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RAI NBOW COLORED REFLECTI VE LUSTER Tethnical Field The present invention
relates to a method of processing an 10 article to be processed so as to
cause the article to create rainbow color, which is preferably applied to
a surface of, for exanple, accessories, cosnetics containers,

medi cal - suppl i es containers, transpes¢RtpTIoNievi ce conponents,
interior/exterior walls of construction structures and/or a die for

manuf acturing these 15 articles. It also relates to a nethod of

manuf acturing an article which presents rainbow colored reflective |uster,

and further rel atpR®OCESSINGAMETAGD WO C leRMAGNY SRA BNBEGW WcoRbR!, ed
reflective |luster. 20 Background Art As shown in Japanese Lai d- open Pat ent
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an article to be processed so as to cause the article to create rai nbow

color 5is publiclygaii@un-coeeRED REFLECTIVETEURER, 2aRPAARFREEECT O 203 25
or TiN as a laser optical waveguide is formed on a surface of an WO

02/16149 PCT/ JPOli{if tR’PRESENTS RAINBOW-COLORED REFLECTIVE LUSTER

Technical Field

The present invention relates to a method of processing an

10 article to be processed so as to cause the article to create rainbow
color, which is preferably applied to a surface of, for example,
accessories, cosmetics containers, medical-supplies containers,
transportation device components, interior/exterior walls of
construction structures and/or a die for manufacturing these

15 articles. It also relates to a method of manufacturing an article
which presents rainbow-colored reflective luster, and furfher
relates to an article which presents rainbow-colored reflective

luster.

20 Background Art
As shown in Japanese Laid-open Patent Publications, for
example, H6-198465 and H6-198466, a method of processing an article
to be processed so as to cause the article to create rainbow color
is publicly known. According to the method, a coat made of Cr,O,

25 or TiN as a laser optical waveguide is formed on a surface of an



2 article to be processed made of stainless steel or titanium and then
pul sed laser light is irradiated onto the surface of the coat to thereby
create diWwdpnaotiton grati ngs of m nute unevenness which pPEB@PIL/07162

rai nbowcol ored reflective luster on 2he surface of the 5 article. In
detail, Japanese Lai d-open Patent Publication H6-198465 discloses the
foll ow ng processing nethod of creating rainbow color. In this nmethod, an
article to be processed nmade of stainless steel or titaniumis subjected

to heat - t5,8aldTRN o Bedpt-6a6L5¥E HAGe 18¢ agg;g)ﬁpl@gse QL 03 €13 098k, Ohn§" 2C8

or TiN as a |aser optical waveguide on the surface of the article.
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In this method, an article to be processed made of stainless steel
or titanium is subjected to heat-treatment in a reactive gas
10 atmosphere to create a coat of Cr,0, or TiN as a laser optical
waveguide on the surface of the article. Thereafter, laser light
is irradiated onto the surface of the coat to create diffraction
gratings. With this processing method, the processing operation
efficiency can be improved by creating the coat by the heat-
15 treatment.

This processing method of creating rainbow color utilizes
the following phenomena. When pulsed laser light is irradiated
onto the same position of the surface of the coat, the irradiated
laser light is introduced into the coat via a minute blemish, a

20 crystal grain boundary or the like existing on the surface of the
coat, and advances within the coat in the direction of the field
as a waveguide. Thus, this introduced laser 1light and the
irradiated laser light interfere with each other to cause fusion
and evaporation of the surface of the article to be processed

25 corresponding to the interfered pattern. As a result, a minute



25 corresponding to the interfered pattern. As a result, a mnute WO

02/ 16149 PCT/JP01/07162 3 unevenness is fornmed on the surface of the
article twobriqgubcessed. The m nute unevenness consti t ut reT/d@pdiforeet i on
gratings which cause spectrumrefleciion of light. As a result, when the
m nute wunevenness is irradiated by light, such as sunlight or fluorescent
5 lanmp light, the tone of the reflected Iight | ooks different depending on
the angle to be seen, creating a rainbow pattern. The aforenentioned
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can be formed by irradiating laser light while continuously moving
the laser light or by irradiating spot-like laser light onto a

10 predetermined position. According to this method, there is an
advantage that a region which presents rainbow-colored reflective
luster can be formed in any position of the surface of the article
to be processed.

Accordingly, it 1is considered that this processing method

15 of creating rainbow color can be preferably applied to a
surface-decoration processing of accessories, industrial products,
etc. Furthermore, it is expected that the processing method can
also be applied to visual forge-prevention processing of prepaid
cards such as telephone cards and pachinko cards.

20 By the way, such processing of creating rainbow color has
an outstanding advantage of making colorful color which charms
those who see the processed article. On the other hand, the
processed article presents metallic luster since the natural

complexion of the ground metal is exposed on the surface other than

25 the portion where diffraction gratings are formed. As a result,



processed article presents netallic luster since the natural conpl exion of
the ground netal is exposed on the surface other than 25 the portion where
di ffractivomoyrasd ngs are formed. As a result, WO 02/ 16149r€UTPUIROM207162 4
there is a fault that a cold sensibil4ty is given to those who see the
processed article. Furthernore, since the depth of the m nute unevenness
constituting the diffraction gratings which create rainbow color 5 is
several nm there is a fault that the diffraction gratings are easily
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can create q§§#tiful(%ginbomfcolored reflective luster, can form

abr asi on- dift&bre HFFIEL i on gratings, can create beautiful 20 reflective
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the article to be processed are inappropriate for performing the
processing method. For example, in cases where an article to be

10 processed is made of aluminum or its alloy (hereinafter referred
to simply as "aluminum"), even if laser light is irradiated onto

the surface of the article, diffraction gratings will not be formed.

The present invention was made in view of the aforementioned

technical backgrounds. It is an object of the present invention

15 to provide a method of processing an article to be processed so
as to cause the article to create rainbow color, whereiﬁ the method

can be applied to any article regardless of the kind of materials,

can create beautiful rainbow-colored reflective luster, can form
abrasion-durable diffrac;tion gratings, can create beautiful

20 reflective luster to a surface other than the portion where
diffraction gratings are formed, and can perform as quick as
possible. It is another object of the present invention to provide
amethod of manufacturing an article which presents rainbow-colored
reflective luster and such an article which presents rainbow-

25 colored reflective luster.



diffraction gratings are fornmed, and can performas quick as possible. It
is anot her object of the present invention to provide a nethod of

manuf act woniam arti cl e which presents rai nbow col ored Ppefiiruatoree | uster
and such an article which presents rainbow 25 colored reflective luster.
WO 02/ 16149 PCT/JP01/07162 5 Another objects of the present invention wll
be apparent fromthe foll ow ng enbodi nents. Disclosure of Invention 5
According to the present invention, a nmethod of processing an article to
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the steps of: formng a eposit on a surtface of an
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surface portion posit; and thereafter irradiating |aser |ight
on the surface of the deposit. In accordance with this method, by formng
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rainbow color, comprises the steps of: forming a nickel-phosphorus
alloy deposit oh a surface of an article to be processed;
heat-treating the article to oxidize at least a surface portion
10 of the deposit; and thereafter irradiating laser light on the
surface of the deposit.

