TITLE QF THE | NVENTI ON Met hod for Coating Metal Substrate and Metal

Mat ersi aF  BACKGROUND OF THE | NVENTI ON Field of the Invention Thi s

i nvention relates to a coating nethod for a netallic surface for applying
athin filmon the surface of netal by surface processing, such as plating.
More particularly, it relates to a coating nethod for a netallic surface
for formng a thin film mainly conposed of an anorphous-1like fluorine
resin. Description of the Related Art In a nmetallic object,
enploying a netallic material, it needs to be inproved in wear resistance,

corrosion 1S | sSt.ance agai nst chemicals, depending on- the
obj ecti veTgfihsé?qﬁ‘ﬁﬁﬁﬂg’éﬁmh’I lic objects are inproved in wear

resi stance, corrosion resistance and resistance against chem cals by being
subj ect edMethod forGeatingMetalSybstratsandiyletaldviaterahs . - Specifically,

metal surfaces are nodified by, for exanple, anodic oxidation processing,

chem cal BAOEGROUND R THRINIWVENTION processing. In particular, if A,
My, Ti or an alloy thereof is used, anodic oxidation processing or chem cal

processi ng; .1}k ﬁﬁi’ﬁﬁ&{ﬁg sing an electrolytic solution mainly conposed of
aci d, V\/ne?lee%g?’fl e gﬂc’ﬂot her metal is used, a variety of plating

ovever, 'n o SOIEYEIGMEISAERE Aot BRapefbEoidy meHLLo SUFEAGR ST ARBBALS1 n,

there - a thin film on the surface of metal by surface processing, such as plating. More
particularly, it relates to a coating method 'fbr ametallic surface for forming a thin film
mainly composed of an amorphous-like fluorine resin.

~ Description of the Related Art

In a metallic object, employing a metallic 1ﬁaterial, it needs to be improved.in
wear resistance, corrosion resistance and resistance against chemicals, depending on
the objective of use. That is, metallic objects are irnprovéd in wear resistance,
corrosion resistance and resistance against chemicals by being subjected to various
surface processing operations.

Specifically, metal surfaces are modified by, for example, anodic oxidation
processing, chemical conversion coating and plating processing. In particular, if Al,
Mg, Ti or an alloy thereofis used, anodic oxidation processing or chemical processing
is executed using an electrolytic solution mainly composed of aci&, whereas, if Fe or
other metal is used, a variety of plating processing operations afe executed by

electrical or chemical methods.

However, in a surface processed film, obtained by this surface processing, there
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2 exi st gaps, such a fine pores, holes, crevices or ~ i
mcro-irregularities. For exanple, in an alunite film obtained on anodic
oxi dation processing of an Al alloy, for example, fine pores not |arger
than 100 nm are produced in the cell in the course of the alumte film
growt h process. Also, in a surface procgssed filmof A or My alloys,
random holes and mcro-irregularities are produced by so-called
break-down. In the plating processing or chem cal conversion coating,
crevices or cracks are fornmed due to stress in generating surface
processed films. Specifically, in a G plated filmor in a chromated film
obt ai ned @pistigaps,rsychradinspones, lnles) ereviess aranicronmregwanties obor expmpley vi ces
or holes of approximately 1 [err]mor less in size are inevitably produced.

Thus, t he aaboweitd €@l bbeithalon as&lio briiatish PocaBinglofaa Alallby, fortample,
sufficient in inproving wear resistance, corrosion resistance and

resi stanc ' ] r e | bed
sbove | o Al e gl A g 100 Ml AR Kok B AR B AERS BE R ANERR

hol es or evi ces, present |n the prqgcessed surface. Far example, in
a netal ol GOSHRRSPoR dARG: h & SiwthcBrRGested AR REAL o5l alloy S igntlat
affixed to the cavity surface to deteriorate resin releasing properties.

Al so, i nbelesoand micre-irnegulsstiitisrage produced bysodcalledrhseak-downs In the plating
occurrence that Pb plating films on the |ead frame surface becone affixed
to the nolpdo¢essigurehehndcdesnvémsionteatingdiredceyg oracks ardiformedsivefto stresd ead
frames. Moreover, in a netal nold used for nolding the rubber or nol ding

synthetic iﬁ%%h@r%(ﬁ%s%acé Eréc%sé’ecf fifiHsl € apé&ﬁéﬂlf % Ui'?%laté@loﬁﬁhn& in a

materials are affixed to the cavity surface to pfoduce | ded products

chromated film, obtained on plating processing or on chemical conversion coating,
crevices or holes of approximately 1 um or less in size are inevitably produced.
Thus, the above-described surface processing cannot be said to be sufficient in
improving wear resistance, corrosion resistance and resist_ance agaiflst chemicals.
Moreover, the surface processed as described above is affected by foreign matter
intruded and deposited in the fine holes or crevices present in the processed surface.
For example, in a metal mold used for molding a sémi conductor device, resins
tend to be affixed to the cavity surface to deteriorate resin releasing properties. Also,
in a mold used for bending pins of lead frames, it is a frequent occurrence that Pb
plating films on the lead frame surface beéome affixed to the mold to cause changes
in the bending angle of the pins of the lead frames. Moreover, in a metal mold used for
molding the rubber or molding synthetic resin vessels, it is a frequent occurrence that
molding materials are affixed to the cavity surface t6 produce molded products

unsatisfactory in shape or in luster.



unsatisfactory in shape or in luster. - :

3 Thi's i s thought to be presumably due to holes or crevices forned
in fhe metal surface constituting the cavity. - Moreover, the water
using sites in honmes, such as the back sides of city water taps, tend to
be contam nated inevitably to produce a.fon-hygienic-state. On the ot her
hand, a rotor of a centrifuging machi ne ‘used for bl ood inspection is washed
for disinfection and hence tends to be attacked if the rotor is coated
only with an alumte film It is felt that the fine holes or crevices
formed in surface processed filnms account for contam nation or infection.
For sol vi ng t h&hjsristhaught a6 beipoesuaidbdy due tdholeis e choliess formed e tlwemefalr med
in surface processed films of a netal article, it has been proposed to

form a crywifadd ¢dtBtitdtingoR@VRRgn resin, such as polytetrafluoroethylene
(PTFE) on a surface processed "filmof a netal article. There is, for

porytet af | uor SRERGTEn i WARE PRl h s, S aRAE Bk Sty dp if) e

pol ytetrafl uoro e pProcess

Specifically, the pores or. holes i.n.the alymte film.ymy be stopped.b
P cana: 1R, 1A Eo BagonauuEneHameViBblY (A RRUBF SR BeR VPO e OADE Ok m

water, as_ disclosed in Japanese Patent Publication S39-6113 1.

