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This invention relates to the manufacture of paper com-
posed of partially esterified cellulose fibers improved in
strength characteristics by sizing with styrene-maleic acid
or styrene-maleic anhydride type resins having therewith
a cross-linking agent and subsequently heat treating at a
temperature within the range of 350-400° F. such as with
infrared heat or oven for a time short of that which would
cause discoloration of the paper.

Paper as ordinarily prepared is useful for. numerous
purposes such as wrapping, writing paper, newsprint,
printing paper, and many other of the common uses for
that material. Paper has also been found to be useful
for special purposes but modifications in the usual paper
making processes to prepare paper for those specialy pur-
poses are scmetimes necessary. For instance, it is desir-
able that paper for photographic purposes exhibit good
stability and resistance to imbibition of salts in processing
operations. Papers subjected to aquecus baths have often
been characterized by curling. This is particularly ob-
jectionable in photographic processing and in the finished
photographic products.

The application of a waterproof coating to paper for
photographic purposes such as the application of a cel-
lulose ester coating thereto has been suggesied. Often-
time waterproof paper exhibiis.a certain amount of stiff-
ness and in many cases offers resistance to the applica-
tion of a coating of an aqueous photographic emulsion
thereon. The cost of preparing waterproofed paper for
photographic purposes has often been high which has pre-
cluded its use in commercial manufacture.

Tt has been discovered in recent years that paper com-
prising cellulose fibers chemically combined with lower
fatty radicals exhibits properties superior to those of paper
prepared from conventional wood pulp fibers. For in-
stance, paper prepared from cellulose fibérs having a
lower fatty acid radical content of 15-25%, apparent
acetyl, exhibits good dimensional stability and freedom
from appreciable curl. Also, paper of this type is char-
acterized by low water and salt retention’ in photographic
processing operations in compariscn with many types of
paper base which have been employed heretofore. It is
‘desirable in the case of paper prepared from partially
acylated fibers that it in addition exhibit high strength
and good resistance to certain coating solvents. It is also
desirable that such a paper be resistant to size change
when subjected to atmosphere varying in relative hu-
midity or to the aqueous baths used in photographic proc-
essing. ’

One object of our invention is to provide a method for
treating paper of partially acylated fibers involving the
use of heat whereby the strength of that paper is increased.
Another object of our invention is to provide a method
for treating paper of partially acylated fibers in which its
resistance to the effects of certain coating solvents is en-
hanced. A further object of our inveniion is to provide
a method for treating paper in which the dimensional sta-
bility properties as represented by changes during wetting
are enhanced. - A still further object of our invention is
to prepare a partially acylated paper compatible with
silver halide photographic emulsions. Other objects of
our invention will appear herein.
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The partially acylated paper treated in accordance with
our invention is composed of 75-100% of partially acyl-
ated cellulose fiber, the cellulose fibers being chemically
combined with fatty acid radicals of 2—4 carbon atoms
which fibers then have a combined apparent acetyl con-
tent of 15-25%. In making the paper, the acylated fiber
is conveniently dispersed in water to form an aqueous
sturry and beaten to a slowness useful for the paper mak-
ing operations. If any other fiber is used, it is present
in an amount no more than 25% of the total fibers of the
paper. This other fiber may be a wood pulp or a rag
fiber as commonly used to make paper of sheet quality.
After beating, the pulp sturry is applied to the wire of a
paper machine preferably after first incorporating sizing
therein such as described in Griggs and Zaffrann applica-
tion Serial No. 22,711, filed on even date. After the
paper is formed and desirably after drying, it may be
tub sized with a styremne-maleic anhydride or styrene-
maleic acid resin preferably after this resin has been
mixed with a non-formaldehyde cross-linking agent such
as a diepoxide resin. The paper is then subjected to a
heat treatment such as that obtained by bringing the paper
to a temperature of 350-400° F., preferably 350-375° F.,
for a period of at least 5 and preferably 10 seconds but
short of causing discoloration of the paper.

The method of sizing paper with the styrene resin ma-
terials is described in application Serial No. 22,710 of our-
selves, filed of even date. :

In accordance with our invention, the paper is subjected
to the 350-400° F. temperature for a short time so as to
avoid discoloration as may occur with prolonged heating.
When the heating operation is carried out in an oven, the
operation can be from 3 seconds up to 2 minutes or pos-
sibly longer without discoloration occuring. 'When heat-
ing by infrared rays is used, the paper is heated up so
much faster that the time of heating should ordinarily be
limited to less than a minute to avoid discoloration. If
the heating is carried out by passing the paper between
rolls heated to 350-400° F., the time of contact is ordi-
narily sufficiently short that discoloration is avoided.

