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This invention relates to the coloring of metal 
lic articles and includes a process of coloring the 
Surface of metallic articles and the colored arti 
cles produced thereby. It relates specifically to 
the coloring of articles made of aluminum or its 
alloys, or the Surface of which comprises alumi 
num. Or its alloys. 
Various processes are known to the art for 

producing on the surface of metallic articles col 
0 ored coatings or Surface colorations of a different 

hue or shade from the natural color of the metal. 
In accordance with some of these processes, the 
Surface of the metal is colored by painting or 
enameling it; but the resulting articles are not 

5 Satisfactory for the reason that the coating is 
not tenaciously retained by the metallic surface, 
and in addition the metallic luster and character 
of the Surface is concealed or modified. Other 
processes involve a modification of the color of 

20 the metallic surface itself without at the same 
time destroying the metallic character thereof, 
and generally include a chemical treatment 
which alters the nature of the surface of the 
metal. Although there is thus provided a manner 
of securing variety in the color of the surface of 
the metal, the range of colors which may be ob 
tained commercially for any particular metal is 
necessarily limited by the reactivity of that metal, 
and in general is Small. 

Processes have been developed for coloring 
aluminum articles which include subjecting the 
aluminum article to the "action of a treating bath 
which forms an oxide-containing coating on the 
surface of the aluminum and controlling the col 

35 or of the resulting coating by the presence in the 
treating bath of suitable metallic compounds. 
But these processes have the objection, in addi 
tion to the fact that the possible range of colors 
is very limited, that the coloring process is com 

40 bined with, and forms a part of, the film-forming 
treatment, so that the coloring operation cannot 
be varied independently of the film-forming 
proceSS. 
An object of the invention is to provide a meth 

45 od of coloring metallic articles, and especially 
articles whose surface comprises aluminum and its 
alloys, in a wide variety of hues and shades. 

Further objects of the invention are to provide 
a method of coloring the surface of metallic ar 

50 ticles, and especially articles of aruminum and its 
alloys, which is inexpensive and may be prac 
ticed without any special skill or care; to provide 
a method of coloring with substantial uniformity 
the surface of articles of aluminum and its al 

55 loys having portions of different shapes; and to 

30 
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provide a process of coloring articles of aluminum 
and its alloys which have been treated to convert 
the Surface thereof to a resistant, oxidized, pene 
trable coating, which process may be carried out 
Separately from the said treatment, and where- 60 
by the resistance and penetrability of the coat 
ing are not adversely affected. Another object 
of the invention is to provide metallic articles, 
and eSpecially articles of aluminum and its al 
loys, having a colored coating which is retained 65 
With Sufficient tenacity to withstand polishing 
On a buffing machine. 
Other objects of the invention will in part be 

obvious and will in part appear hereinafter. 
The invention accordingly comprises the sev- 70 

eral steps and the relation of one or more of such 
steps with respect to others thereof, and the arti 
cles resulting therefrom and having the proper 
ties and characteristics which are all exemplified 
in the processes and articles hereinafter disclosed. 75 
The Scope of the invention is indicated in the 
claims. 
According to the present invention, a metallic 

article to be colored is subjected to a treatment by 
which the surface of the article is oxidized to form 80 
a coating, and the coated article is treated with 
an organic dyestuff which contains one or more 
Sulfonic and/or carboxylic acid groups, but which 
is free from the anthraquinone nucleus. I have 
found that metals, particularly aluminum and its 85 
alloys, readily can be colored in this manner in a 
Wide variety of hues and Shades. 
The invention will be described in connection 

With the coloring of aluminum, but it will be un 
derstood that it is not limited thereto and may be 90 
employed for the coloring of articles formed of 
other metals or alloys, and especially those which 
form a coating containing the metal in oxidized 
form upon being subjected to anodic oxidation. 
In carrying out the proceSS in accordance with 95. 