There i s hand, swectoranfi & chntrifnginghmachite used for1 bloed inspectioncisewashed farne
holes or crevices is etched by a reverse current supplying nethod to
enl ar ge t Uiifection 88d henceends td e &tavkdd hf thie rdtdrds ¢6atbd onlywithdni alumitech

the filmso processed is inpregnated with
film. It is felt that the fine holes or crevices formed in surface processed films account
for contamination or infection.

For solving the problems attributable to the fine holes or crevices formed in
surface processed films of a metal article, it has been proposed to form a crystalline
fluorocarbon resin, such as polytetraﬂuordethylene (PTFE) on a surface processed
film of a metal article. There is, for example, a method of forming a crystalline
fluorocarbon resin, such as polytetrafluoroethylene (PTFE), on an alumite processed
Al surface. Specifically, the pores or holes in the alumite film may be stopped by
impregnating PTFE two to several um in diameter dispersed in lukewarm water, as
disclosed in Japanese Patent Publication $39-61131. -

There is also such a technique in which a Cr plated film presenting fine holes
or crevices is etched by a reverse current supplying method to enlarge the crevices or
holes to a width of 3 to 10 um and in which the film so processed is irhpregnated with

PTEF in an oven heated to a temperature of approximately 200°C at a pre-set pressure

and cooled down. Since this can enlarge the diameter of the crevices and holes to



PTEF ip an oven heated to a tenperature of approximately 200 [err]C at a
pre-set pressure and cooled down. Since this can enlarge the dianeter of
the crevices and holes to _ '

4 approximately 3 to 10 [err]m it is possible to inpregnate the inside
of the crevices or holes having the dignmeter of the order of a few [err]m
However, if an alumte filmis fornmed by anodi c oxidation processing on the
surface of a nmetal article enploying Al or Al alloys, ultra-fine holes or
crevices are produced in the alumte film If, in such case, the holes or
crevices are increased in wdth by a technique such as the reverse current
suppl yi n%pﬁéﬁﬁihtelzl&tdl(bo eanit is possible ¢s impregndtd thetihsidalofithe eréviced etan be
enlarged only to the size of the order of 100 nm Therefore, if a thin

(11m1 S 100Gt b Sl o HBrddH &1 £1 pie Of the order’ of a few

[err]m t es or crevices on the alumte filmsurface cannot be

hi dden such that si TFE. tkC I4i . FNE . Qr Vi ces.
Thus, if a cr ?‘gFY‘T’r:ﬁl%/‘} B qlwgﬁ@égseto%gilﬂﬁ?f@% pgld gfr}ﬁgg@%e%&g %‘f E% te
film it is peeled off in a shorter, ti such that .superior surface
proper t | eirfasandia wetal eaticle smplaying Alp ﬁbﬂg@@, Pnﬁ’éfme Boles or BRVEHR 26t her

I
hand, a G plated filmcan be etched by the reverse current supplying

met hod soprodateditEtheoalunti¢e filmelfrinysuchl dasecthehodes orecreviseh axgdncrsasédbihed t o
the inner recesses in the holes or crevices provided that the holes or the

crevices @ifh Bhhacdafqhe sdERHBYRE revdrsélicanens edpplpimgemethods the holes erich
case, the Cr plated fil'm needs to be of a filmthickness of at |east 30

LerrIm 1 foevitel Bl 1 thB hithnSite filrh BAABY bABrdd only to the size of the order of 100

nm. Therefofe_, if a thin film is formed with PTEF with the particle size of the order

of a few wm, the fine holes or crevices on the alumite film surface cannot be hidden
such that simply PTFE particles ride on the fine holes or crevices.

Thus, if a crystalline fluorine-based resin film is formed on an alumite film, it
is peeled off in a shorter ﬁme such that superior surface properties cannot be
maintained for prolonged time. .

On the other hand, a Cr plated film can be etched by the reverse current
supplying method so that PTEF or the line crystalline fluorine resin can be formed to
the inner recesses in the holes or crevices provided that the holes or the crevices are
enlarged in diameter, as discussed above. However, iri such case, the Cr plated film,
needs to be of a film thickness of at least 30 um. If, with the Cr plated film having a
film thickness not larger than 30 m, the holes or crevices are increased in diameter,

there are occasion wherein these holes or crevices reach the lower layer of a matrix

material.



filmthickness not larger than 30 [err]m the holes or crevices are
increased 'in diameter, there are occasion wherein these holes or crevices
reath the lower layer of a matrix nmaterial.

5 Thus, with the C plated film the matrix material may be
corroded due to the holes or crevices, sor the C plated filmitself tends
to be peeled off. SUVWMARY OF THE I NVENTION . . It is therefore an

obj ect ofthe present invention to provide a coating nethod for a netal
substrate whereby a coating filmcan be forned reliably and strongly on a
surface processed filmfornmed on a netal matrix material, and a_ netal

material  obt ailhag, withithe €r plated film, the matrbnmetesial pryche camedesh dugsterthe

i nvention provides a nethod for coating a netal substrate including an

i mrer si on heledporddrevicss;fogithe Cr plated fiter-itvelfteadeth bepedled sffbstrate in a
solution mai nly conposed of an anorphous-1like fluorine resin, a

pol yneri zainoARSP OF PAIIRVERTION he anor phous-1ike fluorine resin and

the surface 'processed netal substrate, and a step of formng a coating

filmon a surface-progessed,.surface of the netal subsirate,. n the
present coati nzﬁﬁ'él?qﬁ e gt ogjeﬁ‘g‘t’é e?ﬁ???f’% igvgntion CRIBW% atcgaflﬁ%nﬁﬂ&% '

I nvention, the_ anorphous-like flugrine resin is polynerized on the

sur f ace- pracwoetal substeate harebyriaeating filmeeambe fermed Feliablyand sEPREY LR Bi ke

fluorine resin is used, this anorphous-like fluorine resin is intruded

into fine shofaee processed ifiles formeboatd imdtal matrix material, and a metal material
obtained in this manner.

