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The bresent invention relates to & procesgs for

the production of superpolyamides.
. Buperpolyamides, 1. e. condensation products
aimilar to polypeptides which can be drawn into
threads, are obtalned by condensing diamines
with approximately equimolecular proportiong of
diearboxylic aclds or of functional derivatives of
the sald acids capable of forming amides, or by
condensing salts of diamines with dicarboxylic
a¢ids, or by condensing aminocarboxylic acids or
their functional derlvatives capable of forming
amlides, while operating at an elevated tempera-
ture, for example between 200 and 300°, prefer-
ably between 250 and 280 to 290° C. By a proper
selection of the initia]l materials and the use of
mixtures of the single components, the properties
of the final products may be varied wilithin wide
limits.

‘We have now found that superpolyamides hav-
ing especially valuable properties are obtained by
adding to the diamines and dicarboxylic acids or
thelr functional derivatives capable of forming
amides or the salts of dlamines with dicarboxylic
aelds or the aminocarboxylic aclds to be oon-
densed less than 10 per cent, preferably up to 2
per cent by weight, of aliphatic or cycloaliphatic
carboxylic aclds containing at least 3 carboxylic
groups, or of aliphatic or cycloaliphatic com-
pounds containing at least one hydroxyl group
and in addition at least 2 further hydroxyl groups
or unsaturated linkages, advantageously in con-
junction with polybasic (including dibasic) car-
boxylic aclds.

Suiltable carboxylic acids containing at least 3
carhoxylic groups are, for example, ethane-, pro-
pane-, butane-, hexanetri. or -tetracarboxylic
acld and cyclohexanone-1.1.1".1"-tetraproplonic
acld, These acids are preferably added only in
slight proportions, advantageously less than 2
per cent, in order to procure products with a
sufficlent length of chaln., The sald polycarboxylic
acids can be employed in combination with di-
amines or polyamines, either in the form of their
salts or In admixture with such amines.

Among compounds contalning at least one hy-
droxyl group and, beskdes, two further hydroxyl
groups or unsaturated Inkages, we may mention
trdhydric aleohols or alcohols of a higher valency,
ag for example glycerine, trimethylolethane, tri-

mrethylol-propane or hexanetriol, or compounds ;

of the type of vinylethinyl-dimethylcarbinol
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A preferred method of practising the process
according to the present Invention consists in
adding trihydric aleohols or alcohols of a higher
valency together with dibasle acids or actds of
higher basicity. Acids containing more than two
carboxylic groups, when used together with higher
than dihydric alcohols, should be employed in an
amount which together with the amount of the
said alcohols is less than 10 per cent {by welght)
of the bifunctional substances forming the super-
polyamides. Instead of the said aleohols and the
sald aclds of elther the dibasic or higher-basic
type, there may also be employed products of the
alkyd resin type of low degree of condensation
prepared therefrom. By the additlon of the at
least tri-valent aleohols together with di- or high-
er-basic aclds or condensation products thereof,
greater stiffness and hardness are imparted to the
final product without Its further good mechanical
propertles being deteriorated. Such products are
especially adapted to the manufacture of stiff ar-
ticles by injection-molding and the manufacture
of stiff bristles, The influence of the sald addi-
tions on the properties of the products depends
on the proportions of the substances added.
‘While additions of more than 10 per cent gener-
ally will yield infusible and completely insoluble
products, additions of less than 10, preferably less
than 2, per cent are very advantageous. The
properties of the products can be influenced also
by the guantitative relation between the trl- or
higher-valent alcohols and the di- or higher-basic
aclds (exceeding the amount of dicarboxylic acld
required for the amide formation). Usually it Is
of advantage to use more alcohol than can be
esterified by the quantity of acld added. The sald
compounds containing more than 2 functional
groups exert a stabilizing action on the products.

The sald substances are ysually added to the
basic materlals forming the superpolyamides in
the very outset of the operation; alternatively,
they may also be added after the materials form-
ing the superpolyamides have undergone already
partial condensation.

