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This invention relates to the production of High
polymeric eondensation products.

Tt iz an object of this invention to preduce high
polymeric products by condensation.

Another object 1s the provision of high poly-
meric products of varlous propertles.

‘These and other objects will be apparent from
the following description.

It has been found that aromatic acids being
substituted at least by two, if necessary substi-
tuted amino groups, may be condensed with all-
phatic carboxylic aclds or aromatic substituted
aliphatic amino carboxylic acids. The condensa-
tion products thus obtalned have a high softening
point and good film-forming properties. The
moulded products obtalned therefrom show also
good mechanical properties. The mixing propor-
tlon of the components leads to high polymeric
compounds of a very wide range. If polyamino
carboxylic aclds are used as sterting material in
excess, pDreferably resinous glass-clear products
are obtalned. If the aliphatic amino carboxylic
acld is In excess, preferably polymers of the so
called superpolyamide type are obtained. Buch
condensates are not pure chaln-polymerisates, but
show also net- and bridge-formation.

The chemical and physical character of the
high polymeric reaction broducts is extensively
deflned by the kind of aromatic polyamino car-
boxylic aclds used in this reaction, The influence
of the allphatic amino carboxylic acids on the
properties of the final product is within the scope
of the facts known about superpolyamlide resins.
The application of the symmetrical 3,5-dlamino
benzolc acid for instance leads to very hard con-
densates, whereas the application of the 2,5-dl-
amino benzolc acld results In softer high polymers.

As aliphatic amino carboxylic acids In principle
all known compounds of this constitution may be
used, preferably, however, w-amlnocarboxylic
acids, contalning 5 and more carbon atoms be-
tween the amino and the carboxyl group. Instead
of the free aliphatic amino carhboxylic ecids just
as well lts condensable derlvatives, like anhy-
drides, esters, nitriles, halides and the like may
be employed. Instead of the purely aliphatle
amino carboxylic aclds also aromatlc substituted
ones may be applied. Care has to be taken, how-
ever, that the substitution does not occur on the
primary amino group, as amino carboxylic aclds
with a secondary amino group react much slower.

It 15 also possible to use Instéad of the amino
carboxylic acld mixtures of dicarboxylic acids and
terminal diamines, which simulianeously are con-
densed amongst themselves Into aecld amides,
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which afterwards react with the polyamino car-
hoxylic aeids.

Amongst the aromatic polyamino carboxylic
aclds preferably may be mentioned the various
diamino bengzoic acids, diamino naphtoic aclds
and the corresponding triamino carboxylic acids,
in which stlll other places of the rings or an
amino group may be substituted.

Also such aromatic polyamides may be applled
according to our Invention which contain more
than one carhoxyl group, e. g. the 4,4’-dlaminodi-
phenyl-3,3’-diearboxylic acid or diamino-di-
phenylmethane - 4,4’ -dicarboxylic-acld-p-amino-
diphenyl-aspartic aeld. :

The union of the various amino carhoxylic acids
is accomplished in the simplest form by melting,
which may be done in the presence or absence of
an indifferent solvent or non-solvent for the start-
ing components or for the reaction product. ‘The
reaction temperature lles at an average within
175-250° C. If polymerization of the reactants
into high molecular reaction products occurs al-
ready below that temperature range, this takes
place very slowly and often without to obtain the
maximal chajn-length,

High purity of the starting materials and also
the exclusion of atmospheric oxygen during the
reaction is most Important for the quality of the
high molecular final product. Tha pressure in
the reactlon vessel Is far less Important. One may
work at the normal atmospheric pressire, but glso
in a vacuum or with excess pressure, according
to the steam- and subHmation pressure of the re-
actants and the kind of reection-polymerization
and/or condensation, whereby water is split off.

Generally it is not necessary to add special
catalysts accelerating the polymeriration. Most
probably the polycarboxylic acid is already enough
reaction accelerating. However, if the speed of
the reaction is slow, 1t may be increased by cata-
lysts. The number of catalytically effective sub-
stances is great corresponding to the variety of
the reaction possibilitles. Catalysts of an acid
nature are most effective. Thers may be men-
tioned inorganic acids I. e. hydrochloric acld, ali-
phatic and aromatic carboxylic aclds, phenols,
sulfo aclds, hydrohalides of amines or amino car-
hoxylic acids, generally speaking compounds re-
acting under formation of organic acids. Second-
aly in this respect are indifferent neutral com-
pounds like diatomaceous earth, actlve carbon,
fuller’s earth which essentially are surface active
and basic compounds, preferably organic amines

The fleld of application of the high polymers
I1s very wide. Besides their usefulness for textile



purposes in the form of fllaments they are well
sulted for the production of fllms (for photo-
graphic and other purposes), plates (as sibsti-
tutes for glass), sheets or folls (for electric in-
sulation, coating folls for clgarette tips, wrapping
foils, adhesive folls, light filters, patterns, sten-
eils, supports for prints or the like), sound rec-
ords (either those in which the sound track is cut
mechanically Into the support or is impressed
therein without, removal of material, (The Edi-
gon or the Berllner method) ), masses for the re-
production and printing arts, masses for dye-
casting and moulding by pressure (production of
camers, parts and casings for rollilm or film-
packs by pressing or rolling, production of spools
or parts thereof for photographic rolifilms by the
moulding method), as adhesive or intermediate
layers for composite glass. The sheets or folls
made from the materlals according to this in-
vention may be provided with a metallic coating
according to a known process.

