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5 Clalms

This invention relates to improvements -in the
manufacture of nitrocellulose and, more partic-
ularly, to maintaining special conditions while
the nitrocellulose is in‘the acid wet state whereby

5 the so-called “grain” in the solutions: of the ni-
trocellulose may be substantially eliminated.

For many years manufacturers of nitrocellulose
have been bothered at various periods by their
product in commercial solutions being defficient in

- 19 various degrees in quality with respect to “grain”.

" By “grain” those skilled in this art mean an ap-
pearance of grain in the nitrocellulose solutions
and films deposited therefrom. This particular
condition may bz readily observed in more ex-
aggerated cases by inverting a glass bottle-con-

1
" taining the nitrocellulose solution. The grain
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will be evident as the solution runs down the side.

of the bottle. In very severe instances, settling

of the grainy material to the bottom.of the hottle .

oceurs and is visible by inverting the bottle and
observing the settled material.  In relatively. mild
cases the amount of grain present in the nitro-
céllulose - solution may be observed by drawing
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out a quantity of the solution on:'a spatula or-

o5 knife blade and allowing it to form a'fan-shaped
-drip back into the bottle. By looking' through
the drip the amount of grain- present may be

readily observed In'general,; the ‘grainy portion--

has the appearance of material not entirely dis-

gg Solved, i. e, transparent gel-like: particles which-

are dec1ded1y harmful to the uniformity and
smoothness of the solution. The grain in a ni-
trocellulose solution: may be rather accurately
described as giving an “applesauce” appearance
to the solution. :

As ' consumers became more “quahty-con-
scious”, the elimination of this undesirable char-
acteristic of graining in nitrocellulose became a
‘very serious consideration. It is particularly ob-
40 Jectionable in nitrocellulose solutions designed
for use in connection with finishing leather, espe-
‘cially patent leather. In the case of patent leath-
er, grainy solutions give a’'mottled surface rather
than the perfectly smooth; high gloss finish nor-
4 mally obtained. It is also of particular im-
portance that nitrocellulose which is to be used
for the ‘production - of photographrc film base
be free of grain. It should be understood, how-
ever, that this graining characteristic is obJec-
tionable in practically all uses of nitrocellulose,
although more particularly so in the above men-
tioned uses.

Since the graining charactenstm of nitrocellu-
lose appears to be more pronounced during the
hot months of the year, the trouble seemed to be
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’w111 give increased yields.
_is to provide a process which will prevent denitra-
‘tion or drop-in nitrogen content of the mtrocel--

_that,

(CL- 260—145)

connected wrth high temperatures However, no
consistent elimination. of the ‘trouble was known
until-applicant’s entry into the field.

An object of the present invention .is to ‘pro-
vide an economical and practically feasible proc-
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ess for. the manufacture of nitrocellulose which -

will insure a product havmg uniform absence of
grain in solutions, regardless of atmospheric con-
ditions during the manufacture of the product.
A further object of the invention’ is to provide a
process of manufacturing nitrocellulose which
A still further object

lulose during manufacture,

Another object of the invention 1s to prov1de a.
process whereby filtration losses of nitrocellulose
are greatly reduced. Other objects of the inven-

_tion;;will be apparent from the descnptlon given
‘hereinafter.
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The above obJects are - accomphshed according

-to the, presenf invention by maintaining the ni-
‘“trocellulose while in the acid wet state in"a de-

humidified- inert atmosphere, preferably dehu-
midified  air.. . - : -

80

In the preparatlon of mtrocellulose cellulose
in any: one of numerous forms is:treated with

nitrating acids to form nitrocellulose;- the acids
being then separated from the nitrocellulose by
a - centrifugal ‘'separator ahd the ‘nitrocellulose

being subsequently drowned in -water. In order *-

to remove the noxious fiumes, such as nitrous ox-

ide, et cetera, which are given off during the cen-

trifuging; a force draft ‘of air is drawn through
the separator..  Although the normal centrifug-
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ing period' is only two- or three minutes; the vol- -

ume of air passmg through the separator 1s quite
large. :
Applicant’s mventmn is based -on the discovery

that the objectionable graining characteristic. of
-mtrocellulose is caused, not directly by high tem—

perature, but by the nitrocellulose while in the

‘acid wet state coming in contact with moist air.

