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This invention concerns the art of paper mak-
ing, and’is more particularly addressed to a paper
and process of making the same in which the

paper is excellently adapted to the demands made.

upon papers which require a treatment in the
wet condition or may be subjected. to wetting
while in service; such as “blueprint” papers.

One feature of the invention is the provision
of a sizing liquor capable of inducing high wet
strengths. in paper. . ‘ o

Another feature of the invention is the pro-
vision-of a paper having wet tensile strength in
excess of 900 grams and wet rub value above 5.

Another featuie of ‘the invention is the pro-
vision - of a paper having the stated strength
values and being dimension-fast, that is, be-
ing highly resistant to change of dimensions as a
result of prior wetting.

A further feature is the production of a paper
having the stated wet strength values, satisfactory
dry strength values, and satisfactory resistance
to the penetration and. spreading of. liquids ap-
plied to the paper such as writing and printing
inks, and light-sensitive coatings.

A further feature of the invention is a process
of producing such . a paper by reacting paper-
maker’s sizing starch with glyoxal in the presence
of the paper fibers. :

A further feature is.a 'process of producingsuch
a material by employment of existing paper-
making ‘machines,. through ‘'use of an improved

sizing liquor, witha completion of the procedure

during the normal drying procedure. :

With these and other features in view, ashv‘vil(l‘

appear in the course.of the following description
and claims, illustrative examples of-practice are
set forth for-indicating. the-properties of the

paper produced and the procedure of making the

same. e P
These examples will be-set .out illustratively
with the employment of a basic stock. or.paper
material which is presently accepted in'the in-
dustry as being adapted for blue-print paper. By
way of comparison,” when this stock was tub-

sized in the -usual way with a 10 per cent disper-:

sion of an oxidized or chlorinated starch, designed
for this type of sizing, and then dried by heat-
ing, the wet tensile strength was about 460 grams.

By way of further comparison, when samples of

this same paper were tub-sized with a 10 per cent
dispersion‘of the same modified starch, previous-
ly cooked with 5.8 per cent of formaldehyde
(based ‘upon the dry weight of starch in the
system), and then dried by heating, the wet ten-
sile strength was about 590 grams.. While this
is a significant increase in wet strength; it is not
sufficient to satisfy the demands for g blueprint
paper, where a wet tensile strength in excess, of
900 grams, and preferably in excess of 1200 grams,
is required. :

‘According to this invention, a size for samples
of this paper was prepared by cooking the starch
with glyoxal (5 per cent of the dry weight of the
starch) : this was applied in the same manner as
the formaldehyde-treated or un-treated starch;

- and then subjected to drying and heating, where-
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upon it was found that the wet tensile strength
was 1160 grams. On another lot of paper, treated
in the same way, the increase in wet tensile
strength was from 450 grams for the starch-sized
paper to 1340 grams for the starch-glyoxal-sized
paper. .

In addition to this great increase of wet tensile
strength, it was discovered that the resistance to
wet abrasion, or the so-called wet-rub value, was
greatly increased. For comparison, the starch-
sized paper.gave a value of 2 rubs, the starch-
fomaldehyde-sized paper gave a wet rub of 2,
while the starch-glyoxal-sized paper gave a wet
rub of 17.

The testing methods employed were modifica-
tions of the TAPPI gtandards but are believed
more severe, . Wet tensile strength was deter-
mined - by T-456M44, but immersing the whole
paper strip in water at 21° C. for g half-hour, and
then mounting the wet strip in the jaws of the
standard strength tester, and making the test as
prescribed for dry tensile strength, by T—404—M-—
44, Wet rub testing consisted of soaking pieces
of the paper in water at 21° C. for one minite,
and then rubbing with the thumb until roughness
is felt to have been developed on the surface of
the paper. .

