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UNITED STATES 

2,683,674 

PATENT OFFICE 
2,683,674 

WATERPROOFING MASONRY WITH 
ALKYL POLYSLOXANES 

David B. Hatcher and Raymond H. Bunnel, To 
ledo, Ohio, assignors, by mesne assignments, to 
Allied Chemical & Dye Corporation, New York, 
N. Y., a corporation of New York 
Application August 7, 1950, Seria No. 178,157 

(C. 11-123) 3 Cains. 

The invention relates to the waterproofing of 
articles, particularly porous ceramic materials, 
by forming a water-repellent coating thereon. 
The method heretofore used for increasing the 

Water resistance of porous ceramic materials 
haS consisted in applying to the surfaces of such 
ceramic materials a solution of aluminum Stear 
ate in a volatile solvent. Such treatment of the 
Surfaces imparts water-repellency, but the water 
repellency So imparted disappears after a rela 
tively short period of months or years. Subse 
quent penetration of water, followed by freezing, 
then results in gradual Weathering and disinte 
gration of the ceramic material. 
The principal object of the invention is the 

production of coatings of Superior water-repel 
lency. More Specific objects and advantages are 
apparent from the description in which refer 
ence is had to the accompanying drawings illus 
trating preferred embodiments of the invention, 

Figure I of the drawings is a diagram illus 
trating preferred methods of practicing the in 
vention. 

Figure It is an enlarged fragmentary cross 
Sectional view of a normal building foundation : 
and moist earth adjacent thereto. 

Figure III is a view that is the same as Fig 
ure II except that the foundation has been treat 
ed in accordance with the method of the inven 
tion, 

Figure IV is an enlarged fragmentary cross 
Sectional view of masonry units held together by 
mortar as in a normal building structure. 

Figure W is a view that is the same as Figure IV, 
except that the masonry units have been treated : 
in accordance with the method of the invention. 
A Waterproofing composition embodying the 

invention, which is capable of forming coatings 
of Superior water-repellency, comprises a sub 
stance having an average unit structure corre 
Sponding to the formula, 

2 

wherein m is a number from 0.3 to 0.9; R is a 
primary aliphatic hydrocarbon radical having 
from three to nine carbon atoms; and not less 
than 30 per cent of the silicon atoms have such 
radicals attached thereto. 
A Substance having Such an average unit 

structure is a Substance of the type known as a 
Siloxanol. The Siloxanols that have been com 
monly knoWn heretofore have been those con 
taining lower alkyl radicals (usually methyl radi 
cals and occasionally ethyl radicals). A Silox 
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2 
anol having an average unit structure cor 
responding to the above formula would be a rela 
tively unstable substance if R were methyl. Such 
a methyl siloxanol usually is prepared just be 
fore use and is cured by baking. 

In contrast, the siloxanol in a waterproofing 
composition embodying the invention is a rela 
tively stable Substance, and after application to 
form a water-repellent coating, is allowed to re 
main in a partially condensed and Uncured con 
dition. Because of its stability, the siloxanol in 
a Water-repellent coating produced in the prac 
tice of the invention does not become brittle, but 
remains Substantially in its original condition 
and lasts indefinitely without cracking or craz 
ing. Thus, the Siloxanol in a water-repellent 
coating produced in the practice of the invention 
does not undergo, appreciable further condensa 
tion upon exposure to the atmosphere. 

If the value of 'n' in the formula for the 
average unit Structure of the Sioxano were be 
low 0.3, the siloxanol would not be sufficiently 
stable. On the other hand, if the value of 'm' 
Were above 0.9, the siloxanol. Would produce un 
satisfactory results because of its tendency to 
remain in a tacky condition. 
A waterproofing composition embodying the 

invention is remarkably superior in effective 
neSS to a composition that is the same except 
that it contains a Siloxanol in which the alkyl 
radicals are ethyl radicals, in that the same de 
gree of water-repellency can be imparted by the 
application of a much. Smaller amount of Solids 
per Square foot in the use of a composition em 
bodying the invention. 
The striking improvement achieved in the 

Waterproofing of porous ceramic materials using 
a volatile Solvent Solution of a composition en 
bodying the invention has been demonstrated 
as follows: 
Common sand mold bricks, which in the un 

treated State absorb a large amount of water, 
were treated on One flat side and On the four 
edges with one coat (approximately 10 grams) 
of one of the compositions specified in the first 
column of Table below. The coating was ap 
plied to each brick using a paint brush one and 
one-half inches wide. After applying the coat 
ing to each brick, the brick was permitted to 
stand for 24 hours, weighed, and then placed 
with the flat, treated side down in a pan contain 
ing water at a depth of One-quarter inch. After 
four hours (practically all water absorption takes 
place in this time), the bricks were removed from 
the pans, wiped free of Superficial moisture, and 
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Weighed. From the increase in weight of each 
brick, the water absorbed by the brick was calcu 
lated as per cent of its former weight. (The 
terms “per cent and “parts' are used herein 
to mean per cent and parts by weight unless 
Otherwise designated.) Five bricks were used to 
test each composition specified in Table 1, and 
the average of the five results is given in Table 
1 as the per cent of water absorbed. For the 
sake of comparison, untreated bricks were test 
ed also in the same manner, the results being 
included in Table 1. 
Composition A in Table i was a solution of a 

butylsiloxanol embodying the invention pre 
pared by the following procedure: 
A mixture of butyltrichlorosilane (310 grams), 

silicon tetrachloride (184 grams) and toluene 
(200 ml.) was added dropwise from a dropping 
funnel to a hydrolyzing Solution consisting of 
Water (1650 ml.), 1-butanol (425 ml.) and toluene 
(200 ml.) contained in a 4-liter beaker surround 
ed with ice Water. The mixture in the beaker 
was stirred during the addition, and the rate of 
addition Was adjusted So that the temperature of 
the Solution never rose higher than 30 degrees C. 
When the addition from the dropping funnel, 
Which required approximately one hour, Was com 
plete, the resinous layer was separated from the 
water layer in a separatory funnel, and the water 
layer was drawn off. The resin was washed with 
water (3 portions of 150 ml. each) containing 
enough salt to effect a more rapid separation (i.e., 
'salting out') of the resinous layer from the aque 
ous layer. The Washed resin was then dried for 
sixteen hours over anhydrous Sodium Sulphate 
(about 35 grams). A commercial filter aid (10 
grams of 'Filtercel') was then added and the 
mixture was filtered. The filtrate was a clear 
water-white resin Solution containing a Solids con 
tent of 38.1 per cent. 

Composition B in Table 1 was a solution of an 
ethylsiloxanol of approximately the same Solids 
content which was prepared as described in the 
preceding paragraph except that ethyltrichloro 
Silane (392.4 grams) Was used in place of the 
butyltrichlorosilane, and the amount of silicon 
tetrachloride employed Was i02 grams. 

Table 1 

Percent 
Water 

Absorbed 
Waterproofing Composition 

From the results shown in Table 1, it is readily 
apparent that although a brick Coated With an 
ethylsiloxanol solution (Composition B, which is 
in fact the best composition for waterproofing 
porous ceramic material heretofore known) ab 
sorbs considerably less Water than an untreated 
brick, its water absorption is not nearly as low 
as the excellent Water absorption of a brick coated 
with a composition of the invention (Composi 
tion A) when tested against a one-quarter inch 
head of water. (In the above demonstration the 
one-quarter inch head of Water is roughly equiva 
lent to a rain driven by a 20 miles per hour 
breeze.) 

