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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 ac 
counts for the strength of paper. One of the 
Outstanding characteristics, however, of the nor 
mal interfibre adhesion in a sheet of paper is 
the loss of most of this adhesive strength when 
the sheet of paper becomes wetted with water. 
Thus, the usual absorbent paper retains only 
5% to 10% of its dry strength, when wetted with 
water. The lack of wet strength is disadvanta 
geous in the various types of paper, but is par 
ticularly marked in the case of products which 
during their use come into contact with mois 
ture, for example, it is especially disadvantageous 
in a paper towel, the normal use of which takes 
place in the wet or partially wet state. In Such 
a product, it is, of course, essential that its char 
acteristics, such as absorbency, porosity and soft 
ness be retained, for otherwise the product would 
not serve satisfactorily for its intended purpose. 
The principal object of the present invention 

is to provide a paper, in which the interfibre ad 
hesion or cementation in the sheet has been mod 
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metal oxide associated with silica) within and 
upon the surface of the fibres, said alkali metal 
silicate being distributed throughout the inter 
felted structure of the paper. The increase in 
wet-strength may be due to the presence of the 
alkali metal silicate alone, or to the presence 
of the alkali metal silicate, together with silica 
derived therefrom. The purpose of converting a 
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portion of the alkali metal silicate into silica is 
to provide a product with reduced alkalinity. 
The product, is prepared by impregnating, paper 
with a solution of an alkali metal silicate with 
or without treatment with a substance causing 
the conversion of a portion of the alkali metal 
silicate into silicic acid during the process, and 
by heating the impregnated paper to deposit tle 
alkali metal silicate or the alkali metal silicate 
and silica within and upon the surface of the 
fibres throughout the interfelted structure of the paper. 
The paper treated in accordance with the in 

vention may be of any type or grade, for ex 
ample, towel, waterleaf, kraft, bond, wall board, 
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ified so that said bonding retains an appreciably 
greater degree of strength when wetted. 
A further object of the invention is to pro 

vide a paper having a relatively high degree of 
wet-strength without substantial impairment of 
such properties as water absorbency and softness 
required in certain classes of paper, which paper 
may be easily and economically prepared with 
out the use of any toxic or other chemical disad 
vantageous in the intended use of the paper. 
Other objects, including the provision of a 

novel method of preparing the product of the in 
vention, 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 an alkali metal silicate (alkali 
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... silicate. Solution is added to the dilute pulp-water 

building paper, outdoor advertising paper, pho 
tographic paper, wrapping paper, and the like. 
As previously stated, the invention is particularly 
applicable for the treatment of towel paper and 
other papers, the normal use of which takes place 
in the wet or partially wet state. 
The present invention is to be differentiated 

from the silicate sizing process wherein sodium 
suspension in the beater, followed by the addition 
of alum. The alum and sodium silicate react to 

35 form a precipitate, a portion of which adheres to 
the surface of the fibres, without penetration 
thereof. In accordance with the present inven 
tion, the paper after its formation into an in 
terfelted web is treated with the alkali metal 
silicate solution which is absorbed by the fibres 
themselves, so that upon drying of the product, 
alkali metal silicate, or alkali metal silicate to 
gether with silica, is deposited within, as well as 
upon the surface of the fibres, reducing their 
tendency to swell upon the application of water. 
As previously stated, the paper, either before 

or after drying, is treated with the alkali metal 
silicate solution. Advantageously, the solution 
is applied to the paper while the paper sheet 
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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 completion of the dry 
ing, where sufficient water has been removed 
to permit absorption of the solution by the sheet. 
Preferably, the treatment with the solution takes 
place when the moisture in the sheet has been 
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reduced to about 30% or below, and, therefore, 
as the paper sheet leaves the intermediate driers. 
The passage of the paper sheet over the remain 
ing drier section will be sufficient to dry the 
paper and to deposit alkali metal silicate, or the 
alkali metal silicate and silica, in at least a par 
tially dehydrated form within and upon the Sur 
face of the fibres, so that the tendency of paper 
fibres to swell upon the application of water will 
be reduced. In the case a dried paper sheet is 
treated with the solution, the sheet may be dried 
in any desired manner by subjecting it to a tem 
perature above 212° F. and below the tempera 
ture at which the paper is damaged, for exam 
ple, 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 into contact with the alkali metal sili 
cate solution by any suitable means, in order to 
impregnate the paper. For example, it may be 
applied by means of a size press such as is used 
in the conventional tub sizing process. Alterna 
tively, it may be sprayed upon the moving sheet 
of the paper by means of a spraying device. 
The Solution has been designated herein as an 