The applicaiton of the products In form of
flims, filaments and the like takes place accord-
ing to known processes: dye-casting, casting
from the melt or from solutions, drawing from
the molten mass or under pressure below the
softening point, warm- and cold stretching, roll-
ing, in order to effect an orlentation of the mole-
cules In one or several directlons, ete.

Example I

e-aminocaprolactam and 3,5 diamino benzolc
acid, both purified by repeated crytsalllzation.
are well mixed and heated 20 hours at 200°C in
a glass tube in a pure CO:z atmosphere under
quicksilver cover allowing an excess pressure of
about 50 mm Heg.

The following variations may be mentioned:

(@) 3 parts e-aminocaprolactam - 17 parts 3,5-
diamino benzolc acid, a resin, stringy in
llquid state, red-brown, clear trans-
parent,

(b)Y 9 parts eaminocaprolactam -4- 11 parts 3,5-
diamino benzolc acld, a resin, stringy in
liguld state, red-brown, clear trans-
parent.

(¢) 13 parts e-aminocaprolactam -4- 7 parts 3,5-
dlamino benzoic acid, a resin, stringy in
liquid state, red-brown, clear trans-
parent.

(d) 15 parts e-aminocaprolactam -4 b parts 3,5-
dlamino benzolc acid, a resin, stringy in
liquid state, of honey-like color, trans-
parent til opaque.

(e) 10 parts e-aminocaprolactam -4 1 part 3,5-
dlamino benzolc acid, a resin, stringy in
liguid state, opaque.

The hardness and the melting polnt increase
from a—e, the latter belng capable of belng mould-
ed at temperatures above 300°C only. g is capa-
ble of swelling in formic acid, b to d are dissolved
thereln and yleld films from this solution, which
are brittle except e. a ls not soluble In 25 per
cent hydrochloric acid, b to e are soluble therein,
partly also In aclds of lower concentratlon.

Exzample II

e-aminocaprolactam Is condensed with 1,2-
phenylene-dlamine-4-carboxylle acld according
to Example I as dlhydrochloride at 190°C for 24
hours.

The following varlations may be mentloned:

(a) 8 parts e-aminocaprolactam 4- 12 parts 1,2-
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phenylenediamine-4-carboxylic acid, a
resin, slightly sticky, bluish, clear trans-
parent.

(1) 12 parts e-aminocaprolactam 4 8 parts, 1,2-
phenylenedlamine-4-carboxylle acid, a
resin, slightly sticky, blulsh, clear trans-
parent.

te) 15 parts e-aminocaprolactam 4- 5 parts 1,2
phenylene, diamine-4-carboxylic acld, a
violet resin.

(d) 19 parts e-aminocaprolactam -4- 1 part 1,2-
phenylenediamine-4-carboxylie acid.

a and b dissolved In formic acid yleld a soft,
slightly sticky fllm, the film from ¢ Is somewhat
harder, the film from d is still harder.

Ezample III

e-aminocaprolactam and 2,5-diaminobenzolc-
acld-dihydrochloride are mixed and heated as in
Example 1 and 2 at 190-210°C for 24 hours.

The following variations may be mentioned:

(@) 8 parts e-amlinocaprolactam 4- 12 parts 2,5-
dlaminobenzoic-acid-dihydrochloride, a
black-green, sticky condensate.

() 12 parts e-aminocaprolactam 4 8 parts 2,5-
dieminobenzoic-acid-dihydrochloride, &
green, transparent resin, soluble in
methanol.

(¢) 15 parts e-aminocaprolactam 4 5 parts 2,5-
diaminobenzoic-aciddihydrochloride, a
green, transparent, stlcky resin, soluble
in methanol.

(d) 19 parts e-aminocaprolectam +4- 1 part, 2,5-
dilamlnobenzoic - acidhydrochloride,
opaque, milky brownish resin of great
hardness, It Is unspoluble in methanol,
but dissolves readily in formic acid, m-
cresol and concentrated sulfuric acid.

Erample IV

4.5 grams e-aming caproic acld, several times
recrystallized are mixed with 0.6 gram 2,5-dlami-
nobenzole-acid-hydrochloride and heated at 200
205°C for 24 hours in a glass tube ln pure CO:
atmosphere under qulcksilver cover allowing an
excess pressure of about 50 mm Hg. A melt is
obtalned which is stringy in the liquid state, solu-
ble in formic acid and which can be worked up
from this solution into & mat brittle ilm.

If the reactants are mixed in the proportion
3.5:1.b after heating for 48 hours, a dark colored
melt 1s otbalned soluble not only In formic acid,
but also in hot water., The fllm from formic acid
is transparent and brittle. If the reactants are
mixed In the proportion 4:1 and g catalyst, e. g.
e-amino-caproic-acld-hydrochloride is added and
the reactlon mlxture heated under the above
mentioned conditions for 24 hours at 200-205°C,
a dark-lustrous melt 1s obtalned soluble In meth-
anol and formic acid. After casting of this solu-
tion a sticky fllm is obtalned.

Ezample V

3 parts hexamethylenedlammonium adipate
and 2 parts pure 3,5-diamino benzole acld are
caused to react at 200°C for 24 hours under con-
ditions as mentloned in the preceding examples.
A transparent, red color resin 1s obtalned, not
soluble in any solvent.

If the reactants are applied in the proportion
3:2, a transparent resin is obtalned less red In
color and capable of swelllng in formlc acld.
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