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[57] ABSTRACT

The invention provides an improvement in the suspen-
sion polymerization of vinyl chloride in an aqueous
medium in the presence of a monomer-soluble polymer-
ization initiator, according to which the amount of pol-
ymer scale deposition on the reactor walls can be
greatly decreased. The improvement comprises admix-
ing the agueous polymerization medium with (a) a
water-soluble crosslinked copolymer of an unsaturated
carboxylic acid monomer, e.g. acrylic acid, and a cross-
linking monomer such as di(methyl)allyl ether of dieth-
yleneglycol and (b) a non-ionic surface active agent in
combination.

4 Claims, No Drawings
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METHOD FOR THE POLYMERIZATION OF
VINYL CHLORIDE MONOMER IN AN AQEOUS
MEDIUM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to an improved method
for the polymerization of vinyl chioride monomer in an
aqueous medium or, more particularly, to a method for
the polymerization of vinyi chloride in an aqueous me-
dium, which method is outstandingly freed from the
problem of the polymer scale deposition on the inner
walls of the polymerization reactor and surfaces of
stirrer and other parts coming into contact with the
monomer during the polymerization reaction.

Needless to say, the most widely undertaken method
for the polymerization of vinyl chloride or a monomer
mixture mainly composed of vinyl chloride is the sus-
pension polymerization of the monomer or monomer
mixture in an aqueous medium in the presence of a
monomer-soluble polymerization initiator. As is well
known, one of the serious problems in the suspension
polymerization of vinyl chloride or the like monomer is
the deposition of polymer scale on the inner walls of the
polymerization reactor and surfaces of the stirrer and
other parts coming into contact with the monomer
during the polymerization reaction. Once the inner
walls of the polymerization reactor have been covered
by the polymer scale deposited thereon, the cooling
capacity of the polymerization reactor is greatly de-
creased resulting in the decrease in the productivity and
the polymer scale coming off the reactor walls is even-
tually intermixed with the polymer product to cause
degradation of the product quality. In addition, the
polymer scale deposited on the surfaces must be re-
moved to prepare for the next run of the polymerization
taking a great deal of labor and time while such a clean-
ing work of the reactor involves a very serious porblem
of the workers’ health due to the toxicity of the vinyl
chloride monomer absorbed in the polymer scale in a
considerably large amount.

One of the approaches for preventing polymer scale
deposition in the suspension polymerization of vinyl

chloride is to provide the reactor walls with a coating of

certain compounds insusceptible to the deposition of the
polymer scale. Various types of coating materials have
been proposed hitherto including polar organic com-
pounds such as amines, quinones, aldehydes and the
like, dyes and pigments, reaction products of a polar
organic compound or dye with a metal salt, mixtures of
an electron donor compound and an electron acceptor
compound, inorganic salts or complex compounds, and
others.

Besides the above mentioned methods by providing
the reactor walls with a coating layer, attempts have
been made to decrease the polymer scale deposition by
the modification of the recipe of the polymerization
mixture introduced into the polymerization reactor. For
example, Japanese Patent Kohyo Nos. 57-5000614 and
57-500650 teach admixture of the aqueous medium for
the suspension polymerization of vinyl chloride with a
dispersing agent which is a water-insoluble crosslinked
polymer prepared by the crosslinking copolymerization

10

15

20

25

30

35

45

50

33

65

2

of acrylic acid and a crosslinkable monomer such as
allyl pentaerithritol, allyl saccharose and the like. This
method, however, is not quite satisfactory in respect of
the rather low effectiveness of the method for the pre-
vention of polymer scale deposition.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a novel and convenient method for the suspen-
sion polymerization of vinyl chloride monomer in an
aqueous medium, which is outstandingly freed from the
probiem of polymer scale deposition on various surfaces
coming into contact with the monomer during the poly-
merization reaction.

Another object of the invention is to provide an im-
provement in the suspension polymerization of vinyl
chloride, according to which the amount of polymer
scale deposition on the reactor walls can be greatly
decreased by the admixture of the aqueous polymeriza-
tion medium with a specific additive compound.

