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ALUMINUM ALLOY SUBSTRATES HAVING A MULTI-COLOR EFFECT AND
METHODS FOR PRODUCING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
61/208,640 filed February 25, 2009, and U.S. Non-Provisional Patent Application Serial No.
12/711,855, filed February 24, 2010, which are incorporated herein by reference in their

entirety.

BACKGROUND
[0002] Visual appearance of consumer clectronics, and other products, can be an
important selling feature. However, achieving a visually appealing and durable aluminum

alloy product can be elusive.

SUMMARY
[0003] Aluminum alloy products having multi-color effects and methods of producing the
same are disclosed. In one embodiment, an aluminum alloy product includes an aluminum
alloy body having aluminum and alloying elements where the total amount of the alloying
elements does not exceed about 5.0 wt. %.
[0004] The resulting aluminum alloy product generally includes an intended viewing
surface. An oxide layer having a plurality of pores may be formed from the aluminum alloy
body. This oxide layer may generally be associated with the intended viewing surface. In
one embodiment, at least two colorants may at least partially fill the pores of the oxide layer.
[0005] The intended viewing surface, in one embodiment, may have a substantially
multi-color effect, where a first portion of the aluminum alloy body has a first color due to a
first colorant and a second portion of the aluminum alloy body has a second color due to a
second colorant, the second color being different than the first color. The combination of the
colors at least partially contributes to the multi-color effect.
[0006] In one embodiment, the aluminum alloy body may be rolled through a pair of
polished work rolls to achieve an image clarity of at least about 85 at the intended viewing
surface. In another embodiment, the aluminum alloy body may be mechanically polished to
achieve an image clarity of at least about 85 at the intended viewing surface.
[0007] In one embodiment, a method of producing an aluminum alloy product having an

intended viewing surface is disclosed. The producing step includes forming an aluminum
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alloy body having aluminum and alloying elements where the total amount of the alloying
clements does not exceed about 5.0 wt. %. In addition, the aluminum alloy body may be
rolled through a pair of polished work rolls. In another example, the aluminum alloy body
may be mechanically polished. Furthermore, a combination of bright rolling and mechanical
polishing may be incorporated. In some embodiments, the intended viewing surface may
realize an image clarity of at least about 85 from bright rolling or mechanical polishing or
both.

[0008] In one embodiment, after the producing step, the aluminum alloy body may be
anodized by forming an oxide layer from a portion of the aluminum alloy body. The oxide
layer may be similar to that described above having a plurality of pores and associated with
the intended viewing surface.

[0009] Subsequently, a first colorant may be applied to the oxide layer whereby at least
some of the first colorant may be partially disposed within the pores of the oxide layer. A
second colorant may then be applied to the oxide layer whereby at least some of the second
colorant may be similarly partially disposed within the pores of the oxide layer.

[0010] In some embodiments, after the two-colorant applying step, the intended viewing
surface may have a substantially multi-color effect similar to that described above, whereby a
first portion of the aluminum alloy product has a first color due to the first colorant, a second
portion of the aluminum alloy product has a second color due to a second colorant, and where
the second color is different than the first color. The combination of the colors at least
partially contributes to the multi-color effect.

[0011] In some embodiments, the variability of colors realized by the multi-color effect at
the intended viewing surface may be at least about 0.5 Delta E, or at least about 1.0 Delta E,
or at least about 5.0 Delta E. In other embodiments, the aluminum alloy body may be formed
of AA1080, AA1085, AA1090, AAS5005 or AAS657.

[0012] Other variations, embodiments and features of the present disclosure will become

evident from the following detailed description, drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be provided
by the Office upon request and payment of the necessary fee.
[0014] FIG. 1 is a cross-sectional, schematic view of one embodiment of an aluminum

alloy substrate having a multi-color effect.
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[0015] FIG. 2 is a flow chart illustrating one embodiment of a method for producing an
aluminum alloy substrate having a multi-color effect.

[0016] FIG. 3 is a flow chart illustrating one embodiment of a method for producing an
aluminum alloy substrate having a multi-color effect.

[0017] FIG. 4 is a schematic, color view of an LCH diagram.

[0018] FIG. 5 is a schematic, color view of a CIE LAB diagram.

[0019] FIG. 6 is a color photograph illustrating one embodiment of an aluminum alloy
substrate having a multi-color effect.

[0020] FIG. 7 is a color photograph illustrating one embodiment of an aluminum alloy

substrate having a multi-color effect.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0021] The present disclosure relates to aluminum alloy substrates having a multi-color
effect. In particular, and with reference to FIG. 1, an aluminum alloy substrate 10 may
include an electrochemically formed oxide zone 20. The electrochemically formed oxide
zone 20 generally has a thickness of at least about 0.4 mil. The electrochemically formed
oxide zone 20 may also have electrochemically formed pores having an average pore size of
at least about 5 or 10 nanometers. The use of such an electrochemically formed oxide zone
facilitates the use of multiple dying steps, which results in the aluminum alloy substrate
realizing a multi-colored effect.

[0022] As used herein, “multi-color effect” and the like means that, after processing, a
first portion of the aluminum alloy substrate shows a first visual effect (e.g., a first hue, a first
chroma, and a first lightness, to produce a first color effect) when viewed at a first angle, but
when viewed at a second angle (which is from 15 degrees to 165 degrees different than the
first angle, or 30 degrees to 150 degrees different than the first angle), this first portion of the
substrate shows a perceptibly different visual effect (i.e., a perceptibly different hue, chroma
and/or lightness to produce a perceptibly different second color effect). In some instances,
multi-color effect refers to the ability to see at least two different colors on the surface of a
product when viewing the surface of the product from at least two different angles.

[0023] As used herein, “color” and the like means the perceived wavelength of visible
light. A perceived color effect may include the components of lightness (L), chroma (C), and
hue (H). Together these components are known as LCH. In one embodiment, LCH is
replicated in the form of a sphere (illustrated in FIG. 4), having three axis, each axis

separately corresponding to lightness, chroma and hue.
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[0024] The vertical L* axis represents lightness, and ranges from O which has no
lightness (i.e. absolute black) at the bottom, through 50 in the middle, to 100 which is
maximum lightness (i.e. absolute white) at the top.

