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Abstract
The selectivity of polyethylene-Styrene / Maleic anhydride graft copolymer membranes

{LDPE-g-P(Sty/MAn)} that prepared by y irradiation towards different metal ions such as Fe, Cu, Cd
and Pb was studied for its possible use in waste water treatment. The sorption capacity of metal ions by
the sorbent membranes via their functional groups was determined by using atomic absorption, X-ray
fluorescence and UV spectrophotometry. The effect of immersion periods needed for maximum
capacity, pH of the feed metal solution and degree of grafting on the sorption capacity were also
investigated. Improvement in the chelation property of the grafted membranes was also carried out by
further chemical treatment with hydroxylamine-HCl and thiosemicarbazide. The selectivity of
untreated grafted films towards Fe3+ is pronounced in feed solution containing Fe3+, Pb2+, Co2+, Cd2+ and
Cu2+. The selectivity of the treated grafted films with hydroxylamine-HCl towards Fe is more
remarkable. The introduction of thiosemicarbazide groups in the Sty/MAn graft chains resulted in
transfer the membrane selectivity from Fe3+ to Ci?+. Also the recovery of Hg from aqueous solution
that containing other metal ions was studied. Thermal stability of the untreated and metal ion
containing grafted copolymers was determined using TGA and DTA. TGA results showed that the
thermal decomposition of the grafted copolymer in the presence of chelated Cu2+ occurred at higher
temperatures than that for the grafted copolymer. Thermal stability for the membrane that containing
metal ions is of the order; Cu > Cr > Fe > free metal grafted membranes. These grafted membranes
possessed good properties toward metal chelation and of practical interest for the waste water treatment
from heavy and toxic metals.

Introduction
The study of the complexation behavior of supported ligands with metal ions is

significant in different branches of chemistry. During recent years, it have been witnessed a
substantial growth in interest and uses of chelating sorbents in the field of waste water
treatment and pollution control " . Heavy metals such as Cr, Cu, Pb, Cd,... etc. in waste
water are hazardous to the environment. Various forms of synthetic polymers containing
complexing molecules have emerged as one of the most important matrices for the synthesis
of new heavy metal sorbents " .

In this respect, radiation-induced graft copolymerization of styrene/maleic anhydride
comonomer system onto polyethylene is prepared. Such grafted membranes and their treated
ones with different chemical reagents that containing various functional groups-act as a
ligand-are used as chelating agents for the purpose of waste water treatments from some
heavy and toxic metals. Also thermal stability of such polymer metal complex was
investigated to elucidate the practicable use of such radiation graft copolymers.
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Experimental
1. Materials

Low density polyethylene (LDPE) films of thickness, 50 u. m was produced by El-Nasr
Co. for medical supplies, Egypt.
Maleic anhydride (MAn), purity 99.99 (Merck, Germany) was used as received.
Styrene GRG (Avondale laboratories, England ) was used as received.
The other chemicals were reagent grade and were used without further purification.

2. Graft Copolymerization
The graft copolymers were prepared by direct radiation grafting of Sty/ MAn binary

monomers system onto LDPE films using Co-60 y-rays at dose rate that ranged from 0.2 to
1.4 Gy. s"1. Details of this technique are described in a previous study (7).

3. Metal Uptake Measurement
The membrane was immersed in the metal feed solution of initial concentration 2000

ppm. The remaining metal salt in the feed solution was determined by Atomic Absorption
Spectroscopy (Unicam Model Solaar 929) using lamp for Cu, Pb, Cd, Ni, and Fe. In these
investigations, the experimental error was about +/- 5%.

4. Chemical Treatment of The Grafted Membranes
The anhydride groups in LDPE-g-Sty/MAn copolymer were converted into maleic

acid disodium salt by treating with NaOH at 80°C. Acidification of such treated grafted films
with 0.5 N HC1 gave grafted films containing free carboxylic acid groups. In order to
introduce thiosemicarbazide and hydroxamic acid into PE-g-Sty/MAn graft copolymers, the
amino group derivatives of such compounds is introduced to the anhydride ring of the graft
copolymers by refluxing them with dioxane / dimethylformamide (1:1 v/v) at 70°C for 2 h.

