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This Invention relates to the production of
porous polyvinyl-chloride compositions contain-
ing softeners.

It is known to produce porous compositions
of polyvinyl compounds e. g. polystyrol or poly-
vinyl-chloride, In this process a mixture of a
polyvinyl compound and s gas-producing sub-
stance is heated under a rapidly rising vacuum.
The employed gas-producing substances, how-
ever, deterlorate the properties of the end prod-
ucts; besides there cannot be obtained a fine and
homogeneous porosity by the rapidly rising vac-
vum, Therefore, products of this kind were not
used in the arts till now.

Besides, it is known to produce porous com-
positions of polymethacrylic acid esters or luvikan
by slntering these substances without softening
agents in the form of powders or grains by heat-
ing them under a soft pressure or by softening
them by employing solvents and then combining
them under pressure. Since in the last and more
important process real solvents are used, it was
necessary to decrease their undesired dissolving
capacity by various measuTes e.g. by employing
solvents already containing Important quantities
of solved substance among them also the artifi-
cial resin starting material, or by emplo¥ing the
solvent in the form of gas or vapor in order to
avold a too strong swelling of the grains of the
artificial resin. Also solvents were recommended
which have g dissolving power on the surface of
the grains only at the temperature of thelr boll-
ing point,

Now it has been found that grains of polyvinyl
chloride can be combined excellently—whereby
even preferably higher binding temperatures can
be applied without danger for the porosity—Iif
there are not employed solvents or swelllng agents
in order to facilltate a strong binding but real
softening agents which before have been mixed
with the thermoplastic material.

Surprisingly, the use of softencrs, facllitating
the sintering, is not only possible but even large
amounts of softeners which can be more than 100
per cent, calculated upon the polyvinyl chleo-
ride, can be employed. This is extraordinary sur-
prising because one had to expect a non-porous
or at least an lmperfectly porous substance if
larger amounts of softeners are employed. The
softeners do not only facilitate the sintering proe-
ess but 1t 1s also most important thai by this
way softener-containing porous substances of de-
sired softness and flexibility ¢an be obtained, con-
talning the softener In finest dispersion. This
fact Is very much important for many uses.
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In practiging this Invention, the powdery or
grainy substances are treated In a mixing ap-
paratus with softeners or a mixture of softeners
and volatile solvents which do not solve the poly-
vinyl chloride or solve it only In a little degree
at temperatures under the sinterlng temperature,
till the little parts of the powder resp. of the
grains have abserbed the added softeners or the
mixture of softeners and solvents completely or
at least for the most part; then this composi-
tion is sintered at a suitable high-temperature.
The sintering is modified In a remarkable man-
ner -by the applyirig of softeners or mixtures of
softeners and solvents. It may also be advan-
tageous to employ mixtures of certain softeners
and volatlle solvents.

If the sintering is carried out on a free e.g.
plain support or in a form which allows evad-
ing, the pewdery resp. grainy substances rise and
take up a larger volume. Hereby speeially Hght
end loose porous masses are obtained, They fa-
cilitate for Instahce the tearing into flocks for
the fllling of isolating rooms.

Generally one will work against such an expan-
slon and loosening of the structure. 'This can he
done for instance during the production of porous
foils and plates by such a way, that the powder
and the like containing softeners is not freely
arranged in layers en the support but by putting
a framing on the support which Is completely
filled up by the powder and by laying a cover on
the framing, This prevents the rising of the
mass If it 1s heated. On the other hand the in-
clination of the mass to rise gives a sufficlent
pressure against the cover to form a porous plate.
It 1s usefu! to form the covering surface and
likewise the support as a heating surface. In
order to produce complicated porous molded arti-
cles cerresponding melds are used which are cov-
ered at the fAilling opening and, If necessary, can
also be heated at the side walls,

A specially solid structure and a desired small
degree of porosity, éspecially a mikroporous struc-
ture is obtained by pressing the mass during the
sinteritie by means of a suitably heated stamp
or the like durlng the heating.

Other modifying measures consist In carrylng
out the sintering in a closed mold and causing
in it an overpressure with the ald ¢f a gas dur-
ing the heating or an underpressure by vacuum,
These measures dre the-more effective the more
vacucles are formed beside the open porss which
depends as well on the kind of the employed
polyvinyl chloride, on the addition of softeners
or mixtures of softeners and solvents, and the
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conditlons of the heating (temperature and dura-
tion) and the pressure as executed by a stamp or
by a preceding stamping.

