; TUe3e, M J|:|26hT5>r~ 2 6 D E C 2002 Description A SURFACE REFORM NG
METHOD 'OF A METAL PRODUCT Field of the:lnvention This invention reIatgg;quzmz
a surface reform ng method for such netal products as a nold for press
nol ding a gl ass product, a nold for forging or press nnlding
product, and a nold for injection nolding a plastic product. mﬂmmmm Wm
Prior Art A nold for press nolding glass products such as a gl ass %

di sc substrate to be used as optical dpsge onfor a conputer

audio, and the like, a glass hard disc substrate to be used for a conputer,

a glass lens to be used as an optical conmponent, the front glass of a

cat hode-ray tube for a TV set, conputer display, and the |ike, or a glass
substrate di sa zotrhbe RERORiONGaMETAOD JOB! X SiEtA i ERUpYCThas been known to

be one in which that a platinumfilmis fornmed on a nolding face of a nold
conprising stainless steel, a refractory netal, and the like, with the aim

of inproving both the nold rel ease and oxi dation resistance. Also, as to a
mol d for forgFrgldrofrths Fmvelwipm netal product and a nold for injection

nol ding a plastic product, it has also been known that a platinumfilmis

formed on the nolding face with the 2 6 DE C 2002 aimof inproving its
exfol iation r%ﬁ.‘igt g’.?z%%n%r:].gnole'e zgil.eo %3 S St PW¥ace reforming method for

such metal products as a mold for press molding a glass
product, a mold for forging or press molding a metal product,

and a mold for injection molding a plastic product.
Description of Prior Art

A mold for press molding glass products such as a glass
optical disc substrate to be used as optical disc memory for a
computer, video, audio, and the like, a glass hard disc
substrate to be used for a computer, a glass lens to be used
as an optical component, the front glass of a cathode-ray tube
for a TV set, computer display, and éhe like, or a glass
substrate disc and the like for a liquid crystal display has
been known to be one in which that a platinum film is formed
on a molding face of a mold comprising stainless steel, a
refractory metal, and the like, with the aim of improving both
the mold release and oxidation resistance. Also, as to a mold
for forging or press molding a metal product and a mold for
injection molding a plastic product, it has also been known

that a platinum £ilm is formed on the molding face with the
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However, a conventional nold for press nolding a glass product has SUQW%QECZMH
shortfdll im the case of continuous press nolding that exfoliation of the

pl ati num fil mand abrasi on of the nolding face occur, causing the nold to
have a relatively, life of 10, 000-20,000 shots. Therefore, the entire nold
has to be replaced in a relatively short time, resulting in a high cost.

The purpose of this invention is to provide a surf ace reform ng nethod for
a netal proddet &f sahprowirddieigbovexfsbbdieitn anedstictafpeovendot bxid&tion
exfoliation resistance of the platinumfilmforned on the surface of the
met al produeksdntdahhe.abrasi on resi stance of the surface. Detailed
Description of The Invention A surface reform ng nethod of a netal product
in Claiml, wHewevara p acomyentiomals moldedqr t Pregeat rplddibgnsaarglass

i njected onto the surface of the netal product after which another platinum
i ons al so apeodufechas sueb ehshatfadd. iArctheli Agse oofhEoRELRSPYS) IFesm 1
platinumions that injected first numions in the p i num film and

! t, plati | a

pl ati num i drRl4iRg Bhat| areeteitier e?glaFﬁg B Eté’é‘é’f‘r’rﬂ?ﬂ‘oﬁéc Pgegn of
resulting in an inprovepent of both_the.adhesion of the,platinumfilmt
the metal prRmEe LELRg BRte 8oERF ol PRV BRCT BT oPaRdetar "ERE Bl TR F7 11
Furt hernore,, 1 he abrasi shgha f t ro, t_1S:Lopt d.
Ther ef or e, YHES 28 30 CROE20" D82 TFS of THETEYA’ rorh ShEHEET nPLE has
| ncr eased, e g BRIAF SR NGE AP FRSkORIRE, FSULEIAG LR refwgﬁi
t he costs. t%pu?%ierr#ore, t he oxi:?a{tltion rggi stance of the pl atigumfial mi
not harned,cgyy especially the nold rel ease of a product nolded with these
mol ds is not harned, even in the case of a nold for press nolding a glass
product, a nofie f @urpesg ngfortipiessinmmtiion aiset &b pposuide & surdabd
or injection nolding a plastic product. . .

reforming method for a metal product by solving the above

problems and to improve both the exfoliation resistance of the

platinum film formed on the surface of the metal product and

the abrasion resistance of the surface.
Detailed Description of The Invention

A surface reforming method of a metal product in Claim 1,
wherein a platinum film is formed after platinum ions are
injected onto the surface of the metal product after which

another platinum ions also are injected onto the surface.

