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POLYMERIZATION PROCESS OF VINYL CHLORIDE .

5 This invention relates to a polymerization pro-

cess of vinyl chloride, and more specifically to a pro-

cess for polymerizing vinyl chloride while using a.

polymerizer in a closed- mode.

10 _ Polyvinyl chloride is an extremely useful resin

as a commodity resin having excellent properties.

Polyvinyl chloride is generally produced by aqueous

suspension polymerization.

In conventional aqueous

suspension polymerization processes for vinyl chloride,

15 the résulting polymer sticks rather firmly on a wall

surface of a polymerizer. Thus it has heretofore been

the practice to take the contents out of the

polymerizer subsequent to the polymerization, open the

- polyﬁerizer and then clean up the interior with sub-

20 - stantial labor prior to the initiation of the next

polymerization. With a view toward preventing sticking

of a polymer on a wall of a_polymerizer so that en-

vironmental pollution can avoided and the productivity
. < .

can be improved, some methods have been developed in

25 recent'years fo;ﬁ%ﬁgdgpplication of an anti-fouling
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agent on a wall of a polymeriier. These methods have
made .it possible to substantially reduce the amount of
a polymer stuck on # po;ymerizer wall and further, to
prevenf the polymer from firmly stickihg on the
polymerizer wall. As a result, it has now become pos-
sible to remove stuck polyvinyl chloride from a wall of
a polymerizer.by opening the polymerizer and then simp-
ly washing the polymerizer with high-pressure water
subsequent to the polymerization of vinyl chloride,
resulting iniéign;ficant rationalization of the washing
operation. | |
Further, effective anti-fouling agents have also

been developed. They have now méde it possible to per-
form polymerization in a so-called closed mode, that
is, to conduct the next polymerization operation after
washing the inside.of a polymerizer with water without
practically opening the polymerizer subsequent to the.
polymerization of vinyl chloride.

- However the present inventors have found the ex-
istence of ghe problem that the effects of an anti-

fouling agent for the prevention of sticking of a poly-

. mer on a wall of a polymerizer are reduced when

employed in polymerization in a closed mode although
the anti-fouling agent has been effective conventional-

ly, that is, when the polymerizer is opened.
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A preferred embodiment of the present invention may
overcome the above;described problem and hence to
provide a process for thé polymerization of wvinyl
chloride, which can fully exhibit effecﬁs of an anti-
fouling agent even when the polYmerization is conducted
in the so;called closed mode.

To attain the above object, the present inventors
have proceed with an extensive investigation. &as a
resﬁlt, it has surprisingly been found that oxygen is
important upon repeatedly performing polymérization in
a closed mode, leading to the preéent invention.

In one aspect of the present invention, there is
thus provided a procéss for the polymerizatién of Qinyl
chloride in a closed mode, which comprises causipg
oxygen to exist in a éolymerizer, which is coated with
an anti—foﬁiing agent,-during an operation in which the
polymerization is repeatéd. '

Pfeferably, the oxygen may be caused to exist in
the polymerizer so that anti-fouling effects are

retained.

Aquéous suspension polymerization of vinyl

chloride can be conducted using a polymerizer in closed

-
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mode. The polymerization is initiaﬁed by charging raw
materials such as water as a suspending medium, a dis-
persin§ agent, a polYmerization initiator and vinyl
chloride monomer and.then heating them. According to
'the present invention, oxygen is caused to exist until
_the'polymerizatidn is initiated. It is preférred to
control the concentration of the oxygen at 10-1000. ppm
by weight based on the vinyl chloride monomer charged
at the time of the polymerization. |

The oxygen may preferably be caused to exist at
300-10000 ppm by.weight in a gas phase of the
polymerizer before, during or after application of the
anti-fouiing.agent. |

In this case, it is preferred to polymerize the
vinyl chloride monomer after controlling the concentra-
tion of the oxygen at 10-1000 ppm by weight based on
the vinyl chloride monomer charged at the time of the
initiation of the polymerizatién. |

In the above process, the anti-fouling agent can
preferably be a condensate of a compound having a
phenclic hydroxyl group, a self-condénsate of a com-
pound having a phénoiic hydroxyl group, or a modified
product thérebf.

"The term "a closed mode" as used herein means

that after completion of a polymerization reaction and
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discharge of a slurry,-next polymerization is conducted

without opening of the polymerizer to the atmosphere

while vinyl chloride monomer still remains in a gas
phase inside the polymerizer. The' nhext polymerization
can be conducted by simply washing any remaining poly-
mer out of the polymerizer withou; opening the interior
of the polymerizer.. This can avoid release of vinyl
chloride monomer into the atmosphere and/or can
rationalize the recovery of vinyl chlofide monomer from
the polymerizer. The expression "without opening ceen
to the atmosphere" as used herein means, for exampie,
that an operator does not perform such an operation as

opening a manhole of the polymerizer or purging the in-

~terior of the system with an inert gas such as air or

nitrogen.
The present inventors conducted an investigation

for the development of an anti-fouling agent which is

. useful in reducing the amount of a polymer sticking on

a wall upon polymgrization'of vinyl chloride. Thaf in-
vestigation resuited in the development of fully effec-
tive anti-fouling agents gnd an application method
thereof and as disclosed in EPC 0462284A1, revealed an
excellent method. The present invgntors then proceed
with a further investigation on polymerization pro-

cesses of vinyl chloride in order to achieve

This Sheet Has Been Re;ilaced




10

15

20

25

po;ymerization of vinyl chloride in a closed mode by
applying thése excellent methods. Polymerization of
vinyl chloride in a closed mode by the use of the ex-
cellent anti-fouling agent and application method
thereof described above indicated that the inherent ef-
fects of the anti-fouling agent are.lowered when the
raw materials are repeatedly charged and polymerized

without opening the polymerizer after the polymeriza-

tion of vinyl chloride in each batch. As a result, it

came to the knowlédge that maintenance of high polymer
quality requires to open the pblymerizer and then to
remove stuck polymer from its wall, resulting in a
reduction in the number of batches polymerizable in the
closed mode.

