24 January 2007 1 SPECI FI CATION TITLE OF THE | NVENTI ON El ectrode for

el ectric discharge surface treatnent, nethod of electric discharge surface
treatnment, and apparatus for electric 5 discharge surface treatnent.

TECHNI CAL FI ELD The present invention relates to an electrode for electric
di scharge surface treatnent, a nethod of electric di schardfelasuysfy2087 10
treatnment, and an apparatus for electrilc di scharge surface treatnent. The
el ectrode is a green conpact and the like fornmed by conpression nolding

nmetal powders, netal conpound po , am ¢ powders. A pul sed
el ectric discharge is generated %@E’@gﬁw@f"& ectrode and a work, and, a

coat of the material of the electrode 15 is forned on the surface of the

work, or a_coat of a substance that is generated by a reaction due to the
el ectric dikcher@& Ehds §NVENTHEON naterial of the electrode is forned on
the surface of the work using the energy of the discharge. 20 BACKGROUND
ART A techni que Etectrogederelectiic disonargssurtaretraaimentinethod &fi st ance
of a netallic naterial by coating the surface of the netallic material by
means of agldatrid qisdheal@et surfadiestheaiyeelt, danbappatdns for electric

5 discharge surface treatment.

TECHNICAL FIELD
The present invention relates to an electrode for electric
discharge surface treatment, a method of electric discharge surface
10 treatment, and an apparatus for electric discharge surface
treatment. The electrode is a green compact and the like formed by
compression molding metal powders, metal compound powders, or
ceramic powders. A pulsed electric discharge is generated between
the etectrode and a work, and, a coat of the material of the electrode
15 is formed on the surface of the work, or a coat of a substance that is
generated by a reaction due to the electric discharge energy of the
material of the electrode is formed on the surface of the work using

the energy of the discharge.

20 BACKGROUND ART
A technique for improving corrosion resistance and abrasion
resistance of a metallic material by coating the surface of the

metallic material by means of an in-liquid electric discharge



machi ni ng has been known. One such technique is described below For
exanple, the followng nethod is disclosed (refer to the patent literature
1). In the nethod, an electrode forned by 5 conpression nolding a m xture
of WC (tungsten carbi de) powder and Co powder is used to deposit the
material of the electrode on the work by in-liquid pul sedft dan@nt 2Q07

di scharge, then a re-nelting dischargenmachining is carried out using

ol oot rode) MASBRTAS s FEEREBW T, ARy SRR s ARG oci on. 11

ot her wordE, WC-Co is deposited on the work (base nmetal S50C that is a
ki nd of st sfowprescri bed by Japanese Industrial Standard JIS G 4051) using

an electrode of a green conpact m xture of - Co by performng,t

in-1iquid di schaF§é& Q?iaﬁ:'ﬁipﬂﬁfgg"? rfPl'ﬁ&‘f'QQn@@rﬂh%\ﬁn'@)?'%g§%au@ﬁf?etqgﬁe
re-mel ting machini ng (secondary nmachi ni ;g% Is perforned using an

el ect r ode, poient aJ$tecf6é)lpée d).ecthoddie tmethed, nan edasthase viarmedapydly. As
a result, the deposited structure had a | ow hardness (Vickers hardness Hv)
of aboult Heeiii@swidnt merdingree mixtote aff WQI s ngistehecarkide!) poawdsti nary
machi ni ng; however, the voids in the 20 coat di sappeared and the hardness

i nproved tandveb/pOwafdrers Uked tedwlddingheanhiteriay ofathepeléctroele an t he
secondary machining. Thus, a hard coat with strong adhesion to the work,

whi ch is spigelworie @y be- 1Rl Pads &b edl elchfi ca@rcardrg, | onal apbbe|tiagused.
However, with the above-nentioned nethod, it is difficult to 24 January
2007 discharge machining is carried out using another electrode (for
example, a copper electrode or a graphite electrode) to obtain a film
10 with higher hardness and higher adhesion. [n other words, WC-Co
is deposited on the work (base metal S50C that is a kind of steel
prescribed by Japanese Industrial Standard JIS G 4051) using an
electrode of a green compact mixture of WC-Co by performing the
in-liquid discharge machining (primary machining), subsequently
15 re-melting machining (secondary machining) is performed using an
electrode, such as copper electrode, that is not consumed very
rapidly. As a result, the deposited structure had a low hardness
(Vickers hardness Hv) of about Hv=1410 and there were a lot of
voids at the end of the primary machining; however, the voids in the
20 coat disappeared and the hardness improved to Hv=1750 after the
re-melting machining was performed as the secondary machining.
Thus, a hard coat with strong adhesion to the work, which is steel,
can be obtained when the above-mentioned method is used.

However, with the above-mentioned method, it is difficult to



3 forma coat having strong adhesion to the surface of the sintered
material such as cenented carbide as a work. In this connection, it was
confirmed in the research perforned by the inventors of the present

i nvention that it was possible to forma sturdy hard coat on 5 the surface
of the netallic work without performing the step of re- et damgry 29

el ectric discharge is generated betweerdthe work and an el ectrode of such

el P A8 A o RS Sro slre ohe

to the gener reactio e material of

t he el ectrode, ich is attrited b Q.electri hal ban C
that is a E}ﬁtﬁ \F%Jrﬁ UG atsh%emcﬂrﬁlegc%/?'igtydpl ¢ & Vel ugt @fhg oeﬂ%?tgﬁé ﬂs

di sclosed in which an electric di SCB e i S }Ied bet E ﬁl ectrode
of green cHasaconfifgied incthgsaseare 5@0"1‘“ WE i8INS ISIB) &nd a
work to form 15 nore sPeedl |y a hard coat having h| gher adhesi on than when
a materiaPresent ivantips theddt wag @ossibiento patram stuidy fardecodt opur t her,
a technique is disclosed to speedily forma hard coat having vari ous
charact®ri thécsudacke ad tighmiedadicessorndvithght apeefoiroringethet stame ofpy
generating an electric discharge between a work and an 20 el ectrode of

green conpagimettings ¢daaf e fetricddisuirargas isTigidh e rate t adnetwe el dinied@jonki t h
which different nmetal or ceranmic are m xed. Miyreover, there is a

di scl osur e apfy @ﬁ@l@@frdo%cbf‘b%ﬁ ma%rlhﬁéﬁhﬁ&hbh%rmts harcoeasbides Thepr oduce
a sturdier electrode only by performng a prelimnary sintering (refer to
the patent gbitff ALYE €o3t-is formed due to the generation of TiC as a result of
reaction between the material of the electrode, which is attrited by
10 electric discharge, and carbon C that is a component of the
dielectric fluid.

Further, a technique is disclosed in which an electric
discharge is generated between an electrode of green compact
metallic hydride such as TiH, (Titanium Hydride) and a work to form

15 more speedily a hard coat having higher adhesion than when a
material such as Tiis used (refer to the patent literature 2). Further,
a technique is disclosed to speedily form a hard coat having various
characteristics such as high hardness and high abrasion resistance
by generating an electric discharge between a work and an
20 electrode of green compact composed of hydride such as TiH:
(Titanium Hydride) with which different metal or ceramic are mixed.

Moreover, there is a disclosure of another technique that

teaches that it is possible to produce a sturdier electrode only by

performing a preliminary sintering (refer to the patent literature 3).



24 January 2007 4 Nanmely, in manufacturing of an el ectrode conposed of a
m xture of WC powder and Co powder, the green conpact may be nmanufactured
by nerely m xi ng WC powder with Co powder and by conpression nol ding;
however, if the conpression nolding is 5 perfornmed after wax is added to

t he powders, conpression nolding the green conpact becor@sJasugne¢00dnd nore
efficient. However, when the wax is adbded and if a |arge anount of the wax

remai ns iny, .t l.ectr I | G resi I

I ncreases N@&Eélﬁéﬁt'ﬁ'gg\%‘;ﬁcwﬁageﬁ%{'relqgf:?'ﬁjed:éufgpiﬁﬁ%g{‘;%arﬁp%onﬁmépgéc]ﬁfi C

di schar ge performance. ,‘Therefore, the wax is renoved fromthe el ectrode
by heatiny thePQWa&T cBitfact Cel BEMASe itﬁ%a FERm GUPRESS. '%1@?’ réﬁovi ng
the wax, it is necessary to keep the heating tenperature higﬂea'rmjtgan t he
mel ti ng poManwratHeeddyy arralpeXingay ¢ mowdeppdihG e QoW dgh; He wax
deconposes and turns into soot; 15 because the wax will not get renoved
fromthe eteotpredsion nmeldingat hawev@rpeifatbee cosnperssion, mrtdiNge ifurity
of the electrode degrades if the wax turns into soot because the heating
t enper & ur perficrmad dftghwakuist Addedt toethe pewdergpame mipresso v acaldinfur nace
I's heated by a high-frequency coil and the |ike so that the green 20

conpact hathengreeh sonepgth beeormesoeasidrsaaddmmrehefficienthi Howeverenti ng
t he green conpact from becomng too hard (this is called a prelimnary

sintering ghgdfihe ivia RS dd®d Gnd e IEFGEMBIPAGT the w2BeFemainkiih the
conpact becones as hard as, for exanple, a chal k.
the electrode, the electric resistance of the electrode increases
because the wax is dielectric, resulting in a poor electric discharge
10 performance. Therefore, the wax is removed from the electrode by
heating the green compact electrode in a vacuum furnace. In
removing the wax, it is necessary to keep the heating temperature
higher than the melting point of the wax and lower than the
temperature at which the wax decomposes and turns into soot;
15 because the wax will not get removed from the electrode if the
heating temperature is too low, and the purity of the electrode
degrades if the wax turns into soot because the heating temperature
is too high. Further, the green compact in the vacuum furnace is
heated by a high-frequency coil and the like so that the green
20 compact has enough strength so as to withstand machining while
preventing the green compact from becoming too hard (this is called
a preliminary sintering state), in other words, the green compact is
heated until the compact becomes as hard as, for example, a chalk.

Bonding among the carbides at the contact parts proceeds



Bondi ng anong the carbides at the contact parts proceeds 24 January 2007 5
interactively, in the prelimnary sintering state; however, bonding
strength is weak because the sintering tenperature is |ower than the
tenperature required for the standard sintering. It is found that it is
possible to forma cl osel y- packed hormgeneous coat if therdefaapy 2008

di scharge surface treatnent is perfornmed using the el ectrode obtained i n
this manne 0 a al BRs plerliHpes
har dness a{lc}eggﬁ{e]\s@b’ﬁ {)}ftﬁgeaﬁ%ﬁ M g'g?gér?nr:{g;%ﬂgﬁgnche&gﬁg ?ﬂﬁ S of

form ng the, coa nsit adh h er,

wth regargtrleélgttnég ?%E%eescsa%%e ﬂh%sﬁrﬁ%%rpge]hé%g%ﬁ té%fl onacﬁggi' hgﬂ%g
sufficient, thus |eaving scope f nt al | I d| and

Cher mal - SplelpPESatTRRy! ﬁ?'é"ﬁﬁ’ o s FRithringd e *e%tnvﬁh%gﬂa thi ok
coat. Welding (refers to a uild up weldln her e é s a t? n gue . of
letting t hBOR&IREI f%ﬁmtanéloq@ymaaekﬁg %@%Eme d Poeheﬁé”ﬁ/ork by
an electric discharge between the work and the wel ding rod. The thernal
spray doat isphargea sedasieqdeeatmentt ismgperfermadi usingmths i aleetiadspr ayi ng
the nelted material onto the work to forma coat. Since either nethod is a

manual | abobtaieqd in dhisskidhser.whi ch nakes it difficult to establish a 20
continuous production line, the both nmethods have a drawback of having a

hi gh production gegh oMhecaBsveamReticridd cohwaitibngl ast Aasntddiadesn which
heat enters the work convergently, when dealing
in hardness and adhesion of the coat, abrasion resistance and
swiftness of forming the coat, and, density and homogeneity of the
10 coat; however, with regard to the thickness of the coat, no
conventional art is sufficient, thus leaving scope for improvement.
So called welding and thermal spray coating are known as
general techniques to build up a thick coat. Welding (refers to a
build up welding here) is a technique of letting the material of the
15 welding rod melt and adhere to the work by an electric discharge
between the work and the welding rod. The thermal spray coating is
a technigque of melting the metallic material and spraying the melted
material onto the work to form a coat. Since either method is a
manual labor requiring skills, which makes it difficult to establish a
20 continuous production line, the both methods have a drawback of
having a high production cost. Moreover, especially as welding is a
method in which heat enters the work convergently, when dealing
which thin materials or brittle materials such as single crystal alloy

and directional control alloy such as unidirectionally solidified alloy,



which thin materials or brittle materials such as single crystal alloy and
directional control alloy such as unidirectionally solidified alloy, 24
January 2007 6 cracks are easily produced and | ower the yield. The patent
literature | Japanese Patent Application Laid-Open No. H5-148615 The
patent literature 2 5 Japanese Patent Q?plication Lai d- Op¥hJalsart#20792937
The patent literature 3 Japanese Patentt No. 3227454 Non-patent literature

Got o i i PPt® oo S Frodlieant e ARITRER “Guvou sni nounsha

The enphasis, has ,been..pl agced on formng a hard coat in the conventional
electric diﬁ'&%&%@@ﬂ”&é@ﬁ"@gat nments; therefore, the main materials of

the el ectrode are hard ceramc materials or .the 15 teria fornms hard
carbi de by a chedfbanesgabatent min 'C@t'?%i@dgn Pﬁ{b%ﬁ?‘i?ﬁh@g ent of the

oil in the dielectric fluid, due to the electric discharge energy.
However, hatite patentditergtwi@ 811y have a high nelting point and a | ow heat
conductivity characteristic. Therefore, although it is possible to obtain
a closdy packedJapanesfe Patant WppdicatsonilaideOpredeNoofH8018288dnet er s
(pm, it is very difficult to obtain a closely packed coat of a few 100 pm
or thicker.The patent literature 3
Japanese Patent No. 3227454
Non-patent literature 1
“Formation of Thick Layer by Electrical Discharge Coating
10 (EDC)", Goto Akihiro et al., Mold Technique, (1999), Nikkan
Kougyou Shinbunsha.
The emphasis has been placed on forming a hard coat in the
conventional electric discharge surface treatments; therefore, the
main materials of the electrode are hard ceramic materials or the
15 material that forms hard carbide by a chemical reaction with C
(carbon) that is a component of the oil in the dielectric fluid, due to
the electric discharge energy. However, hard materials generally
have a high melting point and a low heat conductivity characteristic.
Therefore, although it is possible to obtain a closely packed coat of
20 athickness of the order of 10 micrometers (pm), it is very difficult to
obtain a closely packed coat of a few 100 pm or thicker.
Although it is described in the literature (see non-patent

literature 1) based on a study by the inventors of the present

invention that about a 3-millimeter-thick coat was obtained using an



Al though it is described in the literature (see non-patent literature 1)
based on a study by the inventors of the present invention that about a
3-mllimeter-thick coat was obtained using an 24 January 2007 7 el ectrode
of WC-Co (9:1), the technique described is difficult to put into practical
use, because it has such problens as reproduction is di f34ame®i07t o
unstabl e coat formation, the coat is brittle having a ot of voids, and

motal overclTarSReRENSAF0 {8k e IR Eidule SpRRRRRlS BiffichIPIS TR
thermal Spiig Rirea) ose oiPRatss I SURR BATRErE SRttt e ™

P aher pr oatBEHOvede ikiable Sortapfmalia dhertas iy ig'&REvies aRduct  on
pl ant, and | ower yield because of generatjion of welding  cracks. It is an
obj ect of Pheoplssamd thawaatiissa weatdsdbahit 'élf@é"f'%ﬁg if pgraped Wwithc

di scharge surface treatnent, a nethod of electric 15 discharge surface

t r eat nént , a ridcarpfameda heve nfthoug ethe ico adiapmareguly hasaretaleatusdsr to
forma thick coat, which was difficult for the coating forned by the
convent i onahdileokisqeiiod glyl packed ectric  di scharge treatnent. It is another
obj ect of the present invention to provide an electrode for electric

di scharge surfacputttest "esdarding0 thet Rarbvd-delsetibed disddhey genduthace
treatment, and an apparat us
thermal spray coating to build up the coat, both the techniques have
problems because they require a lot of manual work which results in
10 higher production cost because of difficulty in building a line
production plant, and lower yield because of generation of welding
cracks.
Itis an object of the present invention to provide an electrode
for electric discharge surface treatment, a method of electric
15 discharge surface treatment, and an apparatus for electric
discharge surface treatment to form a thick coat, which was difficult
for the coating formed by the conventional in-liquid pulsed electric
discharge treatment. It is another object of the present invention to
provide an electrode for electric discharge surface treatment, a
20 method of electric discharge surface treatment, and an apparatus

for electric discharge surface treatment to form a high quality coatin

the coating by the in-liquid pulsed electric discharge treatment.

