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This invention relates in ‘general to protective coatings 
and, more particularly, to coatings adapted for applica 
tion to ferrous surfaces for the protection of such surfaces 
by selective galvanic action. 

It is well recognized that ferrous materials can be 
protected against corrosion by being placed in juxtaposi 
tion to metals which are above iron in the electromotive 
series, such as, for example, zinc, magnesium, and alu— 
rninum. For example, steel piling which is immersed in 
sea water along water front installation can be protected 
by placing large blocks of magnesium or znic in im 
mediate proximity to the piling so that the latter metals 
are eaten away by a process of what is sometimes referred 
to as “selective galvanic action.” In other words, when 
two different metals are present in a corrosive environ 
ment, the corrosive reactions take place selectively upon 
the metal which is highest in the electroruotive series. A 
somewhat similar system of anti-corrosion protection has 
been developed for iron pipes which are laid in the 
ground. Consequently, some efforts have been made to 
develop paint-like ‘coatings containing metals which are 
above iron in the electromotive series. 

This type of surface protection involves quite different 
principles than the use of paints having lead oxide, zinc 
oxide, titanium dioxide, and copper oxide pigments for 
the reason that such paints rely upon the fact that the 
oxide pigments being already fully oxidized cannot be 
further attacked by atmospheric oxygen. Such oxide 
pigmented paints, however, form a continuous coating and 
as soon ‘as the coating [becomes broken, the surface pro 
tective character of the coating diminishes rapidly. In 
this connection, it is also obvious that the oxide pigments 
are incapable of any selective galvanic action. It is, there 
fore, highly desirable to provide a means by which metals, 
such as zinc, aluminum, ‘and magnesium, in elemental 
form, can be applied to ferrous surfaces in the form of a 
coating, such that protective advantage can be taken of 
selective galvanic action. The problem lies in ?nding an 
appropriate vehicle in which metallic powder can be in~ 
corporated. It is necessary that such coatings be hard 
and abrasion-resistant and, at the same time, be sufficient 
ly ?exible ‘and adherent to the metallic surface so as to 
establish a permanent protective ?lm which will not ?ake 
off or craze ‘as a result of expansion, contraction, vibra 
tion, and similar mechanical stresses. It is also desirable 
that the resin have a reasonably satisfactory shelf-life 
so that the coating can be compounded and stored for 
reasonable periods of time. 

It is, therefore, the primary object of the present inven 
tion to provide a protective coating for ferrous surfaces 
which utilizes powdered metallic zinc in a vehicle which 
permits galvanic action to take place. 

It is another object of the present invention to provide 
a coating of the type stated which has relatively long 
shelf-life and which can be readily applied to a ferrous 
surface in the manner of a paint. 

It is also an object of the present invention to provide 
a coating of the type stated which sets up on the ferrous 
surface in a hard, abrasion-resistant, tightly adherent 
somewhat permeable ?lm. 

With the above and other objects in View, our inven 
tion resides in the novel means and processes of matter 
presently described and pointed out in the claims. 

Broadly speaking, the present invention resides in the 
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discovery that tetraethyl orthosilicate can be partially 
hydrolyzed by use of less than a full equivalent weight 
of water to produce a homogeneous ?uid vehicle which 
can be mixed with powdered zinc to form a paint-like 
coating material having a very satisfactory shelf-life. 

. Such coatings can be applied to ferrous surfaces by brush~ 

15 

25 

35 

40 

45 

55 

65 

70 

ing, spraying, or any other conventional paint-applica 
tion technique and will set up or air-dry, so to speak, in 
a reasonably short length of time to form a tightly adher~ 
ing, hard, tough, semipermeable coating which protects 
the ferrous surface ‘against attack in a highly corrosive 
atmosphere by the process of selective galvanic action. 
When an excess of water is added to tetraethyl ortho 

silicate, that is to say an amount in excess of the equiva 
lent weight, the silicate is completely hydrolyzed rather 
quickly, somewhat according to the following reaction: 

The alcohol evaporates, leaving a granular sandy residue. 
However, when less than an equivalent Weight of water 
is present, the product is a homogeneous liquid. Actual 
experiments have shown that vehicles suitable for use 
in terms of the present invention can be obtained using 
quantities of water ranging from .25 to .99 equivalent 
weights. Of course, there is a strong tendency for this 
hydrolysis reaction to absorb water from atmosphere. 
Therefore, if the reaction is carried out in a humid at 
mosphere using exactly .99 equivalent weights of water, 
enough water is likely to be absorbed from the air, par 
ticularly on ‘a humid day, to throw the reaction into a 
complete hydrolysis. Thus, for practical reasons, it is not 
desirable to use more than .95 equivalent weights of 
.Water. 

