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9 Claims. (Cl 148-6.5) 
rt My invention relates to a method of coloring perature as would normally dissolve the steel but 
stainless steels containing 7% or more of chro 
nium, and also to the product resulting from 
such treatment. 

Stainless steels produced on the modern strip 
and sheet mills by both hot and cold rolling may, 
either by reason of the method of rolling or by 
subsequent treatment, have such highly plan 
ished or polished surfaces as almost to equal 
silver or chromium plate in smoothness and re 
flecting properties. . This ability to take and 
substantially permanently to retain a high pol 
fish, together with the fact that they are now 
commercially available in thin gauge strips or 
sheets of a width of from 2 to 4 feet, is widely 
increasing their use in the general building and 
construction industries for such purposes as wall 
tiles, panel sheets, moldings and the like. How 
ever, when such tiles or panels are applied to rel 
atively large wall areas the effect created, due to 
the more or less uniformity of color, is extremely 
monotonous. My invention, therefore, has to do 
with the aesthetic coloration of stainless stees 
for decorative purposes, and to break up large 
areas of bright metal by means of interspersed 
color. 
Any process of coloring stainless steels, in or 

der to be practicable and commercially accept 
able, must be certain in its operation to the ex 
tent that any given grade or type of steel can be 
consistently and repeatedly given the same color 
tone effect, and, furthermore, such process must 
be capable of producing the color desired within 
a reasonable and commercially acceptable inter 
val of time. Hence, the principal object of my 
invention is to provide a controlled method of 
permanently coloring, within a reasonable period 
of time, stainless steels containing 7% or more of 
chromium and having substantially any surface 
finish from that produced by fine polishing to 
the more or less dull finishes produced by picking 
or etching. A further object is to produce a 
stainless steel product having a color film thereon 
or therein which is so coherent and so tenaciously 
adherent to the surface of the steel as properly 
to be described as substantially integral there 
withi, and which is substantially permanent in 
character. w 

With these objects in view, I have discovered 
that steels containing 7% or more of chronium 
and which are therefore of so-called "stainless' 
grade or quality may be positively and perma 
nently colored by the reactions which take place 
when such steels are immersed in a water-acid 
solution of such concentration and at such tem 

which also contains one or more substances which 
not only definitely inhibit such destructive dis 
Solution but also prevent the strong acid solution 
from visibly etching the surface of the steel. 
Generally speaking, my treating Solution may 

be prepared by first. forming a sulphuric acid 
solution of such concentration that, at the tem 
perature selected for the treatment, it will rap 
idly attack and quickly dissolve a thin specimen 
of the steel to be colored when immersed therein, 
and then adding to the acid solution a sufficient 
quantity of an appropriate oxidizing agent to 
prevent the acid from etching the surface of an 
other test specimen of said steel when immersed 
therein. 
As an oxidizing agent which serves as an etch 

ing inhibitor, I may use any of the manganates 
or permanganates of the alkali metals of Group 
I, the manganates or permanganates of the alka 
line earth metals of Group II, or manganese di 
oxide. Commercially, only the commoner and 
therefore cheaper manganates and permanga 
nates, such as those of ammonium, barium, cal 
cium, lithium, potassium, sodium and strontium 
will be employed. 
The solutions which may be used to color stain 

less steels according to my process contain water, 
sulphuric acid, and an etching inhibitor, within 
about the following limits for commercial practin 
cability: 

r Parts by weight 
Etching inhibiting oxidizing agent------- 1-25 
Sulphuric acid (1.84 sp. gr.) ------------- 23-54 
Water ----------------- or- - - - - - - - - - - - - - 35-64 

In the above formula, the minimum quantity 
of sulphuric acid in the acid-water solution is 23 
parts in a total of 23-64 or 87 parts of acid and 
water, which is about a 27% acid solution; and 
the maximum quantity of acid is 54 parts in a 
total of 54+35 or 89 parts of acid and water, 
which is about a 61% acid solution. 

It may be said generally that any steel con 
taining chromium in sufficient quantity to resist 
etching when immersed in a solution-containing 
the above ingredients within the ranges set forth 
can be colored thereby, but the intensity or depth 
of color imparted to the steel, the character of 
the color film and the time required for coloring 
depend on many factors such, for example, as 
the temperature of the solution, the acid con 
centration, the quantity of etching inhibitor, the 
time of immersion, the presence in the steel of 
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other alloying elements in addition to chromium, 
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and the character and condition of the surface 
of the steel. 
With the lower concentrations and particu- . 

larly with the lower temperatures, the time re 
quired to produce a definite color is so prolonged 
as to raise a serious question as to the commercial 
practicability of the process. On the other hand, 
with the higher concentrations, and particularly 
with temperatures closely approaching the boil 
ing point of the bath, the color film formation 
takes place so rapidly that the film is not always 
completely coherent or adherent, and the com 
mercial practicability of the process in this phase 
may likewise be questionable. 

