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6 Claims. (Cl. 117—161) 
This invention relates to the method of rendering ar 

ticles water-repellent. More particularly, the invention per 
tains to a novel method of rendering articles water-repel 
lent, compn'sing applying a polysiloxane having -a methyl 
hydrogensiloxane unit, such as methylhydrogenpolysilox 
ane. 

Methylhydrogenpolysiloxane is known in the art as a 
silicon water-repelling agent. ‘-In order to produce in a 
single application satisfactory Water-repellent effects, the 
articles treated with said agent are normally baked or 
cured at a temperature higher than 150° C., but the re 
sultant Wash durability and dry~cleaning resistance are 
not always satisfactory. 

. In the prior art, there is accordingly employed a cat 
alyst, such as zinc or stannous 2-ethylhexanoate, zir 
conium oxychloride, zinc acetate, sodium bicarbonate and 
the like. The application of said catalyst, however, does 
not necessarily exclude the necessity of baking or curing 
at a high temperature, and the resultant effects are con 
?ned to improvements in the wash durability and the 
like qualities of the treated articles. The application of 
said method, moreover, is restricted to the treatment of 
nylon, polyester, cellulose acetate and the like hydro 
phobic ?bers and fabrics, producing almost no marked 
durability in cotton, linen viscose rayon stable, polyvinyl 
alcohol and the like hydrophilic ?bers and fabrics, and 
the resultant water-repellency is markedly deteriorated 
even by a single washing. Consequently, the prior art in 
general can hardly be applied to the articles having poor 
heat resistance. 

There is disclosed in the United States Patent 2,588,365 
a method comprising applying a mixture of methylhydro 
genpolysiloxane and dimethylpolysiloxane at a tempera~ 
ture ranging from 100° to 475° F. However, it remains 
also impracticable for said patent to achieve the desired 
water-repellency without subjecting the wetted articles to 
a heat processing in order to thermally decompose the 
emulsi?er, insofar as said mixture is employed in the 
form of emulsion. ‘ 

The primary object of the present invention is accord 
ingly to provide a method for rendering articles water 
repellent which can be applied without subjecting the 
wetted articles to heat processing, such as baking or cur 
mg. 

Another object of the present invention is to provide a 
method for rendering articles water-repellent, wherein 
the drying of the treated articles can be carried out at 
room temperature, producing a marked water-repellency. 
A further object of the present invention is to provide a 

method for rendering articles water-repellent, wherein 
the wash durability, resistance to dry cleaning, and other 
properties of the resultant articles can be markedly im 
proved. 
A still further object of the present invention is to pro 

vide a method for rendering articles water-repellent, which 
can be applied not only to the hydrophobic ?bers and 
fabrics but to cotton, rayon, staple, polyvinyl alcohol and 
the like hydrophilic ?bers and fabrics, producing a marked 
durability, dry-cleaning resistance and the like desirable 
effects. 
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The present invention is based upon the discovery that 

a metallic compound applied in a small quantity in ad 
mixture With a catalyst, such as zinc acetate or zinc 
formate, which is employed in association with a poly 
siloxane having a methylhydrogensiloxane unit in the 
order of at least 50 weight percent, produces marked ef 
fects which cannot be achieved by the single application 
of said catalyst, rendering it completely possible to carry 
out the dry processing of the resultant articles at room 
temperature, and imparting a marked water-repellency 
and durability not only to the hydrophobic but to the 
hydrophilic ?bers and fabrics as well. 
The po'lysiloxanes employed as a water-repelling agent 

in the present invention are methylhydrogenpolysiloxane, 
copolymers of methylhydrogendichlorosiloxane and di 
methyldichlorosilane, mixtures of methylhydrogenpoly 
siloxane and dimethylpolysiloxane and the like materials 
having a methylhydrogensiloxane unit in the order of 
more than 50 Weight percent. The resultant water-repel 
lency can be increased with a rise in the number of said 
unit present in the materials employed. 

In the present invention, any of the aforespeci?ed poly 
siloxanes is employed by emulsifying in a concentration 
of from 1 to 10 weight percent. Particularly desirable re 
sults are obtained with a concentration of about 3 weight 
percent. 
The emulsifying agent employed in the present inven 

tion are cationic emulsi?ers, such as quaternary am 
monium salt; anionic emulsi?ers, such as dialkyl ester of 
suc-cinic sulfonate, alkylbenzene sulfonate and aliphatic 
acid soaps; and nonionic emulsi?ers, such as polyoxyethyl 
enesorbitanmonolaurate and polyoxyethylenesorbitan 
monoolate. The most desirable effects are obtained with 
cationic emulsi?ers, particularly with quaternary am 
monium salt. 