According to the method in Claim 1, platinumions that
injected first, platinum ions in the platinum film, and
platinum ions that are injected afterwards are assimilateory

combined, resulting in an improvement of both the adhesion of
the platinum film to the metal product, and of the exfoliation
resistance of the platinum f£ilm. Furthermore, <the abrasion

resistance of the metal product is improved. Therefore, the



In the method in Claiml, it is desirable that the injection of platipgmtC 2002
ions before.and after the formation of the platinumfilmis conducted under
conditions such that the injection volune is 1-5 x 1015 ions/cn2, the

accel eration voltage is 10-200 kev, and the ion current is 10-100 mA. These
ranges have been determ ned through various experinents. Al so, in the
nmethod in "Caiml, it is desirable that the filmthickness of the platinum
filmthat Wap;fornggd isnhd. 1m@e81f URo1hf Fbsaﬁ&m §8i ckpessagbdl he Hlat oy
filmis less than O 1lumit is difficult To forma platinumfilmevenly an
thi ckness diggersdaeds 8908t attdied heohybs) atddhildiddeibhi £kA668d the
exceeds 0.5um the volune of a platinumion to be injected after the
formation ofccetl at i PurtHétnBiEs tife boxlfatins etesiesahdd ngfi AheheTatinum
that the surface of the netal product chaps. The surface reform ng nethod
of a netal @Eigewcisi mdd aharided) s st hekpatial pyatthveinmiolldm reléasaedoif t&r
nitrogen ions and platinumions are injected onto the surface of a netal
product in tprmddunrtdenokdet Wwithhethesmee mohds sésombipl batmedn | evenar ént Hare
to be injected. 26DEC2002 According tqo_ the nethod ,in Caim2, the
strength of c&f® Rk HerMekHbEeT Brasfelaldpredactoliass Ryt shd™PRe for
abrasion resistgnce is .inproved_ by the' injection of nitrogen ions. aAI Sfoo’r

the plati nuf@GHE% heF HEETH) BOALE ™S r & ™YL pPEPRRGRYi 7% ih IRt
platinumfilm. and _th l,atin [ L.h injected afterwards are
assim |l ator ﬂ'néfﬁb%gﬁ@d?mﬁggbﬁt #%hlg%%tl%es%ongégsénent of both the adhesion of
the platinum fi 0 -al ugt apdijthgeexfobiat LR fRLSY f
the platinum ff|4 %htET e:{glfogfg:ﬂ Fﬁgiﬁll fﬁlé of tl e ﬁe%a ?iroggct ig i%@:agggg ,n
and the replgcenenplaginlg i68SONESet OPGErand €a8kbNOthd rRAWGRAIPSIE the
Furthernore, the oxidation resistance of the platinumfilmis not harned,
and, especi pllaginiea nPilinr dlscasendfictbd proikict conldedonst hstdiesahat d:hes
not harmed, even in the case of a nmold for press nol di ng a gl ass productor
a mol d for fodgekdgonr yelwee noisdi AgSa et AP 1hrianeicmin the nmechsderatdion m
2, it is desirable that _the injection of ngttaroi%’en ions i s conduct ed under
1-

the conditi YRSt 1%he 10801 ikRY voPRFe F N §9¥5eRbntEnt0i0d ma.

I ti | t ' 0-1 K d_the.i LS. Lo-| mA. _Th
fanges haveTBESR GRDSPR REYC( HPSUGHeTar TS e RBEPHHRn ez Ppo e BReTPaRrE -
that the inheghl0n:0Lndl Glchl anchahere, apd Al (8LeiPa O ERLEOPNGS il
platinum fiTm 1§ conducted under the conditions that the 1njection valume

is 1-5 x 101pieR%kees? oft R ea ¢l mitin o Mo 1ae was bR kiy, 0 andol be pinan
current is 10-100 mA. These ranges have been determ ned through vari ous