ALKYLSIOXANOI 

For the sake of brevity, a Substance having an 
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average unit structure corresponding to the for 
mula 

Risicol).0-ge 2 

wherein m is a number from 0.3 to 0.9; R is a pri 
mary aliphatic hydrocarbon radical having from 
three to nine carbon atoms; and not leSS than 30 
per cent of the silicon atoms have Such radicals 
attached thereto is referred to hereinafter as an 
“alkylsiloxanol.' 
A primary radical having from three to nine 

carbon atoms (R, in the above formula) may be a 
straight or branched chain primary alkyl radical 
having from three to nine carbon atoms Such as, 
for example, a 1-propyl, 1-butyl, isobutyl, 1 
pentyl, isoamyl, 1-hexyl, isohexyl, 1-hepty), iso 
hepty), 1-octyl, isooctyl, 1-nonyl or isononyl radi 
cal. 

SILANE STARTING MATERIAS 
An alkylsiloxanol embodying the invention may 

be produced by the controlled hydrolysis and con 
densation of a mixture of (i) one or more Silanes 
having the general formula. 

RSiY4-) 
hereinafter referred to as alkylsilanes, and (2) 
one or more silanes having the general formula, 

SiYY 
hereinafter referred to as tetra-functional silanes, 
in which R, is a primary alkyl radical having from 
three to nine carbon atoms, as hereinbefore de 
scribed, ac is an integer from one to three, Y is 
a hydrolyzable radical and Y is a hydrolyzable 
radical or hydrogen. (Mixtures of alkylsilanes 
and mixtures of tetra-functional silanes may be 
employed.) 

“Hydrolyzable radical' is used herein to include 
halo, alkoxy, amino, aroxy and acyloxy. The 
halo radical is any one having an atomic Weight 
less than 80 (i. e., fluoro, chloro or bromo). The 
alkoxy radical is any primary or secondary alkoxy 
radical having from One to four carbon atoms (i. 
e., methoxy, ethoxy, propoxy, isopropoxy, n-bu 
toxy, isobutoxy or Secondary butoxy). Amino is 
Simply the -NH2 group. Aroxy radicals are 
any in Which the aryl group is phenyl, or a mono-, 
di- or tri-Substituted phenyl radical, each Sub 
stituent being a primary, secondary or tertiary 
alkyl radical having from One to five carbon atoms, 
the total number of carbon atoms in the side 
chains being not more than five (i. e., the aryl 
radical is phenyl, or Ortho-, meta- or para-methyl 
phenyl, any di- or tri-methyl phenyl, or any Sub 
Stituted phenyl in Which the Substituents are: 
one ethyl; one ethyl and one methyl; two ethyls; 
two methyls and one ethyl; two ethyls and one 
methyl, either propyl radical; either propyl radi 
cal and methyl; either propyl radical and two 
methyls; either propyl radical and ethyl; any 
butyl radical; any butyl radical and methyl; or 
any pentyl radical). The acyloxy radical has the 
general formula, 

O 

Z-C-O- 

in which Z, is a saturated or unsaturated straight, 
branched or closed chain hydrocarbon radical 
having from one to eighteen carbon atoms, or 
phenyl or Substituted phenyl, the substituents, if 
any, consisting of from one to three alkyl radi 
cals each having from one to five carbon atoms, 
and all having a total of not more than five carbon 
atoms, as hereinbefore described. 

Examples of alkyl that may be used as start 
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ring materials in the production of alkylsiloxanols 
embodying the invention include: 1-propyltri 
chlorosilane, 1-propyltrifluorosilane, 1-propyl 
triethoxysilane, dipropyldiethoxysilane, dipropyl 
dichlorosilane, tripropylbromosilane, 1-butyltri 
chlorosilane, isobutyltrichlorosilane, 1-butyltri 
ethoxysilane, isobutyltriethoxysilane, dibutylidi 
fluorosilane, 1-butyltributoxysilane, 1-pentyltri 
chlorosilane, isoamyltrichlorosilane, 1-pentyltri 
fluorosilane, 1-pentyltriethoxysilane, diamyldi 
fluorosilane, 1-hexyltrichlorosilane, 1-hexyltri 
ethoxysilane, 1-heptyltrichlorosilane, and 1 
Octyltrichlorosilane. 
Examples of tetra-functional silanes that may 

be used as starting materials in the production 
of alkylsiloxanols of the present invention in 
clude: ethyl orthosilicate, propyl-Orthosilicate, 
butyl orthosilicate, phenylorthosilicate, silicon 
tetrachloride, silicon teirafluoride, silicochloro 
form, tiethoxysilane, aid Silicon tetrabromide, 

MOLECULAR STRUCTURE OF 
ALKYSLOXANO 

The average number of hydrolyzable radicals 
determines, in part, the molecular structure that 
results after hydrolysis and condensation of 
Silanes. (“Average number of hydrolyzable radi 
cals,' as used herein, signifies the total number 
of hydrolyzable radicals attached to the silicon 
atoms in the molecules of the Silane starting 
materials divided by the total number of silicon 
atoms therein.) The reactions which occur dur 
ing the course of the hydrolysis and condensation 
of Silanes are understood to be represented by 
Equations 1 and 2 below: 

(1) 
(2) 

in which Y is a hydrolyzable radical as herein 
before described. Hydrolysis and Condensation 
of a single silane having, attached to the silicon 
atom in the silane molecule, three hydrolyzable 
radicals yields cross-linked siloxanes; hydrolysis 
and condensation of a silane having tWO hy 
drolyzable radicals yields linear or cyclic Silox 
anes; while hydrolysis and condensation of a 
silane having one hydrolyzable radical yields di 
siloxanes. In general in a mixture of Silanes the 
average number of hydrolyzable groups attached 
to the silicon atoms determines the molecular 
structure of the resulting siloxanes in much the 
saine way. In the practice of the present in 
vention only partial condensation of the products 
of the hydrolysis of the mixture of silanes is per 
mitted to take place, so that the final hydrolysis 
products are not siloxanes but are partially coil 
densed silanos (i. e., siloxanols). 
The hydrolyzable radicals are removed from 

the silanes in the first step of hydrolysis So that 
it does not matter what hydrolyzable radicals 
are present in the silane starting materials. The 
significant radical for the purpose of the present 
invention is -OH, and any radical that is re 
placed upon hydrolysis by -OH can be used in 
the practice of the present invention. The least 
expensive and most readily available hydrolyza 
ble radicals are usually preferred, but the by 
products formed in the hydrolysis may also 
govern the choice of hydrolyzable radicals. For 
example, since highly toxic methyl alcohol is ob 
tained in the hydrolysis of methoxysilanes, it is 
usually not desirable to hydrolyze silane mixture 
in which the hydrolyzable radicals are methoxy 
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6 
radicals. The most desirable hydrolyzable radi 
cals are ethoxy and chloro radicals. 