The présent inventors have proceed with a study
to determine a cause for the above reduction in the ef-
fects of the anti-fouling agent. The study included
charging oxygen in a small amount upon polymerization
in a closed mode. It has now been found surprisingly
that the existence of a small amount of oxygen upon
polymerization in a closed mode is importaﬁt for allow-
ing an anti-fouling agent to exhibit its inherent per-
formance, leading to the present invention.

The polymerization of vinyl chloride by the pro-

cess of this invention can be conducted in a similar
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manner to a known polymerization pfocess except that a

. polymerizer is used in a closed mode and oxygen is

caused to exist in the polymerizer.

Namely; vinyl chloride monoméf and if necessary,
a monomer copolymerizable with the vinyl chloride
monomer are heated and polymerized in the presence of
water, a dispersing agent and a polymerization in-.
itiator. After the polymerization, an aqueous slurry
of the resultant polymer is discharged, any ﬁolymer
remaihing in the polymerizer is cleaned off with water,
and polymerization is then conducted. This operation
is repeated.

For tﬁe process of the present invention, any
known polymerizer and equipments effective for the im-
provement of productivity, which is an object of the
present invention, .can be used. A polymérizer having a
capacity of 20-350 m3, preferably 40-250 m3 can be
used. It is recommended to use a reflux condenser for
the removal of heat of polymerizatioﬁ.

Although the process according to the present in-
vention can be applied to both bulk polymerization and
suspension polymerization, it is effective especially
for suspension polymerization.

Suspénsion bolymerization uses water as a medium.

The polymerization can be conducted by using water and
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vinyl chloride monomer at a known ratio, for example,
at a water/vinyl chloride ratio. of from 0.8 to 1.5,
preferably fromlo.ss to 1.2, more preferably from 0.§
to 1.0. '

The process of the present invention can also be
applied for the polymerization of vinyl chloride or for
the-copoiymerization or graft ponmerizaﬁion of vinyl
chloride as a principal component.

No particular limitation is imposed bﬁ monomers
copolymerizable with vinyl chloride insofar as they are
commonly employed for copolymerization with Yinyl
chloride. Illustrative examples of such copolymeriz-
able monomers include vinyl esters such as vinyl
acetate, vinyl caproate and vinyl stearaté: olefins
such as etﬁylene, propylene, butene and isqbutylene;
vinyl ethers such as isobutyl vinyl ether, octyl vinyl
ether, dodecyl vinyl ether and phenyl vinyl ether:
halogenhated olefins such as vinylidehe chloride, vinYl
fluofide, propylene chloride and vinyl bromide; acry-
lates and methacrylates such as éthyl acryiate, n-butyl
acrylate, ﬁ-butyl methacrylate, 2-ethylhexyl acrylate,
2-ethylhexyl methacrylate and stearyl acrylate; acrylic
acid; methacrylic acid; maleic acid; maleic anhydride;
fumaric acid; itaconic anhydride; acrylonitrile; and i

methacrylonitrile. They can be used either singly or
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in combination. It'is however preferred to use one or
more of these copolymerizable monomers in a total
amount not exceeding 15 wt.% based on vinyl chloride.

Graft polymerization can conducted by a known
graft polymerization process in which vinyl chloride is
graft-polymerized on a polymer. Examples of the polyF
mer émployed upon conducting the graft polymerization
include ethylene-vinyl acetate copolymer (EVA),

ethylene-ethyl acrylate copolymer, chlorinated poly-

ethylene, polyurethane, butadiene-styrene-methyl

methacrylate (MBS), butadiene-acrylonitrile-(a-
methyl)styrene copolymer (ABS), polybutyl acrylate,
butyl rubber;.polystyreﬁe, and styrene-butadiene
cépolymer.

In the present invention, a polymerization in-

itiator employed generally in the polymerization of

vinyl chloride, especially an oil-soluble radical in-

“itiator is used as a polymerization initiator. Illus-

trative usable polymerization initiators include per-
carbonates such as diisopropyl peroxydicarbonate, dioc-
tyl peroxydicarbonate, dilauryl peroxydicarbonate,
dimyristyl peroxydicarbonate, dicetyl peroxydicar-
bonate, di-tert-butyl peroxydicarbonéte, di (ethoxy-
ethyl) peroxydicarbonate, di(methoxyisopropyl) peroxy-
dicarbonate, di(n-methoxybutyl) peroxydidarbbﬁéte,

I
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di(3—methoxy-;-methy1buty1).peroxydicarbonate, di-
(butoxyethyl) peroxydicarbonaﬁe, di(2-isopropoxyethyl)
peroxydicarbonate, di{2-isopropoxyethyl) peroxydicar-
bonate, dibenzyl peroxydicarbonate, dicyclohexyl
peréxydicarbonate,.and di-terﬁ-butylcyclohexyl peroxy-
dicarﬁonate; peresters such as tert-butyl peroxy-
neodecanoate; amyl peroxyneodecénoate, tert~-octyl .
peroxyneodecanoate, a-cumyl peroxyneodecanoate, tert-
butyl peroxypivalate, amyl peroxypivalate, tert-octyl
peroxypivalate, a—cuﬁyl peroxytoluenepivalate, perhexyl
oxalate, di-tert-buﬁyl peroxyoxaiate, acetylcyclohexyl-
sulfonyl peroxide, and 1,1,3,3-tetramethylbutyl peroxy-
phenoxyacetate; and azo compounds such as ?,2'-azobis-~
isobutyronitrile, 2,2'—azobis;z,4-dimethy1valero-
nitrile, and 2,2'4azobis-4—methoxy—2,4-diméthylvalero-
nitrile. As is done commonly, these polymerization in-
itiators can be used in combination. To provide a con-
stant polymerization reacfion velocity, it is recom-
mgnded to use tﬁo or more of these polymerization in-
itiators in combination and to charge them into a
polymerizer through a pump. These polymerization in-
itiators can be used either as are or in the form of an
aqueous emulsion or suspension or in a form dissolved
in a solvent such as toluene.

