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WILLIAM HENEY BRADSHAW, OF LITTLE FALLS, NEW JERSEY, ASSIGNOR TO DU PONT
' RAYON COMPANY, INCORPORATED, A CORPORATION OF DELAWARE '

RAYON, ARTIFICIAL HORSEHAIR, FILMS, AND THE LIKE AND
. THE SAME

PROCESS OF MAKING

Application filed May 21, 1926. Serial No. 110,774.

This invention relates to rayon, artificial
horsehair, films, sheets, and the like, and a
process of making the same. |

One of the objects of the present invention

§ 1s to produce rayon, horsehair, films, and the
like, which shall have a high tensile strength
when wet. A further object is to produce
rayon which can be woven or knitted into
fabrics without exact control of humidity in

10 the weaving room. A further object is to
produce rayon which shall have a high ten-
sile strength. A further object is to produce
rayon which shall have a high true elasticity
as well as a high distensibility. A further
15 object is to produce rayon which when wet
- can be handled more readily by the dyer. A
further object is to provide a process for mak-
ing rayon whereby a higher percent of per-
fect skeins can be produced. = A further ob-

20 ject is to produce rayon which will dye even-

- ly. A further object is to produce rayon
which will have a soft lustre. A further ob-
ject is to produce rayon which can be used in
~Inany ways, hitherto impossible, due to its

28 1mproved strength and toughness when wet.

A further object is to provide a process
whereby such rayon, horsehair, and the like,
can be made which will be relatively inex-
pensive. .
Other objects will be in part obvious from
the annexed drawings and in part indicated,
in connection therewith, by the following
analysis of this invention. 1_ |
This invention accordingly consists in the

36 several steps and their various relations to

one another, as well as the composition of

matter and their relations to it. ..
To enable othersskilled in the art so fully
to comprehend the underlying features that
0 they can embody the same with the numerous
modifications contemplated by this inven-
tion, the following analysis is.given of what
I consider the
1invention. | |
15 Heretofore it has been thought a viscose
or a cuprammonium cellulose solution could
not be made sufficiently smooth and uniform
to spin unless the viscosity of the solution

‘were reduced to a point where the cellulose .

0 became thoroughly hydrated.

~of alpba cellulose must be hi

preferred embodiment of my .

In the viscose process this is accomplished
by subjecting the cellulose to g prolonged
treatment with about 18 percent caustic and
by ageing the viscose solution. . -

In the cuprammonium process it is accom- 58
plished by working the cuprammonium cellu-
lose in a mixer in such a way that air is beaten
into the mass causing an” oxidation of the
cellulose with a concurrent drop in- viscosity.
The oxidation itself lowers the percentage 60
content of alpha cellulose. The hydration is
semetimes partly accomplished by a prelim-
inary treatment of the cotton with.about 18
bercent caustic soda at 20 degrees C. or below,

followed by. washing before the cupram- 85
‘monium cellulose is formed.

It has not heretofore been understood that
the strength, when wet, of rayon, horsehair
and the like, composed of regenerated cellu-
lose, will be high only when the following 70
two conditions are fulfilled: (1) The percent
gh, and (2) the
viscosity of the cellulose must not be too low, -
.. e. the degree of hydration of the cellulose
must be relatively low.

- B
To obtain a rayon with a high percent of

‘alpha cellulose it is necessary to start with a

carefully prepared cellulose containing ‘a

high percent of alpha cellulose and then
regulate the process so this percent is not ma- 80 -

terially reduced. The degree of hydration
can be kept relatively low if the viscosity
of the cellulose in solution is kept high
enough; and if the subsequent coagulating
and acidifying operations are properly car- 85
ried out.

I have found it is possible to make a
smooth, uniform cellulose solution with a vis-
cosity suitable for spinning rayon without
materially reducing the percent of alpha cel-
lulose present, and without hydrating the cel-

90

lulose to but a relatively small degree when

compared with the processes mentioned
above, by mechanically working a viscose so- gg
lution or cuprammonium cellulose mass
either in a closed mixer in the absence of air, |
or 1n a closed mixer adapted to accomplish a

thorough working of the material but at the
same time to beat or work into it as little as 10¢



b

10

2

possible of what air might be in the mixer
above the material. -~ -~
For example three sets of tests were run,
starting with a prepared cellulose containing
over 99 percent alpha cellulose. In all the
tests identical conditions were maintained
in regard to the materials used and their
weights and temperatures.
made to contain about 6 percent of cellulose
by treating the cellulose with cupraminonium

- solution, and mechanically working. the mass

15

| 20

until the solution was smooth and uniform

and the viscosity had dropped to practically
100 seconds. In this patent specification vis-
cosity values given are for a solution contain-
ing 6 percent cellulose, 9 percent ammonia
(NH,), 2.5 percent copper and are the num-
ber of seconds required for a steel ball 54"

diameter to fall 15 centimeters through the
solution when the solution is kept at 20 de-

- grees C, in a vertically supported glass tube

having an internal diameter of 1 centimeter.

