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57 ABSTRACT 
A process for electrolytically treating aluminum or its 
alloys in the form of a strip, wire or foil material in a 
continuous manner which comprises continuously pass 
ing the material through an anodic oxidation treatment 
cell through which a direct current, alternating current 
or AC-superimposed direct current is caused to flow 
and an electrolytic coloring cell through which an alter 
nating current or AC-superimposed direct current is 
caused to flow and carrying out electrolysis in both said 
cells to anodize and color the material in a continuous 
ae. 

10 Claims, 5 Drawing Figures 

  



U.S. Patent May 28, 1985 Sheet 1 of 2 Re. 31.901 

  



U.S. Patent May 28, 1985 Sheet 2 of 2 Re. 31.901 

  



Re. 31,901 
1. 

CONTINUOUSELECTROLYTICAL TREATMENT 
OF ALUMINUM OR ITS ALLOYS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a reissue application of U.S. Pat, No. 4,014,758, 
which matured from Ser. No. 570,376, filed Apr. 22, 1975. 

BACKGROUND OF THE INVENTION 

The present invention relates to a process for electro 
lytically treating aluminum or its alloys in the form of a 
strip, wire or foil in a continuous manner to color the 
Sae. 

Heretofore, in order to color aluminum or its alloys in 
the form of a strip, wire or foil material by an electro 
lytic treatment, the material accommodated in a recep 
tacle such as a cage is first immersed in an anodizing cell 
and then in an electrolytic coloring cell by a batch 
process. However, this process is disadvantageous in 
that it is inefficient and produces deviations in the qual 
ity of products, whereby it is difficult to attain unifor 
mity in quality. Further, in the case where the material 
to be treated has a thickness below 0.4 mm, it is bent by 
impact to which it is subjected when taken in and out 
from an electrolytic solution. For this reason, the thick 
ness of the material to be treated must be greater than 
0.4 mm. 

Alternatively, there has been a process for coloring 
aluminum or its alloys in the form of a strip, wire or foil 
material wherein the material is electrolytically treated 
in a continuous manner to form an anodic oxide film 
thereon and then, the anodized material is colored by a 
non-electrolytic method such as the use of an organic 
dye and immersion in an inorganic salt solution. How 
ever, the colored product according to this process is 
poor in fastness to light, whereby it is unsuitable for use 
as an outer cover and the like, 

SUMMARY OF THE INVENTION 

It is an object of the present invention to overcome 
the aforementioned drawbacks and to provide a process 
for continuously anodizing and electro-coloring alumi 
nun or its alloys in the form of a strip, wire or foil to 
obtain a colored product which is excellent in fastness 
to light. Thus, the present invention has the following 
distinctive features. 

l. The process of the present invention is efficient and 
thereby reduces the production cost and affords 
the production of inexpensive products. 

2. The thickness of the colored layer obtained accord 
ing to the present process is uniform. 

3. The present process makes possible treatment of a 
thin material below 0.3 mm in thickness. 

4. It is possible to produce a product of long length. 
BRIEF DESCRIPTION OF THE DRAWING 

In the drawing: 
FIGS. 1 through 5 are schematic side views with 

parts in the form of electrical circuit diagrams respec 
tively showing the essential organizations of examples 
of apparatus suitable for carrying out the process of the 
invention. 
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DETALED DESCRIPTION 

In the anodic treatment of the present invention, the 
electric current used may be a direct current, an alter 
nating current or an AC-superimposed direct current. 

Particularly, an alternating current or an AC 
superimposed direct current is used as the electric cur 
rent in an electrocoloring treatment, and the use of 
these currents provides the following advantages as 
compared with the use of a direct current: 

1. The thickness of an anodic oxide film has only a 
little effect on the electrolytic coloring, and electrolytic 
coloring is possible as long as the film has a thickness of 
at least lu, which is suitable for a continuous electro 
lytic coloring process (In the case of a direct current, 
electrolytic coloring is impossible unless the film is 
above 5 in thickness). 

