
United States Patent Office 3,328,274. 
Paterated June 27, 1967 

3,328,274 
METHOD OF ANODEZENG ALUMNSUM 

Albert Henry Bushey and Gerald Harvey Kissia, both of 
Spokane, Wash., assignors to Kaiser Againingra & 
Chemical Corporation, Oakland, Calif., a corporation 
of Delaware 
No Drawing. Contina sation of appäication Ser. No. 

314,497, (Oct. 7, 1963. This applicatiosa Nov. 25, 
1966, Ser. No. 597,164 

2 Cairns. (C. 204-58) 
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plication Ser. No. 314,497 filed Oct. 7, 1963, now aban 
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This invention relates to a method for producing an 
integrally colored black anodic oxide coating on specific 
aluminum alloys, and the product resulting from this 
process. 
The process of anodizing aluminum has been practiced 

by placing an aluminum body in an electrolyte as the 
anode in an electrical circuit which includes that elec 
trolyte. When a current is passed through the cell thus 
formed, the aluminum is oxidized by oxygen liberated at 
the anode during electrolysis to produce what is known 
as an anodic oxide coating or an anodized coating on the 
aluminum body. The process is popularly known as 
anodizing and the product is popularly known as anodized 
aluminum, and it is characterized by a pleasing, lustrous 
appearance. 
The usual electrolyte for commercial anodizing is sul 

phuric acid. Recently, however, mixed acid electrolytes 
containing both Sulphuric acid and certain organic acids 
have produced integrally colored anodic oxide coatings 
ranging in color from light gold or bronze to black. Inte 
grally colored coatings are those in which the anodic oxide 
itself is colored in contrast to those coatings that are 
dyed. Integrally colored coatings are characterized by 
being light-fast and by freedom from bleeding or other 
loss of color, 
To obtain a specific color, the electrical program for 

anodizing, the composition of the alloy and the composi 
tion of the electrolyte must be carefully selected. 

Colored anodized aluminum has found wide use for 
architectural purposes, both interior and exterior, as wall 
panels and curtain walls, doors, and frames for panels, 
curtain walls, doors and windows. 
Much architectural aluminum is of aluminum alloys 

in the magnesium silicide family, and one particularly 
popular alloy is the aluminum-magnesium silicide alloy 
designated by the Aluminum Association as 6063. Un 
fortunately, although 6063 has very desirable properties, 
heretofore no means for producing integrally colored black 
anodic oxide coating on 6063 has been available. As may 
be expected, black is a very popular color for use in in 
tegrally colored anodic oxide coatings. Accordingly it 
is an object of this invention to provide a method for 
producing an integrally colored black anodized 6063 
article. , 

In accordance with this invention, a black anodized 
6063 article is produced by proper selection of both the 
electrolyte in which anodizing is effected and by proper 
selection of the electrical program to which the article 
is subjected. The process for anodizing first requires that 
the 6063 alloy be immersed as the anode in an electrolyte 
consisting essentially of sulfophthalic acid and sulphuric 
acid, said electrolyte containing at least about 25 grams 
per liter of sulfophthalic acid and at least 0.1 g./I. of 
sulphuric acid, although it may contain as much as 150 
g./l. of sulfophthalic acid or more, greater quantities up 
to the limit of solubility being effective but unnecessary 
to obtain the desired effect, and as much as 15 g/l. of 
sulphuric acid or more. Preferably, the electrolyte contains 
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from about 70 to 100 g./I. of sulfophthalic acid and from 
about 1 to about 5 g./l. of Sulphuric acid. The electrolyte 
also may contain normal impurities and a certain amount 
Of aluminum ion which is present after a short period of 
operation due to dissolving of the aluminum being an 
odized by the electrolyte. 
With the 6063 article immersed in the above-described 

electrolyte, anodizing is effected by forming a direct cur 
rent circuit which includes both the 6063 article and the 
electrolyte. The former is the anode with respect to the 
cell containing the electrolyte and a cathode of suitable 
material, Such as type 302 stainless steel. The anodizing 
process in accordance with this invention, is effected in 
two distinct stages. 
The first stage of the anodizing process is effected at 

