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1. 
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 in any country, may be manufactured 
and used by or for the Government of the United 
States of America, for governmental purposes 
throughout the World without the payment to us 
of any royalty thereon. 
This invetition-relates to...the production-of pro 

tein-filamerits, and has annong its objects-the-nodi 
ification of a prolamine, such as Zein, by a coina 
bined series of steps, before, during, and after. 
Spilling to produce fibers having properties here 
tofore uniobtainagle. Otier objects. Will be: ap 
parent from the description of the invention. 
Although the process of this invention is applit 

cable to the general class of prolamines, Zein, is 
the only prolanaine, which has attained substan 
tial industrial irportarice. The invention Will 
therefore: be described. With particular regard to 
the production of filaments: from Zein. 

Zein is an alcohol-Soluble protein convention 
ally extracted froncorn gluten residue, a product 
in the wet milling of corn for the production 
of corn starch, Zein is produced by extraction 
of this crude gluten with a lower alcohol, such as 
ethanol or isopropyl alcohol, precipitation and 
drying. Zein prepared by this, or other known 
methods may be used in the process of the inven 
tion. It is a relatively inexpensive protein which 
has been found to have many valuable character 
istics when spun into fibers. However, zein fibers 
or filaments have a tendency to "blush” and 
shrink when brought into contact with water. 
This characteristic is a serious limitation upon 
the use of zein fibers, especially since it has been 
found that the coarser fibers of the bristle type 
are particularly adaptable for use in brushes. 
In application Serial No. 528,479, of C. D. Evans, 

C. W. Ofelt, and A.K. Smith, filed March 28, 1944, 
a process for producing fibers is described which 
includes spinning an aqueous alkaline dispersion 
of Zein, the dispersion containing an aldehyde or 
an aldehyde-yielding agent. Fibers produced 
by this process, although possessing superior 
strength and other characteristics, have a tend 
ency to turn white or "blush' and shrink on con 
tact with water. - 
Warious heat treatments have been applied 

amended April 30, 1928; 30 O. G. 757) 

0. 

20 

25 

30 

40 

45 

2. 
products. Ira, United States.Patient No. 2,402,128, 
issued to C. D. Evans, a method is described for 
preventing the "blushing' of zein films by react 
ing Zeihir1 a solution of volatile solvent with an 
aldehyde-attemperatures of 50° C. and over, and 
subsequently baking the cast film at 130° G. Films 
o' bodies prepared in this manaer' have consid 
erable resistance to “blushing.” In United States 
Paterat No. 2,156;929, issued to: L.C. Swallen a 
friethod: is described for producing filaments by 
spinning volatile' solvent solutions of zein which 
goritaiara aldehyde-into an aldehyde-containing. 
bath and subsequently heating the filament to: 
temperatures below 100°C. to evaporate water and 
promote reaction between the aldehyde and zei. 
As Will be seen from the ensuing description, the 
temperatures employed in these prior paterated 
processes are coasiderably lower than those::1e 
quired in the baking steps of this inventiora and 
are insufficient to in part appreciable: water re 
sistance-to-the-Zeith fibers. 
Our process is essentially one; for modifying 

the prolamine by aldehyde treatment steps and 
by a heat-treatient- or bakirig steps. The exact 
mechanism df modification is not known, but we 
believe it is for the most parta progressive altera 
tion of the protein through a series of successive 
stages of chemical reaction between the pro 
lamine and the aldehyde. Three essential sodi. 
fication steps are involved which may be enumer 
ated briefly as follows: 