The dry tensile strength is not decreased by the
treatment, and in most cases is improved with
other dry properties, ‘

In these comparisons, the “starch” sizings were
prepared. by suspending 1200 grams of the oxi-
dized or chlorinated starch in 4800 ml. of water,
and dispersing the starch by cooking for ten min-
utes at between 80° C. and 85° C. The system
was then diluted to 12 liters with water, there-
with cooling to a temperature of about 40 degrees
to 45 degrees C., and used in a pilot plant hay-
ing a sizing press which accommodates rolls of
baper  twelve inches wide and ‘about eleven
inches in diameter. The speed of this sizing
bress was adjusted so that the degree of sizing
(as measured by the amount of wet size dispersion
soaked up by the paper) was the same as that
produced on commercial machines during com-
mercial runs. ‘

In preparing the starch-formaldehyde or
starch-glyoxal sizes, the starch was suspended
and dispersed as before but, after dispersion, the
formaldehyde or glyoxal was added, and the cook-
ing continued for an additional five minutes be-

fore the size was diluted to twelve liters, there~

with cooled, and then employed in the size press:
as before.
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In general, the operation can be employed with
paper-maker’s starches of various sources such
as potato, wheat, corn, tapioca, etec. In practice,
- the original starch must have been treated in
such a manner that, when cooked at above the

gelation temperature of the starch, that is to say.

at a temperature of between about 70° C. and 80°
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It has been found that the concentration of
glyoxal, for sizing blueprint papers to obiain

. high wet tensile strength and wet rub values, de-
- pends upon the effective starch concentration in

C., the modified or solubilized starch must have
lost its identity of granules atrid also be capable of -

producing a fluid or free flowing (Saybolt vis~
cosity below 40 seconds) sizing dispersion at the
temperatures normally maintained for the sizing
operation, i. e. between 40° C. and 60° C. (104-140
degrees F.).
dispersion is required so as to allow the material
to soak into the paper and permit the excess to
be removed from the surface by squeeze rolls
while leaving the paper essentially with its orig-
inal surface characteristics. The general mo-
lecular starch structure does not appear changed:
and the ‘herein-described glyoxal reaction occurs
with the various modified forms.  Such treat-
ment of the raw starch to produce a fluidly dis-
persable material is accomplished in practice by
one of several procedures, for example, by a
chlorination or oxidizing operation, by dextrini-
zation, by enzyme conversion, etc. Such' pro-
cedures of preparing satisfactory fluid dispersions
of starch are described, for example, in ‘“Paper
Trade Journal” for February 19, 1942, at page
107 et seq., for February 17, 1938, at page 27
et seq. and for December 3, 1942, at page 30
et seq. It will be understood that the words
“starch dispersion” refer to a starch size, of
components used by paper-makers for surface or
“tub” sizing operations, present in the form of
free flowing aqueous dispersion: and that “paper-
maker’s modified starch” is employed in its nor-
mal meaning of a starch converted for paper-
maker’s use and capable of forming a fluid dis-
persion as distinguished from a jelly or paste or
suspension of separate particles.

It has been found that glyoxal reacts with these
various so-called “modified starches” in substan-
tially the same fashion. For example, Table I
shows . the hehavior with diastase-converted
starch and with chlorinated starch, the starch
being present at 10 per cent (dry weight) concen-
tration in the sizing liquor in each case. '

Table I
) Wet
Wet RUD | mensite
109, diastase converted starch. ..o ___..__.. 2 690
10%, diastase converted starch4-1.6% glyoxal... 8 940
109, diastase converted starch-+4.8% glyoxal. ... 18 1, 360
109, chlorinated starch. ..o coee 3 803
10% chlorinated sterch4-4.8% glyoxal ... _____ 23 1,670

‘Similar results have been obtained with starch

which has been slightly dextrinized by roasting,

" as referred to in the aforesaid publications:

Table II
“Wet -
Wet Rub | mansile
10% dextrin size. 2 700
109, dextrin size+1.6% glyozal . ... _ 3 790
10% dextrin size+4.8% glyoxal .___.. e e 9| . 1,010
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the liquor, ' Assuming a 10 per cent (dry weight)
starch concentration, as a standard, a concentra-
tion of less than 2 per cent of glyoxal produces
a greater increase of values than can be obtained’

‘with formaldehyde, for example, but does not pro-

duce the high and optimum values which are de-
sirable for blueprint papers. On the other hand,

