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Abstract

Treatment of industrial heavy metal contaminated waste water prior to its discharge to environment is a contemporary approach. Grafted
polymers may work in this purpose as heavy metal adsorbent. A gamma radiation induced grafting process is adopted to graft acrylic acid
(AAC) and 2-hydroxyethyl methacrylate (HEMA) co-monomers on polyethylene (PE) in presence of inhibitor (mohr’s salt) and solvent
(methanol/H,0). The graft yield was optimized with respect to monomer ratio, monomer concentration and radiation dose. The monomer
concentration was varied from 10-20%, radiation dose was varied from 10-30 kGy (10, 15, 20, 25, 30 kGy) and monomer ratio was varied
as (HEMA:AAc =90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90). Highest graft yield 289% was obtained at 20% monomer
concentration, 30 kGy radiation dose and monomer ratio HEMA:AAc = 90:10. The grafted PE films were studied for adsorption of Cu(ll)
from aqueous solution. Adsorption capacity was studied under different conditions: contact time, grafting percentage, pH and initial metal
ion concentration. The adsorption capacity was determined as 39.96 mg/g after 60 minutes contact time at pH 5, initial metal ion

concentration 500 ppm and 83 graft percentage.
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1. Introduction

The rapid development of industries such as metal plating
facilities, mining operations, fertilizer industries, tanneries,
batteries, paper and pesticides industries etc., increases the
discharge of toxic heavy metals into the environment as
industrial waste waters and heavy metal pollution became
one of the most serious environmental problems. Toxic
heavy metals of particular concern in treatment of industrial
wastewaters include zinc, copper, nickel, mercury,
cadmium, lead and chromium. These heavy metals have
adverse health effects [1]. Well known environmental
destruction cases due to the contamination of heavy metals
in aquatic streams are Minamata tragedy (organic mercury
poisoning) and Itai-itai disease (cadmium poisoning) in
Japan [2]. Hence it is necessary to treat metal contaminated
waste water prior to its discharge to the environment. Most
commonly used methods for removal of hazardous metal
ions from industrial waste water includes precipitation, ion
exchange, electrochemical method, activated carbon
adsorption etc. But these methods have some disadvantages
like high cost, low removal rate or difficulty for
regeneration and reuse. Therefore many types of alternative
low cost adsorbents have been studied for the adsorption of
metal ions from aqueous solutions including sawdust [3],
sporopollenin [4, 5], chitosan [6], peat [7], cellulose [8] and
clay mineral [9].

Recently many researchers focused attention on grafted
polymers as alternative heavy metal adsorbent [10-20].
‘Grafting’ is a method by which functional monomers are
covalently bonded onto the backbone polymer chain. Graft
polymerization allows incorporation of various functions
possessed by the grafted monomer to the parent polymer
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while maintaining the mechanical properties of the parent
polymer [21, 22]. Among the different methods for
initiating graft copolymerization like ionizing 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 [23].

The excellent mechanical, thermal property and low cost of
polyethylene (PE) attracted attention to use this as base
polymer to prepare adsorbent. A good number of
researchers have studied single or binary monomer grafted
polyethylene (PE) film for heavy metal ion adsorption.
Study on preparation of synthetic membranes using
simultaneous radiation grafting of acrylic acid (AAc) and
styrene (Sty) onto polyethylene has been carried out and the
affinity of these membranes toward the adsorption or
chelation with metal ions have been investigated by Hegazy
et. al., 1999 [24]. The possibility of practical use of ion-
exchange membranes prepared by gamma-radiation
grafting of acrylonitrile (AN) and vinyl acetate (VAc) onto
polyethylene in waste-water treatment were examined by
Hegazy et. al., 2001 [25]. Graft copolymers were prepared
by radiation grafting of acrylic acid onto polyethylene
followed by chemical treatments and the selectivity of the
prepared membranes towards the adsorption of different
metals from a simulated waste solution has been studied by
Hegazy et. al., 1999 [26]. Radiation graft copolymerization
of styrene /maleic anhydride (Sty /MAn) comonomer onto
low density polyethylene (LDPE) membrane was studied
and the affinity of the treated grafted films to recover metal
ions was studied by Abd EI-Rehim et. al., 2000 [27].

