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ABSTRACT m EG0000219

Selective removal and recovery of metals from industrial effluent is an environmental
problem and economic concern. There are a number of heavy metals that are candidates
for removal prior to having waste solutions coming in contact with the environment
Therefore, a study has been made on the preparation of hydrophilic membranes having
both anionic and cationic exchangers. To achieve such properties in the required
membranes, a trial has been made on the radiation graft copolymerization of binary
monomers possessing anionic and cationic exchangers such as acrylic acid / 2- and 4-
vinyl pyridine (AAc/2-VP) (AAc/4-VP) onto available commercial polymeric substrate
such as low density polyethylene (LDPE). The preparation conditions at which the
grafting process proceeds homogeneously are determined. Characterization and some
selected properties of the prepared grafted membranes were studied and accordingly
the possibility of its practicable use in waste water treatment from heavy and toxic
metals such as Pb, Zn, Cd, Fe, ...etc was investigated. The metal uptake by such
prepared membranes was determined by using atomic absorption technique. The
membrane efficiency and durability was investigated. The maximum uptake for a given
metal was higher for the LDPE-g-P(AAc/2VP) membranes than that for the LDPE-g-
P(AAc/4VP). The chelated metal ions were easily desorbed by treating the membrane
with O.I N HCI for 2 h at room temperature. A mixture of two or three metals in the
same feed solution was used to determine the selectivity of the membrane towards
different metals. The results obtained for the prepared membranes showed a great
promise for their applicability in the removal of heavy metals from wastewater.

INTRODUCTION

The ability of certain polymers to form polymer-metal complexes may be applied in
several domains such as hydrometallurgy orbiochemistrvO"^). In the recent years, a great
deal of interest has been observed in relation to the applicability ofthe polymers for removal,
separation and purification of metal ions from heavy-metal contaminated water and solid
wastes(4"6). The chemical nature of functional groups containing atoms able to form donor-
acceptor bonds representing the basis ofthe polymer-metal complexes is very different and
generally, complicated^). The complex-formation ability of anionic (pyridine) structure units
and transitional-metal ions as Fe(III), Co(II) and Ni(II) is well known. The conversion ofthe
cationic grafted polymer into metal acrylate copolymer complex was studied(8). The
synergistic effects of the two functional groups to selectively remove, separate and recover
metals are discussed. The investigation ofthe behavior ofthe mixed weak electrolyte anion
(amino) and cation (carboxylate) conventional ion-exchangers as an alternative to cheiating
polymers was studiedW- Also, many attempts have been made to develop high effective
charge mosaic membranes in which all positive and negative charges sites are homogeneously
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distributed at high densitiesO0,lI) using sequence grafting technique. Chapiro^ ̂ ) studied
the sequence grafting of 4VP and AAc. However, grafting process of such binary monomer
system into polymer substrate is not investigated carefully.

This work aims to synthesize and characterize the chelating ionic exchange
membranes by means of radiation-induced graft polymerization of 2- or 4- vinyl pyridine and
acrylic acid in binary monomers systems onto low density polyethylene (LDPE) substrate.
The possibility of the practical uses of these cationic-anionic graft copolymers as chelating
exchange membranes was also studied.

EXPERIMENTAL

Materials
Low density polyethylene (LDPE) films of thickness 50p.m were supplied by El-Nasr

Co. for medical supplies, Egypt. Acrylic acid (AAc), purity 99.99% (Merck, Germany), 4-
vinyl pyridine (4VP), purity >96% (Merck, Germany) and 2-vinyl pyridine (2VP), purity
>96% (Merck, Germany), were used without further purification. The other chemicals, such
as solvents and reagents were reagent grade and used as received.

Graft Copolymerization
Strips of low density polyethylene (LDPE) were washed with acetone, dried at 50°C

in vacuum oven, weighed and immersed in the monomer solution in glass ampoules and then
subjected to 60Co-y-rays at a dose rate that ranged from 0.2 to 1.4 Gy/s in N2 gas atmosphere.
The grafted films were removed and washed thoroughly with acetone followed by distilled
hot water to extract the residual monomer and the homopolymer which may be accumulated
in the film. The films were dried in vacuum oven at 50-60°C for 24h and weighed.

Mechanical Property
The measurement of the ultimate tensile strength and elongation at break

were carried out using an Instron (model 1195-England) .