- & concentration of more than 5 per cent of glyoxal

in such liquors leaves the paper with so much
unchanged glyoxal that a reducing environment
results: so that the reducing effects, in the pres-
ence of the photographic blueprint and negative
sensitizing coatings, tend fo cause a premature
change of color, for example, what is called
“silvering.” 'This difficulty is not present, how-
ever, when the paper is to be used for printing.
Thus, the desirable range of concentration of
glyoxal, for a 10 per cent starch solution, is be-
tween 0.2 per cent and 0.5 per cent, or from one-
fiftieth to one-twentieth of the concentration of
the starch . itself for photographic papers. At
these values, the following wet strengths can be
expected:

Table 11
g Wet
Wet Rub Tensile
10% chlorinated starch-+5% glyoxal.o. oo 17' 1,160
Do 22 1,320
Do 27 1,440
10% chlorinated starch--4% glyoxal 23 1,410
Do a1 1,360
109, chlorinated starch+3% glyoxal. 10 1,080
Do. 15- 1,130

While it has been found that a 10 per cent
concentration of starch in the sizing liquor is a
desirable one, changes of this ratio of dispersion
can be used, for specific cases. -It has been found
that if the starch dispersion is too dilute (say 5
per cent or less concentration of starch in the
system) then there is a lesser reaction between.
the glyoxal and the starch, and lesser strength
values develop. 'The commercial preparation of
a surface or tub-size comprises the dispersion of
about 15 to 35 per cent of modified starch in the
original water, by cooking, and then dilution of
the same to a proper viscosity for application on
the commercial machine. ‘When the glyoxal is
cooked into the starch, at such concentrations
the particular percentage of starch present ap-
pears to have no appreciable effect upon the wet
tensile strength, and only a slight efiect upon the
wet abrasion or “wet rub” value. By way of com-
parison, employing a bond paper, rather than'a
blueprint paper, the following values. were .ob-
tained with different starch concentrations:

Table IV

) Wet Strengths
Starch cooked with 39, glyoxal

| "Rub | Tensile
1,200 gm. starch in 3 liters water (28.6%) 16 900
1,200.gm, starch in 4 liters water (23.0%) - 14 860
1,200 gm., starch in 5 liters water (19.4%)--- 13 920
1,20 12 890

0 grm. starch in 6 liters water (16.7%)

- For Tables I and II, identical papers were used |

for tub-sizing, being Strathmore blueprint paper
#6386, :

75

" Likewise, the time of cooking of the starch and
glyoxal does not appreciably change the wet
strength developed in the paper. For example,
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after the cooking for dispersion had been com-
pleted, an additional cooking time in the presence
of glyoxal, of five minutes, gave a wet tensile
strength of 1440 grams, while cooking for ten
minutes gave 1320 grams, and for fifteen minutes
gave 1350 grams. That is, other factors appear
to have a greater influence, including minor varia-
tions in the preliminary cooking for dispersion:
but in each of these instances of timing, it will
be noted that the final wet tensile strength was
above 1300 grams. Indeed, it is believed that the
major part of the strength is developed during
the final drying and heating operation, and that
the preliminary coupling, or like reaction, occur-
ring in the preparation of the sizing solution, is
relatively lesser in importance. Thus, the cook-
ing occurring while the glyoxal is being distribut-
ed In the dispersed. starch, within a couple
minutes, may be sufficient in some instances for
developing adequate strengths.

- In practice, it has been found to make little
difference in the final strength properties,
whether the glyoxal is added to the water be-
fore the starch is suspended therein and the
cooking started, or whetheér the glyoxal is added
after the starch has been dispersed in the water
by cooking or the like. In the previous tables, the
size solution was preépared by adding the glyoxal
after the dispersion had been accomplished by
cooking. For purpose of comparison, sizing solu-
tions were prepared by adding the selected quan-
tity of fechnical or commercial glyoxal to 5 liters
of water, adding preservative at the same time
when preservative is to be used. 1200 grams of
the mecdified starch was then added slowly, with
stirring to obtain an even suspension. The sys-
tem was then heated -to above the gelation point
of the starch (between 70° C. and 75° C.), a tem-~
perature of 80° to 85° being preferably em-
ployed: the cooking is carried on at this tempera-
ture for between five and ten minutes. The heat-
ing can be done by the direct injection of live
steam, or by use of a steam-jacketed kettle. The
direct injection is preferred, to avoid possible
formation of a layer of gelled and less soluble
starch material on the hot surface of the kettle.
Comparing the results, dependent upon the time
of adding the glyoxal: - :

