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AIM OF WORK

It would be difficult at present to find a branch of indus-
try which could dispense with the use of ion exchangers. They
are used in chemical, metalliuryical and food industries, in the
manufacture of antibicotics, puritfication of water, etc. During
the past four decades icn-exchange technology has assumed part-
icular importance in connection with the processing of solutions
containing radicactive elements. Such use ¢of ion exchange resins
has its own typical features, since ionizing radiaticns produce
changes in the physical ana physicochemical properties of the
ion excaangers. Irradiation of the resins is accompanied by
changes in their exchange capacity, swelling tendency, select-
ivity of sorption, exchange kinetics, etc. At high integral
acses (above 10& rad) the decrease in the original capacity,
caused mainly by the cleavage or destruction of icnogenic groups,
as well as the contamination of the processed solutions oy the
products ¢f radiation-chemical decompositicen of the sorbents,
nay oe so considerable that the resins can no longer be emplo-
ved in the processing of radicactive sclutions.

In the present study, the radiation-chemical stability of
a strongly acidic cation exchanger of the polymerization type
based on styvrene-divinylbenzene copolymers and a weakly acidic
cation exchanger of the polymerization type based on acrylic
acid-divinylbenzene copclymers was investigated. The radiation
stability of the resins was assessed from the change in exchanye

capacity,loss in weight, change in swelling behavicur and the
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formation of new exchange groups. The resins were irradiated in
air and in wacuum, in the air-dry state and in sclution and in
tne H'-and Nat— forms. Wuclear magnetic resanance and electron
spin resonance studies were carried out. The limits and possibi-
lity for the use of these two caticon exchange resins in an

intense radiation field are discussed.
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CHAPTER I

INTRODUCTION

It is almest impossible to discuss the radiation-chemical
processes which take place in indiwvidual ion sxchange resins in
solution without a preliminary survey, however briei, of the
general problems of the radiation chemistry, which have a direct
relevance to the radiolysis of these systems. Since the great
majority of all icn-exchange resins used at present are high
molecular organic compounds, their irradiation is accompanied
by wariocus radiation-chemical reactions typical of high polwy-
mers in general. Cross-linking, degradaticon, gas evclution,
change in the degree of unsaturation, oxidation, change in phys-
ical and physico-chemical parameters ..etc; all take place on
the irradiaticon of ion exchange resins. It should be remembered,
howewver, that ilon exchangers in operation are exposed to icniz-
ing radiations while in water or in agquecus electrelyte solu-
tions. Reacticons with the radiolysis products of the scluticns
and other secondary reactions may substantially affect the
course of radiation-chemical reactions in the system resin-
souluticn; in addition the presence of functional groups in
ign exchangers renders the mechanism of these reactions more
complex. The general relationsnips governing the radiation
chemistry of high polymers and the radiation chemistry of

water and agueous solutions will be briefly discussed.
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RADIATION CHEMISTEY OF HIGH POLYMERS:

The action of ionizing radiation on high polyvmers alters
almost all their original properties. Ewven though radiation-
chemical processes in high polymers take place in relatively
low yvielas, the effect of the radiation on physical, mechanical
and physicochemical properties of the crganic polymer may be
considerable. The course and vield of most radiation-chemical
reactions, especially in certain individual polymers, 1is inde-
pendent of the absorbed dose rate and is determined almost
exclusively by tihe total integral dose absocrbed., When high
polymers are irradiated in the presence of oxvgen or in sclution,
radiation-chemical yields of warious processes (including oxida-
ticon, cross-linking and degradation) may depend both on  the
abscrbed dose rate and on the relative proportions of the compo-
nents 0f the irradiated systerm. ¥any high polymeric materials
are utilized in radiation fields ©f high intensities, so that
their radiation stakility is an important factor. Radiation
stability is expressed as the maximum value of the abscorbed
dose at which the irreversible radiation-chemical changes taking
place in high polymers are still without a marked effect on
their proprties. In most organic high polymers, a dose of 109
rad or higher results in a sufficient damage to the polymer to

render it unserviceble.

The action of ionizing radiation on high polymers may

bring about the following main types of reactions:{1-6]

11 formaticn of chemical bonds between the polymer chains
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{cross-linking, formation of tridimentional structures, wvulcaniz-
ationd; 2} scission of chemical bonds in polymer melecules accom-
panied by a decrease in the molecular weight {degradaticnl); 3} gas
evolution; 4) oxidation (in the presence of oxygen, water, ajqueous
soluticons and other oxygenated compounds; 5) change in the
concentration and nature ¢f double bonds., It is well known that
radiation-chemical reactions involwving high polymers mostly

proceed with the participarion cof free radicals formed as a result

rh

of irradiation. It is therefore expedient tc begin the discussion
of radiation-chemical reacticons taking place in high polvmers

with free radical formation and subsegquent radical reactions.

