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Description

BACKGROUND OF THE INVENTION

Filed of the Invention

[0001] The present invention relates to a surface treating method of surface treating aluminum or aluminum alloy.

Description of the Related Art

[0002] A method of surface treating aluminum or aluminum alloy is known comprising the steps of anodizing the
surface of a base material made from aluminum or aluminum alloy to develop an anodized layer and then applying an
alternating current voltage to the base material coated with the anodized layer and immersed in an electrolyte including
metallic salts to separate and deposit bits of metal over the anodized layer. This method is primarily intended to have
the surface of the base material tinted in a desired color.
[0003] Another method of surface treating aluminum or aluminum alloy is known comprising the steps of anodizing
the surface of a base material made from aluminum or aluminum alloy to develop an anodized layer, immersing the
base material coated with the anodize layer in a dispersion liquid which contains semiconductor particles for photo-
catalysis action, and carrying out an electrophoretic action to fill pores in the anodized layer of the base material with
the semiconductor particles. This method is generally intended to have the surface of the base material improved in the
resistance to microbial attack and pollution. Also proposed is such a surface treating method that the surface of the
anodized layer is protected with an anti-microbial metal such as silver or copper as well as the semiconductor particles.
This will improve the anti-microbial property of the base material.
[0004] However, each of the known surface treating methods allows the deposition of metal to be implemented by
electrolytic process (or the filling with semiconductor particles by electrophoresis) only after the anodized layer is de-
veloped on the surface of the base material. As the process for surface treating the base material is carried out by
necessarily two to three steps, it will take a considerable length of time and its fabricating system will be bulky and
intricate. As a result, the cost of the surface treatment will be increased.
[0005] Also, the base material made of aluminum or aluminum alloy is commonly coated with a fluorine resin for use
as e.g. an inner pot of a rice cooker or a hot plate. Since the fluorine resin layer is relatively low in the thermal conductivity,
its based kitchenware may suffer from a low level of the heatup efficiency. It is hence desired to improve the efficiency
of heatup (for cooking). It is further desired to have the base material improved in the resistance to microbial attack.
[0006] US-A-4,115,211 discloses a bath containing sulfuric acid and copper sulfate for the electrolyzation of an alu-
minum plate with superimposed AC/DC current. The bath containing sulfuric acid and copper sulfate is used for treating
the base material as a preprocess of coating in order to prevent the coated layer from peeling off. Also, this document
discloses that the bath contains soluble metallic salts of zinc, antimony, cadmium, chromium, cobalt, tin, iron, copper,
lead, nickel, bismuth, manganese, and molybdenum, but it makes no mention of the bath containing silver nitrate or
silver sulfate for the purpose of separating silver that has properties such as anti-microbial property and deodorant
property.
[0007] US-A-5,132,003 discloses the anodization of the surface of an aluminum substrate, and the deposition of metal,
i.e. copper and silver in the anodized layer by immersing the aluminum substrate that has the anodized layer in the
electrolyte. Also it discloses using a sulfate acid as a bath. However, the processes disclosed therein contains two steps,
which are the first step of developing an anodized layer (anodic oxidation coating) on the surface of the aluminum
substrate, and the second step of depositing metal (i.e. silver) in the anodized layer. Also, the process uses two baths,
which are the first bath for developing the anodized layer and the second bath for depositing metal. Accordingly, the
process is complicated and it takes a considerable length of time and its fabricating system is bulky and intricate.
[0008] US-A-4,230,758 discloses the anodization of the surface of an aluminum substrate, and having the fluorine
layer near the anodized layer. However, it does not disclose that the treatment of the aluminum substrate consists of
treating the fluorine layer in the electrolytic process.
[0009] US-A-3,929,593 discloses a method of forming a colored oxide film on an aluminum or aluminum alloy material
by electrolyzing the aluminum or aluminum alloy material used as one or each of the electrodes in an electrolytic bath
containing a metallic salt while applying a pulse voltage consisting of a plurality of unipotential pulses whose polarity is
reversed at every predetermined conduction time. The aluminum or aluminum alloy material may also be one that has
an oxide film previously formed thereon.
[0010] In EP-A-1002644, a process is provided for the manufacture of a support for a lithographic printing plate
precursor, the process comprising treating at least one surface of a metallic substrate with an aqueous solution comprising
a salt of a metal from Group IB, IIB, IVA, IVB, VB, VIA, VIB, VIIB or VIII of the Periodic Table whilst applying a constant
voltage or constant current. Methods are also disclosed for the manufacture of lithographic printing plate precursors
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which provide plates showing good resistance to abrasion, corrosion, staining and scumming, both on development and
on press. Additionally, the plates display excellent coating adhesion in image areas, together with very good exposure
latitude and solvent resistance.
[0011] US-A-3,892,636 discloses an aluminum or aluminum alloy coated with a colored oxide film, produced by
applying a direct current which changes polarity at a given frequency alternately, to each of two electrodes, one of which
is aluminum or aluminum alloy or both of with are aluminum or aluminum alloy, in an electrolytic bath containing a metal
salt to form a colored oxide film on one of the electrodes or both of the electrodes.

