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The present invention relates to paper having
advantageous properties and to the method of
making the same. By this invention, a paper
may be prepared in which desired characteris-
tics, depending on the intended use of the paper,
may be imparted thereto by a simple and inex-
pensive method.

In the usual paper-making process, cellulosic
fibres, i. e., fibres derived from various plant ma-
terials and consisting essentially but not entirely
of cellulose, are deposited from suspension in
- water to produce an interfelted web. A consid-
- erable amount of adhesion or bonding between
the individual fibres in contact with each other
develops upon drying this web, and it is this
peculiar property of cellulosic fibre that accounts
for the strength of paper. In some instances,
the dry strength, tear resistance, and other char-
acteristics of the dry sheet are not as high as is
desired, and the present invention affords a
means by which these properties may be mark-
edly increased.
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In addition, the lack of wet strength of the

usual paper sheet is disadvantageous in various
types of paper, and is particularly marked in the
case of products which during their use come into
contact with moisture, for example, it is espe-
cially disadvantageous in a paper towel, the
normal use of which takes place in the wet or
partially wet state.
results from the loss of most of the normal in-
terfibre adhesion when the paper becomes wetted
with water; for example, the usual absorbent
baper retains only 5% to 10% of its dry strength
when wet. The present invention provides a
paper in which the interfibre adhesion or cemen-
tation in the sheet has been modified so that
a paper is obtained with a high degree of wet
strength and of resistance to rubbing in the wet
state, as compared to an untreated paper sheet.
The paper also possesses a high degree of resist-
ance to strength loss when exposed to moist con-
ditions for long periods of time and tends to re-
cover any loss which it may have suffered when
again restored to dry conditions.

Other desirable properties may be imparted to
paper by the present invention, including in-
creased absorbency, and decreased shrinkage and
expansion when exposed to water or water vapor.
The present invention also affords a means
whereby a weak, porous waterleaf paper may be
converted into a sheet simulating bond or parch-
ment in appearance and feel. A paper may also
be produced in accordance herewith which is
both stronger and softer than a paper of the

The Jack of wet strength.
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same type not treated in accordance with the
invention,

The principal object of the Invention is to
provide a paper whose properties are advanta-
geously modified as hereinabove pointed out, the
characteristics imparted to the paper sheet in
any particular instance being dependent on the
use for which the paper is intended.

Another object of the invention is to provide
a paper of improved characteristics, which paper
may be easily and economically prepared with~
out the use of any toxic or other chemical detri-
mental in the intended use of the paper.

A further object is to provide a paper, such as
towel paper, having a relatively high degree of
wet strength without impairment of such prop-
erties as water-absorbency and softness required
therein.

Other objects, including the provision of a novel
method of preparing the product of the inven-
tion, will be apparent from a consideration of the
specification and claims. .

In accordance with the present invention, a
paper having wet strength in excess of that in-
herent in the normal paper structure, and other
improved properties, is provided in which the in-
crease in wet strength is imparted to the paper
by the presence of silica within and upon the
surface of the fibres, said silica being distributed
throughout the interfelted structure of the pa-
per. The product is prepared by associating
silicic acid (SiO2nH20) with the interfelted
structure of a paper sheet so that it is within
and upon the surface of the fibres throughout
the interfelted -structure of the paper, and the
treated paper is heated to convert the silicic
acid into silica. The heating step serves to de-
hydrate to some extent at least the hydrophilic
silicic acid and to convert it intc the insoluble
silica. The term “silica” is used herein to refer
to the condition of the silicic acid after the paper
has been dried, and is not used in a narrow sense,
since the silica in the finished paper sheet may
be in a somewhat hydrated form. The silicic
acid is associated with the paper in such an
amount that the silica, determined as SiOs2, pres-

" ent in the finished paper, is sufficient to impart
. desirable properties such as wet strength to the
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paper, but in amounts insufficient to render the
paper unsatisfactory for its intended purpose.
It has been found that as low as 0.1% SiOz by
weight in the finished paper based on the dry
weight thereof will increase the desired proper-
ties of the finished sheet, including the wet-
strength thereof, to a measurable extent as com-
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pared to the characteristics of the same paper
not containing silica as herein described. In
general, as the amount of SiOz present is in-
creased, within limits, the properties of the paper
are enhanced. However, due to the fact that de-
sirable characteristics of the paper, such as the
dry-tear resistance and elasticity, tend to be de-
creased when the 8102 present in the Anished
paper exceeds about 8%, the limits of the 8iOz
present in the paper, in accordance with the pres-
enf invention, are between 0.1% and about 8%
by weight, based on the dry weight of the paper.

