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1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON El ectrode for
el ectric discharge surface treatnent, nethod for 5
manuf acturing the sane, and nmethod for storing the
same TECHNI CAL FI ELD The preseni invention relates to
a technology for electric discharge surface
treatnment, and nore particularly to a technol ogy for
10 el ectric discharge surSREEIFHeATHR®Nt i n which, by
using a green conpact formed by conpressionnol ding a
netallic powder, a netallic conmpound powder, or a
ceram c powder as an el ectrode, a pulse-like electric

di $pheE F THE ANSENPROWeen the el ectrode and a work,
and with discharge energy, a coat is forned on a

surface gfodififdoieldcific PiénaracSindch Hddthdht méfhod for

el ectrode nmater I a substa IS genera

o e FREH T s P64 RO o

turbine blade of a gas turbine engine for aircrafts
has to be provided on its surface wwth a coat or

har df aci ng of _a material having strength and
| ubE AR Ld:rlgéé?ty i n high-tenperature environnents.
It is known that C (chromum and M (nol ybdenum

have a | libeiygsesh inyeien rylaige o atanhnadogy for electric

hi gh-tenperature environnents. Therefore, 25 a Co

( cdisahiayg b ssethaeatreaimient haind cootenpasticlradgdon téshnology for

used to forma 2 thick coat by a schene, such as

wetlichc ofis ¢ Hengees ufacatrewtmditeinvwwhiin gy asimgsalyreen compact

using an electric discharge between a
formed by compressionmolding a metallic powder, a metallic compound
powder, or a ceramic powder as an electrode, a pulse-like electric
discharge is caused between the electrode and a work, and with
discharge energy, a coat is formed on a surface of the work, the coat
being formed with an electrode material or a substance that is
generated by a reaction of the electrode material due to the electric

discharge energy.

BACKGROUND ART

A turbine blade of a gaé turbine engine for aircrafts has to be
provided on its surface with a coat or hardfacing of a material having
strength and lubrication property in high-temperature environments. It
is known that Cr (chromium) and Mo (molybdenum) have a lubrication
property when oxidized in high-temperature environmenis. Therefore,

a Co (cobalt)-based material that contains Cr and Mo is used to form a



10

15

20

25

work and a welding rod to nelt a material of the

wel ding rod and adhere the material on the work. The
thermal spraying is a schene of 5 spraying a netallic
material in a nelted state ontoga work to forma

coat. However, the welding and the thermal spraying

are both manual operations and require experience.

ThipieK coat bivta sshdnfd,isudht as veldiigomthecrohl speayingons

on a production |ine, disadvantageously |eading to an

10 i ncr epRe waldengis aMuipnvierusing e eldwrivalidchargenbetween a
particular is a schenme in which heat intensively

e%sﬂé aﬁdV\QWeldM%Fo@ tb hh8lt WPHRItb ARl b thd WRAERTEFo®BANd adhere
when a materi al is easily broken, such as a

ﬁ‘]@ @a‘ié?‘ﬁ F 8h Ak B¥rier ﬁh%ﬁﬁéfrﬂ?ﬁgﬁ’aﬁﬁﬁ ‘%Jé@ﬁ?ﬁ‘\'é 8¥

uni di recti ona y-SO

ST 5, AN AR g O M Hoyol g

for gan‘pl e, a surface treatnent technique through

el 8%8%i ¢ di scharge machi ni ng (herei nafter "electric

di scharge surface treatnent

est abl | shewevesr tha waidng ?Bﬂéhettge”ﬂi'é? SPrayingoate hpth manual
1). 20 Patent literature 1 International Publication
NoopeEatEgwI angaeghire expatience) | Toesefare, it isiradkto perform
Pat ent No. 3227454 Patent literature 3 25 Japanese

Pasect olpardtiGps orPalpriodaiction e, dSad¢astgepusly leading to an
formng a thick coat through this electric discharge
SUircr68se tin @distenpMorkbeee agidciithaswékling dn tozetiookdr is a scheme

i nfl uence on coati ng
in which heat intensively enters a work, when a thin material is
processed or when a material that is easily broken, such as a
single-crystal alloy or directionally-controlled alloy including a
unidirectionally-solidified alloy, is processed, weld cracking is prone to
occur, thereby disadvantageously reducing yield.

On the other hand, for example, a surface treatment technique
through electric discharge machining (hereinafter, "electric discharge
surface treatment") has also been established (for example, refer to
patent literature 1).

Patent literature 1

International Publication No, 99/58744 Pamphlet

Patent literature 2

Japanese Patent No. 3227454
Patent literature 3

Japanese Patent Laid-Open Publication No. H5-148615



performance are supply of an electrode material from

an electrode, nelting of the material supplied on a

wor k surface, and bonding of the 5 material with a

work material. The strength, thgt is, hardness, of the

el ectrode has an influence on supply of an el ectrode
material. In the electrode manufacturing nethod

di scl oseth férminigeatthickt esatt tivreudh thig blemtric elischampesurface
for electric discharge surface treatnent being

Pr feb@adnd i cBARARRSShAGINYOIR: ArdsEnhfluéhee DHDBOALIRG

an el ectrode material through 10 electric discharge

SuP?, AAS: ﬁ{ﬁa? gb[}%f%heélbéﬁ JHPRLt&Sal fom an electrode,

rma ceramc coat on a

5 kne@ﬁw gl AL SEhd g of e
10 m.cro

5 ~omErial Wit BrHPIK MAlSHELG ﬁgs gl hv%beeﬁ@kfdasa? of the

(athlckfllmof the or der of :
pUPIRISERDS OGS 71 A1 4 PE SN R Qf%“@é?%ﬂz’ﬁrrﬂﬁ%erfi%J In the
in the high-tenperature environnments as describ

ed
abelestroge sovaeufacturingdnetincdischpsed én @@ﬁent:“terature 1, with an
di scharge surface treatnent, a green conpact that is

f otetrige donprest st atiscivargenguface dreatmentcbpingiproviged with
used to forma coat of a hard material, such as TiC
(t haadihess tarsbinge extéot, ithp reupp (plof & eteatesd e naateciabthrough
a conmponent and a nold. Such electrode used in the

10 €l eddiric HsERARIOS SUPpPSSdd, eRidrené mate rim suippdiedr isd
by conpression nolding a ceram c powder with a press,

anguffhﬁanﬁxerﬁgﬁéﬂ N Brints Wérarﬁerﬁmlﬁrdcﬁﬂt dil arwenagnHace.

er tot 5 patent literature 2). In recent

e ?SMHQSCJaqrfPFrﬂ%W 189fitd88! 4 'tﬁlncfﬂ?rgo?%@H tﬁlckness is

i on proper and corrosi on resi stance

el %%ttrol gpg}‘g)gmatgﬁf 10 micrometers (um).

Therefore, it has not been possibie to form a dense and
15 relatively thick coat {a thick film of the order of 100 um or more) for
purposes requiring strength and lubrication property in the
high-temperature environments as described above.
Moreover, in the conventional electric discharge surface
treatment, a green compact that is formed by compression molding a
20 ceramic powder is used to form a coat of a hard material, such as TiC
(titanium carbide), to improve abrasion resistance of a component and a
mold. Such electrode used in the electric discharge surface treatment
is manufactured by compression molding a ceramic powder with a press,
and then by heating a resultant material (for example, refer to the

25 patent literature 2).
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surface treatnent are increasing. It has becone

apparent by experinents perfornmed by the inventors

that, to forma nmetallic coat 5 having the

| ubrication property and the cojgrosion resistance by

the electric discharge surface treatnent, it is

required to use a netallic powder having an average

grai n di gireé@sntofedrsMd@marss fooformmingas me@liin coat having a
el ectrode. However, such netallic powder having an

aVW&%tﬁfrﬁbfbﬂ&tF'a%@é@fro@forﬁréﬁl@faﬂc%3§¥ttﬁ€dﬁebﬁl&ﬁtscharge
coagul ated into large solids due to rong force

.OCQHH!'ab C%’ﬁr!\? ol Hdrealhgin If‘?\ta'soﬁ‘eé’ém?napparer}t by

|nterm) e orce or an ectrostatic force

t 0 s '

PrEee TS nefRd S iflsP Rt ?OHﬁeadrfLeﬁéQ'c coal
so ids a ted on e Wo surface, ther 1
o et LR TRRET R A fhe SRR TS HGe Bydne
instability in the electric discharge bhut
deplaatye s ehange 3uFpse dregfipile dsisofeqitiesd ?%alse 4 gnetalfic
the invention disclosed in patent literature 2, a
cepawider haviagraroavaraash arai dieneetescal ik em or469s tos
weak is used. Therefore, 20 powder is |less prone to be
coawnufaetinenam ellem:tgadeol ids even after being m xed
with paraffin. Therefore, in the invention disclosed

i n pat enHowevert 8uchem2faltio poeder having akeavdrage grain
addressing the coagulation of a netallic powder.

FUHTAHREEY 6% 3iifin %r%%QBhUQr’:@' bérebagliftedl iR 1HER solids due to
manufacturing, 25 another el ectrode manufacturing

t es@%&h@ 19¢dd S&S@Fnﬁag{)pm@eéﬁfq}ﬁaﬁélsg%mabﬂenaofgaﬁen

conpact been est I shed h a net al

M?FTR%&H%P'?&G\@ bPhaft AEEFDstad fdrzel NePafiRERcompact

having such large solids is used for the electric discharge surface
treatment, the large solids are deposited on the work surface, thereby
disadvantageously causing not only a short circuit and instability in the
electric discharge but also deterioration in surface roughness of the
coat.

In the invention disclosed in patent literature 2, a ceramic
powder of which the force between grains is weak is used. Therefore,
powder is less prone to be coagulated into large solids even after being
mixed with paraffin. Therefore, in the invention disclosed in patent
literature 2, no measure is taken for addressing the coagulation of a
metallic powder.

Furthermore, in a conventional metallic electrode manufacturing,

another electrode manufacturing technique different from a technique



conpletely nelted. However, also in this case, since

the netal is nelted, no neasure is taken for

addressing the coagulation of a netallic 5 powder.
Furthernmore, in other conventi oBal el ectrode

manuf acturing nmethods, a commercially-avail able

ceram c powder is conpression nolded as it is with a
presing a giseatcarsphet hasarakn sstdldisheshtindvitich @ moetadléc
an electrode (for exanple, refer to patent literature

2) Eoﬂ;@le@&é Fdlkied Withch préssiseddfiothendeatbdainitidees masal is
a high oxidation tenperature. Therefore, even when a

dr £ 8h ROME 'm SRYH NIHIAW AN BYD irDIRE tAYed RS thé bRl is
order of I'mis left in an atnosphere, oxidation does

T : i . i :
noﬁ'leq{ecbgﬁgtﬁe %éry.g? i§ fakbA ot a%ﬂ@%w@?tﬁé]??éﬁuﬁa‘fﬁfrﬁgﬁa metallic

grain several mis co cla
avail abl e, and nolding is easily 15 perforned. In
5 adBPiNid(%', el ectric discharge surface treatnent has

been disclosed in which WC (tungste arbi de) an .
(cobal t) FasRTAPnd® cifienepkgBignal afeiiudds inatiffapfiuing
order of 1 mare used to forma thick coat | ayer .
ha(natfodscaaommekibsaytilablgraramicROWHeni$ COMRIGSSIon
(mm 20 (for exanple, refer to patent literature 3).

Ti qoldedaniitds witk anpregssin apgmasphigre; angdsdkiedi beated to
O her than Co, netals less |likely to be oxidized

i nprodiecdNian( slieckrelde (fAs exaohpiea retertoi ppiendiitéatored)a
hard ceram c coat on a work surface using an

10 el edraafes) whiafings¥E for subh eletkedeahases igle ixédaiion
by a conventional technol ogy. 25 As descri bed above,

i ntérﬁ?;@%tu\féar Ther8fSre, @aveni WRBAAS dRigdOpeREBRGRIVENg an average
metal [ic coat having a lubrication property and
COBFAN BBmERS GH RBSTdel dH Pt RTRAT & Yhea Py SREVEE Y ,ddation
th I's tormed by, for
does not proceed. Thus, a ceramic powder having an average grain
diameter of several um is commercially available, and molding is easily
15 performed.

In addition, electric discharge surface treatment has been
disclosed in which WC (tungsten carbide) and Co (cobalt) each having
an average grain diameter of the order of 1 um are used to form a thick
coat layer having a coat thickness of several tens of millimeters (mm)

20 (for example, refer to patent literature 3). TiC, WC and Co are metals
less likely to be oxidized. Other than Co, metals less likely to be
oxidized include Ni (nickel). As such, a technique of forming a hard
ceramic coat on a work surface using an electrode including WC or the

like has been achieved by a conventional technology.

25 As described above, in recent years, there are increasing



exanpl e, electric discharge surface treatnent. Al so,

for mai ntenance and di nensional correction of netal
conmponents, application of a thick 5 coat of netal or

an alloy formed by the el ectricgdi scharge surface

treat ment has been demanded. Furthernore, as descri bed
above, it has becone apparent by the inventors that,

t odénrands aaaetalfic meadlhawing anludirioajidey pedperty iand corrosion
di scharge surface treatnent, it is required to use a
poyéiistdied IMOhRjh-erapagstugeanvichraneney tradt is formed by, for

| ess to 10 manuf acture an el ectrode. . However, a

nephirifle Ob|¥thieYdifEMEIRje SaMaBs tredtndént. di AEBL ¢6r AfaiBtenance
pmor l'ess that is available on the market is limted

t Oﬁgﬁﬂﬁ{gﬁwsﬁépgpl%%‘cﬁbﬁ dEp &%mh%n*i’& %bl‘i"r;b%t@ of a thick

Th cult to obtain powders of var
materjalks f r el '

5 ot e6abPL el LT by Kinfip8 bl el AEbhafed Srtace
light in i gh hi gh _in, strengt and lesg likely to .
beltgatment fak Bﬁ?BrPg%’EﬂBQPQt u%g),r{]jesrmbgrgd g5, feseribed above, it
conpressor of a jet engine or the like. A solid
sohasiRarqras arparsnt fy the ventgrsihat. 1o feRa goahof metal or
surface in an atnosphere, and its inside renains as
Ti anzlohwadectrig dischasge swrtacal treat@ eatptisigequired to use a
which a grain dianeter is several pm an influence of

a powiderenaving an bveragperiin diaanetdruofe3 imordasedp
and heat generated due to oxidation on a surface of

10 t heghamoladelirepanpageiredel nsi de grai ns, thereby causi ng
oxi di zation also inside the grains. Wen oxidized,

the powdgioWweees d krietaMRIGCHIIYY hovader Ravinkes ?_‘rarrediameter of 3
cannot be used for an electrode for electric discharge

i;ﬁﬁﬁﬁé&é a1 gegfaeiéagﬁlbsoﬁ O FTHAMGR & riﬁll'l i?é?% ggﬁ?ders of

I'Sscharge e ricirty when the electro

capngl s PO Akékfro DR'ERNBed. OFHIR 1iPfs 8iffithR tdiobtain

powders of various materials for forming an electrode for electric
15 discharge surface treatment.

For example, Ti, which is light in weight, high in strength, and
less likely to be oxidized at high temperature, is used for a compressor
of a jet engine or the like. A solid solution (solid) of Ti is merely only
slightly on its surface in an atmosphere, and its inside remains as Ti.

20 However, if Ti is powdered into a powder of which a grain diameter is
several um, an influence of a surface area with respect to a volume
increases, and heat generated due to oxidation on a surface of the
powder propagates inside grains, thereby causing oxidization also
inside the grains. When oxidized, the powder loses its conductivity and

25 therefore cannot be used for an electrode for electric discharge surface
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powder may expl osively proceed. For the above reasons,

it is difficult to obtain the powder having an

average grain dianmeter suitable for 5 manufacturing an

el ectrode for electric dischargg surface treatnent,

and even if the powder is available, the powder cannot

be used for nmanufacturing an electrode for electric

di gehtmgatsuThix s beeatsenhe Blectrbdecavrettdischbrge electricity
nmet hods. In view of the above problens, it is an

obix@@ln Bie Blrctid®s eahndP benyBeidiged! omte@bbr stixidation of the Ti
technique of electric discharge surface treatnent

i anefarqga§té%ﬂisswy1§%@@e@f Rof O7¢ dbDvROSsHIYMS, it 1§ difficult

er wor I's an object of the present 1nvention

trtegpiﬁgah.ﬁ th%tn%&\xﬁlﬁ rh%fé@né sb&@gég%gﬁ@gﬁi %r%temfa%@sfor

|ck coat

or BB g aﬁ#%%ﬁro%ﬂ"% (P REERAG iactarts Siffaed rapgment

for el ectrjc disc e surf r eat

| sand BT dither PORESE TR aYAlIaP R dhe: R srpangefiw%U%ﬁé for

el ectrode for electric discharge surface treatnen

wi TRAMHREHINRG 7t plgstraste tor sliegkrie siichargsoiuiiare ttﬁﬂtment by
stable electric discharge without 20 deteriorating
suthecenventjpnas méthodsect ri ¢ di scharge surface

treatment using a netallic powder as a green conpact

el ectr odén view of thetdioove poobleensif idds an objest o the present

el ectrode. Furthernore, it is an object of the present

| NYBMENth t6 ektasiatathriiguetdfasietiric BRvAgbWUMac@treatment
el ectrode for electric discharge surface 25 treatnent

Wi Wit iMAinSeh @Ehtﬂb%?ﬁw%‘ii%rf 8f addtisiposdisighar ge surface
8 treatnent is easily manufactured even with a

et er! AR OLELI b PG A8 legHR ifkbton to otai
an electrode for electric discharge surface treatment with which
formation of a dense thick coat is possible, a method for manufacturing
such an elecirode, and a method for storing such an electrode for
electric discharge surface treatment.

Moreover it is an object of the present invention is to obtain an
electrode for electric discharge surface treatment with which formation
of a thick coat is possible by stable electric discharge without
deteriorating surface roughness in electric discharge surface treatment
using a metallic powder as a green compact electrode, and a method
for manufacturing such an electrode.

Furthermore, it is an object of the present invention is to obtain

a method for manufacturing an electrode for electric discharge surface

treatment with which an electrode for electric discharge surface



forma netallic coat in electric discharge surface
treatnment, and to obtain such an el ectrode for

el ectric discharge surface treatnment 5 manufactured by

the met hod. DI SCLOSURE OF THE | BVENTI ON An el ectrode

for electric discharge surface treatnment according to

the present invention is used in an electric discharge
sutrbaefehl i$ eadiigananufactired evey withrg meetatikepowder likely to
conpact conpression nolded from a netallic powder, a

epalo>59HRRUAE aRONHRS pod et iRERMIRE inY6tat gikan) to bRoykigized to
as the electrode, apulse-like electric discharge is

Capsiaf al Ret Iﬁb%ﬂt%%lg@m@@%rﬂ%ﬁgéliﬁﬁ'ﬁéé@?re%ﬁ%e?lty‘@hﬁ to
inadielectric tluidor air and” wth discharge
cnebiRin SstPRh 4i8eHBHETP HeBrfthisthards suffageheaghent
subst ance, resul ti n reacti on of the el ectrode

f
5 mafn PC{LHePhl%yari‘gd'ﬂ%ro ‘energy on the pulse. A

powder solid fornmed through coagul ati on of the
nmetallic powder, the netal conpound powder, or the
conductive ceram c powder included in the green

coRSELPRYRE HEd HEdNVENTHAN a di st ance 20 between

the el ectrode and the work. An el ectrode for electric

di schar gérseldcira e farag leetric dischalgegsutface tiee gimsydnaccording
invention is used in an electric discharge surface

t r eatine pres eniriventidiyisussed im agr eleTidonfischarge surface
conpression nolded from a netallic powder or a netal

10 COrRAMABMINARHicAS biynesifhes greds compachedbmeression molded from
el ectric discharge i's caused to take place between the

9 g' rﬁ%&élﬂeg)cﬂﬁ ef d'Ridtal BomptlEpblider bHiadc@hd@tive ceramic
and, With disc

arge energy, a coat is formed on a

=B o4 U o g8 58 8 R a2 causea o
re é:lgé %?ace between the electrode and a work in a dielectric fluid or air
and, with discharge energy, a coat is formed on a surface of the work,
15 the coat being formed of an electrode material or a substance resulting
from reaction of the electrode material to the discharge energy on the
pulse. A powder solid formed through coagulation of the metallic
powder, the metal compound powder, or the conductive ceramic powder
inciuded in the green compact has a size smaller than a distance
20 between the electrode and the work.
An electrode for electric discharge surface treatment according
to the present invention is used in an electric discharge surface
treatment in which, by using a green compact compression molded from

a metallic powder or a metal compound powder as the electrode, a

25 pulse-like electric discharge is caused to take place between the
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of the electrode material to the discharge energy on

the pulse. The 5 electrode is forned by finely

crushing the netallic powder or the netal conpound
powder in a liquid that volatiligzes in air, and

i ncludes conpression nolding the powder in a state of
bei ng not conpletely dried. An electrode for electric
di edurede auwd acsorir i@aa iele caide diudd og aifi@ndo wittedischarge
present invention is used in an electric discharge

suehatgy,td et forimedMurch, s Uadts bhghe visrke the @R teing
conpression nolded from a netallic powder or a netal

CORPONEE I UM Ble@fodd on Befid '0PdesuBstatides AeduiitiRg from reaction
el ectric discharge 1s caused to take place between the

o BYYAPSipcPtoe ALkd\ o efiars iy o bl The

, . for |
ol BUTHERER o Eriteh iy HEBLCERlstEl WeshBHIRE ¥t or the metal
reaction (gf t he el ect]_rod(i rraterli ?,I. to.the pul e-Ili Iée
di SO Regler iR liayid thabyelailizps ipgrgnd includes

conpression nolding the nmetallic powder or the netal
cofpRRI@ssiRmmoldingthe povdrrdn & sials glipaingapt completely
volatilizes in air 20 while being dried as pressured.
Andgieglct rode for el ectric discharge surface treatnent
according to the present invention is used in an

el ectri c Ah stdctrgde $or ékodrictdischamye surfackitodéatnbgnt according
using a green conpact conpression nolded from a

met@lthe pregwHein@ntionTi akedanrouelteginodiischardesurface
el ectrode, a 25 pulse-like electric discharge is

caysRfnihttjAkPn R G Gfﬁw}@eﬁrgrbbﬁ dénphectbaaeasbramolded from

work 1na dielectric¢ fluird or air and, wth di scharge

engr lqejétaﬁ’iccp? db?gﬁ'g MaPPoﬁp%UA'Langmﬁfert g‘p@gi‘ecﬂ@@e, a

coat el ng orne an el ectro teria

st %ﬁ@g-‘fﬁer&%lémé r&?séﬁa?@erigac?édsoéh to take place between the

electrode and a work in a dielectric fluid or air and, with discharge
energy, a coat is formed on a surface of the work, the coat being
formed of an electrode material or a substance resulting from reaction
of the electrode material to the pulse-like discharge energy. The
electrode is formed by compression molding the metallic powder or the
metal compound powder finely crushed in a liquid that volatilizes in air
while being dried as pressured.

An electrode for electric discharge surface treatment according
to the present invention is used in an electric discharge surface
treatment in which, by using a green compact compression molded from
a metallic powder or a metal compound powder as the electrode, a

pulse-like electric discharge is caused to take place between the
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of the electrode material to the pulse-like discharge
energy. The 5 electrode is fornmed by conpression

nol ding the netallic powder or the netal conpound
powder that is dried, after beiqgg finely crushed in a
liquid, wth an anmount of oxygen in a dry atnosphere
bei ng adjusted, and is then oxidized only on a

suglert>deManal £ularkda 4 dielebatd flufd B :ehangewstr dizsetarge
treatnment according 10 to the present invention is

ussﬁergy HcBhER fdrfnéll SRR URf T bR v»tdrﬁatﬁ@&bat Being
by using a green conpact conpreSS|on nol ded

flmeqéad BELA él'e%tr‘b%’%jﬁ{atﬁﬁef‘o'fr%t rﬁg%%uﬂl‘?ﬁ@?forﬁﬁ'eactlon

ectrode e electric discharge’is

cobE il LR T B ) Ry e
costetbiadhy s Rsmit b3 CSIPEreER Jae iaane R SG Powdsr or the
TaTEHALFOT BN BaRGE ﬁfw“aﬁ%ﬁ&g%gfa@%rééﬁg&'nneéhécrushed ina

el ectrode is formed by conpression noldin

metiauid, Mlﬂbﬁcﬂle@m@furﬁhﬁ OX¥IEd] lrtarqummwﬁme heinghgdjusted,
been finely crushed in wax. 20 An el ectrode for

el andris dhdhswtidizgel snhyf ance@ sudaceent according to the

present invention is used in an electric discharge

surface Anrelectide for atectic dischirigedsurfgce dreatamgretcdccording
conpression nolded from a netallic powder, a netal

Cofﬁjﬂ#@%@%\‘i’l‘efn\/e‘h‘ho@\ 1BEliSd tn BAVERICtAS didiarge surface
el ectrode, a pu se-like electric discharge is caused

totr%%'fr‘ﬁe’ﬁlt I /h gh g‘”@sfiﬁg r@éﬁ‘&bﬁ?ﬁ@c%?ré‘@élbn'lﬂd’ded from

di el ectrlc 1 di scharge energy, a coat

 Sal LM Pouir'bl AReRll dHRptRR pdliBef AB!thePElditrode, a

fof nat er 2 W EBS Fan

{ ﬁéﬂlﬁﬂ—ﬁ@g ﬂlﬁtétrtﬁ @g blagge g% gﬁa&%e%l t%cgark%dglaré%t gé"!v\?(l‘.elll %he
electrode and a work in a dielectric fluid or air and, with discharge
energy, a coat is formed on a surface of the work, the coat being
formed of an electrode material or a substance resulting from reaction
of the electrode material to the pulse-like discharge energy. The
electrode is formed by compression molding the metallic powder or the
metal compound powder having been finely crushed in wax.

An electrode for electric discharge surface treatment according
to the present invention is used in an electric discharge surface
treatment in which, by using a green compact compression molded from
a metailic powder, a metal compound powder, or a ceramic powder as
the electrode, a pulse-like electric discharge is caused to take place

between the electrode and a work in a dielectric fiuid and, with
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Ol or the dielectric fluid for use in the electric

di scharge surface 5 treatnent is caused to enter an

i nternal space of the green conpact forned by

conpression nolding the netal |l iqg powder, the netal
conmpound powder, or the ceram c powder. An el ectrode

for electric discharge surface treatnent according to

t héisphasgaterigrggnaicwatiis fosaddi on anseifece kfdhdiwoharthe coat
surface 10 treatnment in which, by using a green

C OR@MES foTRTEY ©F Bin08ledBlodrRdnfdtemal ar aEé @bdtatcrordeinting from
nmet al conpound powder, or a ceram c powder as 'the

el Fééq}Rﬁ?Pf thoe é&‘r&&i&?nﬁﬂeerrél tbhdi SR8l Hischitg_%knergy.

i tg&e{ Pcafée&&éigﬂmg? n 'ttdiéi!ﬁ;%?@; t;‘%g 'gxwkéé%*ﬁzc%
PG U QUPICL ' M A EET e B

{ ﬁéaﬁﬁlwﬁa_t YGRS FRP o e il ot B Bregn qopact
cotsmad ByraRmpES S BrynaLEng et et dhp petal

powder, the nmetal conpound powder, or the ceramc

podedPaund pOWdes: @b the CRradig PRYWdRHocess, oil or the
dielectric fluid for use in the 20 electric discharge )
surface Anceleckmds forealestic discharge surfage dregtment according
space of the green conpact. A nethod according to the

pr &s g preyent inve nitionf isr usech i act eleictrge disc e rget s odace

for electric discharge surface treatnent that is used

i ntraatmen®ch WisicHi BYhaligg = yréer eoim padtnesrh pressibnanolded from
by using a green conpact 25 conpression nolded froma

MeLahbtf i@ PHRder, 2 RItE] cEMPRAUMIpBANTER! or A2 éraniic powder as

conductive ceram c powder as the electrode, a

PolTE Ao P S INGERRIGE oM Uk ok iace

]]: Lﬁ!ﬁgv&&%ﬂ%ére ea\ggtro‘giet Qngiasﬁlla?ﬁ % aer‘:érlzgé(t’ricaﬂL?iQia&nﬁ,swith
discharge energy, a coat is formed on a surface of the work, the coat
being formed of an electrode material or a substance resulting from
reaction of the electrode material to the pulse-like discharge energy.
After the green compact formed by compression molding the metallic
powder, the metal compound powder, or the ceramic powder is
subjected to a heating process, oil or the dielectric fluid for use in the
electric discharge surface treatment is caused to enter an internal
space of the Qreen compact.