a current density of from about 15 amperes per square 
foot to about 50 amperes per square foot, but whatever 
current density is selected, it is held approximately con 
stant during the first stage of the anodizing period. Pref 
erably, a current density of from about 25 to about 40 
amperes per square foot is employed. As the anodic oxide 
coating builds up in thickness, the electrical resistance of 
the cell increases so that it is necessary to raise the volt 
age continuously in order to maintain the current density 
approximately constant. The first stage of the program is 
called the constant current density stage of the process. 
When a certain pre-selected voltage is reached the 

second stage of the process is begun, in which the voltage 
is maintained approximately constant and the current 
density is permitted to decay. The second stage is termed 
the constant voltage portion of the program. 
The constant voltage electrolysis is continued for a 

time sufficient to produce a black anodic Oxide coating 
of the desired thickness on the article, and the time re 
quired is variable depending upon the alloy composition 
of the article, the temperature of the electrolyte, the mag 
nitude of the current density in the first stage of the 
process, and the magnitude of the voltage selected as the 
constant voltage for the second stage of the process. The 
constant voltage stage may be effected at voltages vary 
ing from about 25 volts to about 100 volts or more, but 
preferably it is effected at voltages of from 55 to 75 volts. 

everal generalities may be borne in mind as guides 
for selecting variables within the scope of the process 
described herein. One is that at higher current densities 
the peak voltage will be reached more quickly and a dark 
coating will be obtained more rapidly so that the process 
may be effected in a shorter length of time. Another is 
that higher maximum voltages will provide dark colors 
sooner and will also result in a process effected in a 
shorter length of time. Another variable which may be 
adjusted to suit the need of the processor is the tempera 
ture. At lower temperatures black coatings may be pro 
duced which are thinner and which are produced in 
shorter periods of time than at higher temperatures. In 
this respect, the temperature at which the process may be 
effected may be varied from very low temperatures to 
normal room temperatures but preferably from tempera 
tures of from about 45° F. to about 85 F. which is a 
temperature range that may be maintained readily with 
ordinary equipment. Depending upon the composition of 
the alicy, the composition of the electrolyte and the proc 
essing conditions selected, black anodic oxide coatings 
may be produced in a wide range of thicknesses, and thick 
nesses from 0.30 mill to 2.0 mils or more are readily 
obtainable. 
The following examples illustrate several processes 

embodying this invention and are presented here as illus 
trative cf the invention rather than limiting in any way. 
Although the alloys used are of varying composition, all 
are within the composition limits of the Aluminum Asso 
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ciation specifications for 6063 alloy, shown in Table I in 
weight percent. 

TABLE 
Silicon -------------------------------- 0.2-0.6 
Iron, max. ----------------------------- 0.35 
Copper, max. --------------------------- 0.10 
Manganese, max. -------------------- ... -- 0.10 
Magnesium ----------------------------- 0.45-0.90 
Chromium, max. ------------------------ 0.10 
Zinc, max. ----------------------------- 0.10 
Titanium, max. ------------------------- 0.10 
Others, max. --------------------------- 0.15 
Aluminum ----------------------------- Balance 

Example 1 
A specimen in the form of an extrusion of aluminum 

alloy containing in weight percent 0.4 silicon, 0.24 iron, 
0.04 copper, 0.60 magnesium, 0.01 zinc and 0.01 titanium 
and normal impurities, was prepared for anodizing by the 
following operations: 
(1) etched for 10 minutes in 5% NaOH solution main 

tained at 130 F. 
(2) washed with water to remove NaOH. 
(3) desmutted by immersion in a 35% by weight nitric 

acid solution. 
(4) washed in water to remove nitric acid. 
Following the preparatory operations, the specimen was 

anodized by immersing it in an aqueous electrolyte con 
taining 100 g/l. of sulfophthalic acid and 5 g./l. of sul 
phuric acid and maintained at a temperature of 77 F. 
Anodizing was begun by passing a direct current through 
the specimen at a current density of 27 amperes per Square 
foot until a preselected peak voltage of 60 volts was 
reached. After 14.8 minutes of anodizing, while the voit 
age was raised continuously to maintain the current density 
at 27 amperes per square foot, the peak voltage of 60 
volts was reached after which the anodizing was continued 
at a constant voltage of 60 volts for a total anodizing time 
of 81.5 minutes. The sample was removed from the elec 
trolyte, washed in water, and immersed for 10 minutes 
in an aqueous bath maintained at 205 F. and contain 
ing 0.6 g./I. of sodium lignosulfonate and 0.5 g/l. of 
nickel acetate to effect sealing of the anodic oxide film 
that was formed. There resulted a 6063 aluminum alloy 
covered with a smut-free anodic oxide film that was 
block in color and approximately 1.5 mils thick. 