5. Ultraviolet Spectrophotometry Measurement
Analysis by UV spectrophotometry was carried out using Milton Roy Spetronic 1201

in the range from 190 to 900°A

6. X-Ray fluorescence
The HNV TEFA-PC X-Ray Fluorescence Analyzer automated non destructive

elemental analyzer (USA) was used for the x-ray measurements.

7. Thermal Gravimetric Analysis (TGA)
Shimadzu TGA system of type TGA-50 was used for measurement of TGA.

Results and Discussion
The functionalized grafted membranes are prepared by radiation-induced graft

copolymerization of Sty/MAn binary monomer systems onto LDPE films. Further chemical
treatments of such prepared membranes with different chemical reagents were made to meet
the requirements of membrane quality for waste treatments. Such prepared membranes are
investigated for possible use in the separation of different metal ions that may exist in waste
water.

I. Factors Affecting The Sorption Capacity of Polymer Towards Metal
The chelating sorbent should demonstrate some selectivity towards different metal

ions. Heavy metal ions have different stability constant in complexing with the graft
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copolymers under investigation. It is important that in the presence of different metal ions, if
one metal ion only could be selectively extracted by the sorbent. When the concentration of
chelating sites is much higher than that of the metal ions, the preference of the sorbent for
other ions over the selectively extracted ion is not manifested. Therefore, it was informative to
obtain knowledge on: (1) immersion periods needed for maximum capacity, (2) effect of
degree of grafting on the sorption capacity (3) effect of pH of the metal feed solution and (4)

the sorption capacity of the sorbent towards different metal ions and (5) effect of membrane
functional groups on its selectivity towards different metals. In the following, the effect of
such parameters will be presented.

1.1. Effect of Immersion Time
Figure (1) shows the metal uptake as a function of immersion time for Cu ion using

PE-g-Sty/maleic graft copolymers. It can be seen that, the metal uptake increases with time to
reach a maximum value at about 30 min. Extending time of immersion to more than 60 min.,
shows in no further metal uptake is occurred.
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Fig. (I): Effect of time on the adsorption of Cu2'1' ion by alkali-treated

PE-g-P(Sty/MAn) membrane. Degree of grafting; 180%.

575



I. 2. Effect of Degree of Grafting on Metal Uptake
The degree of grafting, i.e. the number of functional groups exist in the membrane

plays an important role in determination of the amount of metal uptake by the membrane.
Figure (2) shows the effect of grafting degree of Sty/MAn added on PE on metal uptake. It
can be seen that, as the degree of grafting increases the metal uptake increases due to the high
content of functional groups.

I. 3. Effect of pH of The Metal Feed Solution

The ability of the chelating polymer toward metal adsorption is affected by pH of

solutions as shown in Fig. (3). It can be seen that the amount of Cu2+ ion uptake by the
chelating polymer increases significantly as the pH increases. Also, it is found that the
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Fig. (2): Effect of degree of grafting on the UV adsorption for Cu2+ ion.
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maximum capacity for Cu2+ uptake is obtained at pH 5 for PE-g-Sty/Na-maleiate and at pH

6.7 for PE-g- Sty/maleic acid. Meanwhile, the former membrane possesses higher Cu2+

uptake, at a given pH value investigated here.

Results suggested that the chelating exchangers possessed high affinities toward
hydrogen ion in weak-acid and/or weak-base functional groups. As a result, selective metal
ion uptake under high acidic conditions is drastically reduced for chelating exchanger due to
formidable competition from H.

I. 4. Sorption Capacity of Sty/MAn Graft Copolymers and Their Treated Films
Because of various types of ligands which have been introduced into the copolymer

that to be used as a chelating material, the capacity of the polymer is an important factor to
determine how much such graft copolymer is required to quantitatively remove a specific
metal ion from the solution.
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Fig. (3): Effect of pH on (he adsorption of Cn2' ion by LDPE-g-Sty/MAn

membrane.
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Fig. (4): Effect of chemical treatment in PE-g-P(Sty/MAn) membrane

(180% grafting) on the maximum uptake of different metal ions.



The sorption capacity of the sorbent towards various metal ions is determined by
equilibrating a fixed amount of the sorbent with different metal ion solutions of 2000 ppm
concentration for 2 h. The maximum metal uptake of different metals by the untreated and
treated membranes is shown in Table (I) and the schematic diagrams (Fig. 4). The metal
uptake is expressed as m.mol/g (g weight of functional groups of grafted membranes).