alkali metal silicate solution which includes both 
potassium and sodium silicate, but since the sodi 
um silicate solutions are more economical for 
use, the invention will be described hereinafter 
using sodium silicate solutions as typical. While 
a solution of any desired ratio of Na2O to SiO2, 
where the molecular proportion of SiO2 exceeds 
that of Na2O, for example, Solutions having a 
molecular ratio of Na2O to SiO2 between about 
1 to 3.8 and 1 to 2, may be employed, the use of 
a solution relatively low in alkalinity is preferred, 
since it is thus possible to associate a larger 
amount of sodium silicate with the paper with 
out raising the alkalinity of the paper to an un 
desirable point. For example, a solution con 
taining a molecular ratio of Na2O to SiO2 of i 
to 3.8 or 1 to 3.3, such solutions now being avail 
able in the market, will usually be employed. If 
desired, the solution, however, may be prepared 
by dissolving solid soluble sodium silicate in the 
appropriate amount of water, or a sodium sili 
cate solution having relatively high alkalinity 
may be adjusted to the desired alkalinity by the 
addition of appropriate acidic material. The so 
dium silicate concentration in the solution is 
relatively unimportant so long as the solution is 
sufficiently dilute to be absorbed by the paper, 
an example of a range of COncentrations which 
may be employed being from .5% to 10%, pref 
erably from 2% to 4%, although it is to be un 
derstood that solutions of other concentrations 
may be used. In the treatment of paper where 
it is desired to maintain a light color, the con 
centration of the solution of alkali metal silicate 
should be below that point where appreciable dis 
coloration, due to excessive alkali, is encoun 
tered. In the case of paper of the type treated 
in Example IV, it has been found that concen 
trations above about 4% tend to cause discolora 
tion. 
The amount of sodium silicate, or of sodium 
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and preferably will not exceed about 1.6%, flig 
ured as SiO2, by weight based on the dry weight 
of the paper. The presence of more than about 
2.5% of sodium silicate (figured as SiO2) tends to 
produce undesirable properties in the paper, such 
as discoloration, odor and causticity. The pres 
ence of silica with sodium silicate produces an 
improvement in certain paper properties which 
cannot be obtained with sodium silicate alone, 
due to excessive alkalinity. In the event that 
silica is present with the sodium silicate, the 
amount thereof is preferably equal to or leSS 
than that of the sodium silicate, but the amount 
of silica may, if desired, exceed that of the sodi 
um silicate. 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 total Sodium silicate and silica 
present in the finished paper exceeds about 8% 
(figured as SiO2), the upper limit of the sodium 
silicate and silica present in the paper, in ac 
cordance with the present invention, is about 
8% (figured as SiO2) by weight based on the dry 
weight of the paper. The amount of Sodium 
silicate and silica employed in any particular in 
stance will depend upon the paper treated and 
the properties desired in the finished product. 
Herein, and in the claims, the term heat-treated 
material selected from the group consisting of an 
alkali metal silicate and a mixture of an alkali 
metal silicate and silica refers to the Sodium sili 
cate and/or the mixture of Sodium silicate and 
the silica derived therefrom present in the paper, 
in accordance with the present invention. 

In the treatment of towel paper to increase its 
wet strength and resistance to rubbing, when 
wet, it is essential to obtain the normal charac 
teristics of the paper, such as Softness, for other 
wise the product would not serve satisfactorily 
for its intended purpose. Therefore, the upper 
limit of sodium silicate, or of Sodium silicate and 
silica, will be controlled, so that the paper is not 
appreciably altered in such characteristics, and 
the amount thereof will generally not be above 
about 3.0% (figured as SiO2) by weight based on 
the dry weight of the paper, preferably between 
0.5% and 2.0%, generally about 1% (figured as 
SiO2). Advantageously, the heat treated mate 
rial is made up of approximately equal parts of 
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silicate and silica, deposited within and upon 
the surface of the fibres of the interfelted web 
and present in the dried product depends upon 
the particular use for which the paper is intended. 
Whether the sodium silicate is present alone or 
with silica, the amount of sodium silicate will be 
at least 0.1% and will not exceed about 2.5%, 
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sodium silicate and silica. As will hereinafter 
appear, if in any particular case undesirable stiff 
ness is imparted to the sheet by reason of the 
presence of the siliceous material therein, a dis 
persible oil may be incorporated in the product 
to impart softness thereto. 

