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Alm of The Work

Radiation induced grafting is one of the more effective and
convenient approaches for preparing ion exchange menbrane,
especially for fluoro-containing ones. Fluorine-containing
polymers have drawn much attention in the past and gained wide
practical wuse because of their excellent electric, thermail,
mechanical, and chemical properties as compared with the

properties of unfluorinated polymer such as polyethylene.

Synthetic membranes have achieved a wide range of application in

biomaterial, pharmaceutical purposes, food, and chemical
industries. Such synthetic membranes are used for a great
variety of separation processes such as dialysis,

electrodialysis and hyperfilteration.

In this connection, the simultaneous radiation grafting of
hydrophobic monomer such as vinyl acetate, VAc¢, onto both
hydrophobic polymers such as low density polyethylene, LDPE, and
poly(tetrafluoroethylene-perfluorovinyl Ether) copolymer, TFA,
films will be investigated and the possibility of producing a
hydrophobic graft copolymer will be examined. The influence of
gratting condition on the grafting process will be studied. The
effect of hydrophilic monomer such as acrylic acid (RAc) onto
tﬁe films grafted by hydrophobic moncmer {VAc) or the effect of

VAc onto the hydreophilic grafted films will be investigated.
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Some properties of those materials such as swelling behaviour,
electrical conductivity and mechanical properties will be also
investigated. Moreover, the modification of the membranes
carried out by grafting with vinyl acetate followed by
hydrolysis will 1lead the physical, wmechanical and electrical

broperties of the corresponding membranes.
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CHAPTER 1

GENERAL INTRODUCTION
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INTRODUCTION

Research activity is still on the increase in the field of
radiation graft polymerization present, spurred by the now
proved fact that desirable modifications of many polymers can be

induced by radiation.

Small chemical changes produced by moderate radiation doses can
cause effects gnthe physical praoperties of polymezrs. A polymeric
substance becomes essentially one large molecule when an average
of about one cross-link unit per molecule has been produced by
lrradiation. A graft copolymer is composed of chains containing
two or more chemicélly different types of monomer units. It is
made up of a backbone chain consisting entirely of monomer X,
attached to one or more side chains composed of monomer y, as
shown diagrammatically in the following example :
Y Y-Y-Y-¥Y-y-
—x—x—x-x—x—x«x—x—L—x—x—x-x—x~x-
Y-¥-¥y-¥-y-y-
graft copolymer

One of the reasons such graft copolymers are of ilnterest of thae

polymer chemist is that a film of 4 chain of x's can be surface

grafted with branches of y's tg increase sur face water
repellency, dyeability, saolvent resistance, light resistance,
mildew resistance, ete. Often the grafting of monomer on the
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surface of a polymer, or within the polymer to a certain depth,
produces significant changes in physical properties of the

polymer.

The synthesis af graft copolymer is based on the production of
one or more active sites on the backbone of the originat
polymer. Monomer y units then add Successively at each active
site, producing long chains of Y extending out from the backbone
as shown in the above d:awingfl)

Three general methods have been successfully developed and these
will now be described together with their attendant advantages

and disadvantages.

1. The mutual or direct radiation grafting of a vinyl monomer
onto polymer.
The direct method of irradiating the polymer in the presence of
monomer 1s perhaps the most egfficient method of Jrafting because
the free radicals are utilized to initiate chains of Y 3s fast
d4s they are produced. These will be used as examples
Polymer A vvranay A, %wwmh_; i F R

Where % is a macroradical and B is a radical fragment such as
H, c1, CH'3 ., F ....etc.
Ej; + MB—)I?A + PB qraft copolymer

where MB is monomer B. R can extract a hydrogen or other atom
trom polymer A leading to a fresh site for grafting and a

(2) .
volatile fragment such as hydrogen. Alternatively, R can
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directly initiate polymerization of M forming homopolymer B.
Monomer MéWWW“**b% + R s homopolymer B. & disadvantage is the
fact that some homopolymerization of y takes places, 1initiated
possibly by free radicals formed in the irradiation of monomer
Y- Homopolymerization 1is promoted in cases where monomer y is
present in excess, which is generally true when this technigque
is employedfl) A free radical inhibitor could be added to the
monomer,Cu++or Fe++ salts,are examples which have been used suc-
cessfuly for the mutual grafting of vinyl monomer onte TFA Poly-
{tetrafluoroperfluoro vinyl ether) and PE (Polyethylene) fil;g)
Homopclymer may also be initiated by the small radical fragments
R produced by the radiolysis of pelymer A. This can be minimized
by keeping the concentration of the monomer in polymer
A to a minimum(z—?;n advantage of the muntual method is that most
monomers act as radiation protectors reducing any degradation of
polymer A by the radiation itself(zf Dose rate can also be an
important variable, if too high, the radicals tend to terminate
before leading to adequate gzaftiné?)

2. Grafting on radiation-peroxidized polymers.

In this technique, the polymer may be irradiated in oxygen to
produce a variety of free radicals through the oxidation
process. Such free radicals can be preserved within the polymer
by storage under appropriate conditions and then employed later

to initiate the grafting of monomeric side chains. This method

can be illustrated schematically in the following way
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Moo mey 2 O
.5 -
diperoxides B3 é blck copolymer
dere 3133in graft or block copolymers are expected. In this case
no  homopolymerization of the monomer 8 occurs other than by
chiin transfser to the monomer or by thermal polymerization. I

the peroxidation of {A} l=ads to nydroperoxides, thne following

t23ctions are expected to take place

A
—> O — heat or . ,
A i O—ON UE.V 5 %—O + CH
- A

g OZ radiagion. 4
A ]\) é)—OH heat or A + ZL'.)H

A A u.y
(1) 3-oron 8, 1o 5 4 oo

A A homopolymer

A a A

+ B

(2) i) + OH R g—B + B—oH

nomopolymer '

It appears that the thermal dissociation of the hydroperoxi-
dation gives rise to equivalent amounts of graft copolymer and
homopolymer molecules. In the second stage a homopolymer will

result from initiation of polymerization by OH radicals. In

general with most polymers, hydroperoxides are by far the most
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