experi nment srfAkke, fillmi shidekheadl eft hhe phetimmkiitls 0§ 1lésspkhann@mipan,m
to be forned by the nethod in 4 2 6 DEC2002 Jaim2 js D.1-0.5 um The
reason for il &s Siffdosdie & form 3 Mlptirugy Flce @Rl AR nEhRGHNSES

metal product in Claimg3, is such that a,platinumfilmis.faqrnmed_ after
nitrogen i oﬁ%,sPééfBBH i s 9eRRG 5P i‘?‘ﬁﬁm""?‘(?nsé i AP8ct 2 iqcﬁ’e[ h&?‘lgﬁz&g S

ont o the SULLAGS4a0%o B! 2hnl’ Gdiehnee LUINIREP: 104 LTSRS eRLEd O
after the formation of a platinum £ilm has to be increased,
resulting in the risk that the surface of the metal product
chaps. |

The surface reforming method of a metal product in Claim 2,
is such that a platinum film is formed after nitrogen ions
and platinum ions are injected onto the surface of a metal

product in that order and, furthermore, the second platinum ions are

then to be injected.



According to the nethod in Caim3, the strength of the nother nenber%ﬁ[ﬁizmz
metal product is increased and its abrasion resistance is inproved by the
injection of nitrogen ions and carbon ions.. Also, the platinumions that

are injected first, the platinumions in the platinumfilm and the -
platinumions that are injected afterwards are assim |l atory conbined,
resulting in the inprovement of both the adhesion of the platinumfilmto

the netal progucio2ithd Neo exhel idiny r eal dianee of the PLatépsehfidiM ¢he
Therefore, the life of° the metal product is increased, and the repl acenent

cycl e becongst+hergpembe@Shit hNEet 51 M BEG@ES COSt Bnc o ddter 4R 6ché NabPAseRsE
that the nmetal product is a nold for press nolding a glass product, a nold

for forgingreeiptangendlsdi hproved abyprdsucinjectiomobd f or nikpregenonions .
mol ding a plastic product, the npld rel ease of the product nolded wth any
of these noAllsoj s theprmhesdirhyn t honisthataren bijectdednfivas, Aheo, plétinum
oxi dation resistance of the platinumfilmis not be harned. In the nethod
in Oaim3,ions akndethe atmlatipym | §idpaduered thelePlEgdnumcondfes shat aret
the injection_volune is 1-5 x 7.015 ions/gnRk, the acceleration voltage is
10- 100 kev,imjecte’ afFesmarss % 1(9—5f66‘lﬂ'ﬁc?°fﬁes‘i?’?bai‘ﬁ§"€9 ha98ubLeRg in

det ined 5 26DEC2002_t h h ' \p [t _Ls, desi l.e that
Uhe. | nj oot The EPESPBERePbn®] SOt HIHIP (e ERRGPLRSASP At Pheto
the | n BaPEY . : 3 deithe®
cov. and et omatet o ket 30F T Ko, BRLBPERLEGA, SOIRGH, o5 el

through vargd ous; @XREEL TR0 S.rHdrd for@ssi ¥l itdabet Ravd Nh@€dl Oprobukhe i
pl ati numions before and after the formation of the platinumfilmis

conduct ed Wreredsed £omet i réplaicdnnt gyelid deconasomiel,S resiiiiting
ions/cnR, the acceleration voltage is 10200 kev, and the ion current is

10- 100 nA. ifhesednardessdwbse befFurddeemoraed ther cexfdatkdmuseekpbanaentst
Al'so, it is desirable that the thickness, of the platinumfilmto be forned
in the nethdwe i pletcdnmmg £11m. is0. Ben haamedeastf f oPSPRFEALEY Hehe amolad

Claim1l. The metal products in C ai 1, 2.apd are, r exanple, nold
for press MBS g‘FQSEhﬁrBHEléPE*F ﬂP”iﬂ,edtWégﬁngFsﬁrﬂagg?slﬁr €°ftorhr?e‘ﬂ“%§’ch
the use of, for ex e t ai Nl ess S | r.ef tal . _a lJov Iig
steel for FYE oI A ot dhdti: Td st Rivdnt, &' fasg Bubdiphd
and 3 can ?M'%fﬂr&%wg&fs@ 1Ry af maehal ppe@deets such as not
only a nol or press nolding a glass product, but also a nold for forging
or press nol diRoeiRe Béehodr DUCIaim 2plik fiy deyieeblen thiatdithe arpjeaicn
product and a tool, and so forth. 6 2 6 DE C 2p02 Enbodi nrent of The

