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This application is made under the act of
March 3, 1883, as amended by the act of April
30, 1928, and the invention herein described, if
patented, may be manufactured and used by or
for the Government of the United States of
America for governmental purposes without the
payment to us of any royalty thereon.

This invention relates to zein, and has ameng
its objects the obtaining of a dispersion of the
zein in a simple and economical manner, which
dispersion can be spun to produce fibers of su-
perior tensile strength and other characteristics,
and such other objects as will be apparent on
consideration of the following specification.

Zein is an alcohol-soluble protein convention-
ally extracted from the crude gluten residue
which is obtained as a byproduct in the wet mill-
ing of corn for the production of corn starch.
This crude gluten, which contains the zein, also
contains cellulose, hemicellulose, and some starch
and oil. Conventionally, it is dried and then
extracted with either ethyl or isopropyl alcohol.
After purification of the removed alcoholic solu-~
tion, the zein is precipitated by the addition of
cold water to the solution and is removed. Upon
careful drying, a friable product is obtained
which is readily soluble in aqueous alcohols.

In the usual processes of forming protein fibers
from zein, spinning is accomplished from alco-
holic zein solutions. These solutions are usually
spun into air by the well-known technique em-
ployed in spinning cellulose acetate fibers, known
as the dry process.

According to this invention, agueous alkaline
dispersions of zein can be prepared within a cer-
tain pH range having such concentrations and
viscosities that zein fibers can be produced by
spinning the dispersion into a suitable coagu-
lating acid mediwm. In this manner, the use of
expensive organic solvents is eliminated and the
elaborate solvent-recovery system which is used
in dry spinning of .the fibers is not required.
Also, fibers produced from the alcohol and other
organic solvent solutions of zein have shown poor
strength, are brittle, and usually require incor-
poration of plasticizers to give satisfactory prop-

erties. In contrast, with the process of this in--

vention fibers have been prepared from alkaline
dispersions of zein without plasticizers which
are very flexible, are of low denier and have
strength greater than that of wool.
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“The alkaline zein dispersions of this invention
are preferably formed in a medium having a pH
of about 11 to 12.8 and with proportions of in-
gredients that give a viscosity of about from 10
poises to 1,000 poises. As dispersing agents, hy-

"droxides of the alkali metals, particularly either

sodium hydroxide or potassium hydroxide, may
be used. The dispersions are conveniently pre-
pared by adding the desired amount of the aque-
ous alkali metal hydroxide to a deaerated cold
water suspension of the zein, avoiding tempera-
tures over 40° C. Concentration of the alkali
metal hydroxide can be varied to give a pH over
the above-described limits, and the viscosity of
the dispersion will depend upon both the concen-
tration of alkali metal hydroxide and the propor-
tion of zein, which proportion may be abouf
from 15 to 25 parts of zein per 100 parts of water
used in the water suspension of the zein. The
exact concentration of zein and the viscosity de-
sired depend upon the conditions of extrusion,
speed and pressure of pumps, size of spinnerette
orifice, temperature of solutions, temperature of
the coagulating medium, and so forth, all rela-
tive to the spinning process.

If desired, other ingredients may be added to
the alkaline zein spinning dispersion as, for ex-
ample, aldehydes or aldehyde-yielding agents and
other curing agents, plasticizers, softeners and
other such modifiers, and wetting and other con-
ditioner agents. Also, other substances may he
added which will become activated during latter
stages of the spinning process as, for example,
compounds activated in the coagulating medium
or activated by heat during passage of the fibers
through washing and drying chambers after spin-
ning.

The aqueous zein dispersions can be satisfacto-
rily extruded through any of the standard spin-
nerettes commonly used in the rayon industry.
The 500-hole spinnerettes with hole diameters of
.003 inch or .004 inch have been found satisfac-
tory.

The composition of the coagulating medium
may vary widely, but it is essential that the
medium be quite strongly acid. The most satis-
factory media contain both a strong mineral acid
and an organic acid. Satisfactory results have
been obtained with mixtures of either sulfuric
or hydrochloric acid with acetic acid. Other or-
ganic acids, such as formic, propionic and lac-
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tic, can be substituted for the acetic acid. Various
salts as, for example, aluminum sulfate, zinc sul-
fate, magnesium sulfate, calcium chloride and so-
dium chloride, may be incorporated with the co-
agulating medium as dehydrating and denatur-
ing agents. Various aldehyde and other tanning
or curing agents, such as formaldehyde, glyoxal,
formamide, hexamethylenetetramine, acetalde-
hyde, and so forth, may also be incorporated into
the coagulating medium.

However, because of the slow reaction of zein
with formaldehyde, it is preferable to add form-
aldehyde directly to the spinning dispersion, and,
depending upon the type of product desired, the
alkaline aldehyde-zein dispersion may be allowed
to age and mature before spinning. That form-
aldehyde may be added to such a high protein
concentration as contained in the dispersion in
the manner of this invention is unexpected, since
to add aldehydes directly to other proteins, such
as soybean, casein, gelatin, albumin, and so forth,
and yet retain a material which can be spun, is
impossible, since with these proteins gelation oc-
curs immediately.