In accordance with this method, by forming the nickel-
phosphorus alloy deposit on the surface of the article to be
processed and then heat-treating the article in an oxygen

15 atmosphere (for example, an atmospheric air), the nickel-
phosphorus alloy deposit may be oiidized in the depth direction
from the surface thereof, whereby at least the surface layer portion
of the deposit is oxidized. That is, due to the aforementioned
heat-treatment, an oxide film is formed at least in the surface

20 layer portion of the deposit. Although it is surmised that the
oxide £ilm is 6 to 10 nm in thickness, the thickness is not limited
to the above.

The laser light fbr forming diffraction gratings is

irradiated onto the surface of the heat-treated deposit. Then, the

25 laser light is introduced from the surface of the oxide film, and



20 layer portion of the deposit. Although it is surmsed that the oxide
filmis 6 to 10 nmin thickness, the thickness is not limted to the
above. Thweobasand | ight for formng diffraction gratings iBCTAPmadiaat ed ont o
the surface of the heat-treated deposét. Then, the 25 laser light is

i ntroduced fromthe surface of the oxide film and WO 02/16149

PCT/JP01/ 07162 6 this introduced laser light and the irradi ated | aser
light interfere with each other. As a result, diffraction gratings
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formed on a surface of an article to be processed, the processing
for creatiﬁg'rainbow color can be performed regardless of the kind
10 of materials. Furthermore, this nickel-phosphorus alloy deposit
has a high surface hardness of, for example, 1.5 times or more the
surface hardness of a nickel deposit. Therefore, when diffraction
gratings are formed on the surface of the nickel—phbsphorus alloy
deposit, it becomes possible to obtain diffraction gratings
15 excellent in abrasion resistance.

Furthermore, the thickness of the oxide f£ilm increases with
the heating time and the refractive index of this oxide £film differs
from that of the ground metal. Accordingly, when the oxide £ilm
is formed in the surface portion of the nickel-phosphorus alloy

20 deposit, interference color caused by the difference between the
refractive index of the oxide f£ilm and that of the grouﬁd metal
will be created. On the other hand, since the surface other than
the diffraction grating formed portion is covered by the oxide £ilm,
beautiful reflective luster caused by the interference color also

25 comes to present on the surface other than the portion where



fromthat of the ground netal. Accordingly, when the oxide film is formed
In the surface portion of the nickel-phosphorus alloy 20 deposit,

i nterferev@e2oahor caused by the difference between the Ppefmruatrwee i ndex
of the oxide filmand that of the ground netal wll be created. On the

ot her hand, since the surface other than the diffraction grating forned
portion is covered by the oxide film beautiful reflective luster caused
by the interference color also 25 cones to present on the surface other
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diffractiaqn r%hgn qh:r(;nbOM/color caused by the diffraction gratings
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interference color conmes to arise also on the surface other than the
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t hi s ni ckel - phosphorus 15 allo¥)deposit falls within the ran%e of from3
to 20 /_HQL}?edajggeofdlfference etween the refraction index oTf the oxide

film and that of the ground metal. Accordingly, it comes to present
very beautiful rainbow color. On the other hand, since the oxide
10 film covers the surface other than the diffraction grating formed
portion, beautiful reflective luster by the interference color
comes to arise also on the surface other than the diffraction grating
formed portion.
It is desirable that the thickness of this nickel-phosphorus
15 alloy deposit falls within the range of from 3 to 20 #m because of
the following reasons. If the thickness is less than 3 u4m, there
is a possibility that it becomes impossible tol form good diffraction
grating due to the influence of the substrate of the article to
be processed. On the other hand, if the thickness exceeds 20 u
20 m, there is a possibility that cracks may be generated in the oxide
film. The most preferable thickness is from 10 to 15 um.
As for the article to be processed, metal things, such as
a product made of stainless steel or the like, can be used.
Especially, it is preferable that the article to be processed is

25 made of aluminum. Although it was, conventionally, impossible to



the followng reasons. If the thickness is less than 3g m there is a
possibility that it beconmes inpossible to formgood diffraction grating
due to twobnidiwence of the substrate of the article to bperpraoesged. On
the other hand, if the thickness exce®ds 20,1 20 m there is a possibility
that cracks may be generated in the oxide film The nost preferable
thickness is from10 to 15,1 m As for the article to be processed, netal

t hi ngs, such as a product made of stainless steel or the like, can be
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the article is performed in an atmospheric air at the temperature
of 150 to 600 C for 5 seconds to 1 hour.

10 ‘ In this case, cracks which grow from intergranular corrosion
or the like which may generate in an oxide film are prevented from
generating, which enables to form an oxide £ilm having a good surface
condition and to produce interference color due to the difference
of the refractive index assuredly. Accordingly, it becomes

15 pbssible to assuredly form diffraction gratings which produce
beautiful rainbow-colored reflective lustei‘. Furthermore, it is
especially preferable that the step of heat-treating the article
is performed at the temperature of 300 to 400 C. Furthermore, it
is especially preferable that the step of heat-treating the article

20 is performed for 5 to 10 minutes.

Furthermore, it is preferable that the stép of heat-treating
the article is performed while covering a part of a surface of a
deposit by an oxygen-interception mask.

In this case, the portion of the surface of the deposit covered

25 Dby the mask is prevented from - being oxidized. This causes



of the refractive index assuredly. Accordingly, it beconmes 15 possible to
assuredly formdiffraction gratings which produce beautiful

rai nbow oobored4y ef | ective luster. Furthernore, it is esperirlilogi62
preferable that the step of heat-treating the article 1is perfornmed at the
tenperature of 300 to 400 C. Furthernore, it 1is especially preferable
that the step of heat-treating the article 20 is perforned for 5 to 10
mnutes. Furthernore, it is preferable that the step of heat-treating the
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article to be processed is increased, resultihg in dimproved
processing operation efficiency. Although the moving speed of the
10 laser light to the article to be processed can be set arbitrarily,
the desirable speed is from 500 to 1,000 mm/min.