“We have found that by sizing partially acylated fiber
paper and heat treating in accordance with our invention,
substantial increases of mullen and wet tensile strength
are obtained and resistance to water penetration is some-
what better than with paper prepared from partially acyl-
ated cellulose fibers without the described sizing and heat

‘treatment. In addition, there is a substantial improve-

ment in the dimensional stability as indicated by the de-
crease in the wet expansion.

If paper is formed in the manner described above but
sized with a gelatin solution in preference to the styrene-
maleic anhydride or acid resin solution, similar results

‘may be realized but to a less extent than with styrene-

maleic anhydride resin sized paper.

The following examples illustrate the preparation of
paper both with and without the utilization of our inven-
tion and 2 comparison of the characteristics obtained:

EXAMPLE 1

A roll of paper was prepared from cellulose fibers hav-
ing a combined acetyl content of approximately 20%
which had been internally sized with 7% starch, 2%
of a cationic thermosetting polyamide-epichlorohydrin
resin, as described in Example 1 of U.S. Patent No.
2,926,154, and ¥ % of stearoyl hexadecylethenone (alkyl
ketene dimer), all based on the weight of the fiber, dyes
also having been added, in a manner similar to that de-
scribed in Griggs and Zaffrann application Serial No.
786,041, filed January 12, 1959. Half of this roll of
paper was sized with 2% gelatin aqueous solution. The
other half of the Toll of paper was also sized with a 2%
gelatin solution but then was subjected to an infrared
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heat treatment in such a manner that the sheet tempera-
ture came to 350° F.'in about 5 seconds and remained at
about 350-375° F. for another 5-13 seconds. The papers
were both tested with the results given in columns A and
B of Table I which follows. It is to be noted that there
was an increase of approximately 20% in wet tensile
strength, a substantial increase in penetration resistance
and a reduction in expansion, swell and bulk and in Cobb
size of the infrared treated paper (B) compared with the
paper not subjected to 350° F. temperature.

EXAMPLE 2

A roll of paper was prepared from partially acetylated
fibers in a manner similar to that described in the pre-
ceding example except that the paper was sized with a
mixture of 2% each of styrene-maleic anhydride and
styrene-maleic acid resins as described in application
Serial No. 22,710 of ourselves, filed of even date. This
roll of paper was water finished and one half was treated
with infrared rays in such a manner that the sheet tem-
perature came to about 350° F. in about 5 seconds and
remained at 350-375° F. for another 5-10 seconds.
Columns C and D of the table are the results obtained
when testing the paper not subjected to 350° F. tempera-
ture (C) and that subjected to infrared heat (D). Itwil
be noted that in the case of the infrared heated paper as
compared with the paper not subjected to high tempera-
ture, there was a 16% increase in wet tensile strength, a
marked improvement in dimensional stability as measured
by reduction in expansion, swell and bulk and improved
resistance to solvent effect as measured by decrease in
Cobb size value.

EXAMPLE 3

A roll of paper was prepared from partially acetylated
fibers in the manner described in Example 1. The paper
was water finished and one half of the roll was heat
treated in an oven at 350° F. for 2 minutes. The results
are given in columns A (not heat treated) and E (heat
treated) in the following table. It will be noted that
there was a 25% increase in Mullen, a 33% increase in
wet tensile strength, a substantial increase in penetration
and a marked improvement in dimensional stability as
measured by a reduction in expansion, swell and bulk
of the heated treated paper (E) over that which had
been given no heat treatment (A).

EXAMPLE 4

A 1oll of paper was prepared from partially acetylated
fibers in the manner described in Example 2. This roll
of paper was water finished and one half was passed
through an oven wherein it was subjected to a treatment
at 350° F. The results are given in column C (not heat
treated) and column F (heat treated) in the following
table. It will be noted that there is a 50% increase in
wet tensile strength and a marked improvement in dimen-
sional stability as indicated by the reduction in expansion,
swell and bulk of the heat treated paper (F) over that
which had been given no heat treatment (C).