1. Aldehyde modification of the prolamine in 
an alkaline dispersion before spinning. 

2. Spinning the fibers into an acid bath, the 
spinning being associated with a mild aldehygie 
gre. 

3. A thorough baking treatment. 
All of thiese steps must be followed to achieve: pro 
dutition of the fibers possessing the improved 
characteristics. 
The first step, which may be termed a prelim 

inary modification of the zein while in an alka 
line dispersion, is carried out withina, pH range 
of 11.0 to 12:5. The aldehyde is preferably form 
aldehyde and the amount used may vary from 
% to 10-percerit based on the weight. of the zein, 
The reaction is completed in about 2 to 4 days; at. 
approximately' room temperature: Instead of 
formaldehyde, other aldehydes, such as acetaldea 

heretofore in the preparation or finishing of zein so hyde, propionaldehyde, benzaldehyde; and fur 
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fural, may be used. Furthermore, aldehyde 
yielding compounds, such as trioxymethylene and 
hexamethylenetetramine, may be used. The 
amount of aldehyde introdued into the fiber may 
vary from 0.3 percent to 4.0 percent, based on 
the weight of the Zein. 
The second step which is similar to the “pre 

cure' of older Zein modification methods may be 
Carried out in tWO Separate stages. When the 
fibers are spun, they may be run directly into an 
acid bath where the protein is coagulated, then 
drawn from this bath into another bath contain 
ing acid and the aldehyde. The second bath con 
tains about 10 percent aldehyde, a small amount 
(usually about 1 percent) of a catalyst, such as 
ammonium sulfate, ammonium phosphate, an 
monium chloride, and the like; and about 5 per 
cent of an alkali salt, Such as sodium sulfate, may 
be added to prevent plastering together of the 
filaments. Although it is not necessary, it is pref 
erable that the negative radical of the ammonium 
and sodium Salts correspond to the acid employed 
in the coagulating bath. An unnecessary mix 
ture of acid radicals is thus avoided. For reasons 
of convenience the acid used should correspond 
in both acid baths. Any of the usual coagulant 
acids may be used, such as sulfuric, phosphoric, 
acetic, hydrochloric, and the like. 
: The pH of both baths ranges from about 1 to 3. 
The time of treatment ranges from 15 to 30 min 
utes at a temperature of 30° to 55° C. During 
this treatment about 1 percent aldehyde is intro 
duced into the fibers, 
The two acid baths may be combined to make 

the second step a single operation. In other 
words, the acid bath into which the fibers are 
Spun, having a pH of between 1 and 3, may also 
contain 10 percent by weight of aldehyde, the 
ammonium salt catalyst, and the alkali salt. 
This bath is then held at a temperature between 
30° to 55° C., and the fibers kept immersed for 
15 to 30 minutes. The fibers drawn from the acid 
formaldehyde bath usually contain over 1 per 
cent combined aldehyde. 
AS in the previous step, other aldehydes or al 

dehyde-yielding agents may be used, although 
formaldehyde is preferred. 

After washing, stretching from 50 to 300 per 
cent, and drying the filaments from the acid form 
aldehyde step, they are given a baking treat 
ment for about from 10 to 60 minutes. The pre 
ferred conditions for baking are 160° to 170° C. 
for about i5 minutes. Lower temperatures re 
quire longer baking, and the lowest practical 
temperature is about 140° C. For example, al 
though the reaction at 140° C. is of considerable 
benefit to the fibers, treatment at this tempera 
ture for 60 minutes is not equivalent in beneficial 
results to a 15-minute treatment at 160° C. At 
temperatures of 180° C. Or above the filaments 
begin to darken and the strength begins to drop 
off due to thermal deterioration of the fiber. A 
certain amount of aldehyde is lost from the fibers 
during this treatment. The range of formalde 
hyde in the final baked filament is about 0.5 to 
2.5 percent. 
The exact chemical mechanism of the steps of 

this invention is not known. It is believed that 
the aldehyde may have been introduced during 
the two preceding steps as chemically combined 
aldehyde, either by direct chemical union or by 
the formation of addition complexes. It is en 
tirely possible that prior to the baking step the 
aldehyde is present in both forms. 
The process is a much quicker and simpler 
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procedure for producing prolamine fibers thani 
any known previously. Tne fibers produced are 
higner quality and capaole of more extensive 
uses than previous prolamune ilbers. Tney have 
greatly improved water resistance and the 
Shirlinkage lS reduced lower than ever before. In 
Spite of the fairly drastlic conditions for baking, 
it is remarka ole tilat tile Strength is not material 
ly decreased nor the color or Line dry liber mate 
i?ially Cnanged. 
OnlSSlun of the formaldehyde treatment in the 

