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The present invention rela.tes to a method for
hardening polymers.

When hardening polymerized natural or ar-
tificial substances having a structure’with lin-
ear chaln molecules, such as, for instance, poly-
styrene, polyacrylates, natural or synthetic rub-
ber drawbacks are presented in two respects,
since, on the one hand, some of these substances
cannot be hardened at all by the metheds hith-
erto known and on the other hand the hardening
of polymers capable of being hardened by the
usual vulcanization causes an impairment of the
dielectrie properties undesirable for some electro-
technic purposes, particularly owing to the abso-
lutely undesirable increase of the loss angle and to
the increase of the dielectric constant also unde-
sirable in most cases.

According to the Invention the polymerized
natural or artificial substances, particularly hav-
ing a structure with linear chain molecules, are
hardened by the fact that these elements are
homogeneously mixed with mixtures of substances
still capable of belng polymerized during the ¢co-
polymerization of which three-dimensional mac-
romolecules are produced, and then the co-poly-
merization is effected. In this case the co-poly-
merization may be effected before or after glv-
ing the mixtures of substances the deslred shape.
These mixed polymers are produced, as a rule,
by the polymerization of a mixture of at least two
bodies capable of being polymerized with each
other, of which at least one contains two groups
capable of being polymerized. For instance, the
following known mixtures of substances are capa-
ble of belng polymerized: Styrene -+ dlvinylben-
20l, acrylic acid ester + divinylbenzol or 4 divin-
ylketone or <4 divinylether or 4 vinylpropen-
ylbenzol, vinylether 4 divinylketone or - vinyl-
propenylbenzol.

By the invention substances or even shaped
bodies may be surprisingly obtained which pre-
sent properties particularly desirable in the fleld
of artificial substances. By the Invention the
field of application of the mixed polymers con-
sisting of three-dimenslonal macromolecules Is
at the same time considerably enlarged, since
these mixed polymers are as Is well known brittle,
Infusible and inscluble transparent substances,
whose properties may be deduced from their
three-dimensional molecular structure. These
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mixed polymers, particularly when being pressed -

and sprayed present in most cases considerable
difficultles owing to thelr brittleness and infusi-
billty. Also these diffculties are materially re-
duced or entirely avolded by the invention.

ss

The substances or bodies produced according
to the invention are harder than the basic sub-
stances polymerized and employed In the manu-
facture thereof; this may be called a pseudo-vul-
canization. Furthermore, they are more tough
and more resistant to heat but are insoluble and
often only capable of swelling in the usual sol-
vents (particularly In the aromatic hydrocarbons,
such as benzol, toluene or xylene). A particular
advantage of the inventlon consists in the fact
that it is also possible to produce substances also
capable of being fused and sprayed, the tem-
perdtures at which these substances are em-
ploved lytng, of course, higher than that of the
starting substances. A further essential advan-
tage consists In the fact that the substances ac-
cofding to the Invention de not age or at all
events not to a greater extent than the starting
supstances and need not contaln constituents
which are not absolutely necessary to compose
the same, i. e., particularly any filling substances,
vuleanization accelerators or the like. If sub-
stances are to be produced with a particularly
low dielectric loss angle, which is readily possible
it 18 advisable to use starting substances which
consist only of pure hydrocarbons or substances
having a smali total dipole moment,

It iz possible to bring about any conditions
whatever, depending upon the kind and the quan-
tity of the homogeneous mixture of the starting
substances subjected to the polymenza.hon proc-
ess, In this case it is pa.rt.xcularly favorable that
the co-polymerization of the starting substances
stlll to be polymerized may be effected In the
already polymerized starting substance even after
glving the body to be produced from the final
substance the desired shape, since in this manner
a body may be produced In a soft state and
may then be hardened only by the application of
heat.

Example 1

16 parts by welght of polystyrene are homo-
geneously mdxed with 25 parts by weight of a
mlxturé consisting ‘of styrene and 1% paradivin-
yIbenzol, whereby a swelling is effected and poly-
merized for abiouf 24 to 48 hours at a temperature
of 130° centigrade. The transparent substance
thus produced is highly resistant to shaping, does
not tend to form cracks as does polystyrene and
is capable of being sprayed. The softening point
les 10° centigrade above the softening point of
the pare polystyrene tmployed.

Ezample 2
75 .pqrts by weight of polyacrylic acid-isobutyl-
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ester and 25 parts by welght of the mixture sty-
rene - 1% paradivinylbenzol are homogeneously
mixed, whereby a swelling is effected. The hard-
ening mixture is then fnally polymerized. The
substance thus produced has approximately the
properties inherent in slightly vulcanized rub-
ber. If another mixing ratio {s chosen, for In-
stance, a ratio of 50 parts by weight to 50 parts by
welght of the starting substances & no longer
transparent leather-like substance {s obtained.

Example 3

The mixture of 70 parts by weight of & highly
polymeric substance known as Oppanol B 200
with 30 parts by welght of the mixture sty-
renet-1% divinylbenzol produced on a mlixing
roller or on another mixing device, if necessary
by the application of a moderate heat 1s poly-
merized by heatlng, Also this substance has a
soft rubber-like character and it Is possible to
obtain leather-like substances aslso in this case
by varying the mixing proportion of the starting
material.

