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. This invention relates to water-repellent poly- passed through melted paraffin so that the fibers 
saccharides and to processes and products for as well as the interstices between the fibers are 
producing them. More particularly, the inven- completely filled. Whatever the method of ap 
tion is directed to water-insoluble polysaccharides plication, a substantial amount of a water re 
having hydrophobic surfaces, and to products pellent composition has been required to give. 
and processes for imparting hydrophobic char- cellulosic materials any considerable degree of 
acter to hydrophilic, water-insoluble poly- resistance to water. 
Saccharides comprising exposing then to con- Because of the large amounts of coating, sizing 
tact with a chloride of the group consisting of and impregnating compositions which it has 
stannic and chromyl chlorides and heating the l) heretofore been necessary to use in order to 
polysaccharides after such contact. improve the water resistance of cellulosic ma 

Increasing the Water resistance of polysaccha- terials, such treatments are usually accompanied 
rides has been the object of much investigation by changes in the other physical properties of 
and research effort. Such materials, particu- Such materials. The weight of paper is increased, 
larly in the form of cellulose or cellulosic deriva- 15 the paper is made brittle or at least less pliable, 
tives, have greater usefulness for many purposes its color may be changed, or it may be made 
if they have at least some ability to withstand Somewhat translucent, and various other like 
physical deterioration by Water. For instance, changes may occur. Similarly, cotton fabrics 
unsized paper is a matted web or sheet of cellu- may acquire a harsh feel. These and various 
lose fibers which takes up water very readily 20 other changes may result from the waterproof 
and thereupon loses most of its mechanical ing treatment. Sometimes the changes are de 
strength. For most uses of paper this affinity sirable; sometimes they are objectionable. Since 
for water is undesirable. It has been avoided the Waterproofing and water repelling agents 
by coating, sizing or impregnating the paper. heretofore used with cellulosic materials have 
Similarly, other such cellulosic, materials as cot- 25 relied for their efficacy upon their own water 
ton, Wood, wood pulp, regenerated cellulose sheet, repellence, it is apparent that objectionable 
rayon, jute and hemp have been made water characteristics imparted by them to the treated 
resistant by coating, sizing or impregnating them. material cannot easily be overcome. 
These coating, sizing or impregnating treat- Now we have found that cellulose and other 

rinents have heretofore consisted of applying to 30 Water-insoluble polysaccharides may be made 
a cellulosic material a hydrophobic substance in Water repellent by exposing them to contact 
such a manner that it is deposited in, on, or with a chloride of the group consisting of stan 
around the cellulose in substantial amounts. nic and chromyl chlorides, and after such con 
Exhough of the hydrophobic substance must be tact heating the polysaccharides. 
used to prevent or retard contact between the 35 The hydrophobic characterimparted to water 
cellulose and water, the aimount used in a par- insoluble polysaccharides by a process of our in 
ticular instance being dependent upon the na- vention is similar to the water repellency here 
ture of the coating or size and its manner of tofore obtained by a surface or body size. The 
application. The application may be a surface Surface of the material is made unwettable or 
coating as when regenerated cellulose sheet is 40 difficultly wettable by water. A loose-woven cel 
Waterpoofed by coating its surface with a con- lulosic fabric Such as cotton cloth when treated 
tinuous layer of lacquer, the layer being Sufi- according to our novel processes is not made 
ciently thick to prevent contact between the cel- entirely impervious to water since water under 
lulose and water thereafter applied to the sur- preSSure will pass through the interstices. The 
face of the sheet. The application may be a 45 individual fibers of the cotton, however, are not 
body size, as when paper is made Water-repellent Wetted, so that when water is poured upon the 
by precipitating a rosin-alum size onto the fibers Surface of such cloth it will drain off in prefer 
in the beater before they are Webbed so that ence to passing through the cloth. Closey mat 
the size is distributed relatively uniformly ted cellulosic materials such as paper, while not 
through the body of the paper and contact of 50 made impervious to water by the treatment, are 
the fibers with water is thereafter prevented. nevertheless rendered so resistant to water that 
The application may be a surface size, as when their strength is not decreased by water as it 
a wax emulsion is worked into the surface of would be if the material Were not treated. The 
the paper on calender rolls. The application may term "hydrophobic' as used in describing our 
be a complete impregnation, as when paper is 65 invention may therefore be defined broadly as 
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contrasted with "hydrophilic" which means the 
property of being easily wetted by water. Fur 
ther definition of these terms will appear herein 
after. 
The imparting of hydrophobic properties to 

