
W^m ^ k • • • ! • I|

EG9601797

Ionic Membranes Obtained by
Radiation-Induced Graft Copolymerization
II. Characterization and Waste Treatment

A.M.I.ALI*, H.ABDEL-REHIM**, H.G.NOWIER*, E.A.HEGAZY** AND

H.F.ALY*

* Hot Labs. Center, Atomic Energy Authority, P.O. 13759, Inshas, Egypt

** National Center for Radiation Research and Technology,

Atomic Energy Authority, P.O. 29, Nasr City, Cairo, Egypt.

ABSTRACT

Ionic membranes were prepared by radiation-induced grafting of acrylic acid onto low

density polyethylene films. To elucidate the possibility of practical use, a study has been made for

the characterization of the grafted and chemically treated membranes. The selectivity of such

prepared membranes towards the chelation or complexation of different alkali metals was

investigated, to find that the higher affinity is observed for K+, Na+ and Li+ ions compared to

other alkali metals used. The metal uptake percent was determined using different techniques;

flame photometer and X-ray fluorescence (XRF). The uptake of metal from its feed solution by

the grafted membrane increased as the degree of grafting increased, i.e. it is directly proportional

to the content of functional carboxylic acid groups in the graft copolymer. As a consequence, the

electrical conductivity of metal feed solution decreased during such process of metal chelation by

the membrane. The higher the grafting degree of membrane, the lower the electrical conductivity

of metal feed solutions observed. The changes in thermal properties of the prepared membranes

were investigated and characterized using differential scanning calorimeter (DSC), and thermal

gravimeteric analysis (TGA). The thermal stability of these membranes increased with degree of

grafting due to the formation of crosslinked network structure via hydrogen bonding.

Furthermore, such stability is enhanced for the alkali-treated membranes even at high elevated

temperatures. The prepared membranes showed a great promise for possible use in some

practical applications such as metal waste treatment.

INTRODUCTION

Radiation-initiated grafting covers a very broad field of polymer chemistry with numerous

potential applications of industrial uses over the last 25 yearsO"6). The grafted membranes by

Co^0 gamma-rays showed good durability, thermal and chemical stability, acceptable for practical

use in reverse osmosis desalination of sea waterO), and also for recovery of metals by chelation

or complexation(7-9)
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In recent years there has been a resurgence of interest in membrane technology as one of the

tools to overcome the many increasingly difficult problems passed by our growing need to

recover valuable materials from waste and to prevent or correct damage to the environment.

The present study is dealing with the investigation and characterization of membranes obtained

by radiation grafting of acrylic acid onto LDPE films. The possibility of their practical use in

waste treatment is investigated.

EXPERIMENTAL

1- Materials

Low density polyethylene (LDPE) films were supplied from (El-Nasr Co. for Medical

Supplies, Egypt). Acrylic acid (AAc), Merck, purity 99% and all other chemical reagents were of

A.R. grade and used without further purification.

2- Methods and Techniques

The grafted membranes were prepared by using the direct radiation grafting of AAc onto

LDPE films as mentioned in the previous articlevK)).

3- Synthesis of the Graft Copolymer Metal Complexes

The different graft copolymer metal complexes of grafted LDPE films were prepared by

refluxing them with 0.1M (NaOH, KOH, LiOH) for 3 h at 100'C. The Rb-and Cs-metal acrylates

were prepared by warming the grafted films with the respective solution of metal salts (RbNO3,

CsCl) at z60"C. The treated films were then dried in a vacuum oven at 50"C and weighed.

4- Flame Photometer

Corning flame photometer 410 was used for quantitative analysis for Na, K and Li of

concentrations that ranged from 0-1000 ppm.

5- X-Ray Fluorescence (XRF)

The apparatus used is HNU, TEFA-PC X-ray fluorescence analyzer system USA, it is used to

confirm the existence of metal complex which may be formed in the graft copolymer.

6- Electrical Conductivity:

Conductivity measurements are carried out using digital conductivity meter of type HT- 8820

from HANNA instruments. The range of measurements was from 0-99.9 ms.

