Pakistan J. Sci. Ind. Res., Vol. 14, No. 3, June 1971

197

FREE RADICAL INITIATED COPOLYMERIZATION OF MALEIC ANHYDRIDE WITH
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Maleic anhydride (A) has been copolymerized with trichloroethylene (B) as such and also in presence of diluents

at 70°C, using benzoyl peroxide as initiator.

The copolymer obtained at high maleic anhydride concentration was

as black as poly(maleic anhydride), whereas the colour of the copolymer obtained at lower maleic anhydride content
was brown. The monomer reactivity ratios r;=3.7--0.2 and rp==0, have been calculated by using both integrated

and differential forms of copolymer equations.
benzene is faster than in acetic anhydride.

It was generally considered that maleic anhy-
dride as well as trichloroethylene does not homo-
polymerize by free radical mechanism.? How-
ever, recently this view has been disproved.2,3
Maleic anhydride and trichloroethylene separately
enter into copolymer reactions with a number of
monomers.4 Maleic anhydride in particular
shows complete alternation of monomer units
within a copolymer chain. The copolymerization
reactions of maleic anhydride result in 1,2-addition
to the olefin, therefore, the possibility of copoly-
merization of maleic anhydride with trichloro-
ethylene has been investigated.

In terms of free radical mechanism, there are
four possibilities involving the two monomeric

reactants. These are:
kAA

R¥*s+A————> R*, (1a)
kBB

R¥p+B——> R¥, (1b)
kAB

R*p4+B———— R*; (1¢)
kea

R*B+A———-+ R&a <Id)

A and B represent molecules of the two respective
reactants. R*a and R*j are free radicals ending
in A and B units respectively. The rate constants
governing the addition of monomer molecules A
and B to the growing chain are designated by
kaa, kss, kas and kpa.  The composition of the
product of any copolymerization reaction will be
governed by the ratios ri=kaalkan and r2=
kss/kpa. These are known as monomer reactivity
ratios. Assuming steady state condition where
the rate of creation of any type of radical R¥*,
or R*g is equal to the rate of consumption, the

following copolymerization equation® can be
obtained.

d[A] [Al ri [A] + [B]

d[B] (B] r2 [B] +- [A]

Kinetic considerations show that the rate of copolymerization in

where d[A]/d[B] is the monomer ratio in the
increment of copolymer formed. [A] and [B]
refer to the molar concentration of A and B.

Experimental

Materials.—Preparation of maleic anhydride:7
A mixture of 200 ml xylene and 100 g maleic acid
(commercial grade) was heated on an oil bath.
The distillate obtained by heating up to 19o°C
was rejected. The receiver was then changed
and the distillate boiling at 197-199°C. (b.p. of
maleic anhydride) was collected. The anhydride
so obtained was recrystallized in chloroform.

Trichloroethylene (commercial grade) was
distilled twice (b.p. 86.7°C). Benzoyl peroxide
(BDH) was recrystallized twice from chloroform
by the addition of methanol and was dried under
vacuum at room temperature.

Procedure—The required amounts of maleic
anhydride, trichloroethylene and kenzoyl peroxide-
were taken in Pyrex tubes. The tubes were flushed
with nitrogen, sealed and heated in a thermostat
bath at 704+0.1°C. After heating for g5 hr the
tubes were cut and the contents of the tubes were
taken in dry toluene. The insoluble copolymer
was washed with sufficient toluene (300—400 ml),
filtered and dried under vacuum at room tem-
perature.

