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ABSTRACT OF THE DISCLOSURE 
This invention is addressed to a process for electro 

chemically coloring anodized articles of aluminum or al 
loys of aluminum by electrolytic deposition of heavy met 
als or heavy metal compounds, comprising mounting the 
article in a bath of an aqueous solution of a given metal 
sulfamate and passing a direct current through the bath. 

This invention relates to a process for electrochemically 
coloring preanodized articles of aluminum or aluminum 
alloys by the electrolytic deposition of heavy metals or 
heavy metal compounds into the pores of the oxide layer. 

In this speci?cation, the term direct current covers any 
form of one-way current, such as recti?ed and non-?ltered 
currents and currents that are even periodically inter 
rupted, as in the case of the recti?cation of a single alter 
nation of a single-phase current. 

It is known that an article of anodized aluminum can 
be colored by causing particles of metal or metal com 
pounds to penetrate into the pores of the layer of alumina 
through electrolysis in an aqueous acid solution of a 
heavy metal salt, such as Ni, Co, Cu, Ag, Pb, Sn. Hereto 
fore, electrolysis has generally been carried out with 
sinusoidal alternating current voltage. 

However, it is also known from our French Pat. No. 
2,052,100 that a direct current can be superimposed upon 
the alternating current, although inthis 'case the peak 
voltage of the alternating current has to be distinctly 
higher than the AC. voltage superimposed on it so that 
a reversal in the direction of the electrolysis current is ob 
tained in each cycle. 

It has also been proposed to carry out coloring by di 
rect-current electrolysis in a bath of heavy metal salts 
after having subjected the metal, anodized with direct 
current in the usual way, to alternating-current electrolysis 
for a few minutes in the anodizing bath (published Ger 
man patent application 1,948,552). According to this ap 
plication, it is essential to carry out this intermediate 
treatment with alternating current before the cathodic 
treatment in the bath containing the heavy metal salts; 
otherwise the oxide ?lm is destroyed or is not colored or 
is irregularly colored. 

According to the prior art, the use of alternating cur 
rent is thus absolutely essential if uniform color ?nishes 
are to be obtained by electrolysis in a solution of metal 
salts. 

Unfortunately, the use of alternating current involves 
di?iculties. Although it is possible with a nickel sulfate 
bath to obtain light bronze or dark bronze color ?nishes, 
it is not possible to obtain a black color ?nish. Penetra~ 
tion is mediocre and the electrical conditions have to be 
closely controlled to prevent detachment of the oxide 
layer. One serious disadvantage of this process is the dif 
?culty of obtaining reproducible color ?nishes. In addi 
tion, it has been found that the surface ratio of the elec 
trodes has an important bearing on coloring, above all 
in the case of nickel baths. Accordingly, allowance has to 
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2 
be made when installing the electrodes in the cell for a 
certain ratio between the surfaces of the electrode and 
the counter-electrode. 

Although this process enables disruption of the layer to 
be avoided, it is not sufficient to guarantee reproduci 
bility. 

In addition, the layer of alumina acts as an imperfect 
recti?er for the electrical current, with the result that the 
momentary intensity of the current is not merely a func 
tion of the momentary voltage. It is governed by the previ 
ous anodization and ?uctuates during the coloring elec 
trolysis operation. The amount of electricity which travels 
in the direction required for deposition of the metal into 
the layer of alumina cannot readily be determined. It is for 
this reason that the production of a uniform color ?nish 
which is identical throughout a series of articles calls for 
extremely strict control of all the operations involved in 
preliminary anodization and coloring electrolysis. 

It is accordingly an object of the present invention to 
provide a method for coloring surfaces of anodized alu 
minum or alloys of aluminum which overcomes the fore 
going disadvantages of the prior art, and it is a more spe 
ci?c object of the invention to provide a method for color 
ing anodized aluminum or aluminum alloy articles with 
direct current. 
The concepts of the present invention reside in a method 

for coloring anodized articles of aluminum or an alloy of 
aluminum in which the article is mounted as the cathode 
in an electrolysis bath of an aqueous solution of a heavy 
metal sulfamate and a direct current is passed through 
the bath. 