It is in the intermediate ranges of my formula 
that the process is unquestionably highly prac 
ticable, and I point out the above facts merely 
to afford a foundation for claims of a scope which 
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will adequately protect the invention. 
Where it is desired to produce a permanent, 

brown-black, coherent and tenaciously adherent 
color film on a stainless steel, I prefer to use a 
bath or solution of the following ingredients. 
within about the limits set forth: 

Parts by weight Etching inhibiting oxidizing agent----- 3-15 
Sulphuric acid (1.84 sp. gr.) -------------- 36-50 
Water -------------------------------- 40-50 
In the above formula, the minimum quantity 

of acid in the acid-water solution is 36 parts in 
a total of 36-50 or 86 parts of acid and water, 
which is about a 42% acid solution; and the max 
imum quantity of acid is 50 parts in a total of 
50-40 or 90 parts of acid and water, which is 
about a 56% acid solution. 
By heating the above solution and maintaining 

it within a temperature range of from about 
190° F to 210° F., a specimen of polished stain 
less steel of the 18-8 type or the straight 17-18 
chromium type when immersed therein will 
acquire a color ranging from a very light gold 
to a brown approaching black depending on the 
time of immersion and the Smoothness of the 
Surface. If the solution is well stirred, it will 
decrease the coloring time and insure a Smoother 
color. Such color film upon critical examina 
tion will be found to have a Smoother texture 
and a more highly polished Surface than the 
surface of the specimen before treatment. In 
this respect, it compares very favorably with the 
finest electroplating. 

If any color film forms on the steel within a 
few minutes after its immersion in the Solution, 
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such film cannot be detected by the naked eye. 
The color "build up' is very gradual during the 
earlier stages of the processing but progresses 
very rapidly during the last few minutes up to 
what is apparently its maximum color and film 
depth. 
The surface lustre of the color film is dependent 

upon the initial lustre and finish of the steel or, 
in other words, the more highly polished stee 
surfaces produce the more lustrous color films. 
However, it is to be understood that my process 
is not limited in its application to highly polished 
steel surfaces but is equally applicable to steel 
which has been previously submitted to a picking 
or an electro-etching process to dull its surface, 
in which case a more or less satin finished color 
film is produced having a minimum of reflect 
ibility. . . , 

Where the temperature of the solution is per 
mitted to approach the boiling point (which in 
my high gravity solution is around 250 F-260 
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F.), it is extremely difficult, if not impossible, to 
control the coloration because of the very rapid 
rate of film formation. Furthermore, the sur 
face of the steel may be destructively etched by 
the high acid concentration and the aesthetic is 
qualities of the product thus destroyed. This 
latter effect is apparently due to a marked reduc 
tion in the inhibiting action of the salt at such 
elevated temperatures. 
Where the acid content of my solution is ma 

terially reduced below that stated in the above 
formula, it is difficult to produce a colored film 
within a reasonable time. Where the acid con 
tent in the formula is Substantially increased be 
yond the upper limit given in my formula, the 
tendency is to produce a solution which will etch 
the surface of the steel and destroy the lustre 
of the finished product. 
While I have indicated above that the tempera 

ture of the treating solution should be main- 0 
tained between about 190°F. and 210 F, because 
this is the best temperature to produce rapidly 
and economically a permanent deep brown-black 
color, I have also discovered that a comparable 
result can be obtained by treating the steel in SS 
a Solution at normal room temperature. In this . 
case, however, the time necessary to produce a 
brown-black color film of equivalent thickness 
to that produced by my preferred treatment re 
quires many hours. Solutions at a temperature 80 
of say 70° F., are, therefore, workable but their 
commercial practicability may be open to ques 
tion because of the long time factor. 
The color film produced by the treatment is 

largely composed of oxides and/or hydrated ox- 85 
ides of chromium and iron with lesser quantities 
of oxides and/or hydrated oxides of nickel and 
copper, when these metals are present in the 
steel undergoing treatment. Such oxides and/or 
hydrated oxides are, of course, understood to be 40 
formed by reason of the very strong oxidizing 
effect of the solution upon the constituents of 
the steel. 

in checking the formation of the film by using, 
in the solution, chemically pure ingredients free is 
from iron, precisely the same results are attained 
as with the use of commercial ingredients. 

It has been observed, during the continued 
operation of a bath whose initial composition 
was within the limits above specified, that the so 
free acid concentration is gradually diminished; 
that the concentration of the oxidizing agent 
(inhibitor) is gradually reduced; that the con 
centration of iron salts is gradually increased; 
and that salts of nickel appear in the bath, if 55 
nickel is a constituent of the steel undergoing 
treatment. 

