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Amidoximated chitin-g-poly(acrylonitrilei copolymer H'a.s prepared by a 
reaction between Iwdroxylamine atui cyano group in chifing pofy(acrylonitrile) 
copolxmer prepared by grafting acrylonitrilc mUo shrimp chitin u.si/ig chitin 
thiocarbonate-Fe{ll)-hydrogen peroxide redox .system as an initiator. The 
adsorption and desorption capacities oj aniiJo.ximateii chitin-g-
pol\(acrylonitrile) copolymer for the copperill) itm in aqueous solution were 
carried out in aqueous solution. The effects of graft yield, pll of the solution, 
treatment time, temperature, and metal ion concentration on adsorption capacity 
were studied. The experimental residts showed that this graft copolymer was far 
more effective than origituil chitin for removing copper (ID ion in all experiments. 
Desorption and readsorption of copper(ll) ions onto this copolymer were also 
investigated. 

INTRODUCTION 

Chilin is ihc most abundant natural amino poly.saccharidc and estimated to be 
produced annually almost as much as cellulose. It has become of great interest not 
only as an underutilized resource but also as a new functional material of high 
|X)tential in various fields, and the recent progress m chitin chemistry is quite 
noteworthy. Special attention has been given to the chemical modifications of chilin as 
one of the most probable means to realize its full potential. Reactions with chilin have 
been carried out mostly on solid chitin owing to the lack ol solubility in ordinary 
solvents (1]. Gral't copolymerisation on polymer has been employed as an important 
technique for changing its physical and chemical properties. Graft copolymerisation 
reactions of vinyl monomers on chitin, using redox initiatoi and .by a pholoinduced 
method, have recently been explored as an interesting alternative chemical 
modification required to develop new natural/synthetic polymer hybrid materials. 
These graft copolymers are of importance in view of new industrial application such 
as water absorbents, ion exchangers, flocculanls, membranes, modified electrodes 
and, principally, chelating agents[2]. Among these polymers containing the 
amidoxime group derived from poly(acrylonitrile) (PAN) or its copolymer have 
received much attention and were found to have high adsorption properties for heavy 
metal ions, such as cadmium ion [3]. In previous article [4]. we reported the 
preparation chitin-g-poly(acrylonitrile) copolymer (ChAN) by grafting acrylonitrilc 
onto shrimp chitin using chitin thiocarbonate-Fe(II)-hydrogen peroxide redox system 
as an iiiiiialor. 

Although many metal elements are essential for human to keep health, but too 
high concentration will be harmful to health. For example, too high concentration of 
Cu^* in blood will lead copper poisoning and recent research even show that it has 
something to with the occurrence and development of some cancers. Furthermore, the 
wide application of copper metal in industry, especially in electroplate accounts for its 
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II u aiso caused much industrial waste water containing Cu~̂  which 
pollutes the environment. How to remove the metal ions from liquid waste is studied 
extensively, chitin and its derivatives were found to be efficient chelating agents for 
Cu^*[5], so the aim of this present work is to investigate the usability of amidoximated 
chitin-g-poly(acrylonitrile) copolymer for the removal of copper(II) ions from an 
aqueous solution. 

EXPERIMENTAL 

Materials and methods 
a-Chitin was extracted from shrimp .shell by modified Hackman method [6], 

dried in vacuo at 60°C, purified by extracting with methanol [7] and powdered to a 50 
mesh size before use. The degree of deacetylation (DA) found by elemental analysis 
[8] was about 0.15. Acrylonitrilc (AN) (reagent grade, China) was purified by 
distillation under reduced pressure before use. All other commercial available 
chemicals were analytical grade. 

Infrared (IR) spectra were recorded on IMPACT-410 Fourier-transform IR (FTIR) 
spectrometer (Germany) with the potassium bromide technique. 
Preparation of adsorbent (amidoximated) 

ChAN was obtained by grafting acrylonitrilc onto shrimp chitin using chitin 
lhiocarbonale-Fe(Il)-hydrogen peroxide redox system as an initiator ChAN [4]. Graft 

yield (GY) is defined as follows: GY (%) = xlOO 
Wo 

where w„and w, are weights of original and grafted samples, respectively. 
The general synthetic procedure for the preparation of amidoximated ChAN (a-

ChAN) [4,10] is summarized here. One gram of ChAN (controlled PAN graft yield) 
and lOOmL of 5% hydroxylamine solution (prepared by mixing of 5.55 wt% 
NH2OH.HCI solution and 3.60wt% NaOH aqueous solution) were stirred by magnetic 
stirrer at 75°C for 6h. Finally, a-ChAN was obtained by washing several times with 
distilled water and drying at vacuum at 60°C to constant weight. 