7- Thermogravimetric Analysis(TGA):

The apparatus used is thermogravimetric analyzer(TGA), Shimadzu, Japan and analysis is

carried out in the range from 20 to 600*C.

8- Differential Scanning Calorimetry (DSC):

The apparatus used is (DSC) (Perkin-Elmer) equipped with a DSC-7 data station.



RESULTS AND DISCUSSION

The possibility of practical use of the prepared grafted membranes is thoroughly investigated in

this work. Some selected properties and characterization of these materials are considered

Accordingly the possible uses in some practical applications are determined. In this respect,

swelling behavior , electrical properties , thermogravimetrical analysis and differential scanning

calorimeter , and metal chelation and complexation by X-ray fluorescence (XRF) and flame

photometer, will be presented and discussed in this work.

1-Swelling Behavior:

Figure(l) shows the effect of grafting degree on the water uptake percent for the untreated

LDPE-g-PAAc films. It can be seen that the water uptake increases as the degree of grafting

increases. However, at higher degree (>200%) a curvature relationship is obtained. The

percentage water uptake per degree of grafting becomes lower at such high degree of grafting if

compared with that found at lower degrees of grafting

Results showed that the grafting of AAc onto hydrophobic LDPE films resulted in introducing

good hydrophilic properties to such polymer substrate. The hydrophilic properties is directly

proportional to the amount of functional groups of carboxylic acid introduced by grafting,

especially in the first range of grafting less than 200%. At the second stage, the content of

crosslinking network structure formed in the grafted membrane becomes high and this resulted in

a curvature relationship at high degrees of grafting. This is due to the decrease of diffisivity of

water through the network structure.

In general, it can be concluded from this result that the prepared membrane possesses good

hydrophilic properties suitable for its practical use as ion-exchanger and/or semipermeable

membrane.

2- Electrical Properties:

In this study, the decrease in the electrical conductivity of the metal feed solution caused by

metal removal via chelation or cornplexation with the grafted membrane is determined for

different metal ions In other words, the electrical conductivity for the grafted membranes is

indirectly determined with respect to conductivity of a certain metal solution.

Figure (2) shows the change in the electrical conductivity for the metal feed solution after the

grafted membrane have been treated with that solution. The metal uptake by grafted membranes

causes a decrease in its concentration in the feed solution. As a consequence, a decrease in

electrical conductivity of the feed solution is expected. The absolute value of decreasing the

electrical conductivity is indicative behavior for the extent of metal chelation or complexation

with the grafted membrane. From the results shown in Figure (2), it can be seen that the electrical

conductivity of feed solution decreases with increasing the degree of grafting This behavior is

observed for Na+, K+, and Li+ solutions However, no significant change in the electrical
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Fig.(l) : Water uptake percent as a function of grafting degree for the LDPE-g-

films .
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Fig.(2) : Change in electrical conductivity for different metal feed solutions with
degree of grafting .
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conductivity of Cs+ and Rb+ solutions. Meanwhile, the electrical conductivity of feed solutions is

in the following order;

Na+ > K+ > Li+ > Cs+ > Rb+

Results can be reasonably explained by considering that the metal ion is chelated or complexed

with the carboxylic acid groups of the grafted chains in the membrane. The content of metal

uptake increased as the content of functional carboxylic acid groups increased in the membrane.

In the alkaline metal solutions of (Na+, K+ and Li+), the chelation and/or complexation process is

much higher as compared with other alkali metal solutions of (CsCI and RbN03). Therefore, it

can be concluded that the prepared grafted membranes possessed high ion selectivity towards

Na+ > K+ > Li+ , but its selectivity towards Cs+ and Rb+ is rather poor. This behavior is

postulated from negligible change in the electrical conductivity of their feed solution.

3- Thermal Stability of The Grafted Membranes:

3-a: Thermal gravimetrical analysis (TGA):

Thermal resistance is a description of a chemical stability of a polymer at high temperatures, in

vacuo, in air, or in an inert atmosphere. Thermal resistance is defined as the temperature of

thermo-oxidative degradation of the polymer, accompanied by the evolution of volatile products.

