
Journal of Physical Science, Vol. 29(2), 65–88, 2018

© Penerbit Universiti Sains Malaysia, 2018. This work is licensed under the terms of the Creative 
Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).

Preparation of Amidoxime Adsorbent by Radiation Induced 
Grafting of Acrylonitrile on Polyethylene Film and Its 

Application in Cr(VI) Removal

Nazia Rahman,* Nirmal Chandra Dafader, Abdur Rahim Miah,  
Md. Ferdous Alam and Shahnaz Sultana

Nuclear and Radiation Chemistry Division, Institute of Nuclear Science and Technology, 
Atomic Energy Research Establishment, Bangladesh Atomic Energy Commission,  

G. P. O. Box-3787, Dhaka, Bangladesh

*Corresponding author: naziabaec@gmail.com

Published online: 25 August 2018

To cite this article: Rahman, N. et al. (2018). Preparation of amidoxime adsorbent by 
radiation induced grafting of acrylonitrile on polyethylene film and its application in 
Cr(VI) removal. J. Phys. Sci., 29(2), 65–88, https://doi.org/10.21315/jps2018.29.2.5

To link to this article: https://doi.org/10.21315/jps2018.29.2.5

AbstRACt: Pre-irradiation technique was applied to graft acrylonitrile (AN) onto 
polyethylene film. The graft yield was optimised with respect to radiation dose, monomer 
concentration and reaction time. H2SO4 was added to the monomer solution to improve 
the graft yield. The highest graft yield obtained was 120% at 70 kGy radiation dose, 60% 
monomer concentration and 4 h reaction time using H2SO4 as additive. The AN grafted 
films were modified with hydroxyl amine hydrochloride to prepare amidoxime adsorbent. 
The prepared adsorbent was characterised by using Fourier transform infrared (FTIR), 
nuclear magnetic resonance (NMR), thermogravimetric analysis (TGA) and dynamic 
mechanical analysis (DMA). The prepared amidoxime adsorbent showed high affinity 
towards Cr(VI) adsorption. Adsorption capacity was studied under different conditions: 
contact time, pH and initial metal ion concentration. The highest adsorption capacity 
obtained was 200 mg g–1 of adsorbent after 72 h contact time at pH 1.5 and initial metal 
ion concentration 200 ppm. Pseudo-first-order and pseudo-second-order equations were 
used for interpretation of kinetic adsorption data. The equilibrium experimental data of 
Cr(VI) adsorption were also fitted with Langmuir isotherm model. Desorption and reuse 
of the adsorbent film was studied.  The adsorbent showed no significant loss of adsorption 
capacity upon repeated use. 

Keywords: Pre-irradiation technique, acrylonitrile, amidoxime adsorbent, Cr(VI) sorption, 
radiation induced grafting



Amidoxime Adsorbent for Cr(VI) Removal 66

1. INtRODUCtION

In recent years, heavy metal pollution has become one of the most severe 
environmental problems and a great attention has been given to chromium because 
of its high toxicity to both the environment and living organisms.1–3 Various 
industries and manufacturing plants such as tanneries, paints and pigments, 
electroplating, metal processing, wood preservatives, textile, dye industry, steel 
fabrication and canning use chromium for various applications and discharge large 
quantity into the environment.4–6 In aquatic systems, chromium exists mainly as 
Cr(VI) and Cr(III) species which differ considerably in toxicity. Cr(III) species are 
considered an essential trace element for the metabolism in mammals. Conversely, 
Cr(VI) species are carcinogenic and extremely toxic.7,8 Moreover, Cr(VI) has a 
higher solubility and mobility than Cr(III) species increasing its dangerous effects. 
Chromium is non-biodegradable; it enters into the body through breathing, eating, 
drinking or skin contact of chromium and its compounds. The toxic effects of 
Cr(VI) include skin rashes, nose bleeding, respiratory tract infection, suppressed 
immune system, hepatic diseases and lung cancer.9,10 Hence, it is important to 
eliminate traces of chromium from drinking water, or to remove chromium from 
wastewaters before they are discharged into receiving bodies.