| nvention e fohiewbggnarasexanptesdustadeundrenthencoatishjonst that the

conpar ati ve exanpl e. . .
injection volume is 1-5 x 10!5 ions/cm?, the acceleration

voltage is 10-100 kev, and the ion current is 10-100 mA.
These ranges have been determined through various experiments.
It is desirable that the injection of platinum ions before
and after the formatién of the platinum f£film is conducted
under the conditions that the injection volume is 1-5 x 1017
ions/cem?2, the acceleration voltage is 10-200 kev, and the ion
current is 10-100 ma. These ranges have been determined
through various experiments. Also, it is desirable that the

thickness of the platinum film to be formed by the method in



Exanmple 1: Platinumions are injected onto the surf ace of a nolding f&dé&C 200
of a nold for press nolding a glass substrate for a hard disk being fornmed
with JI'S SUS306 under the conditions that the injection volunme is 1 x 1015
ions/cnR, the accelerating voltage is 100 kev, and the ion current is 50

mA. Then, a platinumfilmwth a thickness of 0.1 umis forned by a
spattering nethod. Thereafter, platinumions are injected under the

condi tions tchatimt Reiknpget-00p ydl. untrhes rkasch0or als/cnk dhe as6e! gsatjing
voltage is 100 kev, and the ion current is 50 mA. Thus, the surface of a
nold is refeunaefa. 1To eval uate such a nold, a press working is applied to an
al kali zinc borosilicate base glass substrate (wth a dianeter of 86 nun,

and a t hi ckneas sutfate?2refiprundgrmebbod orili g ingisal pnoduet ol Clsime? at dse

is 555-560C and the press pressure is 48.5t, so as to nold a glass

substrate feuch Ihet d¢i gxlakimume filmediesr formgd- efteum angibregerkiv®ss of

0.8 mm Even though the nolding is continuously carried out in this way,

exfol i ati oncatbenaops atapdim fRIFFIRINIONE SISy ADEF LR iIn FROEFdRHt N Rave
been made. Further, after 133,900 _shots .of conéi nyous nol di ng, no abrasion

i s recogni zB#® ofUFRESRORSi iy PEEELPTORCTIRPC, Tusthepnerey 200 P ¥

2: N trogen.,i re.Jnjected onto the surface of a nolding face of a nold
for press %F%Pﬁa ogtf'%s"'snjs%q:s (?'ate for a hard disk being formed Wth JIS
SUS306 under ibe,£onght k@nSehd1ahetBBal NirfClLRMnY A UNBRES skre bENSLGLP,
the accelerating voltage is 100 kev, and the ion current is 50 mA Then

pl ati num i ahstIRéE meninsrt sk inetdle fredueee ief iecapled rRad das cbidwidsm! d
under the conditions that the injection volunme is 1 x 101 ions/cnR2, the
accel er at i mpesidtags: i s 1dpkewed aby the iopectioenofi s bAtmbdgedhmmsafires ,
a platinumfilmwth' a thickness of 0.1 fan is formed on the surface of
the nol di ng ferxben iphe. noAdsgy Shepplesirng ndenobhatrpes, imjectedniiost are
again injected onto the surface of the npld under the conditions that the

i nj ecti on vEiinelasinum ipns iignFhePlaH R cEFePat i3RG VOPe aBeaF4nypo ey,
and the ion.current is_50 ., Thu rf of _the.nold_ is refqrned, By
usi ng such%%bl & b d1né’§§@§ starPa eeé‘Pagrr%; h%% dﬁgl?%qggﬁﬁ[nuoct? ned,
press-nol d #{{pﬁr he s c It L t b . X

that the no terrpne% a?'tl}r 2&% (5%%;5%650. Arﬁéab?eslﬂﬁl? g;?oﬁég{;ip%ﬁo%f ?ﬁeqﬁ{g
pl ati num f id1at et FiBePgRiczedHeNt inet330, FROE! S avid CAHg N Ao Ui 1idiy
have been made. Further, after .930,000 shots of continuous nol ding,

abr asi on | sesgNicedbdDntlye t plahénemt Enflmef CLIGE b1, nrhe EXafpl ©£3:the
Nitrogen ions are injected onto the surf ace of a nolding face of a nold
for press methhpredicisisubseraasedorandhbbe geplapemagts 6YFAE HIPTRS

SUS306 under the conditjons that .
longer, resulting :!.qn reduced costs. Furthermore, in the case

that the metal product is a mold for press molding a glass
product, a mold for forging or press molding a metal product,
or a mold for injection molding a plastic product, the mold
;:elease of the 'product molded with any of these molds is
improved by the injection of carbon 1ons. Also, the
oxidation resistance of the platinum film is not be harmed.