In the present invention, there is employed zinc acetate 
in admixture with at least one species of metallic com 
pounds, such as zirconyl acetate, tin acetate, magnesium 
acetate, zinc salts of higher aliphatic acids having from 
8 to 18 carbon atoms, sodium salts of higher aliphatic 
acids having from 8 to 18 carbon atoms, zirconium oxy 
chloride, Zinc oxide, titanium oxide, tin oxide and lead 
oxide. Zinc formate can also be used in the place of zinc 
acetate, producing the same results as zinc acetate does. 

In the present invention, the desired effects can be ob 
tained when any of the aforespeci?ed metallic compounds 
is employed singly or in admixture in a very small metal 
weight in relation to the zinc Weight of the aforesaid 
catalyst. ‘In the following table are shown the desirable 
weight range of application, wherein the metal weight 
of each metallic compound is determined in terms of the 
zinc weight of zinc acetate or zinc formate as 1, and in 
which the value is on the average because the value 
?uctuates in accordance with the articles to be treated 
and the emulsi?er to be employed: 

Desirable Most Desirable 
Metallic Compounds Range of Range of 

Application Application 

Zireonyl acetate _____________________ ._ 1/1, 000-1/10 1/100 
Tin acetate _____ __ 1/100-1/10 5/100 
Magnesium acetate_ 1/10-1/2 2/l0—3/10 
Zine stearate. . _ _ 1/1, 000-3/10 l/l00—l/l0 
Sodium stearate _________ _ - . _ 1/1, 000-3/10 1/100-1 I10 
Zirconium oxyehloride ______________ _ _ 1/1, 000-1/ 10 1/100-1/10 
Zinc oxide ________ ._ - 1/100-7/10 1/10-5/10 
Titanium Oxide 1/ 100-7 / l0 1/10-5/ 10 
Tin oxide__ _ _ _ _ 1/100-7/10 1/10-5/10 

Lead Oxide ____ _. '1/100-7/10 1/10-5/10 

In the present invention, any of the af-orespeci?ed metal 
lic compounds and zinc acetate or zinc formate are em 
ployed ‘in the order of from 1 to 15 percent, preferably 
from 8 to 12 percent, by total metal weight in relation 
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to the polysiloxane employed. Particularly desirable re 
sults are obtained when said metallic compound and zinc 
acetate or zinc formate are employed in the order of about 
10 percent by total metal weight. 
The articles which can be treated according to the 

principles of the present invention include not only nylon, 
polyester, cellulose acetate, polyacrylonitrile and copoly 
mers of acrylonitrile, all in the form of ?bers, fabrics and 
fabricated articles, but cotton, linen, viscose rayon staple, 
polyvinyl alcohol and other hydrophilic synthetic ?bers, 
fabrics and fabricated articles. Articles of paper, wood, 
glass, concrete and metals can also be treated according 
to the principles of the present invention, producing a 
marked extent of water-repellency. 

In actual operation, any of the aforespeci?ed metallic 
compounds is added in association with zinc acetate or 
zinc formate to the emulsion containing any of the afore 
speci?ed polysiloxanes. The article to be treated is wetted 
with the resultant emulsion by a suitable method, such as 
dipping, coating, spraying or the like, and allowed to dry 
at room temperature, namely from 10° to 40° C. or 
thereabout, for a day or two. The period of time required 
for drying the wetted articles is dependent upon the 
species of the emulsi?er and the metallic compound em 
ployed and of the articles to be treated, inclusive of other 
external factors, such as atmospheric temperature, mois 
ture, ventilation and the like, although the period of time 
extending from one to two days is enough under normal 
atmospheric conditions. Heat may be applied for ac 
celerating the dry processing, but the application of heat 
is not essential in the present invention, because there is, 
as stated before, no need in the invention of decomposing 
the emulsi?er by means of heating. 
The objects of the present invention can also be mate 

rialized when the article to be treated is ?rst wetted with 
an emulsion containing any of the aforespeci?ed poly 
siloxances in the order of concentration from 1 to 10 
weight percent, and then the resultant article, after dry 
ing, is wetted with a solution containing zinc acetate or 
zinc formate and any of the aforespeci?ed metallic com 
pounds in the order of concentration from 1 to 10 percent 
by total metal weight, the range of concentration of the 
metallic compound employed in relation with zinc acetate 
or zinc formate being as speci?ed before. 