Differential Scanning Calorimetry (DSC)
Thermal analysis of the graft copolymers; were determined by using DSC Perkin-

Elmer equipped with DSC-7 data station. '

IR Spectroscopy
Mattson 100© FTIR spectrometer, Unicam Ltd., England, was used.

Swelling Measurements:
The clean dried grafted films of known weights were immersed in distilled water at 25°C

until the equilibrium has been reached (almost 24h). The films were removed, blotted quickly
with absorbent paper and then weighed. The percent of water uptake was calculated as follows:-
Water Uptake(%)=[Ws-Wg/Wg]xl 00
Where Wg and Ws represent the weights of dry and wet grafted films, respectively.

Metal Uptake Measured by Atomic Absorption(AA)
The membrane was immersed in the metal feed solution of concentration 2000 ppm. The

remaining of metal salt in its feed solution was determined by the Atomic Absorption Instrument
(Unicam Model Solaar 929) using lamps for Pb, Cu, Cd, Mn, Ni, Co, Zn and Fe. Merck AA
standard solutions of these metals were used for the calibration process..
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RESULTS AND DISCUSSION

PREPARATION OF BI-FUNCTIONAL GRAFTED MEMBRANES:

Many factors affect on the radiation grafting process of binary monomers mixture.
Among them, which are investigated here, are the type of chemical conversion of acrylic acid
and vinyl pyridine monomers, comonomer composition and concentration, type of solvent
suitable for monomers mixture and total exposure radiation dose. The effects of these factors are
considered and determined from the view point of obtaining reasonable grafting yields with
homogenous distribution in the graft copolymer. Meanwhile, the inhibition of homopolymer
formation during radiation grafting process is also taken into consideration.

Effect of Alkaline Treatment and HCI Quaternization:
The grafting process of (AAc/VP) binary mixtures does not proceeds when AAc was

used in the form of free -COOH groups. This is due to the incompatibility between AAc and VP
monomers. These results are in a good agreement with those obtained by ChapiroO^), who
found that acrylic acid and 4-VP grafted branches were incorporated into PTFE films by two
successive grafting operations^), acrylic acid was grafted first. Therefore, a trial is made to
achieve the compatibility between those monomers by quaternization of 2-or 4-VP with HCI.
The grafting process of AAc/VP-HCl quaternized binary system is proceeded successfully and a
reasonable grafting yield is obtained. In this case, no need for the addition of inhibitor to prevent
the homopolymerization process during irradiation. The presence of pyridine ring acts as an
energy transfer agent by resonance stabilization and prevents the homopolymerization process.
The addition of HCI also enhances such an energy transfer effect by eliminating the energy of
radicals that causes the homopolymerization process.

It should be noted that, in the present study, such process was carried out in simultaneous
one operation step. This is a good advantage from the economic point of view and also the
compatibility of highly distributed functional groups in the prepared membranes was achieved.

Effect of Solvent-
Solvents are basically used in radiation grafting experiments to enhance the degree of

accessibility of monomer to grafting sites within the polymer brought about by the great ability of
the added solvent to swell the base polymer and to enhance the efficiency and uniformity of the
grafting. It was reported that the proper solvent for AAc grafted system onto LDPE film is
waterO4), while that for 2- and 4-VP is methanolO5). In this study, it is expected that the
suitable diluent for AAc/VP system, is a mixture of water and methanol. The influence of
H2O/MeOH mixture composition on the grafting yield is investigated and shown in Fig.(l). It
can be seen that the degree of grafting increases with increasing the content of water in the
solvent mixture to give a higher grafting yield at 100 wt% of water. This behavior is observed for
both the grafting systems of AAc/4-VP and AAc/2-VP binary monomers mixtures.

From the aforementioned results it can be assumed that the quaternized vinyl pyridine
has a different chemical nature comparing with vinyl pyridine which prefers aqueous medium to
be grafted onto trunk polymer. The solubility of comonomer and its homopolymer in water is
higher than that in methanol, resulting in keeping the low viscosity of medium and enhancing the
diffusivity of binary monomers mixture into the bulk of film. Therefore, higher degrees of
grafting are obtained. On the one hand, water as a diluent has zero chain transfer constant,
therefore, the side reaction involves chain transfer which is minimal in water(^). However, in
presence of methanol, various chain transfer and hydrogen abstraction reactions are
accelerated^) and resulted in decreasing the grafting yield of such binary monomers mixtures
onto LDPE films. It is reasonably concluded that water is selected to be a suitable diluent for
AAc/VP binary mixtures during this grafting system.
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Effect of ComonomerComposition:-
Some attention on enhancing grafting efficiencies has involved the uses of non-

polymeric additives such as acid( * ? ) , solvent 1 8) and salts (1 9,20) other work has been given
to monomers mixture systems, particularly with regard to synergistic effects leading to more
efficient grafting processes^ 1). Thus, the grafting of AAc/VP binary monomers mixtures of
various relative compositions onto LDPE film is investigated at overall comonomer
concentration of 40 vol% in water as a diluent.