2. Colorability is excellent and coloring is easy, and 
the shade of color may be suitably controlled by vary 
ing voltage, the electric current, and the electrolysis 
time. 

3. Throwing power is much higher, and a uniform 
coloring with no deviation of color can be attained. 

4. Lower voltage can be used, which is economical 
(the present process uses a voltage of from 10 to 30 volt, 
while in the case of a direct current, a voltage of from 
30 to 60 volt is required). 

5. The varieties of colors obtainable are abundant. 
For example, a coloring solution containing a tin salt 
provides an olive, amber or black color depending on 
the coloring conditions such as electric current and 
duration time. A coloring solution containing a tin salt 
and a nickel, cobalt, iron, magnesium, or zinc salt pro 
vides a stainless, bronze, amber, olive, blue, grey, or 
black color depending on the anodizing conditions and 
coloring conditions. A coloring solution containing a 
tin salt and a copper salt provides a bronze, red, black 
brown or black color depending on the coloring condi 
tions. A coloring solution containing a copper salt pro 
vides a pink, red, red purple or black color depending 
on the coloring conditions. A coloring solution contain 
ing a selenium salt provides a gold color. A coloring 
solution containing a manganese salt provides a grey or 
gold color depending on the coloring conditions. Also, 
a coloring solution containing a zirconium salt provides 
a white or grey color depending on the coloring condi 
tions, 
The term "AC-superposed direct current" used 

herein designates the wave shape of an electric current 
(or a voltage) which represents a periodic change of 
polarity and contains an alternating current component, 

In the process of the present invention, aluminum and 
most of its alloys may be used. However, materials 
having a purity in excess of about 99% are suitable for 
the process of the present invention. 
The process of the present invention may be carried 

out by any of the examples indicated in FIGS. 1 
through 5. 

Referring to FIG. 1, in an example using an apparatus 
as shown therein, a direct-current voltage is applied 
between an electrode plate 2 disposed within an anodic 
oxidation treatment cell 1 and an electric power supply 
element 3 disposed outside the cell and an alternating 
current voltage is applied between an electrode plate 5 
disposed within an electrolytic coloring cell 4 and the 
electricity supply element 3. 
A strip, wire or foil 6 (hereinafter referred to as 

"strip") of aluminum or an alloy thereof wound on an 
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uncoiler (not shown) is unwound and the strip is sub 
jected to a pretreatment comprising degreasing, wash 
ing with water, etching, washing with water, neutraliza 
tion, and washing with water. The strip thus pre-treated 
is contacted with the supply element 3 to charge it 
positively, and the charged strip is passed through the 
cell 1 at any appropriate rate to anodize it. The anod 
ized strip is then passed through the cell 4 to color it. 
Thereafter, the colored strip is washed with water and 
wound up on a recoiler (not shown). 
The following examples will further illustrate the first 

example as described above of the process of the present 
invention. 

EXAMPLE 1 

An aluminum alloy (5005-H14) was anodized at a rate 
of 4 m/min. in a sulfuric acid solution having a concen 
tration of 300 g per liter in the electrolytic cell 1 includ 
ing an electrode plate 2 made of lead. The temperature 
of the solution was 30 C, and the direct current volt 
age applied was 20 V. Then, the anodized alloy was 
electrolytically colored in the electrolytic cell 4 con 
taining 2 g/l stannous sulfate, 20 g/l nickel sulfate, 10 
g/1 sulfuric acid, and 5 g/l cresol sulfonate and includ 
ing an electrode plate 5 made of nickel. The tempera 
ture of the solution was 25 C., and the alternating cur 
rent voltage was 15 W. The product having an anodic 
oxide film of a thickness of 4 thus obtained had a 
bronze color. 