Presumably, the partial hydrolysis of tetraethyl ortho— 
silicate proceeds somewhat according to the following 
chemical reactions: 

The above are merely illustrative and are not presented 
as positive reactions, since the amount of water present 
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may vary within the ranges above indicated, with the 
result that the siloxane chain will vary in length. 

As this step-wise hydrolysis is continued, condensed 
esters of higher and higher molecular weight are ‘formed. 
For purposes of the present invention, the hydrolytic re 
action is carried out with limited amounts of water in 
the pH range above-mentioned until polymers are formed 
having ‘a chain-length averaging 5 to 10 silicon atoms. In 
other words, the hydrolysis of the tetraethyl orthosili 
cate may be said to have been carried from 25% to 95% 
toward completion. 
The partial hydrolysis of tetraethyl orthosilicate can 

vbe carried out by dissolving tetraethyl orthosilicate in an 
organic solvent, such as denatured alcohol, ethylene gly— 
col monoethyl ether, ethylene glycol monoethyl ether 
acetate, and polyethylene glycols. The pH of this solu 
tion is then adjusted to the pH range of 1.5 to 4.0 ‘by 
the addition of any conventional acid. Thereupon, a 
quantity of water is added to the solution, such quantity 
being less than an equivalent weight with respect to the 
quantity of tetraethyl orthosilicate present. Upon the 
addition of water, the solution is stirred and, within ap 
proximately ten to ?fteen minutes, it will be evident that 
a de?nite exothermic reaction has ‘been initiated. As 
a result, the solution becomes quite warm. This tem 
perature rise continues until the water has ‘been com 
pletely used up and no ‘further hydrolysis will take place. 
At this point, the temperature ‘becomes constant for a 
short period of time and then begins to drop otf gradually. 
When the temperature begins to drop off, it is evident 
that the hydrolysis reaction has been concluded and the 
tetraethyl orthosilicate has been partially hydrolyzed to 
the degree consonant with the particular limited quantity 
of water used in the reaction. The resulting product is 
a homogeneous, somewhat oily, liquid. 
The liquids resulting from the foregoing partial hy 

drolysis are mixed with a ?ller-component consisting es 
sentially of ?nely divided metal powders to form the coat 
ing material. It has also been found that carbon black, 
zinc chloride, and ?brous ?llers can be added to obtain 
additional desirable physical characteristics in the ?nished 
coating. By way of example and not ‘by way of limita 
tion, the following speci?c formulas have ‘been found to 
be highly successful: 

Example I 

Parts by weight 
Partially hydrolyzed tetraethyl orthosilicate ______ __ 10 
Zinc powder (300 mesh) _____________________ __ 70 

Example 11 
Partially hydrolyzed tetraethyl orthosilicate ______ __ 30 
Zinc powder (300 mesh) _____________________ .. 80 

Example III 
Partially hydrolyzed tetraethyl orthosilicate ______ __ 5 
Zinc powder (300 mesh) _____________________ __ 30 

Example IV 
Partially hydrolyzed tetraethyl orthosilicate ______ __ 5 
Zinc powder (300 mesh) _____________________ __ 20 

Example V 
Partially hydrolyzed tetraethyl orthosilicate ______ __ 10 
Zinc powder (300 mesh) _____________________ __ 70 
Carbon powder _____________________________ __ 1 

Example VI 
Partially hydrolyzed tetraethyl orthosilicate ______ __ 30 
Zinc powder (300 mesh) _____________________ __ 80 
Calcium silicate (?brous) _____________________ __ 3 

Example VII 
Partially hydrolyzed tetraethyl orthosilicate ______ __ 10 
Zinc powder (300 mesh) ______ _-_ _____________ __ 60 

‘Carbon powder _______________ -2 ____________ __ 1 

Calcium silicate __________________ ._‘..__' ________ _._ 2 
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[1 
Example VIII 

Partially hydrolyzed tetraethyl orthosilicate ______ __ 15 
Zinc powder (300 mesh) _____________________ __ 50 

Example IX 

Partially hydrolyzed tetraethyl orthosilicate ______ __ 10 
Zinc powder (300 mesh) _____________________ __ 40 
Carbon powder _____________________________ __ 2 

Example X 
Partially hydrolyzed tetraethyl orthosilicate ______ __ 30 
Zinc powder (300 mesh) _____________________ __ 70 
Carbon powder _____________________________ __ 3 

