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This invention relates to the manufacture of
fllaments conststing of pure silicic acid, more par-
ticularly guartz.

Compared with glass fllaments, filaments con-
sisting of pure silicic acid, and more particularly
those consisting of quartz, excel by thelir greater
resistance to chemical influences and heat. They
also excel by their extremely high electrical re-
sistance and, particularly if subsequently vitri-
fled, by their very small di-electric losses.

It 1s already known to make fllaments consist-
Ing of pure siliclc acld, and particularly quartz,
by spinning fused silicic acid or quartz. This
method is dificult to perform as it necessitates
working at extremely high temperatures, quartz
only melting at 1710° C.

According to the present invention fllaments
consisting of pure silicle acid, particularly quartz,
are produced my making an intermediate filament
from a compound containing silicic acid which is
capable of belng spun at considerably lower tem-
peratures, this filament being subsequently freed
from substances other than silicic acid by chem-
ical action, whereby a fllament consisting of pure
siliclc acld is obtalned. Among the substances
contalning silieie acld, which may be used in the
process according to the invention, the alkall
metal sllicates, such as the so-called water glasses,
are most Important as they melt at comparatively
low temperatures. Instead of fused alkali metal
sllicates, the aqueous solutions of the alkall metal
sllicates may also be used.

When employing solutions of alkali metal sili-
cates as the initial material in making the Inter-
mediate filaments, perfectly clear solutions freed
from all impurities by filtering through a fine
mesh cloth may be used, but it has been found to
be particularly advantageous to precipitate col-
loidally a small proportion of the sillcic acid by a
treatment with carbonic acid or other weak acids.
This colloidal silicic acid remains suspended in
the solution In a finely distributed state and does
not interfere with the spinning operation. If
desired, the solution may be separated by centri-
fuging Into a portion rich in silicic acid and one
poor in it, the one rich in silicle acid being pref-
erably used in making the intermediate filaments.

It has already been proposed to make filaments
from alkali metal sllicates, expecially from various
kinds of water glass. These filaments were sub-
sequently stabilized by means of stablllzing agents.
The object of such processes was, however, the
production of silicate filaments, and not of fila-
ments consisting of pure silicic acld. Accord-
ingly, the baslc constituents not consisting of
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silicic acid were not dissolved and removed from
the filaments first obtained in the course of the
known processes.

In order to convert the intermediate fllaments
into filaments consisting of pure siliclc acid, the
Intermediate fllaments are subjected to a treat-
ment with aclds, salts of an acld reaction, or other
chemical substances reacting chemically with
the silicates. This treatment may take place in
a bath of liquid, or In the gaseous phase. In the
latter case, the products of the conversion of the
basic components of the silicates must be re-
moved In a separate operation. A filament con-
sisting of alkali metal silicate may, for example,
be treated with gaseous hydrochloric acid or with
chlorine, and the sodium chloride may be re-
moved by dissolving or evaporating !t, thereby
converting the fllament Into one consisting of
pure sllicic acid.

For the dissolving operation, water ts the first
cholce, but other ihexpensive solvents, such as di-
luted alcohol, may also be used. If solvents other
than water are employed, they are preferably sub-
sequently recovered.

When employing a bath of liquid for removing
the basic constituents of the sllicates, the so-
called wet spinning process may be used, {. e. the
solution of alkall metal silicate is spun directly in-
to the acld coagulating bath. In such a case, the
intermediate filament of alkali metal silicate is
converted into a fllament of pure silicic acld in
statu nascendl. When spinning by the dry spin-
ning process—using either fused silicates or dis-
solved silicates—the removal of the basic com-
ponents is a separate oberation performed im-
mediately after the spinning operation.

