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wherein M, is a divalent metal ion and M, is a triva-
lent metal ion. M, and M; are metallic ions of the
same or different metal. The suitable metal ions ex-
hibit two stable states of oxidation in an aqueous sys-
tem. The polymers of this invention are positively
charged and are highly hydrophilic. The polymers of
this invention are especially useful for changing sur-
face characteristics of a substrate such as imparting
hydrophilic properties to normally hydrophobic mate-
rials.
10 Claims, 1 Drawing Figure
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1
INORGANIC STANNIC OXIDE POLYMERS AND
METHOD FOR THE PREPARATION THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation in part of copend-
ing application Ser. No. 71,426, filed Sept. 11, 1970,
now U.S. Pat. No. 3,676,186 which in turn is a continu-
ation in part of application Ser. No. 591,717, filed Nov.
S, 1966, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention is concerned with a novel class of inor-
ganic polymers. More particularly, this invention re-
lates to hydrophilic, positively charged stannic oxide
polymers.

2. Description of the Prior Art

The polymer art is a highly developed art and is still
under active investigation by those skilled in the art.
Almost all of the prior art has been concerned with or-
ganic polymers, that is, polymers based on carbon con-
taining monomers. The organic polymers are relatively
easy to form because of the ability of the carbon atom
to bond to itself. Various types of polymers have also
been made using silicon containing monomers because
silicon in many respects has chemical properties which
are similar to carbon. For this reason the silicon poly-
mers can be considered to be quasi-organic polymers.

Relatively little effort has been made to produce and
evaluate inorganic polymers. It has been reported that
certain inorganic compounds normally exist as lower
polymers such as dimers and trimers. Some inorganic
polymers have been produced such as the polymers
based on the boron atom which are comprised of B,O;
repeating units, and various types of polyphosphates
have likewise been produced. However, to date, no
substantial amount of work has been reported wherein
polymers have been prepared from inorganic mono-
mers such as metallic salts, metallic oxides, and the
like. Accordingly, little is known of the properties of
this class of polymers aside from that disclosed in appli-
cants’ previously filled application noted above.

It is accordingly an object of this invention to provide
useful inorganic polymers.

It is a further object of this invention to provide a
simple process for the preparation of inorganic poly-
mers.

Other objects and advantages of this invention will
become further apparent hereinafter from a continued
reading of the specification and sub-joined claims.

SUMMARY OF THE INVENTION

A novel class of inorganic polymers is provided in
which stannic oxide monomeric units are the principal
repeating units and which further contains minor
amounts of metallic oxide monomeric units of metals
having a valence of +2 or +3.

BRIEF DESCRIPTION OF THE DRAWING
The FIGURE is a graphic representation of the X-ray

diffraction pattern of - the preferred stannic oxide-

stannous oxide polymer of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the description of the preferred embodiments of
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this invention, the term “polymer” is used in its con-
ventional meaning referring to a molecule which is
comprised of a plurality of repeating units of the same
or similar chemical structure which are chemically
bonded to each other. The polymers of this invention
should be carefully distinguished from the crystalline
form of certain inorganic materials including the start-
ing materials used to prepare the polymers of this in-
vention. In the crystalline form the individual ions,
atoms and molecules are arranged in a given geometri-
cal configuration and are held in this configuration by
electrical and/or covalent bonds. A crystal, when it is
dissolved in a suitable solvent, dissociates into the indi-
vidual ions, atom and/or molecules which initially com-
prised the crystal.

The polymers of this invention, on the other hand,
have a high molecular weight and even when dissolved
or dispersed in a solvent are present in the form of mac-
ro-molecules. Each of the molecules is comprised of a
plurality of repeating monomeric units,

The polymers of this invention are preferably pre-
pared in the form of a hydrosol that is a colloidial dis-
persion of the polymer in water. In order to obtain cer-
tain properties in the resulting hydrosol, namely a posi-
tive charge and excellent hydrophilic properties, a
combination of metallic salts is used in which the va-
lence of the metallic ions in.the monomeric units com-
prising the major portion of the polymers is higher than
the valence of the metallic ion in the second type of
monomeric units. It is believed it is the equilibrium ex-
change of electrons between the two stable valence
states of the metal ions in the monomeric units inhibits
precipation and which thus gives the polymers their
high molecular weight, highly positive character and
hydrophilic properties.

