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The present Invention relates to condensation
products of superpolyamide character and to a
process of producing same.

In the co-pending application Ser. No. 252,630
one of the present Inventors and two others have
described a process for the production of high
molecular compounds of the polyatnide type ac-
cording to which amines having at least two re-
active amlno groups separated from each other
by at least two carbon atoms are reacted with
unsaturated, especially alpha-beta-unsaturated,
monocarboxylic acids or their derivatives at tem-
peratures at which the amines are added on to
the unsaturated monocarboxylic aclds or thelr
derivatives and amide formation hetween two or
more molecules of the amino acids thus formed
takes place. In the same application there 1s
also described that the properties of the poly-
amides obtainable according to the said process
may be varied either during or after their manu-
facture by reacting them with one or more or-
ganic compounds containing one or more groups
capable of reacting with NH-groups. Among the
compounds of the sald type there are mentioned
inter alia polycarboxylic acids.

We have now found that valuable condensa-
tion products can also be obtained by heating
polyamides obtainable accordlng to the process
of the said application Ser. No. 252,630 or their
said reaction products with organic compounds
containing one or more groups capable of react-
ing with NH-groups, either during or after their
manufacture, with superpolyamides, i. e. film-
forming high molecular amides of polypeptide-
like structure, as for example condensation prod-
ucts of diamines and dicarboxylic acids or of
salts of diamines and dicarboxyllc acids, and/or
of aminocarboxylic acids or with the Initial ma-
terials forming such superpolyamlides.

In practicing the present invention the con-
densation producis obtainable according to the
process of the copending application Ser, 252,630
are, for example, melted together with the super-
polyamides or the superpolyamides may already
be added during the production of the conden-
sation products according to application Ser.
252,630 or while they are reacted with a com-
pound having one or more groups capable of re-
acting with NH-groups. Especlally favorable re-
gults are obtained by carrying out the condensa-
tion according to application Ser. 252,630 in the
presence of superpolyamlde forming substances,
a8 for example dlcarboxylic aclds and/or of
w-gminocarboxylic acids.
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Dicarboxylic acids suitable for thls reaction are
in particular those of the formula

HOOC (CHz2): COOH

wherein £ means a whole number greater than
3, for example adipic acld or sebecic acid, and
also dicarboxylic acids interrupted one or more
times by hetero atoms or groups containing
hetero atoms, for example diglycollic acid, thio-
dipropionic acid, iminodipropionic acid or meth-
¥liminodiproplonic acld. Mixtures of several di-
carboxylic aclds and salts of dicarboxylic acids
with the diamines may also be used. Among sult-
able diamines there may be mentioned those of
the formula NHz(CH2:)-:NHa, wherein » means a
whole number greater than 3, for example tetra-
methylenediamine, pentamethylenediamine, hex-
amethylenediamine, octamethylenediamine, deca-
methylenediamine, para-phenylenedlamine, para-
xylylenediamine, w,w’-dilamino-para-diethylben~
zene or thelr perhydrogenated derlvatives. Di-
amines the carbon atoms of which are Inter-
rupted one or more times by hetero atoms, as for
example oxygen or sulfur or groups containing
hetero atoms, for example —30—, —8Qz— or
—NX— (X being hydrogen or a hydrocarbon
radicle), may also be used. Among dlamines of
the latter kind we may mention for example
beta-beta’-diaminodiethylether or ~dipropylether
and homologues thereof or similar thloethers.
Mixtures of several of these amines may also be
used.

As aminocarboxylic aclds which may be heated
with the condensation products obtalnable ac-
cording to application Ser. No. 252,630 there may
be mentloned those of the general formula
NH:(CHa2)COOH, wherein z is a whole num-
ber preferably greater than 3, for example ¢~
aminocaproic acid, The carbon chaln of amino
acids, too, may be interrupted one or more times
by the said hetero atoms or groups containing
hetero atoms.

Instead of the free carboxyllc aclds, their
functional derivatives, as for example their esters
or amides, may also be employed undergoing the
same reaction as the acids, save that alcohol
or ammonia or an amine is splif off instead of
water.

The condensation may furthermore be influ-
enced, especlally the degree of condensation be
varied, by the addition of small proportions of
monocarboxyle acids, for example acetic acid, or
of ammonia or monocamines, for example methyl
amine, dimethylamine, ethylamine, dipropyla-
mine, octodecylamine, decylamine or also by
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employing, the dicarboxylic acids or diamines in
excess of the amount theoretically required for
the interaction of both substances.