In the method in Claim 3, it is desirable that is conducted
under the conditions that the injection volume is 1-5 x 1015
ions/cm?2, the acceleration voltage is 10-100 kev, and the ion

current is 10-100 ma, These ranges have been determined



B  ~6DEC2002 the injection volune is 5 x 1015 ions/cnR, the accel erabige( 2002
vol tage is.1D0 kev, and the ion current is 50 mA. Then carbon ions are
injected onto the surface of the nolding face of the nold under the
conditions that the injection volune is 1 x 101 ions/cnR, the accelerating
voltage is 100 kev, and the ion current is 50 mA. Thereafter, platinumions
are injected onto the surface of the nolding face of the nold under the
condi tions '%EB%I”; e J.s i 0 ks 1 X 1 fgnsjie a er ghi ng
voltage is eﬂ\), ‘}and'_%t%%e ?gﬁggm%rgglﬁgl S S%Qrm. Thus?gf%%fés}ur?g?g o?:_lH:e
mold S 1 el IR i) 4T N0 caubBaigi] dis acBhaas USRS { Bohalididik

is continuously press-nold under the sanme conditions as i1 n the above

Exanpl e 1, wgegepteniehat; dfoeeiond tRMReeat Uise i15-359G6600(p17ASignE PR} . the
exfoliation of the platirnumfilmis not recognized until 1,410,000 shots of
cont i nuous sFledergthanevbienagantie. 16410 hckev afdrel thed 1hrD0Shsterits D 10-
conti nuous nol ding, abrasion is recognized at the center part of the

mol di ng f ad@0ofma.he Mhledeontanges t havexthaan ofleBetmiNeds thimpugindvabiasison
is also recognized at the sanme peripheral part and only to the extent of

0. 008- 0. Olexperinentbe 4: It disgedesdnabiee thatecttd® oandgechdonur Pcetbe a
mol ding face of a npld for_press nolding a glass substrate for a hard di sk
bei ng for nbdakipHmalons Geioree #afdakEeal {hR FITMticRePi( feecoRrtRtiBE
that the injection volume is 5 x 1015 _jons/c .the accelerating voltage is
100 kev, ahdiPhets ofOBENFERE | WPERF nﬁherhsﬂnﬁgm*a? urh a&nstgﬁe Ry ectEgn

onto the surf_ ace.of .the 9 6 00 |..di of I under
t he condi tlv8ﬁi§m?héts tlﬁg ixnjleoétgijbon Vo uﬁea:‘lhs@fgfg%S%ggligﬁs/vrg%,agt%h?s ﬂg—
accel erati BgoVRbtadgnks +hQ0 KAV c12MdnkNa o AD-Abr B!, | Sr%ém—arﬁf@s Rbber.
carbon ions are inhjected onto the surface of the nolding f ace ot the nold
under the pgagi tdeanamiiiria t karbapRCtvaN otd UsRpesihentd0l | MIPGM2itt hes
accelerating voltage is 100 kev, and the ion current is 50 mA. Then

pl ati num i desizakléenikat ethenthidckmessirdfcahepleid nmol Eidmdaro the formed
conditions that the injection volune is 2 x 101 ions/cnR, the accel erating
vol t age i sinotheepethod imeClaimciriem - }<0 S50mMm, TRed Zeasion iGRFn ¥dsn 3kt h
the thickness of 0.1 Fan |s formed on the surface of the nolding face of
the nol d. ¥her8aPeerS latPntmions are injected onto the surface of the

| di f f th | d_under_ t i Li t t ] ' [
1% 107 | oneFBRe kAT R 1 1) GoREREe e 21 oB o=kl e Tt
is 50 mA %B?ﬁs Egﬁoﬁyégﬁcﬁc’%iﬁ%egmg prfodt@r,med. By using such a nold,
S

a glass su rate ard disk s press-nol ded under the sanme conditions
as in the abai@oEXaHY emdtaBXpepiduchat de foimed ewpehattlee use 66F,6806r As
aresult, peeling of the platinumfilmis not recognized until 1,2I0,000
shots of cemuimplleys swHidilepshaseebéen andeiractener medeler an 2831000 3kt s
of continuous nol ding, abrasion is recognized only to the extent of