The polymers of this invention are comprised of a
major amount of stannic oxide units of the formula

By Ra
-—[—lSn—O—Tn—O 4 Formula I
32 R n

wherein at least one of the groups R,-R, is —OH or
—O— and at least one of the groups from R,-R; is an
anion of a water soluble salt of tin such as chloride, bro-
mide, nitrate, sulfate and the like. The remainder of the
groups R-R; are OH, —O-— or an anion as defined
above. The stannic oxide momomeric units of Formula
lin a given polymer can be the same or different. When
none of the groups R\-R, are an —O—group, the poly-
mers which are produced are linear in nature. How-
ever, when one or more of the groups R,-R, is an
—O— group, the polymer chains can cross-link with
each other to produce a three dimensional polymeric
structure. The polymers of this invention also contain
a second type of monomeric units as pointed out above.
These monomeric units are selected from the group
consisting of metal oxide monomers of the formula

—f‘Ml“O‘ﬂ'—‘ Formula II

|
—f M2-0—}— Formula III
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and mixtures thereof, wherein M, is a metallic ion of a
metal having a valence of +2 and M; is a metallic ion
of a metal having a valence of +3. The metal oxide
monomeric units that are employed as the second mon-
omeric unit can be selected from the oxide of various
metals which have two stable states of oxidation in an
aqueous system. The metal includes, for example, iron,
cobalt, nickel, bismuth, lead, titanium, vanadium, chro-
mium, copper, molybdenum, antimony, tungsten, and
most preferably tin.

The amount of the monomeric units of Formula If or
Il which is employed is small in comparison to the
amount of the stannic oxide monomeric units of For-
mula |. The amount of the metallic oxide monomer of
Formula II or Il which is used is an amount which is
sufficient to maintain the polymer in a colloidal disper-
sion in water, that is in the form of a hydrosol, and to
maintain a strong positive charge on the resulting poly-
mer. This amount is generally limited by the solubility
of the salts of the metal used to provide the monomeric
units of Formula II or Ill. The relative amount of the
monomeric units of Formula Il or Ill is generally about
5% by weight of the total polymer. The weight percent-
age is not, however, the critical determining factor, but
rather the amount of the monomeric units of Formula
Il or Formula Il required to maintain the polymer in a
colloidal dispersion.

The exact structure of the resulting polymer is not
precisely known. It is believed, however, that when a
monomeric unit of Formula 1l is used that the polymer
is comprised of monomeric units connected in the fol-
lowing manner:

R, R
| _E

-'E—iSn-O ln-o -]—{-Ml—o—}—
R, R,

When one or more of the groups R,-R4 is —O—, side-
chains can form and cross-linking can also occur espe-
cially when the monomeric units of the formula

hros

are included in the polymer chain. Such a polymer
could have, for example, the following formula:

R R
b B DB
Sn~0—Sn-0 n~0-5n-0—J1— $n-0-S5n-0—
| AT
R R
2 4

R2 lk4 4

fs B s
—Fn—o— -0 —+ fn—O n-0 —4~ MTQ-—-—-
S
4 2 4

The letters n and n’ in the above formula represents a
relatively large number, for example, 50-10,000.
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As can be seen from the above formulae, there is a
large variety of different polymeric structures which
can be produced in accordance with the present inven-
tion. It should be appreciated that although the above

5 formulae are believed to be accurate, other types of
polymeric structures are likewise possible. Applicant
does not intend to limit the invention to polymers of the
above structures but to polymers as produced in accor-
dance with the disclosure of this invention.

A highly advantageous polymer of this invention is
the polymer comprised of stannic oxide and stannous
oxide monomeric units. This polymer is comprised of
monomeric units of the formula

10

15 Rl 3
-[—‘Ln-O-Sn—O—}— and — S0 3~
2 4
20

It forms into a very definite polymeric composition
when a sufficient excess of the source of the stannous
oxide monomeric unit is present in the reaction mixture
to insure that the resulting polymer is saturated with
stannous oxide monomeric units. The polymer is pro-
duced in an aqueous reaction medium. The resulting
polymer is colloidal in character. Even if the water of
the hydrosol is completely removed, the resulting poly-
mer can be redispersed by the addition of water and the
product will still be a stable colloidial dispersion of the
polymer.

The X-ray diffraction pattern of this stannic oxide-
stannous oxide polymer is shown in FIG. 1. The charac-
teristic peaks of the X-ray diffraction pattern are as fol-
lows:

“d"" Spacing (A°) Relative Intensity [flo

S e m NN RN D N WL W A
PAARS N O = B A0 OO LD L
NWOCLAL =P e A ONOO — - fa— A0 W~
tad
[ ]

This X-ray diffraction pattern is highly characteristic
for the preferred stannic oxide-stannous oxide polymer
of this invention.