A method according to the present invention is for manufacturing

an electrode for electric discharge surface treatment that is used in an

electric discharge surface treatment in which, by using a green compact

compression molded from a metallic powder, a metal compound powder,
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surface of the work, the coat being forned of an

el ectrode material or a 5 substance resulting from

reaction of the electrode material to the discharge

energy on the pulse, and includes sel ecting or

di ssolving of perform ng selection or dissolution so

that a powder solid fornmed through coagul ation of the

med Akl ¢andosthler cetdminpoeider aspthene lqudretde,, a palsefike electric
conductive ceram c powder included in the green
CofRatlargass all el eiakdnplatie béaveen dhetedackobietavba work in
the el ectrode and the work; and conpression nol di ng

: gﬁtcﬁéle%%is‘?llﬁﬂ ot $F anie dvine Wikt haryenBh &8s, ac6esdisbrmed on a

e present invention is for manufacturing an
el g6l

Rd%f Al \?Bﬂ?,tﬁecctgétsﬁgﬂggﬁ)rﬁ%é %?%rﬁ%!%%‘tm material or a
e for’' use

t he efglectrod I'n an ectric discharge

surface treat [ ' . ' :

conpREfricsn il tha ot Pedistiontot Heddboue sl o the
metal conpound powder as the el.ectrode, ,a | se-Li .

o) Behai 08| SRATGYERN 186 Rilsdeand STe g relBetlardidlysBiving of
the electrode and a work in a dielectric fluid.or air
anBerfarmingisaieation of Miseg utignsr thakamawder sRlig formed
surface of the work, the coat being fornmed of an

el troughecoagelatian of the matellimpews®rr yqimetal copmpund powder,
reaction of the electrode material to the pul se-Ilike

di achhe gorehetiye, cetaenicepdwder émeluded| indée greesn gompact has a
crushing the netallic powder or the netal conpound

POWHRY simalierifbata destanbetbetweerctmp eestrote mwiddiegwork; and
the finely-crushed netallic powder or nmetal conpound

POowERipredsforf hfd18ire thekBkdie ¢odikehvld powidet, and
25 volatilizing the volatile solution. 13 A nethod

accor di ng, f0.hBg éﬁﬁ%zgmgoggﬂ?é‘oﬁrgf‘ehﬁir,f\férnti_on is for manufacturing

manufacturing an e ectric discharge

oS R T o BB i sy etectrode for

USiug% i% an electric discharge surface treatment in which, by using a
green compact compression molded from a metallic powder or a metal
compound powder as the electrede, a pulse-like electric discharge is
caused to take place between the electrode and a work in a dielectric
fluid or air and, with discharge energy, a coat is formed on a surface of
the work, the coat being formed of an electrode material or a substance
resulting from reaction of the electrode material to the pulse-like
discharge energy, the method, and includes finely crushing the metalilic
powder or the metal compound powder in a volatile solution;
compression molding the finely-crushed metallic powder or metal
‘compound powder in a state of being not completely dried; and

volatilizing the volatile solution.
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green conpact conpression nolded froma netallic
powder or a netal 5 conpound powder as the el ectrode,
a pulse-like electric discharge is caused to take

pl ace between the el ectrode andiza work in a dielectric
fluid or air and, wth discharge energy, a coat is
formed on a surface of the work, the coat being

formed ofs weigbeHdcof@intPicinabresent ipwestiancie for manufacturing
resulting fromreaction of the electrode material to

t hg ik froldek@ ridle SirkC ARCHR r§8 YVac i atm@Eritdafe electrode for

finely crushing the netallic”powder or the netal

o % Ce o - RO he

T NPy R Sl r o sPraldt s RriareREERALATITRI Aoy ing 2
conpletely dried. and.r [ i qui r

1 Eesh Enmiaes omare T uoaRaLPe g Hiéidule SFWHRF or a metal
powder. 15 A nethod according,to th resent i.nveption

< ORI PRAIST 3 11§ eFEadPoAP T 8P trecelasthe distRlrge is

di scharge surface treatnent, the electrode for  use j.n .

an caugedrtoclagesRingedetsyaemihe elearagn@ntawenn Eﬁ'electf'c
using a green conpact conpression nolded froma

meflaid ioc gpandr with disebeage energyuacqaiigdprmed pe a surface of
el ectrode, a pulse-like electric discharge is 20
catisedvdrix, théeoat dengdomaed ofhan alectrodeanatatial awalsubstance
inadelectric fluid or air and, with discharge

engggyiting fFoaf résction Bedheelecttodéanatarial tohthenpulse-like
the coat being fornmed of an electrode material or a

SURBS AR e EREHYY M frichid 68 ARl pRr@éhinbethel etamidepowder or
mat eri al "to the “pul se-1ike di scharge energy, and

PSR eSS oA, bRl

L 6T AT B S5a o B b BBty arices
gmqgg@aﬁgghg ﬂ'ge ‘igufcrﬁol% ?ﬁ&?fnél{?-‘é?ﬂéhé’&‘ nkgtglﬁé powder or
metal compound powder.

A method according to the present invention is for manufacturing
an electrode for electric discharge surface treatment, the electrode for
use in an electric discharge surface treatment in which, by using a
green compact compression molded from a metallic powder or a metal
compound powder as the elecirode, a pulse-like electric discharge is
caused to take place between the electrode and a work in a dielectric
fluid or air and, with discharge energy, a coat is formed on a surface of
the work, the coat being formed of an electrode material or a substance
resulting from reaction of the electrode material to the pulse-like
discharge energy, and includes finely crushing the metallic powder or

the metal compound powder in a liquid; drying the finely-crushed



an electrode for electric discharge surface treatnent,
the electrode for 5 use in an electric discharge
surface treatnment in which, by using a green conpact
conpressi on nol ded froma netal{4 c powder or a netal
conmpound powder as the el ectrode, a pulse-Ilike

el ectric discharge is caused to take place between

t heezhiiet podeennd mevdllik powdediadicecompreséion thaddirg the dried
and, with discharge energy, a coat is forned on a

Sum‘é}gﬁ,d)ﬁomeﬁ-he work, the coat being formed of an
el ectrode material or a substance resulting from

react i O”AoﬁettﬁSdQJc%%trﬁlﬁﬁg td eegbkééeﬁtointv%tiﬂw |§efb|r'H$§nufactur|ng

di scharge energy, and Inely crushing t

RS el R T —

powder, ert 1 0as . ...

5 ot Hasdne%”?egﬁgeuﬁglgﬁam 8RERRG T RafRehCR hiodch Y using a
powder or nmetal ound ﬁeer and conpr.essi o
OB 6y COMBPRFLRRAPIGSHRNINSIAST Fra 3 ng@wd%?vvﬁfﬂr or a metal
metal conpound powder. A nethod according to the
pr 69BTROUNT POMART 3 the elesirodaca nulsg-likenelacste diggharge is
for electric discharge surface treatnent, the
el eatiseddoftake Placeseetiveamthe ednctr@dellamdwarvg@rksmaahelectrlc
treatment in which, by using a green conpact

COFRRiE®s iadnand| deth firsemarg ewsrergyc aenatas formadnen a surface of
conmpound powder as the el ectrode, a pulse-Ilike

10 €l @6é MorkditRe Wa@%émg 6AHEEb M On eietrotaapatialesma substance
the electrode and a work in a dielectric fluid or air

an ,
? st fﬁigg‘fz%& rr?E?W% el&ci?88b mﬁtérPJIrfBQh%”p@Ise like

sur ace e coat being torned an

kO a%;@%gé'ﬁ'e@ower o
i@@%ﬁ%@e“fw%«wﬁﬁgssv R s
an%n%?%ﬁ'gssﬁég?neta lic powdqe% or metal compound powder in an inert
15 gas atmosphere; gradually oxidizing the dried metallic powder or metal
compound powder; and compression molding the gradually-oxidized
metallic powder or metal compound powder.
A method according to the present invention is for manufacturing
an electrode for electric discharge surface treatment, the electrode for
20 use in an electric discharge surface treatment in which, by using a
green compact compression molded from a metallic powder or a metal
compound powder as the electrode, a pulse-like electric discharge is
caused to take place between the electrode and a work in a dielectric

fluid or air and, with discharge energy, a coat is formed on a surface of

25 the work, the coat being formed of an electrode material or a substance



v — -

finely-crushed netallic powder of netal conpound
powder. 5 A nethod according to the present invention
is for manufacturing an electrode for electric

di scharge surface treatnment, thg electrode for wuse in
an electric discharge surface treatnment in which, by
using a green conpact conpression nolded froma

neted | Ififg TRyMefsacliofebfthe e npstetial toahegpulse-like
ceram c powder as the electrode, a pulse-like 10

el S%tchia?%g;e;rdﬁl‘gﬂ/gﬁnhﬁnéﬁ}tﬁé%dfihélyt @h@r@h?ﬂtﬁe bebwaES poveder or

el ectrod work in a dieléctric fTuid and, with

di i : -
nRTRE BRETYnd pERRler i WaKBfaSomprésyingPinolding the
mat.erjal_or subst ance resul i ' f
t ntnehEee e RstaR CPORgeT Ry b SomPRLRgioREe e
energy, and includes formng a green co ct by, .
S conpr ess%weﬁ'a@@m&%@ &Pq P?%%T%d'é‘?’gp'?'ﬁé‘ |ﬁefpﬁnanufacturlng
conmpound powder, or the ceram c powder; and, causi
oi Bncaleckdg: laralepiric flsarargg sustacy freatmeny; the plabtrode for
di scharge surface treatnment to enter an internal space
of usetie an etectiorpacharge aurface weabnanhy whieheby using a
present invention is for manufacturing 20 an
el geée0don pactet @opressidnsmioiderd fraum faanetallisapawder, a metal
the electrode for wuse in an electric discharge

SUEhafFoURE PONRIGT, bR abéeimidpowsien@sathegemiradmpapuise-like
conpression nolded froma netallic powder, a netal

10 CO%R[O&Fi@ (ﬂ@l’iﬁﬁfge N cauSeHap takBNEeE miwdeh tHeeldotfiede and a
a pul se-11ke

el ectric discharge is caused to take

P! @f&kqﬂtﬁfﬁgﬁmﬁg?ﬁhhﬂd%ﬁﬁa's%h?a'?g\é’%ﬂﬁeﬂg@', @ coat is formed on

di electric w th di'scharge“energy, a coat is
f orretriare a1 BpaNbHEdBeriadi et ermisof BfLelBElAe material or
5L Ao 7SS ek Py R MR e g e
2 %ru?gg—lii%ngigghapge energy, and includes forming a green compact by
15 compression molding the metallic powder, the metal compound powder,
or the ceramic powder; and causing oil or the dielectric fluid for use in
the electric discharge surface treatment to enter an internal space of
the green compact.
A method according to the present invention is for manufacturing
20 an electrode for electric discharge surface treatment, the electrode for
use in an electric discharge surface treatment in which, by using a
green compact compression molded from a metallic powder, a metal
compound powder, or a ceramic powder as the electrode, a pulse-like

slectric discharge is caused to take place between the electrode and a

25 work in a dielectric fluid and, with discharge energy, a coat is formed on
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conpression nolding the netallic powder, the netal
conpound powder, 5 or the ceram c powder; heating the
green conpact; and causing oil or the dielectric
fluid for use in the electric digcharge surface
treatnment to enter an internal space of the green
compact. A method according to poi is for storing an

el 8&lyrRfR: bPIheMRIK! tife cdias Pedngdortetiasfean etedtredé material or
the el ectrode for use in an electric 10 discharge

suL TR thhEQY gmdg?fr\ﬁ/ﬂﬁ F@aci*?dn bFitRE Ae8ir8a8 rﬁﬁ[@ﬁ’&ltto the

con”presy on no roma netallic povvder a net al

LN 0

EBEERE oG pr sl oluPEiaihinid's areen compact by
otake Iacebtvvee t he .el ec r
o ep@ireBR maTaahe fahE RERERL IS Delfl Cobolind powder,
is formed on a surface of the 15 work, the coatd bei n ng - ol
fopﬁﬂae&praw%m@&ci%i‘ g the gppen ComActnapd causing ol or
resulting fromreaction of the electrode materjal to
t hthpdislectikBuidifacuse i thaalggtricTiiscapsge sygagstreatment to
el ectric discharge surface treatnent 1is stored by
beenter aménterdal apate ofithergreginecempaict sol ution for
use in the electric discharge surface treatnment. 20 A
met hod agcevedhogd dozorbimgtepents forvetoringnan £1écirode for electric
storing an electrode for electric discharge surface

tr apddiRitye dUPasd eaddintimtf dic esectrode dor akedhrarc efectric
di scharge surface treatnment in which, by using a green

co arghfﬁééé @fﬁflméiﬁqnf\mmha b‘]ﬁh@i'nlgl & grevHelompact
net a er

rrpound po or a ceram'c powder as the

el ¢4 drﬂ%%s &}k %d' i’réﬁ} g%ékﬁﬁﬁrﬁﬂgéﬁ@ﬁfﬁﬁl 'c%mlpound powder,

cause ace ween t ctrode and a

; eség?é‘ar%fhé@‘d%#asf %?@3%&%ﬁg%m%?E@r%Egﬁi‘%“%hafge s
bei ng forned of an electro

¢ SATEEAGOr R PEge PEVERT it lricone dnc, APl § gfetectric

t he
fluid and, with discharge energy, a coat is formed on a surface of the

work, the coat béing formed of an electrode material or a substance
resulting from reaction of the electrode material to the pulse-like
discharge energy. The elecirode for electric discharge surface treatment
is stored by being immersed in oil or the dielectric solution for use in
the electric discharge surface treatment.

A method according to the present invention is for storing an
electrode for electric discharge surface treatment, the electrode for use
in an electric discharge surface treatment in which, by using a green
compact compression molded from a metallic powder, a-metal
compound powder, or a ceramic powder as the electrode, a pulse-like

electric discharge is caused to take place between the electrode and a



pul se-1i ke di scharge energy. The el ectrode for

el ectric discharge 5 surface treatnent is stored in a
non- oxi dati ve at nosphere that prevents oxidation of
the netal lic powder, the netal gonpound powder, or the
ceram ¢ powder. BRI EF DESCRI PTI ON OF THE DRAW NGS 10
Fig. 1 is a schematic of an electric discharge surface

tr g@rkenta ditieaticoR) abyswittr digcearte @rndrggharaat is formed on
surface treatnent; Fig. 2 is a flowhart of a process

of aMRIHAEE LY ThdWEHR, The o ddihg Folheel éf &4n éﬁé?ﬁgaégﬂaterial or

surface treatment; Fig. 3 1s a Ccross-section o

moLd&lhdtqhce Wg%gitﬁﬂ;ofro@ﬁ\(‘gg&ﬁ?ﬁicﬂ'th% di8cfoRYNR9E @tho the

of "a cross-sectio el ectrode manufacture
w thout .a_si.fti D Fig. j ap
» BB e ehARe G ERE, T o daiBrd BERIAHE R logRbrge
sifti process;, . Fig. LS a _graph depicting one

5 o SPEeSaTasht it i dnta RoliakNatTR At AhiED% hat prevents
bet ween pol es duri ggl el ectric dischar ge surfa%e
t r B¥tdatinn ofthe netalliqppmsiesgthp metal Fompeund Peddesy or the
an electric 20 discharge surface treatnent using an
el eetamiepbydesd with a stellite powder sifted; Fig.
8 is aplot of a relation between a nesh size of a

sifter and a thickness of a coat; Fig. 9is a
phot ograph of a surface of a coat forned of an

el RIEFI®ESCRIRTIONSORUTHE) DRAWINGSof which a mesh
sizeis 0.5 M Fig. 10 is a flowhart of

10 Manuf act 4 ng 187 en&naticr Ugn fdécricedistharge surfidetreatment
surface treatment with a netallic powder 18 or a

CEDYAT PHEL TR B et tce ity g 2 e
B R e e b T
g?gﬁ%rg(r%leysﬁﬁagg tlpexait(r]lrgeznet(;]I F?B.d3 *}g‘ Vai OO s 8¥ 6 RSR agﬁ'laoilger for

molding a powder; Fig. 4 is a photograph of a cross-section of an

15 electrode manufactured without a sifting process; Fig. 5 is a photograph

of a cross-section of an electrode manufactured with a sifting process;
Fig. 6 is a graph depicting one example of a current waveform and a
voltage waveform between poles during electric discharge surface
treatment; Fig. 7 is a photograph of a coat formed by an electric

20 discharge surface treatment using an electrode formed with a stellite

powder sifted; Fig. 8 is a plot of a relation between a mesh size of a
sifter and a thickness of a coat; Fig. 9 is a photograph of a surface of a
coat formed of an electrode manufactured using a sifter of which a

mesh size is 0.5 mm; Fig. 10 is a flowchart of manufacturing an

25 electrode for electric discharge surface treatment with a metallic powder
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5 of several tens of mm Fig. 12 is a flowchart of
manuf acturing an electrode for electric discharge
surface treatment with a netallic powder [likely to be
oxi di zed and having an average gfain dianeter of
several tens of mm Fig. 13 is a photograph of a coat
formed through an electric discharge surface

tr gpla®dYamit Sowdér Isss |ikbBWENBEloXlizR dPaRE eREviAg anf average
manuf act uri ng anot her el ectrode for electric discharge

S ug]"ﬁ%edla'iﬁ@@r 'ﬁ@e@?ﬁppmﬁﬁﬂbﬁ%ﬁ e lsP %théﬂvﬁnﬂa‘?\nufactu ring

Cross-sect der for nol |ng a

po\ﬁﬂeéiecﬁjogle f%)gcéég?ﬂ'lccﬁ%%?-{%trgglrs@ﬁ% Prfeatﬁ“a%tthﬁ a metallic

di scharge “sur rea ormed by the apparatus

acpPeie’gesb byl [ Beiudits SRR ARbE Ay 'ﬁgge%n diameter

i nt erpol e vol tage) bet ween an el e trode 3 r1 ?
woPk Squeralteas: Phiemume it 14 & 8itiowahae; ofimgnufagiuring an
depicts a current waveformof a current flow

t helrajred e fonplratae disehargs sdtface treplseant wgéths%m%t@éhc powder

treatment at a tine of electric discharge; and Fig. 18
i slikelyr tophetaxidizeld apd hawng rdt a¥eage grainedignteler ofrseveral
el ectrode according 20 to a tine for soaking the

el ¢sg ofleinh ma Rligehaakra phbtogrhphBeSa ddadHoRMed through an
CARRYI NG QJT THE | NVENTI ON Exenpl ary enbodi nents of an

el %ﬁédtﬁ@&jlfs@ha%@%hﬁa@e‘dﬂréﬁhﬁéﬂe Figurii4aieea flosed e iof saprocess
met hod for acturing the sane, and a nethod 25 of

St of 'nﬁ‘&lnufé%tﬁﬁﬁﬁ FAAREfiegctrede ier B‘I@(ﬁﬁ&tdlwlﬂiﬁﬂgé elrface
are explained 1h 19 detail belowwth reference to the

i %@mg{%ﬂg%ﬁrﬁm¢9§thgﬁesgﬁ? ntld?\“q:gb'. 98 |‘55a RPdss-section

OW ng "déscri pti

2? o R BRI ey Bla vt J‘ﬂ@pﬁét'%rnh%ﬁﬁ‘ggbﬁ'a“ﬁ@% of
i RO SEn A 308 s BRBIMBAEPER h Y Ihe apEaratus for

electric discharge surface treatment; Fig. 17A depicts a voliage
waveform (waveform of an interpole voltage) between an electrode 301
and a work 302 at a time of electric discharge; Fig. 17B depicts a
current waveform of a current flowing through the apparatus for electric
discharge surface treatment at a time of electric discharge; and Fig. 18
is a graph that illustrate increase in a weight of an electrode according

to a time for soaking the electrode in a dielectric fluid.

BEST MODE FOR CARRYING OUT THE INVENTION
Exemplary embodiments of an electrode for electric discharge
surface treatment, a method for manufacturing the same, and a method

of storing the same according to the present invention are explained in
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First Enbodinent In a first enbodi rent and a second
enbodi nent described below, an electrode for electric
di scharge surface treatnent with which formation of a
dense thick coat by stable electgic discharge w thout
10 deteriorating surface roughness of the coat, and a
met hod for manufacturing such an el ectrode are

degetdibBdlow Wifti refefe Atk ltbtReticddifipahgitig deawirsharbee
surface treatnment and an apparatus therefor used in

gg@zﬁtﬁ’ggﬂbehﬂﬁﬂ%irﬂﬁ lirmitd8 6 theediloWiRg duddriptfon, and may be

hereirn 1s commonly applied thrfoughout the 15

speci f-i:cat.] i ' j { 4filaC

o 868 duiterrlateultfiolt BEBSTRMA Ticth 4 SEoBERE Hetpresent
el ectric disgharge surface treatnent. rat 0

ol Bttty A% oS of 188 dacnbip AR AN, A RES. & $Eals iy each
pi ece (hereinafter, "work”) 11_on which a.,cogt 14 is
dedIaTaher a diffef (s PYRPESE A ERY VBReEEnaNg:

di scharge surface treatnment 12 for 20 form ng the coat
14Fust Eebedinest of the work 11, a power supply for

el ectric discharge surface treatnent 13 electrically
connect eth \mdfitstembodiment and a Becendembediment described

el ectric discharge surface treatnent 12 for supplying

a peldwgentalebobledbr ehectnor disthaagel stirface Featrneat vWdth which
to cause arc discharge therebetween. Wen the

el esimatolici@aeasedhickebacby IstebleTerictiic dischangedithout
inaliquid, a work tank 16 is further 20 provided so

t habtéﬂ?gréﬁmd;séﬁaﬁﬁqo%d?\gfésis%‘f e tbst, dRFbrmeehd@for

el ectric charge surface treatnent 12 opposed to

}Pﬁ}%}?ﬁ%’c@d@ﬁﬁ%c‘ﬁ%ﬁ %‘féctr%%\Ihar@”d%1 ril?@tﬁ.ed dielectric

as ker osene. SO, en the electric

O soh 954, BBl B . b LAl B flpe wreatment anc

el %%terui:uga!gailtﬁgqﬁgggfosfuursfe%f:ﬁ\ h'nreegggs?é]r%t i%%ention is described. The
outline described herein is commonly applied throughout the
specification. Fig. 1 is a schematic of the electric discharge surface
treatment by the apparatus for electric discharge surface treatment.
An apparatus for electric discharge surface treatment 1 includes a work
piece (hereinafter, "work") 11 on which a coat 14 is desired to be
formed, an electrode for electric discharge surface treatment 12 for
forming the coat 14 on the surface of the work 11, a power supply for
electric discharge surface treatment 13 electrically connected to the
work 11 and the electrode for electric discharge surface treatment 12
for supplying a voltage to both of the work 11 and the electrode 12 fo

cause arc discharge therebetween. When the electric discharge

surface treatment is performed in a liquid, a work tank 16 is further



are placed in a process atnosphere. In Fig. 1 and the
follow ng description, a case in which the electric
di scharge surface treatnent is perforned in a
dielectric fluid is exenplarilygepicted. Furthernore,
in the follow ng, the electrode for electric

di scharge surface treatment may 10 be sinply referred

t opAsSviaBded e dtohe wiibk aavanid o Eotthﬁ'l bokhewiactrode for electric
di stance between a surface of the electrode for

el 84t kﬁﬁ?@é%ﬁea‘iﬁé‘rﬁ(@ blbﬁakafartb thé @086k a4 1swakacsontact

of the at are opposite to each other is

g\'ﬁ]‘nr?lg c%lobg e@rhibnetc‘?#iecfhﬁ dl'SStﬂn@fa%;}&ifﬁsehEe Also, when the

|sc arge surface reét e appar at us

c dis
tlhs | &irigfisphatad's§E2E P%Eséﬂa%ﬁéis be R g %”a#hﬂﬁphere the
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5 £ oKk AHpRBG heKd RGOS (S e HIG A mi\aaﬂef% L Tieatient 12
Is desired to be forned asap03|t|ve gn@ﬁ
el ace Pbaeed on a prasass atrapseharge WuF af\aet erfolewing
as a negative pole using an 20 el ectrode that is
f odesdription, @etase powdaeh dheelesirimiisoh@rgersutfacs featment is
an average grain dianeter of 10 nanoneters (nm to

seperfirmexnin af disledtaiclftuid ispmmpkoily depéteche oodbermore, in
14. Wiile the interpole distance is controlled by a

COMfh & 9b1FRTRthe R eoliotfe far dlettiiddigthargethafatdessmtment may
pol es do not make contact with each other in the

10 91 @leCSpIG rfelfé‘a‘r@d]t% adfAnZSleifdd. | oMers&vé@r, 98 the following, a

caused to"take place therebetween. 21 Wen an el ectric

di |
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the work 11,
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i nt er nol ecul .ar gond f t he el de 1ﬁ2
apFashy piiiar isgefenied; O(?Feﬁ&‘ﬁ d'%aé‘&ﬁrode

partlcle) 21 of the el ectrode 12 melt |¥|
Next, the electric discharge surface treat ent by the apparatus

15 for electric discharge surface treatment 1 having the structure as
described above is described. The electric discharge surface
treatment is performed by, for example, taking the work 11 on which the
coat 14 is desired to be formed as a positive pole and the electrode for
electric discharge surface treatment 12 as a negative pole using an

20 electrode that is formed of a metal powder or a ceramic powder having
an average grain diameter of 10 nanometers (nm) to several tens of um
to be a supply source of the coat 14. While the interpole distance is
controlled by a control mechanism, which is not shown, so that these
poles do not make contact with each other in the dielectric fluid 15, an

25 electric discharge is caused to take place therebetween.




a blast or an electrostatic force by the electric

di scharge is separated fromthe electrode 12, and is
nmoved toward the surface of the work 11. Then, when
reaching the surface of the wordq 11, the el ectrode
particles 21 are re-coagulated into the coat 14. A

part of the separated 10 el ectrode particles 21 reacts
with t hewhen et élieetdic distHdrger oecwenpetwesdn 22 el ectaode for
at nosphere to forma substance 23, which al so

COoRIdchRE (diSch#rge’ 96 ABEE e AiméhE12QRHd fife WotkiTl, heat due to the

manner, the coat 14 is fornmed on the surface of the

woL ke clre di’%ﬁﬁg i%lf.lse%Q% ﬂ%’lg(gfl eBwbrean é’r?d\?ﬁééelectrode 12 to

particles ectrode is strong,

I 2.4 , | f | .
°| G888 21 Sl BbRD el of Mo RidEioge 14 [Papproprate
5 Ko s RBRSE LA So 03 KA 2 ChF g BEERPBAE {oneted by
depiast Bn ARcpleERESIBRE (PEe bY 108 AIPFEIF HiSSerdg 1S separated
el ectrode 20 12 and how the material supplied is

nefrost the eleetrede il cand is Foves kowand the) sugfasenekthe work 11.
wth the material of the nmaterial of the work 11. How
t hEhehestherdecachiagi thie $srfacenifitbe wepedsthom etentrode garticles
the electrode 12 is, that is, hardness. A nethod for

maptfaet t-cogglhsted! ints tioelechoridel ok parcofitter bapgeate2b
surface treatnent 12 fused in the electric discharge

10 SUBfcFodd PariiBIRs 2 f rédcidewnhi theddieesctrie. flUidd1 5 driscémponent
flomchart of a process of manufacturing the electrode

h
f O?Z‘%h%’ﬁ “aitﬁl\?ggﬁ%lﬂértsefo%ré 3c®std et BNwhiEh'Ato cdntributes to
metallic r

_ po or a ceramc povvder_that I nclude a
il Bk, e Pt gifafSE 844 BAIL AR on the
itﬁgLIeraré%do 'htehw%c;l\(/qrﬁl ki nds of materials, powders of

However, if the bonding between powder particles of the

15 electrode 12 is strong, the electrode 12 is not peeled off by the blast or
the electrostatic force by the electric discharge, thereby making it
impossible to supply the electrode material to the work 11. That is,
whether a thick coat can be formed by the electric discharge surface
treatment depends on how the material is supplied from the electrode

20 12 and how the material supplied is melted on the surface of the work
11 and is bonded with the material of the material of the work 11. How
the electrode material is supplied depends cn how hard the electrode
12 is, that is, hardness.

A method for manufacturing the electrode for electric discharge

25 surface treatment 12 fused in the electric discharge surface treatment is



materials are m xed at a desired ratio and crushed.