Present study focuses on preparation a new adsorbent by
grafting of binary monomers acrylic acid (AAc) and 2-
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hydroxyethyl-methacrylate (HEMA) on polyethylene (PE)
films and its application as Cu(lIl) recovery agent. A gamma
radiation induced grafting process is adopted and the graft
yield was optimized with respect to monomer ratio,
monomer concentration and radiation dose. The AAc and
HEMA grafted PE films has been used to adsorb Cu(ll) ion
from aqueous solution. Adsorption capacity was studied
under different conditions: contact time, grafting percentage,
pH and initial metal ion concentration.

2. Materials and Methods
2.1 Materials and Reagents

Polyethylene (PE) films (thickness 0.04 mm) were collected
from Chakbazar, Dhaka, Bangladesh. These films were cut
into small pieces (10x1 cm?), washed with acetone, and
dried in oven before use. Monomers HEMA, (Merck,
Germany) and AAc (Guangdong Guanghua, China) were
used. Methanol and Acetone were obtained from Merck,
Germany. Mohr's salt was supplied by BDH, England.
CuS04.5H,0 (Merck, Germany) was used for metal
adsorption study. All reagents were analytical grade.

2.2 Instrument and Apparatus

The grafted PE films were characterized by FTIR (ATR)
spectrophotometer (8400S Shimadzu Japan) in the range
700- 4000 cm™ (resolution 4 cm™, number of scans: 20
times). The metal-ion concentrations in the solutions were
analyzed by absorption spectro-photometer (AA-6800) of
SHIMADGU 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.

2.3 Grafting of AAc and HEMA onto the PE films by
gamma radiation

The dry PE films weighing Wyisine Were taken into test
tubes containing 0.4% Mohr’s salt [(NH,4),Fe(SO,),.6H,0]
as inhibitor and acrylic acid (AAc) and 2-hydroxyethyl
methacrylate (HEMA) as monomer and methanol:H,O
(96:4) as solvent. The monomer concentration was varied
from 10% to 20% (10, 20 %) and monomer ratio was varied
as (HEMA: AAc = 90:10, 80:20, 70: 30, 60: 40, 50:50,
40:60, 30:70, 20: 80, 10: 90). The contents of the test tubes
were then irradiated with different doses (5, 10, 15, 20, 25,
30 kGy) with Co-60 gamma source. Irradiated PE films are
washed with methanol for 1 hour to remove the
homopolymers. Then the films were dried to constant
weight in an oven at 50°C for 12 hours and were weighed
(W grated). The graft yield was determined by the percent
increase in the weight as follows:

Graft Yield (%) = (W gratted = Woristine)/ WipristineX 100 1)
2.4 Metal lon Adsorption by the Grafted PE Film
The grafted PE films were soaked into the 20 ml aqueous
solutions of Cu(ll) at room temperature (25°C). The
adsorption process was carried out at different pH,

percentage of grafting, contact time and initial metal ion
concentration. pH of the solutions were adjusted using HCI
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and NaOH solution. The metal-ion concentrations of the
solutions before and after adsorption were analyzed by
atomic absorption spectrophotometer. The metal ion uptake
capacity of the film was calculated as follows:

Q=V(Ci-Cy)IW O]

where Q is the adsorption amount (mg/g), W the weight of
the film (g), V the volume of solution (L), and C; and C, are
the concentrations (mg/L) of metal ion before and after
adsorption respectively.

2.5 Desorption of Metal lons

The desorption of Cu(ll) ions from the adsorbent films were
carried out by the treatment with 2M aqueous solution of
HCI for 30 min. The percent desorption was calculated
using the following equation;

Percent desorption
= (lons desorbed (mg)/lons adsorbed (mg)) x 100. ?3)

3. Results and disscussion

Gamma radiation induced grafting of 2-hydroxyethyl
methacrylate (HEMA)/acrylic acid (AAc) on PE films was
carried out. The grafting of AAc/HEMA monomers on PE
films was characterized by FTIR Spectrophotometer.
Polyethylene may be considered as an infinite chain of CH,
groups, therefore the characteristic features of the IR
spectrum of PE film (Fig. 1) are it’s C-H stretching and C-
H deformation vibrations. C-H asymmetric and symmetric
stretching vibrations are observed at 2916 and 2848 cm™
respectively. C-H bending, wagging and rocking
deformation of CH, group are observed at 1465, 1369 and
721 cm™ respectively. The observed bands are in
satisfactory agreement with the results obtained by previous
workers [28]. In the spectrum of grafted PE film (Fig. 2),
new peaks appear at 1718 cm™ assigned to -C=0 group of
AAc and HEMA, 1153 cm™ (corresponds to C-O-C bond)
indicating ester group of HEMA. Broad peak around 3500
cm™ represents the -OH group of HEMA and AAc. Peak at
1074 cm™ is for C-O(H) bond of HEMA and AAc [29].
Again the peak at 1578 cm™ indicates -C=0 asymmetric
stretching of carboxylate anion of AAc [30]. These peaks
provide evidence of successful grafting of AAc and HEMA
on PE film.
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Fig. 1: IR spectrum of PE film