SUMMARY OF THE INVENTION

[0012] It is hence an object of the present invention to provide a method of surface treating aluminum or aluminum
alloy where a base material can be improved in the anti-microbial property, the deodorant property, the thermal con-
ductivity, and the electrical conductivity by a relatively simple manner.
[0013] It is another object of the present invention to provide a method of surface treating aluminum or aluminum alloy
where a base material coated with a granular resin can be improved in the anti-microbial property, the deodorant property,
the thermal conductivity, and the electrical conductivity by a relatively simple manner.
[0014] As a first aspect of the present invention, a method of surface treating aluminum or aluminum alloy is provided
comprising the steps as set forth in claim 1.
[0015] This method employs the electrolyte which consists mainly of a sulfuric acid bath, an oxalic acid bath, or a
mixture thereof with either silver nitrate, or silver sulfate, added and allows the base material immersed in the electrolyte
to be fed with an AC/DC combined current, so as to develop an anodized layer on the surface of the base material and
simultaneously deposit in the anodized layer silver separated from either the silver nitrate or the silver sulfate. Accordingly,
both the development of the anodized layer and the deposition of silver can be implemented by a single action of the
electrolytic process. This surface treating method can hence simplify and shorten the electrolytic process. Also, the cost
for surface treating the base material can be minimized.
[0016] As the base material processed by the surface treating method is protected with silver deposited in the pores
of its anodized layer, its anti-microbial property, deodorant property, thermal conductivity, and electrical conductivity can
successfully be improved while it is tinted in a favorable color. Also, as its anodized layer is reinforced, the base material
can have an adequate resistance to wear and a higher level of hardness. This allows the base material to be used as
a structural member or a traffic or transportation apparatus component.
[0017] This method allows the base material of aluminum or aluminum alloy to be first coated with at least partially,
partially or entirely, a fluorine resin and then subjected to the electrolytic process. While the base material is immersed
in the electrolyte it is fed with an AC/DC combined current. This electrolytic action allows the base material to be exposed
to the electrolyte through tiny voids provided in the granular resin material and thus have an anodized layer developed
on the surface thereof and simultaneously silver separated from the silver nitrate or silver sulfate.
[0018] As the base material processed by the surface treating method is protected with silver deposited on its anodized
layer, its anti-microbial property, deodorant property, thermal conductivity, and electrical conductivity can successfully
be improved.
[0019] A characteristic example of the granular resin is a fluorine resin layer. For example, the fluorine resin layer
may be applied on one side of the base material which is then subjected to the electrolytic process. This allows the base
material to be exposed to the electrolyte through the fluorine resin layer and thus have an anodized layer developed on
one side thereof and simultaneously silver from the silver nitrate or the silver sulfate deposited in the anodized layer.
Also, the anodized layer is developed on the other side of the base material and bound with the silver separated from
the silver nitrate or the silver sulfate. As is protected with the deposition of silver, the base material can successfully be
improved in the anti-microbial property, the deodorant property, the thermal conductivity, and the electrical conductivity.
The base material may be a pan (e.g. a cooker pan or frying pan), a pot (e.g. an inner pot of a rice cooker), a hot plate,
and any other tableware coated at one side with a fluorine resin layer

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a schematic view of a surface treating apparatus for implementing an embodiment of a surface treating
method according to the present invention; Fig. 2 is a partially enlarged cross sectional view schematically illustrating
an enlarged region of a base material processed by the surface treating apparatus shown in Fig. 1; Fig. 3 is a
partially enlarged cross sectional view schematically illustrating an enlarged region of another base material proc-
essed by the surface treating apparatus shown in Fig. 1; Fig. 4 is a diagram showing the result of an X-ray diffrac-
tometry on an aluminum surface of a base material plate of Example 15; and Fig. 5 is a diagram showing the result
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of an X-ray diffractometry on a fluorine resin surface of the base material plate of Example 15.