It is desirable that all hydrolyzable radicals in 
any One mixture of alkylsilanes and tetra-func 
tional Silanes used in the production of composi 
tions of the invention be the same. Halo radicals 
are more readily hydrolyzed than amino, acyloxy 
and alkoxy radicals so that the hydrolysis of, for 
example, a mixture of a butyltrihalosilane or 
butyldihaloethoxysilane with ethyl orthosilicate 
is not as readily controllable as the hydrolysis of, 
for example, a mixture of a butyltrihalosilane 
With Silicon tetrachloride (or Silicochloroform) 
or a mixture of butyltriethoxysilane with ethyl 
Orthosilicate. Alkylsiloxanols embodying the in 
vention cannot be readily prepared by the hy 
drolysis (and partial condensation) of a mixture 
of an alkyltriethoxysilane and silicon tetracho 
ride. The product of Stich hydrolysis gels since 
the silicon tetrachloride molecules hydrolyze and 
Condense rapidly with each other before they 
can co-condense with hydroxy groups derived 
from the more slowly hydrolyzed alkyltriethoxy 
Silane molecules. 
As hereinbefore described the molecular struc 

ture of the siloxanols produced depends in part 
Upon the average number of hydrolyzable radi 
cals in the Silanes used. This fact may be ex 
preSSed in another way by saying that the molec 
ular structure of the siloxanols depends upon 
the average number of non-hydrolyzable radicals 
attached to the silicon atoms in the silane mole 
cules. The ratio r/Si in which r is the total 
number of non-hydrolyzable radicals attached 
to Silicon atoms in the molecules of the siloxanols 
and Si is the total number of silicon atoms there 
in, represents the average number of non-hy 
drolyzable radicals. When the ratio of the total 
number of alkyl radicals to the total number of 
Silicon atoms in the molecular structure of an 
alkylsiloxanol embodying the invention (i. e., the 
r/Siratio or 'n' in the formula given above 
Corresponding to the average unit structure of 
an alkylsiloxanol) is too low, the siloxanol may 
not form a continuous flexible film when used 
as a Waterproofing composition, but may form 
a film which cracks and becomes powdery. Fur 
thermore, Solutions of siloxanols of extremely low 
r/Si ratio tend to be so unstable as to be com 
inercially unusable. In general, the r/Si ratio 
of an alkylsiloxanol embodying the invention is 
at least about 0.3 and it is preferable that it be 
at least about 0.4. It is most desirable that the 
"/Siratio be at least about 0.5. When the r/Si 
ratio of an alkylsiloxanol is too high, such a 
Siloxanol may not 'dry' rapidly enough to be 
useful in the present method of waterproofing 
porous ceramic materials. In general the r/Si 
ratio of an alkylsiloxanol embodying the inven 
tion is not greater than about 0.9. 
The distribution of the alkyl radicals attached 

to Silicon atons in the molecules of alkylsil 
oxanols is important. When less than 30 per 
cent of the Silicon atoms in a mixture of an alkyl 
Silane and a tetra-functional Silane are attached 
to alkyl radicals, the product of the hydrolysis 
-Of the mixture ordinarily is not a partially con 
densed silanol but, tends to be a gel, even if the 
hytrolysis is conducted at roorin temperature. 
Thus, at least 30 per cent of the silicon atoms in 
the molecules of an alkylsiloxanol embodying 
the invention are attached to alkyl radicals, and 
those alkylsiloxanols in which at least 50 per cent 
of the silicon atoms are attached to alkyl radi 
calls are preferred. 
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PREPARATION OFALKYISILOXANO 
In the preparation of alkylsiloxanols embody 

ing the invention it is most desirable to hydrolyze 
a mixture of monoalkyl- and tetra-functional 
Silanes, for the hydrolysis (and partial condensa 
tion) can be easily controlled to obtain siloxanols 
having any desired r/Si ratio within the limits 
hereinbefore Specified. For example, hydrolysis 
(and partial condensation) of a mixture of 30 
mole per cent of butyltriethoxysilane with 70 
mole per cent of butyl orthosilicate may be con 
ducted to yield a siloxanol having an r/Si ratio of 
about 0.3, whereas upon reversal of the molar 
proportions of silanes in the mixture, a siloxanol 
having an r/Siratio of about 0.7 may be obtained. 
Although monoalkylsilanes may comprise from 
30 mole per cent to 90 mole per cent of a mixture 
to be hydrolyzed which contains only tetra-func 
tional Silanes in addition to monoalkylsilanes, 
usually it is desirable that the monoalkylsilanes 
comprise from 50 to 90 mole per cent of such a 
mixture. Monoalkylsilanes are much less expen 
Sive to use than dialkyl- and trialkylsilanes, 
Whose pleparation is more expensive, even 
though the mole per cent of pure dialkyl- or 
trialkylsilane required in the hydrolysis of a mix 
ture of Such silane With a tetra-functional silane 
to obtain a Siloxanol having a given r/Si ratio 
may be proportionately lower than the mole per 
cent of pure monoalkylsilane required to obtain 
the same 7/Si ratio. Since not less than about 
30 per cent of the silicon atoms in a mixture of 
alkyl- and tetrafunctional Silanes to be hy 
drolyzed must have alkyl radicals attached there 
to, a pure dialkylsilane cannot be hydrolyzed 
in admixture with a tetra-functional silane to 
obtain a Siloxanol having an r WSi ratio less than 
about 0.6, and a pure trialkylsilane cannot be 
hydrolyzed in admixture with a tetra-functional 
Silane to obtain a siloxanol having an i/Silatio 
less than about 0.9. Furthermore, siloxanols 
prepared from mixtures containing dialkyl- and 
trialkylsilanes do not dry as rapidly as siloxanols 
produced from mixtures containing only mono 
alkylsilanes, in addition to tetra-functional 
silanes. It is more difficult to control the r/Si 
ratio of siloxanols prepared from mixtures con 
taining dialkyl- and trialkylsilanes since some 
hexaalkyldisiloxane (when trialkylsilanes are 
used) and hexaalkylcyclotrisiloxane (when di 
alkylsilanes are used) usually tend to form, thus 
decreasing the yield of the desired alkylsiloxanol. 
Thus, alkylsiloxanols embodying the invention 
are most desirably prepared by a method that in 
cludes either (1) the hydrolysis of a mixture of 
an alkyltriethoxysilane and ethyl orthosilicate or 
(2) the hydrolysis of a mixture of an alkyltri 
chlorosilane and Silicon tetrachloride (or silico 
chlorofol'in), as shown in Figure I, the molar 
proportions of monoalkylsilane and tetra-func 
tional Silane being within the ranges hereinbe 
fore described. 

HYDROLYSIS 
Both methods (1) and (2) are equally suitable 

for the preparation of alkylsiloxanols embodying 
the invention having an r/Siratio of about 0.6 or 
higher. The hydrolysis of a mixture of an alkyl 
trichlorosilane and silicon tetrachloride is ad 
Wantageous in that an alkyltrichlorosilane is 
more readily prepared than an alkyltriethoxy 
Silane (Which is usually prepared by reacting 
ethyl alcohol with the corresponding alkyltri 
chlorosilane). However, a dilute solution of hy 
drochloric acid is obtained as a by-product from 
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8 
such a hydrolysis reaction, which causes disposal 
problems as well as loss of hydrogen chloride. 
On the other hand, although the hydrolysis of a 
mixture of an alkyltriethoxysilane and ethyl 
Orthosilicate involves an extra processing step in 
the preparation of the ethoxysilane, anhydrous 
hydrogen chloride may be recovered from the 
preparation of the ethoxysilane and reused, for 
example, in the preparation of silicochloroform. 
Furthermore, alkylsiloxanols embodying the in 
Wention of any desired r/Siratio may be prepared 
by hydrolysis of a mixture of an alkyltriethoxy 
Silane and ethyl orthosilicate, whereas alkylsil 
OXanols having an r/Si ratio lower than 0.6 can 
not be readily prepared by the hydrolysis of a 
mixture of an alkyltrichlorosilane and silicon 
tetrachloride since silicon tetrachloride hy 
drolyzes lapidly and gels when the number of 
hydrolyzable radicals in the mixture to be hy 
d'Olyzed is high. 