For exanple, a netallic powder, a netallic alloy

powder, or a ceram c spherical powder having an

average grain dianmeter of severgg tens of mthat is
avai l able on the market is crushed by a ml|

apparatus, such as a ball mll, into 10 grains having
anda%eriped emin. dFRTE2 & adlowchartrofl @ psoc&ssisiimanufacturing
may be performed in aliquid. In that case, the liquid

| S 115y ARS8 fHP e|ctitictdiScRAVEL sutfEicentrédimebt.ncRirs)ea metallic

powder that iIs dried includes |arge solids fornmed due

t | j . i f. . )
388% i 8115%@@!92{)253{7%% tlih8AERh rhifeda@has fofms the coat

ge so to sutficiently mx the powder
W d S p [
( s‘tﬁg pa\%é'fg& %%%eﬁgr%?%fonv\i@gwgtr% :Ir1a"rgny€'%rsgael§jl é%%b?H ). Ifthe
nmet al Il js put on a mesh of a shifter o i
5 co&88t 3&‘& tj{f}’r" gf)er‘ﬁéw Nesevgial Kinds \9?&5‘?3&925’1,'31 ﬁg%ilgilgr?tsf he
in the solids formed due to the coagul atio aI[.e |
f r MpERtads a9 mxadbAkA '%ravoéw@g CEENEG; Jnobexamwple. a
solids with the ball, and pass through the nesh. Onl
20 myetallis pomete rpaggetaih@@lﬁwt ReWReShO B AL ]ISEHC SPH%e/a' powder
followi ng steps. Specifically, the powder including
coagiving ech seératse geaipudiaometerndtsenferahtans af pss ihal iscavailable
is smaller than the interpole distance. Sifting of the

powtethe Fritaked itrissted By a snitlespyaradds heueh as a balkmdl, into
el ectric discharge surface treatnent, a voltage

1oaPF§Jrhﬁ% Ry MREANdVRrade Gats diatrRtéPbf 8l e®l 6f less. Crushing

di scharge surface treatnent 12 and the work 11 23 for
ST IGPYEFRE 1RSSR RSBl 448 suaporatd to
Il Yl SpEE STt R 8 o 69Rs fag inoudes large
Lo a5R SELUREIAHPR §f SEIRPCE badPitht I orans i
tr es?ﬁcr;}eirgrgiessoolifdst, %%do{(;jgbffpgierqtlg mnlr)T(] th%spowder with wax at the
15  next step, the powder is sifted (step S3). For example, when a ceramic
ball or a metal ball is put on a mesh of a shifter, on which the
coagulated grains are left, and vibrated, the grains in the solids formed
due to the coagulation are fragmented by a vibration energy and
collision of the solids with the ball, and pass through the mesh. Only
20 grains that pass through the mesh are used in the following steps.
Specifically, the 'powder including coagulated solids is put on a net of
which a mesh size is smaller than the interpole distance.
Sifting of the powder crushed at step S3 is described herein. In

the electric discharge surface treatment, a voltage applied between the

25 slectrode for electric discharge surface treatment 12 and the work 11
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descri bed above, in the electric discharge surface
treatnent, an arc discharge occurring across both
pol es causes the coagul ated solids formng the

el ectrode 12 to be separated frgmthe el ectrode

wi t hout changing a size of the coagul ated solids.
Here, if the size of the 10 coagul ated solids is bel ow

t hyri dY i RG | BisdtABaEsERarga ™ Abrmafy)withinoa Irangemf 80 voits
el ectric discharge can be generated even if such a
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ctric discharge occurs at a place in whit e
po et
oottt Prfetfic Wichadecburtils tesioft {2 Bl work 11,
cryshi,ng the sqlid by a § ‘
e URIAnGE aesanthe pletiradhaPoand ke 11 dyripg the
size of the solid faorm the electygde 12 is ua
C oo et aiamsuRace Tentiipa! & of Biverdef & anfgin. As
nore), an electric discharge causes the solids to be
segasatibadiahnne. b theceiechie dischajgerpifacd Arfptmpnt,an arc
size of the solids. Such solids are deposited 20 on )
t hdisaivarge loanureing asrossdeothnpalesi awsgpthe spagulated solids
between the electrode 12 and the work 11 filled with

t héorth ielgeitier eiectiaded 12530 Pe sieparaied frommthe edsetrode without
| arge solids are deposited, because an electric

di sEAAYER acide Dfadhedcddd@ated solidsh Hereglfeitler side df2the
and the work 11 are close to each other, the electric

di éeagihgﬁgb% Rﬁc%nbéﬁ}v@%@'i‘ntté?ﬁblezéis‘fhﬁéé,(Oﬂmhrﬂoor less),

el ect I'scharge occurs at other places. As a

on el o€ MpciidhfrRan o B HBIARR VN IRATIN Heglid exists
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o AL et e 8L ks ST ES AR U gischarge

S Eaare At a blace i which 3 solid eRats, HeTeby cuShilg the solid by a
thermal energy or explosion of the electric discharge.

However, if the size of the solid forming the electrode 12 is
equal to or larger than the interpole distance (0.3 mm or more), an
electric discharge causes the solids to be separated from the electrode
12 without changing the size of the solids. Such solids are deposited
on the work 11 or are drifted in an interpole space between the
electrode 12 and the work 11 filled with the dielectric fluid 15. As in the
former case, if large solids are deposited, because an electric
discharge occurs at a place in which the electrode 12 and the work 11

are close to each other, the electric discharge is concentrated on that

place, and no electric discharge occurs at other places. As a result,



occurs between the electrode 12 and the work 11,
thereby nmaking it inpossible to cause an electric

di scharge. Therefore, to formthe coat 14 unifornly,
and to achieve stable electric g scharge, solids,
which is fornmed due to the coagul ation of the grain,
having a size larger than the 10 interpol e di stance

- shgnd doB0Y 4bgamisseaturiiforitle dupeitted batthkosuatéof the work 11.
el ectrode 12. Such coagul at| on of grains likely to
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and I's | ess kel to occur in a non-conductive
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at step S3 is required. For_ the @_'rpose describ

abeeey Fababupesithe alpciede 52 ANt esw&ﬁkmbéh@mm graking it
than the interpole distance. 20 Thereafter, to inprove

t r npossiiletoafaysecan @l ectricodisghgrees ﬂ'ber@fq«f@r to éwm the coat
i nside the powder at a subsequent pressing process,

t hd4 poifolen|yj anki toealchietvie stabje slaxdtriasdipahafde nsolads, which is
approximately 1% to 10%in a weight percentage as

r eguiinied dud ePt# boablldthen poteegram, avad avside lsager than the
formability inproves, but the powder is again 25

10 Sumtewﬂ%ddmaﬁcé SABLIY n@@% PEeSEIRIHI thb I%WE}ér‘tW@t forms the
action of an 25 i nternol ecul ar force or the

el %?éét??&@tff LSy cﬁgg ;é)t'fc;ﬂ gg\grQL liR&) 'tgsochIOin a metallic

fragnenti ng suc soll or me gr ai

R e BT et
T ERR e BolEId e 08B RRSTEGF BB YRy Tmore
IrIeiﬁgly to occur as the average grain diameter of the powder is made

15 smaller. To avoid harmful effects due to solids caused by the
coagulation of grains to be occurred during the electric discharge
surface treatment, a process of sifting the powder coagulated at step
83 is required. For the purpose described above, a mesh size at the
sifting should be smaller than the interpole distance.

20 Thereafter, to improve transmission of pressure from a press to
a portion inside the powder at a subsequent pressing procéss, the
powder is mixed with wax, such as paraffin, of approximately 1% to
10% in a weight percentage as required (step S4). If the powder is
mixed with wax, formability improves, but the powder is again

25 surrounded by a liquid, causing coagulation by the action of an



(step S6). Fig. 3 is a cross-section of a nolder for
nol di ng the powder. A |lower punch 104 is inserted
froma lower portion of a hole fornmed on a nold (die)
105, and a space formed betweerpg he | ower punch 104
and the nold (die) 105 is filled with the powder
(when the powder is fornmed 10 of a plurality of

COfHtbhBest Har PONREsr tR BIE@ostatic fARce PRI farriing laides solids.
is then inserted froman upper portion of a hole
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hard, and when a |ow pressure is aprﬁl | ed
rt

o{/q%rnfo& r’@pgqlﬂg the powder.

di aneter of the powder 101 of the el ectrode 20

nmadelovedr psneimdiO, istinsestesctrooya loweiceartion phadiolgfgrmed on

when the grain dianeter of the powder 101 is | arge,
t ha miotd (dizde! 05 dreg ansmacoformed tetyeeantheotgyeer puisch 104 and
then renmoved fromthe nolder and heated in a vacuum

f utREGRoRN (def H0BASHIfdd Wetth wig powdert(dganthe powder is formed
at nosphere, thereby obtaining a conductive el ectrode

10 (Si§R Ural_rg of BEnéliftRerls, Faﬁld@%lﬂﬁgﬁe)\/\ﬁ@ﬂ aARi lg;hper punch

appl e
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heati n erature 1s app the el ectrode 12 26

becﬁﬁe% N%Lndms%'?%% e%fzﬁ’[gféc Hrk% OFPRERS Hrthédd on the mold

el ec s soft. By heating

o e COPBRG i i EOLEPMESSh s

e ol SIS ol e of

il rggl?jtelrnf%edb\?vrﬂt?\l trh% Sg\?vr&ger%%1 descrlbed above by the upper punch
103 and the lower punch 104. In the following, the powder 101 that is
compression molded is referred to as a green compact. At this time,
when a high pressure is applied, the electrode 12 becomes hard, and
when a low pressure is applied, the electrode 12 becomes soft.
Moreover, when a grain diameter of the powder 101 of the electrode
material is small, the electrode 12 becomes hard, and when the grain
diameter of the powder 101 is large, the electrode 12 becomes soft.

The green compact is then removed from the molder and heated

in a vacuum furnace or a furnace filled with a nitrogen atmosphere,

thereby obtaining a conductive electrode (step S7). At the time of

heating, when a high heating temperature is applied, the electrode 12
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particles in the green conpact proceeds, thereby
producing an electrode for electric discharge surface
treatment 12 that has conductivity. The el ectrode for
el ectric discharge surface treajgrent 12 can be 10

nol ded even when the crushing process at step Sl
descri bed above is omtted, that is, even when the

poﬂ‘é‘@&?‘l@%vﬂ\é‘ﬂi,%@Weﬂﬂ&_IGW@aﬁhQWEhﬁferafur%ehseapﬂJ!ied, the
tens of mis used as it is or when the sifting

Pr oeRtrodd 1?@6]:0%95%09@ téf‘i"rea"\‘irr‘\g] i IE_k;Feéﬁ"cbﬁ’fpé’c%, it is also
large as 0.3 nmor nore are present. wever,

non-uniformty | f S LS.l od

1o PatRIE et b r e OO R ifnde S ey ugeiperefore,
high a har dness of a center portion.is | - Whi

< Sen Thihs Bpiies 1s S aiamion roldeManur Mty it wax at
the center portion is consumed through  the electric

i S B e NN o TreaRn Gl BN TR BT DG Gong Powder
consuned. Thus, deposition to the surface of the work
11padicies ipitbecgreen compast proceedvt tharebympdacing an

either. In other words, the electrode nmaterial at a
poeldadrnds far elecitiiediscluirgensufhee trertmeartt 12 thabhpar d

to be supplied, thereby causing the surface of the

mobbna&cﬁ@nﬁe renmoved. On the contrary, since the
center portion of the electrode 12 is brittle, it is

consuned Taie slecyrorfd Rir dIBetiE aarsfarge sirfacedreadment 12 can be
result, the surface 25 of the el ectrode 12 becones

SUugthibBatevd s wiid g:Fé BFudHiRE preResant dtbp ST deitirRled above is

portion is recesse Since an electric discharge

ai SiRel Wals, 5Vely Wik Wb figtr g S oy e i BRR

D eian o SEERA TR M R RIS BRI SE R e sting

{ herassss al sieh S BLORKIPHgoBH 0t apts A rg8as 0.3 mm or
more are present. However, non-uniformity in hardness occurs in the
electrode 12 such that hardness of a surface of the electrode is high
and hardness of a center portion is low, which is not preferable.
Moreover, in this electrode 12, the center portion is consumed through
the electric discharge, but portions near the surface are not consumed.
Thus, deposition to the surface of the work 11 is not proceeded, which
is not preferable, either. In other words, the electrode material at a
portion of a perimeter of the electrode 12 is too hard to be supplied,
thereby causing the surface of the work 11 to be removed. On the
contrary, since the center portion of the electrode 12 is brittle, it is

consumed quickly after the process is started. As a result, the surface

of the electrode 12 becomes such that its perimeter protrudes and its



grain dianeter thereof 3 mor less are usually
avai |l abl e on the market. Therefore, when any of these
powders i s used, the crushing process at step S1 and
the drying process at step S2 degscribed above may be
omtted. 10 In the follow ng, the present invention is
described in nore detail based on specific

enbegidrest dionFis! lcessedt elginte dremmstricali§ohatdedopccurs only at
having an average grain diameter of 50 m, which is

| efite Ebh %( Setr‘?\al?)? C§’S Qh}é@ldm‘t'é‘ﬂﬁﬂe dt@fﬂ?\%featréﬁﬁﬁ/agfof&ﬂa surface

degrees i us | ower was crushed by a
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and Ite used herein

has a copposition i cI :
(chr oni u%‘)’rﬁ"ﬁf%legﬁ’t "W‘#\ﬁgg?'zﬁ%?kz‘ﬁ)(gm)‘e@' hich,arg less likely to
(tungs .5 i ght Co far._the

5 | ob Drifesd A alion Wiox e thEreh e sEmES N nB i average
structure, a stellite 20 having a conposition
i neraiai igmeterdhgrrod M OrdessdRwgually;avalkabie: Oﬁ/the market.
Cr, 3 weight %Si (silicon), and Co for the rest, or
st §heretorehawianyanyctbeset powdere iuubag, e wéwwng%rocess at
Cr, 5 wight %N, 19 weight %W and Co for the rest
nmaygtdye Susand thkedrying psovess atsber S2 deedribedrapeve may be
non-si fted powder, and a 25 sifted powder
r eppgtteldvel y. The dinmensions of the nold used at the
28 time of pressing were 18.2 mmin dianeter and 30.5

10 MM in | engihe ngoMﬁé,%es?Fé‘s@tﬁﬁhéntlbhqsSie@drltieﬁj in more detail
powder vvas conpressi’on no at a predeterm ned

P ESSULCo Rls e PE AR aifhigas then heated. Of the

processes o manu uring an electrode for electric 5

g: fsfrﬁggg;r@sgegsqg Ittéepa&\ﬂEQF (AEFLIBFhARRY &n h0Erage grain
diameter of 50 pm), which is less likely to be oxidized under
temperatures of 800 degrees Celsius (°C) or lower was crushed by a

15  vibrating mill to bring an average grain diameter to be 1.5 um, and was
then dried. A stellite used herein has a composition including 25
weight % Cr (chromium), 10 weight % Ni (nickel), 7 weight % W
(tungsten), 0.5 weight % C (carbon), and Co for the rest.

Also, instead of the stellite having the above structure, a stellite

20 having a composition including 28 weight % Mo (molybdenum), 17
weight % Cr, 3 weight % Si (silicon), and Co for the rest, or a stellite
having a composition including 28 weight % Cr, 5 weight % Ni, 19
weight % W, and Co for the rest may be used.

Electrodes were manufactured using a non-sifted powder, and a

25 sifted powder respectively. The dimensions of the mold used at the



drying (step S3) and the sifting process after m xing

paraffin (step S5 were omtted to manufacture an

el ectrode, a section photograph (scaling: 35 times)

of which is shown in Fig. 4. Teg ragnent the powder

coagul ated in the course of drying, a 10 sifter

havi ng a nesh size of 0.15 mmwas used for fine

criipiei s0ppsskingafé 18iXimy inidibneeafahidn306 sirfitiedength. By

havi ng a nesh size of 0.3 nmwas used to manufacture

anyEinecs e e modIG et Srelmeopeatapivay cbhtpresbmnt muded at a
us manufactured is shown in Fig. 5. First, the

th
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eari ng Is a large solid, and it can be seen

t hat mnwghef#@%??étdf‘iﬂ?nﬁfe?ct%‘?@eé‘ﬁ dlﬁ%tg‘og%’fﬁﬁ electric

manner . € portion 1s cratc a pin,
the, portion appearing whitge is..s d S0l

5 ondiskE e R ek e N i o 2R8V €T s iR Bogss after
is examned, it is apparent that no.such salid
sedring (step SA)aNG KRS SHNG REUSFHIIEHELETS Berdindstep S)
el ectric discharge surface treatment was perforned
unwere\anitird te manyiasteiesanAgetrpdes @ i P&‘ﬁgwaph
approximately to the extent that a peak current val ue
i etEcalingerastimys) ofowhzhais ahewaningrigetd.i c- di schar ge
duration (electric discharge pulse wdth) to=4

i cr osecgodsagsent ¢thé@bwdeAsoligulgietdni theesyursieeof2drying, a
el ectrode side was used as a mnus polarity, while the

10 WOkt H8viN@Sa Afedts efzensf 8. PS wsmpwasruded foisfime ceashing and,
in the electric discharge surface treatment using the

el %%:r‘?ﬂgciﬁg\klflﬁgh%ﬁm,‘ﬁ §idravihbtethedebizet €f 0.3 mm was

i
powde ving a filmthickness of the order

o yBph LA e dh BodSdBY, NSRBI et tho
ti rcTaFT‘eccifrc:de thus manufactured is shown in Fig. 5.
First, the electrode shown in Fig. 4 is examined. A portion
15 appearing white is a large solid, and it can be seen that many of such
portions are present in a mixed manner. When the white portion is
scratched by a pin, the portion appearing white is separated as a solid.
On the other hand, when the electrode shown in Fig. 5 is
examined, it is apparent that no such solid as seen in Fig. 4 is present.
20 Using these electrodes, electric discharge surface treatment
was performed under various electric-discharge pulse conditions
approximately to the extent that a peak current value ie=5 amperes (A)
to 20 A, and an electric-discharge duration (electric discharge pulse
width) te=4 microseconds (us) to 100 ps. As for polarities, the

25 electrode side was used as a minus polarity, while the work side was
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approximately five mnutes. On the other hand, in the
case of the electric discharge surface treatnent
usi ng the el ectrode nanufactured wth the non-sifted
stellite powder, a short circuidggoccurred to
unstabilize the electric discharge, thereby
preventing the process from proceeding, 10 and making

a geedsd aqﬂugrmgﬁsyl npossi bl e. Thus, as descri bed
above, it was confirned that there is the harnful

effect dag 49ekhR, Irﬁf@eﬁéﬂth@%.@éhéﬁ@ suflalciet teeaBMERT Using the
that is separated fromthe electro W t hout changi ng
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: gl éhfcgr?s&éﬁ‘pedéﬁfegp?ﬁge‘l ﬁ*erﬁ‘;&é% IQQQ ﬂaehgcbr}?ﬁ’éc{f under any
form t age wavef orm. between the pal e
duPF Bleicadinter aF aufSs GoRdlpFe H plbsdte Faytime of
vvaveformVshovmmF 6 at aprtl n_near
t h@PEF M3 ehy Byerminuesol %éhegzae%\ el the I°a§%o the
in Fig. 6 20 at a portion near a bottomof the g
r eptecieistdisahatge éurfacgwtraatmeﬂt uskg the §|Qﬁ’fr%d$ @Wﬂufactured
end, an underline drawn under 1 represents 0 A, while
anwitidéve noa- siftadns tefiiter p@wdepr @ saorsciocuit ogcurred to unstabilize
hori zontal axis represents tinme in 100 mllisecond
( Mihe @ ¥ttBicomischabd é ethere by qarevexeing thepp eoess fronbpraceeding,
divisions on top and in 5 A divisions on bottom A 25

vayeomakg ah@ubosifionhsrdcelsls ispsesdibm appr oxi mat el y
the center of 30 the drawi ng represents a waveform

when a cyfRityd 8e§1:‘ﬁ5§83§65\}ey it %%eé@ﬁ%é\ﬁttﬁaﬁ h?ere is the

application of a voltage for a waveform W2 shown
o PRl el BP0 U Bt

LB e SR P500 ) EnSHOT Ll {2l it s then
deposited on the work or drifted between the poles filled with the
dielectric fluid between the electrode and the work.

Fig. 6 is a graph depicting one example of a current waveform
and a voltage waveform between the poles during the electric discharge
surface treatment. A waveform V shown in Fig. 6 at a portion near a
top of the graph represents a voitage, and a waveform | shown in Fig. 6
at a portion near a bottom of the graph represents a current. On a
vertical axis on a right end, an underline drawn under 1 represents 0 A,
while an underline drawn under 3 represents 0 V. A horizontal axis
represents time in 100 millisecond {ms) divisions, while vertical axes
represent in 50 V divisions on top and in 5 A divisions on bottom. A

waveform W1 shown on the left side from approximately the center of
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circuit occurs between the poles. Therefore, it can be
determ ned that the state represented by the waveform
on the right side from approximately the center of
the drawing is a short-circuit ggtate. Results simlar
to the above were obtained when an electric 10

di scharge surface treatnent was perforned using an

el @@t g RfgingRpreaehw advavefdrii wrer hecuresaieis sdi¢eassfully
drying, fragmenting coagul ated solids, and omtting a

> Lé%#\é‘ﬁht@ﬁ%ﬁﬁsthéié |idHt?§irPBf Wi d1tR78 af As For Al waveltin w2

ectrode manufactured by sifting the stellite

Bo 8\Rmtc?ré l‘ﬁlé% ??#F@tsqqéqwc ﬂ)rio%n‘g?élg%%dcéﬁ’te‘?%f{t;%rﬂ fAwing, a

r ess arge s ce treatnen

under ot her conditions (el rjic-disch
conrenbraveTBin, dstifes St d, Satnie Jih 8iohtd 3Ges not change.
el ectric disch e and to forma .coat ving . a film

C heT SCWTE PR oY B A VoltBORHSIBLNTRE 58 aRpfBd. a short
(electric discharge surface treat rrent? of five .

ni BIGEWK OCTHES detwersr faipeles: hel karedera. dt gaadie Agtermined that
surface treatnent 20 using the el ectrode manufactured

wi the stategicpresiested by ttbepwareforns ondhewighthsidegrom

Process conditions (el ectric-discharge pul se :
coagptoxinmitenptiie ednter ef Hreedeawirakiscashamt-cuglilestate.

ie=12 A, and an electric-discharge duration to=64 ns.

Wien a shadulel siglidr tectiw sbovetweanobtenedlveisen an electric
| arge solid may be deposited on the work or a hole 25

My drE"RATAC treathHT wab pRYRIrmed ukig an. eléetrode

pYOJeCtlgnS and 31 depressions were observed on the

fgﬁ{rraerg.ﬂ‘\%g%%gir 6 Yiffin! ﬁhieSPSWd@‘? Yt r;l?tgind,hﬁaﬁﬁ?éntgﬁ_:f goagulated

stabl e el ectric disc e.” 'Accordin

A e R e L

2?2’2?{ i 85’-‘&3@0 ) agé%sﬁlgpg%gje?ﬁ@d{q?gﬁfdr%%ttgfgﬁtiaarthe stellite
powder to eliminate large solids was used to perform a process (electric
discharge surface treatment) under other conditions {electric-discharge
pulse conditions), it was possible to achieve a stable electric discharge
and to form a coat having a film thickness of the order of 0.1 mm with
the process (electric discharge surface treatment) of five minutes.

The coat formed by the electric discharge surface treatment
using the electrode manufactured with the sifted stellite powder is
shown in Fig. 7. Process conditions (electric-discharge pulse
conditions) applied here are a peak current value ie=12 A, and an
electric-discharge duration te=64 ms. When a short circuit occurs
between the poles, a large solid may be deposited on the work or a hole

may be formed on the ccat. However, in Fig. 7, no projections and
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manuf act ured does not include |arge solids formed due
to the coagulation of the powder, specifically, those
| arger than a distance between the el ectrode and the
work at the time of the electrigq discharge surface
treatment. This can prevent situations such as |arge
solids are 10 deposited on the work or drifted between

t hge PrlsafoldiWele 6hSeleRiChithe digtchatdResefdradeis evident that
treat ment, thereby achieving a stable electric

%Sﬁwaésfo?n{e‘?fW% a%tél’i‘l'ecéie%‘{’ﬁé diédhhrgesmoot h

ace can be obtai ned. When a powder having an

aver age %?épdlﬂhat% i e’%nBHHHﬁ?ﬁP ih&RS foPrfitidtFbf ¥n

olbt ai ned et” for manufacturing an

he d d .
uBEaHGeR pYiRAL n Bu8RE] T 5 FickafichbRBer or a ceramic
or POWREr; e et ol fice1eBuTe digtharas guace PR e "

nol dability at the tinme of ressj on and ha|
VBRI RbTedi0es fiok 116 Bl RTSB O IHEdCEmGKLaUBGoME,

such a powder is used to manufacture an el ectrode, the
pacaafulatian ef the povwstars speciisadly) thore iﬂ@%db@éqﬁ:é’iﬁtance
sifting process (step S5) are not required. Second

Enbetiveentthérelebirosecand teatvosiknahthe timeoop thelelectric discharge
havi ng an average 25 grain dianmeter of 1 mmwas used

t OgGiUEE tRed@hehi. ONThietowmeprévenissiteadbnsBuahnas arge solids are
sifter and the coat thickness. A sifted powder was

us@%gﬁ@ft@tl on 1) the %Wdﬁﬂéd%et@é‘éﬂ thevpotes d8ridgnme electric

ter mmin | ength, and an el ectrode

pr 8% Eifel ﬁ&é@ﬁ.%%‘-‘th%}}t”?ﬁgﬂ 46K %rstﬁblé‘ electric

pre pressure o ess and 1 hen

he%%scr}rqcarger es Lank GOPPRTik \%ﬁt Witfa SPrFIBSE'?ﬁurface can be

obtained.

When a powder having an average grain diameter of 3 um or
less is directly obtained from the market for manufacturing an electrode,
the drying process (step S2) and the subsequent sifting process (step
S3) are not required. Also, a powder produced by water atomization or
ihe like has a spherical shape, and has a high moldability at the time of
compression and shaping even without paraffin to be mixed. Therefore,
when such a powder is used to manufacture an electrode, the paraffin
mixing process (step S4) and the subsequent sifting process (step S5)
are not required.

Secdnd Embodiment
In the second embodiment, a Co powder having an average

grain diameter of 1 mm was used to study a relation between the size of
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conditions are simlar to those in the first

enbodi nent, and the processing tine was 10 m nutes.
The rel ati on between the nesh size of the sifter and
the coat thickness is shown im2Fig. 8. The coat

t hi ckness shown in Fig. 8 10 represents an average
val ue of the coat thickness neasured at five points

ona trhiés K @tta sifter sn@pp@icortt thickmessg. 8 that, when the
mesh size exceeded 0.3 nmm the coat thi ckness

decr easeg ikl SORBEEWdsOuSed He?eh$ Sthiel dtnewsidnshsina mold were
the nesh size was over 0.5 nmm no coat was able to be

dep?sz &ﬁg ]tﬁaﬁnﬂe %W@Of@fmﬁhla%hﬁtﬁ hé’h@'&h éech®de produced

e nes Sl ze excee I 'arge solids

t C [ Y,
m&?‘@@f’e&%ﬁﬁ%%ﬁ&? R 8 Jépb‘%o tafinfiid pfessurs of a
a short |nstab|I| nt e ele
ci Btsas gad thebr s Peatiiadeaitint Soliasd Wit U %&t Rrgoess
di scharges and redu0| ng the coat .t hick i
desendijians arq gEniar i in Kagdirs 3| frbadiindst. and the
understood fromthe interpole distance between the
el peecesiingrdimensasdikminuigsot ogr aph of the surface of
the coat based on an el ectrode manufactured using
sifter hZhentplationdietsiesn tie meshmizesobtumaifier alFﬂﬂghe coat
9. FromFig. 9, it is apparent that small protruding

patiickhess As %50&\@&&Fig.08.beThtat@mtew\iadmetsseshown in Fig. 8
because |l arge solids of the stellite 33 powder cause a

shegbreddrfisidn E@éi’lﬁ?ﬁ‘vbhﬁe BPkies coliehidkynesaunengueed at five
Iarge current to ow. Also, an electric discharge

E‘iﬁtsa&n @h@%rota‘tonlt'sﬁ %ﬁ}ié’r@n‘t BeomeFige B R, Mhérf fie mesh size

are close to eac It cantherefore be 5

pogg:cggsgﬂoag el (ROEbLPECRAESS deRBadoE WERTEsFEdto a
process time, and when the mesh size was over 0.5 mm, no coat was
able to be deposited.

One reason for this is thought to be that, when the mesh size
exceeds 0.3 mm, large solids that cannot possibly be dissolved by the
electric discharge begin to appear between the poles and cause a short
circuit or instability in the electric discharge, thereby decreasing the
number of electric discharges and reducing the coat thickness. As
described in the first embodiment, this can be understood from the
interpole distance between the electrode and the work.

