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[57] ABSTRACT

Colored oxide coatings from yellow to brown on alu-
minum or aluminum alloy are formed by an anodic 0x-
idation with an aqueous solution of 0.5 — 10.0 percent
by weight. of oxalic acid and 0.05 — 4.0 percent by
weight of an ammonium salt, a metal acetate or a
metal nitrate.
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METHOD FOR FORMING A COLORED COATING
ON ALUMINOUS MATERIALS

The present invention relates to a method for form-
ing a colored oxide coating on the surfaces of alumi-
num or aluminum alloy materials and particularly a
method for forming a colored oxide coating having a
broad yellowish color tone on aluminum or aluminum
alloy materials by an anodic oxidation.

In the specification, aluminum or aluminum alloys
are referred to as merely ‘‘aluminous material(s).”

Recently, aluminous building materials have been
utilized broadly, because aluminous materials have ex-
cellent abrasion resistance and weather resistance and
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The present invention aims to solve the above de-
scribed deficiencies and provides a method for produc-
ing colored oxide coatings of aluminous materials
wherein colored oxide coatings of aluminous materials
having a broad yellowish color tone are formed by an
anodic oxidation using ‘an electrolytic bath having a
simple composition.

For the practice of the method of the present inven-
tion, firstly, an aluminous material to be treated is de-
greased with an aqueous solution of sodium hydroxide
and then washed with water and successively neutral-
ized in an aqueous solution of nitric acid and then
washed with water. Then, the thus treated aluminous
material is subjected to an anodic oxidation with direct

fulfill the requirements desired of building materials 15 current by using an aqueous solution containing 0.5 —
and have a beautiful appearance and a broader color- 10.0 percent b.y weight of ox'alxc acid and 0.05 - 4.0
ation range than the other metal materials. percent by weight of ammonium salt, 0.05 - 1.5 per-
However, it can be said that, while the coloration ~ cent by weight of acetate or 0.05 - 0.7 percent by
range of aluminous materials is broader than that of the =~ Weight of nitrate as an electrolytic bath. N
other metal materials it is not always possible to color 20  In this case, the above limitation of the composition
such aluminous materials in various color tones to the  ©f the electrolytic bath is based on the following rea-
maximum desired extent. Thus, various investigations son. - A ) ) )
have been made to widen the color tone but a satisfac- The addition of oxalic acid serves to improve the
tory method which can color the aluminous materials electric conductivity of the bath and facilitate the elec-
to the color tones desired by the user and particularly 25 trolysis, whereby the yellow oxide coating is formed on
to a broad range of yellowish color, has never hereto- aluminous materials. This hgs been previously known
fore been developed. Among the processes known for as shown in the above described first process. Accord-
coloring aluminous materials yellow are the following ingly, for the same reasons as in the above first process,
features: : oxalic acid is added as an essential component of the
1. Oxalic acid is used as.an electrolytic bath. 30 bath, i.e., in order to obtain the yellow color tone and
2. Anodic oxidation is effected in an electrolytic bath &t least 0.5 percent of oxalic acid is necessary to gener-
containing an aromatic sulfonic acid and sulfuric acid ate the yellow color; when the amount of oxalic acid is
or a metal sulfate. : larger than 10.0 percent, the dissolution of such an
3. An aluminous material is previously subjected to amount of oxalic acid is difficult at room temperature.
an anodic oxidation and then applied with an alternate 35 The addition of ammonium salts, acetates or nitrates
current in an electrolytic bath containing a metal salt. serves to widen the color range of the oxide coating on
In any of the above known processes, the obtained aluminous materials and to obtain an yellowish color .
range of the color tones is narrow and for example, in tone and these salts improve the luminosity. An amount
the above described first process which is the most  less than the lower limit cannot develop the effect of
practical process among these known processes, the 40 addition, while even if amounts more than the upper
color tone of the obtained oxide coating is of a very limits are added, the effect of coloration does not vary.
narrow-range and even if the thickness of oxide coating It has been found that these ranges can provide colored
or the quality of aluminous materials is varied, the re- oxide coatings of a broad color tone from yellow to
markable variation in color cannot be obtained. Ac- 45 greyish yellow. R :
cordingly, colored oxide coatings having the broad yel- _AS an ammonium salts, use can.be made of ammo-
lowish color tone required by the user, have not hereto- ~ nium phosphate and ammonium dichromate.
fore been obtained. As acetates, use can be made of manganese acetate
The above described second and third processes can and chfomlum acetate. o
provide oxide coatings having a relatively broad color _ As nitrates, use can be made of ferric nitrate and
tone but the second process uses an electrolytic bath chromlum.mtrate. N o .
consisting mainly of an aromatic sulfonic acid which is The optimum conditions when aluminous materials
a specific chemical and therefore the electrolytic bath are treated by defining the bath composition to the
" is expensive. In the third process, after the usual anodic above range are as follows:
Bath
Base Metal salt  Current Current Voltage temper- Time
solution type density (V) ature (min.)}
(Aldm?) (°C)
Oxalic. Ammonium  Direct 0.05-3 5-160 10-40 10-120
acid salt
Acetate do. 0.5-3 5-130  10-40  10-120
Nitrate do. 0.5-5 5-150 0-50  10-120