In this way, the process can be applied with the electri 
cal equipment available in a conventional anodizing plant. 
No difficulties are encountered in accurately measuring 
the amount of electricity passing through the bath. Since 
the penetrating power of the metal is extremely high, the 
surface ratio of the electrodes has hardly any bearing on 
the process, and satisfactory reproducibility is obtained 
with much more ease than in conventional baths without 
any need for agents intended to improve the penetrating 
power to be added to the bath. 

In order to ?x the pH-value at the required level, which 
is governed by the type of metal used, free sulfamic acid 
is added as and when required, and a buffer, preferably 
boric acid, is used to keep the pH-value constant. 
The pH-value should be between 1 and 1.5 for the 

cations silver, lead, tin, which necessitates the addition of 
sulfamic acid. Nickel requires a higher pH-value amount 
ing to between 3.5 and 5.5, so that there is generally no 
need to add acid. 
The direct-current electrolysis in a sulfamic bath gives 

an excellent Faraday e?iciency so that the quantity of 
metal deposited and the coloring of the article are in?u 
enced hardly at all by the working conditions. The con 
centration of heavy metal sulfamate can vary within very 
wide limits without causing appreciable differences in the 
color ?nish obtained. The type and size of the anode 
have hardly any bearing at all and the current density 
can be selected within a very wide range of from 0.05 to 
3 amps/dm.2 without involving any modi?cations other 
than the duration of the operation. 

In practice, the nickel sulfa-mate is used in concentra~ 
tions of from 0.2 to 1.6 mole/ liter with a nickel counter 
electrode with a surface from 0.1 to two times the surface 
of the article to be colored which has the advantage that 
it is possible successively to treat aluminum articles differ 
ing widely from one another in their size in the same bath 
without having to modify the anode surface. 

In the case of silver baths, it is preferred for obvious 
reasons of economy to use dilute solutions of silver sul~ 
famate containing from 0.002 to 0.01 mole/liter with a 
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' graphite counter-electrode. In the case of lead or tin, 
extremely good results have been obtained with concen 
trations of from 0.01 to 0.1 mole per liter. In this case, 
the counter-electrodes can be formed of metal, namely 
lead or tin, or of graphite. 
The preferred current density is that which corresponds 

to a 2 to 10-minute duration of the operation which 
simultaneously provides for fast coloring and strict con 
trol of the time, resulting in extremely good repro 
ducibility. 
The electrolysis operation is carried out at temperatures 

in the vicinity of ambient temperature, and preferably at 
temperatures of from 15 to 35° C. 

In order to obtain deep bronze and black color ?nishes 
with a solution of nickel sulfamate, it is of advantage to 
apply the direct current intermittently, the article to be 
treated being discharged during the breaks in the current. 

In the present context, the term “discharge” is used in 
a broad sense because the phenomenon of discharge or 
depolarization of the article to be treated is not exactly 
known. It would appear that it is similar to that which is 
observed in the case of an electrolytic capacitor. During 
the breaks in the current, there occurs an inverse flow of 
current whose momentary initial intensity can be ex 
tremely high, although it decreases very rapidly and 
?nally disappears altogether. Discharge of the article to 
be treated makes the subsequent active period much more 
effective than it would be had the break in current not 
taken place. 
At a constant current density, the voltage observed in 

each cycle is lower than that which would have been 
found in continuous operation at the corresponding in 
stant. At constant voltage, the total quantity of electricity 
is greater than that which it would be possible to pass 
through in continuous operation. 
The article to be treated is advantageously discharged 

by short-circuiting with the anode. 
A switching system can be used for interrupting the 

direct electrolysis current and for short-circuiting the 
electrodes with a predetermined frequency and for a pre 
determined time. The duration of these cycles can either 
be constant or variable in time. 
The direct current is preferably applied for a time t of 

from about two seconds to three minutes, the period for 
which the current is interrupted being between t and ap 
proximately 1/5 t. 
The choice and the duration of the cycles and of the 

cyclic ratio is determined experimentally by observing the 
voltage or current intensity curves as a function of time. 
The operation can be carried out either with a constant 

D.C. voltage source or with a source of constant-intensity 
current. 