A photograph of the surface of the coat based on an electrode
manufactured using a sifter having a mesh size of 0.5 mm is shown in
Fig. 9. From Fig. 9, it is apparent that small protruding particles A

appear to be attached on the coat because large solids of the stellite
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di scharge occur, and therefore, no coat can be forned.
According to the second enbodi nent, if the nmesh size
of the sifter is set as 0.3 mm which is the distance
between the el ectrode and the gabrk, or smaller, it is
possi ble to obtain a stable electric discharge 10 and
deposition of a thick coat. Third Enbodinent In a

t h‘)bﬂrd%ﬁ‘%‘ﬁh@é‘%h%ﬁ‘fjcfr@Ufttﬁbt@Iéérf tHd borsdhater@by ausing a large

owi ng the third enbodi nent, description is nade to

rg?ﬁ q@ql@,v;or el ectric discharge surface treatnent
I's used I'n formng a netallic 15 coat by the

f'ofﬁ;a' el i O i
ane t%%%ad% 5&@??%35%%‘ 3&' gt eg@%%}aiﬁgtﬁ{ore be

principle of the electrlc di scharge surface treat

D asonelhiciectiostly AbSRTIANE NET 34N dhe RPHUGING ZRFpE: ho electric
therefore not described 20 herein. Next, a nethod for
radischargeiengudnashdberemse; 6P eaicean o€ farmach, ge

surface treatnent is described. First, a nethod f
manuf act dwicogdiay & the sedenti@mbbdiment lﬂittse,me@@ size of the
surface treatnment nmanufactured with a netallic powder

or sHtergsaBtaPOVBienmt hetichris thesdiside ketween the electrode and
oxi di zed as an el ectrode material is described. Fig.

10k wibrk4 of lsosinar. it @f poBgibieied ebiaia & sehbiel elelctideischarge
for electric discharge surface treatnment. First, a

po%gr gﬁ?ﬁﬁbﬁl of & thRikatdac alloy, or ceramcs havi ng

cons uent of a coat desired to be forned on the

.ﬁpﬁ%@&]ﬁﬁ&ﬂ 5 (step S11). Such a powder is

€ market and is a
In a third embodiment and fourth and fifth embodiments

following the third embodiment, description is made to an electrode for
electric discharge surface treatment that is used in forming a metallic
coat by the electric discharge surface treatment, and that is formed with
a powder of metal likely to be oxidized or an alloy int:iuding metal likely
to be oxidized, and a methed for manufacturing such an eiectrode.

The principle of the electric discharge surface treatment has
been described in the first embodiment, and is therefore not described
herein.

Next, a method for manufacturing an electrode for electric
discharge surface treatment is described. First, a method for
manufacturing an electrode for electric discharge surface treatment
manufactured with a metallic powder or a ceramic powder that are less

likely to be oxidized as an electrode material is described. Fig. 10 is a



spherical powder of netal or ceramics that are |ess
likely to be oxidized and that have an average grain
di aneter of several m Then, to inprove transm ssion
of pressure fromthe press to a4 portion inside of the
powder at a subsequent pressing process, the 10
nmetallic powder, the netal alloy powder, or the

cefigWchaPovtigiarFadiuthty suthlelesrrodeufon elscipir discharge surface
of approximately 1%to 10%in wei ght percentage as

reghfedntstep S12). If the powder and wax are m xed
together, noldability inproves. However, surroundi ng

of the pgnggg%%wa& GEmdtSl Zeapﬁiétaﬁe:vsn?ﬂ & é@raﬂnic;sfhavmg a

l'iquid, y causi hg coadul ati on by e action

an_internnl.ecul ar [ r, t r [ L.CE,
naoPRTIHER, S Bhal BRSfie® 1o BE FBLERMAT R o furohased
due to co |ation are sifted, to fra ted.

5 ( ofasp® S0, “Rh ¥ pfuoBtvaavalEbls Rodfe MBIRE b8l is
nol ded by a 20 conpression press (Sstep S14). . -
OoﬁBh@%ﬂbHOWﬁllediQfQI"SFa'theC%&KB‘é’lS that %@3'9%? Hikgly, e hg oxidized
a nolder in the manner described in the first
enbodithahhavesan iavedagbqrain diameter of severa) L. sol i d
obtai ned by conpression nolding is referred to as a
gr een coifpact to Tmpresétteansmissign edpresspre fram the press to a
renoved fromthe nolder, and 25 is then heated in a

vapguHio i ingidecciotheapbwideacs 4 sLbsdquenh préssingt prugess, the
35 atnosphere, thereby obtaining a conductive

10 €| AfdtaNREPONARR, O metd! allbYHdvdsr, &r theadergnichewdar is mixed

hi gh heating tenperature is applied, the electrode

bemfﬁegla%%@cha:%jp‘é@%irg df%‘?‘%ﬁfﬁﬁ%l efReicA] O%Eir Weight

applie { he el ectrode becones soft. By heating the
0 SRR FRRRChs R BelTRI AR, | Sy ense e
If the powder and wax are mixed together, moldability improves.
However, surrounding of the powder particles are again covered with a
15  liquid, thereby causing coagulation by the action of an intermolecular
force or the electrostatic force, and forming large solids. Thus, solids
formed again due to the coagulation are sifted to be fragmented (step
S$13).
Next, the powder obtained is compression molded by a
20 compression press {step S14). Compression molding of the powder is
performed using a molder in the manner described in the first
embodiment described above. In the following, a solid obtained by
compression molding is referred to as a green compact.
Thereafter, the green compact is removed from the molder, and

25 is then heated in a vacuum furnace or a furnace filled with the nitrogen
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Therefore, even if the powder is conpression nolded

without mxing wth wax at step 512, heating is

meani ngful . Wth this, bonding among powder particles

in the green conpact proceeds, gghereby obtaining an

el ectrode for electric discharge surface treatnent

that has conductive. 10 An electrode for electric

di shas PRef3!rthaeeby obRaimeng aceondectiverldeicode ddtemS15). At
t he manner as descri bed above using a netallic powder

Oftr% dé‘fﬂ’ fieB® e'wﬁéh’”a el h@éﬁnﬂ;'téﬁi@érhmﬂé&ls applled the

oXl as an [ ectrode nateri al HOV\BVGI‘ not al

< 81 Alad BREbl4s RANEICRY eyf 8 el eaﬂgrget'é%pé@thl‘@‘is

aré less e OX|d|ze e avail abl e

ai anefel bee r%qéﬁx%sc%a‘f%%é@?f a%eEFSFP“@ Sifben compact, it

that are Ilkel to be d and hat a

on'® PRESIIE Keclesrears ifF siefbis frvataliin REF’&%@%&‘?@%
grain dianmeter of 10 mor nore. ener a .
gr Aherefosreeuendf the@oysiads %“Bé%?%&&é@o‘%?‘? é{%‘f@‘&fm'x'"g
the surface area to the volunme of the powd
i neiithawax. at stept 542, heating ig rneanlrwybcuY\&thb’fhlﬁhBOﬂdlng among
powder decreases, and the powder becones very
sepsuﬁderq;ard)meanerrgjme ﬁheenfcnm'epacbproceamiepltbere\h\,e@béalnmg an
netallic powder likely to be oxidized is surrounded by

oxggsftrodd o pelsitricidisoadjez edriaesytreaineéht that feas conductive.
portion inside the 25 powder, thereby losing its

properti e, afedtRidd foStFBtAS 9 d yuificantfedment can be
ductl lity. Furt herm)re oxi dation of the powder may

Erk?ﬁuf\é%lt%reoofrp ﬁlﬂ’t as %Ie‘é’e)‘lbb*ﬂlea%\?é”ds'iﬁg ROMRRAlic

e OXI avail able on the market is

Id: ?H&‘(‘g‘?r 8 5?"(&%{14(]?\/4%{'9%& Hkﬂﬂtg.frree?a%%ai?ﬁee?;}a't%b oxidized as an

OXI i zed . includes C 5 (chromunm), A (alum nun), and
?‘?‘Ft{%ﬂ?u yerﬁ?wever, even when any

However, not all kinds of metallic powders and ceramic powders
that are less likely to be oxidized and that are available on the market
are those having an average grain diameter of several pm. Moreover,
metallic powders that are likely to be oxidized and that are available on
the market are limited to those having an average grain diameter of 10
um or more. In general, as the grain diameter of the powder
decreases, a ratio of the surface area to the volume of the powder
increases. In other words, a heat capacity of the powder decreases,
and the powder becomes very sensitive to energy. Therefore, for
example, when a metallic powder likely to be oxidized is surrounded by
oxygen, the powder is oxidized very quickly to a portion inside the

powder, thereby losing its properties as metal, such as conductivity and
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of such netallic powders |likely to be oxidized is used
as the electrode material, if the powder is conpacted
by conpression nolding to forman electrode, the
surface of the electrode is oxig§ zed, but the inside
thereof 1is not so oxidized. In addition, the powder
can be prevented from 10 bei ng expl osively oxidized. A
mednetlityor Furthdraedne, ioxgdatien elfeherpsledéomay explogively
di scharge surface treatnment forned with a

Coprargddd! | yhavpl M\?I B eiiedaliicp AWrB Elike it bBaskidized and
average grain diane of several tens of m and that

re?véﬁéﬁlel bﬁ%é ﬂ?ﬁ |§)1|rﬁlt68%'tﬁo§§9r?é\h|q§da Y&ré'é average grain

erence to a f shown in Fig.

S 10 AHbPE TR o BBl Tt
'a' (nbra; & %!}Hﬂﬁﬁdmésa@%“‘s'Zﬁfa'ﬁﬂwﬁﬁciﬂﬁ%é%?? {BrPdnen any

like into particles having an avera r.ain

of ogsHpBrmg gc(pé}vgbergzliljeqy-ﬁﬁep@ oxjiHzeg i ¢ise gs'ﬂ%e electrode
vaporized to 20 dry the powder éstep 822) Si nce the
pottrierial.i i the owdergis eompasted byreemaressignimelding to form an
coagul ation of grains, to fragnment these |arge solids
andleaireds f ihe surfage rihtherel eptiader isvdxinized but thenimside thereof
step, the powder is sifted (step S23). Thereafter, to

i My neesbraididessi dn additives shie @ dwden che bgmrpssverﬁédtfmom

a portion inside of the powder at a subsequent

prﬁ&ﬁﬁ@&x@l&ﬁ@é@ okia@fzed, powder is m xed with wax,
such as paraffi of approximately 1 %to 10%in

wei ght pey ﬁ@?ﬁ@gEfo?‘?néﬁlﬂl‘é'c'c@ﬁnéSihérél@gf’rbde”%rté]éctnc discharge

powder is m Xxe wax, formability inproves, but

z,zsgp%é%t e I RS S Pt powcer

fo tpﬁl nggg%g\rle!fa%recsr%rn éiam le?cc}frs%svtear%l Ferfs%?%m,aglqd that is
less likely to be oxidized is described with reference to a flowchart
shown in Fig. 11. First, the commercially-available metallic powder
having an average grain diameter of several tens of pm and less likely
to be oxidized is crushed with a mill, such as a ball mill, in volatile
solvent of acetone or the like into particles having an average grain
diameter of 3 um or less (step S21). Then, the solvent is vaporized to
dry the powder (step $22). Since the powder dried has large solids
formed due to the coagulation of grains, to fragment these large solids
and to sufficiently mix the powder with wax at a next step, the powder is
sifted (step S23).

Thereafter, to improve transmission of pressure from the press

to a portion inside of the powder at a subsequent pressing process, the
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solids. To fragnent the solids forned due to the
re-coagul ation, the powder is sifted (step S25).
Next, the powder obtained is conpression nolded by a
conpression press (step S26). Cgnpression nol di ng of
the powder is 10 perforned using a nolder in the
manner described in the first enbodi nent descri bed

abpwevddmist itxddWitbwivag, sachas gaedffinhof apmreximately 1% to
obt ai ned by conpression nolding is referred to as a

gr aem, GRWRAGht pefbEnGIREAs GeaRAe (steb B ). enpuesl powader is

the mol der, and is then heated in a vacuum f ur nace or

her E‘E f" ‘A"J"’gdfowgb'ﬁﬁllnt'ﬁﬁﬂ% butahBOSRREER s agaln

talnlng a conductive electrode (step S

T ird el D eRotiaton e ecton of
2?%&“’” Qe pletiias érb%?ort@g“?ﬁ@%t alif do gt i Ifrg e
IS possible to decrease electric resjistance of th

el selifisge ToAragmentdhersalios farated fueHd {eutreopgulation, the

conpression nolded without mixing with wax at step

S1povdet isngjfted (stemiS#flul . Wth this, bonding anong

powder particles in the green conpact proceeds,

t her eby Nexif doe wowder abtadhedtis Gen prasséde melded by a

di scharge surface treatnent that has conductivity. 25

An celneptassien presel(step 5264 s Cloanpressioih axeldingatfrithatpowder is
can be 38 manufactured in the manner as descri bed

abpeforshéd uBing ANl rin therind! eesEriived iin the et
havi ng an average grain dianmeter of several tens of m

an‘érhﬁég ﬁéh?ﬁiés&l‘?b@& ABdvl . Z a9 thdoGNingVaeso |l of the powder

el ectrode I's manufactured by this method by 5 using a

gg&@g%l nlciasuD BV mpidn offingd Jofeifed 1% B dtekbhCcompact.

The green compact is then removed from the molder, and is
then heated in a vacuum furnace or a furnace filled with a nitrogen
atmosphere, thereby obtaining a conductive electrode (step §27). At
the time of heating, when a high heating temperature is applied, the
electrode becomes hard, and when a low heating temperature is
applied, the electrode becomes soft. By heating the green compact, it
is possible to decrease electric resistance of the electrode 12.
Therefore, even if the powder is compression molded without mixing
with wax at step S14, heating is meaningful. With this, bonding among
powder particles in the green compact proceeds, thereby manufacturing
an electrode for electric discharge surface treatment that has
conductivity.

An electrode for electric discharge surface treatment can be



oxidized in the drying process descri bed above.
Therefore, this manufacturing nethod cannot be
directly applied to a process of nmanufacturing an

el ectrode formed with a nmetal |l igg powder likely to be
oxi dized. 10 Fig. 12 is a flowhart of manufacturing
an electrode for electric discharge surface treatnent

acGdrlifag l.fr%dt ?\et ﬁ%‘ﬂﬁer'a{k}/%bbﬂﬁed"‘above using a

connerC|a y ava| able netallic powder |ikely to be

|
Oxbghﬁﬁgnﬂﬁﬁy %allad‘ﬁ?é ?ﬁ@ta@l‘ié‘ mﬂ&'ﬁ\ﬁhqurli %@\é?é@é grain

tens the cormer y-aval e netal

aver.a d ter, of
ﬁ‘ﬁarap r@i%n%ofa&ﬁoéﬁcﬁ?%esd"?%? (518 ogfé@'“zg

mII sab m | iLn volatile al

sol vent %Yé‘?\é‘?'hﬁ\‘ & an: %'8|°\1}ré’|ﬁ%e %m%%f?cf%feg By ([J\riuﬁénethod by

hav an average grain dianeter  of m or ?S i)st eé) ,
5 ssm;mgaﬁtreptaﬂhgmm@er tlh%lynt@t*awqw'as%éheé%t% i powder is

solvent nediumare 20 put in a container for )

sepaidizednnithedrying areeess dgartibedlove cal horefore, this

el ectrode powder, that is, the netallic powder, is

c ansanufactiséng Ineeihod hannebbealirectiyiappliedrtor proaessof

a supernatant of the solvent nediumto obtain only

t hen amifalchiing awderedtedd f G328 d witte anmietdllicppedeetikaly to be
this tine is not oxidized because the sol vent nedi um

I s oxidizkgi ently 25 contained. 39 Next, the netallic
powder obtained is conpression nolded by a

10 COMP! eSS'F\?\gnFPQ%Sa %%ﬂ%?%@?%ﬁ%bﬁ%ﬁétaﬁpel%%@l)odé for electric

the follo tal ne y corrpreSS| on

TR B A A e .

Fﬁré:%%eg?c%ﬁl ”%/ana%‘?eder tath p%%vé@rnln |y0{%3§é 'ol?(?&zbﬂ has an

average grain diameter of several tens of um.
First, the commercially-availabie metallic powder having an
15 average grain diameter of several tens of um and likely to be oxidized is
crushed with a miil, such as a balt mill, in volatile alcohol or solvent
(hereinafter, "solvent medium") into grains having an average grain
diameter of 3 um or less (step S31).
After crushing, the metallic powder and the sclvent medium are
20 putina container for separation into solid and liquid. Specifically, the
electrode powder, that is, the metallic powder, is caused to settle in the
solvent medium for removal of a supernatant of the solvent medium to
obtain only the metallic powder (step $32). The metallic powder at this
time is not oxidized because the solvent medium is sufficiently

25 contained.
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enbodi nent descri bed above. In the present invention,
the netallic powder is |left being pressed by the
press until a shape of an el ectrode is obtained,
whil e volatilizing the solvent:ﬁfdiunl When a liquid
having a | ow boiling point, such as acetone, is used
as the solvent 10 nedium the solvent nedi um

volati I Rest "d'hibtafliBo R eI ULAME & cotfipiession hidided by a

this process’, since I's required 1s th

S | BERA pHEA i RS0, 853, i owing, -
in? gPE@V@}tt@&{ebcg g% S}%ﬁgé&hgﬁj %\ééﬁgdn iell[?? I @E%ﬁ{@érei’s referred

sufficient to keep its _shape, the green c act can.
bet@ReraareanGaRbare TPBBIESHNMDINAG SoffFappwder is
mediumis conpletely dried. Wiere there is no oxidized
coperionmarbusing adeobtertindheemannes degsgithad inpthe figstes

of the metallic powder fornms a netallic bond. 20 .
Therdiadienenthdescrimed alblove. pdudbe presesédneantion, the metallic
el ectrode material, an electrode having strength to

sopeweidreist | eftateing preisded. byithe@ress untlenshapa of an electrode
nmetallic powder likely to be oxidized, the netallic

POV hbiSine@Owi dbRANIzA%y tRe sasventnpedian. | Wwhea 4 liquid
netallic powder if conpacted. This is because each

mh%bﬁﬁ%.aﬁ%%ﬁbilﬁy ngﬂttgskéh %Qsétwé,hsids%magxhafsowtant

surroundi ng parti ave an increased ratio o

: Rgﬂ %@m@tﬁsbf\]{%nf'gn éd‘irufn‘?%%lé"tg%é Wikt nd ¥drk Ltﬁ'ag%sdave ral

I

' avi ng an increased grain dianeter),
therefore beconmes insensitive to heat generated when
t hEWHEP1 i ¢ powder is oxidized. Furthernore, when the

P N COMERCAC MERTAHT N Y. 1 R et

| S’mg}dium is dried to the extent that the green compact can keep its
shape, the solvent medium does not have to be completely volatilized.
Therefore, if the green compact has been dried to an extent sufficient fo
keep its shape, the green compact can be extracted from the molder
before the solvent medium is completely dried.

Where there is no oxidized coat on the surface of the metallic
powder, particles of the metallic powder forms a metallic bond.
Therefore, when a metallic powder is used as an electrode material, an
electrode having strength to some extent can be molded. Moreover,
even with a metallic powder likely to be oxidized, the metallic power is
not oxidized as far as a portion inside the metallic powder if compacted.

This is because each metallic powder particle is bonded with its many

surrounding particles to have an increased ratio of the volume to the
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portion between netal particles in the el ectrode. The
volunme of the space and oxygen that is present
therein are so small that oxidation of the netallic
powder does not go beyond oxi dafdon of its surface.
Then, once an oxidized coat is forned on the surface
of the 10 netallic powder, the netallic powder is in

ans G¥ace®es gt_ﬁrsei%i Girdualysthabs gmeoagliHavemg @minerdagld grain
entropy condition). Theréfore, even when the netallic

powﬁﬁﬁg{@zj BA4tRE r¥ordi Fbrh8dtiné Ond®d el tBeh€8gehErated when

expose alr, a portion inside Is not oxidized.
Th : rf.orgng steps S31 to S33 descri bed
abﬁ&gﬁﬂ%gyggﬁpgﬁﬁ%ﬂgt éH%E?allic 15 powder can be

prevent ed. fr,om goi ng beyaond the o0xi ' . ;

sur f ace. g:ﬂ‘i&}eéﬂgqrgr %vm%%&%gﬁggtrgéﬁﬁgﬁhgﬂ(}quﬂ |§aﬁ\ﬁggu Gilittie
furnace or a, furnace filled with. a nitrogen .. .

at FB3BRLE deftifer BRJHIR m&epwgdvbvq&%%?ng@%fﬂw rHad is, a
(step S34). Even when the green conpact is not 20
coppriéenbetwessdimetal partigies dn A@e qleciradgesding wolyge of the
make the solvent conpletely volatile during the o
heapang andoaygenAhatispresert thared ace siocsmpddhat gxidation of
surface treatnment can be nmanufactured in the manner

as titke esidiiel palaler diséngoa gocbeyend icdid gtiom aif lisbserface.
netallic powder that has an average grain 25 dianeter

of sever athdh,aKkd BatoXigidzddkebit (sofdreneéxkiofli iheds urfacé of the
t he manuf acturing nmet hod descri bed above, if the nold

| S.mé‘t%w@gbg@‘e‘%! héadadid BWd@fiigﬁhedweﬁtremél?i ling

point 0 vent nedium during pressing, if is
oG ABENEEP AT 8 1, b ahikicryoTibgerre,
Lg%vzzgll\g( gﬁ”‘h%n‘%gh%é I!iictpci)v%rdgr ?\fa%fr?&kﬁe to%&izgaecdmlfgnkﬁ%d thereon
is exposed in air, a portion inside is not oxidized. Therefore, by
performing steps $31 to $33 described above, oxidation of the metallic
powder can be prevented from going beyond the oxidation on the
surface.
Thereafter, heating is performed in a vacuum furnace or a
furnace filled with a nitrogen atmosphere, thereby producing a
conductive electrode (step $34). Even when the green compact is not
completely dried during pressing, it is possible to make the solvent
compietely volatile during the heating process.
An electrode for electric discharge surface treatment can be
manufactured in the manner as described above using a

commercially-available metallic powder that has an average grain

diameter of several um and that is likely to be oxidized.
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of 60C. If the nold is heated at such high
tenperatures as 300C to 1000C, the netallic powder is
nel ted, or bonding of the netallic powder proceeds
too much. Such problens do not ggccur with the
tenperature of the order of degrees above. 10 Al so,
even when the solvent nediumis conpletely volatilized

at  the ff ggempdniraessiing rhétortebtiibegastars, if tiee mold is
green conpact formed of the netal likely to be

%g‘aftf;%lét% hiekted Ta@Pﬁﬁlh{%tﬁiyﬁh?a BéRAETEYiAL otacdolvent

po er particle formng the green conpact is

ﬁ%%gy@t:{hﬁ@ @r&@é‘ﬁ‘\ o> W SOH08EiBiE ﬂﬂ'% dx? tlﬁ’ﬁ’é\‘il@fqmred for

e an Fncreased rat the vol une

to t he. surf ce a

oy it S 2Ly ('3?3. iy frété*?%']"* 1447 EedtBne is used as
beconmes i nsensitive,_to at_.gen

el BOYSTRBEHIT, (IS rELarable 8at mv”ﬂﬂﬁ'b% 5ﬁat%§%the order
of the powder is not oxidized. If a netall o

haof B§°6. | dhthmmeliisingated atswach Bigh tampe rsﬁ@%%ﬂ Cto
powder including acetone or ethanol should be m xe

wi 100088, the ekl pomestari isrmeiedi 94. quiiﬂﬁ&flthﬁym@é%”'c

be inproved if the powder is mxed wth wax, such as

papaiider, proceapsr oo maictl. y SW6h prolieyns dwmghccur with the
percentage to inprove the transmi ssion of pressure

f r e plehgtupeasfsthieoRigrostt degrésssabevef the powder at
t he t| me of a pressing 25 process. However, when wax

'S used, A?&?t UénWeﬁ'tﬁé@oV@eﬁﬂWmeWm W2 gihplatity eolatilized at
is preferable to use al cohol, such as ethanol, at

t h‘f’h% s‘ﬁge? %H?Hg‘ﬂhe fidalid ESw%grih% Fegdl chh[Sé’@c formed of

ng acet noI sifting

ISNS%E‘E%{;}"E&@M(; ggo ﬁ%erc&saéﬁﬁ‘?n ng(?}lﬁ&;?'i%?fr: ther%fore each

t hat
6rlnetaa I?e/powcper particle forming the green compact is bonded with its

many surrounding metallic powder particles to have an increased ratio
of the volume to the surface area (this is virtually the same as having
an increased grain diameter), and therefore, becomes insensitive to
heat generated when the metallic powder is oxidized. Thus, the
portion inside of thé powder is not oxidized.

If a metallic powder having a low moldability is used, such a
metallic powder including acetone or ethanol should be mixed with wax
before compression molding. Moldability can be improved if the
powder is mixed with wax, such as paraffin, of approximately 1% to
10% in weight percentage to improve the transmission of pressure from
the press to a portion inside of the powder at the time of a pressing

process. However, when wax is used, acetone may dissolve the wax.
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is then heated by a vacuum furnace or a furnace filled

wWth a nitrogen atnosphere, thereby manufacturing a

conductive el ectrode. The wax in the electrode is

renoved at the time of heating.4Also, if the netallic

powder is crushed in wax, no alcohol or the 10 Iike

needs to be used. However, when wax is used for

C”FﬁBi'é‘lQ)rQ)/ltGls ﬂ?@'férdﬂ!é'toQIsé AR dhdiesudmasr ethirs, at the time of

ba speed because it generally has a hi gh vi scosity,
‘SQM gedu0|ng the crushing capability. Therefore,

bead mll, it is required to increase
rot ation L] - -
t he sane”@*%‘j?ﬂfeﬁga%g%a xed, lbotgst’a m%ﬁlg?;ﬁ’%géiigﬁéiﬁhl/ng acetone

crushi n it t d ,
: Sgﬁglgagng@ Sﬂalglpgalsy;?,&&pﬁpgg m}] pgﬁ%tegrbeqtgmﬁecﬁ E%B?l(ypressmn
o b S apratonsiooh it paone CEF B Baanaye. and
in Table 1. 20 Table 1 SubstanceBO|I|ng poi n

Tolsuthe beate typyem ¥ 889 um (EHESEcONSr Hﬁnaﬁ@iaiﬁé%v'th a nitrogen

| sooct ane99. 2 Benzene80.1 Acetone56 43 Ethanol 78
atmosphere, thereby manufacturing a conductive electrode. The wax

in the electrode is removed at the time of heating.

Also, if the metallic powder is crushed in wax, no alcochol or the
like needs to be used. However, when wax is used for crushing by a
ball mill or the like, wax reduces a ball speed because it generally has a
high viscosity, thereby reducing the crushing capability. Therefore, as
for a bead mill, it is required to increase rotation speed of the mill to
obtain approximately the same crushing capability as that of the
crushing capability obtained when acetone or ethanol is used. As for a

vibration mill, it is required to increase its amplitude and vibration

speed.
Nexi, examples of a solvent medium to be volatized are shown
in Table 1.
Table 1
Substance Boiling point
Toluene 110.6
Xylene 139.1
MEK 79.6
Normal hexane | 67
Isoociane 99.2
Benzene 80.1
Acetone 56




Propanol 97. 2 But anol 128. 8 The sol vent nedia shown in
Table 1 are exanples of a solvent nediumusable for
the present invention. Therefore, in this invention,
any solvent nedi um can be used gs long as it has a
boi ling point of 5 around 100C, and as |long as the
sol vent nedi um does not corrode a container or a

pridsthaigdd in crjuShi ng. However, in consideration of
enwWroparwit, al gdhbPls, suchias ethanol, are
pricdgfaaidle. 1 n adig.Bon, if la solvent medi um having a
boiT1ng point near 60C is used, because such sol vent
medi um qui ckly volatilizes, a time 10 required for
volatilizing at the tine of pressing can be shortened.
However , The spjveat madiBahwsn iplabée Jearegxamplps Qighgolvent
quickly. If the operation requires some tine, it is _
pr afeztiabl esableufr thespiesemt inventiaom habiengfagebén thiggnvention,
poi nt as high as possible, although the tine required
f oany @avéhi Aigtiumscahdrecbyed esgidmnes.it hias Mekoijlingnpoint of
exanpl e of manufacturing an electrode for electric

5 di gEo\M@a 09T, 3fR1 hsqohgRIY ths kB e@t rhelifanidoys ast corrode a
netal likely to be oxidized is described. In general,
a Falk Ly j r AV, ion of

EBﬁT%F\SP Br aypﬁ%/saét ké‘QH ‘?ngrugﬁl’f% HBdevaR AVEsREideration

grail I amet er e ord m Such a powder

wa [ cr.ush It V) {,00- L.