[0025] The C* axis represents chroma or “saturation”, and ranges from 0 at the center of
the circle, which is completely unsaturated (i.e. a neutral grey, black or white) to 100 at the
edge of the circle for maximum chroma or saturation.

[0026] If a horizontal slice is taken through the center of the sphere, a colored circle is
formed. Around the edge of the circle is the possible ranges of saturated color, or “hue”.
This circular axis is known as H® and stands for “hue”. The units are in the form of degrees,
ranging from 0° (red) through 90° (yellow), 180° (green), 270° (blue) and back to 0°.

[0027] In another embodiment, the LCH is replicated using the L*a*b* standard. Just as
in LCH, the vertical L* axis represents “lightness”, ranging from 0-100. The other
(horizontal) axes are represented by a* and b*. These are at right angles to each other and
cross each other in the center, which is neutral (grey, black or white). These crossing axis are
based on the principal that a color cannot be both red and green, or blue and yellow. The a*
axis is green at one extreme (represented by -a), and red at the other (+a). The b* axis has
blue at one end (-b), and yellow (+b) at the other. The center of each axis is 0. A value of 0
or very low numbers of both a* and b* will give a neutral or near neutral. The L*a*b*
concept is illustrated in FIG. 5, and is more commonly known as CIE Lab and is used in
many industries, including printing, photography, dyes (including textiles, plastics, etc.),
printing ink and paper, to name a few. Thus, in one embodiment, LCH and/or CIE Lab may
be used, at least in part, to determine whether a substrate has a multi-color effect.

[0028] In a related embodiment, the multi-color effect of the substrate may be quantified
via the use of Delta-E. As known to those skilled in the art, Delta-E is a number that
represents the distance between two colors. Delta-E may be measured using LCH, LAB and
other color parameters, and via a consistent illumination source (e.g., white light of a defined
wavelength and wattage output) at a consistent, specified distance between the light and the
substrate, and via one of the various Delta-E equations. In one embodiment, the Delta-E
equation is based on dE76. In one embodiment, the Delta-E equation is based on dE94. In
one embodiment, the Delta-E equation is based on dE-CMC. In one embodiment, the Delta-
E equation is based on dE-CMC 2:1. In one embodiment, the Delta-E equation is based on
dE2000. The parameters surrounding these Delta-E equations are known to those skilled in

the art, and are described, for example, in:
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[0029] (1) “Historical development of CIE recommended color difference equations”, by
A. R. Robertson, Laboratory for Basic Standards National Research Council of Canada
Ottawa, Ontario, Canada K1A OR6, Paper presented at the ISCC Conference on Color
Discrimination Psychophysics, Williamsburg, VA, 1989, published in Color Research &
Application, Vol. 15, Issue 3, Pages 167 - 170, published online 2007 by Wiley Periodicals,
Inc., A Wiley Company.

[0030] (2) “The development of the CIE 2000 colour-difference formula: CIEDE2000”,
by M. R. Luo et al. of the Colour & Imaging Institute, University of Derby, UK, in Color
Research and Application, Vol. 26, Issue 5, pp. 340-350, published online 2001 by Wiley
Periodicals, Inc., A Wiley Company.

[0031] Each of these publications is incorporated herein by reference in their entirety.
[0032] In one embodiment, the multi-color effect of the substrate has a Delta-E of at least
about 0.5. In other embodiments, the multi-color effect of the substrate has a Delta-E of at
least about 1, or a Delta-E of at least about 2, or a Delta-E of at least about 3, or a Delta-E of
at least about 4, or a Delta-E of at least about 5, or a Delta-E of at least about 6, or a Delta-E
of at least about 7, or a Delta-E of at least about &, or a Delta-E of at lcast about 9, or a Delta-
E of at least about 10. Higher Delta-E values may be achievable. In some instances, a Delta-
E of at least about 0.5 may be visible to the naked eye. The Delta-E may be measured using a
consistent illumination source, located at a specified distance from the substrate, and a
photometer/colorimeter device that allows for color measurement at different
illumination/viewing angles. This will be described in more detail below.

[0033] To determine the color difference at two different viewing angles, the color values
may be measured by an optical instrument at a first angle, and a second angle, and the Delta-
E may be determined by a photometer-colorimeter. The second angle is generally at least 15
degrees different than the second angle, but is generally not more than 165 degrees different
than the first angle.

[0034] For instance, the multi-color effect may be measured using an optical instrument
having a high color rendering index (CRI) light source, a photometer/colorimeter, and a
baffle for filtering (e.g., blocking) light from the light source to the photometer/colorimeter.
A sample (e.g., aluminum alloy substrate) may be placed on a stage and subjected to light
from the light source located at a specified distance from the stage. The
photometer/colorimeter may be directed at the sample for measuring the reflected colors from
the sample at a first angle. The reflected colors may be measured again after manipulating

(e.g., electronically, mechanically, manually) the photometer-colorimeter to a second angle,
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the second angle being different than the first angle. In some instances, the
photometer/colorimeter may be fixed and the stage or the light source or both may be
manipulated to a second angle. In general, the photometer/colorimeter may be capable of
measuring both the light intensity and the color of light (e.g., reflected light). In some
instances, a photometer/radiometer may be used in place of the photometer/colorimeter. In
other instances, any device, whether standalone or in combination, capable of measuring both
the light intensity and the color of the light, may be used to measure the multi-color effect.
[0035] In one embodiment, the multi-color effect may be directed to three-dimensional
(3D) objects. For example, the multi-color effect may be visible on 3D parts with the multi-
color effect being visible due to the viewing angles. In some instances, different colors may
be observed on the 3D part because of the contour of the viewing surface and at different
angles.

[0036] In addition to having a multi-color effect, the aluminum alloy substrates may be
durable. In one embodiment, the aluminum alloy substrates are abrasion/scratch-resistant. In
one embodiment, the aluminum alloy products are able to consistently pass a pencil hardness
test as defined by ASTM D3363-05. In these pencil hardness tests, the aluminum alloy
substrate may consistently pass/achieve a level 8H or 9H rating. The aluminum alloy
substrates may also have a high gloss or shine, for example, as determined by a gloss meter.
In one embodiment, the gloss is at least equivalent to the gloss achieved via a painted
substrate of similar color.