In one aspect, the present invention provides a method for coating a metal
substrate including an immersion step of immersing a surface-processed metal
substrate in a solution mainly composed of an amorphous-like fluorine resin, a
polymerization step of polymerizing the amorphous-like fluorine resin and the surface |
processed metal substrate, and a step of forming.a coating film on a surface-processed
surface of the metal substrate.

In the present coating method for a metal substrate, according.to the present
invention, the amorphous-like fluorine resin is polymerized on the surface-processed
surface. With this technique, since the amorphous-like fluorine resinis used, this
amorphous-like fluorine resin is intruded into fine holes or crevices to constitute a
coating film.

In another aspect, the present invention provides a metallic material including
2 metal substrate made up of a metal matrix material and a surface processed film,

layered thereon, and a coating film obtained on polymerizing an amorphous-like



coating film I n anot her aspect, the present invention provides a
metallic material including a netal substrate nade up of a netal matrix

mat &rial and a surface processed film |ayered thereon, and a coating film
obt ai ned on pol yneri zi ng an anor phous-1i ke

6 fluorine resin on a surface of the tal substrate. The surface
processed filmis obtained on surface gfocessing the netal matrix

mat eri al , _ In the netallic material of the present invention, the
anor phous-li ke fluorine resin is polynerized to the surface of the netal
substrate, that is.,to the major surface, of the surfac rocessed film
obt ai ned dWosiner ERsin Pnoe SyEfage) of ithe unetal, ﬁ@ﬁme-n"éh%usmfgcep pracessed) filmps

anor phous-1ike fluorine resin can be intruded into fine holes and crevices
f or med i n obtenedobnlsusfabs pravessing tlieaorstakmatrbamatdrmlet al i c material has a
strong coating filminsusceptible to peeling. Wth the netal

mat eri al coat i g thehiepsllid GeREFAINGT the préRnPiR%albn! theaihorphoud-Tike Wbsihet he
anor phous-1li ke fluorine resin is polynmerized on a surface-processed netal

substrate, G ' ' L ablw.. ' ' ' , a .
coating f FF%%Q%@%QSB%?@%‘&}%% ({/ﬁiééie}%t%nsuggg%tref Qfggﬂg%zbs%ﬂ%taﬁ%}%x%?enel y
fine holes .or crevices. Wth the nefal material_ of the present.

i nventi on,OfIﬂPl%S'E'g%iq prgcessehiiio Wgéﬂ‘ s“&i?@li’@%?%c@%‘f”d%%?&ﬂ‘ﬁ@il&l
substrate is mainly conposed of the anorphous-like _fluorine resin. Thus,
the pr esematmalathmmggam-ihke flupdine resin ¢an beintruded into finpholep andwersiviaese

netal substrate and the coating film so that the neritorious effect of

i rmlr ovi ng ferhédiifthe el subsgateXutfice, 86 didt e inktallicaatdrl ha adteonprdatiap
prol onged ti ne.

film insusceptible to peeling. -

With the metal material coating method according to the present invention, in
which the amorphous-like fluorine resin is polymerized on a surface-processed metal
substrate, coating can be achieved reliably. Thus, with this technique, a coating film
can be formed reliably even on a surface presenting extremely fine holes or crevices.

With the metal material of the present invention, the coating film polymerized
on the surface-processed metal substrate is mainly composed of the mnorphoue-like
fluorine resin. Thus, the present metal material is superior in intimate bonding
between the metel substrate and the coating film, so thet the meritorious effect of
improving surface properties by the coating film can be maintained for prolonged time.
Therefore, the present metal material can be used with advantage for various types of
metallic products.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a schematic view showing a metallic material according to the present



Therefore, the present netal material can be used with advantage for
various types of netallic products. BRIEF DESCRI PTI ON OF THE DRAW NGS
Fig.' 1 is a schematic view showing a netallic material according to the

pr esent _ 7 i nventi on.
Fig.2 is a schematic view showi ng the state in which an anorphous fluorine
resin is polynerized on a surface processed film DESCRI PTI ON OF THE
PREFERRED ENMBODI MENTS Referring to the drawi ngs, preferred

enbodi nents of the coating nethod for a netal substrate and the resulting
metallic material according to the present invention wll be explained in
detail. mventioReferring to Fig. 1, the nmetallic material of the preferred
enbodi ment is prepared by surface processing a netal matrix material 1,

formed of Al, Mligalik@yscheMatic Vidwahboysg the stafbi inavhielisan drorphobe fhidries, to
forma surface processed film2 on the surface of the netal matrix

mat eri al . 01IEY I BldeA i an anorphous fluorine resin
on the su%?%lggggg%gzsse?o#f?%l%a@%g?lgesrbgtﬂg&é coating film 3. In :
this nmetally j | may be enunerated by a
plating f .ﬁﬁcﬁ?ﬂgﬁbwﬁﬁmeﬁ@%ﬁﬁmﬁﬁwﬁﬂﬁons an anodi c oxi di zed
film formed by anodic oxidatjon processing,.a coating film ohtajped on
chemical conveRefemingtothe dsawings, prefesrssrenlegsimientspiithe goamagmethediteraapor

deposition. If the surface of the _ _ _
metal substrate and the resulting metallic material according to the present invention

will be explained in detail.

Referring to Fig.1, the metallic material of the preferred embodiment is
prebared by surface processing a metal matrix material 1, formed of Al, Al alloys, Mg,
Mg alloys, Ti, Ti alloys, Fe or Fe alloys, to form a surface processed film 2 on the
surface of the metal matrix material 1, and by subsequently polymérizing an
amorphous fluorine resin on the surface processed film 2 to generate a coating film 3.

