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SYNOPSIS

Crosslinked poly (vinyl chloride) (PVC) was obtained by using bismaleic compound (BMC).
Styrene, as auxiliary crosslinker, can markedly promote the crosslinking course. After having
carefully studied the gelling behavior of PVC in crosslinking, and the reactivity of styrene
and BMC with PVC, the crosslink mechanism was suggested. The main crosslink reaction
is the bridging of bismaleic compound between PVC macroradicals, which were created by
thermal degradation of PVC and disproportionation of PVC with initiator radicals and
styrene radicals. The first step of crosslink reaction was the BMC grafting on PVC macro-
radicals. Then styrene copolymerizes with active center bearing on bismaleic compound to
propagate graft chain, which make bridging reaction easier to take place. At last, PVC*
reacted with another double bond possessed by grafted BMC to form network structure

INTRODUCTION

Crosslinked PVC, due to the formation of network
structure, has better heat and solvent resistance and
more excellent mechanical properties.! Crosslinked
PVC is used in many areas, such as wire coating,
electrical insulator,? and airplane floor. We can ob-
tain crosslinked PVC by radiation® or chemical
agents.*® The widely used chemical agents are
azides,® dimercaptocompounds, diisocyanate / maleic
anhydride /styrene,” divinyl compounds, and other
polyfunctional monomers.®

As a divinyl monomer, bismaleic compound can
crosslink poly(vinyl chloride) through grafting on
PVC chains. It is generally believed that PVC chain
attacked by radical at high temperature will create
PVC macroradical (PVC*),? which can initialize
divinyl monomer to copolymerize with it. At last,
the crosslinked PVC will be obtained.

* To whom correspondence should be addressed. Present ad-
dress: Chemical Engineering Department, Clarkson University,
Potsdam, NY 13699, USA.
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EXPERIMENTAL

Materials
All reagents and starting materials used in the course

of this work were reagent grade and without any
other purification. Bismaleic compound (BMC) was
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Scheme 1 Crosslinking of poly (vinyl chloride).
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a specially synthesized compound with following
structure:

Graft of Styrene on PVC

PVC containing 10% styrene (St), 4%0 dicumyl per-
oxide (DCP), and 80% dichloromethane was placed
into a reactor and reacted for 20 min in oil bath at
(160-190°C). The unreacted styrene and homo-
polymer of styrene was removed by THF and ben-
zene,

Graft of BMC on PVC

A solution of 2 g PVC, 0.076 g BMC, 0.008 g DCP,
and 1.6 g dichloromethane, which had been well
mixed, was placed in a reactor. Let it react at a con-
stant temperature (160-190°C). The unreacted
BMC was removed by THF and methanol (Fig. 1).

Preparation of Crosslinked PVC

To a reactor were added 2 g PVC, 0.2 g St, 0.008 g
DCP, 0.076 g BMC, and 1.6 g dichloromethane well-
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Figure 1 IR spectrum of PVC-BMC graft copolymer.

mixed. Place the reactor into oil bath with constant
temperature (160-190°C). The crosslinked PVC
would be obtained later.

Determination of Graft Efficiency

A solution 0of 1.00 g PVC grafted by BMC was solved
by THF. The ungrafted BMC was insoluble in THF,
which would be separated from solution by ultra-
centrifuge. From the weight of ungrafted BMC, we
calculated the fraction of grafted BMC, i.e., graft
efficiency (GE).

Determination of Gel-fraction Content

A solution of 1.00 g powdered crosslinked PVC, from
which dichloromethane, unreacted monomers, and
other volatile compounds had been removed, was
abstracted by 50 mL THF for 48 h. The unsoluble
PVC was separated from THF by ultra-centrifuge.
From the weight of THF-unsoluble PVC, we cal-
culated the gel-fraction content of crosslinked PVC.

RESULTS AND DISCUSSION

Crosslinking Reaction of PVC
Graft of Styrene on PVC

It is very difficult to study the crosslink reaction of
PVC in the presence of styrene and BMC. So, we
prefer to study the reaction of styrene with PVC at
first. The experimental results show that styrene
cannot be grafted onto PVC in our conditions (see
Fig. 2). From the IR spectrum of reacted PVC from
which the unreacted styrene and polystyrene had
been removed, we do not find the phenyl absorption
band (1495 and 695 cm™1).