In order to be useful in the method of the 
present invention, the alkylsiloxanols must be 
Soluble in a volatile solvent, as hereinafter dis 
cussed. Thus, the average number of hydroxyl 
groups pel' Silicon atom in the molecular struc 
ture of an alkylsiloxanol which may be used in 
the present method (i. e., as represented by 'n' 
in the formula, given above which corresponds 
to the average unit structure of an alkylsil 
Oxanol) must be large enough for the siloxanol to 
be solubie. However, the resin must be sufi 
ciently condensed so that it has the desired molec 
ular weight and viscosity; i. e., 'n' must not be 
too large. In general, the ratio between the hy 
droxy groups and the oxygen atoms attached to 
silicon atoms is variable, and although the pro 
portion of hydroxyl groups attached to silicon 
atons in a freshly prepared solution of an alkyl 
Siloxanol may be relatively high, this proportion 
tends to decrease gradually upon application of 
the Solution in accordance with the present 
method. 

It is understood, of course, that when a tetra 
functional Silane whose molecule contains a hy 
drogen atom attached to a silicon atom (e.g., sili 
cochloroform) is used in the production of the 
alkysiloxanols of the invention, hydrogen atoms 
are present in place of some of the hydroxy groups 
which are represented in formula for the average 
unit structure of the siloxanols. No difference in 
the properties of the siloxanols can be detected, 
however, when hydrogen atoms are present in 
place of Some of the hydroxy groups. 
When the hydrolyzable radicals in a mixture 

of alkyl- and tetra-functional silanes to be hy 
drolyzed (and partially condensed) in the prep 
aration of alkylsiloxanols embodying the inven 
tion are leSS readily hydrolyzable than halo radi 
cals (e. g., ethoxy radicals in a mixture of an 
alkyltriethoxysilane and alkyl orthosilicate), a 
carefully controlled hydrolysis reaction may be 
conducted, as hereinafter described, in a hy 
drolyzing Solution of an inorganic acid in water, 
using a mutual Solvent for the silanes and the 
hydrolyzing solution. 
When the hydrolyzable radicals in the mixture 

of Silanes to be hydrolyzed (and partially con 
densed) in the preparation of siloxanols embody 
ing the invention are readily hydrolyzable radi 
cals such as halo radicals (e. g., chloro radicals 
in a mixture of an alkyltrichlorosilane and sili 
con tetrachloride) the hydrolyzing agent may be 
Water alone, the hydrolysis being conducted in 
the presence of a suitable solvent for the Silanes, 
as hereinafter discussed. 
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The carefully controlled hydrolysis reaction by 
Which alkylsiloxanols embodying the invention 
are obtained inhay be conducted by adding the 
mixture of alkyl- and tetra-functional silanes to 
the hydrolyzing solution at a rate sufficiently slow 
that the exothermic hydrolysis reaction does not 
cause local Overheating (e.g., at such a rate that 
One Inol Of Siiaines is added in from about 10 to 
about 20 minutes). It is usually desirable that 
the hydrolyzing solution be stirred during the 
Silane addition; otherwise, local overheating may 
result in Spite of a slow rate of silane addition. 
it is often desirable to hydrolyze h;alosilanes with 
a Water-ice slurry; the hydrolysis producing a 
hydrohalic acid which then serves as a catalyst 
for further hydrolysis. The mineral acids that 
are used as hydrolysis catalysts for less readily 
hydrolyzabie radicals Sugh as alkoxy and aroxy 
radicals include hydrochloric, sulfuric and phos 
phoric, hydrochloric usually being preferred. The 
airlouint of hydrolyzing Solution that is used in 
Ciudes at least enough water to effect complete 
hydroiysis of the Silaries (i. e., at least one gram 
inol of Water for every two gram atoms of hy 
di'Oiyzable radicals in the Silanes to be hydro 
lyzed). When the mixture of silanes contains 
hydrolyzajole radicals that are halo radicals, it 
is usuaily advantageous to use an excess of water, 
e.g., from 5 to 10 grain mols for every two gram 
atoms of hydrolyzable radicals, in order to dilute 
the hydrohaic acid that is formed, but it is or 
dinariiy not advantageous to use more than about 
20 grain naois of Water for every two gram atoms 
of hydrolyzable radicals. 

Willies a mixture of an alkytrichlorosilane and 
Siii.20; tetracialoride is hydrolyzed in the produc 
ticia of an aikyisiloxanol having an ir/Siratio be 
tWeeii about 0.6 and about 0.9, it is necessary to 
COIiduct the hydrolysis in the presence of cer 
tain Solvents in order to avoid gelling of the 
products of the hydrolysis. Suitable solvents in 
clude any alconcil which is Substantially insolu 
ille in water but has sonne miscibility in water 
(e. g., 1-pi'oganol, 1-butanol or a higher alcohol 
13, wing up to eight carbon atoms, or mixtures 
héreof) used in admixture with any aromatic hy 
d:"Ocario. Which is ordinarily employed as a sol 
vent for siia.ines (e.g., beinzene, toluene, or xylene) 

mixtures thereof. In general, about equal 
t 

(g)'eferabiy tolueine) and alcohol (preferably 1 
it, anei) are used, as ShoWin in Figure I. Usually 
it is desirabie initially to divide the aromatic hy 
diocarbon solvent equally between the silane mix 
ture and tile hydrolyzing Solution. (It is believed 
that the partially miscible alcohol solvent avoids 
confining the hydrolysis of chlorine atoms at 
t&cihed to Silicon atoms to an interphase (be 
tweein Watel' arid a Solvent insolubie in water), 
at Winich tilei'e is an insufficiency of water which 
1esults in the rapid formation of 

3a, 

--O-- 
: 

bords and Subsequent gelling. An aromatic hy 
droca: idn St2(i) as toluene acts as a diluent to pre 
vent, local high concentration of Silicon tetra 

e aid resultant gelation. (Toluene is in 
SO in Wate' and cannot be used alone with 
out callSing tile reaction to take place at the in 
teiphase between the toluene and the water.) 
Higher ketones Such as methylisobutylketone, 
nethylisoainylketone, and amylethylketone, may 
also be used as solvents for the silanes without 
danger of geling of the hydrolysis products. A 

S by voiline of the aromatic hydrocarbon ; 
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higher ketone is sufficiently miscible with water 
that it prevents the reaction from taking place 
at an interphase, but requires no diluent for the 
Silanes Since it does not react with the Silanes 
as an alcohol does.) 
A mutual Solveilt (i. e., a Solvein, ior both the 

hydrolysing Solution and the Silaines) whici is 
used for the carefully controlled iny drolysis of a 
Silaine inixture containing less readily hydrolyz 
able radicals than halo radicais inlay be a lower 
ketOne (e. g., acetOne, methylethylketOne or di 
ethylketOne) or a lower alcohol (e.g., ethanol, i 
uropaiol of 1-butanol). 
It is usually desirable to use a substantial 

amount of a Soilvent or Solvents for just the Silanes 
(e.g., from about 100 to about 300 ml. of Solvents 
per grain noi of silanes, Or even more when the 
silane mixture is particuliarly easy to hydrolyze), 
althougi for Silane mixtures that are hydrolyz 
abie Oilly With compa.i.ative difficulty (e. g., a 
mixture of an alkyitinriethoxySilane and ethyl Or 
thosiiicate, With whici a mutual Solvent is pre 
ferred), considerably eSS Solvent may be used 
(e. g., approximately 70 mini. per gram mol of 
Siianes). 