The method of processing an article to be processed so as
to cause the article to create rainbow color according to the present
invention can be applied to a manufacturing method of an article

15 which presents rainbow-colored reflective luster, and prefera};)ly
to, a manufacturing method of an article made of aluminum or its
alloy which presents especially rainbow-colored reflective luster.

An article which presents rainbow-colored reflective luster
according to the present invention includes a nickel-phosphorus

20 alloy deposit formed on a surface of the article, an oxide film
of an oxide layer of the deposit formed on at least a surface portion
of the deposit, and diffraction gratings which produce
rainbow-colored reflective luster formed on the surface of the

oxide film.

25 It is preferable that the deposit is 3 to 20 u#m in thickness.



The nethod of processing an article to be processed so as to cause the
article to create rai nbow col or according to the present invention can be
appl i ed twooa2/pamuf acturi ng nethod of an article 15 whi ch PeEIRN03162

rai nbowcolored reflective luster, and preferably to, a manufacturing

met hod of an article made of alumnumor its alloy which presents

especi ally rainbowcolored reflective luster. An article which presents
rai nbow col ored reflective luster according to the present invention
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oxide film.
It is preferable that the deposit is 3 to 20 ¢#m in thickness.
10
Brief Description of Drawings
Fig. 1 is a cross-sectional view of an article to be processed
for explaining the procedures of the method of processing an article
to be processed so as to cause the article to create rainbow color
15 according to the present invention; and
Fig. 2 is a perspective view of the article to be processed
for explaining another preferable method of processing an article
to be processed so as to cause the article to create rainbow color
according to the present invention.
20
Best Mode for Carrying Out the Invention
The present invention will be fully explained with reference
to the attached drawings.
Fig. 1 (a)-(g) show the cross-sectional views of the article

25 to be processed for explaining the procedures of the preferable



10 Brief Description of Dramngs Fig. 1 is a cross-sectional view of an
article to be processed for explaining the procedures of the nethod of
processi moar@ndicle to be processed so as to cause theparfiralogiseo create
rai nbow color 15 according to the priésent invention; and Fig. 2 is a
perspective view of the article to be processed for explaining another
preferable nmethod of processing an article to be processed so as to cause
the article to create rainbow color according to the present invention. 20
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fully explained wth reference to the attached drawmngs. Fig. 1 (a)
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pl ate 2, éxpec I on gratl ngs cannot

onto the surface of such-an aluminum plate 2, expected diffraction
gratings cannot be formed.

Therefore, in the present invention, as shown in Fig. 1(b),

nickel-phosphorus alloy is deposited on the surface of the alumihum

10 plate 2 as a substrate by electroless plating. Thus, the

nickel-phosphorus alloy deposit 3 is formed on the surface of the

aluminum substrate 2. As for the thickness of this deposit 3, it

is desirable that the thickness falls within the range of from 3

to 20 g#m because of the following reasons. If the thickness is

15 less than 3 4m, there is a possibility that it becomes impossible

to form good diffraction gratings (see reference numeral 5 in Fig.

1(g)) due to the influence of the aluminum substrate 2. On the other

hand, if the thickness exceeds 20um , there is a possibility that

cracks may be generated in the oxide film (see reference numeral

20 3a in Fig. 1(c)). The preferable thickness is from 10 to 15 um.

The formation of the nickel-phosphorus alloy deposit 3 by

the aforementioned electroless plating may be performed by a

conventional method. One example thereof will be explained briefly.

As a pretreatment of the surface of the aluminum substrate 2,

25 degreasing processing of the surface of the substrate is performed.



Therefore, in the present invention, as shown in Fig. 1(b) ,

ni ckel - phosphorus alloy is deposited on the surface of the alum num 10
plate 2 asOoavsiulstrate by el ectrol ess plating. Thus, the RCTHRI1APt@SphoOr us
all oy deposit 3 is fornmed on the surflace of the alum num substrate 2. As
for the thickness of this deposit 3, it 1is desirable that the thickness
falls within the range of from3 to 20 gm because of the follow ng
reasons. If the thickness is 15 less than 3,um there is a possibility t hat
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Then, this i num stra n ammoni a sol ution of nickel
salts, suéﬂ &8nn98EzP SﬁlgPﬁagm ﬁgpgn§8§g?tﬁickel phosphorus alloy on the
In this way, after forming the nickel-phosphorus alloy
deposit 3 on the surface of the aluminum substrate 2, this article
10 1 to be processed is subjected to heat-treating by a known heating
means in an atmospheric air at the temperature of 150 to 600 'C for
5 seconds to 1 hour. If the temperature is lower than 150 C or
the heating time is less than 5 seconds, theré is a possibility
that good diffraction gratings cannot be formed because of
15 insufficient heating. On the other hand, if the temperature
exceeds 600 C or the heating time exceeds 1 hour, there is a
possibility that good diffraction gratings cannot be formed because
of excessive oxidization. Accordingly, it is desirable to perform
the heat-treatment at the temperature of 150 to 600 C for 5 seconds
20 to 1 hour.
By this heat-treatment, the deposit 3 is oxidized toward the
depth direction from the surface. As a result, as shown in this
Fig. 1 (c), the oxide £ilm 3a of the oxidized layer of the deposit
3 is formed in the surface portion of this deposit 3. The surface

25 of this oxide film 3a creates interference color due to the



surface of the alum num substrate 2. The aforenenti oned anmonia solution

I ncl udes sodi um hypophoshite. In this way, after formng the

ni ckel - pvo@phiories al |l oy deposit 3 on the surface of the aCDaPMwmMeEubstrate
2, this article 10 1 to be processed3is subjected to heat-treati.ng by a
known heating nmeans in an atnospheric air at the tenperature of 150 to 600
"Cfor 5 seconds to 1 hour. |If the tenperature is lower than 150 ' C or

the heating tinme is less than 5 seconds, there is a possibility that good

di 11act | gegLaLhnos,cap0l e, LaLARAL BRARUSE Yl CI5:hasuLlhel 0ty heating.

