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This invention relates to the production of synthetic 
textile filament and fiber. More particularly, the inven 
tion relates to the production of improved synthetic textile 
fiber and filament from vegetable protein materials, suchl 
`as the prolamines, and especially zein and the like. 

Synthetic textile fibers and filaments prepared from the 
prolamines and particularly Zein are well-known. Fur 
thermore, methods for the production of such textile 
fibers and filaments have been the subject of a great deal 
of research which has resulted in various processes. A 
number these processes have been employed in industrial 
installations in the past. However, none of the processes 
heretofore known result in the production of protein 
fibers of ñlaments, having a desired tensile strength or 
tenacity in either a wet or dry state although commer 
cially acceptable fibers and filaments have been produced. 
Among the other drawbacks of protein fibers and fila 
ments produced by known processes are the inability to 
withstand bleaching without loss of physical strength and 
appearance and the inability to withstand acid dyeing 
at high temperatures. yFibers and filaments produced ac 
cording to known procedures which have good dyeability 
possess inferior tenacity and chemical resistance to 
bleaches. On the other hand, where the tenacity is im 
proved inferior dyeability results. These inferior prop 
erties are partially overcome by the teaching in U.S. Pat 
ent 2,845,362 to H. S. Jenkins, et al., which discloses a 
zein textile fiber having acceptable chemical resistance, 
dyeability and tenacity. However, even lthe improved 
tenacity obtained according to the teaching of this patent 
although it falls vWithin acceptable limits does not meet the 
most desirable qualifications of tenacity. Consequently, 
there exists a need for a textile fiber prepared from prola 
mines such as zein which has improved tenacity in both 
wet and dry states but still exhibits good dyeability and 
chemical resistance. 

Accordingly, it is a primary object of this invention to 
provide a method for the production of prolamine textile 
fibers and filaments having high tensile strength. It is 
another object of the invention to provide a method for 
the production of prolamine textile ñbers and filaments 
having good dyeability and chemical resistance. Still 
another object of the invention is to provide a method 
for the production of prolamine textile `fibers and fila 
ments having good elongation characteristics during hot 
wet conditions of textile processing. Another object of 
the invention is to provide a continuous wet spinning 
method for the production of prolamine textile fibers and 
filaments. Other objects and advantages of the invention 
will be apparent from the following description. 
The accompanying fiowsheet illustrates the new method 

of this invention. 
Referring to the flowsheet, it Will be seen that the new 

method of preparation of prolamine fibers and filaments 
comprises seven major steps: solution preparation, deaera 
tion, spinning, saturation, stretching, resaturation and 
postcure, all of which are important in order to obtain a 
textile fiber or filament having the desirable tenacity, dye 
ability, chemical resistance and elongation. However, 
it has now been found that solution preparation, satura 
tion steps and cascade streching in particular salt solutions 
have a critical effect on the tenacity while at the same time 
dyeability, chemical resistance and the’ like are not ad 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

` solution. Solutions containing from 18.0 to 20.0 percent ̀ 

60 

65 

70 

3,068,062 
Patented Dec. 11, 1962 

er* 

lee 
2 

versely affected. Furthermore, the beneficial effects de 
rived from the practice of the present invention extend 
to fibers and filaments of widely varying denier, that is. 
from a denier per filament of about 0.5 to 200.0. 

In general the process of this invention may be de 
scribed as follows. An aqueous prolamine solution is 
prepared in accordance with the prior art by dissolving 
Zein in a mixed solvent containing sodium hydroxide, one 
or more water-soluble ionizable salts and formaldehyde 
or a formaldehyde producing compound. Zein raw mate 
rial having an alkali gel time of 25 to 40 minutes is pre 
ferred. By alkali gel time is meant the time in minutes 
required, by heating at 45° C., for an aqueous zein dis 
persion containing 2.5 percent by weight of sodium hy 
droxide and 16 percent by weight of Zein raw material 
to reach a viscosity of 80 poises at 45.0° C. as measured 
by the Brookfield viscometer at l r.p.m. 
A dispersion of zein of from about 15 percent to about 

