TITLE OF THE | NVENTI ON SURFACE MODI FYlI NG PROCESS FOR METAL PRODUCTS
BAGKGROUND OF THE | NVENTI ON The present invention relates to a surface 5
nodi fyi ng process for netal products such as dies for producing gl ass
articles by press work, dies for pre- paring netal products by forging or
press work and .nol ds for producing plastic articles by injection nolding.
Dies are used for press work for producing glass 10 articles such as plates
for optical glass disks for use as optical disk menories in conputers,
vi deo and audi o devices, etc., plates for ghtass hard disks for use in

computers, glass |lenses for use ont gl ass panel s of
cat hode-ray tubes for TV receiv- a’i’?ﬁ% &ac%[#pﬁgg&s@m ays, etc., and gl ass
panels for use in liqu t isplays. Dices of stainless steel

cenent ed carbi de, etc. élg @%ﬁr’%% ROFESS HOR METFALy BRADUGTR: f or ni ng
surface thereof with a platinumfilmin order to give inproved

rel easability and oxida- 20 tion resistance to the die. Dies for preparing
metal products by forging or press work and nolds for produc- ing plastlc
articles by injection nolding BAEKGRIENRNE¥NTHEI ENVENEIGBated with a

platinumfilmto inprove the 2 rel easability and oxidation re5|stance of
the formng The present invention relates to a surface

5 modifying process for metal products such as dies for
producing glass articles by press work, dies for pre-
paring metal products by forging or press work and molds
for producing plastic articles by injection molding.

Dies are used for press work for producing glass

10 articles such as plates for optical glass disks for use

. as optical disk memories in computers, video and audi§
devices, etc., plates for glass hard disks for use in
computers, glass lenses for use as optical elements,

front glass panels of cathode-ray tubes for TV receiv-

15 ers, computer displays, etc., and glass panels for use
in liquid-crystal displays. Dieslof stainless steel,
cemented carbide,letc. are already known which are
coated over the forming surface thereof with a platinum
film in order to give improved releasability and oxida-

20 tion resistance to the die. Dies for preparing metal
products by forging or press work and molds for produc-
ing plastic articles by injection molding are also known

which are coated with a platinum film to improve the
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surfacé thereof. However, the conventional press dies, for exanple, for
glass products have the problemthat the platinum5 filmpeels off or the
form ng surface wears within a relatively short period of time when used
for continuous press work, i.e., when used for about 10000 to about 20000
shots, hence a short life. Accordingly the die needs to be replaced in its
entirety after a relatively 10 small number of cycles to result in the ,
probl em of an increased cost. DI SCLOSURE Q- THE | NVENTI ON An object of the
present invention is to overconme the above problems and provide a surface

modi fyi ng 15 pf@Eéé?saBQfLiﬁ?t ahapaﬁﬂaaﬁoﬁhfe&gEaﬁéaaeketﬁ{a fﬂ?&.?ﬁ{;“g the -

peel resistance of a platinumfilmformed on the surf a?e 0 i
product and gi ApkRuedowear resistance to the surface. The present
i nvention prov%gggag first Brocess for 20 nodifying a surface of a netal
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5 film peels off or the forming surface wears within a
relatively short period of time when used for continuous
press work, i.e., when used for about 10000 to apout
20000 shots, hence a short life. Accordingly'the die
needs to be replaced in its entirety after a relatively

10 small number of cycles to result in the problem of an
increased cost.

| DISCLOSURE OF THE INVENTION
An object of the present invention is to overcome

the above problems and provide a surface modifying

1s process for metal products which is capable of impro%ing
the peel resistance of a platinum film formed on the
surface of the metal product and giving improved wear
resistance to the surface.

The present invention provides a first process for

20 modifying a surfaée of a metal product which process is
characterized by injecting platinum ions into the
surface of the metal product by ion implantation,

thereafter forming a platinum film on the surface and

further injecting platinum ions into the resulting



According to the first process, the platinumions inplanted first, the
platinumions in the platinumfilmand a platinumion that is injected
afterwards are 5 assim |l atory conbined, resulting in an inprovenent of both
t he adhesion of the platinumfilmto the netal product, and of the
exfoliation resistance of the platinumfilm This affords a prolonged life
to the nmetal product and renders the product usable for 10 increased cycles
before replacenent to result in a lower cost. Moreover the platinumfilm
retains oxidation resistance without inpairnent. Especially in the case :
where the net al spriaieetby sianpimpLlaptatieR- gl ass products, forging or press
die for netal products or 15 nold for preparing plastic products b