The amount of silica employed in any particu-
lar instance will depend upon the paper treated
and the properties desired in the finished prod-
uct,

In the freatment of towel paper to increase its
wet-strength and resistance to rubbing when wet,
it is essential to maintain the normal character-
istics of the paper, such as softness, for other-
wise the product would not serve satisfactorily
for its intended purpose. Therefore, the upper
limit of 5102 will be controlled so that the paper
is not appreciably altered in such characteristics,
and the amount of SiO2 present will generally
be between 0.1% and about 3.0% by weight based
on the dry weight of the paper, preferably be-
tween about 0.5% and 2.0%, generally about 1%.
As will hereinafter appear, if in any particular
case undesirable stiffness is imparted to the sheet
by reason of the presence of the silica therein,
a dispersible oil may be incorporated in the prod-
uct to impart softness thereto.

The present invention is to be differentiated
from the silicate sizing process, wherein sodium
silicate solution is added to the dilute pulp-water
suspension in the beater, followed by the addition
of alum, The alum and sodium silicate react to
form & precipitate, a portion of which adheres
to the surfaces of the fibres, without significant
penetration thereof. In accordance with the
present invention, the paper after its formation
into an interfelted web is treated in such a man-
ner that silicic acid is incorporated within, as
well as upon the surface of the fibres in con-
trolled amounts to impart to the paper the de-
sirable characteristics. The incorporation of the
silicic acid within and upon the surface of the
fibres, as herein contemplated, produces a sheet
that, upon drying, has silica deposited within
the fibres which reduces their tendency to swell
upon the application of water and otherwise
functions to impart the desirable properties de-
scribed. .

The paper treated in accordance with the in-
vention may be of any type or grade, for example,
towel, waterleaf, kraft, bond, wall board, build-
ing paper, outdoor advertising paper, photograph-
ic paper, wrapping paper, and the like.

As previously stated, silicic acid is associated
with the interfelted structure of the paper so that
it is within and upon the surface of the fibres
thereof, and the treated sheet is heated to con-
vert the silicic acid into silica. The silicic acid
may be associated with the paper by several meth-
ods, for example, by treating the paper with an
aqueous solution of silicic acid, or by treating
the paper with a solution of an alkali metal
silicate, with subsequent neutralization, either
before or affer drying, of the alkali metal oxide
associated with the SiO2 of the alkali metal
silicate, so that there is no sodium silicate pres-
ent, that is, no sodium oxide associated with the
SiO2. As g result of the neutralization, a silic-
eous product is formed, which for the purposes
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of the present invention is deemed to be silicic
acid.

The impregnating solution is brought into con-
tact with the paper either during its fabrication
or after it has been fabricated and dried. Advan-
tageously, the solution is applied to the paper
while the paper sheet is being processed, and the
solution may be brought into contact with the
paper sheet at any stage, after the formation
of the interfelted fibre web and prior to the com-
pletion of the drying thereof, where sufficient
water has been removed to permit absorption
of the solution by the sheet. Preferably, the
treatment with the impregnating solution takes
place when the moisture in the sheet has been
reduced to about 30%, or below, and, therefore,
at a suitable point in the drier section. The pas-
sage of the paper over the remaining driers will
be sufficient to dry the paper and to deposit the
chemical within and upon the surface of the
fibres. In the case the solution employed is a
solution of silicic acid or in the case paper has
been treated with sodium silicate solution fol-
lowed by treatment with the acidic material prior
to drying the paper, silicic acid is deposited in
the paper which is converted to silica upon dry-
ing. As will hereinafter be discussed further, in
the event the acid treatment is not carried out
unti] after the paper is dried, alkali metal silicate
will be deposited within and upon the surface of
the fibres prior to the treatment with the acidic
material. In the case a dried paper sheet is
treated with the impregnating solution, the sheet
after treatment with the solution of silicic acid
or with the solution of alkali metal silicate fol-
lowed by the acid treatment may be dried in
any desired manner by subjecting it to a temper-
ature above 212° F. and below the temperature
at which the paper is damaged, for example, at
250° F. to 300° F., in a drying chamber or by
passing it over a heated roll or through a heated,
calender. :

