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This invention relates as indicated to metallic 
coatings and more particularly to thin adherent 
metallic coatings applied to a metallic base by 
a firing operation. 
There are many types of commercial articles 

which require the provision of a decorative or 
protective metallic coating and which for various 
reasons do not conveniently permit the use of 
electrochemical means for the production of such 
coating. A notable example of Such a case is 
where the finished article is to comprise the Con 
bination of a fired vitreous enamel coating and 
a metallic protective or decorative coating in 
different areas on the surface of the article. It 
will be quite evident that in such cases there will 
be a considerable advantage in being able to si 
multaneously produce both the non-metallic and 
the metallic coatings in a single firing operation. 
While my invention is thus capable of use to 

a great advantage in the production of composite 
coatings, the invention is not limited to such en 
bodiments since my invention may be advanta 
geously employed in the production of a protec 
tive or decorative coating which extends over the 
entire surface of the article. 

It is a principal object of my invention there 
fore to provide a process of producing a protec 
tive or decorative thin metallic coating which may 
be provided by a firing operation rather than by 
electrochemical means. Other objects of my in 
vention will appear as the description proceeds. 
To the accomplishment of the foregoing and 

related ends, the invention, then, comprises the 
features hereinafter fully described, and particul 
larly pointed out in the claims, the following de 
scription setting forth in detail certain illustra 
tive embodiments of the invention, these being 
indicative however, of but a few of the various 
ways in which the principle of the invention may 
be employed. 

Broadly stated, this invention comprises the 
production of thin adherent decorative or pro 
tective metallic coatings on metallic bases by de 
positing a coating on such base which contains 
both the protective coating metal and a Suitable 
flux and then firing the coating under proper 
conditions in a reducing atmosphere. 
The metals which may be used as the protec 

tive coating metals are preferably nickel, cobalt 
or chromium, these generally being preferable for 
use in the order in which they have been named. 
Copper, zinc, tin and lead may also be employed 
although the films produced by such metals are 
generally not as adherent as are those metals 
of the class first enumerated. 
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All of the metals thus far enumerated are pref 

erably applied in the form of an oxide of them. 
The Oxide is admixed with a suitable flux herein 
after more particularly defined and in the pro 
portions given and then fired in a reducing at 
mosphere in accordance with the particulars 
presently to be explained. Instead of using the 
oxide as the source of the protective coating 
metal, I have also found that aluminum metal as 
Such may be used either alone or in combination 
With any one or more of the oxides of the metals 
previously named. 
While the oxides of nickel, cobalt and chro 

mium have been indicated as capable of produc 
ing the best coatings from the standpoint of 
adherence, nevertheless Such oxides may be em 
ployed in conjunction. With the oxides of copper, 
Zinc, tin and lead and entirely satisfactory coat 
ings produced So long as the oxides of nickel, 
cobalt and chromium are present in the majority 
amount. Thus, it will be observed that the coat 
ings which are capable of production by my in 
vention may consist of one or a combination of 
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two or more of any of the previously named 
metals, provided that the metals nickel, cobalt 
or chromium, or combinations of them, are pres 
ent in the major amount. . 
The factor which determines the particular 

combination of metals to be used will depend 
upon the character of the use as well as the 
decorative effect desired. 
The metal bases to which my improved coat 

ings may be applied will preferably consist of 
iron or steel. 
The metal or oxide thereof is applied to the 

work to be coated in admixture With a suitable 
flux. The fluxes which have been found useful 
include borax, Sodium nitrate, magnesium chlo 
ride, or combinations of two or more of such 
named fluxes. These fluxes are capable of use 
in concentrations of 1 to 6 parts of the flux to 
100 parts of the metal oxide. 
I have found however that from 1 to 10 parts 

of the flux may be employed in combination with 
100 parts of the oxide if the former is a con 
ventional lead borosilicate glass Smelted for ex 
ample from a raw batch mixture which comprises 
leads oxide 795 parts, boric acid 190 parts, and 
silica. 15 parts. 
The admixture of the metal or metal oxide and 

the flux is preferably accomplished simultaneous 
ly with the grinding of the Same, as for ex 
ample in a conventional ball mill used in grinding 
porcelain enamel slipS and the like. The compo 
nents, i. e. the metal oxide, the flux, and water, 
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are placed in the mill in about the following pro 
portions: Metal oxide 100 parts, water 36 parts, 
flux 1 to 10 parts depending upon the particular 
flux used as above explained. It is desirable that 
the metal or metal oxides selected for use be of 
such fineness before milling that substantially all 
will pass through a 200 mesh sieve. The milling 
operation is continued for a period from 16 to 24 
hours, at the end of which time all of the con 
ponents will be in an extremely finely divided 
state. The milled intimate mixture is then applied 
onto clean iron or steel which has been previ 
ously freed from all oxide and rust by conven 
tional picking and/or cleaning operations. The 
coating may be applied either by spraying or 
painting and after being thus applied will be 
dried by a normal drying procedure such as en 
ployed in drying porcelain enamel coatings on 
metallic articles prior to firing. 
The coating should be applied to the metal bas 

thinly and evenly so that its dried weight is on 
the order of from 4 to 12 grams per square foot, 8 
grams per square foot of dried weight of ap 
plication will generally produce best results. 

