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This invention relates to the manufacture of
filaments, threads or the like from liquid ma-
terial capable of being hardened by physical or
chemical action, and an object is to provide an
improved method and apparatus for such manu-
facture. )

My Patent No. 2,402,848, granted June 25, 1946,
describes the manufacture of a single continu-
ous thread or filament by discharging liquid
thread-forming material into the center of a
stream of hardening liquid flowing with viscous
flow through a closed tube. In such an arrange-
ment substantially all operating parts, such as
nozzles, fluid streams, etc., are enclosed and in-
accessible during operation, and a separate, com-
plete apparatus is required for each thread being
formed.

A further object of this invention is to pro-
vide a method and apparatus for making threads,
filaments, tapes and the like in quantity by
producing a plurality of separate threads with
a single stream of hardening liquid.

A further object is to provide a finished prod-
uct of substantially any shape from & harden-
able material which is introduced at a plurality
of points into a viscously flowing . stream. of
hardening liquid.

A still further object is to provide an apparatus
for this purpose constructed and arranged to give
access to the operating parts, as well as to the
material being hardened during the hardening
operation.

Other objects will appear from the following
description of an illustrative embodiment of the
invention taken together with the attached
drawings wherein Fig. 1 is a diagrammatic view,
with parts in section, illustrating one arrange-
ment of apparatus capable of being used in car-
rying out the present method, and Figs. 2, 3 and
4 are transverse sectional views on the line 2—2
of Fig. 1 showing modified arrangements for con-
trolling the viscous flow of the hardening liquid.

As in my said patent, the present invention
makes use of the characteristic of viscous flow of
the hardening liquid. Viscous flow, or streamline
flow, as it is sometimes designated, is obtained
by a proper proportioning of the density, the
cross sectional area, the flow velocity and the
viscosity of the hardening liquid. In the present
invention the hardening liquid is caused to flow
by gravity with viscous flow down an inclined
surface. The material to be hardened is dis-
charged in the form of a plurality of parallel
liquid streams onto the surface of the harden-
ing liquid and at the same rate of flow as the
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surface of such liquid so as to move along there-
with and be supported on the surface thereof.
The hardening operation may be accomplished
by physical or chemical action, the hardening
liquid being selected or treated to accomplish the
desired purpose. For example, if the material
to be hardened is subject to hardening by ther-
mal action, the supporting and hardening liquid
stream is heated or cooled to the proper degree
to effeet hardening of the material while sup-
ported thereon and moving along therewith. If,
on the other hand, the material is adapted to be
hardened by chemical action, then the harden-
ing liquid is properly selected to have the de-
sired chemical hardening effect on the material.
The stream of hardening liquid is of sufficient
length for the material to be sufficiently hardened
while in contact therewith, after which the
hardened material is removed from contact with
the hardening liquid and may, for example, be
passed through conditioning and washing op-
erations.

Although the invention will hereinafter be de-
scribed in connection with the hardening of latex
for the purpose of manufacturing latex threads
or filaments, it will be apparent that it is equally
well adapted to hardening other suifable ma-
terials to produce other forms of product. The
term “thread” and its derivatives as used herein
is intended to cover products having various
cross-sectional configurations.

For example, in the hardening of latex threads
by heat, the present invention employs glycerine
heated to substantially 210° F. as the hardening

5 liquid. The glycerine is caused to flow in the

form of g substantially flat sheet downwardly
through an inclined trough, the bottom of which
is formed by a substantially flat supporting pan

‘8. Preferably the glycerine is drawn from a

sump T by a circulating pump 8 and forced
through a connecting line 9 to the lower end of
a closed chamber 10 formed in the trough be~
neath the inclined pan 6. The glycerine is forced
upwardly through the space {0 and through a
screened outlet  {{, having screens {2 and 13
through which the glycerine passes. A dam [4
extends across the trough and upper edge of the
pan 6§ on the lower side of the ouflet i, the
glycerine flowing over the edge of the dam and
downwardly by gravity along the pan 6, from
which it returns to the sump 7.

As illustrated, viscous flow of the glycerine is
chtained by adjusting the trough to the proper
inclination with relation to the viscosity of the
glycerine, and the flow velocity and the cross sec-
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tional area of the flowing sheet. In viscous flow
the liquid in contact with the confining surface
is substantially stationary, the velocity of flow
increasing up to a certain point with the distance
of the fluid from such surface. Under such con-
ditions, the glycerine sheet 5, or the like, flows
without turbulence.

The liquid thread-forming material to be hard-
ened, for example hardenable latex, is discharged
in the form of a plurality of thin, spaced streams
onto the surface of the hardening liquid such as
glycerine, on which they are supported and with
which they move, as indicated in the drawing.
Each stream of the liquid latex is .siphoned
through a conventional siphon 21 from a supply
reservoir 22 and delivered under suitable pres-
sure through a nozzle 23 which is so vpositioned
above the dam 14§ as to deposit a filament -or
thread 24 of liquid latex onto the face of the
sheet of glycerine and at the same speed as the
glycerine. As shown in Fig. 2, for example, the
number of threads which can be formed is de-
pendent only upon the width of the apparatus,
that is to say the width of the stream .of hard-
ening liquid, and the necessity of spacing .the
filaments of thread-forming material sufficiently
to prevent any interference or contact between
the different filaments.