DETAILED DESCRIPTION OF THE PREFERED EMBODIMENTS

[0021] A method of surface treating aluminum or aluminum alloy according to the present invention will be described
in more detail referring to the accompanying drawings.
[0022] First, an embodiment of the method of surface treating aluminum or aluminum alloy is explained referring to
Figs. 1 and 2. Fig. 1 is a schematic view of a surface treating apparatus employed for carrying out the surface treating
method of the present invention. Fig. 2 is a partially enlarged cross sectional view generally showing a base material
processed by the surface treating apparatus shown in Fig. 1.
[0023] As shown in Fig. 1, the treating apparatus includes an electrolytic tub 2 of a rectangular parallelepiped shape
in which electrodes 4 and 6 are provided at both sides. Each of the electrodes 4 and 6 has four electrode plates 8 or 10
made of a carbon material and connected at equal intervals along the lengthwise direction or the left-to-right direction
in Fig. 1. The electrodes 4 and 6 are arranged electrically parallel to each other. The four electrode plates 8 of the
electrode 4 are connected electrically in series and equally the four electrode plates 10 of the electrode 6 are connected
in series.
[0024] A pair of base materials 12 and 14 to be surface treated are disposed between the two electrodes 4 and 6.
More specifically, the base material 12 is arranged opposite to and inwardly of the electrode 4 while the base material
14 is arranged opposite to and inwardly of the electrode 6. The base materials 12 and 14 may be made of a plate-like
material, namely aluminum or aluminum alloy of a plate shape. In the treating apparatus having the foregoing arrange-
ment, the base materials 12 and 14 of aluminum or aluminum alloy can be surface treated as will be described later in
more detail.
[0025] The electrolytic tub 2 is filled with an electrolyte for surface treating where the base materials 12 and 14 to be
treated are immersed. The electrolyte may be a sulfuric acid bath, an oxalic acid bath, or their mixture bath. The bath
is added with silver nitrate. The sulfuric acid bath contains, for example, 150 to 300 grams/liter of sulfuric acid. The oxalic
axis bath contains, for example, 20 to 40 grams/liter of oxalic acid. A dope of silver nitrate to be added to the bath may
be 2 t 10 grams/liter. If the silver nitrate is less than 2 grams/liter, the amount of separated silver during the surface
treating will be declined. If the silver nitrate exceeds 10 grams/liter, the anodized layer may produce more pits (due to
porous corrosion) hence resulting in a defective finish.
[0026] The silver nitrate may be replaced by silver sulfate. A dose of sliver sulfate to be added is preferably 2 to 10
grams/liter.
[0027] For carrying out an electrolytic process in the surface treating, the base materials 12 and 14 are loaded with
a current having an AC/DC combined waveform. In this embodiment, the positive port of a DC source 16 is electrically
connected to a reactor 18 while the negative port is electrically connected to the two electrodes 4 and 6(the electrode
plates 8 and 10 of). The reactor 18 is also electrically connected to an AC source 20. The reactor 18 combines the
positive DC current from the DC source 16 with the AC current from the AC source 20 to produce a combined current
which is supplied to the base materials 12 and 14.
[0028] The current for surface treating is set to such a level that its density ranges from 1 to 10 A/dm2. The current at
a desired density level in the range is continuously supplied for a predetermined length of time. If the current density
exceeds 10 A/dm2, the anodized layer developed by the surface treating may suffer from color change and burnout or
physical injury due to discharge at the interface between the base material 12 or 14 and its holder. When the current
density is smaller than 1 A/dm2, a flow of the current through the electrolyte will be declined thus decreasing the efficiency
of the surface treating.
[0029] The electrolyte during the surface treating may be maintained at a temperature ranging from -10 to 25 ˚C. If
the temperature exceeds 25 ˚C, the anodized layers developed on the base materials 12 and 14 become softened and
will be declined in the surface flatness. When the temperature of the electrolyte is smaller than -10 ˚C, the efficiency of
the surface treating will be declined thus increasing the overall cost.
[0030] Fig. 2 illustrates a finished surface of the base material 12 (14) surface treated by the surface treating apparatus
of this embodiment. As apparent from Fig. 2, an anodized layer 22 (an anodized aluminum layer) is developed on the
base material 12 (14) of aluminum or aluminum alloy. The anodized layer 22 consists mainly of a barrier layer 24
deposited on the surface of the base material 12 (14) and a porous layer 26 deposited on the surface of the barrier layer
24. The thickness of the barrier layer 24 is substantially 0.01 to 0.1 micrometer while the thickness of the porous layer
26 is substantially 10 to 200 micrometers.
[0031] As the surface treating has been completed, bits of metal are separated from the metal nitrate and deposited
in a multiplicity of pores 28 of the porous layer 26, more particularly silver from silver nitrate (or silver sulfate). As the
pores 28 of its porous layer 26 are filled with the separated metal 30, silver in this embodiment, the base material 12
(14) can be protected from microbial attack and contamination, thus improving the sanitary safety. Also, the anodized
layer 22 on the base material 12 (14) can be enhanced in the thermal conductivity and the electrical conductivity, hence
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improving the radiation of heat and the protection against static electricity. Moreover, the anodized layer 22 on the base
material 12 (14) allows the base material 12 (14) to have a higher level of hardness , thus improving the resistant to
wear. Particularly, when the anodized layer 22 is formed of a harder metal, the overall hardness and the resistant to
wear can be increased.
[0032] This particular surface treating method permits the base materials 12 and 14 of aluminum or aluminum alloy
to be favorably used for fabricating various products including tableware (tea cups, dishes, and mugs), aluminum kitch-
enware (bowls and containers), cooking aluminum foils, pots (cookers and frying pans), and kettles. Accordingly, the
efficiency of heatup in cooking can be improved while the safety in food sanitary is maintained.
[0033] Also, the surface treating method improves the thermal conductivity (or the radiation of heat) while increasing
the hardness of the anodized layer 22. As a result, the base materials are enhanced in the resistance to heat and wear
and can favorably be used for fabricating structural components (aluminum frameworks, doors, and walls) and traffic or
transportation components (structural parts of automobiles, air crafts, and ships) as well as the cooking hardware.
[0034] For the surface treating, the base material coated with a fluorine resin is immersed in the electrolyte and supplied
with the current as described above. Fig. 3 illustrates a result of the base material coated with a fluorine resin 32. More
specifically, developed on the base material 32 is an anodized layer 34 which consists mainly of a barrier layer 36 on
the surface of the base material 32 and a porous layer 38 on the surface of the barrier layer 36. Since the base material
32 is coated with the fluorine resin 40, it is less exposed to the electrolyte and allows the anodized layer 34 to be as thin
as 2 to 4 micrometers. The barrier layer 36 and the porous layer 38 thus stay within the thickness of 2 to 4 micrometers.
When the electrolyte contains silver nitrate (or silver sulfate), bits of silver from silver nitrate (or silver sulfate) are
separated and deposited in a multiplicity of pores 42 of the porous layer 38 of the anodized layer 34. At the same time,
the separated metal tends to move into the fluorine resin layer 40. Particularly, the fluorine resin layer 40 incorporates
grains of fluorine resin as shown in Fig. 3. There are continuous voids provided between the grains in the fluorine resin
layer 40. The surface of the base material 32 is hence exposed to the electrolyte through the voids. This allows the
anodized layer 34 developed over the base material 32 to become thin and bit of metal separated from the electrolyte
to be deposited in the pores 42 of the porous layer 38 and then in the voids of the fluorine resin layer 40. Regardless
of the fluorine resin film 40, the anodized layer 34 can be developed on the base material 32 thus increasing the hardness
and the resistance to wear of the base material 32. Simultaneously, the anodized layer 34 and the fluorine resin layer
40 are filled with the separated silver and can hence be increased in both the thermal conductivity and the electrical
conductivity. Accordingly, the radiation of heat can be improved while the protection against static electricity is guaranteed.
In addition, the base materials 12 and 14 and the fluorine resin layer 40 can be protected from microbial attack and
contamination, thus ensuring the sanitary safety.
[0035] This method allows aluminum or aluminum alloy coated with the fluorine resin film 40 to be favorably used for
fabricating various products including kitchenware pots (cookers and frying pans), bowls (inner container of rice cooker),
and hot plates. Accordingly, the efficiency of heatup in cooking can be improved while the safety in food sanitary is
maintained.
[0036] For example, as an inner container (or pot) of a rice cooker is fabricated by the fluorine resin coated aluminum
base material, its body (or pot body) is made of aluminum and coated at the inner side with the fluorine resin layer. When
the inner container (or pot) is surface treated, its inner side is exposed through the voids of the fluorine resin layer to
the electrolyte. This causes the inner side of the inner container (or pot) to be coated at the surface with a thin anodized
layer and simultaneously bits of metal to be separated from metal nitrate or metal sulfate in the electrolyte and deposited
in both the anodized layer and the fluorine resin layer. Also, as anticipated from the previous description, the outside of
the inner container (or pot) is exposed directly to the electrolyte and coated at the surface with a relatively thick anodized
layer in which bits of metal separated frommetal nitrate or metal sulfate in the electrolyte are deposited. Accordingly,
the inner container (or pot) of the rice cooler can be increased in the thermal conductivity and the efficiency of heatup
thus contributing to the higher efficiency of cooking (or heating).
[0037] The coating on the base material 32 is not limited to the fluorine resin layer 40 described above but may be
any appropriate granular resin layer (having continuous voids provided therein) such as phenol resin layer or acrylic
resin layer. Similarly, such a granular resin coated metal material can be subjected to the electrolytic process where an
anodized layer is developed on the base material and bits of metal (silver) separated from the electrolyte are deposited
in the granular resin layer.
[0038] The surface treating method allows the base material of aluminum or aluminum alloy to be coated with an
anodized layer and simultaneously bits of metal to be separated from metal nitrate or metal sulfate and deposited in the
anodized layer by a single electrolytic action. As a result, the electrolytic process can be simplified and shortened in the
time of action and the overall cost for surface treating the base materials can successfully be reduced. Moreover, as its
anodized layer is covered with the metal such as silver, the base material can be improved in the protection against
microbial attack, the deodorizing property, the thermal conductivity, and the electrical conductivity.
[0039] According to the surface treating method, the anodized layer is developed through the voids in the granular
resin layer provided at least partially on the base material and the bits of metal (silver) separated from metal nitrate or