In ‘the process of the present invention, a known
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dispersing agent commonly employed-in the polymeriza-
tion of vinyl chloride can also be used. Usable ex-
emplary dispersing agents include synthetic high
molecular compounds such as fully saponified or par-
tially saponified polyvinyl alcohol, methyl cellulose,
ethyl cellulose, hydroxyethyl cellulose, hydroxypropyl
cellulose, hydroxypropylmethyl cellulose, carboxymethyl
cellulose, polyvinylpyrrolidone, and maleic anhydride-
vinyl acetate copolymer; and natural high-molecular

substances such as starch and gelatin. Known dispers-

ing agents which are formed in combination of two or

more of these dispersing agents can be used.

Described specifically, provision of PVC of high
bulk specific gravity by the present inventicn can be
achieved, for example,'by using polyvinyl alcohol of a
saponification degree of 90 mole % or msre in an amount
of from 30 to 76 wt.% of éné total smount of dispersing
agents. As another example, provision of PVC of small-~
er fish eyes can be achieved by using polyvinyl alcohoi
of having a saponification degree of 40-50 mole % and a
polymerization degree of 200-300 in an amount of from
30 to 60 wt.% of the total amount of dispsrsihg agents.

The dispersing agent is general;y used in an
amount of 0.02-0.2 part by weight, preferably 0.04-0.18

part by weight, more preferably 0.06-0.15 part by
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weight per 100 parts by weight of vinyl chloride
monomer. |

| In the process of the present invention, it is
necessary to apply an anti-fouling agent (hereinafter
abbreviated as "a coating agent"YOn a wall of a
polymerizer or the like, with which vinyl chloride
monomer may be brought into contact. A known anti-
fouling agent can be applied by a known method. The
application of a coating agent is preferably conducted
prior to polymerization. It is however not absolutely
necessary to apply the coating agent prior to charging
every polymerization batch.

Any coating agent known as én anti-fouling agent
for vinyl chloride can be used. For example, a con-
densate of a compound haVing a phenolic hydroxyl grﬁup
can be used. In particular, a self-condensate of a

compound having a phenolic hydroxyl group, a condensate

" of a compound having a phenolic .hydroxyl group, or a

modified product thereof can be mentioned. Specifical-

ly, illustrative examples of the self-condensate of the
compound having the phenolic hydroxyl grbup include
self-condensates of monohydric to polyhydric phenol
compounds disclosed in U.S. Patent 4,080,173. The con-

densate of the'compoﬁnd having the phenolic hydroxyl

group can be a.cdndensate of a monohydric or polyhydric

I —
ect Has Been Re laced

TG



10

15

20

25

_13_

phenol and an aldehyde, a condensate formed by usihg
two or more.monohydric'and/or.polyhydric phenols and
two or more aldehydes upon preparation of the con;
densate, a condensate obﬁained by condensing a compound
other than phenols, or a modified product thereof.
Specific examples of these eoating agents include the
coating agents disclosed in EPC 0462284Al1, the .
pyrogalloi—eldehyde condensates disclosed in Japanese
Patent Publication No. 59246/1985, and the self-
condensates of phenols disclosed in Japanese patent
Publication No. 3841/1987. Particularly preferred ex-
amples include the coating agents recited in claims 4
to 25 and 27 of EPC 0462284A1, the eoatinq agents dis-
closed on page 4, line 48 to page 9. line 35, especial-
ly those described in Examples 3, 11, 13 and 17.
Coating agents preferred for use in the process
of the present invention are resol-type initial con-
densates obtained by reactlng phenols and aldehydes in
the presence of a basic catalyst. More preferred are

modified products which have been obtained by modifying

- such initial condensates with various modifiers. Il-

lustrative phencls include monohydric phenols such as
phenol, cresol and ethylphenol; dihydric phenols such
as resorcin and hydroquinone; bisphenols such as

bisphenol A; and their substituted derivatives. They
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can be used either singly or in combination. Exemplary

aldehydes include CHO-containing organic compounds such

_as formaldehyde, acetaldehyde, furfural, propion-

aldehyde, butylaldehydé, acrolein, crotonaldehyde, ben-
zaldehyde, phenylacetaldehyde, 3-pheny1propidnaldehyde
and 2-phenylpropionaldehyde. They can be used either
singly or in combination. Particularly preferred are
formaldehyde and acetaldehyde.

Examples of modifiers include alkylphenols and
polyhydric phenols.

Illustrative of the basic catalyst include sodium

hydroxide, potassium hydroxide, ammonia and amines,

with sodium hydroxide being particularly preferred.

Regarding the proéortions of the respective reac-
tants upon conducting the reaction, the aldehyde can be
reacted in an amount of 1.1-3.0 moles, preferably 1.2-
2.0 moles per mole of the phenol. The basic catalyst
can be formed preferably in an amount of 0.02-0.5 mole
per mole of the phenocl. The reaction'is conducted gen-
erally at 70-150°C for 1-6 hours. This reaction pro-
duct will hereinafter be abbreviated as the "resol-type
condensate". |

Coating agents preferred for use in the present
invention are fhosé obtained by further condensing at

least one modifier selected from hindered phenols,
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nitrogen-containing compounds and polyhydric phenols
with the above-described phenol-aldehyde condensetes in
the presence of an acidic catelyst, especially a
strongly-acidie catalyst.

The hindered phenols usable in the above con-
densation means monohydric and dihydric hindered
phenols, for example, o-sec-butylphenol (OSBP) and.2-t-
butylhydroquinone. Although no particular limitation
is imposed on polyhydric phenols; catechol, resorcin,
hydroquinone, pyrrogallol and phloroglucin can be men-
tioned by way of example. Examples of nitrogen-
containing compounds include nitrophenols, nitrobenzoic
acids, nitrobenzenesulfonic acids, aminophenols.and
aminobenzenesulfonic acids. Acidic catalysts include
sulfuric acid, hydrochloric acid, perchloric acid, p-
toluenesulfonlc acid, methanesulfonic acid and tri-
fluoromethanesulfonlc acid, with hydrochlorlc acid and
p-toluenesulfonic acid being particularly preferred.