In this metallic mateﬁal, the surface processed film 2 may be enumerated by a
plating film, formed by a variety of plating operations, an anodic oxidized film, formed
by anodic oxidation processing, a coating film, obtained on chemical conversion
coating, and a vapor deposited film obtained on vapor deposition. If the surface of the
métal matrix material 1 is surface-processed in this manner, exiremeiy fine holes 4,
with a diameter not larger than 2 um, or extremely fine crevices 5, with a width not
larger than 2 pm, are produced in the resulting surface processed film 2.

Also, in the present metallic material, a coating film 3 is formed on the surface

processed film 2 having the holes 4 and the crevices 5. This coating film 3 is formed



metal nmatrix material 1 is surface-processed in this manner, extrenely fine.
holes 4, with a diameter not larger than 2 [err]m or extrenely fine
crevices 5, with a width not larger than 2 [err]m are produced in the
resulting surface processed filmz2. - Also, in the present netallic
material, a coating film3 is formed on tige surface processed film2
havi ng the holes 4 and the crevices 5. This coating film3 is forned

8 by pol ynerizing an anorphous fluorine resin on the surface of the
surface processed film 2. The anorphous fluorine resin constituting
the coating film3 neans such a resin conprised of a polynmer chain fornmed
on pol ynme by %)%lyxﬁériﬂhg%nfdm&bhﬂﬁs A054A¢ Fdsit¥on MOQFBI e TAh¥BinFhceG00&sedSSune
a pre-set trystal state but continues to assune an anor phous state. Such
anor phous fhlntzzri ne resin, being non-crystalline, is superior in

di ssol uti g CHaracteristics in pre-set solvents. Since this anorphous
fluorine resin 'hs I n ﬁglg%{?on:crystal | ine.stgte ev'enfil}fp It isina .

di ssol ved st at & hepmasahowsdlyqrinergan conttiuting the Gosting fin 3 means syeh agedn 4 o
crevice 5 forned in the surface of the surface processed film 2.

Al so, in comppised@fia polymhdri chammifermed ontpolymeczation ofid finGrine-containingi t ed
toafilm of a single |ayer structure mainly conposed of an anorphous
fluorine gestomerdidSwhich @ ant@taiskifie hipréisat drgstabstatf bist cotitibhes taYae§i8fle an

structure. If the coating film3 is of a nulti- |layered structure, the
anor phous ' LSt 2 |- I S s M th
anot her  amelPCRRHEC s oh SAORHONE MROAR oA Vg HoR RAAING is AP i

dissolution characteristics in pre-set solvents. Since this amorphous fluorine resin is
in the non-crystalline state even if it is in a dissolved state, it can be intruded into the
inside of the fine hole 4 or crevice 5 formed in the surface of the surface processed
film 2.

Also, in the present metallic material, this coating ﬁhﬁ 3 is not limited to a film
of a single layer structure mainly composed of an amorphous fluorine resin. Thus, the
coating film 3 may be of a multi-layered structure. If the coating film 3 is of a multi-
layered structure, the amorphous fluorine resin, constructed as described above, is
coated ‘with another amorphous fluorine resin or crystalline fluorine resin.

Among cryéfalline fluorine resins, there are, for example,
polytetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF), polyvinyl fluoride
(PVF), a tetrafluoroethylene fluoro alkyl bi-ether copolymer (PFA) and a
tetrafluoroethylene hexafluoro 'pyrene cc.)p.olymer (FE).

If the coating film 3 is of a multi-layered structure, the amorphous-like fluorine

resin is polymerized in the surface of the surface processed film 2, with the fluorine-



Among . crystalline fluorine resins, there are, for exanple, -

pol yt etraf | uor oet hyl ene (PTFE), pol yvinylidene fluoride (PVDF), polyviny
flubride (PVF), a tetrafluoroethylene fluoro al kyl bi-ether copol yner

(PFA) and a tetrafluoroethyl ene hexafluoro pyrene copol ynmer (FE)

If the coating film3 is of a nmulti-layeped structure, the anorphous-1ike
fluorine resin is polynerized in the surface of the surface processed film
2, with the fluorine ' T 9 resin
constituting the second | ayer being polynerized with this anorphous-1ike
fl.uorine resin. Thus, even if the coating film3 is of the nmulti-I|ayered

structure,_ tight ... i t wae h rfac il I
coating 17 enstilRing S pECNic Rk Seid paGmREBASPRE dhis oAt iE,
side of the coating fjIlm3 is.inmproved further_  in surface characteristics.
Speci f i cafiugring rﬁl@d@hvs,ﬁaﬁuﬂéﬁwmnaﬁmﬁ\m ofghpaldayered strughiestighte
trade nane of "Si-Top", may preferabl-y be enployed as this anorphous-1ike
fluorine boading bé&twesn tBe sticfate ipsocessed filinedl apd lthyereoatineg filg, 3 #sexcealiengner
perfluoro al kenyl vinyl ether having a pair of doubl e bonds exhibiting

di f f er ent wigREHHeMaltorishin Y Bethfface §a€ of the CRtBEHIHES idinprBoed Alrtiva ng
chem cal formul a: Flerr] C=CF -O (CF[err])[err]-CF=CF[ err]

X=1,2,3  [£Lidface characteristics.

Specifically, a product manufactured by ASAHI GLASS CO. LTD., under the
trade name of “Si-Top”, may preferably be employed as this amorphous-like fluorine
resin. This “Si-Top” is a cyclized polymer having, as a monomer, perfluoro alkenyl
vinyl ether having a pair of double bonds exhibiting different reactivities in amolecule,

and is represented by the following chemical formula:

F,C==CF —0—(CF,),—CF=CF,

x=1,2,3
_(CFy)y
CF,——CF \CF——(CFz)y>- )
[ L
. \ c 2 | %<0, 1
( F2)Z y=01
z=0,1,2

This “Si-Top”, having a cyclic portion in-its molecule, as shown by the above -
chemical formula, undergoes marked torsion in the main chain structure, such that it

maintains a non-crystalline state without being able to assume a crystalline structure,



x=0,1 . . y=0, 1 - :

z=0,1,2 This "Si-Top", having a cyclic portion in its nolecule, as
shown by the above chenmical fornula, undergoes marked torsion in the main
chain structure, such that it maintains a noncrystalline state w thout
being able to assune a crystalline structure.

