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My invention relates to the production of silk
fbers, and more particnlarly it relates to new and
ussin? improvements in processes for producing
such fbsrs,

Filaments or threads of artificial silk are com-
monly formed by dissolving celluiosic materials
in suiteble solvenis, and extruding the celluloss
solution thus formed through o spinnerst or draw
plate info o precipitating bath. - On the other
hand, the formation of filaments of real silk, or
fbroin, presenis difficulties not encountered
when dealing with cellulose. Solutions of fibroin

are much more delicate and unstebie than ecellu-

loss golutions, Solvent msterials which are satis-

5 Zagiory for cellulose, or for mixiures of cellulose

" and fbroin, are in general unsuitable as solvents
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for fbroin alone, and the factors influencing the
solubliity of fibroin and the characteristics of
fbrein solutions have besn little understood or

even Rnown,

Succeseiul operation requires that the solution
waen exiruded through the snmnere\ Be in o
relatively viscous condition. Even after the
fibroin is dissolved it is ‘difficult {6 maintain tae

5 viscosity of the solution up to the voing of Bre-

cipitation, and the precipitation itself presents
problems reculiar o fibroin,

After extended study and practice, I have dis-
covered certein factors to have an important
bearing on the successiul formation of Slaments
or threads of fibroin, and I have devsioped a
process for the preperation of such Abers in
which the above and other difficulties ars over-
come, 28 herein set forth.

Objects of my invention gre to provide & proc-

" ess wmereby 1t is possible and practicable {o pro-

68

duca from waste fibroin- -containing materials, for

wpmple from waste silk, fibers having the ap=-
m:srnnce, and the chemieal and physical prop-
ervies of the natural producs; to provide for fibroin
& solvent material of high solvent wower, capabie
of furnishing fAbroin solutions of high and stable
viscosity; 1o provide a process wherein the Prg=
‘cipitation of the fAbroin is accomplished with
moxium effectiveness; and to provide imm‘ave=
mmmb in the treatment of the precipitaicd Sbers,

S5 further objects reside in the provision of
methods of operation adapted to eﬂect these and
gilier desirable results.

Wild silk, waste silk from cocoons or ﬁmm &
silk mill, silic fabric, fiber or yarn (provided it is
not weighted with mineral material), when
formed and treated in accordance with my in-
vention, will yleld a silk fiber of the genersl ap-

- pearance and with the chemical and substan-

corporation of Commecticut

Serial No. 542,263
(L 18—54)

tially the physical properties of natural
For purposes of flustration, T shall describs
process in connection with its applicstion io siliz
waste.

In practising my improved process, T frst
move the sericin coating from the sillk @herg,
this has not slready been done, preferably mein
taining the temperature between ”IR’ ° c’m? a30° . C.
during this step. I then dissoive the Sbroin in
& cuprammonium solvent materigl ( s hereinafter
more fully described) free from sulfate and other
a,c1d radicals, and containing giycerine or sugar,—

referably o non-reducing suger.

During preparation and before precipitetion of
the fibroin, the fbroin solution is prefersbly
“maintained at around ¢ to 3° C. After careful
filtering, this solution is extruded in fine streawms
through & spinneret inte & bath coniaining so-
dium scid sulisgte and pre;.ex*am"y also sluminum
sulfate, whereby the fibroln is precinitated in the 4
form -of continuous Slgments, Theze Maments
or fibers are subjected to & siretching operation,
treated to prevens their adherence tegather, and
wound on & bobbin,

In the accompanying drawing, Fig. 1 illustrates go
apparatus suitable for corrying oul my improved
process, and

Fig. 2 is an enlerged detall view of the hook 18,
parvially in section, .

Referring to the drawing, 1 is & tenk adapted
to contain the fGbroin solution. Any suitsble
means for cooling this tank and its contents may
be employed. I have shown it within o larger
container 2, arranged so that cold brine § moay
be circulated around the tank I by means of the
inlet pipe 4 and the outlet 5 of the container 2.
The pipe 8, which communicates with the tank
1, is connected to 2 pump or other suitable means
(not shown) for exerting pressure on fhe Abroin-
containing solution in the tank, whereby this
solution is forced through the outiet pips 7, Al-
ter 8, and spinneret 9, info the precipiteting batlh.