'Each modified product can be obtained by reacting
the polyhydric phenol to the resol-type condensate at
70-150%: for 1-6 hours in the presence of a basic
catalyst. Here, a hindered phenol, a nitroqen—
containing compound and/or a polyhydric phenol can be
used in an amount of 0.01-2.0 moles, preferably 0.02-
0.8 mole per mole of the phenol used for the prepara-
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catalyst, on the other hand, can be used preferably in
an amount of 0.02-0.5 mole per mole of the phenol used
for the preparation of the resol¥type condensate, with
a range of 5.05-0.3 being more preferred.

In the process of the present invention, a reac-
tion product between a dihydroxybiphenyl and an
aldehyde, said_feaction product being represented by
the following formula, can also be used as a preferred

anti-fouling agent:

B}

(X)m X)p
wherein R represents a cl_é alkyl, cycloalkyl, aryl or
aralkyl group, X represents a Carboxyl; alkyl or
cycloalkyl group, m stands for an inteéer of 0-2, and n
is an integer of 2-500.

_ Examples of the above-dihydroxybiphehyl include
2,2'-dihydroxybiphenyl, 2,2'-dihydroxy-5,5'-dimethyl-
biphehyl, 2,2'-dihydroxy-4,4',5,5"'~tetramethylbiphenyl,
2,2'-dihYdroxy—S,5'—dichlotobiphenyi, 2,2'-dihydroxy-
5,S'—dicyélohexylbiphenyl, 2,2'—dihydroxy-s,5'¥di?tert-
butylbiphenyl, with 2,2'-dihydroxybiphenyl being par-

ticularly preferred.

Sheet Has Been Replaced

it




10

15

20

25

- 17 -

The above reaction between the dihydroxybiphenyl
and the aldehyde is conducted in the presence of the
above-described acidic catalyst. The preferfed molar
ratio of the aldehyde to the dihydroxybiphenyl is 1 or
smaller, preferably 0.5-1.0, more preferaﬁly 0.6-0.9.
The reaction temperéture méy preferably be 50-200°C,
with 100-150°C being more preferred. It is generally
prefefred to conduct the reaction in the presence of a
solvent, for example, an aromatic hydrocarhqn such as
toluene, a halogenatéd hydrocarbon such as dichloro-
ethane or monochlorobenzene, a Ketone or an ether. For
use in the present invention, the dihydroxybiphenyl-
aldehyde reaction product may preferably have a
molecular weight of 500-100,000, more preferably 1,000-
50,000 for better adhesion to a polymerizer wall.

The above-described anti-fouling agent is gener-
ally dissolved in a 0.05-5 wt;% aqueous solution of an
alkali metal or alkaline earth metal hydroxide to give
a coﬁcentrafjon of 0.1-10 wt.%, preferably 0.2-

6.0 wt.%. Illusﬁrative of the alkali metal or alkaline
earth metal hydroxide include sodium hydroxide, potas-
sium hydroxide and calcium hydroxide.

.The coating agent can be used as aﬁ aqueous solu-
tion as described above. It is however possible to use

the coating component by adding water to the aqueous
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solution, as needed, to dilute the same and then adding

‘an acid thereto to adjust its pH so that the coating

component is caused to deposit for isolation.
Illustrative application methods for the coating
agent include mere coating or spraying of the coating

composition. Although no particular limitation is im-

posed on its application method, the method recited in

any one of claims 1-3 of EPC 0462284Al1 is mentioned as

a preferred coating method. .It is however to be noted

that the coating agent can be applied by any method

commonly employed in the present field of art without
being limited to the application method of the above
European patent application;

For example, the coaéing agent can be sprayed by
a sprayer onto various parts inside a polymerizer, to
which the monomer may be brought into contact, as dis-
closed in Examples 1-3 qf Japanese Patent . Publication |
No. 843/1986. As a furtﬁer alternative, as is dis-
closed in Example 8 of EPC 0462284A1, the coating agent
can be appiied in the form of a solution whose pH has |
been adjusted so that the coating agent is in a dis-
solved form at a temperature at the time of application
onto a polymerlzer surface but is allowed to deposit
when heated on the polymerizer surface. When applied

as described above, the solution of the coating agent
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is applied in the form of a thin film and moreover,
uniformly and firmly on the wall of_the polymerizer, so
that excellent anti-fouling effects can be obtained._

According to the process of the present inven-l
tion,.it is necessary to apply a coating agent onto a
wall of a polymerizer prior to polymerization. A Kknown
anti-fouling agent can be applied in a manner known per
se' in the art.

The most preferred application method for the

process of the present invention is described in claims

1-3 of EPC 0462284A1 and also at page.4, lines 4-22 of’

the publication.

' Described more specifically, this application
method combrises applying a solution of a coating
agent, the pH of said solution having been adjusted so
that the coating agent is in a dissolved form at a
temperature before and at the time of application onto
the wall of the polymerizer but is allowed to deposit
when heated on the heated wall of the polymerizer.

This application method makes it possible to uniformly'

and firmly apply thelsolution of the coating agent as a

'thin film on the wall and accordingly, to obtain ex-

cellent anti-fouling effects.
The coating component in the above solution of

the coating agent deposits at lower pHs and aleo at
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higher temperatures. ‘The pH is therefore adjusted to a
level higher by 0.2-4.0, preferably 0.3-3.0 than the pH
at which the coating agent deposits at room tempera-
ture. If the pH so adjusted is higher by only 0.2 or
less than the pH at which the coating agent deposit at
room temperature; the coating agent.may deposit on
standing prior to its application. If the pH is higher

by more than 4.0, the coating agent may not deposit

.even when the wall is heated. Such low and high pHs

are therefore not preferred.

As has been described above, the coating agent is
generally applied in a form dissolved in an aqueous
solution of an alkéli metal or alkaline earth metal
hydroxide. Accordingly, the pH is usually adjusted by
adding an acid. Examples of pH-adjusting acids include
inorganic acids such as hydrochloric acid, sulfuric
acid, phosphoric acid and ﬁitriclacid as well as
organic acids such as ascorbic acid, acetic acid,
citric acid and mercaptopropionic acid.