Several methods have been used for the removal of Cr(VI) from industrial 
wastewaters including ion-exchange, solvent extraction, filtration and adsorption.11–14 
Adsorption has been most widely used due to relatively low-cost, availability, ease 
of operation and efficiency in comparison with other conventional methods.15 For 
this purpose, many types of adsorbents have been investigated for the removal of 
chromium including activated carbon, biomaterials and nanomaterials.15–24

Recently, many researchers have focused attention on grafted polymers as alternative 
heavy metal adsorbent.25–35 “Grafting” is a method in which functional monomers 
are covalently bonded onto the backbone polymer chain. Graft polymerisation 
allows incorporation of various functions possessed by the grafted monomer to 
the parent polymer while maintaining the mechanical properties of the parent 
polymer.36,37 Among the different methods for initiating graft copolymerisation like 
ionising radiation, ultraviolet light, plasma treatment, decomposition of chemical 
initiators, oxidation of polymers, etc., radiation-induced grafting technique is 
advantageous because of its extensive penetration into the polymer matrix and its 
rapid and uniform formation of radicals.38

Polyethylene (PE) has been selected as the base polymer to prepare the adsorbent 
for its excellent mechanical and thermal property and low cost. A number of 
researchers have studied single or binary monomer grafted PE film for heavy metal 
ion adsorption.39–42 A polymeric adsorbent material based on PE was prepared by 
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photo grafting of 2-(dimethylamino)ethyl methacrylate (DMAEMA) monomer 
on to a PE film and investigated for Cr(VI) removal.43 Composite particles were 
synthesised using titanium oxide attached to PE films by plasma techniques and 
used for the removal of Cr(VI) from aqueous solutions in batch systems.44

Present study focuses on preparation of a new adsorbent by radiation induced 
grafting of acrylonitrile (AN) on PE films and its application in Cr(VI) removal. 
Pre-irradiation technique was employed in the grafting of AN on PE film. The 
graft yield was optimised with respect to radiation dose, monomer concentration 
and reaction time. H2SO4 was added to the monomer solution to improve the graft 
yield. The AN grafted films were modified with hydroxyl amine hydrochloride to 
prepare amidoxime adsorbent. The amidoxime adsorbent has been used to adsorb 
Cr(VI) ion from aqueous solution. Adsorption capacity was studied under different 
conditions: contact time, pH and initial metal ion concentration. Desorption and 
reuse of the adsorbent film was also investigated.  

2. EXPERIMENtAL

2.1 Materials and Reagents

PE films (thickness 0.04 mm) were collected from Chakbazar, Dhaka, Bangladesh. 
These films were cut into small pieces (12 × 1.5 cm2), washed with methanol and  
dried in oven before use. Monomer acrylonitrile (BDH, UK) was used as received. 
Methanol, sodium carbonate, sulphuric acid, acetone and 1, 5-diphenylcarbazide 
were obtained from Merck, Germany. Hydroxyl amine hydrochloride was supplied 
by Sigma Aldrich, USA. Potassium dichromate (Techno Pharmchem, India) was 
used for metal adsorption study. 

2.2 Instrument and Apparatus

The PE films were characterised by Fourier transform infrared (FTIR) ATR 
spectrophotometer (8400S Shimadzu Japan) in the 700–4000 cm−1 range 
(resolution 4 cm−1, number of scans 20 times). 1H NMR spectra were measured at 
25°C on Bruker Advance DPX 400 NMR instrument operating at 400 MHz in the 
Fourier transform mode (benzene was used as the solvent). The thermo gravimetric 
analysis was performed with TGA-50 (Shimadzu, Japan) from 25°C to 500ºC 
with a heating rate of 10°C min–1, under nitrogen atmosphere with a flow rate of  
20 ml min–1. The dynamic mechanical properties of the adsorbent were studied from 
25°C to 80°C at a heating rate of 4°C min–1 and an oscillating frequency of 1 Hz 
using dynamic mechanical analyser (DMA), Triton Technology TTDMA, UK. The 
metal-ion concentrations in the solutions were analysed spectrophotometrically 
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(UV-2401PC, Shimadzu, Japan). The radiation source used for grafting experiment 
was Co-60 gamma ray. It is a 90 kCi Cobalt-60 Batch Type Panoramic Irradiator 
(Board of Radiation and Isotope Technology, BRIT, India). Activity was 68.63 kCi 
and dose rate was 13.7 kGy h–1.