One method of procedure, an aluminum article to 
be colored may be subjected to a treatment adapt 
ed to produce a film or coating on its Surface con 
taining aluminum oxide or hydroxide, and the 
Coated article then may be treated with an or 100 
ganic dyestuff containing in its composition one 
or more Sulfonic acid radicals and/or one or more 
carboxylic acid radicals, but not containing the 
anthraquinone nucleus. 
The film or coating of oxide or hydroxide may 105 

be formed on the surface of the aluminum article 
by any suitable process; as for example, by im 
mersion in a Suitable treating or etching solution 
or liquor. It is preferably produced, however, by 
anodic oxidation, especially in an aqueous solu- 10 
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2 
tion of chromic acid; for example, by making 
the aluminum article to be coated the anode of an 
electrolytic cell of which an aqueous Solution of 
chromic acid is the electrolyte, and of which any 
suitable material is the cathode, as for example, 
aluminum. Without limiting the invention to 
any theory of operation, it appears that the pres 
ence of chronic acid in the electrolyte results in 
the inclusion in the aluminum oxide film of Some 
chromium oxide, which by its action on the dye 
stuff assists in the retention of the dyestuff by 
the aluminum oxide film. 
The invention is not limited to the employment 

of a dyestuff of any particular classification, pro 
Vided that it contains a strongly acid radical, 
preferably one or more sulfonic acid groups or 
radicals and/or one or more 'carboxylic acid 
groupS or radicals, and provided furthermore, 
that it does not contain the anthraquinone. nu 
cleus. Thus the invention comprehends within 
its scope the employment of a wide variety of dye 
Stuffs; as for example, those of the indigoid, 
flavanthrone, pyranthone, benzanthrone and di 
benZanthrone Series, as well as azo dyestuffs, in 
cluding monazo, disazo, polyazo, pyrazolone azo, 
and other azo dyestuffs. 
These dyestuffs may all be represented by the 

general formula: 

Wherein R is an organic dyestuff radical free from 
the anthraquinone nucleus, X is an SO2 or CO 
radical, and m is an integer. 
The dyestuffs of the azo class may be repre 

Sented by the formula: 
A(-X-OH) m, 

wherein A is an azo dyestuff radical, X is an SO2 
or CO radical, and m is an integer. Those which 
contain both one or more sulfonic acid radicals 
and one or more carboxylic acid radicals are in 
cluded Within the formula: 

wherein A is an azo dyestuff radical, and m and n. 
are integers; while those which contain radicals 
of only one of such types, as for example, one or 
more Sulfonic acid radicals, are included within 
the formula: 

wherein A is an azo dyestuff radical, and m is an 
integer. Of especial usefulness, in view of their 
general availability, cheapness and ease of manu 
facture, are the monazo dyestuffs, having the gen 
eral formula: 

B(-X-OH)n, 
wherein B is a monazo dyestuff radical, X is an 
SO2 or CO radical, and m, is an integer; and par 
ticularly those having the formulas: 

wherein B is a monazo dyestuff radical, and m. 
and n are integers, and 

wherein B is a monazo dyestuff radical, and 
is an integer. 
The dyestuff may be employed in any suitable 

form. In general, it is in the form of a liquid, 
preferably an aqueous solution. For this purpose 
a water soluble salt of the dyestuff, such as an 
alkali-metal Salt thereof, is preferably employed. 
The strength of the dye liquid may be varied, de 
pending upon the intensity of color desired to be 
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produced and the solubility of the dyestuff erra 
ployed. Ordinarily an aqueous solution having a 
concentration of 0.1% to 2% of dyestuff may be 
employed. The dye liquid may also contain aux 
iliaries employed in the manufacture of aluminum 
lakes, as for example calcium hydroxide. 
The dye liquid may be applied to the article to 

be colored in any of a number of ways; as for 
example, by Spraying, painting, printing or 
brushing the coated article with the dye liquid, 
by immersing it in the dye liquid, or the like. 
The temperature of the dye liquid may be varied, 
depending upon the particular dyestuff employed 
and the intensity or depth of shade desired. 
Temperatures ranging from ordinary room tem 
perature to the boiling point of the dyestuff solu 
tion have been employed with satisfactory results. 
The coated article may be treated with the dye 

