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Summary

This paper presents the kinetic study of polymeri-
sation of styrene with Ziegler-Nutta type catalyst
system. The components of the catalyst are CuCl2 and

Diethyl aluminium bromide (DEAB). Out standing
observations of the study are as follows.

i) The minimum aging period of the catalyst system
is 4 hours.

ii) The optimum ratic of [A1)/(Cul is observed to
be 2.5,

iii) Polymerisation.rate is found directly proportional
{0 monomer  ¢goncentration-but inversely propor-
tional to catalyst concentration.

iv) Energ of activation obtained is 5.47 K, cal/mole,
‘within the ramge usually observed in anlonic co-
ordinated type mechanism.

v) Mol., wt. is of the order of 104 and the poly—
 styrene obtained is partly soluble in acstone.

Introduction

Polymerizatlon by Ziegler—Natta type of catalysts
generally results in a product with increased propor-
tion of stereoregular polymer, Titanium, vanadium and
chromium are widely used as transition element
component of Ziegler-Natta type catalysts. But copper
compounds, which are less expensive are not studied
extensively as catalyst components in these systems,

A few patents (CROWFORD, 1959; CLAFF, 1960) and a
publication (WASABURO, 1971) are reported on the use of
copper as one of the components of Ziegler-Watta type
catalysts. CLAFF (196Q0) has reported crystalline poly-
ethylene resulting from cupric chloride and triethyl
aluminium in methylene chloride as solvent.

* To whom correspondence should be made
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We have used the catalyst system cuprie chloride
in combination with diethylaluminium bromide in n-
hexane to polymerize styreme at 20°, 30° and 40°C. The
kinetic features of this system are reported here,

Experimental

Solvent n-hexane was treated with concentrated
sulfuric acid, subsequently with small amount of alkali
and finally with distilled water and dried over
anhydrous calcium chloride, It was distilled and
stored over sodium., Before use it was refluxed over
sodium for a long time and distilled, DPurity of the
solvent was assegsed by chromatographic method.

Anhydrous cugric chloride was prepared by heating
Cu012.2H20 at 110YC under vacuum,

Diethylaluminium bromide (DEAB) was synthesized
according to the method of GROSSEE (1940), It was
distilled under nitrogen atmosphere at 80°C and 2 mm
pressure and stored in dry-box, A solution of required
normality was prepared in n-hexane and concentration
was verified by EDTA titration for aluminium,

Styrene was freed from inhibitor by alkali treat-
ment, washed with distilled water, and dried over
anhydrous sodium carbonate. Before use it was distill~
ed at 55°C under vacuum and stored over molecular
sieves,

All polymerization reactions were carried out in
a 50 ml specially designed flasks fitted with B-19
standard joints., Inside the dry-box, in an atmosphere
of oxygen free dry nitrogen, a calculated amount of
solvent and DEAB was added by means of syringes to a
weighed amount of CuCl2 in the flask., Catalyst so

formed was aged in a thermostat at 30 + 0,05°C for
required time and monomer was added, ZXAfter specific
time of polymerization, the reaction was stopped by
addition of acidic methanol., The polymer was precipi-
tated by addition of excess of methanol, and was
removed on a sintered crucible, It was washed with
acidic methanol and subsequently with pure methanol.
It was dried under vacuum to constant weight.

Results and discussions

Within a few minutes of addition of organometallic
compounds, the color of Cucl2 changed from black-=brown

to white. The catalyst syetem so formed was aged for a
time ranging from 1 hr to 6 hrs. The percentage
conversion of monomer to polymer decreases from 1 hr to
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4 hrs of aging period and then remains constant upto
6 hrs as can be seen from Fig.l,

This behaviour can be attributed to the large
number of catalyst sites formed in the initial period,
some of which are long living and some short living,
Over a period of 4 hrs the short livin% sites decay.
The constant conversion from 4 hrs to 6 hrs is due to
long living sites.

4 very important factor in this type of catalysts
is the [Al{/[Cu] ratio, To determine the optimum ratio
experiments were carried out at varying [ALF/{CuG ratio
from 1.0 to 5.,0. From Fig., 2 it can be seen that the
conversion decreases upto a ratio of [Al]/[Cu] = 2,0
and then increases upto a maximum of 2.5 and again
decreases.

ASHIKARI (1961), has explained this behaviour,
that at low concentration of organometallic compound
the reaction may be predominantly cationic in nature,
but with increasing concentration of organometallic
compound the mechanism changes from cationic to anionic
type. The maxima of [Al]}/[Cu] ratio of 2.5 is
gelected for our studies.
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Fig.l: Plot of 4 conver- Fig.2: Plot of ¢ conversion
sion vs aging time, vs [Al]/[Cu] ratio.

With these two parameters namely [Al]/[Cu] ratio
and aging time fixed at 2,5 and 4 hrs respectively
kinetic studies were carried out at varying catalyst
and monomer concentrations,

As the time of reaction increases the rate falls
and shows a steady state, (Fig. 3). Initially the
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rate is high and the precipitated polymer (due to non-
solvent medium) in this period traps. the catalyst sites,
And hence the passage of monouwer to the catalyst site
becomes diffusion controlled., This is the reason for
steady state in the later period.

o

~
o

30

CONVERSION ——

*/e
—- ~
=} o

0 .. A 1 L L
0 5.0 00 150 200 250 300 °
REACTION TIME MINS,

Pig.%: Effect of reactiom time on
£ conversion,

It was observed that the conversion decreases
with catalyst concentration and increases. with monomer
concentration linearly (Figs. 4 and 5).

The behaviour in PFig. 4 cax be attributed to a
large amount of chain transfer due to catalyst, REICH
§1963) has explained this due to surface reaction °
where alkyl and monomer are adsorbed on the sites, but
unadsorbed monomer may be sufficiently reactive for
the initiation step.

The rate of polymerization can be given as

R, = Kp x [catalyst]™t (monomer]. v

An activation energy of 5.47 KCal/mole for steady
state polymerization was obtained by plotting log R
vs 1/T as shown in Fig, 6. - P

The activation energy for conventional ‘and
modified Ziegler-Natta type catalyst system lies
between 5-12 KCal/mole for anionic co-ordinated
mechanism (FUKUI, 1962; KODAMA, 1960). The mechanism
of this system may be of similaxr nature,

The polymers formed are of the molecular weight
of the order of 10%, These were soluble in methyl
ethyl ketone but were only partly soluble in acetone,
NATTA (1955) has shown that polystyrene of the



molecular weight of 104

crystalline nature is insoluble in acetone,
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order of magnitude and of

So the

polywer formed may be at least in part stereoregular,
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Fig.4 : Bffect of catalyst
concentration on ¢ conver-
sion.

Conclusions

The catalyst systems
seem to be having higher
activity than those of
conventional Ziegler-Hatta
type catalysts. It is
usually observed that with
higher rates of polymeriza-

tions, the stereoregularity
In this
particular system we suspect

of polymers is low,

some cationic overtones, as
can be ssen from lower

molecular weights of polymer.

Further studies on
these type of systems is
in progress.
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