EP 1 207 220 B1

6

5

10

15

20

25

30

35

40

45

50

55

metal sulfate are deposited in the voids. As a result, the base material coated with the granular resin layer can be
protected with the metal of silver in the anodized layer thus increasing the resistance against microbial attack, the
deodorizing property, the thermal conductivity, and the electrical conductivity.
[0040] According to the surface treating method, the anodized layer is developed through the fluorine resin layer
provided on one side of the base material and the bits of metal (silver) separated from metal nitrate or metal sulfate are
deposited in the anodized layer. The result, the base material coated with the fluorine resin anodized layer is developed
directly on the other side of the base material and bits of metal separated from metal nitrate or metal sulfate can be
deposited in the anodized layer.
[0041] The surface treating method includes two steps of immersing the base material coated with the granular resin
layer into a bath which contains sulfuric acid, oxalic acid, or their combination and electrolytic processing the same in
the electrolyte which contains either metal nitrate such as silver nitrate or metal sulfate such as silver sulfate. As a result,
an anodized layer can be developed on the base material coated with the granular resin layer while bits of metal separated
from metal nitrate or metal sulfate are deposited in the anodized layer.
[0042] The surface treating method allows the bits of metal separated from metal nitrate or metal sulfate to be deposited
in both the anodized layer and the granular resin layer which can thus be improved in the resistance against microbial
attack, the deodorizing property, the thermal conductivity, and the electrical conductivity.
[0043] In the surface treating method, the granular resin layer is selected from fluorine resin layer, phenol resin layer,
and acrylic resin layer which allow the base material to be exposed to the electrolyte through the voids therein for the
electrolytic process.
[0044] The surface treating method allows the base material of aluminum or aluminum alloy to be coated with the
anodized layer where bits of metal such as silver, hence improving the resistance against microbial attack, the deodorizing
property, the thermal conductivity, and the electrical conductivity. As a result, the base material can favorably be used
for fabricating cooking pots, containers, hot plates, kitchen hardware, kettles, and foils for lapping foods. Accordingly,
the safety of foods and cooked products can be enhanced and the efficiency for heatup and cooking can be improved.
Also, the anodized layer is developed through the granular resin layer over the base material of aluminum or aluminum
alloy while filled with bits of separated metal such as silver. As a result, the base material even when coated with the
granular resin layer can be improved in the resistance against microbial attack, the deodorizing property, the thermal
conductivity, and the electrical conductivity. Accordingly, the base material of aluminum or aluminum alloy can favorably
be used for fabricating kitchen hardware including pots (cookers) and containers (inner pot in rice cooker) . Also, the
safety of foods and cooked products can be enhanced while the efficiency for heatup is increased.
[0045] The surface treating method allows the anodized layer to be developed on the surface of the base material
which can thus be improved in the resistance to wear and the hardness. As the anodized layer has bits of metal separated
from metal nitrate or metal sulfate and deposited therein, its thermal conductivity or radiation of heat can be increased.
Accordingly, the base material can favorably be used for fabricating structural components and traffic or transportation
gears which are improved in the resistance to fire and wear and the hardness.