In order to provide a fuller understanding of the pres 
ent invention, there are presented the following examples 
which are illustrative only, and in which spray rating was 
determined in association with the American Association 
of Textile Chemists and Colorists’ standard test method: 

Example 1 
To 0.9 gram of benzylcetyldimethylammonium chlo 

ride dissolved in a slight amount of water, there were 
added 90 grams of methylhydrogenpolysiloxane, and the 
mixture was dispersed with stirring for 5 minutes in 59.1 
cc. of water to make up 150 grams of aqueous emulsion 
containing 60 weight percent of methylhydrogenpoly 
siloxane. The resultant emulsion was diluted with water 
to a concentration of 3 weight percent. There were then 
added with stirring zinc acetate and zirconium oxychlo 
ride in the order of respectively 10 percent and 0.2 per 
cent by metal weight in relation to the polysiloxane weight 
present in the emulsion. In the resultant emulsion were 
dipped cotton poplin fabrics for about 30 minutes, 
squeezed to the order of about 2 times the original weight, 
and dried at room temperature ranging from 24° to 30° 
C. for 36 hours. Spray rating before and after washing 
was 100, and the treated fabrics exhibited an excelled 
good hand and soft touch. 
The same results as stated above were obtained with 9 

percent by metal weight of zinc formate employed in the 
place of aforesaid zinc acetate. 

Almost the same results as stated above were also pro 
duced on the nylon, polyester and polyacrylonitrile fabrics 
treated in the same manners as described above. 
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Example 2 

To a 3 percent methylhydrogenpolysiloxane emulsion 
prepared in accordance with the manners as described in 
Example 1, there were added with stirring zinc acetate 
and zinc stearate in the order of respectively 10 percent 
and 0.3 percent by metal weight in relation to the poly 
siloxane weight present in the emulsion. Cuprammonium 
rayon fabrics were then dipped in the resultant emulsion, 
squeezed and dried in the same manners as described in 
Example 1. Spray rating before and after was-hing was 
100, producing an excelled good band and agreeable soft 
touch. 

Example 3 
To a 3 percent aqueous methylhydrogenpolysiloxane 

emulsion prepared in accordance with the manners as de 
scribed in Example 1, there were added with stirring zinc 
acetate and magnesium acetate in the order of respectively 
7 percent and 3 percent by metal Weight in relation to the 
polysiloxane weight present in the emulsion. The resultant 
emulsion was then applied to polyvinyl alcohol fabrics 
(“Vinylon,” Kurashiki Rayon Kabushiki-kaisha, Osaka, 
Japan), and the treated articles were squeezed and dried 
in the same manners as described in Example 1. Spray 
rating before and after washing was 100, producing an ex 
celled good hand and agreeable soft touch. 

Almost the same results were obtained with zinc acetate 
and zirconyl acetate employed in the place of the afore 
speci?ed zinc acetate and magnesium acetate in the order 
of respectively 10 percent and 0.01 percent by metal 
weight, and with zinc acetate and tin acetate employed 
in the place of aforespeci?ed zinc acetate and magnesium 
acetate in the order of 10 percent and 0.5 percent respec 
tively by metal weight. 

Example 4 
To 3 percent methylhydrogenpolysiloxane emulsion 

prepared in accordance with the manners as described in 
Example 1, there were added with stirring zinc acetate 
and titanium oxide in the order of respectively 10 percent 
and 1 percent by metal weight in relation to the poly 
siloxane weight present in the emulsion. The resultant 
emulsion was then sprayed onto concrete pavements in 
the order of 1/m.2, and the pavements were allowed to 
dry for 48 hours at atmospheric temperature ranging from 
24° to 33° C., producing a marked water-repellency as 
compared with non-treated pavements. 
Almost the same water-repellency was obtained with 

any of zinc oxide, tin oxide and lead oxide employed in 
the order of 1 percent by metal weight in the place of the 
aforespeci?ed titanium oxide. 

