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This invention relates to the polymerization of
vinyl acetate; more particularly, it is directed to
certain improvements in the preparation of vinyl
acetate polymers whereby the characteristics of
the polymeric products obtained are modified and
the procedural steps involved are simplified.

It has been known heretofore that vinyl acetate
may be polymerized by the action of heat and/or
pressure and/or actinic radiation, and that the
polymerization may be accelerated by the addi-
tion of polymerization catalysts, of which the
most Important are inorganic peroxides, such as
hydrogen peroxide and per salts, and organic
peroxides such as benzoyl peroxide.

It 13 also known that a number of chemical
agents, of which hydroquinone and nitroben-
zene may be mentloned as typlcal, exert an inhib-
iting action on the polymerization of vinyl ace-
tate. It has been a common practice to add
polymerization Inhibitors of this character to
monomeric vinyl acetate in order to prevent poly-
merization during storage, the Inhlbitors being
eliminated by fractional distillation or other
means prior to carrying out the polymerization
operation.

I have now discovered that agents generally "

known to be polymerization inhibitors, when add-
ed to vinyl acetate in very minute proportions,
produce an entlrely different effect than that
produced by the addition of these agents in the
usual inhibiting amounts. When added in the
very small proportions contemplated by the pres-
ent invention, I have found that these agents do
not function to inhibit polymerizatlon materially,
but in many cases actually serve to promote it
substantially. Thus, by the proper selection of
the Inhibitor and the quantity of it used, it has
been found that the induction perfod usually re-
quired for the polymerizatlon to start, and the
total time required for completion of the poly-
merization, can be appreclably shortened. This
results In savings in heat requirements and
labor and supervislon costs, and in an Increase
in the productive capacity of the manufacturing
equipment. Moreover, in certaln Instances,
smaller amounts of the polymerization catalyst
may be used than in the usual polymerization
method, with corresponding savings in catalyst
costs. Perhaps the most lmportent advantage of
the new method, however, resides in the fact that
the characteristics of the polymeric products are
gubstantially modified by the presence of the ad-
ditlon agents and it is thus possible to produce
products having certaln speclal properties which
are not obtainable by methods hergtofore known.
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In carrying out the polymerization of vinyl
acetate in the presence of polymerization inhib-
itors In accordance with the present Invention,
any of the usual polymerization procedures known
to the art may be employed. Solvents for the
monomer ahd/or polymer may be present or ab-
sent, and the polymerization may be effected by
the action of actinic lieht by heat, preferably
promoted by the action of polymerization cata-
lysts. The present inventlon, however, has spe-
clal advantages as applied to the so-called emul-
sion polymerization method wherein the mono-
meric vinyl acetate is emulsified in a non-solvent
medium and then polymerized to form a latex-
like emulsion of the polymer. Ah aqueous medi-
um containing a partially saponified polyvinyl
acetate having a saponification number of 80
to 180 and preferably from 120 to 130, as an
emulsifying agent has been found to be a partic-
ularly satisfactory medium for thiz purpose al-
though, of course, other media anhd emulsifying
agents may be used. By the addition to the
vinyl acetate of minute amounts of polymeriza-
tion inhibitors ithere is effected a considerable
reduction in the particle size of the emuisified
polymer for a given concentration of emulsify-
ing agent. This makes It possible to prepare
latex-like emuisions of high stability even though
relatively small amounts of emulsifying agent are
used. BSimilarly, the addition of polymerization
inhibitors in accordance with the present inven-
tion may be used to advantage in the so-called
grahular dispersion method of polymerization,
wherein the monomeric vinyl acetate, instead of
being emulsified, is dispersed in an equeous me-
dium in the form of macroscopic disecrete par-
ticles and maintained in dispersion by agltation
until polymerization is completed; thereupon
stirring 1s stopped and the polymerization prod-
uet ls precipitated in the form of granules or
globules. By the addition of small amounts of
polymerizgation inhibitors to vinyl aeetate poly-
merized in this manner, It has been found that
the resultant product Is in a more finely divided
state than otherwise would be obiained.