Table V

Wet tensile

Glyoxal added after starch is swelled 1300

Glyoxal added after starch is swelled -____ 1240
Glyoxal added before starch is swelled -___ 1170
Gilyoxal added before starch is swelled __._ 1250
Glyoxal added before starch is swelled ____ 1230

However, when raw starch is to be dispersed by
the enzyme conversion method, the glyoxal must
be added after the starch has been dispersed from
its suspension form, in order to avoid the action
of glyoxal in killing the enzyme. Since a hormal
procedure is to permit the conversion to proceed
to a ‘desired point of viscosity or dispersability
of the starch, and then to terminate the conver~
sion by heating, the glyoxal can properly be add-
ed just before this heating is begun. .

The reaction between glyoxal and the starch,
which is believed to occur, takes place in sizing
solutions of normal acidity: and will also occur
in the presence of weak alkaline salts. Owing
to the possibility of an auto-oxidation-reduction
reaction of the Cannizzaro type, when strong
alkali conditions are present, the solution should
not -be more alkaline than about pH 9.0. How-
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ever, the présence of weak alkaline salts such ag
lithium and sodium carbonates do not cause this
reaction to take place to any.appreciable degree,
nor do these salts change the reactivity of glyoxal
toward modified starches in any fashion to im-
pair the wet tensile strength of the sized paper
preduced thereby.

The glyoxal may be of high chemical purity,
but such is not needed: in practice it can be em-
rloyed in the commercial form, sometimes called
a polymer and at times designated ag tetrahy-
droxydioxan. The material used for several of
the above examples had a concentration of 30
ber cent; but commercial products may vary
irom this by several per cent, due allowance be-
ing made in the amount of material taken.

The technical grade of glyoxal contains an ap-
preciable concentration of formic acid, and ex-
hibits a value of pH 1.3 to pE'2.0. When it is
desired to operate under more alkaline condi-
tions, this acid can be neutralized or partly neu-
tralized with such weak alkalies as the lithium
carbonate or sodium carbonate stated above, and
the resulting glyoxal solution can then be added
to the starch dispersion with essentially the same
results as though the original glyoxal, without
neutralization, had been employed. Some. buf-
fering appears to be present from the starch dis-
persion, but in general the wet rub resistance
appears greater when glyoxal solutions, and pre-
pared sizes, are used with a pH above 5.0, as for
example:

Table VI

Size prepared with

3% glyoxal, pH Wet Strengths
Conditions

Glyoxal |Prepared 5

Solution | Sige | Bub | Tensile
8.6 7.12 15 1,010
7.3 5.7 18 1,080
7.15 7.1 15 1,080
6.5 6.3 12 1,080
1.3 4.0 10 1,080

In preparing the sizes used for Table VI, the
starch dispersion was. brought to the stated pH
value of 7.1 in the third example above, before
adding the neutralized glyoxal solution. The re-
sults of Table VI were obtained by using speci-
mens from the same lot of paper; except for the
first example above, which employed a paper hav-
ing a somewhat less web tensile strength in the
absence of the glyoxal-starch sizing,.

- The results of Table VI were obtained by use
of chlorinated starch, which when dispersed ex-
hibited a pH of 5.75. i

In another series of sizings, using 4 per cent of
glyoxal, and adjusting its pH value as noted, re~
sults were obtained:

Table VII
Wet Strengths
DH ofglyoxal .
solution Rub Tensile
6.0 29 1,240
5.8 14 1,210
13 16 1,170

In preparing and testing sizing liquors within
the presently preferred pH values of about 4 to 6
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for the sizing solution, it was found that the fol-
Iowmg varlatlons may be expected:

Table VIII

Wet

Approxiinate
Tensile

pH of size Average

1,140
1,230
1,300
1,190
(1,210 1,220
950 | weemeam
1,270 1,260

[= Y= Do e

It has been found that excellent conditions can

be produced by employing thé sizing solution in
_a size press formed as a part of a normal paper-

making machine..” Thus, the paper web is intro-
duced to the sizing solution and is permitted:to
take up a quantity of the sizing solution which is
dependent upon the properties of this sizing
liquor, the time of contact, the preliminary con-
dition of the paper stock, etc. Thereafter the
water is evaporated away, and then the sized
paper is dried.