An Intermediate filament spun from fused or
dissolved alksli metal silicates requires, in order
to be converted into a filament of pure silicle acid,
a rather drastic subsequent treatment to remove
the basic components completely. In the follow-
ing description, the removal of the basic ¢com-
ponents by means of dilute acids 13 mainly con-
templated, but similar principles apply to the
modifications of the invention where the dilute
aclds are replaced by salts having an acld re-
action, or by other substances capable of react-
Ing chemically with the basic components of the
silicates.

The intensity of the acld treatment required
to remove the basgic constituents depends, nat-
urally, on the gauge of the fillaments. The greater
the diameter of the filaments the more intense an
acld treatment Is required, whereas extremely
fine filaments may be completely freed from basic
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constituents by a comparatively mild treatment
with acid.

The three factors: concentration of the acid,
temperature and duration of the treatment, are
so correlated, that increasing any one of them
permits decrease of one or both of the others.
Acid concentrations ranging between 5 and 50
per cent are preferred for removing the basic
constituents from the filaments, strong mineral
acids, such as hydrochloric acid, sulphuric acid,
nitric acld, being particularly suitable for the acid
treatment. Of the organic aclds, the compara-
tively strong onhes such as e, g. formie acid, oxalic
acid, and escetic acid are suitable. Instead of
aqueous solutions of acids or salts having an acid
reaction, solutions also containing an organic
solvent may be used, e. g. aqueous and alcoholic
solutions of an acid.

Room temperature or a slightly increased tem-
perature is sufficient, as a rule, for the acid treat-
ment, the duration of the treatment mainly de-
pending upon the gauge of the fllaments. With
filaments of & medium gauge, e. g. with a diam-
eter of 10 to 20 microns, & treatment with nitric

acid of 30 per cent for 10 minutes at room tem- .

perature Is sufficient,

A modification of the removal of the basic con-
stituents from the intermediate fllaments, which
1s of great practical importance, consists in treat-

ing the fllaments with comparatively dilute acid -

in the first instance and with a more concentrated
solution later on; if desired, the filaments may
also be washed between these steps. To use a
weak diluted acid is particularly recommendable
when the filaments are directly spun into an acid
bath, in accordance with the wet spinning proc-
ess. In that precess, the employment of a more
concentrated acid as the coagulating bath would
result in the filaments solidifying prematurely,
which makes the employment of a more dilute
acid desirable, particularly in connection with
the stretch-spinning process. The complete re-
moval of the last remnants of the basic eonstit-
uents is preferably obtained by a subsequent
treatment with a more concentrated acid,

Both the dry spinning process and the wet
spinning process may be employed in making the
intermediate filaments, In accordance with the
dry spinning process, the filaments are spun into
air, and the conversion of the intermediate fila-
ments into the final silicic acid flaments s
brought about subsequently. In accordance with
the wet spinning process, the intermediale fila-
ments are spun into a coagulating bath, whereby
they are partly converted Into silicic acid fila-
ments in statu nascendi. Both processes may be
employed when using a fused sllicate as well as
when using a solution of silicate as the inltial
material.

Whether the dry spinning process or the wet
spinning process is employed, silicic acid fllaments
are eventually obtained, which consist to a con-
siderable extent, of colloldal or micro-crystalline
gilicic acid. In the case of the dry-spun fila-
ments, the micro-crystallites are probably un-
oriented, and distributed at random in the fila-
ment, whereas in filaments obtained by the wet-
spinning process the micro-crystallites are prob-
ably arranged {n paralle]l to the axis of the fila-
ment, at least to a certain extent. The extent of
orientation is probably increased by the stretch-
spinning operation, the more so the more the
filaments are stretched. This orlentation of the
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micro-crystallites results in an improvement in 76

the mechanical properties of the filaments, par-
ticularly in their extensibility.

The size of the crystallites can be shown to de-
pend largely upon the conditions of formation,
particularly upon the pressure and the tempera-
ture. The well-known rules regarding the hy-
dro-thermal formation of crystals apply. Slow-
ing down the coagulating reaction is particularly
inducive to an increased extent of crystalline
orlentation.