In certaln cases it may also be advantageous to
carry out the sintering in an indifferent or chem-
ical active atmosphere, for instance in an oxidiz-
ing, reducing, vulcanizing or chlorinating at-
mosphere.

Generally the sinterlng takes place the easier
the more softeners or mixtures of softeners and
golvents are contained in the powder and the
like,

By the fact that the sintering proceeds the
more rapidly and completely the more softener
or mixtures of softeners and solvents are con-
tained in the powder, the possibility is given to
obtain molded articles which are partly porous,
partly tlght, E. g. such a plate is produced if a
bottom layer consisting of 8 powder with many
softeners is fillled in a frame, a powder of essen-
tially less softeners is piled on It and the heat
treatment 1s so regulated that the upper layer
becomes porous, the under layer melts together
tightly.

The sintering according to this invention pro-

ceeds surprisingly so easily that it may also be
carried out in situ on any surface which s to
provide with a porous covering of polyvinyl chlo-
ride. For this purpose the polyvinyl chloride is
brought in a brushable state. It is worked up
with an adequate excess of a softener or a mix-
ture of softeners and solvents. These agents
must be of such a kind as to solve the polyvinyl
chloride only slightly at temperatures under the
sintering point. The polyvinyl chloride may also
be worked up with a liquid which does not pro-
mote the sintering and does not solve, such as
water or benzine, or with a binding agent, such
as an adhesive solution with a volatile solvent or
with a mixture of additions which cause the
brushability. The thus obtalned mass is brushed
or smoothed on the surface to be covered, the
volatile constituents are allowed to evaporate
more or less: then the 50 obtained covering which
can be switably thickened by repeated charging
is treated in situ by an Instrument brought up to
a suitable temperature, e. g. &0 iron, or & heated
spatula or the like, under a suitable pressure till
it 1s in the desired porous state,
- If necessary, the added softeners or solvents or
other liquids and binding agents may be partly
extracted in the above described manrier and
thereby the obtalned porous coverings can he
hardened,

The selection of the softeners and solvents suit-
able for the sintering depends on the specific
properties of the polyvinyl chloride which is to be
worked up Into porous masses. The selection can
be made by a few simple solubility determinations
at the temperature of the sintering point and
under it, primarily at room temperature and, if
necessary, at still lower temperatures. Generally
the number of the suitable agents Is the larger
the higher molecular the polyvinyl chloride is.
E. g. for especially high molecular polyvinyl chlo-
ride as it can be obtained for instance according
to the French Patent 837,233, all usual softeners
also in a mixture with nearly all volatile solvents
are sultable with exception of the ketones, the
aromatic chlorine hydrocarbons such as chloro-
toluene and a few special solvents such as tetra-
hydrofurane,

To the powders containing softeners additions
may also be incorporated-—preferably solved In
the sintering llquids—which influence the prop-
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ertles of the artificial material during or after
the sintering. For this purpose stabillzers come
into consideration such as lead salts, especlally
lead stearate or kaoline, also additions which
cause a cross-binding action upon the molecules
such as vinyl crotonate according to the German
Patent Application W 106,747.

If the porous mass is to be brought in a flocky
state the incorporation of gas-generating sub-
stances, such as ammonium bicarhonate, to the
powder which is to be sintered may be advanta-
geous. For this purpose the gas producing sub-
stances are preferably not incorporated in solu-
tions but they are added to the powder of poly-
vinyl chloride In a solid state and in a relatively
coarse distribution in order to obtain flocks of
the desired size by the separating effect of the
gas-generating substances,

In most cases the mixing of the powder of
polyvinyl chloride and softeners or mixtures of
softeners and solvents need not be carried out at
a low temperature if the selection among them
has been made usefully; the absorption can be
accelerated by heating in most cases. E. g. a
high molecular polyvinyl chloride with an equal
part of weight of frikresyl-phosphate can be
mixed with the methylglycol phthalate obtainable
under the trade mark *“Palatinol O”, dibutyl
phthalate (“Palatinol €’) and the like, at about
70=100° without destroying the powder form.
In the particular case the upper temperature
limit for the mixing depehds on the mutual rela-
tions of solubility, if volatile solvents are em-
ployed it depends naturally also on their boiling
point.