It has been found that the ihydrolysis is uSu 
aliy Substantially compiete Within from about 
5 to about 10 minutes after the addition of the 
Silane to the hydrolyzing Solution inas been Com 
pleted. (Apparentiy, leaving the Silane in con 
tact with the hydrolyzing Solution for longer pe 
rods of time has no deleterious effect on the re 
Suitling products.) 
When a CWO-phase hydrolysis reaction has 

been conducted (i. e., using a Solvent or mixture 
of Solvents ior just the Silanes aS, for example, 
in iydrolyzing a mixture of an alkyltrichloro 
Silane and silicon tetrachloride), the Silane layer 
is aiiOWed merely to Separate from the Water 
layer (e. g., in a separatory funnel) and the 
Water layer is dra Win off. ?he separated organic 
Solution of the hydrolysis productS (i. e., Silox 
anois) is then Washed with water and dried (e.g., 
Over a drying ageint Such as anhydrous calcium 
chloride or anhydrous Sodium sulfate). The 
drying agent is then removed (e. g., by filtration). 
When the hydrolysis reaction is conducted With 

a mutual Solvent and is considered to be ap 
proximately complete, the mixture of liquid is 
Sepairated into tWO components (e. g., by Solvent 
extraction using a Solvent which is not miscible 
With Water, Such as dietilyl ether). It is usually 
desirabie then to extract the Water layer again. 
In the hydrolysis of a mixture of ethyi Ortho 
Silicate and an alkyltrialkoxysilane, it is desir 
able to use only the amount of water theoretically 
required to hydrolyze all of the silanes so that a 
Separation into tWO ComponentS is not necessary. 
The mixture, after addition to the hydrolyzing 
Solution, is allowed to Stand for at least twelve 
hours and preferably about twenty-four hours to 
permit compietion of the hydrolysis (and partial 
condensation) reaction. iihe preparation of 
alkylsiloxanois by tile hydrolysis of a mixture of 
an alkyltriethoxysilane and ethyl orthosilicate 
is advantageous in that Siloxanols of any desired 
r/Si ratio may be prepared without danger of 
geiation merely by mixing the desired amount of 
the Silane reactants with water and a mutual 
Solvent and allowing the mixture to stand for at 
least twelve hours. Since ethanol is formed dur 
ing the hydrolysis, it is usually desirable to use 
ethanol as the mutual solvent. 
In addition to the alkylsiloxanols hereinbefore 

described, compositions embodying the invention 
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may comprise other substances. For example, 
the mixture of silanes which is hydrolyzed in the 
preparation of compositions of the invention may 
contain small quantities of methylsilanes, ethyl 
silanes and arylsilanes, e. g., methyltrichloro 
silane, ethyltrichlorosilane and phenyltrichloro 
silane. However, such silanes should comprise 
not more than about 20 mole per cent and pref 
erably not more than about 10 mole per cent 
of the silanes to be hydrolyzed, since their use 
may make a waterproofing coating too brittle. 
The ethylsilanes and particularly the methyl 
silanes have the added disadvantage that they 
produce serious difficulties by causing an exces 
sive tendency to gel during hydrolysis of Such 
mixtures. Furthermore, the silanes used in the 
preparation of alkylsiloxanol compositions of the 
invention may comprise halo-Substituted alkyl 
Silanes in which there are not more than three 
halogen atoms per alkyl radical, and in which 
each halogen has an atomic Weight leSS than 80 
and is attached to a carbon atom which is not 
in the beta-position in an alkyl radical. (Beta 
haloalkylsilanes cannot be used, since under the 
hydrolysis conditions hereinbefore described they 
tend to decompose, with the Splitting off of an 
olefin from the silane molecule.) Halo-substi 
tuted alkylsilanes which may be used in the 
preparation of compositions embodying the in 
vention include: alpha-chloropropyltrichloro 
silane, alpha-chlorobutyltrichlorosilane, gamma 
chloropropyltrichlorosilane, gamma-chlorobutyl 
trichlorosilane and deltachlorobutyltrichloro 
silane. Such silanes should comprise not more 
than about 20 mole per cent and preferably not 
more than about 10 mole per cent of the Silanes 
to be hydrolyzed. The use of Such Silanes in 
larger amounts should be avoided in the prep 
aration of a composition of the invention which 
may be applied as a water-repellent Coating On 
a ceramic material, since there is danger that 
such silanes may liberate HCl, which would, of 
course, be harmful to the ceramic material. 
The alkylsiloxanol compositions embodying the 

invention are particularly useful in the present 
method of Waterproofing porous ceramic ma 
terials, which comprises applying a coating of 
a volatile solvent Solution of an alkylsiloxanol, as 
hereinbefore defined, on the porous ceramic ma 
terial and drying the coated material. 

POROUS CERAMIC MATERIAL 
The term 'ceramic matelials' includes all 

products which are manufactured entirely or 
chiefly from raw materials of an earthy nature, 
as distinguished from those of a metallic or or 
ganic nature, and in whose manufacture a high 
temperature treatment is involved. The present 
method of waterproofing is applicable to porous 
ceramic materials, the word "porous' being used 
herein to mean a material having sufficient 
porosity that upon Standing in one-quarter inch 
of Water at room temperature for 24 hours it 
absorbs more than 1 per cent of its weight in 
water. Thus, the term "porous' distinguishes 
Ceramic materials to which the present method 
is applicable from glazed ceramic materials 
which may be classified as glass, pottery or 
enameled metals. Porous ceramic materials in 
clude: Structural CeramicS Such as common brick, 
paving brick, face brick, Sewer pipe, drain tile, 
hollow block, terra Cotta, Conduits, roofing tile, 
and flue lining; cements and plastics such as 
Portland cement, calcined gypsum products (i.e., 
molding and building plaster and stucco), and 
magnesia, cement; and insulation products such 
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12 
as electrical insulators (porcelain spark plugs, 
etc.) and thermal insulators (diatonnaceous 
earth brick). The present method is most ap 
plicable to masonry, i. e., to all articles and 
architectural structures of such porous ceramic 
materials as stone, brick, tiles, artificial stone, 
adobe, etc., and to ceramic articles, particularly 
masonry units (i. e., bricks, pieces of stone, etc.), 
which in masonry are generally held together or 
made a single maSS by mortar, plaster or earth. 
The porous ceramic materials should be dry 

when treated with a waterproofing composition 
by the present method. 

METHOD OF WATERPROOFING 
In accordance with the present method, a vola 

tile Solvent Solution of an alkylsiloxanol embody 
ing the invention may be applied to a porous ce 
ranic material by Spraying, brushing, dipping, or 
any other method by which the solution can be 
Conveniently applied to coat the surface of the 
porous ceramic material. The volatile Solvent 
Serves the same function in a waterproofing com 
position used in the present method as the sol 
vent in any resinous coating composition, i. e., 
it dilutes the composition so that it can be read 
ily applied by Spraying, brushing, dipping or any 
of the usual methods of application. In general, 
the amount of solvent should be sufficient to di 
lute the siloxanol solution to a concentration of 
from about 5 to about 35 per cent solids, and 
preferably from about 8 to about 10 per cent 
Solids. (It has been preferable to apply ethyl 
Siloxanol Solutions, which have been used in the 
best method heretofore known for the Water 
proofing of porous ceramic materials, in higher 
Solids content, for example, from about 15 to 
about 25 per cent). It is usually impractical to 
use a Solution of higher concentration, not only 
from the standpoint of economy, but also because 
a Solution of too high a concentration may form 
a thick coating which may seal the pores of a ce 
ramic material such as masonry and prevent 
"breathing' of the masonry. Evaporation of wa 
ter from the surface, i. e., "breathing' or tran 
Spiration, is believed to be important in maintain 
ing the integrity of ceramic materials, particu 
larly masonry Structures. For example, if through 
a break in the mortar, Water gets into a masonry 
structure whose pores are sealed, the structure 
may Crack when the temperature drops below 
freezing, since the water cannot escape by evapo 
ration through the pores at the Surface of the 
masonry. A coating applied to a porous ceramic 
material in accordance with the present method 
does not Seal the pores of the material but pene 
trates the pores to form a water-repellent coating 
therein, and thus does not prevent the free paS 
Sage of Water vapor through the material. War 
ter in its liquid form, however, cannot readily 
penetrate the highly water-repellent coating. 
Thus, a ceramic article embodying the invention 
Which has been rendered Water-repellent in a C 
Cordance With the present method is still porous 
and is capable of "breathing.' 
The fact that a water-repellent coating applied 