EXAMPLE 2 

An aluminum alloy (1 100-H14) was anodized at a rate 
of 5 nMmin. in an aqueous solution containing 35 g/l 
sulfuric acid and 3 g/l glycerol in the electrolytic cell 1 
including an electrode plate 2 made of carbon. The 
temperature of the solution was 15 C., and the direct 
current voltage applies as 25 V. Then, the anodized 
alloy was electrolytically colored in the electrolytic cell 
4 including an electrode plate 5 made of carbon, using 
an aqueous solution containing 20 g/l copper sulfate 
and 15 g/l sulfuric acid. The temperature of the solution 
was 20 C. and the alternating current voltage applied 
was 15 V. The product having an anodic oxide film of 
a thickness of 3p thus obtained was red in color. 

Alternatively, the anodized alloy was subjected to an 
electrolytic coloring treatment at the same rate in the 
same cell using an aqueous solution containing 5 g/1 
stannous sulfate, 10 g/1 ferrous sulfate, 8 g/l hydrazine 
sulfate, 8 g/l tartaric acid and 10 g/l sulfuric acid. The 
temperature of the solution was 25 C., and the alternat 
ing current voltage applied was 18 V. The product 
having an anodic oxide film of the same thickness thus 
obtained was amber in color. 

EXAMPLE 3 

In this example, the coloring treatment procedure 
was repeated using the same anodizing and coloring 
conditions as in the preceding Examples except that an 
alternating current voltage of 10 to 50 V was applied to 
the electrode plate 2 instead of applying a direct current 
voltage. Similar results were obtained. 

In another example of the process of the invention 
using an apparatus as shown in FIG. 2, an alternating 
current voltage is applied between an electrode plate 21 
and an electric power supply element 31 which are 
disposed within an anodic oxidation treatment cell 11 
and between an electrode plate 5, and the electric 
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4 
power supply element 3 which are disposed within an 
electrolytic coloring cell 4. 
A strip 6 would on an uncoiler (not shown) is un 

wound and is subjected to the same pretreatment as 
described above. The strip thus pretreated is contacted 
by the supply element 3 to charge it positively, and the 
charged strip is passed through the cell 11 at any appro 
priate rate to anodize it. The anodized strip is then 
passed through the cell 4 to color it. Thereafter, the 
colored strip is washed with water and wound up on a 
recoiler (not shown). 

EXAMPLE 4 

In this example, the apparatus shown in FIG, 2 was 
used. An aluminum alloy (5052 - H32) was anodized at 
a rate of 4 m/min. in an aqueous solution containing 100 
g/l oxalic acid in the electrolytic cell 1 including an 
electrode plate 21 made of aluminum. The temperature 
of the solution was 40 C., and the alternating current 
voltage applied was 30 V. Then, the anodized alloy was 
electrolytically colored in the electrolytic cell 4 includ 
ing an electrode plate 51 made of carbon using an aque 
ous solution containing 3 g/l stannous sulfate, 20 g/l 
cobalt sulfate, and 5 g/l cresol sulfonate. The tempera 
ture of the solution was 25 C., and the alternating cur 
rent voltage applied was 30 V. When treating times of 
30 seconds, 2 minutes and 8 minutes were used, the 
products having an anodic oxide film of a thickness of 
4u thus obtained were stainless, bronze and black in 
color, respectively, 

In an example using an apparatus as shown in FIG. 3, 
a direct current voltage is applied between an electrode 
plates 22 and 221, which are respectively disposed within 
two anodic oxidation treatment cells 12 and 22 1 a 

negatively charging cell 2 and an anodic oxidation treat 
ment cell 121 (which contain an electrolytic solution 
having the same composition as that of the solution in 
the electrolytic cell 1), and an alternating current volt 
age is applied between the electrode plate 22 and an 
electrode plate 52 disposed within an electrolytic color 
ing cell 42 (which contains an electrolytic solution hav 
ing the same composition as that of the solution in the 
electrolytic cell 4). 
A strip 6 wound on an uncoiler (not shown) is un 

