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This invention relates to the production of
fllaments, threads, fibres, bands, films and the
like by extrusion of a solution of protein, par-
ticularly casein in alkali into a coagulating bath,
whereln the coagulated product i{s hardened by
treatment with a hardening agent reacting with
the amino groups of the protein,

It is known that protelns, particularly casein,
can be made insoluble and water-resistant by
subjecting them to a treatment with substances
reacting with the amlno groups, e. g. methanal.
The role of the carboxylic groups also present
in the protein complex and to which the property
of binding metal ions is attributed, whereby the
hydratation or solubility should be influenced,
is not completely clear. Therefore it Is com-
prehensible that there has been tried to improve
the properties of the protein products as to dura-
bility and water-resistancy by neutralisation of
these groups. For this purpose salts of bivalent
and polyvalent metals, e. g. salts of barlum and
calcium, were added te the proteln. Also alu-
minium sulphate and alums are used,

In applicating these salts attentlon has mainly
been pald to the positive lon and not or less to
the negative ion. According to my Invention it
has appeared that the formate lon exercises a
very specific actlon, particularly aluminitim
formate, either or not in combination with other
formates. For instance under clrcumstances be-
ing equal for the rest caseln flbres having been
hardened at 30° C during 6 hours in a bath con-
taining 2% methanal, 10% sulphate of socdium
and 5% sulphate of aluminium, will not be hard-
ened to such a degree that they are resistant to
boillng In water, whereas fibres having been
hardened in a bath contalning 2% methanal,
109% formate of sodium and 6,3% crystal water
containing aluminium triformate already show
after 1 hour a good resistance {o bolllng though
both baths contain an equal amount of aiu-
minium,

The specific action of this formate is not in the
least clear, particularly not when realizing thatit
is also possible that the effect stated has to be at-
tributed to the occurrence of compleX compounds,
e. g. aluminium triformate {A1(QOCHz3) 3(Ha0) 3},
the possibility of which occurrence can be sup-
posed in all solutions in which the formate lon
Is present together with the aluminium ion, in-
dependently whether or not also other positive
and/or negative ions are present,

I have further found that the composition of
the baths can differ very substantlally and that
the hardening agents may act separately or that
their action can take place step-wise. It Is also
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possible to use other salts together with the
formates or to form the formates in the baths.
There have to be present, however, one or more
positive ions of polyvalent metals, preferably alu-
minium, if desired together with those of univa-
lent metals, and as the negative lon the formate,
if desired together with other ions or even or-
ganic substances.

I have also found that hardening baths accord-
ing to the Invention can he obtainhed by using
formate-contalning coagulating baths and bring-
ing the products extruded therein into the for-
mate-containing hardening baths without wash-
ing. It Is also within the scope of my invention
to bring the produets from coagulating baths
containing salts of polyvalent metals immediately
i. e. without washing into formate-containing
hardening baths.

In U, 8, A, application Serial No, 314.880 has
been described that in determining the alkali
content of & solution of protein in alkali it has
to be taken In account that a part of the alkall
used for dissolving the proteln is bound by the
proteln so that only the free alkali present in
the solution determines the alkalinity of the
solution.

I have now found further also that the use of
formates in the hardening of flbres, threads,
fllms and the lLike produced from solutions of
protein in alkali, s important for the strengih
of these products, particularly the strength In
wet condition, when they are obtalned by extru-
slon of proteln solutionhs having such an alkali
content that at most 0,4 mol of free alkali per
kg protein is present, or even such an alkali
content that there is a deficlency of alkali bound
by the protein.

The significance of this influence of the hard-
ening in the presence of formates is clearly shown
by the following table, which relates to a caseln
solution of 16%, so that 0,2% free NaOH corre-
sponds to approximately 0,3 mol free NaOH per
kg of protein.

Per cent freeNaOH- 05 03 02 01 0,0
Sulphate hardening. 18 20 22 27 27
Formate hardening_ 18 23 26 29 31
Deflciency of bound

NaOHIin percent. 0,1 0,2 03
Sulphate hardening_- 28 28 28
Formate hardening_ 32 35 34

Varlous changes may be made in the details
disclosed In the foregolng specification without
departing from the invention or sacrificing the

5 advantages thereof.
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