By adding formaldehyde directly to the spin-
ning- dispersion, the objectionable use of form-
aldehyde in the coagulating medium is overcome,
and if greater curing is necessary, it may be per-
formed on the spun fiber at a later stage in the
process. Adding the formaldehyde directly to the
spinning dispersion also aids in obtaining a more
rapid rate of coagulation, thus permitting the
fiber tow to be withdrawn from the coagulating
medium at a very rapid rate and under consider-
able tension. For example, tows of 500 fibers
have been withdrawn from the coagulating me-
dium at a rate of 4.5 feet per second and higher.

Instead of formaldehyde, aldehyde-forming
substances, such as trioxymethyline, trioxane,
and so forth, may be used. The dispersion can be
made up containing 10 percent or more of form-
aldehyde,

A substantial equivalent of the alkaline alde-
hyde-zein dispersion is also obtained by first
treating the zein with the aldehyde, as described,
for example, in patent application Serial No.
429,576, now Patent No. 2,392,084, filed February
4, 1942, by Evans et al. According to this proc-
ess, the zein is dissolved in agueous alcohol or in
acetone, and is given a heat treatment in the
presence of an active aldehyde.

According to the present invention, aldehyde-
treated zein of the application referred to above
is recovered from the solution by precipitation, is
washed, and is carefully dried. The aldehyde-
treated zein may then be dispersed in the aqueous
alkali metal hydroxide to form the alkaline-alde-
hyde-zein dispersion.

The use of salts in the coagulating medium as
above mentioned aids in obtaining a better sur-
face denaturation of the protein with consider-
ably less tendency of the fibers to adhere and
plaster together in this medium. This aids in
obtaining a thorough subsequent washing with a
more complete removal of the salts, acids and
other soluble materials from the fibers. After
coagulation, the fibers should be washed in water
until substantially salt and acid free. Washing
baths should be constantly circulated and main-
tained at constant temperatures. Temperatures
of 30° to 35° C. are desirable, although tempera-
tures have been varied from 25° to 95° C, with
workable results. However, at the higher tem-
peratures the tow becomes softened and must be
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handled very carefully to avoid breaking and
plastering together of the individual fibers.

Preferably, the fiber tow should be maintained
under tension at all times during the process, and
not allowed to collect in bunches or skeins dur-
ing the spinning. Fibers after being thoroughly
washed may be dried while traveling through
heated chambers, temperatures being graduated
so that the final drying is at a higher tempera-
ture than the initial drying. Final drying tem-
peratures as high as 135° C. may be used.

Liquid coagulating media suitable for use in the
process of this invention are given in the follow-
ing formulae:

15 Formula 1
Parts
Water oo eeem 120
Concentrated sulfuric acid —___________ 4t0 7
20 Glacial acetic acid . 3to 6
Formula 2
Parts
Water e e 120
25 Concentrated sulfuric acid —ceeecee 4t0 7
Glacial acetic acid 3to 6
Sodium chloride - 25t0 9
Formula 3
30
Parts
Water ___ - 120
Concentrated hydrochloric acid-______ 4
Glacial acetic acid 4
35 Calcium chloride —oooooo o ___._ 2to 10
Formula 4
Parts
Water e e 120
40 Concentrated sulfuric acid . _________ 4to 7
Lactic acid (85 percent) - ee e 3to 6
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Examples of details in carrying out the process
of this invention follow.

EXAMPLE I

400 parts of powdered zein was thoroughly wet-
ted with sufficient cold water to cover it. After
wetting, the formed paste was placed in a vacuum
desiccator and vacuum applied and released a
few times to insure complete deaeration and a
thorough wetting of all the zein particles. More
water was then added and the mixture worked
into a smooth, thin paste to remove all coarse
particles. 8.4 parts of sodium hydroxide in solu-
tion was then slowly added with stirring to give a
uniform, clear dispersion. Since so little alkali
is needed, it is expedient to add it as a 0.4 normal
solution, thus avoiding any localized high concen-
tration of the alkali. In this example, the total
water content was about 2,000 parts, If air is
beaten into the dispersion at this point of the
process, it is necessary to remove it by centri-
fuging or other means.