In addition to hydroquinone and nitrobenzene,
mentioned above, there are a number of other
polymerization inhibitors which, when used in
less than a polymerization-inhibiting amount,
produce the advantageous action upon the poly-
merization process and products which have just
heen described. Among these agents may be
mentioned salicylic acid, p-amino-phenol (Me-
tol}, hexadienal, phenol, cresol, resorcinol, py-
rocatechol, pyrogallol, pyridine, quinoline, ani-
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line, naphthylamine, p-nitroaniline, triethanol-
amine, dlethylamine, hydrazine hydrate, benzal-
dehyde, acetophenone, tannin, urea, carbon di-
sulfide, hydrogen sulfide and sulfur dioxide, The
foregoing 1list of agents Is not to be regarded as
exhaustive, since I have found it to be a general
rule that any agent which 1s capable of Inhibit-
ing polymerization in relatively substantial pro-
portlons Is effective for producing the results of
the present invention when used in proportions
insufficient to substantially inhibit polymeriza-
tion. It will be obvious to those skilled in the
art that other compounds may be used for the
same purpose and the suitability of any com-
pound for the purpose may be easlly determined
by simple test.

The invention may be illustrated by the follow-
ing examples:

Example I

A mixture of 100 ce. of vinyl acetate, 1.0 mg,
of nitrobenzene and 0.36 gram of technical ben-
zoyl peroxide was heated under a reflux con-
denser to a temperature of 70° C, The polymer-
ization reaction, as manifested by vigorous boli-
ing of the vinyl acetate, began after an induction
period of about 11 minutes; after an additional
period of 2% hours the vinyl acetate was practi-
cally quantitatively polymerized to a solid block.
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The polymerization product, when dissolved as a -

20% solution in ethyl acetate, had & viscosity of
40 seconds as measured by the Hercules Powder
Company method. A 20% solution of the product
in vinyl acetate had a viscosity of 50 seconds,
as determined by the same method.

By the polymerization of vinyl acetate under
the same conditions, but without the addition of
nitrobenzene, the polymerization begins after an
induction period of 15 to 20 minutes and requires
four to five hours &t a temperature of 74 to 76°
to go to completion. The viscosity of a 20% solu-
tion of the product will range from about 100 to
150 seconds.

By increasing the amount of nitrobenzene uti-
lized in the foregolng procedure from 1.0 to 2.5
mg., ahout 30 minutes is required for the poly-
merization to begin but it 1s completed after an
additional period of only about 2% hours. A
20% ethyl acetate solution of the polymer thus
obtained has & viscosity of 28 seconds while &
corresponding vinyl acetate solution has a vis-
cosity of 35 seconds.

By increasing the amount of nitrohenzene orig-
inally present to 15 meg., the polymerization be-
gins at a temperature of 76° C., after an incuba-
tion perlod of 6 hours, but the polymerization 1s
completed after an additional 3% hours. A 20%
solution of the polymer in ethyl acetate has a vis-
cosity of 4.4 seconds and a 20% solution in vinyl
acetate a viscosity of 5.5 seconds.

Ezample IT

100 cc. of vinyl acetate containing 0.5 mg. of
hydroquinone and 0.36 gram of benzoyl peroxide
was polymerized in accordance with the proced-
ure described in Example I at & temperature of
792° C. The polymerization Initiated after & pe-
riod of 15 minutes was complete after 4 hours.
A 20% solution of the polymer in ethyl acetate
had a viscosity of 244 seconds and & 20 % solution
in vinyl acetate had a viscosity of 305 seconds.

Example IIT
By carrylng out Example I, but utilizing 0.5

mg. of hydrazine hydrate as the polymerization

inhibitor, the induetion period was 10 minutes
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and the polymerization perfod 3% hours. The
polymerization product had a viscosity of 756
seconds in 20% ethyl acetate solution and 945
seconds In 20% vinyl acetate solution.

Ezxzample IV

Utllizing 0.5 mg, of dlethylamine as the poly-
merization inhibitor in the process of Example I
resulted in an induction period of 10 minutes, a
polymerization period of 2% hours and a viscosity
of 10.5 seconds for a 20% ethyl acetate sclution
of the product and 13.1 seconds for 20% vinyl
acetate sclution of the product.