& doklRBma RIS Sy A s BR, e prhtatte,

3. Table 2 dlitliorq&ltf%rIsgfve%rt%eau%q%ta ind’fb8fting point near 60°C

is used, because such solvent medium quickly volatilizes, a time

10  required for volatilizing at the time of pressing can be shortened.
However, an operation between processes has to be done quickly.
the operation requires some time, it is preferable to use a solvent
medium having a boiling point as high as possible, although the time
required for volatilizing is thereby lengthened.

15 Next, an example of manufacturing an efectrode for electric
discharge surface treatment using Cr (chromium) as metal likely to be
oxidized is described. In general, a commercially-available Cr powder
has an average grain diameter of the order of 10 um. Such a powder
was first crushed with a vibration-type ball mill. Crushing conditions

20 are depicted in Tables 2 and 3.

Table 2
Ball material | Zr0;
Diameter $1/2
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Table 3 Pot material Zr02 Pot capacity3. 6L Powdering
met hodWet Material injection anountl kg Sol vent

medi unkt hanol The material of a ball and a contai ner
of the vibration-type ball nml4qwas Zr02, and a size
of the ball was 1/2 inch. 1 kilogram (kg) of a C
povvder was put in a 3.6-liter container, and the
cont3Be? was filled 5 with ethanol. The contai ner was
t hghot/matariedl to crush t hér wder. As a result,

t hePaveapgeitgrai n di anet pB.€@f the Cr powder was able
t 0 Pewdeetidredihod2. 0 m | Waett, the GO powder crushed
wasypexéF aCifectioyaimsintM §Tkg et hanol to et the G

POVEETy it FhLAIA € 11 et gihno/The G powder was 10
al -owed—toprecrprtate for_approxi mtely 1 hour,

thereby nmaking it possible to separate the C powder

and et hanol. Thereafter, a supernatant of ethanol was

r enoved, ThizemebgriabbfarhalpaadCG cootaieer ofdheaiibratiprrtype ball
| ar ge anount of ethanol. Next, approximtely 32 grans

(Ohiffwaderd,, aﬂwd&rs@é)bwm@%mmaslﬁzt iAlsAN qukildg)rabﬁ (kg) of a

conpressi on ol . A nold having dinensions of 18.
esbntWin ér filled
the r:}%)(ﬂhé‘g?%ﬁi @{]9 'ﬁgléﬁs éh%déﬁ%ﬁggetggﬁrhﬁﬁed r|‘oressu¥vgls ne

? gﬁ;&bsﬁbﬁcﬂa%aggmaﬁﬁ { %as (;eerngﬁlb?még\}g E)% p’gt??ﬁ?ﬁé Cr powder.
ngéﬁgthﬁﬁ% %{@g%@ggﬂbﬁaﬁsger (%L hér%osvpcg%‘ﬂ%cté’ble to be
vva?egggtag?olzr?oam\éécuumfurnace at a

Next, the Cr powder crushed was extracted together with
ethanol to let the Cr powder precipitate in ethanol. The Cr powder was
allowed to precipitate for approximately 1 hour, thereby making it
possibie to separate the Cr powder and ethanol. Thereafter, a
supernatant of ethanol was removed, thereby obtaining a Cr powder
containing a large amount of ethanol.

Next, approximately 32 grams (g) of the Cr powder obtained was
taken out to be compression molded. A mold having dimensions of
18.2 mm in diameter and 30.5 mm in length was used. With the mold,
the state in which a predetermined pressure of the press was applied to
the Cr powder was kept for approximately 5 minutes, thereby
evaporating ethanol and making a green compact of the Cr powder to
be enough hard to keep a shape.

Then, this compact was heated in a vacuum furnace at a

predetermined heating temperature for approximately 4 hours to



predeterm ned heating tenperature for approximtely 4
hours to 45 manufacture a conductive el ectrode.

Et hanol was conpletely evaporated during heating and
was renmoved fromthe el ectrode.gsThrough the processes
descri bed above, it was possible to manufacture a
conductive Cr electrode wth oxidation of the Cr
powtatufabtureos eodidngtioel ol eotroaes ur thamochmdasrcompletely
oxi dation proceeding to in a portion inside of the C

poutigpord¥e¥t dudng fieRtirld BEJPNAS ¢8mdval e from théistetirbge.
surface treatnent) was perfornmed using the el ectrode

for el ectri, j f 448 t
"L e RISy IARSe s UE QSRR i RS i

Pr ﬁ\‘:aqﬁffﬁgﬂiﬂ'%i éic%@?}i&%(@ ér‘éil?étpéﬁe tv'ﬂ?g}%??d%t%ﬁ b¢%he Cr powder

val ue the el ectric-discharge ration

(electric discharge pul.se _w dtk = ' :
5 pepioresding GRVES RUace Al thelE At BhEbY to in o

surface treatnment) performng for 3 mnutes, a coat

haPPﬁ'@o%'"ﬁ'HPc‘an@%eéfp%?'bxi mately 1 nmwas able to

be forned. A photograph 15 of the coat formned byaft he

el ect ri c N cRateRositingRrecess {eHsiiici discharge seaiace

Fig. 13. In the photograph shown in Fig. 13, a thick

c o fre adin e rdp prasx p eeoang diusings thenel@cirpdehfpinelectric discharge

Concentration of the electric discharge or occurrence

of sarfalter freatment mamsfacturecbwéethvibe ©n ppwdenr asdbe eflectrode

the coat, and therefore, it can be assuned that a

10 St ahdteridl. ePe6édss charivHOwdhad uprotieadae. pédit earent value
simlar to those in the case of Cr descri bed above

ﬁ?%ﬂfw,e&ﬁ@i{ﬁ?e ltﬁb”@i@cﬁ’é?@b Héz_r@fioﬁ'(elé@tﬁcedﬁﬁﬁ‘ﬁbﬁge pulse

Is metal likely to be ©xidized. According to

thGibf) @ -STRedki ety B/58. WAS : P88k HilthE process (the electric

discharge surface treatment) performing for 3 minutes, a coat having a
thickness of approximately 1 mm was able to be formed. A photograph

15 of the coat formed by the electric discharge surface treatment is
depicted in Fig. 13. In the photograph shown in Fig. 13, a thick coat of
approximately 1 mm formed is shown. Concentration of the electric
discharge or occurrence of a short circuit was not observed on a
surface of the coat, and therefore, it can be assumed that a stable

20 electric discharge had proceeded.

Effects similar to those in the case of Cr described above were
able to be obtained with Ti or Al, for example, which is metal likely to be
oxidized.

According to the third embodiment, even when a metallic

25 powder that is likely to be oxidized, and that has a grain diameter
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25 powder that is likely to be oxidized, and that has
a grain dianeter 46 thereof 3 pmor less is used, an
el ectrode for electric discharge surface treatnent
can be manufactured wi th oxidat4gen of the netallic
powder proceeding only on a surface and w t hout

oxi dati on proceeding at a portion inside of the

Nefidrelof PAMO6F lesHisSusEB! ah dlekBbietfor Reeetriclizetiabge surface
can be selected as an electrode material for an

el gehiPeft icah K& tRhhlfactdied Wafroexidticr 8f th@at &Rilic powder
and a thick coat of netal likely to be oxidized, such

g‘tsgf%c%és&inggérél on S8 ML %Hﬂﬁe@itjh%u? JRHa8%h Yréededing at a

ric discharge surface treatnent.

When a non-.oxi di zed c .i .di z LN ; o r
i BRrien e 8 P EorEialic foRtt. “Hlivacmstal iely g e oxidized
and heat resistance can_be obtai ned Such, cgat )
chérRde splRatEY B dn Seclg B AR e hior At g QEbdp for glectric
to which the coat is applicable. Fourth Enbodj nent |

t hdischargn sirfees saatment,3pAR thigk %&é@@gﬂ '@]V to' be
another 15 electrode for electric discharge surface

t r oxidizad, auebras g Aloof g, cpndeefermaddntd pAnr-exidized state by
described. Fig. 14 is a flowhart of manufacturing

t hanedlectn o désdhargel aotface triatorentge surface

treatment. A commercially-available netallic powder

| i kel y t Qvhenaxndhzexidnas] aoat &y exalizedinaibigditengienature
of approximately 10 m 20 First, a

C ORIt & 2 \dirh 8l rereBis firldeCa RAWHRIT reiskethyicezdrebe obtained.
oxi di zed and having an average grain di aneter of

PSR TR 5 S8 PO st fla o wnicn
o TheEadtis AriicaBié) coc® (srep aaDy. o e AN
Fourth Embodiment

In the fourth embodiment, a method for manufacturing another
electrode for electric discharge surface treatiment according to the
present invention is described. Fig. 14 is a flowchart of manufacturing
the electrode for electric discharge surface treatment. A
commercially-available metallic powder likely to be oxidized has an
average grain diameter of approximately 10 um.

First, a commercially-available metallic powder likely to be
oxidized and having an average grain diameter of approximately 10 pm
is crushed in acetone, which is highly volatile, with a mill, such as a ball
mill apparatus, into particles having an average grain diameter of 3 um
or less (step 841).

Then, the metallic crushed powder is dried in a nitrogen
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25 Then, the nmetallic crushed powder is dried in a
nitrogen 47 atnosphere or an inert gas atnosphere.

Next, only a surface of the powder is oxidized while
slightly taking air in (step S4%). Wwen the netallic
powder |ikely to be oxidized is exposed to oxygen, the
nmetallic powder is oxidized, as a matter of course.
Hoammesphefe bhareinest gat dtnessplyreoxiext, tomlpa sherface of the
portion inside the netallic powder, oxidation of the
nepamdet |§Q36@@||2elf\ﬂﬁﬁéd§|gmﬂy)’ta<kmg ladr BU(StepeS42).t W hen the
powder. Once an oxidized coat is forned on the

Suﬂéﬁﬁl@ﬁohﬁ%rﬁbﬂ td BePOYEied id BRpBBEAItbI SxyfaMiahe metallic

|s In an extrenely ‘chem cally- stable condition (in a

?Bvﬁégr iQ %G O%%‘)maf[?ﬁﬁ?fc%ﬁ?se SVERWERL, ﬁfhtﬁgre is not

IOOWder avi ng oxI di zed coat forne
ggghﬁ@ﬁa'g (Her gg’ﬁl %%ISFE%Y]JIQF\ p‘%?(]i% tﬁﬁ rgéfhéi@%&a'\r\?doé}momdatnon

metallic er Is referred t as a rad
oxPhihe Rt pBs amrocergsaanl o7 Shesuitte et Bie pouter
to _air sudden|y, oxidation roceeds to Q t|on q
cefinge an exdizes goal is | L%Wféf on\Ansrﬁtmﬁ%cq@ ;Sératmstﬁ ic powder,
inside of the netallic powder is oxidized, the
methe metaingewderdsds an extremelytchamicallynstakie sondition (in a
forms an el ectric-dischargeable electrode even if the
mehigh eotiopydeondisiom) es Taerafatehexeadyhepbvibeenetalibgrowder
oxi dation of the netallic powder proceeds only on the

SURG&NRY Bhe okitizeavetelt, fopakld teraonrie extprseatlint airgtivd portion
other by a press to break the 20 oxidized coat,

theialy §H(ﬁ%)ﬂg|z%dmt%éh @ ﬁ%s@%ﬁfﬂ?ﬁﬂn@&irﬁb&iﬂzed coat on a
powder partl cles. Therefore, if oxidation of the

mét hife Begﬂg 5 RERETE 30N % fagowa;fz %c%&&

|veeectrode epro

el R R R e LabgRy. owoation

belproceeds to a portion at a center of the metallic powder. When the
portion inside of the metallic powder is oxidized, the metallic powder
loses its conductivity, and never forms an electric-dischargeable
electrode even if the metallic powder is pressed and heated. However,
when oxidation of the metallic powder proceeds only on the surface of
the powder, particles are pressed to each other by a press to break the
oxidized coat, thereby allowing a metallic bonding among metallic
powder particles. Therefore, if oxidation of the metallic powder
proceeds only on the surface of the powder, a conductive electrode can
be produced. A metallic bonding between metallic powder particles

can be promoted also in a heating process described below.

The metallic powder after drying may form large solids due to



25 The netallic powder after drying may form | arge

solids due to 48 the coagul ation of particles. To

i nprove the transm ssion of pressure of the press to

the portion inside the powder ajgthe pressing process,
the powder is mxed with wax, such as paraffin, of

approximately 1% to 10%in wei ght percentage before
pr ﬂ?ébBquié’l?dr?BY pﬁ?ﬂﬁ:l@g | tToRASidvecthe transMESoh of pressure

formabi [Tty of the netallic powder. For this purpose,

t th tﬁ@?%l;é to Qﬂt‘é“%ﬁ:{rtl%ﬁﬁg il mé‘%g'w?dér' At @& preddiAg process,

raffin l'ic powder are

|p§ﬁdoﬁ{v%$rﬂ{)§eao°ﬁ% 5( shgmaesbiﬂ?f; fRRAL 'gi%p&ﬂ%x;mately 1% to
%Wﬁ%hﬁpsg&'?ta%?fqﬂgféafe?é'f?ﬁnﬂfféﬁﬁs?%*ﬁ@ "S%@@ it gossible

the pr essi ng(Pprocess

5 sué‘h"ﬂﬁ’r@é@

tmAbiligy 0&55%12@%?%@9\%}8& id%my? R“'Pf)se the

ght percentage as required before pressin FP ,
s4m)etallm ppwgetrraétqj'odw@pgﬁgﬁt%,so,tﬁa@,tm s ch as araffin, and

formability, but the powder is ain surrounded by a

| i tjué dpetaties poydeauarientpixaad mdhgnuﬂ each oiyet, Hbergby clearing the
action of the internolecular force or the
el eohposdtion of toe eretalinc poeovdem@te b B43). sol i ds. To

fragnent the solids fornmed due to the re-coagul ati on,
the Domﬂfhéréaﬁbfrtt%dmﬁﬁﬁcﬁo@ b irandeniesidrhef peastaure from the
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obtained is nolded by a conpression press (step $46).

O°r|5%$§% %Re "Bﬂr{ﬂbﬂg nlte Rwd ey Qﬁﬂ@bf%:ﬁ?'ﬁ@c@ss the

der e nmanner described in the firs

LGS rﬂ%?é:({)hﬁﬁpw%*}b\éﬁchlé’s Eg?affm ld? oxﬂnﬁ%l"ym% to

e powder” obtal ne y conpressi on ng 'S

A g s

he?\ﬁ%ﬁrﬁn ea p\n/:)%\fv:cfelzjrmwllttwvr\}gg?m%rroves E)pl%%glllty,l{) fj the pow%er is

again surrounded by a liquid, thereby causing the coagulation by the
action of the intermolecﬁlar force or the electrostatic force, and forming
large solids. To fragment the solids formed due to the re-coagulation,
the powder is sifted (step S45).
Next, the powder obtained is molded by a compression press

(step S46). Compression molding the powder is performed using a
molder in the manner described in the first embodiment described
above. In the following, a solid of the powder obtained by compression
molding is referred to as a green compact.

| Thereafter, the green compact is removed from the molder, and
is then heated in a vacuum furnace or a furnace filled with a nitrogen

atmosphere, thereby obtaining a conductive electrode (step S47).



25 atnosphere, thereby obtaining a conductive

el ectrode (step S47). 49 An electrode for electric
di scharge surface treatnent can be nmanufactured in
the manner as described above wgh, as an el ectrode
material, a conmmercially-available netallic powder
that has an average grain dianeter of approximately

10 m andgf @I%tct#cfdé fd‘feéhécl@c lags shd rdiezguitfabe Ndtmett can be
exanpleln whi ch (chromium is used as netal |ikely

J%bm%escr%% i a4 BesBhibbleas@me hagd, Uid Bl electrode

ove, an electrode for electric
rf t [
geﬁ@%{"%‘f SRt 9%25% AU ndg an average
aver age grain dianmeter.of the rder ‘s
o an dBroger il arpeSatevo)d kT st Eh T [RRelhe oxidized.
mll. Crushing conditj ons wer m | ar, t those in
5the t hi r NftoaRi PP fB%'a%JbG\m""HHH‘ I8 {ReH Ay metal likely
was performed under condltl ons simlar to those ti]h%m
i nto babpsidized kel mpanuiastures by He maryfagiund neg as
and a container in the vibration-type ball mll was
Zr Gescripedamblové,casieiecispdelfor sk ctrigedischargeshirfaps yeatment
kg of a O powder was put in a 3.6-liter container,

angs deececibedabeiew. viasgdnddatda V@ powdetrmmnmeraially available
sol vent nmedium The container was then vibrated to

Cr hal éﬁ%v@raﬁe\@aﬁn dfsmatsestitie ofdér 6¢¢0agn. grSaidh a powder
di aneter of the Cr powder was able to be reduced to

102- Q48 ﬁNﬁXémgHé% Slj} ap\ﬂwﬂﬁfoﬁftysé wdIURDI NgCwasShivi coRdAions

cont al ner l'aced in a”dryi ng apparatus,

and
RS, g OIS e A0t dce, anc
gglﬁg?we g%% X rOXI t el% é%rﬁlggﬁg{é Eﬁ{) gtr!;\]oo% sl%wn in
?P%@%’féﬁf gﬂgvﬁ togTrlp]z:ﬂi EL,&IE%%g |ql ng? Ela anl‘i an&gntvél?r?er in the
vibration-type ball mill was ZrO,, and the size of the ball was 1/2 inch.
15 1 kg of a Cr powder was put in a 3.6-liter container, and the container
was filled with acetone as a solvent medium. The container was then
vibrated to crush the Cr powder. As a resuit, the average grain
diameter of the Cr powder was able to be reduced to 2.0 pm.
Next, the Cr powder after crushing was put in a container and
20 placed in a drying apparatus, and then was dried by being cooled with
chiller water at a temperature of approximately 10°C. The Cr powder
dried weighed approximately 1 kg. Furthermore, the Cr powder dried
was uniformly spread at a bottom of an approximately 100-liter

container. The container was first filled with nitrogen, and then air is

25 injected at 0.2 liter (L) per minute in the container so that a volume ratio
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25 injected at 0.2 liter (L) per mnute in the

container so that a volune ratio 50 of nitrogen and

air was 9:1. Then, in this state, the tenperature

inside the container was kept 53 60C and |left for
approximately 5 hours. In this manner, the surface of

the G powder crushed was slightly oxidized. |In other
wooflgitrédpen suvd airevas L ihe Thepoimdhiscstasbethentamperature inside
gradually 5 oxidized. If a pressure of a press is

| owed ednédinkRevdd RepPht 6ONDr &56 18l foragprokidiaigly Behduirs. In
powder, electric resistance of the el ectrode for

el ﬁﬂ&.rmanﬁbﬁoéﬁ@rwrfﬁaéfcﬁ(tﬁeto:ﬁ?bmr dFRBHEBACKHE Mighsly oxidized.
of the order’ | o-ohnms (k[err]), and therefore,

10
an Irflo?ﬁélr Wwords Sﬁl@%gﬁaﬁg'ﬁggtﬁ\abér ?)‘ERV neéjru]s%e‘?ivﬁ/%sbdrad ually

per ormng an e ric rge sur acetreatmen
usi.p & el ectrode for electric discharge surface
trgéf%ﬁ However, if the pressure of the press is

i ncreased. to sonme_extent at ti onpr essin .

and ol di@ PrERBUEEP Pz%r&séo'ﬁno&fergﬁeatdhep%&%e? ressing
broken, thereby _reducing the electric r ance of

© hanGl el diBadNA T PAARIo@ S el S SIANGR el §Iegyode for

Wth an oxidized coat being fornmed on the surface of

t helecteicaliscbargauriaceniseatmant mampdagtiredsis of the order of 10
chemcally stabilized, and is therefore, easy to
hakdbeomasr(ckﬁmlarmet‘rmrbﬁsr.e,wﬁ elextidb cﬁscharge cannot be achieved
chemcally-stable netallic powder, an electrode for

el egbhi gy ?ﬂesﬁimngg aP etauttiactist herjarsntfacartréatmehtiading the
by a manufacturing nmethod simlar to the conventi onal

ehéctro o By 8lectfit cﬂébﬂsrqé sOffacealrbatient.C oBueivieY if the
Therefore, a conductive ectrode for electric

o PGS 6% B11apTols SEIfTBhobEIBionS oAtk it of
br %%?ljﬂpressmg and molding, the oxidized coat of the Cr powder is broken,
thereby reducing the electric resistance of the electrode manufactured

to approximately 10.

With an oxidized coat being formed on the surface of the
metallic powder, the metallic powder is chemically stabilized, and is
therefore, easy to handle as normal ceramics. With such a
chemically-stable metallic powder, an electrode for electric discharge
surface treatment can be molded by a manufacturing method similar to
the conventional method.

However, an oxide is generally non-conductive. Therefore, a
conductive electrode for electric discharge surface treatment cannot be

manufactured unless the oxidized coat of the metallic powder is broken

by heating or pressing. With an electrode for electric discharge
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25 by heating or pressing. Wth an el ectrode for

el ectric discharge 51 surface treatnent nanufactured
wi t hout the oxidized coat of the netallic powder
bei ng broken, that is, a non-c@yductive el ectrode for
el ectric discharge surface treatnent, an electric

di scharge cannot be generated, as a matter of course.
Tos§ah¥e théetnies Momemufabrireyi Witdedt the oaldinéd tduat of the
nmetal I i c powder should be broken by applying a

Pr 8RRARICTD HREePDRIRY DRoREN! fatlisB M6 n-comMLRtveOslectrode for
nmol di ng, thereby causing a netallic bond between

neg, gfa? o‘?é’%‘ﬁiﬁ(g;ge %rgﬁgéert?éé‘ﬂn%entt, efl@RE NEEharge cannot be

manu ure uctivity, and wth the el ectrode,

it .ol r n rd [ e mr

t ngb BB gASER e g F BEBLEs e PREe Ind FIEBRIAC the oxidized
treat ossible. Thereafter, to fragnent

poriat LS aretells P Tare b SrokP R kg s

sifter havi,ng a nesh size of, 0. 1% nm was used tlo.

{1 REAGRl@rURSY ucBs Ui At ghe time ot GamPresSioNdRpfting, thereby
finely-crushed was nixed with paraffin of 8%.in
wePaHsingea deataltie bomsibaiween snetdl e Ppwdesscr Ashadesult, the
again by a sifter having a mesh size of 0.05 nm Next,
applentrode ehgndaciursid hae conduskivély, andavitbdhacglectioge, it is
out to be conpression nolded. A nold having di mensions

of pdB8sibleno gehalateraineeleztrdc 0schanye, thepetyy Mmatdag the electric
used. Then, the green conpact was heated in a vacuum

fugnRtargt suPhssl eicRitMdmpoablely 20 tenperature for
a predetermned tine to manufacture a conductive

el ectr Odq-he%%hek% ﬁéggﬁeﬁﬁ%e@ﬁgbhﬁﬁ# dhsyfated tN@ugh the

possible to obtain a uctive O el ectrode without
o R S R Y HRARS D, Sy ysea t
onIfi)ﬁely crush the Cr powder. Then, the Cr powder finely-crushed was
mixed with paraffin of 8% in weight percentage, and was then finely
crushed again by a sifter having a mesh size of 0.05 mm.
Next, approximately 32 g of the Cr powder obtained was taken
out to be compression molded. A mold having dimensions of 18.2 mm
in diameter and 30.5 mm in length was used. Then, the green compact
was heated in a vacuum furnace at a predetermined héating
temperature for a predetermined time to manufacture a conductive
electrode.
With the processes described above, it was possible to obtain a
conductive Cr electrode without oxidation proceeding to a portion inside

of the Cr powder and with oxidation of the Cr powder proceeding only

on a surface.



25 on a surface. 52 Next, a depositing process
(electric discharge surface treatnent) was perforned
using the electrode for electric discharge surface
treatment manufacture with thi ss£r powder as the

el ectrode material. Process conditions were such that
the peak current value 5 ie=12 A and the

el ectri cNbixschategsogitingtproneési(etdatric dissbaryesupfaicee
wi dth) te=approximately 8 is. As a result of the

pr geasmenth®atl gefbimeddisiaanacei@eticarefdrrelattind)scharge
performng for 3 mnutes, a coat having a thickness

of séﬁ%@xtiré@ttrﬁé%it hdﬁﬂfﬁ@ﬁj@%ﬁh?tﬁi@@rfﬁvv@@r as the electrode

Concentration o e electric discharge or occurrence

of Qrt gi ' ; n r

of "THEPBLa PHESERS ponditiis BRfe TURA IR (RO Fe S ELARRL value
st abl l ectrij,c discharge had proce adn.

5 7 oltBys Ay EbLte PIRHOR fiSchatad ERESE {elddlub Mggnarge puise
manuf act uri ng an, el ectrode for electric discharge .
suMiaiey tera ﬁ%ﬁww?y Bsiitg ASFRfesYlt of ;BBWPCPgﬁéFQP slectric
to be oxidized. A Co alloi powder, having 15 a ,
| uBischRIEes YWiape treatarant: sertymingfesSsminpetesy fyepaghaving a
hi gh-tenperature environnment is also oxidized if
i nthiokinags redtapiproxkeatelytone was dibtedo behtarstede, the
present invention is applied also to the case of
maQuirasniration af tieé edécoidedischaege arroccudisntaofa short circuit
surface treatnent using an alloy powder that includes

10 metadls hbkeb¥ebvedenoxisdrzee 80tandohgsamd theesfoges, it can be
grain dianmeter one of I m thereby making it possible

t 0 8RO HAF 1N ea 31&9BIBIGICLNE diddifargRl K4d reBestEROU
oxi dation proceeding to a portion inside of the alloy

wd ' | dat i £ the al
powder ar@]qlt%tfgr%%é@@éb‘ré%gggtlo Fadld {0 a case of

proceedi ng onl descri bed above,

ac?ﬁéﬁjﬂjﬁ%tﬁﬁné %eh fe%%rt};&dee?&pglieﬁﬁﬁ ’diggﬁé}ge surface treatment by

using a metallic powder likely to be oxidized. A Co alloy powder having
15  a lubrication property and corrosion resistance under a
high-temperature environment is also oxidized if including metal likely
to be oxidized. Therefore, the present invention is applied also to the
case of manufacturing an electrode for electric discharge surface
treatment using an alloy powder that includes metal likely to be oxidized
20 and has an average grain diameter one of 1 um, thereby making it
possible to manufacture a conductive alloy electrode without oxidation
proceeding to a portion inside of the alloy powder and with oxidation of
the alloy powder proceeding only on a surface.
As described above, according to the fourth embodiment, even

25 when a metallic powder likely to be oxidized and having a grain
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25 when a netallic powder likely to be oxidized and
having a grain 53 dianeter thereof 3 mor less is
used, an electrode for electric discharge surface
treatment can be manufactured W4 hout oxidation
proceeding to the portion inside of the netallic
powder and with oxidation of the netallic powder

pf&’%?ﬁé’idi heR&YF S%r@f@r 1e4fiaqRed M eldrtrBd@liof bkslthic

o be oxi |zed ca e selected as an el ectrode

chal é%rurfe?rfb F‘rje%'fﬁ‘lre‘?l‘?%dcnoﬁe %5ﬁhf§c‘iu%§9ﬂﬁﬁﬂﬁ oxidation

sur ace reatment and a thick coat metal |1kely

to_be ox
35%%9%3 horeaneoRS i inige S sr8 e g Hadde! BH8SHitn

I sC face .t t t. Al
S Ewnsﬂ{hﬁenzeeta@ieqfeg‘?vgqegrpg&%%fedi‘f&f%52?36Fﬂ?“&%S”*Face
o B0HKS O 0P 7 G RECL N ber 25 8T a5 %@%?mtroﬁ‘e material for
metal lic powder likely to be oxidized, there
obanieleatiodedies d ealric dischigrae s tage Hegéwt%\t a!ﬂ@ & thick coat of
result, the powder becones easy to handl e as ceram cs.
Wtﬁ*etaUhhelay toche xidizieg, stushl s FitAl, larcCpaarebe fevmed as being

if it is anetallic power likely 15 to be oxidized,

anirebatdri-osdized sthes byithedélechas gl%cswrgecmrtfaeattmtlnent.
can be manufactured by a manufacturing nethod simlar

to the coygnhtosRling 1Bithedouri émboedintesindenatdradual
fifth embodiment, a method for manufacturing an 20

el S%dl?ﬁ#‘é&\ﬁ% sefét éﬁo 2l Qlecﬁ}érrflﬁgﬁ’thbr[ﬁi\hﬂéﬂtanRx:dlzed

using a f1ne crushed In wax Ts describ

“eﬁbigPﬁseWeé%W%@%@WeS@%@a%M@ Pk jo o
Rz L R R o M e D
result, the powder becomes easy to handle as ceramics. With such a
chemically-stable metallic powder, even if it is a metallic powder likely
to be oxidized, an electrode for eleciric discharge surface treatment can
be manufactured by a manufacturing method similar to the conventional
method.
Fifth Embodiment
In the fifth embodiment, a method for manufacturing an
electrode for electric discharge surface treatment using a powder finely
crushed in wax is described.
A heatiﬁg wire is wound around a side surface of a container of
a mill container, such as a bali mill apparatus. An input to the heating
wire is adjusted such that an inner wall of the container becomes at a

temperature of 60°C to 80°C. Alcohol (propanol or butanol) having a
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25 tenperature of 60C to 80C. Al cohol (propanol or

but anol ) having a 54 boiling point of 100C or higher

is then put in the container. Next, wax of 5 weight %
to 10 weight % in weight percerjgge with respect to a
powder to be crushed is put in the container. WX
having a nelting point of approximtely 50C is used.