The paper sheet, whether treated during the
paper-making process or after drying, may be
brought in contact with the solution (or solu-
tions) by any suitable means in order to impreg-
nate the paper. For example, it may be applied
by means of a size press such as is used in the
conventional tub sizing process. Alternatively, it
may be sprayed upon the moving sheet of paper
by means of a spraying device.

An aqueous solution of an alkali metal silicate
is used in the preparation of the silicic acid solu-
tion if the paper is to be treated therewith and
is used to impregnate the paper in the process
where subsequent treatment with acid forms the
silica in the paper sheet. The solution has been
designated herein as an alkali metal silicate solu-
tion which includes both potassium and sodium
silicate, but since the sodium silicate solutions
are more economical for use, the invention will
be described hereinafter using sodium silicate as
typical. While a solution of any desired ratio of
Naz20 to SiO2, where the molecular ratio of SiO:2
exceeds that of Naz0, for example, solutiong hav-
ing a molecular ratio of Na20 to SiO2 between 1
to 3.8 and 1 to 2, may be employed, the use of a
solution relatively low in alkalinity is preferred,
since less acid is required for its neutralization.
In addition, in the process in which the paper is
impregnated with the sodium silicate solution,
prior to the acid treatment, it is possible by the
use of a solution relatively low in alkalinity to
associate a larger amount of SiOz with the paper
without encountering difficulties due to excessive
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alkalinity. For these reasons, a solution contain-
ing a molecular ratio of Na:O to Si0; of 1 to 3.8
or 1 to 3.3, such solutions now being available in
the market, will usually be employed. 1f desired,
the soluticn, however, may be prepared by dis-
solving solid soluble sodium silicate in the appro-
priate amount of water. In the process in which
- the paper is impregnated with sodium silicate
prior to the acid treatment, a sodium silicate so-
lution having relatively high alkalinity may be
adjusted to the desired alkalinity by the addition
‘of appropriate acidic material.

In the preferred method, the paper sheet is
treated with a solution of silicic acid. The silicic
acid solution may be prepared by adding a di-
luted alkali metal silicate solution to a dilute
solution of an acidic material sufficient in amount

to neutralize the alkali, and to produce a solution’

- of the desired acidity and concentration, The
choice of acidic material for reaction with the
silicate is not important, and among the mate-
rials available for use, the following may be men-
tioned: hydrochloric, sulphuric, nitrie, phos-
phoric, acetic, formic, oxalic, and lactic acids,
and sodium bisulphate. Mixtures of acids may
be employed, if desired. Very satisfactory results
are obtained if sulphuric or hydrochloric acid, or
a mixture of hydrochloric and acetic acids, is
employed. '

In the preparation and use of the silicic acid
solutions, care must be taken to prevent gelation.
The time of gelation is dependent principally
upon the pH value of the solution, the concen-
tration of silicic acid and the temperature. On
the acid side of the neutral point, the higher the
DPH, the more rapid the gelation; also the higher
the concentration or the temperature, the more
rapid is the gelation. The pH value of the solu-
tion applied to the paper should not be so low
that a detrimental effect upon the cellulosic fibre
results, and the concentration of solution and the
amount of solution applied to the paper must be
so adjusted as to deposit the desired amount of
silica in the paper. An additional reason for em-
ploying a solution of only mild acidity resides in
the fact that, in most instances it will be desirable
to provide a finished paper which is only slightly
acid, for example, a paper with a pH value be-
tween about 3 and 6.5, preferably between 4.0 and
6.0, as determined by applying to the dry paper
drops of standard La Motte indicator solutions
and noting the color.