oxidation, an alternating current must be applied and
consequently there are problems in view of productiv-
ity and cost.

It is assumed that in the above described bath compo-
sition, oxalic acid contributes to the hue of the oxide
coatings and that the metal salts provide an auxiliary
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contribution. Furthermore, it is assumed that the metal
salts mainly contribute to the luminosity range of the
colored oxide coating.

The following examples are given for the purpose of
illustration of this invention and are not intended as
limitations thereof.

Example 1

An aluminous material 1,100 was immersed in 7.5
percent by weight of an aqueous solution of sodium hy-
droxide at 80°C for 30 seconds and washed with water
and then the thus treated aluminous material was im-
mersed in 10 percent by weight of an aqueous solution
of nitric acid to effect neutralization and washed with
water. .

The thus pretreated aluminous material was anodized
as an anode in an electrolytic bath of an aqueous solu-
tion containing oxalic acid and stannous sulfate as
shown in the following Table 1 at a temperature of
20=£1°C, with a direct current of a current density of 2
A/dm? and a voltage of 30 - 105 V for 60 minutes to
obtain colored oxide coatings showing greyish yellow
as shown in Table 1.

Table 1
Composition of )
electrolytic bath Voltage Thickness
(% by weight). (V) of coating Color tone*
Oxalic  Stannous ()
acid  sulfate
! 0.05 65-105 30 7.5GY 4.8/1.6
_ 0.1 60-85 29 26G 4.6/19
0.1 55-75 31 4.2 GY 5.4/1.7
3 0.3 45-65 29 75GY 4.7/1.6
0.5 40-55 28 6.1 GY. 4.2/1.6
5 0.75 35-45 30 4.6 GY 5.5/1.5
1.0 35-40 30 50GY 4.9/1.6
10 1.5 30-35 31 7.0 GY 6.2/1 .4
2.0 30-33 30 6.9 GY 6.2/1.4

*Munsell notation

When ferrous sulfate was used instead of stannous
sulfate, the similar results were obtained.

Example 2

The same aluminous material as used in Example 1
was pretreated in the same manner as described in Ex-
ample 1. The pretreated material was anodized as an
anode in an electrolytic bath of an aqueous solution
containing oxalic acid and titanium sulfate as shown in
the following Table 2 at a temperature of 20%1°C with
a direct current of a current density of 2 A/dm? and a
voltage of 30 - 95 V for 60 minutes to obtain colored
oxide coatings showing greyish yellow as shown in
Table 2.

Table 2
Composition of
electrolytic bath Voltage Thickness .
(% by weight) (V) of coating Color tone*
Oxalic  Titanium (n)
acid suifate
1 0.05 60-95 28 4.8 GY 4.7111.7
0.1 55-75 29 49G 4.5/1.8
3 0.05 55-70 30 5.5GY 5.6/2.0
) 0.5 40-45 28 7.3GY 4.1/1.8
5 0.75 35-45 30 7.8 GY 5.0/1.7
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Table 2-Continued

Composition of

electrolytic bath Voltage Thickness .
(% by weight) (V) of coating Color tone*
Oxalic  Titanium (p)
acid sulfate
7.5 0.75 35-40 27 02G 5.8/14
1.0 35-37 31 022G 5.6/14
10.0 1.0 30-35 013G 6014
L5 3033 31 1SG 6012
*Munsell notation
Example 3

The same aluminous material as used in Example 1
was pretreated in the same manner as described in Ex-
ample 1. The pretreated material was anodized as an
anode in an electrolytic bath of an aqueous solution
containing oxalic acid and manganese sulfate as shown
in the following Table 3 at a temperature of 20+2°C
with a direct current of a current density of 2 A/dm?
and a voltage of 30 - 85 V for 60 minutes to obtain col-
ored oxide coatings having a color tone ranging from
amber to brown as shown in Table 3.