DISCLOSURE OF THE INVENTION



for electric discharge surface treatnent to forma high quality coat in

the coating by the in-liquid pulsed electric discharge treatnent.

DI SCLOSURE OF THE | NVENTI ON 24 January 2007 8 The electrode for electric
di scharge surface treatnent according to the present invention is a green
conpact made by nolding netallic powders or netallic comfolanapt®érs and
used for electric discharge surface tréatnent in which a pulsed electric 5

di scharge, > 9ePRR! AGAIREN chhechl 8Fid O AIGR VGifiads Aradiflef I C

fluid to form by e elec ?ScRar ge enéerg H5 he- SUrface o e work

a coat of a mat rlal t he eletrode or of a t ggper at ed
by a react 76RO NGO {rb%tqr(?(?@ uHTeNtigR s Iaegfgfgﬁ ng%%i"éﬁgrgg
wherein the el ectrode contains 40 10 vol urre % or e rre allic materlal
that is noMQldinGmetallier Powdeiso’ metgdlle SBRPHES '§ AQdi¥setle
present invention, it is possible to forma thick coat stably with the
in-1iquid fan gh&ﬁtélCedﬁ(ﬂta"cﬂ%@hlaf@ée treaunaphin Whigha ﬁé‘ﬂ%@qjl%'er?&i'érl al
that remains in the coat as the 15 nmetal w thout becom ng carbi de during

t he ind i gdisthargseds ejenerated dhsteegethe ealterdmde banduge Waik énedt r ode
contains materials that are hard to carbonize in a range descri bed above.
BRI EF DESCR&T&ctc GruidR oDROVINNGY 2AeFietecttid |disshaages emecggsensebei on of

an electrode for electric discharge surface treatnment and a concept of a
manuf act ursfgface of the work a coat of a material of the electrode or of a
substance that is generated by a reaction of the electrode due to the
electric discharge energy, wherein the electrode contains 40
10 volume % or more metallic material that is not carbonized or is hard
to be carbonized.
According to the present invention, it is possible to form a
thick coat stably with the in-liquid pulsed electric discharge
treatment, as the metallic material that remains in the coat as the
15 metal without becoming carbide during the in-liquid pulsed electric

discharge treatment, because the electrode contains materials that

are hard to carbonize in a range described above.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 illustrates a cross-section of an electrode for electric
discharge surface treatment and a concept of a manufacturing
method of the electrode according to a first embodiment of the
present invention; Fig. 2 is a characteristic plot that indicates

relationship between a coat thickness and a volume percentage of



met hod of the el ectrode according to a first enbodi nent of the present

I nvention; Fig. 2 is a characteristic plot that indicates relationship

bet ween a coat thickness and a vol une percentage of 24 January 2007 9 Co;
Fig. 3is a plot of voltage and current waveforns at the electrode; Fig. 4
is a characteristic line plot that indicates relationshidtdaswaeedd®’he coat
t hi ckness and a processing tine; Fig. % is a photograph of an exanple of

the coal tpat ksofofmed whp,t e SoGhact Lode GaRLalNa (R mAkT0aRL OO

Fig. 6is I gur an exanple of an apparatus for
el ectric discharge urface.treatnment according to th ent i ntion;
Fig. 7 iI?f%qquagé E'Qro s-'§e@ci%’ﬁa@&'gﬁ'%f%cﬁpgdeplpgrQé%icfrﬁ?'&%ﬁggcharge
surface treatnent and a concept of a manufacturing nethod of .the 10

el ectrode e@@éwmmptlaetfwg@eéﬁ& ot IFKERLSSrANG@ PFRRFRING HILt T h, Fig.
8 illustrates a cross-section of an electrode for electric discharge
surface trddsmephodagrapbafcapexample phtbeaatrihal isdornedwher tBeect rode
according to a third enbodinment of the present invention; Fig. 9 is a

char actser i stéctrptiet cdhtdinhat 70neb lcanes%r of @dphihi B etwsehematiatoh &i ckness
and a volune percentage of Co; Fig. 10 illustrates a cross-section of an

el ectrode chafigelracivon 6f dirs eRkanyel esuf fac appaeatu® for aldctricatiseptarge
manuf acturi ng met hod of the electrode according to a fourth enbodi nent of

the presenyimy@ntirgBinfdrit: adedrdingt 18t @Red ptésem@sInFeation? EHigan7
el ectrode for electric discharge surface

illustrates a cross-section of an electrode for electric discharge

surface treatment and a concept of a manufacturing method of the

10 electrode according to a second embodiment of the present

invention; Fig. 8 illustrates a cross-section of an electrode for

electric discharge surface treatment and a concept of a

manufacturing method of the electrode according to a third

embodiment of the present invention; Fig. 9 is a characteristic plot

15 that indicates relationship between a coat thickness and a volume

percentage of Co; Fig. 10 illustrates a cross-section of an electrode

for electric discharge surface treatment and a concept of

manufacturing method of the electrode according to a fourth

embodiment of the present invention; Fig. 11 illustrates a

20 cross-section of an electrode for electric discharge surface

treatment and a concept of manufacturing method of the electrode

according to a fifth embodiment of the present invention; Fig. 12 is

a schematic of a configuration of an example of an apparatus for

electric discharge surface treatment according to the present



treatment and a concept of manufacturing nethod of the electrode according
to a fifth enbodi nent of the present invention; Fig. 12 is a schematic of
a configuration of an exanple of an apparatus for electric discharge
surface treatnent according to the present 24 January 2007 10 invention;
Fig. 13 illustrates a cross-section of an electrode for 24 &WBNYEW®7scharge
surface treatment and a concept of mandfPacturing nethod of the el ectrode

accor ding {n%e%tié?fi rhg]”?ﬂ‘g't irITl'fJ%tttl'ér)]lf&st e crBEESEN1ibRVEN A P BIeRBrbdé Forld 1S

an expl anatory diagra cates a transition of materials applied
to aircraft, enai nes. BESTI\/C],‘r)EF RRY I present
I nvention ?Equg' i‘isﬁ@@rﬂ&?% gRer Q%ﬁgﬁgh@ﬁ&%&@@?@&%ﬂ?fﬁ\%\m@@t o]
explain in greater detail. Meanpwhile, the 10 present jinvention jisg . not to
be |ini ted"lehplﬁ’eoéxtﬁlearﬁi?PHﬁ‘% BEEHEIRY th@ ﬁé’&t?'bé’ Gf’f'F‘Ba‘?a ‘piBBri ately
w t hout departing fromthe s?_tc;ge ~of the present invention. In th&@
acconpanyi REE #e Ak inyentisdth ancbnpighedd I8 anagxphanatery rbageam that
facilitate understanding of the drawi ngs. 15 First Enbodinment Fig. |
i | | ust at emndicates & trotsitionodf aratariaisrappliedrtoehyeraftcengingshar ge surface
treatment and a concept of a manufacturing nethod of the el ectrode
according to a first enbodi nent of the present invention. As shown in Fig.
1, a mixture of a Cr3C2 20 (chrom um carbi de) powder 101 and a Co (cobalt)
powder 102BIEST MODE FOR CARRYING OUT THE INVENTION
The present invention is explained now with reference to
accompanying drawings to explain in greater detail. Meanwhile, the
10 present invention is not to be limited to the explanation given below
and may be modified appropriately without departing from the scope
of the present invention. In the accompanying drawings, each
component is drawn not to the scale to facilitate understanding of
the drawings.
15 First Embodiment
Fig. 1 illustrates a cross-section of an electrode for electric
discharge surface treatment and a concept of a manufacturing
method of the electrode according to a first embodiment of the
present invention. As shown in Fig. 1, a mixture of a Cr3C>
20 (chromium carbide) powder 101 and a Co (cobalt) powder 102 is
filled in a space between an upper punch 103 of a mold, a lower
punch 104 of the mold, and a die 105 of the mold. A green compact

is formed by compression molding the mixture. The green compact

thus obtained is used as an electrode for electric discharge in the



filled in a space between an upper punch 103 of a nold, a | ower punch 104
of the nold, and a die 105 of the nold. A green conpact is fornmed by
conpression nolding the m xture. The green conpact thus obtained is used
as an el ectrode for electric discharge in the 24 January 2007 11 electric
di scharge surface machi ning. For manufacturing of the el e¥Jayary
previously described, forming a hard ddat, especially formng the hard

coat at tegpelaiu e m ture, has conventionally been
focused on |ntgfcef’gsccttf4®%dlség§%%@ésur' g@ “machi ning, and form ng a hard
car bi de- based coat is the current ate of th rt (f : h a
technol ogy is di EE’F&aauf#%b’a&@izhéﬁ'&ﬁ"%§1 géﬁri(egﬁéﬂgi&aagsgil-b%%40) . In
t he technol ogy, of forning the carbide-based coat, . althoygh it is possible
to forma %ﬂ&ﬁé’é‘l%/aM@Ggﬁheﬁsﬁﬁﬁnﬁgﬂrﬁ%ﬂ"'Pﬁet&‘(,?a'tiarql §°§Q@t{gﬁlné‘?ﬁ%té‘tret he
coat cannot be made thicker than several tens, of pm as descriged ,

previ ous| yclasawe doomdesnpe iaiurg. daseerpvandianallhdaai éacused#ntiRe
present invention, it was found that the coat can be made thicker by

addi ng Gmat etéctric t dischiarget sSwfacearmiagddniorg.doandt famingar 16 deards
easily to materials of the electrode. Conventionally, materials that are

mor e | i kel gatividiecbzisear bodeis e cuonéiaf statel of the ary oprespomtplensuchor
exanple, if the electrode contains a material such as Ti, the coat 1is

formed with fcbRAdIGEY bisdadigtidédd (in t aapaneear Patehtafpplicstioh Mo, a
chem cal reaction caused by an electric discharge in an oil. As the
2001-23640). In the technology of forming the carbide-based coat,
although it is possible to form a closely packed coat uniformly, there
10 is a problem that the coat cannot be made thicker than several tens
of ym as described previously.

However, according to experiments by the inventors of the
present invention, it was found that the coat can be made thicker by
adding materials that do not form carbides or do not form carbides

15 easily to materials of the electrode. Conventionally, materials that
are more likely to form carbides are contained in a large proportion.
For example, if the electrode contains a material such as Ti, the coat
is formed with a hard carbide of TiC (titanium carbide) as a result of
a chemical reaction caused by an electric discharge in an oil. As the
20 surface treatment proceeds, the material of the surface of a work
changes from steel (if processed on a piece of steel) to TiC, which is
a ceramics, and characteristics such as heat conductivity and
melting point change corresponding to the change of the material.

However, by adding to the electrode the materials that do not form



20 surface treatnent proceeds, the material of the surface of a work
changes fromsteel (if processed on a piece of steel) to TiC, whichis a
ceram cs, and characteristics such as heat conductivity and nelting point
change corresponding to the change of the material. However, %‘&7' ng to
the el ectrode the materials that do not form 24 January 2¥0%# ““?é’ bi des
or do not form carbides easily, a phendfenon that some of the materials
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nlotlcedd t was on of the nmaterials for the
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Thie case, MéiTaRiiads éﬁﬂégrrﬂsf%'éﬁget‘#:esé% EpCiaftioigiéy| fegehiingoat- 11
preconditlontoformthethlc co sho n FEi ctrode
i de byCatiesesWash MR Ay afg’ﬂr‘i’ HyWE s, §céh &h?%'rﬂ\éﬁkﬂr}&a‘?fb hg
:/\lfli(r:rﬁelsya carbldz and Co%cobalt X\l/J\/mch tger to f rma 10
carbi de, amateriaisgorkbaainginosie ﬁlﬁﬁgé'gﬁgl%'ﬂ%@ﬁin&%eﬁ m%‘i'@Et Yode, an

aptness to forma thick coat varies by changing an anount of Co, which do
not forfm aadditker ceadi |\ tiFisgcage satisfyiagebardnpsst EecispRe$$.38dr e of
the conpression nold was set to about 100 negapascals (MPa) and the

heati ng t eupéoamity isvas pecdaogditid® torfoant dmgdhofk ¢0@tdegrees to 800 degrees
Celsius (C) during nmanufacturing the el ectrode. The heating tenperature
was set higher weensK®wa2 inChFign um oghkndedn cedéetrodies s ghvrde abg was

set |l ower when Co (cobalt) content is higher. This is because if
compression molding a mixture of Cr;Cz (chromium carbide), which
is a carbide, and Co (cobalt), which is a material hard to form a
10 carbide, and then by heating to increase the strength of the
electrode, an aptness to form a thick coat varies by changing an
amount of Co, which do not form a carbide easily. Fig. 2 illustrates
this fact. The pressure of the compression mold was set to about
100 megapascals (MPa) and the heating temperature was changed
15 in a range of 400 degrees to 800 degrees Celsius (°C) during
manufacturing the electrode. The heating temperature was set
higher when Cr;C, {(chromium carbide) content is higher, and was
set lower when Co (cobalt) content is higher. This is because if
CrsC, (chromium carbide) content is higher, the electrode tends to
20 become weak and crumbles easily if the heating temperature is low.
On the other hand, if Co (cobalt) content is higher, the electrode
tends to become strong even if the heating temperature is low.
When pressing, a small amount (2% to 3% by weight) of a wax was

mixed with the powder to be pressed to obtain better formability.