i nj ecti on nol di ng, thecerdtagstei thenSlrshpRreCens. r EReaRiBFLPEY 6¥n§he
product fromthe die or nold used. The present invention provides a second
process for nodifylantedsfilfate theaphetihuprdgnet iphthe platénym §i3p
characterized by injecting nitrogen ions and platinumions into the surface
of the netal prggdaca phathhemodidar thuti ds inpeabedt Afterwhsdsafer forning
a platinumfilmon the surface and further injecting platinumions into the
resul ting sugfaggshmiiaBoirypanbahedn. resudtThg iacendipprowementeof

nitrogen ions for ion
' both the adhesion of the platinum f£ilm to the metal
product, and of the éxfoliation resistance of the
platinum f£ilm. This affords a prolonged life to.the
metal product and renders the product usable for
10 increased cycles before replacement to result in a lower
cost. Moreover the platinum film retains oxidation
resistance without iﬁpairment. Especially in the case
.where the metal product is a press die for glass
products,'forging or press die for metal products or
15 mold for pfeparing plastic products by injection
molding, the process Wiil not impair the releasability
of the product from the die or mold used.
The present invention provides a second process for
modifying a surface of a metal product which process is
20 characterized by injecting nitfogen ions and platinum
ions into the surface of the metal product in this order
by ion implantation, thereafter forming a platinum film
on the surface ahd further injecting platinum ions into

the resulting surface by ion implantation.



i npl antati on, thereby giving the base netal of the netal product enhanced
strength and inproving the wear resistance of the product. The platinum
ions inplanted 5 first, the platinumions in the platinumfilmand a
platinumion that is |njected afterwards are assinmla- tory combined,
resulting in an inprovenent of both the adhesion of the platlnun1flln1to
the nmetal product, and of the exfoliation resistance of the platinumfilm.
10 This affords a prolonged life to the netal product and renders the
product usable for increased cycles before replacenent to result in a | ower
cost. Moreover t heThleaisieromd procesisaiusesonidayogen denisstfamcdoni t hout

I mpai rnment. Especially in the case where the netal 15 product is a press

di e for gl assimpddntationgr ghegeby grisdingdithel baseemaltajr ofuche aetadl d f or
preparing plastic products by injection nolding, the process will not

i npai r the repgagalit idnhadicdd & tifedditt! aido Dripiovding ahemwedrused. 20
The present invention provides a third process for nodifying a surface of a

metal product peliiiGhaicec oIS the Pyl | 1%é i dtinRel 1106 sNiimpa@ateldons,
carbon ions and platinumions into the surface of the netal product in this

order by ian isiplsant diedp1atienlilons 9l HH0 flatinfndlsliuid i mon the
surface and further injecting
platinum ion that is injected afterwards are assimila-
tory combined, resulfing in an improvement of both the
adhesion of the platinum £ilm to the metal product, and
of the exféliation resistance of the platinum £ilm.
10 This affords a prolonged life to the metal product and
renders the product usable for increased cycles before
‘replacement to result in a lower éost. Moreover the
platinum film retains oxidation resistance without
impairment. Especially in the case where the metal
15 product is a press die for glass products, forging of
press die for metal products or mold for preparing
plastic products by injection molding, the process will
not impair the releasability of the_product from the die
or mold used.
20 The present invention provides a third process for
modifying a surface of a metal product which process is
characterized by injecting nitrogen ions, carbon ions

and platinum ions into the surface of the metal product

in this order by ion implantation, thereafter forming a



platinumions into the resulting surface by ion inplantation. The third
process uses nitrogen ions and carbon 5 ions for ion inplantation, thereby
giving the base metal of the netal product enhanced strength and inproving
the wear resistance of the product. The platinumions inplanted first, the
platinumions in the platinumfilmand a platinumion that is injected
afterwards are 10 assim |l atory conbined, resulting in an inprovenent of
both the adhesion of the platinumfilmto tke nmetal product, and of the
exfoliation resistance of the platinumfilm This affords a prolonged life
to the netal predadtinwnd fidndens thiee sprddvel andalfuerther ihjeptdieagsed cycl es
before replacenent to result in a |ower cost. Especially in the case where

the netal produgh st ntnPriens dintd @helrdsnlpiodueusfaker gyngoar press die
for metal products or mold for preparing plastic products by injection

nol di ng, the car artaxiigml anted i nprove the 20 releasability of the
product fromthe die or nold used. Moreover the inplantation of ions wll

not i mpai - the oxi daiy AN R ok Hitbioyd fio) afke cabeh pr oduct
t

to be nodified over e surface by these three processes of the invention

I's, for 6 £xamL et ddn flqr[plgnet%id?lq QJh%%b%r %q-""q-tf@ BhePbE3e metal -

of the metal product enhanced strength and improving the
wear resistance of the product. The platinum iops
implanted first, the platinum'ions in the platinum £film
and a platinum ion that is injected afterwards are