Suitable sintering temperatures for powder of
equal parts of high molecular polyvinyl chloride
and softeners lie for instance at about 175° if
methylglycol phthalate is used as softener, at
about 150° if dibutyl phthalate is used, at about
130-140° if dihydro-lsophorolacetate is applied.
Usually the sintering temperature can be more
lowered by additions of volatile solvenis than by
8 sole incorporation of non-volatile softeners.

Suitable heating durabilities for the mentioned
mixtures lie at about 30 minutes, if mikroporous
plates of 10 mm thickness are to be produced, at
about 15 minutes for plates of a thickness of 5
mim, and at about 10 minutes for plates of a
thickness of 3 mm. The heating can importantly
be shortened by preheating the powders to be
sintered. That is specially to recommend Iif
thicker articles are to be produced.

The size of the pores which are forined by the
sintering can be influenced by a suitable selection
of the size of the grains of the polyvinyl chloride,
by the amount of softeners or mixtures of soften-
ers and solvents, by the compression of the mass
with the aid of a stamp and by the combination
of these measures with corresponding sintering
temperatures and heating durabilities, llkewise
also by applying under pressure or by increased
gas pressure in the sintering mold.

If mnecessary, the produced mikroporous or
coarse porous objects can be improved by a ther-
mal after-treatment. Thereby temperatures are
suitable which are close under the flowing point
of the compositions. If volatile solvents gre also
employed in the production of the porous objects,
the removal of them is usefully combined with
the thermal improvement, carrying it out in s
vacuum or In a currént of gas.

If more softeners are employed for the facill-
tating of the sintering process than provided for
the properties of the end products they can partly
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be removed by subsequent extraction. A subse-
quent, If necessary partly exchange of the orig-
Inal softeners for new ones is also possible.

Ezrample 1

200 parts of welght of a powder of high poly-
meric polyvinyl chloride which was sifted through
8 200 mesh sieve were mixed with 200 parts of
welght of trikresylphosphate C II S at 100° in
& mixing apparatus. The thus obtained mixture
which had preserved its powdery state was filled
in an iron frame which was put on a heating
plate. The completely filled frame was then
covergd by an iron plate in order to prevent an
escaping of the mass when it was heated. By
heating up on 170° the powdery mass was sin-
tered within 10 minutes and yielded a completely
equal mikroporous flexible plate of a thickness of
5 mm, of excellent properties of reslstance. A
stream of air or ligquid can be easlly blown
threugh the plate, therefore the plate can be used
as a filter and the like.

Ezample 2

In the same way as in example 1 a powder of
high polymeric polyvinyl chloride consisting of
larger particles was worked up; the powder was
here obtained by a 76 mesh sieve. A relatively
coarse porous but likewise excellent solid filter
plate was yielded.

Example 3

200 g of a coarse grainy mixed polymerisate of
the composition of 80 per cent of vinyl chloride
and 20 per cent of vinyl acetate were equally
mixed with 80 g of trikresylphosphate C IT S at
room temperature and sintered at 80° under &
glight pressure for ten minutes. A soft rubber-
ke, coarse porous plate was yielded.

The porous polyvinyl chloride compositions
produced according to this invention have an ex-
eellent resistance to tearing which is superlor to
that of porous rubber articles, The known prop-
erties of compact polyvinyl chloride could not
give any hint about this superlority. On the
contrary a less strength must be expected by the
fact that the pores are open. This can only ba
explained by the surprising fact that the sinter-
ing spots of the parts of the polyvinyl chloride are
stlll stronger than the original mass.

The resistance to temperature of the porous
polyvinyl chloride compositions is also excellent.
E.g. tubes of compact polyvinyl chloride are ex-
truded through a nozzle at a temperature of 150°,
Solled fliters of porous polyvinyl chloride, how-
ever, can he boiled out in glycerin at a tempera-
ture of 210-220° whereby they keep their struec-
ture and properties. The articles are even
stronger after the boiling process.