[0037] The aluminum alloy substrates of the present disclosure may be utilized in a
variety of consumer products, such as any consumer electronic products, including laptops,
cell phones, cameras, mobile music players, handheld devices, computers, televisions,
microwave, cookware, washer/dryer, refrigerator, sporting goods, or any other consumer
clectronic product requiring durability and selective visual appearance. In one embodiment,
the visual appearance of the consumer electronic product meets consumer acceptance
standards.

[0038] In some embodiments, the aluminum alloy substrates of the present disclosure
may be utilized in a variety of products including non-consumer products including the likes
of medical devices, transportation systems and security systems, to name a few. In other
embodiments, the aluminum alloy substrates may be incorporated in goods including the
likes of car panels, DVD players, bottles and cans, office supplies, packages and containers,

among others.
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[0039] Methods of producing aluminum alloy substrates have a multi-color effect are also
disclosed, one embodiment of which is illustrated in FIG. 2. In the illustrated embodiment,
the method 200 includes the steps of preparing an aluminum alloy substrate for oxide layer
formation (220), electrochemically forming an oxide layer in the aluminum alloy substrate
(240), dying the aluminum alloy substrate (260), and one or more optional post-dye processes
(280).

[0040] The preparing step (220) may include any number of steps useful in preparing the
aluminum alloy substrate for formation of the electrochemically formed oxide layer. For
example, and as described in further detail below, the preparing step (220) may include
producing the aluminum alloy substrate (e.g., via rolling, extrusion, forging, and/or casting
processes), cleaning the substrate, and/or chemically brightening the substrate.

[0041] The step of electrochemically forming the oxide layer in the substrate (240) may
be accomplished via any suitable apparatus or processes, such as anodizing. As discussed in
further detail below, in a particular embodiment, the anodizing comprises Type I anodizing
using sulfuric acid to produce an oxide layer having a thickness of at least about 0.4 mils.
[0042] The step of dying the substrate (260) may include immersing the substrate in one
or more dye baths, with optional rinsing between and/or after the dying steps.

[0043] The optional post-dye processes (280) may include sealing the dyed aluminum
alloy substrate and/or polishing the dyed aluminum alloy substrate, as described in further
detail below.

[0044] One particular embodiment of producing an aluminum alloy substrates having a
multi-color effect is illustrated in FIG. 3. In the illustrated embodiment, the method (200)
includes the steps of preparing the aluminum alloy substrate for anodizing (220), anodizing
the aluminum alloy substrate (240), dying the aluminum alloy substrate (260), and one or
more optional post-dye processes (280).

[0045] In the illustrated embodiment, the step of preparing the aluminum alloy substrate
for anodizing (220) includes the steps of producing the aluminum alloy substrate (222),
cleaning the aluminum alloy substrate (224), and brightening (e.g., electrochemically
polishing, or chemical polishing) the aluminum alloy substrate (226).

[0046] With respect to the step of producing the aluminum alloy substrate (222), the
aluminum alloy substrate may be produced via any suitable aluminum alloy production
processes, including wrought processes, such as rolling, extruding, and/or forging, and non-
wrought processes, such as casting and/or powder metallurgy. In one embodiment, the

produced aluminum alloy is one of an 1xxx, 3xxx, 5xxx, or 6xxx series aluminum alloy, or
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similar alloys. These types of alloys may be more suitable for producing substrates having a
multi-color effect. However, in other embodiments, the aluminum alloys may be any of a
2xxx, 4xxx, 7xxx, and/or 8xxx series aluminum alloys or similar alloys. The 1xxx, 2XxX,
3xxx, 4xxX, 5xxx, 6xxx, 7xxx and 8xxx series aluminum alloys mean Aluminum Association
alloys 1xxx, 2xxx, 3xxx, 4xxx, 5xxx, 6xxx, 7xxx and 8xxx, respectively, as defined by the
Aluminum Association Teal Sheets.

[0047] In one embodiment, the step of producing the aluminum alloy substrate (222)
includes producing an aluminum alloy body having aluminum and alloying elements, with
the total amount of the alloying elements not exceeding about 5.0 wt. %.

[0048] As used herein, "alloying elements" mean any non-aluminum elements that may
be added to aluminum wrought alloys or casting alloys in various quantities. Examples of
alloying elements include copper, nickel, manganese, silicon, magnesium, zinc, and
combinations thereof, among others. In some instances, the alloying elements may include
incidental elements and impurities. In some embodiments, the total amount of the alloying
elements in the aluminum alloy body does not exceed about 4.5 wt. %, or does not exceed
about 4.0 wt. %, or does not exceed about 3.5 wt. %, or does not exceed about 3.0 wt. %, or
does not exceed about 2.5 wt. %, or does not exceed about 2.0 wt. %, or does not exceed
about 1.5 wt. %, or does not exceed 1.0 wt. %, or does not exceed about 0.5 wt. %.

[0049] As used herein, "incidental elements" mean those elements or compounds that
may optionally be added to the alloy to assist in the production of the alloy. Examples of
incidental elements include casting aids and grain refiners (e.g., titanium, boron, titanium
combined with boron or carbon).

[0050] As used herein, "impurities” are those materials that may be present in the alloy in
minor amounts due to, for example, the inherent properties of aluminum and/or leaching from
contact with manufacturing equipment. Iron (Fe) and silicon (Si) are examples of impurities
generally present in aluminum alloys.

[0051] In some embodiments, the step of producing the aluminum alloy substrate (222)
includes producing an aluminum alloy body having at least one of AA1080, AA1085 and
AA1090. AA1080, AA1085 and AA1090 mean Aluminum Association alloys 1080, 1085
and 1090, respectively, as defined by the Aluminum Association Teal Sheets. In other
embodiments, the step of producing the aluminum alloy substrate (222) includes producing
an aluminum alloy body having at least one of AA5005 and AA5657. AAS005 and AAS657
mean Aluminum Association alloys 5005 and 5657, respectively, as defined by the

Aluminum Association Teal Sheets.
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[0052] The process of producing the aluminum alloy substrate (222) may also produce
intended viewing surfaces. In general, intended viewing surfaces, such as the exterior
surfaces of the screens of FIGS. 6-7, are surfaces that are intended to be viewed during
normal use of the product.

