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PRODUCTION OF SLK FBESRS 
Gustavus J. Esseien, Swampscott, Yass, as 

sigaoi to The Corticelli Silk Cograp2Say, 
Florence, Mass, a carporatioga of CEAERectic: 
Application Juliae 5, it 93i. 

his invention relates to the production of silk 
333's, and more particularly it relates to nev7 and 
SS3 is agrovernents in processes for producing 

Slic i3S, 
3:23 aents of threads of articial silik Sre corn 

3rogay formed by dissolving cellulosic materials 
in Saitable solvents, and extruding the cellulose 
Solitioi) tills for ined througia a spinnere, or draw 
Sists into a precipitating oath. On the other 

20 aarai, the Sornation of filaments of real silk, or 
forcis', presents difficulties no encountered 
7iae dealing with cellulose. Solutions of fibroin. 
&E's stic nore delicate and unstable than cell 
less Soilations. Solvent insterials which are satis 

25 acio:'y for cellulose, or or mixtures of cellulose 
and fieroin, are in general unsuitable as solvents 
of 35'oin alone, and the factors influencing the 
Soolity of fibroin and the characteristics of 
Serein solutions have bear little understood of 
eves, S.O.T. 
Si2C8SSial operation requires that the solutions. 

via&R extrude througin the spinneret, 38 is , 
Selatively Viscous condition. Even 833 tie 
forgia is dissolved it is difficult to maintain the 

3 viscosity of the Solution Lig to the point, ?o pre 
cigitatios, and the precipitation itse; presents 
grooiens peculia to fibroin. 
Ašše extended study and practice, a give dis 

covered certain factors to have an isaportant 
beating on the Successful formation of flarents 
O3 reads of fibroin, and have developed a 
process for the preparation of such ge:'s in 
whicis the above and other dificulties airs over. 
ico's, as herein Set fort, 

35 Cojects of Ray invention aire to provide 3 cc 
ess whereby it is possible and practicable to gro 
duca groin waste fibroin-containing materials, for 
2S3 asple from Waste silk, fibers inaving the ap 
23&nce, and the cenical and physical propa 
eries of the natural product; to provide forfiosoin 
S, Scivest Insterial of high solvent power, capable 
of Surgishing froin solutions of high Sradi staole 
viscCsity; to provide a grocess wherei, the re 
cisation of tae fibroin is accoznglished Wii. 
Kassignum effectiveness; and to provide ingrove 
ses in the treatment of the precipitated Sigers. 
S5, Surther objects reside in the provision o 

Zaethods o? operation adapted to effect these and 
gifts desirakie results, 

it silk, waste silk for cocoons S. Sron 8, 
signi, sil's fairie, fiber of yar (provided it is 
not, weighted with mineral materia), wher. 
formed and treated in accordance with any is 
vention, will yield a silk floer of the general ape 
pearance and with the chemical and substan 
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tially the physical properties of Eaata. sil. 
or purposes of illustration, a sha descri:3 ny" 

process in connection. Wits its agglicati£3 & Sill. 
Waste. 

in practising Eny is proved rocess, firs: "e 
inoye the serici coating so; the sill: ge's, 
this has not already been done, 33efecally E8.iii.e. 
taining the teaperature between 25 23:30 C. 
during this step. the dissoive the 33rcik, ii. 
a cuprannoniun solvent, hateris. (3.s 22eii)aiter 
nore fully described) free frog in sulfage and other. 
acid radicals, and containing glycerirke or Suga,2,... 
preferably 8, 20-reducing Sig33. 

Dugring pregaration an efore 'ecipitation: G. 
the fibroin, the fibrois solution is 33eferasily 
maintained at around ( to 3° C. After careful. 
filtering, this solution is extruded it is a stres as 
through a spinnere, inito & loat costaining SG 
diurn acid sulfate and referably also ai Eisnir. 
sulfate, whereby the forcin is precipitated in the 
form of continuous Siaments. Einese filaments 
or fiers are subjected to 8, stretching, operation, 
treated to prevent, their 2.8'ence geier, and 
would on g, oboia. 
In the accompanying drawing, Fig. i. illustrates 

apparatus Suitable for carrying OU Silly is proved 
process, 82nd 
Fig. 2 is an enlarged diets; view of the hook 13, 

artially in sectica. 
Referring to the drawing, i is 8, 8.xng adapted 

to contain the foroir solutioz. Any suitable 
Sneans for cooling this tank and its contents R&S 
be exaployed. I have sinow it, Willain a large? 
container 2, arranged so that cold oriae 3 way 
be circulated around the tank by means of the 3 
inlet pipe and the outlet 5 of the containe; 2. 
The pipe 6, which conymunicates with the tang. 
i, is connected to a punp of other suitaoie gears 
(not shown) ior exerting pressure on the fooiaa 
containing solution in the tanke, wirereio ais 
Solution is forced through tie oute, gie', a 
ter 8, and spinneret 9, into the precipitating kai. 