As starting materials for the production of the
superpolyamides may be mentioned, for example,
the usual diamines, as for example penta-, hexa-,
dekamethylenedlamine and the like, and dicar-
boxylic aclds, as for example maleic acid, glutaric
acld, adipic acld, pimellc acid, sebacic acld,
phthalc acld and terephthallc acld in admixture
with one another or in the form of their salts,
furthermore the usual aminocarboxylic aclids, as
for example e-aminocaprolc acld, These eom-
pounds can alsp be employed in the form of suit-
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able functional derivatives, for example the
aminocarboxylic acids can be used In the form
of their lactams,

The condensation is carried out in the manner
usual in the manufacture of superpolyamides,
under increased, atmospheric or reduced pressure
and, if desired, in the presence of water or sol-
vents. When the operation is nearing its end,
the water must be ellminated.

The followlng Examples serve to illustrate how
the present invention may be carried out In prac-
tice, but the invention is not restricted to these
Examples. These parts are by weight.

Erample 1

2000 parts of the adipic acld salt of hexa-
methylenediamine, 1000 parts of water, 14.6 parts
of adiplc acld and 15 parts of trimethylol propane
are slowly heated in a pressure-tight vessel up to
from 275 to 280° C in an atmosphere of nitrogen
free from oxygen, the pressure being maintained
at 150 atmospheres by releasing the steam
evolved In the reaction. When the temperature
has been raised to 275-280° C, the pressure is

lowered down to atmospheric pressure within 1% |

hours and the condensation is completed by heat-
ing for another 1% hours under atmospheric
pressure, By introducing the melt inte water a
white, hard and stiff condensation product is ob-

tained, from which extremely hard and stiff ma- ,

terials of very good mechanical strength are ob-
tained, by working up for example by injection-
molding.

Similar products are obtained if 21.0 parts of
trimethylol propane are employed instead of 15.0
parts under otherwise identical conditions.

In the case of smaller additions of adiplc acid
and trimethylol propane condensation products
are obtalned, the haidness and stiffness of which
shows a somewhat slighter increase as compared
with a superpolyamide obtained from adipic acid
and hexamethylenediamine alone; when adding
larger amounts of adipic acld and trimethylol
propane, for example more than 5 per cent, the
products likewise show a high stiffness and hard-
ness, but their strength 1s a Uttle lessened.

Ezxample 2
1000 parts of the adipic acid salt of hexa-

methylenediamine, 500 parts of water, 7.1 parts ;

of adiplc acid and 8.1 parts of & crude mixture
mainly consisting of hexanetrlo] and some oc-
tanetetrol (obtained as a residue in the distilla-
tion of 1.3-butyleneglycol formed by the hydro-
genation of aldol) are treated in the manner in-
dicated in Example 1. The condensation prod-
uct obtained is distinguished by its high stiffness
and hardness and very good strength. ~

Example 3

A mixture of 1000 parts of the adipic acid salt
of hexamethylenediamine, 500 parts of water, 7.5
parts of adiplc acid and 10.5 parts of trimethylol-
ethane is treated in the manner Indieated in Ex-
ample 1. A white product 1s obtained which
possesses great strength and is very well suited,
for example, for the manufacture of bristles.

Example 4

2000 parts of e-aminocaprolc acid lactam
(briefly referred to in the following Examplés as
e-caprolactam), 156 parts of adipic acid .and 21
parts of trimethylol propane are condensed In
the presence of water in the manner indicated, In
Example 1. The product so obtained is consld-
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erably harder and stiffer than a condensation
product of the lactam alone. It i3 especlally
suited for producing bristles.

Exzample 5

1500 parts of e-caprolactam and 19.1 parts of
1.2.3.4-butanetetracarboxylic acld are condensed
in the presence of 450 parts of water In the man-
ner indicated in Example 1. A colorless con-
densation product is thus obtained which melts
at 185° C and 1s stlffer than a condensation prod-
uct to which no addition was made, but well elas-
tic. The stlffness of condensatlon products from
the adipic acid or sebacic acld salt of hexamethyl-
enediamine, or of mixed condensation products
of e-caprolactam with the sald salts is similarly
improved by the interactlon with butanetetra-
carboxylic acid.

Example 6

1200 parts of the adiplec acld salt of hexa-
methylenediamine, 800 parts of e-caprolactam,
15,51 parts of the salt from equimolecular
amounts of butanhetetracarboxyllc acld and hexa-
methylenediamine and 1000 parts of water are
treated under the conditions indicated in Ex-
ample 1. A tough, but comparatlively stiff, color-
less condensation product soluble in hot methanol
is thus obtained.