Table 3
Composition of Thick-
electrolytic bath Voltage ness of
(% by weight) (V) coating Color tone*
Oxalic  Manganese ()
acid sulfate
1 0.10 60-85 30 25G4.4/1.6
1 0.20 55-75 31 4G 4.0/20
2 0.20 55-74 30 93 GY 4.2/1.7
2 0.25 45-67 30 9.00GY 4.0/1.9
3 0.25 40-58 30 8.0GY 4.5/1.7
3 0.50 40-48 32 7.5GY 4.1/1.9
35 0.25 40-60 31 50GY 4217
3.5 0.50 40-54 32 6.8 GY 4.0/1.8
3.5 -0.75 40-48 32 7.2GY 4.1/1.8
4.0 0.25 40-63 29 29GY 6.8/1.3
4.0 0.50 40-55 32 52GY 5.2/1.4
4.0 0.75 40-46 32 6.8 GY 4.8/1.5
5.0 0.10 40-69 31 20G6Y 7.2/1.2
5.0 0.25 40-65 31 3.8 GY 6.0/1.5
5.0 0.50 35-53 32 4.2 GY 5.4/1.6
5.0 0.75 35-48 32 45GY 5.4/1.4
10.0 0.50 30-46 32 30GY 74122
10.0 0.75 30-43 32 42GY . 7.0/1.2
10.0 1.00 30-45 30 6.6 GY 6.2/1.4
*Munsell notation
Example 4

In this example, the influence of the quality of alumi-
nous material upon-the color tone and thickness of the
resulting coating was examined. Various aluminous
materials as shown in the following Table 4 were anod-
ized as an anode in an electolytic bath of an aqueous
solution containing 3 percent by weight of oxalic acid
and 0.5 percent by weight of manganese sulfate at a
temperature of 20:+1°C with a direct current of a cur-
rent density of 2 A/dm? for 60 minutes to obtain a re-
sult as shown in Table 4.
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Table 4- Table 6-Continued
Alumi- Highest volt-  Thickness Composition of Thick-
“l‘l“'“ “at th c i Color tone* electrolytic bath Voltage ness of
alloy age at the of coating olor tone 5 o : : *
(AA) electrolysis () (% by weight) (V) coating Color tone
(V) Oxalic Ammonium ()
acid  dichromate
1100 48 32 74GY 4218 3 03 50-80 29 0.1GY 5.4/24
3003 22 30 3G 4.2/1.9 0.7 50-135 30 2.9°GY 5.8/1.7
5052 49 30 7.1 GY 4.6/1.6 10 - = . B/
6063 e e 13GY 5.8/1.4 1.5 100-150 31 1.0 GY 6.1/10.9
0.05 45-60 28 7.0Y 5.9/3.2
*Munscll rotation 0.3 45-60 28 . 74Y 59125
10 0.7 50-60 2% 7.1 Y 5.8/3.1
Example 5 s 1.5 50-85 29 9.1 Y 5.4/2.5
. . . 3.0 80135 31 4.6 GY 5.7/1.9
The same aluminous material as used in Example 1 e ot e
was pretreated in the same manner as described in Ex- * Munsell notation
ample 1. The pretreated material was anodized as an
anode in an electrolytic bath of an aqueous solution
containing oxalic acid and ammonium phosphate as 20 Example 7
shown in the following Table 5 at a temperature of The same aluminous material as used in Example 1
201 2C with a direct current of a current density of 2 was pretreated in the same manner as described in Ex-
A/drp anld a voltgge of 6Q - 150 V for 60 minutes to ample 1. The pretreated material was anodized as an
Obtim co _orc?rd gl’“dse coatings showing yellowish green ,5 anode in an electrolytic bath of an aqueous solution
as shown In fable . containing oxalic acid and manganese acetate as shown
Table 5 in the following Table 7 at a temperature of 20x1°C
‘ with a direct current of a current density of 2 A/dm?
Composition of Thick- and a voltage of 45 — 130V for 60 minutes to obtain
electrolytic bath Voltage ness of 1 . . . : -
(% by weight) V) coating Color tone* 30 colored oxide coatings having a color tone ranging
Oxalic  Ammonium (1) from yellow to dark yellowish green as shown in Table
acid phosphate 7
1 0.05 80-150 28 59 GY 5.2/1.5
0.1 85-140 30 7.7 GY 4.7/1.6 Table 7
0.1 60-85 30 27GY 5.4/3.0 35 ‘
0.3 70-85 .31 1.3 GY 5.2/2.2 Composition of Thick-
3 0.5 75-90 31 03 GY 5.3/23 eli/ctaolytié l;]ath “Voltage ness of )
oS 85.95 32 25GY 5.5/1.9 ( ( y weight) (Y) coating Color tone
Tan T TTesaa 3 7.4 GY 4.7/1.8 vo)guc Manganese (w)
5 15 80-90 29 28 GY 5.0/18 act acetate
T % 60-70 29 74Y s29 40 005 20120 2 STy 5519
] i 0.1 80-115 30 24 GY 5.7/1.8
*Munsell notation
0.3 85-130 30 4.4.GY 5.5/1.9
‘ 0.05 60-75 .29 73Y 5.8/2.7
Example 6 45 0.1 60-80 29 77Y 57127
The same aluminous material as used in Example 1 3 0.3 100-130 31 88Y 57727
was pretreated in the same manner as described in Ex- 0.5 110-130 31 5:1 GY 5.5/1-6
ample 1. The pretreated material was anodized as an 0.7 130 32 5.4 GY 5.4/1.2
; 3 H (constant)
anodq in an elqctrol.ytlc bath of an aqueous solution Lo o, 32 5.2 GY 5.6/0.6
containing oxalic acid and ammonium dichromate as 5
; . 0.05 50-60 28 72Y 57/3.1
shown in the following Table -6 at a temperature of
o o . ) 5 0.7 50-65 28 82Y 5.6/2.9
20+1°C with a direct current of a current density of 2 0 008 2iss = Ty sonh
A/dm? and a voltage of 50 - 150 V for 60 minutes to '7 0— . : 131
obtain colored oxide coatings having a color tone rang- 0. 30-60 - 28 3.6Y 5.6/3.2
ing from yellowish green to greyish yellow as shown in 55 .yuneent notation
Table 6. . :
Table 6
Example 8
Composition of _ Thick- . The same aluminous material as used in Example 1
electrolytic bath Voltage ness of . 90 was pretreated in the same manner as described in Ex-
(% by weight) (V) coating Color tone ! N N
Oxalic Ammoniom () ample 1 The pretreate;d material was anodized as an
acid  dichromate ' anode in an electrolytic bath of an aqueous solution
0.05 80-130 10 15GY 5.7/1.6 containing 0).(a11c acid and chromium acetate as shown
y o1 125-135 30 82GY 5.6/1.1_ g5 IN the following Taple 8. under the same conflmon and
0.3 70-80 28 6.9 BG 5.6/1.6 procedure as described in Example 1 to obtain colored
0.5 60-75 27 0.2B 52/1.8 oxide coatings having a color tone ranging from yellow
0.05 50-80 29 8.6 Y 5.6/2.7