According to Doak’s work, '° the reactivity ratios
of vinyl chloride (monomer 1) with styrene (mono-
mer 2) are: ri2 = 0.02, r5; = 17. The instantaneous
mole fractions of copolymer can be expressed as fol-
lows:

Po= d[M;]
' d[M] + d[M;]
_ (1 Mol ra[Ms] + [Mll)"l
[IMy] r[M;]+ [M;]
F, d[M;]

T d[M,] + d[M;]

— (1 + [M;] . rio[M;] + [M;] )_1
[Mz] roi[Me] + [M,]
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Figure 2 IR spectrum of PVC having reacted with St for 20 min.

And M, includes all potential active center bear-
ing on PVC, which can create PVC* if being at-
tacked by radicals or acted by heat.

In our system, [M;]/[M;] — 0; rip;[M;]} = 0.
Therefore,

- (M,] - (M,]
2[Mi] + rai[My]  17[M;]

F2:1_F1—>1

Fy

This obviously indicates that styrene has strong
tendency of homopolymerization. Styrene cannot be
grafted to PVC chain in this situation. Of course,

in other conditions, such as cationic copolymeriza-
tion, styrene may be grafted to the PVC chain.!!

Reaction of PVC with BMC

PVC containing BMC and DCP will crosslink at
high temperature (see Table I). At lower tempera-
ture, graft reaction takes place only between PVC
and BMC (see Table I).

Our experimental results show that BMC can be
grafted onto PVC chain and form network structure
at high temperature. The graft efficiency has a max-
imum value at about 180°C. But the gel-fraction is
very small (about 5-6%).

Table I Graft Efficiency (GE) of BMC and Gel-fraction Content (GF)

of PVC at Different Reaction Temperature

Reaction Time (min) 8 10 12 14 16 18 20
160°C GE (%) 8.2 11 14 22 30 36 41
GF (%) 0 0 0 0 0 0 0
170°C GE (%) 15 23 — — — — —
GF (%) 0 0.4 1.2 2.9 4.3 5.6 7.0
180°C GE (%) 26 — — — — -— —
GF (%) 1.7 2.8 4.0 5.8 6.9 8.0 8.9
190°C GE (%) 14 — — — — — —
GF (%) 0.5 14 3.0 4.5 5.2 5.6 5.8
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According to our former work, the reactivity ra- a %—“—R_;;é
tios of VC (monomer 1) with BMC (monomer 3) O 0
are ri3 = 042, r3 = 0. PVC—Q—PVC—Q—PVC —
"""" ® Crosslinked PVC
_ [M3] ra[M;] + [M]\7!
Fi=(1+ . o) o
[(Mi] ris[Mi] + [Ms] o EZOH HO =X
SR>
_[Ms] + 0.42[M;] o 0
2[M;] + 0.42[ M, ] Scheme 3 Produce of crosslinked PVC.
In our system, [M,]/[M;3] = 0. Therefore, F;, - PVC=~~=~ =PVC~~%~~ + CI
0.5; F3 — 0.5. Cl
It 1nd1(?ates that BMC tends to copolymer.lze W}th PVC~~ T 0, — PVC= = PVC~~~ + HO*
PVC chain, and PVC* tends to copolymerize with H OOH O.
BMC. Therefore, BMC can be easily grafted onto .
the PVC chain. pVC o
When reaching definite graft efficiency, another PVC~~~~~~ = ) }
unreacted double bond bearing on grafted BMC will PVC-~~=~=~ = | pygm~~—im~
react with other PVC* to form crosslinked PVC. PYC -~~~ PVC~~~~~~~ + HI
Because of strong space hindrance, the probabil- PVG~~m~~~ + HCI
ity of these reactions taking place is very small. e .
Therefore, we cannot obtain high gel-fraction con- PVeC * St —PVCTT St
tent, if only depending on bismaleic compound. Scheme 4 Crosslinking course.
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Figure 3 Effects of St on gelling speed of PVC at 170°C, 6 phr BMC.
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Figure 4 Effects of St on gelling speed of PVC at 180°C, 6 phr BMC.