to a porous ceramic material in accordance with 
the present method pentrates the poles of the 
material has been demonstrated as follows: A 
common sand mold brick was coated on all six 
sides with a solution of the butylsiloxanol here 
in before referred to as composition ''A.' The 
brick was broken in half, and immersed in a pan 
of Water for a few hours with the uncoated broken 
Surface down. Examination of the brick upon 
removal from the Water showed that the entire 
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Cross-section of the brick except for a narrow 
(about 8 inch) margin around the cross-section 
Of the brick Was dark from the impregnation of . 
water. The narrow margin around the cross 
Section of the brick was dry because the alkyl 
Siloxano Solution had penetrated the pores of 
the brick and thus prevented the passage of liquid 
water into the coated pores. In Figures I, III, 
IV and W: the portion 4 of a porous ceramic ma 
terial which contains only the amount of Water 
Vapor that is notinally breathed from the atmos 
phere through the pores is indicated by the ab-. 
Sence of dashed lines. A high concentration of 
liquid. Water is represented by Inore dense. dashed 
lines 2 and a high concentration of Water Vapor 
is represented by less dense dashed lines. 3. Thus, 
Figure I shows that in an ordinary building. 
foundation, a layer 2 of liquid water penetrates 
the portion that is adjacent a noisiure Source 

(i. e., the earth) and that although this layer 
of liquid water diminishes gradually as the dis 
tance from the moisture source increass (some 
Of it. Vapoirizes through the pores that are not 
adjacent the noisture source), to form a Sur 
rounding layer 3 of highly concentrated water 
Vapor, So much liquid. Water is able to penetrate 
the foundation that a layer of actual Water 2 is 
retained in the interior of the foundation mate 
ria. 
On the other hand, as shown in Figure III, 

liquid moisture from the earth cannot pene 
trate a foundation which has been treated With 
a Water-repellent coating 5 in accordance with 
the present method. Although a light layer of 
highly concentrated Water Vapor 3 exists at 
the points of direct contact of the earth with 
the foundation, the Water-repellent coating pre 
Vents penetration of liquid. Water into the foun 
dation material. he foundation material treat 
ed in accordance with the present method is Still 
porous so that the light vaporous layer 3 
“breathes off' through the pores of the founda 
tion material and is not retained in the material. 
An important enoogiinent of the present in 

vention is a porous ceramic article, particularly 
a masonry unit, which has been treated in ac 
Gordance with the present method. As indicated 
in Figure I, the present method comprises apply 
ing a waterproofing composition preferably pre 
pared by the hydrolysis of either a mixture corn 
prising an alkyltrichlorosilane and silicon tetra 
chloride or a mixture comprising an alkyltri 
ethoxysilane and ethyl Orthosilicate to a naSonry 
structure (e. g. a building), or to the nasonry 
units themselves which are then dried. The adr 
vantages in the use of masonry unitS Which have 
been rendered Water-repellent, before they are 
used in masonry construction are readily ap 
parent. For exainple, during the construction 
of masonry in hot, dry climates, it is ordinarily 
necessary to keep wetting the newly erected ma 
Sony in order to prevent the masonry unitS froin 
drawing moisture from the mortar (such with 
drawal of naoisture would prevent the nortar 
from Setting properly). The use of Water-repel 
lent masonry units embodying the invention 
eliminates the necessity for keeping the unitS 
wet, for the water from the mortar is no longer 
soaked up by the water-repellent masonry units, 
and the only loss of water is the Simall amount 
which evaporates at the edges of the Inortar 
joints, this slight, loss taking place so Slowly as 
not to interfere with the setting of the mortar. 
As shown in Figure IV, water from a moisture 
source a (i. e., imortar) readily penetrates Ordi 
nary masonry units. The high concentration of 
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liquid water 2 at the mortar joint diminishes 
gradually as the distance from the joint increases 
(Some of it vaporizes through the pores that are 
not adjacent the moisture source), to form a layer. 
of highly concentrated water vapor, but some 
moisture impregnates nearly the whole masonry 
unit and is retained in the interior of the unit. 
On the other hand, as shown in Figure. W, liquid 
raoisture from mortar cannot penetrate masonry 
units which have been treated with a water 
repellent coating. 5 in accordance with the pres 
ent method. No liquid water is Soaked into the 
naSonry unitS and the light layer of highly- Con 
centrated water vapor, which forms at the mortar 
joints evaporates through the pores of the na 
Sonry and does not remain in the interior of the 
unitS. 
Although the ethylsiloxanol Solutions applied 

in accordance with the best waterproofing meth 
od heretofore known, like the resins of the pres 
Cnt invention, do not seal the pores of a ceramic 
material but penetrate the pores to form a Water 
repellent coating therein. Such resins are not 
nearly as effective waterproofing agents as the 
resins of the invention used in the present meth 
od, as hereinbefore demonstrated. Furthermore, 
the Solutions of the alkylsiloxanols embodying the 
invention in general are much more Stable than 
the solutions of ethylsiloxanols heretofore known 
for the waterproofing of porous ceramic mate 
rials. Coatings produced from ethylsiloxanoi So 
lutions tend to cure to brittle fins more rapidly 
than coatings of the alkylsiloxanols of the inven 
tion, and may crack and form non-continuous 
Coatings. Within a Shorter period of time than 
coatings of the present resins. 
The amount of a Wolatile Solvent Solution of 

an alkylsiloxanoi embodying the invention re 
guired to form a water-repellent coating upon a 
porous ceramic material depends, of course, upon 
the porosity of the Ceranic material and the Se 
verity of the weathering conditions to which the 
material is exposed. In general, the maximum 
required annount of a solution having a solids 
concentration within the ranges hereinbefore de 
Scribed is not more than about one gallon per 25 
Square feet of area, and usually it is not more 
than One gallon per 75 to 100 Square feet of area. 
In SOne cases as little as one gallon per 200 
square feet may be highly effective, although 
LSU ally it is preferable. to apply not less than one 
gallon per 125 square-feet. Such limitations are, 
of course, arbitary and may be varied widely 
When the ceramic materials employed are rela 
tively dense or extremely porous, the optimum 
amounts of Waterproofing resin solutions in such 
cases being best determined by experiment. In 
any event, the resin solutions employed in the 
present method have such good penetrating 
power that a single coat is sufficient to impart 
excellent Water repellency. In contrast, alumi 
nun. Stearate. Solutions which have been aiiaong 
the best Waterproofing agents heretofore known, 
do not. penetrate a poi'Ous ceranic material and 
are absorbed too slowly, to be effective. When ap 
plied in a Single coat. That is, since an aluminum. 
Stearate. Solution does not penetrate the pores of 
a ceramic material, a single coat is soon Worn off 
the material. Furthermore, a coating of alumi 
nun stea.rate cannot be applied to a porous ce 
ramic in atterial, in cool Weather, e.g., at tempera 
tures below 50 degrees F., because a solution of 
aluminum Stearate at lower temperatures tends 
to be. So Stiff and gel-like that it does not have 
even the slight penetrating power it has when 
applied at higher temperatures. 
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Coatings of alkylsiloxanols embodying the in 
vention dry to a non-tacky State, upon exposure 
to the atmosphere, rapidly enough to be commer 
cially useful in the present method of Water 
proofing porous ceramic materials. The solventS 
in which the present alkylsiloxanols are used in 
Waterproofing should, of course, be sufficiently 
volatile to permit the Water-repellent coatings 
applied to porous ceramic materials in accord 
ance With the present method to dry rapidly to a 
non-tacky State. Although it is only necessary 
that the volatility of a solvent used in the pres 
ent method be Such that the Solvent will evapo 
rate at atmospheric temperatures within about 
One Week, ordinarily it is preferable that the Sol 
vent evaporate within about two days, and it is 
most desirable that the solvent evaporate more 
rapidly, e. g., Within about twenty-four hours, 
So that an alkylsiloxanol used in such a solvent 
hardens in place before it has a chance, in its di 
luted, low visCOSity State, to run down and thus 
form an uneven coating upon the ceramic mate 
rial to Which it is applied. 
The volatile Solvent solutions of alkylsiloxanols 