[0053] In one embodiment, the variability of the colors realized by the multi-color effect
at the intended viewing surface is at least about 0.5 Delta E. As used herein, "variability of
the colors" and the like means the difference in color between the first color and the second
color as measured via an optical instrument. In some embodiments, the variability of the
colors realized by the multi-color effect at the intended viewing surface is at least about 1.0
Delta E, or at least about 2.0 Delta E, or at least about 3.0 Delta E, or at least about 4.0 Delta
E, or at least about 5.0 Delta E, or at least about 6.0 Delta E, or at least about 7.0 Delta E, or
at least about 8.0 Delta E, or at least about 9.0 Delta E, or at least about 10.0 Delta E.

[0054] In one embodiment, the produced aluminum alloy substrate is a rolled substrate,
such as a foil, sheet, or plate product. As used herein, “rolling” and the like means a
fabrication process in which aluminum metal is passed through a pair (or pairs) of rolls. For
example, one type of rolling process is flat rolling where the final shape of the product can be
aluminum sheet or aluminum plate.

[0055] “Aluminum sheet” and the like means a rolled aluminum product having a
thickness of at least about 201 microns and not greater than about 0.249 inches (6324.6
microns).

[0056] “Aluminum plate” and the like means a rolled aluminum product having a
thickness of at least about 0.249 inches (6324.6 microns).

[0057] “Aluminum foil” and the like means a rolled aluminum product having a thickness
of not greater than 200 microns. Rolled products may realize an enhanced brightness due to,
for example, the use of rolls, which may improve the multi-color effect of the aluminum alloy
substrate.

[0058] In one embodiment, the process of producing the aluminum alloy substrate (222)
may include rolling the aluminum alloy substrate through a pair of polished work rolls to
produce an intended viewing surface having a higher image clarity or distinctness of image.
Specifically, the smoothness of the work roll may be transferred to the surface of the
aluminum alloy substrate via the rolling process.

[0059] As used herein, "work roll" and the like is a roller disposed about a rolling mill
that comes in contact with the material to be rolled. For example, the work roll may contact

an aluminum alloy sheet, plate or foil. A polished work roll is a work roll that is substantially
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pristine or without any substantial defects. In some instances, polished work rolls may be
newly manufactured work rolls that have not been used in any rolling process. In other
instances, polished work rolls may be work rolls that have been mechanically or chemically
polished to provide rollers that are substantially pristine or without any substantial defects.
[0060] The process of rolling the aluminum alloy substrate through the polished work roll
may also be referred to as bright rolling. In one embodiment, the aluminum alloy substrate
may achieve an image clarity of at least about 85 at the intended viewing surface after bright
rolling.

[0061] As used herein, "image clarity” and the like is a measure of the mirror-like
qualities of a surface ranging from a scale of 0 to 100 with 0 being a surface that completely
diffuses light and 100 being a perfect mirror (e.g., a theoretical mirror that reflects light
perfectly and doesn't transmit or absorb it). In some instances, image clarity may also be
referred to as distinctness of image, which can be measured using an optical instrument (e.g.,
HunterLab Dorigon). In general, the higher the image clarity, the easier it may be to see the
multi-color effect as the color differences tend to "pop" on the surface of the aluminum alloy
substrate.

[0062] In one embodiment, after bright rolling (e.g., rolling with polished work rolls), the
intended viewing surface of the aluminum alloy body may realize an image clarity of at least
about 85. In some embodiments, the image clarity may be at least about 86, or at least about
87, or at least about 88, or at least about 89, or at least about 90, or at least about 91, or at
least about 92, or at least about 93, or at least about 94, or at least about 95, or at least about
96, or at least about 97, or at least about 98, or at least about 99.

[0063] In one example, the intended viewing surface of a bright-rolled aluminum alloy
body may realize an image clarity of about 94 as measured with the rolling direction. In
another example, the intended viewing surface of a bright-rolled aluminum alloy body may
realize an image clarity of about 90 as measured across the rolling direction. In some
instances, the intended viewing surface of a bright-rolled aluminum alloy body may realize
image clarity values higher than 90 as measured across the grain.

[0064] In one embodiment, the produced aluminum alloy substrate is an extruded
substrate. As used herein, “extruding” and the like means a fabrication process in which
aluminum metal is pushed or drawn through a die to create an object having a fixed, cross-

sectional profile, such as, for example, an aluminum rod.
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[0065] In one embodiment, the produced aluminum alloy substrate is a forged substrate.
As used herein, “forging” and the like means a manufacturing process for shaping aluminum
metal using localized compressive forces.

[0066] In one embodiment, the produced aluminum alloy substrate is a cast substrate. As
used herein, “casting” and the like means a manufacturing process by which liquid aluminum
is poured into a mold, which contains a hollow cavity of the desired shape of the aluminum
product, and then allowed to solidify. The solidified aluminum metal, also known as a
casting, can be ¢jected or broken out of the mold to produce the desired aluminum product.
[0067] With respect to the cleaning step (224), this cleaning may be accomplished by any
known conventional processes and/or cleaning agents, such as via the use of acidic and/or
basic cleansers or detergents that produce a water break free surface (water wettable). In one
embodiment, the cleaning agent is a non-alkaline cleaner, such as A-31K manufactured by
Henkel International, Germany. For example, the cleaning step (224) may include cleaning
the intended viewing surface of the aluminum alloy substrate with a non-etching alkaline
cleaner for about 2 minutes to remove lubricants or other residues that may have formed
during the bright-rolling step. After the cleaning step (224), the substrate may be rinsed or
double rinsed with a suitable rinsing agent, such as water. In one embodiment, the suitable
rinsing agent is de-ionized water. Other suitable rinsing agents may be utilized.