wound and is subjected to the afore-mentioned pretreat 
ment. The strip thus pretreated is passed through the 
electrolytic cell 12 at any appropriate rate to charge 

it negatively and then passed through the electro 
lytic cell 121 (both the electrolytic cells 12 and 112 
containing an electrolytic solution having the same 
composition as that of the solution in the electrolytic 
cell 1) to anodize it under the same anodizing conditions 
as those in the electrolytic cell 1. Then, the anodized 
strip is subjected to an electrolytic treatment under the 
same coloring conditions as those in the electrolytic cell 
4 while being passed through the electrolytic cell 42. 
Results similar to those of the Examples using the appa 
ratus shown in FIG. 1 are obtained. Thereafter, the 
colored strip is washed with water and wound up on a 
recoiler (now shown), 

In still another example using the apparatus shown in 
FIG. 4, an anodic oxidation treatment cell 13 (which 
contains an electrolytic solution having the same com 
position as that of the solution in the cell 1) is divided 
into two compartments 9 and 91 i.e. a negatively 
charging compartment 9 and an anodizing compartment 
9, by means of a diaphragm 8 with a slit 7. A direct 
current voltage is applied between electrode plates 23 
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and 23 which are respectively disposed within the com 
partments 9 and 91, and an alternating current voltage is 
applied between the electrode plate 23 and an electrode 
plate 53 disposed within an electrolytic coloring cell 43 
(which contains an electrolytic solution having the 
same composition as that of the solution in the cell 4). 
A strip 6 wound on an uncoiler (not shown) is un 

wound and is then subjected to the pretreatment de 
scribed in Example 1. The pretreated strip is passed 
through the compartment 9 in the electrolytic cell 
13 (the electrode plates 23 and 231 being made of alumi 
num) at any appropriate rate to charge it negatively and 
subsequently passed through the compartment 91 to 
anodize it under the same anodizing conditions as those 
in the cell 1. The anodized strip is then passed through 
the electrolytic cell 43 to color it under the same color 
ing conditions as those in the electrolytic cell 4. Results 
similar to those in Example 4 are obtained. The colored 
product is washed with water and wound up on a re 
coiler (not shown). 

In a further example using the apparatus shown in 
FIG. 5, an anodic oxidation treatment cell 14 is divided 
into two compartments 92 and 921 i.e. a negatively 
charging compartment 92 and an anodizing compartment 
921, by means of a diaphragm 81 with a slit 71. An AC 
superimposed direct current from its sources G is ap 
plied between electrode plates 24 and 241 which are each 
disposed within the compartments 92 and 921 and be 
tween the electrode plate 24 and an electrode plate 54 
disposed within an electrolytic coloring cell 44. 
A strip 6 wound on an uncoiler (not shown) is un 

wound and is subjected to the pretreatment as described 
in Example 1. The pretreated strip is passed through the 
compartment 92 in the electrolytic cell 14 at any 
appropriate rate to charge it negatively and subse 
quently passed through the compartment 921 to anodize 
it. The anodized strip is then passed through the electro 
lytic cell 44 to color it. The colored strip is washed with 
water and wound up on a recoiler (not shown). 

EXAMPLE 5 

In this example the apparatus shown in FIG. 5 was 
used. An aluminum alloy (1050 - H24) was anodized at 
a rate of 3 m/min. in an aqueous solution containing 100 
g/l oxalic acid in the electrolytic cell 14 including 
the electrode plates 24 and 24 made of aluminum. The 
temperature of the solution was 30 C, and the super 
posed current voltage applied was composed of an al 
ternative current voltage of 20 V and a direct current 
voltage of 5 V. The anodized alloy was electrolytically 
colored in the electrolytic cell 44 including an electrode 
plate 54 made of carbon using an aqueous solution con 
taining 5 g/l stannous sulfate, 10 g/l sulfuric acid, and 5 
g/l phenolsulfonic acid. The alternating current voltage 
used was 25 V. When treating times of 1, 1 and 3 min 
utes were used, a product having an anodic oxide film of 
a thickness of 5u obtained was olive, amber and bronze 
in color, respectively. 
Each colored strip was then washed with water and 

wound up on a recoiler with or without a sealing treat 
ment depending on the end use. 