Af b81inteYoing cﬁUfoO“B eRtighaels gerbpubibehagostaineed Next, wax
the container, a ball nmade of zirconia for crushing

angs SWQIIQ‘?\Q%% 1(§’wtlﬁgﬁf %"‘ﬁ%élbﬁt B@i’cétﬁla‘déewnh respect to a

cont al ne he anount “of each I'nput 1s si mlar to

gps%#grérttﬁeoé R igh @mg'um?ﬁ”the B&%tgftrﬁe‘?g‘gW& Yl'f:ﬁ.fﬁ'?gS 'alt |¥|e1t|ng

d wax 1 pr oxXi mately times as

as_th I nemat I.c S
i newiscrkfnagp%rwﬁﬂt%'gn%@*? i U§8P LA fﬁ”ﬁ‘:'eﬂ%‘a’ melted by
bal | esi st ance. Wi t.hi

nabsing slitag iniba pagtaiant  BaliPade Loy ek trbsing and
al cohol is used, it is required to increase trlre
nuthfepovdeyi ter Be icsushed argrRutdin: e Cou\hﬂé‘?r t hENS ARy Nt of each
is crushed to have a desired grain diane
vi vuti isrsiimdlagttogpadl in Neatthlrdr@nbﬁﬁumﬂb tﬁéeﬂféaem-?élc viscosity
wire is increased to 15 bring the tenperature
appf thé maekég wax ihappooxinmatepoihmeectimeiscanbigh @s the kinematic
vol atilize alcohol. At this tinme, caution is required
sovidelsitiyhsf allcompsr therebyiisckeggingelminfRifte tie sbhvient medium
the flash point of wax. Upon conpletion of

Vobﬂt’dhb' Bal i@ ReSist@h&@N 0o [ddweprete Ghushivlg vitkin @Ptile as short

powder and wax are known), heating process ends. Wen
th t : | , t dt
8, B A0 et foures

ar e °ﬁv&i@}rp¢r"\?5§%$ afiosene 2%"3%;"22 | ow

23 S0 onl il 8BS0, LSIR BiAblids B4 5 et

ngﬁ;er}%%zo?\t |ssét%%p%%5 sﬁg)\(/\{n tll'lg rrﬂ)gt to the % %rtl%lgn\%lre is m%reased to
bring the temperature approximately to the boiling point of alcohol to
volatilize alcohol. At this time, caution is required so that the
temperature is kept below 230°C, which is the flash point of wax. Upon
completion of volatilization of alcohol (the weights of the input powder
and wax are known), heating process ends. When the heating process
is finished, wax coagulates due to a decrease in temperature. At this
time, coagulation of wax proceeds while the powder and wax are stirred.
When the temperature is becomes as low as approximately a room
temperature, an electrode is completed through processes identical to

the sifting process at step S45 shown in Fig. 14 according to the fourth

embodiment.
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25 enbodi ment. 55 According to the fifth enbodi nent,

by performng crushing in wax, the powder is covered
with wax even after alcohol is dried, and therefore

does not make contact with air,54 hereby obtaining a
powder that is not oxidized. Al so, conpared with the
manuf acturing nmethod 5 according to the fourth

enbodi netccorimgsid thea§iftbr emeedimant bey ererfdrating Siushiing in
Enbodi nent First, in this enbodi ment, a concept for

f owEx)dha stenger tshb@kere?cpﬁﬁtl'bWakh@l@h afieriaicdhscizadded, and
surface treatnent is described. In the conventional

el ﬁ?érréfﬁred u%@w&qn%u@f@&rﬂabt QAEHTRMN th@frebyl@b@mmg a¢owder
material, such as Ti, is chemcally reacted in oil

E:ggr?éigghere %‘Pﬁeié; dl&g&ﬁectrgaréf ectrllgtﬁa%g%ﬁg égethod
ca8GEpEng i (ot larDt epEga e A ﬁ%@bw"%e. Fhah & omittea.
surface trtgaqjérrent proceeds, a 15 material on a

suPxstheE IArsigl pi ece (work) is changed, thereby
changi ng characteristjcs, such as a ther

conduct i Vilksf, Hhthia efeberHgenh A ﬁP”CEé’&é‘P'gF‘HﬁP'{)Q Fgense thick
exanpl e, when the el ectric discharge surface

t r caninbyt theselestrio disehangess edace dseatmeni scdeseribed.

di scharge surface treatnment proceeds, the material of

t he surf dandhefcdmentiorialEleceiq dischiarge swfadmbrgadment, an
fromsteel to TiC, which is ceramc. Accordingly,

chaleetrede shatsrialsgabhas Thestdrmidaliyorcictéd in tojl Hrdugh
the nelting point, are changed. Through experinments

e &EtiRIdRY B e'tB‘fSﬂhoé hardlcdtbrddeent. fPheeefbb&! the

in such a coat Tormation process, by adding a nmateri al

| €%¥ectrode for electric discharge surface treatment includes a large
amount of material easy to form carbide.

Also, as the electric discharge surface treatment proceeds, a
material on a surface of a work piece (work) is changed, thereby
changing characteristics, such as a thermal conductivity and a melting
point, accordingly. For example, when the electric discharge surface
treatment is performed on steel, as the electric discharge surface
treatment proceeds, the material of the surface of the work piece (work)
is changed from steel io TiC, which is ceramic. Accordingly,
characteristics, such as the thermal conductivity and the melting point,
are changed.

Through experiments performed by the inventors, it has been

found that, in such a coat formation process, by adding a material less

likely to be carbonized to constituents of the electrode material, a thick
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25 likely to be carbonized to constituents of the

el ectrode material, a thick 56 coat can be forned.
This is because addition of the naterial |ess likely
to be carbonized to the electraoge increase the anount
of materials that remain on the coat remaining to be
in the sane netal state without becom ng a carbide.

Thisathésn M idhEd. anThE Bnbécsade addiken odthenpaterial less likely
thick coat. Exanples of an electrode for electric

di & BRI GfbSAIZE fo 1hé b EROHe thEfeadd te bAfdli @NmifteAals that

thick coat Is possible as described above are |isted

b . y '
bg{eqwam bR ﬁ%ﬂ@&é@%ﬁﬁﬁmgﬁbgﬁepgfgﬁnée gtggré@b RSP st%t%goymhout

ow were obtain rforme

Bl e ) S A b AR Ao

a Co wder and by further perform ng a heating

prgég ¢®8h the Co powder has a grain diameter of the
order of 4 m 15to 5 m the te rature in the

heati ng FXapugsafian e&%‘l’@%gpg%?e%ﬁ: 'ﬁﬁHPSQe surface
preferably 400C to 600C. When the Co powder has a .

gr teatmieatsyith witich ferratien off a thigk cort isigrsiblteups described
the heating process after conpression nolding is

pr abewvaldre 1is186 haoc800T he Yemperbtureés ipdhechehtisg Process
grain diameter further smaller than 1 m 20 the

t egpena e W Wdrte itadtéd ghiuapesxpetieentsqrgrfernedrby the
nol di ng may be 200C or | ower, or 1n sone cases, the

hepJditops ocess is not required. (2) Electrode for
el ectric discharge surface treatment nanufactured by

conpressi ) gL Lid8e FoP RNE@FicOdisBRard Qi rfadetirk8tment

manufactured by compression molding a Co powder and by further
performing a heating process

When the Co powder has a grain diameter of the order of 4 um
to 5 um, the temperature in the heating process after compression
molding is preferably 400°C to 600°C. When the Co powder has a
grain diameter of the order of 1 um, the temperature in the heating
process after compression molding is preferably 100°C to 300°C.
When the Co powder has a grain diameter further smaller than 1 pm,
the temperature in the heating process after compression molding may
be 200°C or lower, or in some cases, the heating process is not
required.

(2) Elecirode for electric discharge surface treatment
manufactured by compression molding a powder of an alloy hard to

form a carbide, such as Co, and by further performing a heating
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25 forma carbide, such as Co, and by further

perform ng a heating 57 process An electrode for

el ectric discharge surface treatnent manufactured by
conpression nol ding a Co-based gl oy powder (a grain
dianeter of 1 mto 3 m that includes 25 weight % C 5
(chromum, 10 weight %N (nickel), 7 weight %W
(tprgsdwn), and the like, and by further perform ng
the heating process can also forma dense thick coat.

The tenpaipbidcrdde diCeldRflit s HAgRSSuAaES tTreatment

.
conpression nolding 1s preferably higher than that for

th f [ al ~di
 n PR B EERPBstior By & cRH-4aEEE0y Fhwder @
| es. of th t f Lectri i sch

SuBrBBcTiamaltatc| REY LS Heerl et daplugRe 2 HBhEg o

h l es, si It is f h i {0
ol Bdosdumy TheoBE% N anfassh. tomaight s b efiffastepy.cand the
di scharge surface treatnent, as long as certain
colliet pBADWFwrtRat peffostning dbe haaling PpPeRiRs EAp; Heg form a
anmount (for exanple, 15 40 weight % or nore) of a
matlensel thick doab bEhedetpearaderesimoliledhpetingriioggss. after
O her than the above, using, for exanple, Fe (iron) as

t heongiress icrdenotdiray isaprefeirablyanighleedhaadéat dor the Co powder
el ectric discharge surface treatnment formed of a 100%

Febech0BE dfed @fiatdrial differdicanofehecs rduteoff PB020 to 900°C.
el ectric discharge surface treatnent forned of a steel

mat eri al whil@iAahe Yhde, awdbglinfitas dithkhsieetreeer io¥ electric

di scharge surface treatnent is possible. Al so, other

PRGBS BEIACHE ] Poc| RS, Shoft AFBMERy otner

a lg%ﬁﬁ?@fgg;gﬁcgegg i8'roBnhhaf wififhny biBcfiodE!  fhick coat can be
formed by the electric discharge surface treatment, as long as certain
conditions are satisfied, such that a predetermined amount (for example,
40 weight % or more) of a material hard to be carbonized should be
included.

Other than the above, using, for example, Fe (iron) as the
electrode material, with an electrode for electric discharge surface
treatment formed of a 100% Fe (iron} material, or with an electrode for
electric discharge surface treatment formed of a steel material,
formation of a thick coat by the electric discharge surface treatment is
possible. Also, other than the above, an electrode for electric
discharge surface treatment formed of Ni (nickel) or the like allows

formation of a thick coat in a electric discharge surface treatment.

Moreover, through experiments conducted by the inventors, it
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25 Moreover, through experinents conducted by the
inventors, it 58 has been found that, in sone cases,
even with a material formng a carbide, if the
material is finely crushed to bgga powder particle of
which a grain dianmeter is 1 mor less to manufacture
an electrode for electric discharge surface

t r Bas rIdn fORTdoiag ah isomefcdsies, elvet wittiea npaterialfoening a
5 the time of the electric discharge surface treatnent

| ScaHAEe S maiterial fs flﬁelgoéﬁjsWeQi {obb A ﬁbﬂrdé'rl s&rticle of which
coat. Such materials inclu for exanple,

(chr i ?%ﬁlré‘{‘%e | ngﬁﬁy&%egﬁb LRLPAGr ?téﬁjéfescthode for electric

perf tors, it as been found
in n
el g%&ﬁagﬁ%l SC ar%e ee{fﬁféﬁl}r géﬁ@e&?lrzégtoﬁeoﬁth?escr 'E)OdCF material at
ab ve,. vari at _thicknes

tinif o fhe FlEektt ARthaldn PG HertdBi 8 spHrEBeed, and
descrl bed beI ow, A Co-based all
di HristRassiplertofars 8 thyck gaat. | Auplde ?ezeé'ﬁéﬂ‘g‘w%fer example,
(chromum, 10 weight %N (ni ckel) 7 15 weight %W
(t Grgshepiniumianchbla (mel R&Adr essi on nol ded, and
then the heating process was further perfornmed at a
t enper at Tiheoufh&l0digsoperfontieacbyutbe dnventarsr ddeas been found
el ectric discharge surface treatnent. Then, the

el eg4t; iis the 1ebaniaries of fering @abivkntoataby pee fedeorit discharge
using this electrode for electric discharge surface

t r gatfaRet tréatrhehindesefbedubve Ovamations imcobit thickegss of the
Specific description is provi ded below. First, the

el gg E?Sﬁnégfoc%ﬁthédmgléﬁw gen S Ehlafpld 6f3§aaﬁra cH88 is

manuft:lacture I'S a cross-section of a nolder
foHe@BLg’eﬂQbél%%v powder. A | ower punch 203 was

roma |l ower portion of a hole formed on a

mol d (di %2 C%Qéasggdal%ysg %er%n&r%w?%t:%%?elt BF1||L?I3P(etro 3 um) that
includes 25 weight % Cr (chromium), 10 weight % Ni (nickel), 7
weight % W (tungsten), and the like was compression molded, and then
the heating process was further performed at a temperature of 800°C to
manufacture an electrode for electric discharge surface treatment.
Then, the electric discharge surface treatment was performed using this
electrode for electric discharge surface treatment to form a coat on a
work of an Ni alloy. Specific description is provided below.

First, the electrode for electric discharge surface treaiment was

manufactured. Fig. 15 is a cross-section of a molder for molding the
powder. A lower punch 203 was inserted from a lower portion of a hole

formed on a mold (die) 204, and a space formed between the lower

punch 203 and the mold (die) 204 was filled with a Co-based alloy




25 punch 203 and the nold (die) 204 was filled with a
Co- based al l oy 59 powder 201 including 25 weight % Cr
(chromum, 10 weight % N  (nickel), 7 weight %W
(tungsten), and the |ike. Then,sgn upper punch 202 was
inserted froman upper portion of the hole formed on
the nmold (die) 204. Then, the alloy powder 201 5 was

CORBRRRT M mldsﬁmdozsa:u@r I Cr fdtlongidnby 1@ weight % Ni
pressurizer or the |like fromboth sides of the nol der

UDL 'EQenﬂntghm%@“ tﬁU%gétgﬂs@dtﬁﬂfb iRkove by the

er ower’ punch 203. In the

fol | ow ngl‘hetnheanahbglér @%%ﬂrz@%a%o[n%r{rﬁga Frorf P ABpeP portion of

referredtoa n conpact tinme

ssure i,s applie h tro
nafiee PfTERt ﬁmi\gs@@ P04 iely Hip pY BBwaer 201

eI ectrode becones s di anet er

5 of WaSCAMAIRSS REVEN 5% PYos pcrﬁasgr%eppagg%?e?feéﬁw'&ef or the
smal |, the el ectrode becones é 8
di ah@tfapmoboﬂwdaﬁ@fyt%meezﬁhewlﬁarta@ pawger 201 described
el ectrode becones soft. 15 The green conpact is then
r eaboge By dhe wipe ey uerh 208 m%w lowar ungdud@3. In the
furnace at a tenperature of 800C, thereby obtaining a
cofficliewing therabmt pelnalerr2lie cotriressinn nildetdstredersed to as a
for electric discharge surface treatnent. To inprove

t hgré&aOmMBaEN AX tHis &ivsslr whinoahidie preesard s appRéd, the
portion inside of the alloy powder 201 at the tinme of

10 Co'éﬂ’é&?;éﬂérbedHPhQé Mardt Bﬁdahh@]ri POWGIreddird s Appadd, the

such as paraffin, thereby inproving

m%‘?@@t‘rbh@b ?5 S, OVAiQB"‘Q\ﬁ{elfme g"Qi‘PPM%rmef%rrkﬁethe alloy

IS an |nsu I Ng mat eri Far ge anount

‘3’?’&{0&@ | gég 03 C}bh gﬁh@?g r%%ﬁ%eégg Singt thé eﬁ&éﬂrﬁﬂ@r’t‘f@comes

hard, and when the grain diameter of the alloy powder 201 is large, the
electrode becomes soft.

15 The green compact is then removed from the molder and heated
in a vacuum furnace at a temperature of 800°C, thereby obtaining a
conductive compact electrode, that is, the electrode for electric
discharge surface treatment.

To improve the transmission of pressure from the press to a

20 portion inside of the alloy powder 201 at the time of compression
molding, the alloy powder 201 is mixed with wax, such as paraffin,
thereby improving moldability of the alloy powder 201. However, since
wax is an insulating material, if a large amount of wax remains in the
electrode, the electric resistance of the electrode increases, thereby

25 degrading the electric discharge property.



25 degrading the electric discharge property. 60
Therefore, when wax is mxed in the alloy powder 201,

it is preferable that wax is renoved. Wax can be
renoved by putting the green oggrpact in the vacuum
furnace to be heated. In addition, by heating the

green conpact, it is possible to decrease the electric

5 resi st Iheeefrel Mhegt aaix isompesd jn dnel alloyi powdas 201, it is
strength of the green conpact. Therefore, even when

vwaxréferible thatéfax e aéhiteed. t aNaxcHP besineove®|bdi patting the
is nmeani ngful. Next, the electric discharge surface

Eelr g?ééﬁ?%rﬁ‘ﬁé%t%rtfh%r umSitHat 8oV ERERMEE. f BT addition, by

ctric discharge surface treatnent 10 manuf actured

in e a £ ar :
or NERRDERPRSH T EQRERG ORI IRiNE 18 Bobitfisd Hfe eRéCinic
treat.nent perfornmed by an _apparatus for el '

5 o1 ST ot i arer Baiinach H e s Bhe ERhOfh of the green
el ectric discharge surface treatnent for. the purpose
of CPBIRARY orl herefare; gveR WhASD Wand? Q! P NG after
processes described above is shown in 15 Fig. 16. In
Fi gomesgian MAding ghewaningiHi ch a pul se-Ti ke
el ectric discharge occurs. The apparatus for electric
di schar g&Nextiy the electeigt disnhasdewuriace Fpgimenst was pedormed
an electrode for electric discharge surface treatnent
30us(rptied mdddteode Somplecttiel discharke 30iface weatment
dielectric fluid 303 covering 20 an el ectrode 301 and

10 2 YWakufRRAuraim e hwenidr ébsobedrboved@Msrm auppatythe work of
for electric discharge surface treatnent 304 that

ca i Il [ i h&rgk SePRIceetrBytABAt YeRtbrened by an
voﬁlﬁgg\ga%!e%uv\egﬁé ﬁgé‘ctgllcgdgtﬁ‘.fzggg@%01 and trhe Workbf;’aOZ.lr ey

el 2 R PRSI e SRR S elecirode
for electric discharge surface treatment for the purpose of formation of
a thick coat manufactured in the processes described above is shown in

15  Fig. 16. In Fig. 16, a state is shown in which a pulse-like electric
discharge occurs.

The apparatus for electric discharge surface treatment shown in

Fig. 16 includes an electrode for electric discharge surface treatment
301 (hereinafter, simply "electrode 301"), a dielectric fluid 303 covering

20 an electrode 301 and a work 302 made of the Ni alloy, and a power
supply for electric discharge surface treatment 304 that causes a
pulse-like electric discharge by applying a voltage between the
electrode 301 and the work 302. !n Fig. 16, a servo mechanism for

controlling an interpole distance, that is, a distance between the

25 electrode 301 and the work 302, a depot storing the dielectric fluid 303,
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25 el ectrode 301 and the work 302, a depot storing the
dielectric fluid 303, 61 and the like are omtted
because they are not directly related to the present
invention. To forma coat with ghis apparatus for

el ectric discharge surface treatnent, the el ectrode
301 and the work 302 are placed in the 5 dielectric

f1 4hel BRIk abE crmipRIEHetBusdthepidiernotidiegetly feldied to the
dielectric fluid 303, a pulse-like electric discharge

ispﬁ%ﬂggqugh“%ﬁn the electrode 301 and the work 302
by using the power supply for electric discharge

¢ ' . :
appl | d *‘8??&@2%t%q%i‘%utfi@*?%&%%ﬁ%@fﬁaééf ERecifiiRisEhgrgg surface
tric .10 di,sgh As_sh ' i_q. ,
antzatgty e Bleairane 300 Anddng Je’k 308 iR cnlpgedirthe
lete T S50 S Shnel 1 SeiR ndls  TH0Rin 4 Bitoctrc
di scharge occurring between the el ectrode 301 and the
mmw@@%,s, & pelsarlike eleeirs dischapee capsar hatwenmhine

on a surface of the work, or a 15 coat of a substance )
r esléctrode BldnanddbeiwarloB02hey kg thrlpomeareyupplydae electric
to the electric discharge energy is fornmed on the
sudigsieargk $hdavetkeatAseritod04ol Spetifically; hevaltage isdpplied
301 has a negative polarity, while the work 302 has a

POYeitivie@ niPletdliccYrodex 80N | fifd Hhie RIYrR3TDRGickiusesaniel étteic
el ectric discharge for 20 performng the electric

di W%&?u%@%ﬁoh{rﬁﬁ# FRt1 8, Mank Bfc %ﬂ)@mﬂté’ﬁef&ﬁric discharge

el ectric™di scharge surface treatnent having such a

oL 408 e RS L LUBEYBe 3 BRLRS o gzt

of P 52 i i B Re BB aBTRAS, p g B

17%isd§r?elzr%tesogcurring between the electrode 301 and the work 302, a
coat of the electrode material is formed on a surface of the work, or a
coat of a substance resulting from reaction of the electrode material due
to the electric discharge energy is formed on the surface of the work.
As for polarities, the electrode 301 has a negative polarity, while the
work 302 has a positive polarity.

Examples of pulse conditions of the electric discharge for
performing the electric discharge surface treatment in the apparatus for
electric discharge surface treatment having such a structure as
described above are shown in Figs. 17Aand 17B. Figs. 17A and 178
are diagrams of examples of pulse conditions of electric discharge in

the electric discharge surface treatment, in which Fig. 17A depicts a

voltage waveform (waveform of an interpole voltage) between the



25 vol tage waveform (waveform of an interpole voltage)
between the 62 el ectrode 301 and the work 302 at the

time of electric discharge, while Fig. 17B depicts a
current waveformof a current fdzow ng through the

apparatus for electric discharge surface treatnent at

the tinme of electric discharge. A voltage value and a
Cuelemitod30d an¢ thachonko302iatahertimeofdeeettc aiscliarge, while
arrow shown in each of Figs. 17A and 17B, that is, in

anrFiglPPes ddpie! & Quraintawd eefdrébf axégrreAt Sowih§ehrough the
current value is positive when the el ectrode 301 side

haﬁP?aW@tﬁo‘f%IQ@irﬁ{ H@bhaﬁ@é'ﬁrﬁ@e Wamale atitﬁeaﬁimg of electric

positive-polarity el ectrode. As shown in Fig. 17A

"ol ool YRR s D 49 B lghive n

ectric-di,schar

f del ' .
5 o foelon SLFS b Se RIS RN BT A B TR, . n
RIS E RS T RN S T

peak current value ie. Then, when the supply of the
vomhegethr elesrode 89 psideshas ainegaliyp s@latitya whilg the work 302
the current stops flowng. A duration between t2 to t1l
i sig abex poditive-pslarity aleetrodec- di scharge pul se wi dth
te. A voltage waveformin a duration between tOto t2
i s repeattadsyorpphi Bid. DtAye moblatad poltage ati i$ @pelieal Between
of a pause tinme to. That is, as shown in Fig. 17A, a

10 PUubseh Ipdies weld agre t65 2R caprintesk dinkweeflow e £tievd tbedter an
301 and the work 302. The pul se conditions used in the

pr %%&}iceéﬁgeﬁh@ﬁtge%ﬁ 1P itd HARab | alpRe dPeREreby ER{Hing the

val ue 1 e=] the electric-discharge duration

gielr?gé:‘%tgiigi%ig@?%.gegﬂﬂl\ﬁﬁta\éﬂséjémhitgﬂﬁﬁeﬁs él g aHEdischarge

processing tine is m nut es.
A %8Ita%ré &é’egﬁaqﬁg c%rr?g\wt(épfﬁis'tﬁne@ represented by a peak current

value ie. Then, when the supply of the voltage between both poles is
15 stopped at a time t2, the current stops flowing.

A duration between t2 to t1 is referred to as an
electric-discharge pulse width te. A voltage waveform in a duration
between t0 to t2 is repeatedly applied between both poles at intervals of
a pause time to. That is, as shown in Fig. 17A, a pulse-like voltage is

20 applied between the electrode 301 and the work 302.

The pulse conditions used in the present embodiment are such
that the peak current value ie=10 A, and the electric-discharge duration
(electric discharge pulse width) te=8 ps, the pause time to=16 ps, and a
processing time is 10 minutes. Also, an electrode area (that is, an

25 area to be processed) is equivalent to the area of a circle of which a



10

15

20

25

25 area to be processed) is equivalent to the area of
a circle of which a 63 dianeter is 18 nm A dense,
thick coat was able to be formed by perform ng an

el ectric discharge surface tre %ent with the
structure and conditions described above. However, a
probl em occurred in which, the coat 5 thickness of the

cogtarhetsred f8fhgred every tinme the process was
performed even with the process perfornmed under the

sane consﬂ' fi%ﬁ@é t1ER o2t vidl abfdto Ué‘ﬁ)rﬁi&cﬁb?%rfcrming an

Speci fica the anount of deposition (coa

t h@é@{?@% i\%géaég%% sﬁ%%emﬁﬁgtrggg{ g{i‘ﬁmﬁvsﬁlu%% lreogtﬁd%]nditions

was use roxi nat e e the coa
thickness of, the fgrned 10_coat.| el (We]
SOfeﬁpgg’fegu@P?ﬂ%‘se ORI af W%}ég'g'g%@%gggdge\gﬁ#cgr e coat
performn n.electrjc di rge surface treatnment was
apﬁ’i"&%ﬂﬁﬁgéﬁyﬁhf&})%'fjolrmetqswéﬂ@‘dgfj RYF TS tNG: PigRPss Was
formed coating varies even if the process is »
pepestareied gven Wit tharRrosesaiRgdpmediunder the same conditions
inconvenient in 15 view of automati nﬁ the process .
whand farthexsamedimecduiatigs. arSpecificalyi the gnrasmtedf dpposition
t he same conponent. That is, since the coat thickness

of (tbat trieknessinof iHecoatwhdn ecdraadenaw électrardeed0d ovas used
be thick, and then a process of renpbving an excess

CogfddphFokiptatie £ 50 TS wisile e adutthizgness dfrthecformed
of process tinme and cost. 20 Upon a survey of a cause

of c%‘é‘fi'?\rgvﬁhieﬂtéﬁ'é?eét'ﬂogggoﬁ Brekiness 06edidRer8Rbaystago was
ed out that the cause o

has tur f variations in coat

uni SR T p ot AR e bfiri Gicchef e ity Beafriont was

di schar %e sgerlf a@ treatment, in the space between the
po P OEMBLY W' LBt r ode for el ectric discharge

surface tl% ?ﬁé rc‘:%gli trllisékness of the formed coating varies even if the

process is performed under the same conditions, it is inconvenient in
view of automating the process when, for example, coatings are
successively formed on the same compeonent. That is, since the coat
thickness of the coat cannot be controlled, a coat is formed to be thick,
and then a process of removing an excess coating is required. This is
disadvantageous in terms of process time and cost.

Upon a survey of a cause of such variations in coat thickness of
the coat, it has turned out that the cause of variations in coat thickness
of the coat is due to an inflow of oil, which is a dielectric fluid used in
the electric discharge surface treatment, in the space between the
poles. Since the electrode for electric discharge surface treatment is

compression molded from a powdered material, its inside is in a state
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25 conpression nolded froma powdered material, its

inside is in a state 64 where nany spaces are present.