[0068] With respect to the brightening step (226), the brightening may include
clectrochemical or chemical polishing. The electrochemical polishing may be accomplished
via any suitable processes, such as via use of an electrolyte in the presence of current. Some
methods of electrochemical polishing are disclosed in U.S. Patent No. 4,740,280, which is
incorporated herein by reference in its entirety. The chemical brightening (polishing) may be
accomplished via any suitable processes, such as via a mixture of phosphoric acid and nitric
acid in the presence of water, or via the methods described in U.S. Patent No. 6,440,290 to
Vega et al.,, which is incorporated herein by reference in its entirety. For example, the
brightening step (226) may include chemical etching by immersing in a phosphoric acid-
based solution (e.g., DAB&O) for a period of about 2 minutes to about 4 minutes, followed by
a warm bath double rinse similar to that discussed above, immersion in a 50 % nitric acid
solution at room temperature for about 30 seconds, and another double rinse step.

[0069] In one embodiment, the brightening step (226) may include mechanical polishing
by grinding, roughing, oiling or greasing, buffing or mopping, and coloring, among other

suitable mechanical processes.
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[0070] As used herein, “polishing” and the like means to smooth or brighten a surface to
increase the reflective quality and luster, such as mechanical polishing by grinding, polishing
and buffing, or to improve the surface conditions of the aluminum product for decorative or
functional purposes. For example, mechanical polishing may be utilized to increase gloss.
[0071] In some embodiments, after mechanical polishing, the intended viewing surface of
the aluminum alloy substrate may realize an image clarity of at least about 85, or at least
about 86, or at least about 87, or at least about 88, or at least about 89, or at least about 90, or
at least about 91, or at least about 92, or at least about 93, or at least about 94, or at least
about 95, or at least about 96, or at least about 97, or at least about 98, or at least about 99.
[0072] In one embodiment, the aluminum alloy substrate may be first bright rolled
followed by mechanical polishing to produce high image clarity at the intended viewing
surface of the aluminum alloy substrate.

[0073] With respect to the anodizing step (240), the anodizing may be accomplished via
any suitable electrolyte, current density, and temperature so long as an oxide zone/layer
having a thickness of at least about 0.4 mil (242) is produced. Furthermore, the pore size of
the oxide layer may be in the range of 1 to 40 nanometers, such as in the range of 10 to 20
nanometers (244). In one embodiment, the anodizing step includes utilizing an electrolyte
having 12 to 25 wt. % H,SO,, a current density of 8 to 24 amps per square foot (ASF), and
with an electrolyte temperature of between 60 °F to 80 °F.

[0074] As used herein, “anodizing” and the like means those processes that produce an
oxide zone of a selected thickness in a substrate via application of current to substrate while
the substrate is in the presence of an electrolyte.

[0075] In one embodiment, the electrolyte comprises at least 12 wt. % sulfuric acid, such
as at least 14 wt. % sulfuric acid. In one embodiment, the electrolyte comprises not greater
than 25 wt. % sulfuric acid. In other embodiments, the electrolyte comprises not greater than
22 wt. % sulfuric acid, or not greater than 20 wt. % sulfuric acid.

[0076] In some embodiments, the electrolyte includes at least one of phosphoric acid,
boric/sulfuric acid, chromic acid, and oxalic acid, among other suitable acid mediums.

[0077] In one embodiment, the current density during anodizing is at least about 8 ASF.
In other embodiments, the current density is at least about 10 ASF or at least about 12 ASF.
In one embodiment, the current density is not greater than about 24 ASF. In other
embodiments, the current density is not greater than about 20 ASF, or not greater than about

18 ASF.
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[0078] In one embodiment, the temperature of the electrolyte during anodizing is at least
about 40 °F. In other embodiments, the temperature of the electrolyte during anodizing is at
least about 50 °F, such as at least about 60 °F. In one embodiment, the temperature of the
electrolyte during anodizing is not greater than about 100 °F. In other embodiments, the
temperature of the electrolyte during anodizing is not greater than 90 °F, such as not greater
than 80 °F.

[0079] In one embodiment, the anodizing step (240) produces an electrochemically
formed oxide zone in the substrate, the electrochemically formed oxide zone having a
thickness of at least about 0.4 mil. In one embodiment, the thickness of the oxide zone is at
least about 0.5 mil. The use of an oxide zone thickness of at least about 0.4 mil or at least
about 0.5 mil may facilitate the absorption of dye during the subsequent dying step (260) and
the production of aluminum alloy substrates having a multi-color effect. Aluminum alloy
substrates having an oxide zone thickness of less than 0.3 mil may not facilitate realization of
the production of aluminum alloy substrates having a multi-color effect. The thickness of the
clectrochemically formed oxide zone may be alloy-dependent, but generally does not exceed
2 mils. For instance, higher strength aluminum alloy substrates, such as those including
increased levels of magnesium, may not realize a visually appealing, multi-color effect with
oxide zone thicknesses above 1 mil. However, aluminum alloys having less alloying
constituents may use oxide zones having thicknesses in excess of 1 mil and still be able to
achieve visually appealing, aluminum alloy substrates having a multi-color effect.

[0080] The pore size of the electrochemically formed oxide zone may also facilitate
production of aluminum alloy substrates having a multi-color effect. The oxide layer of the
aluminum alloy substrates may have pore sizes of at least about 1 nanometer, and not greater
than about 40 nanometers to facilitate dye absorption in the dying step (260), and thus
facilitate production of aluminum alloy substrates having a multi-color effect.

[0081] In one embodiment, the average pore size of the pores of the electrochemically
formed oxide zone is at least about 5 nanometers. In other embodiments, the average pore
size is at least about 7 nanometers, or even at least about 10 nanometers. In one embodiment,
the average pore size of the pores of the electrochemically formed oxide zone does not
exceed about 30 nanometers. In one embodiment, the average pore size is not greater than
about 25 nanometers, such as not greater than about 20 nanometers. In one embodiment, the
average pore size of the pores of the electrochemically formed oxide zone is in the range of

10 to 20 nanometers.
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[0082] In one embodiment, after the anodizing step (240), the aluminum alloy substrate
may be subjected to a double rinse step, followed by immersion in a 50 % nitric acid solution
at room temperature for about 60 seconds, and another double rinse step.