10 assimilatory combined, resulting in an improvement of
both the adhesion of the platinum £ilm to the metal
_product, and of the exfoliation resistance of the
platinum £ilm. This affords a prolonged life to the
metal product and renders the product usable for

15 indreased cycles before replacement to result in a léwer
cost. Especially in the case where the metal product is
a press die for glass products, forging or press die for
met§l products or mold for preparing plastic products by
injection molding, the carbon ions implanted improve the

20 releasability of the product from the die or mold used.
Moreover the implantation of ions will not impair the
oxidation resistance of the platinum f£ilm.

The metal prodﬁct to be modified over the surface

by these three processes of the invention is, for



wor k. However, the three processes of the invention are usable for the
sur-face nodification not only of dies of this type but also of dies for
preparing nmetal products 5 by forging or press work, nolds for producing
plastic articles by injection nolding, and netal products such as tools.
The metal product to be surface-nodified is nade, for exanple, from
stainl ess steel, cenented carbide, or 10 tool steel alloy for hot working
di es. DESCRI PTI ON OF THE PREFERRED EMBODI NENTS The surfaces of net al
products are nodified by the first process which conprises injecting

platinumions épimpide suaiaceosf prbparengl ghaesustolyct oMo Spiessantation,
thereafter formng a platinumfilmon the surface and further injecting

pl at i num i ons gkt NokEsHL! | BleSthEEECpPYcEOBeb TBE ABAG! LRFent Toh Mhse 1 st
process, the platinumion i nplantation before and after formng the

platinum filmsagiLeebdiRLelGEARLY ha2P1Bea6R ULt bnly! g Saked ot

_ions/cnferr] at~an acceleration voltage to 200 kev and ionic current
O ety Thued E7B BUECRBh SELd bon=DpuepReRRaCRbeRY Bedalyyer s
P?Sig thlckgesgyo%oggingoor p;eQSSW %k,'&oiﬁs %E%nﬁkgdhgiﬁgtﬂigsgié [err]lm
articles by injection molding, and metal products such
as tools.
The metal product- to be surface-modified is made,
for example, from stainless steel, cemented carbide, or
10 tool steel alloy for hot working dies.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The surfaces of metal products are modified by tﬁe
fiist précess which comprises injecting platinum ions
into the surface of the metal product by ion
15 implantation, thereafter forming a platinum f£ilm on fhe
surface and further injecting platinum ions into the
resulting surface by ion implantation. In this first
process, the platinum ion implantation_before and after
forming the platinum f£ilm is effected preferably in an
20 amount of 1 to 5 x 10 ions/cm’ at an acceleration
voltage of 10 to 200 kev and ionic current of 10 to 100
mA. These ranges of conditions have been determined by

various experiments. The platinum film to be formed by

the first process preferably has a thickness of 0.1 to



difficult to forma platinumfilmevenly and if the thickness exceeds 0.5
[err]m the volunme of a platinumion to be injected after the formation of
platinumfilmhas 5 to be increased, resulting in the risk that the
surface of the netal product chaps. The surface of the netal product is
nodified alternatively by the second process which conprises injecting
nitrogen ions and platinumions into the 10 surface of the netal product in.
this order by ion inplantation, thereafter formng a platinumfilmon the
surface and further injecting platinumions into the resulting surface by

i on inplantatiog. sl jmi.he 1Eeapd MANACASS Leisls ithadedi.nabie, toteifect the
nitrogen ion 15 inplantation in an anobunt of 1 to 5 x 10[err] ions/cnferr]

at an accel er at jgQgpiehi1304 Pleoksh =0 pidQ ikedh #dni @Rie1GUENANE FOfth0 to 100
mA. These ranges of conditions have been determ ned by various experinents.

The platinum i ofplySRUNAE:RRR &% afl, SEhE! vbolbNGE! BepRLRLLGMMbA! M 20

Is effected preferably 1n an anbunt of 1 to 5 x 10[err] ions/cnferr] at an

accel eration volttoa%% q{nojf]e%%’% ?a%é&e\%%ndfdﬂgtg_oqyrgfe 129 nkth ¥ 170K

These ranges of Condi t ave been determned by various experinents. It
Lo gest 1ot LI APt ARdd | BRI P Pl A0 endt TR0 MAERRESS
of the metal product chaps.
The surface of the metal product is modifieg
;1ternatively by the second process which comprises
injecting nitrogen ions and platinum ions into the
10 surface of the metal product in this order by ion
implantation, thereafter forming a platinum film on the
~surface and further injecting platinum ions into the
resulting surface by ion implantation. In the second
process, it is desirable to effect fhe nitrogen ion
15 implaﬁtation in an amount of 1 to 5 x 1olsions/cm2at'an
acceleration voltage of 10 to 100 kev and ionic current
of 10 to 100 mA. These ranges of conditions have beeﬁ
determineq by various experiments. The platinum ion
implantation before and after forming the platinum £ilm
20 is effected preferably in an amount of 1 to 5 x 10"
ions/cm’ at an acceleration voltage of 10 to 200 kev and
ionic current of 10 to 100 mA. These ranges of

conditions have been determined by various experiments.