In the case of substances difficult to be mixed
owing to their tenaclty as Intimate a mixture as
possible may be obtained with the aid of other
substances by the fact that these substances dif-
ficult to be mixed are so intensely undercooled
that they may be finely divided and may be
mixed In thils state with the other substances.

When treating highly molecular substances
having as above described g structure with linear
chailn molecules it may happen that these sub-
stances smear superficlally during the polymer-
izatlon process and become thereby defective.
Such & smearing has not yet been observed when
treating the highly molecular substances having
a structure with linear chaln molecules In an-
other manner, This is probably due to the fact
that the high molecular substances having a
structure with llnear chain molecules are dis-
solved when carrylng out the method according
to the invention and, consequently, may react
very easlly with the oxlgen of the atmosphere
surrounding the same.

This superflcial amearing of the highly molecu-
lar substances when carrylng out the method
according to the invention 1s best avoided by
the fact that the method according to the inven-
tion is carried out in an atmosphere free from
or &t lesst poor In oxigen. In thls case by an
atmosphere poor in oxigen 1s to be understood
such an stmosphere in which the oxieen 15 only
present up to an innoxlous concentration.

The method accordlng to the Invention may,
for instance, be carrled out practically by the use
of a vacuum, in which case a moderate vacuum
1s sufcient which, for Instance, may be produced
with the aid of & water-jet pump. Also Inert
gases, for instance, nitrogen and carbonic acid
as well s water vapor may, however, be em-
ployed as a protective atmosphere. Further-
more, water 1tself may be utillzed as an atmos-
phere contalning slight amounts of oxlgen. Buch
an atmosphere is preferable, for instance, when
treating polylsobutylenes, polybutadienes, poly-
vinylethers and polyacrylates.

The method according to the inventlon pre-
sents particular advantages when used in the
fleld of electrical engineering, The substances
or bodles produced according to the invention
may be employed for Insulating purposes In vari-
ous manners. For instance, electric conductors
may be provided according to the invention with
& covering applled thereto by any suitable spray-
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fng or pressing method. However, nlso patts of &
device of a particularly complicated shape may
be made to gauge without giving rise to a for-
mation of cracks. The invention may also be
used for the manufacture of semi-conductors by
adding prior to the polymerization to the homo-
geneous mixture conducting or even only semi-
conducting substances of the desired kind and
in the desired amount.

The Invention i1s not limited to the fact that
only one polymerlzed basic substance or only one
mixture capable of being polymerized is em-
ployed or that these components are pure, but
the Invention mey also be used for hardening
gubstances or mixtures of substances which con-
tain not only one but also a plurality of poly-
merized components and furthermore not only
pure components but also mixed with other sub-
stances such as, for Instance, softening agents,
stretching agents etc. Also in the manufacture
and treatment of mixtures of substances capable
of being polymerized the components may be
comblhed in any desired manner, number and
sequence. Particularly, it is also possible to
combine the components of the final substance
(total mixture) in various steps and, if desired,
to pelymerlze the same In varlous steps.

The invention presents the further advantage
that the substances produced according to the
method of the invention from baslc substances
capable of being vulcanized may be subjected
after the co-polymerization to a further vulcan-
izatlon, since it has been surprisingly found that
the vulcanlzation of these substances requires so
small amounts of vulcanizing agents that the
dielectric properties of the materials are thereby
affected only to a very slight extent, while the
mechanical properties are Improved to the same
extent as is possible only with the ald of great
gmounts of vulcanizing agents when employing
such substances which are vulcanized without the
use of the method according to the invention.
The particular advantage of the method accord-
ing to the Inventlon consists in the fact that
substances are thereby produced which not only
present on the one hand very good dielectric
properties and on the other hand mechanlcal
properties not hitherto attained, but are in prac-
tice at the same time sufficlently resisiant to
heat, since the method according to the Inven-
tion may be readlly carried out in such & man-
ner that the bodies produced In any thermo-
plastic condition are rendered free from the
thermoplasticity in the desired manner by the
vulcanization.

The improvement attalned by the vuleaniza-
tion is apparent from the fact that the tenslle
strength of a substance containing natural rub-
ber as & basic substance and produced accord-
ing to the method of the invention by the use of
a mixed polymer consisting of styrene and di-
vinylbenzol Is Increased by the vulcanization
from 105 kg/cm? and 70% elongatlon to 170
kg/cm? and more than 450% elongation. In
this case the quantity of sulphur (referred to the
percentage of rubber) required for the vulcaniza-
tion amounts only to 1% and less. Such high
values of the tensile strength and elongation have
hitherto only been attelned in substances con-
taining natural rubber as & basic substance 1if
conslderably higher degrees of vulcanization
d. e, for instance, as usual 3% sulphur) have
been employed, in which case, however, a smaller
hardness had to be put up with,
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It must be particularly pointed out that the
vulcanization may be carrled out in the case of
all substances capable of being vuleanized and
produced according to the invention, i. e, not
only in the case of substances containing natural
rubber as a basic substance, but also In the case
of such substances containing artiflcial rubber.

If natural rubber be employed it is preferable
to render it free from, or at least poor in, pro-
tein before vulcanizing it, for whlch purpose vari-
ous methods are known and have proved satis-

5 factory in practice.
WILLI MERTENS.