Example 2 
An aluminum alloy containing in weight percent 0.40 

silicon, 0.22 iron, 0.04 copper, 0.63 magnesium, 0.01 Zinc 
and 0.01 titanium was prepared for anodizing in accord 
ance with steps 1, 2, 3 and 4 described in Example 1. The 
specimen was then immersed in an aqueous electrolyte at 
77 F. and containing 53.2 g/l. of sulfophthalic acid, 
7.78 g./l. of sulphuric acid and 4.1 g/l. of aluminum 
ion which resulted from previous use of the electrolyte. 
Anodizing in the first stage was effected at 27 amperes 
per square foot for a period of 8.5 minutes at which 
time the peak voltage of 60 volts was attained. Subse 
quently, the anodizing was effected at a constant voltage 
of 60 volts for a total anodizing time of 35 minutes. 
The specimen was washed and sealed in accordance with 
the procedure set forth in Example 1 and upon examina 
tion it was found to be coated with a dense black anodic 
oxide film 0.7 mill thick. 

Example 3 
A specimen of aluminum alloy containing by weight 

percent 0.41 silicon, 0.24 iron, 0.04 copper, 0.61 mag 
nesium, 0.01 zinc and 0.01 titanium was prepared for 
anodizing in accordance with steps 1 through 4 of Ex 
ample 1. Subsequently the specimen was immersed in an 
aqueous electrolyte maintained at 77 F. and contain 
ing 95.5 g./l. of sulfophthalic acid, 9.9 g/l. of sulphuric 
acid, and 4.4 g/l. of aluminum ion. Anodizing was con 
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foot and after a period of 14 minutes the preselected peak 
voltage of 60 volts was attained whereafter anodizing was 
continued at a constant voltage of 60 volts for a total 
anodizing time of 76 minutes. The specimen was washed 
and sealed in accordance with Example 1 and found to 
be coated with a dense black anodic oxide film 1.8 mils 
thick. 

Example 4 
An aluminum alloy containing, in weight precent, 0.40 

silicon, 0.24 iron, 0.04 copper, 0.63 magnesium, 0.01 zinc, 
and 0.01 titanium was prepared for anodizing in accord 
ance with steps 1 through 4 in Example 1. The specimen 
was then immersed as the anode in an aqueous electrolyte 
maintained at 77 F. and containing 100 g/l. of sulfo 
phthalic acid, 5 g/l. of sulphuric acid and 0.05 g/l. of 
aluminum ion. Anodizing was conducted at an initial 
current density of 27 amperes per square foot for a period 
of 12 minutes at which time the voltage had been raised 
to 60 volts in order to maintain the current density con 
stant. Subsequently anodizing was continued at a constant 
voltage of 60 volts for a total anodizing time of 89 min 
utes. The specimen was washed and sealed in accordance 
with Example 1 and found to have a black coating 1.78 
mils thick. 

Example, 5 
A specimen of an aluminum alloy containing, in weight 

percent, 0.40 silicon, 0.24 iron, 0.04 copper, 0.63 mag 
nesium, 0.01 zinc, and 0.01 titanium was prepared for 
anodizing in accordance with steps 1 through 4 of Ex 
ample 1. Subsequently the specimen was immersed in an 
aqueous electrolyte maintained at 77 F. and containing 
94.6 g./I. of sulfophthalic acid and 4.5 g./l. of sulphuric 
acid. The specimen was anodized at an initial current 
density of 27 amperes per square foot for a period of 
14.5 minutes at which time a predetermined voltage of 
60 volts was reached. Anodizing was continued for a 
total of 75.8 minutes after which the specimen was re 
moved from the anodizing tank and washed and sealed 
in accordance with Example 1. The alloy was found to . 
have a black coating 1.75 mils thick. 