Figure(2) shows the effect of comonomer composition on the degree of grafting of
AAc/2-VP and AAc/4-VP binary mixtures onto LDPE films in presence of distilled water as a
diluent for these mixtures. It is obvious that, for AAc/4-VP binary mixture, the grafting yield
increases with increasing the content of AAc to reach a maximum value at a composition of
60/40 vol% of AAc/4-VP. Thereafter, at higher contents of AAc, the degree of grafting falls
down to reach a lower value at 80 vol.%of AAc. At content of AAc higher than 80 vol.%, a
dense gelled homopolymer is formed.

In case of AAc/2-VP binary mixture, the highest degree of grafting is obtained at a
comonomer composition of (50/50 vol.%) of (AAc/2VP). Thereafter, the grafting process levels
off at a certain limiting value.

It can be suggested that vinyl pyridine is a retarding agent by dissipation of the radiation
energy forming a stable exciting state that prevents the free radical formation responsible for the
initiation of grafting sites. Therefore, the feed solution containing excess of vinyl pyridine
hinders the grafting yield of comonomer onto polymeric substrate. However, the presence of VP
with AAc retards the homopolymerization process of the latter. This resulted in obtaining higher
degrees of grafting if compared with those obtained for the individual grafting of AAc or VP. On

the other hand, AAc has higher GR*-value than that for VP. So, the GR*of binary monomers
mixture is an intermediate for both monomers that may be lower than that of LDPE substrate.
Consequently, the reaction proceeds successfully in the direction of grafting with higher rate than
that in the direction of homopolymer formation. This may explain the formation of dense
homopolymer when the content of AAc was increased above 60 vol.% at which the grafting
yield is decreased on the expense of homopolymerization process.

Effect of Comonomer Concentration:-
The influence of diluent and comonomer concentration during radiation grafting may

affect the kinetic parameters of this process. Therefore, the suitable comonomer concentration
differs from system to another depending on the diluent used, type of polymer support materials,
irradiation dose and dose rate...etc.

The effect of dilution of (AAc/VP) binary monomers mixture with water at comonomer
composition (50/50 wt%) on the grafting process onto LDPE films is investigated and shown in
Fig.(3). It can be seen that, the degree of grafting increases with increasing the comonomer
concentration up to 40 wt%, i.e. with decreasing the solvent content in the reaction medium. At
comonomer concentration higher than 40 wt.%, the degree of grafting decreases.These results
can be attributed to a Trommsdroff-type effect (22).

CHARACTERIZATION OF GRAFTED MEMBRANES

To elucidate the possibility of practicable use for the prepared membranes, some of their
selected properties were thoroughly investigated. These included; swelling behavior,
characterization of thermal properties and crystalliniry for the grafted copolymer and mechanical
properties.
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Swelling Behavior:
By grafting of AAc individually or in a binary monomers mixture solution, it turned into

PAAc. The presence of carboxylic acid groups of acrylic acid will modify the hydrophilic
properties of the graft copolymer. Further modification of such grafted films is made by
converting the -COOH groups into acrylate by reacting the graft copolymer films with NaOH at
30°C.

Table (1) shows the water uptake percent for the untreated LDPE-g-PAAc, LPDE-g-
PAAc/4-VP and LPDE-g-PAAc/2-VP grafted membranes and also for these treated membranes
with NaOH. It shows that NaOH treated graft copolymer films possessed higher hydrophilic
properties than that for the graft copolymer having free carboxylic acid groups.

Table(l):
Effect of functional groups and degree of grafting on the water uptake for different membranes.