After the coating has thus been applied and 
dried, it will be placed in a muffle and fired at a 
temperature of 1550 F. for a period from 15 to 45 
minutes depending upon the particular oxide 
which has been used for the purpose of provid 
ing the decorative or protective finish coating. 
When chromium oxide is employed to yield a 
chromium coating, the firing time will be ap 
proximately 45 minutes. Nickel oxide will re 
quire a firing time of about 30 minutes, and a 
combination of about equal parts of nickel and 
zinc oxide will be fired out satisfactorily in about 
15 minutes. The firing operation is performed in a closed 
system, preferably in an electric furnace and nec 
essarily in a reduced atmosphere. The reducing 
atmosphere may be provided by filling the elec 
tric furnace with illuminating gas. While when 
initially charged the illuminating gas will burn 
in the furnace, it will nevertheless presently con 
sume all of the available oxygen in the furnace 
and thereafter provide a full reducing atmosphere. 
At the end of the firing period, the work is re 

moved and permitted to cool at a normal rate to 
room temperature, and when cooled it will be 
found to contain a surface discoloration which 
may be removed by simply buffing or by a pre 
liminary weak acid wash followed by buffing. 
The buffed finish has a high lustre with a chair 
acteristic appearance of the metal of which it is 
formed and provides an entirely satisfactory dec 
orative and protective finish for the purposes pre 
viously explained. 
Other modes of applying the principle of the 

invention may be employed, change being made as 
regards the details described, provided the fea 
tures stated in any of the following claims, or 
the equivalent of such, be employed. 
I therefore particularly point out and distinctly 

claim as my invention: 
1. The method of producing a thin adherent 

metallic coating on the surface of a metallic base 
which comprises providing a mixture of a flux, a 
major proportion of at least one oxide of a metal 
of the group consisting of nickel, cobalt and 
chromium, and a minor proportion of at least one 
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4. 
oxide of a metal of the group consisting of zinc, 
tin, and lead, the particles of said mixture being 
of such fineness that substantially all will pass 
through a sieve having 200 meshes to the square 
inch, adding water to said mixture and grinding 
the same until said particles are intimately mixed, 
applying said mixture in an even layer whose 
dried weight is from about 4 grams to about 12 
grans per Square foot to the metalic surface to be 
coated, and firing the same in a closed system 
containing a reducing gas, whereby a thin, even 
film firmly adhering to said metallic surface is 
formed, 

2. The method of producing a thin adherent 
coating on the surface of a metallic base which 
comprises providing a mixture of a flux, a major 
proportion of at least one oxide of a metal of 
the group consisting of nickel, cobalt and chro 
mium, and a minor proportion of at least one 
oxide of a metal of the group consisting of zinc, 
tin, and lead, the particles of said mixture being 
of such fineness that substantially all will pass 
through a sieve having 200 meshes to the square 
inch, adding water to said mixture and grinding 
the same until said particles are intimately mixed, 
applying said mixture in an even layer whose 
dried weight is from about 4 grams to about 12 
granS per Square foot to the metallic surface to 
be coated, and firing the same in a closed system 
containing a reducing gas, for a period of from 
about 15 to about 45 minutes, whereby a thin, 
even film firmly adhering to said metallic surface 
is formed. 

3. The method of producing a thin adherent 
metallic coating on the surface of a metallic base 
which comprises providing a mixture of a flux, a 
major proportion of at least one oxide of a metal 
of the group consisting of nickel, cobalt and chro 
mium, and a minor proportion of at least one 
Oxide of a metal of the group consisting of zinc, 
tin, and lead, the particles of said mixture being 
of such fineness that substantially all will pass 
through a sieve having 200 meshes to the square 
inch, adding water to said mixture and grinding 

is the same until said particles are intimately mixed, 
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applying said mixture in an even layer whose 
dried weight is from about 4 grams to about 12 
granS per Square foot to the metallic surface to 
be coated, and firing the same in a closed system 
containing a reducing gas, at a temperature of 
about 1550 F. for a period of from about 15 to 
about 45 minutes, whereby a thin, even film firmly 
adhering to said metallic surface is formed. 

4. The method of producing a thin adherent 
metallic coating on the surface of a metallic base 
which comprises providing a mixture of a flux, a 
major proportion of at least one oxide of a metal 
of the group consisting of nickel, cobalt and chro 
mium, and a minor proportion of at least one 
oxide of a metal of the group, consisting of zinc, 
tin, and lead, the particles of said mixture being 
of such fineness that substantially all will pass 
through a sieve having 200 meshes to the square 
inch, adding water to said mixture and intimately 
mixing the particles in said mixture, applying said 
mixture in a thin even layer to the metallic sur 
face to be coated, and firing the same in a closed 
System containing a reducing gas, whereby a thin, 
even film firmly adhering to said metallic surface 
is formed. 

EUGENE. E. BRYANT. 