The starting materials which are used to prepare the
polymers of this invention are readily available, well-
known metallic salts. The salts which are used to pro-
duce the monomeric units of Formula I are water solu-
ble stannic salts. These salts include, for example, the
halogen salts such as chloride and bromide, nitrate salt,
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sulfate salt and other similar water soluble stannic salts.
The salt which is preferably used to produce the stannic
oxide monomers of Formula I is stannic chloride penta-
hydrate since this salt will readily dissolve in water and
hydrolize to the desired monomeric units of Formula L

The metallic salts used to produce the monomeric
units of Formula I1 or Formula IIl must be soluble in
water. The salts which are used to produce the mono-
meric units of Formula I or Il include water soluble
salts of metals, the ions of which exhibit two stable
states of oxidation in water such as iron, cobalt, nickel,
lead, bismuth, titanium, vanadium, chromium, copper,
molybdenum, antimony, tungsten and most preferably
tin. The anion of the salt as noted is selected so that the
salt is soluble and can be hydrolized to the monomeric
units of Formula II or Ill. The anion includes the ha-
lides such as chloride and bromide, nitrate, sulfate and
the like. Salts of simple organic acids can likewise be
used, such as the metallic salts of the oxalates, acetates
and the like.

To obtain the monomeric units of Formula I or For-
mula III it is also possible to add the metal directly to
the aqueous reaction medium in a finely divided form.
In this case it should be appreciated that the metal is
oxidized from a higher valence state, a corresponding
amount of the stannic ions (+4) are reduced to stan-
nous ions (+2). If the metal selected is one which has
two stable states of oxidation in an aqueous system, the
oxides of the metal, as well as the stannous oxide pro-
duced as a result of the oxidation-reduction reaction,
becomes part of the resulting polymer. If, however, the
metal does not have two stable states of oxidation it re-
duces a portion of the stannic ion but does not become
part of the final polymer and can if desired be isolated
from the hydrosol.

In order to further show the electron exchange which
occurs as a result of the process of the invention, the
various reactions which occur are shown. The reactions
are classified according to the type of metal or metal
salt employed to form the monomeric units of Formula
11 and III. In each of the equations, it is assumed that
a large excess of the Sn+4 ion is present. The ions
which become part of the final polymer are underlined.

1. Use of metals having two stable states of oxidation
in an aqueous medium

Sn*Y+ Sn® — Sn** + Snt?
Sn**+ Ni®* - Sn** 4+ Sp*? + Nj*?

2. Use of metal salts having two stable states of oxida-
tion in water.

Sn+4 + Sn+2 XNo valenee change Sn+4 +- Sn+2
Sn** + Fe*? — Sn**+ Sn*? 4+ Fe*? 4 Fe*?

3. Use of metal not having two stable states of oxida-
tion in solution

Sn** + Mg® — Sn*!+ Sn*? + Mg*?
Sn*t+ Al° — Sn* + Sn*? + A3

While the hydrosols of the invention are character-
ized by their exceptional stability, it is of advantage to
allow a small amount of a metal, such as metallic tin to
remain in the container in which the hydrosol is stored
so as to further insure the stability of the hydrosol. This
is especially advantageous when the hydrosol is to be
exposed to air since the excess metal reduces additional
amounts of stannic ion to the stannous form in the
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event that a portion of the stannous ions are oxidized
as a result of exposure to atmospheric oxygen.

The polymers of this invention are prepared in the
form of a hydrosol by dissolving the tin +4 salts in wa-
ter. The +2 or +3 metallic salt or finely divided metal
is added to the aqueous mixture. The aqueous mixture
is then carefully heated up to a point somewhat below
the boiling point of the reaction mixture. As the tem-
perature increases, there will be a change in the color
of the reaction mixture. This change in color is believed
to be due to a rapid electron exchange between the
higher valent and the lower valent ions. The color of
the solution is an indication of the degree of polymer-
ization of the polymer with a deeper color being indica-
tive of a higher molecular weight. The desired molecu-
lar weight of the resulting polymer is dependent upon
the intended end use of the polymer as will be ex-
plained in greater detail below. After the desired de-
gree of polymerization has been achieved, as deter-
mined, for example, by an evaluation of the color of the
reaction mixture, the reaction mixture is allowed to
cool to room temperature.

The polymer can be isolated using conventional
methods. However, it is generally not necessary for
most purposes to have the polymer in the absolute pure
form. As noted above, the polymers of this invention
have a strong positive charge. The residues from the re-
action are, relative to the polymer, either insoluble,
electrically neutral or non-colloidal. When the polymer
of this invention is applied to a negatively charged sub-
strate, the polymer adheres to the negatively charged
substrate due to the difference in the charges of the
substrate and the polymers and possibly chemical
bonding. When the substrate is washed with water the
residues and excess amounts of polymer will be re-
moved.

The polymer can be recovered from the reaction me-
dium and will not further polymerize providing heat is
not used to remove the water used as the reaction me-
dium. The dried polymeric material is stable. The poly-
mer can readily be converted back into the hydrosol
form by reconstituting it with water. Because of the
high positive charge, colloidal partial size and the hy-
drophilic nature of the polymer, it readily disperses into
water.