Examples and Comparisons

Example 1

[0046] For proving the advantage of the present invention, a process of surface treating a base material was conducted.
Example 1 was implemented by the surface treating apparatus shown in Fig. 1 where its electrolytic process was carried
out using an electrolyte which contained 200 grams/liter of sulfuric acid and 5 grams/liter of silver sulfate as the metal
sulfate. The base material was a plate of aluminum (A1050) having a size (100 mm long, 50 mm wide, and 1 mm thick).
The aluminum plate served as an anode (at the positive side) while a carbon electrode was a cathode (at the negative
side) . The temperature of the electrolyte was 5 ˚C. The ratio between AC and DC of an input AC/DC combined current
for the electrolytic process was 1:1 and the current density was 3.0 A/dm2. The electrolytic process was conducted
under the foregoing conditions for 30 minutes. A resultant anodized layer developed on the surface of the base material
was measured and its surface tint was examined.

Example 2 (comparative)

[0047] Example 2 of the electrolytic process was carried out using an electrolyte which contained 200 grams/liter of
sulfuric acid and 5 grams/liter of copper sulfate as the metal sulfate. The base material was identical to that of Example
1. The electrolytic process was conducted under the same conditions as those of Example 1. A resultant anodized layer
developed on the surface of the base material was measured and its surface tint was examined.
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Example 3

[0048] Example 3 of the electrolytic process was carried out using an electrolyte which contained 150 grams/liter of
sulfuric acid and 5 grams/liter of silver nitrate as the metal nitrate. The base material was identical to that of Example
1. The electrolytic process was conducted under the same conditions as those of Example 1. A resultant anodized layer
developed on the surface of the base material was measured and its surface tint was examined.

Example 4 (comparative)

[0049] Example 4 was implemented by the surface treating apparatus shown in Fig. 1 where its electrolytic process
was carried out using an electrolyte which contained 230 grams/liter of sulfuric acid and 2 grams/liter of copper nitrate
as the metal nitrate. The base material was an aluminum (A1050) woven fabric having a size (200 mm long, 200 mm
wide, and 1.0 mm thick) . The aluminum fabric served as an anode (at the positive side) while a carbon electrode was
a cathode (at the negative side). The temperature of the electrolyte was 20 ˚C. The ratio between AC and DC of an
input AC/DC combined current for the electrolytic process was 2: 1 and the current density was 2.0 A/dm2. The electrolytic
process was conducted under the foregoing conditions for 30 minutes. A resultant anodized layer developed on the
surface of the base material was measured and its surface tint was examined.

Example 5

[0050] Example 5 was implemented by the surface treating apparatus shown in Fig. 1 where its electrolytic process
was carried out using an electrolyte which contained 230 grams/liter of sulfuric acid and 10 grams/liter of silver sulfate
as the metal sulfate. The base material was an aluminum alloy plate (ADC12) having a size (70 mm long, 150 mm wide,
and 5 mm thick). The aluminum plate served as an anode (at the positive side) while a carbon electrode was a cathode
(at the negative side). The temperature of the electrolyte was 15 ˚C. The ratio between AC and DC of an input AC/DC
combined current for the electrolytic process was 1:1 and the current density was 4.0 A/dm2. The electrolytic process
was conducted under the foregoing conditions for 30 minutes. A resultant anodized layer developed on the surface of
the base material was measured and its surface tint was examined.

Example 6

[0051] Example 6 was implemented by the surface treating apparatus shown in Fig. 1 where its electrolytic process
was carried out using an electrolyte which contained 250 grams/liter of sulfuric acid and 10 grams/liter of silver nitrate
as the metal nitrate. The base material was an aluminum plate (A2024) having a size (50 mm long, 150 mm wide, and
0.8 mm thick). The aluminum plate served as an anode (at the positive side) while a carbon electrode was a cathode
(at the negative side). The temperature of the electrolyte was 5 ˚C. The ratio between AC and DC of an input AC/DC
combined current for the electrolytic process was 1:1 and the current density was 3.0 A/dm2. The electrolytic process
was conducted under the foregoing conditions for 60 minutes. A resultant anodized layer developed on the surface of
the base material was measured and its surface tint was examined.