As a result, the weight of the polymer specimen decreases; the determination of this weight loss is

the principle of different variants of thermogravimetric analysis (TGA). The temperature at which

the loss in weight occurs is taken to be the decomposition temperature(TD). In general, thermal

decomposition" takes place in multistage, where the moisture region is responsible for the first

stage of weight loss; the more the water uptake the lower the decomposition temperature(TD) at

which the weight loss is observed.

Tables (1,2 ) show the thermogravimetric analysis of the grafted and ungrafted LDPE films.

It can be seen that the first stage of thermal decomposition of LDPE starts at 340°C and the

weight loss is only ~9 %. At 428°C, almost 50% of the sample weight is lost and finally the

complete weight loss is observed at 600°C. The grafted LDPE films having various degrees of

grafting in the range from (8-216%) also possess different similar stages of thermal

decomposition. However, such stages occurred at a little lower temperatures than those for

ungrafted LDPE films. Meanwhile, the higher the degree of grafting, the higher the weight loss,

at a given elevated temperature. The weight loss for the investigated membranes at different

stages of thermal decomposition is shown in Table (1). It can be seen that, at a certain

temperature, the weight loss increases as the degree of grafting increases. However, the grafted

materials still possess high thermal stability even at relatively high elevated temperatures (less

than35O°C).

The aforementioned results obtained by TGA can be classified into three main stages of

thermal decomposition. The first stage in the range from 5O-23O°C which represents the
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Table (1):

The effect of degree of grafting and temperature on thermal

decomposition of the grafted and ungrafted LDPE films.

Degree of grafting

0

82

48.3

70

92

213.2

Temperature

340

428

600

340

418

595

340

420

599.9

340

460

599.5

340

460

531.6

340

460

536.3

Weight loss

l / 0 1

9

49.7

99.7

12

24

100

18.6

37.2

100

22.9

42

99.2

24.9

46

99.3

35

50.9

100
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Table (2):

Effect of metal ion on the thermal stability of grafted membranes

having different degrees of grafting.

Element

Li

Na

K

Rb

Cs

Degree of

grafting

91.1

91.1

257.5

71.7

373

Temperature

oC

340

460

599.3

340

460

599 4

340

460

599

340

460

599

340

460

599

Weight loss

(%)

22.5

31.5

53.5

18.3

24.3

46.2

21.1

27.5

45.0

153

22.9

43

167

26.7

49.3
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dehydration process accompanied by weight loss that ranged from 4 to 8% for membrane having

various degrees of grafting (0-213%). The second stage of thermal decomposition is observed at

temperatures ranged from 230 to 460°C. This stage of thermal decomposition is due to the

degradation of side graft chains and some of network crosslinks which may break down at such

high elevated temperature. The last stage occurs at temperature from 460-600°C. The complete

deterioration of both crosslinks and whole bulk of polymer occurs at this temperature region,

near 600°C.

Table(2) shows also the effect of the degree of grafting and temperature on the thermal

decomposition of the treated grafted LDPE films. From Table(2), it is obvious that, the thermal

stability is enhanced for the alkali-treated membranes even at high elevated temperature.

However the three stages of thermal decomposition are clearly observed for the different metal

ions treated membranes The influence of such incorporated metals in the grafted membranes on

the improvement of their thermal stability is significantly occurred, if compared with the

untreated grafted membranes.

3-b: Differential scanning calorimeter (DSC):

The knowledge on the changes in thermal properties of polymeric materials is very important

for their practical applications as well as for the characterization and determination of the

chemical and physical changes. Thermal properties of the graft copolymers obtained by radiation

induced grafting of AAc onto LDPE films, were performed using differential scanning

calorimeter (DSC).

The melting temperature (Tm) and recrystallization temperatures(Trc) (by cooling from

their molten state), and the change in their heats (AHm, and AHrc) are determined for the

different prepared grafted membranes.

Tab!e(3) shows the changes in these thermal parameters with the degree of grafting.