The polymers of this invention have a wide variety of
utilities. The polymers, because of their high positive
charge, have a natural affinity for negatively charged
materials. As is pointed out in application Ser. No.
591,717 filed Nov. 5, 1966, now abandoned, and U.S.
Pat. No. 3,676,186, the polymers of this invention are
especially useful in the treatment of negatively charged
substrates such as glass, plastics, and the like for alter-
ing the surface characteristics of the substrate.

It is believed that the polymer is formed on the nega-
tively charged surfaces in a relatively continuous film
which is only one particle in thickness. The film does
not change the color of the surface as observed by the
naked eye. It has been found that a typical film of this
invention is about 1,000A thick.

As noted above, the size of the polymer molecules
produced in accordance with this invention is depen-
dent to a large extent on the desired end use of the
polymer. For example, part of the reason for soiling of
materials is surface roughness which physically entraps
soils. Accordingly, if the base material is relatively
rough, a polymer having large particle size can advan-
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tageously be used since this assists in filling in holes and
results in a smoother surface. However, if the surface
of the material to be treated is relatively smooth, a
polymer having a smaller particle size is preferably uti-
lized.

The hydrophilic properties of the polymer of this in-
vention are highly important in certail utilities. As
pointed out above, when used on glass surfaces the hy-
drophilic properties of the polymer increase the wet-
ting properties of the glass and allows rain water and
the like to effectively cleanse soiled glass surfaces.

An additional advantageous use of the polymer of
this invention is in the paper making art. The polymer
of this invention, which is preferably produced in a

5

10

somewhat larger particle size than that used for soil re- 15

tardance on glass, is incorporated in the paper, gener-
ally in the pulp, as it is processed; or if desired can be
added as an after-treatment to the paper. The polymer
of this invention substantially increases the hydrophilic
properties without adversely effecting the other desir-
able properties of the paper. As is well known, paper
pulp at the beginning of the the beating cycle has a high
absorbancy but a relatively low strength. As the pulp is
beaten the strength increases but the absorbency simul-
taneously decreases. For many purposes it is extremely
difficult to obtain a satisfactory balance of properties
between strength and absorbency. Attempts have been
made to limit the amount of beating and obtain the re-
quired strength with the use of a wet strength resin and
the like. The strength is increased using wet strength
resins; however, the absorbency is generally decreased
somewhat and the material and process costs are quite
substantial. Processes have also been suggested
wherein conventional wetting agents are added to the
paper stock. These processes were likewise found to be
unsatisfactory because of the cost required in order to
obtain a satisfactory product. It has been found, how-
ever, that the polymers of this invention, which are very
low in cost because of the low cost of the starting mate-
rials and the simplicity of the manufacturing process,
can be used advantageously to increase the water ab-
sorption without decreasing the strength or other desir-
able properties of the paper.

In the textile art, certain fibers because of their hy-
drophobic character will accumulate an undesirable
static electric charge in a dry atmosphere. The poly-
mers of this invention are substantive to these fibers be-
cause these fibers generally are negatively charged
while the polymers of this invention are positively
charged. The polymers of this invention, because they
are hydrophilic in character, tend to draw sufficient
moisture from the atmosphere to prevent the build up
of static electric charges on the fibers. It should also be
noted that at the same time the polymers of this inven-
tion act as a soil retardant, preventing the accumula-
tion of soil on the fibers. Furthermore, if the fibers do
become soiled, the polymers of this invention assist in
the wetting out process of the fibers during washing and
thereby materially assist in removing the soil from the
fibers.

It is highly important that the polymer film of this in-
vention be firmly adhered to the base material. It is for
this reason that the base material should be thoroughly
cleaned before the application of the polymers of this
invention. This can be done by conventional means
such as using a strong detergent and water and then
rinsing the washed surface with additional water until
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8

free of any residue. The surface is then coated with a
solution of the polymers of this invention at room tem-
perature. Any excess polymer is removed by simply
rinsing the coated surface with additional amounts of
water.

In environments where the treated material will be
subjected to negatively charged soil, in addition to the
more common positively charged soils, it is of consider-
able advantage to apply a coating over the polymer film
of this invention of a negatively charged particle. One
type of negatively charged particle which has been
found to be of considerable advantage is colloidal sil-
ica. The negatively charged coatings are applied in suf-
ficiently thin layers so that the hydrophilic properties
of the polymer of this invention are not substantially
effected. However, the net positive charge of the com-
bination generally will be reduced or neutralized which
materially assists in preventing the accumulation of
negatively charged soils on the treated material.

The following examples are given by way of further
illustration of the present invention and are not in-
tended to limit in any way the scope of the present in-
vention beyond that of the subjoined claims. All parts
and percentages are given in parts and percentages by
weight, unless otherwise indicated.