Several methods are available for accomplish 
ing the conversion of a portion of the sodium 
silicate into silica, it being understood that in 
accordance with this invention there is always 
'present at least 0.1% sodium silicate in the paper. 
For example, an acidic material may be added to 
the SOdium silicate Solution in Sufficient amounts 
to result in the deposition of silica, together with 
the sodium silicate, upon the drying of the paper. 
If this method is followed, the acidic material 
should not cause the formation of a precipitate 
in the impregnating Solution. Another method 
resides in the subjection of the paper, after im 
pregnation, with the sodium silicate solution, to 
treatment with an acidic material, the amount of 
acidic material employed being insufficient to 
neutralize all of the sodium silicate. Preferably, 
the treatment with acid follows the treatment 
with the silicate solution without any intermedi 
ate drying step. If desired, however, the paper, 
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after its treatment with the silicate solution, may 
be dried and subsequently the acid solution ap 
plied. For example, a paper containing sodium 
silicate within and upon the surface of the fibres 
may be treated with an acidic material to neu 
tralize a portion of the sodium silicate. In the 5 

methods involving the treatment with acidic ma 
terial, such material may be an inorganic or or 
ganic acid, or an acid salt. For example, hydro 
chloric, sulphuric, nitric, phosphorlic, acetic, 
formic, oxalic or lactic acid, or sodium bisulphate. 
Mixtures of acids may be employed if desired. 
Another method of providing silica with the 

sodium silicate within and upon the surfaces of 
the fibres involves the incorporation of an am 
monium salt in the paper prior to the drying 
thereof. The ammonium salt, such as diammo 
nium phosphate, ammonium chloride or ammoni 
um sulphate, may be present in the sodium sili 
cate solution and thus absorbed by the paper 
with the sodium silicate. The presence of the 
ammonium salt results in reduced alkalinity of 
the paper treated with the silicate due to the 
volatilization of ammonia during the drying op 
eration, with consequent conversion of a portion 
of the silicate into silica. . Instead of using the 
ammonium salt in the solution of sodium silicate, 
the paper may, if desired, be treated with a solu 
tion of the ammonium salt either before or after 

O 

s 

20 

3 
In the above tables, Column. A shows the results 

when the silicate employed has a ratio of 1 Na2O 
to 3.8 : SiO2, and Column B shows the results 
when the silicate employed has a ratio of 1 Na2O 
to 3.3 SiO2. It is seen from these tables that the 
amount of diammonium phosphate employed in 
combination with sodium silicate of said 1-3.8 
ratio will be less than about 45% by weight of 
the sodium silicate, and with sodium silicate of 
said 1-3.3 ratio, the amount will be less than 
about 50%. In the case of ammonium chloride, 
the amount of ammonium salt for the two kinds 
of silicate above referred to will be less than 
about 37% and about 42%, respectively. 
Another material that may be employed with 

the sodium silicate-containing paper, irrespective 
of the presence of the ammonium salt, is a dis 
persible oil, for example, of the type known as a 
textile finishing oil. The term "dispersible dil” 
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. These oils produce a 
softening effect on paper treated with sodium sili 
cate solution, which effect is not encountered to 

its treatment with the sodium silicate solution, 30 
but this method is not preferred, since it has no 
advantages over the use of a solution containing 
both the sodium silicate and the ammonium salt. 
Generally, it is not practicable to produce a paper 
containing more than about 5% free silica by the 
use of ammonium salts. 
When an ammonium salt is used with sodium 

silicate, in order to reduce the alkalinity of the 
finished product, the amount of such ammonium 
salt employed is less than that necessary to com 
pletely neutralize the sodium silicate, i.e., the 
number of ammonium radicals so introduced is 
less than the sodium atoms contained in the so 
dium silicate. Accordingly, the weight of the 
ammonium salt in proportion to the sodium sili 
cate will depend upon the alkalinity of the sili 
cate and upon the particular ammonium salt em 
ployed as illustrated by the following tables. The 
treated paper, therefore, will contain some soda 
(Na2O) still associated with silica. 