In order to improve the mechanical properties
of the silicle acid filaments it may be advisable
to vitrify the filaments completely. This is done,
in accordance with the invention, by heating the
filaments subsequently to a temperature which is
high enough to cause vitrification of silicic acid,
or of quartz, respectively. In order to avold the
filaments being destroyed by the heat it is, how-
ever, hecessary to pass the filaments through the
heating zone at a high speed. Thelr thermal ca-
pacity being very small, they cool down, after
having passed through the heating zone, so
quickly that devitrification (formatlon of crystal-
line modifications of quartz such as crystoballite)
need not be expected. The vitrifylng tempera-
ture also depends upon whether the filaments
consist of colloldal silicic acld, or of quartz (prob-
ably g-quartz), and should be chosen accord-

ingly. i

In every case, the duration of the heat treat-
ment depends upon the gauge of the filaments.
With filaments having a diameter of 5 microns,
it is sufficient to draw them through a narrow,
highly heated zone at a rate of 1000 metres per
minute. With Ainer filaments, the speed may be
increased still further, whereas with filaments of
a larger diameter the speed at which they are
drawn through the heating zone has to be re-
duced. During the fllaments of siliclc acid are
drawn through the heating zone thelr diameter
may further be reduced by a stretching process.

If the production of coloured filaments is de-
sired, suitable mineral colouring matter may be
added to the material to be spun, eare being
taken to use only such colouring substances which
are not removed by the reagents used for treat-
ing the intermediate fllaments so as to remove
the basic constituents of the sillcates. By way of
example, colloldal metals especially colloidal
precious metals, and oxidic compounds of metals
or nonmetals present in a stage of oxidation other
than their highest, may be mentioned as suit-
able colouring substances.

The inventlon is further illustrated in the fol-
lowing examples: —

Example 1

Commercial water-glass having the composi-
tion 1Na20, 38102 is fused, and the fused mass
is clarifled by prolonged heating or by subject-
ing it to a vacuum. After this, the fused mass is
spun through nozzles to form fllaments using a
drum in accordance with the conventional meth-
od of spinning glass, or else by the injector meth-
od which is also known, and in which the fila-
ment issuing from the nozzle Is caught and car-
ried away by a jet of steam or compressed air.
The required temperature is below 1000° C, which
is a considerable advantage in comparison with
the direct spinning of fused quartz,

Fllaments coloured blue are obtained by adding
to the fused water-glass some titanium dioxide
reduced In a current of hydrogen, and heating
unttl dissolution has taken place.
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Ezample 2

Solid commercial double water-glass, having the
composition 1NazQ, 1K20, 68103, is dissolved In
an excess of water, and the solution is evaporated,
preferably in vacuo so as to avoid the undesir-
able effect of carbon dioxide, until a concentra-
tion corresponding to a speclfic gravity of 60°
Baumsé is obtained. After de-aerating and filter-
ing, the solution is used for dry-spinning fila-
ments of a diameter ranging between 1 to 10
microns. The alkali 13 removed by a subsequent
treatment, for twe minutes, with a 30 per cent
nitric acid. After this, the fllament is drawn at
a speed of 1000 metres per minute through a
hydrogen and oxygen or a town gas and oxygen
flame, or through an electrically heated zone.

Example 3
Commercial potassium water-glass having thz
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composition 1E20, 25104, is dissolved in the five-
fold quantity of water, and the solutlon Is de-
aerated and filtered. It {s then spun, by the wet
spinning process, into & 5 per cent solution of
hydrochlorie acid serving as a coagulating bath,
and wound by means of spinning centrifuges. The
filament cakes are then treated first with a 10
per cent, and later with a 20 per cent, solution
of acid, with or without an intermediate wash-

10 ing operation.
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In all three examples, the stretch-spinning
process is emploYed, i. e. the diameter of the aper-
tures of the nozzles Is ten to hundred times
greater than the diameter of the final filament.
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