28



NUCLEAR SCIENCE AND APPLICATIONS

99.75—+

%T ]

99— -}

L et =

975 - - - oo oo B

96— - -----

LN LA S B By [ B By B | L
4000 3500 3000 2500 2000 1500 1000
PE HEMA 1iem

Fig. 2: IR spectrum of grafted PE film

The grafting process was studied under different monomer
concentration, radiation dose and monomer ratio. Fig. 3
shows the effect of monomer concentration and radiation
dose on graft yield. From the figure it can be found that the
graft yield increased with increasing monomer
concentration. The graft yield was 19% and 83% for 10 and
20 wt% of HEMAJ/AACc concentration respectively at
30kGy radiation dose. The increase of monomer
concentration might have caused increased interaction
between monomers and the polymer backbone. A
noticeable homo-polymer was observed with increase of
monomer concentration beyond 20%. In the lower dose
region graft yield increased linearly and showed saturation
at higher doses. This saturation feature could be due to an
increase in the hindrance of the monomer permeation
during the gamma-ray irradiation due to the growing and
extending mass of grafted monomers on the PE surface.
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Fig. 3: Grafting of HEMA/AAc co-monomer on PE films at
different monomer concentration as a function of radiation dose
[HEMA: AAc =1 : 1, Conc. of Mohr's salt: 0.4%, solvent: 96 %
methanol]

Fig. 4 represents the effect of monomer ratio on graft yield.
It can be observed that with increased amount of HAMA in
the monomer mixture the graft yield increases linearly.
These results indicate that HEMA is grafted more easily on
PE films than AAc.
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Fig. 4: Grafting of HEMA/AAc co-monomer on PE films at
different monomer ratio [20% monomer concentration, 30 kGy
radiation dose, Conc. of Mohr's salt: 0.4%, solvent: 96%
methanol]

Fig. 5 shows the effect of monomer ratio on graft yield and
metal adsorption. It was found that although graft yield
increases linearly with increase of amount of HEMA in the
monomer mixture, the adsorption capacity was highest for
HEMA:AAc = 50/50. The result indicate that HEMA was
grafted relatively easily on PE film than AAc, on the other
hand AAc adsorbs Cu(ll) relatively easily than HEMA.
These results indicate the advantage of use of binary
monomers than one single monomer. It can be explained as
follows: when only AAc is used then graft yield is very low,
therefore metal adsorption was very low, when we add
HEMA (10-50%) to AAc, the grafting of HEMA and also
grafting of AAc increases. Such synergistic effect of one
monomer on another monomer is reported in previous study
[31]. But when we add HEMA more than 50% it increases
grafting of HEMA than AAc, therefore metal adsorption
decreases. The rest of the adsorption study was done with
HEMA/AAc = 50/50 monomer ratio.
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Fig. 5: Change of graft yield and adsorption capacity with
monomer ratio [at 20% monomer concentration, 30 kGy radiation
dose, Conc. of Mohr's salt: 0.4%, solvent: 96% methanol]

The effects of the graft yield on the adsorption capacities of
metal ions have been investigated in the grafting range 15—
83%. The results are shown in Fig. 6. The adsorption
capacity of Cu(ll) ions increased with the increase of graft
yield, then almost leveled off after 83% graft yield,
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reaching 39.96 mg/g of saturation adsorption values, similar
trend is reported in previous studies [32-35]. This increase
in adsorption of the Cu(ll) ion can be attributed to the
increase of functional groups such as carboxyl and hydroxyl
groups, which are grafted onto the PE film. The leveling off
of adsorption amount after a certain graft yield is due to the
fact that after a certain graft yields the closely packed
grafted chains on PE film hinders diffusion of metal ions
into the polymer backbone.
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Fig. 6: Effect of grafting percentage on adsorption capacity (Conc
of Cu(Il) 500 ppm, pH 5, standing time 60 min, monomer ratio 1:1,
Conc. of Mohr's salt: 0.4%, solvent: 96% methanol]

The effect of contact time of adsorbent in aqueous medium
on Cu(ll) adsorption were examined. The grafted PE films
were kept into the aqueous solutions of Cu(ll) with constant
pH (pH 5) and initial metal ion concentration of 500 ppm at
room temperature 25 °C. The concentrations of the ions in
solution were determined at regular interval of times. The
experimental data obtained are shown in Fig. 7. It shows
that the adsorption amount increases with increase of
standing time and the adsorption equilibrium of the
adsorbent for Cu(ll) ions was reached after 60 min.