2.3 Grafting of AN onto the PE Films by Gamma Radiation

The PE films were irradiated by gamma radiation from Co-60 source at different 
radiation doses (30 kGy, 50 kGy and 70 kGy) at ambient temperature. The irradiated 
PE films were stored in dry-ice temperature until use. The monomer solution was 
prepared by adding AN (20%, 40% and 60%) and H2SO4 (2% of AN) to methanol. 
The monomer solution was bubbled with nitrogen gas to remove dissolved 
oxygen. The de-aerated monomer solution was poured into glass bottle containing  
irradiated PE films. After completely filling the glass bottle with monomer solution, 
the bottle was tightly closed with a lid to prevent inclusion of oxygen from air 
into the monomer solution of bottle. After that the grafting reaction was carried 
out at 80°C in a water bath for different period of time (1 h, 2 h, 3 h and 4 h). 
The AN-g-PE fabric was washed with methanol to remove residual monomer and 
homopolymer of AN. The degree of grafting was calculated as follows: 

Degree of grafting (%) = [(W1 – W0)/W0] × 100 (1)

where, W1 is the dry weight of grafted PE film and W0 is the dry weight of PE film.

2.4 Amidoximation of Nitrile Group of AN Grafted PE Film

An 80 g l–1 aqueous solution of hydroxyl amine hydrochloride was prepared in 
distilled water by stirring with a glass rod and it was neutralised by adding sodium 
carbonate. The AN grafted PE (AN-g-PE) films were placed into the aqueous 
solution of hydroxyl amine hydrochloride and heated in water bath at 80°C for 4 h. 
The films were then washed three times with distilled water in order to remove the 
remaining salts and were dried in air. To study the effects of the reaction conditions 
on the conversion of the nitrile group to the amidoxime group, the reaction time 
was varied from 2 h to 4 h (2 h, 3 h and 4 h) with the concentration of NH2OH. HCl 
was varied from 4% to 16% (4%, 8% and 16%) and pH was varied from 5 to 9 (5, 
7 and 9). The conversion of nitrile group of AN-g-PE film was calculated using the 
following equation:

Cn = [(W2 – W1)/W1] × [M0/M1] × 100 (2)

where W1 is the weight of the grafted PE film before the reaction, W2 is the weight 
of the grafted film after the reaction, M0 is the molecular weight of the acrylonitrile 
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monomer (53 g mole–1) and M1 is the molecular weight of the hydroxyl amine 
(33 g mole–1).45

The preparation scheme of amidoxime adsorbent is shown in Figure 1. 

Figure 1: Preparation scheme of amidoxime adsorbent.

2.5 Metal Ion Adsorption by Amidoximated PE film

The amidoximated PE films were soaked into the 50 ml aqueous solutions of Cr(VI) 
at room temperature (25°C). The adsorption process was carried out at different 
pH, contact time and initial metal ion concentration. The pH of the solutions 
was adjusted using HCl and NaOH solution. The metal-ion concentrations of the 
solutions before and after adsorption were analysed by UV spectrophotometer. The 
metal ion uptake capacity of the film was calculated as follows:

Q = V(C1–C2)/W (3)

where Q is the adsorption amount (mg g–1 of adsorbent), W the weight of the 
amidoximated PE film (g), V the volume of solution (l), and C1 and C2 are the 
concentrations (mg l–1) of metal ion before and after adsorption respectively. 

2.6 Desorption of Metal Ions

The desorption of Cr(VI) ions from the adsorbent films were carried out by the 
treatment with 2 M aqueous solution of NaOH for 20 h. The percent desorption 
was calculated using the following equation:

Percent desorption = (Ions desorbed (mg) / Ions adsorbed (mg)) × 100 (4)
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3. REsULts AND DIsCUssION