Calcium silicate (?brous) _____________________ __ 5 

Example XI 

Partially hydrolyzed tetraethyl orthosilicate ______ __ 20 
Zinc powder (300 mesh) _____________________ __ 60 
Fibrous asbestos _____________________________ __ 2 

It has also been found that the addition of an amount 
equal to 5 to 30% of the partially hydrolyzed tetraethyl 
orthosilicate of zinc chloride, magnesium chloride, or simi 
lar acid-metal salt improves the hardness and toughness 
of the ?nal ?lm. Some illustrative formulations are as 
follows: 

Example XII 

Parts by weight 
Partially hydrolyzed tetraethyl orthosilicate ______ __ 25 
Zinc powder (300 mesh) ______________________ __ 65 
Zinc chloride (25% solution in ethyl alcohol) ____ __ 10 

Example XIII 

Partially hydrolyzed tetraethyl orthosilicate ______ .._ 20 
Zinc powder (300 mesh) _____________________ __ 50 
Calcium silicate _____________________________ __ 5 

Magnesium chloride (10% solution in ethyl 
alcohol) _________________________________ _._ 5 

Example XIV 
Partially hydrolyzed tetraethyl orthosilicate ______ __ 25 
Zinc powder (300 mesh) _____________________ __ 60 
Asbestos _ ____ _ 3 

Zinc chloride (25% solution in ethyl alcohol) ____ __ 5 
Carbon ____________________________________ __ 2 

It is theorized that the metallic chlorides, such ‘as zinc 
chloride, for example, forms something in the nature of 
a chelate or complex with the partially hydrolyzed tetra 
ethyl orthosilicate as follows: 

It has been found, in connection with the present in 
vention, that the type of zinc powder and the degree to 
which the tetraethyl orthosilicate is hydrolyzed affects 
the character of the product. For example, various types 
of commercially available zinc powders contain small 
amounts of alkaline impurities which cause the zinc pow 
der to form a somewhat alkaline slurry when stirred up 
in distilled water (e.g. a pH ranging from slightly over 
8.5 to approximately 11.0). On the other hand, zinc 
powders (usually made from electrolytic zinc) which are 
of higher purity will form a practically neutral slurry 
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when stirred up in distilled water (e.g. a pH ranging from 
slightly over 7.0 to approximately 8.0). This difference 
can be readily ascertained by simply dropping a sample 
of the zinc powder in distilled water, stirring, and testing 
with a conventional indicator such as litmus paper. 
The relatively neutral zinc powders will form highly 

effective tough coatings with a vehicle in which the tetra 
ethyl orthosilicate has been partially hydrolyzed in the 
range of 50% to 95% hydrolysis, in other words, where 
in .5 to .95 equivalent weights of water are used in the 
hydrolysis. Such coating materials (exempli?ed by Ex 
amples I to IV, inclusive, above) have adequate shelf 
like, or pot-life, as it is sometimes called, and set up or 
dry in a matter of a few hours. On the other hand, 
relatively alkaline zinc powders will form effective coat 
ing materials with a vehicle in which the partial hydrolysis 
ranges as low as 25% (exempli?ed by Example VIII). 
Coating materials of this latter type, however, have a 
much shorter pot-life. When hydrolysis is 75% or more, 
the alkaline zinc coatings tend to surface crack on drying. 
The coating materials containing carbon powder com 

mercially referred to as carbon black (exempli?ed by 
Examples VII, IX, and X) may be formulated with ve 
hicles in which the partial hydrolysis of the tetraethyl 
orthosilicate ranges from 25% to 95%. Coating mate 
rials of this type are all hard, tough, and adherent. 

It should be understood that changes in the methods, 
compositions, and combinations above set forth may be 
made ‘without departing from the nature and principle 
of our invention. 
Having thus described our invention, what we claim 

and desire to secure by Letters Patent is: 
l. A galvanic action coating material consisting essen 

tially of a ?ller-component capable of promoting galvanic 
protection of a surface to which the coating material is 
applied, said ?ller-component being uniformly dispersed 
throughout and suspended in a homogeneous liquid ve 
hicle which will form a ?lm that is capable, when dry, 
of permitting permeation of a su?icient amount of mois 
ture to establish galvanic-action between the ?ller-com 
ponent and the surface to which the coating material is 
applied, said vehicle consisting of tetraethyl orthosilicate 
which has been partially hydrolyzed by the addition there 
to of a selected quantity of water which quantity is in the 
range of .25 to .95 equivalent weights with respect to the ‘ 
quantity of tetraethyl orthosilicate, and said ?ller-com 
ponent consisting of powdered zinc. 