Then, several tens of % of a volunme of the el ectrode

I's such spaces, and these spacegqplay an inportant

role in formng a coat by the electric discharge

surface treatnent. For exanple, when too nany spaces

ar yHyreseahy sk hhe presbect Msken, $dversl tengtdf %fof a volume
the electrode is |low Therefore, the el ectrode

mabehhalelb&trBab i9YURH $YasePPhh@dh&¥e paces play an important
el ectric-di scharge pul se and a phenomenon occurs such

t habie HPﬂﬁn%iﬁpaa%oaf b&ﬂﬁe:é%%i ié Hi&é%@%%acéﬁﬁ%atment.

el ectrode col Fapses over wi de range. the o r

hand, if 0 S t :
mater i al A @bl SEER (R TrRhTHrss ff BLESnEEige the
causi phenopenon of shor uppl,y. of _the

o Bledode MHRLRIERYR, U tReidlBbtoBeiR NG JiEiafare. dhg electrode
making it inpossible to forma thick coat, As such

t hénatgsadds netmprmalycevsaked &y an @ﬁe?ﬁr@-e@&ws@m% and a
surface treatnment are inmportant in formng a coat. On

t h@henesRenan ecouls SiUtChhﬁ@tbbl@ﬁnf'Hlﬂﬁﬁtthrtgﬁg%IGC"lC discharge,
experinments performed by the inventors that the spaces

i nthéeletiroteand Apsesedeet aiwidd sutgr.geOpuheaeider hand, if too
treatment al so produce variations in coat thickness

of féWwes pards afldatressnt, wherelebtrodel matevdeisf o elosety aad firmly
di scharge surface treatnment is brand-new, the spaces

I N fbAfell Bféreddecalisingna phMdradnsh alfea sBYricanbbIgssf the

as the 20 nunbér of tinme for which the electrode’is

.us%qiecf:t%déhﬁﬁf‘ér%mm%‘én%lé%ﬁ?gﬁ? o 268k £34 Weaking it

i nCreases, O is t ric fluid, flows

ek BB A B b poch e, o Lhe shecee

e SPaCeRe Wlehn g §abh 8B b el BBt hpf Bt e narae
surface treatment are important in forming a coat. On the other hand,
it has been found through experiments performed by the inventors that
the spaces in the electrode for electric discharge surface treatment also
produce variations in coat thickness of the coat. That is, when the
electrode for electric discharge surface treatment is brand-new, the
spaces in the electrode are in a hollow state. By contrast, as the
number of time for which the electrode is used for the electric discharge
surface treatment increases, oil, which is the dielectric fluid, flows into
the spaces inside the electrode, and the spaces are filled with oil.

Following effects are caused when the spaces in the electrode

for electric discharge surface treatment are filled with the dielectric

fluid.



25 fluid. 65 (1) The strength of the electrode is

i ncreased because of viscosity of the dielectric

fluid in the spaces in the el ectrode; (2) An operation
of cooling the electrode at theggine of the electric

di scharge surface treatnent is enhanced because the
dielectric 5 fluid is present in the spaces in the

el ectrodey) amhe Srelem of live dlettesteiis ihtrdabedshecause of
evaporated after the dielectric fluid enters the

SP sty 6P§1§H%1é6t?ﬁ.eﬂuRﬂWtr% §phees ah tha\d|eetrbdeh
VI SCOSI ty t hat | S, resistant to vaporl zati on, renmal ns

in the el(ﬁggg\qp?BeWﬂEﬁ %W:o'onl?l SR é‘ﬂactlnfdeségﬁﬁ‘@th'?nﬁfof the

the el ect these t ree effect ove

co Rt ERa0s, %@%%%Eﬁ?%f“%ﬁﬁ%Sbﬁgng?ﬁ?iéﬁﬂé’ the dielecric

el ge surface treat t her eby makin

5.t‘ﬁ 1S preserbh S Eha S AR STt o iR BBEher hand
however, the above (three) effects nenti d _above . .
vary wit 31 r\ﬁéheﬂﬂhghd'@ g€ fiyid |§6ﬁqa£qr5g%§iaﬁtqrﬁée dielectric
coat 15 thickness of the coat. Therefore, the nore the
el dgid endersthesepacendn thesleeedropaly Rematerial bagngshigh
soaked in the dielectric fluid, the thinner the coat
bevismsity éhat isouwghistanrt td Uapo'rizad'oac hamgéns im the electrode,
treatment is performed under the same conditions and
f othéfebys morehsimy the streagth dftheelettredehi ckness of
the coat decreases. 20 To prevent this, the present

10 enbodi nenyithap et ef Bré & ledfddis Wb /e, thbﬁal@b&@ﬁb@kﬂw ber prevented
el ectric discharge surface treat ment is soaked in a

di ?hﬁﬁ%élﬁgﬂ%)&&é&ﬁ%l&l&dnéd?ﬁeaRﬁfé?f’o ‘tl‘i‘eteh@ct?iceé'fsbﬁﬁ?ge at the

with the ectric urd 1 n advance, th erey

su h

SRR BCKBR S el b ¥Rbrbnir BB PR 89 o form o
t reat ment

ense coating. On the other hand, however, the above (three) effects
mentioned above vary with time, which causes the variations in the coat

16 thickness of the coat. Therefore, the more the electrode is used, that
is, the more the electrode is soaked in the dielectric fluid, the thinner
the coat becomes even though the electric discharge surface treatment
is performed under the same conditions and for the same time duration.
Hence, the thickness of the coat decreases.

20 To prevent this, the present embodiment has a feature in which
the electrode for electric discharge surface treatment is soaked in a
dielectric fluid to fill the spaces in the electrode with the dielectric fluid
in advance, thereby suppressing variations in coat thickness of the coat
at the time of the electric discharge surface treatment.

25 That is, in a method for manufacturing an electrode for electric
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25 That is, in a nmethod for manufacturing an el ectrode

for electric 66 discharge surface treatnent according

to the present invention, after a powlered material,

that is, any one of a netallic ggwler, a netal

conmpound powder, and a ceram c powder, IS conpression

nol ded to forma green conpact, oil or a dielectric

f1 digthirgd surfade tadatntantaaccatdimd o gke pretaneinvention, after a
treatnment is caused to flow into the space inside the

gr pevdereRagiatei4E tRAPRESHAS oHR dfoa hetai®pearielf a metal
formng the green conpact are simlar to those for

SurPﬁgﬁ”e Swdist, n@cérc%‘ilgnfle FUESL 14 Somb @ERMBYenolded to

tmant escrl bed above. The el ectrode for

ﬁ(ﬁfgﬂg gfé%‘?t&%ﬁ St IatS:reaggSI%tc‘Fﬁ@tﬂdlg usQd in the ﬁlectrlc

franner sScri bed ove,

el ectrode is filled W|t 0il _or

s FdiAtR S ulrate Heath &l 8 daiad %i'@wﬁtégﬁﬁe#% inside the
t he space |nS|de he el ectrode for electric d

SUOraBE GaBAARent 1% PLOCSTLES 0B e Bronr el wa'n%h@e green
electric discharge surface treatnent. 15 \Wen t

gr 6OM AR SiEnikah oiose frft Madutapkiringthe sb@tf%ﬁ’e for electric

el ectric discharge surface treatnent, is used for

f odischiargecsaifabe ttemmantedescribed aﬁwege surface
treatment, the electric discharge surface treatnent

i s perf orTrasl eédthod d doebmtriodtisofiande shrfabe tspatmeenhis
the electrode for electric discharge surface

tr eghfiefdctiufed id ties! nvéifeodbseribbealddrali eid the ietectrode is filled
solution. Therefore, variations that occur in process

beWﬁ%u & R'PBLCHEW RS HseRm ﬂ@'eﬁibtﬁb%éél@ﬂﬁgef Strface

a predetermned tine has el apsed since

St a{geéﬂﬁ]éﬂ 504 {hels @J%éé) ul?ﬁd | {NebERfrodd fhr digcHid didchatge

the el ectrode increases

acc%éfﬁll nqggte%tr%ent i Ja‘?/an%%atgéquet@eeinﬁl §&4d P5EHd efbetric

discharge surface treatment.

When the green compact electrode, that is, the electrode for
electric discharge surface treatment, is used for forming a coat by the
electric discharge surface treatment, the electric discharge surface
treatment is performed with the electrode of which the space in the
electrode for electric discharge surface treatment is filled with oil or the
dielectric solution. Therefore, variations that occur in process between
a brand-new electrode and an electrode for which a predetermined time
has elapsed since manufactured can also be minimized.

Fig. 18 depicts a state in which a weight of the electrode
increases according to a time for soaking the electrode in a dielectric

fluid. Amount of increase in weight of the electrode is equivalent to an
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25 fluid. Amount of increase in weight of the

el ectrode is equivalent to an 67 anount of the

dielectric fluid absorbed in the el ectrode. From Fig.

18, it can be assuned that theggielectric fluid flows

into the space in the electrode within 2 hors to 3

hours. The present invention is described in nore

detaidurited fothebdradetric flideabperidd i endeldeatie. AFrom Fig. 18,
Co- based all oy powder (a grain dianeter of 1 mto 3 m

t hatcan Bel 4¢iafmEl thabrreidiglectMt flurd Ferls ththe spac% in the

(tungsten), and the like was conpression nol ded

th%étm‘j@%f@'ﬂ%ﬁé%iﬁ% KWegrd urther perforned at a

tenperature ereafter, the el ectrode having

10 been Sﬁééﬁtﬁﬂ%ﬂhshqgt ridatl h Fritdre38 tt%\?lulﬁélov* based

was used arge SUMEE T Fea

for avvorkfof an N on Here el ectric-di scharge

puP’::,'ea EBRGIMNG 8”@3% Much that the el ectrode for use

had an el e trode area (that is, an area

pr ocessed Cerbagedmlloypowdge (ﬁéﬁﬁ'%dﬁ'@ﬁferv%ﬂ hetmdord um) that
A the pulse width is 8 its, and the pause 15 tine is

16includag Ghechyeauey, Mg el brweungstam, mndthe likagas

a result, an anount of deposition (coat thickness)
wi chmpressitemyfldadbaaddhesnths beatiogeprmaess was further
approximately 100 m and the anmount when a process

wapepiarradrat aetdaysrdtate of @0QSC. t Hehes@aterc thdietectinsde having
was al so approxi mately 100 m Thus, variations in 20

t hbébﬂ%@al&id i ene eRé| e\ € fiauld €ott 8oboureakhy R d/Ast the electric
Results simlar to those descri bed above were able to

b?dim{aﬁge% BAES tmattmémero?'aeﬁbw%? drPNi allig gt r '!-Fere

di schargé surface treatnment manufactured w

gfgeétn@ gsﬂg%?ﬁ ?ﬁﬁéﬁt ﬁ%%%%g;é}@th:ﬂ% el@%%%fefor use

had an electrode area (that is, an area to be processed) of 18 mm, and
the peak current value is 10 A, the pulse width is 8 us, and the pause
time is 16 ps, and the process was performed for 10 minutes.

As a result, an amount of deposition (coat thickness) with the
use of a brand-new elecirode was approximately 100 um, and the
amount when a process was performed 7 days later under the same
conditions was also approximately 100 um. Thus, variations in
thickness of the coat were able to be nearly solved.

Results similar to those described above were able to be
obtained even with the electrode for electric discharge surface
treatment manufactured with a Mo powder and an alloy powder
including Mo; an Fe powder and an alloy powder including Fe; and an

Ni powder.



25 N powder. 68 According to the sixth enbodi nent,

t he conpact electrode nmanufactured, that is, the

el ectrode for electric discharge surface treatnent,

is soaked in advance in the dieggctric fluid used in

the electric discharge surface treatnent, and then

the electric discharge 5 surface treatnent is

per f or mechMdrhiddfo Bh& 8xtRosPBOUi Rt thedeoripacitelettrode
the spaces inside are filled with the dielectric

1 h &huf %Zuneéd”tﬁat id hl‘ﬁgvé‘iréc‘i‘ftdo%nﬁarté‘l@btl‘i’@@h’échdrgbh@rface

process tween a br'and- new el ectrode and even an

°| SRR IO88aRAa N Fvand¥ RS LR IBEMHC HIR) B88d n the

é mnim zed event i ment

e @i%?tg%’@%%%%%%ﬁ? H&éimleﬁi-dgﬁﬁiﬁﬁ?ﬁftﬂ%r fecfifc Hecnarge

enbodi ment, a nethod o he el ectrode js

5 costrtaRatrealiBAnE i pertarmem T Fheesé%?'ﬁ.cenaﬁ’%%ﬁq%\fa&émde of
surface treatnent act el ectrode)
i f whishdhecsparrs l@lée@re?llefi #ith thmélelapb’n%@wq c Iherefore,
fluid in the spaces inside the el ectrode evaporat es.
Thehefar@tions thatndectrein the peodess batveen eolrandnneyy electrode
by the electric discharge surface treatnent, it is
pr efref abkn dmeledthedelpeotuocdd aftersa (p:rredetérmioield time has
simlar to the dielectric liquid. Flow of the

di l|gpsed @ Hisd batirifezed. el ectrode is conpleted in
several hours. However, if the electrode is stored in

Oal rSé\F@ﬁifuaifiFrﬂfodl tituents prone to evaporation in
ectric flurd evaporate, while those resistant

t_O eyaporgttl %n?lg(ﬂ-ﬂ‘?'n’iﬁodlh‘i‘eﬁﬂ”%t a\%‘ét Bbﬁjﬁﬁ%%ﬁélectrode

bi ndi ng s reng powder ~ par e el ecirode

rmt Wil Has BOSn AR AILCUR the Brrbcgetdtoé]n%d tH8nE & method of

storing the electrode is described.
When the electrode for electric discharge surface treatment
15 (compact electrode) is stored, if the electrode is stored in air, the
dielectric fluid in the spaces inside the electrode evaporates.
Therefore, to eliminate the variations in coat formed by the electric
discharge surface treatment, it is preferable that the electrode is stored
in oil similar to the dielectric liquid. Flow of the dielectric fluid into the
20 electrode is completed in several hours. However, if the electrode is
stored in air thereafter, constituents prone fo evaporation in the
dielectric fluid evaporate, while those resistant to evaporation remains
in the electrode. This affects binding strength of powder particles of
the electrode material, and also affects a condition of the coat to be

25 formed at the time of performing the electric discharge surface



25 fornmed at the tine of performng the electric

di scharge surface 69 treatnent with the el ectrode.
Therefore, it is preferable that the electrode is
stored in the dielectric solutigg. That is, by storing
the electrode in oil simlar to the dielectric fluid,
it is possible to elimnate in coat variations due to

evaRatdidrwith thé dibetréde! eqivdrefares or lsgsrafarathie that the
el ectrode in the electric discharge surface

LT 8fddtPode id1QVSAERS in BIRCaIEiBCIrlc sakRpraeveral days to

evaporate the dielectric fluid absorbed in the

el ectr Odephhattitig}eb;% o?g‘ﬁ?ﬁtﬁﬁté\gc%ﬁﬁt ihogqffsijrrﬁiltaﬁgé(t‘ﬁg diBlectric

air at eac I'me” 0 processi ng
electri.c.10 di scgharqge. 0 ;
caftiddt i BeraiioAbr R tHARIR SR idng 883, Sokvagoration of
set_in.a tool changer .f ayt omatian,, . the electro

5 < thediSgetie apsergon dbdhe dleph e Bumens oBHTS di¥targe surface
long as the electrode is set wwthin a tinme in which
t h&redtmeddt ric fluid absorbed in the el ectrode does
not evaporate, and the electrode may be left in air.
15 Accor diowever thrcausmiittakesiseyierahdays fe eMaparabyéhe
for electric discharge surface treatnent is stored in

oi djelektniebyigpatsenbéddnibe alatirodeatine fohwhieh the electrode is
hardness of the electrode with time, but al so

oXipf@édd®n adf at Bachlikakrofdectoal proeéssihg (foethe etdotride
i ncludes an electrode material |ikely to be oxidized,

10 Wefs dihgrgR) 8GiEREréStnté BY) /ibdsndt Ealige Apra®ie®NgFor example,
time, oxidation of the el éectrode material proceeds to

h |
af Lagdn %?%W%‘%ﬂr{Jgeﬁr%g@T‘?q_ed &?dirtﬂ%gzéy}dfo? fiHBhidtor?fthe electrode

t he coat r her ef or e, storing the

! TRy bR ABGE AT, bl g i sictrocs
22% %léilr\\lqbﬁn% tit{rhhéiréfl\ngﬁgﬁ{tggﬁqigﬂegpﬁigglﬂiaéﬂst&b%% iﬁ'uht%e electrode
does not evaporate, and the electrode may be left in air.

15 According to the seventh embodiment, the elecirode for electric
discharge surface treatment is stored in oil, thereby preventing not only
variations in the hardness of the electrode with time, but also oxidation
of the electrode material. If the electrode includes an electrode
material likely to be oxidized, when the electrode is stored in air for a

20 long time, oxidation of the electrode material proceeds to affect a
quality of the electrode and a quality of the coat to be formed.
Therefore, by storing the electrode in oil, it is possible prevent the
oxidation of the electrode material, and to stabilize the quality of the
electrode and the quality of the coat formed by the electric discharge

25 surface treaiment using the electrode.
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25 surface treatnment using the electrode. 70 Ei ghth
Enbodi nent I n the seventh enbodi nent descri bed above,
the influence upon the formation of the coat of the
dielectric absorbed in the el ecfy ode has been

menti oned. As descri bed above, soaking the el ectrode
inthe 5 dielectric fluid is effective in preventing

thEi%ﬁh@Hb‘Hﬂiﬁfeﬁthe el ectrode material. As oxidation
e

of t el ectrode material proceeds, the powder
mat er i al Ir9§< é%%v%hﬂ? |‘Fﬁ@ﬂ9€§s¢rnl§é’d HHAE, Ghe mfluence upon
therebyrmlnglt lcult to forma dense coat. In

it f1.S0 i
i f@fufon 3 J&)"a‘itoﬁ RSl e g R Rl 1R gclrode has

ctrode ,.materi o.effect h
ol 5@?%8@“#'9“&%a%%ageﬁsﬁea%%\fe-.%Oaiﬁxﬁéé?teﬁé§ﬁfgﬁte f the
nobl e gas), such as helium or h n |ne a8rectrod
Sudieiadinid fiuishnefieeties b prevefiBganeRudatan dinsrectrode
the effect of preventing oxidation of the nmateri al
camajeriabhi eved, the effect 15 obtainable by the
dielectric fluid sufficiently absorbed in the
el ect r odés oxsidadicnbef tiehelecsthdenoratedialproeeeds, thgpowder
enbodi nent, the electrode for electric discharge

SUki#teeial roeahﬁm”léciredetcmaawgémintaommnmicsameneéxyt makéng it
t hereby preventing oxidation of the powder naterial of

t halfﬁb@ﬁttboﬁéﬁm AQ A eacH8B Ul Ih, adyitioraio Hentfethdd ofnsoaking the
which a long tine has el apsed since nmanufactured can

f OB &Ard8osR tﬁ@%el&‘&‘%né‘?ﬁﬁﬂ' H?Ere\?é?rﬁol'}‘@ Ogida®ionhef the electrode

present 1 nvention, I'S pPOSSI le to manufacture an

el ?ﬁ:}i{e&ﬂﬁtﬁ% a‘?%gc%gfe'tc‘rﬁgg't%g r?ﬁh\%@l{fgﬁ%d@ |@|aé %@:‘i.lum package
eI %?t F\Iacn Pr{esr‘fré%rsg@ hable gas), such as helium or argon, or an inert gas,
such as nitrogen. However, in these cases, although the effect of
preventing oxidation of the material can be achieved, the effect
obtainable by the dielectric fiuid sufficiently absorbed in the electrode
cannot be achieved.
According to the eight embodiment, the electrode for electric
discharge surface treatment is stored in vacuum or an inert gas,
thereby preventing oxidation of the powder material of the electrode.
As a result, even an electrode in which a long time has elapsed since
manufactured can form a dense coat.
As described, according to the present invention, it is possible to
manufacture an electrode for electric discharge surface treatment with

which surface treatment in which a stable electric discharge is

generated, and in which a thick coat can be formed without
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15

25 generated, and in which a thick coat can be forned
W t hout 71 deteriorating surface roughness. Moreover,
according to the present invention, it is possible to
manuf acture an el ectrode with aygqetallic powder |ikely
to be oxidized wthout making the netallic powder
oxi di zed during a manufacturing 5 process, and is

pogietdtigrdtthd SuMadet tyughnisal | i c coat by electric
di scharge surface treatnent. Furthernore, according to

the presemgrdJWeNhLESrdinG tbSthROSSEdEM ihPenfi@hMtds Po¥sible to
W t hout variation by the“electric discharge surface

tr ' tiid idi

o Sinfitiotuth pHRBRrbE IR FRARNRORART ey to be oxidized
APPLI CABI || T rybe . ar [ ;

G S nehind e FRARR Erded GBRs 8irhg e Riiitacuring
related to syrface tregtnment fqr. forning a coat on a
SuPTaEEsDr add i APSsIRIEdo Ri paigkmetplty omtBy eles e

15 industries related to surface treatnment for formng

a wigehargsssudace treatmente of a work piece. 72 CLAIMB

1. An electrode for electric discharge surface .

t r eat nentFurtihermetesacasddirdto the prasant nvwentiars it is possible to
di scharge surface treatnent in which, by wusing a

gr dermcagpat withogines&ton byl thedeliectnic aisaharige surface treatment
powder, a 5 nmetal conpound powder, or a conductive

C e SingoMee| exdrddeforetlectrio désclranyel serfacadreatment.
el ectric discharge is caused to take place between
the electrode and a work in a dielectric fluid or air
and, with

INDUSTRIAL APPLICABILITY

As described, the electrode for electric discharge surface
treatment is suitable in industries related to surface treatment for
forming a coat on a surface of a work piece, and particularly suitable for
industries related to surface treatment for forming a thick coat on a

surface of a work piece.
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di scharge energy, a coat is formed on a surface of the
wor k, the coat being fornmed of an el ectrode materi al
or a substance resulting from 10 reaction of the

el ectrode material to the dischpgge energy on the

pul se, wherein a powder solid fornmed through

coagul ation of the netallic powder, the netal
conpound powder, or the conddtitANdSceram c powder
included in the green conpact has a size snaller than

a di st angg dfedipideedr &hetet eiédivsigeasdriabe tredtment, the
The el ectrode for electric discharge surface treatnent

aceM e fépugbahrarleldmﬁbedagcﬁaﬁ%e%saﬁa@fe ﬂr@ﬁtrﬁ@Wﬂﬂf which, by
solid is equal to or smaller than
I
e A b L e o
powd th t
R rasﬁz%aggﬂgﬁg Y8 et UM by dne
[ th th Th | e
ol elssrads: s mus ek Plttuiaidchaog Boedusen rﬁﬁqﬂ'f% plage
one of clains 1 to 3, wherein the netal

poRgéwers thecelestiosle pBdcework B a q*wéeetr&gﬁsﬁer ﬁbrrand with

el ectric discharge surface treatnent according

cl disghargeheneigy, eheca@bisalaroiepencesurkace at the mk the coat
powder. 10 6. An electrode for electric discharge

subiedeg formeat nefran eléetrode material or a substance resulting from

reaction of the electrode material to the discharge energy on the pulse,
wherein

a powder solid formed through coagulation of the metallic
powder, the metal compound powder, or the conductive ceramic powder
included in the green compact has a size smaller than a distance

between the electrode and the work.

2. The electrode for electric discharge surface treatment according
to claim 1, wherein

the size of the powder solid is equal to or smaller than 0.3 mm.

3. The electrode for electric discharge surface treatment according
to claim 1 or 2, wherein

the metallic powder, the metal compound powder, or the
conductive ceramic powder has an average grain diameter equal to or

smaller than three um.



el ectrode for use in an electric discharge surface
treatnment in which, by wusing a green conpact
conpression nolded froma netallic powder or a netal
conpound powder as the electrodpg a pul se-like

el ectric discharge is caused to take place between
the electrode and a work in 15 a dielectric fluid or
air and, with discharge energy, a coat is forned on a
surface of the work, the coat being forned of an

el gct r oder @b dtAd d@ forre | cTHRE IAASERa iR gliFhBE tFéfMent according
reaction of the electrode material to the discharge

en , rej el ectrode is forned
by?§%ﬁﬁf§”%?ﬁéﬂ?k§§ﬂh§p§é§$ f%gﬁpomder or 20 the

it and Mo CiERak bk b Rirh AV oMU, "
in a state of being not conpletely dried. 7. An

el ectrode for electric discharge surface treatnent,
the 25 electrode for use in an_electric %i scharge .
subface tthaelasirode fonhelactripdisahage,gudagedspdtment according
conpact conpression nolded froma netallic powder or a
mett@(claighdo ke igddder as the el ectrode, a pul se-1ike

el ectric discharge is caused to take place between

t he el ectthed2o aikbyapowdieriis a steditel pewdec fluid or air

and, with discharge energy, a coat is formed on a 5

surface of the work, the coat being forned of an

el ectrode material or a substance resulting from

107 egeti on o el dGtr6ieghbr efsctiist @sbhhrd® suficepbatmeikethe
di scharge energy, wherein the electrode is forned by

COnPLEFHA", Ws‘é} iﬁgafnté@eﬁﬁkﬁﬁilsicﬁarﬁé‘@ﬁfaé& trb%@m@f%@h which, by

conmpound pO\S\}pIer finely crushed in a liquid that
Lo Bk B B ipdl BB B RS powcor or 2
t hemetal compound powder as the electrode, a pulse-like electric
discharge is caused to take place between the electrode and a work in
15 a dielectric fluid or air and, with discharge energy, a coat is formed on a
surface of the work, the coat being formed of an electrode material or a
substance .resulting from reaction of the electrode material to the
discharge energy on the pulse, wherein
the electrode is formed by finely crushing the metallic powder or
20 the metal compound powder in a liquid that volatilizes in air, and further

compressing and molding the powder in a state of being not completely

dried.

7. An electrode for electric discharge surface treatment, the

25 electrode for use in an electric discharge surface treatment in which, by
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el ectrode for use in an electric discharge surface

treatnment in which, by wusing a green conpact

conpression nolded froma netallic powder or a 15

nmetal conmpound powder as the el ggtrode, a pul se-like

el ectric discharge is caused to take place between

the electrode and a work in a dielectric fluid or air

andising tahgieat bangractroorgyressionatoided fromed metallic powder or a
surface of the work, the coat being forned of an

el egé IR MBOERY fﬁov@cﬂeraas HEdI80Bdee AUpLiisedliKa enectric
reaction of the electrode naterial to the 20

pulf&e J%% Q‘é&tﬁ?é&?o?@ﬁ%%ﬂacé%@tﬁb@nt% SleRtidRI&NHSa work in

fornme conpressi on no he nmetallic powder or

|
the ﬁ%lé‘l:trﬁ:o &daﬂo#\qrg{l thaﬁfs#:ﬁa%é %‘?Ierﬁ{(tgfco%?'lé‘q’ormed ona

fine crus n-a oxygen

in_a ere beln ust ed

oun it BhIHF STk 10 Fhtt v¥ad $eRfeaHiah Ritctiide pgteriat or a
electrlc di scha urface trea nt accordin to
onSUHStENEs feseltig %owvﬁ%a%tﬂw OFANRaISFITPE e BRiRT AR the

the netal conpound powder is a netallic powder likely

t o Padselike Q@@haﬁgguemedgyaw &redy powder having a

nmetallic 5 powder likely to be oxidized as a main

i ngr edi erthe dlectradedsdormedeby eoreprmssion ni¢kkingthe metallic
surface treatnment according to claim9, wherein the

metpdwder pote méiak eloyn pou e pmri/dhlzﬁdelyncrajsmeicbirca,liquid that
Ti, or Al. 10 11. An electrode for electric discharge

SUNA&EliZé£ BRWhilkseing| Btéd adepledsunse. in an
el ectric discharge surface treatnent in which, by

usi ng a green conpact conpression nol ded froma
nmetallic powder or a

8. An electrode for electric discharge surface treatment, the
electrode for use in an electric discharge surface treatment in which, by
using a green compact compressi_on molded from a metallic powder or a
metal compound powder as the electrode, a pulse-like electric
discharge is caused to take place between the electrode and a work in
a dielectric fluid or air and, with discharge energy, a coat is formed on a
surface of the work, the coat being formed of an electrode material or a
substance resulting from reaction of the electrode material to the
puise-like discharge energy, wherein

the electrode is formed by compression molding the meiallic
powder or the metal compound powder that is dried, after being finely
crushed in a liquid, with an amount of oxygen in a dry atmosphere being

adjusted, and is then oxidized oniy on a surface.



nmet al conmpound powder as the el ectrode, a pulse-Ilike

el ectric 15 discharge is caused to take place between

the electrode and a work in a dielectric fluid or air

and, with discharge energy, a cpgt is fornmed on a

surface of the work, the coat being forned of an

el ectrode material or a substance resulting from

re@cti on e ehectedbde foodmotrtatisehatge shefapel isealmént according
di scharge energy, wherein 20 the electrode is forned

by t6 4Ty 6REISTLIERhS 6 BN@vHEYeqd | 1 c  powder or the
met al conmpound powder having been finely crushed in

wax. 12. tAB rﬁb%.ghé d6F oPHFE I btal LoRPHSNI9E P dECR a metallic
the 25 el ec

tr eat ment, trode for use in an electric
di . f i, ' ina. .
o SRR € LSBT MY o Dotfas R0 @ motie
. t.al - ' wd
5 Do Hefioef kTR0 SRARE RP Hitain Mo dehf T b Ponere

caused to take place between the electrode and a work
in a dielectric fluid and, with discharge energy, a 5

coat is fornmed on a surface of the work, the coat _
beildy forivd@lestrade far elastogedisgahargasusiace WagmgRt according
resulting fromreaction of the electrode material to
t hdomiage9,iwkergischar ge energy, wherein oil or the
dielectric fluid for use in the electric discharge
surface theaaetaliit povdautkeiytim batweddized imt @irnalCr, Ti, or Al.
space of the green conpact 10 formed by conpression

1onol ding the netallic powder, the netal conpound
powder, or the ceramc powder. 13. An el ectrode for

el egt ri c gh H168tr88e SEF bA¢@ric' §8bRBRje sUiRicesireatmede the
for use in an electric discharge surface treatnent in

V\’hiéiEctrB}flelr%lrHfsié;g\mgggglﬁgﬁiccﬂm%trgé%'mfaﬁ?éir‘é‘&tﬁ@rﬁ% which, by

froma netallic

using a green compact compression molded from a metallic powder or a
metal compound powder as the electrode, a pulse-like electric

16 discharge is caused to take place between the electrode and a work in
a dielectric fluid or air and, with discharge energy, a coat is formed on a
surface of the work, the coat being formed of an electrode material or a
substance resulting from reaction of the electrode material to the
pulse-like discharge energy, wherein

20 the electrode is formed by compression molding the metallic

powder or the metal compound powder having been finely crushed in

wax.