Cr3C2 (chrom um carbide) content is higher, the electrode tends to 20
becone weak and crunbles easily if the heating tenperature is low. On the
other hand, if Co (cobalt) content is higher, the electrode tends to
beconme strong even if the heating tenperature is low. \Wen pressing, a
smal | amount (2%to 3% by weight) of a wax was mi xed V\Atz‘ﬂiaﬁ\é‘abtﬁﬁﬁﬁr to be
pressed to obtain better formability. 23 January 2007 13 The wax gets

renoved du&i.ng t e e f ; r QR i havi ng
a grain diZhgt \é;rahxgmg%?%eﬁegﬁa\éggo?agw@réqéé heg%ﬁmiﬁ%sgg, an'gaifﬁtep‘%\%der of
Co (cobalt) /having a grai,n, dianeter ot the order_ .of 4 S used.
The mat eri L‘%hfﬂ{atﬂ? ‘BiAE) Mrv1pgs? Afaln §@ft@f|ﬂfgﬂh%&?§§f&f§eﬁ%ﬁﬁ |
el ectric discharge pulse that was applied_had veformas shown.in Fig.
3, that i@,uwmgéfaﬁﬁﬂha@nagt%ep% d@drpén‘soi 2@&“@&1&%@%@%,9%“

el ectric discharge duration (electric discharge pul se_w dth t_o:6é]

ni cr osecondiameder ofthesodeisefl ¥ ki to61pe pas ysgdan Themgisdali®athat had
an area of 15 mllineters (nmmx15 nm was used when the coat was forned.
The pr dcesbengne nthendsads wiasut@3CZhéchrmimumodarhide i vém relgstrige

polarity and a work was given positive polarity. In Fig. 3, the waveform

i s plotteddpuhdrddpulsatth st when phited el dhaiwaesfarim tlses ledwotinddig. éahd t he
work are assuned to be negative 15 and positive respectively. Wen the

R R
electric discharge duration (electric discharge pulse width) te=64
microseconds (Us), and a pause time to=128 ps, and an electrode

10 that had an area of 15 millimeters (mm)x15 mm was used when the
coat was formed. The processing time was 15 minutes. The
electrode was given negative polarity and a work was given positive
polarity. In Fig. 3, the waveform is plotted above the y-axis when the
polarities of the electrode and the work are assumed to be negative

15 and positive respectively.

When the coat is formed under such pulse condition, the
thickness of the coat formed on the work varies with the volume
percentage of Co contained in the electrode. As shown in Fig. 2, the
coat thickness, which is about 10 pm when the Co content is low,

20 starts becoming gradually thicker at a point at which the Co content
is about 30 volume %, and becomes up to nearly 10000 ym at a point
at which the Co content exceeds 50 volume %.

This fact is described in further detail. When the coat is

formed on the work based on the above condition, if the Co content



percentage of Co contained in the electrode. As shown in Fig. 2, the coat
t hi ckness, which is about 10 pmwhen the Co content is low, 20 starts
becom ng gradually thicker at a point at which the Co content is about 30
vol une % and becones up to nearly 10000 pmat a point at which the Co
content exceeds 50 volune % This fact is described in fu4dRaERW| . Wen
the coat is fornmed on the work based df the above condition, if the Co

content 24mafaieloglibhe 18 % ! i SUEE WPSRILS i0hel ©raBAc(cHRIARmI | he

Cr3C2 (chromum ‘car content is 0 volume % the thi'ckness of the

coat that can . be fornmedq.is,AAm t ; t ot be
made i cRarbiogd B 5149 Yoldine, % A i akn B A e CafP Mafal " and
the processing ti when the el ectro does n contain the, mterial that
T L oBoRmeR 4P etk 16 att  1Doam Bl tnd Fo4lCabigs,pe warg 4%
an early stage of the processi ngl‘ t he coat &r}]ows_ t hi cker gs t he gr cessing
time incretigkernddereevet. e relatiamoaiwsen ine thinkneseof Abe GoRY 88Se after
a certain point (approximately 5 10 min/cnR). After such point, the coat

t hi ckndss thoesprotessiog ftbmea whan| éhebelectrodie does et negontaiboibenued
until a certain tine (about 20 mn/cnR), the coat thickness starts

decr easi ngmdtesidli thmt @ntarditoafdymtahedrbidéatisoilludteataxhin beigorks Asnus, or
hol | ow. However, the coat exists even though the coat | ooks hollow and the

thi ckness 3hotrsM Figs4ahewn sarinstade off the pioddsinge thensoaisgréwes t he
coat is processed in an appropriate time. Consequently, the processing
thicker as the processing time increases; however, the thickness of
the coat does not increase after a certain point (approximately 5
10 minfcm?). After such point, the coat thickness does not grow for a
while, but if the processing is continued until a certain time (about
20 min/cm?), the coat thickness starts decreasing this time, and
finally the height of the coat becomes minus, or hollow. However,
the coat exists even though the coat looks hollow and the thickness
15 itself is about 10 pym, which is almost the same as when the coat is
processed in an appropriate time. Consequently, the processing
time between 5 minutes to 20 minutes is considered to be the
appropriate time.
Referring to Fig. 2 again, it can be found that as the content
20 of Co that is a material hard to form a carbide increases in the
electrode, the coat becomes possible to be made thick, and when
the Co content in the electrode exceeds 30 volume %, the thickness
of the coat increases, and when the Co content exceeds 40

volume %, a thick coat becomes more likely to be formed stably.



time between 5 mnutes to 20 mnutes is considered to be the appropriate
time. Referring to Fig. 2 again, it can be found that as the content 20 of
Co that is a material hard to forma carbide increases in the electrode,
the coat becones possible to be nade thick, and when the Co content in the
el ectrode exceeds 30 vol une % the thickness of the coat24JewaRs@97 and
when the Co content exceeds 40 volunel% a thick coat becomes nore |ikely

to be forngﬂhz)t@ ythetzﬂéoéﬁmt’ﬁ‘fc* 7 |n1§hé‘| hﬁuwf? F#ft aedhisCkgeps i n the

plot in Fig SDo I 'ncr easi ng he poi nt at ich the

Co content is he p otted u V. o ver al
experi ment%fnorcég'uY t'Ecr%ﬂﬁ' Ef HY'?%’;[ &&8}5%& |C?rtl§%tthfg georder
of 30 volune % thg gmatl of the[\ coat_is unstabl e i Mes_ ¢ u5| ng
cases that VeWEMBoate.ddbe nBlOtERdwYRIYRS i ningan 3? ‘é@%an T &a

grows hi gh and thlck the strength of the coat is ' ?ther words t he
coat can bexperiweatals results, s’;‘é\daﬁ@t’ﬂuwh’h%hefﬂnt@@eccﬁ Ct?é'ttﬁr' d8dot fBe| i ke.
Therefore, it is preferable that the Co 10 content is higher than 50 vol une
% Thus, |ordbecomrfes3Q)0\seiLlee o, ther foamatiwkedf dbgt aaalt i8oHN&tARIGaN

uncar boni zed nmetal by increasing the material that remains as a netal in
the coat, gorhétimeecansmeeaeayesahbothetduattdoekentgraw bigihland thickre
percentage here signifies a proportion that is the value of a weight of

t Eg 58\'Aﬁrer; ok 2vd@inVifiek Ryat Jtowsd higefamhehickatter elrengil ofthdeoattiso of
low, in other words, the coat can be removed if it is scraped with a
piece of metal and the like. Therefore, it is preferable that the Co

10 content is higher than 50 volume %. Thus, it becomes possible to
form a thicker coat that contains an uncarbonized metal by
increasing the material that remains as a metal in the coat, and it
becomes easy to form the thicker coat stably. Volume percentage
here signifies a proportion that is the value of a weight of the powder

15 divided by a density of each material, and is the ratio of the volume
of the material to the volume of the whole material of the powder. A
photograph of the coat that was formed when the Co content in the
electrode was 70 volume % is shown in Fig. 5. The photograph
exemplifies the formation of the thick coat. In the photograph shown

20 in Fig. 5, the coat that was formed had a thickness of the order of 2
mm. The coat was formed in 15 minutes of a processing time, and
it is possible to make the coat thicker if the processing time is
extended.

Thus, a coat can be stably formed on a surface of a work with



of the material to the volune of the whole material of the powder. A

phot ograph of the coat that was fornmed when the Co content in the

el ectrode was 70 volune %is shown in Fig. 5. The photograph exenplifies
the formation of the thick coat. In the photograph shown 20 in Fig. 5, the
coat that was formed had a thickness of the order of 2 rAfhJanyary was
formed in 15 minutes of a processing tilfe, and it is possible to make the

coat thick Lf: & ' ' | t T, , ‘e
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di scharge surface treat nent rQvided. that an.electr i ed . that

cont ai ng nB?@dﬁﬁ'z?rji %‘%\%Vﬁr@c’g@ ggaﬁa?gr‘ﬁojpy%ﬁﬁﬁa@ag%ﬁag%zf'tuléi}gsn(?)é
carboni zed or are hard to he carboni zed. ggi |l e a case of Co (cobalt) as the
materi al t At e patrabonyzed, of are draidito hes caekan ai ned above,
because NI (nickel), Fe (iron) and the |ike are also such materials that
produce sim |l ar Whitela saseef €aelcakaltb@ssthe dppierigbdhat isnkats deent

invention. Furthernore, a thick coat here signifies a closely packed coat
that hd&s aforem & cacbidsthas beemekptainesl abovecthecaygerer fniokedh Feo
out ernost surface has surface roughness and seens rough having no |uster

since the @eah)isndottrediky amardsof stbe mdteedhls! Hrat iproddicecisamgl@r. Even
when the anount of the material that is hard to forma carbide such as Co

(cobal t) s evendgRosichinope sificably atea ini gie prebbateheentiote is made
|l ow in strength. However,
Furthermore, a thick coat here signifies a closely packed
coat that has a metallic luster in an internal structure (generally an
10 outermost surface has surface roughness and seems rough having
no luster since the coat is formed by means of the pulsed electric
discharge). Even when the amount of the material that is hard to
form a carbide such as Co (cobalt) is small, a deposition
accumulates high if the electrode is made low in strength. However,
15 such a deposition is not a closely packed coat but a coat that can
easily be removed if it is scraped with a piece of metal and the like.
The deposition that is described in the patent literature 1 mentioned
previously and the like is not a closely packed coat but is a coat that
can easily be removed if the coat is scraped with a piece of metal
20 and the like.
Moreover, although a case of the electrode has been
explained above that is manufactured by compression molding and
heating the powder of CrzC (chromium carbide) and Co, there may

be cases in which the green compact obtained by merely



15 such a deposition is not a closely packed coat but a coat that can
easily be renoved if it is scraped with a piece of netal and the |like. The
deposition that is described in the patent literature 1 nentioned
previously and the like is not a closely packed coat but is a coat that

can easily be removed if the coat is scraped with a pi ece?dofarwaly400720 and
the |ike. Mreover, although a case of 1The el ectrode has been expl ai ned

cbove L5t ch BRI AE HETE Y CSOTHLeRRERN gVl Becbad oBHEB e tpore

€re may ~be cases 'in which the green

conpact obfai ned nerely, 24 Janu 2007 7 conphessi | an be
used as th&TEN &L y %%93&0%"‘0%‘%0?Pﬁcﬁr%&%éﬁf"gpﬁ’fcﬁggﬁggﬂo,% 9%58

el ectrode nust be e'theg t?a hard nor too soft but should h ve@ roper
har dness. @ﬁé‘?‘élslo& gt gbguld Have aarpesr hardness - 9gnatally; ﬁg’?% néreen
conpact enables to 5 maintain the formand |eads to solidification. The
har dness ofremimeny det re@eireds aHaativgathengifen EARRRS eNFRILS K00f t he
powder of the electrode materials, and relates to the anount of the

el ectr &de mentainathse forimeapdolaadtad to saltdifigatiordurfihg hardngisscof ithe

di scharge. Because the bond strength of the electrode materials is high

when 10 t heldwtrddesisaofa tberethtion wildh tse hicgid sordngth efrthé powder off the
el ectrode materials is released even if the electric discharge is
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materials to be provided to the work during the electric discharge.
Because the bond strength of the electrode materials is high when

10 the hardness of the electrode is high, only a small amount of the
electrode materials is released even if the electric discharge is
generated, and it is impossible to form a coat satisfactorily.
Conversely, because the bond strength of the electrode materials is
low when the hardness of the electrode is low, a large amount of the

15 materials is released when the electric discharge is generated. And
if the amount released is too much, it is impossible to form a closely
packed coat since the energy of the pulsed electric discharge is
insufficient to melt the materials. When ingredients of a powder are
the same, parameters that affect the hardness of the electrode, or

20 the bond condition of the electrode materials, are the pressure of a
press and the heating temperature. While about 100 MPa is
considered in this embodiment as an example of the pressure of the

press, if the heating temperature is low, about the same degree of

hardness can be obtained by applying a higher pressure.



| ow when the hardness of the electrode is low, a |arge anount of the 15
materials is rel eased when the electric discharge is generated. And if the
anount released is too nuch, it is inpossible to forma closely packed
coat since the energy of the pulsed electric discharge is  insufficient to
melt the materials. Wen ingredients of a powder are ttu?@#ﬂ%ﬂ?wﬁﬁpgneters
that affect the hardness of the electrd8e, or 20 the bond condition of the

el ectrode Ihs,r\ﬁ'! t efsY I apsl tHe tPRAtH&%tin
t enper aturg.B |r?éﬁ’dbgttrjﬁslgtgu'ﬁ)ﬁ>a 'S thgﬁsﬁgé’%esﬁ%‘ﬁx Mi s enbodi nment gs an
exanpl e of, t he pressur f the. pr. [ f t h ' r regdis | ow,
about the E%[Hﬁeaa &’ e‘F?"ﬁ?AngQES'?iﬁﬁ é){eesosgﬁgi ﬁ@@ﬁ%&%%%ﬁ% lg)é'\”aq-hﬁllgher
pressure. 24 January 2007 1 nversely, it js foupd.that it is ,hecessary
to set the Qféaté?%'g§et’r‘ﬁér£ Vgpeltbﬁvélr@/bq’i‘?’ﬁﬂef‘? BH@ ﬁzj\@gsﬁpe q}ﬂetrhe
press is low. This fact applies not only to this enbodi nent but also to
other enbembadimendts phehprr@sant inveétigh. 5 Furthermore, while the
experimental results under one set of conditions as an exanple of the

el ectrisc di schar Gurtivarmieszrwhié the expesineedtalinesults undes qregedss to be
mention that the simlar results can be obtained al so under other

condi ti onsconditiongag ba exatmpléofctheeetecnit decHange ang déddribedThi s fact
applies not only to this 10 enbodi nent but also to the other enbodi nents of

the presenthisidmeridiRizntlitis feédlobsStbERhERtN thatohd gimAar easoftsan
apparatus for
can be obtained also under other conditions, although the coat
thickness and the like may differ. This fact applies not only to this
10 embodiment but also to the other embodiments of the present
invention.