On the ot era ure excee |ng
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deS|rabIe to gorm t he heat treat ment at the tenperature of 150 to 600
'Cfor 5 5808 €20 to 1 hour. By this heat-treatnent, the deposit 3 is

oxi di zed towar the d thd ectio fromthe surface. esult, as,
shown in this dﬁ %g 8 o FF‘Iem%% A9 h eBBPedfia%é]Eq ayBr % he
deposit 3 is forned i n the surface porti,on of this deposit 3. The, surface
25 of X hi Regkr HESRTPARBA % £EaMe309 ot PRrence TS Bickas-PhosRROVES (2 k@149

PCT/ JP01/ Q7162 13 difference between the refractive i ndex of the oxide
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gold to purple
this deposit 3 is crystallized probably at the heating

temperature of 250 to 300 C. It is surmised that the whole deposit
3 will be crystallized and the surface portion of this deposit 3

10 will be oxidized when the article is heat-treated at the temperature
of 300 to 400 C. We found that diffraction gratings that present
very beautiful reflective luster can be formed by irradiating laser
light on the surface of the crystallized and oxidized deposit 3.
More preferably, the heating time is from 5 to 10 minutes.

15 Subsequently, as shown in this Fig. 1(d), in the same manner
as in the conventional method of processing an article to be
processed so as to cause the article to create rainbow color, using
Q switch Nd:YAG laser light of a 1inearly polarized light as a pulsed
laser light 10 in a single mode, this laser light 10 is irradiated

20 so that many pulses are irradiated on the same position on the
surface of the oxide film 3a. Usually, the laser light 10 is
irradiated in the out-of-focus state. Furthermore, as the
irradiation laser light, although slag, excimer laser, etc. may
be used, it is desirable to use YAG laser light as in this embodiment.

25 The reference numeral 12 denotes a convex lens converging the laser



It is desirable that the heating tenperature in this 5 heat-treatnent is
from300 to 400 "C . The nickel -phosphorus alloy deposit 3 before

heat -t r eav@emte1#s usual ly in an anorphous state and thi sPAEpREITIES | S
crystallized probably at the heating14tenperature of 250 to 300 "C . It is
surm sed that the whol e deposit 3 wll be crystallized and the surface
portion of this deposit 3 10 will be oxidized when the article is
heat-treated at the tenperature of 300 to 400 'C . W found that
diffracti ppggeajpngs that present very beautiful reflective luster can be
formed by |rrad|at|ng | aser |ight on the surface of the crystallized and

oxi di zed deposifp s, A@%ﬁo%eiﬁrﬂﬁswlbhq b&ﬂ 70N g)as%d;%tfe@ﬂaéemll&m

m nutes. 15 Subsequently, as shown in this he same nanner
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each other, and the surface of the oxide film 3a is fused and
evaporated corresponding to the interference pattern. As aresult,

10 as shown in Fig. 1(f), minute unevenness 4 is formed. This minute
unevenness 4 constitutes diffraction gratings which disperse and
reflect light, and function as a diffraction grating coupler. As
shown in Fig. 1(g), by moving the laser light 10 or moving the article
1 to be processed while irradiating the laser 1light 10,

‘15 predetermined diffraction gratings 5 are formed along the
irradiation locus line of the laser light 10 on the surface of the
article 1 to be processed.

The obtained article 1 to which the aforementioned processing
is performed has the region which presents beautiful rainbow-

20 colored reflective luster on the surface. Thus, the article 1 can
be used as accessories. Furthermore, since the substrate 2 is made
of aluminum, very lightweight accessories can be obtained.

Fig. 2 1s a perspective view of an article to be processed
for explaining another preferable method of processing an article

25 to be processed so as to cause the article to create rainbow



Thus, as shown in this Fig. 1 (e) , the irradiated laser light is
introduced into the oxide film3 through a mnute blemsh, a mnute
crystal gvaomidieundary or the |ike which exists on the sup€rIR01BH762 t he
oxide film 3a, and advances in the diltfection of the field through the
oxide film3a as a waveguide. Then, this introduced I|aser light 11 and the
irradiation laser light 10 interfere with each other, and the surface of
the oxide film3a is fused and evaporated corresponding to the

i nterferensgoPdidgr fo ﬁ§eapf§§é’1l1\t:1lﬂ'\peﬁ§1§rbo"m inFig. 1(f) , mnute

unevenness 4 is forned. This mnute unevenness 4 constitutes diffraction
t whi ch I dlffl’ ctyizon

o ot Rgscoubfeﬂ%ﬁﬁ%&% o e B Gt R o o

movi ng thg @iﬂécéer]gg:traﬁ G R %;:%%%%%"‘"1'6' gléf riadh atifg m«gekmr g e 10,

15 predetermned diffrac |on gratings 5 ar ornmed alon Irradiation

pr ocessed *ahs %%?Jg?%% B ondh PO B &%%ﬂnfén'eg'sgl%fé%ﬁ%
'S perf or prd 18 NG hoor}ugsmmo £33 beauLd grf,g' LEPO 1120 0l

refl ectl ve sur ace artic an
accessori e urt her m)r ce the bstrate 2.is of al.um.num .very
| i ght wei g% accec% can Bsbtgi f‘lg 6er§d gty ?)Erfsl'beécaﬁ%cj\ﬁ g:Nloef an

riele el e R e A
create ra;')fatl)oc\alv 1Vg31052/r]é?n]6£\17% grr/o‘]mpic:)&éos?&xggace of the deposit 3. The other
processing conditions are the same as the aforementioned processing

10 conditioms.

According to this method, only the surface portion of the
deposit 3 exposed through the aperture 16 is oxidized, and only
this exposed surface portion comes to present interference color.

Next, concrete examples of the present invention will be

15 explained.

As a substrate of an article to be processed, aluminum plates
(material: Japanese Industrial Standards A1100, dimension: 50 mm
x 50 mm x 0.1 mm thickness) were prepared, and a layer was formed
on the surface of each aluminum substrate as follows.

20 <Examples 1-9>

The aluminum substrates were pretreated (degreasing
processing—~>etching by the caustic wash —zincate processing—
nitric acid washing). Then, according to the conventional method,

nickel-phosphorus (Ni-P) alloy deposit (thickness: see Table 1)

25 was formed on the surface of each aluminum substrate by electroless



15 according to the present invention. According to this nethod, an
oxygen-interception plate 15 having a rectangul ar aperture 16 is used. At
the tinmevod 02/@49 heat-treatnment, the mask plate 15 i s di spopaebionizhe
surface of 5 the nickel-phosphorus altboy deposit 3 to cover a part of the
surface of the deposit 3. Then, in this covered state, the article 1 is
heat-treated. After heat-treatnent performed in this way, the mask plate
15 is renoved fromthe surface of the deposit 3. The other processing

condi tiongiatenghe QﬁﬁgééﬁéﬂﬂE%'aﬁﬁk@ﬁ?@hb@@%ﬁtg%oﬁ§§é'HQatlékéﬁ%E%Iiﬁ”Eh
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as examples 1 to 9.



