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The present inventlon relates to new condensa-
tlon products and a process of producing same.

I have found that new soluble nitrogenous con-
densation products can be obizined by treating,
if desired in the presence of alcohols or phenols,
with formaldehyde the products obtalnable by
condensing alipbatic amines contalning two pri-
mary amino groups separated from each other
by a chain of at least 5 carbon atoms which may
be interrupted by hetero atoms, such as oxygen,
and the nitrogen of imino groups, with carbonyl
compounds, 1. e. aldehydes and/or ketones, which
condensation products are difficultly soluble In
water and organic solvents. The conversion of
the sald difficultly soluble products (which ex-
pression—wherever used hereln—Iincludes insolu-
ble products), especially those obtalnable from
the aliphatic diamines and formaldehyde, into
soluble ones by the treatment with formaldehyde
can be combined with their production Into one
operation. As Indtial materinls there may bhe
mentioned, for example, the completely or partly
Insoluble condensation products from penta-,
hexza-, octo-, deka-, undeka. or dodeca-methyl-
enediamine or mixtures of such diamines on the
one hand and formaldehyde, crotonaldehyde, bu-
tyraldehyde, succinic dialdehyde, benzaldehyde,
terephthalaldehyde, acetone, benzophenone or
mixtures of such aldehydes and/or ketones on
the other hand. For example, I may use the
completely or partly insoluble products described
in the copending U. 8. application Ser. No, 338,374
filed on June 1, 1939, in the names of Helnrich
Hopff, August Weickmann and Rudolf Kern,
Condensation products prepared from the said
components with the coemployment of urea, thio-
urea, dicyanodiamidine or melamine, can also
be treated in the manner described.

For rendering soluble the insoluble condensa-
tion products it 1s preferable to employ from 1 to
5 mols of formaldehyde per each molectile of
dificultly soluble initial material, but the Inven-
tion 18 not restricted to working with such
amounts. It 1s frequently of advantage to per-
form the treatment In the heat, but simple mix-
ing with formaldehyde is sufficlent in many cases,
especlally if the initial materials are freshly pre-
pared. It 1s advantageous to effecl mechanical
agitation of the reaction mixture. The formalde-
hyde is preferably employed in the form of aque-
ous solutlons of usual concentration, but other
forms, for example, anhydrous trioxymethylene,
may also be employed. The reaction may be car-
ried out in the presence of alcohols, for example
ethyl, propyl, butyl, benzyl alcohol, cyclohexanol

10

15

20

25

30

40

45

50

55

ag well as of aleohol mixtures, for example mix-
tures of the said alecohols or of alcohol mix-
tures, such as are obtained in the reduction of
low-molecular fatty acids from the parafiin wax
oxidation, or In the catalytic hydrogenation of
carbon monoxide under pressure. Phenols, foo,
may be present.

The new products which are soluble in water
and/or organic solvents, as alcohols, esters, ke-
tones and aromatic hydrocarbons, are not
changed by further condensation during storage.
In part they yleld lacquer films which when
Lkardened by means of acid hardeners and/or by
heating possess great surface hardness, excel-
lent elasticliy, resistance to water and stablility to
solvents. The products can also be employed as
binding agents In printing, coating or impreg-
nating paper, textiles or metals, as adhesives, for
example in the leather or wood industry, as thick-
ening agents or binders for aqueoug paints or in.
ishes. The water-soluble products are also suit-
able for rendering textile materinls crease-proof
or animalizing them.

The following Examples serve to 1llustrate how
the present invention may be carried out in prac-
tice, but the Invention 1s not restricted to the
sald Examples. The paris are by welght.

Erample 1

1400 parts of an aqueous 30 per cenl solution
of formaldehyde 1s run into a mixture of 812
parts of hexamethylene-diamine and 7300 parts
of water at room temperature, while stirring.
The white insoluble condensation product formed
is filtered off by suction, washed with water,
sharply squeezed off, dried at between 80° and
100° C in vacuo and ground, It is colorless, very
voluminous and elastic and practically insoluble
in any solvent. It is heated to boiling for from 4
to 6 hours with three times iis amount (by weight)
of a 30 per cent aqueous formaldehyde solution.
The aqueous solution formned can be used with
advantage for rendering cell-wool or artificlal
silic fabrics crease-proof. In the case of cell-
wool it effects an improvement of the rubbing
fastness both in the dry and wet state, which
properties are retalned also when the material is
hofled with water.