The temperature at which the sized paper is
dried, and therewith apparently a final reaction
produced, has some effect upon the final wet
strength developed. The temperatures available
in a commercial paper-making machine are deter-
mined by the practical necessities of obtaining a
good rate of production, and by limitations of
steam pressure to be employed in the drying
drums on the machine. It has been found that
temperatures of 121° C. to 134° C. are easily main-~
tainable on the machine which has been used for
the work. The drying temperature should be
from 110° C.to 150° C.,to secure a sufficiently rapid
drying and reaction, and to avoid side reaction.
In practice, for example, the following values were
found, under otherwise identical conditions:

Table IX
Drying Ti Teipes. | Wet Rub]| et
rying Time emper- | Wet Ru :
7 ature Tensile
°C.
15 seconds. 121 15 1,130
15 86000 dS - ez 134 17 -1,250

Since the drying time on a paper-making ma-
chine may he a critical commercial factor, it is
interesting that the actual drying time at a given
temperature is not so critical for the develop-
ment of optimum wet strength values as the dry-
ing temperature for the given time This is il-
lustrated by the following table: =

Table X
[10% size prepared with 3% glyoxal.]

Drying Wet Strengths

Time Rub Tensile

10

15

20

25

35

40

45

50

55

60

8

’ {10% size prepared with 4% glyoxal.]

Drying Wet Strengths
Temp. Time Rub Tensile

°C. Sec.

121 16 23 1,410
121 30 24 1,370
121 60 25 1,440
121 120 26 1, 500
134 15 24 1,390
134 30 34 1,470
134 60 35 1,470
134 120 40 1,410

As g further example of practice, oxidized
stareh has been cooked with 5 per cent of glyoxal,
under the conditions given above, and then di-
luted and cooled to the proper consistency (ratio
of 1200 grams of starch to about 10 liters of
water) and then another 5 per cent of glyoxal
was added. When this was used as a sizing solu-
tion for paper, upon drying and heating as above,
corresponding wet strength and wet rub values
were obtained, and also the paper was ‘“non-ex-

" panding” or “dimension fast” useful for printed

maps and other employments where this quality
is of primary importance, in that its dimensions
were not changed upon wetting, or by successive
wetting and drying, within wide ranges of pro-
cedures. It appears that this excess glyoxal re-
acts with the cellulose fibers of the paper itself
in some fashion to change their behavior with re-
spect to water, either by making them less sub-
ject. to the imbibition of water or by causing a
tie between the fibers at points of contact. If
the residual quantity of unreacted glyoxal, at
the end of the drying, causes oxidation-reduction
action, it may be removed by leaching.

When penetration resistance to ink, for ex-
ample, is not of importance, the starch-glyoxal
size may be added to the pulp, a waterleaf sheet
formed, and this sheet dried and heated as de-
scribed above. Therewith a paper toweling, for
example, may be made which has the stated high
increment of wet strengths, and also has improved
dry strength values, such as:

Table XI

Dry tensile, grams

Control experiment (low rosin size) 3297

Oxidized starch size (3% cone.) — e __ 3543
Oxidized starch—glyoxal size (109% starch:

3% -glyoxal) -

It is obvious that the forms of practice stated,
and the products, are illustrative: and that the
invention may be executed in many ways Wlthln
the scope of the appended claims.

I claim:

1. A paper having a wet tensile strength in ex-
cess of 900 grams and a wet rub- value above 5,

“and characterized in having a sizing predom-
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inantly consisting of reaction product of glyoxal
and paper-maker’s: modified starch, said glyoxal
being present as one-fiftieth to one-twentleth by
weight of the dry weight of starch.