liquid at any Suitable time; but, for most desir 
able results, it is preferably treated with a min 
imum of delay after formation of the film or coat 
ing, inaSmuch as the activity of the film or coat 
ing apparently decreases upon Standing. 
Warious combinations of colors and designs 

may be obtained by employing suitable stencils, 
resists and the like in connection with the process 
described. Thus, the article to be colored may 
be Subjected to anodic Oxidation and then printed 
with a solution or plurality of Solutions of dye 
stuff in a suitable design with or without a stencil 
of any Suitable type; or it may be coated with a 
suitable resist Such as a wax, resin or varnish in 
the form of the design desired, then treated with 
a dyestuff of the desired color, and the resist 
then may be removed in any well-known man 
ner. Various combinations of these methods 
with each other or with other methods may be 
employed, as will be evident to one skilled in the 
art. Furthermore, the coloring process may be 
employed to modify the color of an aluminum 
article which has been colored by a treatment 
with a liquid containing a metallic compound and 
adapted to form a colored oxide-containing coat 
ing on the surface of the article. 

Coloring the oxide coating in accordance with 
the present invention does not harmfully affect 
the ability of the coating to resist corrosion and 
abrasion, or to absorb other coating or impreg 
nating materials, such as oils, varnishes, lacquers 
and the like. The colored coating therefore may 
be treated with lanolin or it may be varnished or 
lacquered, to render it wear-resisting, waterproof, 
or more attractive. 
The appearance of the Surface of the metal 

also may be modified by Subjecting it to a pre 
liminary treatment, as for example, sand-blast 
ing, polishing, etc. Furthermore, by the appli 
cation of Only a relatively small amount of color, 
a mere tint may be imparted to the surface of the 
metal While yet not obliterating the metallic 
character and appearance of the surface of the 
article. 
The invention will be further described in con 

nection with the following specific examples 
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which illustrate a manner of carrying out the 140 
proceSS and the articles which may be produced 
thereby. 

EXAMPLE 1. 

Anodic oacidation of aluminum 
An aluminum plate or other article is made 

the anode of an electrolytic cell of which the elec 
trolyte consists of an aqueous solution of about 
10 per cent. Of chromic acid, and of which the 

145 

cathode consists of any suitable material, as for 150 
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in a concentration of 0.2 grams per liter. 
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example, an aluminum plate or a carbon rod. 
Care should be taken that the portion of the 
anode immersed in the electrolyte does not com 
prise any other metal than the aluminum to be 
treated or an alloy thereof. With the electrodes 
Spaced at about 3 inches from each other, a direct 
current of about 50 ampereS per Square foot is 
passed through the cell from an external source 
of current at a voltage of about 12 volts for about 
1.5 hours while maintaining the temperature at 
approximately 35° to 40° C. The anode is then 
removed and washed with water. The plate is 
covered uniformly by a very thin, hard, tough 
film containing Oxidized aluminum. 

Coloring of anodically oacidiaed aluminum 
A dye bath is prepared by dissolving indigo 

disulfonate (color index No. 1180) in Water in a 
concentration of 0.4 grams per liter. The bath is 
heated to boiling, and the aluminum plate or 
other article prepared as described in Example 
1 is Submerged in the boiling dye bath and slowly 
agitated therein until the desired depth of shade 
has been reached. It is then removed, washed 
with water and dried. The plate is uniformly 
colored a beautiful blue. 

EXAMPLE 2 
A dye bath is prepared containing the dyestuff 

resulting from the coupling of diazotized para 
amino acetanilide with salicylic acid, and having 
the formula 

An anodically oxidized aluminum plate, prepared in 
accordance with Example 1, is immersed in the 
dye bath at Ordinary room temperature. The 
surface of the plate is colored a bright yellow. 

EXAMPLE 3 

A 0.4 per cent. aqueous Solution of fast Wool 
yellow 3GL (color index No. 636) is employed 
instead of the dyestuff of Example 2. The con 
.ditions of treatment are otherwise the same. 
The plate is colored a golden yellow. 

