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The present invention relates to halogen-con-
taining high-polymeric substances of improved
heat stability.

High-polymeric substances containing halogen
have marked tendency to split off hydrogen hal-
ide on heating. The hydrogen halide so liberaled
not only causes discoloration of the substances
but also attacks the metallic parts of the equip-
ments in which the substances are worked, for
example roilers or molds, and also metallic parts
embedded in the finished molded articles made
from the high-polymeric substances,

It has already been proposed to add lead com-
pounds as heat stabilizing agents. The poison-
ous effect of the lead compounds and their tend-
ency to undergo discoloration in the presence of
even slight quantities of hydrogen sulphide, how-
ever, prejudices their use in practice.

It is further well known to use basic substances,
as for example alkalli metal salts of weak organle
acids, carbonates or hydroxides of the alkali
metals or alkaline earth metals or organic nitrogr
enous compounds having a weak basle action, as
heat stabilizing agents. These substances, In-
deed, absorb and neutralize the hydrogen halide
split off in the heat, but on the other hand, on
account of thelr alkaline reaction favour the
splitting off of hydrogen halide from many high-
polymeric substances contalning halogen in the
heat, so that in these cases completely colorless
shaped articles cannot be obtained, Ureas and
thioureas, too, have been proposed as stabilizing
agents, but when admixed alone, they do not
prevent the high-polymeric halogen-contalning
substances from becoming brown in the heat.

I have now found that the heat stability of
halogen-containing high-polymeric substances is
considerably improved by adding to them alka-
line substances and In addition thereto amines or
carbamides bearing a hydrogen atom replaceable
by an alkall metal, as a stabilizing agent.

As alkaline substances may be mentioned, for
example, the alkali metal and alkaline earth
metal hydroxides and carbonates and salts of
weak aclds, especlally organic acids or of borie
acid, also bas!c phosphates.

Suitahle amines or carbamides bearing at least
one hydrogen atom replaceable by an alkali
metal are, for example, diarylamines, as di-
phenylamine, furthermore thiourea and, In par-
ticular, arylthioureas, for example phenyl-, di-
phenyl-, dichlordiphenyl-, ditolyl- and dinaph-
thylthioureas, furthermore arylureas and ureides.

Among high-polymeric halogen-containing
substances which can be stabilized according to
the present {nvention, may be mentloned, for ex-
ample chiororubber, chiorinated butadiene rub-
ber, polyvinyl chloride, chlorinated polyvinyl chlo-
ride, poly-as-dichlorethylene, polymeric chlor-
acrylic compounds and interpolymerization prod-
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ucts of the monomerlic compounds forming the
basis of the above polymerization products, elther
with one another or with other polymerizable
substances. Also In the event of softeners being
added to the polymerization products, the mix-
ture of alkaline substances withh the said amines
or carbamides exerts its favorable stabilizing ac-
tion.

The halogen-containing high-polymeric sub-
stances thus stabilized are well resistant even
when heated for a long time. While the alkaline
substances, Indeed, will absorb and neutralize
the hydrogen halide set free in the heat, their
alkaline action appears to be lessened by the ad-
dition of an amine or carbamide of the said type.

The quantity of the alkaline substances and
of the amines or carbamides may vary within
rather wide limits. Generally speaking, addi-
tions of from 0.1 to 1 per cent. of an alkaline
substance and of from 0.01 to 5 per cent, of an
amine or carbamide of the said kind are most
sultable. There is a definite rate and minimum
of the stabilizing agents for each of the halogen-
containing high-polymeric substances which
brings aboutt the best effect, This rate may easily
be determined by eXperiments.

The stabillzing agents may be addad in a dis-
solved, suspended or pulverulent state to the
halogen-containing high-polymeric substances,
which in thelr turn may be in a dissolved, dis-
persed or solid state. In practice, the stabilizing
agents are advantageously incorporated with the
halogen-containing high-polymeric substances as
uniformly as possible distributed already hefore
the substances are worked up in the heat, but
they may also be added only when the substances
are being worked in the heat, for example rolled
or molded. The stabilizers may also be added
during the preparation of the halogen-containing
high-polymeric substances, for example during
thelr polymerization.