Adsorption and regeneration studies 

The adsorbate solution was prepared by dissolving CUSO4.5H2O in distilled water. 
Adsorption experiments were conducted by stirring an accurately weighed amount of 
the adsorbent (lOOmg chitin or a-ChAN) with 50mL of the Cu(Il) ion solution of 
predetermined concentrations and pHs in lOOmL stoppered bottles by magnetic stirrer 
for a desired durations at various specified temperatures. pH of the solution was 
controlled by mixture acetic acid - sodium acetate buffer solution. The pH was varied 
from 3 to 7. At predecided intervals of time, the mixture was filtered and the Cu(Il) 
ion concentration of the filter liquor was measured by atomic absorption spectroscopy 
(ANS, PERKIN-ELMER-33()0, USA). The adsorption capacities of chitin and a-
ChAN were evaluated using the following expression: 

0 = V >̂  (Co - C) 

where Q is the adsorption capacity (mmol metal ion/g adsorbent), V is the volume of 
metal ion solution (L), Q, is the concentration of metal ion before adsorption 
(mmol/L), C is the concentration of metal ion after adsorption (mmol/L), and W is the 
weight of absorbent (g). 
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50mL of 0.1 N hydrochloric acid was added to a glass-stoppered bottle containing 
Olg polymer (chilin or a-ChAN) with adsorbed Cu(II) ions. The mixture was stirred 
by magnetic stirrer for 10 hours at room temperature and filtered. The adsorbed a-
ChAN after desorbing was dried under vacuum at 60°C to constant weight, then used 
for readsorbing Cu(II) ion. Finally, the adsorption capacity after every adsorption-
desorption cycle was obtained by the same above method. 

RESULTS AND DISCUSSION 

Preparation of adsorbent 
The optimum conditions for graft copolymerizalion of AN onto chitin were 

investigated by observing the effect of ferrous ammonium sulfate (FAS), hydrogen 
peroxide and monomer concentrations as well as pH of polymerization solution. 
reaction time and reaction temperature on the graft yield in detail [4}. As Aly Sayed 
Aly el al. reported that, chitin-g-PAN copolymer was converted into amidoximated 
chilin-g-PAN copolymer by the reaction between hydroxylamine and cyano group in 
ChAN. The FT-IR spectra of chitin, ChAN and a-ChAN are shown in Figure I. As 
shown in previous results [4]. a new peak, characterized as the —C^N stretching 
vibration at 2247cm ', was found in ChAN in Figure 1(b). After amidoximation of 
ChAN. the -C^N peak vanished and a strong, broad adsorption band centered al 1666 
cm ' appeared. This peak could be a mixture of the amide 1 band of main chains and 
the -C=N- stretching vibration band of amidoximated PAN branches. 
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Figure 1: FT-IR spectra of chilin (a), ChAN (b) and a-ChAN (c). 

Adsorption and regeneration studies 
Adsorption mechanism on chitin was shown [9]. The effects of graft yield, pH of 

the solution, treatment time, and metal ion concentration on adsorption capacity for 
Cu(Il) ion arc shown in Figures 2. 3 and 4. 

Figure 2 shows that Cu(Il) ion amounts were adsorbed on chitin and a-ChAN with 
various graft yields at different pH values (3-7). with all other conditions being 
constant. Il is clear ihal the data indicate the following. 
1. The adsorption capacity of Cu(ll) ion increa.ses significantly with increasing the 

pi 1 \alucs up to 6.5 for both chilin and a-ChAN, and then levels off. This is due to 
less stability of the formed chelates in highly acidic medium. 
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2. The results ot adsorption behavior of the a-ChAN also indicate that the adsorption 
ability of Cu(II) ion increases with increasing the graft yield within the range 
studied. The increase in the adsorption with increasing graft yield may be 
attributed to a higher surface area and more active sites. The amidoximated cyano 
groups of PAN-grafted chitin are responsible for the interaction of the metal ions 
with the adsorbent. 
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Figure 2. pH dependence of Cu(II) ion amount 
adsorbed by chitin and a-ChAN with various 
graft yields. Time, 5h; temperature, rt; Cu(II) 
ion concentration, 5mM. 

Figure 3. Effect of time on adsorption 
capacity of a-ChAN (derived from ChAN-GY 
80%) for Cu(II) ions at various temperatures. 
pH, 6.0; Cu(II) ion concentration, 5mM. 