[0083] In one embodiment, an oxide layer 20 (e.g., oxide zone) may be formed from the
aluminum alloy substrate 10, the oxide layer 20 containing a plurality of pores as discussed
above (see FIG. 1). In this instance, the oxide layer 20 may be associated with the intended
viewing surface of the aluminum alloy substrate 20. Subsequent processing steps may add
colors to the oxide layer 20 to produce the multi-color effect on the intended viewing surface
of the aluminum alloy substrate 20.

[0084] With respect to the dying substrate step (260), the dying may include at least a
first dying step (262), and at least one additional dying step (266). In one embodiment, the
dying step (260) includes at least two dying steps. Additional dying sequences may be used.
[0085] As used herein, “dye” and the like means a color material used for coloring a
substrate. Dyes may be any suitable color, such as red, orange, yellow, green, blue, indigo,
violet, black, white, and mixtures thereof. Dyes are usually water-based, and placed in
contact with substrates via immersion techniques. However, dyes may be applied to the
substrate in other ways, such as, for example, via spraying, spraying-immersion, and the like.
Irrespective of the manner of application of the dye, the dye should contact the surface of the
oxide zone (20) of the aluminum alloy substrate (10) for a sufficient amount of time to enable
the pores of the oxide zone (20) to retain the dye (e.g., via absorption).

[0086] In one embodiment, the dye is an aqueous-based dye. Examples of suitable dyes
include those produced by Clariant, Pigments and Additives Division, 500 Washington
Street, Coventry, Rhode Island, 02816 United States (www.pa.clariant.com).

[0087] In one embodiment, the first dying step (262) comprises immersing the aluminum
alloy substrate in a first dye having a concentration in the range of 0.1 grams per liter 20
grams per liter, for a period of 10 to 180 seconds, at a temperature from 90 °F to 190 °F and a
pH from 4 to 7. In one embodiment, the concentration of the dye is at least about 0.2 grams
per liter. In other embodiments, the concentration of the dye is at least about 0.5 grams per
liter, or at least about 1 gram per liter, or at least about 2 grams per liter. In one embodiment,
the concentration of the dye does not exceed 20 grams per liter. In other embodiments, the
concentration of the dye is not greater than about 15 grams per liter, such as not greater than
about 10 grams per liter.

[0088] In one embodiment, the temperature of the dye during the dying step is in the
range of 90 °F to 190 °F. In one embodiment, the temperature of the dye during the dying
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step is at least about 90 °F. In other embodiments, the temperature of the dye during the
dying step is at least about 110 °F, such as at least about 120 °F. In one embodiment, the
temperature of the dye during the dying step is not greater than about 190 °F. In other
embodiments, the temperature of the dye during the dying step is not greater than about 175
°F, such as not greater than about 160 °F. In one embodiment, the temperature of the dye
during the dying step is in the range of 130 °F to 150 °F. In one embodiment, the
temperature of the dye during the dying step is in the range of 135 °F to 145 °F.

[0089] In one embodiment, the substrate is immersed in the dye for a time period in the
range of 10 seconds to 180 seconds. In one embodiment, the substrate is immersed in the dye
for at least about 10 seconds. In other embodiments, the substrate is immersed in the dye for
at least about 20 seconds, such as at least about 30 seconds. In one embodiment, the substrate
is immersed in the dye for not greater than about 3 minutes. In other embodiments, the
substrate is immersed in the dye for not greater than about 90 seconds, such as not greater
than about 60 seconds.

[0090] In one embodiment, the dying solution is at a pH in the range of 4 to 7 during the
dying. In one embodiment, the pH of the dying solution is at least about 4. In other
embodiments, the pH of the dying solution may be at least about 4.5, or at least about 5. In
one embodiment, the dying solution has a pH of not greater than about 7. In other
embodiments, the dying solution has a pH of not greater than about 6.5, or not greater than
about 6. In one embodiment, the dying solution has a pH in the range of 5 to 6.

[0091] Like above, after the first dying step (262), the substrate may be rinsed or double
rinsed with de-ionized water.

[0092] With respect to the second, or subsequent, dying steps (266), the dying
parameters, such as dye concentration, dye temperature and/or dye time, may be similar to
those utilized in the first dying step. However, the color of the dye used in the second dying
step is different than the color of the dye used in the first dying step. In other words, the dyes
of the at least two dying steps should be of sufficient color difference so as to facilitate
production of aluminum alloy substrates having a multi-color effect, as described above.
[0093] For example, the color of the dye during the first dying step may be in the red
range of the visible light spectrum, and the second dye of the second dying step may be, for
instance, blue. Numerous other color dying combinations are possible. After the additional
dying step(s), the substrate may again be double rinsed with a rinsing agent.

[0094] In one embodiment, a combination of a first color from a first dying step (262)

and a second color from a second dying step (266) may at least partially contribute to the
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multi-color effect. For example, a first portion (e.g., oxide layer 20) of the aluminum alloy
body 10 may have a first color due to the first dying step (262) while a second portion (e.g.,
oxide layer 20) of the aluminum alloy body 10 may have a second color due to the second
dying step (266), the second color being different from the first color. In some instances, the
colors may fill the pores of the oxide layer 20 in sequential order to produce the multi-color
effect on the intended viewing surface of the aluminum alloy substrate. In other instances,
the colors may be intermixing within the pores of the oxide layer 20 to produce the multi-
color effect on the intended viewing surface of the aluminum alloy substrate. In some
embodiments, subsequent colors from subsequent dying steps (266) may at least partially
contribute to the multi-color effect.
[0095] With respect to the optional post-dye processes (280), such processes may include
one or more of sealing the dyed aluminum alloy substrate (282) and polishing the aluminum
alloy substrate (284).
[0096] With respect to the sealing step (282), the sealing may be useful to close the oxide
pores or prevent the color of the dyes from bleeding or leaking out of the oxide zone. The
sealing step can be accomplished via any known conventional processes, such as by hot
sealing with de-ionized water or steam or by cold sealing with impregnation of a sealant in a
room-temperature bath. In one approach, at least some, or in some instances all or nearly all,
of the pores of the oxide zone may be sealed with a sealing agent, such as, for instance, an
aqueous salt solution at elevated temperature (e.g., boiling salt water) or nickel acetate. After
the sealing step the substrate may again be double rinsed with a rinsing agent.
[0097] With respect to the polishing step (284), the polishing may be accomplished via
any suitable means so as to increase, for example, the gloss of the aluminum alloy substrate.
It will be appreciated that, while the polishing step (284) may be used to increase the gloss of
the aluminum alloy substrate, the polishing step does not facilitate production of an
aluminum alloy substrate having a multi-color effect.
[0098] EXAMPLES
[0099] Example 1