Example 7

[0052] Example 7 was implemented by the surface treating apparatus shown in Fig. 1 where its electrolytic process
was carried out using an electrolyte which contained 150 grams/liter of sulfuric acid and 10 grams/liter of silver nitrate
as the metal nitrate. The base material was an aluminum (A3004) inner pot of a rice cooker (coated at the inner side
with a fluorine resin layer) . The aluminum inner pot served as an anode (at the positive side) while a carbon electrode
was a cathode (at the negative side). The temperature of the electrolyte was 5 ˚C. The ratio between AC and DC of an
input AC/DC combined current for the electrolytic process was 1:1 and the current density was 3.0 A/dm2. The electrolytic
process was conducted under the foregoing conditions for 30 minutes. A resultant anodized layer developed on the
surface of the base material was measured and its surface tint was examined.

Example 8

[0053] Example 8 was implemented by the surface treating apparatus shown in Fig. 1 where its electrolytic process
was carried out using an electrolyte which contained 150 grams/liter of sulfuric acid and 10 grams/liter of silver nitrate
as the metal nitrate. The base material was an aluminum plate (A6063) having a size (50 mm long, 100 mm wide, and
1 mm thick). The aluminum plate served as an anode (at the positive side) while a carbon electrode was a cathode (at
the negative side). The temperature of the electrolyte was 5 ˚C. The ratio between AC and DC of an input AC/DC
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combined current for the electrolytic process was 1:1 and the current density was 3.0 A/dm2. The electrolytic process
was conducted under the foregoing conditions for 50 minutes. A resultant anodized layer developed on the surface of
the base material was measured and its surface tint was examined.

Comparison 1

[0054] Comparison 1 was implemented by the surface treating apparatus shown in Fig. 1 where its electrolytic process
was carried out using an electrolyte which contained 200 grams/liter of sulfuric acid (which excluded either metal nitrate
or metal sulfate). The base material was an aluminum plate (A1050) having a size (100 mm long, 150 mm wide, and 1
mm thick). The aluminum plate served as an anode (at the positive side) while a carbon electrode was a cathode (at
the negative side). The temperature of the electrolyte was 5 ˚C. The ratio between AC and DC of an input AC/DC
combined current for the electrolytic process was 1:1 and the current density was 3.0 A/dm2. The electrolytic process
was conducted under the foregoing conditions for 30 minutes. A resultant anodized layer developed on the surface of
the base material was measured and its surface tint was examined.

Thickness and Tint of Anodized Layer

[0055] Table 1 below indicates resultant measurements of the thickness and the tint of the anodized layers developed
on the base materials in Examples 1 to 8 and Comparison 1.

[0056] As apparent from Table 1, the anodized layers developed on the base materials in Example 1 and Examples
3 to 8 are tinted in gold, yellowish brown, or purple brown. Those colors imply the deposition of metal such as silver or
copper from metal nitrate or metal sulfate which was clearly viewed. Comparison 1 employs neither metal nitrate nor
metal sulfate and contain no metal to be separated. As a result, the anodized layer appears nearly colorless indicating
no deposition of metal.

Thermal Conductivity Test

[0057] Some tests were conducted for examining the thermal conductivity . Example 9 was implemented under the
same conditions as of Example 1 using an aluminum plate (A1050) which was properly sized (100 mm long, 50 mm
wide, and 1 mm thick) and provided as the base material. As a result, the base material in Example 9 had an anodized
layer of 4 mm thick developed on the surface thereof and its thermal conductivity was measured. Example 10 was
implemented under the same conditions using a base material identical to that of Example 9. As a result, an anodized
layer of 25 mm thick was developed on the base material. Similarly, Example 11 was implemented under the same
conditions using a base material identical to that of Example 9. As a result, an anodized layer of 50 mm thick was
developed on the base material. Both the base materials or test piece plates of Examples 10 and 11 were measured in
the thermal conductivity. Resultant measurements are listed in Table 2.
[0058] Comparison 2 for measuring the thermal conductivity was implemented using an aluminum plate (A1050)
identical to that of Example 9. Similarly, Comparison 3 for measuring the thermal conductivity was implemented using

Table 1 ]

Thickness (mm) Tint

Example 1 30 Brilliant gold

Example 2 (comparative) 30 Brownish green

Example 3 30 Brilliant gold

Example 4 (comparative) 15 Dull gold

Example 5 30 Dull dark yellow

Example 6 50 Dull purple brown

Example 7 (inside) - Not changed

(Outside) 30 Yellowish brown

Example 8 50 Dull yellowish brown

Comparison 1 30 Nearly colorless
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an aluminum plate (identical to that of Example 9) coated with a hard anodized aluminum layer of 50 mm thick (an
anodized layer involving no separation of metal). Resultant measurements are indicated in Table 2.

[0059] As apparent from Table 2, the measurements of the thermal conductivity of the plates having an anodized
layer with deposition of silver in Examples 9 to 11 are generally similar to those of the aluminum base material with no
anodized layer. The thermal conductivity at about 300˚C in Examples 9 to 11 is greater than that of the aluminum base
material. The plate having a simple hard anodized aluminum layer in Comparison 3 has a thermal conductivity which is
as small as substantially 1/3 the thermal conductivity of the aluminum base material. It is hence proved that the thermal
conductivity can significantly be improved by the separation of metal such as silver from metal nitrate.