It is desired that the platinum film to be formed in the



sanme reasons described for the first process. Further alternatively, the
sur-face of the netal product is nodified by the third process which
conprises 5 injecting nitrogen ions, carbon ions and platinumions into
the surface of the nmetal product in this order by ion inplantation,
thereafter formng a platinumfilmon the surface and further injecting
platinumions into the resulting surface by ion inplantation. In the third
10 process, it is desirable to effect thesnitrogen ion inplantation in an
anount of 1 to 5 x 10[err] ions/cnferr] at an acceleration voltage of 10 to
100 kev and i gecomumprotess W) Q.0 RO QS dihdge thdndeess fimondild ons have
been determ ned by various experinents. Preferably the 15 carbon ion

i npl ant ati on isanef fredsshs MescmEmmdtfaf thd Eirst PHoeds. ons/cnferr] at
an acceleration voltage of 10 to 100 kev and ionic current of 10 to 100 mA.

These ranges of cormlidtloes diserdaervala) ertidafidBacIdOWheMaid1ents. The
plati numion inplantation before and after formng 20.the platinumfilmis

effected pref gyrdduct N amedDrida By kHS thicd Yr¥ddsd Qﬁﬁﬂcﬁ{ﬂﬁﬂﬂrﬁes’m
accel eration voltage of 10 to 200 kev and ionic current of 10 to 100 mA

Th f d i
ese ranges ofpfRud ) deS| redf@?: éh s | eéﬂﬁarf‘a%r?é %d’%l\@crlrgﬂlf ions

experinments. |t at the platinumfilmto be ormed in the

third process fi D-dhd GPrfad&'dd Bid metal product in this order by

ion implantation, thereafter forming a platinum ﬁilm on
the surface and further injecting platinum ions into the
resulting surface by ion implantation. In the third

10 process, it is desirable to effect the nitrogen ion
implantation in an amount of 1 to 5 x 10*° ions/cm® at an
.acceleration voltage of 10 to 100 kev and ionic currenf
of 10 to.100 mA. These ranges of conditions have been
determined by various experiments. Preferably the

15 carbon ion implantation is effected in an amount of i to
3 x 10" ions/cm® at an acceleration voltége of 10 to 100
kev and ionic current of 10 to 100 mA. These ranges of
conditions have been determined by various experiments.
The platinum ion implantation before and after forming

20 the platinum film is effected preferably in an amount of
1 to 5 x 10" ions/cm® at an acceleration voltage of 10 to
200 kev and ibnic current of 10 to 100 mA. These ranges
of conditions have been determined also by various

experiments. It 1s desired that the platinum film to be



t hi ckness for the sanme reasons described for the first process. In the
third process, it is desirable to inject 5 palladiumions into the surface
of the metal product by ion inplantation after the nitrogen ion

i npl antation and before the carbon ion inplantation. The palladi umion

i nplantation is effected in an anount of 1 to 5 x 10[err] ions/cnferr] at
an acceleration voltage of 10 to 200 kev and 10 ionic current of 10 to 50
mA. These ranges of conditions have been determ ned by various experinents.
EXAMPLES Exanple 1 Platinumions were injeCted by ion inplantation in 15

an anount of lf%ﬁn%%ieé_{y] r%'&%lnsghg_rqqﬁyz%oc%ts_sa%ea%c?;q:roatoi.gnpgilolitnage of 100 kev

and ionic curreéen nt o orm ng surface of "a e made of JIS

Sirtace of {ne BONEPS oY (i M aRbo, BB ERa R 106 0T "

t hi ckness of 0.1Opn12% sputtering. Platinumions were thereafter injected
by ion inpl ant &GS an anount of 1 x 10[err] ions/cnierr] at an
accel eration voltage of 100 kev. and ionic current of 50 mA into the