[00100] An aluminum alloy substrate (AA5657) is rolled into sheet having a thickness of
about 0.2 inch. The sheet is then mechanically polished, cleaned and chemically brightened.
The sheet is then anodized in an electrolyte containing 20 wt. % sulfuric acid at a temperature
of about 60 °F to 80 °F, and a current density of about 12 ASF to produce an
clectrochemically formed oxide zone in the substrate. The oxide zone has a thickness of at

least about 0.5 mil. The substrate is then immersed in a water-based red dye (e.g., Clariant
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Bordeaux BL) for about 30 seconds. The temperature of the dye during the immersion step is
about 140°F, and the concentration of the dye is about 5 grams per liter. The substrate is then
rinsed in de-ionized water, and then immersed in a water-based black dye (e.g., Clariant
Black HBL) for about 30 seconds. The temperature of the dye during the immersion step is
about 140 °F, and the concentration of the dye is about 5 grams per liter. The substrate is
sealed in a nickel acetate solution at about 200 °F. The substrate achieves a multi-color
effect, as illustrated in FIG. 6.

[00101] Example 2

[00102] An aluminum alloy substrate (AA5657) is rolled into sheet having a thickness of
about 0.2 inch. The sheet is then mechanically polished, cleaned and chemically brightened.
The sheet is anodized in an electrolyte containing 20 wt. % sulfuric acid, at a temperature of
about 60 °F to 80 °F, and a current density of about 12 ASF to produce an electrochemically
formed oxide zone in the substrate. The oxide zone has a thickness of at least about 0.5 mil.
The substrate is then immersed in a water-based blue dye (e.g., Clariant Blue 4A) for about
30 seconds. The temperature of the dye during the immersion step is about 140 °F, and the
concentration of the dye is about 2 grams per liter. The substrate is then rinsed in de-ionized
water, and then immersed in a water-based black dye (e.g., Clariant Black HBL) for about 30
seconds. The temperature of the dye during the immersion step is about 140 °F, and the
concentration of the dye is about 5 grams per liter. The substrate is sealed in a nickel acetate
solution at about 200 °F. The substrate achieves a multi-color effect, as illustrated in FIG. 7.

[00103] While various embodiments of the present disclosure have been described in
detail, it is apparent that modifications and adaptations of those embodiments will occur to
those skilled in the art. However, it is to be expressly understood that such modifications and

adaptations are within the spirit and scope of the present disclosure.
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CLAIMS
What is claimed is:
1. An aluminum alloy product comprising:
(a) an aluminum alloy body having aluminum and alloying elements, wherein the

total amount of the alloying elements does not exceed about 5.0 wt. %, and wherein the
aluminum alloy body includes an intended viewing surface;

(b) an oxide layer formed from the aluminum alloy body, wherein the oxide layer
contains a plurality of pores, wherein the oxide layer is associated with the intended viewing
surface, and wherein at least two colorants at least partially fills the pores of the oxide layer;
and

wherein the intended viewing surface has a substantially multi-color effect, wherein a
first portion of the aluminum alloy body has a first color due to a first colorant, wherein a
second portion of the aluminum alloy body has a second color due to a second colorant,
wherein the second color is different than the first color, and wherein the combination of the

first color and the second color at least partially contributes to the multi-color effect.

2. The product of claim 1, wherein the aluminum alloy body is rolled through a pair of
polished work rolls to achieve an image clarity of at least about 85 at the intended viewing

surface.

3. The product of claim 1, wherein the aluminum alloy body is mechanically polished to

achieve an image clarity of at least about 85 at the intended viewing surface.

4. The product of claim 1, wherein variability of the colors realized by the multi-color

effect at the intended viewing surface is at least about 0.5 Delta E.

5. The product of claim 1, wherein variability of the colors realized by the multi-color

effect at the intended viewing surface is at least about 1.0 Delta E.

6. The product of claim 1, wherein variability of the colors realized by the multi-color

effect at the intended viewing surface is at least about 5.0 Delta E.
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7. The product of claim 1, wherein the aluminum alloy body is at least one of AA1080,
AA1085 and AA1090.

3. The product of claim 1, wherein the aluminum alloy body is at least one of AA5005
and AAS657.
9. A method comprising:

(a) producing an aluminum alloy product having an intended viewing surface,
wherein the producing step includes:

(1) forming an aluminum alloy body having aluminum and alloying
clements, wherein the total amount of the alloying elements does not exceed about 5.0 wt. %;
and

(i)  rolling the aluminum alloy body through a pair of polished work rolls;

(b) anodizing the aluminum alloy body, wherein the anodizing step includes
forming an oxide layer from a portion of the aluminum alloy body, the oxide layer having a
plurality of pores, and wherein the oxide layer is associated with the intended viewing
surface;

(c) applying a first colorant to the oxide layer, wherein after the applying step (c)
at least some of the first colorant is at least partially disposed within the pores of the oxide
layer;

(d) applying a second colorant to the oxide layer, the second colorant being a
different color than the first colorant, wherein after the applying step (d) at least some of the
second colorant is at least partially disposed within the pores of the oxide layer; and

wherein, after the applying steps (c¢) and (d), the intended viewing surface has a
substantially multi-color effect, wherein a first portion of the aluminum alloy product has a
first color due to the first colorant, wherein a second portion of the aluminum alloy product
has a second color due to a second colorant, wherein the second color is different than the
first color, and wherein the combination of the first color and the second color at least

partially contributes to the multi-color effect.

10. The method of claim 9, wherein after the producing step (a), the intended viewing

surface realizes an image clarity of at least about 85.

11. The method of claim 9, wherein the producing step (a) further includes:
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(iii)  mechanically polishing the aluminum alloy body, wherein the intended

viewing surface realizes an image clarity of at least about 85.

12. The method of claim 9, wherein variability of the colors realized by the multi-color

effect at the intended viewing surface is at least about 0.5 Delta E.