22 percent by weight is prepared by slurrying the Zein in 
water -at .a temperature of about 15° C. to 30° C., prefer 
ably about 25 ° C. To ythis slurry are added from about 
.01 percent to about 2.5 percent of one or more water 
soluble ionizable salts and from 1.2 percent to 2.0 percent 
sodium hydroxide, the percentages of sodium hydroxide 
and .salt being based on the Zein content by weight. The 
alkali is added slowly with stirring until the Zein is corn 
pletely dissolved. The solution is stirred for l0- to 25 
minutes at 20° C. to 25° C. to insure complete dissolu 
tion. When the viscosity 4of the solution measured on a 
Brookfield Viscometer at l r.p.m. and 25° C. reaches 
a point in .the range 5 to 2000 poises and preferably in 
the range of 120 to 500 poises, formaldehyde is added 
thereto in the form of a 37 percent formalin solution or as 
polyoxymethylene in equivalent amount. 
The amount of formaldehyde added at this point is` 

about 0.1 percent to 2.0 percent by weight based on the 
weight of zein and preferably around 1.0 percent. Addi 
tional sodium hydroxide is also added in an -amount sufñ 
cient to neutralize the formic acid present in the form 
aldehyde, usually about 0.01 percent to 0.1 percent based 
on the weight of the zein. 

The solution -is'spun using conventional wet spinning 
equipment. The spinning viscosity may range from 60 
to 25,000 'poises at 25° C. measured at 1 r.p.m. on the 
Brookfield viscometer. ‘ ' 

It will be obvious to those skilled in the art that the 
steps in preparing the Zein solution may be varied chrono 
logically and .that the amounts of each constituent em 
ployed can be varied Within certain limitations. How 
ever, in order to prepare a solution which permits spinning 
of the new improved filaments and films according Vto 
the process of this invention, the total solids content of 
any solution should not be less than 15.0 percent nor 
more than 22.0 percent, based on the total weight of the 

solids,~based on the total weight of the solution, are 
preferred. . 

The water soluble ionizable salts mentioned herein 
above are employed in an amount of 0.01 to 2.00 percent, 
based on the weight of the zein. The preferred amount 
is from 0.10 to 0.50 percent. Typical examples of water 
soluble Yionizable salts are sodium sulfide, sodium sulfate, 
ammonium sulfate, sodium sulfite, sodium chloride-cal 
cium chloride, aluminum sulfate, sodium bisul-fite, am 
monium chloride, sodium thioglycolate .and .the like. The 
optimum amount of any salt varies with the particular 
system, that is, the character of the zein, the concentra 
tion of sodium hydroxide in the Zein solution, and the 
concentration of formaldehyde in the Zein solution. ' 

The mixture is then stirred~ 
until a smooth homogeneous solution results at which time ̀ 
it is deaerated under reduced pressure prior to spinning. ~ 
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The coagulation bath is one that is normally used in 
the art. It consists essentially of an acidic solution com 
prising water, sulfuric acid, sodium sulfate, formaldehyde, 
which leaches into the bath from the spin solution, and 
hydrated colloidal silica. 
The sulfuric acid content of the coagulating bath is 

maintained within the range from 3.0 percent to 15.0 per 
cent by weight and preferably at 11.0 percent. The so 
dium sulfate concentration of the coagulating bath may 
vary within the range from 0 percent to 2.0 percent by 
weight and preferably at about 1.0 percent. The con 
centration of formaldehyde which tends to leach out of 
the spin solution and to build up in the coagulating bath 
should not rise above 1.0 percent by weight. A higher 
concentration of formaldehyde interferes with the co 
agulation process. The hydrated silica content of the 
coagulating bath is maintained within the range from 1 
percent to 3 percent by weight and preferably at 2.5 per 
cent. It acts as an anti-plastering agent to prevent stick 
ing of the filaments due to heat and pressure when the 
filaments are in a plastic state after coagulation. 
The temperature of the coagulation bath is maintained 

within the range of from about 20° C. to 30° C. and 
preferably at about 25.0° C. This range improves and 
facilitates the coagulation process since no special heat 
ing or cooling means are necessary for maintaining a 
close temperature control as taught by the prior art in 
order to obtain zein fibers of improved tensile strength 
and tenacity. 
The coagulation time, i.e., the length of time that the 

spun liber is maintained in the coagulation bath, is prefer 
ably indicated by a spinning speed of 15.7 feet per minute 
with the spinneret submerged to a depth of 10.0 inches in 
the coagulation bath. The coagulation time may vary as 
much as 50 percent from the time corresponding to the 
figures given above. 