Fig. 6 is a schematic of a configuration of an apparatus for
electric discharge surface treatment according to the first
embodiment of the present invention. As shown in Fig. 6, the

15 apparatus for electric discharge surface treatment according to the
embodiment includes an electrode 203, which is the electrode for
electric discharge surface treatment described previously, that is
formed with a green compact made by compression molding a
powder that contains more than 40 volume % of metal that do not

20 form a carbide or is hard to form a carbide, or with a green compact
obtained by heat-treating the green compact; a dielectric fluid 205
that is an oil; a dielectric fluid supply unit 208 to immerse the
electrode 203 and a work 204 in the dielectric fluid, or to supply the

dielectric fluid 205 between the electrode 203 and the work 204; and



el ectric discharge surface treatnent according to the first enbodi nent of
the present invention. As shown in Fig. 6, the 15 apparatus for electric
di scharge surface treatnent according to the enbodinent includes an

el ectrode 203, which is the electrode for electric discharge surface
treatment described previously, that is formed with a gr gAY nade
by conpression nolding a powder that d8ntains nore than 40 vol une % of

metal that_d t hide | I Kby @6 tHyt Wi th a
green corrpgcﬁoa%t';t g'slrjlré(?ié bmy??h%raat’c{it'(raegﬁcnﬂgagr[dr% 'S;g'rr{:eée)%erj 3(@%23% ;?1t22 gleewey{:t ric
fluid 205 that s an ail,; diel ri L.d_suppl ni: L 208 | rse
the electPBHE™ afld patl'\?cﬁﬁk %gﬁﬁh t géfa%téj%c#&i cé/’?#m"élg g‘r ‘%(gltég’ggl y the
dielectric _fluid 205 between t el ectrode 2 d the work 204; and 19 24
January 209?*“’3‘3]5‘08(7@? ei%ﬁV@éief253e?'é§ttpiecwﬁrg§1§4]ge surface treatment 206
that generates a pul sed electric, discharge bygﬁaﬁpl yi 2? ga:éavgclfta e, between
the el ectrode 20%hgnglegisoder konpists 9k fGreexagttieechds’s hrgtgiuy anpl e,
a Or3C2 (chromum 5 carbide) powder 201 and a Co (cobalt) powder 202, and
contai s, chobidejappweemdd amdra 1o cbbait )op @y deia202s andrgoatadlS.hard to
forma carbide. Conponents that do not relate directly to the present

i nventi on, ferueRaasple, dniovendhami70 vbhimeottt Cal shat ieleamaterigloatd do of the
el ectrode 203 and the work 204, are onmtted. 10 To forma coat on a surface
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fluid 205, hpddeAt RHV8Rfion, such as a driving unit that controls a relative
position of the electrode 203 and the work 204, are omitted.
10 To form a coat on a surface of the work with the apparatus for
electric discharge surface treatment, the electrode 203 and the work
204 are placed oppositely in the dielectric fluid 205, and a pulsed
electric discharge is generated between the electrode 203 and the
work 204 by the power source for electric discharge surface
15 treatment 206, and with an energy of the electric discharge, a coat
of the electrode material, or a coat of a substance that is generated
by a reaction of the electrode materials is formed on the surface of
the work. The electrode is given negative polarity and the work is
given positive polarity. An arc column of the electric discharge 207
20 occurs between the electrode 203 and the work 204 as shown in Fig.
6.
Forming a coat on the work 204 with the apparatus for
electric discharge surface treatment described previously enables a

stable formation of a thick coat on the work by means of an in-liquid




el ectric discharge is generated between the el ectrode 203 and the work 204
by the power source for electric discharge surface 15 treatnent 206, and
with an energy of the electric discharge, a coat of the el ectrode
material, or a coat of a substance that is generated by a reaction_of the
el ectrode materials is forned on the surface of the wor k24 daeap &X' ode is
gi ven negative polarity and the work i €0 given positive polarity. An arc

col umm of PE?%@%QEEMC(Hi%ngf':@g_&ﬂé?g%}%g%g"?-et ween the el ectrode 203

and the wo shown™In rmng a coat on the work 204 with
t he apparatus..for electric, dischar surface t ng.. d 'Itéesc%-

previ ously rﬁ'é%l @scasesf%b\”@'? r 8t %E%CHP(’& Fﬂif:cﬁ%i%gt BXnggme\or IOBy nmeans
of an in-liquid 24 January ,2007 20 | sed el ectri¢ .di scharge surfage

treat ment . MAIAIRY aPEWELS| W'ﬁ?hi%hp'éﬁ? I (ritb%%ni gxpgf'ﬁﬁtﬁ"@ gbﬁ‘@\ﬂé@s‘ﬁon

mol di ng powers with a press has been expl ained, a nmethod of nmanufacturing
the el ect r otanutaatyring the alectrade is aeddimped tnghisscaseneAs I80d 8de

manuf actured is formed powder, the el ectrode may be nanufactured by

net hodss ot tree el datrodenprarssfiasiu nexd dé figrmelep owdiesr the eleatrode maluP&ct ure

t he el ectrode include slip-casting, Metal Injection Molding (MM, and

sprayi ng omamtfaotgrednopondthods bthéhéhahi pemgetission povaddireg.ar €he
di spersed in a solvent to make a 10 suspension, and the suspension is

pour ﬁg :wn}vl gtﬁ%ﬁdﬁ?m‘?i% rfaRlfadtare Meslectoald intuderglie dastiranl vent .

Metal Injection Molding (MIM), and spraying or jetting nanopowders.
In the slip-casting, powders are dispersed in a solvent to make a

10 suspension, and the suspension is poured into a porous cast, such
as a plaster cast, to remove the solvent. In the MIM, powders are
mixed with a binder and jet into a mold. In spraying, powders are
heated and the powders heated are sprayed to make a state in which
the powders are partly combined with each other. Even though

15 there are various different methods to manufacture the electrode, a
purpose of each of the methods is to form powders. If a desirable
combining state of the powders is obtained in the electrode, the
electrode may be applied to the present invention.
Second Embodiment

20 Fig. 7 illustrates a cross-section of an electrode for electric
discharge surface treatment and a concept of a manufacturing
method of the electrode according to a second embodiment of the
present invention. As shown in Fig. 7, a mixture of a Ti (titanium)

powder 701 and a Co (cobalt) powder 702 is filled in a space



mxed with a binder and jet into a nold. In spraying, powders are heated
and the powders heated are sprayed to nake a state in which the powders
are partly conbined with each other. Even though 15 there are various
different nethods to manufacture the electrode, a purpose of each of the
met hods is to formpowders. If a desirable conbining sta@"ejﬂwaﬂh%oo&omders
is obtained in the electrode, the eleéfrode may be applied to the present

i nvention. | ' L r gt r 999t bernhef an
el ectrode Pgﬁﬁg?gcgm)@gbgfrs}%%ﬁ%?%rof%aéceﬁgf&e’a?n@m&aﬁgﬁyconcept o? a
manuf act urin net hod pf r ode ,acqgor dj c hoent  of
t he presemcgfjn\f’e'?\qi%ﬁegaghﬁmﬁ%ngﬁ?& %ggé%ﬁxéﬁpﬂb%ﬁ g%%@??ﬁ?um
powder 701 and a Cq (cobalt) powder, 702 s filled in a ce 24 January
D007 21 bR SRI00 FPoripa e TORUE o ipigree sotian SHAGE GRtEIBRY: 1o
mol d, and a die 705 of the nold. A green conpact is forped b cc:gﬁression
nol di ng t his isedr 8s Bt glesdrodenfrlicteleriyconisshatge; i | lecific
el ectrode for electric discharge in the electric 5 discharge surface
machi nifg. diéehangs suréace roacpirisg. o eIt esshgepovsempegssien mpldbout
100 MPa and the heating tenperature was changed in a range of 400C to 800C
during nantfegiowdeg wae setltecabode.1 M Ra cirad tloe déatingdeni peraturer nat i on
of the coat with the 10 electrode nmade of the m xture of the powder of
Cr3C2 (chrgEsighanged in a range of 400°C to 800°C during manufacturing the
electrode.
While characteristics of the formation of the coat with the
10 electrode made of the mixture of the powder of CrzC, (chromium
carbide) that is a carbide and the powder of Co (cobalt) that is a
metal has been explained in the first embodiment described
previously, a case that an electrode made of mixture of a powder of
Ti (titanium) that is a metal and a powder of Co (cobalt) is explained
15 in this embodiment. Both Ti (titanium) and Co (cobalt) are metals
but there is a difference that Ti (titanium) is an active material and is
extremely likely to form TiC (titanium carbide), which is a carbide, in
the electric discharge atmosphere in the dielectric fluid that is the oil,
while Co (cobalt) is a material that is unlikely to form a carbide.
20 In the second embodiment, the condition of the formation of
the coat when the Co (cobalt) powder content in the electrode was
changed by gradually increasing the amount from a state that the

percentage of Ti (titanium) powder content in the electrode is 100

volume %, or equivalently, Co in the electrode is 0 volume %, was



carbide) that is a carbide and the powder of Co (cobalt) that is a netal
has been explained in the first enbodi nent described previously, a case
that an el ectrode made of m xture of a powder of Ti (titaniun) that is a
metal and a powder of Co (cobalt) is explained 15 in this enbodi nent. Both
Ti (titanium) and Co (cobalt) are netals but there is a #4ae@dne®?that T
(titaniunm) is an active material and i 82 extrenely likely to formTiC

(titanium [ s WhI ' Lde, sHdd int ' k rg

at nospher eggémlﬂ?d&%eﬁ{brrﬁe'?ﬁﬂﬁggkﬂgtt'{ld;{ |tnh£}?%ﬂr1§Fter\m|BPg|r§%|??bOE2Ft) Is a
material that s uplLli to rma carbide,. 2 n ec |,ment,
t he condit PBWAS’ ‘Pﬂi‘ kﬁt%%%ﬂﬁaﬁ”“g ﬁegf:%'&tdw{ﬁﬁk%é?@ag("c@% Iﬁ@%\der
content in the electrode was changed b dual ly increasing th nmount
froma stat®% H8-. 8Rd aﬂ%‘?‘&’@ﬁféﬁfe&gf Pelqg?'?f %&Wﬁﬂ)gfﬁdm@ﬁa%?ﬁ%ﬂf tﬁﬁ t he
el ectrode is 100 volume % or equivalently, Co_in the electrode is O

vol une % @egenaf fapmate Saom7were usathi Rasause Ttk iusn hig arvieeouBat in
the first enbodinent. The powder of Ti (titaniun) having a grain diameter
of the Sordavatefried pand i® diffioyitatal ke prederd dht@oa (ioBapPwdel i e ghiai n

di ameter of the order of 4 pmto 6 pmwere used. Because Ti (titaniunm) is

a viscous pouwrdear ivehsanttamed fiby cbhtl-millirey ga obnidtlentmoateriahefpohitier, t he
Ti powder was obtained by ball-mlling a brittle material of TiH2

(titani um y@ridf hiyarRied ine¥Eepo il M dingl Aighath di®in@tepbftthe déer of 3
pmto 4 pm by conpiession nolding the powder, and then by naking the
conpr essi ogs M| Aedo ROYHRT bYyeESRTT REHE R9RBIdIKg the powder, and then by
making the compression molded powder release hydrogen by
10  heating.

When the electrode material was 100 volume % Ti (titanium),
the coat was made up of TiC (titanium carbide) and the thickness of
the coat was of the order of 10 ym. However, it was found that it
becomes possible to form a thicker coat as the content of Co, which

15 is the material that is hard to be carbonized, increases, and it
becomes easy to form the thick coat stably when the content of Co
in the electrode exceeds 40 volume %. Moreover, it was found that
the Co content in the electrode should preferably be higher than 50
volume % to form the coat having sufficient thickness. The results

20 are almost the same as the results obtained in the first embodiment.
It is inferred that this is because Ti (titanium) in the electrode
becomes TiC (titanium carbide), a carbide, in the electric discharge
atmosphere in the dielectric fluid that is the oil, and the resulits come

out almost the same as when a carbide is initially mixed. When



10 heating. When the el ectrode material was 100 volume % Ti (titaniunm,

the coat was nmade up of Ti C (titanium carbide) and the thickness of the
coat was of the order of 10 pm However, it was found that it becones
possible to forma thicker coat as the content of Co, which 15 is the
material that is hard to be carbonized, increases, and it24 yawepRed0®asy to
formthe thick coat stably when the coriﬁent of Co in the electrode exceeds

40 vol une iect rode
shoul d pr e ePIEyGOHES B sherEiat el SERfalh: iz Ea Y Xicol SifPaglBe,
sufficient thickness sul,its 20 ar st _the r Its
obt ai ned i ANGHESIS; B Peégﬁgﬁ?r’rﬁmcateﬁt?cg(ﬂﬁ%'Pf@&ater?gfﬁ?EStgg%ﬁe\?gﬁse Ti
(titanium in the el ectrode ones Ti C nlum ar hi a carbide, in
the el ect r PESgIr¥edbyta B?ﬁﬁs‘i’n”é '@dl'ﬁat%(]-ﬁil(i' EN'F "f’?'ﬁ?"cﬁ?‘l’lé’i""'?é’qthe oil,
and the results cone out alnost the sane as when a carbide is initially
m xed. \WheAb3gryaduary 2007 23 conmponents of the coat were actually

anal yzed by X-ray diffraction analysis, a peak that indicates TiC
(titani®um car bi d€orseégtenty, akso witeseanelebtrode femadeof a mixisaedf Ti

(titanium existence was not observed. 5 Consequently, also when an

el ectrode wsThgteamiura) Ipowdee arfd 8 Co (Cobadt)i poyvdenwdeis aissibG tocobal t)
powder, it is possible to forma thick coat stably on the surface of a

\Sg\fl\ge'r f agn;@@% F'?gﬁ( tHat staYtGh MReBUFatBast 4o nen Ylettrca o tdtal t)
contains more than 40 volume % of Co (cobalt) powder as a material
that is hard to be carbonized or not carbonized, is used.

10 Moreover, while a case of Co (cobalt) as a material that is
hard to form a carbide to be mixed with Ti (titanium) to make the
electrode has been explained in the embodiment, because Ni
(nickel), Fe (iron) and the like are also such materials that produce
similar results, even they can be suitably used in the present

15 invention.