It was observed that, no crystallization peak is formed for PE or its graft copolymers (PE-g-

PAAc) at first or second heating runs . However, these polymers and graft copolymers were

recrystallized on cooling from the molten state at the temperature of recrystallization (Trc). The

heats of melting (AHm) and recrystallization (AHrc) of these materials were determined from the

area of the corresponding transitions in the DSC scans. Table (3) shows the changes in AHrc,

AHm, Trc and Tm with the degree of grafting. It is clear that as the degree of grafting increases,

the melting temperature decreases and the heat of melting decreases, while as in cooling, as the

degree of grafting increases, the recrystallization temperature decreases and , the heat of

recrystallization decreases. This is due to the restriction of chain mobility by crosslinked network

structure caused by radiation -induced grafting of AAc onto PE polymer substrate.

The regions of order are normally termed crystallites, to emphasis their small size compared to

ordinary crystals. The properties of materials contained in crystallites or ordered regions is

termed the degree of crystallinity. The melting points of these crystallites depend on their size.
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Table (3):

Changes in Allrc ,AHm Trc andTm with the degree of grafting.

Degree of grafting %

0

8.2

70

91

213

373

Tm

°c
105.6

111.4

110.6

110.0

110.2

107 9

AHm

78.5

75.3

47.7

40.2

20.5

5.3

Trc

oC

94.4

94.3

92.5

92.4

92.8

89.3

AH re

J/R
74.7

91.3

48

40.5

20.9

5.5

Table (4) :
Simulated medium active waste solution (MAW) in aqueous nitric acid (1 M )

Element

Al
Ca
Cr
Cs
O .
I •>
1 i

Mg
Mn
Mo
Nn
Ni
Sr
Zn
Zr
HNO3

concentration

(g/1)

023
15
0.08
0.0030
0.14
038
608
075
0 08
038
81 14

008
0 001
0 15
008

1 mol/1
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The size of the individual crystallites may be limited by the presence of branches. Since smaller

crystallites usually melt at lower temperature than larger ones, the presence of branches will reach

the melting temperature of the branched PE, at lower temperature than linear PE. Moreover, the

range of melting temperature is much greater because of wider dispersion of crystal size.

4-Metal Chelation and Complexation:

Metal uptake by complexation with the free carboxylic acid groups of the grafted membranes

are determined using two techniques; flame photometer (FP) and X-ray fluorescence (XRF).

Figure (3) shows the metal uptake percent as a function of grafting degree for different metals;

K+1 Na\ and Li* which are determined by FP. It can be seen that the metal uptake percent

increases with the degree of grafting for all metal ions investigated. However, at high degree of

grafting, it tends to be a curvature relationship. Meanwhile, the K+-uptake percent is higher than

that for Na+ and Li+, respectively.

In order to simulate an aqueous nitric acid medium active waste (MAW), the mixture given in

Table (4) was prepared(H). The percent uptake of such prepared metal solutions is determined by

immersing the grafted membranes for about 48 hr (to reach equilibrium) and then measured by

XRF!

The ion selectivity is clearly shown in Table(5), in which the concentration of metal uptake or

complexation with the membrane is highly dependent on the chemical form of carboxylic acid

groups derivatives. The order of metal uptake for the different carboxylic acid acrylate

membranes is shown to be as follows:

Ni (20%)> Fe(19.7%)> Cr(16.7%)> Zn(14.3%)> Ca(8.5%) >Cu(7.5%)> Cs(6.2%)>Zr(1.7%).

This order is changed by converting the carboxylic acid groups into their sodium carboxylates (-

COONa) to be as follows:

Cu(31 8%)> Ni(14.8%)> Fe(13.7%)> Cr(12.9%)>Ca(8.4%)> Zn(4.8%) >Mo(4%0>Zr(3.5%).