3.1 Grafting of AN on PE Film

In the present study, pre-irradiation technique was employed for grafting of AN on 
PE film. In the pre-irradiation technique, the polymer backbone was first irradiated 
to form free radicals and the irradiated polymer substrate was then treated with the 
monomer as a solution in a suitable solvent. Since the monomer is not exposed to 
radiation in the pre-irradiation technique, the obvious advantage is that the method 
is relatively free from homo-polymer formation. In the present research, the graft 
yield was optimised with respect to monomer concentration and reaction time 
(Figure 2). It was observed that with the increase of the monomer concentration 
from 20% to 60%, the graft yield increased from 4% to 30% at 4 h reaction time. 
Thus, the increase in the monomer concentration improved the graft yield. It may 
be explained as following: with the increase of monomer concentration more 
monomer molecules can come in contact with the PE free radical to react and form 
AN-g-PE. Again, it was observed that the graft yield increased with the increase of 
the reaction time (1–4 h). The increase of the graft yield with respect to the reaction 
time is fast up to 3 h and then it became slow. The results indicated that 1 h reaction 
time is not sufficient for grafting of AN on PE and 4 h reaction time is enough for 
satisfactory grafting of AN on PE film.
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Figure 2: Effect of reaction time and monomer concentration on graft yield (radiation 
dose 70 kGy).

To improve the graft yield of AN on PE film, H2SO4 (2% of AN) was added as 
additive to the monomer solution. Figure 3 shows the effect of addition of H2SO4 
on graft yield. In this investigation, the monomer concentration was kept at 60% 
and radiation dose at 70 kGy. It was found that the addition of H2SO4 to the 



Journal of Physical Science, Vol. 29(2), 65–88, 2018 71

monomer solution largely improved the graft yield. The graft yield obtained with 
additive was 120% and without additive was 30% (at 4 h reaction time). It is 
documented that the addition of inorganic acids accelerates graft-copolymerisation 
in many systems.46 It is expected that the added sulphuric acid can give rise to the 
destruction of ordered arrangement of the molecules in crystalline domain of PE 
which accelerates the penetration of monomers for grafting into crystalline region 
accordingly.
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Figure 3: Effect of H2SO4 on graft yield (radiation dose 70 kGy, monomer concentration 
60%). 

Figure 4 represents the effect of radiation dose on graft yield of AN onto PE film. 
It was observed that with increasing radiation dose (30 kGy to 70 kGy), the graft 
yield increased. The graft yields obtained are 80%, 100% and 120% for 30 kGy, 
50 kGy and 70 kGy radiation dose, respectively. The results suggest that with 
increase of radiation dose more free radicals are formed on PE film which may 
react with monomer. 
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3.2 Conversion of Nitrile Group of AN 

The AN-g-PE films were allowed to react with hydroxylamine hydrochloride to 
convert the nitrile group to amidoxime group. As shown in Table 1, the conversion 
of nitrile group of AN molecules increases along with the increase of reaction time 
at 80 g l–1 of hydroxylamine hydrochloride solution and pH 7. The conversion 
depends on the amount of hydroxylamine diffused from the reaction solution 
into the AN-g-PE films. Longer reaction times improved the molecular diffusion 
of hydroxylamine from the solution into the AN-g-PE films and increased the 
reaction probability between hydroxylamine and the nitrile groups. The increase 
of hydroxylamine hydrochloride concentration up to 80 g l–1 also promoted the 
molecular diffusion of hydroxylamine into the AN-g-PE films. The conversion of 
nitrile group of AN-g-PE to amidoxine group also depends on pH of hydroxylamine 
hydrochloride solution. Maximum conversion was achieved at pH 7. This could be 
attributed to the various chemical specifications of hydroxylamine hydrochloride 
in different pH conditions. NH2OH·HCl existed in the acid condition, which 
reduced the amount of free hydroxylamine. At pH 7, hydroxylamine hydrochloride 
in the solution predominantly existed in the form of free hydroxylamine molecules 
which accelerated the conversion of nitrile group. Although the alkaline condition 
caused the formation free hydroxylamine, the molecule would become unstable 
and volatile. 

Table 1: Effect of reaction condition on conversion of nitrile group to amidoxime.

Time (h) NH2OH. HCl content (g l–1) pH Conversion (%)

2 80 7 36
3 80 7 65
4 80 7 80
4 40 7 55
4 80 7 80
4 160 7 70
4 80 5 72
4 80 7 80
4 80 9 60