25 was fornmed on the surface of each al um num substrate by el ectrol ess WO
02/ 16149 PCT/JP01/07162 16 plating. Subsequently, these substrates were
heat -t r eav@d2/idq14an air atnosphere at different heating teapermatiare falling
within the range of from 150 to 6001C for different heating tine falling
within the range of from5 seconds to 1 hour. These heat-treatnents were 5
performed in a heating furnace. The conditions of the heat- treatnent are
al so shown in Table 1. These sanpl es are designated as exanples 1 to 9. WO
02/ 16149 PCT/JP01/07162 17 Table 1 tatyps Heating tine Sanple Heating
Heating Eval uation Type Thickness tenperature tine (see Notes) (9m CC)

Exanple 1 Ni-P alloy 10 150 5Lager O deposit Hestiple t2md - P pl oy 10 150 1
hour 0 depositemBé@nplie 3 Ni-P dlToy 10 3%8e&impn. O] udepesi t| Exalysitaeon!
Ni -P alloy|10 600 5 sdc. Oypedep@siftickness | temperature | time (see Notes)
(¢m) (C)
Example 1 Ni-P alloy 10 150 5 sec. O
deposit
Example 2 Ni-P alloy 10 150 1 hour O
deposit
Example 3 Ni-P alloy 10 350 5 min. ©
deposit
Example 4 Ni-P alloy 10 600 5 sec. O
deposit
Example 5 Ni-P alloy 10 600 1 hour O
deposit
Example 6 Ni-P alloy 3 400 10 min. O
deposit
Example 7 Ni-P alloy 5 400 10 min. O
deposit
Example 8 Ni-P alloy 15 400 10 min. ©
deposit
Example 9 Ni-P alloy 20 400 10 min. O
deposit
Comparative | Ni-P alloy 10 - - X
Example 1 deposit
Comparative | Ni deposit 10 400 10 min. X
Example 2
Comparative Alumite 7 - - X
Example 3
Comparative None - - - X
Example 4

Notes @"'Very good diffraction gratings were formed
O---Good diffraction gratings were formed
5 X--'No diffraction grating was formed



Exanple 5 N-P alloy 10 600 1 hour O deposit Exanple 6 Ni-P alloy 3 400 10
mn. O deposit Exanple 7 N-P alloy 5 400 10 mn. O deposit Exanple 8

Ni -P all woi5144@ 10 min. O deposit Exanple 9 Ni-P all oyPOJEO®762 min. O
deposit Conparative Ni-P alloy 10 - -18X Exanple 1 deposit Conparative N
deposit 10 400 10 min. X Exanple 2 Conparative Alumte 7 - - X Exanple 3
Conparative None - - - X Exanple 4 Notes OVery good diffraction gratings
were formed O0CGood diffraction gratings were forned 5 X No diffraction

grating . 9 .RCT/JP01/ 07162 18 <Conparative exanple 1>
A ni ckel -p 05 %ﬁ%ﬁ?Q% %%%$lé%b§fl (10 9m t hi ckness) was

A nickel-phosphbrus alloy deposit (10 g¢m thickness) was
formed on the surface of the aluminum substrate in the same manner
as in the aforementioned examples. This sample is designated as

5 comparative example 1.
{Comparative example 2>

According to a conventional/method, a nickel-plating layer
(10 #m thickness) was formed on the surface of the aluminum
substrate. Subsequently, the substrate was heat-treated in a

10 heating furnace in an air atmosphere at the heating temperature
of 400 C for 10 minutes. This sample is designated as comparative
example 2.
<Comparative example 3>

According to a conventional method, an alumite layer (74m

15 thickness) of oxalic acid was formed on the surface of the aluminum
substrate. This sample is designated as comparative example 3.
{Comparative example 4>

No layer was formed on the surface of the aluminum substrate.
This sample is designated as comparative example 4.

20 To the aforementioned examples 1 to 9 and the aforementioned
comparative examples 1 to 4, QO switch NA4:YAG laser light of a
linearly polarized light was irradiated on the surface of each
example in order to form diffraction gratings under the conditions
of the oscillation wavelength of 1.06 #m, the pulse widths of 100

25 ns, the laser light repeats of 1kHz and the laser light output of



formed on the surface of the alum num substrate in the sane manner as in
the af orenenti oned exanples. This sanple is designated as 5 conparative
exanpl e WO eZoimpar ati ve exanpl e 2> According to a convent POvaboleetedod, a
ni ckel -plating layer (10 gmthickned8) was fornmed on the surface of the
al um num substrate. Subsequently, the substrate was heat-treated in a 10
heating furnace in an air atnosphere at the heating tenperature of 400 C
for 10 mnutes . This sanple is designated as conparative exanple 2.
<Conpar atjye exanple 3> According to a conventional nmethod, an alumte

| ayer (711m 15 thickness) of oxalic acid was forned on the surface of the

al um num substhat ek @@pg%DM%_qssﬁggggeq.as conpar ati ve exanple 3.

<Conparative exanple 4> No | ayer was forned on the surface of the alum num

b . Thi ] i ' ' h
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af orement i oned e rementione arative exanpl es

irradi ate sur face exanpl e in or o form raction
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| aser |i q:hé'{n Qouét polgtaqne\g? 02/ 16149 PCT/JP01/ 07162 19

Furthermore, the samples of the examples 1-9 reveal that
diffraction gratings can be formed at the very fast moving speed
of irradiation laser light, such as 500 to 1000 mm/min, and the

10 processing operation efficiency is excellent.

On the other hand, the samples of comparative examples 1-4
reveal that diffraction gratings which present beautiful
reflective luster cannot be obtained because cracks generated in
the surface deteriorates the surface status when the moving speed

15 of the irradiation laser light is 500 - 1000 mm/min, or even the
speed is decreased to 1 mm/min.

Furthermore, as a substrate of an article to be processed,
a stainless steel plate (material: SUS304, dimension: 50 mm x 50
mm X 0.1 mm thickness) was prepared, and the nickel-phosphorus alloy

20 deposit (10 #m thickness) was formed on the surface of the stainless
steel plate in tﬁe same manner as in the aforementioned aluminum
substrate.