After stretching in the coagulation bath the fiber is im 
mediately saturated to effect partial dehydration. This 
saturation process requires from 0.5 to 5.0 minutes de 
pending upon the speed of operation. The saturation 
solution may contain from 3 to 15 percent sulfuric acid 
by weight and preferably 10 percent, and from 2 to 10 
percent formaldehyde by weight and preferably 5.0 per 
cent. The solution is saturated with sodium chloride and 
is maintained at a temperature of from 25 to 80° C. and 
preferably 50° C. These percentages may vary according 
to the spinning speed and size of filament tow employed. 
At this stage in the description of the process of the in 
vention it should be pointed out that no precuring is neces 
sary. The prior art teaches that in the production of high 
tenacity zein fibers precuring must carried out after the 
fiber tow leaves the coagulation bath and prior to the 
stretchingroperation. The improved process of this inven-Y 
tion eliminates the time and expense involved in the pre 
curing operation. 

After saturation the zein fiber is immediately stretched 
in a suitable stretch media, for example, a saturated salt 
solution, water, or polyethylene glycol at a temperature 
of from 25 to 116° C., depending upon the media em 
ployed. The preferred media is a saturated ammonium 
sulfate solution at a temperature of from 100 to 110° C. 
A cascade stretch of 5.33 produced the best tensile proper 
ties. The stretch solution may also contain small amounts 
of sulfuric acid, sodium sulfate, formaldehyde and silica 
carried into the stretch bath with the tow. 
The fiber is then resaturated and postcured in accord 

ance with the prior art. The fiber remains in the satura 
tor long enough to effect complete saturation of the fiber 
with the postcuring solution and complete replacement of 
the water and loosely held chemicals in the liber as it 
comes from the stretching operation. The postcuring 
solution usually is a water solution containing from 4 to 
7 percent sulfuric acid by weight and preferably 5 per 
cent, 0.5 to 1 percent formaldehyde by weight and prefer 
ably 0.75 percent, and is saturated with sodium chloride. 
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4 
The temperature of the postcuring solution is main 

tained within the range from 50° C. to 70° C. and prefer 
ably 60° C. 
The postcure treatment usually consists of subjecting 

the fiber tow to a temperature of from 43° to 52° C., 
preferably 44.5° C., for a period 115 to 125 minutes, 
preferably 1120 minutes in an atmosphere of air at a rela 
tive humidity of 95% to 100%. 

vOther treatments may follow the postcuring treatment 
such as washing, drying, baking, bleaching, finishing and 
the like. 
The fibers of this invention have improved properties 

not heretofore shown in any protein fibers. These fibers 
not only have a circular cross-section which is clear, 
transparent and completely free of any opaque, striated ‘ 
portions but also these fibers have a high tenacity with a 
dry modulus of 48 grams per denier. The degree of 
orientation is significantly higher than any obtained in 
the prior art teachings as indicated by a specific birefrin 
gence index of 13.4><103 and an X-ray orientation ratio 
of 1.93. Physical and chemical stability to conditions 
of textile processing such as changes in temperature and 
moisture conditions as shown by Table I is characteristic 
of the improved fibers of this invention. 

It has also been found that maintaining the fiber under 
just enough tension to prevent relaxation, preferably sulii 
cient tension to maintain a degree of stretch of from 3 
to 7 percent and preferably 5 percent during the steps of 
washing, drying and baking improves and increases the 
strength of the fibers. In prior commercial practice zein 
fibers were relaxed during such processing. 
The new and improved process of the invention may be 

illustrated by the following examples of the preferred 
method of the invention. 