 The results of these tests are as follows:

25

30

40

(A) When the operation was performedfin
a mixer desl
at the end of the operation the cellulose re-

“generated from the solution contained only 85

percent of alpha cellulose. _
(B) When the operation was performed 1n
a closed mixer designed not to beat into the

material the air above it, at the end of the

operation the cellulose regenerated from the
solution contained 97 percent of alpha cellu-
lose. . - -

(C) When the operation was performed in

a closed mixer in which the absolute partial
‘pressure of the air present was less than 17

of mercury, at the end of the operation the
cellulose regenerated from the solution con-
tained 98.5 percent of alpha cellulose, yet the
solution ‘was smooth and uniform, and the
viscosity had been reduced to the same value

~as in the other sets of tests.

45

The following table shows what effect the

preparation of solutions by the above meth-

“ods has on the tensile strength, when wet, of

50

55

60

65

the: rayon made from those solutions. In
this Table No. 1 was a standard viscose rayon ;
No. 2 was spun from a solution made as de-

0 scribed under (A), but with the viscosity re-

duced to 7; No. 8 was spun from a solution
made as described under (A); No. 4 was

spun from a solution made as described un-
der (B). o

| L |2 | s |

Tensile strength,grams per denier_| 1.40 1, 50 1. 50 1.90
Percent elongation at breaking...} 18 28 25 13
Tensile strength wet, grams per . o |

denier.... o, [ . bb 351 .63 | . 80
Percent of alpha celivlose in the | . | - |

rayon....... e mmmm—————————— 85 80 85 97.6
Viscosity of solution from which |5 ¢ | .

silk was spun. .. v .. 100 | }7 100 - 100

- |
Referring now to the drawings, “Fig 17

shows to better advantage the relationship

Solutions were

577 1n

gned to beat air into the material,

1,007,726

existing between the percent of alpha cellu-
lose in the rayon and its wet strength. “¥ig.
9” shows the relationship between the vis-
cosity of a solution and the wet strength of
the rayon spun from it. The values plotted
for “Fig. 17 are for rayon spun from cupram-
monium cellulose solutions containing 6 per-
cent cellulose, 9 percent ammonia and 2.5 per-
cent copper, and having a viscosity of 100.
The values plotted for “Fig. 2” are tor rayon

70

75

containing close to 97 percent alpha celiulose

and spun from cuprammonium cellulose so-
lutions containing 6 per cent cellulose, 9 per-
cent ammonia and 2.5 percent copper.

“Fig. 1” shows plainly that the wet
strength begins to increase rapidly when the

percent of alpha cellulose is around 96 and

that the rate of this increase rises tremen-
dously as the percent of alpha cellulose ap-
proaches 100. “Fig. 2” shows that the wet
strength decreases gradually with falling vis-
cosity until the viscosity is reduced to around
100, when the wet strength decreases more
rapidly, and that the rate of this decrease 1n-
creases very rapidly as the viscosity 1s fur-
ther reduced. ' N

The treatment of cellulose with 17.5 per-
cent caustic soda solutions for a short time
will not hydrate it sufficiently to reduce its
wet strength seriously. Itis the extreme dis-
persion, occurring when the viscosity of the
cellulose in solution is greatly reduced, which
results in a profound hydration or swelling
of the cellulose, thereby reducing the wet
strength of the rayon spun from the solution.