In order to maintain the discharge of latex by
the nozzles 23 at a constant rate, the fluid pres-
sure of the latex at the nozzles must be main-
tained constant, for example by keeping the sur-
face level of the latex in the reservoir 22 at a
substantially fixed height above the discharge
nozzles 23. 'This may, for example, be done in
the manner illustrated in Fig. 1 in which the
latex reservoir 22 is yieldingly supported on a
spring 25 or the like so that as the level of the
liquid in the reservoir is lowered, the reservoir it-
self is lifted by the spring 25 to maintain a con-
stant head of liquid. In the same way increasing
the amount of liguid in the reservoir increases the
weight thereof and lowers the reservoir in
proportion. Latex, or other liquid to be hardened,
can be delivered to the reservoir through a valve-
controlled supply line 28 or the like. It will be
apparent that a single reservoir can be employed
for any number of associated nozzles 23. A single
reservoir can supply all nozzles or a plurality of
reservoirs can be used for supplying any selected
number of nozzles.

The trough is so designed and the speed of
of flow is such that the filaments or threads 24
are substantially hardened by the time the lower
end of the trough is reached, permitting their
removal fo any suitable drying and washing ap-
paratus or other conditioning apparatus (not
shown). As illustrated a conveyor belt 3{, op-
erating over a roller 32, is employed for remov-
ing the hardened threads 24.

When the thread-forming material is harden-
able by heat the hardening liquid in the sump 1
is brought to the desired temperature by any
heating means such, for example, as heating
coils 83 in the bottom of the sump, a suitable
heating medium being circulated through the
coils. In making threads from latex by the com-
bined action of heat and dehydration, the coag-
ulating or hardening liquid can be glycerine. It
will normally be heated in the sump to approxi-
mately 210° F. with the result that it has a tem-
perature of approximately 200° F. at the head
of the viscous stream as it passes over the dam
14, where the thread-forming material is de-
posited on it. The streamline or viscous flow of
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the glycerine prevents the mutual diffusion of
miscible liquids or the mixing of non-miscible
liquids of low viscosities. Hence, when the dis-
charge speed of the latex from the nozzles 23 is
the same as the surface speed of the moving
sheet of glycerine, the glycerine will carry the
latex filaments along without breaking or stretch-
ing them. The dehydrating and heating effect of
the glycerine upon the latex coagulates or hard-
ens the liquid filaments to form the desired
threads which .can be removed from the bottom of
the trough on the conveyor belt as described.

JInstead of using glycerine to harden the latex
by the combined action of heat and dehydration
the latex may be hardened chemically by dis-
charging a stream of alkaline-stabilized latex
ontoe the surface of a sheet of agueous fluid hav-
ing a low pH value. Such coagulating or hard-
ening fluid could be a solution containing buffer
salts such as magnesium sulphate, zinc ammonia
sulphate, .and the like, or acid solution such as
acetic acid, formic acid, and the like. In all
cases, however, the shape of the thread to be
formed is maintained by the equilibrium forces
of the streamline viscous flow and aided by sur-
face and interfacial tension.

The velocity of flow of the hardening ligquid will
usually vary from approximately 20 feet per min-
ute to approximately 100 feet per minute, de-
bending for the most part upon the viscosity of
the material.

In the modification shown in Fig. 3, the flat
stream of hardening liquid is divided by a plu-
rality of partitions 34 into a plurality of narrow,
parallel steams 35. The partitions are spaced
equi-distantly across the width of the trough and
pan §, and the filaments 24 of thread-forming
material are deposited on the surface of each
stream midway between the adjacent partitions
s0 as to take advantage of the viscous flow char-
acteristics of the-associated stream.

In the modification illustrated in Fig. 4 the
trough is provided with a plurality of U-shaped
channels 35 supported on the pan 6 and serving
to divide the sheet of hardening fluid into a plu-
rality of streams 35 similar to the streams in Fig.
3.  Here also each filament 24 of thread-forming
material is deposited on the surface of each
stream 35 midway between .the sides of the U-
shaped channels.

It will be recognized that the density of the
hardening liguid must usually be greater than
that of the latex or other material being hard-
ened, in order to cause-the latter material to
float upon fhe hardening liquid. -However, while
the relative densities of the materials are impor-
tant, and although the viscosity of the harden-
ing Yquid may vary within a relatively wide
range, it is essential to have viscous or stream-
line flow of the hardening liquid to insure the
broper support of the material being hardened.