resul ting forning sd & JPimtk RRAcessy df dsadpsirabdd fi%ed™i¢Gtace was -

10 formed on the die.
5 palladium ions into the surface of the metal product by

ion implantation after the nitrogen ion implantation and
before the carbon jon implantation. The palladipm ion
implantatibn is effected in an amount of 1 to 5 x 10%
ions/cm® at an acceleration voltage of 10 to 200 kev and
10 ionic current of 10 to 50 mA. These ranges of
conditions have been determined by various experiments.
EXAMPLES
Platinum ions were injected by ion implantation in
15 an amount of 1 x 10" ions/cm’ at an acceleration voltﬁge
of 100 kev and ionic current of 50 mA into the forming
surface of a die made of JIS SUS306 for preparing plates
for glass hard disks by press work. The forming surface
of the die was then coated with a platinum £ilm having a
20 thickness of 0.1 pm by sputtering. Platinum ions were
thereafter injected by ion implantation in an amount of
1 x 10% ions/cmzat an acceleration voltage of 100 kev
and ionic current of 50 mA into the resulting forming

surface of the die. In this way, a modified surface was



To evaluate the die thus obtained, the die was used for pressing bl ank

pl ates of alkali zinc borosilicate base glass substrate (86 nmin dianeter
and 1.2 mmin 5 thickness) at a die tenperature of 555 to 560[err] C under
a pressure of 48.5t to prepare plates for glass hard di sks having a

di aneter of 88 to 90 nmand a thickness of 0.8 nm Wen this press work was
continuously conducted, the platinumfilmwas found free of peeling 10
until 133900 shots were made. No wear was,jound in the die form ng surface
after the continuous press work of 133900 shots. Exanple 2 Nitrogen. ions

were injected Pyrm€8 bAPtRAtALEON in 15 an anmount of 1 x 10[err]
ions/cnferr] at an accel eration voltage of 100 kev and ionic current of 50

mA into the form ngrgup{;a¢Gafk &ndi alaaiéﬁuef oBt21rb®30Pnb 0a18" GRET h884
plates for glass hard disks by press work. Platinumions were then |njected

o o on Pk CBobpBgRORAR et 88 ABKSLE) papsborbEiilotenn |
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pressure of 48.5 t to prepare plates for glass hard
disks having a diameter of 88 to 90 mm and a ‘thickness
of 0.8 mm. When this press work was continuously
conducted, the platinum film was found free of peeling
10 until 133900 shots were made. No weér was found in the
die forming surface after the continuous press work of
133900 shots.
Example 2
Nitrogen ions were injected by ion implantation in
15 an amount of 1 x 10" ions/cm® at an acceleration voltége
of 100 kev and ionic current of 50 mA ;nto the forming
surface of a die made of JIS SUS306 for preparing plates
for glass hard disks by press work. Platinum ions were
then injected by ion implantation in an amount of 1 x
20 10Y ions/cmzat.an acceleration voltage of 100 kev and
ionic current of 50 mA into the forming surface of a die
Subsequently, the forming surface of the die was coatéd

with a platinum £ilm having a thickness of 0.1 pm by

sputtering. Platinum ions were injected by ion



accel eration voltage of 100 kev and ionic current of 50 mA into the
resulting formng surface of the die. In this way, a nodified surface was
fornmed on the die. 5 The di e thus obtained was used for continuous
press work to prepare plates for glass hard di sks under the sanme conditions
as in Exanple 1 except that the die tenperature was 590 to 595[err] C.
Consequently, the platinumfilmwas found free of peeling until 930000 10
shots were made. War of about 0.008 to aboyg 0.01 mmwas found in the die
form ng surface after the continuous press work of 930000 shots. Exanple 3

Ni trogen ions weigpilaheat@enbyni an amphast 8&i onxi noT516ms pewuat &h 5 x
10[err] ions/cnferr] at an accel eration voltage of 100 kev and ionic

current of 50 MAabBb9erBeibAr ¥olBaglr baceoof kavdhgameER18f cdtSeSS8H65H O
preparing plates for glass hard disks. by press work. Carbon ions were then