In this case too, the samples to which heat treating were
performed at the temperature of 150 to 600 C for 5 seconds to 1

25 hour reveal that diffraction gratings which produce beautiful



2W The results are shown in Table 1. As shown in Table 1, the sanples of
exanples 1-9 reveal that no crack is generated in the surface thereof and
di ffract ivom02/561g¥ at i ngs whi ch produce beautiful rai nbow ceCDIRM/OrER| ecti ve
| uster can be obtained. Furthernore20the sanples of the exanples 1-9
reveal that diffraction gratings can be forned at the very fast noving
speed of irradiation laser light, such as 500 to 1000 mmmn, and the 10
processi ng operation efficiency is excellent. On the other hand, the
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of processing an article to be processed so as to cause the article

to create rainbow color according to the present invention, it is

possible to make the article to present very beautiful rainbow color
10 that the interference color due to the difference between the

refractive index of the oxide f£ilm of the nickel-phosphorus alloy

deposit and that of the ground metal is added to rainbow color due

to the diffraction gratings. Furthermore, the surface other than

the diffraction grating formed portion can also present beautiful
15 reflective luster due to the interference color.

Furthermore, according to the method of processing an article
to be processed so as to cause the article to create rainbow color
according to the present invention, diffraction gratings can be
formed even if the construction material of the article to be

20 processed consists of an aluminum which was not able to form
diffraction gratings on the surface conventionally. Accordingly,
an article to be processed is not restricted by the kind of
construction material, which contributes to expand the
application.

25 Furthermore, since the surface hardness of nickel-phosphorus



WO 02/ 16149 PCT/JPOL/ 07162 20 rai nbow colored reflective luster can be

obt ai ned under the aforenentioned conditions. Furthernore, it reveals that
di ffract ivodograsd ngs can be formed at the very hi gh worki pPQT/spE®die2 such as
t he working speed of 500 to 1, 000 m#nin, and the processing 5 operation
efficiency is excellent. As will be understood fromthe above, according to
the method of processing an article to be processed so as to cause the

article to create rainbow color according to the present invention, it is
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1 hour in an air atmosphgre, diffraction gratings which produce
beautiful rainbow-colored reflective luster can be formed

10 assuredly.

Furthermore, in cases where the step of heat-treating the
article is performed while covering a part of a surface of the
deposit by an oxygen-interception mask, it becomes possible to make
only a desired portion to present interference color.

15 In cases where the step of irradiating laser light is
performed by moving the laser light relative to the article to be
processed at a speed of 500 to 1,000 mm/min, the processing operation
efficiency can be improved.

According to a method of manufacturing an article which

20 presents rainbow-colored reflective luster, the same effects as
mentioned above can be obtained.

Furthermore, according to a method of manufacturing an
article made of aluminum or its alloy which presents rainbow-
colored reflective luster, the same effects as mentioned above can

25 be obtained.



application. 25 Furthernore, since the surf ace hardness of

ni ckel - phosphorus WO 02/ 16149 PCT/JP01/07162 21 alloy deposit is high, it
beconmes poas¥idigoto form hi gh-abrasion diffraction grati PgEJPIN07162

hi gh-durability diffraction gratings.22 Furthernore, in cases where the

t hi ckness of the nickel phosphorus alloy deposit falls within the range of
from3 to 20 5 ,am good diffraction gratings can be forned assuredly.
Furthernore, in cases where the article to be processed is heat-treated at

the tenperat ur g3t pkihdi® 60Qodord@ngd $ec0Rds fa%ti%l!éouk}vhii%hang%ée ts
at nosphere, diffraction gratings which produce beautiful rainbow col ored
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possible to make onl'y a desired portion to present 1 nterference color

In cases yhergihe siep ool Lrafball 10 h2387 of| Ol funPSL! PLEED, Yy 0K O

the laser Tight relativeto 0 bé  processed at a speed” 6f 500

to 1, 8?28% %@%g%ggaﬁfgfésg}g Pehdld Qg ef ficiency can be inproved.

Accor manutacturing an article which 20 presents

r ai nbow- col or edn],6f | SR 14%d RS o1tlfsS 2 PR8LhRY! 5 ¢2° oTpAhLeRedpaRRYe can

Application No. 2000-250941 filed on August 22, 2000, the
disclosure of which is incorporated by reference in its entirety.

The terms and descriptions in this specification are used

10 only for explanatory purposes and the present invention is not
limited to these terms and descriptions. It should be appreciated
that there are many modifications and substitutions without
departing from the spirit and the scope of the present invention

which is defined by the appended claims.
15 '

Industrial Applicability

A method of processing an article to be processed so as to
cause the article to create rainbow color according to the present
invention can be applied to processing for decorating, for example,
20 accessories, cosmetics containers, medical-supplies containers,
transportation device components, interior/exterior walls of
construction structures. It can also be applied to wvisual

forge-prevention processing of prepaid cards.
A method of manufacturing an article which presents

25 rainbow-colored reflective luster can be applied to a manufacturing



Furthernore, according to a nmethod of manufacturing an article nmade of
alumnumor its alloy which presents rai nbow colored reflective |uster,

t he sane vedhred1g9 as nenti oned above can 25 be obtai ned. POr/NDHE649

PCT/ JP01/ 07162 22 Furthernore, according to an article which presents
rai nbowcolored reflective luster, an article equipped with diffraction
gratings with outstanding durability can be obtained. In cases where the
article is made of alumnumor its alloy, a 5 lightweight article can be

obt ai ned pekicy aﬂﬂiﬁéﬁﬁﬁac%ﬁiﬂg PELR idankf o) APANESEs S &N cARRELERLT ON
No. 2000-250941 filed on August 22, 2000, the 'disclosure of which is
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this specification are use only for explanatory purposes and the

present IRMEIHENt S {B%erildlPek@d it R5e st ‘8&”?0?}9‘Erﬂéﬁ%hpéi:i?gétulcés_.
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to create rainbow col or ~according £6 -Fre preseﬁf PRvention can be applied

to pr Ocescsc'sllnngefa%pffectfq:%t,l £ efx%'inpﬁ_)é%ngcl:gessories ., cosmetics containers,

medical-supplies containers, transportation device components,

interior/exterior walls of construction structures.



20 accessories, cosnetics containers, nedical-supplies containers,
transportati on device conponents, interior/exterior walls of construction
struct ur &80 0t/161¢an al so be applied to visual forge-prevebpCT/aPiproeessi ng
of prepaid cards. A nethod of manufac#uring an article which presents 25
rai nbowcol ored reflective luster can be applied to a manufacturing WO

02/ 16149 PCT/JP01/07162 23 method for manufacturing, for exanple,
accessories, cosnetics containers, nedical-supplies containers,
transportation device conponents, irdeyipy/exterior walls of construction
structures. It can also be applied to a nethod of manufacturing prepaid
cards. 5 An article which presents rainbowcolored reflective |luster can
be applied to, for exanple, accessories, cosnetics containers,

edi cal - suppl i 5 cONA A NEKSa I PAMNAILALIPRACNIGE1COTBOPENE Bgcessed so

interior/exterior wall's construction ructures.

