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Beside the work carried out in this thesis, the
canlidate attenied postgraduate course for one yeaT in
Fhysical and inorganic Chemistry covering the following
topics

(1) Technigues of Inorganic Chexistry.

(2) Structure and Symmetry of Inorzanic Sompounds.

(3) Nuclear and -agreto Chenmistrye.

(4) Surface Chemistry.

(5) Electro—Chezistry.
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INTRODUCTION

Chenistry of high polymers has been developed
enormously during the last few years. 4&s examples of
such macromolecules are the polymers of acrylonmitrile
which have been a_nccepted in a broad array of applica—
tions and industries because of their wpigue properties.
For example, the acrylic fibers, containing at least
85 percent acrylonitrile, exhibit the properties of
high strength, stiffness, toughness, and abrasion
resistance. They are relatively insensitive to moisture
and have good resistance to stains, chemicals, insects

and ftmgi.-ﬂ However, the commercialization of polyacrylo—

nitrile fibers was delayed by their inheremt resistance
to solvents and dyes. Thus, other moncmerg are often
used in small =zmounts to make the poliymer amenable to
dyeing with conventional textile dyes. Commor comanorers
are vinyl acetate, acrylic esters, and vinyl pyrrolidone.
The side chain interrupts the regularity of the poly-
ecrylonitrile skeleton; thus opening up the structure

and improving accessibility to solvents and dyesS.
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Despite considersble study of the chemistyy of
polymerization, a8 mentioned ghove, various lasboratories
continue to differ in the quantitative details of poly-
merization mechanisms. The quantitative details are
bhighly important because the properties of the polymer

depend upon the polymerization conditions.

The aim of this work is to study the effect of
zine chloride as a modificator on the polymerization
mechanism of acrylionitrile (AN) and ethylmethacrylate
(BM4) in different media. This was performed by :

a- Studying the kinetics of homo- and copdlymerization
of acrylonitrile and ethyl methacrylate at different
concentrations of ZnCla. The study of polymerizsation

kinetics is considered as the most important step for

the production of polymers and copolymers with required '

properties.

b= Determining the reactivity ratios of AN and EMA monow
pers im bulk and in solution media at different molar
ratios of chla. Such investigations give very useful
information about the relationship between structure

and reactivity of monconmers.
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A= Homopolymerization of Acrylonitrile

it is well known that the choice of any polymer-
ization technique depends upon the solubility character—~
istics of the obtained polymer, the spplication o
which it will be put, and the scale of operation. The
polyrerization of acrylonitrile (AN) is most commonly
carried out in solution, bulk, emulsion or suspension
systems. The polymerization of acrylonitrile in sol-
ution to low conversion has been exsmined by numerous
authorsl'a). The most complete work Seems t0 have been
conducted either irn dimethylformemide (DiF), in ethylene
carbonate or in dizethyl sulfoxide s>ivent. Bulk poly-
merization of pure acrylonitrile occurs cuite readily
but is limited %o small scale experizents, beceuse of the
large heat of polymerizatior (17 Kccl,mole) and thc 2ufo-
catalytic nature of the procassl’3). One explanstion for

this phenorenon is that growing polyner precipitates

early in the reaction, thus physicsally trepping the
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radical in the solid masse. 4n alternate explamation
for sutocatalysis of acrylonitrile pelymerizstion has

been offered by Hams).

The mechanism of bulk polymerization of acrylo-
nitrile at conversion /< 15 was studied, using dila-
tometric method4). It was suggested thaet the polymer
growth in the heterogeneous state where birolecular
terminations could be neglected. Induction periods for
the polymerization were not caused by nonocrer inpurities,
since they were reproducible and depend on initial

initister concentrztion. Since bulk homopilymerization

of acrylonitrile is not suitable for commercial prepora-

tions, bulk copolymerirzutions may be rractizable” e

Ir the prepiration of = polymor inscloble in its
sclvent for the polyser, narked devirst:ons froa the
kiretics of homogeneous radical polymcrizetion nay
occur. 4n example is the preparation of Tolyacrylo—

nitrile (PAN), which is insoluble in its cwn zononoT
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In this case, the polymer precipitates from the re~
action medium; this is followed by centrifugation or
filteration, and washing and drying before it can be
useds In fact, the polymer tends to precipitate when
6).

the growing chain has ten or less monomer units in 1

Thus it may be suggested that, the heterogeneous poly-
nerization of acrylonitrile is highly influenced by the

presence of the precipitated particle.

In the asbsence of precipitated material, when only
homogeneous polymerization occurs, the kinetics and
mechanism of polymerization are straight forwerd. It
is when the polymer starts to precipitate that the
wmusual features occur. It was suggested that poly-
merization occurs in the following three different leci :
&= in the nonomer - diluent solution;

b- zt the solution - particle interfece, and

¢~ in the interior of the particles

Dalton and Roberts’’ assumed that in the solution

phase, the rate of polymerization should be controlled
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by the viscosity of the medium, siniler to the case of
methylnethacrylate (MMA) polymerization and the kinetic
nethod of Benson and Norths). Since they observed that
the rate of acrylonitrile polymerizstion is independent
of viscosity of the medium. They concluded that all
polymerization occurred at the solution - particle
interface, i.e. on the surface, or in the interior of
the perticles, rather than by solution colymerization.
Their results showed that the rate of pclymerization of
acrylonitrile in solution is independent of viscasity9),
mplying that polymerization is not neocosserily restricted
to the polyncer particle. Even £t hish ¢cUrversion in
ethylene curvonate soslution, the ret. 7 volymcorizabion
rerains proportionsl to the first pow.r of zOnOmer
concentrotion, znd independert of tho viscosity of the
mediung). Dolton and Roberts?) bad zlso found thot the
rzate of polymerizetion 18 independent of the viscosity

of tre rmediume

Tho:asl) had proscnted clectronphotomicrogrephs
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which show that the precipitated polyacrylonitrile
particles, prepared under @ifferent conditions do have
different bulk densities. The presence of cracks and
crevices can be seen, indicating that é very open struc-
ture can cccur which Wouid influence accessibility o
the particle interior and hence the anount of interior
polymerization. Nagao and Uchidalo) had correlated the
rate and degree of polymerization with particle size;
the larger the particle, the slower the rote of poly—
merizztion. Thus, it would be possible to separate the
three loci of polymerization by varying both the adsor-
ption power of the diluent and thec tampecrcture of poly=-
nerizastion. The characterization of polyscrylonitrile
samples obtzined by different polymerizeation mechenisms

was exomined by Steinll)-

4 study of molecular weight dete obtainred by differ—
ent nethods, such as asmonetry and light scattering,
and data obtained fror intrinsic viscosity aeasurcnments,

indicated 2 strong branching in a polyacrylonitrile
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