10 Since the "Si-Top" is non-crystall Lfle, as described above, it i S
readily soluble in a fluorine-based solvent, in distinction fromthe
fluorine-based sol vent. Thus, if the surface-processed netal matrix

material 1 is dissolved in a solution of "Si-Top" in a solvent, the

coating fid-m 3,mainly. Gonposed of ..the Si-Top C be .forned..on surface
processed Snge,ihs S?’Ty°P Is TN erystafline, af -dfﬁ‘ﬂ%qd:"‘r‘bﬂy ’ tr'ﬁsrtcﬁall Y ﬁglfukt])fet e
formed as jt is readily intruded intg the holes 4 having a dianeter not

| ar ger thélvozmpé?aspdﬁeglenhﬂ@ distingfion &rom Hm/ﬂn@n@p-hw%womﬁnt | arger than 2
[err]min the surface of the surface processed film2. That is, in the
present net al Mhas,ifithersusface-precessad metpl fratnx materidl drisdisolved usa solation
which it is intruded into the holes 4 or crevices 5 in the surface

processed ofi ¥ Pop” in a solvenl §hé toftilg film Bohai®y chAPosdBoL4RLSITDop Ibgﬁfbé the

metal matrix material 1, surface- . pr oces§eq- as '(':Iescr i bed above,”
cont ai n; ndorh Buffd SRR SRARAMRI T, 528 of vacuum for
' mpregnation | gir&créethg ”éit'?'gg” 1osfnott Qr%ls?a rir];ea,l(l:t?s ormed as legS IeialdH]y 121itruded into the
holes 4 having a diameter not larger than 2 xm or into grevices 5 having a width not
larger than 2 um in the surface of the surface processed film 2. That is, in the present
metallic materiél, the coating film 3 is formed in a state in which it is intruded into the
“holes 4 or crevices 5 in the surface processed film 2.

Specifically, for forming the coating film 3, the metal matrix material 1, surface-
processed as described above, is impregnated in a solution containing the “Si-Top”, or
the solution containing the “Si-Top” is drawn under the effect of vacuum for
impregnation in the surface of the surface processed film 2.

This metal matrix material 1 then is subjected to preliminary heat treatment.
In this preliminary heat treat;nent, the metal matrix material 1 is heated to 20 to 70°C
at a temperature increasing rate of 5°C/min. This preliminary heat treatment is able
to process the coating film 3 to é smooth uniform surface.

.The surface processed film 2 then is polymerized with “Si-Top”. In this

polymerization step, the metal matrix material 1, subjected to the preliminary heat

treatment, and the coating film 3, are subjected to heat treatment. In this heat



This nmetal matrix material 1 then is subjected to prelimnary heat
treatnent. In this prelimnary heat treatnment, the netal matrix material 1
is heated to 20 to 70[err]C at a tenperature increasing rate of
5[err]Cmn. This prelimnary heat treatnment is able to process the
coating film3 to a snooth uniform surfffe. The surface processed
film2 then is polynerized with "Si-Top®™> In this polynerization step, the
nmetal matrix material 1, subjected to the prelimnary heat treatnent, and
the coating film3, are subjected to heat treatnent. In this heat
treatnment, the tenperature of 70 to 250[err]C, is maintained for 10 to 60
m nutes. M\ ' . ~dnlep g0at | ' y | zed
W th the SEither Ve BEBeORRIRYG 2506, RORptpged S 10,670 Binfies YO <
]Eg|e| ovSv: n;ﬁﬁﬁhéﬁtéﬁ'ﬁ\gﬁi} 96 gcgat{ntgsﬁl}ne can ﬁtla poﬁ/%ér{z%a’wi?hs tlisehs%vr\?acg){)rggeessed
x=1,2,3 to formradicals and is cleft at its portion indicated by
a wavy |ifilmt2o Spewéfieally,ahe cyclic structure of the “Si-Top” is collapsed at its terminal

portion, as shown by the following formula:

AramnrCFy—CF+ CF==CF,

O,_\r’J /(

“CF,

CFy)x

x=1,2,3

INNTNTCFE o+ CF,(CF,),CF ==CF,
(Il
to form radicals and is cleft at its portion indicated by a wavy line to generate a
polymer having a CF=O group in its terminal end.

The reaction energy then is afforded by the heat treatment so that a polymer
having a CF=0 tenninél group is polymerized with a metal atom of the surface
processed film 2, indicated M in Fig.2.

In the above-described polymerization process, the reaction energy is afforded
by carrying out the heat treatment. This, however, is merely illustrative since any other
suitable processing, such as low energy electron beam illuminating processing or

ultraviolet light illuminating processing, capable of affording the reaction energy, can



pol ymer. having a CF=O group in its term nal end. The reaction energy -
then is afforded by the heat treatnent so that a polyner having a CF=0
termnal group is polynerized with a netal atom of the surface processed

film2, indicated Min Fig.2. In the above-descri bed pol yneri zation
process, the reaction.energy is affordediy by carrying out the heat
treatnent. This, however, is nerely illustrative since any other suitable
processi ng, such as |ow energy electron beamillum nating processing or
ultraviolet light illumnating processing, capable of affording the
reaction energy, can . 12
be used. peysed. |f the coating film3 is to be a dual layer structure, the
hydr ophi | I ¢ anor phous- |ike fluorine resinis first polynerized with the

surface proces film2 t.h bove-., descriped teehni . Then

v ophobi o anth R GHEERE A i85 P8 dPRURVERTuGBS.bF RYPPtis ARSHphous-
hydr ophi | i_lc\-%rmr_phous_-l, I ke fluorine resin by the above technique.

Pr ef er abl Jike fhugring sesis firstpalymesized dththeshefapg Brosssesdi lnud by thoakave-k e
fluorine resin, whereas "Si-Top CTX-109S" is used as the hydrophilic

anor phous desdribetitecimiqes. rBrinphydrophobiclaindrphodsliké Aubayerestmapolymdrazgdr i s
to be forned, crystalline PTFE, PVDF, PVF, PEA or FEP may be used as an

upper | ay gjith thé bR pRARARAoMAS-Iike MREARSHSETY the abB06 RehiiRe PiclSrally,

properties on using 'the nmetal material as the Tetal no IS inprove
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whereas “Si-Top CTX-109S”is used as the hydrophilic amorphous-like fluorine resin.