3.3 FtIR (AtR) Analysis of PE, AN-g-PE and Amidoxime-PE Films

Polyethylene may be considered as an infinite chain of CH2 groups, therefore the 
characteristic features of the IR spectrum of PE film (Figure 5) are its C-H stretching 
vibrations. C-H asymmetric and symmetric stretching vibrations are observed at 
2916 cm−1 and 2848 cm–1 respectively. The spectrum for AN-g-PE exhibited a new 
peak (2245 cm–1) characteristic of nitrile group. After amidoximation of the nitrile 
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group of AN-g-PE film the spectra show some changes. The peak corresponding 
to nitrile group (2245 cm–1) is markedly decreased due to the conversion of nitrile 
to amidoxime. In addition, the characteristic peaks of amidoxime can be observed 
at 916 cm–1 (assigned to N-O) and 1220 cm–1 (assigned to the bending vibration of 
the amine group N-H). Peak broadening occurred around 3736 cm–1 and 3020 cm–1 
(assigned to O-H). These results indicate conversion of the nitrile group to the 
amidoxime group.45,47

Figure 5: FTIR spectra of PE, AN-g-PE and amidoxime-PE films.

3.4 NMR Measurements

Figure 6 shows the nuclear magnetic resonance (NMR) spectra of PE, AN-g-
PE and amidoxime-PE. In the spectrum of PE the chemical shifts are as follow:  
δ = 0.9 ppm, δ = 1.2 ppm and δ = 4.2 ppm corresponding to alkyl(methyl), 
alkyl(methylene) and vinylic protons respectively. The chemical shifts at δ = 
7.2 ppm is due to the solvent (benzene) used. In the spectrum of AN-g-PE, the 
intensity of the signals for alkyl(methyl) and alkyl(methylene) protons decreased 
and vinylic protons disappeared due to radiation induced reaction of PE with AN. 
Again, in the spectrum of AN-g-PE the intensity of signal at δ = 1.4 ppm increased 
which may be due to alkyl(methyne) protons. In the spectrum of amidoxime-PE, 
increase of intensity of the signal at δ = 0.4 ppm may be due to the R-OH and 
R-NH2 protons.48
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Figure 6: 1H NMR spectra of PE, AN-g-PE and amidoxime-PE films.

3.5 tGA Analysis of PE, AN-g-PE and Amidoxime-PE Films

The thermogravimetric analysis (TGA) thermograms for PE film, AN-g-PE film 
and amidoxime-PE adsorbent are presented in Figure 7. The original PE film shows 
thermal stability up to 200°C and above 200°C it starts to decompose. It shows a 
three decomposition steps, i.e., 200°C–330°C, 330°C–410°C and above 410°C. 
The thermal stability of AN-g-PE film is higher than that of original PE film.  
The AN-g-PE fabric remains thermally stable up to 230ºC. The TGA curve of 
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the AN-g-PE fabric shows four decomposition processes at the range of 230°C– 
280°C, 280°C–420°C, 420°C–450°C and above 450°C, due to the degradation of 
the grafted chain and that of the PE base polymer. There are four weight loss steps 
in the TGA curve for amidoxime-PE adsorbent. The first weight loss appearing in 
the temperature range 45°C–100°C is easily understood to be due to the loss of 
moisture absorbed from air. The weight loss stages at 100°C–210°C, 210°C–230°C 
and above 230°C originated from degradation of grafted chain and degradation of 
PE. The weight losses of PE film, AN-g-PE film and amidoxime-PE adsorbent at 
different temperatures are shown in Table 2.

Figure 7: TGA thermograms of PE, AN-g-PE and amidoxime-PE films.

Table 2: The weight losses of PE film, AN-g-PE film and amidoxime-PE adsorbent at 
different temperatures.

Samples
Weight loss (%)

100°C 150°C 200°C 250°C 300°C 350°C 400°C 450°C

PE 0.00 0.12 4.39 22.39 54.04 67.41 69.70 74.95

AN-g-PE 0.03 0.41 0.98 9.50 24.91 28.70 33.36 49.66

Amidoxime-PE 7.03 10.62 14.48 59.35 60.50 62.79 66.35 70.90
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3.6 DMA of PE, AN-g-PE and Amidoxime-PE Films

Figure 8 reveals the storage modulus of PE, AN-g-PE and amidoxime-PE films 
with varying temperature. The initial value of storage modulus for AN-g-PE film 
is higher than that of PE film and amidoxime-PE film. It is observed that the 
glassy transition region for AN-g-PE film was obtained in the temperature range 
49°C–50°C. On the other hand, the glassy transition region for PE film extends 
from 30°C to 56°C. Glass transition region for amidoxime-PE film was obtained in 
the temperature range 34°C–38°C. It is also found that there is a sharp decrease of 
modulus in glassy transition region for both AN-g-PE and amidoxime-PE but the 
PE curve shows a slow decrease of modulus in glassy region. 
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Figure 8: Storage modulus of PE, AN-g-PE and amidoxime-PE films.