Anti-microbial Test

[0060] For proving the resistance to microbial attack, some tests were conducted. Example 12 for examining the
resistance to microbial attack was implemented using a base material which was prepared by the same surface treating
method as of Example 3 (to develop an anodized layer of 30 mm through the electrolytic process of Example 3). The
anti-microbial test comprised steps of feeding the base material with drops of microbial liquid containing colon bacillus,
Staphylococcus , Vibrio, and Salmonella, holding the same at an atmospheric temperature of 35˚C for 24 hours, and
measuring the number of microbial agents.
[0061] Comparison 4 was implemented by the same manner as of Example 12 using a base material identical to that
of Example 3 except that the electrolyte contained no silver nitrate (with an anodized layer of 30mm thick but no deposition
of silver).

where Reference is based on a plastic petri dish and <10 means that no microbial agents are found.
[0062] Table 3 indicates resultant measurements of Example 12 and Comparison 4. Comparison 4 implies that colon
bacillus, Staphylococcus, Vibrio, and Salmonella remain alive after 24 hours. Example 12 indicates that no living microbial
agents are found after 24 hours . It is hence proved that the resistance to microbial attack can highly be improved by
the deposition of silver in the anodized layer.

Odor Test

[0063] Example 13 for examining the presence of odor was implemented using a base material which was prepared
by the same electrolytic process as of Example 12. The odor test comprised steps of immersing the electrolytic processed
material into a beaker filled with one liter of water and after one week, examining the presence of odor in the beaker.
Comparison 5 was implemented by the same manner as of Example 13 using a base material which was prepared by
the same electrolytic process as of Comparison 4.

[ Table 2 ]

Thermal Conductivity (w/m·k)

20˚C 100˚C 300˚C

Example 9 224.4 225.3 243.3

Example 10 232.8 228.3 243.5

Example 11 238.8 240.6 277.6

Comparison 2 238.5 240.0 233.0

Comparison 3 79.5 80.3 82.6

[ Table 3 ]

Example 12 Comparison 4 Reference

Colon bacillus <10 1.9310-4 2.43107

Staphylococcus <10 1.03105 4.63106

Vibrio <10 4.23107 4.73106

Salmonella <10 3.23102 2.43106
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[0064] Example 13 exhibited no sign of odor after one week while Comparison 5 produced some odor. It is thence
proved that the deodorant property can favorably be obtained by the deposition of silver in the anodized layer.

Fire Resistant Test

[0065] Some tests for examining the resistance to fire were conducted. Example 14 for examining the resistance to
fire was implemented using a test piece (A6063) which was prepared by the same electrolytic process as of Example
8. In the fire resistant test, the test piece produced by the same manner as of Example 14 was exposed to flame generated
by a gas burner. The temperature of the flame was 1400˚C. The test piece was spaced by 150 mm from and heated
with the gas burner for 20 seconds.
[0066] Comparison 6 for examining the resistance to fire was implemented using a test piece (A1050) prepared by
the same manner as of Comparison 2. Also, comparison 7 was implemented using an aluminum plate (A6063) which
was not subjected to the electrolytic process but prepared by the same manner as of Example 14.

[0067] Results of the fire resistant tests for Example 14 and Comparisons 6 and 7 are indicated in Table 4. Example
14 exhibits no change in both tint and shape at the surface. On the other hand, Comparison 6 appears thinner in the
tint at the surface and its shape is deformed more or less. Comparison 7 shows no change in the tint at the surface but
its shape is significantly deformed. It is hence proved that the resistant to fire can be more improved by the deposition
of silver in the anodized layer. As bits of silver are deposited, they can enhance the resistance to fire.

Silver Deposition Check Test

[0068] Example 15 was implemented using an aluminum plate (A3004) which was coated partially with a fluorine resin
layer and subjected to the electrolytic process under the same conditions as those of Example 1 to develop an anodized
layer of 30 mm on its surface (which was not covered with the fluorine resin layer) . The plate of Example 15 had its
aluminum exposing region (which was not covered with the fluorine resin layer) tinted in gold color indicating the deposition
of silver in the anodized layer. However, its fluorine resin coated region exhibited no external change after the electrolytic
process.
[0069] A silver deposition check test was conducted for examining whether or not silver is separated and deposited
on the aluminum plate of Example 15. In the test, the aluminum plate of Example 15 was viewed at both the aluminum
exposed side and the fluorine resin layer side using a scanning electron microscope to examine deposition of silver on
both the aluminum surface and the fluorine resin surface through X-ray diffractometry. Fig. 4 illustrates a resultant profile
on the aluminum surface where the deposition of silver is evidenced. Fig. 5 shows a resultant profile on the fluorine resin
surface where the deposition of silver exists. It is hence proved that relevant metal such as silver from metal nitrate is
deposited on both the anodized layer and the fluorine resin layer.

Heat Retaining Test

[0070] A test for examining the heat retainability for cooked rice was conducted. Example 16 was implemented under
the same conditions as of Example 7 using a rice cooker pot. The heat retaining test comprised steps of cooking rice
in the electrolytic processed rice cooker pot of Example 16 (coated at the inner side with a fluorine resin layer and having
bits of silver deposited in the fluorine resin layer) and examining the color and odor of cooked rice after cooking, and at
the first, second, and third days after the cooking. Comparison 8 was implemented by cooking rice in a conventional
rice cooker pot (coated at the inner side with a fluorine resin layer but not subjected to the electrolytic process) and
examining the color and odor of cooked rice after cooking, and at the first, second, and third days after the cooking in
the same manner as of Example 16.