Before winding up by a recoiler, the strip product 
may be coated with a thermosetting resin by means of 
various coating methods such as dipping, electrodeposi 
tion, blowing, electrostatic coating, power coating and 
roll coater coating and dried and baked to give a col 
ored aluminum material having an excellent corrosion 
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6 
resistance and weather resistance. As a paint, a powder 
paint drying at normal temperature may be used. 
The aluminum material produced according to the 

process of the present invention is processed into build 
ing materials E. as a lengthy spandrel, panel and ceil 
ing material for use in an outer or inner covering of a 
building, shop or house. The aluminum material may be 
laminated with a refractory board, iron plate or veneer 
plate to produce a composite material usable as a quality 
wall material. Further, the aluminum material may be 
used as a name plate and a decorative cover of electrical 
instruments. 
We claim: 

1. A process for electrolytically treating aluminum 
or its alloy in the form of a strip, wire or foil material in 
a continuous manner which comprises continuously 
passing the material through an anodic oxidation treat 
ment cell and an electrolytic coloring cell to carry out 
electrolysis in said cells to anodize and color the mate 
rial in a continuous manner, characterized in that just 
prior to the anodizing stage, a circuit is formed by com 
monly connecting to the aluminum material a power 
source for anodizing and a power source for electrolyti 
cally coloring, said power source for anodizing being 
further connected to the anodizing cell and said power 
source for electrolytically coloring being further con 
nected to the electrolytic coloring cell; said power 
source for anodizing being DC and the power source 
for electrolytically coloring being AC, or the power 
source for both of them being a single AC-superim 
posed direct current, whereby a current having an alter 
nating wave form rich in positive component is supplied 
to the electrode of the electrolytic coloring cell. 

2. The process according to claim 1 wherein the 
electrolytic coloring is carried out in a solution contain 
ing a tin salt. 

3. The process according to claim 1 wherein the 
electrolytic coloring is effected in a solution containing 
a tin salt and at least one member selected from the 
group consisting of nickel salts, cobalt salts, iron salts, 
magnesium salts, and zinc salts. 

4. The process according to claim 1 wherein the 
electrolytic coloring is carried out in a solution contain 
ing at least one member selected from the group consist 
ing of copper salts, selenium salts, manganese salts, and 
zirconium salts. 

5. The process according to claim 1 wherein a di 
rect current voltage is applied between an electric 
power supply element outside the anodic oxidation 
treatment cell and an electrode plate within said cell 
and an alternating current voltage is applied between 
said element and an electrode plate within the electro 
lytic coloring cell. 

6. The process according to claim 1 wherein two 
anodic oxidation treatment cells are used, a direct cur 
rent voltage being applied between electrode plates 
contained respectively in said two cells, an alternating 
current voltage being applied between one of said plates 
and an electrode plate in the electrolytic coloring cell. 

7. The process according to claim 1 wherein the 
anodic oxidation treatment cell is divided into two com 
partments by a diaphragm with a slit, a direct current 
voltage being applied between electrode plates con 
tained in said compartments, an alternating current 
voltage being applied between one of said plates and an 
electrode plate in the coloring cell. 

8. The process according to claim 1 wherein the 
anodic oxidation treatment cell is divided into two com 
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partments by a diaphragm with a slit, an AC-superim 
posed direct current voltage being applied between 
electrode plates respectively in said compartments and 
an electrode plate in the coloring cell. 

9. A process according to claim 1, wherein the 
aluminum material is charged with a current having an 
alternating wave form rich in cathodic component in 
the electrolytic coloring cell. 