In view of these facts, the range of pH of the
solution as applied to the paper should be from
about 2 to 5, preferably between 2.5 and 3.5, and
the concentration of silici¢c acid should not exceed
about 10%, figured as SiO2 and generally above
1%, preferably between 4.0% and 7.0%. The so-
lution of silicic acid should be maintained at tem-
peratures below about 30° C. It iz understood
that the higher concentrations of silicic acid are
used in conjunction with the lower pH values,
while the higher pH values may be safely used
only with the lower concentrations of silicic acid.

There are three methods that may be employed
in handling the silicic acid solutions: (1) the
breparation in advance of a quantity of silicic
acid solution suitable for application to the pa-
per; (2) the metering together continuously of
acid and silicate solutions of suitable concentra-
tion immediately before application to the paper;
and (3) the preparation of a relatively stable
silicic acid solution of pH value of 1.0 to 2.0 and
tle metering of this solution with sufficient sili-
cate solution immediately before application to

3
the paper to raise the pH to the desired point for
such application. It is important to have rapid
and complete mixing during the preparation of
the silicic acld solution.

In the first case, the upper safe limit of
silicic acid concentration is about 5% and the
preferable range is from 2% to 4%, and the pH
range is preferably from 3 to 4. In the prepa-

- ration of the silicic acid solution, it is desir-
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able to add the diluted sodium silicate solution
to the dilute acid, rather than the reverse.
Again, it is understood that the higher concen-
trations are preferably used with the lower pH
values, while the higher pH values may be safely
used .with the lower concentrations. In the use
of this procedure, the amount of solution ap-
plied to the paper will generally be large, since
otherwise only very small amounts of silica would
be deposited in the paper.

In the second case, the pH value of the mix-
ture of acid and silicate is preferably about
2.5 to 3.5, and the concentration of silicic acid

nay be as high as 10%, or even higher, prefer-

ably about 4% to 7%. It is seen that in this
case the amount of solution applied to the paper
may be relatively small, since the higher concen-
tration permits the deposition of relatively large
amounts of silica that will occur even with rela-
tively small amounts of solution.

In the third case, the very acidic silicic acid
solution, pH 1.0 to pH 2.0, may be prepared in
concentrations as high as about 8%, and a sili-
cate solution or suitable buffer solution is
metered into this solution to form a soluticn of
the desired pH value and concentration. The
final mixture as applied to the paper will con-
form to the limits given under the second
method.

In all cases, it is advantageous to keep the
temperature of all solutions as low as feasible.
For example, after the preparation of dilute sul-
phuric acid, it is advantageous to allow the heat
produced by the dilution to dissipate before the
addition of the silicate. In some instances, it
may be desirable, in order to prevent gelation, to
refrigerate the solution to a temperature below
room temperature, and, even to a temperature
only slightly above the freezing point of the so-
lution.

In the modification of the process where the
paper is treated with a solution of an alkali
metal silicate with subsequent neutralization,
preferably by treatment with acid, to precipitate

‘the silica, the concentration of the silicate solu-

tion is relatively unimportant so long as the solu-
tion is sufficiently dilute to be absorbed by the
paper, an example of a range of concentrations
(solid sodium silicate in solution) which may
be employed being from .5% to 10%, preferably
from 2 to 4%, although it is to be understood that
solutions of other concentrations may be used.