3.7 Cr(VI) Adsorption by Amidoxime-PE Films

The amidoximated PE films were investigated for adsorption of Cr(VI) from 
aqueous solution (Figure 9). The effect of contact time on Cr(VI) adsorption 
were examined. The amidoxime-PE films were kept into the aqueous solutions of 
Cr(VI) with constant pH (pH 2.2) and initial metal ion concentration (100 ppm) 
at room temperature (25°C). The concentrations of the Cr(VI) ions in solution 
were determined at regular times. The experimental data obtained are shown in 
Figure 10. It can be observed that the Cr(VI) adsorption rate is fast at the initial 
stage of the process, and gradually reaches plateau toward equilibrium with 
maximum adsorption of 75 mg g–1. The adsorption equilibrium for the adsorption 
of Cr(VI) ions was reached after 72 h.
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Figure 9: Cr(VI) solution before (left) and after (right) treatment with amidoxime 
adsorbent.
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Figure 10: Effect of contact time on Cr(VI) adsorption capacity (pH 2.2, initial Cr(VI) 
concentration 100 ppm).

The pseudo-first-order and pseudo-second order kinetic models were applied to 
fit the Cr(VI) adsorption by the amidoxime-PE film. The pseudo-first-order and 
pseudo-second-order equations are expressed as: 49,50

log (Qe – Qt) = log Qe – (k1/2.303) t (5)

t/Qt = 1/ (k2Qe
2) + t/ Qe (6)

where Qt and Qe are the amount of Cr(VI) adsorbed (mg g–1) at any time and 
equilibrium time, respectively, k1 is the rate constant (1/h) of first-order adsorption 
and k2 (g h–1 mg–1) is the rate constant of second-order adsorption. The pseudo-
first-order rate constants could be determined experimentally by plotting  
log (Qe – Qt) against t as shown in Figure 11. The experimental and theoretical 
Qe value, first-order rate constant and the correlation coefficients (R2) are given 
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in Table 3. It can be seen from the results that the experimental Qe value and the 
Qe value calculated from first order kinetic model are not in agreement with each 
other. Pseudo-second-order rate constants could be determined experimentally 
by plotting t/Qt against t as shown in Figure 12. All the second-order kinetic 
parameters for Cr(VI) adsorption are also given in Table 3. It can be seen that the 
experimental Qe and the Qe values calculated from second-order kinetic model are 
in accordance with each other. Therefore, the pseudo-second-order equation can 
be used to interpret Cr(VI) adsorption on the amidoxime-PE film. Pseudo-second-
order model fit with the experimental kinetic data indicating that intra-particle 
diffusion process was the rate-limiting step of the adsorption and it also proves that 
the chelating interaction plays a major role in the adsorption process.51,52
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Table 3: The pseudo-first-order and pseudo-second-order rate constants for Cr(VI) 
adsorption by amidoxime adsorbent.

Qe (exp.)  
(mg g–1)

Pseudo-first-order rate constant Pseudo-second-order rate constant

Qe (theor.)  
(mg g–1)

k1  
(1 h–1) R2 Qe (theor.)  

(mg g–1)
k2  

(g h–1 mg–1) R2

75 43 0.05458 1 75.75 0.00485 0.9958

It is well known that the pH of the medium has a great effect on the adsorption 
capacity of grafted adsorbent, because at different pH values, due to the protonation 
and deprotonation behaviours of acidic and basic groups, the surface structure of 
the adsorbent would be influenced and the metal ions would exist in different forms. 
The experimental results for the effects of pH on the adsorption of metal ions are 
shown in Figure 13. As observed, the adsorption capacity was highly dependent 
on the pH with maximum adsorption at pH = 1.5. The amount of Cr(VI) removal 
decreased with increasing pH of Cr(VI) solution. The variation of the adsorption 
capacity of the adsorbent at different pH values may be attributed to the affinities 
of the amidoxime-PE adsorbent for the different species of Cr(VI) that exist in 
acidic pH values namely H2CrO4, HCrO4