initial Step results in Inbers winlcn busin easily 
and do not have the greatly improved shrinkage 
characteristics. Tnis is illustrated by the data. 
of Taoie III, Which is Set Iorth below. The sec 
Ond Step OI Splinning the Ilbers into an acid bath, 
the Spinning peling associated Witn the mud alde 
hyde Cure, ls, of course, necessary to obtain a sat 
isfactory fiber. Fibers witnout the acid coagula 
tion or the mid cure would have no appreciable 
strength and little elasticity. The bakung step 
is, of course, essential belore appreciable water 
resistance or decreased shrinkage is attainable. 
The following examples illustrate the inven 

tion: 
EXAMPLE I 

A Sample of commercial alcohol-extracted and 
unmodified Zein was used in preparation of fila 
mentS. ihe procedure Was as follows: 

FIRST STEP 

Nine hundred g. of Zein was mixed with 4800 
ml. Of cold Water until a Smooth slurry was ob 
tained. To this slurry was added 135 g. of urea 
followed by the Slow addition of 1000 ml. of .4N 
Sodium hydroxide from a separatory funnel. The 
function of the urea is a denaturing agent to 
accelerate aging of the protein. Thirty ml. of 
formalin (40 percent formaldehyde, equal to 1.34 
percent formaldehyde based on the weight of the 
Zein) was mixed with 200 ml. of .4N sodium hy 
droxide and added through the separatory fun 
nel. The reaction mixture was stirred and mixed 
With a high-Speed stirrer, stirring being con 
tinued for one hour after addition of all ingredi 
ents. 
A low viscosity dispersion resulted which was 

filtered through a fine filter. It was then stored 
under controlled conditions (22° C. for 3 days). 
During this period, dealeration, ageing, reaction 
With the formaldehyde and the development of 
Spinning Viscosity are all accomplished. 

SECOND STEP 

Filaments were spun from the above-described 
Solution into an acid bath containing 800 ml of 
acetic acid and 12 l. of water. A 40-hole, 0.040' 
diameter jet was used. The filaments were with 
drawn from this coagulation bath, washed, and 
Stretched before being dropped loose into the 
mild formaldehyde curing bath. Curing may be 
accomplished by two methods, namely, a batch 
or slow cure and a continuous or fast cure. Both 
types of cures were carried out on separate sam 
ples of filaments in this example. 

In the batch cure the tow of filaments was 
given a slight stretch before being dropped loose 
into a large Curing tank. The curing bath was 
made up in the following proportions: 12 I. of 
water, 600 ml. of 40 percent formalin and 40 g. of 
ammonium chloride. The bath had a pH of 
about 2.0. The filaments, when dropped into the 
bath, formed a sort of cake in the tank. For the 
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cure, the bath containing the filaments was al 
lowed to stand for 27 days at room temperature. 
At the end of the seventeenth day the formalde 
hyde Content of the filaments was found to be 
2.30 percent. At the end of the twenty-seventh 
day the formaldehyde content was 2.82 percent. 
The continuous or fast method of curing is as 

follows: The Washed tow of filaments was 
Stretched slightly and dropped loose into a cur 
ing bath consisting of 10 percent formaldehyde, 
1 percent ammonium sulfate, and 5 percent 
sodium sulfate. The pH of the bath was about 
2.5. Two different runs were made, the first 
being a 30-minute cure at 33° C.; the second 
being a 30-minute cure at 50° C. Formaldehyde 
content of the filaments in the 33° C. cure was 
found to be 1.87 percent. In the 50° C. cure 
it was found to be 1.73. After curing by either 
the slow or fast method the filaments were with 
draWn, washed, stretched, and dried continuously 
in a hot air countercurrent System. 