to dark yellowish green as shown in Table 8.
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Table 8
Composition of Thick-
electrolytic bath Voltage ness of
(% bL'eig_m_ (V) coating Color tone*
" Oxalic Chro- (w)
mium
acid acetate
1 0.05 75-130 31 4 3 (JY 5 6/1. X
o 0.05 60-80 a0
() 1 60-80 30 9 () Y 5 6/2 6
3 0.3 60-80 30 85Y 5.6/2.7
05 es-110 3l 10GY 5.2/2.4
1.0 65-1035 31 10Y 54/25
5 0.05 55-70 28 5.1 GY 5.6/2.7
75 0.05 50-60 28 56Y 5.9/3.1
10.0 0.05 45-55 27 7.2Y 5.8/3.1
* Munsell notation
- Example 9

The same aluminous material as used in Example 1
was pretreated in the same manner as described in Ex-
ample 1. The pretreated material was anodized as an
anode in an electrolytic bath of an aqueous solution
containing oxalic acid and ferric nitrate as shown in the
following Table 9 at a temperature of 20+1°C with a

direct current of a current density of 2 A/dm? and a

voltage of 45 — 110 V for 60 minutes to obtain colored
oxide coatings showing greyish yellow as shown in

3

Table 9.
Table 9
Composition of Thick-
electrolytic bath Voltage ness of
(% by weight) (V) coating Color tone*
Oxalic Ferric ()
acid nitrate
1 0.05 70-110 28 6.4 GY 5.7/1.7
3 0.05 55-75 30 1.0 GY 5.7/2.4
0.1 60-80 29 2.6 GY 5.5/2.1
5 0.3 55-65 30 34GY 5.6/1.8
0.5 65-65 30 ‘3.4 GY 5.6/1.8
0.5 65-75 31 02G 4.9/1.5
7.5 0.5 45-55 31 25GY 5.9/19
10.0 0.75 45-50 29 25GY 5.8/19
* Munsell notation
Example 10

