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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 deseribed if
patented i gy’ country; msay be manufactured
and used by or for the Government of the United
States of America for gowvernmental purposes
mroughout the woxld without the payment to us

Thls mveufomn relabes to-the: production.-of pro~
tein-filaments; and hasamons its objectsithe rmodw~
ification 6 & prelamine; suck as zein, By & conz~
bined series: of steps; before, -during, and: after
spinzing to-produce fibers-having prepertieshere~
tofere unobtainable. -Othsr objects will. be: ap-~
parent fronmy the description of the inventicn..

Although' the:process ofthis: invention.is appli-
cable to the- generaliclass of prolamines; zein: is
the only’ prélaming which has. attained: substan~
tial industrial importarce..
therefore: be .described: with: particular regard. to
the: production:of filaments: from.zein.

Zein is an alcohol-soluble protein convention-~
ally extracted from:corn: gluten residue; a product
in the wet milling of corn for the production
of. corn: starch, Zein is produced by exiraction
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 te 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 codrser filiers 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 whish
includes spinning an aqueous glkaling dispersion
of zein, the dispersion contairing anw aldehyde: or
an aldehyde-yielding agent. Fibers produced
by this process, dlthough possessing superior

strength and other characteristics, have-a tend-
ency to turn white or “blush” and shrink on coni-
tact with water.

Various heat tregfments have been applicd
heretofore-in-the preparation or finishing of zein
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prodicts:. In United States Patent Neo..2,402;128,
issued to ' Ci D: Evans;.a method ix described: for
preventing the “blushitig’ of zein films by reget-
ing zein 111t a solution. of. velatile: solvent with.an
& aliehyde.gti-teriperaturesiof 50° €. and over; and’
subsequent“ly Baking the:cast filnrat 130° @.. Films
or Bodies: prepared in:this mianter have: consid-
erable resistance to “blushing’” Th:tmnited: States
Patents No:. 9; 156;929; issved: to: L. C.. Swalleny a
fictlod! is described: fox producing filaments by
spinding: voldatile' solvent solutions of zein whizh
codtdin antaldehyds;-into: -gmaldehyde~-containing
Beth. and subsequently hedting: the flament to
temperaturesbelow 100°'C; 16 evaporate water and
promote refction Betiween the aldeliyde amd zeik,
As Wil by seen: fFrom: the ensuing: description; the
temperatinies employed in these: pricy patemted
processes dre -considerably lower than. those: e~
quired in the baking step: of this ifwention gnd
are insuffigietit to- inipart apprecishle water re-
sistanice to/the: zein fliers..

Our process is essentidlly -¢fie foy niodifying
the: prolamiiie by aldeliyde troatient: steps dnd
by & heat-treatrient- or Baking stes. The exuct
mechanisni 6f modification iyvct Enows,, bt we
believe it is-forthe hest- ‘partis progressive-altera-
tion of the protein: thvoligh o seriss of suecessive
stages of -chermieal regction’ between the .pro-
larnine and the aldebyab Thyee essentigl v
fication steps are involved which: may: Be-ennner-
ated briefly as Tollows:

1, :Aldelyde modification of the Prolamine ir
an- alkaline dispersion-before spinning..

2. Spitining’ the fiberys idto. am acid bath,. the
spinning: Being: asseciwted With & mild aldehyde
cure.

3. A thorough: Bakitig trestmert.

Al of these stepsmustiiefollowsd-to gehieve: pro~
duttion of -the fiber§ -possessivg: the dmproved
40 characteristics.

The first step, which may be termed. & prelifme-
inary modification-of the zein While i an.alka-
Iine dlspex‘sion, is* car¥isd: outs within: & pHrayise
of T1.0 to12i5; "Thealdehyde is. preferadly form<
aldetyde and the amount used may vary frot
% fo' T0- percent ased -ov ‘the weight:of. the: zein:
The redetior i§ completed: ity dbout: 2 to:4-days: st
approximagtely room! ‘temiperatnte:. Tnstesd:r of
formaldehyde, othex sldehydes, suck: as acetaldes
50 hydé, propionaldeliyde, benzaldehyde; snd- fiir-
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3
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, am-
monium chloride, and the like; and about 5 per-
cent of an alkali salt, such as sodium sulfate, may
be added to prevent plastering ftogether 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, hydrochlorie, 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 theacid 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 15 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

10

15

30

35

40

45

50

55

60

65

70

75

9,478,248

4

procedure for producing prolamine fibers than
any known previously. Tne tibers produced are
higher quaisy and capaple of more extensive
uses toan previous pro.arune inbers. Tney have
greatly improved water resistance and the
saringage 1s reduced lower tnan ever before. In
spite of the fairly drastic conditions for baking,
i 1S remarkapie tuab tie strengtn is not matcerial-
ly decreasea nor tae coior or toe dry dber mate-
rialy cnanged.

Omissivn of the formaldehyde treatment in the
initial step results in nbers whaicn biush easily
and do not have the greatiy improved shrinkage
characteristics. Thnis is iuustrated by tne data
of "lapie LiI, whicn is seb 1orth beiow. The sec-
ond step oI spinning the nbers into an acid bath,
the spinning being associated witn the mitd alde-
hyde cure, 15, 0 course, necessary to obtain a sat-
istactory fiber. Fibers witnout vie acid coagula-
tion or the miid cure wouid have no appreciable
strength and little elasticity. 71he baking step
is, of course, essential beiore appreciable water
resistance or decreased shrinkage is attainable.

The following examples ilustrate the inven-
tion:

EXAMPLE I

A sample of commercial alcohol-extracted and
unmodified zein was used in preparation of fila-
ments. 'I’he procedure was as follows:

FIRST STEP

Nine hundred g. of zein was mixed with 4800
ml. of coid 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 fo
accelerate aging of the protein. Thirty ml. of
formalin (40 percent formaidehyde, equal to 1.3¢
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, deaeration, 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 1. 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 1. 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 contalning the filaments was al-
lowed to stand for 27 days at room temperature.
Af 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. eure
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-
pberatures 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° P. 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 1o 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 flbers 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 flber, is gradually re-
duced as the temperature of baking is increased
until & 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 T
Strength, grams Shrink
Baking Temperaturs °C. (Pgr ngg)’
Dry Knot

100.... 280 180 26
122 280 195 17
. 285 200 12
180 oo i cccecmee e en 265 190 6
180 255 165 5
215 150 5
Raw (unbaked)....cocoee.oo.onn 270 185 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 11
Strength, grams
Shrinkage,
(Per Cent)
Dry Knot
Batch cure:
L)) 270 185 28
Baked......._....._._...... 265 185 5
Continuous cure:
ROW. .. P 2 38
Baked......... .._._... 306 |- enne 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
cffect 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 omitied for control fibers for the
purpose of comparing the resulting shrinkage.
In every case the heating step was carried out by
baking at 167° 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.

Table IIT
glﬁrinlﬁrage
HCHO in | 18-hr. Room
Example dispersion ?grné‘f’l‘iﬁ
Cent
Coarse Fibers:
43
18
43
20
29
b
38
6
59
b5
50
45
49
25
58
38

Having thus described our invention, what we
claim is:

1. A process for the production of a prolamine
fllament comprising reacting an aqueous alkaline
dispersion of & prolamine with an amount of
aldehyde equal to from % to 10 percent based
on the weight of the prolamine, spinning the
dispersion into an acid bath to coagulate the
prolamine, curing the spun fllament 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 1 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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