In general, the graft copolymer films and their treated ones show good affinity towards
the adsorption of different metals investigated here. The chemisorption capacities of the
sorbent towards Cu2+, Fe3+, Ni2+, Co2+, Pb2+ is found to be different with various chelating
groups. For PE-g- Sty/MAn graft copolymer that treated with NaOH, the sorption of Fe3+ ions
is higher than other metals. However, in case of PE-g-Sty/MAn grafted films that treated with
hydroxylamine-HCl and thiosemicarbazide, the sorption of Cu
investigated.

2+ is higher than other metals

The aforementioned results can be explained according to the ligand type and the
structure of chelate. The reaction of various ligands with different metal ions or metal
complexes usually results in various coordination structures. Therefore, the coordination
structure of graft copolymer-Cu complex is different from that of Fe3+ and/or other metals
used. It was reported* that, Cu + can commonly be 4- or 6- coordinate and exists in any of
several geometries. Therefore, a ligand with a maximum of four atoms and a structure which
restricts the donor lone pairs to tetrahedral disposition (obligatory tetrahedral)(8) or which is
flexible enough to permit tetrahedral disposition (facultative/8' might be expected to favor
chelation of Cu +. However, Fe + is most commonly 6-coordinate octahedral.

The adsorption of metal ions on treated films containing N, O, and/or S donor atom
(hydroxylamine-HCl and thiosemicarbazide ) was found to be in the order of Cu2+>Ni2+>
Co +. Accordingly, their behavior followed the Irving-Williams series(9). However, the
adsorption of metal ions on the untreated films which containing donating oxygen atoms only
was in the order of Ni2+> Cu2+> Co2+.

I. 5. Effect of Membrane Functional Groups on its Selectivity Towards Different Metals
The selectivity of PE-g-Sty/MAn membranes and their treated ones with

thiosemicarbazide and hydroxylamine-HCl is investigated using mixtures of two or more
metal ions in the same feed solution and shown in Table(II). It is obvious that, for films

Table (I) Effect of chemical treatment in PE-g-P(Sty/MAn)(180%
grafting) membrane on the maximum uptake of different
metal ions

Membrane form

Thiosemicarbazide

Hydroxylamine HCI

Na-form

Pb

1.43

0.8

1.46

Cu

2.24

2.29

1.4

Co

1.4

1.98

1.27

Ni

1.42

2.12

1.78

Fe

1.45

2.1

2.4

Cd

2.05

2.23

1.91
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containing carboxylic acid groups and that containing both carboxylic acid and -NH-OH
groups, their affinity towards Fe3+ is remarkable in the mixture that containing Fe +, Cu +,
Pb2+, Co2+ and Cd2+. However, films containing both carboxylic acid and thiosemicarbazide
groups prefer Cu2+ and\or Pb2+ over other metals in the same feed solution. Meanwhile, in
absence of Fe3+ all films prefer Pb and Cu when they are exist in a mixture containing Co2+,
Cd2+ and Ni2+. It is interesting to find that the membrane selectivity towards adsorption of
metal ions can be easily adopted by changing the reactive functional groups using chemicval
reagents.

Table(II) Effect of functional groups in the membrane on the metal ion
selectivity in a mixture of different metals
Tab1e( Ila, b ) XRF measurements
Table( lie, d ) A A measurements

(TIa)
Membrane Type

Untreated

Treated witli Thiosemicarbazide

Treated with MydroxylamineMCl

% Metal uptake

Fe

46

30

65

Co

5

2.4

5

Ni

4

0.3

0.4

Cu

8
50.7

5.6

Cd

7

4.6

6

Pb

30

12

18

(lib)

Membrane Type

Untreated

Treated with Thiosemicarbazide

Treated with Hydroxylamine HC1

Metal uptake %

Co

0.85

0.4

0.28

Ni

0.85

0.8

0.57

Cu

18

36.4

25

Cd

5.3

2.4

3.65

Pb

75

60

70.5

(He)

Membrane Type

Untreated

Treated with Thiosemicarbazide

Treated with Hydroxylamine.HC1

% Metal uptake

Co

0.014

0.29

0.087

Ni

7.38

1.45

1.3

Cu

38.1

49.5

43.9

Cd

8.7

7.46

9

Pb

45.8

41.3

45.7

(lid)

Membrane Type

Untreated

Treated with Thiosemicarbazide

Treated with IJydroxylamine.HCl

% Metal uptake

Fe

51

29.4

52.4

Cd

9

23.5

17.1

Pb

40

47.1

30.5
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Table(III): EfTect of functional groups in the membrane on the metal ion
selectivity in a mixture of different metals and measured by XRF.