.Upon application of the solution of'ﬁhe coating
agept onto a wall and‘the like of a polymerizer in the
present invention, it is desired to heat the wall to a
temperature of at least 40°C but not higher than 100°C."
Temperatures lower than 40°C cannot cause the coating

agent to deposit even if the pH is adjusted as
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specified above, thereby failing to bring about its
anti-fouling effects. Temperatures hidher than 100°C,
on the oﬁher hand, take too much heating time so that
such high temperatures are impractical. The tempera-
ture of the wall is therefore preferably 45-95°C, more
preferably 50-90°C. In view of the quality of the pro-
duct, it is preferred to wash the interior of the .
polymerizer with water subsequent to the application
and deposition'of the'coating.ageﬁt.

According to the process of the present inven-

tion, it is necessary to allow the coating agent to ex-

~ist on a wall and the like of a.polymerizer. No par-

ticular limitation is imposed on the method for allow-
ing the.coating agent to exist there. It can be con-
ducted by a usual method, for example, by bruéhing or
spraying a solution of the coating agent  onto the wall
and the like of the polymerizer or by rinsing the
polymgrizer with the solution of the coating agent.
The coat amount on the wall and the like can be

0.005-10 g/m2, preferably 0.01-5 g/m2 in terms of the
weight of the coating agent. '

- According to the process of the present inven-
tion,'vinyl chloride is polymerized in a closed ﬁode,
that is, vinyl chloride is polymerized in a polymerizer

coated with an anti-fouling agent and without opening
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the polymefizer, pblymérization-of the next batch is
conducted, followed by repetition of polymerization ofl
further batches. |

This oxygen can be furnished by adding oxygen
into the reaction system. Needless to say, air can be
used preferably. |

The oxygen can be added after the cémpletion.of
polymerization dnd the subsequent discharge of the
resuitant polymer slurry but before the coﬁpletion of
charging of viny; chloride monomer into the
polymerizer. It is preferred to add the oxygen in a
period from shortly before application 6f the anti-
fouling-agent.until the completion of charging of vinyl
cﬁioride monomer in the polymerizer.

The amount of oxygen to be allowed to exist upon
the initiation of polymerization can be 10-1000 ppm by
weight, preferaﬁly 15-300 ppm by weight, more preferab-
ly 15-100 ppm by weight based on the vinyl chloride
monomer. This range is preferred as the anti-fouling
effeéts of the present invention can be achieved and
the polymer can be obtained with good quality in parti-
cle size distribution, thermal stability and the like.

It is élso a preferred embodiment to apply the
anti-fouling agent in the presence of 300-10,000 ppm by

weight of oxygen in a gas phase of the polymerizer. 1In
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this case, the amount of oxygen at the time of initia-
tion of polymerization is adjusted to 10-1000 ppm By
weight, preferably 15-300 ppm by weight, more'preferab-
ly 15—100 ppm by weight based on the vinyl chloride
monomer.

It is necessary to adjust the amount of 6xygen‘so
that-the oxygen in the system falls within the above
range. It is controlled in view of the vinyl chloride
monomer, the amount of oxygen contained in water, etc.

The present invention will hereinafter be de-
scribed in further detail by examples. It should how-
ever be borne in mind that the present invention is not
limited to or by the below-described examples.

In the following description, all designations of
"part" or "parts"-mean part or parts by weight, and all
designations of “phm" indicate the weights of materials
other than vinyi chloride monomer, which weré charged
per 100 parts by weight of vinyl chloride monomer.

- Physical properties-were measﬁred by the follow-
ing methods: |
(1) Amocunt of oxyéen in a polymerization system:

The amount of oxygen in the polymerization system
was determined by measuring the volumes and concentra-
tions of éxygen in a 1iquid phase and a gas phase in

the systemnm.
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(2) Bulk spéqific gravity:
fhe method specified under JIS K6721 was fol-

lowed.
(3) Fish eyes: .

| The following composition was thoroughly mixed.
A two-roll mill was heated to 145°C, in which the com-
position was kneaded at roll speeds of 15 and 21 rpm
for 5 minutes. The compbsition.so kneaded was then
taken out of the two-roll mill in the form of a sheet
through a 0.3 mm spacing between the rolls. There-
after, the number of fish eyes present in an area of 15

X 10 cm was counted.

Composition

Resin : 100 g
DOP 60 g

Cd-Ba stabilizer . S g
("ADVASTABBC = 1000J", )
trade name, product of
TOA RIKA K.K.)
Carbon _ 0.1 g
(4) Thermal stability test:
The method specified under JIS K6723 was fol-
lowed.
Two grams of a rolled sheet, which had been ob-

tained from the below-described composition under the

rolling conditions also shown below, were placed in a
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test tube JIS R3503 (giass equipment for chemical anal-
ysis; outer diameter: 15 mm; length: 40 mm). A Congo
red test paper was soaked with specified glycerin [JIS
K8295: Glycerin (reagent)]. After the test paper was
pinched between sheets of filter paper and extra
glycerin was wiped off, the test paper was ihserted.in
the test tube and with purified cotton, held upright as
centrally as passible sﬁ that ﬁheklower end of the test
paper is located 100 mm the way up from the bottom of
the test tube. The.tést tube so prepared was then im-
mersed upright in an oil bath controlled at 180 * 3°C,
with the bottom of the test tube being apart by 70 mm
or more from the levél of the o0il. The time required
from the immersion of the test tube in the o0il bath un-
til the free end of the test paper turned to a vivid
blue color was measured.