The following valuable properties are also sur-
prising: plates and blocks of the porous polyvinyl
chloride compositions can be splitted into foils of
a thickness of a few tenths of millimeter by the
known leather splitiing machine on account of
their surprising strength. On the other hand
these blocks and plates can be divided into elastic
gplinters or a porous wool by countersinking,
stamping, turning on & lathe, planting and the
like resp. they may be worked up to flocks by
tearing machines. :

Purther the ability to be welded is surprisingly
s0 good that it will do to weld the molded articles
which are to be combined-only at their borders.

Thereby it--1s--possible to'-preduse- complicated 7§
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composed articles of polyvinyl chloride which are
completely porous.

A further advantage of the porous polyvinyl
chloride compositions lies In the fact that they
are also obtainable as working pleces the par-
ticular layers of which have different degrees of
porosity, resp. parily an important one, partly no
porosity at all. It 1s possible to carry out the
sintering in the outward zone till the pores are
completely closed, in other zones, however, only
50 far as open pores are formed; this 1s done by
piling up layers of powder which sinter differ-
ently and by the application of suitable tempera-
tures and pressures. For instance filtering
cloths may be produced which are tight at their
edges resp, at the fixing spots the main planes
of which, however, are porous.

A further property of the polyvinyl chloride
is that it can be brought into g porous state in
situ on surfaces to be coated. If a plahe sup-
port 1s to be coated the powder must be only
plled on it and be ironed or calendered by a
heated spatula or an iron and the like at a suit-
able pressure. If vertical or complicatedly
formed surfaces are to be coated the powder is
mixed with more liquld than it can absorb, if
necessary also by employing binding materials,
Then the paste is spread or smoothed on the
surface to be coated. Hereafter the desired por-
ous form may be obtained by ironing and the
like; if necessary the mass can be previously
dried or thickened by repeated spreading.

The porous polyvinyl chloride cornpositions can
also be dyed much more homogeneously than the
other artificial materials, especially rubber ar-
ticles, The superiority in this respect is very
Important for many applications.

Beside these mentioned advantages there exist
also the known valuable propertles of the poly-
vinyl chlorides, especially their high molecular
form: they are high resistant to most of the or-
ganic liguids, to concentrated acids, hydrogen
peroxide, persulphate, halogens, alcalies, and
other strongly corroding agents, even at high
temperatures. They have a high insulating
power and they are unflammable and insensitive
against the action of the sun, the air, moisture
and aging,

By the combination of the new and known
properties many new kinds of applications have
become possible. This combination makes the
polyviny! chloride superfor to all other porous
masses known till now; this superiority refers
especially to the compositions with high and
highest molecular polyvinyl chlorides. It gccurs
in all the applications of known porous masses.
Further all those applications are possible in
which tie known porous masses could not be ap-
plled till now.

First the porous polyvinyl chloride compositions
resp. the artlcles, flocks, splinters, wools and the
like formed of them enlarge and improve the
technical possibilities of the thermal, electric, and
acoustic insulatlon in the arts, for building pur-
poses, in the household, and for clothing purposes.
The high resistance to temperature in connec-
tion with the extraordinary chemical strength
and the excellent mechanic properties make them
ideal insulating materials, specially for the pur-
poses of the chemical Industry. Since they can
be produced with extreordinary fine porosity
they are of a high value for heat insulations pe-
cause they prevent any convection currents in the
pores. The open pores of these porous articles
dao-not-hinder their-applicatten for cold insylat-
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ing purposes becaiuse the open pores of the sur-
face of folls and plates of polyvinyl chloride can
be closed, as above described, so that no molsture
can enter the inside pores and a formation of
ice is not possible. Thereby the above described
possibility to produce porous coatings in sltu is
also of a high value In many cases. II neces-
sary, the outward openings of the pores may be
closed by a suitable thermal after-treatment, for
instance by fanning with a flame. On the other
hand the division of the produced porous masses
into flocks and elastic splinters and into Insulat-
ing woals, as above described, whieh do not set
after being slightly pressed on even If they are
shaken for a long time, is often of a high im-
portance for the fllling of insulating hollow
spaces.