Since saturated air at a high temperature con-

‘tains much more moisture than saturated air at
‘a loter temperature, it is dpparent that graining
difficulties should be more pronounced during the
‘summer months than during the cold months of

the year.  For example, saturated air at.90° ¥
contains 14.8 grains of water per cubic foot while
saturated. air at 10° F. contains only 0.8 grain
of ‘water per cubic foot.. It will thus be seeq
indirectly, temperature would be apt to
have some connection . with graining difficulties,

-since air at high temperatures is more likely ‘to
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-in each:case was —_—

2
have a greater moisture content than air at low
temperatures, but the prior art investigators to-
tally failed to appreciate that temperature was
not the direct cause of the. trouble, and because
of this lack of appreciation, they failed to devise
a satisfactory method of overcoming graining.
In the" ordinary commercial manufacture of
nitrocellulose, the nitrocellulose while in the acid
wet state may be exposed to the atmosphere for
short periods, both prior and subsequent to the
centrifuging operation, and therefore in the pre-
ferred process the nitrocellulose during the whole

time in which it is in theé acid wet state is kept -

in a dehumidified atmosphere, but since the vol-
ume of air drawn through the nitrocellulose dur-
ing the centrifuging is so high;.and consequently,
the opportunity for the nitrécellulose to - absorb
moisture during this step is so much greater in

proportion than during the rest of the handling’ -

of the nitrocellulose before it is drowned, it is
sufficient to merely dehumidify the gas applled
to the centr1fuga1 separator.

In order to illustrate the effectiveness of the
present 1nvent10n and to show that grain n ni-
trocellulose solutmns may be- produc\.d or pre-
vented at will by controlling the moisture con-

tent of the air being drawn through the centri-

fugal” separator during the separation of the
nitrocellulose from the mtra,tmg acids, severa,l

_ASTM. Spec1ﬁcat10ns
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the acid fumes through an outlet in the side of
the casing.

At the end of the wringing cycle the charge
was - quickly quenched and. then stabilized by
boiling in water followed by hot water washes in
accordance with practice well known in the art.
In the washing process and for:the change of

.water for the boiling treatment the nitrocellulose

was poured info a Buchner funnel and the fines
retrieved by filtering the wash water through a
matte filter of the nitrocellulose itself. This pro-
cédure not only provides more accurate data for
yvield determinations, but-also insures a more

representative final solution. The nitrogen con-~

tents given in- the following table were deter-
mined . according to methods described in
Desighation. D-301-
T

“Grain” was determined by means of a spatula,
following the. procedure described . heretofore,
where a fan-shaped drip is produced and a qua-
tative -measurement made by - looking -through
this drip.  The solutions for:this-test were . made
up according  -to the :method - deséribed in
A.S.T.M: Specifications, Designation D-301:31T,
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Formula- A, for viscosity determinations; in‘some -

cases where the preserice of grain is not readily
observed in the more dilute solution of Formula
A, Formula B may be used ' :
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labora,tory experlments are given below. -
: Table I
. - . . Yield,
T Moisture [Air temp.| Relative {gms. N/C| - . SRR
Exp.No.| grains in . jhumidity} per gm. | : Grain - | Nitrogen -- ~“Remark$
.. |pereu.ft.| wringer .| percent |. cotton - LT . C
L RS T linters
5 °C.. o Percent :
1 6,88 27,5 60 1.23 Very bad ......... 10.91: .Wrmgmg cycle extended to 30 mins. to exaggerate.
- 'conditions. .Atmospheric air used in this—normal
e . - Eenéperature and humidity prevaﬂmg during thls
e : : es
- 2] 8021, . -25.5 77| . 140 |:.nncdOiioaiions - 11.24 .| 3 min. wringing at prevaﬂmg atmosphenc conditions.
3 1,48 10 20,0 21 |- 1,56 Practlcally none.. 11.96 | Air passed through § CaCly bottles and finally through
PN . : : : o -concentrated HzSO4 before entering wringer.
41 -3.39 110 77 21,80 fosiaa U ¢ T, 11,83 The air in this case was drawn from the cutside. Nor-
) mal conditions Prevailing for this period of ihe, .year,
5 9.30 29.0 75 1.46 | Very bad ________ | 11787} Air going into wringer artificially humidified by pump-
: . K S N . . L ing it throngh warm water just prior to introduction
o . . i N . into wringer.
6 8. 06 ©29.0 - 65 < 147 oo aeama . 1,70 | Alr same asin (5). - i -
7 5.0 o 1,562 Practxcally none... 11.89 | Current- of COz from- cy]mder passed dxrectly mto
) o R . T wt1€g9r This. gas has moisture content. of 0.5 per-
: - cen
8 1.32 2.0 .- 65 | L67 |- [ s R, 11,92 | Air.from outside—normal temperatme and humidity
L 1 for prevallmg weather condltmns

- In these ’experimentsa étandard purified cot-

ton linter was used as the starting material. ‘The

linter was dried in an oven to approximately 2%
moisture in order to eliminate any variations in
results which might be .attributed fo- varying
moisture contents. The nitrating acid mix used

TEINOBL o L 22,50
'HzSOA e e e 58.36
HoO_ o 19.14

In each experiment 34 grams of the cotton ,

linter were immersed in 1500 grams of the acid

-mix. and- agitated for three minutes, the cellu-
Jose being allowed to remain in the nitrating acids
for a. tofal of 30 minutes.. .