It may have been known that 1t is desirable

to have a high percent alpha cellulose 1n

rayon, and it may have been known that re-
generated cellulose rayon is a highly hy-

150

drated cellulose. -However it has not hereto- -~

fore been understood that the tensile strength
of wet rayon is determined by these two fac-
tors in combination. It has not been under-
stood that the excessive hydration which se-

‘riously affects the wet strength 1s a result of

lowering the viscosity of the sclution below a

certain region which in the case of the solu-

tions mentioned above is below 500 and in the
neighborhood of 100. Operating difficulties
are encountered when spinning cuprammo-
nium solutions having viscosities of over 500.
The . invention, however, is not restricted to

this limit and the scope in no wise limited

thereby except as set forth and claimed in the
appended claims. 1t also-has not been ap-

- preciated that the wet strength increases tre-

mendously as the percent of alpha cellulose
approaches 100. . -
Throughout this specification the terms

~ “hydration”, “hydrated cellulose” and “cellu-

lose hydrate” are used to describe a physical -

18 of Emil Heuser’s “Textbook of Cellulose
Chemistry”, first’ English editipn. That is,
by “hydrated cellulose” I mean a swollen cel-

- condition of the cellulose as discussed on page

130
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“has a soft lustre and dyes better if th
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~ above.
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degree of hydration by

~ taking place.

. move the copper and ammonia,
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lulose cr a cellulose capable of swellin%, The

term “alpha cellulose” is used to describe what

the same textbook designates as pure celu-
lose and which it says occurs in untreated cot-
90 percent, in spruce to
about 60 percent, and in straw to about 35
percent. ' -

Having secured a smooth uniform solution

of cellulose with a high percent of alpha cel-"

lulose, preferably 97 percent or over for. the
cuprammeonium process, and a relatively low

outlined, this solution must be spun and pre-
cipitated under such conditions that the de-
gree of hydration will not be increased ma-
terially. .

For example, with a cuprammonium cellu-

lose solution this may be accomplished by a

very thorough and rapid precipitation with
an alkaline bath, before the filaments are

‘treated with acid. The acid treatmeént must

also be so carried out that hydration will not
take place during the treatment and subse-
quent washing, . '

The thorough precipitation in the alkaline .

bath is aided by stretching the filaments near
the orifice. This stretches the filaments at
the time when the initial precipitation is
It 1s very important that the
filaments be |
precipitation. If desired they may be fur-
ther stretched later on. Stretching the fila-
ments while the initial precipitation is taking
place, by facilitating the thorough precipi-
tation, reduces the chance of hydration dur-

1ng the operation of acidifying and washing,

and increases the strength and softness of the
finished product. It also gives to the finished
silk a beautiful soft scintillating lustre as con-
trasted with the harsh metallic gloss ob-
tained by subjecting the fibres to tedision later
In the process. This soft lustre is thought to
be due to a certdin orientation of the cellu-
lose crystallites, which -is obtained by this
particular stretch treatment.

~ Likewise when a viscose solution is
spun the finished rayon is softer, stron er,
a-

ments are stretched during the initial pre-

cipitation. This treatment accomphishes a
more perfect precipitation and facilitates

the removal, from the filaments, of the prod-

ucts of the chemical reaction involved in the
precipitation. Whether or not the - viscose
filament is later further stretched or mechan.
ically worked by passing it under . guides,
1t is important that it be stretched at the
time of initial precipitation ‘as described

The coagulated cuprammonium thresd con-
sisting of several filaments, after being wound
on the inside of a rotatin nov
from the pot and treated with

er an and to com-
plete the precipitation. Heretofore this op-

the principles above

The presence of the

stretched during their initial cuprammonium solution and the cupram-

~of the operation.
‘weighed out to

The linters from' which the batch is
most carefully pre-

-reduced to 6. The

g pot, 1s remeoved
acid to re-.

3

eration has been carried out by winding the
thread from the pot on to a rotating reel or
drum slightly immersed in acid of about 8

ercent strength, when sulfuric acid is used.
fha.ve found that there is less chance of
hydration and a better rayon is produced
1f the threads.are treated with much stronger
acid, say about 20 percent, in such a way that
when the acid leaves the thread its strength
is largely spént, so that the last stages of the

process of removing the copper from the

thread are performed by very dilute acid, say
about 2 or 3 percent strength, assuming that
sulfuric acid is used. This not only results
in a much lower consumption of acid but the
finished rayon is softer and stronger and the
copper 1s more perfectly removed, resulting
In more even dyeing. - S

Hlustrating my invention, I will now de-
scribe my preferred process for makin rayon

according to the principles above set orth.