2. A galvanic action coating material consisting essen 
tially of a ?ller-component capable of promoting galvanic 
protection of a surface to which the coating material is ‘ 
applied, said ?ller-component being uniformly dispersed 
throughout and suspended in a homogeneous liquid ve 
hicle which will form a ?lm that is capable, when dry, 
of permitting permeation of a sufficient amount of mois 
ture to establish galvanic-action between the ?ller-com 
ponent and the surface to which the coating material is 
applied, said vehicle consisting of tetraethyl orthosilicate 
which has been partially hydrolyzed by the action thereto 
of a selected quantity of water which quantity is in the 
range of .25 to .95 equivalent weights with respect to the 
quantity of tetraethyl orthosilicate, said ?ller-component 
consisting of powdered zinc and powdered carbon. 

3. A galvanic-action coating material consisting essen 
tially of a ?ller-component capable of promoting galvanic 
protection of a surface to which the coating material is 
applied, said ?ller-component being uniformly dispersed 
throughout and suspended in a homogeneous liquid ve 
hicle which will form a ?lm that is capable, when dry, 
of permitting permeation of a su?icient amount of mois 
ture to establish galvanic-action between the ?ller-com 
ponent and the surface to which the coating material is 
applied, said vehicle consisting of tetraethyl orthosilicate 
which has been partially hydrolyzed by the addition there 
to of a selected quantity of water which quantity is in 
the range of .25 to .95 equivalent weights with respect 
to the quantity of tetraethyl orthosilicate, said filler-com 
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ponent consisting of powdered zinc and a ?brous-material 
of the class consisting of calcium silicate and asbestos. 

4. A galvanic-action coating material consisting essen 
tially of a ?ller-component capable of promoting galvanic 
protection of a surface to which the coating material 
is applied, said ?ller-component being uniformly dispersed 
throughout and suspended in a homogeneous liquid ve 
hicle which will form a ?lm that is capable, when dry, 
of permitting permeation of a sufficient amount of mois 
ture to establish galvanic-action between the ?ller-com 
ponent and the surface to which the coating material is 
applied, said vehicle consisting of tetraethyl orthosilicate 
which has been partially hydrolyzed by the addition there 
to of a selected quantity of water which quantity is in 
the range of .25 to .95 equivalent weights with respect 
to the quantity of tetraethyl orthosilicate, said ?ller-com 
ponent consisting of powdered zinc and zinc chloride. 

5. A galvanic-action coating material consisting essen 
tially of a ?ller-component capable of promoting galvanic 
protection of a surface to which the coating material is 
applied, said ?ller-component being uniformly dispersed 
throughout and suspended in a homogeneous liquid ve 
hicle which will form a ?lm that is capable, when dry, 
of permitting permeation of a sufficient amount of mois 
ture to establish galvanic-action between the ?ller-com 
ponent and the surface to which the coating material is 
applied, said vehicle consisting of tetraethyl orthosilicate 
which has been partially hydrolyzed by the addition 
thereto of a selected quantity of water which quantity is 
in the range of .25 to .95 equivalent weights with respect 
to the quantity of tetraethyl orthosilicate, and said ?ller 
component consisting of powdered Zinc, powdered carbon 
and zinc chloride. 

6. A galvanic-action coating material consisting essen 
tially of a ?ller~component capable of promoting galvanic 
protection of a surface to which the coating material is 
applied, said ?ller-component being uniformly dispersed 
throughout and suspended in a homogeneous liquid ve 
hicle which will form a ?lm that is capable, when dry, of 
permitting permeation of a suflicient amount of moisture 
to establish galvanic-action between the ?ller-component 
and the surface to which the coating material is applied, 
said vehicle consisting of tetraethyl orthosilicate which 
has been partially hydrolyzed by the addition thereto of 
a selected quantity of water which quantity is in the range 
of-.25 to .95 equivalent weights with respect to the quan 
tity of tetraethyl orthosilicate, and said ?ller-component 
consisting of powdered zinc, powdered carbon and a 
?brous material of the class consisting of calcium silicate 
and asbestos. 

7. A galvanic action coating material consisting essen 
tially of a ?ller-component capable of promoting galvanic 
protection of a surface to which the coating material is 
applied, said ?ller-component being uniformly dispersed 
throughout and suspended in a homogeneous liquid ve 
hicle which will form a film that is capable, when dry, 
of permitting permeation of a sufficient amount of mois 
ture to establish galvanic~action between the filler-com 
ponent and the surface to which the coating material is 
applied, said vehicle consisting of tetraethyl orthosilicate 
which has been partially hydrolyzed by the addition there 
to of a selected quantity of water which quantity is in 
the range of .25 to .95 equivalent weights with respect 
to the quantity of tetraethyl orthosilicate, and said ?ller 
component consisting of powdered zinc, powdered car 
bon, zinc chloride and a ?brous material of the class 
consisting of calcium silicate and asbestos. 