Preferably, the treatment with acid follows
the treatment with the silicate solution without
any intermediate drying step, for in such case
the precipitation of silicic acid within and upon
the surface of the fibres of the interfelted web
takes place rapidly and completely. If desired,
however, the paper after its treatment with the
silicate solution may be dried and subsequently
the acid solution applied. - For example, a paper
containing sodium silicate, with or without silica,
within and upon the surface of the fibres may
be treated with an acidic material to neutralize
the sodium silicate, the amount of siliceous ma-
terial in the paper providing the silicic acid, and,
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upon: drying, the silica required to give the de-
sired characteristics to the paper. The amount
and concentration of the acid solution applied
depends on the alkalinity of the paper following
the treatment with the silicate solution, and
sufficient acid is added to convert the alkali metal
silicate into silicic acid, but in order not to dam-
age the cellulose fibre and to provide a paper of
relatively low acidity, the use of a large excess
of acid is avoided. Any acidic material may be
employed and those hereinbefore mentioned for
use in the preparation of the silicic acid solu-
tion are typical examples, but organic acids, such
as acetic or formie, have been found to be most
advantageous. For example, the concentration
of the acid, in the case of acetic acid, will be
between 2% and 6.0%. As previously stated,
the acid may be applied in any desired manner,
for instance, by a tub sizing step or by spraying.

_An alternative, but less preferable, method of
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neutralizing the NaOz2 associated with the SiO2 .

of the sodium silicate resides in the incorpora-
tion in the paper of an ammonium salt, such as
ammonium chloride, ammonium sulphate, or di-
ammonium phosphate, the latter being preferred,
and the subsequent heating of the paper to
volatilize ammonia, with the subsequent con-
version of the silicate into silicic acid, and finally
into silica. The ammonium salt is preferably
incorporated in the paper simultaneously with
the incorporation of the sodium silicate, but the
paper may be impregnated with the solution of
the ammonium salt prior or subsequent to its
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impregnation with the sodium silicate solution. .

In my copending application, Serial No. 402,
728, filed even date herewith, the production of
8 paper containing an alkali metal silicate, or
an alkali metal silicate together with silica,
within and upon the surface of the fibres is de-
scribed and claimed. The present invention is
to be distinguished therefrom, since, in accord-
ance herewith, silica and not alkali metal sili-
cate is present within and upon the surface of
the fibres cf the paper, and in accordance with
this invention, silica is the only silica-contzining
material present in the paper in a sufficient quan-
“tity to contribute materially to the wet-strength
of the paper. The invention of this application,
as previously pointed out, contemplates the
deposition of silica within and upon the surface
of the fibres, and i} is possible to accomplish this
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result by the use of a silicic acid solution or by

the subjection of paper containing alkali metal
silicate to neuiralization to form silicic acid.
Subsequent heating in both cases converts the
hydrophilic silicic acid into silica. '
The properties of the product of the present
invention, whether made by employing a silicic
acid solution or a sodium silicate solution with
subsequent treatment with acid, may be further
modified by the incorporation therein of other
materials such as starch, glue, and vegetable
gums. If desired, additional softness may be im-
parted to the paper by the incorporation there-
in of a dispersible oil, for example, of the type
known as a textile finishing oil. The term “dis-
persible cil” as used herein and in the claims
includes those oils which, either through their
emulsifiable or soluble properties, are capable
of being dispersed in an aqueous medium. A
paper containing silica within and upon the
surface of the fibres, if treated with these oils,
within the practical limits hereinafter set forth,
is considerably softened and yet retuins a
strength, both in the wet and dry state, substan-
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tially greater than that of a similar paper so
treated which does not contain silica. Since the
use of the dispersible oll tends to cause a decrease
in the strength of the paper, the amount thereof
associated with the paper will be kept below the
point where the increase in strength imparted
by the silica will be unduly reduced by the oil.
Satisfactory results are obtained by using about
1% to 5% of oll by weight based on the dry
weight of the paper, and the use of amounts
higher than this and up to about 3%, or even
higher, may be used if desired, depending on the
type of paper, the amount of silica associated
therewith, and the results to be obtained. The
dispersible oil may advantageously be applied
to the paper by spraying on the paper or by dis-
persing it in the solution (or solutions) with
which the paper is treated, or in any other suit-
able manner, o

The following examples are illustrative of the
process:

Example 1
100 parts of a 10% sodium silicate solution in

which the proportion of SiOz to Naz0 is 3.8 to 1
is added gradually to 20 parts of a 10% hydro-

chloric acid solution in 140 parts of water. The .