Exgmple V

Utllizing 0.5 mg. of p-amino-phenol (Metol)
as the polymerization inhibitor in the procedure
of Example I, the induction period was 10 min-
utes, the polymerization perlod was 114 hours
and the viscositles of the product were 75.0 and
83.7 seconds for 20% ethyl acetate and vinyl ace-
tate sclutions, respectively.

Ezxample VI

Utilizing 0.5 mg. of salicylle acld as the poly-
merization inhibitor in the process of Example I,
the Induction period was 5 minutes, the polymer-
izatlon pertod was 3 hours and the viscosity of the
product was 208 and 250 seconds In 20% ethyl
acetate and vinyl acetate solutlon, respectively.

Ezample VII

Using 0.5 mg, of cresol as the polymerization
inhibitor in the procedure of Example I, the in-
cubation period was 20 minutes, the polymeriza-
tion time 2% hours and the viscosity of the prod-
uct in 20% vinyl acetate solution about 1000 sec-
onds.

Example VIIT

Utllizing 0.5 mg. of pyrogallol as the polymer-
1zation inhibitor In the process of Example I,
the induction perlod was 20 minutes, the dura-
tion of the polymerization reaction 3 hours, and
viscoslties of 20% solutions of the product in eth-
yl acetate and viny! acetate, respectively, 382 and
478 seconds.

Erample IX

Utilizing 0.5 me. of acetophenone as the poly-
merization inhibitor in the process of Example
I, the induction period was 15 minutes, the poly-
merization period was 3 hours and the viscosities
of 20% solutions in ethyl acetate and vinyl ace-
tate, respectively, were 817 and 1021 seconds.

Ezample X

Utllizing 0.5 mg. of hexadienal as the polymer-
ization Inhibitor in Example I, there was an in-
duction perlod of 12 minutes, a polymerization
period of 2 hours and the viscosities of the prod-
uct were 900 and 1125 seconds for 20% golutions
in ethyl acetate and vinyl acetate, respectively,

Upon Increasing the amount of hexadienal to
2.5 mg., the induction period was 40 minutes, the
polymerization period was 212 hours and the vis-
cositles of the product were 127.5 and 159.8 sec-
onds for 20% ethyl acetate and vinyl acetate so-
lutions, respectively.

With 5 mg. of hexadlenal, the induction period
was 45 minutes, the polymerization period was
2% hours and the respective viscosities 33 sec-
onds and 41.2 seconds.

By the addition of a combination of 0.5 meg. of
hexadienal and 0.5 mg. of propionaldehyde the
induetion perlod was 15 minutes, the polymeriz-
ation period was 2% hours and the viscosities of
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the product were 2.0 seconds and 2.5 seconds, re-
spectively, for 20% ethyl acetate and vinyl ace-
tate solutions.

Example XI

The addition of 0.5 mg. of sulfur dloxide as the
inhibitor in the procedure of Example I gave an
induction period of 13 minutes, a polymerization
period of 2% hours and product viscosities of
11.4 seconds for 20% ethyl acetate solution and
14.2 seconds for a 20% vinyl acetate solution.

Example XI1I

The addition of 0.5 mg. of hydrogen sulfide as
the polymerization inhibitor in the procedure of
Example I gave an induction perlod of 5 minutes,
a polymerization perlod of 2 hours and a product
viscosity of 750 seconds for the 20% ethyl acetate
solution and of 937 seconds for the 209% vinyl
acetate solution,

Example XIII

Crude viny! acetate to which had been added
hydroquinone in the proportion of 20 grams per
100 kgs, of vinyl acetate was carefully fraction-
ated, to produce a pu:re vinyl acetate. Two hun-
dred and fifty kilozrams of vinyl acetate thus
obtained was emulsifiad in the cold In 400 kgs, of
a 109% aqueous soluticn of a water-soluble partial
acctate of polyvinyl aleohol (saponification num-
ber 120 to 130). To this emulsion was added 400
cc. of concentrated hydrogen perecxide solution
and the emulsion then heated to a temperature
of 60-61°C., whercupon polymerization began to
take place. 'The reaction then proceeded without
further heating, During a period of several
hours an additional 550 kgs. of vinyl acetate and
510 kgs. of cold water were added to the reaction
mixture. From tlme to time, whenever the reac-
tion gave evidence of subsiding, further amounts
of concentrated hydrogen peroxide solution were
added, the total amount required being approxi-
mately 700 cc. As the reaction proceeded the
temperature was allowed to rise until it reached
approximately 85 to 90°C. at the conclusion of
the polymerization. Practically quantitative
conversion of the vinyl acetate to the polymer
was secured after a period of approXimately 8
hours. The polyvinyl acetate emulsion thus ob-
tained had a viscosity of 127 seconds as meas-