EXAMPLE 1

Fifty grams of Sn Cl, . 5H,O were dissolved in 1,000
grams of water. Five grams of metallic tin were added
to this mixture. The mixture was gradually heated with
stirring to 80°-90°C. The mixture was carefully moni-
tored so as to prevent the mixture from boiling. As the
temperature increased there was a noticeable change in
color. At 70°C the color was light yellow. At 80°C the
color was deep amber. When the mixture reached
90°C, it was then allowed to cool to room temperature.
The resulting hydrosol which was obtained was de-
canted from the residual excess metallic tin.

EXAMPLE 2

Example 1 was repeated except that 5 grams of stan-
nous chloride were used in place of the 5 grams of me-
tallic tin. The resulting hydrosol was found to be identi-
cal to the hydrosol produced in Example 1 in both ap-
pearance and physical characteristics.

EXAMPLE 3

Example | was repeated except that finely divided
aluminum metal was used in place of the metallic tin.

EXAMPLE 4

Example | was repeated except that nicke! metal was
used in place of the metallic tin.

EXAMPLE 5

Example | was repeated except that chromous chlo-
ride was used in place of metallic tin.

EXAMPLE 6

Example | was repeated except that chromous ace-
tate was used in place of metallic tin.

EXAMPLE 7

Example | was repeated except that chromium metal
was used in place of the metallic tin.
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EXAMPLE 8

Example | was repeated except that ferrous acetate
was used in place of the metallic tin.

EXAMPLE 9

Example 1 was repeated except that ferrous chloride
was used in place of the metallic tin.

EXAMPLE 10

Example 1 was repeated except that finely divided
metallic iron was used in place of the metallic tin.

EXAMPLE 11

Example | was repeated except that bismuth (1II) ni-
trate was used in place of the metallic tin.

EXAMPLE 12

Example 1 was repeated except that metallic bismuth
was used in place of the metallic tin.

EXAMPLE 13

The products produced in Examples | and 2 were
vacuum dried. The products were found to be identical
in appearance, being yellow-orange powders. A portion
of each of the powders was mixed with water and found
to be readily reconstituted back into the hydrosol state.
A further portion of each material produced in each of
Examples | and 2 was evaluated by X-ray diffraction
techniques. A graph of the X-ray diffraction pattern is
shown in the FIGURE.

EXAMPLE 14

A 5 percent solution of the polymer of Example 1
and a 5 percent solution of the polymer of Example 2
were prepared. These solutions were wiped on panes of
glass and panes of polymethylmethacrylate, which had
previously been thoroughly washed with detergent and
water and then rinsed with additional amounts of wa-
ter. The resulting films were measured by light interfer-
ence techniques and the films were found to be approx-
imately 1,000 A thick. There was no noticeable change
in the color or transparency of the panes as a result of
the application of the coatings. Each treated pane was
divided into vertical halves of which one half was
sealed in an envelope protected from atmospheric soil-
ing. The other half of the pane was exposed to atmo-
spheric conditions together with an untreated third
pane of glass and an untreated third pane of clear
polymethymethacrylate. The area selected for the test-
ing was a center city location where the atmosphere
contained a relatively high amount of soil due to the
presence of factories, highways, and commercial build-
ings in the immediate area. Each of the samples was vi-
sually evaluated over a 24 -month period against the
unexposed samples. The untreated samples rapidly be-
came soiled and had to be cleaned periodically. Both
the treated glass and the treated polymethylmeth-
acrylate samples exposed to atmospheric soiling re-
sisted soiling and after each rain cleansed themselves of
soil. It was further found that the treated samples
could, by simple washing with water, be cleansed so as
to be as clean as the samples which had been protected
from atmospheric soiling. After the 24-month period
each of the samples was found to be still quite satisfac-
tory with regard to the soil retardant characteristic.

5

10

EXAMPLE 15

Each of the polymers produced in Example 1 through
12 was applied in the form of a hydrosol to previously
cleansed glass panes and the excess amount of the hy-
drosol was washed off with water. The samples were
then dried. The samples were evaluated together with
a blank in an accelerated soiling test. In the accelerated
soiling test each of the samples was repeatedly sub-

10 jected to soiling with a dry soil. The samples were then
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sprayed with water and thereafter allowed to dry. The
test was repeated for a plurality of cycles. During the
test, the samples were periodically evaluated. It was
found that the soil in the dry condition tended to ad-
here to the untreated panes, while all of the treated ma-
terials resisted soiling. Furthermore, on being rinsed,
the untreated samples tended to streak and spot while
the treated samples readily wet out and cleansed them-
selves as described in said Continuation-In-Part appli-
cation referred to at page 1, line 28 of this specifica-
tion, this invention relates in its broader attributes to
providing a thin coating on the surfaces to be treated
which is obtained by applying to the surfaces a posi-
tively charged hydrosol of a metal which exhibits two
stable states of oxidation simultaneously while in solu-
tion.