While a case in which an electrode is formed by compression
molding powers with a press has been explained, a method of
manufacturing the electrode is not limited to this case. As long as
the electrode manufactured is formed powder, the electrode may be

20 manufactured by methods other than compression molding. The
other methods to manufacture the electrode include slip-casting,
Metal Injection Molding (MIM), and spraying or jetting nanopowders.
In the slip-casting, powders are dispersed in a solvent to make a

suspension, and the suspension is poured into a porous cast, such



that is hard to be carbonized or not carbonized, is used. 10 Mreover,
while a case of Co (cobalt) as a material that is hard to forma carbide
to be mxed with Ti (titaniun) to nake the electrode has been explained in
t he enmbodi nent, because Ni (nickel), Fe (iron) and the |ike are also such
materials that produce similar results, even they can be24danuapl 30Q7sed in
the present 15 invention. Wiile a cas@4in which an electrode is forned by

conpressi o ' r | S b b &g d of
manat act ur g EhaS O BRFED Pehibye FhEolieny i R AT o el dhec, 1

el ectrode manufactured is fornmed pawder, the, electrode nma 2

manuf act ur BYXE¢ h@d@'n&q{e?ﬁshlﬁ '\Ag(ﬁ'p?r Lo IﬂnﬁRﬁarydngTry?@%g?ﬁ%rarﬁet hods
to manufacture the el ectrode include, slip-casting, a%etal | nj ectign, Mol di ng
(MM, andhgatagiang the powders heatesarerspraved khaaliq 8.¢tate im g EBuder s
are dispersed in a solvent to nmake a suspension, and the_suspension is
poured i nt the. powedesscare ,patibh combirrdryithoeachoather.a Evest ghowght  to
renove the solvent. In the MM powders are mixed with a binder and jet

i nto a 5wl thetenasenvariogs diffedent neethodseta etaputhcthce jbwdelectnedecd are
sprayed to make a state in which the powders are partly conbined with each

other. Evepurpesehobehiebref tie nathods iditof fremtpowdbesls If @ desifetdeur e t he
el ectrode, a purpose of each of the nmethods is to formpowders. If a
desirabl e cpaidinihgIstHitat 8f Ahet PBWRIRYEETS ditaPhéal iMeehbnelditredgctthede, the
electrode may be applied to the present invention.
Third Embodiment
10 Fig. 8 illustrates a cross-section of an electrode for electric
discharge surface treatment and a concept of a manufacturing
method of the electrode according to a third embodiment of the
present invention. As shown in Fig. 8, a mixture of a Cr (chromium)
powder 801 and a Co (cobalt) powder 802 is filled in a space
15 between an upper punch 803 of a mold, a lower punch 804 of the
mold, and a die 805 of the mold. A green compact is formed by
compression molding the mixture. The green compact thus obtained
is used as an electrode for electric discharge in the electric
discharge surface machining. The pressure of the compression
20 mold was set to about 100 MPa and the heating temperature was
changed in a range of 400°C to 800°C during manufacturing the
electrode.
While the formation of the coat when the electrode is made of

the powder of Ti (titanium) that is a metal likely to form a carbide and



el ectrode may be applied to the present invention. Third Enbodi nent 10 Fig.
8 illustrates a cross-section of an electrode for electric discharge
surface treatnment and a concept of a manufacturing nethod of the el ectrode
according to a third enbodi nent of the present invention. As shown in Fig.
8, a mxture of a C (chromiun) powder 801 and a Co (cob¥ 4anupei€f¥Y 802 is
filled in a space 15 between an upper BBnch 803 of a nold, a |ower punch

Comortsst e 8raeich GdifmtPinal'fs Whthtehdll faRy 188 Carbbrli2b8™0 DY

conpr essi on ure. € greéen conpact thus obtalne I's used
as an electrode for electrig disgharge in,th lectri [ r rface
machi ni ng. F'?’ﬁe%ﬁreéks?ﬁ%laé?eﬁhén C@Tﬁ)rggg?gﬂ f%nﬁgﬁtﬁﬁﬁ,hi’ s%t égggaggu?Hloo MPa
and the heating tenperature s . changed in_a ran of 0 o 800C.during
manuf act ur ?Fﬁft?'ﬂge ks H&?ed\ela\ﬂfi AIMIAUTER frd PB?‘&E@r Pﬁ@%gﬁ%”&\%‘é‘ﬁ"})he
el ectrode is nade of the gowder of Ti _étitani um that is a rreé)al likely to
forma carthateisaaonedal thabfgrmecy carbide@nshadeewstercal CkaPPRIHEt is a
material hard to be carbonized has been explained in the second
enbodi rient explainsd bf thas eslteadinmelet.t hat is nmade of a mixture of a powder
of O (chromium that is a nmetal that fornms a carbide and a powder of Co
(cobalt) is 5 ekptiaénhitd emibluidimevigdiow s coatwasefdimed veneodhee@o, how a
coat was forned when the Co
(cobalt) powder content in the electrode was changed by gradually
increasing the amount from a state that the percentage of Cr
(chromium) powder content in the electrode is 100 volume %, or
10 equivalently, Co in the electrode is 0 volume %, was examined in a
manner similar to that in the first embodiment. The powder of Cr
(chromium) having a grain diameter of the order of 3 pmto 4 ym, and
a powder of Co (cobalt) having grain diameter of the order of 4 ym
to 6 ym were used.
15 When the electrode material was 100 volume % Cr
(chromium), the thickness of the coat was of the order of 10 pm.
When components of the coat were actually analyzed by X-ray
diffraction analysis, a peak that indicates Cr3C2 (chromium carbide)
existence and a peak that indicates Cr (chromium) were observed.
20 Thatis to say, although Cr (chromium) is the material that is likely to
form a carbide, an aptness to be carbonized is low compared to the
material such as Ti (titanium), and if Cr (chromium) is contained in

the electrode, a part of it becomes the carbide and a part of it

remains as the metal Cr (chromium).



(cobalt) powder content in the electrode was changed by gradual ly

I ncreasing the anmount froma state that the percentage of G (chromum
powder content in the electrode is 100 volunme % or 10 equivalently, Co in
the electrode is O volume % was examined in a manner simlar to that in
the first enbodi ment. The powder of C (chronium havi ng2ZalBane@7anet er
of the order of 3 pmto 4 pm and a pé@der of Co (cobalt) having grain

diameter of the prder of 48qr?°<“f{§"9”w[’t§ﬁ§'s§ﬁ.t2 SGWHE?aQ%gk@ﬁg[,ode

materi al was 100 vol une % rom ness t he coat 'was of

the order gf 10 pm en..conponents .of . the cnat r C y zed by
X-ray di fﬁr‘ﬁ@?i@r‘l’%mﬁgfts',s Oﬁﬁ@ettﬁaﬂorin?}(ﬂ @ngﬁ%&%gh%o%mu%%arbi de)
exi stence and a peak that indicates chromu were observed. 20 That is
to say, alPhotgh @h'EBhﬂ%nﬁumaﬁ%"@hgq{’&t BPi ge %Eb‘?%'zﬁidief@crtec?sef%rm a
carbide, an aptness to be carbonized is | ow conpared to the materjal such
as Ti (titHeweyer.aitfdwas dounchitbat die iGo emiENregannber i 2 e¥dEde, a
part of it becones the carbide and a part of it renmains as the netal Cr
(chr onifum) pr@gostanndhgn2@bEn 2aambithe wive nGataridlr hratus)extse mly likelyhe

el ectrode material, it was found that it is possible to forma thicker
coat as thep dontneat carfideois vbintdines! in theeeisdirbde dniade bial ddrchomithed,

i ncreases. However, it was found that the Co content can be in a snmaller 5

propor ti onfir§pembedirmeAtdtdieh s dmd /IthBbdim@inti shaxts eaethickideaty
becomes more likely to be formed around when the Co contentin the
electrode exceeds 20 volume %.

10 A change in the thickness of the coat with a change in the
amount of Co content is shown in Fig. 9. The conditions of the pulse
of the electric discharge applied were the same as those in the first
embodiment and the second embodiment. In other words, a pulse
having a peak current ie=10 A, an electric discharge duration

15 (electric discharge pulse width) te=64 ps, and a pause time to=128
ps, was applied, and the electrode that had an area of 15 mmx15
mm was used to form the coat. The electrode was given negative
polarity and a work was given positive polarity. A processing time
was 15 minutes.

20 As described previously, an aptness to be carbonized varies
even among materials that are likely to form carbides, and materials
that are less likely to be carbonized tend to form a thicker coat. Itis
inferred that this is because the requirement to form the thick coat is

to retain a certain proportion for materials that stay behind as metal,



to forma carbide is contained in the el ectrode material like in the first
enbodi mrent and the second enbodi nent, that is, a thick coat becones nore
likely to be formed around when the Co content in the electrode exceeds 20
volume % 10 A change in the thickness of the coat wwth a change in _the
amount of Co content is shown in Fig. 9. The conditions #4JaieapiddE of
the electric discharge applied were th&sane as those in the first
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el ectrode was given negative polarity and a work S given positi,i.Vv
polarity. i ¢Pdches¢pactudrd thad the M%ﬁ%@.rymoﬁg\{@%@c@ E@ p?e{h'ﬁgsl y, an

aptness to be carbonized varies even anong nmaterials that are likely to

f or m car bi dexselyrpaekedrdcatsis thattthe propasion iafi the majertdssbat Aayt end to
forma thicker coat. It is inferred that this is because the requirenent
to form t hbetimdlasopdtalsn the ceatiism gbertthan @bopbddd%ninf volumeeri al s
that stay behind as netal, 24 January 2007 27 i.e., does not becone

carbide, in matepcrlepvdiat frorm the cemperifiomalt heesidssil tandbtatieed in the
first embodinent to the third enbodinent, it can be concluded that the

e or ey PN Il W RN el naekaiusoagn' mafeis! o
concrete data on an aptness of a metallic material to be carbonized
in the electric discharge atmosphere in the dielectric fluid that is the

10 oil, a magnitude of energy required for carbonization can be
obtained by referring to the Ellingham diagram. In the Ellingham
diagram, it is indicated that Ti (titanium) is extremely likely to be
carbonized, and Cr (chromium) is less likely to be carbonized
compared to Ti. Moreover, among materials that are likely to form

15 carbides, Ti and Mo (molybdenum) are more likely to be carbonized
and Cr (chromium) and Si (silicon) and the like are materials that are
relatively less likely to be carbonized. These facts weil conform to
the actual experimental results.

Consequently, also when an electrode is made of a mixture of

20 a Cr (chromium) powder and a Co (cobalt) powder, it is possible to
form a thick coat stably on the surface of a work if an electrode that
contains more than 40 volume % of Co (cobalt) powder as a material

that is hard to be carbonized or not carbonized, is used.

Furthermore, in this case, it is possible to particularly form a thick



5 behind as netal in the coat is higher than about 30%in vol une.

Moreover, fromthe experinmental results and others explained above, it can
be regarded that, although there is no concrete data on an aptness of a
metallic material to be carbonized in the electric discharge atnDs here in
the dielectric fluid that is the 10 oil, a nmagnitude of aparyeld’r ed for
car boni zation can be obtained by refeing to the El i ngham di agram 1In

the El1ingbap) s%ggfn 114 gh3rdd¥ g ahEChiR s Hn ElddOhuthdSoSiaREc! Y

likely to car hr'omu N B e carboni zed
corrparedto Ti. e erials hat arellkelytoform15

car bi des, %ngn%?@%'wsee ikely to be carbonized and Cr
(chromur‘r) and Sl (silicon) and the |ike are |asth elatively
less likely to bMIROYEHI while &89 9 t%ov@qrga%&%r%m@ efigk that s
experinmental results. Conseguently, al so when_an el ectrode is made of a

ni xture of hapd ta formy encarhide) tpbraavixedavidhder (ebramiy miciuatake thes
possible to forma thick coat stably on the surface of a work if an

el ectr&de ehettroderhas heemexpldbrediabosieurhecawse ¢bi (iokal) F pdigar as a
material that is hard to be carbonized or not carbonized, is used.

Fur t her nor gndi thé hike @asealsd siL&mmaﬂdri@Istmalaprbduberb'ynﬂar mesutlts,ck 24
January 2007 28 coat stably on the surface of the work if an el ectrode

that contagpgn t’ﬁHsﬁchha@e?sQntfé’élby”@s%% {fe preysatinMntener, while a case
of Co (cobalt) as™a material that is
While a case in which an electrode is formed by compression
molding powers with a press has been explained, a method of
10  manufacturing the electrode is not limited to this case. As long as
the electrode manufactured is formed powder, the electrode may be
manufactured by methods other than compression molding. The
other methods to manufacture the electrode include slip-casting,
Metal Injection Molding (MIM), and spraying or jetting nanopowders.
15 In the slip-casting, powders are dispersed in a solvent to make a
suspension, and the suspension is poured into a porous cast, such
as a plaster cast, to remove the solvent. In the MIM, powders are
mixed with a binder and jet into a mold. In spraying, powders are
heated and the powders heated are sprayed to make a state in which
20 the powders are partly combined with each other. Even though
there are various different methods to manufacture the electrode, a
purpose of each of the methods is to form powders. If a desirable

combining state of the powders is obtained in the electrode, the

electrode may be applied to the present invention.



hard to forma carbide to be mxed with G (chromum to nake the 5

el ectrode has been expl ai ned above, because Ni (nickel), Fe (iron) and the
| i ke are al so such materials that produce simlar results, even they can
be suitably used in the present invention. Wile a case in which an
electrode is formed by conpression nolding powers with a24dananndi07peen
expl ai ned, a nethod of 10 manufacturi@§ the electrode is not limted to
this case. Fé‘ﬁr rﬂ)@nﬁf)d}i eetne[l ectrode manufactured is forned powder, the

el ectrode may be — nmanufactured by net hods ot her than conpression nol di ng.