Reaction among PVC, St, and BMC Crosslinking Mechanism

As shown in Figs. 3, 4, and 5, St markedly accelerates Creation of PVC Macroradicals (PVC*)
the crosslinking course of PVC. Thus St tends to

produce AB-type copolymer with BMC, which en- As reported by Gillen et al.,'>"® PVC will degrade
longs the graft chain and increases the reactivity of to produce PVC* at high temperature or when at-
uninitialized double bond bearing on grafted BMC. tacked by monomer radicals.
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Figure 5 Effects of St on gelling speed of PVC at 190°C, 6 phr BMC.
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Scheme 5 Crosslinking of PVC.

In the absence of St, PVC* tends to react with
BMC to produce PVC-BMC*¥*, as indicated earlier.

PVC* + BMC — PVC-BMC*

PVC-BMC* will further react with PVC* to form
crosslinked PVC.

—PVC-BMC-PVC—

PVC-BMC* + PVC* + BMC — BMC BMC
—PVC—BMC—P\[IC—

Crosslinked PVC

In the presence of St, our experiments indicated
that St (monomer 2) tends to copolymerize with
BMC (monomer 3) to produce AB-type copolymers
(r23 = 002, rgg = O)

Acted on by heat, St produces St* by itself.
St* will attack BMC and PVC to create BMC*
and PVC*.

As we expected, St can promote the crosslinking
course of PVC, because St can act as an auxiliary
crosslinker. In addition, St itself can produce radi-
cals that help the forming of PVC macroradicals.

CONCLUSION

Bismaleic compound as crosslinker of PVC is very
effective and practical. The crosslinking mechanism
is the bridging of bismaleic compound between PVC
macroradicals created by thermal degradation of
PVC itself and disproportionation of PVC with ini-
tiator radicals and styrene radicals. Styrene as aux-
iliary crosslinker can obviously promote grafting of
BMC on PVC chain, and accelerate the crosslinking
course.

Financial support for this work by Chinese Nature & Sci-
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to acknowledge Ms. Xia Siqing’s help in the course of this
work.

REFERENCES

1. A. Yamamoto and Y. Kinoshita, /. Jpn Plastics Age,
12(10), 25 (1974).

2. H. Sato, et al., Jpn. Kokai Tokkyo Koho, JP 61, 133,
509 (1986).



CROSSLINKING PVC WITH BISMALEIC COMPOUND. I

. G. D. Jones, Chemical Reactions of Polymers, Fettes-
Interscience, New York, 1964,

. J. Peterson and B. Ranby, J. Makromol. Chem., 102,
83 (1967).

. Torii and S. Isshoku, Presented at the Tokyo Regional
Meeting of the Society of Electrical Engineers, 1961.

. D. S. Breslow, U.S. Pat. 3,261,786 (1966).

. R. W. Klicker, J. Aust. Plast. Rubber, 21 (257), 137
(1966).

. Y. Nakamura and M. Saito, Kobunshi Kagaku,
20(216), 241 (1963).

. S. G. Bankoff and R. N. Shreve, J. Ind. Eng. Chem.,
45, 270 (1953).

10

11.

12.

13.

14.
15.

943

. L. N. Loonard, Encyclopedia of PVC, Volume 1, Chap.
4, Marrcel Dekker, New York, 1976.

N. Moszner and M. Hartmann, J. Acta Polym., 32(1),
19 (1981).

G. Agrey, B. C. Head, and R. C. Poller, J. Polym. Sci.,
Macromol. Rev., 8,1 (1974).

K. T. Gillen and R. L. Clough, J. Polvm. Mat. Sci,,
52, 586 (1985).

E. J. Arlman, J. Polym. Sci., 12, 534 (1954).

G. J. Atchison, J. Polym. Sci., 49, 358 (1961).

Received December 22, 1989
Accepted May 14, 1991