Thus, the improvement provided by the present in-
vention comprises, in the suspension polymerization of
vinyl chloride monomer in an aqueous medium in the
presence of a monomer-soluble polymerization initiator,
admixing the aqueous medium with:

(a) a water-soluble crosslinked copolymer of a poly-
merization unsaturated carboxylic acid compound and a
crosslinking agent represented by the general formula

CH;—CR—CH;+0—CH;—CH7pxO—CH-
2--CHMe) -0+ CH;—CHE1)4-O—CH-
»—CR=CH3,

(1)
in which Me is a methyl group, Et is an ethyl group, R
is a hydrogen atom or a methyl group and p, qand r are
each zero or a positive integer with the proviso that
p+q+r i8 a positive integer not exceeding 500; and

(b) a non-ionic surface active agent.

The above mentioned polymerizable unsaturated
carboxylic acid is typically acrylic acid and the cross-
linking agent represented by the general formula (I) is
typically bisallyl or bismethylallyl ether of diethylene-
glycol.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As is understood from the above description, the
improvement provided by the invention comprises ad-
mixture of a specific crosslinked water-soluble copoly-
mer and a non-ionic surface active agent in combina-
tion. The copolymer is obtained by the copolymeriza-
tion of a polymerizable unsaturated carboxylic acid
compound and a crosslinking agent represented by the
general formula (I) in which each symbol has the mean-
ing as defined above. Each of the suffixes p, g and r is
zero or a positive integer by definition although it can
be a number with a fraction as an average value.

Exemplary of the crosslinking agent of the formula
(I) are: diethyleneglycol bisallyl ether, 1.e. a compound
of the formula (I) in which R is8 a hydrogen atom, p=2,
q=0 and r=0; diethyleneglycol bismethallyl ether, 1.c.
a compound of the formula (I) in which R is a methyl
group, p=0, q=0 and r=0; a compound of the formula
(I) in which R is a methyl group, p=4.5 on an average,
q=0 and r=0; a compound of the formula (I) in which
R is a hydrogen atom, p=8, q=2.6 on an average and
r=0; a compound of the formula (I) in which R is a
hydrogen atom, p=0, q=17 and r=0; a compound of
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the formula (I) in which R is a methyl group, p=0,
q=2.6 on an average and r=0; and the like. These
crosslinking agents can be used either singly or as a
combination of two kinds or more according to need.

Exemplary of the polymerizable unsaturated carbox-
ylic acid compound are: acrylic acid; methacrylic acid:
itaconic acid; chloroacrylic acid; cyanoacrylic acid;
a-phenylacrylic acid; a-benzylacrylic acid; crotonic
acid; maleic acid; fumaric acid; sorbic acid: and the like.
These polymerizable carboxylic acids can be used either
singly or as a combination of two kinds or more accord-
ing to need.

The crosslinking agent of the general formula (I) is
copolymerized with the unsaturated carboxylic acid in
an amount from 0.05 to 10 parts by weight or, prefera-
bly, from 0.5 to 5 parts by weight per 100 parts by
weight of the unsaturated carboxylic acid. When the
amount of the crosslinking agent is smaller than above,
the degree of crosslinking in the resultant copolymer is
too small so that the desired effect of preventing poly-
mer scale deposition may be insufficient while a copoly-
mer prepared with a too large amount of the crosslink-
ing agent is no longer soluble in water due to the exces-
sive degree of crosslinking so that such a copolymer is
not suitable for use in the inventive method.

It is essential that the above described water-soluble
crosslinked copolymer is added to the aqueous poly-
mernization medium in combination with a non-ionic
surface active agent. Exemplary of the non-ionic sur-
face active agent suitale in the inventive method are:
polyoxyethylene alkyl ethers; polyoxyethylene alkyl
phenyl ethers; polyoxyethylene polystyryl phenyl
ethers; polyoxyethylene polyoxypropylene block co-
polymers; partial esters of glycerin with a fatty acid;
partial esters of sorbitan with a fatty acid; partial esters
of pentaerithritol with a fatty acid; monoesters of
propyleneglycol with a fatty acid; partial esters of sac-
charose with a fatty acid; partial esters of polyoxyethyi-
ene sorbitan with a fatty acid; partial esters of polyoxy-
ethylene sorbitol with a fatty acid; partial esters of poly-
oxyethylene glycerin with a fatty acid; fatty acid esters
of polyethyleneglycol; partial esters of polyglycerin
with a fatty acid; polyoxyethylene adducts of castor oil;
fatty acid diethanolamides; N,N-bis(2-hydroxylalkyl)
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of triethanolamine; trialkylamine oxides; and the like.
These non-ionic surface active agents can be used either

singly or as a combination of two kinds or more acc-
cording t0 need.