Example 6 
A specimen of aluminum alloy containing, in weight 

percent, 0.40 silicon, 0.24 iron, 0.04 copper, 0.66 mag 
nesium, 0.01 zinc and 0.01 titanium was prepared for 
anodizing in accordance with steps 1 through 4 of Ex 
ample 1. The specimen was then immersed in an aqueous 
electrolyte maintained at 77 F. and containing 101.2 
g/l. of Sulfophthalic acid, 4.85 g/l. of sulphuric acid, 
and a small but undetermined amount of aluminum ion. 
Anodizing was effected at an initial current density of 
27 amperes per square foot for a period of 16.8 minutes 
at which time the preselected voltage of 60 volts was 
reached. Anodizing was continued at 60 volts for a total 
time of 67 minutes after which the specimen was removed 
from the electrolyte, washed, and sealed in accordance 
with Example 1. The specimen was found to have a black 
coating 1.6 mils thick. 

Example 7 
A specimen of 6063 aluminum alloy was prepared for 

anodizing as described in steps 1-4 of Example 1, was 
immersed as an anode in an aqueous electrolyte contain 
ing 80.0 g/l. of sulfophthalic acid, 3.6 g./l. of sulphuric 
acid and 0.07 g/l. of aluminum ion. Anodizing was effect 
ed at an initial current density of 40 amperes per square 
foot until a peak preselected voltage of 72 volts was at 
tained after which the anodizing process was continued at 
72 volts for a total anodizing period of 45 minutes. After 
Washing and sealing in accordance with Example 1, the 
alloy was found to have a black coating the thickness of 
which was not determined. 

Example 8 
Another specimen of 6063 alloy is prepared for anodiz 

ducted at a current density of 27 amperes per square 75 ing as described in Example 1. The specimen is then 
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immersed as the anode is an electrolyte containing 80 
g./l. of sulphophthalic acid, 3.6 g/l. of sulphuric acid, 
and 0.07 g/l. of aluminum ion. Anodizing is effected at 
a temperature of 65° F., and at an initial current density 
of 36 amperes per square foot until a preselected volt 
age of 96 volts was reached, approximately 10 minutes 
from the start of anodizing. Further anodizing at approxi 
mately 96 volts is continued for a total anodizing time of 
25 minutes. After washing and sealing in accordance 
with Example 1, the alloy is found to have a black coating 
0.7 mill thick, 
As described in the specification and as illustrated in 

the foregoing examples, the present invention provides a 
method for obtaining what was heretofore an unobtain 
able although highly desirable product-6063 aluminum 
magnesium silicide alloys that are anodized to have an 
inherently colored black anodic oxide coating on the Sur 
face thereof. This process and the product therefrom are 
obtainable by use of electrolytes and electrical programs 
described above, which, when employed together will pro 
duce the novel product of this invention. 
We claim: 
1. The method for producing a black anodic oxide 

coating on an alloy consisting by weight essentially of 
from 0.2 to 0.6% silicon, up to 0.35% iron, up to 0.10% 
copper, up to 0.10% manganese, from about 0.45 to about 
0.9% magnesium, up to about 0.10% chromium, up to 
about 0.10% zinc, up to about 0.10% titanium and up to 
0.15% others, and the balance aluminum which comprises 
immersing said alloy in an aqueous electrolyte maintained 
at a temperature of from about 45 F. to about 85 F. 
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and consisting essentially of from about 25 g./I. to about 
150 g/l. of sulfophthalic acid and from about 0.1 g/l. 
to about 15 g./I. of sulfuric acid, as the anode in a 
direct current electrical circuit which includes said elec 
trolyte, anodizing said alloy at approximately constant 
current density of from about 25 amperes per square foot 
to about 40 amperes per square foot until a preselected 
voltage of from about 55 to about 75 volts is reached, and 
subsequently anodizing said alloy while maintaining said 
preselected voltage approximately constant until a black 
anodic oxide coating is obtained. 

2. The method of claim 1 in which the sulfophthalic 
acid is present in the electrolyte in an amount of from 
about 70 g/l. to about 100 g/l. and the sulfuric acid in 
an amount of from about 1 g/l. to about 5 g/l. 
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