Composition

PVC : 100 parts
Pbst . 2.2 parts
Bast ' 0.6 parts

TS (dibasic lead sulfate) 0.5 parts

Rolling conditions

Temperature . 155 °C

Thickness ' 0.7 mm

Kneading time _ 7" min
Sheet Has Bﬁieix‘li‘eﬁiccd
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Preparation Example 1

(Phenol-Type Anti-Fouling Agent A and Solution

Thereof)

In a 1.5-m3 reaction vessel made of stainless
steel and equipped with a reflux condenser, 154.0 kg
(1.64 kmol) of phenol, 199.3 kg (2.46 kmol) of a 37%
aqueous solution of formaldehyde, and 2.62 kg
(0.066 kmol) of sodium hydroxide were charged. The
contents were then heated to 85°C over 30 minutes under
stirring. While maintaining the contents at the same
temperature, they were reacted for 2 hours and 40
minutes. The resol so obtained was found to have a
viscosity of 10.4 cps when measured at 85°C by a Brook-
field viscometer.. The resql was also anal&zed-for.

residual formaldehyde by the sodium sulfite method.

Residual formaldehyde was not detected. The weight

average molecular weight (Mw) of the resol aslmeasured
by gel permeation chromatography was 410.

The above reaction product was then cooled to

50°C, to which 36.0 kg (0.328 kmol) of resorcin were

gradually added as a modifier. The resulting mixture

was heated to 85°C over 30 minutes under stirring.

"'While maintaining the mixture at the same témperature,

the condensation reaction was continued. When the vis-

cosity of the reaction product arose to 1,000 cps when
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ﬁeasured by the Brookfield viscometer, the temperature
of the reaction mixfure was lowered, folléwed by the
addition of an aqueous solution of sodium hydroxide to
terminate the reaction.” The pH and Mw of the con-
densate so obtained were 11.1 and 1,550, respectively.
| The condgnsate obtained above was .formulated as
an anti-fouling agent A into a 2.0% aqueous solution in
a 0.4% aqueous NaOH solution. The pH of the alkaline
aqueous solution so obtained was adjusted to pH 7.0
with citric acid, so that a solution of the anti-
fouling agent A was obtained.
Preparation Example 2

(Phenol-Type Aﬁti-fouling Agent B and Solution

Thereof)

In a 1.5-m3 reaction vessél made of stainless
steel and equipped.with a reflux condenser, 154.0 kg
(1.64 kmol) of phenol, 199.3 kg (2.46 kmol) of a 37%
aqueous soiﬁtion of formaldehyde, and 2.62 kg
(0.066 kmol) of sodium hydroxide were charged. The
contents were then heated to 85°C over 30 minutes_under
stirring. While maintaining the contents at the same
temperature, they were reacted for 2 hours and 40
minutes. The resol so cbtained was found to have a
viscosity of 10.3 cps when measured at 85°C by a Brook-

field viscometer. The resol was also analyzed for
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residual formaldehyde by the sodium sulfite method.
Residual forﬁaldehyde was not detected. The weight
average molecular weight (Mw) of the resol as measured
by gel peimeation chromatbgraphy was 400.

The above reaction product was then cooled to

. 50°Cc, to which 6.1 kg (0.041 kmol) of o-sec-butyl-

phehol, 30.0 kg (0.174 kmol) of 2-aminobenzenesulfonic
acid and 36.0 kg (0.328 kmol) of resorcin wére grad-
ually added as modifiers. The resulting mixture was '
heated to 75°C over 30 minutes under stirring. While
maintaining the mixture at the same temperature, the
reaction was continued. When the viscosity of the
reaction product arose to 1,300 cps when measured by
the Brookfield viscomeﬁer, the temperature-of the reac-
tion mixture was lowefed, followed by the addition of
an aqueous solution of sodium hydroxide to terminate
the reaction. The pﬁ and Mw of the condensate so ob-
tained were il.z-and 1,740, respectively.
Thg'éondensate obtained above was formulated as

an anti-fouling agent B into a 2.0% aqueous solution in

a 0.4% aqueous NaOH solution. The pH of the alkaline

aqueous solution so obtained was adjusted to pH 8.0
with citric acid, so that a solution of the anti-
fouling agent B was obtained.

Preparation Example 3.
S —
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(Phenol-Type Anti-Fouling Agent C and Solution

Thereof)

In a 1.5-m3 réaction vessel made of stainless
steel and equipped with a thermometer and a stirrer,
154.0 kg (1.64 kmol) of phenol, 8l1.2 kg of water, and
6.56 kg (0.164 kmol) of sodium hydroxide were charged.
The contents were then heated to 90°C over 30 minutes
under stirring. After maintaihing the contents at the
same temperature for 10 minutes, 135.2 kg (2.46 kmol)
of an 80% équeous solution of acetaldehyde were charged
at a constant rate over 45 minutes...While maintaining
at 90°C, they were reacted for 3 hours. The reaction
mixture was then cooled. When the internal temperature
dropped to 50°C, 6.1 kg (0.041 kmol) of OSBP, 57.8 kg
(0.459 kmol) of pyrogallol and 32.5 kg (0.180 kmol) of
a 95.6% purity p-toluenesuifonic acid were charged.

The témperature was then gradually ra}sed, and the
reaction was continued at 85°C for 4 hours. The
temperature was then lowered, followed by the charging
of an aqueous solution of sodium hydroxide to terminate
the reaction.

The condensate obtained above was formulated as
an anti-fouling agent C into a 2.0% aqueous solution in
a 0.4% aqﬁeous NaOH solution. The pH of the alkaline

agueous -solution so obtained was adjusted to pH 10.5
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with citric acid, so that a solution of the anti-

.fouling agent C was obtained.

Example 1

Air inside a polymerization reaction tank having
an internal capacity of 133 m3 and equipped with a
reflux condenser was evacuated by a vacuum pump. After
vinyl chloride monomer was charged into the polymeriza-
tion reaction tank to an internal pressure of
0.1 kg/cm?-G, hot water was circulated through a jacket
to raise the inner wall temperature'of the polymeriza-
tion reaction tank to 80°C. The solution of the anti-
fouling agent A, said solution having been formulated
in Preparation Example-l, was sprayed and applied on an
inner wall of the polymerization reaction tank, and the
interior of the polymerization reaction was thoroughly
rinsed with watef. Compressed air was then introduced
into the polymerization reaction tank so that the pro-
portion of oxygen reached 30 ppm by weight based on
vinyl chloride monomer to be charged subsequently.
Then, 42.6 tons of deionized water were charged.