The same aluminous material as used in Example 1
was pretreated in the same manner as described in Ex-
ample 1. The pretreated material was anodized as an
anode in an electrolytic bath of an aqueous solution
containing oxalic acid and chromium nitrate as shown
in the following Table 10 at a temperature of 22+1°C
with a direct current of a current density of 2 A/dm?
and a voltage of 45 ~ 110 V for 60 minutes to obtain
colored oxide coatings showing greyish and yellowish
green as shown in Table 10. :

8
Table 10
Composition of
electrolytic bath - Voltage Thickness
5 (% by weight) (V) of coating - Color tone*
Oxalic Chro- ()
mium
acid nitrate
1 0.05 70-110 29 6.7 GY 5.7/1.8
o 3 0.05 60-75 29 19GY56/21
e M8 60-8O 30
LA B30 S0-60 28
10 0.50 45-50 28 1.2 GY 6.2/2.1
o 0.75 45-50 29 oGy ez
15 * Munsell notation
As described above, in the method of the present in-
vention, an aluminous material which has been previ-
ously degreased and washed with water is anodized in
2o @n electrolytic aqueous bath containing oxalic acid and
a metal salt to obtain a colored oxide coating. There-
fore, the method of the present invention has the fol-
lowing merits.
1. Electrolyte is mexpenswe
25 2. High techmque is not requlred

3. Efficiency is high.

4. Oxide coatings having a broad range of color tone
from yellow to brown can be obtained.

That is, the above merit (1) is that the electrolytic bath
30 is composed of usual chemicals and therefore the cost
is inexpensive, and the above merit (2) is that satisfac-
torily colored oxide coatings can be easily obtained by
using an electrolytic bath maintained at room tempera-
ture, and therefore the bath can be easily controlled.
Accordingly, in the method of the present invention,
aluminous materials can be treated in the same manner
as in the case of conventional anodic oxidation process.
Moreover, the oxidized coating obtained by the
method of the present invention is excellent in the cor-
rosion resistance, abrasion resistance and weather re-
sistance.

What is claimed is:

1. A method of producing colored oxide coatings
ranging from yellow.to brown on aluminum or alumi-
45 num alloy, which consists essentially of electrolytically

anodizing with direct current, an aluminum material
selected from the group consisting of aluminum and an
alloy thereof in an aqueous solution of 0.5 - 10.0 per-
cent by weight of oxalic acid and 0.05 - 4.0 percent by
5o Wweight of a salt selected from the group consisting of
ammonium phosphate, ammonium dichromate, 2 metal
acetate and a metal nitrate at a temperature of between
0° and 50°C; a voltage of between 5-160 volts; a cur-
rent densnty of between 0.05 - 5 A/dm?, and for a time
of between 10-120 minutes. :

2. A method as claimed in claim 1, wherein said ace-
tate is selected from the group consisting of manganese
acetate and chromium acetate.

3. A method as claimed in claim 1, wherein said
6o metal nitrate is selected from the group consisting of

ferric nitrate and chromium nitrate.

4. A method of producing colored oxide coatings
ranging from yellow to brown on aluminum or alumi-
num alloy, which consists essentially of electrolytically
anodizing with direct current, an aluminum material
selected from the group consisting of aluminum and an
alloy thereof in an aqueous solution of 0.5 ~ 10.0 per-
cent by weight of oxalic acid and 0.05 - 4.0 percent by

w
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weight of a salt selected from the group consisting of
ammonium phosphate, ammonium dichromate, man-
ganese acetate, chromium -acetate, ferric nitrate and
chromium nitrate at a temperature of between 0° and
50°C; a voltage of between 5-160 volts, a current den-
sity of between 0.05 - 5 A/dm?, and for a time of be-
tween 10-120 minutes.

5. A method as claimed in claim 4, wherein the

5
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amount of said ammonium salt is 0.05 - 4.0 percent by
weight. .
6. A method as claimed in claim 1, wherein the
amount of said acetate is 0.05 - 1.5 percent by weight.
7. A method as claimed in claim 4, wherein the
amount of said metal nitrate is 0.05 - 0.7 percent by
weight.

* * * * S