The  nitrocellulose
thus obtained was then quickly transferred to. a
slowly rotating aluminum centrifugal separator
basket perforated with numerous small holes to
permlt escape of the acid. The centrlfugal sep-
arator was speeded up to approx1mate1y 1800

‘R. P. M. and the cha,rge run for three minutes.
“The force draft was intr oduced through the cover
“of the outside  casing of the separator, carrying

The vnitrocellul_ose produced, according to Ex-
periment No. 1 gelled badly in sclution, indicat-
ing that the nitrocellulose had taken up the sol-

vents but had not dispersed in them. - Especially

high turbidity was noted and graining was ex-
cessive, as was also true of the solution prepared

from the n1trocehulose produced accor d1ng to Ex-

periment No. 2.
In these experiments the velocn;y of the air

‘going through the centrifuge was app10x1ma,tely

1.5 to 2.0 cubic feet per minute.- .

An additional experiment was conducted on:a
plant scale whereby excessive humidity was pro-
duced by closing -up the centrifuging room-and
opening steam lines. In this way. the témpera-

ture was raised to 75° F. and the relative humidity

to about 95%.. The moisture content of.the. air
going into the centrifuge was then about 9.0
grains per cubie foot, the centrlfuglng being con-
tintied for three mmutes with air being supplied
at a rafe of 700 cubic feet per minute. Samples

“taken from the exposed surface -of the acid wet

n1t1oce11ulose cake at the conclusmn of the cen-

‘trifuging eycle and made up inte solutions showed

130

135

140

145

150



10

15

20

25

30

85

40

45

50

60

70

-78

1,965,577

“excessive grain. The steam lines were then closed
“and the doors and windows of ‘the centrifuging
“room opened to provide weather conditions pre-
“vailing at that time.

! The temperature chopped
to 53°"F. and the relative humidity to 55%. The
moisture content of the air under these conditions
is about 3.4 grains per cubic foot. Samples taken
from the exposed surface of the acid wet nitro-

-cellulose cake at the completion of the centrifug-

ing eycle and made up into solutions showed prac-
tically no grain, thus confn:omnor the lanoratmy

‘scale test.

- As the result of numerous tests it has been
found that the moisture content of the air, or
other 1nert gas, should not exceed substantlally
5 grains per cubic foot in order to- ‘secure accept-
able “solutions with respect’ to-graining, - unless

“the ‘centrifuging period is materially decreased

or the amount of air supplied to the centrifuge
is decreased, or both.* Since saturated air at 55°
¥, contains about 5 grains of air per cubic foot of
gas, it will be seen that where the acid wet nitro-
cellulose is not exposed to temperatures above 55°
P. graining difficulties will not be -encountered
and the present invention is only useful where
operations are carried out at temperatures above
55° B, ’

As previously stated, applicant has definitely
found that the graining characteristic’ of nitro-
cellulose is directly caused by exposing the acid
wet nitrocellulose to moisture, and it naturally
follows that by reducing the amount of air pass-
ing through the acid wet nitrocellulose there is
less opportunity for the nitrocellulose to pick up
moisture, and therefore less tendency for the
nitrocellulose to show graining characteristics.
By altering plant scale equipment to reduce ma-
terially the draft necessary to carry off the fumes
from the centrifuge, and also by reducing the
time of centrifuging, normally in the neighbor-
hood of three minutes, the graining tendency can
be reduced, although such means will not elimi-
nate graining where there is a high moisture
content in the air. However, by taking such pre-
cautions, the graining tendency can be reduced
materially even though the moisture content of
the air be not reduced as low as five grains of
water per cubic foot of air.. Therefore, the pres-
ent invention comprises, in a broader phase, the
step of reducing the graining characteristic of
nitrocellulose, where the humidity of the atmos-
phere exceeds five grain of water per cubic foot
of air, by at least partially dehumidifying the
air supplied to the centrifugal separator, even
though the air is not necessarily dehumidified to
such an extent that it contains less than five
grains of water per cubic foot.

In the experiments described above, the air was
dehumidified by passing through calcium chlo-
ride bottles and concentrated sulphuric acid, but
it is to be understood that on a plant scale
various commercial dehumidifying apparatuses
would be suitable, such as the silica gel dehumidi-
fiers now used for dehumidifying air in steel
plants. Obviously economies in the dehumidify-
ing operation will be effected by reducing the
draft of air through the centrifuges, or reducing
the time for centrifuging. However, a sufficient
draft is necessary to carry off the fumes and in-
complete centrifuging may not-be economical,
due to high acid losses which may occur.

In the foregoing table, it will be noted that not
only does the use of a dehumidified gas give a
certain method of eliminating the graining char-
acteristic, but also there is less denitration and

'employmg any nitrating acid mix.