injected by ion hﬂpEﬁEBaEbQEE%Q Q@iﬁﬁnfakmﬂﬁglsﬁrEQCQO%ErEﬁei@ﬂé(cniﬁrr] at

: u
an accel eration voltage o kev and ionic current of 50 mA into the

formng surface gf,LNGagi ce GUASRIUENLLKeaRLoLEBUFVLABS BRT Enkrhest od by

ion-inplantation Th an arfoun err] rons err

accel eration vol tage QﬁglgggkﬁﬁP P%BESEhEdCQEEeGEeafoQ con%%nﬂgugnbgegge~_

form ng surfade of a

work to prepare plates for glass hard disks under the
same conditions as iﬁ Example 1 except that the die
temperature was 590 to. 595° C. Consequently, the
platinum f£film was found free of peeling until 930000
10 shots were made. Wear of about 0.008 to about 0.01 mm
was found in the die forming surface after the
~continuous press work of 930000 shots.
Example 3
Nitrogen ions were injected by jion implantation in
15 an amount of 5 x 10*° ions/cm®’ at an acceleration voltége
of 100 kev and ionic current of 50 mA into the forming
surface of a die made of JIS SUS306 for preparing plates
for glass hard disks bz press work. Carbon ions were
then injected by ion implantation in an amount of 1 x
20 10" ions/cm® at an acceleration voltage of 100 kev and
ionic current of 50 mA into the forming surface of the
die. Subsequently, platinum ions were injected by ion
implantation in an amount of 2 x 10' ions/cm’ at an

acceleration voltage of 100 kev and ionic current of 50



surface of the die was thereafter coated with a platinumfilm having a
thicckness of 0.1 pmby sputtering. Platinumions were injected by ion
inplantation in an 5 anpunt of 1 x 10[err] ions/cnferr] at an acceleration
vol tage of 100 kev and ionic current of 50 mA into the resulting form ng
surface of the die. In this way, a nodified surface was fornmed on the die.
The die thus obtained was used for continuous press 10 work to prepare
plates for glass hard disks under the samg,conditions as in Exanple 1
except that the die tenperature was 590 to 600[err] C. Consequently, the
platinum fil m masihtondher €ermfingesuirfigcenbiel a141800@nhshebsmigge made. \Wear
of about 0.01 to about 0.05 mm 15 was found in the central portion of the

die form ng sushggaceand whar a2k @#BeUthHBrEAB+the 8bBa¥baOwdtnd ifmaﬁzﬂﬁum
peri pheral portion thereof after the continuous press work of 1410000

shots. Exanpl er4140having Bl £h98RAe5ENS £V ¢ hﬂjB?tgguﬁ¥ekﬁﬂghnplantation
I n an amount of 5 x 10[err] ions/cnferr] at an acCel eration Voltage of 100

e i PSSO AGTE FRrb"SA0EShOb 26rURbaas gt pacs gRee O
by press s13afBhKt B2l hadi ygrt 995 VERE kDGR EQESEE%QtQXniggltage of
100 kev and ionic current of 50 mA into the resulting
forming surface of the die. In this way, a mod;fied
surface was formed on the die.
The die thus obtained was used for continuous press
10 work to prepare plates for glass hard disks unde; the
same conditions as in Example 1 exceptlthat the die
_teﬁperature was 590 to 600° C. Consequently, the
platinﬁm film was found free of peeling until 1410000
shots were made. Wear of about 0.01 to about 0.05 mm
15 was found in the central portion of the die forming
surface, and wear of about 0.008 to about 0.01 mm in the
peripheral portion thereof after the continuous press
work of 1410000 shots.
Example 4
20 Nitrogen ions were injected by ion implantation in
an amount of 5 «x lolsions/cmzat an acceleration voltage
of 100 kev and ionic current of 50 mA into the forming

surface of a die made of WC-Co cemented carbide (JIS

K20) for preparing plates for glass hard disks by press



I npl antation in an anount of 1 x 10[err] ions/cnferr] at an accel eration
vol-tage of 100 kev and ionic current of 50 mA into the form ng surface of
the die. Carbon ions 5 were further injected by ion inplantation in an
anount of 1 x 10[err] ions/cnferr] at an accel eration voltage of 100 kev
and ionic current of 50 mMAinto the form ng surface of the die.

. Subsequently, platinumions were injected by ion inplantation in an anount
of 2 x 10[err] ions/cn{err] at an 10 accel efation voltage of 100 kev and
ionic current of 50 mA into the formng surtface of a die The form ng.

surface of the gogrias palaRAlne 1 dHRARGMtha A 1RljRIJHRIE W, ihaving a
thickness of 0.1 [errJm Platinumions were injected by ion-inplantation in

an amount of 1 Xmpllaftaskh 1N Hnfturde Yr AN AG0H ToALYER" UR! Lgoe of 100

kev and ionic current of 50 mA into the resulting formng surface of the

die. In this Wa)éa:c%()l@@tfj{o%d V%Lirtfageg g\ga%foa&r#&d el E%%i%i %&rgée é:di‘o%r tsgus

obt ai ned was use rcontl nuous t6 prepare | ass
excgft t hat, the die

hard di sks under .t he .sane caqndit.ions as.in | e

tenperature was B7dE é%’(?[gg’ﬂ“i&g ééﬂ% e%a;ﬁ‘et gl alATRRY AeRSwas -

found free of_ peeling until 1210000 shots were nmade. \\ar of about 0.008 to
werg %é‘s‘&“&ﬁ

about 0.01 nmA dAPG Ye 108 iR hAt4oR dft &n gfeunt

of 1 x 10~ ions/cm® at an acceleration voltage of 100 kev
and ionic current of 50 mA into the forming surf;ce of
the die. Subsequently, platinum ions were injected by
ion implantation in an amount of 2 x 10 ions/cm® at an