The other nethods t nuf agture the el ectrode incl | i p-.casti.pg,

Metal Injection %bg'di?ﬂgﬁt’@}rl\%ct?sa%&rgﬁ?aiﬁ(ﬁbo'gro(?j%’i"%ilﬁgﬁﬁgﬁogogvﬁr}rdstﬁ%S I n
the slip-cagsting, powders are dispersed in a solyvent t ke a sgensi on,
and the sudpRARAtaE PYriase LeatMEN tand ARANceRt of Tanyfacdinng methpt g,
to renove the solvent. In the MM powders are mxed with a binder and jet
into a nol @f the efgclypdg, apeanding i e fapsthe@mbadimentuéhe presey are
sprayed to make a state in which 20 the powders are partly conbined with
each other inv@mtionhodghshomer éndrig.vilj aumidtireeoéra Met (roakyhdenamuf act ure
the el ectrode, a purpose of each of the nethods is to formpowders. If a

desirabl e pewdemiiy Kt at Erofchroen powliggowder obd@E2 ned Sin(siticoe)et008de, t he
el ectrode may be applied to the present invention. 24 January 2007 29

;OEEE pi Eﬁbﬁéwm, diida &0 {ddpmty pbasiar $008SsSRICéd AR Plpazechativeede for
an upper punch 1005 of a mold, a lower punch 1006 of the mold, and
a die 1007 of the mold. A compound ratio of the mixture is Mo
10 (molybdenum) 28 weight %, Cr (chromium) 17 weight %, Si (silicon)
3 weight %, Co (cobalt) 52 weight %. A volume percentage of Co
(cobalt) in this case is about 50%. A green compact is formed by
compression molding the mixture. The green compact thus obtained
is used as an electrode for the electric discharge in electric
15 discharge surface machining.
The combination and the proportion of Mo (molybdenum) 28
weight %, Cr (chromium) 17 weight %, Si (silicon} 3 weight %, and
Co (cobalt) 52 weight % are used to obtain a material that has
abrasion resistance in high-temperature environment. The
20 electrode that is composed in such proportion has abrasion
resistance because of a hardness of the materials and a lubrication
exhibited by Cr;C; (chromium carbide) that is formed by oxidation of
Cr (chromium) in high-temperature environment.

The pressure of the compression mold was set to about 100



di scharge surface treatnent and a concept of manufacturing nethod of the
el ectrode according to a fourth enbodi nent of the present 5 invention. As
shown in Fig. 10, a mxture of a M (nolybdenum) powder 1001, a Cr

(chrom um powder 1002, a Si (silicon) 1003 powder, and a Co (cobalt)
powder 1004 is filled in a space between an upper punch Zo&mugy 200fpl d, a
| ower punch 1006 of the nold, and a di@ 1007 of the nold. A conpound ratio

of the mx ' 1 | % oW} i ght
o S (o1 Mihana e Bep o RERHTHS YEa8 Retn 9 AR050RT DO % O
of Co (cofRaktk Ln .this case is .about 50%, A.qQr c . by
conpr essi ogshogzd‘?'ﬁﬂngh@qﬂla?ﬂlérmgh@‘egﬁg%ﬂrgggpg\@{h%rﬁ&gg§%{rﬁ'négﬁﬂgg used
as an electrode for the_electric discharge in electric, di scharge

surf ace naém‘?#rhtg&%hté’ %%‘hﬁyﬁ’&ﬂ )i A W?ép'i‘i‘r"f?%ﬂ”&'iﬂjfglﬁ R%B%g@num 28
weight % C (chromum 17 weight % Si (sj_licor_ll) 3 weight % and

(cobal t) sbewergsseds to obieda betignt tarmabildyer iThe twax 88t reHPa¥Pen
resistance in high-tenperature environment. The 20 electrode that is
conposéd i dusimgh theopeatinng, hads pwdsr oof each smatedabelcavisrg i@ @raiar dness
of the materials and a lubrication exhibited by C3C2 (chrom um car bi de)
that is fodhadebyr okihatordrraf 2 Gim tolé pm was usedi ghh ¢ egpetitiomsethat

environnment. The pressure of the conpression nold was set to about 100 24
fgnuary 20Q/6redfs dPro AtKe buPs & oAthB%IEBEE 4R th ary@weret a ipeak canemtof 400C
ie=10 A, an electric discharge duration (electric discharge pulse
width) te=64 us, and a pause time to=128 ps, and an electrode
10 having an area of 15 mmx15 mm was used to form the coat. The
electrode was given negative polarity and a work was given positive
polarity.
With the electrode that is made as described above, an
apparatus for electric discharge surface treatment similar to the
15 apparatus in Fig. 6 can be composed. And when the coat is formed
on the surface of the work by means of a pulsed electric discharge
generated by the apparatus for electric discharge surface treatment,
it is possible to form a thick coat on a work material without causing
a strain due to the pulsed electric discharge in a dielectric fluid that
20 is an oil. Furthermore, it was confirmed that the coat formed had
abrasion resistance even in high-temperature environment, which
means that a thick coat with good quality was formed.

It is possible to obtain the coat that has various functions

such as abrasion resistance and the like by forming the coat on the



800C during manufacturing the el ectrode. Wen pressing, a small amount (2%
to 3% by weight) of a wax was m xed with the powder to be pressed to
obtain better formability. The wax gets renoved 5 during the heating. A
powder of each material having a grain dianmeter of the order of 2 pmto 6
pmwas used. The conditions that were used for the pul se2bfanmy &WUctiric

di scharge were a peak current ie=10 A3%lan electric discharge duration

(electric dj I | =a4 D L e 1 OFR ps, and
an electr oggﬁ%g&tﬁé \gﬁrg\;ﬂe}g%arﬁ Oi*r')?l @qlﬁkﬁsﬁgg%ﬁhﬁltrsn%pﬁﬁagoat .
The el ectrode . gl v egalj.Vv agy an e [ lLtive
polarity. N4 '\ﬁl@gel"vé@frﬂb% H?acﬁr‘ig)ggrr&%éydg g.gggg?t‘)ﬂz'éwgg%geﬁé&r?q@%par at us
for electric di scha\r ae. Sihf ace treat nent si.gi lar to.t he] 1&@&0& at hls in
Fig. 6 can®BERQWREEH N ARG RARAOTHRN (descrived, PRayislyhe a8HC0f the
wor k by nmeans of a pulsed electric discharge, generated by the apparatus
for el ect r MAtgridpatyeuske racatellitat hatt consistss C}fosg:irb(@XEQi“flﬂmﬁl §5t hi ck
coat on a work material w thout causing a strain due to the pul sed

el ectrifc divedght e, Ni (rickad) dét wiedght & dW Hangedeing 7aweaight %FupnleCpore, it
was confirmed that the coat forned had abrasion resistance even in

hi gh-t enpe{etbak) éarithemestt, omMCc fchnearisni)h2® veeightci, ddiafnivkeh) §6od
quality was formed. It is possible to obtain the coat that has various
functions walight a5, Wg?ﬁhg@téﬁﬁﬂstWEWhﬁw, ahd Cokgdbyaltpfor tigetresttoat on
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Since Stellite has excellent corrosion resistance and
high-temperature hardness, it is a material that is usually applied for
10 coating by welding and the like to a part that requires such
properties, and is suitable for coating when corrosion resistance
and high-temperature hardness are required.
Moreover, nickel based materials compounded in such a
proportion of “Cr (chromium) 15 weight %, Fe (iron) 8 weight %, Ni
15 (nickel) for the rest” and “Cr (chromium) 21 weight %, Mo
(molybdenum) 9 weight %, Ta (tantalum) 4 weight %, and Ni (nickel)
for the rest”, and “Cr (chromium) 19 weight %, Ni (nickel) 53
weight %, Mo (molybdenum) 3 weight %, (Cb + Ta) 5 weight %, Ti
(titanium) 0.8 weight %, Al (aluminum) 0.6 weight %, Fe (iron} for the
20 rest” and the like are materials that have heat resistance, and are
suitable for coating when heat resistance is required.
While a case in which an electrode is formed by compression
molding powers with a press has been explained, a method of

manufacturing the electrode is not limited to this case. As long as



surface of the work by neans of in-liquid pulsed electric discharge
machining with the electrode that is made with the materials conpounded in
the proportion described previously. Gther such materials include a
Stellite that consists of "Cr (chromun) 25 5 weight % N nickel3 10

wei ght % W (tungsten) 7 weight % and Co (cobalt) for tdfelanusty20r "cr
(chromium) 20 weight % N (nickel) 1032weight % W (tungsten) 15 weight %

and Co (cogﬁ%%)e{%ﬁéﬁfe[‘@%n%%mr § 15 fothBU! A6 R alPSHRX BRe LR L AP EET

resi stance ture I dness, S a materra S usually
applied for 10 coating by weldi and the like to a rt that regdires such
properties™ g uE%&t%%l@eﬁg?ggo% “r{gt%enc%%‘ﬂfﬁﬁgﬁnr'@&'@k"%cefhénd

hi gh-t enperature hardness are required. Mreover, nicke] based erials
corrpoundedommerstﬁﬁﬂt@d%rté’pm@’?‘éﬁf‘(ap"edhe( &\estods “1%“‘\/&65? gﬁﬂtp'%a%?—{é]%i ron) 8
weight % N 15 (nickel) for the rest" and "Cr (chromunm) 21 weight % M
(ol ybdenuMetal hrjegitonMalding MIM L @ndispeaying o4 jettinnnapRPOVMESTS f or t he
rest", and "Cr (chromum 19 weight % N (nickel) 53 weight % M

(ol ybdenuh) tBewsiightasting Cpowde)s Braed fpergedTin a solwenttp makenei ght %
Al (alumnum 0.6 weight % Fe (iron) for the 20 rest"” and the like are

mat eri al s shepehdvenhaad trsisaspedsionrd poered imtoabl pofaus castj sgchhen
heat resistance is required. Wiile a case in which an electrode is forned

by conpresgkon p|aBtél BEsPONE FEN i tRe SIS niBas b aed MMl Poweders aret hod of
manuf acturing the electrode is not limted to this case. | ong as 24
January 20fixed with a binder and jet into a mold. In spraying, powders are
heated and the powders heated are sprayed to make a state in which
10 the powders are partly combined with each other. Even though
there are various different methods to manufacture the electrode, a
purpose of each of the methods is to form powders. If a desirable
combining state of the powders is obtained in the electrode, the
electrode may be applied to the present invention.
15 Fifth Embodiment
Fig. 11 illustrates a cross-section of an electrode for electric
discharge surface treatment and a concept of manufacturing method
of the electrode according to a fifth embodiment of the present
invention. As shown in Fig. 11, a powder of Stellite alloy (alloy of Co,
20 Cr, Ni) 1101 is filled in a space between an upper punch 1103 of a
mold, a lower punch 1104 of the mold, and a die 1105 of the mold.
And a green compact is formed by compression molding the alloy
powder. The green compact thus obtained is used as an electrode

for electric discharge in electric discharge surface machining.



32 the el ectrode manufactured is fornmed powder, the el ectrode may be
manuf act ured by net hods ot her than conpression nol ding. The other nethods
to manufacture the electrode include slip-casting, Metal Injection Mlding
(MM, and spraying or jetting nanopowders. 5 In the slip-casting owder s
are dispersed in a solvent to make a suspension, and the24s{Spary: is
poured into a porous cast, such as a PBaster cast, to renmove the sol vent.

R e

sprayi ng, powders are eat e ers are spr to make a

state in whic 0 the powders ,ar [ C L Regd: W C t 2 Even

t hough thg\ﬂéyeaﬁé( '{ng'in&g%d{qq‘%qlgh?éﬁ\@%%@dﬁwgg)h&ﬁwg%%?égpﬁe € glégr ode, a
pur pose of, each of the nethods.is toMﬁ%hm po rs. Lf .a desi ia(ﬁl e

conbi ni ng ¥t 24 eSBECtiRd pBIRRPELIPR. op oFsi Pt ROWAEENGdBCIYER: Orect r ode
may be applied to the present invention. 15 Fifth Enbodipent Fig. 11

i 11 ust r at examples atesvzabionoer Rewdeiingdhe albey &tk & mdll %%é'ﬂ%r’tﬂe-surface
treatment and a concept of manufacturing nethod of the electrode according
to a fi5thBynbitheremetifod heaoresgpnain imvibet ipowdes Baoames #ngalley, a
powder of Stellite alloy (alloy of Co, 20 Cr, Ni) 1101 is filled in a space
bet ween an($tepkte purfiy. 1103 Theaalloyl plowa droseco mprelssidfanofdedevitbl d, and
a die 1105 of the nold. And a green conpact is formed by conpression

ol ect rade TTor o ety i Sonarae e e et e di oenar g Surt ace machi ni ng.
strength of the electrode, heating treatment may be carried out
depending on a case. The alloy powder that was compounded in a

10  proportion of “Cr (chromium) 20 weight %, Ni (nickel) 10 weight %,

W (tungsten) 15 weight %, Co (cobalt) for the rest” was used here.

A volume percentage of Co (cobalt) in this case was higher than
40%.

The pressure of the compression mold was set to about 100

15 MPa and the heating temperature was changed in a range of 600°C

to 800°C. When pressing, a small amount (2% to 3% by weight) of

a wax was mixed with the powder to be pressed to obtain better

formability. The wax gets removed during the heating. The powder

of each material having a grain diameter of the order of 2 ym to 6 ym

20 was used. The conditions that were used for the pulse of the electric

discharge were a peak current ie=10 A, an electric discharge

duration (electric discharge pulse width) te=64 ps, and a pause time

to=128 ps, and an electrode having an area of 15 mmx15 mm was

used to form the coat. The electrode was given negative polarity



24 January 2007 33 The Stellite all oy powder 1101 is a powdered all oy that
Is made by mxing Co (cobalt), C (chromum, N (nickel), and the |ike
in a specified proportion. Methods of powdering include, for exanple,

atom zation or powdering the alloy with a mlIl and the like. 5 By_either
met hod, each grain in the powder becones an alloy (Stel 44&MuanER®Y7 11) .
The all oy powder is conpression nolded3%ith the die 1105 and punches 1103,

