
pure and grafted chitosan was carried out at different 
initial Cu (II) ion concentrations ranging from 20 to 
100 mg/l. Fig. 3 clearly shows that by increasing the 
concentration gradually there is a decrease in the per-
centage removal for both biosorbents. As the ratio of 
sportive surface to ion concentration decreased with 
increasing metal ion concentration and so metal ion 
removal was reduced. At low initial concentration of 
metal ions, more binding sites are available. But as the 
concentration increases, the number of ions competing 
for available binding sites in the biomass increased 
[31].

 

Fig .3. 
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 Effect of initial copper concentration on Cu (II) per-
centage removal 

3.3.3 Effect of biosorbent dose: 
 
The effect of the biosorbent dose was studied by vary-
ing the sorbent amounts from 1 to 5 g/100 ml. It is ob-
vious from Figure (4) that the percentage removal of 
grafted and un-grafted chitosan increased by increas-
ing their dosage. The Increase in biosorption could be 
attributed to the increase in biosorbent surface area 
and due to the availability of more biosorption sites 
[31]. The increase in percentage removal of grafted 
chitosan is higher that of un-grafted one, and this is 
due to the large surface area of grafted chitosan com-
pared to that of un-grafted. As seen from SEM of 
grafted chitosan in figure 2 (c,d) there is an enhance-
ment in the adsorption properties of grafted chitosan 
compared to un-grafted chitosan.  
 

 
 

Fig .4. 

Effect of biosorbent dose on Cu (II) percentage re-
moval 

3.3.4 Effect of pH 
 
Figure (6) illustrated that pH obviously influenced the 
percentage removal of copper ions in the aqueous so-
lution using adsorbent material (grafted and un-grafted  
chitosan). The results indicated that the role of hydro-
gen ion concentration was examined in solutions at 
different pH values (4-9). It was observed that with the  
increase in the pH of the solution, the extent of metal 
ions removal increased for both biosorbents until 
pH=8. The maximum percentage removal of Cu (II) 
was observed at pH= 8. At lower pH, hydrogen ions 
occupy most of the adsorption sites on the surface of 
the adsorbent and thus results to a very low biosorp-

tion of Cu (II) ions due to electrostatic repulsion. 
However, increasing the pH of the solutions results to 
a decrease in the compition of hydrogen ions with 
Cu(II) ions for biosorption sites and thus facilitating 
higher rate of removal of Cu(II) ions. Increasing pH 
above 8 resulted in the precipitation of insoluble cop-
per hydroxide, causing a decrease in the removal of 
Cu(II) [31].  
 
4. Conclusions: 
 
Grafted and un-grafted chitosan had been used for Cu 
(II) removal from aqueous solutions. The graft copol-
ymer of chitosan (Chitosan-g-MA) was synthesized 
through homogeneous graft copolymerization of me-
thyl acrylate onto the backbone of chitosan in aqueous 
solution using ceric ammonium nitrate as initiator. The  
characterization of the grafted products by means of 
Infrared Spectroscopy (FTIR), and Scanning Electron 
Microscopy (SEM) furnished evidence of grafting me-
thyl acrylate onto chitosan and showed that the grafted 
copolymer had rougher surface with larger surface ar-
ea, and large number of pores which resulted in en-
hancing its biosorption properties. It had been proved 
that the grafting copolymerization is one of the most 
effective methods to improve the performance of chi-
tosan without sacrificing its properties and also is a 
challenging field of research with unlimitedfuture pro-
spects. Favorable removal for Cu (II) had been 
achieved. Hence the chitosan-g-MA can be used for 
waste water treatment. The effects of biosorbent dos-
age, contact time, initial copper ion concentrations, 
and pH of the medium on adsorption efficiency of 
both grafted and un-grafted chitosan were studied for 
Cu(II) removal. Grafted chitosan has been found to 
have higher adsorption capacity than un-grafted one. 
Hence the graft copolymer chitosan (Chitosan-g-MA) 
can be used for waste water treatment at industrial 
level. 
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List of symbols 
 

Symbol Description                                        Units  
   

Ce Equilibrium copper concentration            mg/L                       
 

  Ci Initial copper concentration                     mg/L                     
 

      
m            Mass of adsorbent                                     g                                              

qe   amount of copper adsorbed at equilibrium     mg/g     

V               Volume of solution                                              L 
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