Particular reference will be made to the treatment of
glass particularly in the form of window panes and the
like, since this is one of the more difficult and commer-
cially important surfaces that can be rendered soil re-
tardant by the compositions of this invention. It should
be appreciated, however, that this invention is not lim-
ited to the treatment of glass surfaces but can be used
with various other materials such as textiles, plastics,
paper, painted surfaces and the like.

The surfaces of many materials appear to be very
smooth when examined visually. The typical glass pane
when newly manufactured appears to be extremely
smooth, however when it is examined microscopically,
it can be seen to contain a considerable number of sur-
face imperfections, such as grooves, pores, riles and the
like. Glass which has been in use and exposed to the el-
ements has an even greater degree of roughness and
imperfections. These imperfections, while invisible to
the naked eye, do have a major effect on the soiling
property since the imperfections mechanically hold the
soils on the surface of the glass.

Untreated glass surfaces, once soiled, are not readily
cleaned by rain or other natural elements and must be
washed with soap or detergents, rinsed and then wiped
dry. The reasons that glass panes are not cleaned by the
rain and other natural elements and in fact, are made
to appear even more dirty by being contacted by drop-
lets of rain water is that the glass is inherently hydro-
phobic. The rain does not wet out the surface of the
glass and there is a tendency for the water, contacting
the surfaces of the glass to bead up and form spots on
the glass surfaces together with the dirt.

It has been found in accordance with the teachings of
this invention that these two major causes of soiling can
be corrected by applying to the surface to be treated a
colloidal hydrosol of a metal salt in which the metal
thereof exhibits two stable states of oxidation while in
solution. The hydrosol solutions are almost always col-
ored to some extent apparently due to the rapid ex-
change of electrons as shown by the following charge
transfer mechanism.
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More specifically, the metallic elements are believed
to follow the following electron exchanges.

Sn~2 2 Sn*t + 2e”

Fe*? 2 Fe* + le-

Ni*? & Ni* + 2e”

Bi*? 2 Bi*® + 2e”
A further requirement for the hydrosols is that the
metallic ions of the hydrosol hydrolize rapidly in the in-
itial step and then very slowly, if at all, because of the

rapid electronic exchange. For example, in the oxida-
tion of tin

—
—

Sn**+ OH,; 2 Sn(OH)** + H*
would be very rapid while the second step of
Sn(OH)** + HOH & Sn(OH), + 2 + H*

would be very slow or non-existent. The partial hydro-
lysis of the metal ion or ions is the source of the colloi-
dal particles and the incomplete hydrolysis is believed
to be the source of the high positively charged, finely
divided colloidal particles.

The metallic salts which may be used in this invention
are the salts of for example, tin, iron, nickel and bis-
muth as noted above. In addition, salts of metals such
as titanium, vanadium, chromium, cobalt, copper, arse-
nic, moiybdenum, antimony, tungsten and lead may
also be used in this invention. Some typical metal salts
which may be used in the hydrosols employed in the
coatings of this invention are:

$nCl,-5SH,0, FeCl;6H,0, Cr(C,0,);3, CrCl;, BiCl;,
CoCl,

and Fe(C;H30;),

Other salts of the above noted metals may likewise be
such as the nitrates and sulfates which are soluble in
water and the ions formed must be weak oxidizing and
reducing agents.

The colloidal hydrosols when applied to the surface,
because of their highly positive nature, form a tight
bond to the negatively charged glass surfaces. The
coating formed by the hydrosol fills in the imperfec-
tions in the surface of the glass thereby reducing the
mechanical adhesion of soils to the treated surfaces.
What is of even greater significance however, is that
the surfaces of the treated material, for example glass
is converted from a hydrophobic surface to a hydro-
philic surface. The surface of the glass will resist soiling
and what soiling does occur is removed by the elements
such as rain. The treated glass surfaces wet out readily
and the rain water and the soils flow off the glass sur-
faces. Furthermore, because of the hydrophilic nature
of the glass coated surfaces, they will dry spot free and
clean.

The treatment of the glass surfaces is very simple and
can be conducted as the glass is manufactured or it can
be applied to the surfaces of the glass already installed
by simply wiping the hydrosol solutions onto the glass
as part of the window washing process. In existing in-
stallations, the window would be washed in the normal
manner with a detergent and water to remove the ad-
hered soils. The hydrosol solution would then be ap-
plied to the cleaned surface and any excess amount
would then be washed off with plain water. After treat-
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ment, however, the window will not have to be washed
on a regular basis. Even in periods of prolonged
drought or if the window is not exposed to the ele-
ments, it can be cleaned by simply hosing the glass sur-
face down with plain water. The treatment of this in-
vention results in a coating of about 1,000 angstoms
thickness which does not noticeably change the color
or transparency of the treated surfaces. The treatment
of the glass surfaces is a relatively permanent treatment
despite the simplicity with which it can be applied. The
effectiveness of the treatment is of course dependent
upon the particular conditions encountered in a given
application. It has been found, however, that even after
exposure to the environment in a highly developed
commercial metropolitan area that the treatment was
still highly effective even after 18 months of continuous
exposure. The exact length of time that the treatment
will remain effective could not be estimated since there
was no noticeable change in its soil resistance and wet-
ting out characterisitcs. During this time, the natural
elements of rain, snow, etc., washed the windows free
of any accumulated dirt.