The amounts of the ingredients (a) and (b) added to
the aqueous polymerization medium should be in the
range from 0.01 to 2 parts by weight or, preferably,
from 0.02 to 0.5 part by weight for the ingredient (a)
and from 0.005 to 1 part by weight or, preferably, from
0.01 to 0.5 part by weight for the ingredient (b) each per
100 parts by weight of the vinyl chloride monomer or
the monomer mixture disperssed in the aqueous me-
dium. These amounts are critical in order that the mon-
omer is dispersed in the aqueous medium in the form of
very fine droplets having great stability to cause little
deposition of the polymer scale during the polymeriza-
tion reaction.

It is of course optional that the above described
method of the present invention is undertaken in combi-
nation with the conventional method for the prevention
of polymer scale deposition by providing a coating on
the surface of the reactor walls and other surfaces with
a known coating composition with further increased

50

55

60

63

4

effects of polymer scale prevention is desired. Suitable
coating compositions include those disclosed in Japa-
nese Patent Publications Nos. 45-30343, 45-30835,
56-5442, 56-5443, 56-5444 and others. Particularly pref-
erable as the coating material are polar organic com-
pounds such as dyes, e.g. direct dyes, acidic dyes, basic
dyes, vat dyes, sulfur dyes, mordant dyes, disperse dyes,
oil-soluble dyes, reactive dyes and the like, amine com-
pounds, quinone compounds, aldehyde compounds and
the like, of which the organic dyes having one or more
azine rings in the molecule are particularly satisfactory.

Like conventional procedures for the suspension pol-
ymerization of vinyl chloride monomer, the polymeri-
zation reaction according to the invention is carried out
in the presence of a monomer-soluble polymerization
Initiator. The type of the monomer-soluble polymeriza-
tion initiator is not particularly limitative and exemplary
of the initiators usable in the inventive method are or-
ganic peroxides such as diisopropyl peroxy dicarbonate,
di-2-ethylhexyl peroxy dicarbonate, acetyl cyclohexyl
sulfonyl peroxide, tert-butyl peroxy pivalate, benzoyl
peroxide, lauroyl peroxide and the like and azo com-
pounds such as azobisisobutyronitrile, azobis-2,4-
dimethyl valeronitrile, azobis-4-methoxy-2,4-dimethyl
valeronitrile and the like.

The method of the present invention is applicable not
only to the homopolymerization of vinyl chloride but
also to the copolymeriation of vinyl chloride with one
or more of other copolymerizable monomers known in
the art. Several examples of such comonomers include
vinyl esters, e.g. vinyl acetate, vinyl ethers, acrylic and
methacrylic acids and esters thereof, maleic and fumaric
acid and esters thereof, maleic anhydride, aromatic
vinyl compounds, e.g. styrene, unsaturated nitrile com-
pounds, e.g. acrylonitrile halides, e.g. vinylidene fluo-
ride and vinylidene chloride, olefins, e.g. ethylene and
propylene, and the like.

In practicing the method of the present invention, a
further enhanced effect of polymer scale prevention can
be obtained by admixing the aqueous medium with a
small amount, e.g. 1% by weight or smaller, of a water-
soluble basic or alkaline compound.

Excepting the addition of the above described ingre-
dients (a) and (b) in combination to the aqueous poly-
merization medium, the polymerization reaction of the
inventive method can be performed under rather con-
ventional polymerization conditions including the
amount of the polymerization initator, temperature and
length of time of the polymerization reaction and oth-
ers.
In the following, the method of the invention is de-
scribed in more detail by way of examples.

EXAMPLES 1 TO 5§ AND COMPARATIVE
EXAMPLES 1 AND 2

Into a stainless steel-made polymerization reactor of
100 liter capacity were introduced 60 kg of deionized
water, 14 g of di-2-ethylhexyl peroxy dicarbonate as the
polymerization initiator, 30 g of either one of the cross-
linked copolymers I, II, 111, IV and V indicated below
and 30 g of either one of the non-ionic surface active
agents I, II and III indicated below and, after evacua-
tion of the reactor down to a pressure of 50 mmHg, 30
kg of vinyl chloride monomer were introduced there-
into to form a polymerization mixture which was
heated up to a temperature of 57° C. under agitation to
start the polymerization reaction.
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When the pressure inside the polymerization reactor
had dropped to 6.0 kg/cm2G after about 6 hours from
the start of the polymerization reaction, the reaction
was terminated, the unreacted vinyl chloride monomer
was recovered and the polymerizate slurry was dis- 5
charged out of the reactor to examine the condition on
the surface of the reactor walls in respect of the poly-
mer scale deposition.