A cuprammonium solution is prepared by
of covering copper
blowing air through

the well-known process
wire with ammonia and
1t until the solution thus formed contains ap-
proximately 4.5 percent copper and 11 percent
ammonia. It is desirable to add a small per-
cent of a sugar to the ammonia at the start.

monium cellulose solution quite stable there-
er? greatly facilitating the whole operation.
4 Op

e temperature of the cuprammonium solu- .

tion is maintained at 2° C. at the start and 1s
gradually reduced to —5° C. at the finish
prePared‘ cotton linters are
give 250 pounds of dry cot-

Sufficient

ton.
weighed must hayve been
pared by kiering, bleaching, washing and dry-
Ing so that they contain 99 percent or more
alpha’ céllulose, '
and are of a fairly upiform viscosity. The

~ preparation of linters is a well-known art
being

and 1t is possible to ohtain suttably prepared
lIinters in the open market.
batch of linters is 11Xe
viously cooled at 4° C. and chilled. - 3150
pounds of the freshly prepared cupram-
monium solution are run in, the cover of the
mixer closed tightly, and the mass mixed for
four hours at 4° C.” Distilled water js then
added slowly while the mixer is running
till the percent of cellulose in the mass is
_ mixing is continued till
the viscosity of the solution is reduced to
100. After the water is-added the tempera-
ture 1s allowed to rise to 12° C. at which point
1t 1s maintained until about a half hour be-
fore the batch is finished

The design and operation of the mixer and se-
lection of size of batch to fit the mixer, used
1s of utmost importance in the exclusion of

have a low copper number

L. The weighed
placed in a mixer, pre-

batc when it is allowed
to rise to.20 degrees to assist in filtering.,

70

-

8¢

85

sugar makes both the

05

10¢

106

110

115

120

125
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4

air from the mass as it is being mixed. 1
prefer a vertical mixer with paddles ar-
ranged to cause -the batch to circulate down
in the center, and up at the periphery. The
size of the mixer and paddles must be so
chosen that before the water is added the ex-

posed surface of the batch will not be dis-
turbed sufficiently to work air into the mass.
There must be as little space as possible above

~ and the cover must be substantially-airtight.

16

20

When the viscosity of the solution has been

reduced to 100 it i1s dumped into a recelving
tank. From the receiving tank 1t 1s run
slowly into an evacuating tank where all

traces of air are removed and some ammonia

is removed.

The time, temperature and pressure. are

regulated in this evacuating operation so
the finished solution will contain 6 percent
cellulose, 5.5 percent ammonia and 2.5 per-

~ cent copper. To accomplish this it 1s neces-

2b

30
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of the pot.

‘sary to add a slight excess of water to the

mixer to compensate for that lost in the evacu-
ating tank. '
The evacuated solution is filtered and run

into a spin tank from which it is forced to

the spinning machine. |

For the spinning operation I prefer a ma-
chine of the bucket type in -which the thread,
after it leaves the alkaline coagulating bath,
passes up over a rotating takeup drum and
then down through a guide into a rotating
pot, where by means well-known to those
skilled in the art the thread is caused to build
up a cake of even thickness, against the sides
This apparatus is shown dia-
grammatically in “Fig. 3”. The takeup drum
“E” has a peripheral speed of 2000 inches
per minute and the pot “H” rotates at 5000

revolutions per minute. The thread 1s pre-

vented from slipping on the takeup drum.

by passing it under a snub guide “F” which
causes it to wrap around the drum with a
large arc of contact. The pot is provided
with a cover “I” which fits the pot with.an
air-tight seam and is provided at its center
with a hole two inches in diameter. If the

seam between the cover and the pot is not air-

tight, a current of air is set up which spoils
the build of the cake. S

“The solution is extruded from a multiple
hole spinneret “C’”into a bath compcsed of
25 parts by weight of -caustic soda, 2 parts
of glucose and 75 parts of water, and main-
tained at 10° C. It has been thought hereto-
fore that the alkaline bath should contain
around 35 percent-caustic soda and must be
maintained at a temperature of from 15° C.
to 50° C.” I have found that if the bath 1s

maintained at a temperature below: 13° C.

65

a lower concentration of caustic can be used
and a much better coagulation-is obtained.
The more perfect coagulation produced by

the solution after the water has been added, and reeling operations.

‘bath to maintain it at 20 |
provided with means by

1,907,726

the intense dehydré,ting action of the caustic
at the low temperature reduces the tendency
to hydration in the acidifying operation at

the reel. When thus coagulated the filament
retains practically all the copper which was

in the solution and is very tough and elastic.

This makes it possible to spin much finer fila-

ments and greatly reduces the loss due to in- |

jury of the filaments during the spinning

The spinneret is submerged 4 inches be-

low the surface of the bath. A spinneret 1s

chosen with an orifice diameter such as will

_ give about 40 percent stretch to the filament

as it is being spun. After the desired amount
of thread has been spun the pot is removed
from the machine and allowed to stand for
fifteen minutes to complete the coagulation
before the thread is acidified.