Figure 3 shows that Cu(II) ion amounts were adsorbed on chitin and a-ChAN with 
different durations and various initial concentrations, while keeping all other 
conditions constant. As can be seen in Figure 3, the data show the following. 

2. 

The adsorption capacity of Cu(II) ion decreases on raising treatment temperature. 
This could be due to the higher stability of formed chelates at lower temperatures, 
as is generally observed for low-molecular-weight complexes. 
The adsorption capacity of Cu(II) ion increases with increasing treatment duration 
to reach maximum value of the equilibrium state and then levels off. The 
maximum adsorption values occur after 8h, 6h and 4h at 30°C, 45°C and 60°C, 
respectively. 
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Figure 4. Effect of metal ion concentration on 
adsorption capacities of chitin and a-ChAN 
(derived from ChAN-GY 80%) for Cu(U) ions. 
Temperature, rt; pH, 6.0; contact time, 5h. 

Figure 5. Adsorption-desorption cycles of Cu(II) 
ions on a-Ch.AN (derived from ChAN-GY 80%). 
temperature* 30°C; pH, 6.0; contact time, 2h; 
Cu(II) ion concentration. 5mM. 
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The adsorption capacities of chitin and a-ChAN for Cu(II) ions from aqueous 
solution were investigated at various metal ion concentrations (Figure 4). In Figure 4, 
it is can be seen that the adsorption capacity increases as the concentration of Cu(II) 
ions increases for both chitin and its graft copolymer (a-ChAN). Obviously, chitin was 
outstandingly enhanced to remove Cru(II) ions through graft copolymerisation of AN 
at any metal ion concentration. Nevertheless, with change in the metal ion 
concentration of the solution from ImM to 5mM, the percentage adsorption of Cu(ll) 
decreased from 84% (0.42 mmol/g a-ChAN) to 31.6% (0.79 mmol/g a-ChAN). It can 
be concluded that high removal at low concentration is important in terms of industrial 
application. 

Regeneration adsorbent: For any adsorption process, the most important factors 
are the recovery of the adsorbent and regeneration capacity of the adsorbent. 
Desorption and readsorption of Cu(II) ions are shown in Figure 5. The Cu(ll) ions 
adsorbed were easily desorbed by treatment with O.IN HCI al room temperature for 10 
hours. The desorbed a-ChAN samples were highly effective for the readsorption of 
Cu(ll) ions, even though the adsorption ability of a-ChAN powder samples were kept 
constant after several repetitions of the ad.sorption-desorption cycle. 

CONCLUSION 

1. The results show that the adsorption process was affected by the graft yield. The 
high metal binding ability is achieved by cooperative action of the plural 
functional groups including the amidoximated cyano groups of PAN branches and 
acetamido groups of main chains. 

2. The adsorption capacity of amidoximated chitin-g-poly(acrylonitrile) copolymer 
for Cu(ll) ion decreases on raising treatment temperature. 

3. 8 hours of treatment time was found sufficient to reach the adsorption equilibrium 
value. 

4. The reactive graft copolymer is stable and able to be recycled by acid without 
losing its activity. 

5. The results indicate the adsorption capacity of acrylonitrile grafted chitin is 
remarkably high, so that the prepared product could be used m a good adsorbent 
in the cycling of Cu(II) ion through withdrawal from wastewater and .seawaler. 
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DI^U CHfe VA DANH GIA COPOLYME GHEP T R £ N CO S6 

a-CHITIN VA ACRYLONITRIL CHO XlTLt Nl/OC THAI 

2. Kha ndng hap phu cua copolyme chitin-g-poly(acrylonitril) sau khi da 
amidoxim hoa doi vol ion Cu(II) trong dung dich 

Amidoxim hod copolyme chitin-g-poly(acrylonitrile) dugc lien hanh bang phdn I'fng 
gitla hydroxylamin vdi nhom xyanua cua copolyme chitin-g-poly(acrylonitrile) dieu che ti( 
phdn I'Oig ghep acrylonitril len a-chitin vr'ri he khai mdo chitin thiocachonat-Fe(ll)-hydro 
peoxit. Cdc yeu tdd/ih hudng den khd ndng hap phu nhi(phdn tram ghep, pH ci'ia dung dich, 
thdi gian, nhiet do xiily vd ndng do ion kirn logi da dirge nghien cini. Gidi hdp phu vd tdi hap 
phu ion Cu(ll) len copolyme ndy cilng da dugc khdo sat. 
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