In cases where a constant voltage source is used, it has 
been found that the density of the current decreases as a 
function of time during the instant for which the elec 
trodes are connected to the source. After the period during 
which the electrodes are stopped and short circuited, the 
current density is substanttially restored to the value which 
it had at the beginning of the preceding cycle, and then 
decreases up to another interruption. The same phenol-ne 
non is repeated in each cycle. 

In cases where a constant-output source is used, it has 
been found that the voltage at the terminals of the cell 
increases as a function of time during the instant for 
which the electrodes are connected to the source. After 
the period during which the electrodes are stopped and 
short-circuited, the voltage at the terminals is substantially 
restored to the value which is had at the beginning of the 
preceding cycle and then increases up to another inter 
ruption. 

In practice, however, it is preferred, after each break in 
the current, to restore the voltage by allowing it to in 
crease progressively from 0 to its regulation value over 
a period of from 1/10 to 1/3 I. 
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4 
7 By applying periodically interrupted direct current, it 

is possible for example to pass a quantity of current 
greater than that which would have been observed in 
continuous operation over a given effective period under 
constant voltage. For example, an anodized pro?le of 
Al-Mg-Si treated in a nickel sulfamate bath under a D.C. 
voltage of 14 volts for a period of 210 seconds without 
interruption, becomes very deep bronze in color, al 
though it is impossible to exceed this color without destroy 
ing the layer of alumina. The color ?nish obtained by 
working in cycles for the same effective time is deep 
black. 
Having described the basic concepts of the invention, 

reference is now made to the following examples, which 
are provided by way of illustration and not by way of 
limitation, of the practice of the invention. 

EXAMPLE 1 

Nickel bath: An electrolysis bath is prepared by dis 
solving in water: 

220 g./l. of nickel sulfamatc (Ni(SO3NH2)2-4H2O and 
27 g./l. of boric acid. 

This bath has a pH-value of 4.5 and its temperature is 
maintained between 20 and 25° C. It is used for coloring 
sheets of commercial-grade 99.5% aluminum, previously 
anodized to 18 microns in a sulfuric bath and with direct 
current in accordance with the conventional process. These 
plates are used as cathode while the anode consists of a 
nickel plate with the same surface area as the aluminum 
plates. 

(a) Electrolysis tests carried out at different voltages 
for a constant period of 180 seconds: 

9 volt--color obtained: light bronze 
ll volt-—color obtained: medium bronze 
13 volt—color obtained: deep bronze 

(b) Electrolysis tests carried out over different periods 
of time with a constant current density ‘of 0.1 amps/dm.2: 

1 minute-color obtained: light bronze 
3 minutes—color obtained: medium bronze 
5 minutes—color obtained: deep bronze. 

EXAMPLE 2 

The composition of the bath is as follows: 
G./l. 

Nickel sulfarnate (hydrated) _________________ -_ 125 
Boric acid _________________________________ .._ 50 

The bath has a pH-value of 4.3 and is kept at a tempera 
ture of 35° C. 
The test is carried out with the same plates as in Ex 

ample 1 with the same nickel anode, the current densi 
ties and the durations being varied. 

0.1 amps/dm?, for 1 minute: light bronze 
0.15 amps/dm?’, for 2 minutes: medium bronze 
0.15 amps/dm.2, for 5 minutes: deep bronze 
0.2 amps/dmF, for 8 minutes: black 

EXAMPLE 3 

With the same bath as in the preceding example, an 
aluminum plate anodized to 15 microns in a sulfamic 
acid bath is used as the cathode. To color the plate, a 
current density of 0.6 amps/dm.” is passed for two min 
utes which requires a voltage of 28 volts at the terminals 
of the cell. An anthracite-gray color ?nish is obtained, 
which is distinctly different from the bronze color ?n 
ishes obtained on plates preanodized in a sulfuric bath. 

Examples 1 to 3 show that the intensity of the color 
?nish is directly related to the quantity of electric cur 
rent passing through the cell. This enables the electrical 
conditions to be automatically regulated to obtain a pre 
determined color ?nish. Accordingly, the process is much 
easier to work on an industrial scale than electrolysis proc 
esses using alternating current. 
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EXAMPLE 4 

A silver bath with the following composition is used: 
G./l. 

Silver sulfamate ___________________________ __ 1.5 

Boric acid ________________________________ __ 30.0 

Sulfamic acid in a quantity su?icient to adjust the 
pH-value to 1. 