PCT/ JPO1/ %7]1:6(? cg seCIt'%iIeNB iél%rfr(tzpo%r%fat%r Olfgfr%&g 83185:“ Cl!hee trﬁepﬁ?%od

processed ™ so " aS t0 cause thé ar e to creaie rai nbow col'or, the ne
5 conprisjng.the steps of: form ng a nickel-phosphorus alloy deposit on a
surfgge ng% %SéPgi%BE Fgegg Sggcessed; heat-treating said article to

oxidize at lea%gr%iﬁgrgaﬁgckel—phosphorus alloy deposit on a surface of

an article to be processed;
heat-treating said article to oxidize at least a surface
portion of said deposit; and thereafter

10 irradiating laser light on said surface of said deposit.

2. The method as recited in claim 1, wherein the step of
forming said nickel-phosphorus alloy deposit is performed so as

to have a thickness of f£from 3 to 20 gm.

15
3. The method as recited in claim 1, wherein the step of
heat-treating said article is performed in an atmospheric air at
the temperature of 150 to 600 C for 5 seconds to 1 hour.
20 4., The method as recited in claim 3, wherein the step of

heat-treating said article is performed at the temperature of 300

to 400 C.

5. The method as recited in claim 3, wherein the step of

25 heat-treating said article is performed for 5 to 10 minutes.



portion of said deposit; and thereafter 10 irradiating laser light on said
surface of said deposit. 2. The nethod as recited in claim1, wherein the
step of Wopmdgo sai d ni ckel - phosphorus all oy deposit is perfpmmeeth2so as

to have a thickness of from3 to 20 gm 15 3. The nethod as recited in
claim1l1, wherein the step of heat-treating said article is perfornmed in an
at nospheric air at the tenperature of 150 to 600 C for 5 seconds to 1

hour. 20 4. The nethod as recited in claim3, wherein the step of
heat-treating said article is perfornmed at the tenperature of 300 to 400 C
5. The nmethod as recited in claim3, wherein the step of 25 heat-treating

said article |§ PORLONBIGAN e +0o 0 tsfalamhozméll PEIL IE0L 04362

25 6. The method as recited in claim1 ereln e step of eat-tteating
sai d art iel 8 15-Ja8hhYy 884 gLk §c§QVEL! R’zrefﬁ% gf gé'tdof
deposi t by an oxygen-1i nterception mas as Fecit8d i'n ¢l ai m

1, V\/nerelahn stuli% LR 0% 4 1ld rd%g)o%t.ﬂtn%ll) %?ler ngg@ﬁt :Lh%eB‘ rg% TBd ).é moving said

| aser ative to sald arti processe spee ‘of 500 to
1000 nninln. 10

7. The method as recited in claim 1, wherein the step of
irradiating laser light is performed by moving said laser light
relative to said artic}e to be processed at a speed of 500 to 1000
mm/min.

10

8. A method of processing an article to be processed so as
to cause the article to create rainbow color, the method comprising
the steps of:

forming a nickel-phosphorus alloy deposit on a surface of

15 an article to be processed made of aluminum or its alloy;
heat-treating said article to oxidize at least a surface
portion of said deposit; and thereafter

irradiating laser light on said surface of said deposit.

20 9. The method as recited in claim 8, wherein the step of
forming said nickel phosphorus alloy deposit is performed so as

to have a thickness of from 3 to 20 g#m.

10. The method as recited in claim 8, wherein the step of

25 heat-treating said article is performed in an atmospheric air at



8. "A nethod of processing an article to be processed so as to cause the
article to create rai nbow color, the nmethod conprising the steps of:
form ng aveowkakhs phosphorus all oy deposit on a surface of PCL/3PENTERLICl e tO
be processed made of aluminumor its2alloy; heat-treating said article to
oxidize at |least a surface portion of said deposit; and thereafter
irradiating laser light on said surface of said deposit. 20 9. The nethod
as recited in claim8, wherein the step of formng said nickel phosphorus

all 0y densyl tednp BEHAITRE S20A%o PN AR Ao 1Y gBE Lo 20 atm

10. The nmetho recit inclarm wherein t eat-treating
said article is performed in an atnnspherlc air at WO 02/16149
PCT/ JP01/ 07162 26 the tenperature of 150 to 600'C for 5 seconds to 1 hour.

11. The nethod,3 étrﬁ‘é’tﬂéh t%h 'r@c&@ed"‘@ﬁr@'ié'&l@ds%}g:%r@ciibgﬁgt 'stc%gaéjfrng

said article |s per rned at e tenperature o

article renarreriand gt foradleiE Pereoreiatrnd Wkl ¥l

claln%8 mhqquq:the step of heat-treating said article is perforned mhlle
covering a part of a surface of said deposit by an oxygen-interception
mask. 14. The nmethod as recited in claim8, wherein the step of

12. The method as recited in claim 10, wherein the step of

heat-treating said article is performed for 5 to 10 minutes.

10 13. The method as recited in claim 8, wherein the step of
heat-treating said article is performed while covering a part of

a surface of said deposit by an oxygen-interception mask.

14. The method as recited in claim 8, wherein the step of
15 irradiating laser light is performed by moving said laser light
relative to said article to be processed at a speed of 500 to 1000

mm/min.

15. A method of manufacturing an article which presents
20 rainbow-colored reflective luster, the method comprising the steps
of:
forming a nickel-phosphorus alloy deposit on a surface of
an article to be processed;
heat-treating said article to oxidize at least a surface

25 portion of said deposit: and thereafter



15 irradiating laser light is perfornmed by noving said | aser |ight
relative to said article to be processed at a speed of 500 to 1000 i m n.
15. A nmetwod2/oft49manuf acturing an article which presents POT/HRi1bm2- col or ed
reflective luster, the nethod conpri @’ng the steps of: formng a
ni ckel - phosphorus all oy deposit on a surface of an article to be
processed; heat-treating said article to oxidize at |east a surface 25
portion of said deposit; and thereafter WO 02/16149 PCT/JP01/ 07162 27
irradiating |agerahiightingn183kd $46heCEn06aSE! dsERASE tof é-aTﬁgp 1pod as
recited in claim15, wherein the step of formng said nic eT phosphor us
all oy deposit is perforned so as 5 to have a thickness of from3 to 20 am
17. The method as recited in claim 15, wherein the step of heat-treating
said article i er ' et .cC.ql J t 0f 150
@69 %ﬂ%rﬁé’tﬂ&a&’é %%‘itg%%;hﬁgé%rgf%a %%ﬁe%@%% Iﬂfﬁ%a é;fm

to 600 'C for seconds to 1 hour. od as recite

Cermorat arenar g0k & Lo aroepRbES STaSyehbkgkte' 3elPheebiEarko s,
ﬁ?ﬁLS.Q %%eh%k%pap%higﬁgﬁﬁﬁg%%;E@%m?%i%oaQ%i%LE.iS performed for 5 to 10

17. The method as recited in claim 15, wherein the step of
heat-treating said article is performed in an atmospheric air at

the temperature of 150 to 600 C for 5 seconds to 1 hour.