Charged next by pumps were, as dispersing agents, 0.015

. phm (the weight per 100 parts of vinyl chloride

monomer; this will hereinafter apply equally) of PVA-A
haVing a saponification degree.of 80 mol % and a
polymerization degree of 2,000 and 0.045 phm of PVA-B
-
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ha?ing a saponification degree of 70 mol % and a
polymerization degree of 700; 45.6 tons of vinyl
chloride monomer} and as polymerization initiators,
28 kg (16.8 kg in a purified form) of a 60 wt.% aqueous
emulsion of dioctyl peroxydicarbonate (aqueous OPP
emulsidn) and 19 kg (7.6 kg in a purified form) of a
40 wt.% aqueous emulsion of a—-cumyl peroxyneodecanoate
(aqueous CuND emulsion). According to the resuits of
an actual ﬁeasurement, the concentration of oxygen
within the polymerization reaction ténk was 30 ppm by
weight. |

The reaction temperature was raised to 57.5°C to
initiate.é polymerization reaction. Four houré and 10
minutes later, an aqueous suspension of a phenolic
anti~fouling agent was charged by a pump and a slurry
was discharged from the polymerization reaction. tank.
The slﬁrry was then fed through a stripping tower
for vinyl chloride monomer. The PVC slurry was taken

out as a cake and then dried to obtain PVC as a final

" product. Physical properties (bulk specific gravity,

particle size distribution, fish eyes, and thermal
stability) of the PVC so obtained were measured.

The polymerization reaction tank from which the
PVC slurry had bgen-discharged was washed with water

without opening a 1id of a manhole, the internal pres-
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sure was adjusted to 0.1 kg/cmz-G, and hot water was

circulated through the jackét to raise the inner wall

"temperature of the polymerization reaction tank to

80°C. The solution of the anti-fouling agent A was ap-
plied,.followed by the charging of materials for the
next batch reaction.. The results of the polymerization

conducted continuously in the closed mode are bresented

in Table 1.

In this example, the first batch reaction was
conducted from.the state that the polymerization reac-
tion tank was opened to the atmosphere. In general,
however, as is observed from the next batch in this ex-
ample, the polYmerization is continued without opening
the polymerization ‘reaction tank to .the atmosphere -
after the completion of the reaction of the preceding
batch.

The expression "without purged with air" as used
herein means that polymerization is continued, as is,
without opening the polymerization reaction tank to the
atmosphere subsequent to the completion of the reaction
of the first batch.

Examples 2-3

In each'example, polymerization was conducted as

in Example 1 except that the ratio of oxygen to vinyl

chloride monomer was changed. The results of the ex-
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periments are presented in Table 1.
Comparative Example 1

Polymerization was conducted as in Example 1 ex-~
cept that compressed air¥was deliberatély not intro-

duced into the polymerization reaction tank and oxygen

- was not added to vinyl chloride monomer in the

polymerization reaction tank. The results are present-

ed in Table 1.

Example 4

Polymerization was conducted as in Example 1 ex-
cept that 0.05 phm of PVA-C having a saponification de-
gree of 98 mol % and a polymerization degree of 2,000,
0.05 phm of PVC-A having a éaponification degree of 80
mol % and a polymerization degree of 2,000 and 0.1 phm
of hydroxypropylmethylcellulose (HPMC) having a surface
tension of 48 dyne/cm when measured in the fofm of a 1
wt.% aqueous solution were used as dispersing agents

and the ratio of oxygen to-vinyl chloride monomer was

' changed. The results of the polymerization are pre-

sented in Table 1. Incidentally, reductions in physi-
caliproperties such as bulk specific gravity and
thermal stability were obsérved when oxygen was not
added.

Example §

Polymerization was conducted as in Example 1 ex-
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cept that the solution of the anti-fouling agent B,

said solution having been formulated in Preparation Ex-

ample 2, was used. The results are shown in Table 1.

Comparative Example 2

Polymerization was coﬁducted as in Example 1 ex-
cept that the solution of the anti-fouling agent B,
said solution having been formulated in Preparation Ex-
ample 2, was used, compressed air was deliberaﬁely not
introduced into the polymerization reaction tank prior
to the polymerization and no oxygen was Edded to vinyl
chloride polymer-inside the polymerization readtion
tank. The results are shown in Table 1.
Example 6

Air inside a polymerization reaction tank having.
an internal capacity of 133 m3 and equipped with a
reflux_condensef was evacuated by a vacuum pump. Aftef
vinyl chloride monomer was charged into the poiymeriza—
tion reactioﬁ_tank to an internal pressure of,
0.1 kg/cmz-G, compreséed air was introduced into the
polymerization reaction tank so that the concentration

of oxygen in the polymerization reaction tank reached

'3,300 ppm by weight. Hot water was then circulated

through a jacket to raise the inner wall tempefature of
the polymerization reaction tank to 65°C. The aqueous

solution of the anti-fouling agent C, said aqueous
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solution having been formulated in Preparation Example
3, was sprayed and applied on an inner wall of.the
polymerization reaction tank, and the interior of the
polymerization reaction was thoroughly rinsed with

water. Then, 42.6 tons of deionized water were

- charged. Charged next by ﬁhmps were 0.015 phm of PVA-

A, 0.045 phm of PVA-B, 45.6 tons qf vinyl chloride.
mononmer, 28 kg of_the aqueous OPP emulsion and 19 kg of
the aqueous CuND emulsion. According to the results of
an actual measurement, the concentration of oxygen
within the-polyme;ization reaction tank at that stage
was 28 ppm by weight based on the wvinyl chloride
monomer. .