8. A galvanic action coating material consisting essen 
tially of a ?ller-component capable of promoting galvanic 
protection of a ‘surface to which the coating material is 
applied, said ?ller-component being uniformly dispersed 
throughout and suspended in a homogeneous liquid ve 
hicle which will form a ?lm that is capable, when dry, 
of permitting permeation of a su?icient amount of mois 
ture to establish galvanic-action between the ?ller-com 
ponent and the surface to which the coating material is ap 
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plied, said vehicle consisting of a liquid tetraethyl siloxane 
polymer having a chain-length averaging 5 to- 10 silicon 
atoms and resulting from the partial hydrolysis of tetra 
ethyl orthosilicate by the addition thereto of av selected 
quantity of water which quantity is in the range of .25 
to .95 equivalent weights with respect to the quantity of 
tetraethyl orthosilicate, and said ?ller-component con— 
sisting essentially of powdered Zinc. 

9. A coating material according to claim 8 in which the 
powdered Zinc is present in an amount ranging from 1 
part polymer and 2 parts zinc to 1 part polymer and 7 
parts zinc. 

10. A coating material according to claim 8 in which 
the ?ller-component consists of powdered zinc and zinc 
chloride. 

11. A coating material according to claim 1 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ___________ __ 10 
Zinc powder (300 mesh) ______________________ __ 70 

12. A coating material according to claim 1 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ___________ __ 5 
Zinc powder (300 mesh) ______________________ __ 30 

13. A coating material according to claim 1 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ____________ __ 5 
Zinc powder (300 mesh) ______________________ __ 20 

14. A coating material according to claim 2 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ___________ _._ 10 

Zinc powder (300 mesh) ______________________ __ 70 
Carbon powder ______________________________ __ 1 

15. A coating material according to claim 6 in which 
‘the relative parts by Weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ___________ __ 10 
Zinc powder (300 mesh) ______________________ __ 60 
Carbon powder ______________________________ _._ 1 

Calcium silicate ______________________________ __ 2 

16. A coating material according to claim 1 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ____________ __ 15 
Zinc powder (300 mesh) ______________________ __ 50 

17. A coating material according to claim 3 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ___________ __ 20 
Zinc poWder (300 mesh) ______________________ __ 6O 
Fibrous asbestos _____________________________ __ 2 

18. A coating material according to claim 3 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ____________ __ 20 
Zinc powder (300 mesh) ______________________ __ 50 
Calcium silicate ______________________________ __ 
Magnesium chloride (10% solution in ethyl alco 
hol) ______________________________________ __ 5 
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19. A coating material according to claim 7 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ___________ __ 25 
Zinc powder (300 mesh) _____________________ __ 60 
Asbestos ___________________________________ __ 3 

Zinc chloride (25% solution in ethyl alcohol) ____ __ 5 
Carbon ____________________________________ __ 2 

20. The method of making a galvanic action coating 
which comprises dissolving tetraethyl orthosilicate in an 
organic solvent, adding a quantity of acid to the solution 
whereby to adjust the pH to the range of 1.5 to 4.0, add 
ing a quantity of water to the solution, such quantity 
being in the range of .25 to .95 of an equivalent weight 
with respect to the quantity of tetraethyl orthosilicate to 
produce a liquid siloxane having an average chain length 
of 5 to 10 silicon atoms, agitating the mixture until an 
exothermic reaction is initiated, continuing agitation until 
the exothermic reaction is completed and the temperature 
of the solution begins to drop off, and adding ?nely divided 
zinc to the resulting ?uid. 

21. A coating material according to claim 3 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ___________ __ 30 
Zinc powder (300 mesh) ______________________ __ 80 
Calcium silicate (?brous) _____________________ _._ 3 

22. A coating material according to claim 2 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ___________ __ 10 
Zinc powder ( 300 mesh) ______________________ __ 40 
Carbon powder ______________________________ __ 2 

g 23. A coating material according to claim 6 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ___________ _._ 30 
Zinc powder (300 mesh) ______________________ __ 70 
Carbon powder _______________________________ _._ 3 
Calcium silicate (?brous) _____________________ __ 5 

24. A coating material according to claim 4 in which 
the relative parts by weight of vehicle and ?ller-component 
are as follows: 

Parts by weight 
Liquid vehicle tetraethyl orthosilicate ___________ __ 25 
Zinc powder (300 mesh) ______________________ __ 65 
Zinc chloride (25 % solution in ethyl alcohol) ____ __ 10 
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