This particular dispersion as made up had a
PH of 11.95 and g viscosity of 93 poises. It was
allowed to age for a day and the viscosity had in-
creased to 98.5 poises. The dispersion was spun
through a 500-hole spinnerette with holes of
.003 inch diameter into a standard coagulating
medium of the composition given in Formula 1
above. Fibers from this dispersion were suitably
cured and dried and gave a tensile strength of
1.17 g. per denier.
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Other similarly conducted examples, with some
change in the proportion of ingredients and other
details of procedure, are grouped in the following

10.0 g. of zein per 100 ml. of potassium hydroxide
solution at a pH of 10.7, the percent of nitrogen
dispersed is about 40, rising sharply to 100 at a

table: pH of about 11.3.
Table 1
: Sodinm | Total ¢ Tensile
Zein Aging, | Viscosity,

Example + | Hydrox- | Water, pH Strength
P parts |{4e parts| parts hours | Ppolses’ |'y'/denier’
400 8.4 2,000 11.95 24 98.5 1.17
400 80! 2000 11.8 0 84.6 | oo
400 7.21 2,000 11.63 0 b2 3 T ——
400 9.2 2, 000 12.10 5 [i 7 A [
350 11.2 | 2,000 12.30 0 41.5 1.16
500 7.31 2000 | 1130 0] 1,020.0 |oemecnun-

Other examples in which formaldehyde was
used in the alkaline zein dispersion are given in
Table 2 below, procedures similar to that of Ex~
ample 1 being followed, except that the Formalin
was added by mixing 40 percent formaldehyde
with the 0.4 normal sodium hydroxide before ad-
dition to the zein-water mixture.

Having thus described the invention, what is
claimed is:

1. The process of forming fibers comprising
cold mixing zein with an aqueous alkali metal
hydroxide to produce & dispersion having a pH
range of about from 11 to 12.8, the proportion of
zein used being such as to give a viscosity of about

Table 2
Sodium . .
: For- | Total . Viscos- | Tensile
Zein Hy- H Aging,
) ! : malin, | Water q ity, Strength,
Example | parts dx;);;éise, parts | parts s hours |  poises | g./denier
) 0 53.5 \‘
VILoooooom 40| 6.4 125| 1,087] 1130 { o1 B } .86
VIII..._.- 400 8.0 13.0 1,987 11.85 g %g 35 1.2
IX.....| aw]| 84| 2 | vova} 17 { 2 ¥ —
N L
EXAMPLE X from 10 poises to 1,000 poises, and spinning the

According to this example, 123 g. of autoclaved
aldehyde-treated zein obtained as described above
was wetted with 508 ml. of water, and a disper-
sion made by addition of 177 ml. of 0.4 normal
sodium hydroxide, following in general the pro-
cedure of Example I, giving a dispersion having
a pH of 11.95 and a viscosity of 16.3 poises. ‘When
spun without aging into @ coagulating medium
of the type given in Formula 1, fibers were ob-
tained which when suitably cured and dried gave
a tensile strength of .74 g. per denier.

The pH range required in the alkaline zein dis-
persion is quite well defined. Unless substan-
tially complete dispersion of the zein is obtained,
the product cannot be spun to give satisfactory
fibers. The pH range depends somewhat upon
the concentration of the zein. Regardless of con-
centration, however, in water, the percent of total
nitrogen dispersed (which is a measure of zein
dispersion) is 0, With a concentration of 2.5 g.
of zein per 100 ml. of potassium hydroxide sodu-
tion, it has been found that the percent of total
nitrogen dispersed remains about 0 up to a pH
of about 11.0, rises slightly up to a pH of about
11.3, rises sharply to 100 percent up to a pH of
about 11.6, remains at 100 percent up to a pH
of about 12.8, thereafter dropping sharply. With
higher concentrations of zein, the range is gen-
erally similar, except that a somewhat greater
percentage of total nitrogen is dispersed with the
Jower pH values. With a concentration of 5.0 g.
zein per 100 ml. of potassium hydroxide solution
at a pH of about 11, the percent of nitrogen dis-
solved is about 10, rising sharply to 100 at a pH
of about 11.5, whereas with a. concentration of

dispersion in a liquid coagulating acid medium
containing a strong mineral acid and an organic
acid.

9. The process of forming fibers comprising
cold mixing zein with an aqueous alkali metal
hydroxide to produce a dispersion having a PH
range of about from 11 to 12.8 said dispersion
containing an active aldehyde-yielding agent, the
proportion of zein used being such as to give a vis-
cosity of about from 10 poises to 1,000 poises, and
spinning the dispersion in a liquid coagulating
acid medium containing a strong mineral acid
50 and an organic acid.

3. The process of forming fibers comprising
treating zein with an aldehyde, cold mixing the
treated zein with an aqueous alkali metal hy-
droxide to produce a dispersion having a pH

55 range of about from 11 to 12.8, the proportion of

zein used being such as to give a viscosity of about
from 10 poises to 1,000 poises, and spinning the
dispersion in a liquid coagulating acid medium
containing a strong mineral acid and an organic
acid.

4. The process of forming fibers comprising
mixing powdered zein with water to form. a paste,
slowly mixing therewith an aqueous solution of
an alkali metal hydroxide, the while maintaining
the mixture cold, to produce a dispersion having

18 PH range about from 11 to 12.8, the proportion
of zein used being such as to give a viscosity of
about from 10 to 1000 poises, and spinning the
dispersion in a liquid coagulating acid medium
containing a strong mineral acid and an organic
acid.
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