The test is carried out with the same aluminum panels 
as in Example 1 and with a graphite anode. 
A golden yellow color ?nish is obtained after 1 min 

ute at 1.6 amps/dm.2, while a deep yellow color ?nish 
is obtained after 2 minutes at 1:6 amps/dmP. 

EXAMPLE 5 

A lead bath with the following composition is used: 
G./l. 

Lead sulfamate ____________________________ __ 1.5 

Boric acid ________________________________ __ 30.0 

Sulfamic acid in a quantity suf?cient to adjust the 
pH-value to 1.3. 
The test is carried out with the same aluminum panels 

as in Example 1 and with a lead anode of the same sur 
face area as the aluminum panels. 
A light bronze color ?nish is obtained after 2 minutes 

at 0.4 amps./dm.2, while a deep bronze color ?nish is ob 
tained after 5 minutes with a current density increasing 
linearly with time from 0.2 to 0.8 amps/dmF. 

EXAMPLE ‘6 

A tin bath with the following composition is used: 
G./l. 

Stannous sulfamate __________________________ __ 15 

Sulfamic acid _______________________________ __ 20 

Boric acid __________________________________ __ 30 

This solution has a pH-value of 1.2. An addition of 
0.7 g./l. of beta-naphthol prevents the $1111 from being 
oxidized into SnIV. 

Electrolysis is carried out with a tin anode and a cath 
ode of aluminum anodized in a sulfuric baath. 
The aluminum cathode turns medium bronze in color 

after 5 minutes at a constant current density of 0.2 amps/ 
dm.2. 4 
EXAMPLES WITH INTERMITTENT APPLICATION 

OF THE DIRECT CURRENT 

In the following examples, an aqueous solution con 
taining 125 g./l. of hydrated nickel sulfamate and 50 
g./l. of boric acid is used as the electrolysis bath. This 
solution has a pH-value of 4. Electrolysis is carried out 
at 35° C. in a 250-liter cell (except in Example 11 where 
the cell has a capacity of 4,000 liters) with a counter 
electrode of nickel having the same surface area as the 
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aluminum electrode. The aluminum electrode is con- 55 
nected to the negative terminal of a current source whose 
voltage or intensity can be adjusted to a constant value 
after a progressive increase in voltage over a period of 
10 seconds after each break in the current. 
When the switch cuts off the current, an electrical con 

nection is established between the two electrodes which 
are thus short-circuited. An ammeter connected in series 
with the short-circuit connection indicates the time at the 
end of which disappears the current due to the discharge. 

EXAMPLE 7 

A 0.50 m. panel of 99.5% aluminum, previously ano 
dized in a sulfuric bath is treated. The current source is 
provided with an intensity regulator which ?xes the in 
tensity at 10 amps. After a progressive application of 
voltage over a period of 10 seconds and a coloring pe 
riod of 80 seconds at 10 amps, the current is cut off and 
the electrodes simultaneously short-circuiated for 30 sec 
onds. The operation is then repeated three times with a 
coloring period of 60 seconds and a break of 30 seconds. 
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6 
After a total treatment time of 6 minutes, of which 4.5 
minutes represent effective time, the aluminum article 
has taken on a deep black color. The maximum voltages 
at the terminals measured just before the current is broken 
are, successively, 11.3, 10.5, 9 and 8.6 volts. 

EXAMPLE 8 
An identical panel is treated in the same bath, but with 

a current source equipped with an automatic voltage regu 
lator which '?xes the voltage at 14 volts after a substan 
tially linear increase from 0 to 14 volts over a period of 
10 seconds. The cycle is made up of a 30 second half 
cycle in which effective coloring takes place, and a 30 
second half-cycle during which discharge occurs. After 8 
cycles corresponding to an effective time of 4 minutes 30 
seconds, out of a total period of 8 minutes 30 seconds, 
the article is deep black in color. 