Membrane

LDPE-g-PAAc

LDPE-g-P(AAc/4VP)

LDPE-g-P(AAc/4VP)

LDPE-g-P(AAc/2VP)

LDPE-g-P(AAc/2VP)

Degree of

Grafting

(%)

177

121

130

110

171

Water Uptake (%)

Functional group

-COOH*

120

103

92

84

43

-COO"Na+

290

311

510

352

292

These results suggested that the hydrogen bonding formed in the grafted films that containing
free-COOH groups resulted in crosslinking network structure. As a consequence, the water
uptake is reduced. However, the chemically treated grafted copolymers possessed higher water
uptake due to the formation of easily ionizable -COO"Na+ group which having good hydrophilic
property.

Thermal Properties of Grafted Copolymers:
Thermal properties of the polymeric substrates and graft copolymers obtained by

radiation-induced grafting of AAc/4-VP- binary monomers onto LDPE films were performed
using differential scanning calorimeter (DSC). The knowledge on the changes in thermal
properties of these materials is important for its applications as well as for the characterization
and determination of their chemical and physical changes. In this study, the melting
temperature(Tm) of such grafted and ungrafted polymers were determined from the first and
second heating runs. The LDPE polymer substrate and its graft copolymers are recrystallized on
cooling from the molten state at the temperature of recrystallization (Trc). The heats of melting
(AHm) and recrystallization (AHrc) of these materials are determined from the area of the
corresponding transitions in the DSC scans. In the following, the changes in Tin, Trc, AHm and
AHrc for the polymer substrate and its graft copolymers will be presented and discussed.

Change in Tm and AHm:
Table(2) shows the change in (Tm) for the grafted LDPE copolymers with degree of

grafting. It is obvious that the Tm of such graft copolymer decreases with increasing the degree
of grafting at the first and second heating runs. It shows also that the heat of melting (AHm) for
the graft copolymers of LDPE decreases with increasing me degree of grafting at the first and
second heating runs.
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Table(2):
Effect of degree of grafting on the thermal parameter of LDPE that grafted with P( AAc/2-VP)
binary monomers.

Degree of

Grafting

(%)

0

40

110

180

Tm

(°C)

1st run

108.5

106.6

105.8

105.5

2nd run

109.1

106.8

104.7

104.3

AHm

(J/g)

1st run

85

56

44

42

2nd run

88

51

29

23

Trc

(°C)

90.8

90.6

90

86.4

AHrc

(J/g)

89

53

43

41

The change in AHm and Tm at the first and second heating runs may be attributed to the change
in the size of the individual crystallites which may be limited by the presence of branches; since
smaller crystallites usually melt at lower temperatures than larger crystallites. The presence of
branches will reduce the melting temperature of the polymers.

It was reported that the thermodynamic melting temperature of the semi-crystalline
polymer decreases as the molecular weight decreases and/or as the number of defects increases,
i.e., with an increase in branching and/or crosslinking(23,24) Accordingly, the changes in Tm
and AHm of this graft copolymers indicated that there is a decrease in the size of the crystallites
and/or the formation of defects caused by crosslinking or branching of grafts.

Heat of Recrystallization:
One of the main factor affecting on both the thermodynamics and kinetics of structure

formation processes is the crystallization temperature^). Recrystallization process of the graft
copolymers is performed after the first heating run above the melting temperature of the polymer.
The sample is held at this temperature at which the polymer turned completely to the amorphous
phase. By cooling the sample from the molten state, it recrystallized at the suitable rate of cooling
(20 °C/min.). Table(2) shows also the change in (Trc) for the grafted LDPE copolymers. A
pronounced decrease in its Trc is observed as the degree of grafting increases. The changes in
heat of recrystallization (AHrc) for this graft copolymer with degree of grafting is also shown in
Table 2 in which AHrc decreases with increasing degree of grafting.

It can be suggested that the recrystallization process is restricted by the formation of
crosslinking via graft chains, as a consequence, a decrease in (Trc) and in (AHrc) are observed
for graft copolymers that having high degrees of grafting, i.e. the crosslinking content is high.
This result is a good evidence for the formation of crosslinking network in such graft copolymer
that containing carboxylic acid groups which are easily crosslinks via hydrogen bonding.

Mechanical Properties:
One of the important properties of the membrane is to possess good mechanical

properties acceptable for handling during its practical uses.

Figure(4) shows the effect of grafting yield on the elongation percent and tensile strength
at break for the grafted LDPE with AAc/2-VP binary monomers mixture. It is obvious that the
elongation percent does not significantly changed by grafting if it compared with that of the
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original LDPE film as a polymeric substrate. However, as expected, the tensile strength of such
grafted membrane increases significantly as the degree of grafting increases.