Free Radicals:

When acted upon oy icnizing radiation, high polymers just
like any cother compounds, form excited and ionized molecuies
which may produce free radicals as a result of various trans-
formations. The free radicals then participate in nunerous
chemical reactions which are responsible for changes in  the
properties of the high polymer. The yield cof free radicals,
like the yield of any other product of radioclysis, may be
described in terms of the G-value (radiation-chemical yield),
witich is the number of free radicals formed as a result of
the absorption of 100 ev of the ionizing radiation. As a rule,
the vield of the free radicals formed by the irradiation of
high polymers is determined by the method of electron spin

{71

resonance (ESR) . The identification of waricus radicals
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from the ESR spectra of the irradiated polymers is mostly wery
difficult. For this reason, the ESR method often only determi-
nes the total number of paramagnetic particles in the polymer
samples and their life times as a functicn of the experimental
conditicons, The radical yield is not constant, but may vary for
the same polymer with temprature, degree of crystallinity, etc.
The free radicals formed in irradiated high pnolymers mav exist
at room tempreature for several days or even monthes. When the
irradiated high polymer is heated, the rate of disappearance of
free radicals increases. The maximum rate of disappearance of
free radicals in irradiated pelvmers is usually noted in certain
definite temperature ranges, corresponding to a considrable
increase in the mcibility of single segments or whole macromo-
lecular chains. In certain polymers (e.g., in tetrafluoroethy-
lene} free radicals are stable even at 150-2ﬂﬂ0{ > }. The rate
of disapearance of free radicals in amcrphous polymers is higher
than in crystalline polyvmers. The radical yield measured by
the ESR method also depends on the degree of crystallinity of
the sample. On one hand, the radical yield in crystalline
polymers should be less than in the amorphous ones, since in
crystalline structure there 1s the important cage effect as a
result of which many of the formed radicals disappear because
of recombination in situ. On the other hand, in a crystal
lattice network the rate of disappearance ¢of free radicals is
usually much slower than in the amorphous polymer.
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The rate of disappearace of free radicals is alsc affected

to a certain extent by the radiaticn;: it is much higher during

{8}

than after the irradiation . When an ionizing radiation is

made to act con high polymers, their free radical cceoncentration

increases up to a certain value, after which it does not increase any

more on further irradiation. The limiting concentraticon of free

radicals depends on many factors and is usually 1018—1020 radi-
{9)

.The concentration of free radicals

usually ceases to increase at integral doszes of 1G8—109 rad.

cals/gram for high polymers

In most hydrogenated high molecular compounds the formation
of a2 primary radical imwlves a hydrogen atom which is split off

the peclymer chain. The formaticn of radicals of type-?—-CHi-
CgHe

{4].EUrﬂwr

in the irradiation of peolystyrene may serve as example
reactions involving such polvmeric radicals and H atoms result
in numerous radiation—chemical transformations taking place in
the polymers, in the apearance of new free radical, and in the
evoluticn of hyvdrogen or other gaseous products of radiclysis.
The irradiation of pelymers containing a quaternary carbon atom
usually results in the formation of free radicals not only through
the ¢leavage of hydrogen atom,but alsec as a result of the

scission of the main chain.

Cross=~linking Versus Degradaticn:

Of the numerous proceszes which take place during the

irradiaticon of high polymers, cross-linking and dgradation
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occur most often in practice. The radioclysis of any high polymer
involwves simultanecus cross-linking and degradation. One of these
two processes 1s usually predominant and high polymers can he
grouped in two classes: those which are cross-linked ané those

{4'5‘”L11}{ﬂﬂﬂe 1) . The cross-—

which are degraded under irradiation
linking polymers gradually hecome inscluble when exposed to
irradiation, and their moclecular weight increases until a conple-—
tely cross-linked tridimentional structure is formed. In mest
cases the elasticity modulus and the tensile strength increase,
the elongaticon-at-break decreases, the chemical and thermal
resistance increase and the polymer no longer becomes a visco-
fluid on being heated. Polymers which undergo degradaticon show

a decrease in their molecular weight and wviscosity on being
irradiated. Most of their physical and mechanical parametars
deteriorate, their chemical stability decreases and, if the

integral dose is sufficiently hign, the polyvmer may bhe converted

into a viscous ligquid.

Divergent opinions on the mechanism of radiation-chemical
cross-linking and degradaticn have been put forward. It is most

{12 }. The

often assumed that these are free radical reactions
cross-linking of many polymers may be interpreted as recombina-
tion of polymeric free radicals formed as a result of two

separate acts of ionization or excitation and wvalency migration
alcong the chain. According te ancther wview, the formaticn of

a4 cross—link is the result of single act of excitation or ioniz-

aticon; the molecule which has been activated by the radiation reacts
Central Library - Ain Shams University