water-insoluble polysaccharides is accomplished 
according to a process of our invention by the use 
of substantially smaller amounts of sizing mate 
rials than has heretofore been required with the 
usual surface or body sizes. For instance, a pure 
cellulosic uncalendered paper is made water 
repellent by treating it with chromyl chloride and 
heating it to 150°F, the amount of chromyl chlo 
ride present in the treated paper being about 
three-tenths per cent. By this treatment a water 
repellency is imparted to the paper equivalent to 
that obtained by incorporating two per cent of a 
wax emulsion as a calender size into the un 
treated paper. 
From the remarkable reduction in the amount 

of sizing material required to give water repel 
lency to cellulosic materials by a process of our 
invention, it appears likely that the products of 
reaction between the sizing agents and the water 
insoluble polysaccharides form an oriented layer 
of molecules upon the surface of the substance 
being treated, possibly at the hydroxyl groups, 
And that this Oriented layer is water repellent, 
The idea that there must be at least some sort of 
chemical combination between the treated mate 
rial and the chloride used is further suggested by 
the fact that chromyl chloride alone reacts vio 
lently with water, whereas when used as a treat 
ing agent according to a process of our invention 
the resulting product is water-repellent. It will 
be understood that while these theories of orien 
tation and Combination may be useful in under 
Astanding the nature of our invention, other factors 
than orientation and combination may also con 
tribute to the ultimate results obtained. 
When an insoluble polysaccharide is made 

water-repellent by treatment with a chloride 
according to a process of our invention, the other 
physical properties of the material remain sub 
stantially unchanged. This is in sharp contrast 
to the effect of the sizes, coatings and impreg 
nants heretofore available. The explanation may 
reside in the fact that smaller amounts of the 
chloride are used, or that the manner of con 
bination of our sizing agents with the material 
treated is different. Whatever may be the ex 
planation, a decided advantage is obtained in in 
stances where it is desired to impart hydrophobic 
properties to a material without altering its other 
characteristics. 
The manner of making materials hydrophobic 

by the processes of our invention and the char 
acter of the Water repellent materials produced 
may be better understood by reference to the fols 
lowing illustrative examples. Example 1 shows 
the use of chromyl chloride for making paper 
water-repellent. 

Eacample 1 
A piece of newsprint paper was dried for five 

minutes at 100° C. It was then exposed to dry 
air containing two per cent by volume of chromyl 
chloride vapor for a period of five seconds at 
about 25 C. The paper was then heated for two 
minutes in air at 120 C. The treated paper was 
not wet when dipped in water. Since the paper 
was not wet, it retained its original opacity so that 
the print could not show through even after the 
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the property of being able to resist wetting, as strength of the treated paper was not substan 

tially decreased by immersion in Water, so that a 
folded piece of the treated newsprint was easily 
unfolded and read after several days' soaking. 
In contrast with these properties untreated news 
Print immediately became wetted upon immer 
son, lost its original opacity, and became a mass 
of pulp after soaking only two days. 
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Another form of insoluble polysaccharide which 
may be made water repellent by our novel proc 
esses is regenerated cellulose film. The treatment 
of this material is described in Example 2. 