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, the protonation and
deprotonation behaviors of acidic and basic groups, the
surface structure of the adsorbent would be influenced and
the metal ions would exist in different forms [34, 36]. The
experimental results for the effects of pH on the adsorption
of metal ions are shown in figure 8. It can be observed that
the adsorption increased significantly with the increase of
pH from 3 to 5. At low pH values, the high hydrogen ion
concentration at the interface repels the positively charged
metal ions and prevents their approach to the adsorbent
surface [37]. Again increase of pH beyond 5 caused
precipitation of Cu(OH),, therefore adsorption amount
decreases.

Fig. 9 shows the relationship between initial concentration
of metal ions and the adsorption capacity. It shows that the
adsorption amount of metal ions increased with increasing
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Fig. 7: Effect of standing time on adsorption capacity (Conc of
Cu(ll) 500 ppm, pH 5, Graft percentage 83)
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Fig. 8: Effect of pH on adsorption capacity (Conc 500 ppm, time
60, Graft percentage 17)

initial metal ion concentration then reached a plateau value
at higher concentration. This is to the fact that the chelating
sites of the adsorbent become saturated when the metal ion
concentration increases. For interpretation of the Cu(ll)
adsorption data, the Langmuir isotherm models is used. The
linear form of the Langmuir isotherm is presented by

Ce/Qe = Co/Q, + 1/(Qb) 4)
where C, is the equilibrium concentration (mg L™), Q, the
monolayer saturation adsorption capacity of adsorbent (mg
gh), Q. is the equilibrium adsorption capacity and b is
Langmuir adsorption constant (Lmg™). The plot of Co/Q,
versus C. shown in Fig. 10 was drawn from the
experimental data given in Fig. 9. The relationship between
CJ/Q. and C. is linear indicating that the adsorption
behavior follows the Langmuir adsorption isotherm. From
the Langmuir equation the monolayer saturation adsorption
capacity of the adsorbent was found as 44.84 mg/L. Cu(ll)
adsorption capacities of AAc/HEMA grafted PE film
compared with some other adsorbents are shown in Table 1.

The desorption of Cu(ll) ions from the adsorbent films were

carried out by treatment with 2M aqueous solution of HCI.
After 30 min the desorption ratio was 98 %.
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Fig. 9: Effect of initial metal ion concentration on adsorption
capacity (pH 5, Graft percentage 83)
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Fig. 10: Langmuir isotherm plot for Cu(lI1) adsorption

Table 1: Cu(ll) adsorption capacity of AAc/HEMA grafted PE
compared with some other adsorbents

Adsorbent Cu?" adsorption
capacity (mg/g)

Pristine PE film [present study] 0

Modified AAC/HEMA graft PE film 44.84

[present study]

Itaconic acid/acrylamide graft PET fiber 7.73

[14]

Methacrylic acid/acrylamide graft PET 31.25

fiber [13]

Multi-walled carbon nanotubes [38] 12.34

Sugar beet pulp carbon [39] 14.81

4. Conclusion

A new adsorbent was prepared by gamma radiation induced
grafting of acrylic acid (AAc) and 2-hydroxyethyl
methacrylate (HEMA) on polyethylene (PE) film. The graft
yield was optimized with respect to monomer ratio,
monomer concentration and radiation dose. The grafted PE
films were studied for adsorption of Cu(ll) from aqueous
solution. Adsorption capacity was studied under different
conditions: contact time, grafting percentage, pH and initial
metal ion concentration. It was found that the adsorption
isotherm of the ions fitted Langmuir-type isotherms. The
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highest adsorption capacity calculated is 44.84 mg/g.
Present study reveals that the adsorbent prepared by
grafting of HEMA and AAc on PE film can be suitable for
adsorption of Cu(ll).
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