The little decrease in elongation percent by grafting is reasonably due to the restriction of
chain mobility, under strain, caused by crosslinked network structure formed via hydrogen
bonding of carboxylic acid groups of poly(acrylic acid) graft chains. Poly(2-vinyl pyridine) graft
chains are also incorporated in network structureC26). Such crosslinked network structure
resulted in a pronounced increase in the tensile strength of grafted membrane, which increased
significantly as the content of crosslinks increased. The crosslinking occurred during irradiation
is negligible at low doses used (max. 20 kcay).

APPLICATIONS OF GRAFTED MEMBRANES IN WASTE TREATMENT

Effect of Treatment Time:
In this study, cationic/anionic membrane LDPE-g-P(AAc/2-VP) is used for purification

of water from heavy metals. The effect of treatment time on the metal uptake percent is shown
in Figs.(5). It can be seen that, the metal uptake percent increases with time to reach its maximum
value (which is termed here as the maximum membrane capacity) at almost 2h of treatment for
different metals investigated; Co, Ni, Pb, Zn, Mn, Cd, Cu and Fe. Extension of treatment time
longer than 2h, causes no significant increase in metal uptake percent even after 24h. It is also
observed that, the order of maximum metal uptake at final stage for LDPE-g-P(AAc/2-VP)
membrane, is found to be Ni> Cu> Zn> Fe> Co> Mn> Cd> Pb. This order of metal uptake for
the cationic/anionic membrane follows the reverse order of atomic radii of these metals, except
for Co and Fe.

Membrane Capacity and Maximum Uptake of Different Metals
The maximum metal uptake of different metals by these ionic grafted membrane is

plotted in schematic diagrams and shown in Table (3). It can be seen that the investigated ionic
membranes have high chelation ability towards the individual metal ions exist in the feed
solution. However, the LDPE-g-P(AAc/2-VP) shows the higher affinity towards metal chelation

than that of LDPE-g-P(AAc/4-VP/5X The polarity and chelation effect are high for the nitrogen
atoms adjacent to the vinyl groups of 2-VP, consequently its metal uptake is higher.

Table(3):
Maximum metal uptake (m.mol./g) adsorped by different ionic hydrophilic Membranes as
measured by atomic absorption spectrocopy at 30 °C. Initial concentration of metal feed solution,
2000 ppm; time of treatment, 2h

Membrane

LDPE-g-AAc

LDPE-g-(AAc/4VP)
LDPE-g-(AAc/2VP)

Degree of
Grafting (%)

177

121
110

Maximum Metal Uptake (m.mol./g)
Pb
1.8

2.3
2.4

Fe
3.7

4.2
4.3

Cu
2.9

5.3
5.3

Cd
2.3

2.7
3.1

Co
5.1

3.9
4.3

Ni
3.6

5.1
5.9

Zn
3.6

4.5
4.9

Mn
3.5

3.8
4.1

The exchange properties and/or complexation between the ionic membrane and metals exist in
the feed solution seems to be changed by introducing both anionic and cationic characters
together in the grafted membrane. It is suggested that the stability constant and complexation
bound strength between the metals and functional groups are increased due to the incorporation
of pyridine rings that having nitrogen atoms of lone pair of electrons which can easily form a
quaternary pyridinium metal salts or chelation.

Selectivity of Membrane Towards Different Metals:
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The selectivity of different ionic membranes, prepared by radiation grafting of acrylic
acid and 2-vinyl pyridine onto LDPE films, is investigated using mixtures of two or three metals
in the same feed solution. The selectivity ratio and uptake are listed in Table (4). An equimolar
feed solution from two different metals is prepared. The selectivity of membranes towards both
metals is determined by considering the uptake of metal by complexation and/or chelation with
the membrane functional groups. From the data obtained, it is obvious that it has a great affinity
towards Fe(Hl) when it exists in a mixture with other metals. In some mixtures such as (Fe (HI) +
Mn(H)), the membrane shows a great ability to chelate all Fe(III) and the chelated Mn(II) is
minor amount.

These results can be reasonably explained by considering the valence of metals and their
ionic radii . The trivalent Fe(III) forms a more stable and strong complex with the functional
groups of grafted membranes. It is a competition process between the different metals and
functionalized membranes.

Table (4) shows also that the membrane has also a great selectivity towards Ni when it
exists with other metals, except Fe(HI).