[ Table 4 ]

Tint after heating Deformation

Example 14 No change (yellowish brown) Not deformed

Comparison 6 Thin gray Slightly bent

Comparison 7 Raw color Largely bent
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[0071] Results of the test for Example 16 and Comparison 8 are indicated in Table 5. The rice cooked in the rice
cooker pot of Example 16 displayed no color change and produced no odor on the third day after the cooking. On the
contrary, the rice cooked in the conventional rice cooker pot of Comparison 8 exhibited yellowish tint on the second day
after the cooking and generated odor on the first day after. The odor was intolerable on the second day after the cooking.
It is hence proved that the deposition of silver is successfully evidenced in the anodized layer of the base material and
provides a favorable level of deodorant property.

Claims

1. A method of surface treating aluminum or aluminum alloy comprising the steps of:

coating a base material made of aluminum or aluminum alloy with a granular resin layer on one side of the base
material;
immersing the base material coated with the granular resin layer in an electrolyte which consists mainly of a
sulfuric acid bath, an oxalic acid bath, or a mixture thereof with silver nitrate or silver sulfate added for an
electrolytic process; and
feeding the base material with an AC/DC combined current so that an anodized layer is developed on one side
of the base material through the granular resin layer and simultaneously bonded with the deposition of silver
separated from either the silver nitrate or the silver sulfate while developed directly on the other side of the base
material and simultaneously bonded with the deposition of the silver separated from either the silver nitrate or
the silver sulfate in the anodized layer.

2. A method of surface treating aluminum or aluminum alloy according to claim 1, wherein the granular resin layer is
a fluorine resin layer.

3. A method of surface treating aluminum or aluminum alloy according to claim 1 or 2 wherein the base material is a
pan, a pot, a hot plate, a tableware, a kettle, or a foil.

Patentansprüche

1. Ein Verfahren der Oberflächenbehandlung von Aluminium oder Aluminiumlegierung, welches folgende Schritte
aufweist:

Beschichten eines Basismaterials, welches aus Aluminium oder Aluminiumlegierung hergestellt ist, mit einer
granularen Harzschicht auf einer Seite des Basismaterials;
Eintauchen des Basismaterials, welches mit der granularen Harzschicht beschichtet ist, in einen Elektrolyten,
welcher im Wesentlichen aus einem Schwefelsäurebad, einem Oxalsäurebad, oder einer Mischung daraus mit
Silbernitrat oder Silbersulfat, welche für einen elektrolytischen Prozess hinzugefügt sind, besteht; und
Durchleiten eines kombinierten AC/DC-Stroms durch das Basismaterial, so dass eine eloxierte Schicht auf
einer Seite des Basismaterials durch die granulare Harzschicht gebildet und gleichzeitig mit der Abscheidung

[ Table 5 ]

Example 16 Comparison 8

color odor color odor

Cooking day s s s s

(after cooking)

First day after s s s n

Second day after s s n 3

Third day after s s s 3

(O: no color, ∆: simply perceptible yellowish, 3: rich
yellow for color, O: no odor, ∆: simply perceptible odor,
3: heavy odor for odor)
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von Silber verbunden wird, und zwar getrennt von entweder dem Silbernitrat oder dem Silbersulfat, während
sie auf der anderen Seite des Basismaterials direkt entwickelt wird, und gleichzeitig mit der Abscheidung des
Silbers getrennt von entweder dem Silbernitrat oder dem Silbersulfat in der eloxierten Schicht verbunden wird.

2. Ein Verfahren der Oberflächenbehandlung von Aluminium oder Aluminiumlegierung gemäß Anspruch 1, wobei die
granulare Harzschicht eine Fluorharzschicht ist.

3. Ein Verfahren der Oberflächenbehandlung von Aluminium oder Aluminiumlegierung gemäß einem der Ansprüche
1 oder 2, wobei das Basismaterial eine Pfanne, ein Gefäß, eine heiße Platte (hot plate), ein Geschirr, ein Kessel
oder eine Folie ist.

Revendications

1. Procédé de traitement de surface d’aluminium ou d’alliage d’aluminium comprenant les étapes suivantes :

revêtir un matériau de base en aluminium ou alliage d’aluminium d’une couche de résine granulaire d’un côté
du matériau de base ;
immerger le matériau de base revêtu de la couche de résine granulaire dans un électrolyte qui comprend
principalement un bain d’acide sulfurique, un bain d’acide oxalique ou un mélange de ces acides avec du nitrate
d’argent ou du sulfate d’argent ajouté pour un traitement électrolytique ; et
appliquer au matériau de base un courant combiné alternatif/continu de sorte qu’une couche anodisée se
développe d’un côté du matériau de base à travers la couche de résine granulaire et simultanément liée au
dépôt d’argent séparé du nitrate d’argent ou du sulfate d’argent tandis qu’elle s’élève directement de l’autre
côté du matériau de base et simultanément liée au dépôt de l’argent séparé à partir ou bien du nitrate d’argent
ou bien du sulfate d’argent dans la couche anodisée.

2. Procédé de traitement de surface d’aluminium ou d’alliage d’aluminium selon la revendication 1, dans lequel la
couche de résine granulaire est une couche de résine au fluor.

3. Procédé de traitement de surface d’aluminium ou d’alliage d’aluminium selon la revendication 1 ou 2, dans lequel
le matériau de base est une casserole, un pot, une plaque de chauffage, un chauffe-plat, une bouilloire ou une
plaque chauffante.
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