Table 1

Tear:

Percent Swell..___
Percent Bulk.__.._
Cobb Size...._...
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The swell and bulk values are obtained from the fol-
lowing formulas after determining the dry thickness of
the paper by soaking the paper for 20 minutes in water
at room temperature and in the case of the former, deter-
mining the wet thickness and in the case of the latter,
the thickness upon redrying the paper to about 5% mois-
ture content.

Wet thick—dry thick
Dry thick

Wet, redried thick—dry thick
Dry thick
EXAMPLE 5

Samples of partially acetylated paper which had been
internally sized with aluminum stearate and cationic ther-
mosetting polyamide epichlorohydrin resin as described
in Griggs and Zaffrann application Serial No. 22,711,
filed of even date, were surface sized with gelatin as de-
scribed in Example 1 or with styrene-maleic anhydride
resin sizing as described in Example 2 and were subjected
to an infrared heat treatment in such a manner that the
sheet temperature came to about 350° F. in about 5 sec-
onds and remained at about 350-375° F. for another
5-10 seconds. These papers exhibited characteristics su-
perior to those of like paper which had been surface sized
with gelatin or with styrene-maleic anhydride resin but
which had not been subjected to the heat treatment.

The paper prepared as described in accordance with
our invention is eminently useful either with or without
a baryta (BaSO,+-gelatin) coating as a support for gela-
tino-silver haiide photographic emulsions. In those cases
where the emulsion layers are unhardened, it is desirable
to omit the gelatin size coating of the paper, the emul-
sion then being applied directly to the styrene-maleic
resin size layer with or without a preliminary baryta
coating.

We claim:

1. A method of manufacturing paper of good strength
characteristics which comprises preparing paper of fibers
at least 75% iwof which are cellulose fibers having an
acyl content of 15-25%, apparent acetyl, surface sizing
the thus prepared paper and subsequently subjecting the
paper to a temperature within the range of 350-400° F.
for a time short of that which will cause discoloration of
the paper.

2. A method for the manufacture of paper having good
strength characteristics which comprises preparing a paper
from cellulose fibers at least 75% of which are cellulose
having an acyl content of 15-25%, apparent acetyl, sur-
face sizing the paper with a styrene-maleic resin and
subjecting the thus sized paper to a heat within the range
of 350-400° F. for a time short of that which will cause
discoloration of the paper.

3. A method of manufacturing paper having good
strength characteristics which comprises preparing paper
from cellulose fibers at least 75% of which are cellulose
having an -acyl content of 15-25%, apparent acetyl, sur-
face sizing the paper with gelatin and subjecting the thus
sized paper to a temperature within the range of 350
400° F. for a time short of that which will cause dis-
coloration of the paper.

4. A method of preparing paper having good strength
characteristics which comprises preparing paper from
cellulose fibers at least 75% of which have been cellulose
having an acyl content of 15-25%, apparent acetyl, sur-
face sizing the paper with a sizing material selected from
the group consisting of gelatin and styrene-maleic resin
and subsequently subjecting the thus sized paper to treat-
ment with infrared mays sufficient to heat the paper to a
temperature within the range of 350~400° F. for a time
short of that which would cause discoloration of the
paper.

X100

Percent swell=

Percent bulk= X100
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fbers at least 75% of which have been cellulose having
an acyl content of 15-25%, apparent acetyl, surface siz-
ing the thus formed paper with a sizing material selected
from the group consisting of gelatin and styrene-maleic
resin and subsequently treating the paper in an oven
at a temperature within the range of 350-400° F. for a
time short of that which will cause discoloration of the
paper.

6. In the preparation of paper, in which paper, pre-
pared from cellulose fibers having an acyl content of
15-25%, apparent acetyl, and intermally sized with a
cationic thermosetting polyamide-epichlorohydrin resin,
is surface sized with a sizing selected from the group
consisting of gelatin and styrene-maleic resin, the subse-
quent step which comprises subjecting the paper to a
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temperature within the range of 350-400° F. for a time
short of that which causes discoloration of the paper.

References Cited in the file of this patent
UNITED STATES PATENTS

2,116,544 Schur May 10, 1938
2,577,624 Niles — Dec. 4, 1951
2,887,429 Griggs et al. e May 19, 1959
2,913,356 Schroeder ——— e Nov. 17, 1959
2,926,116 Keim Feb. 23, 1960
3,002,860 Bishop et @al. e Oct. 3, 1961
FOREIGN PATENTS ’
535,932 Great Brifain woceaeeemn Apr. 28, 1941