Analysis.—The copolymers were analysed for-
chlorine by Schoniger combustion method.8

Results and Discussion

The results of the copolymerization of maleic
anhydride with trichloroethylene in benzene and
in acetic anhydride solvents are shown in Table 1.
It was observed that maleic anhydride was com-
pletely soluble in the reactants (experiment 1 and
2). After the desired time of heating some solid
copolymer precipitated out. Since the copolymer
under consideration contains large amount of
maleic anhydride units, it was isolated with dry
toluene according to the method adopted by Lang
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TABLE 1.—COPOLYMERIZATION OF MALEIC ANHYDRIDE WITH TRICHLOROETHYLENE IN PRESENCE
; ; o
oF DILUENTs. (29, w/w benzoyl peroxide, g5 hr, 70+0.1°C)

Rate of entering of monomers
in copolymer

E i 1\}/1[?1(1;%3 Trichloroethy- Solvent £ Y 9%chlorine
i e Yf rld % lene in feed oy Maleic Trichloroethy- i Oco rem———
i "y efi m-mole (5 8) anhydride lene POy

HAES Rp X 107 Rp <108
(ml~1s~T) (ml~TsT)
I 25.00 19.00 Benzene 7.0 6.3 8.5
2 25.00 19.00 Acetic anhydride 2.5 1.0 3.9

TaABLE 2.—COPOLYMERIZATION OF MALEIC ANHYDRIDE WITH TRICHLOROETHYLENE.
(2% w/w benzoyl peroxide, 35 hr, 70-£0.1°C)

Maleic . Maleic .
Experi- anhydride in Trilrclhf}é)erge[tl};]y e anhydride Triﬁﬁf;gg cllly[llg? = % chlorine
ment’ feed [Alo i °© unreacted [A] g in copolymer
m-mole D m-mole
3 20.18 22.60 19.99 22.56 13.90
4 25.02 19.00 24.79 18.97 12.20
5 30.61 14.75 30.40 14.71 8.90
6 35.66 10.90 35.39 10.88 7.00
et al.? for the isolation of pure polymaleic anhy- 1 [Blo I [ 1—p[A] /[B] ]
dride. The colour of the reaction product in o (B] — » nvI;—TbTA]:/'[E]o
both these experiments (1 and 2) were remark- ,, —
ably different. It was brown when benzene was [Alo 1—p [Al/[B]
used as solvent, and almost black when acetic In [A] e [In 1—p  [Alo/[B] ]
anhydride was used as solvent. The colour of the L=

purified copolymers obtained in both of these
experiments also bear the same gradation. It is
seen from the Table 1 that the rate of copolymeri-
zation is faster in benzene than in acetic anhydride.

Another set of experiments having different
monomeric concentrations in the feed, have been
performed and the results are given in Table 2.
It was observed that, as the concentration of maleic
anhydride in feed was increased, the colour of the
copolymer obtained deepened from brown to
almost black. The colour of the pure poly
(maleic anhydride) is black.? The filtrate, ob-
tained after washing the copolymer with toluene,
was evaporated. The residue thus obtained gave
a test for chlorine. 'This suggested that the copo-
lymer was partially soluble in toluene. Quantita-
tive estimation of chlorine could not be made
because of experimental difficulties encountered
in it, such as presence of unreacted maleic anhy-
dride in the residue and slow rate of evaporation
of toluene. Iurthermore, heating or warming to
facilitate evaporation is not advisable because of
possible decomposition.

With a view to evaluating the monomer reac-
tivity ratios r; and r2, equation 2 is integrated to
get the following relations

where [A]o and [BJo‘are monomer concentration
in feed. [A] and [B] are the monomer concen-
tration when the reaction has stopped and

p=(1—=r1)[(1—72)

Valucs of p are arbitrarily chosen so that diflerent
values of r; and 7, are obtained in a significant
region. A plot of r; versus 7> (I'ig. 1) gives a
straight line for each experiment corresponding
to Table 2. Generally two experiments per-
formed under same conditions are needed to give
two straight lines and their point of intersection
determines the correct values of r; and r.. How-
ever, more than two experiments are performed
to calculate the range of error. When the reac-
tivity ratio of one of the monomer is zero, say
72=0, the straight lines should meet one another
at a point on r; axis. Due to experimental errors,
which are common in the free radical initiated
reactions, the lines do not meet at a point, but
are spread on the 7y axis. The monomer reactivity
ratios obtained by this plot for maleic anhydride
and trichloroethylene are r;=3g.7+0.2 and r.=o0
respectively.
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Fig. 1.—A plot of r| versus rp according to the method
of Mayo and Lewis.6 The numbering of the lines correspond
to the experiments in Table 2.
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Fig. 3.—A plot of f; (1-2Fy)/(1-f1)F1 against f‘2 (Fy-1)/

(1-f1)2Fy according to equation 5, by using the data given in
Table 2.

and F for
and Ross?