employed in the present method may contain a 
pigment (or pigments) suspended therein (i. e., 
the Waterproofing Solution may be a paint com 
position). Ordinarily such compositions are 
those in which the resin Solids concentration is 
Within the upper part of the ranges hereinbefore 
described and the proportion of pigment is ap 
proximately equal in Weight to the proportion of 
resin Solids in the volatile solvent Solution. In 
the case of a Waterprofing composition used in 
the present method which contains a pigment, the 
volatility of the Solvent should be sufficiently 
great So as to prevent "flooding' of the pigment 
(i. e., a change in color at the surface of the 
paint film caused by a concentration at the sur 
face of the paint film of one of the ingredients of 
the pigment portion). 

All of the solvents hereinbefore described which 
may be used in the preparation of alkylsiloxanols 
embodying the invention are suitabie solvents in 
Which to apply Such resins in the waterproofing of 
porous ceramic materials by the present method. 
Thus, the alkylsiloxanol solution, as prepared, 
may have the proper concentration to be used 
directly in the present method, or may only re 
quire further dilution with the solvent (or mix 
ture of Solvents) in Which it was prepared, or 
further concentration (e. g., by evaporation of 
part of the Solvent) if too dilute upon prepara 
tion. If desired, however, the Solvent (or mixture 
of Solvents) in which the alkylsiloxanol is pre 
pared may be removed and replaced with any 
Solvent which is Suficiently volatile to be used 
in the present method. (For example, it is pref 
erable to use ethanol as a solvent in the hydrolysis 
of a mixture of an alkyltriethoxysilane and ethyl 
OrthoSilicate Since ethanol is also obtained as a 
by-product from Such a reaction. Because 
ethanol has such a low fiasin point, it may be 
desirable in the practice of the present method 
to recover the pure ethanol by vacuum distilla 
tion and substitute a less hazardous solvent in 
which to apply an alkylsiloxanol as a water-re 
pellent coating.) Suitable volatile solvents in 
addition to those hereinbefore described for use 
in the preparation of alkylsiloxanols embodying 
the invention include, for example, ethers, Such 
as diethyl, ethylpropyls, dipropyls and propyl 
butyls and cyclic etherS Such as dioxane, and hy 
drocarbon solvents such as benzene, toluene, 
Xylenes, hexanes, heptanes and Octanes. These 
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solvents may not be desirable, however, for the 
alkylsiloxanols of low (e. g., less than 0.6) wSi 
ratio (prepared by the hydrolysis of a mixture of 
an alkyltriethoxysilane and ethyl Orthosilicate) 
which tend to be Somewhat unstable in nonpolar 
Solvents. For example, a Sample of a 1-butylsilox 
anol resin solution having an rySi ratio of about 
0.5 (prepared as described in Example la, below) 
which is distilled under reduced preSSure to re 
move all ethanol solvent, and is then diluted with 
xylene to about a 50 per cent Solids concentration, 
gels within five days upon standing at atmos 
pheric temperatures. On the other hand, three 
other samples of the same resin which are dis 
tilled under reduced pressure to remove all 
ethanol and are then dissolved in 1-butanol (60 
per cent solids), methylethylketone (40 per cent 
Solids) and a mixture of 25 per cent of methyl 
ethylketone and 75 per cent of toluene (40 per 
cent solids), respectively are stable for six months 
or longer at atmospheric temperatures. Ordi 
narily, however, it is preferable to employ any 
alkylsiloxanol embodying the invention in a vola 
tile solvent (or mixture of solvents) in which it 
may be prepared, since removal of the Solvent 
(e. g., by distillation under vacuum) always in 
Wolves danger of gelling the hydrolysis products 
during the distillation. 
Upon drying to a non-tacky state, a water 

repellent coating of an alkylsiloxanol applied in 
accordance with the present method forms a con 
tinuous flexible film that prevents the ingress of 
any appreciable amount of Water into a porous 
ceramic material. Furthermore, the flexibility 
of the film deposited in the crevices of the porous 
ceramic material (e. g., masonry units such as 
brick or stone) allows expansion and contraction 
of the material in hot and cold weather without 
cracking of the film. The ability of the resin 
Solutions employed in the present method to 
penetrate porous ceramic materials results in 
Water-repellent coatings that have excellent per 
manency. For example, Whereas an aluminum 
Stearate coating applied to a porous ceramic ma 
telial Which is Subjected to certain Weathering 
conditions might have to be replaced within two 
or three years in order to retain the maximum 
waterproofing effect (and probably would need to 
be applied in two coats, for reasons hereinbefore 
explained), a single coat of one of the resin solu 
tions which may be employed in the present 
method applied to a similar porous ceramic ma 
terial and subjected to similar weathering condi 
tions Would last at least two or three times as 
long as the aluminum Stearate coating, for exam 
ple five to eight years, and might be highly effec 
tive for a considerably longer period. 

Not only are the Waterproofing compositions 
embodying the invention useful in the present 
method of Waterproofing porous ceramic mate 
rials, but they are also highly effective in the 
Waterproofing of paper, leather, and textiles. 
For example, a very dilute (approximately 1 to 5 
per cent solids concentration) solution or emul 
Sion of a waterproofing composition embodying 
the invention may be applied to paper in accord 
ance with any Standard method employed in the 
art of coating paper. Since a rapid cure is usually 
desirable, a lead drier may be used with the water 
proofing composition in order to obtain a coating 
Which cures at a temperature of about 100 to 150 
degrees C. in five minutes or less. The cured 
paper has good Water-repellency. Wery dilute 
Solutions or emulsions of compositions of the in 
vention may be applied to textiles to impart 
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Water-repellency. Again it is usually desirable to 
incorporate a lead drier in the composition in 
Order to perihit the coated material to cure in a 
few minutes at a temperature of about 100 to 120 
degrees C. 
The Waterpoofing colpositions of the inven 

tion are also useful as electrical insulating war 
inishes. For example, paper may be re-coated 
(e. g., frir. Wo to four times) by the procedure 
deSCribed aboye until the desired thickness of a 
h3rd, flexibie coating is obtained, he resulting 
CO2ted paper has good electrical properties which 
Iake it, Seful in in any applications, e. g., as a 
cable Wrap. 
The followin 

of the invention: 
examples illustrate the practice 

Eacclimple 1 
Eutylsilio3.io Waterproofing compositions ein 

bodying the invention having various r^Si ratios 
are repared as follows: 

(f) A li:/lsilaine (0.25 mol of i-butyltrieth 
itaše), a tetra-functional Siane (0.25 no of 

a Soviet (39.4 grains of 

7 

2. e D 
f thanol and 7.5 per cent of water) 
hydrolyzing solution (13.8 m. of 
ared by diluting 1 part by vol 
ent hydrochloric acid with six 