10. A process for electrolytically treating aluminum or 
its alloy in the form of a strip, wire or foil material in a 
continuous manner which comprises continuously passing 
the material first through a negatively charging cell, then 
through an anodic oxidation treatment cell and finally 
through an electrolytic coloring cell, each cell containing 
therein an electrolytic solution and comprising an electrode 
immersed in the electrolytic solution, wherein a circuit is 
formed by commonly connecting to the electrode in the 
negatively charging cell a power source for anodizing and a 
power source for electrolytically coloring, said power source 
for anodizing being further connected to the electrode in 
the anodic oxidation treatment cell and said power source 
for electrolytically coloring being further connected to the 
electrode of the electrolytic coloring cell, said power source 
for anodizing being DC and the power source for electrolyt 
ically coloring being AC, or the power source for both of 
them being a single AC-superimposed DC, whereby a cur 
rent having an alternative wave form rich in positive com 
ponent is supplied to the electrode of the electrolytic color 
ing cell, and the aluminum material is negatively charged 
through the electrolytic solution in the negatively charging 
cell, anodized in the anodic oxidation treatment cell and 
colored in the electrolytic coloring cell. 

II. The process according to claim 10, wherein the elec 
trolytic solution in the electrolytic coloring cell contains a 
tin salt. 

2. The process according to claim 10, wherein the elec 
trolytic solution in the electrolytic coloring cell contains a 
tin Salt and at least one member selected from the group 
consisting of nickel salts, cobalt salts, iron salts, magne 
sium salts, and zinc salts. 

13. The process according to claim 10, wherein the elec 
trolytic solution in the electrolytic coloring cell contains at 
least one member selected from the group consisting of 
copper salts, selenium salts, manganese salts and zirco 
nium salts. 

14. The process according to claim 10, wherein the alu 
minum material is charged with a current having an alter 
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8 
native wave form rich in cathodic component in the electro 
lytic coloring cell. 

5. A process for electrolytically treating aluminu in or 
its alloy in the form of a strip, wire or foil material in a 
continuous manner which comprises continuously passing 
the material through an anodic oxidation treatment cell 
comprising a negatively charging compartment and an 
anodizing compartment separated from each other by a 
diaphragm with a slit for passing the aluminum material 
and then through an electrolytic coloring cell, each of said 
negatively charging compartment, anodizing compartment 
and electrolytic coloring cell containing an electrolytic 
solution and comprising an electrode innersed in the 
electrolytic solution, wherein a circuit is formed by coin 
monly connecting to the electrode in the negatively charg 
ing compartment a power source for anodizing and a power 
source for electrolytically coloring, said power source for 
anodizing being further connected to the electrode in the 
anodizing compartment, said power source for electrolyti 
cally coloring being further connected to the electrode in 
the electrolytic coloring cell, said power source for anodiz 
ing being DC and the power source for electrolytically 
coloring being AC, or the power source for both of then 
being a single AC-superimposed DC, whereby a current 
having an alternative wave form rich in positive component 
is supplied to the electrode of the electrolytic coloring cell, 
and the aluminin material is negatively charged through 
the electrolytic solution in the negatively charging compart 
ment, anodized in the anodizing compartment and colored 
in the electrolytic coloring cell, 

16. The process according to claim 15, wherein the elec 
trolytic solution in the electrolytic coloring cell contains a 
tin salt. 

17. The process according to claim 15, wherein the elec 
trolytic solution in the electrolytic coloring cell contains a 
tin salt and at least one member selected from the group 
consisting of nickel salts, cobalt salts, iron salts, magne 
sium salts, and zinc salts. 

18. The process according to claim 15, wherein the elec 
trolytic solution in the electrolytic coloring cell contains at 
least one member selected from the group consisting of 
copper salts, selenium salts, manganese salts and zirco 
nium salts. 

19. The process according to claim 15, wherein the alu 
minum material is charged with a current having an alter 
native wave form rich in cathodic component in the electro 
lytic coloring cell. 

h 