If the double-layer coating layer is to be formed, crystalline PTFE, PVDF, PVF,
PEA or FEP may be used as an upper layer. If the second layer is hydrofluoric, resin
releasing properﬁes on using the metal material as the metal mold is improved
appreciably.

'I"he metal material, constructed as deécribed above, has the coating film 3
polymerized with the surface processed filin 2.in a state in which the amorphous-like
fluorine resin is intruded into the extremely fine holes 4 or crevices 5. Thus, with the
present metal matrix material, the coating film 3 is insusceptible to peeling such that
the coating film 3 may be expected to display surfaée characteristic hnproviné effect
for prolonged time.

Also, with the above-described coating method, in which the amorphous-like
fluorine resins are polymerized in the holes 4 or crevices 5, there is no necessity of

enlarging these holes 4 or crevices 5. Thus, with the present technique, the coating

film 3 can be formed extremely easily in the holes 4 or crevices 5.



pol yner.ized with the surface processed film2 in a state in which the

anor phous-like fluorine resinis intruded into the extrenely fine holes 4
or trevices 5. Thus, with the present nmetal matrix material, the coating
film3 is insusceptible to peeling such that the coating film3 nmay be
expected to display surface characteristic inproving effect for prolonged
tinme. Al'so, .with the above-descrijed coating method, in which the
anor phous-1li ke fluorine resins are polynerlzed in the holes 4 or crevices
5, there is no necessity of enlarging these holes 4 or crevices 5. Thus,
with the present technique, the coating film3 can be formed extrenely

easily in the Wh§§¥lﬂ @-{? é)%&\ﬁ’t &%pnﬁrge since it is ynnecessary to enlarge the holes%

13 Thus resen chniq strnce 1t is unn cessar
enlarge the holes 4 or crevice Co tln film3 can be far
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Stated differently, with the present technique, there is no risk of the

size of tBas motremely thin inickness. cStatedl difflerentlyn svithuthepressnt taehaiquee these al

matrix material 1 to be exposed via the holes 4 or the crevices 5. Thus,

with the igHeassf hesihriofities hdleed opetd digvices fbdinpanciasédroemsetidwmstal t he
ri sk of damagi ng or corroding the netal matrix material 1. Such

met al mtﬁ{k@( @el%% o%&%@khéfn}) br TR UdEcees TRAIUGHR the
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devi ces d arti es or vesse synt hetic resin, ‘water taps
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resi stance or resjstance agalnst chen1ca|s as
corroding the metal matrix material 1.

Such metal material can be used as a metal mold for molding semiconductor
devices, rubber 1lnolded articles or vessels of synthetic resin, water taps of water main
or rotors of centrifuging machines for blood inspection. These metal components are
improved in wear resistance, corrosion resistance or resistance against chemicals as

. the result of surface processing of the metal matrix material 1. If used for these metal
products, the metal material completely sheathes the fine holes or crevices formed on
the surface processed film 2, by being intruded into the inside of these holes or
crevices, thus improving resin reléasing or improve resistance against contamination.
Exmnpks.

In the following, several Examples of the present invention of the coating
method of the metal material according to the present invention and of actually
employing the metal material are explained.

Example ]

In Example 1, the above-described metal material is applied to a metal mold



the result of surface processing of the nmetal matrix material 1. If used
for these nmetal products, the netal material conpletely sheathes the fine
hol'es or crevices formed on the surface processed film 2, by being
intruded into the inside of these holes or <crevices, thus inproving resin
rel easing or inprove resistance agai nst contam nation. Exanples In
the follow ng, several Exanples of the pdesent invention of the coating
met hod of the netal material according to the present invention and of

actually enploying the netal material are explained. Exanple 1 In
Exanpl e 1, the above-described netal material is applied to a netal nold
14 use , ' . ' uct or. The nmetal nold for
nol di ng mggéﬁgorgﬁ%%ﬁ%gégfﬁ%egxg?&g@g “or high-speed steel. The hard

chrom um pl ati r SS| was, carried,.o on tal matri.x mater,ial,
using a plati ngﬁg gqeg?c[le ‘Bﬂi%rﬁl?ld&‘b‘:’rﬁ%% gfia eéﬁ?F@ﬁ?ﬁ si%qld),r %b%h-mespd&te@w face
treatnment. The hard chromumplating filmhad a filmthickness of 1 to 8
[err]m THbe hard cheembmn iplating proghssong wigs saeiechout on mmetel mapie materal, wi t h
"Si-Top CTL-107M by evacuation at 1 Torr, and was heated to 45[err]C at a

t enper at unsingaa Plagng BoRdiod! manler ¢dposed by cheymiyf a@ifdﬂb'fy‘r‘wmgr yf Bagface
treatnent. The tenperature of 200[err]C was maintained for 30 mnutes in
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surface of the hard chromium .plating film was impregnated with “Si-Top CTL-107M”
by evacuation at 1 Torr, and was heated to 45°C at a temperature raising speed of
5°C/min by way of preliminary heat treatment. The temperature of 200°C was
maintained for 30 1niﬁutes in order to polymerize the “Si-Top CTL-107M” with the
hard chromium plating film.

Then, PTFE was impregnated on this “Si-Top CTL-107M”. Heat treatment was
carried out at 300°C for 20 minutes in order to produce the CF-CF polymerization to
cause intimate contact of the “Si-Top CTL-107M” with the PTFE film.