By substituting f for d[A]/d[B]
[A]/[B] in equation 2, Fineman
obtained the following relation

F2

Ff)lff=n——mn (4)

S

If r,=o0 then the straight line represented by

equation 4 should pass through origin and the

slope would be equal to r;. Fig. 2 gives 7,=3.9
and r.=o.
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Fig. 2.—A plot of F(f~1)/f versus F2/f using the method of
Fineman and Ross.9 The numbering of the points corres-
pond to the experiments in Table 2.
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Fig. 4.—A plot of Fy versus fy to obtain a theoretical curve,
The points represent the value of F1 and fy calculated
from the experimental data given in Table 2.

The modified form of Fineman and Ross equa-
tion,’® expressed in mole fraction of monomer A
in feed [fa=(1-fs)] and in copolymer formed
[Fa=(1-F3)] is given by

1 (I"QFI)/(I_fI)FI‘—T 7If|2<FI‘I)/(Ith)2F1 —5—72(8)

The result of the plot of equation 5 in accordance
with the data given in Table 2, is shown in Fig. g
and the values of r; and r» given by this figure are
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71=g.7 and ro=o0. The reactivity ratios deter-
mined by the above three methods are in good
agreement.

Equation 5 with necessary rearrangement can be
written as follows:

Fe=(rof o4 f1f2)|(rufi+ef i fatrafs)  (6)

By inserting in this equation the mean values of

71 and 7, found by above methods and the values
of fi and f2, the corresponding values for F; can
be calculated. A plot of F; versus f; gives a
theoretical curve shown in Fig 4. Experimental
values for F; and f; calculated from the data given
in Table 2, fit well with the curve providing a
reasonable test for the accuracy of the experiment
performed.

In view of what has been said above, it is clear
that benzoyl peroxide initiated free radical reac-
tion between maleic anhydride and trichloroethy-
lene results in a copolymer. The copolymeriza-
tion reaction between these two monomers suggests
that separate polymerization behaviour of in-
dividual monomer is a poor guide for the predic-
tion of their copolymerization behaviour. In the
present system r;>1 and r2< 1, therefore the
«copolymerization system is non-azeotropic'!

—

10.

I

R.A. Smpigur and M.A. Qupbus

References

T. Alfery Jr., J.J. Bohrer and H. Mark,
Copolymeriztion (Interscience, New
York, 1952), p. 45.

J.L. Lang, W.A. Povelich and H.D. Clary,
J. Polymer Sci., 1, 1123 (1963).

S.U. Mullik and M.A. Quddus, Pakistan J.
Sci. Ind. Res., 12, 181 (1969).

P.D. Bartlett and K. Kozaki, J. Am. Chem.
Soc., 68, 1495 (1946).

F.R. Mayo, F.M. Lewis and C. Walling,
J. Am. Chem. Soc., 70, 1519, 1533 (1948).

F.R. Mayo and F.M. Lewis, J. Am. Chem.
Soc., 66, 1594 (1944).

F.A. Mason, J. Chem. Soc., 1, 700 (1930).

A. Steyermark, Quantilative Micronalysis
(Academic Press, New York, 1961), p. 292.

M. Fineman and S.D. Ross, J. Polymer Sci.,

55 259 (1950).

P. J. Flory, Principles of Polymer Chemistry,
(Cornell University Press, New York,
1953), p- 186.

C.H. Bamford, W.G. Barb, A.D. Jenkins
and P.F. Onyon, Kinetics of Vinyl Poly-
merization by Radical Mechanism (Butter-
worths, London, 1958), p. 156.