Eacample 2 
A piece of regenerated cellulose sheet was dried 

for two minutes at 100° C. It was then exposed 
for One second to dry air containing two percent 
by volume of chromyl chloride. The sheet was 
then heated to 120 C. for one minute. 
The treated sheet did not absorb moisture as 

rapidly as the untreated material, and its surface 
was markedly water-repellent as illustrated by 
the fact that drops of water applied to its surface 
did not spread. 
Cotton is another material consisting essen 

tially of insoluble polysaccharides which may be 
made water repellent by the treatment with a 
chloride according to a process of our invention 
as shown in Example 3 

Eacample 3 
Cotton cheesecloth was dried for five minutes 

at 105" C. It was then exposed to dry air con 
taining two per cent by volume of chromyl chlo 
ride vapor for five seconds at 25° C. The cloth 
was then heated to 110' C. for two minutes. 
The treated cheesecloth was sufficiently water 

repellent to support water to a depth of one 
quarter inch on the fabric, while the untreated 
material was immediately wetted and would sup 
port no water. . The treated cloth retained its 
water repellency even after laundering with soap 
solution and dry cleaning with carbon tetra 
chloride. 
The foregoing examples show the use of chro 

myl chloride as a sizing agent, Stannic chloride 
is another chloride which we have found to in 
part water repellency to insoluble polysaccharides 
when applied by a process of our invention. 
Such an application is shown in Example 4. 

Eacample 4 
A piece of pure unsized cellulose paper was 

dried at 100 C. for two minutes. It was then 
exposed to dry air saturated with stannic chloride 
vapor at 25 C. for five seconds. The treated 
paper was heated to 120° C. for two minutes. 
The treated paper had the characteristics of a 

sized paper. It did not absorb water as readily 
as untreated paper and could readily be written 
upon with pen and ink. By contrast, the un 
treated paper behaved toward water and ink in 
the manner of blotting paper. 

Stannic and chromyl chlorides may be used to 
impart water repellency to insoluble polysac 
charides according to a method of our invention 
in solution in an inert solvent rather than by 
the vapor phase treatments of Examples 1 
through 5. The use of such a solvent method is 
shown in Example 5. 

Eacample 5 
A piece of pure dry unsized cellulosic paper 

was dipped in a carbon tetrachloride solution 
paper had been immersed for several days. The 75 containing one-tenth per cent of chronic 
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ride by weight for one second. The carbon tetra 
chloride was allowed to evaporate and the treat 
ed paper was heated to 110° C. for two minutes. 
The treated paper was remarkably water-re 

pellent as compared with a sample of the same 
original paper stock which had been treated only 
by immersing in carbon tetrachloride contain 
ing no chromyl chloride, drying and heating. 
While in the above examples we have shown 

the application of our novel processes for im 
parting water repellence to certain specified ma 
terials, it will be understood that the processes 
are broadly applicable to water-insoluble poly 
saccharides in various forms. Wood, rayon, jute 
and hemp are examples of other cellulosic ima 
terials which inay be so treated. Starch and sim 
ilarly constituted Substances which, if they dis 
perse in water at all, form only colloidal disper 
sions, also may be made water-repellent by this 
treatment. The art is familiar with various 
other water-insoluble polysaccharides and to the 
treatment of these materials also the processes 
of our invention may advantageously be applied. 

Since chromyi and stannic chlorides react with 
water, the materials which are to be made water 
repellent by a process of our invention should be 
substantially dry before they are treated. The 
conditions required for drying will of course vary 
with the material. The art is already familiar 
with the conditions under which such drying can 
be effected. 
When chromyl and stannic chlorides are ap 

plied to insoluble polysaccharides as vapors, the 
time employed for the treatment and the con 
centration of the vapor may be considerably var 
ied. Usually the time required will vary in 
versely with the concentration, higher concen 
trations requiring shorter treating times. Sim 
ilarly, when the chloride is applied from Solution 
in an inert solvent, the treating time required is 
greater at lower concentrations of the chloride 
in the solvent. Usually contact of the polysac 
charide with the chloride for a few Seconds is Suf 
ificient. 
When the treatment is applied from a Solution 

in an inert solvent, the solvent should be one 
which is relatively resistant to reaction with the 
chloride used. In Example 5 we have shown the 
use of carbon tetrachloride. Among other inert 
solvents which we may use are ethylene dichlo 
ride, diethyl ether and n-heptane. 