The metal mold for molding, thus prepared, was superior in resin releasing
properties, such that molding could be carried out without producing malfunctions
after use of 30,000 times. Conversely, the conveﬁtional metal molds for molding,
employing biphenyl based epoxy resin, is poor in resin releasing properties and inferior
in mold release properties. |

Also, the conventional metal mold for molding uses an ejector pin with which

to extrude and dismount the molded product. On the other hand, since the molding

metal mold of Example 1 exhibits superior resin releasing properties, the molded



Then, PTFE was inpregnated on this "Si-Top CIL- 107M'. Heat treatnent  was
carried out at 300[err]C for 20 mnutes in order to produce the CF-CF .
pol'ymeri zation to cause intinmate contact of the "Si-Top CTL-107M with the
PTFE film The netal nold for nolding, thus prepared, was superior
in resin releasing properties, such that nolding could be carried out

wi t hout producing nmal functions after uge of 30,000 tines. Conversely, the
conventional netal nolds for nolding, enploying biphenyl based epoxy :
resin, is poor in resin releasing properties and inferior in nold rel ease
properties. Al so, the conventional metal nold for nolding uses an

iR SO e g oy e B pst o,
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w t hout the necessity of thrusting the nolded article with the ejector
pin. Exabpshmple2 In this Exanple 2, the above-described netal
material is applied to a chanber inner wall conponent on which to nount
exci ner |aser Bmus Example Z;'tke abavesdescribed metal hatediabisrepplied b e ¢hamber hi s
exci mer | aser, for exarrpl e, be an al um num conponent processed with

alumite fgp hhich 16 AldiRR bxbivnepdysepbtosur face processing. The
surface o ﬁwrrgéoaflb%r[r%gnent cl S inpregnated with "Si-Top CTL-107M by

evacuation at ThR" &35 Lgnerl wzﬁrémﬁ’}?&ent, used for this excimer laser, may, for

example, be an aluminum component processed with alumite forming or fluoriding
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treatment by way of surface processing. The surfacﬁe of the metal component is
impregnated with “Si-Top CTL-107M” by evacuation at a pressure of 1 Torr and
heated to 45°C at a temperature raising rate of 5°C/min by way of preliminary heat
treatment. The temperature of 200 °C was maintained for 20 minutes for polymerizing
“Si-Top CTL-107M” with the surface processed film. |

FEP was then impregnated and coated on this “Si-Top CTL-107M” and heat
treatment was carried out at 300°C for 20 minutes for producing the CF-CF
polymerization reaction to cause intimate contact of the *Si-Top CTL-107M” with the
surface processed film.

The chamber inner wall section, thus prepared, is less susceptible to deposition
of dust and dirt and superior in resistance against chemicals such that no malfunctions
are recognized even after prolonged use for 700 hours or longer.

Example 3

In the Example 3, the above-described metal material was applied to a city



heated.to 45 [err]C at a tenperature raising rate of 5 [err]C mn by way of
prelimnary heat . treatnent. The tenperature of 200[err]C was naintai ned
for 20 m nutes for polynmerizing "Si-Top CTL-107M with the-surface
processed film FEP was then inpregnated and coated on this "Si-Top
CTL-107M' and heat treatnent was carried out at 300[err]C for 20 m nutes
for producing the CF-CF polynerizationigeaction to cause intinate contact
of the "Si-Top CTL- 107M with the surface processed film The
chanber inner wall section, thus prepared, is |ess susceptible to
deposition of dust and dirt and superior in resistance against chem cals
such that Membfunctions are recogni zed even after prolonged use for 700
hours or |onger. Exanple 3 In the Exanpl e 3, the above-described
nmetal materi al appli to [oF . . . .

1o water t ap TP ot R OwRs Bleldd. with decorarivg chromigm Rlafiog fayay of
chromium pl ating by way of . ultjpate surface processing. The surface of the
decor at i véﬁtématﬁﬁus G§1 PIOFPR§INg: The su@awwﬁﬁw%wa&%mwe ok hen
"Si-Top CTL-107M containing Ti O (1-20g/1) by evacuation at a pressure of
1 Torr ancityemated tapowa$ ihpreghatediwith tSirPep &TI-¢ 07 scongainatgeTiQ(1-20/i)n by
way of prelimnary heat treatnent. The tenperature of 200[err]C was
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of 5°C/min by way of preliminary heat treatment. The temperature of 200°C was
maintained for 30 minutes for polymerizing “Si-Top CTL-107M” with the surface
processed film.

The city water tap, thus manufactured, exhibits superior water-repellence as
well as bactericidal properties. Thus, the city water tap is superior in water-repellence,
while being free from contamination on its rear side even after use over approximately

" three months.
Example 4 -

In the present Exaniple 4, the abow)e-dgscribed metallic material is applied to a
rotor of a centrifugal machine for blood inspection.

This rotor portion was processed with hard alumite coating 80 zm in thickness
and impregnated with “Si-Top CTL-107M” by evacuation at a pressure of 1 Torr and
heated to a temperature of 45°C at a temperature raising rate of 5°C/min by way of
preliminary heat treatment. The temperature of 200 °C was maintained for 30 minutes

for polymerizing “Si-Top CTL-107M” with the surface processed film.

The “Si-Top CTL-107M” was impregnated and coated with PTFE and heat



The city water tap, thus manufactured, exhibits superior water-repellence
as well as bactericidal properties. Thus, the city water tap is superior
in water-repellence, while being free fromcontam nation on its rear side

even after use over approximately three nonths. Exanple 4 In the
present Exanple 4, the above-described netallic material is applied to a
rotor of a centrifugal machine for bl oodiynspection. This rotor

portion was processed with hard alumte coating 80 [err]min thickness and
i npregnated with "Si-Top CTL-107M by evacuation at a pressure of 1 Torr
and heated to a tenperature of 45C at a tenperature raising rate of

5[err]d m i+nd t ' t 200
e 1] a0y GO 20 R B ol o Rt e

with the rocessed film . .. . The " Sy T M. S .
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17 treatmint was carried out at 300[err]C for 20 mnutes in order to
produce t AW @YQWCGWﬁfﬂﬂ-i zation reaction to cause intimte contact ofthe
"Si-Top CTL-107M with the surface processed film The rotor
portion, thus {Fhepatergortion,sthpe prepared) is sapstionmereagtinestagaimstrichahals,
namel y bactericidal agents. Thus, the rotor portion can be prohibited

agai nst  cabneh Witteridagehfsl ThHatheHRbE SortidHeaAn bbptoHibitédazditst B&2EsibAr
prolonged time without corrosion even after immersion in a disinfectant

for about u{,Wa fEXd4 agents, such that it can be used for prolonged time without corrosion

even after immersion in a disinfectant for about two months.