in the line is inserted cine gear 2: (a) 0, 
around which is provided the loyapass 3 Wvia 
valve 2. 9 is a spinneret. Suck &s show and 
descried in a co-edisg 2C32A (). Big Cia., 
Ser, No. 348,333, 'Otagi. Wich ke k3'oise-core 
taining solution is extsided it the piecipita 
ing bath 14 in the contaier 5. Fiorizona, as 
of rods are shown at 6, arolrid which the pre 
cipitated threads as passed in the Gane 
shown in Fig. l. . 

18 is a hollow hook, supplied from the taxi is 
by the pipe 20 with a material which exudes 
from the orifice 21 and coats the fibers as they 
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2 
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 
BS follows: 
Preparatory to putting the fibroin in Solution, 

the waste material is subjected to a "boiling-off' 
Operation 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'. 
As 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 radicals. I 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 solutions 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)--------------------------- 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 fulction in maintaining the Solvent 
power of the cuprannonium 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 condition, probably because it is more 
permeable to the solvent, and because the Sol 

1934,418 
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 allowed 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. f 
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 125 
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 a 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.c. of water. I have found that the eff 
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 
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1984,418 
cipitate practically simultaneously throughout 
the CrOSS-Section of the flament, 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 flament. I have found that in order to effect 
complete precipitation and the formation of a 
satisfactory filament, it is necessary that the 
fibroin filament remain in the precipitating bath 
for a considerably longer period of time than is 
required in the case of a cellulose flament. 
Whereas a shallow precipitating bath, for exan 
pie, six or eight inches deep, is commonly used in 
precipitating flaments 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 
'c' 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 2% feet per second is found satisfactory. 
The precipitating bath is provided with appa 

ratus for picking up the fibers and maintaining 
then separate. 
While the fibers are passing through the precip 

itating bath, it is advantageous to subject then 
to tension and to a stretching operation, which is 
particularly effective at this point because the 
fibers are in a 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 fibet's 
to additional tension, the upper guide may be SO 
placed as to give to the thread a right angle turn 
just 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 bobbinson which it is Wound as it comes 
from 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 Inay 
apply to the thread, as it is being wound on the 
cobbin, a solution of a soap, either in water or in 
smixture of water and alcohol. The thread being 
still wet with the acid constituents of the precip 
itating 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. 

It 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. 
and 2. Prior to winding on the bobbin. 22, the 

fibroin threads coming from the precipitating 
bath pass over the hollow hook 18, which is shown 
in detail in Fig. 2. The solution of soap or fatty 
acid contained in the tark 19 may be Supplied to 
the passage 23 inside the hook 18, by the pipe 20. 
This soap or fatty acid solution exudes from the 
orifice 2 and coats the threads as they pass 
across the Orifice. This treatment inay obviously 

other states as Well-for 

3 
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 

example, to the colloidal 
state. 

claim: 
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 extruding the filtered solution into a 
batin containing Sodium acid sulfate and alumi 
nuIn 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 artif 
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 to 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 a 
cuprammonium Solvent material free from acid 
radicals, filtering the resulting Solution, forming 
fibers by extruding the filtered Solution into an 
acid precipitating bath, collecting the fibers thus 
formed, applying to the collected fibers while tile 
same are Wet With acid liquid a Solution of a 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 articially 
formed silk fibers from a cuprannonium fibroin 
Solution, which consists in precipitating said 
fibroin solution in an aqueous solution containing 
approximately 35% of the Weight of the Solvent of 
Sodium acid sulfate and approximately .0% of the 
Weight of the Solvent of alunninum sulfate. 

5. In a process for making artificially-forged 
silk fiber, the combination of a cuprannoniuri 
fibroin solution free from acid radicals and con 
taining an organic substance selected from the 
group consisting of Sugars and glycerine, with a 
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 aqueous 
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, 
a solution of a soap in a suitable solvent nateria, 
liberating fatty acid from the Soap and coating 
the fibers with the fatty acid so liberated, 

. In a process for making artificially-formed 
silk fibers, the step of coating the fibers or the 
bobbins with a fatty acid by applying to the yet 
fibers a soap solution and liberating fatty 2cid 
therefron by the action of acid on the sca. 
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