The highly effective nature of the hydrosols of this
invention in improving the wetting out properties is
even more surprising when it is evaluated as a treat-
ment for certain types of plastics. One particular type
of plastic, polytetrafluoroethylene is noted for its hy-
drophobic properties. However, when the surface of a
polytetrafluoroethylene article is treated by wiping it
with one of the hydrosols of this invention, the surface
will thereafter readily be wet out with plain water. The
treatment of this invention is of course equally applica-
ble to other types of materials in addition to the glass
and the specifically named plastic, polytetraflu-
oroethylene. For example, there has been a recent
trend to the use of acrylate sheeting in place of glass for
windows. This material is highly prone to soiling. How-
ever, when the acrylate sheeting is treated with a film
of the hydrosol of this invention, it will resist soiling in
approximately the same manner as glass treated in ac-
cordance with the process of this invention.

If the environment in which the material to be treated
50 as to be soil retardant in accordance with the process
of this invention contains a relatively large amount of
negatively charged soils or negatively charged oily con-
taminants in the air it is of considerable advantage to
apply a layer of a negatively charged colloidal silica
over the positively charged hydrophilic, hydrosol layer
of the metallic salt in order to prevent the buildup over
a period of time of a hydrophobic film over the hydro-
philic film of this invention and thereby compromise
the self cleaning properties of the hydrophilic film de-
scribed above. It is also of some advantage to apply the
colloidal silica in areas which are not subject to exces-
sively heavy soiling with oily contaminants since this
treatment will, to some extent, even further extend the
useful life of the hydrophilic soil retardant layer. Be-
cause of the positive charge of the initial positively
charged layer, the silica layer can be applied in a very
thin layer which does not have the surface or substan-
tially affect is hydrophilic properties.

The colloidal dispersions of silica used in the process
of this invention are preferably in the form of a disper-
sion in water of silica particles which have previously
been treated so that the resulting dispersion is colloidal
and at the same time, characterized by the fact that the
colloidally dispersed particles carry a negative charge.
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The particles preferably have a size in the order of fif-
teen millimicrons or smaller. One such colloidal disper-
sion containing about 30 percent silica is sold by E. I.
du Pont de Nemours Company under the trade name
of “Ludox.” The colloidal silica film is applied directly
to the previously formed film of the hydrosol. An ad-
vantage to this invention is that if the silica layer is de-
sired or required, it can be applied in the same manner
as that employed through the application of the initial
film of the hydrosol of the metal salt, that is, by simply
wiping it on to the surface of the material to be treated.
The previously applied film of the colloidal metal salt
is strongly cationic and therefore forms a strong bond
between the glass and the silica layer without the use
of heat or other expedients which were heretofore re-
quired in order to obtain a permanent treatment.

It should be appreciated that the positively charged
coating disclosed above while being especially useful as
soil retardant is not limited to this use. There are many
other applications wherein changing the surface charge
from a positive charge to a negative charge is highly de-
sirable. For example, paper can be treated in this man-
ner so as to a positively charged paper surface which
makes it especially useful in electrostatic printing.

In order to further illustrate the coatings included
within the scope of the present invention and to further
disclose the method of forming these coatings on vari-
ous materials the following examples are given by way
of illustration. It should be appreciated, however, that
these examples are not intended to limit in any way the
scope of the subjoined claims.

EXAMPLE 16

To 1,000 parts by weight of water, 50 parts by weight
of SnCl,5H,0 was added and caused to go into solu-
tion. Finely divided metallic tin was added with stirring
and the mixture was heated to 80° - 90° C. Care was
taken to keep the mixture below the boiling point. As
the temperature increased. a change in color occurred.
At about 70°C., a slight yellowing became noticeable.
At about 80°C. the color became a deep amber. At this
point the system was allowed to cool and the hydrosol
was decanted from the residual metallic tin. This solu-
tion was wiped onto a pane of glass and a pane of
polymethylmethyacrylate. The resulting film was mea-
sured with an electron microscope and light interfer-
ence techniques and found to be approximately 1,000
angstroms thick. There was no noticeable change in the
color or the transparency of the sheet as a result of the
application of the coating. Each of the sheets was di-
vided into vertical halves. A half of each sample was
further treated with an anionic dispersion of silica. A
third pane of glass and a third pane of clear polymethyl-
methacrylate which was not given any treatment was
exposed to the same conditions. Each of the samples
were observed visually over an 18 month period. The
untreated sample rapidly became solid and had to be
periodically cleaned. Both the glass and the polymeth-
ylmethacrylate samples resisted soiling and after each
rain, appeared to cleanse itself of accumulated soil.
After about 12 months, the portion of each pane which
was not treated with the silica began to show the visual
accumulation of the soil which was found to be some-
what oily in nature. This portion of the sample despite
the accumulation of the oily residue was still far supe-
rior to the untreated sample, even after 18 months of
exposure with regard to soil resistance.
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EXAMPLE 17