2. A paper having a wet tensile strength above
1200.grams, a -wet.rub value above 10, and char-
acterized in-having a sizing predominantly con-
sisting of the baked reaction product of paper-
maker’s modified starch with one-fiftieth to one-
twentieth its weight of glyoxal on the basis of dry
weight of starch. :

‘3. The method of sizing paper, which comprises
applying to the fibers a water dispersion of a 5 to
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35 per cent of paper-maker’s modified starch re-
acted with 2 to 5 per cent of glyoxal on the basis
of the dry weight of starch, drying the water
from the paper, and thereafter heating to a tem-
perature of 110° C. to 150° C.

4, The method of sizing paper, which com-
prises heating a papeér-maker’s modified starch
and glyoxal in water, the starch concentration
being from 5 to 35 per cent and the amount of
glyoxal being 2 to 5 per cent by dry weight of
starch, applying the sizing liquor to the paper,
drying, and then heating to a temperature of
110° C. to 150° C.

5. The method of preparing a sizing liquor for
praper, which comprises suspending a paper-
maker’s modified starch in water, cooking for
about ten minutes at above the gelation point
of the starch for effecting swelling of the starch,
adding 2 to 5 per cent of glyoxal based on the
dry weight of the starch and adjusting the pH
value to between 4 and 9, continuing the cooking
for about five minutes, and then diluting and
cooling the product.

6. The method of preparing a sizing liquor
for paper, ‘which comprises cooking a paper-
maker’s modified starch in water for about five
minutes at about 85° C. for effecting swelling of
the starch, and in the presence of about 3 per
cent of glyoxal, based on the dry weight of the
starch, while maintaining the pH of the liguor
between 4 and 9, and then diluting with water
and thereby cooling the product to below 70° C.

7. The method of preparing a sizing liquor for
paper, which comprises dispersing: a paper-
maker’s: modified starch in water at a concen-
tration of 5 to 35 per cent, dissolving commercial
glyoxal in water and adjusting to a pH value of
4 to 9 by weak alkaline salt, adding the glyoxal
solution to the starch dispersion and heating at
a temperature of about 85° C. for about five min-
utes, the quantity of glyoxal being about 3 per
cent based on the dry weight of the starch, and
then diluting and cooling the product to below
70° C.

8. A sizing liquor for paper, comprising water
and dispersed. therein the reaction product of
cooking at 80° C. to 85° C. for about five minutes
a 5 to 35 per cent dispersion of a paper-maker’s
modified starch with 2 to 5 per cent of glyoxal
based on the dry weight of starch.

9. A tub-sizing liquor for paper, consisting of
water and dispersed therein the reaction prod-
uct of cooking at 80° C. to 85° C. for about five
minutes a water dispersion of about 10 per cent
paper-maker’s modified starch with about 4 per
cent of glyoxal based on the dry weight ‘of starch.
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10. A sizing liquor for paper, comprising water,
dispersed therein about 12 per cent of the reac-
tion product of cooking at 80° C. to 85° C. for
about five minutes a water dispersion of paper-
maker’s modified starch with about 5 per cent
of glyoxal based on the dry weight of the starch, -
and also containing in addition about 5 per cent
of glyoxal.

11 A paper having a wet tensile strength in
excess of 900 grams and a wet rub value above 5,
and characterized in having a sizing coating
thereon predominantly consisting of a reaction

‘product of glyoxal and paper-maker’s modified

starch, said glyoxal being present as one-fiftieth
to one~-twentieth by weight of the dry weight of
starch.

12. The method of sizing paper, which com-
prises dispersing a paper-maker’s modified starch
in water at a concentration of 5 to 35 per cent,
dissolving commercial glyoxal in water and ad-
justing to a pH value of 4 to 9 by weak alkaline
salt, adding the glyoxal solution to the starch
dispersion and heating at a temperature of about
85 degrees C. for about five minutes, the quantity
of glyoxal being about 3 per cent based on the
dry weight of the starch, diluting and cooling
the product to below 70 degrees C., applying the
sizing liquor to the paper, drying, and then heat-
ing to a temperature of 110 degrees C. to 150 de-
grees C.

13. A sized paper made in accordance with
claim 12, and characterized in having a wet
tensile strength in excess of 900 grams and a
wet rub value above 5,

- PAUL B. DAVIDSON.
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