resulting solution contains about 3.5% silicic acid
and has a pH value of about 3. Towel paper
weighing 34 pounds per ream prepared from
65% unbleached sulphite pulp and 35% mechan-
ical wood pulp is sprayed or otherwise impreg-
nated with this solution to a moisture content of
approximately 20%. The paper is then thorough-
ly dried at a temperature of about 2500° F. and
the finished paper contains .875% SiOa2. The wet
strength of the paper is increased to 3 to 4 times
over that of the original paper, and the other
characteristics of the paper, such as absorbency
and dry tensile strength, are improved. The pa-
per retains its softness and other properties re-
quired in a towel paper,

Ezxample 11

100 parts of a 10% sodium silicate solution in
which the proportion of SiOz to Na20 is 3.8 to 1
is added gradually to 20 parts of a 10% hydro-
chloric acid solution in 30 parts of water. The
resulting solution contains about 6% silicic acid
and has a pH value of about 3.0. This solution
is applied to towel paper made from 50%
bleached sulphate pulp and 50% unbleached sul-
phite pulp at a point in the paper machine drier
section at which the paper contains approxi-
mately 30% water content. The amount of silicic
acid solution applied is 15% of the dry weight
of the fibre and the weight of SiO; retained by
the paper is approximately 0.7% of the fibre.
The paper is then thoroughly dried by continu-
ing its passage through the drier section at a
temperature of about 300° F. The wet strength
of the paper is increased 3 or 4 times over the
original paper, and the other characteristics of
the paper, such as absorbency and dry tensile
strength, are improved. The paper retains its
softness and other properties required in a towel
paper,

Example II1

A waterleaf uncreped paper made.from 100%
bleached pulp of high alpha content is impreg-
nated with a silicic acid solution of 4% concen-
tration and a pH of 3.5, the amount of solution
taken up by the paper being about 50% of the
dry welght of the fibre. The amount of SiO:
retained by the paper is 2%. 'The wet tensile
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strength is approximately 9 times that of the
untreated paper, and is greatly increased in stiff-
ness, rubbing resistance, and surface hardness
and resembles a good grade of bond paper in
feel and appearance.

Example IV

Two parts of a dispersible oil (Socony Vacuum
Company’s “Textile finishing oil B”) are added
to the sflicic acid solution of Example I and the

paper is treated as set forth in that example.

The finished paper contained 0.8% dispersible
oil and was appreciably softer than the paper
obtained by Example I. The wet strength of the
paper, however, was not materially diminished.

. Ezample V

A 5% solution of sodium silicate containing a
ratio of Na:0 to SiOz of 1 to 3.8 is applied by
spraying or otherwise to towel paper weighing. 34
pounds per ream prepared from 659% unbleached
sulphite pulp and 35% mechanical wood pulp at
a point in the paper machine drier section at
which the paper contains approximately 30%
water. The amount of sodium silicate solution
applied is 20% of the dry weight of the fibre.
The paper as soon thereafter as convenient and
prior to appreciable further drying thereof is
treated by spraying or otherwise with a 3% solu-
tion of acetic acid, the acid solution application
being 20% of the dry weight of the fibre. The
paper is then thoroughly dried by continuing
its passage through the drier section at a tem-
perature of about 300° F.. The weight of silica
figured as SiO:z retained by the paper is approxi-
mately 0.8% of the fibre. - The paper had prop-
erties similar t{o those given above in Example II.

Example VI

In this example, the paper is treated with the

sodium silicate solution in the manner described
in Example V and the paper is thereafter dried
by continuing its passage through the drier sec-
tion before treatment with acid. A 3% acetic
acid solution is then applied to the dried paper
by spraying or otherwise, the amount of acid
_applied being 20% of the dry weight of the fibre.
"The paper as in Example V contains approxi-
mately 0.8% of silica figured as SiOz and the
paper had characteristics similar to those- de-
scribed in Example IT.
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The following tables illustrate the properties -

of paper of the present invention containing dif-
ferent amounts of silica incorporated therein by
using a silicic acid solution. In Tables I to V,
inclusive, the paper treated was a towel paper
weighing 38 pounds per ream prepared from 50%
bleached sulphate pulp and 50% unbleached sul-
phite pulp.