0. 008- 0. 01 sireelCEaparahPbemekdipe emold, pad i FFn 1 HHSn wi th the t hi ckness of

0.5 um i's foued on Lhe, surface,pl; 2, ™y 01 99 fape 107 g, Mol g1 sor
surface reformations of metal products such as not only a mold
for press molding a glass product, but also a mold for forging
or press molding a metal product, a mold for injection molding

a plastic product and a tool, and so forth.



io 26DEC2002 gl ass substrate for a hard disk being fornmed with JIS $@5EC2M2
06 by a spattering nethod. By using such a nold, the glass substrate for

the hard disk is continuously press-nolded under the sane conditions as in

t he above Exanple 1, except that the neld tenperature is 590600C. As a
result, exfoliation of the platinumfilmis recognized at 10, D00 shots of
continuous nolding. Further, after 10,000 shots of continuous nol ding,
abrasion is r ni I o] xtent of 0.05-0.08 mm Effects of the

i nvention Acégﬁﬁg%éégg g%e¥ﬁétﬁ%§SP§l aim1l, platinumions that injected
first, platinumions in the platinumfilm and platinumions that are
injected afterwards are assimlatory conbined, resulting in an inprovenent

of both the agpesiAn ofinkhadtd abiimpidd | BEt Qhe; r?éicﬂ’f,ofﬁfén ang«qf Lhe

exfoliation resistance of the platinumfilm Furthernore, e abrasion
resi st ancecgmphber (Pd adxawiict is inproved. Therefore, the life of the
metal nold product is increased, and the replacenent cycle becones |onger,
resulting in reduced the casts. Furthernore, the oxidation resistance of
the platinumfilmis not harned, and especially the nold rel ease of a
product nol dBgamplé these nolds is not harned, even in the case of a nold
for press nolding a glass product, a mold for forging or press nolding a
met al pr oducPlabEngmndPaEsSt RS nfeiefFbed mongrnd-he psusfaeepddust maliding
26DEC2002 Accoré%rl t%%éhg met hod i n ghain12, he str n%th of the nother
menber of @GRt %r% t*PE PhEFEaTRYYARE £hELABPasIBRFEsPsERRc& jhard

i nproved hy; d:he.l nj eck f _pitro i Al .sa._ .1 h | at | . 1.ons that
are i nj et PaPhETEbeed, s OEE SRS30e” sier (4] BhRASTIORA; £nt
platinum igns §hbc@ien Voiahed £f L eruar dosl 5 assjdid al ehy QTG in
resulting 1n the i nprovenent of both the adhesion of 'the platinumfi md o
the netal g gadibbexext,oldrai i Ofe r g¢shStapeenefl itshes®l ahi numphhm o
Therefore, the life of the metal product is increased, and the repl acenent
cycl e becopisimmgefilmesvitdt ng i thiekhess ofst 8.1Fym hdenoferméle by a
oxi dation resistance of the platinumfilmis not harnmed, and, especially
the nol d redaddwrisig thethedduct Therdaftert h Risdsiaumo| dongs axe Hajesdtedven

in the case of a nold for press | di ng a gl.ass ,productor a nold for
forgi ng orAfsksthsl EPH&"&EH‘@FaIt %dﬁgf. "g?@&?rt&f’ﬁg YHERRe At hbd % n1@8%hi m

3, the strshathagl Wie MLbefoEaber Yoid B! ol PagElGted s LG eaRed A

its abrasiton residtance 'S THprov e’ njection nftrogen_ions d

car bon ior&rﬁﬂr&%é B Rindl i PNl ORBel BAkrFaxe bRI 8CHETAT L L Stesdfifed! at i nuM
ions in the platinumfilm and the platinumions that are injected

afterwards afs assivatét sh¥hceningiedl, &eprbbsngorrkihfe dismappiaent vof dpt h
the adhesion of the platinumfilmto the netal product and the exfoliation
r esi st ancalaltiheziplcatioromifliilcateThbasef @glesst isebetfatef (Whéshmat diagredeuct
is increased, and the replacenent cycle becones |onger, resulting in
reduced coxt $6 put ndsr chiicknese ©fsd -2haM)t KBRSt Ahep SRt iods, thnt

Lo oo s ngf e nBeRa bR Sy S55T50 70" aL8" UlY Sledd B2 lBuIL e S
48.5 t, so as to meld a glass substrate for a hard disk with a
diameter of 8B-90 mm and a thickness of 0.8 mm. Even though
the molding is continuously carried out in ‘this way,
exfoliation of the platinum £ilm 1is not recognized until
133,900 shots have been made. Further, after 133,900 shots of
continuous molding, no abrasion is recognized on the molding

face of the mold.