"jhile in the foregoing examples the use of 
cironyl chloride and stannic chloride is shown 
separately, we may also use these chlorides to 
gether as mixtures, and such mixtures may be 
applied as either vapors or solutions. 
The heat-treatment to which the chloride 

treated material is submitted according to a 
process of our invention may be considerably 
varied. We have found that in general the time 
of exposure desirable for the heat treatment War 
ies inversely with the temperature. Thus, in a 
short time high temperatures accomplish results 
which lower temperatures require longer expo 
sure to produce. 
This time-temperature relationship applies 

over a considerable range of temperatures. An 
appreciable water repellency in paper may be de 
veloped, for instance, by treating the paper with 
chromyl chloride vapor and storing the treated 
paper for a period of a few days at temperatures 
as low as about 38° C. We have found that by 
raising the temperature this period of storage is 
remarkably shortened. Thus, we will ordinarily 
prefer to use for the heat treatment tempera 
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tures of about 50° C. or higher for periods of a 
few seconds to a few minutes. 

It will be understood that the temperature 
used should not be so high as to cause deteriora 
tion of the material being treated. We have 
found that in most instances satisfactory results 
are obtained at temperatures not exceeding 
about 200° C. 
The hydrophobic products obtained by the 

processes of our invention contain the metal ion 
of the chloride in Some form of combination. 
Whether this is a loose chemical combination, an 
adsorption, or merely a physical coating, the fact 
remains that the metallic ion is fixed in the 
treated material. This is emphasized by the fact 
that it cannot be washed out by laundering or 
extraction with carbon tetrachloride. The 
amount of metalion present may be considerably 
varied, depending upon the character of the ma 
terial treated and the degree of Water repellency 
desired. We have found that a chromium ion re 
tention of from about five-hundredths to twen 
ty-five hundredths per cent based on the weight 
of the treated material gives satisfactory water 
repellence while with tin tetrachloride the tin 
ion retention should be preferably from about 
One-tenth to One per cent. It will be understood 
that when reference is made to ions, these ions 
may be present in combined form, as in the form 
of chlorides or complex compounds. 
The water repellency developed by the pres 

ence of a given amount of chromium or tin ion in 
a polysaccharide is related to the time and tem 
perature of a heating and aging after-treatment 
as already shown above. This relationship may 
be expressed mathematically as follows: 

4 or oo t = 2.7183 
where A and B are constants, it is the time of the 
heat treatment, C is weight per cent of chromi 
um ion in the paper, and T is the temperature in 
degrees absolute used in the heat treatment. 
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From this expression it will be seen that, temper 
ature being constant, increasing the concentra 
tion of chromium ion in the treated paper de 
creases the time required for the heat treatment. 
The values of the constants A and 3 in the 

above expression are to some extent dependent 
upon the particular material being treated. For 
most materials A will have a value in the range 
from about 100 to 102 and B will have a value 
of from 8000 to 9000, such values being constant 
for a particular material. For an unsized paper 
made with about one-third soda, pulp and two 
thirds Sulfite pulp, for instance, we have found 
the values of A and B, respectively, to be iO-11 
and 8500. It Will be evident that the above ex 
pression shows the minimum time of heat treat 
Inent desirable, and that somewhat longer times 
often may be employed advantageously. 
While we have described our novel processes 

and products with reference to particular appli 
cations and compositions, it will be understood 
that without departing from the scope of our in 
vention one skilled in the art may employ numer 
ous processes for imparting water-repellency to 
Water-insoluble polysaccharides using a chloride 
of the group consisting of stannic and chromyl. 
chlorides. 
- We claim: 