3

an increased yield. A number of tests show

~around ‘a.5% increase in the yield where the air
‘eontains ‘less ‘than ‘5 grains of water per cubic
-foot, other variables remaining constant.

The present invention is broadly applicable to"

nitrocellulose madé from any raw material and
The inven-
tion is likewise ' applicable regdrdless of -the

’ method by which the air or inert gas is dehumidi-

fied. This may be done simply by artificially
‘coolihg the warm moist air below its dew point

"to cause’precipitation of -water before the au is
‘1led into the centrifuge. -

: Dartlculally on days of abnormally high tem-

‘perature and humidity it is also advantageous to

arrange to use ‘air or other gas “of low moisture
content in removing acid fumes from the nitrat-
ing dlppels and, in ‘fact, keeping the acid wet

_'nltrocelluloqe in an atmosphere of dehumidified
-gas right up to the point ‘where it is drowned in

water, although as hereinbefore stated, under
most conditions it is sufficient to dehumidify the
air being forced into the wringer.

‘It will thus be seen that by the present in-
vention a process has been devised whereby the
presence of grain in nitrocellulose solutions may

ke consistently and entirely eliminated or reduced

to a minimum not noticeable in practical uses of
nitrocellulose solutions. Furthermore, the pres-
ent invention provides a process whereby the
yields of nitrocellulose may be increased from
2-6% by avoiding losses attendant upon the
factors which cause the formation of soluble
products in nitrocellulose, characterized by the
presence of grain in solutions made from nitro-
cellulose. Further, denitration tendencies are
eliminated or greatly minimized according to the
process of the present invention. By the present
invention, manufacturers of nitrocellulose are
enabled to consistently produce high quality
nitrocellulose throughout the year, whereas here-
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tofore, operating under conditions of high tem-~ -

perature and humidity such as freguently occur
during the summer months in the temperate
zones, the nitrocellulose varied widely with re-
spect ‘to the graining characteristics and fre-
guéently would be unacceptable to many users of
the nitrocellulose. In other words, the present
invention provides a process which permits the
manufacture of a nitroceliulose of uniform qual-
ity, regardless of prevailing weather conditions.

I wish it to e understood that I do not desire
to be limited to the exact details shown and de-
scribed, except as defined in the appended claims,
for obvious modifications will occur to a person
skilled in the art.

I claim: }

1. In the preparation of nitrocellulose where
the humidity of the atmosphere exceeds five
grains of water per cubic foot of air, said prepara-
tion comprising treating cellulose with nitrat-
ing acids, centrifuging to separate the nitrating
acids, and then drowning the nitrocellulose thus
obtained in water, the step which comprises

maintaining the nitrocellulose in an inert gas:

having less than five grains of water per cubic
foot of gas during the separation of the nitrat-
ing acids and until the nitrocellulose is drowned
in water. ’

2. In the preparation of nitrocellulose where
the humidity of the atmosphere exceeds five
grains of water per cubic foot of air, said prepara-
tion comprising treating cellulose with nitrating
acids, separating the nitrating acids from the
thus obtained nitrocellulose by means of a cen-
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-trifugal separator, and then drowning the nitro-

cellulose in water, the step which comprises sup-
plying an inert gas having less than five grains
of water per cubic foot of gas to the centrifugal
separator during the acid separation. - - .

3. In the preparation of nitrocellulose where
the humidity of the atmosphere exceeds five
grains of water per cubic foot of air, said prepara-
tion comprising treating cellulose with nitrating
acids, centrifuging to separate the nitrating acids,
and then drowning the nitrocellulose thus . ob-
tained in water, the step which comprises main-
taining the nitrocellulose. in air having less than
five grains of water per cubic foot of air during

5 the separation of the nitrating acids and until

the nitrocellulose is drowned in water.

4. In -the preparation of nitrocellulose where
the humidity of the atmosphere exeeeds five
grains of water per cubic foot of air, said prepara-

tion comprising treating cellulose with nitrating -

1,965,577

-aclds, separating the nitrating acids from the
thus obtained nitrocellulose by means of a cen-

trifugal separator, and then drowning the nitro-
cellulose in water, the step which comprises sup-
plying -air having less than five grains of water
per cubic foot of air to the centrifugal separator
during the acid separation.

5..In the preparation of nitrocellulose where
the humidity of the atmosphere exceeds five
grains of water per cubic foot of air, said prepara~
tion comprising treating cellulose with nitrating
acids, separating the nitrating acids from the thus
obtained nitrocellulose by means of a centrifugal
separator, and then drowning the nitrocellulose

in water, the step which comprises reducing the.

graining characteristic of the nitrocellulose by at
least partially dehumidifying the air supplied to
the centrifugal separator during. the acid separa-
tion. ' . .

s ~ PAUL B.-.COCHRAN. -
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