1104. And Bhega Oﬁgr@éﬁjﬁgg\{%@tﬂﬂggg B&atﬁéel ectrode, heating treatnent

may be carfie on a case. al l oy powder that was
conmpounded in a }0 portiongof " ] ) 2 | 9 | L.ckel) 10
weight % W(tu gg%%ﬁiécv@f &?"@”éﬂi"%@g{%ﬁﬁ’i ?%ﬁt%g 5 ﬁs){'l'\gl\}\a/a(cghgsed
here. A vqlu ercent age, of Co (ccobalt). in this case was hi gher .f han
205 The pRERABGSITRES HRRtERTACeRIdingds Qig oft>aatiEnt b8 Ta shRrn and
the heating tenperature was changed in_a range of 600C to 8003. When
pressing, &legspdednannacturadasgascrikedboys is shawn WA g sldd Mt h t he
powder to be pressed to obtain better formability. The wax gets renoved
duri ng & heshewtn rig. Fige p2wtbe agfpasadusninrerelecthiayiigchageaisudagset er of
the order of 2 pmto 6 pm 20 was used. The conditions that were used for
the pul se tfedathwe et extiodes am stbatrgel et 26 2athedtdls madecof the-powder af
electric discharge duration (electric discharge pulse width) to=64 ps, and
a pause titRe al05y28oRipodidednirelthet hedpoPdyhndestriveah mievidbusipla mm was
dielectric fluid 1204 that is an oil, a dielectric fluid supply unit 1208
to immerse the electrode 1202 and a work 1203 in the dielectric fluid,
10 orto supply the dielectric fluid 1204 between the electrode 1202 and
the work 1203; and a power source for electric discharge surface
treatment 1205 that generates a pulsed electric discharge by
applying a voltage between the electrode 1202 and the work 1203.
The electrode is composed of an alloy powder 1201. Components
15 that do not relate directly to the present invention, such as a driving
unit that controls a relative position of the power source for electric
discharge surface treatment 1205 and the work 1203, are omitted.
To form a coat on a surface of the work with the apparatus for
electric discharge surface treatment, the electrode 1202 and the
20 work 1203 are placed oppositely in the dielectric fluid 1204, and a
pulsed electric discharge is generated between the electrode 1202
and the work 1203 by the power source for electric discharge

surface treatment 1205, and with an energy of the electric discharge,

a coat of the electrode material, or a coat of a substance that is



used to formthe coat. The el ectrode was given negative polarity 24 January
2007 34 and a work was given positive polarity. A schenmatic of
configuration of an apparatus for electric discharge surface treatnent
according to the enbodi nent using the electrode manufactured as descri bed
above is shown in Fig. 12. As 5 shown in Fig. 12, the app4anyantefo7

el ectric discharge surface treatment PBBcludes an el ectrode 1202 that is

made of tNGoRAPHRL Yy altdacHdiPbs JAEPANRIRIIE tn bl BILROSIRBAAGA hebed

previ ousl y; e ul hat 1s an oll; a dielectric ui

I ' 08 h | ect . . 03.] h
G Bl eut 11 cSuface ohfhe WETiC TARRIH eI i e nBPR R s ol nddnt e
e! ectrode 120% and . the work 1203; and a power soulrce for @]leCtI ig .
di schar ge W@MKale SWMEDARRHTIVEXBPIBRLY. gdMer AFesCAUWNs8h W elacdric
Thos S edlactanasid 208 aspssecaebrean e B epbnne TERA 8t iRen BT 5

that do not relate directly to the present invention, such as a driving
unit tHat ¢208rasshowsliat Fige pdsition of the power source for electric

di scharge surface treatnent 1205 and the work 1203, are omtted. To forma
coat on a surf ac®hefeldrdrods mataral isctrappée aedsonty the etk ¢achitiokar ge
surface treatnent, the electrode 1202 and the 20 work 1203 are pl aced

opposi t el ythé eldetrid dissidige fd gedetattd. anthcughlthedleceride matiesitdlarge is
generated between the el ectrode 1202 and the work 1203 by the power source
for electrig Whg6Naf 3 powder, the powder is the alloy made into powder,
therefore, the material is homogeneous, and there is no variation in
10 the material when it is transferred onto the electrode 1202.
Consequently, it is possible to form a coat with good quality without
a compositional variation caused by the nouniformity in the
electrode material.
When the electrode of specified composition is made by
15 mixing powders of each material, a problem that a performance of a
uniform material cannot be obtained may arise because of the
mixture of the powders being nonuniform. In the research
conducted by the inventors of the present invention, it was found
that when an electrode of a specified composition is made by mixing
20 powders of each material, it is quite difficult to make a mixture
completely uniform as more than one kind of powder are mixed, and
therefore, compositional variation occurs between individual
electrodes or even in one electrode depending on a part. An

electrode that contains a material that is likely to form a carbide is



surface treatnent 1205, and with an energy of the electric discharge, a
coat of the electrode material, or a coat of a substance that is 24 January
2007 35 generated by a reaction of the electrode materials is formed on
the surface of the work. The electrode is given negative polarity and the
work is given positive polarity. An arc colum of the el e&{4ansary O:Qgharge
1206 occurs between the el ectrode 120238&nd the work 5 1203 as shown in

Fig. 12. The @ §‘8§88§ﬁb”@tt8rt'h% fb%t[}%&ﬁ?hﬁﬂ@’ﬁk‘é GheaMeykd begme the

el ectric dischar ener at ed el ectrode ma [ s rrade

f wd th I f

?rat Zr Pgl e@tﬁ&rg[; V\gggali t&' h%’gom(% (?arl | g‘%%ﬁ"?ﬁ Eﬁgﬁma ser| aI Wnen
t f tao th de 1202. Co tl ble t

form a coatmAYBIBBBE gAY ¢ WRABTHTI aatsnibeventharoltainad dn° Safsed by

the nouniformty in the elect rode mat eri al I ect qde of

speci fi ed @lﬁﬁib@ﬂ?r dh hecomes wyfficdt fog; W@'Ypé‘\/\@@rrg tgﬁ?e%‘é'ﬂ aHBfePHEN, a

problemthat a performance of a uniformmaterial cannot be obtai ned may
ari se Becamatesfalsiio forinkadhickotoahe Therete e Hbiatg ischoReblamthal thae
research conducted by the inventors of the present invention, it was found
t hat when eoatlbectomnds wdnanifpeni ho¢drdgripothe compasitide bioy alspi imga20
powders of each material, it is quite difficult to nake a m xture
conpl et el ythiakhes® as nore than one kind of powder are m xed, and
However, as described in the embodiment, by making the
electrode with the powder that is obtained by powdering an alloy
10 material composed of several elements in a specified proportion, it
becomes possible to eliminate the compositional variation in the
electrode. And by electric discharge surface machining with the
electrode, it becomes possible to form a thick coat stably on a
surface of a work, and to make the composition of the coat uniform.
15 Thus, by forming the coat on the work 1203 by means of the
apparatus for electric discharge surface treatment with the
electrode described previously, it is possible to form a
compositionally uniform thick coat stably on a surface of the work
with in-liquid pulsed electric discharge treatment.
20 While a material obtained by powdering an alloy composed in
a proportion such as, “Cr (chromium) 20 weight %, Ni (nickel) 10
weight %, W (tungsten) 15 weight %, and Co (cobalt) for the rest”

has been used in the description above, the alloy to be powdered

certainly may be other combinations, and for example, an alloy that



t herefore, conpositional variation occurs between individual electrodes or
even in one electrode depending on a part. An electrode that contains a
material that is likely to forma carbide is 24 January 2007 36 nore
susceptible to this fact. For exanple, like an alloy described later, if
materials that are likely to form carbides such as M (i Jas4enisP7and T
(titaniunm) are unevenly contained in tRé electrode, it becones difficult

for only aPRidqLNA's SORIAIARIAH ath T S6F ALAbRILATTS Waight opaNi

Ther ef or e, ere is a problem coat cones ‘nonuni formnot only in
t he conposj t.i on also inp thi ckness. r Il \ne L he
enbodi ment (NG ehﬁﬁbn\def%{ @?@ééf‘%ﬁkﬁﬁﬁhﬂﬁ%ﬁﬁﬁ %e B 366 [(EBBRI Yol by
powdering an alloy 10 materi al I\ﬁongosed o{ sevtz_lragl el emapts. in a.sgeci fied
propor t i ontng regic §ads bsoyses e Marepysf.natiays b al gt dnadsndt B Htion in
the electrode. And by electric di scharge surface machini ng W.th th?
el ect r ode, ratiopeipe S HOMA KMolybdesum b 28,waigbbatk, SLaREPTemidM)siift ace of
a work, and to make the conposition of the coat uniform 15 Thus, t&é
form nd t hweight %nSi Heilizon) 3298idlyt Heamsd GFot(sebadpptarathesrest’, eCdctric
di scharge surface treatment with the electrode described previously, it is
possi bl e t ec@miem)ddwesghi Snaf & ¥iromi)fowmight &k amdiNistrackegl)dordheur f ace
of the work wth in-liquid pulsed electric discharge treatnment. 20 Wiile a
mat erial opds"negr pyh pOMEER )1 deight oF, MuTRastgbdenum) 9 weight %, Ta
(tantalum) 4 weight %, and Ni (nickel) for the rest”, and “Cr
(chromium) 19 weight %, Ni (nickel) 53 weight %, Mo (motybdenum)
10 3 weight %, (Cb + Ta) 5 weight %, Ti (titanium) 0.8 weight %, Al
(aluminum) 0.6 weight %, and Fe (iron) for the rest” can also be used.
However, because a property of the material, such as the hardness,
may be different if the mixing ratio of the alloy is different, a
formability of the electrode and a condition of the coat vary to an
15 extent.
If the hardness of an electrode material is high, it is difficult
to mold a powder by pressing. In addition, to increase strength of
the electrode by heating treatment, it is necessary to give some
contrivance such as setting the heating temperature relatively high.
20 For example, an alloy that is compounded in an alloy mixing ratio of
“Cr (chromium) 25 weight %, Ni (nickel) 10 weight %, W (tungsten)
7 weight %, and Co (cobalt) for the rest” is relatively soft, and an

alloy that is compounded in a mixing ratio of “Mo (molybdenum) 28

weight %, Cr (chromium) 17 weight %, Si (silicon) 3 weight %, and



a proportion such as, "Cr (chromun) 20 weight % N (nickel) 10 weight %
W (tungsten) 15 weight % and Co (cobalt) for the rest" has been used in

t he description above, the alloy to be powdered certainly nay be other
conbi nati ons, and for exanple, an alloy that 24 January 2007 37 is_made in
such a mixing ratio as "Cr (chromium 25 weight % N  (rRdclaupyizdd0iei ght
% W (tungsten) 7 weight % and Co (coB8It) for the rest" can be used.

Mor eover, allo e de. 3= N Xi |,0 C v
28 vel g f%o d%%(%n‘?fom%;“%eféh#e{*‘g  Pelatly Chands nageritb, LTyHeRTE)
coba r e rest", " chr.om 1 lght % _F [ Lght %
Snd Ni h(n;ﬁﬁ@i?rf%ﬁngh%hi{@é‘?&,ro‘d&' t{g?lﬁ oﬁﬁ\éﬁfgfkyv&q g§?£ :ﬁl;’h%lr\llz)h‘??r@ﬁ gdenu?r)
wei ght Ta (tantalu i ght % . and Ni i ckel) f h t.", d
"o (chro f[iﬁﬁ@@'iﬁeﬁsﬁpt%%d%% Bmf&%?elr)a@%?ﬁﬁﬁ%%%ﬁ%@%ﬁ%ﬁdﬂ; ?3 3
weight % (Cb + Ta) 5 weight % Ti (titanium 0.8 weight o Al . (alum num
0.6 wei ght asgase@fHde Iattay alley opeayerage darobiaip eﬂéengéa.re%t@@é%?
because a property of the material, such as the hardness, may be different
i f the &m xthe elactrods. the alloy is different, a formability of the
el ectrode and a condition of the coat vary to an 15 extent. If the

hardness of an eRegjdradegithbdiielihosd bfdbrmingisthickidoat, s ¢xplasheda
powder by pressing. In addition, to increase strength of the electrode by

LErt ng P ubSaIERE OB orfogT met bRt
to form a thick coat as the content of the metal in the coat increases.
Regarding materials that compose an alloy powder, which is a

10 component of the electrode, as a content of Co (cobalt), Ni (nickel),
or Fe (iron) that are materials unlikely to form carbides increases, it
becomes easier to form a closely packed thick coat.

By conducting tests with several kinds of alloy powder, it was
found that it becomes easier to form a thick coat stably if the content

15 of a material that is hard to form a carbide or does not form a carbide
in the electrode exceeds 40 volume %. And it was found that it is
preferable that the Co content in the electrode is higher than 50
volume % to form the thick coat of sufficient thickness. Although it
is difficult to define a volume percentage of a material in an alloy, a

20 proportion that is a value of a weight of each powder divided by a
density of each material is regarded as the volume percentage here.
It is needless to mention that the volume percentage becomes
almost the same as a weight percentage if specific gravities of

original materials that compose the alloy are close to each other.



20 For exanple, an alloy that is conmpounded in an alloy mxing ratio of

"Cr (chromum 25 weight % N (nickel) 10 weight % W¢(tungsten) 7 weight
% and Co (cobalt) for the rest” is relatively soft, and an alloy that is
conpounded in a mxing ratio of "M (nolybdenun) 28 weight % Cr
(chromium) 17 weight % Si (silicon) 3 weight % and 24 Jfagmadl7 38 co
(cobalt) for the rest" is relatively h8Pd material. Wen heat-treating the

el ectrode, it i sFﬂﬁﬁﬁ@ﬁéy&t gvaftist yﬁ{%%?%l%attw at Héﬁoialéofét us88C

hi gher in a case 0O ormer "allo n a case of the latter alloy on
average to_gbtain strengt h [ t r i rdi he

li kel i hood@3f@ FBW%BGHPPEF@E%&%%&Sgp(#gﬁﬁgh%?ﬁt)naﬂﬁé"&??@t gé‘ B8 ment
to the fourth odi ment, it becqnes easier, to forma thick coat as the
cont ent of('ﬂ'ﬂBi:&t emﬁtﬁ{talc'éa'fquﬁ'é’rei& !kelﬁeté’a&ﬂrirﬂga ﬁ&tréfq%laénf’ﬂgt
conpose an all oy powder, which is a 10 conponent of the_electrode, .as a
content of thed M@dpaialy, aNimethaliceioompepend QFW%h)thtaH‘atC‘ar&‘?%@'é)’i é‘ﬂs
unlikely to form carbides increases, it becones easier to forma closely
packed & hi (kicked), amy Foifiro)iiadot ketamiai neddndhagl crahdandfthgireégreronder ,
it was found that it becones easier to forma thick coat stably if the

content 18/ i poswbéeital fohat ai sidwwlg packednthickacbiatieevendeih how form a
carbide in the el ectrode exceeds 40 volune % And it was found that it is

o form the hy o aear o e e W hotgn 11 e
ufficient thickness. Although it

it was found that when an alloy made from two elements of Cr

(chromium) and Co (cobalt) is used, it becomes easy to form a thick

10 coat when Co content in the electrode exceeds 20 volume %. A
volume percentage of Co here is ((weight % of Co)/(specific gravity

of Co) + ({{(weight % of Cr)/(specific gravity of Cr))+((weight % of
Co)/(specific gravity of Co))) as described previously. Although Cr
(chromium) is a material that forms a carbide, it is less likely to form

15 a carbide compared to an active material such as Ti. When
components of the coat were actually analyzed by X-ray diffraction
analysis, XPS (X-ray Photoelectron Spectroscopy) and the like, a
peak that indicates Cr3C2 (chromium carbide) existence and a data

that indicates Cr (chromium) existence were observed. In other

20 words, although Cr (chromium) is a material that is likely to be
carbonized, an aptness to be carbonized is low compared to a
material such as Ti (titanium), and if Cr (chromium) is contained in

the electrode, a part of the content becomes the carbide and a part

of the content stays behind as metal Cr (chromium) in the coat.