It has been observed, when chromium-bearing 
steels of the above compositions are treated in 
baths as hereinbefore specified, and at such tem- 60 
peratures as I have recommended, that no visible 
Color film is produced during the initial stages 
of the treatment, neither is there any visible 
action within the bath. It is believed, however, 
that the oxidizing action starts immediately, but 65 
that the film of iron and chromium oxides ini 
tially produced is so thin as to be invisible to the 
eye. It is, of course, understood that the terms 
oxide' and "oxide film as heren used nean 

either the anhydrous, or the hydrated oxides of 70 
the metal mentioned therewith, and films pro 
duced of such anhydrous or hydrated oxides. 
As the treatment proceeds, the thickness of the 
oxide film is gradually increased, as the active 
oxidizing agent of the bath gradually pene is 

0 

s 



10 

2,819,554 
trates the film and attacks the underlying alloy 
steel. Simultaneously, the iron and nickel (where 
nickel is a constituent of the alloy), oxides, which 
are more soluble in sulphuric acid than chromium 
oxide may be dissolved from the film in part by 
the strong acid. Should the treatment be con 
tinued unduly, there results a film of such char 
acter as to be non-coherent: and non-adherent. 
Due in all probability to the well known high 

resistance of most stainless steels to nitric acid 
attack, I find that the sulphuric acid in my fore 
mula cannot be satisfactorily replaced with nitric 
acid. Hydrochloric acid in any moderate con 

l centration in water solutions, as well as the “ic" 
5 iron salt of this acid is very-destructive to stainia 

less steels in general, and therefore this acid 
cannot be used in my process... The organic acids 
which I have tried, including glacial acetic acid, 
have also been found unsuitable. I have also 
found phosphoric acid unsuited to my process. 

It is to be understood that my invention is 
applicable only to alloy steels containing 
chromium in quantities (7% or more) sufficient 
to bring the steel into the well known and so 
called stainless grades. So long as the chromium 
is present in sufficient quantities, the presence of 
the other well known elements such as nickel, 
molybdenum, copper, etc., in steels is immaterial. 
Very excellent results are obtained with straight. 
chromium steels containing chromium in the 
range of 16% to 18% by weight, with the so 
called 18-8 steels containing about 18% of 
chromium and 8% of nickel, and also with stain less steels containing copper and/or molybdenim. 
My process cannot be used to produce color 

upon ordinary carbon steels and irons, or metals 
of the yellow group such as brass or bronze, or 
on such metals as aluminum and zinc or alloys 
such as Monel metal. . . My invention is in no serise limited to stain 
less steel in the form of sheets, strips or plates 
but may be applied to wire or steel in any other 
form. V . . . 
This application is a continuation in part of my 

application Serial No. 206,043 filed May 4, 1938. 
What I claim is: 
i. The method of coloring the surface of an 

alloy steel containing at least 7%, by weight, of 
chromium which comprises subjecting said sur 
face to the action of a solution containing sul 
phuric acid and a manganese-containing oxidiz 
ing agent and etching-inhibitor selected from the 
group consisting of the manganates and per 
manganates of the alkali metals of Group I, the 
alkaline earth metals of Gfoup II, and manganese 
dioxide, and for a sufficient length of time to 
form in said surface a coherent and adhereft 
color film; the sulphuric acid solution being suff 
ciently concentrated, if used alone, to dissolve. 
said steel, and the oxidizing agent being present 
in a sufficient quantity to prevent the etchfhg 
of said surface by said solution. 

2. The method of coloring the surface of an 
alloy steel containing at least 7%, by weight, of 
chromium which comprises Subjecting said sur 
face to the action of a solution containing sul 
phuric acid and a manganese-containing oxidiz 
ing agent and etching-inhibitor selected from 
the group consisting of the manganates and 
permanganates of the alkali metals of Group I, 
the alkaline earth metals of Group II, arid 
manganese dioxide, at a comparatively high ten 
perature but below the boiling point and for a 
sufficient length of time to form in said surface a 
coherer, and adherent color film; the sulphuric 

acid solution being sufficiently concentrated, if 
used alone, to dissolve said steel at the tempera 
ture employed, and the oxidizing agent being 
present in a sufficient quantity to prevent the 
etching of said surface by said solution. 

3 

3. The method of coloring the surface of an : 
alloy steel containing at least 7%, by weight, 
of chromium which comprises subjecting said 
surface to the action of a solution containing 
sulphuric acid and a manganese-containing 
oxidizing agent and etching-inhibitor selected 
from the group consisting of the manganates and 
permanganates of the alkali metals of Group I, 
the alkaline earth metals of Group II, and 
manganese dioxide, at a temperature of from 
about 190°F. to about 210 F., and for a sufficient 
length of time to form in said surface a coherent 
and adherent color film; the sulphuric acid solu 
tion being sufficiently concentrated, if used alone, 
to dissolve said steel at said temperature, and 
the oxidizing agent being present in a sufficient 
quantity to prevent the etching of said surface 
by said solution. 

