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This invention relates to new fibrous lignocel-
lulose derivatives and more particularly to new
fibrous reaction products of lignocellulose pulps
and acrylonitrile having a high dielectric constant
rendering them especially suitable for use as di-
electric materials in electric capacitors.

In the fabrication of capacitors of relatively
small size, solid dielectric materials are generally
desired. Various papers made from lignocellulose
pulps, for example, kraft paper, commonly have
been used as dielectric spacers in small capaci-
tors. These flbrous dielectric spacers are gen-
erally impregnated with solid or liquid dielectrie
compositions such as, for example, petroleum hy-
drocarbons, including mineral oils or waxes, or
one or more of the class of compositions gener-
ically termed askarels, which include chlorinated
hydrocarbons such as chlorinated benzene, chlo-
rinated diphenyl, chilorinated diphenyl oxide,
chlorinated diphenyl methane, chlorinated di-
phenyl henzene, and alkyl derivatives thereof,
castor oil and derivatives thereof, silicones, ete.

Since the flbrous material represents the major
portion of the dielectric spacers, it is obviously
desirable that the fibrous material have as high
a dielectric constant as possible in order that the
maximum capacitance per unit of size of capaci-
tor can be obtained. We have found that by
reacting lignoceilulose pulp with acrylonitrile in
an aqueous alkaline medium we can obtain
fibrous materials having nitrogen contents of
from about 0.3 percent to about 2.8 per cent from
which paper having substantially higher dielec-
tric constants than ordinary kraft paper can be
prepared.

It has been known for some time that acrylo-
nitrile will react with cellulose pulps from which
the lignin has been removed. However, the
products of these prior art methods are cyano-
ethyl cellulose ethers or carboxyethyl cellulose
ethers which are pastes or thermoplastic resins
much like ethyl cellulose in their physical prop-
erties and have no fibrous structure. Our modi-~
fied lignocellulose materials, on the other hand,
only contain substituted cyanoethyl groups cor-
responding to a nitrogen content of from about
0.3 to about 2.8 percent by weight of the flnal
product and retain substantially the same fibrous
structure as that characterizing the original
lignocellulose pulp prior to reaction with the
acrylonitrile. Furthermore the fibrous reaction
product may be hydrated, beaten into a paper
making stock, and made into paper in accordance
with well known paper making technique.

In preparing the fibrous material of our inven-
tion the lignocellulose pulp is first suspended in
an aqueous alkaline medium such as, for exam-
ple, a solution of sodium hydroxide or potassium
hydroxide. The reaction may be carried out
employing solutions of various degrees of al-
kalinity. However, we prefer to use solutions
containing from about 6 percent to about 12 per-
cent of the hydroxide. The ratio of pulp to the
aqueous alkaline medium may be widely varied
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depending on the other conditions employed in
the reaction. We have found that a ratio of
about one part by weight of dry pulp to 20 parts
by weight of the aqueous hydroxide solution af-
Tords suspensions of desirable consistency for car-
rying out the reaction. Various amounts of ac-
rylonitrile may be added to the suspension of
pulp depending on the length of time the reaction
between the lignocellulose and the acrylonitrile
is carried out. We have employed acrylonitrile
in amounts varying from about 30 percent to
about 70 percent by weight of the pulp. How-
ever, less acrylonitrile or more acrylonitrile may
be employed if the reaction is continued for
longer or shorter periods, respectively. During
the addition of the acrylonitrile and during the
reaction of the acrylonitrile with the pulp, the
suspension is stirred continuously, maintaining
a temperature of from about 0° C. to about 25° C.,
preferably from 7° C. to 18° C. The reaction is
carried out until the resulting product has a
nitrogen content of between about 0.3 percent
and about 2.8 percent depending on the electrical
and mechanical properties desired in the final
product.