EXAMPLE 4 

A 0.4 per cent. aqueous solution of superchrome 
red B (color index No. 216) is employed instead 
of the dyestuff of Example 2, the other condi 
tions of the treatment being the same. The 
aluminum is colored a beautiful red. 

ExAMPLE 5 
A 0.2 per cent aqueous solution of fast wool 

blue R (color index No. 208) is employed instead 
of the dyestuff of Example 2, the other condi 
tions of the treatment being the same. The 
aluminum is colored a deep blue. 

EXAMPLE 6 

A 0.2 per cent aqueous solution of fast Wool 
cyanone 3R. (color index No. 289) is employed 
instead of the dyestuff of Example 2. The pro 
cedure is otherwise the same. The aluminum is 
colored an intense violet blue. 

All of the colored films or coatings obtainable 
in accordance with these examples are retained 
by the aluminum plate or other article with ex 
treme tenacity so that it may be subjected to 
brushing or polishing on a buffing machine with 
out harmfully affecting the color of the sur 
face. 
The invention is not limited to the details of 

the specific examples, as the process may be va 

3 
ried within wide limits within the scope of the claims. 
Thus, the invention is not limited to the treat 

ment of aluminium or articles made from alu 
minum, as it can also be applied to alloys of 
aluminum. With other metals, such as, magnesium, 
Zinc, copper and the like. For example, parts 
of aircraft or other articles made of duralumin 
may be colored in accordance with the process 
above described. Accordingly, the Word 'alu 
minum' as used in this description and in the 
claims designates not only pure aluminum, but 
also alloys wherein aluminum is preponderant. 
The invention may be applied for the coloring 

of aluminum articles of any shape or form, in 
cluding sheets, plates, hollow ware, castings, 
shaped or formed articles, etc. Formation of the 
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coating containing oxidized aluminum by anodic 
oxidation is preferred when an angular article is 
to be uniformly colored; inasmuch as a more uni 
form coating is produced by anodic oxidation 
than by other processes. When aluminum is 
anodically oxidized, the coating is formed with 
Substantial uniformity over the entire surface 
without regard to the shape of the article. This 
results in a Substantial unifornity of coloration 
of articles having depressions and angular por 
tions which might be unevenly colored if treated 
in accordance with other coating processes. 

Furthermore, the process of the invention may 
be employed in the coloring of other metals which 
form a tenacious coating or film containing me 
tallic oxide or hydroxide upon being subjected to 
anodic oxidation or equivalent treatment, as has 
been indicated above. And obviously the inven 
tion is not limited to the coloring of articles made 
Wholly of Such metal, but includes the treat 
ment of articles whose outer Surface alone is 
formed in whole or in part of Such metal. 

It is also understood that the dyestuffs of the 
flayanthrone, benzanthrone, dibenzanthrone, 
pyranthrone and similar Series do not contain the 
anthraquinone nucleus although they are de 
rivable from anthraquinone; and accordingly 
these and related dyestuffs are included Within 
the purview of the invention. 
Since changes may be made in carrying Out 

the process above described, without departing 
from the principle of the invention, it is intended 
that all natter contained in the above descrip 
tion shall be interpreted as illustrative and not 
in a limiting sense, except as limited by the 
claims. 
I claim: 
1. The method of coloring an article having a 

surface comprising aluminum which comprises 
forming oxidized aluminum on the surface of the 
article by anodic oxidation in an electrolyte con 
taining chromic acid, and applying to the oxi 
dized aluminum a coloring liquor containing in 
aqueous solution an organic dyestuff having in 
the free state the formula, 

R(-SO3H)n (-COOH)n, 
wherein R is an organic dyestuff radical free from 
the anthraquinone nucleus, and m and n are in tegers. 

2. The method of coloring an article having a 
surface comprising aluminum which comprises 
forming oxidized aluminum on the surface of the 
article by anodic oxidation in an electrolyte con 
taining chromic acid, and applying to the Oxidized 
aluminum a coloring liquor containing Super 
chrome red B in aqueous solution. 

- WILLIAM J. COTTON. 
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