The reaction femperature was raised to 57.5°C to
initiate a polymerizaﬁion reaction. Four hours and 10
minutes later, an aquéous suspension of a phenolic
anti-oxidant was charged by a pump and.a slurry was
discﬁérged from the polymerization reaction tank. ' The
slurry was then fed through a stripper for vinyl
chloride monomer.. The PVC slurry was taken out as a
filtered cake and then dried to obtain PVC as a final
product. Physical properfies of the PVC so obtained
were measured. |

| The polymerization reaction tank froﬁ‘which thé

PVC slurry had been discharged was washed with water
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without opening a 1lid of a manhole, the intérnal pres-
sure was adjusted to 0.1 kg/cmz-G, compressed air was
introduced into the polymeriqation reaction tank, hot
water was circulated through a jacket to raise the in-
her wall temperéture of the polymerization reaction
tank to 65°C, the aqueous solution of the anti-fouling
agent C was applied, and materials for the next batch'
reaction were charged. The results of the polymeriza-
tion conducted cbntinuously in thé closed mode are pre-
sented in Table 1.
Comparatiﬁe Example 3

Polfmerization was conducted as in Example 6 ex-
cept that thé solution of the anti-fouling-aQent c,
said solution having been_ﬁormulated in Preparation Ex-
ample 3, was used, compressed air was deliberatély not
introduced into the polymerization reaction tank prior
to-the polymerization and the ratid of the oxygen to
the vinyl chloride monomer inside the polymerization
réaction taﬁklﬁas not adjusted.' The results are shown

in Table 1.
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Table 1

Exampie Comp. Ex.

1 2 3 4 5 6 1 2 3
Compreésed air Introduce& Not introduced
Type of anti-foqling agent A A A A B c A "B c
Deionized waﬁer (tons) | 42.6 42.6 42.6 [42.6 |42.6 |42.6 |42.6 | 42.6 | 42.6
veM (tons) 45,6 45.6 |45.6 [45.6 |45.6 [45.6 |45.6 | 45.6 | 45.¢
PVA-A (phm) |0.015(0.015 0.015 [0.05 |0.015{0.015 {0.015|0.015 | 0.015
-PVA~B (phm) [0.045|0.045 |0.045 - 0.045/0.045 |0.045|0.045 | 0.045
PVA-C (phm) |~ - - | - Jo.os | - - - - -
HPMC (phm) | - - - lo.01 | - - - - -
.Aq. OPP emulsion (kg)] 28 28 28. 28 28 28 - 28 28 28
Ag. CuND emulsion (kg)| 19 19 19 19 19 19 19 19 19
Oxygen concentration
it tg: g‘i"zmz?gﬁﬁi_ (ppm)|-30 | 75 | 95 |35 | 40 | 28 5 3 3
ation of polymerization
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Table 1 (Cont'd).
Example Comp. Ex.
1 2 3 4 5 6 1 2 | 3
Number of batches poly-
merized continuously 40 . 40 40 40 40 40 5 5 5
Amount of scale (kg/day){ 0.3 | 0.2 | 0.3 | 0.3 | 0.2 | 0.1 | 3.7 | 3.5 2.0
Bulk specific gravity ' y
BD. (g/ml) 0.530]0.533|0.535|0.560}0.535 0ﬁ534 0.528|0.527 | 0.529
Particle size distribu- -
Number of fish eyes 0 1 0 0 1 1 1 2 1
Thermal stability (min)|{ 148 | 145 | 141 | 149 | 147 | 145 | 145 | 141 148

Note: In each example; the data of the last batch are shown.
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1. A process for the.polymerization of vinyl

CLAIMS

éhloride in a closed mode, which comp;ises causing oxygen
to egist in-a polymerizer, which is coated witﬂ an anti-
fouling ageht,'during an operation in which the
polymerization is repeated.

2. A process éccording to claim 1, wherein the
oxygen is.caused to exist in the polymefizer so that anti-
fouling effecfs_are retained.. |

3. A process according to claim 1, wherein the
poiymeriéafion is initiated when oxygen is bresent in the
polymerization system at 10-1000 ppm by weight based on
vinyl chloride monomef chafged at the time of the
polymerization.

4. A process accordihg to any preceding claim,
wherein the oxygen is caused to exist at 300-10000 ppm by
weight in a gas phase of the polymerizér before, during 6r
after app;ication of the anti-fouling agent.

5. A process according to any preceding claim
wherein after completion of the polymerization reaction and
discharge of a slurry, next polymerization is éonducted
without obening of the polymerizer to the atmosphere while
vinyl chloride monomer still remains in a gas phase inside
the polymerizer.

6. A process according to any preceding claim
whefein the anti-fouling agent is a condensate of a
compound having a phenolic hydroxyl group.

7. A process according to any preceding claim
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wherein the anti-fouling agent is a self-condensate of a

40

compound having a phenolic hydroxyl group.

8. A process according to any of claims 1-6 wherein
the anti-fouling agent is a condensate between a compound
having a phenolic hydroxyl group and an aldehyde,. or a
modification product thereof.

9. A process according to any of claims 145 wherein
the anti-fouling agént is a co-condensate between an
initial condensate of a phenol and an aldéhyde and at least
one modifier se;ected from a hindered phenol, a polyhydric
phenol or a nitrbgen-containing compound;

10. A process accordiﬂg to any of claims 1-6, wherein
the anti-fouling agent is a condénsate of a.
dihydroxybiphenyl and an aldehyde.

11. A process according to any of claims-l-é wherein
the antifouling agent is a modified co-éondensate obtained
by further reactiﬁg, in the presence of a strongly acidic
catalyst, an initial condensate between at least one phenol
and at least one aldehyde other than formaldehyde with at
least one hindered phenol and at least one polyhydric
phenol. | | .

12. A process according to any brecedihg claim
wherein vinyl chloride monomer is polymerizéd in an aqueous
medium or in a bulk; and the anti-fouling égent has been
applied beforehand in the form of a iiquid coating
formulation to the polymerizer on a surface thereof to
which the vinyl chloride monomer may be brought into

contact so that a resulting polyvinyl chloride polymer may-
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be prevented from sticking on the surface, the pH of said

41

liquid coating formulation having been adjusted so that the

ant1 -fouling agent was in a dissolved form at a temperature

before and. at the time of application onto the surface but
S was allowed to deposit when heated on the surface.

13. A process according to claim 12, wherein.the
temperature of the surface was raised to 40-100°C upon
application of the liquid coating formulation.

14. A-process according to claim 1 and substantielly

10 as described and exemplified herein.
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