1. A Water-insoluble polysaccharide having a . 
hydrophobic surface characterized by the pres 
ence thereupon of an orientated layer of thermal 
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interaction products of the polysaccharide and 
chromyl chloride, 

2. Paper having a hydrophobic surface chair 
acterized by the presence thereupon of an ord 
entated layer of thermal interaction products of 
the paper and chromyl chloride, 

3. In a process for imparting hydrophobic 
character to hydrophilic, water-insoluble poly 
saccharides, the steps comprising exposing a 
water-insoluble substantially dry polysaccharide 
to contact with chromyl chloride in a treating 
Zone, then removing the polysaccharide from the 
treating zone and thereafter heating the poly 
saccharide whereby a Water-repellent Orientated 
layer of interaction products of the polysac 
charide and the chloride is produced on the sur 
face of the polysaccharide. 

4. In a process for imparting hydrophobic 
character to paper, the steps comprising exposing 
the paper in a substantially dry condition to con 
tact with chromyl chloride in a treating zone, 
then removing the paper from the treating Zone 
and thereafter heating the paper, whereby a 
Water-repellent Orientated layer of interaction 
product of the paper and the chromyl chloride 
is produced on the surface of the paper. 

5. In a process for imparting hydrophobic 
character to hydrophilic, water-insoluble poly 
Saccharides, the steps comprising exposing a 
Water-insoluble substantially dry polysaccharide 
to contact with chromyl chloride in a treating 
Zone, then removing the polysaccharide from 
the treating zone and thereafter heating the 
polysaccharide, the time and temperature of 
heating being related by the expression 
its A/C 2.7183P/F, where t is the time of the heat 
treatment, C is the weight per cent of chromium 
ion in the paper, T is the temperature in degrees 
absolute used in the heat treatment, A is a con 
stant having a value in the range from about 
10-0 to 10, and B is a constant having a value 
of from about 8000 to 9000. 

6. In a process for imparting hydrophobic 
character to paper, the steps comprising ex 
posing paper in a substantially dry condition to 
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contact with chronyl chloride in a treating Zone, 
then removing the paper from the treating Zone 
and thereafter heating the paper, the time and 
temperature of heating being related by the ex 
pression t=A/C 2.7183B/T, where t is the time 
of the heat treatment, C is the Weight per cent 
of chronium on in the paper, T is the tempera 
ture in degrees absolute used in the heat treat 
ment, A is a constant having a value in the range 
from about 10-10 to 10, and B is a constant 
having a value of from about 8000 to 9000. 

7. In a process for imparting hydrophobic 
character to hydrophilic, water-insoluble poly 
Saccharides, the steps comprising exposing a wa 
ter-insoluble substantially dry polysaccharide to 
contact with a vapor Comprising chromyl chlo 
ride in a treating zone, then removing the poly 
Saccharide from the treating Zone and there 
after heating the polysaccharide whereby a Wa 
ter-repellent Orientated layer of interaction 
products of the polysaccharide and the chloride 
is produced on the surface of the polysaccharide. 

8. In a process for imparting hydrophobic 
character to hydrophilic, water-insoluble poly 
Saccharides, the steps comprising exposing a 
water-insoluble substantially dry polysaccharide 
to contact with chromyl chloride in a treating 
ZOne, then removing the polysaccharide from 
the treating zone and thereafter heating the 
polysaccharide to a temperature of from about 
38 to about 200 C., whereby a water-repellent 
Orientated layer of interaction products of the 
polysaccharide and the chloride is produced on 
the surface of the polysaccharide. 

9. A water-insoluble polysaccharide having a 
hydrophobic surface characterized by the pres 
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ence thereupon of an orientated layer of thermal 
interaction products of the polysaccharide and 
chronyl chloride, the chronium ion present in 
the chronyl chloride comprising from about five 
hundredths to twenty-five hundredths per cent 
by weight of the polysaccharide, 
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