EXAMPLE I 

A zein dope was prepared by slurrying 841.3 grams of 
Zein A (Corn Products Refining Co.) in 2874.9 grams of 
distilled water at 25° C. and to the slurry was added 0.8 
gram of ammonium chloride with stirring. An alkali 
solution containing 13.3 grams of sodium hydroxide and 
6.1 grams of hydrous sodium sulfide dissolved in 242.0 
grams of water was added slowly over a 30 minute pe 
riod to dissolve the protein. The solution was stirred for 
18 minutes at 20° C. and the viscosity at the end of the 
stir cycle was 160 poises at 30° C. At this point 21.6 
gramsof neutral 37 percent formalin was added and the 
mixture stirred for ten minutes until smooth. 
The_dope was deaerated in anlnternational centrifuge 

and spun with a 1,000 hole 3 mil platinum jet using con 
ventional wet spinning equipment. The dope was co 
agulated in a solution bath containing 11.0 percent sul 
furic acid, 1.2 percent sodium sulfate and 2.5 percent 
silica at 25° C. After stretching in the spin bath at a 2.0 
jet stretch, the freshly spun tow was immediately saturated 
for 5.0 minutes at 50° C. in an aqueous saturated salt 
solution containing 10 percent sulfuric acid, 5.0 percent 
formaldehyde and small amounts of salt added periodical 
ly to maintain complete salt saturation. The tow was 
immediately stretched to a maximum cascade stretch of 
5.33 in a saturated ammonium sulfate solution at 106° C., 
resaturated at 60° C. in a aqueous saturated salt solution 
containing 5.0 percent sulfuric acid, 0.75 percent formal 
dehyde and excess salt added as needed to maintain com 
plete salt saturation. 
The stabilized tow was postcured, then relaxed, washed, 

air dried and baked for 45 minutes at 150° C. 
The resulting fiber had the following properties: 

Size of filament ____________________ „denier“ 0.85 
Dry tenacity ___________________ „gm/denier-- 2.17 
Dry elongation ____________________ __percent__. 13 
Dry modulus ___________________ „gm/denier“ 48 
Yield point ____________________ „gni/denier..- 1.25 
Breaking toughness ______________ __gm./denier__ 0.22 
Boil shrinkage (3v min.) _____________ _-percent-- 10 
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Dry heat shrinkage: 
10% at __________________________ __° C__ 263 
20% at __________________________ __° C__ 277 
30% at __________________________ __° C__ 287 

Specific birefringence index ____________ __ 13.4><10*3 
X-ray orientation ratio ______________________ __ 1.93 

The table below shows further test results on the fibers 
obtained from Example I. These results were obtained 
from an yaverage of 20 filament breaks with the Instron 
Tensile Tester for the 0.85 and 0.94 denier per filament 
ñbers and from an average of 10 bundle breaks using the 
Scott IP4 Tester for the 1.87 denier filaments. 

Table l 

Ten. Denicr/ Gms/ 
Test Conditions (gms./ Elong. filament den. at 

den.) 5% 351011K 

Dry at 70° F _______________ _. 2.17 
2.20 

Wet at 70° F _______________ __ 1.07 
1.00 

_. 0.61 

Dry at 200° F.-... 2.05 

EXAMPLE II 
Zein fibers were prepared as in Example I except that 

the fibers were stretched 5 percent and maintained under 
sufficient tension to hold this degree of stretch during 
washing, drying Iand baking. The übers of 0.77 denier 
had an average dry tenacity at 70" F. of 2.24 grams per 
denier with individual filament breaks as high as 3.08 
grams per denier. The tenacity was obtained from an 
Iaverage of 10 filament breaks with the Instron Tensile 
Tester. 
The data included herein clearly indicate that the im 

proved process of this invention makes possible the pro 
duction of prolamine fibers of the highest quality with 
respect to tenacity, chemical :resistance and other desir 
able features. . 
As many variations of this invention may be made 

without departing from the spirit and scope thereof it 
is intended that the invention be Hunted solely by the 
scope of the appended claims. 