On account of their improved heat stability the
halogen-containing high-polymeric substances in
accordance with the present invention they can
bhe heat-molded forming completely colorless ar-
ticles, whereas the shaped articles hitherto ob-
tained in the heat were more or less discolored.

The following Examples serve to illustrate how
the present Invention may be carried out in prac-
tice but the invention {s not restricted to the sald
Examples. The parts ate by weight.

Erample 1

Several batches of highly polymeric vinylchlo-
ride obtalned by emulsion-polymerization are
washed after precipitation from the emulsion
with sodium carbonate solutions of various con-
centrations so as to incorporate each batch of the
polymerization produect with a definite percentage
of sodlum carbonate, as {llustrated in the table
below, 'The dried polymerization product is then
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admixed with about 1 per cent of 8 wax as lubri-
cant and with varying amounts of diphenylthio-
uresa In a ball-mill. The samples withdrawn are
rolled at 165° C for 15 minutes and flnally
stretched into sheets of 0.1 millimeters thickness.
These sheets are then kept In a heat cabinet at
155° C for 2 hours. The discoloration of the
sheets caused by this treatment 1s a measure of
their heat-resisting quality. The sheets are In-
spected In an elghtfold layer to better show the
degree of discoloration.

The effect of the different percentages of the
stabilizing agents on the heat-resistancy of the
sheets will be seen from the data in the following
table. This table in its columns d and e refers
to ordinal numbers 1 to 8, which denote the depth
of color as in the following list,

1=completely colorless
2=discoloration just visible
3=falntly llght brown to light yellow
4=light brown

S=brown

6=strong brown

T=next to dark brown

8=dark brown

9—=very dark brown.

In the table “clear” means that the sheets are
distinguished by a striking clarity far superior to
that of the other sheets,

[} b c d ¢
Additions in per cent | Discoloratlon of the sheets
— alter—
Bateh Rolll t 3 i
Sodium | Diphenyl | #2080 | Stomae oF
carhbonate | thioures 165 n(.\jinc." 5] 2 111%1%:%8;\;
Per cend
Less than 1] 34 7
0,03
0,08 0,03 4 7-8
0,08 Lo 4 7R
0,08 0, 008 2 -7
0,08 0,01 1 67
0,08 0,03 51)1 6
0,08 0,16 1 7
0,08 1,0 1 8
0.2 [1] 3 ]
02 0,03 1-2 4
9,2 0,15 (0] 2
0,2 1,0 1 2
0,4 0 34 5
0,4 0,03 1-2 8
0,4 0,15 1} 34
0,4 1,0 1 1]-2
0,4 3,0 1-2 12
0,4 50 12 123
1 Clear.
1 Yellowish.,

As wlll he seen from the table the data given
are for one addition alone and for two additions
Jointly. Where both substances are added their
effect is not a mere aggregation of the individual
effects, but the stabllizing effect of the sodium
carbonate is constderably Increased. Thus, for
example, in batch No. b by the use of 0,08 per cent
of sodium carbonate with an addition of 0.01 per
cent of diphenylthlourea a far better effect is
reached than in batch No. 3 where a hundred
times larger amount of diphenylthioures was used
together with 0.03 per cent only of sodium car-
bonate. The table further shows that for every
percentage of sodium carbonate the maxlmum
effect and the best clarity ig produced by a definite
percentage of diphenylthloures and that a larger
addition will result in a distinet deteriora,tlon of
the heat stabllity. Thus, for example, according
to batch No, 6 the use ofoospercent ofsodiu.m
carbonate ylelds the best effect with an addition
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of 0.03 per cent of diphenylthiourea which effect,
as may be seen from batch No. 8, 1s diminished
when adding 1 per cent of diphenylthiouresa.