Table I.—Wet tensile strength

The wet tensile strength was determined on a
Schopper tensile.machine and the results are in
pounds tensile (machine direction) required to
break a strip of wet paper 15 mm. wide.

Percentage of { Wet tensile
8101 present strength

0 0.20
0.6 0.57
124 0.87
2.46 111
4.90 1,62
7.50 2.03
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Tabdble II—Porosity

The porosity was determined by a Gurley po-
rosity tester and the figures are expressed in .
seconds required to pass 300 ce. of air.

Percentage of | Number of
8i0s present seconds
0 15
124 16
2.46 - ©13.3
4. 90 1L7
7.50 13.3

These figures indicate that no appreciable
change in porosity is encountered with the given
percentages of silica.

Table I11.—Tearing strengih

The dry-tearing strength was determined by
an Elmendorf tearing tester and the results are
expressed in grams force required to tear 4.3 cm.
of paper. ’

Percentage of

8104 present strengtg

0 81.2

0.9 67.0

1.24 106

2.46 102

4.90 110

7.50 83.4

This table shows that when amounts of SiOz less
than about 8% are present in the paper, the tear- -
ing strength is increased. When larger amounts
of SiO2 are present, the tearing strength tends
to be decreased below the original paper; for ex-
ample, at 10.9% SiOz, the tearing strength is 73.4.

Table IV.—Stiffness

The stiffness was measured by a Clark softness
tester as described in Paper Trade Journal,
March 28, 1935, and the results are expressed
as WL3/103, in which W is the basis of the paper

in grams per square meter and I: is the eritical
length as determined by the instrument.
Percentage of .
8i0; present | Stiffiness
0 25.8
0.7 28.3
124 32.4
2.46 34.6
4.90 85.0
7.50 101.0

Table V.—Dry tensile strength.

The dry tensile strength was determined on a
Schopper tensile machine, and the results are in
pounds tensile (machine direction) required to

break a strip of dry paper 15 mm. wide.
Percentage of | Dry tensil
s?g?gm% srgmgthe
o 2.10
1.24 2.18
2.45 224
4,90 3.12
7.50 3.75
Table VI

In the following table, the paper was a towel
paper weighing 34 pounds per ream prepared
from 65% unbleached sulphite pulp and 35% me-
chanical wood pulp. The effect of the use of a
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softening oil (Socony Vacuum Company's “Tex-
tile finishing oil B”) on the physical character-
istics of a paper is illustrated, the flgures given

being determined as set forth in connection with
the other tables:

Per cent Per cent " Stiftness

10, oil Dry tensile | Wet tensile WL 1%
0 0 2.38 0.25 - 3.7
2.7 [} 2.80 1.47 4.5
2.7 0.18 3.01 1.48 37.2
2.7 0.38 2.48 1.22 34.2
2.7 0.72 2.40 1.08 30.2
2.7 1.4 2.4 0.99 27.3

While the above tables set forth figures ob-
tained by using towel paper, corresponding
changes in properties are obtained to more or
less the same extent in other types of paper. It

~ will be seen that in accordance with the present
invention, the amount of SiOz incorporated in the
paper sheet will be determined in any particular
case by the characteristics it is desired to impart
to the product. '

Considerable modification is, therefore, possi-
ble in the amount of Si0O2 present in the paper,
as well as in the method employed in depositing
the silica within and between the fibres of the
interfelted web, without departing from the es-
sential features of the invention.

I claim:

1. A paper having increased wet strength and
substantially unimpaired dry tear resistance, and
having heat-treated silica within and upon the
surface of the fibres throughout the interfelted
structure of said paper and present in an amount
hetween 0.1% and about 8% SiOz2 by weight based
on the dry weight of the paper, the said silica be-
ing the only silica-containing material present
in sufficient quantity to contribute materially 1o
the wet-strength of the paper.