The reaction may be stopped by adding suf-
ficient dilute acetic acid to make the mixture
slightly acid and subsequently filtering and wash-
ing the pulp with water until neutral. However,
the reaction is preferably stopped by filtering the
pulp from the reaction mixture and washing the
pulp with dilute acetic acid and water until
neutral. The pulp is then beaten in g paper
beater of the conventional type and is made into
paper of the desired thickne§s by any of the well
known methods familiar to those skilled in the
art. .
As the number of cyanoethyl groups substi-
tuted in the lignocellulose pulp is increased, the
dielectric constant of papers made from the re-
sulting pulps is increased. However, if the num-
ber of cyanoethyl groups is increased to any ap-
preciable extent above that corresponding to a
nitrogen content of about 2.8 percent, the result-
ing product tends to become resinous or pasty
rather than fibrous in character and therefore
cannot be readily beaten and made into paper.
Furthermore, these resinous materials have rela-
tively high power factors which render them un-
suitable for use as dielectric materials, particu-
larly for use in capacitors. We have also found
that in order to obtain an appreciable improve-
ment in dielectric constant over that of ordinary
kraft pulp, it is necessary that the reaction be-
tween the acrylonitrile and lignocellulose pulp
be carried out sufficiently to substitute cyanoethyl
groups corresponding to a nitrogen content of at
least about 0.3 percent.

The fibrous materials of our invention are most
advantageously employed as dielectric materials
for use in capacitors when impregnated with di-
electric compositions such as, for example, the
compositions described above as having been em-
ployed with ordinary kraft paper.
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The accompanying drawing shows somewhat

conventionally a capacitor embodying the dielec--

tric materials of our invention,

The capacitor comprises armatures § and 2 of
suitable metal, for example, aluminum foil, and
interposed sheets of the fibrous material of our
invention 3, 4 and 1. A single sheet of fibrous
material separating the armature is shown to
render the drawing as simple as possible but it
should be understood that more than one sheet
may be employed if desired. Terminals 5 and 6
for external electrical connection are provided for
the armatures. In order to obtain as much ca-
pacitance per unit volume as possible, the spacer

sheets 3, 4 and 1 are preferably impregnated with -

a8 dielectric composition as hereinbefore de-
scribed.

In order that those skilled in the art better may
understand how the present invention may be

carried into effect, the following examples are -:

given by way of illustration and not by way of
limitation. All parts are by weight,

Example 1
Parts
Lignocellulose pulp 3
Sodium hydroxide solution (10 percent) . _____ 60

Acrylonitrile 1

The pulp was placed in the sodium hydroxide
solution in a vessel equipped with a stirrer and
open to the atmosphere. The pulp was main-
tained in suspension in the alkaline solution by
means of the stirrer. The acrylonitrile was add-
ed slowly. During this addition and throughout

the subsequent reaction period of about three -

hours, the vessel was maintained at a tempera-
ture of about 2° C. by means of a water bath and
the pulp was maintained in suspension by means
of the stirrer. In order to stop the reaction after

three hours, the reaction mass was neutralized :

with dilute acetic acid, and the neutralized mass
was allowed to stand for about 12 hours in order
to leach all of the alkaline solution from the pulp.
The pulp was then filtered with a fine screen and
washed thoroughly to remove all soluble electro-
Iytes. The resulting pulp, which contained 2.6
percent nitrogen, was then beaten in a paper
beater of the conventional type and made into
paper.

Example 2 Parts
Lignocellulose pulp - __ 3
Sodium hydroxide solution (10 percent) _____ 60
Acrylonitrile - ——— - 1

The pulp and sodium hydroxide solution were
placed in a nickel kettle equipped with a stirrer.
The pulp was maintained in suspension in the
solution by means of the stirrer and the sus-
pension was cooled to 9° C. The acrylonitrile
was added to the suspension over a period of one-
half hour, and the reaction was carried out for
two hours longer at 10° C. The reaction mixture
was then neutralized with dilute acetic acid and
the neutralized mass was allowed to stand for
about 12 hours to leach the remaining sodium
hydroxide from the pulp, The pulp was filtered
from the solution and was then washed thoroughly
and beaten in a pulp beater. Paper made from
the resulting pulp contained 1.28 percent nitro-
gen.