The steps of Examples 16 were carried out using
FeCly;6H,0 in place of the stannic chloride and finely
divided metallic iron in place of the metallic tin. Ap-
proximately equivalent results were obtained in the
testing.

EXAMPLE 18

The steps of Examples 16 were carried out using
Cry(C20,);5 in place of the stannic chloride and finely
divided nickel in place of the metallic tin. Approxi-
mately equivalent results were obtained in testing.

EXAMPLE 19

The steps of Example 16 were carried out using CrCly
in place of the stannic chloride and finely divided
nickel in place of the metallic tin. Approximately
equivalent results were obtained in the testing proce-
dure.

EXAMPLE 20

The steps of Example 16 were carried out using BiCl;
in place of the stannic chloride and finely divided me-
tallic bismuth in place of metallic tin. Approximately
equivalent results were obtained in the testing proce-
dure.

EXAMPLE 21

The steps of Example 16 were carried out using
Fe(C,H30;); in place of stannic chloride and finely di-
vided metallic bismuth in place of metallic tin. Approx-
imately equivalent results were obtained in the testing
procedure.

EXAMPLE 22

The steps of Example 16 were carried out using finely
divided metallic nickel in place of the finely divided
metallic tin. Approximately equivalent results were ob-
tained in the testing procedure.

EXAMPLE 23

The steps of Example 16 were carried out using
Sn(S0O,). in place of the stannic chloride and using
finely divided metallic nickel in place of the finely di-
vided metallic tin. Approximately equivalent results
were obtained in the testing procedure.

EXAMPLE 24

The steps of Example 16 were carried out using finely
divided metallic bismuth in place of the finely divided
metallic tin. Approximately equivalent results were ob-
tained in the testing procedure.

EXAMPLE 25

The steps of Example 16 were carried out using
Cr(C;04); in place of the stannic chloride. Apporoxi-
mately equivalent results were obtained in the testing
procedure.

I claim:

1. An inorganic hydrophilic polymer consisting es-
sentially of (a) a major portion of first monomeric units
of the formula
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wherein at least one of the groups R, — R, is 4 member
selected from the group consisting of —OH and —O-
—and at least one of the groups R; - R, is an anion of
a water soluble salt of tin, the remainder of the groups
R, - R, being members selected from the group consist-
ing of —OH, —O— and an anion as defined above and
(b) a minor portion of a second monomeric unit se-
tected from the group consisting of

_{_Ml— o-}— . -—-E-l!/IZ—O%——

and mixtures thereof wherein M, is a divalent metal ion
and M; is a trivalent metal ion of a metal having two
stable states of oxidation in an aqueous medium said
minor portions being effective to impart colloidal prop-
erties to said polymer when dispersed in water.

2. The polymer according to claim 1 wherein said
anion is selected from the group consisting of chloride,
bromide, sulfate and nitrate.

3. The polymer according to claim 1 wherein said
second monomeric unit is represented by the formula

+4+Sn—03

4. A process for the manufacture of the polymer ac-
cording to claim 1 consisting essentially of the steps of
adding to water a first amount of a water soluble stan-
nic salt which is hydrolizable to a stannic oxide mono-
meric unit of the formula
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adding a second amount of a reactant sclected from the
group consisting of (1} a salt of a metal which has two
stable valences in an aqueous solution, said salt being
added in the lower valence state, and (2) an elemental
metul, said second amount being an effective amount
sufficient to react with said first amount of said stannic
salt to provide said colloidally dispersible positively
charged, hydrophilic polymer and heating the resulting
agueous mixture to an elevated temperature less than
the boiling point of the mixture until a color change oc-
curs in said mixture.

5. The process according to claim 4 wherein said
stannic salt is stannic chloride.

6. The process according to claim 4 wherein said re-
actant is a stannous salt.

7. The process according to claim 4 wherein said re-
actant is stannous chloride.

8. The process according to claim 4 wherein said re-
actant is a metal.

9. The process according to claim 4 wherein said re-
actant is metallic tin.

10. The inorganic hydrophilic polymer according to
claim 3 having an X-ray diffraction pattern with char-
acteristic peaks as follows:

“d” Spacing (A°) Relative Intensity /o

100
50
31
33
33
22
29
49
58
16
31
22
56
20
33
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