LOu~v ... or anmoldfor injection nolding a plastic product, the?ddtd 7002
rel ease of .the product nolded with any of these nolds is inproved by the

i njection of carbon fans, Al so the oxidation resistance of the platinum
filmis not be harned. 23 Z6DEC2001 CLAIMS 1. A surface reform ng met hod

of a nmetal product, wherein a platinumfilmis formed on the surface of a
nmetal product by injecting onto that surface platinumions, and then

i nj ected ont oggamglel ati num filmthe second platinumions . 2. A surface
reform ng nethod of a netal product, wherein a platinumfilmis fornmed on

the surface ofigrsgéal iphedugte bynfjeteedi B@tontthd hatrsueé aesr Nt rAGEA: hgns
and platinumions 1n that order, and then injected onto said platinum film
the second phé¢idtinai modd BorApsesbameldehgr & nQaset Babsetagen®odd Hrpdyat ,
wherein a platinumfilmis formed on the surface of a nmetal product by

i nj ecting odizmktheingufbamedniwitdgefls 0AYS306aringieri drtse andn@iationsm toas
in that order, and then injected onto said platinumfilmthe second

pl ati num i orkee . injegtionf Yoduper ok Ag FredAdt HPnY Mfral the o@caelazatirgi n
Clains 1, 2 and 3, wherein the neta oduct is a nold for _press nolding a
gl ass produfRtaaf AF&QI.%Y_LﬁI" 9.35@4. AF#‘.EAIJGE% gurrent 1s 58 “mx."~ Then

>% Al Hr-Angf‘atﬁYuﬁA‘?’iofg ' é¥yd§\nr§e%0&éd onto the surface of the molding

face of the meocld under the conditions that the injection
volume is 1 x 1017 ions/cm?, the accelerating voltage is 100
kev, and the ion current is 50 ma. Thereafter, a platinum
film with a thickness of 0.1 pym is formed on the surface of
the molding face of the mold by a spattering method. Then
platinum ions are again injected onto the surface of the mold
under .the conditions +that the injection volume is 1 x 10?7
ions/cm?, the accelerating voltage is 100 kev, and the ion
current is 50 mA. Thus, the surface of the mold is reformed.
By using such a mold, a glass substrate for a hard disk is
continuously press-molded under the same conditions as in the
above Example 1, ‘except that the mold temperature is 590-
595°C. As a result, exfoliation of the platinum film is not
recognized until 930,000 shots of continuous molding have been

made. Further, after 930,000 shots of continuous molding,

abrasion is recognized only to the extent of 0.008-0.01 mm.

Example 3:
Nitrogen ions are injected onto the surface of a molding
face of a mold for press molding a glass substrate for a hard

disk being formed with JIS SUS306 under the conditions that
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By using such a mold, a glass substrate for a hard disk is
continuously press-molded under the same conditions as in the
above Example 1, except that the mold temperature is 590~
600°C. As a result, exfoliation of the platinum film is not
recognized until 1,410,000 shots of continuous molding have
been made. Further, after 1,410,000 shots of continuous
molding, abrasion is recognized at the center part of the
molding face of the mold only to the extent of 0.01-0.05 mm,
and abrasion is also recognized at the same peripheral part

and only to the extent of 0.008-0.01 mm.

Example 4:

Nitrogen ions are injected onto the surface of a molding
face of a mold for press molding a glass substrate for a hard
disk being formed with a WC-Co base hard metal (JIS K20) under
the conditions that the injection volume is 5 x 1015 jons/cm2-
the accelerating voltage is 100 kev, and the ion current is 50

mA. Then palladium ions are injected onto the surface of the
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molding face of the mold under the conditions that the
injection volume is 1 x 103 ions/cm?, the accelerating voltage
is 100 kev, and the ion current is 50 mA. Thereafter, carbon
ions are injected onto the surface of the molding face of the
mold under the conditions that the injection volume is 1 x 1017
ions/cm?, the accelerating voltage is 100 kev, and the ion
current is 50 mA. Then platinum ions are injected onto the
surface of the mold under the conditions that the injection
volume is 2 x 10! ions/cm?, the accelerating voltage is 100
kev, and the ion current is 50 mA, and a platinum film with
the thickness of 0.1 pm is formed on the surface of the
molding face of the mold. Thereafter, platinum ions are
injected onto the surface of the molding face of the mold
under the conditions tha£ the injection wvolume is 1 x 1017
ions/cm?, the accelerating voltage is 100 kev, and the ion
current is 50 mA. Thus, the surface of the mold is reformed.