... ". 

Table I 

Column A, Column B, 
ratio of ratio of Diammonium phosphate per cent sodium sodium 

of silicate by weight atoms to atoms to 
annonium. ammonium 
radicals radicals 

00:22 100:20 
100:44 00:40 
100:68 0080 
10088 00:80 
100:10 00:100 

Table II 

Column A, Column B, 
ratio of ratio of 
sodium sodium 
atoms to atoms to 

annonium ammonium 

Ammonium chloride, per cent f : 
silicate by weight 

radicals radicals 

100:27 100:24 
100:54, 00:48 
100:8). 00:72 
00:108 100.98 
100:135 100:120 
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the same extent with paper which has not been 
treated with the sodium silicate solution. Since 
the use of the dispersible oil tends to cause a de 
crease in wet strength, the amount thereof associ 
ated with the paper will be kept below the point 
where the increase in Wet-strength imparted by 
the sodium silicate will be appreciably reduced by 
the oil. Satisfactory results are obtained by us 
ing about .1% to .5% of oil 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. The dispersi 
ble oil may be applied to the paper, either by dis 
persing it in the sodium silicate solution (the 
preferred mode of operation) or by treating the 
paper with a solution of the dispersible oil either 
before or after its treatment with the sodium sili 
cate solution. 
Since the product of the present invention con 

tains sodium silicate, it is to be distinguished from 
the product of my copending application, Serial 
No. 406,727, filed even date herewith, in which 
silica, but no sodium silicate, is deposited within 
and upon the surface of the fibres of the inter 
felted structure. * .. 

The following examples are illustrative of the 
process, the wet tensile strength figures set forth 
being determined on a Schopper tensile machine, 
the results being given in pounds tensile (machine 
direction) required to break a strip of wet paper 
15mm. wide: 

Eaconple I 

An air-dried towel paper, weighing 38 pounds 
per rean prepared from 50% bleached sulphate 
and 50% unbleached sulphite pulps is treated with 
a 2% solution of sodium silicate (3.8 SiO2 to 1 
Na2O), the amount of solution applied being 40% 
of the weight of the paper treated. The paper 
is dried by heating it to a temperature in the 
neighborhood of 275 F., and contains 0.8% sodi 
un silicate (dry basis). The wet tensile strength 
of the untreated paper is 0.25 pound as compared 
to 0.75 pound for the processed paper. 

Erample II 
An air-dried towel paper of the grade used in 

Example I is treated with a solution containing 
3% sodium silicate (3.8 SiO2 to 1 NaaO), and 1% 
Socony-Vacuum Company's "Textile finishing oil 
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B," the amount of solution applied being 20% of 
the weight of the paper treated. The paper is 
dried by heating it to a temperature in the neigh 
borhood of about 300 F., and contains 0.6% 
sodium silicate and 0.2% dispersible oil (dry 
basis). The wet tensile strength of the untreated 
paper is 0.25 pound, as compared to 0.50 pound 
for the processed paper. 

Eacample III 
An air-dried towel paper of the grade used in 

Example I is treated with a solution containing 
4% sodium silicate (3.8 SiO2 to 1 Na2O) and 1% 
diammonium phosphate, the amount of Solution 
applied being 30% of the weight of the paper 
treated. The paper is dried by heating it to a 
temperature of about 250 F. and contains .54% 
sodium silicate, .53% silica (.96% sodium silicate 
and silica figured as SiO2) and .3% of phosphate 
figured as diammonium phosphate (all on a dry 
basis). The wet tensile strength of the untreated 
paper is 0.25 pound, as compared to 1.00 pound 
for the processed paper. 