2. A paper having increased wet strength and
substantially unimpaired dry tear resistance, and
having heat-treated silica within and upon the
surface of the fibres throughout the interfelted
structure of said paper and present in an amount
between 0.1% and about 3% SiOz by weight
based on the dry weight of the paper, the said
silica being the only silica-containing material
present in sufficient quantity to contribute mate-
rially to the wet-strength of the paper.

3. A towel paper having increased wet strength
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and substantially unimpaired dry tear resistance, .

and having heat-treated silica within and upon
the surface of the fibres throughout the interfelt-
ed structure of said towel paper and present in
an amount between approximately 0.5% and
about 2% SiO: by weight based on the dry weight
of the paper, the said silica being the only silica-
containing material present in sufficient quantity
to contribute materially to the wet-strength of
the paper.

4. The method of increasing the wet strength
of paper while preserving substantially the dry
tear resistance thereof, which comprises associ-
ating within and upon the surface of the fibres
throughout the interfelted structure of said paper
silicic acid in an amount sufficient to furnish be-
tween 0.1% and about 8% SiO:z by weight based
upon the dry weight of the paper, the said silica
being the only silica-containing material present
in sufficient quantity to contribute materially to
the wet strength of the paper, and heating said
Laper to convert said silicic acid into silica, with-
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in.and upon the surface of the fibres throughout
the interfelted structure of said paper.

5. The method of increaslng the wet strength
of paper while preserving substantially the dry
tear resistance thereof, which comprises impreg-
nating paper with a solution of silicic acid in an
amount sufficient to furnish between 0.1% and
about 8% SiOz by weight based on the dry weight
of the paper at a point in the production of said
paper after the formation of the interfelted web
and prior to the completion of the drying there-
of, and heating said paper to dry it and to con-
vert said silicic acid into silica distributed within
and upon the surface of the fibres throughout
the interfelted structure of the paper.

6. The method of increasing the wet strength
of paper while preserving substantially the dry
tear resistance thereof which comprises impreg-
nating paper with a solution of sodium silicate,
impregnating said paper with a solution of an
acidic material to convert the sodium silicate ab-
sorbed by the paper into silicic acid, said solution
of sodium silicate furnishing between 0.1% and
about 8% SiO:z by weight based on the dry weight
of the paper, and heating said paper to convert

-said silicic acid into silica distributed within and

upon the surface of the fibres throughout the
interfelted structure of the paper. )

7. The method of increasing the wet strength
of paper while preserving substantially the dry
tear resistance thereof which comprises impreg-
nating paper with a solution of sodium silicate,
impregnating said paper with a solution of an
acidic material to convert the sodium silicate ah-
sorbed by the paper into silicic acid, said solu-
tion of sodium silicate furnishing between 0.1%
and about 8% SiO2 by weight based on the dry
weight of the paper, said impregnating steps be-
ing conducted at a point in the production of said
paper aiter the formation of the interfelted webh
and prior to the completion of the drying there-
of, and heating said paper to dry it and to con-
vert said silicic acid into silica distributed within
and upon the surface of the fibres throughout the
interfelted structure of the paper.

8. The method of increasing the wet strength
of paper while preserving substantially the dry
tear resistance thereof, which comprises impreg-
nating paper with a solution of silicic acid in an
amount sufficient to furnish between 0.1% and
about 8% SiO2 by weight based on the dry weight
of the paper, and heating said paper to convert
said silicic acid into silica distributed within and
upon the surface of the fibres throughout the
interfelted structure of the paper.

9. The process of claim 8 in which the solution
of silicic acid with which the paper is impreg-
nated has a pH value between about 2 fo 5.

10. The process of claim 8 in which the solu-
tion of silicic acid with which the paper is im-
pregnated has a pH value between about 2.5 and
3.5.

11. The method of obtaining a paper product
of high wet-strength and substantially normal
dry tear resistance which comprises neutralizing
a paper containing an alkali metal silicate in an
amount providing between 0.1% and about 8%
SiOz by weight based on the dry weight of the
paper upon neutralization, said silicate being dis-
tributed within and upon the surface of the fibres
throughout the interfelted structure of said paper,
and heating said paper to convert the silicic acid
formed upon neutralization into silica.

. KENNETH W. BRITT.