It is noted that, the order is not only changed by such chemical conversion but also the

percentage of metal uptake is differed. This is due to the change in ion exchange properties and

selectivity of membrane towards the metal ions by its conversion into Na-acrylate form. The

carboxylic acid group of membrane was converted into -NHOH group by acylation reaction, in

which the acid chloride is prepared by reacting the carboxylic group with thionyl chloride then

treated with hydroxyl amine to give hydroxamic acid as follows:

R-CO - OH + SOC12 -—-> R-CO - Cl + SO2 + HC1

Acylchloride reacts rapidly with compounds containing active hydrogen e.g. (oxygen,

nitrogen,sulphur). After the treatment of membranes with thionyl chloride, membrane is treated

with hydroxyl amine to give hydroxamic acids as follows:

R-C0-C1 + NH2 - OH -—> R-CO- NHOH + HC1

Such conversion resulted in a surprise change in ion selectivity towards zirconium, which

compete strongly with other metals in the simulated waste solution.
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Fig.(3): Metal uptake percent as a function of grafting degree;

(0) K - measured by weight increase.

( ) K - measured by flame photometer

( ) Na -measured by flame photometer

( ) Li -measured by flame photometer
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Table (5):
Metal uptake percent by different grafted membranes from simulated MAW
ague oussajution a n d d e tected by X RF *.

Membrane form

LDPE-g-PAAC O O H

LDPE-g-PAA C 0 0 N a

LDPE-g-PAAC O N HOH

LDPE-g-PAA C 0 0 N a

Degree of

Grafting

(%)

95

95

120

1000

Ca

8.5

8.4

8

10

Cr

16.7

12.9

5.5

7.9

Fc

19 7

13.7

6.3

39.4

Ni

20

14.8

3.9

12.4

Metal uptake (%)

Cu

7.8

31.8

1.1

6.2

Zn

14.3

4.8

1.5

5

Sr

N

N

N

N

Zr

1.7

3.5

64

5.7

Mo

4.5

4

8.8

10

Cs

6.2

N

N

N

U

0.5

0.4

0.3

2.3

(N ) :Ncgligable uptake
(* ) :Metal ions which are not presented in this table, were not detected on the membrane.
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It is interesting also to find that the all membrane forms do not absorb the monovalent metals

(Na, Cs) which exist in the simulated mixture solution. This is due to their weak complexation

with the membrane and they are replaced by multivalent ions. The other multivalent ions form

strong chelating or complexation bonds with the membrane and as a consequence their uptake is

highly pronounced.

It was reported <13) that zirconium present in several species, that can coexist in aqueous

solutions (eg. Zr*+, ZrOH3+, Zr3(OH)48+), and perhaps, other polynuclear species may exist.

The distribution of zirconium species depends on.tbe-zireonium concentration and the acidity, the

monomeric species Zr4+ predominates at high acidities - 3 5 M HNO3, whereas ZrOH3+

predominates at low acidities values (~0.5 M). Since the simulated waste solution prepared with

1 M aqueous nitric acid, the most probable species is ZrOH3+ Such strong trivalent cations has a

strong tendency to the free electrons existing in the membrane form R-CO-NHOH which has free

unpaired electrons. This results in removing almost all Zr from the simulated (MAW) by

complexation with this type of converted membrane form. This may explain the high affinity of

membrane of the type R-CONH-OH form towards Zr, compared to other membrane forms.

CONCLUSION

It can be concluded that the grafted membranes possessed high thermal stability and no

significant change in their thermal parameters are occurred by grafting with such reactive

functional groups of carboxylic acid. The dcrease in metal uptake for the membrane having very

high degree of grafting (1000%) is due to the high content of crosslinking network structure

which prevents or restricts the diffusivity of metals through such network structure. The type of

chemical conversion for the carboxylic acid groups of graft chains in the rfiembrane has a great

effect on its selectivity and uptake towards different metal ions. The conversion of the membrane

into R-CONH-OH form resulted in a highly selective membrane towards zirconium, which is the

most contaminant element for uranium in its recovery process from waste solution. This is a good

advantage for the practical use of such membrane in the recovery process of uranium by the

removal of zirconium from its solution, specially, this membrane has no affinity towards

uranium.This makes such membranes acceptable for practical use in the field of waste treatment.
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