The condensation products are prepared by
heating, preferably, at temperatures ranging be-
tween 100° and about 300° C, Depending on the
temperature and the durstion as well a5 on the
method of heating, products of varying proper-
tles are obtalned. Temperatures of more than
300° C should be avoided as they easlly give rise
to decomposition and darkening in color. The
reaction may be carried out under ordinary, in-
creased or reduced pressure. It is advantageous
to employ at first Increased pressure or to work
with reflux cooling In order to thus bring the
mass into as uniform as possible a state of melt-
ing, and then to complete the condensation un-
der ordinary or reduced pressure while removing
the resulting volatile constituents as water, alco-

hol, ammonia or amine by distillation. Solvents o

and/or diluents may be present, If so desired.

As solvents suitable in particular when free
carboxylic aclds are employed for the condensa-
tion may be mentioned such as form azeotropic
mixtures with the water split off by the conden-
sation, as for example xylene or Xylenol. Gen-
erally speaking, it is most desirable to exclude air
or oxygen as far as posslble, in order to obtaln
products as colorless as possible.

The mixed high molecular condensation prod-
ucts of the superpolyamide type thus obtained are
suitable for the manufacture of threads, fllms,
ribbons, tubes, coverings, coatings, and moulded
articles of a great varlety of kinds. They are
more plastic and softer than the pure superpoly-
amides from dicarboxylic aclds and diamines or
from aminocarboxylic aclds. The condensation
products from alpha-beta-unsaturated monocar-
boxylic acids and diamines having thelr amino
groups separated from each other by at least 2
carbon atoms, obviously exert therein a scften-
ing or plasticlzing effect. In contrast to soften-
ing and plasticizing agents otherwise employed
for highly polymerized substanhces they have the
great advantage of belng chemically combined
and, by reason of their high-molecular natursg,
being not subject to volatilization or dissolution

The following Example will further illustrate
how the present invention may be carried out in
practice. The parts are by weight.

Example
A solution of 250.5 parts of an agueous acrylic
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acld of 71.8 per cent strength in 450 parts of al-
cohol Is slowly added, while stirring, to a solution
of 293 parts of hexamethylenediamine in 750
parts of alcohol and the mixture is boiled under
reflux for 2 hours, whereupon the alcchol is dis-
tilled off under reduced pressure. The viscous
yellowish of]l thus obtalned is heated with an
equal proportion of adipic acid hexamethylene-
diamine salt for 80 minutes in a closed vessel at
a temperature of from 275° to 280° C In the pres-
ence of nitrogen and then kept at this tempera-
ture for another 4 hours under atmospheric pres-
sure. The condensation product thus obtained
is extremely soft and flexible and eminently suit-
able for the manufacture of films.

The same reaction product is obtalned by car-
rying out the reactlon In only one stage, 1. e. It
the acrylic acld, adipic acld and the whole amount
of hexamethylenediamine are mixed and then
heated.

Instead of adiple acid hexamethylenediamine
salt there may also be used the diglycollic acid
hexamethylenediamine salt or mixtures of adipic
acid and hexamethylenediamine or of diglycollic
acld and hexamethylenediamine.

The ratlo in which the condensation product
from acrylic acid and hexamethylenedlamine or
the starting materials therefor and the adipic
acid or diglycolllc acid hexamethylenediamine
salts may be combined with one another may he
varied at will,

Using only frem 10 to 20 per cent of the con-
densation product from acrylic acild and hexa-
methylenediamine and condensing the sald prod-
uct with adipie acid or diglycolllc acid and hexa-
methylenediamine at from 210 to 220° C or even
higher temperatures, for example at from 275
to 280° C, condensation products are obtained
which are especlally soft, flexible and solid. In-
stead of the only condensation product from
acrylle acid and hexamethylenediamine, use may
be made also of a solld crystalline product which
may be obtained In the followlng manner,

A solution of 215 parts of acrylic acid methyl-
ester in 750 parts of alcohol Is slowly added at
25° C while stirring to a solution of 293 parts of
hexamethylenediemine In 760 parts of alcohol.
The mixture is further stirred at 70° for 5 hours,
whereupon the alcohol Is distilled off under re-
duced pressure.
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