In the line 7 is inserted the gear pump 10,
around which is provided the by-pasg 1% with
valve 12. 9 is o spinnerst such as shown and
described in o co-pending application of Furman, «
Ser. No. 348,881, through which the Abroin-con-
taining solution is exiruded into the precipitat-
ing bath 14 in the container 15, Horizontal bars
or rods are shown at 16, around which the pre-
cipitated threeds 17 are p&ssea in the manner
shown in Flg. 1.

18 is & hollow hook, supplied from the tankz 18
by the pipe 20 with & material which exudes
[rom the orifice 21 and coats the fibers as they
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pass over the hook, so as to prevent their adher-
ence together when they are wound on the bob-
bin 22.

As an example of the application of my proc-
ess to the treatment of silk waste, I may proceed
ns follows:

Preparatory to putting the fibroin in solution,
the waste material is subjected to a “boiling-off”
pperation which removes the sericin coating from
the silk fibers. This operation consists of agi-
tating the material in a solution of a soap in
warm water. After the removal of the sericin,

_the silk is ready to be put into the “spinning

solution”. .

Ag stated above, the customary cellulose - sol-
vents are not satisfactory as solvents for fibroin
alone. One factor in the unsuitability of typi-
cal cellulose solvents, when dealing with fibroin,
is the presence therein of the sulfate ion or other
acid redicals. T have found that when the sul-
fate radical is present in fibroin solutions, the
viscosity of the solution falls off rapidly. For
best results it is therefore important to employ
a solvent free from such radicals. My solutions,
when subjected to the well-known barium chlo-
ride test for the presence of the sulfate ion, must
give a negative test for the presence of such ions.

In the preparation of my solution, I have found
it advisable to first mix all the ingredients except
the fibroin. 'The resulting preferred fibroin sol-
vent is, as stated above, not a solvent for cellu-
lose, and my sclutions are characterized by the
fact that they contain such concentrations of
ingredients as will not dissolve cellulose. This
characteristic furnishes a means by which any
cellulose, etc., which may be mixed with the
fibroin material may be eliminated from the fin-
ished product,—i. e., such constituents do not
dissolve in the solvent, and they may be strained
out of the fibroin solution.

A preferred fibroin solvent solution comprises
the following ingredients in substantially the
proportions set forth:

Blue copper hydroxide (dry basis)---- 700 g.
Ammonia, (approx. 29% NH3) .- 750 c.c.
Sodium hydroxide solution (30.4%

NaOH) e 1500 c.c.
C. P. glycerine -~ 1600 c.c.

The blue copper hydroxide is ordinarily used .
in the form of a paste containing about 90% of .

water, the exact amount to use being determined
by analysis. However prepared, the solution
must give a negative test for the presence of the
sulfate ion when tested with barium chloride.

In place of the glycerine as above set forth,
I may substitute a sugar,—preferably a non-re-
ducing sugar such as sucrose, and I have obtained
satisfactory results with a smaller proportionate
amount of sucrose,—as- little as one-fourth of
the amount of glycerine called for by the above
example. The glycerine or sugar performs an
important fuuction in maintaining the solvent
power of the cuprammonium solution and the
viscosity of the fibroin solution. -

The fibroin solvent mixture should be cooled
down to around 2° C., or a little lower, if con-
venient. To the above mixture 3430 grams (dry
basis) of fibroin is added.

The fibroin is preferably added in a moist form
containing approximately an equal weight of wa-
ter. I have found that it dissolves more readily
in this conditivn, probably because it is more
permeable to the solvent, and because the sol-
vent will spread more rapidly over a wet surface.

1,984,413

The solution is now made up to 25 liters.

It is possible to obtain a cuprammonium solu-
tion free from sulfate or other acid radicals by
various methods and to depart from the precise
formula and method of preparation given in the
above illustration. The important considerations
are the absence from the solution of sulfate or
other acid radicals, and the presence of the glyc-
erine or sugar. )

It is desirable to keep the solution cold while
it is being prepared and before use. For this
purpose, it is convenient to make it up in a con-
tainer which is provided with a stirrer inside, and
which itself may be surrounded with ice and
salt. It usually requires between one and two
hours for the fibroin to dissolve completely.