10 acceleration voltage of 100 kev and ionic cu:rent of 50

mA into the forming surface of a die The forming
~surface of the die was thereafterlcoated with a platinum
film having a thickness of 0.1 pm. Platinum ions were
injected by ion implantation in an amount of 1 x 10"

15 ions/cm’ at an acceleration voltage of 100 kev and ioﬁic
current of 50 mA into the resulting forming surface of
the die. In this way, a modified surface was formed on
the die.

The die thus obtained was used for continuous press

20 work to prepare plates for glass hard disks under the
same conditions as in Example 1 except that the die
temperature was 670 to 680° C. Consequently, the
platinum film was found free of peeling until 1210000

shots were made. Wear of about 0.008 to about 0.01 mm



conti ntious press work of 1210000 shots. Conparative Exanple A platinumfilm
hawi ng a thickness of 0.5 pmwas 5 forned by sputtering on the formng
surface of a die made of JI'S SUS306 for preparing plates for glass hard

di sks by press work. The die thus obtained was used for continuous press
work to prepare plates for glass hard di sks under the 10 sane conditions as
in Exanple 1 except that the diie tenperature was 590 to 600[err] C
Consequently, the platinumfilmwas found t,g have been peeled after 10000
shots were made. Wear of about 0.05 to about 0.08 mmwas found in the die

form ng surfaceyakt ebuhBeihStB8NE1LBUSHSMRNES Surehke OLFE8R0EnENOL S. 15
VWhat is clainmed is: 1. A process for nodifying a surface of a netal product

whi ch process ig ﬁggﬁgghgrbiggsb%okgjggtﬁagoghatgﬂygglons into the surface
[ ti t

of the netal proguct by 5 ton I nplantation, erearter formng a platinum
filmon the_sur;ﬁgﬁgggg;&%%hgghn;giecting platinumions into the resulting
surface by ion Tom. 2. surface nodifying process for a netal
product accord 19, OpC L bl 255k REUSE! 4 LAYALR 18! BPE kA"
5 formed by sputtering on the forming surface of a die
- made of JIS SUS306 for preparing plates for glass hard
disks by press work.
The die thus obtained was used for continuous.press
work to prepare plates for glass hard disks under the
10 same conditions as in Example 1 except that the die
temperature was 590 to 600° C. -Consequently, the
_platindm film was found to have been peeled affer 10060
shots were made. Wear of about 0.05 to about 0.08 mm

was found in the die forming surface after the

15 continuous press work of 10000 shots.



is efféected in an anount of 1 to 5 x 10[err] ions/cnferr] at an

accel eration voltage of 10 to 200 kev and ionic current of 10 to 100 mA. 3.
A surface nodi fying process for a nmetal product 15 according to claim1l or

2 wherein the platinumfilmto be formed has a thickness of 0.1 to 0.5 pm
4. A process for nodifying a surface of a metal product which process is
characterized by injecting nitrogen ions and platinumions into the surface
of the 20 netal product in this order by ion inplantation, thereafter
formng a platinumfilmon the surface and further injecting platinumions
into the resul t wagtSylst @AQikmed Q. npl antation. 5. A surface nodifying

process for a netal product 16 according to claim4 mherein:the/nh{rogfn
ion inplantation is qffaectgehddy rfo&nglg i O surfabdl &l cnferr
at an accel eration vgltage of 15@to 1 a§§3&§#6%13n|ca%%r§%n% Q%Q%& to 100

o 1 b PRl BRGRR 0 AELACE M b (g 1,
o e et oo ptAAgh SonkD 0GBl B Sl SLAROpI00, T
or 5 mhereinsthgogl%%k %@ggéfgéf)thereafter forming a platinﬁm film on
the surface and further injecting platinum ions into the
resulting surface by ion implantation.

2. A surface modifying process for a metal product
according to claim 1 wherein the platinum ion

10 implantation before and after forming the platinum £film
is effected in an amount of 1 to 5 x 10 ions/cm® at an
~acceleration volfage of 10 to 200 kev and ionic curreﬁt
of 10 to 100 mA.

3. A surface modifying process for a metal product

15 according to claim 1 or 2 wherein the platinum film fo
be formed has a thickness of 0.1 to 0.5 pm.