Example 2

48 parts of the insoluble condensation prod-
uct from hexamethylenediamine and formalde-
hyde referred to in Example 1 are dissolved In a
mixture of 60 parts of an aqueous solution of
formaldehyde of 30 per cent strength and 200
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paris of butanol by heating for three hours at
90° C while stirring. From the solutlon obtalned
the water and the butanol are removed by evap-
oration in vacuo; a very pale resin is thus ob-
talned which can be drawn into threads and
when dissclved in butanol yields a high-quality
lacquer of excellent elasticity, surface hardness
and resistance to water, and which may be em-
ployed, for example, for coating metal surfaces.
.Advantageously this lacquer is baked at from
100° to 120° C. The reactlon product can be
freed from butanol also by evaporation in vacuo.
It then furnishes simtlar effects on' cell-wool ma-
terials as the product according to Example 1.

If 120 parts of formaldehyde solution are used
instead of 60 parts, there Is formed a Bottom
layer consisting of water and excessive formalde-
hyde, whereas the resin remalhs dissolved In
butanol. After separating off the hottom layer,
the top layer is worked up in the manner de-
scribed above.

Examyple 3

1 mol of cretonaldehyde anc 1.3 mols of form-
gldehyde are caused to react with 1 mol of hexa-
methylenediamine in' an aqueous medium. The
Insoluble reaction product whieh ia obtained in a
highly swellen state is treated with four times
its amount of a 30 per cent selution of formalde-
hyde and with butenol while stirring and heat-
ing. The solution tlrus obtained is suitable for
lacquer purpodes.

Exzample ¢

To 8 suspension of 60 partsz of urea in 300 parts
of butanol there are added at ordinary {empera-
ture 200 parts of a 30 per cent. aguecus solution
of formaldehyde. To the solution obtalned a so-
lutlon of 58 parts of hexametihylenedlamine in
100 parts of butanol is added at a batch while
vigorously stirring. After & short time the solu-
tion spontancously warms to about 60°C with
formation of a stlff Jelly which ls passed into
solution by the addition of another 200 parts of
30 per cent formaldehyde while heating. The
pale resin obtained by evaporating the solution
is soluble in water, alcohol and butanol and use-
ful for various technleal purposes Pezintg pre-
pared therewith are rendered insoluble by bak-
ing. As hardeners substances having an acid re-
action, such as hydrochloric acid, magunesium
chloride or ammonium chloride, may be added.

A shmilar product i3 obtalned by substituling
thiourea for urea.
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Ezample 5

100 parts of the still liquid product resulting
from the condensation of equimolecular propor-
tions of w.w’-diamino-di-n-propylether of bu-
tanediol-1.4(HaN,CyHa.O.CiHs. O.C3Hs NH2}) and
crotonaldehyde (which condensation goes on with
the separation of water) are passed into solu-
tion by the addition of 250 parts of a 30 per cent
aqueous solution of formaldehyde and 200 parts
of butanol.

Example 6

116 perts of hexamethylenediamine and 384
parts of cyclohexanol are heated together at from
100 to 115°C while stirring, whereupon 2 mix-
ture of 150 parts of aqueous formaldehyde of 30
per cent strength and 100 parts of cyclohexanol
1s added drop by drop. The water of the form-
aldehyde solutlon and the water formed In the
reaction are continuously removed during the
condensation by azeotropic distillatlon. After 12
hours’ stirring ai the sald temperature, the re-
action mixture is Beated at from ¥40° to 150°C
for about 30 minutes. The reaetion preduct is
& pale, completely clear, viscous sclution yield-
ing fllmg which dry in the air and by baking may
have their properties yet improved. They are
remarkable for thelr resistance to water and elas-
ticlty. 1Instead of the formaldehyde solution
there may be employed 50 parts of trioxymethyl-
€ne.

When mixing the hexamethylened!{amine with
cyclohexenol at ordinary temperature, the addi-
tien of formaldehyde will yield an Inscluble white
condensation product which becomes soluble by
further reaction with formdldehyde, for exam-
ple while heating In the manner descriked above.

Ezample 7

232 parts of hexamethylenediamine and 200
parts of phenol are fused together. 300 parts
of a 30 per cent aqueous solution of formalde-
hyde are run In at between 100 and 150°C with
agitation and the water 1s removed by azeotropic
distillation. The reaction mixture is then heated
for 4 hours at from 150 to 170°C. The reaction
product being secluble in cthanol, butanol, butyl-
acetate and benzene is a tough resin sultable for
lacquer purposes as well as for rendering textiles
crease-proof.

RUDOQOLF KERN.