From the samples made up with 0.4 per cent of
sodium carbonate (batches Nos. 13-18), No. 16
and 17 containing 1 and 3 per cent, respectively,
of diphenylthiourea are apparently best in quality.
The masses according to No. 18 which are prac-
tically not discolored even after a two hours’
storage at 155° C, are especially suitable for mak-
ing colorless molded articles which elther during
or after their manufacture are exposed to severe
heating conditions,

The diphenylthiourea may be added in a pul-
verulent state or in solution, using methanol, for
example, as B solvent, or in aqueous suspension,
THhus, for example, the polyvinylehloride preeipi-
tated from the aquecus dispersion formed by the
emulsion polymerization may be washed with a
sodlum carbonate solution saturated with diphen-
ylthiourea. In this case, too, a colorless sheet
is obtained after rolling at 165°C for more than
15 minutes. This latter method ensures a spe-
cially uniform distribution of the stabllizing
agents, one or two passages through the roller
being thus suffclent to obtaln a beautiful and
uniform sheet. Other arylated thioureas, as for
example dinaphthyl-, ditolyl-, dichlordiphenyl-
as well ag phenylthicurea act similarly to diphen-
¥lthiourea. Phenylthiourea is readily soluble in
water and therefore especially suitable for being
added In an agueous solution.

Similarly good results are obtalned with inter-
polymerization products from vinylchloride and
malelc esters or acrylc esters or with mixtures
of these interpolymerization products with poly-
vinylchloride by an additlon of 0.2 to 0.4 per cent
of sodium carbonate and 0.15 to 1.0 per cent of
diphenylthiourea.

Ezxzample 2

Several portions of polyvinylchloride as em-
ployed in Example 1 are washed with agueous so-
lutions of sodium carbonate and thiourea of var-
led concentrations so that the following percen-
tages thereof are contained in the polyvinylchlo-
ride after drylng. The masses are then rolled
out into sheets according to Example 1 and test-
ed as to thelr heat resistancy. The results of
the tests are set out in the following table:

Additions In per | Diseoloration of the sheets
cent. of— alter—
Batch Aft
Sodinm | Thio- er rolllng (Storage for 2
at la§° C, hours at
cabonate | ured | g jemint | 15 G-
Per cent
| ST Less than 0 4-.5 7
008 | 0,006
N S 4-5

0,03 | 0,01 4 ;:g
0,03 | 0,03 2-3 07
0,08 | 0,.5 3 7
0,03 N} 4 8
0,08 LI] 3 3]
0,08 | 0,006 1-2 i
0,081 001 1 5
0,08 0,03 11 4
0,08 0,15 il 7
008 L0 i 8
0,2 0, 006 1-2 [})
L2 | 001 1 u
0,2 0,08 11 3
0,2 0,18 11 67
0,2 1,0 L 8-7
0,4 0, 008 1 il
0,4 | 0,01 1 8
0,4 0,08 1 2
0,4 0,15 11 2
0,4 | Lo 1-2 3

-
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The comparison of this table with that given
in Example 1 shows that thlourea imparts a sim-
ilar inittal stabillty as about four times 13 amount
of diphenylthiourea, whereas the permanent sta-
bility achieved with thiourea is slightly Inferlor
to that of diphenylthioures,

Ezample 3

100 parts of polyvinylchioride as employed in
Example 1 are made into a paste with a solu-
tion of 2.6 parts of 8 mixture of secondary and
tertlary sodlum phosphate and 300 parts of wa-
ter. The paste thus prepared has a pa-value of
11, After removing the liquid by suctlon the
polyvinylchloride 1s dried, mixed with 1 part of
wax and 0.15 part of thiourea in a ball mill and
then rolled out into a sheet at 165°C. The sheet
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remains completely colorless even after rolling
for more than 15 minuies, whereas a sheet to
which no thiourea was added, has assumed s red-
brown color In the same time, A similarly good
result iz obtalned by adding 0.5 part of diphenyl-
thloures Instead of thiouresa.

Example 4

100 parts of polyvinylchloride as employed in
Example 1 Is mixed with 1 part of sodium stearate
and 1 part of diphenylthiourea and rolled out
into a sheet at 165° C. The sheet obtalned is
practically colorless and, even after continued
heatlng at 155°C, becomes less brown than an
equal sheet without an addition of diphenylthio-
urea after 15 minutes’ rolling.

HANS FIKENTSCHER.