Table(4):
Selectivity ratio and metal uptake for LDPE-g-P(AAc/2VP) grafted membrane (171% grafting)
towards two metal ions exist in a mixture of feed solution.

Metal Feed
Solution Mixture

Fe(ni)
+

Co(II)
Fe(in)

+
Ni(II)
Fe(UI)

+
Mn(H)
Ni(II)

+
Co(II)
Zn(II)

+
cd(n)
Pb(H)

+
Cd(II)

Metal Uptake
(m.mol/g)

3.0

1.6
3.0

1.1
2.9

0.2
1.5

1.1
2.8

2.4
1.5

1.4

Selectivity Ratio
(M1/M2)

1.9

2.7

15

1.4

1.2

1.1

The selectivity of membrane towards different two or three metal ions from the same feed
solution is also presented in schematic diagrams. The chelating sorbent under investigation
demonstrated some selectivity towards three different metal ions namely; Fe(HI) +Cu(II) +
Pb(U) and Cd(II) + Co (II) + Ni(II). Since Fe, Cu and Pb ions have different valences and ionic
radii, it is expected that in the presence of Cu and Pb, Fe(III) ion could be selectively extracted by
the grafted membrane as a sorbent Under competitive conditions a selectivity factor could be
observed in the preferential extraction of Fe(III) over Cu(H) and Pb(II) ions by the sorbent
membrane. Meanwhile, in case of other mixtures containing Cd, Co and Ni, the selectivity
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towards Cd(II) is higher than that for the other two metal ions. Although the ionic radii is the
effective factor in case of Cd(II).

In general, it can be concluded that the selectivity of the investigated membrane towards
different metals in a mixture depends mainly on the ionic valency and ionic radii of the metals.
Also, the results showed that the selectivity of membrane obeys the Irving-William's series
dealing with the stability of metal complex with ligands.

Membrane Efficiency and Durability:
To explore the applicability of the sorbent membrane, it was informative to obtain

knowledge on its sorption capacity towards different metal ions. Studies on the sorption capacity
of the prepared membrane towards different metal ions are carried out by equilibrating a fixed
amount of the sorbent with a series of metal ion solutions of gradually increasing concentration.
A maximum amount of metal ion can be removed from the solution when the chelating sites of
the sorbent are saturated. From Fig.(6), it can be seen that increasing the concentration of metal
ions results in increasing the amount of metal ions uptake (ppm).

Desorption and Readsorption of Metal Ions:
Evidently, complexation of different kinds of membranes with metal ions is inhibited in

strongly acidic conditions. Therefore, the recovery of adsorbed metal ions are easily desorbed by
treating with 0.1M hydrochloric acid at room temperature for 2h. The regenerated membrane is
again effective for the readsorption of metal ions.

CONCLUSION

It can be concluded that the preparation of hydrophilic membrane having both anionic
and cationic exchangers was achieved when AAc and 2-vinylpyridine-HCl binary monomers
were grafted onto LDPE films using y-ray as initiator. The DSC analysis indicated that the graft
copolymerization process confirmed a restricted crosslinking bonds which decreased the Trc and
the AHrc for such polymers. These grafted membranes possess acceptable mechanical properties
for handling in their practical use as in waste water treatments. This due to the fact that the most
important property for such applications is the tensile strength during operation processes of their
uses. The selectivity of different investigated membranes toward different metal ions in a mixture
depends mainly on the valency, ionic and atomic radii of metals. As a case of study for
application of the membrane system in Egypt, it is to be mentioned that iron concentration in the
ground water of most localities have a higher values, for example in El Bahariya Oasis, Fe
concentration record more than 15 ppm in the ground water aquifers. Furthermore, such
membranes could be useful in iron separation.
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Fig. (1) : Effect of solvent mixture composition on the degree of

grafting of binary monomers (50/50 wt.%) onto LDPE

films at 20 kCy.
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Fig. (3) : Effect of AAc/VP concentration of composition (50/50

wt.%). in water on the grafting yield onto LDPE films at 10

kGy.
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Fig. (4) : Change in tensile strength and elongation percent with

decree of crafting fi?r LDPE-g-P(AAc/2-VP) films.
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Fig. ($) : Effect of treatment time on the metal uptake by LDPE-g-

P(AAc/2-VP) membrane having degree of grafting 110%.
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Fig. (6): Effect of initial feed concentration of Ni*+on its uptake by

LDPE-g-P(AAc/2-VP) having degree of grafting 171%.