-, CrO42-  and Cr2O7
2-. At low pH value, 

the NH2 groups on the surface of the amidoxime-PE film are protonated to form 
NH3

+ (positively charge) which easily bind to the negatively charged species due 
to the electronic attraction. At high pH value, the NH2 groups of the amidoxime-PE 
are de-protonated to form NH2…OH- which electrostatically repel the negatively 
charged Cr(VI) species and thus the adsorption decreases.
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Figure 14 shows the relationship between the initial concentration of metal ions and 
the adsorption capacity. The figure shows that the adsorption amount of metal ions 
increased with increasing initial metal ion concentration then reached a plateau at 
higher concentration. This is due to the fact that the chelating sites of the adsorbent 
become saturated when the metal ion concentration increases. For interpretation of 
the Cr(VI) adsorption data, the Langmuir isotherm model is used. The linear form 
of the Langmuir isotherm model is presented by:

Ce/Qe = Ce/Qo + 1/(Qob) (7)

where Ce is the equilibrium concentration (mg l–1), Qo is the monolayer saturation 
adsorption capacity of the adsorbent (mg g–1), Qe is the equilibrium adsorption 
capacity and b is the Langmuir adsorption constant (l mg–1). The plot of Ce/Qe 
versus Ce shown in Figure 15 was drawn from the experimental data given in  
Figure 14. The relationship between Ce/Qe and Ce is linear indicating that the 
adsorption behaviour follows the Langmuir adsorption isotherm. From the 
Langmuir equation the monolayer saturation adsorption capacity of the adsorbent 
was found to be 200 mg g–1. Cr(VI) adsorption capacity of amidoxime-PE film 
compared with some other adsorbents are shown in Table 4.
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Figure 14: Effect of initial Cr(VI) concentration on adsorption capacity (contact time 72 h, 
pH 1.5).
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Figure 15: Langmuir isotherm plot for Cr(VI) adsorption.

Table 4: Cr(VI) adsorption capacity of amidoxime-PE adsorbent compared with some 
other adsorbents.

Adsorbent Adsorption capacity 
(mg g–1)

Amidoxime-PE (present study) 200

Palm trunk charcoal53 24.7

Activated carbon derived from acrylonitrile-divinylbenzene co-polymer54 101.2

Chemically modified banana peels55 6.17

Amine functionalised nanofibres45 137

Ethylenediamine-modified cross-linked magnetic chitosan resin56 39.7

Chitosan-ionic liquid57 63.7

Modified red pine sawdust58 22.6

PAN/Ppy core shell nanofibres59 74.9

After adsorption of metal ions on the amidoxime-PE film, the adsorbents were 
regenerated using 2 M sodium hydroxide solution. Desorption equilibrium was 
achieved after 20 h. The desorption ratio was 99%. The sorption capacity of the 
film for Cr(VI) adsorption from aqueous solutions in five successive cycles is 
shown in Figure 16. The sorption capacity does not show significant change upon 
repeated use of the film for Cr(VI) adsorption.
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Figure 16: Repeated use of amidoxime-PE film for adsorption of Cr(VI) (pH 1.5, contact 
time 72 h, initial Cr(VI) concentration 100 ppm).

4. CONCLUsION

Successful preparation of AN-g-PE films was conducted using pre-irradiation 
technique. H2SO4 as additive was found to increase the graft yield significantly. 
Highest graft yield obtained was 120% at 70 kGy radiation dose, 60% monomer 
concentration and 4 h reaction time using H2SO4 as additive. The AN grafted films 
were modified with hydroxylamine hydrochloride to prepare amidoxime adsorbent. 
The prepared adsorbent was characterised by FTIR, NMR, TGA and DMA. The 
prepared amidoxime adsorbent showed high affinity towards Cr(VI) adsorption. 
The highest adsorption capacity obtained was 200 mg/g after 72 h contact time 
at pH 1.5 and initial metal ion concentration 200 ppm. Kinetics and isotherm 
of Cr(VI) adsorption were studied. The experimental data for the adsorption of 
Cr(VI) on amidoxime adsorbent fitted with pseudo-second order kinetic model and 
Langmuir isotherm model. Desorption and reuse of the adsorbent film were also 
successful.  
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