Example 5 

Cotton poplin fabrics were dipped for 30 minutes at 
room temperature in a 3 percent aqueous methylhydro 
\genpolysiloxane emulsion prepared in accordance with 
the manners as described in Example 1, squeezed to the 
orderof about 2 times the original Weight and dried at 
room temperature. The resultant fabrics were then dipped 
for 30 minutes at room temperature in an aqueous solu 
tion containing 5 percent of zinc acetate and 1 percent 
of sodium stearate by metal Weight, squeezed to the order 
of about 2 times the weight of said fabrics, and dried at 
room temperature for 36 hours. Spray rating before and 
after washing was 100, exhibiting an excelled good hand 
and soft touch. All the room temperatures employed 
were from 24° to 30° C. 
We claim: 
1. A process for rendering articles water repellent 

comprising wetting the article to be treated with an 
aqueous emulsion containing 1 to 10 weight percent of a 
polysiloxane having a methyl hydrogen siloxane unit in 
the order of at least 50 weight percent, zinc acetate and 
zirconyl acetate, the quantity of zirconyl acetate employed 
being in the order of from 360,000 to 1/10 parts by weight 
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of zirconium in the zirconyl acetate per 1 part by Weight 
of zinc in the zinc acetate, the total quantity of zinc ace 
tate and zirconyl acetate being 1 to 15 percent by total 
metal weight in relation to the polysiloxane employed, and 
drying the wetted article at room- temperature to provide 
said article with a Water repellent ?nish resistant to Wash 
mg. 

2. A process for rendering articles water repellent com 
prising wetting the article to be treated With an aqueous 
emulsion containing 1 to 10 weight percent of a poly 
siloxane having a methyl hydrogen siloxane unit in the 
order of at least 50 Weight percent, zinc acetate and tin 
acetate, the quantity of tin acetate employed being in 
the order of from 1/100 to 3}/10 parts by weight of tin in the 
tin acetate per 1 part by Weight of zinc in the zinc acetate, 
the total quantity of zinc acetate and tin acetate being 1 to 
15 percent .by total metal Weight in relation to the poly 
siloxane employed, and drying the wetted article at room 
temperature to provide said article with a water repel 
lent ?nish resistant to washing. 

3. A process for rendering articles water repellent com 
prising wetting the article to be treated with an aqueous 
emulsion containing 1 to 10 Weight percent of a poly 
siloxane having a methyl hydrogen siloxane unit in the 
order of at least 50 Weight percent, zinc acetate and 
magnesium acetate, the quantity of magnesium acetate 
employed being in the order of from V10 to 1/2 parts by 
Weight of magnesium in the magnesium acetate per 1 
part by weight of zinc in the zinc acetate, the total quantity 
of zinc acetate and magnesium acetate being 1 to 15 per 
cent by total metal weight in relation to the polysiloxane 
employed, and drying the wetted article at room tem 
perature to provide said article with a water repellent 
?nish resistant to Washing. 

4. A process for rendering articles water repellent com 
prising Wetting the article to be treated with an aqueous 
emulsion containing 1 to 10 Weight percent of a poly 
siloxane having a methyl hydrogen siloxane unit in the 
order of at ‘least 50 Weight percent, zinc acetate and zir 
conium oxychloride, the quantity of zirconium oxychloride 
employed being in the order of from 1/1300 to 1,60 parts 
by weight of zirconium in the zirconium oxychloride per 
1 part by Weight of zinc in the zinc acetate, the total quan 
tity of zinc acetate and zirconium oxychloride being 1 to 
15 percent by total metal Weight in relation to the poly 
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siloxane employed, and drying the wetted article at room 
temperature to provide said article with a water repellent 
?nish resistant to washing. 

5. A process for rendering articles water repellent com 
prising Wetting the article to be treated with an aqueous 
emulsion containing 1 to 10 Weight percent of a polysilox 
ane having a methyl hydrogen siloxane unit in the order 
of at least 50 weight percent, zinc acetate and one stearate 
species selected from the group consisting of Zinc stearate 
and sodium stearate, the quantity of said stearate species 
being in the order of from 1/1300 to 3/10 parts by Weight 
of metal of the respective stearate per 1 part by weight 
of zinc in the zinc acetate, the total quantity of zinc ace 
tate and said stearate species being 1 to 15 percent by 
total metal Weight in relation to the polysiloxane employed 
and drying the wetted article at room temperature to pro 
vide said article with a Water repellent ?nish resistant to 
washing. 

6. A process for rendering articles Water repellent com 
prising wetting the article to be treated with an aqueous 
emulsion containing 1 to 10 Weight percent of a poly~ 
siloxane having a methyl hydrogen siloxane unit in the 
order of at least 50 weight percent, zinc acetate and one 
oxide species selected from the group consisting of zinc 
oxide, titanium oxide, tin oxide and lead oxide, the quan 
tity of said oxide species being in the order of 1/100 to 7/10 
parts by Weight of metal of the respective oxide, the total 
quantity of zinc acetate and said oxide species being 1 to 
15 percent by total metal weight in relation to the poly 
siloxane employed and drying the wetted article at room 
temperature to provide said article with a water repellent 
?nish resistant to washing. 
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