Example 3
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Parts -

Lignocellulose pulp 241
Sodium hydroxide solution (6 percent)..___ 44.40
Acrylonitrile 1.00
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The pulp was suspended in the sodium hydrox-
ide solution in & vessel equipped with a stirrer
and open to the atmosphere, The acrylonitrile
was added slowly to the supension and the reac-
tion was continued for four hours with stirring,
maintaining the temperature of the suspension
between 10° C. and 15° C. At the end of four
hours the reaction was stopped by drowning in a
large volume of water, filtering out the pulp, and
washing the pulp with dilute acetic acid and
finally with water until the pulp was neutralized.
The nitrogen content of this pulp was 0.90 per-
cent.

Ezample 4
Parts
Lignocellulose pulp 241
Sodium hydroxide solution (12 percent) .. 44.40
Acrylonitrile 1.00

The above ingredients were mixed and the re-
action was carried out as described in Example 3.
The resulting modified lignocellulose pulp had a
nitrogen content of 2.32 percent.

Example 5
Parts
Lignocellulose pulp 1.55
Sodium hydroxide solution (10 percent) —_. 30.6
Acrylonitrile . - 10

The pulp was suspended in the sodium hydrox-
ide solution in a vessel open to the atmosphere
and equipped with a stirrer. The acrylonitrile
was added slowly to the pulp suspension with
stirring, After the acrylonitrile had been added
the reaction was continued for four hours at a
temperature of 15° C. to 20° C. with stirring. The
reaction was stopped by neutralizing the reac-
tion mass with dilute acetic acid. After the
treated pulp had been filtered and washed free
of electrolytes it was found to have a nitrogen
content of 2.48 percent,

Example 6

Parts
_____________________ 2.41
Sodium hydroxide solution (10 percent)___ 46.20
Acrylonitrile 1.00

The pulp was suspended in the sodium hy-
droxide solution in a vessel open to the atmos-
phere and equipped with a stirrer. The acry-
lonitrile was added slowly and the reaction was
continued for four hours after all of the acry-
lonitrile had been added, maintaining the tem-
perature of the suspension between —1° C. and 3°
C. The suspension was stirred constantly during
the addition of the acrylonitrile and during the
subsequent reaction period. After four hours the
reaction was stopped by neutralizing the reaction
mass with dilute acetic acid. When filtered and
washed free of electrolytes, the resulting pulp
had a nitrogen content of 1.69 percent.

As hereintofore indicated, we have found that
the reaction of acrylonitrile with lignocellulose
pulp is most readily carried out at temperatures
of between about 7° C. and about 18° C. At tem-
peratures within this range the cyanoethyl
groups are substituted in the lignocellulose struc-
ture at the maximum rate consistent with a
minimum of hydrolysis of the resulting product.
This readily may be seen from the following ex-
amples in which the same proport:ons of ingredi-
ents were employed as those described in Ex-
ample 6 and all of the reaction conditions were
the same as in Example 6 except for the tempera-
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tures employed. The variation in the nitrogen
content of the resulting pulps with the reaction
temperatures employed was as follows: '

i

; Temperature

i ange,
Degrees

l Centigrade

Percent
Nitrogen
in Treated
Pulp

Example

7to 8
12t0 13
17 to 18
21 to 22
28 to 29

Prppn
SO D
258

=

As has been indicated above, papers prepared
from the medified lignocellulose pulps of our in-
vention are characterized by substantially higher
dielectric constants than papers prepared from
ordinary lignocellulose pulps, such as, for ex-
ample, kraft pulp. To illustrate the increased
dielectric constant of our material, the dielectric
constants of ordinary kraft paper and papers
prepared from pulps of our invention have been
determined by comparison with dielectric com-
positions of known dielectric constants. Results
of these measurements are as follows:

Modifled Lignocel-
lulose Pulp
Frequency | Kraft
Kilocycles | Pulp ;
23% | 0.71%
Nitrogen | Nitrogen
|
1 6.33 7.01 6.97
50 6.40 7.42 6. 86
1,000 5.90 6.85 6. 44

The advantages in employing the pulps of our
invention in dielectric spacers for capacitors are
realized as over-all increases in capacitance as
compared with capacitors of the same dimensions
in which the spacers comprise ordinary kraft
paper. For example, at 1,000 cycles, the total di-
electric constant of kraft paper and pentachloro-
diphenyl is 5.32 while the total dielectric constant
of our modified lignocellulose pulp having a
nitrogen content of 0.77 percent and penta-
chlorodiphenyl is 5.65. This represents a 6 per-
cent increase in capacitance.

If modified pulp of higher nitrogen content, for
example, a modified pulp containing 2.3 percent
nitrogen is employed in a dielectric spacer with
pentachlorodiphenyl, the over-all dielectric con-
stant becomes at least 6, representing an 11.5
percent gain in capacitance. If a dielectric lig-
uid, such as tetrachloro-ortho-nitrodiphenyl,

having a dielectric constant of about 20 is used

as an impregnant, the over-all constant increases
from 7.90 with kraft paper to at least 9.52 with a
paper prepared from our modified pulp contain-
ing 2.3 percent nitrogen, representing a gain in
capacitance of 20.5 percent.

What we ciaim as new and desire to secure
by Letters Patent of the United States is:

1. A material comprising the fibrous product
of reaction of a lignocellulose pulp with acryloni-
trile in an aqueous alkali metal hydroxide medi-
um, said fibrous material having a nitrogen con-
tent of from gbout 0.3 percent to about 2.8 per-
...cent,

2. A material comprising the fibrous product
of reaction of a lignocellulose pulp with acryloni-
trile in an aqueous alkaline medium containing
from about 6 percent to about 12 percent of an
alkali metal hydroxide, said fibrous material hav-
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ing g nitrogen content of from about 0.3 percent
to about 2.8 percent.

3. A material comprising the fibrous product
of reaction of kraft pulp with acrylonitrile in
an aqueous alkali metal hydroxide medium, said
flbrous material having a nitrogen content of
from about 0.3 percent to about 2.8 percent.

4. A dielectric material comprising the fibrous
reaction product of a lignocellulose pulp and
acrylonitrile in an alkali metal hydroxide solu-
tion said fibrous material having a nitrogen con-
tent of from about 0.3 percent to about 2.8 per-
cent.

5. A dielectric sheet material comprising the
fibrous reaction product of a lignocellulose pulp
and acrylonitrile in an aqueous alkali metal hy-
droxide medium, said fibrcus material having a
nitrogen content of from about 0.3 percent to
about 2.8 percent and a dielectric composition
comprising a halogenated hydrocarbon

6. A dielectric sheet material comprising the
fibrous reaction product of g lignocellulose pulp
and acrylonitrile in an aqueous alkali metal hy-
droxide medium, said fibrous material having a
nitrogen content of from about 0.3 percent to
about 2.8 percent, and a dielectric composition
comprising a petroleum hydrocarbon.

7. A dielectric sheet material comprising the
fibrous reaction product of a lignocellulose pulp
and acrylonitrile in an aqueous alkali metal hy-
droxide medium, said fibrous material having a
nitrogen content of from about 0.3 percent to
about 2.8 percent, and a dielectric composition
comprising castor oil,

8. A dielectric sheet material comprising the
fibrous reaction product of a lignocellulose pulp
and acrylonitrile in @n aqueous alkali metal hy-
droxide medium, said fibrous material having a
nitrogen content of from about 0.3 percent to
about 2.8 percent, and g dielectric composition
comprising pentachlorodiphenyl.

HARRY F. MILLER.
RALPH G. FLOWERS,
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