The new porous compositions are alse import-
ant for building purposes e.g. for the heat insu-
lation of floors, walls, and ceilings, especially if
they have surfaces with closed pores. The pos-
sibility to produce the coatings of floors, walls,
and cellings in situ, e.z. on plaster floors, is es-
pecially advantageous. Besides the open-porous
coverings of polyvinyl chloride are also an ex-
cellent covering for moist walls or floors, if neces-
sary for a support of tapestries, of coverings of
linoleum and the like. Hereby, the ability of the
porous polyvinyl chloride compositions to act
sound insulating is very advantageous. Even
foils of porous polyvinyl chloride can be obtained
for floor coverings which have the effect of thick
carpets on account of their excellent elasticity.
The fact that polyvinyl chlorides can be dyed
with much more different color tones than porous
articles of rubber, and the like, and that it is
odorless is specially important for these pur-
poses.

All these advantagecus properties can also be
used for household articles, e.g. for stands, floor
mats, rugs for bath-rooms, pads, and the like.

The new porous polyvinyl chlorlde compositions
can also be applied for clothing purposes. The
cleavability into thin foils makes it possible to
produce feltlike resp. skin-like linings of sultable
graduated porosity and flexibility and of a high
heat insulatlng power. They can be applied as
a substitute for the linings of fur but also for
clothes e.g. for warming caps, gloves, jackets, and
the like, If necessary, they may be made water-
proof, resp. waterrepelling by sucking through
solutions of waterrepelling substances, e.g. ben-
zine, whereby their porosity is preserved, Solit is
possible to produce warming, lieht water-proof
cloaks, caps, and the like, letting through the
transpiration which have also a high resistance
to nearly all corroding agents and are extra-
ordinary good washable,

The application of all these advantages for
the electrie insulation is obvious. The possi-
bility to produce porous coatings of polyvinyl
chloride in situ is also hereby of high import-
ance. E.g. windings of transformers can ad-
vantageously be coated in situ by such porous
coverings in which Insulating oll is then
sucked in.

The nhew porous or mikroporous polyvinyl chio-
ride compositions are also excellently suitable for
the production of filters, eg. dust filters, especial-
ly for the filtration of acid, chlorinating or oxi-
dizing gases, for filter presses for large or small
apparatus, for the flltratlon of drinking water,
and the like, filter candles, diaphragms, e.g. for
accumulators, electrolytic or osmotic cells, and

10

16

20

23

a0

a5

40

45

60

55

a0

a5

70

fhe like. Their chemical and mechanical prop- 78

420,682

erties of resistance in connection with the above
described advantages not known tlil now make
them superior to all porous organic industrial
material such as caoutchouc and the like which
hitherto had been applied for such purposes. E.g.
there are many more possibilitles of cleaning
golled filters and the like: the filters of polyvinyl
chloride may be bolled out in solvents such as
glycerin at temperatures up to 210-220°, In most
cases it 1s still more suitable to boll them out
with constantly boillng hydrochloric acid of 20%.
Surprisingly the strength of the filters is still more
increased by the boiling. While the filters, dia-
phragms, and the lke are insensitive to nearly all’
strongly corroding agents and to nearly all sol-
vents, the porous polyvinyl chloride compositions
can be removed if necessary from spols in ap-
paratus which are hardly approachable: by the
treatment with ketones, such as acetone, they de-
compose {nto powder,

For the manufacture of footwear the folls of
polyvinyl chloride will have a great 1mportance
which is completely different from that of the
artificial leather and of rubber hitherto applied.
In contrast to these masses the artificlal leathers
of porous polyvinyl chloride let the transpiration
pass through and are much more similar to the
real leather because they are able to take up
some molsture and can easily give it off. These
advantages and the resistance to aging and the
strength make the foils, furs, and skins of porous
polyvinyl chloride superior to all other masses,
if leather, especially deerskin is to be substituted
by an artificial material,

Saddles, especially those for bicycles, may be
produced of the porous and elastic polyvinyl chlo-
ride compositions. E.g. folls of porous polyvinyl
chlorides are also very much suitable for elastic
supports of tents protecting against molsture and
the cold of the soil. Especially foils containing
trikresylphosphate as softeners have only a glight
permeability for water in spite of their porosity.
They can be made completely impermeable for
water If benzine coniaining oil is pressed or
sucked through them. Stuffed goods, coverings
for chairs, sofas and furniture, and the like can
advantageously be produced of the new artificial
materials. Especially flocks, splinters and wools
of porous polyvinyl chlorides are an excellent ma-
terial for stuffed goods which does not age. All
these advantages can also usefully be applied for
the production of gallantry articles such as hand-
pockets, writing-supports, and the like.