It will be apparent, as previously pointed out,
that threads can be made by the present inven-
tion from other materials than latex. For ex-
ample, artificial resins or plastics may be dis-
charged onto the surface of a moving stream of
suitable hardening material and then condensed,
polymerized or chemically interacted, as the case
may be. Likewise, with  suitable apparatus,
molten metal may be discharged onto the sur-
face of a stream of cooling material and carried
therealong until it becomes sufficiently hardened
for withdrawal. In accordance with the inven-
tion, substantially any physically or chemicsdlly
hardenable material may be used provided it is
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supported upon a suitable surface medium flow-
ing with viscous flow and that the density of the
hardenable material is less than that of the
hardening liquid. A “temperature hardenable”
material may be defined as any substance, lig-
uid solution or colloid, which is in a normally
liquid state or capable of being easily liquefied
but which becomes hardened or coagulated upon
a suitable temperature change, that is to say any
liquid which can be changed to a substantially
permanently hardened condition by a tem-
perature change.

Therefore, while I have, for the purposes of il-
lustration, described an illustrative embodiment
of the invention, it will be apparent that the in-
vention is not limited to the specific example
given but may be variously modified and adapted
within the scope of the appended claims.

I claim:

1. The method of forming continuous threads,
which comprises the steps of flowing liquid onto
a substantially flat inclined surface at such a
speed that the liquid flows across said surface
with viscous flow in the form of a substantially
flat sheet returning said liquid as an underlayer
at a relatively higher temperature to its point of
beginning of downward flow on the inclined sur-
face delivering a2 continuous liguid stream of
temperature hardenable thread-forming ma-
terial onto the surface of said stream of viscous-
ly flowing liquid at substantially the same speed
and direction of flow as said liquid, whereby said
stream of viscously flowing liquid supports said
thread-forming material on its surface, creating
a temperature difference between the thread-
forming material and the liquid while the former
is supported on the latter sufficient to harden
said material, and then withdrawing the hard-
ened material from the liquid in the form of a
thread.

2. The method of forming continuous threads
or the like which comprises causing a latex hard-
ening liquid to flow at an incline in the form
of a substantially flat sheet with the character-
istics of viscous flow and acting as a carrying
layer, delivering a stream of liquid latex onto
the surface of said viscously flowing liquid sheet
in the form of a thread at substantially the same
speed and in the same direction as said liguid
sheet whereby said liquid supports said latex on
its surface and permits the liquid latex to harden
on the surface of said liquid while moving there-
with, and then removing the resultant hardened
thread from the liquid, heating and then re-
cvcling the hardening liquid in a plane below
that of the carrying layer so as to maintain the
temperature of the carrying layer relatively con-
stant.

3. Apparatus for the production of continuous
threads comprising a substantially flat smooth
surface, means for flowing a hardening liquid
across said smooth surface, the thickness of the
liquid sheet and the viscosity and speed of flow
thereof being such as to produce viscous flow of
said liquid on said surface, means for delivering
a filament of thread-forming hardenable liquid
on the surface of said liquid at a speed sub-
stantially equal to the surface speed thereof,
whereby said thread-forming liquid is hardened
as it moves in contact with said liquid, means
for withdrawing the hardened thread from said

10

20

26

30

35

40

45

50

liquid and means for carrying the hardening lig-
uid back to the point of flow on said surface.

4. A combination according to claim 3 in com-
bination with heat transfer means for said hard-
ening liquid to produce hardening of the thread-
forming material by a difference in temperature.

5. A combination according to claim 3 in which
said hardening liquid is chemically reactive with
the thread-forming material to harden the
same.

6. A combination according to claim 3 in
which the thread-forming material is alkaline
liquid latex and the hardening liquid is a buffer
solution having a pH value sufficient to agglom-
erate the latex.

7. Apparatus for the production of continuous
threads comprising a2 substantially flat, smooth,
inclined surface, means for flowing a hardening
liquid across said surface in a substantially flat
sheet, the thickness of the liquid sheet and the
viscosity and speed of flow thereof on said sur-
face being such as to produce a viscous flow of
said liquid across said surface, a pan beneath
said surface for carrying back the hardening lig-~
uid to the point of beginning of said surface,
means for simultaneously delivering a plurality
of filaments of thread-forming hardenable ma-
terial on the surface of said sheet at a speed sub-
stantially equal to the surface speed thereof
whereby said material is hardened as it is sup-
ported by and moves in contact with said liquid,
and means for withdrawing the hardened threads
from the surface of said hardening liquid.

8. Apparatus for producing continuous
threads, comprising an inclined chamber for a
hardening liquid, a trough above said chamber
and inclined in the same direction as sdaid cham-~
ber, said trough having a flat surface down which
the liquid fiows, the thickness of the liquid and
the viscosity and speed thereof being such as to
produce viscous flow of said liquid across said
surface, a dam extending across the upper end
of the trough and the chamber, screening means
in the upper end of the chamber and above the
dam for establishing communication between the
chamber and the trough into the trough at its
upper end, means for delivering a filament of
thread forming hardenable liquid onto the sur-
face of said viscous liquid in the upper end of
said trough at a speed substantially equal to the
surface speed of said viscous liquid so as to hard-
en said hardenable liquid into thread form dur-
ing movement with and on said viscous liquid,
and means for withdrawing the hardened fila-
ment from said hardening liquid.

9. Apparatus according to claim 8 in which
there are provided a plurality of longitudinal ex-
tending partitions on the frough, said partitions
being formed by a plurality of parrallel substan-
tially U-shaped channels.

ALBERT OLEN RYAN.
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