The pot is then placed in a substantially

horizontal position near the top of the reel.

This is shown diagrammatically in “Fig. 4”.
The thread is passed over and/or through a
guide “J” set in the center of the top open-
ing of the pot, carried down and under a

small diameter guide “K” immersed about

6 inches in 20 percent sulfuric acid, brought

‘up and over another guide located above the

acid bath then carried down and through a

traverse guide which causes the thread to

build up in an even layer on a rotating hori-

zontally located cylinder “N” whose lower

surface is immersed in 214 percent sulfuric
acid. The acid baths are maintained at 20°
C. and the thread is reeled, at the rate of 80
yards per minute. The time the thread 1s
immersed in the 20 percent acid bath can
be regulated so the acid carried over will
keep the lower bath' at a constant percent
strength. Fresh acid is added to the upper
| percent strength.
The guide “K” 1s
which it can be raised above the 20 percent
acid bath for threading and is not immersed
until the thread is started on the reel. The
ouide “K” being of small diameter subjects

15

80

85

00

095

100

105

110

the filament to a mechanical working which

aids the reaction, assisting diffusion.

After the desired amount of thread 1s
reeled, the cylinder “N” 1s allowed to idle

in the-lower bath for about one minute to
complete the acidification of the thread last

wound. The cylinder is then removed and
the acid and salts washed from the thread
by rotating it slowly under a water spray

until the thread is neutral. It is then passed

under a spray of softened water at 60° C.

containing a small percent each of borax and
a neutral soap, allowed to drain, and dried.
- While the above outline covers my pre-
ferred process, it is not intended that it shall;

116

120

125

ke understood that I am restricted to the

procedure outlined.: Other means for accom-

plishing the same results will be obvious to’

130
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those skilled in _thei art. For example, the lose solution is reduced to about 100, and
solution may-be made by mixing copper then spinning said solution. - |
] ' Signed at Little Falls, in the county of

hydroxide, cotton, and ammonia. The vis-
cosity may be reduced by a mechanical work-
ing of the mass in a closed mixer, in an at-
mosphere of nitrogen.
cuprammonium solution containing 6 per-
cent cellulose, 5.5 percent ammonia, and 2.5
percent copper, cuprammonium cellulose
solutions of other proportions can be used.
For example it is desirable when spinning
fine denier to use a 5 percent cellulose solu-
tion. The reeling can be performed on a
. perforated cylinder, which permits washing
with a suction washing machine in which the
water 1s drawn through the silk. I wish it

also to be understood that while I prefer to

use a cuprammonium cellulose solution for
producing rayon according to the principles
outlined above, which shall have, among other
desirable characteristics, a high ‘tensile
strength when wet, I do not wish to restrict
myself to that type of solution. @~

For example the same results can be ob-

While I prefer a -

Passaic and State of New Jersey, this 1st day -
| 70

of February, 1926. ' |
WILLIAM HENRY BRADSHAW.

_. 15

' tained, though to a somewhat lesser degree,

by a proper application of the principles out-

lined to a viscose solution. In the appended
claims the term or expression “cellulose solu-
tion” is intended to cover spinning solutions

such as cuprammonium cellulose, viscose

and the like. - _ -

- Without further analysis, the foregoing
will so fully reveal the gist of this invention
- that others can, by applying current knowl-
- edge, readily adapt it for various applica-
tions without omitting certain features that,
from the standpoint of the prior art, fairly

constitute essential characteristics of the

generic and specific aspects of this invention,

and therefore such adaptations should and
are intended to be comprehended within the
meaning and range of equivalency of the

following claims.
I claim: '

1. A process of producing threads, which -

comprises treating cellulose containing not
less than 98% of alpha cellulose with a
cuprammonium solution, subjecting the mass
- to a mechanical working in a ¢losed mixer
while excluding oxygen in an amount suffi-
cient to excessively  degrade the cellulose

80
85
90

85

100

105

1m0

s

until a smooth spinnable selution is pro-

duced and the viscosity based on a 6% cellu-
-lose solution is reduced to less than 500, and

then spinning said solution. = :
2. A method of producing threads which
comprises treating -cellulose coniaining not
less than 98% of alpha cellulose with a
‘cuprammonium solution, subjecting the mass

to mechanical working in a closed mixer
while excluding oxygen in an amount suffi-'

cient to excessively degrade the cellulose

until a smooth spinnable solution is: pro-
duced and the visqosity,based on 8 6% cellu- -

120

125
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