It may still be mentioned that also leather
gralng or another plastic deslgn may be obtained
if porous foils are produced by sintering be-
tween {wo heating plates which are suitably
equipped. Occaslonally the possibjlity to spread
the porous coverings in situ can also be important
for the production of saddlers’, harness-makers’,
and pouch and purse makers’ wares.

The porous foils of polyvinyl chloride present
new angd progressive printing cloths and coatings
for printing rollers. Beside thelr favorable me-
chanic properties, their stabllity and the possi-
bility to be cleaned easily and thoroughly they
are also able to take up the printing colors very
well on account of thelr absorbing properties,
end are thus an excellent reserve of colors.

On account of their sultability for strongly ab-
sorbed impregnations and the possibillty that they
can bhe brought on in situ, coatings of porous
polyvinyl chloride are also very suitable for the
protection of ship walls against sea animalg and
gea plants. The porous structure causes that the
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animals and plants are poisoned much more effec-
tively when they enter the pores contalning pol-
son than by the hitherto applied not porous poison
palntings which lose thelr content of poison at
the surface relatively quickly. In spite of their
porosity the coatings of polyvinyl chloride com-
positions can be obtalned with an outward
smoothness sufficient also for these purposes.

The possibllity to impregnate folls or coatings
of porous polyvinyl chloride with strongly adher-
ing polsons and if necessary to impregnate them
with glue or other solutions of adhesive sub-
stance makes It also suitable for means for the
extermination of animals and plants e.g. bandages
for trees.

By its resistance to putrefaction and aging in
connection with the well Insulating properties
the porous flocks, splinters, and wools can also
be applied for the agricultural covering of the
soil.

By all of the described properties, especially
because it easily and thoroughly can be sterilized
and cleaned, the porous polyvinyl chlorides are
predestined for hygienic, orthopedic, therapeutie,
and other medical applications.

Coarse porous molded articles of polyvinyl
chloride can excellently be applied for bhath
sponges, rubbing gloves, and the llke, thin split-
ted foils can be used for the production of mouth-
pieces for cigarettes, nikotine preserver for pipes,
smoke consumpters, foils which have to absorb
perspiration, absorbing instep-raiser for shoes,
protecting stockings which do not hinder the
transpiration, for people with varicose veins, and
other transmitting bandages. The folls which
are porous on the upper side and unporous on
the under side are especially suited for baby
supports which can well be boiled out and ster-
ilized.

For orthopedic applications the sultable regu-~
lation of the elasticity and porosity is highly im-
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portant. Orthopedic Instep-raisers, linings for
corsets and In protheses, pressure balls for
trusses and the llke can better be produced of the
new artificial materials and with a better sult-
ability to the enquirements of every particular
case.

For therapeutic applications the porous poly-
vinyl chlorides present important advantages by
thelr compatibility with the various disinfectants
and medicaments and by their excellent capa-
bility of absorbing if they are sufficient mikro-
porous. They can be applied as active fitlers in
poultices under stiffening bandages, pessaries,
tampones, and the like. Their properties allow
to apply them as medical deposits introduced into
the tissue or in wounds or cavities of the body.
Thereby it is also important that they can be
brought in an absolute sterile state by simplest
means, Foils produced with trikresylphosphate
as softeners and fillers of mikroporous polyvinyl
chloride have a permanent antiseptic effect by
themselves.

The new products of porous polyvinyl chloride
can also be applied for other medical and espe-
cially for surgical purposes. The application for
sick-supports, especially for operation-supports
which are absorbing on the upper side and imper-
meable on the under side and which can easily
be sterilized after being used, is obvious. On ac-
count of their absolute indifference to all liquids
of the body in connection with their absolute
sterilizabllity and their capability of absorbing
therapeutic active substances of every kind they
may be applied instead of the hitherto applied
medical deposits and plastic flllings to be laid in.

Their capabillty of absorbing which may still
be more increased by suitable Ilmpregnations
makes foils of mikroporous polyvinyl chlorides
also a suitable artificial material for gas masks.

HERBERT BERG.
MARTIN DORIAT.