12. An electrode for electric discharge surface treatment, the

25 electrode for use in an electric discharge surface treatment in which, by
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nmet al conmpound powder, or a ceram c powder as the

el ectrode, a pulse-like electric discharge is caused

to take place between the electrode and a work in a
dielectric fluid and, with di sch@rge energy, a coat

is formed on a surface of the work, the coat being

formed of an 20 el ectrode material or a substance

r ealrig &qgrieeont o@peict @dndhrdditon ehsldiedotermmatmetallictppwder, a
t he pul se-1ike di scharge energy, wherein after the

g pfstaf eBRATSU @ DEREH &Yy of (MBE RFAICOPoWRiedi dXdtHd @lectrode, a
metal lic powder, the nmetal conpound powder, or the

Ceb@. &- dRBW@I@Etrﬁéd édﬁ@gsgtag%é&e% ft?@él&é‘glét!é’ﬁﬁﬁﬁeeﬁ'the

|electr|c [ ul use in the 25 electric

d' %gélﬁg?&@%‘f@ gccilgo@{ ﬁf‘%%ﬁ‘a edtﬁccfﬂ}i'égaq}& qu ﬂto%cﬁé‘rge energy, a

i nt e green conpac

el ect for electriec disghar urf ace

aceaﬁé'sh ried A Aurtac Oiéhemr?e.ta%%i@%éﬁ?r’fm@d of an

or the npetal conpo owder avera

gf@fﬂa%%we r 1@ 84 f |r?%H'|t'{‘Haf’i°FhF%%9tfﬁ“ BE the

The el ectrode for electric di scharge surface treatnent

ac eétreirode matedia) tertbeopulseslils dischaggeengigy: ¥hereom

the netallic powder or the netal conpound powder is a

Co powdail obthead@ebtrbefluthbfaer sy in dine ety dschrirge surface

or W 16. The electrode for electric discharge surface

t r ¢atatagntds caudienpio eatemgn dnierobl spacemflibet greEm compact

wherein 15 as the material of the electrode, a

maferfmel byesbaipression miAd Nilve Rtetalid po@sepnthRmistsl
equal to or larger than 40 volune percent. 17. A

gfggﬂge%lgﬁd R AC O thBLanfibqsdwa@ee for electric

13. An electrode for electric discharge surface treatment, the
electrode for use in an electric discharge surface treatment in which, by
using a green compact compression molded from a metallic powder, a
metal compound powder, or a ceramic powder as the electrode, a
pulse-like electric discharge is caused to take place between the
electrode and a work in a dielectric fluid and, with discharge energy, a
coat is formed on a surface of the work, the coat being formed of an
electrode material or a substance resulting from reaction of the
electrode material to the pulse-like discharge energy, wherein

after the green compact formed by compression molding the
metallic powder, the metal compound powder, or the ceramic powder is
subjected to a heating process, oil or the dielectric fluid for use in the

electric discharge surface treatment is caused to enter an internal
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20 surface treatnent, the electrode for use in an

el ectric discharge surface treatnent in which, by
usi ng a green conpact conpression nolded from a

nmetal lic powder, a netal conpoupg powder, or a
conductive ceramic powder as the electrode, a

pul se-li ke electric discharge is caused to take place
betspere dhtheehesén edenpanst. a work in a dielectric fluid
or air 25 and, with discharge energy, a coat is forned
on a surface of the work, 78 the coat being fornmed of
an el ectrode nmaterial or a substance resulting from

regglion ﬂ'ﬁ i@ct?{)&&tfﬁpg?eéfﬁhedih%an%e E0FratleSGBatHENt according

energy on t rrsing: a

seltéc%éﬂ]g & pl1§sgvﬁl‘%r%gnstep of performng selection

o1uPl on S5 Fhat a povvder solid fornmed through
coagul ation of net al t he net al
5 compound BwaEraG PIHLEE Bh e ATEE! ol b bauger nas an
included in the green conpact has a size smaller than
a ayeIpgRabe @ﬁt%sqe%a PoEEN AR tNAD (HISe Mahd a

nol di ng step of conpressing and nol ding the sel ected

or 10 dissol ved powder. 18. The method for

manuf acturing an el ectrode for electric discharge

surfface tTraehectrodedor ¢lenjricadischargd purfsieer weatment according
the selecting or dissolving step, a sifter having a 15

pr ¢dedrey oneesf oathsw 2itd 14s wisedifor sel ecting the

powder solid. 19. The nethod for manufacturing an

el ect r odehkohethifietpowdeflod ¢hemaet Wdnseuhd gr3west is a Co
according to claim18, wherein the mesh width of the

et B S R BB OB eI RN BT
16. The electrode for electric discharge surface treatment according
to any one of claims 12 to 15, wherein
as the material of the electrode, a material resistant to
carbonizing includes an amount equal to or larger than 40 volume

percent.

17. A method for manufacturing an electrode for electric discharge
surface treatment, the electrode for use in an electric discharge surface
treatment in which, by using a green compact compression molded from
a metallic powder, a metal compound powder, or a conductive ceramic
powder as the electrode, a pulse-like electric discharge is caused to
take place between the electrode and a work in a dielectric fluid or air

and, with discharge energy, a coat is formed on a surface of the work,



di scharge surface treatnent according to any one of
clains 17 to 19, wherein before the selecting or

di ssol ving step, the nethod includes a 25 crushing
step of crushing the netallic ppgder, the netal
conmpound 79 powder, or the conductive ceram c powder.
21. The nethod for manufacturing an el ectrode for

el asé ldoat bHingTarmedsel dactettrede materdalicor disybsttance resulting
claim 20, wherein 5 in the crushing step, crushing is

Pekidh rl%ﬁc‘t Bna&fht'h%Véle%‘Broo@/ﬁ’fétGﬂaM@'tﬁeQ:hé‘éﬁérfye 8A8Ady on the
to or smaller than three m 22. The nethod f

?ﬁ[é&tﬁé tﬁg accgh for electric di scharge

ace g to claim20 or 21, wherein

10|nthecr Shl b ' . ‘
using a M FPISEAD ?P{ﬂﬁ%o%% SR FLohTsmriig 8idtion or
manuf act n el ectrode for el ectr di schar

5 udferalutloa it 3 AaNeETY %fgﬂveSAbr%v9%|°§ar%ﬁa%°9 pf the
22, 15 wherein the crushln step is perfor r‘{ .
solmetadhic ponder Hee metab $oMmRoYd $o %irr’ﬁrriggs‘t‘%bdlb?'ve ceramic
drying the crushed ﬁomder after the crushing step
andoxder Bdpded iRitheigrgenteopeagt hagra sieesmalier Yhan a
drying step. 24. The nmethod for manufacturing an
el eistande betwesrdhe isdeciodeand)ths wdrke @andr eat nent
according to any one of clainms 17 to 24, wherein 25

t he net hafimdlaingetap becoampresbing endcmioidingrthe selected or
di ssol ving step

10  dissolved powder.

18. The method for manufacturing an electrode for electric
discharge surface treatment according to claim 17, wherein
in the selecting or dissolving step, a sifter having a

15 predetermined mesh width is used for selecting the powder solid.

19. The method for manufacturing an electrode for electric
discharge surface treatment according to claim 18, wherein

the mesh width of the sifter is equal to or smalfer than 0.3 mm.

20

20. The method for manufacturing an electrode for electric
discharge surface treatment according to any one of claims 17 to 19,
wherein

before the selecting or dissolving step, the method includes a

25  crushing step of crushing the metallic powder, the metal compound
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80 and the nolding step, a step of m xing the powder
sel ected or dissolved at the selecting and dissolving
step with wax; and a step of sifting the powder m xed
with wax. 5 25. A nethod for mapgfacturing an

el ectrode for electric discharge surface treatnent,
the el ectrode for use in an electric discharge surface
t r patwdert or thattoridudiiveusé ramic poweerconpact
conpression nolded from a netallic powder or a netal
conmpound powder as the electrode, a 10 pul se-like

el ectric discharge is caused to take place between the

el eqt r odq N fheh WA fbr imfaRufic@LAR A elddtréd@Forkledtfie,
wi th discharge energy, a coat 1S forned on a surface

of dﬁé‘&#lﬁ%ksuﬁfgé ¢S Srﬁrﬁ'@?o‘ylalﬁ? 28! %ﬂﬁér‘%ﬁ?

materi al “or a SU stance resu tlng romreactio

t he el ect ri to t e
cer gy, e'ﬁaiﬁﬁecﬁm%ﬁinﬁm@wﬂ%%f‘s ggbﬁw o Bk HfRye an
crushing the, owder or th onpound
CORBrAgR STUDRIAT LTS SRRl T STEIS) BANBPGLE: ng
and nolding the finely-crushed netallic powder or
nmet al conmpound powder in a state of being not
completely 20 dried; and a step of volatilizing the
vol2& i | e The metbad f26 manefanturiog amelestrodadetieririsn
el ectrode for electric discharge surface treatnent
ac discharg et sudhae iredmemtcaecorddsg ito dihien 20epr 8f1, wherein
nol ding the netallic powder or the netal 81

in the crushing step, the powder is crushed by using a mill

apparatus.

23. The method for manufacturing an electrode for electric
discharge surface treatment according to any one of claims 20 to 22,
wherein

the crushing step is performed in an solution, and

the method includes:

a drying step of drying the crushed powder after the crushing
step; and

a step of sifting the powder dried at the drying step.

24. The method for manufacturing an electrode for electric
discharge surface treatment according to any one of claims 17 to 24,

wherein

the method includes, between the selecting or dissolving step
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conmpound powder, the netallic powder or the netal
conpound powder is pressed wth a predeterm ned
pressure. 27. The nethod for manufacturing an

el ectrode for electric 5 dischggge surface treatnent
according to claim 26, wherein in the step of
volatilizing the volatile solution, the volatile
soluid e inbldigasidp,zed while the netallic powder or
the netal conmpound powder is kept in a pressed state.

10 28. Thesidy BPmikitlg (ROPbAdet ddl8cl 8 Aiddvedifirthe

el ectric discharge surface treatnent according to

cl %mc’tﬁ}%gﬂgr&ggomﬁ%gég%@ g}ﬁylydé?ﬁd a step of

heat'i ng i nely-cr ne c powder or netal

e oocroad T bf SiiFh AR TRARARL B RRABE W o ot

according to any one of clains 25 to 28, wherein the
netallic powder or the netal conpound powder is a

metallic powder likely to be oxidized in air or an

al 28 povuETethadifeg margtagtyripg %\%%Qtrw?é?pef'%ﬁtb'& discharge
oxi di zed as a main ingredient. 20 30. An el ectrode for

el strfdce testnanyctheuelestodea Een weain sdcelagtrig diseharge surface
claim?29, wherein the netallic powder |likely to be
oxitrEatatentrinavhidhs bGr usifig a@reah. c@Bpatt compnessimyd molded from
for manufacturing an el ectrode for electric 82

di schwitgkicspoweee orreptemntoapuumt powderaany tloeeledtrode, a
clainms 25 to 28, wherein an al cohol or an organic

CoPIESH 1S eRRtEAIRIE BARSILyaRg pifed Bethoon th
di $453(+88e and a work in a dielectric fluid or air and, with discharge
energy, a coat is formed on a surface of the work, the coat being
formed of an electrode material or a substance resulting from reaction
of the electrode material to the pulse-like discharge energy, the method
comprising:
a step of finely crushing the metallic powder or the metal
compound powder in a volatile solution;
a step of compressing and molding the finely-crushed metallic
powder or metal compound powder in a state of being not completely

dried; and

a step of volatilizing the volatile solution.

26. The method for manufacturing an electrode for electric
discharge surface treatment according to claim 25, wherein

in the step of molding the metallic powder or the metal



surface treatnent, the electrode for use in an

el ectric discharge surface treatnent in which, by
usi ng a green conpact conpression nolded from a

metal lic powder or a netal conpgynd powder as the

el ectrode, a pulse-like electric discharge is caused
to take place between the 10 el ectrode and a work in a
di ebffidisd Powdbrothéinieite poviderdbstiangstal eoefgund powder
coat is fornmed on a surface of the work, the coat
be'ié“?rgé@émtr% &%d@t@ﬁﬁﬁf&iﬁg%s‘iﬁe@' or a substance
resulting fromreaction of the electrode nmaterial to
the pul se-like discharge energy, the nethod
conprising: 15 a step of finely crushing the netallic

powder or. the metal [ :
Cr 85" or *datp MelBPAgos TRERBIBRARREE el dhuPoee Tet Ristric
netal lic powder in state of Dbeing not npl et el.
5 o (exENaT8E BB AES tERAtMERAARCP IR 11¥ FREN PRo W A REN
finely-crushed netallic 20 powder or netal conpound .

powder . 38.i1ha siepriavalatlizsuthevolatilg S&ﬁ“%@%cﬂf%aglame

for electric discharge surface treatnent, the

el solutieke is yolatdizadwhiledhecatalligi pewdegerdhefmetal compound
treatnment in which, by using a green conpact

compuvesesi isnkepl ided freese@Stateretal [ i ¢ powder or a

net al conmpound powder as the el ectrode, a 83

pul se-1ike electric discharge is caused to take pl ace
between the electrode and a work in a dielectric

101 ywigd or Bid ndod¥orimdhafduERg M IEstro8edoRtkelédtric
formed on a surface of the work, the coat being

f Orﬁﬁﬁfg@gefaguﬁéﬁe%é’gﬁn@igﬁ%{;é&ldiﬁ t8 4R M) GRherein

resu romreaction the €l ectrode material to

the pul Sﬁ'B!ei %Stﬁéé?ﬁ]&ﬁggse‘a{@{&yof%@%tﬂ% ﬁ%dfinely-crushed metallic

conpri si

powder or metal compound powder after compression molded.

15 29. The electrode for electric discharge surface treatment according

to any one of claims 25 to 28, wherein
the metallic powder or the metal compound powder is a metallic

powder likely to be oxidized in air or an alloy powder having a metallic
powder likely to be oxidized as a main ingredient.

20
30. An electrode for electric discharge surface treatment according
to claim 29, wherein

the metallic powder likely to be oxidized in air is Cr, Ti, or Al.

25 31. The method for manufactﬁring an electrode for electric



10

15

20

a step of finely crushing the netallic powder or the

metal conpound powder in a liquid; a step of drying

the finely-crushed netallic powder or netallic 10

powder; and a step of conpressigyy and nol ding the

dried netallic powder. 34. A nethod for manufacturing

an electrode for electric discharge surface

tr apddRithe dUtfadd eaddiahtiadcdiding fo anyedesiofictaims 25 to 28,
di scharge surface 15 treatnment in which, by using a

ar egfereffpact conpression nolded from a netallic

powder or a netal conpound powder as the el ectrode, a

pul se-1i I [ ' ; ' t i
bet veen EReTEEL bF AL SERANESAIFpAFISateh s HEPVBIANE solution.
fluid or air and, with discharge energy, a coat is

formed on a surface of the work, the coat being 20

formed of an . el ectrode teri.al or ubst ance o

oS4t ti nd FIRSHPAISE Menuiasturing 4 efaatieds folt glactic discharge
the pul se-like discharge energy, the nethod , .
cofpriasenijeatmenbgher elechode g?rulﬁﬁ iy anvelegirig digcharge surface
powder or the nmetal conpound powder in a volatile
soltngdtorgntds whiche Pyosingya gyeen<amaparycempygeaion molded from
nmetallic powder or nmetal 84 conpound powder in an

i nar megalicgrowdpher & metat epmyfounrchpowdey asxihe giegjrode, a

the dried netallic powder or nmetal conpound powder;

ang SRR Glbcalistiiirge isrshusdditntakdelace between the
gradual | y-oxidized 5 netallic powder or netal

T BOLISBONIES IR BYSRIIRG g i wngigonaroe
aCNIh0%a (4t 181 8hmad WS §hiface of the work, the coat being
formed of an electrode material or a substance resulting from reaction
of the electrode material to the pulse-like discharge energy, the method
comprising:
a step of finely crushing the metallic powder or the metal
compound powder in a liquid;
a step of compressing and molding the finely-crushed metallic
powder in a state of being not completely dried; and

a step of removing the liquid from the finely-crushed metallic

powder or metal compound powder.

33. A method for manufacturing an electrode for electric discharge
surface treatment, the electrode for use in an electric discharge surface

treatment in which, by using a green compact compression molded from

25 a metallic powder or a metal compound powder as the electrode, a



when the gradual | y-oxidi zed netallic powder or netal
conpound 10 powder is conpression nolded, a pressure
is applied so that an oxidized coat forned on the
metal lic powder or the nmetal coggpound powder through
gradual oxidation is broken to cause the powder to
achieve a netallic bond. 15 36. A nethod for

nmapyfscliveidigchit 8lseblargdas foauselde® tike gisvehbeteeen the
surface treatnent, the electrode for use in an

el 8fddttSddlat@NISTISIHY 4 381 ctii® MUTE B diP amdl With Bischarge

usi ng a green conpact conpression nolded from a

or ERprf F SR RanfeTRina LAY BF A Mk, Hie @t bejng

ul se-TT ke el
o s R alkpiRoa et o SLARERA feulRbToh faction

coat is fornmed on surface of, the work, the coat
5 bePhihe iPHIRdBMaRETA o, euBU v ks Hschirge§iatan dpe method
resulting fromreaction of the electrode material to
t hEOPIRI® NG ke di scharge energy, the nethod
conprising: 25 a step of finely crushing the netallic
powder ol step ekfing!yBerushipadhe pelalie Howdexer Hie metal
step of conpressing and nol ding the finely-crushed
metceth peung pothederoin adigalid,conpound powder. 5 37. A
nmet hod for manufacturing an el ectrode for electric

di schargg sﬁ-,gr badeyihgaaenmély-¢ s heldesietallie powdeserimetallic
an electric discharge surface treatnent in which, by

musitdg,gY@e,graqﬁw conpact conpression nolded from a
nmetallic powder, a metal conpound powder, or a ceramc

powder as, sfé]?o?ksgﬁj;rggtggl?gagplrﬁﬁtdihbechﬁl &Géd rfetallic powder.

di scharge 1s'cause ace 10%between the
electrode and a work in a dielectric fluid and, with

34, A method for manufacturing an electrode for electric discharge
surface treatment, the electrode for use in an electric discharge surface
15  treatment in which, by using a green compact compression molded from
a metallic powder or a metal compound powder as the electrode, a
puise-like electric discharge is caused to take place between the
electrode and a work in a dielectric fluid or air and, with discharge
energy, a coat is formed on a surface of the work, the coat being
20 formed of an electrode material or a substance resulting from reaction
of the electrode material to the pulse-like discharge energy, the method
comprising:
a step of finely crushing the metallic powder or the metal
compound powder in a volatile solution;

25 a step of drying the finely-crushed metallic powder or metal



di scharge energy, a coat is formed on a surface of the
wor k, the coat being fornmed of an el ectrode materi al
or a substance resulting from reaction of the

el ectrode material to the pul seghi ke di scharge energy,
the nethod conprising: 15 a step of formng a green
conpact by conpression nolding the netallic powder,

t heoffieh i n€ PoedddinPandRest gis Bihoepharec powder; and
a step of causing oil or the dielectric fluid for use

in the elpgfdd 6f gP%(?L‘PQW B%i B ¥ia HFi@GtrﬁE[‘:%lgb%Aﬁﬁﬁéf or metal

an i nternal spac the green 20 conpact.

m%‘?}?ﬁpé@ﬁdﬁ)ﬁﬁ@lﬂaﬁd ng an el ectrode for electric

discrarge_ rface treatnent, the electrode for use in
si ﬁlge;t 54%% @Eﬁﬁ&&ere%%fé@girhﬁﬁﬂh%@% gragifygxtdtzed

s pounetals Pow darotmetel 6a@ P ELPeBaT ke electric
di scharge is caused to take place between the

el ectrode and a work in a dielectric fluid and, wth
di scharge energy, a coat is fornmed on a surface of the
words. t hllmmethiodi fiog menufactofingrar eéeetrode fahetestsic
or a substance resulting from5 reaction of the

el efitchamyestdaceltreatnmért aocerling ke aaisc (3, geherangy,
the method conprising: a step of form ng a green

conpact kyh&RnReepadealyadxldined hetahiet pbivider owretal compound
the netal conmpound powder, or the ceramc powder; a

105t e PRAEO P rESSiIoW PRIMEQ MR Tessansl islApplistiai Mhat an
causing oil or the dielectric fluid for use in the

el L i r&.ac t b Shefd] d
| n%‘ﬁ%%ﬁ%ﬁﬁ%ﬁé“ﬁ‘&ﬁeﬁ% fGREet 8r 8hé Fhefl compoun
powder through gradual oxidation is broken to cause the powder to

achieve a metallic bond.

15  36. A method for manufacturing an electrode for electric discharge
surface treatment, the electrode for use in an electric discharge surface
treatment in which, by using a green compact compression molded from
a metallic powder or a metal compound powder as the electrode, a
pulse-like eleciric discharge is caused to take place between the

20 electrode and a work in a dielectric fluid or air and, with discharge
energy, a coat is formed on a surface of the work, the coat being
formed of an electrode material or a substance resulting from reaction
of the electrode material to the pulse-like discharge energy, the method
comprising:

25 a step of finely crushing the metallic powder or the metal
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conpact. 39. The nethod for manufacturing an el ectrode
for electric 15 discharge surface treatnent according
to claim37 or 38, wherein a powder having an average
grain dianeter equal to or snaldger than three mis
used as the netallic powder or the netal conpound
powder. 20 40. The nethod for manufacturing an

el gsinpimd powele®Ghrw&x; ghgcharge surface treat nent
according to any one of clainms 37 to 39, wherein a Co

powder, g@rsta CE‘}f't*ﬁlf’ﬁf’lﬁ@'@{;éﬁnQ'a'u‘i’d’nﬁk‘i‘l'ﬁ!ﬁrt?’%t‘rhé‘@in@'ly-c:li*fllsIﬁ)édW\etallic

used as the netallic powder or e netal conpound

is
glo : Yerot rﬁgtéll]corﬁplsuﬁamﬁggr manuf act uri ng an

rode for elec C arge surface treatnent
according to any one of claim37 to 40, wherein as
the material of the electrode, a material resistant to
5 rboni_zi ng, cont ai ns nmount_ equal, t rolarger ..
Uhdf: 40 Gomgtacd fef mandtaghinng an disbtade foy, ¢ f5Hn discharge
el ectrode for electric discharge surface  treatpent,
t heueipest treaunent. theeelprtrgdedoidisg I ans%ﬁairg%dmss surface
10 treatnment in which, by using a green conpact .
cotneadmENG in whigbd Diyresinga @6ean (6o pawkiermpiessiogq molded from
conmpound powder, or a ceram c powder as the
el aahetallic powdés e hidtal ebapalngd powstedr ge ai geraniscpiowder as
to take place between the electrode and a work in a
di Heelsdteodé uadasdlike eleotiis cliselyrgenisr cgused dodake place

formed on a surface of the work, the coat
between the electrode and a work in a dielectric fluid and, with
discharge energy, a coat is formed on a surface of the work, the coat
being formed of an electrode material or a substance resulting from
reaction of the electrode material to the pulse-like discharge energy, the
method comprising:

a step of forming a green compact by compression molding the
metallic powder, the metal compound powder, or the ceramic powder;
and

a step of causing oil or the dielectric fluid for use in the electric

discharge surface treatment to enter an internal space of the green

compact.

38. A method for manufacturing an electrode for electric discharge
surface treatment, the electrode for use in an electric discharge surface
treatment in which, by using a green compact compression molded from

a metallic powder, a metal compound powder, or a ceramic powder as
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15 being fornmed of an electrode material or a
substance resulting from reaction of the el ectrode
material to the pul se-like discharge energy, wherein
the electrode for electric discggarge surface treatnent
is stored by being imersed in oil or the dielectric
solution for use in the electric 20 discharge surface

tr god Bpadtrods, adbureehng efecttiordischaryecisecanseie tbdake place
el ectric di scharge surface treatnent, the el ectrode

f OpepBehnthdeRictidided andis Wirk IR asblfé@éﬁlc fIuRABABNWITH
whi ch, by u3|ng a green conpact conpression nol ded

frglig% % vvd edry) @%P%rf’or dBbil a %Fﬂ%\%‘éngfsﬂ%’%rk e coat

a ceram the ectrode e-lik

ctric dis rge | I
EhBeuid oft éoﬁ%g%ﬁ@éf‘?ﬁﬁa{eﬁli S BuESfanRE reEghing from
with disc e en Y, coa or rface
o TonelioRal theiSehate warsat it s PhISEiHRE BafhBidS Bneray, the
material or a substance resulting from5 reaction of
t henelhed peRerifReri al to the pul se-1ike di scharge
energy, Wwherein the electrode for electric discharge
surface tarstemehforiningt agsaencompashbyaampreasion molding the
at nosphere that prevents oxidation of the netallic
powwletalli¢ pewdsrathe omeial conppowied posvdeherdbegrramic powder;
powder. 10 44. The method of storing an el ectrode for
el ectri c Asrhaf aeatipyrthacgrégresbmpictaandrding to

cl ai m 43, wherein the non-oxidative atnosphere is a
vacuum atgTeegHief @afkim ol M theddizle &ritoBpildelo?-use in the electric
discharge surface treatment to enter an internal space of the green

compact.

39. The method for manufacturing an electrode for electric
discharge surface treatment according to claim 37 or 38, wherein

a powder having an average grain diameter equal to or smaller
than three pm is used as the metallic powder or the metal compound

powder.

40. The method for manufacturing an electrode for electric
discharge surface treatment according to any one of claims 37 to 39,

wherein

a Co powder, or a Co-based Co alloy containing Cr, Ni or W is

used as the metallic powder or the metal compound powder.

25
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41. The method for manufacturing an electrode for electric
discharge surface treatment according to any one of claim 37 to 40,
wherein

as the material of the electrode, a material resistant to
carbonizing contains an amount equal to or larger than 40 volume

percent.

42. A method of storing an electrode for electric discharge surface
treatment, the electrode for use in an electric discharge surface
treatment in which, by using a green compact compression molded from
a metallic powder, a metal compound powder, or a ceramic powder as
the electrode, a pulse-like electric discharge is caused to take place
between the electrode and a work in a dielectric fluid and, with
discharge energy, a coat is forfned on a surface of the work, the coat
being formed of an electrode material or a substance resulting from
reaction of the electrode material to the pulse-like discharge energy,
wherein

the electrode for electric discharge surface treatment is stored
by being immersed in oil or the dielectric solufion for use in the electric

discharge surface treaiment.

43. A method of storing an electrode for electric discharge surface
treatment, the electrode for use in an electric discharge surface
treatment in which, by using a green compact compression molded from

a metallic powder, a metal compound powder, or a ceramic powder as
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the electrode, a pulse-like electric discharge is caused to take place
between the electrode and a work in a dielectric fluid and, with
discharge energy, a coat is formed on a surface of the work, the coat
being formed of an electrode material or a substance resulting from
reaction of the electrode material to the pulse-like discharge energy,
wherein

the electrode for electric discharge surface treatment is stored in
a non-oxidative atmosphere that prevents oxidation of the metallic

powder, the metal compound powder, or the ceramic powder.

44, The method of storing an electrode for electric discharge
surface treatment according to claim 43, wherein
the non-oxidative atmosphere is a vacuum atmosphere or an inert gas

atmosphere.