-I claim: 
11. A process for the production of zein fibers compris 

ing dissolving zein in an aqueous alkaline solution, ex 
truding the resulting solution into an acidic coagulation 
bath, saturating the resulting tìber immediately after co 
agulation with an aqueous saturation solution containing 
from 3 to 15 percent by weight of sulfuric acid, from 
2 to 10 percent by weight of formaldehyde and saturated 
sodium chloride at a temperature of from 25 to 80° C. 
for a period of time of up to 5 minutes, stretching the 
fiber in a saturated salt solution at a temperature of from 
25 to 116° C. sufficiently to maintain a cascade stretch 
of from 3 to 6.0, resaturating the über in an aqueous 
resaturation solution containing 3 to 10 percent sulfuric 
acid and from about 3 to 10 percent formaldehyde yand 
which is at least 90 percent saturated with sodium chlo~ 
ride, and dry postcuring the fiber at a temperature of 
from 43 to 52° C. for a period of from 115 to 125 
minutes in air having a relative humidity of 95 to 100 
percent. 
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2. A process for the production of zein fibers compris 

ing dissolving from l5 to 22 percent by weight of zein 
in an aqueous alkaline solution, eXtruding the resulting 
solution into an acidic coagulating bath at a temperature 
of from about 20 to 30° C., saturating the resulting fiber 
immediately after coagulation with an aqueous saturation 
solution containing from 3 to 15 percent by weight of 
sulfuric acid, from 2 to 10 percent by weight of formal 
dehyde and saturated sodium chloride at a temperature 
of from 25 to 80° C. for a period of time of up to 5 
minutes, stetching the über in a saturated salt solution at 
a temperature of from 25 to 116° C. suiiiciently to main 
tain a cascade stretch of from 3 to 6.0, resaturating the 
fiber in an aqueous resaturation solution containing 3 to 
10 percent sulfuric acid and from about 3 to 10 percent 
formaldehyde and which is at least 90 percent saturated 
with sodium chloride, and postcuring the fiber at a tem 
perature of from 43 to 52° C. for a period of from 115 
to 125 minutes in air having a relative humidity of 95 to ' 
100 percent. 

3. The process defined in claim 2 wherein the saturated 
sal-t solution is a saturated solution of ammonium sulfate 
at a temperature of from 100 to 110° C. 

4. In a process for the production of zein fibers, the 
steps of spinning a zein solution into an acidic coagulat 
ing bath at a temperature of from about 20 to about 30° 
C., saturating the resultant zein fiber immediately after 
coagulating with an aqueous saturation solution contain 
ing from 3 -to 15 percent by weight of sulfuric acid, from 
2 to 10 percent by weight of formaldehyde and saturated 
sodium chloride at a temperature of from 25 to 80° C. 
for a period of time up to to 5 minutes, stretching the 
ñber in a saturated salt solution at a ytemperature of from 
25 to 116° C. suiiiciently to maintain a cascade stretch 
of up to 6.0, and resaturating with an aqueous resatura 
tion solution containing 3 to 10 percent sulfuric acid and 
from about 3 to 10 percent formaldehyde and which is 
at least 90 percent saturated with sodium chloride. 

5. The process defined in claim 4 wherein the saturated 
salt solution is a saturated solution of ammonium sulfate 
at a temperature of 100 to 110° C. 

6. In a process for the production of zein fibers, the 
steps of spinning a zein solution comprising 18 to 20 per 
cent zein by weight into an ̀ acidic coagulating bath at a 
temperature of 25° C., saturating the resultant zein fiber 
immediately after coagulation with an aqueous satura 
tion solution containing from 3 to l5 percent by weight 
of sulfuric acid, from 2 to 10 percent by weight of form 
aldehyde and saturated sodium chloride at a temperature 
of from 25 to 80° C. for a period of time of up to 5 
minutes, stretching the ñber in a saturated salt solution at 
a temperature of from 25 to 116° C. sufficiently to main 
tain a cascade stretch of up to 6.0 and resaturating with 
an aqueous resaturation solution containing 3 to 10 per 
cent sulfuric acid and from about 3 to 10 percent form 
aldehyde and which is at least 90 percent saturated with 
sodium chloride. 
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