EXAMPLE 9 

A pro?le of Al-Mg-Si alloy which has a surface area of 
50 dm.2 and which has been preanodized in a sulfuric 
bath, is treated. The current source is provided with an 
automatic regulator which ?xes the intensity at 10 am 
peres. Each cycle comprises 10 seconds of progressive ap 
plication of voltage, 50 seconds of electrolysis at 10 am 
peres and 30 seconds of discharge. After 8 cycles, hav 
ing lasted a total of 11 minutes 30 seconds and corre 
sponding to an effective duration of 8 minutes, the pro 
?le has acquired a deep black color. The voltages observed 
at the end of each of the 8 cycles, just before the cur 
rent is interrupted, are, respectively, 10.5, 10.2, 8.9, 8.1, 
7.6, 7.2, 6.8 and 6.5 volts. Accordingly, the color ?nish 
is obtained at a constant current density of 0.2 amps/ 
drn.2 under considerably lower voltages than the ?nal 
voltages of around 32 volts obtained in continuous op 
eration, and it is possible to obtain a black color ?nish 
which would have been substantially impossible in con 
tinuous operation. 

EXAMPLE 10 

A pro?le identical to that used in Example 9 was 
treated using a constant voltage source of 14 volts. Each 
cycle is made up of 10 seconds of increase in voltage, 20 
seconds of coloring under 14 volts and 30 seconds of 
discharge. Seven successive cycles were applied, given a 

5 total duration of 7 minutes of which 3 minutes 30 seconds 
represent effective time. In each cycle, the maximum in 
tensity is of the order of 30 amps, while the minimum in 
tensity just before the current is broken ?uctuates between 
8 and 10 amperes. The pro?le is colored deep black. 

EXAMPLE 1 l 

The preceding test Was repeated in an industrial 4,000 
liter cell of which the nickel sulfamate bath had already 
been used to color more than 800 m? of aluminum ar 
ticles. The test was carried out on 6 m2 pro?les of Al 
Mg-Si preanodized in a sulfuric bath. A constant voltage 
source equal to 14 volts was used, each cycle being made 
up of 10 seconds voltage application, 5.0 seconds of color 
ing at 14 volts and 30 seconds of discharge. 5 cycles are 
su?icient to obtain a deep black color ?nish on the pro 
?les. 

It will be understood that various changes and modi 
?cations can be made in the details of formulation and 
procedure without departing from the spirit of the inven 
tion, especially as de?ned in the following claims. 
What is claimed is: 
1. A process for electrochemically coloring anodized 

articles of aluminum or alloys of aluminum by electro 
lytic deposition of heavy metals or heavy metal com 
pounds, comprising mounting the article as the cathode 
in a bath of an aqueous solution of a heavy metal sul 
famate and passing a direct current through the bath. 

2. A process as claimed in claim 1 wherein the aqueous 
solution contains nickel sulfamate in a concentration of 
from 0.2 to 1.6 mole/liter and boric acid as a buffer in a 
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concentration of from 25 to 50 g./liter, the pH being in 
the range from 3.5 to 5.5. 

3. A process as claimed in claim 1 wherein the aqueous 
solution contains lead or tin sulfamate in a concentration 
of from 0.01 to 0.1 mole/ liter, boric acid as a buffer in a 
concentration of from 25 to 50 g./liter and sulfamic acid 
in a quantity su?icient to adjust the pH-value to between 
1 and 1.5. 

4. A process as claimed in claim 1 wherein the aqueous 
solution contains silver sulfamate in a concentration of 
from 0.002 to 0.01 mole/liter, boric acid in a concentra 
tion of from 25 to 50 g./ liter and sulfamic acid in a quan 
tity sufficient to adjust the pH to between 1 and 1.5. 

5. A process as claimed in claim 1 wherein the sulfamate 
is nickel sulfamate and the direct current is intermittently 
applied, the articles to be treated being electrically dis 
charged during the breaks in the current. 

6. A process as claimed in claim 5 wherein the article 
to be treated is electrically discharged by short-circuiting 
with the anode. 

7. A process as claimed in claim 5 wherein the direct 
current is applied for a time t of from about 2 seconds to 
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3 minutes, and the period for which the current is inter 
rupted is between t and about 1/5 t. 

8. A process as claimed in claim 7 wherein after each 
break in the current, the voltage is restored by increasing 
it progressively from 0 to its desired value over a period 
of from 1A0 t to 1/3 t. 

9. Articles of anodized aluminum or aluminum alloys 
colored by the process de?ned in claim 1. 
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