ured by the Hercules Powder Company method. -

It had a settling number of 3.6, the settling num-
ber being an Indication of the particle size and
being determined by diluting 1 cc. of the emul-
slon with water to a volume of 100 ¢c. and meas-
uring the amount of material settled out during
a settling period of 90 minutes.

By carrying out the foregoing procedure with-
out adding hydroquinone to the crude vinyl ace-
tate prior to fractionation, the polymerization
was completed in 7 hours and the emuision had
8 viscosity of only 45 seconds. The settling num-
ber was 10, indicating that the emulsified par-
ticles were considerably larger In slze than those
obtalned with vinyl acetate containing hydro-
quinone.

By repeating the foregoing procedure, with the
exception that crude vinyl acetate contalning 10
grams of hydrogquinoney per 100 kgs. of crude
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vinyl acetate was sublected to steam distillation
prior to polymerization, the polymerization un-
der the same conditions took place In 9 hours and
a polyvinyl acetate emulsion having a viscosity
of 470 seconds and a settling number of 2.5 was
obtalned. In this case the distilled vinyl acetate
contalned a larger percentage of hydroquinone
due to the fact that the latter was partially vo-
latilized during the steam distillation.

Starting with 800 kg. of pure vinyl acetate con-
taining 10 grams of hydroquinone, polymeriza-
tion under the conditions described above was
completed after 15 hours and a polyvinyl acetate
emulsion with & settling number of 1.1 and a
viscosity exceeding 1000 seconds was obtained.
The emulsion was of a pasty conslstency and lts
viscosity could be increased even further by the
addition of plasticizers. Even upon reducing the
hydroquinone content to as low as 5 grams per 800
kgs. of pure vinyl acetate it is still possible to
obtain pastes or emulsions of any desired con-
sistency in which the particle size 1s exceedingly
small and which are of excellent stability,

As indicated by the foregoing examples, by
suitable selection of the polymerization inhibitor
and the quantity used, it s possible to vary the
degree of polymerization within wide limits.
Furthermore, the particle size of the polymer
emlulisions can be reduced to a surprising extent
and at the same time a considerable saving in
the amount of emulsifying agent used be ef-
fected.

It is to be noled that a!l polymerization in-
hibitors do not function In precisely the same
manner; accordingly, the selection of the par-
ticular inhibitor will depend upon the results de-
sired In each case. FPor example, salicylic acid
and p-amino-phenol are particularly useful in
accelerating the rate of polymerlzation; other
Inhibitors such as, for example, cresol and hexa-
dienal, function primarily to increase the vis-
cosity of polymer emulsions. In case of hex-
adienal, as is indicated by Example X, 1t is pos-
sible to regulate the degree of polymerization of
the product over an exceedingly wide range by
sultably adjusting the proportion of hexadienal
added. It is advantageous In certain instances
to combine two or more polymerization inhibitors
in order to obtain a desired comblnation of prop-
erties in the polymerized product.

It may be noted that the polymerization in-
hibitors of the present invention may be utilized
in polymerization inhibiting amounts for stabiliz-
ing monomeric vinyl acetate whlle in storage.
When it is desired to subject the stabilized mono-
mer to polymerization, it may be distilled under
carefully controlled conditions so that the in-
hibltor is incompletely removed and only that
amount which Is required for the desired modi-
fication of the polymerizatlon process will re-
main,

It 1s to be understood that the invention is not
restricted to the specific llustrative embodiments
thereof described hereinabove, but Includes all

5 such variations, modifications and equivalents as

fall within the scope of the appended claims.
HERBERT BERG.