Eacample IV 
100 pounds of towel paper (dry basis) weigh 

ing 34 pounds per ream prepared from 65% un 
bleached sulphite and 35% mechanical Wood 
pulps, containing 30 pounds of water as it travels 
between the intermediate and final drier sections 
is passed through a solution containing 4% So 
dium silicate (3.8 Na2O to 1. SiO2), 0.6% diam 
monium phosphate, and .2% dispersible oil used in 
Example II, the amount of solution applied being 
20 pounds. The paper is dried by passing it over 
the final drier section at the usual temperature 
maintained therein and contains 0.54% sodium 
silicate, .21% silica (.63% sodium silicate and 
silica figured as SiO2), 0.12% phosphate figured 
as diammonium phosphate, and 0.04% dispersible 
oil. The wet tensile strength of the untreated 
paper is 0.25 pound, as compared to .75 pound for 
the processed paper. 
The properties of the product of the present in 

vention may be further modified by the incorpo 
ration therein of other materials, such as starch, 
glue and vegetable gums. 

Considerable modification is possible in the 
methods of processing, as well as in the amounts 
of alkali metal silicate and other materials (if 
any), incorporated in the paper without depart 
ing from the essential features of my invention. 

I claim: 
1. A paper having increased wet-strength and 

substantially unimpaired dry tear resistance, and 
having heat-treated material selected from the 
group consisting of an alkali metal silicate and 
a mixture of an alkali metal silicate and silica, 
reducing the tendency of the paper fibres to Swell 
upon the application of water, within and upon 
the surface of the fibres throughout the interfelt 
ed structure of said paper, said heat-treated ma 

2,899,982 
said paper and present in an amount between 
.01% and about 2.5% figured as SiO2, by weight 
based on the dry weight of the paper, said sodi 
um silicate being the only siliceous material pres 
ent in sufficient quantity to contribute materially 
to the wet-strength of the paper. 

3. A paper having increased wet-strength and 
substantially unimpaired dry tear resistance, and 
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terial being present in an amount between 0.1% 
and about 8%, figured as SiO2, by weight based 
on the dry weight of the paper, at least a por 
tion of said heat-treated material being alkali 
metal silicate present in an amount not exceed 
ing about 2.5%, figured as SiO2 based on the dry 
weight of the paper. 

2. A paper having increased wet-strength and 
substantially unimpaired dry tear resistance, and 
having heat-treated sodium silicate reducing the 
tendency of the paper fibres to swell upon the ap 
plication of water, within and upon the surface of 
the fibres throughout the interfelted structure of 
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having heat-treated sodium silicate and silica re 
ducing the tendency of the paper fibres to Swell 
upon the application of water, within and upon 
the surface of the fibres throughout the inter 
felted structure of the paper and present in an 
amount less than about 8%, figured as SiO2, by 
weight based on the dry weight of the paper, the 
sodium silicate being present in an amount be 
tween 0.1% and about 2.5%, figured as SiO2, by 
weight based on the dry weight of the paper. 

4. A towel paper having increased wet-strength 
and substantially unimpaired dry tear resistance. 
and having heat-treated sodium silicate and silica 
reducing the tendency of the paper fibres to SWell 
upon the application of water, within and upon 
the surface of the fibres throughout the inter 
felted structure of the paper and present in an 
amount between approximately .5% and 2.0%, 
figured as SiO2, by weight based on the dry weight 
of the paper, the sodium silicate being present 
in an amount between 0.1% and about 1%, fig 
ured as SiO2, by weight based on the dry weight of 
the paper. 

5. The method of increasing the wet-strength 
of paper, while preserving the dry tear resistance 
thereof, which comprises associating within and 
upon the surface of the fibres throughout the in 
terfelted structure of Said paper a heat-treated 
material selected from the group consisting of an 
alkali metal silicate and a mixture of an alkali 
metal silicate and silica, reducing the tendency 
of the paper fibres to swell upon the application 
of water, in an amount between 0.1% and about 
8%, figured as SiO2, by weight based on the dy 
weight of the paper, at least a portion of Said 
siliceous material being alkali metal silicate in 
an amount not exceeding about 2.5%, figured as 
SiO2, by weight based on the dry weight of the 
paper. 