The solution is then filtered very carefully to
remove even the finest particles of dirt and is
transferred to the tank 1 which supplies the so-
called spinning machine. It is aliowed to remain
here until air bubbles are removed which can be
facilitated by applying a vacuum to the tank.
It is then ready to be “spun”; all this while it is
maintained at around 2° C., or lower. ‘

The spinning operation is performed by extrud-
ing the fibroin solution in fine streams through
a spinneret into a precipitating bath in which the
threads are hardened into continuous filaments.
I preferably employ the method and apparatus
disclosed in the before-mentioned co-pending ap-
plication, whereby difficulty in starting the oper-
ation, and subsequent troublesome clogging of
the apparatus, are avoided.

According to this method, I prefer to supply
the fibroin solution from the tank 1 at a consid-
erable head of pressure, and simply employ the
gear pump 10 as a metering device to regulate the
normal flow of the liquid. In starting the spin-
ning operation, a cap (not shown) is placed over
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the head of the spinneret 9, and the spinneret 115

with its supply pipe filled with air is immersed

‘in the precipitating bath 14. Then the valve 12

in the by-pass 11 is opened, so that the full force
of the liquid under the high pressure applied

through the pipe 6, for example 40 or 50 pounds, 120

is allowed to rush around the metering pump 10
and into the line 7, thereby rapidly building up
a considerable pressure in the line to the spin-
neret 9. This pressure tends to lift the cap from
the spinneret head, and keeps the spinneret holes
free and clear of the precipitating bath until the
fibroin solution following, itself fills the holes.
Upon this solution passing through the spinneret
holes into the bath, it is precipitated and hard-
ened into filament form, as shown in Fig. 1.
Upon the spinning operation being well started,
the speed of the pump 10 may be regulated so as
to provide the proper rate of flow for the desired
spinning speed, and the by-pass valve 12 is then
closed. Though I prefer to employ the by-pass
device to start the spinning operation, it will be
clear that & similar result may be obtained by a
temporary speeding up of the pump 10.

In combination with my fibroin solution, a pre-
ferred precipitating bath is an aqueous solution
of sodium acid sulfate (NaHSO4), made up in the
proportion of 350 grams of .sodium acid sulfate
to 1000 c. ¢. of water. I have found that the effi-
ciency of this bath is increased by the presence
therein of a relatively small amount of aluminum
sulfate. Accordingly, I preferably add to each
liter of the precipitating solution, 100 grams of
crystallized aluminum sulfate.

Whereas a cellulose solution, extruded through
a spinneret into a precipitating bath, will pre-
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cipitate practically simultaneously throughout
the cross-section of the filament, a solution of
fibroin so extruded first forms a skin or coating
of precipitated fibroin which retards the contact
of the precipitant with the central portion of
the filament. I have found that in order to effect
complete precipitation and the formation of a
setisfactory filament, it is’ necessary that the
fibroin Alament remain in the precipitating bath
for s considerably longer period of time than is
Tequired in the case of a cellulose filament.
Whereas a shallow precipitating bath, for exam-
Dle, six or eight inches deep, is commonly used in
precipitating filaments from a cellulose solution,
in my improved process I employ a bath of a
much greater depth for precipitating my fibroin
solution. The distance from the spinneret head to
the surface of the precipitating bath, designated
“z” in Fig. 1, is preferably about three to four
feet. Since the time relation involved is the con-
trolling factor, it will be evident that the exact
depth of the precipitating bath will depend some-
what upon the rate at which the filaments are
drawn therethrough; but with the above described
depth of precipitating bath, a precipitating rate
of 212 ieet per second is found satisfactory.

The precipitating bath is provided with appa-
ratus for picking up the fibers and maintaining
them separate.

While the fibers are passing through the precip-
itating bath, it is advantageous to subject them
to tension and to a stretching operation, which is
particularly effective at this point because the
flbers are in s semi-gelatinous condition. For
accomplishing this, I provide a plurality of hori-
zontal bars or rods beneath the surface of the
precipitating bath, as shown at 16 in Fig. 1 of the
accompanying drawing. The fibers are passed
back and forth around and between these bars in
the manner illustrated. For subjecting the fibers
to additional tension, the upper guide may be so
placed as to give to the thread a right angle turn
Jjust before it is wound on the bobbins.