4. The method of coloring the surface of an 
chromium which comprises subjecting said sur 
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alloy steel containing at least 7%, by weight, of 

face to the action of a solution containing, by 
weight, from about 23 to about 54 parts of con 
centrated sulphuric acid, from about 35 to about 
64 parts of water, and from about 1 to about 25 
parts of a manganese-containing oxidizing agent 
and etching-inhibitor selected from the group 
consisting of the manganates and permanganates 
of the alkali metals of Group I, the alkaline earth 
metals of Group II, and manganese dioxide, and 
for a sufficient length of time to form in said 
surface a coherent and adherent color film; the 
sulphuric acid solution being sufficiently con 
centrated, if used alone, to dissolve said steel, 
and the oxidizing agent being present in a suf 
cient quantity to prevent the etching of said 
surface by said solution. 

5. The method of coloring the surface of an 
soy steel containing at least 7%, by weight, of 
chromium which comprises subjecting said sur 
face to the action of a solution containing, by 

parts of con weight, from about 23 to about 54 
centrated sulphuric acid, from about 35 to about 
64 parts of water, and from about 1 to about 25 
parts of a manganese-containing oxidizing agent 
and etching-inhibitor selected from the group 
consisting of the manganates and permanganates 
of the alkali metals of Group I, the alkaline earth 
metals of Group II, and manganese dioxide, at 
a comparatively high temperature but below the 
boiling point and for a sufficient length of time 
to form in said surface a coherent and adherent 
color film; the sulphuric acid solution being suf 
ciently concentrated, if used alone, to dissolve 
said steel at the temperature employed, and the 
oxidizing agent being present in a sufficient 
quantity to prevent the etching of said surface by 
said solution. 6. The method of coloring the surface of an 
alloy steel containing at least 7%, by weight, of 85 
chromium which comprises subjecting said sur 
face to the action of a solution containing, by 
weight, from about 23 to about 54 parts of con 
centrated sulphuric acid, from about 35 to about 
64 parts of water, and from about 1 to about 25 to 
parts of a manganese-containing oxidizing agent 
and etching-inhibitor selected from the group 
consisting of the manganates and permanganates 
of the alkali metals of Group I, the alkaline earth 
metals of Group II, and manganese dioxide, at a 7s 
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4. 
temperature of from about 190° F. to about 210 
F., and for a sufficient length of time to form in 
said surface a coherent and adherent color film; 
the sulphuric acid solution being Sufficiently con 
centrated, if used alone, to dissolve said steel at 
Said temperature, and the oxidizing agent being 
present in a Sufficient quantity to prevent the 
etching of said surface by said solution. 

7. The method of coloring the surface of an 
alloy steel containing at least 7%, by weight, of 
chromium which comprises subjecting said sur 
face to the action of a solution containing, by 
weight, from about 36 to about 50 parts of con 
centrated sulphuric acid, from about 40 to 50 
parts of water, and from about 3 to about 15 parts 
of a manganese-containing oxidizing agent and 
etching inhibitor selected from the group con 
sisting of the manganates and permanganates 
of the alkali metals of Group I, the alkaline earth 
metals of Group II, and manganese dioxide and 
for a sufficient length of time to form in said 
surface, a coherent and adherent color film. 

8. The method of coloring the surface of an 
alloy steel containing at least 7%, by weight, of 
chromium which comprises subjecting said Sur 
face to the action of a solution containing, by 
Weight, from about 36 to about 50 parts of Con 
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centrated sulphuric acid, from about 40 to 50 
parts of water, and from about 3 to about 15 
parts of a manganese-containing oxidizing agent 
and etching inhibitor selected from the group 
consisting of the manganates and permanganates 
of the alkali metals of Group I, the alkaline earth 
metals of Group II, and manganese dioxide at a . 
comparatively high temperature but below the 
boiling point and for a sufficient length of time 
to form in said surface a coherent and adherent 
color film. 

O 

9. The method of coloring the surface of an 
alloy steel containing at least 7%, by weight, of 
chromium which comprises subjecting Said Sur 
face to the action of a solution containing, by 
weight, from about 26 to about 50 parts of con 
centrated sulphuric acid, from about 40 to 50 
parts of water, and from about 3 to about 15 
parts of a manganese-containing oxidizing agent 
and etching inhibitor selected from the group 
consisting of the manganates and permanganates 
of the alkali metals of Group I, the alkaline earth 
metals of Group II, and manganese dioxide at a 
temperature of from about 190° F. to about 210 
F. and for a sufficient length of time to form in 
said surface a coherent and adherent color film. 

CLEMENTS BATCHELLER. 
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