18 CLAIMED IS: 1." A method for coating a netal substrate

conpri SI ng: k,iul”‘u Im“mmmrl on step of imersing a surface-processed netal
substrate i nly conposed of an anorphous-1ike fluorine
resin; a polynerlzatlon step of polynerizing said anorphous-Iike
quorlne resin and the surface processed netal substrate; and a
step of forming a coating filmon a sur¥&ce-processed surface of said netal
substrate. 2. The nethod for coating a netal substrate according to claim
1 wherein said surface processing is one of plating processing, alumte
coating processing, ion plating processing, chem cal conversion coating

processi NONVENCT YQIILARMBPS]IS:i on processing. 3. The nethod for coating a
nmetal substrate according to claim1l wherein said anorphous-Ilike fluorine

resinis qgft rmnal CF=O group inits
term nal q dk%ﬁﬁ{)&rgw%tﬁ%gé@g}a?gg%#&%%gﬂ%e@mgesubst rate according to
claim1l V\/nereln said coatin LImis made of a h

armor phous- | i ke 2P| PYREHEOL ég"’%’n"tt gneEng f 6 %Pf%ﬁ?ég/‘%r B@ﬁ%‘e@’i’éga%frhla.
substrate, and a hydrophobi c anorphous-like fluorine resin fornmed thereon.

5. The metshbiiohanaindacomgosedef an amotphoustlikeaflieoning regio cl ai m 4 wher ei n
t he surface-processed netal substrate is imersed in a solution containing

sai d a polymerization step of polymerizing said amorphous-like fluorine resin and

the surface processed metal substrate; and

a step of forming a coating film on a surface-processed surface of said metal
substrate.
2. The method for coating a metal substrate according to claim 1 wherein said surface
processing is one of plating processing, al_umite coating processing, ion plating
processing, chemical conversion coating processing and vapor deposition pfocessing.
3. The method for coating a metal substrate according to claim 1 wherein said
amorphous-like fluorine resin is of the perfluoro s;}stem and includes a terminal CF=0
group in its terminal end.
4. The method for coating a metal substrate according to claim 1 wherein said coating
film is made up of a hydrophilic amorphous-like fluorine resin, formed on the surface-
processed metal substrate, and a hydrophobic amorphous-like fluorine resin formed
thereon.
5. The method for coating a metal substrate according to claim 4 wherein

the surface-processed metal substrate is immersed in a solution containing said

hydrophilic amorphous-like fluorine resin or a surface of the surface-processed metal



hydr ophi+H-e—arerphous=tTke fluorine resin or a surface of the

surface-processed 19
subst ratemﬁ mﬂ m El!“ th a solution of the hydrophilic anorphous-Iike
fluorine I\ I on; the resulting product is subjected to

a prelimnary heat treatnment at a pre-set tenperature; and subsequently
t he hydrophilic anorphous-like fluorine resin is polynerized to said
surface- processed metal substrate. 612The nethod for coating a netal
substrate according to claimb wherein the surface of the netal
substrate on which said hydrophilic anorphous-like fluorine resinis

pol yneri z LSl ' elpk 18 ' At . :
hydr ophob?gbg%?gg‘géé?%ﬁ%{eedf ﬁ}g?‘l ne t?%)g%ﬂ%yﬁ}tﬁg@%’ig# id(l)\ﬁ(?}pﬁgﬁ like tﬂr?eo rine
resul ting gr.o uct is prelimnarily that-treated at a pre-set tenperature;
and T3 y‘ﬂﬁ?ﬁ]‘%tg%bi ¢ anor phous-like fluorine resin is polynerized to
said hydrophilic anotphous-like fluorine resin, 7. The method for coating
a netal subst r sheressltingiproguetiscubiested 6o apreliminary heatireaiment at a pre-set

pol yneri zati on step, the anorphous-like fluorine resin is polynerized to
sai d surf aemperatires and edbsegfushtlgubst rate by a techni que sel ected from anong
heating processing, |owenergy electron beamillum nation processi ng and

g'o% ?.V'sf)lngt r ayhd hi4rphaid AMorpHoRs iRl MebrineFesift iSPoRfrhbfizdPtRsdid surface-
processed metal substrate.
6. The method for coating a metal substrate according to claim 5 wherein
the surface of the metal substrate on which said hydrophilic amorphous-like
fluorine resin is polymerized is immersed or impregnated with the solution of the
hydrophobic amorphous-like fluorine re_:sin by evacuation;
the resulting product is preliminarily that-treated at a pre-set texhperature; and
the hydrophobic amorphous-like fluorine resin is polymerized to said
hydrophilic amorphous-like fluorine resin. .
7. The method for coating a metal substrate according to claim 1 or 5 wherein, in said
polymerization step, the amorphous-like fluorine resin is polymerized to said surface-
-processed metal substrate by a technique selected from among heating processing,
low—energy electron beam illumination processing and ultraviolet ray illumination
processﬁg.
8. A metallic material comprising:

a metal substrate made up of a metal matrix material and a surface processed

film, layered thereon, said surface processed film being obtained on surface processing



a netal substrate nmade up metal matrix material and a surface

processed fﬂ’my eon, said surface processed fil m being
obt-ai ned on ”ﬂm, ﬁ mg:

20 said netal® matrmx Q ial; and a coating film obtained on
pol yneri zi ng an anor phous-like fluorine resin on a surface of said netal
substrate. 9. The netallic material aceording to claim8 wherein said
coating filmis nmade up of a hydrophilic anorphous-1like fluorine resin
formed on a surface of said netal substrate and a hydrophobic

anor phous-1li ke fluorine resin formed thereon. 10. The netallic materi al

according ¢y %@tiaﬂhétx’&‘ﬁ{a?éﬁ‘alfi%nd east one selected fromthe group

consi sting of an organic anti-bacterial agent, an inorganic ant i -bacteri al
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surface of said metal substrate.
9. The metallié material according to claim 8 wherein said coating film is made up of
ahydrophilic amorphous-like fluorine resin formed on a surface of said metal substrate
and a hydrophobic amorphous-like fluorine resin formed thereon.
10. The metallic material according to claim 8 wherein at leést one selected from the
group consisting of an organic anti-bacterial agent, an inorganic anti-bacterial agent,

titanium oxide and ultra-micro-sized particles of diamond is contained in said

amorphous-like fluorine resin.