By using such a mold, a glass substrate for a hard disk is
press-molded under the same conditions as in the above Example
1, except that the mold temperature is 670-680°C.

As a result, peeling of the platinum film is not recognized
until 1,210,000 shots of continuous molding have been made.
Further, after 1,210,000 shots of continuous molding, abrasion

is recognized only to the extent of 0,008-0.01 mm.
Comparative Example:

A platinum film with the thickness of 0.5 pm is formed on

the surface of a molding face of a mold for press molding a

1o
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By using such a mold, the glass substrate for the hard disk
is continuously press-molded under the same conditions as in
the above Example 1, except that the mold temperature is 590-
600°C. As a result, exfoliation of the platinum film is
recognized at 10,000 shots of continuous molding. Further,
after 10,000 shots of continuous molding, abrasion is

recognized only to the extent of 0.05-0.08 mm.
Effects of the Invention

According to the method in Claim 1, platinum ions that
injected £first, platinum ions in the platinum £ilm, and
platinum ions that are injected afterwards are assimilatory
combined, resulting in an improvement of both the adhesion of
the platinum film to the metal product, and of the exfoliation
resistance of the platinum £film. Furthermore, the abrasion
resistance of the metal product is improved. Therefore, the
life of the metal mold product i1is increased, and the
replacement cycle becomes longer, resulting in reduced <the
costs. Furthermore, the oxidation resistance of the platinum
film is not harmed, and especially the mold release of a
product molded with these molds is not harmed, even in the
case of a mold for press molding a glass product, a mold for
forging or press molding a metal product, or a mold for

injection molding a plastic product.
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According to the method in Claim 2, the strength of the
mother member of a metal product is increased and the abrasion
resistance is improved by the injection of nitrogen 1ons,
Also, the platinum ions that are injected first, the platinum
ijons in +the platinum £ilm, and the platinum jons that are
injected afterwards are assimilatory combined, resulting in
the improvement of both the adhesion of the platinum film +to
the metal product and the. exfoliation resistance of the
platinum film, Therefore, the life of the metal product is
increased, and the replacement cycle becomes longer, resulting
in reduced costs. Furthermore, the oxidation resistance of
.the platinum film is not harmed, and, especially the mold
release of the product molded with these molds is not harmed,
even in the case of a mold for press molding a glass productor
a mold for forging or press molding a metal product.

According to the method in Claim 3, the strength of the
mother member of a metal product is increased and its abrasion
resistance is improved by the injection of nitrogen ions and

carbon ions. Also, the platinum ions that are injected first,
the platinum ions in the platinum £ilm, and the platinum ions
that are injected afterwards are assimilatory combined,
resulting in the improvement of both the adhesion of the
platinum £ilm +to the metal product and the exfoliation
resistance of the platinum £film. Therefore, the life of the
metal product is increased, and the replacement c¢ycle becomes
longer, resulting in reduced costs. Furthermore, in the case
that the metal product is a mold for press molding a glass

product, a mold for forging or press molding a metal product,

12
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CLAIMS

1. A surface reforming method of a metal product, wherein a
platinum film is formed on the surface of a metal product by
injecting onto that surface platinum ions, and then injected

onto said platinum film the second platinum ions -

2. A surface reforming method of a metal product, wherein a
platinum film is formed on the surface of a metal product by
injecting onto that surface nii-.rogen ions and platinum ions

in that order, and then injected onto said platinum £ilm the

second platinum ions,

3. A surface reforming method of a metal product, wherein a
platinum film is formed on the surface of a metal product by
injecting onto that surface nitrogen ions, carbon ions and

platinum ions in that order, and then injected onto said

platinum film the second platinum ions.

4. A surface reforming method of a metal product claimed in

Claims 1, 2 and 3, wherein the metal product is a mold for

press molding a glass product.
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