4. A process fbr modifying a surface of a metal
product which process is characterizgd by injecting
nitrogen ions and platinum ions into the surface of the

20 metal product in this order by ion implantation,
thereafter forming a platinum film on the surface and
further injecting platinum ions into the resulting

surface by ion implantation.

5. A surface modifying process for a metal product

* € L M S5 *




be fortred has a thickness of 0.1 to 0.5 pm 7. A process for nodifying a
sur-face of a nmetal product which process is characterized by injecting
nitrogen ions, carbon ions and platinumions into the 15 surface of the
metal product in this order by ion inplantation, thereafter formng a
platinumfilmon the surface and further injecting platinumions into the
resulting surface by ion inplantation. 8. A surface nodifying process for a
nmetal product 20 according to claim?7 whengin the nitrogen ion inplantation
is effected in an amount of 1 to 5 x 10[err] ions/cnferr] at an

accel eration vatéepeing €6 &Daid04keNet8dni €HeCnLtr6§h 06nl0 toO 100 .mA,
the carbon ion inplantation is effected in an anpbunt of 1 to 3 x 10[err]

17 ions/cnferrimgi aRPaeER! e526E08c¥0A! #HCaRT akBuh® 4B01key and 1g¥ic
current of 10 to 100 mA, and the platinumion inplantation before and after

form ng the p'f&hé‘}"@?ﬂ* h'tmahsa%E%E:‘i@le %B%L%%génbfoioltholﬁoxkég[ ghél

lons/cnferr] at an accel eration voltage o to 200 kev and i1onic

current of 10 1gnif0Mrofs eoub! 26°1BB0MAY! BRaPLAC ST ok JBhaL P oduc

according to c arm 7° rern rumrons‘aré in € surface:

of the metal pg SaEh BV, 68" 400 LEPLAA! BELED ELLRLAEnD bL8EERhOP11n

is effected in an amount of 1 to 5 x 10 ions/cm’ at an
acceleration voltage of 10 to 200 kev and ionic purrent
of 10 to 100 mA.

6. A surface modifying ptocess for a metal product

10 according to claim 4 or 5 wherein the platinum £ilm to
be formed has a thickness of 0.1 to 0.5 pm.

7. A process for modifying a surface of a metal
product which process is characterized by injecting
nitrogen ions, carbon ions and platinum ions into the

1s surface of the metal product in this order by ion
implantation, thereafter forming a platinum £ilm on the
surface and further injecting platinum ions into the
resuiting surface by ion implantation.

8. A surface modifying process for a metal product

20 according to claim 7 wherein the nitrogen ion
implantation is effected in an amount of 1 to 5 x 10%
ions/cmzat an acceleration voltage of 10 to 100 kev and
ionic current of 10 to 100 mA, the carbon ion

implantation is effected in an amount of 1 to 3 x 10

AR




before*the carbon ion inplantation. 10. A surface nodifying process for a
met-al product according to claim9 wherein the palladiumion inplantation
is effected in an amount of 1 to 5 x 10[err] 15 ions/cnjferr] at an

accel eration voltage of 10 to 200 kev and ionic current of 10 to 50 mA. 11.
A surface nodi fying process for a netal product according to any one of
clains 7 to 10 wherein the platinumfilmto be fornmed has a thickness of
0.1to 0.5 20 [err]m 12. A surface nodifying process for a netal product
according to claim1, 4 or 7 wherein the met al product is a die for

preparing a gl aggnR/ed@dt h &MU tton voltage of 10 to 100 kev and
jonic current of 10 to 100 mA, and the platinum ion
implantation before and after forming the plafinum £ilm
is effected in an amount of 1 to 5 x lor;ions/cmzat'an
5 acceleration voltage of 10 to 200 kev and ionic ¢urrent
of 10 to 100 mA.

9. A surface modifying process for a metal product
according to claim 7 wherein palladium ions are injected
into thé surface of the metal product by ion

10 implantation after the nitrogen ion implantation.énd
before the carbon ion implantation.

10. A surface.modifying process for a metal prodﬁct
according to claim 9 wherein the palladium ion
implantation is effected in an amount of 1 to 5 x 10*°

15 ions/cm’ at an acceleration voltage of 10 to 200 kev And
ionic current of 10 to 50.mA.

11. A surface modifying process for a metal product
according to any one of claims 7 to 10 wherein the
platinum film to be formed has a thickness of 0.1 to 0.5'

20 pm.

12. A surface modifying process for a metal product
according to claim 1, 4 or 7 wherein the metal produdt
is a die for preparing a glass product by press work.
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