10
18. The method as recited in claim 17, wherein the step of
heat-treating said article is performed at the temperature of 300
to 400 C.
15 19. The method as recited in claim 17, wherein the step of

heat-treating said article is performed for 5 to 10 minutes.

20. The method as recited in claim 15, wherein the step of
heat-treating said article is performed while covering a part of

20 a surface of said deposit by an oxygen-interception mask.

21. The method as recited in claim 15, wherein the.step of
irradiating laser light is performed by moving said laser light
relative to said article to be processed at a speed of 500 to 1000

25 mm/min.



20. The nmethod as recited in claim 15, wherein the step of heat-treating
said article is perfornmed while covering a part of 20 a surface of said
deposit Iwoamadaxygen-intercepti on mask. 21. The net hod aspe¢EaPtiddiazn cl ai m
15, wherein the-step of irradiating2Baser light is performed by noving
said laser light relative to said article to be processed at a speed of
500 to 1000 25 mmmin. WO 02/16149 PCT/JP01/07162 28 22. A nethod of
manuf acturing an article made of alum num or its alloy which presents

rai nbowcol ored reflective luster, the nmethod conprising the steps of: 5
form ng a nickel - phosphorus alloy deposit on a surface of an article to be

processed rmade,of &l Uil {WIR Y Infad é{)&rlélbe%% 'a&%%'l'%gméﬁbdofréi&hfnﬁrﬂ

oxidize at |least a surface portion of said~™deposit; and thereafter

| radi at ighos | 3360 4y gt A S8l dhBHELaGE oA o32TeePEB] Lot d0 23 eIhe Bt o
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as recit e ereln Sal n| c pHOS or us

all oy de I, 0 veathlckness of from3to 20 gm
15 24. Tﬁl%%htofih%g&ggl%egﬂ%tdg%% g%elptgl mQSZ wherein the step of

tompe ature of ToER R’ BohTekParBhbapHEe (2099 BEBUSE' Ea2h' sfheatices
recited Iarr]1 Cl |1@1%4‘tow%er %Ir%ctebsese%i e%d%f

of aluminum or its alloy;
heat-treating said article to oxidize at least a surface
portion of said deposit; and thereafter

" irradiating laser light on said surface of said deposit.

10
23. The method as recited in claim 22, wherein the step of
forming said nickel phosphorus alloy deposit is performed so as
to have a thickness of from 3 to 20 pgm.
15 24. The method as recited in claim 22, wherein the step of

heat-treating said article is performed in an atmospheric air at

the temperature of 150 to 600 C for 5 seconds to 1 hour.

25. The method as recited in claim 24, wherein the step of
20 heat-treating said article is performed at the temperature of 300

to 400 C.

26. The method as recited in claim 24, wherein the step of
heat-treating said article is performed for 5 to 10 minutes.

25



20 heat-treating said article is performed at the tenperature of 300 to
400 C . 26. The nethod as recited in claim24, wherein the step of
heat-treavOnyi@a® d article is performed for 5 to 10 m nut PET/JRB/0WS202/ 16149
PCT/ JP01/ 07162 29 27. The nethod as2Pecited in claim?22, wherein the step
of heat-treating said article is performed while covering a part of a
surface of said deposit by an oxygen-interception mask. 5 28. The nethod as
recited in claim22, wherein the step of irradiating |laser light is

performed by mByi narsdindtRsehd LaBt rolied AN QR AReRELRCLRe £LE of

processed at a speed of 500 to 1000 An article whi
presents h%%lt”'%\éfa%%%r %91&e££€£é1<¥ €s 'L}é&tﬁrn{@i' WndakueedePinbhs pREDOSE
defined by claim15 or . An article which presents rainbow col ored

refl ectiyeshusbee, oi”a'sg ar hbggglfe_o "BAl Bygdn-dnfbekebrpBASRIekUS alloy
deposit formed on a surtace sai arti c?g; an oxide filmof an oxide
| ayer of said deposit fornmed in at |east a surface portion of said

deposit; and diffraction gratings which produce rainbow colored 20

reflective |us [ﬂ?ﬂ i.d 4 e, of i 1

arti gfe as recitzged I'n ai md\SS%S \ﬁ%géégﬁ %Igi df%iergoﬁ( Wielehl tnd Stgg
irradiating laser light is performed by moving said laser light

relative to said article to be processed at a speed of 500 to 1000

mm/min.

10 29. An article which presents rainbow-colored reflective

luster manufactured by the method defined by claim 15 or 22.

30. An article which presents rainbow-colored reflective
luster, said article comprising:
15 a nickel-phosphorus alloy deposit formed on a surface of said
article;
an oxide film of an oxide layer of said deposit formed in
at least a surface portion of said deposit; and
diffraction gratings which  produce rainbow-colored

20 reflective luster formed in said surface of said oxide film.

31. The article as recited in claim 30, wherein said deposit

is 3 to 20 ¢#m in thickness.

25 32. An article made of aluminum or its alloy which presents



is 3to 20 umin thickness. 25 32. An article made of alumnumor its alloy
whi ch presents rainbow colored reflective luster, said article conprising:
a ni ckel woozphaey us al l oy deposit formed on a surface of Bai/dpoiartezcl e nade
of alumnumor its alloy; an oxide fi3bmof an oxide |ayer of said deposit
formed in 5 at least a surface portion of said deposit; and diffraction
gratings which produce rainbowcolored reflective luster fornmed in said
surface of said oxide film 33. The article as recited in claim 32,

wherei n $3i dydePesibredOrb#13ct 9v40188 LR, t BhEKNESSicle comprising:
a nickel-phosphorus alloy deposit formed on a surface of said
article made of aluminum or its alloy;
an oxide f£ilm of an oxide layer of said deposit formed in
5 at least a surface portion of said deposit; and
diffraction gratings which produce rainbow-colored

reflective luster formed in said surface of said oxide f£ilm.

33. The article as recited in claim 32, wherein said deposit

10 is 3 to 20 gm in thickness.