13. The method of claim 9, wherein variability of the colors realized by the multi-color

effect at the intended viewing surface is at least about 1.0 Delta E.

14. The method of claim 9, wherein variability of the colors realized by the multi-color

effect at the intended viewing surface is at least about 5.0 Delta E.

15. The method of claim 9, wherein the aluminum alloy body is at least one of AA 1080,
AA 1085, AA 1090, AA 5005 and AA 5657.

16. A method comprising:

(a) producing an aluminum alloy product having an intended viewing surface,
wherein the producing step includes:

(1) forming an aluminum alloy body having aluminum and alloying
clements, wherein the total amount of the alloying elements does not exceed about 5.0 wt. %;
and

(1))  mechanically polishing the aluminum alloy body, wherein the intended
viewing surface realizes an image clarity of at least about 85;

(b) anodizing the aluminum alloy body, wherein the anodizing step includes
forming an oxide layer from a portion of the aluminum alloy body, the oxide layer having a
plurality of pores, and wherein the oxide layer is associated with the intended viewing
surface;

(c) applying a first colorant to the oxide layer, wherein after the applying step (c)
at least some of the first colorant is at least partially disposed within the pores of the oxide
layer;

(d) applying a second colorant to the oxide layer, the second colorant being a
different color than the first colorant, wherein after the applying step (d) at least some of the

second colorant is at least partially disposed within the pores of the oxide layer; and
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wherein, after the applying steps (c¢) and (d), the intended viewing surface has a
substantially multi-color effect, wherein a first portion of the aluminum alloy product has a
first color due to the first colorant, wherein a second portion of the aluminum alloy product
has a second color due to a second colorant, wherein the second color is different than the
first color, and wherein the combination of the first color and the second color at least

partially contributes to the multi-color effect.

17. The method of claim 16, wherein variability of the colors realized by the multi-color

effect at the intended viewing surface is at least about 0.5 Delta E.

18. The method of claim 16, wherein variability of the colors realized by the multi-color

effect at the intended viewing surface is at least about 1.0 Delta E.

19. The method of claim 16, wherein variability of the colors realized by the multi-color

effect at the intended viewing surface is at least about 5.0 Delta E.

20. The method of claim 16, wherein the aluminum alloy body is at least one of AA 1080,
AA 1085, AA 1090, AA 5005 and AA 5657.



WO 2010/099258 PCT/US2010/025311

1/7

20

FIG. 1



WO 2010/099258

217

Frapare for
Anodizing
{220}

W

Anodize

............................. S

N

Cptiohal postadye
oacsssis:
(280}

FIG. 2

PCT/US2010/025311

200



WO 2010/099258

Frepars for
anodizing
P S TR Y

i.....\'w}

R

3/7

Producs

| aluminum alioy

subsirate

¥

Aol
{240y

Srodune
slectroshamically
formead axide having =

=18
L RH

PCT/US2010/025311

(260)

T

Optional
post-dye
proness{es)

280y

(266)

Seat

Poligh

Fore sizs
1020 v
{3443

FIG. 3



WO 2010/099258 PCT/US2010/025311

417

FIG. 4



WO 2010/099258 PCT/US2010/025311

S/7

G nings, st

FIG. 5



000000000000000000000000000000




000000000000000000000000000000




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/025311

A. CLASSIFICATION OF SUBJECT MATTER -

INV. C25D11 i6 C25D11/24
ADD.

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C25D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

claims 1-3,8,15
examples 1-7

[0017], [0018], [0021]

page 2, line 33 - line 48
page 2, line 60 - line 66
page 3, line 3 - line 6

paragraphs [0009], [dOll], . [0015],

X DE 42 27 023 C1 (GROENINGER H)
9 September 1993 (1993-09-09)
claim 1 '
tables 1,2

X EP 0 936 288 A2 (CLARIANT FINANCE BVI LTD 1-20
[VG]) 18 August 1999 (1999-08-18)

1-20

m Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particutar relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

“P" document published prior to the international filing date but
later than the priority date claimed

“T" later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
meﬂts, such combination being obvious to a person skilled
in the art.

“&" document member of the same patent family

Date of the actual completion of the intemational search

23 April 2010

Date of mailing of the international search report

04/05/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Perednis, Dainius

Form PCT/ISA/210 (second sheet) (April 2005)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/025311

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

9 January 1973 (1973-01-09)

claim 1

column 1, line 12 - line 23

column 2, lines 24-27, 45-54
column 3, 1line 1 - line 3

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 102 508 A (BARTKOWSKI KLAUS D [DE] ET 1-20
AL) 7 April 1992 (1992-04-07)
claims 1,7
column 1, line 8 — 1ine 22
column 2, line 18 - Tine 19
column 3, lines 18-20, 31-35, 52-55
X DE 28 13 071 Al (ROHDE GUENTER) 1-8
27 September 1979 (1979-09-27)
Y claims 1, 5-8, 10 9-20
page 7, line 12 - 1ine 17
page 8, line 9 - line 14
Y - US 2008/274375 Al (NG FUK CHIU [HK] ET AL) 1-20
6 November 2008 (2008-11-06)
claims 1,6,15,19
figure 1
table 1
paragraphs [0027], [0028], [0032],
[0038], [0039], [0042] - [0048],
[0051], [0052], [0092], [0094],
[0096], [0098], ([0111]
Y US 3 709 742 A (JACOBS J) 1-20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2010/025311
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0936288 A2 18-08-1999 AU 1002799 A 29-07-1999
CA 2258370 Al 07-07-1999
JP 11256394 A 21-09-1999
DE 4227023 Cl' 09-09-1993  NONE
US 5102508 A 07-04-1992 DE 3917188 Al 29-11-1990
EP 0399172 A2 28-11-1990
JP 1860560 C 27-07-1994
JP 3013596 A 22-01-1991
JP 5077755 B 27-10-1993
DE 2813071 Al 27-09-1979  NONE
US 2008274375 Al 06-11-2008 CN 101298690 A 05-11-2008
: ' EP 1980651 A2 - 15-10-2008
KR 20080098331 A 07-11-2008
US 3709742 A 09-01-1973  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