Stand at OOIn tenpeature for 
. The resulting resin has an 

20, .5 
is repeated 

Silig the follo Wing proportions of the ingredi 

ty orthosilicate; 40 gians of “Shell 
lacoi': and 5 in. of the acid hydrolyzing solu 

clowing proportions of the ingredi 
2in a resin having an ir/Si ratio of 

: .2 (noi of i-butyltriethoxysilane; 3.3 
y artinosilicate; 40.26 grains of "She 

ind 3.93 in. of the acid hydrolyzing solu 

3, s S i h 3, w i g r / S i 3, t i O O f 

i ethy: Orthosilicate), a solvent (39.16 grams 
siaco'), and 3.63 cc. of the acid hydrolyz 

g Sion prepared as described in Example 
ii), are fixed and the ixie is allowed to 

reiniy-four hours. The resulting resin 
said of 2hout 0.5. A filin. Of the 

eSii or a giaSS plate dries tack-free at room 

3.35 mol of ethyl orthosilicate; 39.24 grams of 
“Shellacol’; and 14.47 m. of the acid hydrolyzing 
Solution. 
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(c) The procedure described in (a) is repeated 

using the following proportions of the ingredients 
to obtain a resin having an i/Si ratio of about 
(.8:0.4 mol of 1-propyltriethoxysilane; 0.1 no 
of ethyl orthosilicate; 39.05 grams of “Shellacol'; 
&nd 12.1 ml. of the acid hydrolyzing solution. 

(d) A mixture of 1-propyltriciilorosilane (74.55 
gians), Silicon tetrachloride (47.6 grarias) a 
tolueine (50 mi.) is added dropwise figr: a drop 
sing funnel to a hydrolyzing solution consisting 
of Water (41.2 ml.), :-butanol (106 ml.) and to 
lene (50 ml.) contained in a 4-liter beaker Sur 
l'O232nded With ice Water. The mixture in the 
beaker is Stirred during the addition, and the rate 
Of addition is adjusted so that the temperature 
Of the Solution never rises higher than 30 degrees 
C. When the addition from the dropping funnel, 
Which 'equires approximately one hour, is coin 
plete, the resinous layer is separated from the 
Water layer in a separator funnel, and tha Water 
ayer is drawn off. The resin is Washed with 
Water (3 portions of 50 ml. each) containing 
enough Salt to effect a more rapid separation of 
the resinous layer from the aqueous layer. The 
Washed resin is then dried for sixteen hours oyer 
anhydrous Sodium sulfate (about 20 gras). A 
connercial filter-aid (5 grams of “Filtercel') is 
then added, and the mixture is filtered. The fi 
traie is a clear water white resin Solution, having 
a: r?Siratio of about 0.6. A film of the resin on 
3, glass plate dries tack-free at room temperature 
in about 35 minutes. 

Eacaniple 3 
A nonylsiloxanol waterproofing composition 

embodying the invention is prepared by the foll 
lowing procedure: 
A fixture of higher alkylsilanes, in which the 

alkyl radicals contain not more than inine ear 
bon atons, containing a substantial propolition of 
1-nonyltrichlorosilane (55.1 grains), in a dinix 
ture with silicon tetrachloride (34 grams) and 
toluene (30 ml.), is added dropwise from a drop 
ping funnel to a hydrolyzing solution consisting 
of Water (250 ml.), 1-butanol (64 ml.) and to 
tierie (30 mi.) contained in a 4-liter beaker Sur 
rounded With ice Water. The mixture in the 
beaker is stirred during the addition, and the 
rate of addition is adjusted so that the tempera 
ture of the Solution never rises higher than 3. 
degrees C. When the addition from the drop 
ping funnel, which requires approximately one 
hour, is complete, the resinous layer is separated 
froin the Water layer in a separatory funnel, and 
the Water layer is drawn off. The resia is Wassed 
With Water (3 portions of 35 in each) contaii. 
ing enough salt to effect a more rapid separation 
of the resinous layer from the aqueous layer. 
The Washed resin is then dried for sixteen hors 
OVer anhydrous Sodium Sulfate (about if grains). 
A corniercial filter-aid (5 grars of “Fiscice') 
is then added, and the mixture is filtered. The 
filtrate is a clear water white resin solution inav 
ing an ir?Si ratio of about 0.5. 

Eacon-ple 4 
A heXylsiloxazol. Waterproofing composition 

anodying the invention is prepared by the foll 
lowing procedure: 
A nixture of N-hexylichioiosilane (13. 

grains), silicon tetrachloride (63 grains) and 
Oliense (81 in.) is added dropwise for a drop 
ping funnel to a hydrolyzing Solution, consisting 
of Water (668 m.), i-butanol (172 ml) and tolu 
ene (31 fill.) contained in a 4-lite beaker Sir 
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rounded with ice water. The mixture in the 
beaker is stirred during the addition, and the 
rate of addition is adjusted so that the temper 
ature of the solution in the beaker never rises 
higher than 15 degrees C. When the addition 
from the dropping funnel, which requires ap 
proximately fifty minutes, is complete, the resin 
ous layer is separated from the water layer in 
a separatory funnel, and the water layer is 
drawn off. The resin is washed with Water 
(3 portions of 50 ml. each) containing enough 
salt, to effect a more rapid separation of the 
resinous layer from the aqueous layer. The 
washed resin is then dried for sixteen hours 
over anhydrous sodium sulfate (about 20 grams). 
A commercial filter-aid (5 grams of 'Filtercel') 
is then added, and the mixture is filtered. The 
filtrate is a clear water white resin Solution, hav 
ing an r/Si ratio of about 0.6. 
The solids concentrations of the resin Solu 

tions prepared as described in Examples 1 through 
4 above may be adjusted to within a range from 
about 8 to about 10 per cent by addition of nor'e 
of the solvent. A single coat of any of the result 
ing lesin solutions may be applied to a porolls 
ceramic material (e. g., a Wall of unit masonry 
construction) in accordance with the present 
method to produce effective waterproofing. For 
example, upon application of a coat of the lonyl 
siloxanol solution prepared as described in Ex 
ample 3 to a common sand mold brick, and in 
mersion of the brick in a pan containing Water 
at a depth of one-quarter inch (by the procedure 
hereinbefore described), the per cent of its Weight 
in water absorbed by the brick after four hours 
is negligible (0.60 per cent). 
What is claimed is: 
1. A method of Waterproofing porous masonry 

that comprises applying thereto a Wolatile Solvent 
solution containing from 5 to 35% by Weight of 
a siloxanol derived by the complete hydrolysis 
and incomplete condensation of a mixture con 
sisting of a mono-alkyl silane in which three 
hydrolyzable groups and a single primary alkyl 
radical having from 3 to 9 carbon atoms are 
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attached to silicon and of a tetrafunctional silane 
having 4 hydrolyzable groups attached to silicon, 
the proportions of monoalkyl and tetrafunctional 
Silanes in Said mixture being such as to yield a 
siloxanol upon hydrolysis having from 0.3 to 0.9 
primary alkyl radicals per silicon atom and not 
leSS than 30 per cent of said silicon atoms having 
Such alkyl radicals attached thereto, said solu 
tion being applied to said masonry in amounts 
ranging from 25 to 125 square feet of surface 
per gallon of Said solution, and air drying. 

2. A method as claimed in claim 1 wherein 
the average number of said primary alkyl radi 
cals is from 0.5 to 0.9, not less than 50% of said 
Silicon atoms have such radicals attached there 
to and said solution contains from 5 to 10% by 
Weight of said siloxanol. 

3. A method of Waterproofing as claimed in 
claim 1 wherein the solution is applied to bricks, 
wherein the Siloxanol is a butyl siloxanol having 
an average of 0.6 to 0.90 butyl groups per silicon 
aton and which is derived by the hydrolysis of 
mixtures consisting of butyltrichlorosilane and 
silicon tetrachloride. 
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