THIRD STEP 

The following Table I illustrates the change 
in strength of the Zein fibers as the baking tem 
peratures are increased. The term 'raw fiber' 
refers to the unbaked fiber. The terms “dry 
strength' and "knot strength' refer to the load 
in grams for individual filaments of substantially 
equal diameter at 70° F. and 65 percent relative 
humidity. The knot strength was determined 
after tying an Overhand knot in the filament. 
It will be noted that the Strength of the raw zein 
fibers is slightly less than the baked fiber at tem 
peratures below about 160° C. As the baking 
temperature is increased, the strength begins to 
drop slowly until at 180° C. the fiber begins to be 
adversely affected. Between these two tempera 
tures, both the dry strength and the knot 
strength, although slightly decreased, are not 
appreciably below the strength of the raw fiber. 
As would be expected, temperatures above 180° 
C. begin to cause deterioration of the fiber. 
Table I also shows the effect of baking tem 

peratures upon the shrinkage of Zein fibers. In 
every case the filbers had been baked for 15 min 
utes and the shrinkage determined by an 18-hour 
treatment of the fibers in water at room tem 
perature. As may be noted, the shrinkage, over 
25 percent in the unbaked fiber, is gradually re 
duced as the temperature of baking is increased 
until a minimum is reached at about 160 C., 
at which temperature the shrinkage remains be 
low 7 percent as the baking temperature is in 
creased. 

Table 

Strength, grams 60 
Baking Temperature C. 5:55, 

Dry Knot 

is 7 
200 2 65 
190 6 
65 5 
150 5 

185 29 

The effect of baking on strength and shrinkage, 
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using the batch and continuous cure is shown in 
Table II, following: 

Table II 

Strength, grams 
Shrinkage, 
(Per Cent) 

Dry Knot 

Batch cure: 
Raw---------------------- 270 185 26 
Baked------------------ 265 85 5 

Continuous cure: 
Raw------------------------ 232 ---------- 38 
Baked--------------------- 306 ------...--- 6 

We have discovered that beneficial effects of 
Our invention are more pronounced in processes 
for making coarse or bristle type fibers. Never 
theless, the finer textile fibers show considerable 
improvement. The following table illustrates the 
effect of formaldehyde in the dispersion, i. e., 
in the initial or preliminary modification of fibers 
prepared by procedure Similar to that of Ex 
ample I. In the initial step the formaldehyde 
treatment was omitted for control fibers for the 
purpose of comparing the resulting shrinkage. 
In every case the heating step was carried out by 
baking at 67° C. for 15 minutes. The shrinkage 
in every case was determined by an 18-hour treat 
ment of the fibers in water at room temperature. 

Toible III 

Siriage HCHO in 1800m Example dispersion Tippi 
Cent 

Coarse Fibers: 
2S. - - - - - w w we w- wror or a wry or w m - - - -r now Baked 

43 
8 
43 
20 
29 
5 

38 
6 

5 RaW---------------- 
Baked------------ 

Textile Fibers: 
59 
55 
50 
45 
49 
25 
58 
38 

Having thus described Our invention, What We 
claim is: 

1. A process for the production of a prolamine 
filament Comprising reacting an aqueous alkaline 
dispersion of a prolamine With an amount of 
aldehyde equal to from A to 10 percent based 
on the weight of the prolamine, spinning the 
dispersion into an acid bath to coagulate the 
prolamine, curing the spun filament in an acid 
aldehyde bath of pH from 1 to 3 at a temperature 
of from 30° C. to 55° C., removing the filament, 
Washing, stretching, and drying it, and then heat 
ing the dried filament at a temperature between 
140° C. and 180° C. 

2. The process of claim wherein the prolamine 
is zein. 

3. The process of claim 1 wherein the aldehyde 
is formaldehyde. 

CLARENCE. B. CROSTON. 
CYRIL, D, EVANS. 
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