When 800 parts of the adipic acid salt of hexa-
methylenediamine, 800 parts of e-caprolactam,
100 parts of 1.2.34-butanetetracarboxylic acid
and §5 parts (or 84.8 parts) of hexamethylenedi-
amine are condensed under the same conditions,
vellowish, rather stiff, elastic condensation prod~
ucts are obtained which are soluble in hot meth-
ahol and methylbutinol.

Example 7

1200 parts of the adiplc acld salt of hexa-
methylenediamine, 800 parts of e-caprolactam,
19 paris of the salt from 1 molecular proportion
of cyclohexanone-1.11".1'-tetrapropionic acid
and 2 molecular proportions of hexamethylenedi-
amine are condensed in the presence of 1000 patts
of water in the manner described in Example 1.
The condensation product obtajined ylelds a
highly viscous meit.

Example 8

800 parts of the adipic acld salt of hexamethyl-
enhediamine, 800 parts of e-caprolactam and 16
parts of vinylethinyldimethylearbinol

(CHn:C lI—CEC—C=(CHa)n)
H

are treated in the manner described ln Example
1. A colourless condensation product is obtained
which 1s softer than one prepared without adding”
vinylethinyldimethylcarbinol. Films of good ap-
pearance and strength may be cast from warm
aqueous methano] solutions of the product.

Example 9

800 parts of the adlplc acid satt of hexamethyl-
enedlamine, 800 parts of e-caprolactam, 11.04
parts of the salt from 2 moleeular proportions of
hexzamethylenediamine and 1 molecular propor-
tion of 1.2.34-butanetetracarboxyllc acld, 4.46
parts of 1.2.3.4-butanetetracarboxylic acld and
700 parts of water are treated in the manner de-
seribed In Example 1. The product obtalned
melts at about 180°C and may be cast to form
soft, strong, practically clear fllms.

A similar product of somewhat greater hard-
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ness 1s obtalned when using 9.42 parts of 1.2.3.4-
butanetetracarboxylic acld instead of £.46 parts.

Ezxample 10

800 parts of the adipic acid salt of hexamethyl-
enedlamine, 800 parts of e-caprolactam, 48 parts
of vinylethinyldimethylcarbinel and 800 parts of
water are treated in the manner described in Ex-
ample 1. A solid, soft, yellowish condensation
product 1s ohtained which may readily be molded
into plates. Fllms may be produced from Iits so-
lutions.

A similar eondensation product iIs obiained
from 1200 parts of the adiplc acid salt of hexa-
methylenediamine, 800 parts of e-captolactam, 40
to 60 parts of vinylethinyldimethylcarbinol and
1000 parts of water. - :

When 2000 parts of e-caprolactam, 40 to 60

parts of vinylethinyldimethylcarbinol and 80

parts of water are condensed, a yellow, very soft
condensation product insoluble in hot aqueous
methano] is obtained.

When a mixture of 2000 parts of the adipic
acld salt of hexamethylenedlamine, 60 parts of
vinylethinyldimethylcarbinol and 1000 parts of
water is treated in an anslogous manner, g con-
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densation product Is obtained which ls especially
suitable for the production of bristles. Such
bristles possess a better resilience as compared
with bristles from a corresponding condensation
product produced without the co-employment of
vinylethinyldimethylearblnol.

Ezxample 11

500 parts of the adiplc acid salt of hexamethyl-
enedlamine, 1500 parts of e-caprolactam, 13.8
parts of the salt from 2 molecular proportions
of hexamethylenediamine and 1 molecular pro-
portion of 1.2.3.4-butanetetracarboxylic acld, 60
parts of vinylethinyldimethylcarbinol and 1000
parts of water are treated in the manner de-
scribed in Exampie 1. An elastic condensation
product of good mechanical strength is obtalned.
By coemploying the sebacic acld salt of hexa-
methylenediamine or replacing part of the adipic
acld salt of hexamethylenediamine by the said
sebacic acld sait or by adding 1l-aminostearie
acid the softness of the product is still improved.
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