In the manufacture of artificially-formed
threads from fibroin, considerable difficulty is
sometimes experienced in removing the thread
from the bobbins on which it is wound as it comes
irom the precipitating bath. At this point, the
thread has a tendency to shrink and then stick
to the other threads. In order to avoid this I may
apply to the thread, as it is being wound on the
bobbin, o solution of a soap, either in water or in
& mixture of water and alcohol. The thread being
still wet with the acid constituents of the precip-
Hating bath, these constituents set free the fatty
acid of the soap, which has a tendency to form a
film around the threads and prevent them from
sticking together.

T is obvious that instead of using a soap, a solu-
tion of a fatty acid in alcohol, acetone or other
suitable solvent may be used. Stearic acid is very
good for this treatment, but any soap or fatty acid
gives satisfactory results.

The treatment may be applied to the threads in
the manner illustrated in the accompanying Figs.
1 and 2. Prior to winding on the bobbin 22, the
fbroin threads coming from the brecipitating
bath pass over the hollow hook 18, which is shown
in detail in Fig, 2. The solution of soap or fatty
acld contained in the tank 19 msy be supplied to
the passage 23 inside the hook 18, by the pipe 20.
This soap or fatly acid solution exudes from the
orifice 21 and coats the threads as they pass
across the oriflce. This treatment may obviously
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be applied in any other suitable way, such as by
spraying.-

The subsequent treatment of the fibers may be
in accordance with the disclosure of the copend-
ing Furman application, Serial No. 651,432,

In this specification and in the appended claims,
I do not necessarily employ the words “solution”
and “dissolve” in their strict chemical and tech-
nical sense, but I intend that they shall relate to

.other states as well,—for example, to the colloidal

state.

Iclaim:

1. The process of making artificially-formed
silk fiber which comprises dissolving fibroin in a
cuprammonium solvent material containing an
organic substance selected from the group consist-
ing .of sugars and glycerine, and free from acid
radicals, filtering the resulting solution, forming
fibers by exiruding the filtered solution into a
bath containing sodium acid sulfate and alumi-
num sulfate, collecting and winding the fibers
thus formed on a bobbin, and treating the col-
lected fibers to prevent their adherence together
on the bobbin. .

2. The steps in the process of making artifi-
cially-formed silk fiber which consist in dissolving
fibroin in a cuprammonium solvent material free
from acid radicals, while maintaining the temper-
ature at about 5° C., forming fibers by extruding
the resulting viscous solution through a spinneret
into a precipitating bath containing sodium acid
sulfate and aluminum sulfate, collecting the fibers
thus formed, treating the collected fibers t¢ pre-
vent their adherence together, and winding the
fibers on a bobbin, -

3. The process of making artificially-formed
silk fibers which comprises dissolving fibroin in g
cuprammonium solvent material free from acid
radicals, filtering the resulting solution, forming
fibers by extruding the filtered solution intc an
acid precipitating bath, collecting the fibers thus
formed, applying to the collected fibers while the
same are wet with acid liquid a solution of g soap
setting free fatty acid from the soap and coating
the fibers therewith, and winding the fibers on a
bobbin.

4. That step in a process for making artificially-
formed silk fibers from g cuprammonium fibroin
solution, which consists in precipitating said

fibroin solution in an aqueous selution containing 1

approximately 35% of the weight of the sclvent of
sodium acid sulfate and approximately 1809% of the
weight of the solvent of aluminum sulfate.

5. In a process for making artificially-formed
silk fiber, the combination of gz cuprammonium
fibroin solution free from acid radicsls and con-
taining an organic substance selected from the
group consisting of sugars and glycerine, with o
precipitating bath, consisting of an aqueous solu-
tion containing approximately 35% of the weight
of the aqueous solvent of sodium acid sulfate and
approximately 10% of the weight of the agueous
solvent of aluminum sulfate.

6. In a process for making artificially-formed
silk fibers, the step which comprises applying to
the precipitated fibers, in the presence of an acid,
& solution of a soap in a suitable solvent material,
liberating fatty acid from the soap and coating
the fibers with the fatty acid so liberated.

7. In a process for making artificially-formed 1

silk fibers, the step of coating the fivers on the
bobbkins with a fatty ecid by appiying to the wet
fibers a soap solution and liberating fatty acid
therefrom by the action of acid on the scap.
GUSTAVUS J. ESSELEN.

80

90

95

100

108

119

115 -

120

180