6. The method of increasing the wet strength 
of paper while preserving the dry tear resistance 
thereof, which comprises impregnating paper 
with a solution of sodium silicate in an amount 
sufficient to furnish to the paper between 0.1% 
and about 2.5% sodium silicate, figured as SiO2, 
by weight based on the dry weight Of the paper, 
and heating said paper above 212 F. to deposit 
sodium silicate reducing the tendency of the 
paper fibres to swell upon the application of 
water, 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 the dry tear resistance 
thereof, which comprises impregnating paper 
with a solution of sodium silicate in an amount 
Sufficient to furnish to the paper between 0.1% 
and about 2.5% sodium silicate, figured as SiO2, 
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 thereof, and heating 
Said paper above 212 F. to deposit sodium silicate 
reducing the tendency of the paper fibres to 
Swell upon the application of water, within and 
upon the Surface of the fibres throughout the 
interfelted structure of the paper. 

8. The method of increasing the wet strength 
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of paper while preserving the dry tear resistance 
thereof, which comprises impregnating paper 
with a solution of sodium silicate in an amount 
sufficient to furnish to the paper between 0.1% 
and about 8% siliceous material, figured as SiO2, 
by weight based on the dry weight of the paper, 
neutralizing a portion of the Sodium silicate ab 
sorbed by the paper to convert it into silicic acid 
and to provide between 0.1% and about 2.5% so 
dium silicate, figured as SiO2, by weight based 
on the dry weight of the paper, and heating said 
paper above 212 F. to deposit sodium silicate 
and silica reducing the tendency of the paper 
fibres to swell upon the application of water, 
within and upon the surface of the fibres 
throughout the interfelted structure of the paper. 

9. The method of increasing the Wet strength 
of paper while preserving the dry tear resistance 
thereof, which comprises impregnating paper 
with a solution of sodium silicate in an amount 
sufficient to furnish to the paper between 0.1% 
and about 8% siliceous material, figured as SiO2, 
by weight based on the dry weight of the paper, 
neutralizing a portion of the sodium silicate ab 
sorbed by the paper to convert it into silicic acid 
and to provide between 0.1% and about 2.5% so 
dium silicate, figured as SiO2, by weight based on 
the dry weight of the paper, Said steps being con 
ducted at a point in the production of said paper 
after the formation of the interfelted web and 
prior to the completion of the drying thereof, 
and heating said paper above 212 F. to dry it 
and to deposit sodium silicate and silica reducing 
the tendency of the paper fibres to swell upon the 
application of water, within and upon the sur 
face of the fibres throughout the interfelted 
structure of the paper. 

10. The method of increasing the Wet strength 
of paper while preserving the dry tear resistance 
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thereof, which comprises impregnating paper 
with a solution of sodium silicate in an amount 
sufficient to furnish between 0.1% and about 8% 
siliceous material, figured as SiO2, by weight 
based on the dry weight of the paper and with a 
Solution of an ammonium salt in an amount to 
convert a sufficient portion of said sodium silicate 
into Silica upon heating to provide between 0.1% 
and about 2.5% sodium silicate, figured as SiO2, 
by weight based on the dry weight of the paper, 
and heating Said paper above 212°F. to cause said 
conversion and to deposit. Sodium silicate and 
silica reducing the tendency of the paper fibres 
to Swell upon the application of water, within 
and upon the surface of the fibres throughout the 
interfelted structure of the paper. 

ll. The method of increasing the wet strength 
of paper while preserving the dry tear resistance 
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thereof, which comprises impregnating paper 
with a solution of Sodium silicate in an amount 
sufficient to furnish between 0.1% and about 8% 
siliceous material, figured as SiO2, by weight 
based on the dry weight of the paper and with a 
solution of an ammonium salt in amount to con 
vert a sufficient portion of said sodium silicate 
into silica upon heating to provide between 0.1% 
and about 2.5% sodium silicate, figured as SiO2, 
by weight based on the dry weight of the paper, 
said impregnation being conducted at a point in 
the production of said paper after the formation 
of an interfelted web and prior to completion of 
the drying thereof, and heating said paper above 
212° F. to dry it and to cause said conversion to 
deposit sodium silicate and silica reducing the 
tendency of the paper fibres to swell upon the 
application of water, within and upon the surface 
of the fibres throughout the interfelted structure 
of the paper. 

KENNETH. W. BRITT. 