Taking the above described procedure of the poly-
merization as a run, the same cycle of the polymeriza-
tion was repeated until deposition of polymer scale was
found on the reactor walls by the visual examination
and the number of runs thereto was recorded to give the
results shown in Table 1 below.

Crosslinked copolymers
I: a copolymer prepared from 100 parts by weight of
acrylic acid and 1 part by weight of diethylenegly-
col bisallyl ether

II: a copolymer prepared from 100 parts by weight of

acrylic acid and 2 parts by weight of diethylenegly- 20
col bisallyl ether

III: a copolymer prepared from 100 parts by weight

of acrylic acid and 2 parts by weight of diethylene-
glycol bismethallyl ether

IV: a copolymer prepared from 100 parts by weight 25

of acrylic acid and 0.3 part by weight of allyl penta-
erithritoi

V: a copolymer prepared from 100 parts by weight of

acrylic acid and 1.3 parts by weight of allyl saccha-
rose
Non-ionic surface active agents
I: sorbitan monolaurate (Span 20)
I1: polyoxyethylene sorbitan monolaurate (Tween 20)

III: polyoxyethylene sorbitan monooleate (Tween
80)
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EXAMPLE 6 TO 8

The inner walls of the same polymerization reactor as
used in the preceding examples and the surface of the
stirred were coated with the coating material as indi- 40
cated in Table 2 below in a coating amount of 0.001
g/m? as dried.

TABLE 1
Non-ionic Number of
435
surface runs to
Crosslinked active scale de-
copolymer agent position
Example
i I I 12
2 I [] 5 30
3 I [11 16
4 11 I11 14
5 I11 I11 {4,
Comparative
Example
i v {11 4 35
2 \' I 3
Then, 60 kg of deionized water, 16 g of a 1:1 by weight
mixture of azobis-2,4-dimethyl valeronitrile and di-2-
60
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ethylhexyl peroxy dicarbonate as the polymerization
initiator, 30 g of the crosslinked copolymer I used in the
preceding examples and 30 g of the non-ionic surface
active agent III used in the preceding examples were
introduced into the polymerization reactor and, after
evacuation of the reactor to exclude oxygen, 30 kg of
vinyl chloride monomer were further added thereto to
form a polymerization mixture which was heated to 57°
C. under agitation to start the polymerization reaction.
The reaction was terminated when the pressure inside
the reactor had dropped to 6.0 kg/cm? after about 6
hours from the start of the reaction and the unreacted
vinyl chloride monomer was recovered followed by
discharging of the polymerizate slurry to visually exam-
ine the condition of the reactor walls. )

The polymerization run as described above was re-
peated until deposition of polymer scale could be found
on the reactor walls and the number of the repeated
runs thereto was recorded to give the results shown in
Table 2,

TABLE 2
Example No. 6 7 8
Coating agent Solvent Black 7  Solvent Black 5 Mixture
of Acid
Black 2
and
phytic
acid
Number of 100 100 115
runs to
scale deposition

What is claimed is:

1. In a method for the suspension polymernzation of
vinyl chloride monomer or a monomer mixture mainly
composed of vinyl chloride in an agqueous medium in
the presence of a monomer-soluble polymerization in-
tiator, an improvement which comprises admixing the
aqueous medium with:

(a) a water-soluble crosslinked copolymer of 100
parts by weight of acrylic acid and from 0.05 to 10
parts by weight of [bisally!l ether or] bismethallyl
ether of diethyleneglycol; and

(b) a non-ionic surface active agent.

2. The improvement as claimed in claim 1 wherein
the amount of the ingredient (a) added to the aqueous
medium is in the range from 0.01 to 2 parts by weight
per 100 parts by weight of the vinyl chloride monomer
or the monomer mixture.

3. The improvement as claimed in claim 1 wherein
the amount of the ingredient (a) addded to the aqueous
medium is in the range from 0.005 to 1 part by weight
per 100 parts by weight of the vinyl chloride monomer
or the monomer mixture.

4. The improvement as claimed in claim 1 which
further comprises coating the inner walls of the poly-

merization reactor with an organic polar compound.
® & X % X
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