Metal

mixture

Hg
-i-

Pb

Hg

Ni

Hg

Cd

Membrane Functional groups

Untreated grafted
Membrane

36

64

24

76

7

93

Metal uptake %
Treated with

Thiosemicarbazide

70

30

54

46

85

15

Treated with
Hydroxylamine.HCI

24

76

7

93

11

89

2+
II. Recovery of Hg From Other Metal Ions Exist In Same Solution:

2+

2+
Recovery of Hg from aqueous solutions containing other heavy metal ions such as
T-2+

Pb , Ni and Cd is an important industrial endeavor.

Table (III) shows the selectivity of different functional groups in the grafted
membrane towards different metals in a mixture of their solutions. It can be seen that the
affinity of thiosemicarbazide groups towards Hg2+ is higher than that for Pb, Ni and Cd when
they exist in the same feed solution. Meanwhile, the untreated and hydroxylamine-HCl treated
membranes show high selectivity towards Pb, Ni and Cd, when such metals exist in a binary
mixture with Hg.

III. Effect of Metal Ions On Thermal Stability of Grafted Membranes:
The influence of incorporation of some metal ions such as Cu +, Cr + and Fe + with the

functional groups on the thermal stability of the grafted copolymer is investigated. Figure (5)
shows the dynamic thermogravimetric analysis of pure PE and PE-g-(Sty/MAn) copolymer.
The thermogravimetry (TG) revealed a curve possessing at least one distinct stage and
multistage for ungrafted and grafted polyethylene, respectively. The differential
thermogravimetric (DTG) curves show maxima at 380 and 560°C for polyethylene and
grafted one, respectively.

The distinct stage of polyethylene is consistent with breakdown of the polymer
backbone. While the multistage of grafted copolymer membranes are of thermal and chemical
reactions and breakdown of polymer. Complete chemical analysis of the degradation products
is difficult. The (TG) curve for grafted film suggest a weight loss corresponding to the loss of
one mole of water per two carboxylic acid groups by heating the polymer up to 180°C .

The degradation of the polymer in the presence of adsorbed metal ions; Cu, Fe and Cr
is studied by TGA. TGA curves of such treated films show some similarities to the behavior
of untreated grafted polymer (Figs.6,7). However, the decomposition of the grafted polymer
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Fig (5): TG and DTGA diagram of ( ) Pure 1 ,DPE and
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Fig. (7): Effect of chelated metal ion on (lie thermal stability of LDPE-g-

P(Sty/MAn) membrane having degree of grafting 130%.

( • ) Pure LDPE, ( # ) PE-g-P(Sty/MAn), (A ) chelated with Cu,

(X )chela(ed with Cr and (D) chelated with Fe

that adsorbed metal ions occurred at higher temperatures than that for the untreated grafted
copolymer. In addition, the initial slopes of the TGA curves were shallower in the pure
polyethylene films and in the treated one with Cu indicating reduced rates of breakdown
compared with that of films treated with Fe, Cr and untreated grafted ones. The highest
stabilization is observed with Cu2+ while no significant overall stabilization is observed with
polymer containing Fe2+ or Cr3+ . The peak observed at 380°C for polyethylene is absent in
other polymers and shifted to higher temperature for the grafted films and treated grafted
films.

The results suggest that the inclusion of metal ions in the graft copolymer resulted in
involving of some new thermal degradation steps. An important thermodynamic term with
transition metal ions is the ligand field stabilization energy(LFSE)(10). However, interpretation
of the role LFSE in the stabilization is difficult in the absence of the knowledge of the binding
around the metal ion. The stabilizing effect of the metal may result from the complexation
with the graft copolymer. Such stability increases with increasing the binding between the
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metal and ligand. This impart an increased rigidity to the binding environment and so inhibit
the conformational changes necessary for depolymerization and decomposition. The
stabilization will be governed at least, in part, by the strength of binding and hence by the
radius of the ionic radii of metals with ligands.

Conclusion
From the aforementioned investigations it can be concluded that the prepared

membranes are promising in practical use for waste water treatment and also for the recovery
of some metals from other metals in the same solution.
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