is difficult to define a volune percentage of a material in an alloy, a 20
proportion that is a value of a weight of each powder divided by a density
of each material is regarded as the volune percentage here. It is needless
to mention that the volunme percentage becones al nost the same as_a_wei ght
percentage if specific gravities of original materials t?ﬁﬂaﬂééﬁﬁggg t he
alloy are close to each other. 24 JanuéPy 2007 39 Furthernore, even if a

et eri al @%ﬁg.agmgge@gmwe@nf@ﬁgd 3 EOTRORENh oRE KRy akhay Besi des

Co (cobalt and I 'Fon), the material 1s’relatively
unlikely to t he materlal , t other
than Go ( cOEPETIOROIS mt@wﬂaﬂ’maaamm@ 255 fretd) [P Ao R TRERET' e
coat, and therefore, ossible to for a close ed..t hi ck coat
even with AN ahddo 39% Bglud%e(t(?ofi%\rlnt‘)a clgsely; Bﬂ‘é“;dp@' k&g"'(i ron). It
was found that when an alloy made fromtwo el enents of Cr chrom.um and
Co (cobal t YWhide uaegaset nmewﬁm@l% ansgleciredemia tafmed by 68 pmeﬂoeo
content in the el ectrode exceeds 20 volume % A vol une percent age of Co
here i $ ((mmlding dpoivets) Witperipriassyras theenf explained; (aemgihod f

Cr)/ (specific gravity of Cr))+((weight % of Co)/(specific gravity of Co)))

as descri bathmufadtarisigyth el botraleCis nptHimitedno tisisacemeer Asl lortgaaisf orns a
carbide, it is less likely to form 15 a carbi de conpared to an active

o Y oA D oo o el e,
like, @ manufactured by methods other than compression molding. The
other methods to manufacture the electrode include slip-casting,
10  Metal Injection Molding (MIM), and spraying or jetting nanopowders.
In the slip-casting, powders are dispersed in a solvent to make a
suspension, and the suspension is poured into a porous cast, such
as a plaster cast, to remove the solvent. In the MIM, powders are
mixed with a binder and jet into a mold. In spraying, powders are
15 heated and the powders heated are sprayed to make a state in which
the powders are partly combined with each other. Even though
there are various different methods to manufacture the electrode, a
purpose of each of the methods is to form powders. |f a desirable
combining state of the powders is obtained in the electrode, the
20 electrode may be applied to the present invention.
Sixth Embodiment
Fig. 13 illustrates a cross-section of an electrode for electric
discharge surface treatment and a concept of manufacturing method

of the electrode according to a sixth embodiment of the present



peak that indicates Cr3C2 (chrom um carbide) existence and a data that

I ndi cates C (chrom un) existence were observed. In other 20 words,

al though Cr (chromium is a material that is |likely to be carbonized, an
aptness to be carbonized is |ow conpared to a material such as Ti
(titaniun), and if O (chromium is contained in the el et&sBWHary 20q4art of
t he content becones the carbide and a fart of the content stays behind as

metal O (FVOH AL shBRt 8RiFig 2t a) A ikireO0Fa OO AR peRIddIdr sagul ts
y pr op 0

nmenti oned above, It IS nécessary~that a roportion terial that
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the el ectrode manufactured is fornmed powder, the el ectrode may be.

manuf act ur 4808y ofetherdsold heA a8 e s@mRast da %RilrﬁﬁﬁgF’YTﬁgm%‘ier?e?'oﬁet hods

to manufacture the el ectrode include slip-casting, 10 Metal |njection

Mol di ng (MM)idirmthepnigting. dihg greéngompapbiities obtained eused@% a8t i ng,
powders are dispersed in a solvent to nake a suspension, and the

suspensi onelectpodeedoirntedeatrpor discheargje Bucaledsica gisaswagecasurface renove
the solvent. In the MM powders are mixed with a binder and jet into a

T ke T S e o ™
Even thoughpo MPa and the heating temperature is set in a range of 600°C to
800°C during manufacturing the electrode.
10 The mixing ratio of the Co alloy powder 1301 is "Mo
(molybdenum) 28 weight %, Cr (chromium) 17 weight %, Si (silicon)
3 weight %, Co (cobalit) for the rest”. The Co alloy powder 1301 is
obtained by powdering an alloy material compounded with such a
mixing ratio. The Co alloy powder and the Co powder 1302 both
15 having a grain diameter of the order of 2 pm to 6 ym are used. The
alloy having such a mixing ratio as “Mo (molybdenum) 28 weight %,
Cr (chromium) 17 weight %, Si (silicon) 3 weight %, Co (cobalt) for
the rest” is the alloy that is used as a material that requires abrasion
resistance in high-temperature environment. The alloy has
20 abrasion resistance because of a hardness of the materials and a
lubrication exhibited by CrzC, (chromium carbide) that is formed by
oxidation of Cr (chromium) in high-temperature environment.
Therefore, with an electrode that contains this alloy péwder, it is

possible to form a coat that has an excellent abrasion resistance.



there are various different nethods to manufacture the el ectrode, a

pur pose of each of the nethods is to formpowlers. If a desirable
conbining state of the powders is obtained in the electrode, the 20

el ectrode may be applied to the present invention. Sixth Enbodi nent Fig. 13
illustrates a cross-section of an electrode for electric 24NawABIY®7surf ace
treatment and a concept of manufacturi 4§ nmethod of the el ectrode according

to a sixth enbodjnen p {2 Y I pv, ' As
shonn i1 Fi g 13-y G BEsF HEE Earrie (otRRA Y pr8lulie R RgE Y, |
powder 1302 is filled in a space beiween an upper unch 13 ld, a
| ower puncﬁ“fﬁ%@ {Jﬁagﬁ@%ﬁi %‘r'mglﬁé“ﬁ Bosfgdg l%)fmtadge I%I.]echﬁ%é)éeoﬂﬂ onpact
is formed by conpression 5 nol ing the m xture.  The green com'gaﬁt t hus

obt ai ned | WiisEe Alloy poyyder phibergiven eemhasitiod.Haege 218 prapiene

di scharge surface machining. The Fressure of the compression nold is set
to about thmt wravanaessdnh@aalihipot thealectinde s easyita ACTHNBRCBYSB00C to
800C during manufacturing the el ectrode. 10 The m'xi‘r;}?1 ratio of the Co

al | oy powdthersixlaimoblem,(toos gyimdeaxtgnt2dnviermiabibly @here oo egsien wei ght
% Si (silicon) 3 weight % Co (cobalt) for the rest”. The Co all oy powder
1301 is ohiddiveg wiyh RO ¢ du eato Abrdnessicrihal matep@inded thdtithewreh a

m xing ratio. The Co all oy powder and the Co powder 1302 both 15 having a

grain di angiff sd 4 heass deatoft & RNFACUIE o feF@ wsetbsdie packed coat
because Mo (molybdenum) that is likely to form a carbide is
contained in relatively large proportion.

10 If there is the problem that is mentioned above, it becomes
possible to enhance the likelihood of forming a thick coat by adding
more Co (cobalt) powder. When a coat is formed with the electrode
that is made of only the alloy powder compounded in the mixing ratio
of “Mo (molybdenum) 28 weight %, Cr (chromium) 17 weight %, Si

156  (silicon) 3 weight %, Co (cobalt) for the rest”, a void ratio in the coat
formed is of the order of 10%. Whereas, when a coat is formed with
an electrode that is made of a mixture obtained by adding Co
(cobalt) powder in about 20 weight % to the alloy powder
compounded in the mixing ratio of “Mo (molybdenum) 28 weight %,

20 Cr {chromium) 17 weight %, Si (silicon) 3 weight %, Co (cobalt) for
the rest”, a void ratio in the coat can be reduced to about 3% to 4%.
Consequently, with the electrode that is made of the mixture
obtained by adding Co {cobalt) powder in about 20 weight % to the

alloy powder compounded in the mixing ratio of “Mo (molybdenum)



all oy having such a mxing ratio as "M (nol ybdenum) 28 weight % Cr
(chromum 17 weight % Si (silicon) 3 weight % Co (cobalt) for the rest”
is the alloy that is used as a material that requires abrasion resistance
in high-tenperature environnent. The alloy has 20 abrasion resistance
because of a hardness of the materials and a |ubricati ontdedanuemnt &97by
Cr3C2 (chromium carbide) that is fornmed3by oxidation of O (chromium in

thi's LFF‘S?%Z%&WWQ%@%’FZ“ RETont % e TRER R IaRE PP ™

b t 4 J 2007 42 Ho d
' the ol eleaRaNLTSEARF 72 3ot iagomaspRanty %Sﬁrq F%'urgr? cﬁ‘oe?éﬁfaéggﬁsﬁ??ﬁ
make an el ectrode only, with the all oy powde osi tion,
there are P&k @@t haking @f‘i’é@éffﬁféﬁslsﬁaﬁﬁél i ?h@ ﬁﬂ 3201 €3Basy to

occur because 5 there is a problem to sone extent I n fOI‘ITB.bI ity when
conpr essi ohe kBedi A§ @i Material dwtdbeings adoaesychf effestivanassal anﬁnd t hat
there may be a case that it is difficult to forma closely packed coat
becausé Mom(ond thaie g maberialscankee ynmied emorg carddi tdeategialsont ai ned in
relatively large proportion. 10 If there is the problemthat is mentioned

above, it Weigideea cheesiml @hicheahaetectrbdel ikefdrnoed by tormpressionhi ck
coat by adding nore Co (cobalt) powder. When a coat is formed with the

el ectrode n«tdlaiingSpawiﬁs,Ofmﬂﬂ'a( pRESsRIHSY hovdesxpriTaed)dadmeathidee ofi xi ng
ratio of "M (ndlybdenunm) 28 weight % C (chromum 17 weight % Si
manufacturing the electrode is not limited to this case. As long as
the electrode manufactured is formed powder, the electrode may be
10 manufactured by methods other than compression molding. The
other methods to manufacture the electrode include slip-casting,
Metal Injection Molding (MIM), and spraying or jetting nanopowders.
In the slip-casting, powders are dispersed in a solvent to make a
suspension, and the suspension is poured into a porous cast, such
15 as a plaster cast, to remove the solvent. In the MIM, powders are
mixed with a binder and jet into a mold. In spraying, powders are
heated and the powders heated are sprayed to make a state in which
the powders are partly combined with each other. Even though
there are various different methods to manufacture the electrode, a
20 purpose of each of the methods is to form powders. If a desirable
combining state of the powders is obtained in the electrode, the
electrode may be applied to the present invention.
Seventh Embodiment

Fig. 14 is an explanatory diagram that indicates a transition
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r jetting nanopowders. In the slip-casting, powders are

ERvAroHIh YRR thOrd5& % Yrawback that it gets easily damaged if a
major unevenness in temperature occurs due to entering of heat
locally as in the case of the welding. Also when the aircraft engines
are considered as a whole, because in most cases, other materials
are attached by welding and thermal spray coating there are
problems that it gets easily damaged due to concentration of the
heat locally, and the yield is low.

As an electric discharge current flows continuously in the
welding, a point on the work at which an arc is applied does not shift
in a short time and is heated hard. On the other hand, as the electric
discharge current is stopped in a short time (a period from about
several us to several tens of us), in the embodiment of the present
invention, there is no concentration of the heat. A period of the
pulse width te shown in Fig. 3 is the period that the electric
discharge is generated and the electric discharge delay time td and
the pause time to are the period that the electric discharge is not

generated, in other words, the period that the heat is not ap'plied to



suspensi on, and the suspension is poured into a porous cast, such 15 as a
pl aster cast, to renove the solvent. In the MM powders are mxed with a
bi nder and jet into a nold. In spraying, powders are heated and the
powders heated are sprayed to make a state in which the powders are partly
combi ned with each other. Even though there are various 4f 4ane@ehd00fet hods
to manufacture the el ectrode, a 20 purp@bse of each of the methods is to

f orm powde | | N : rs f S ined in
the el ot r B WG METIARREwRET L Siepirdt 8i8tna i PRASES, fifishad
Sevent h Enfjodi t Fig. 14.i.s an_expl anatory diagr at. indiecates,.a
transiti ogﬁﬁl @[hﬂﬂggzﬁl(?f"'ﬁ4%6§cﬁ‘gf%? |a{oﬂ sg%pggﬁgﬁgi%@aﬁsr c%lt?g%népnes.
Because the aircraft engines, for exanple the engi,ne b es, are used in
hi gh- t enpePRPEIRT RAty JRAERTOr ekl cads g émé]%ﬁﬁeag i‘a@{ 32‘&5%3 dggs
material applied. An ordinary casting was used before; however, 5 special
castings s@encasteatéomgfcthe i}@‘@élcct[npéy?déou‘ﬁﬁdﬁ%t ionally solidified
alloy and the |ike are used now a-days. Although these naterials are

heat - r éi st ant nin dhislembodiingint: énjsepaxasible davprerantnoccunegnce ofa

drawback that it gets easily damaged if a major unevenness in tenperature

occurs duethi® ceatkroygrattibeeg elfciricdisoharge sutrface tsmtoienhto ermi ng.
Al so when the aircraft engines are considered as a whole, because in nost

fﬁ:rez a?tehar mEthelié dSat A tREt SIHRd byl dilngy aod thbennrlirsetienatigat i ng
solidified alloy, and by dispersing the heat input by means of an
in-liquid pulsed electric discharge. Furthermore, it is possible to

10 obtain a thick coat by using an electrode that contains metallic
materials that do not form carbides or are hard to form carbides for
more than 40 volume %, not by welding or thermal spray coating as
conventionally been practiced, and as a result, it is possible to form
the thick coat without causing the crack.

15 While a case in which an electrode is formed by compression
molding powers with a press has been explained, a method of
manufacturing the electrode is not limited to this case. As long as
the electrode manufactured is formed powder, the electrode may be
manufactured by methods other than compression molding. The

20 other methods to manufacture the electrode include slip-casting,
Metal Injection Molding (MIM), and spraying or jetting nanopowders.
In the slip-casting, powders are dispersed in a solvent to make a
suspension, and the suspension is poured into a porous cast, such

as a plaster cast, to remove the solvent. In the MIM, powders are



problens that it gets easily damaged due to concentration of the heat

| ocally, and the yield is low 15 As an electric discharge current flows
continuously in the welding, a point on the work at which an arc is
applied does not shift in a short time and is heated hard. On the other
hand, as the electric discharge current is stopped in a Zhéawary 2R07( a
period from about several ps to severdf tens of ps), in the enbodi ment of
t he present,.. i nt.ion, 1. . tragi o Lh eriod
of the purigss I pblismEhd 1el geo S REL" h i ainky RqERE s &rB

di scharge | s generatged and the electric discharge del t t he
pause ti nehFé‘?%ﬁ?@’ﬁﬁ‘%é’ﬂ Esnﬁ?af%%aéﬁé&fﬁyé d'os&\ﬂ@lga SltgF%i)rSVﬂggnerat ed,
in other words, the period that the heat is not applied ta 45 24 Japuary
2007 the Wﬁki?owgueéév@\‘? Rietd &9@%1@ r‘?’@th@E a%@%m Eé!ei“s ‘F?Hﬂghed,
the following electric discharge to be generated is applied on another
part; therﬁ?@rrﬁe,afetvafmﬂ%é’lffﬁﬂ%ﬁbmﬁi@qfi%’éo menefaduredbe glacderdeasdi on of
the heat conpared to welding. 5 In this enbodinent, it is possible to
prevent5 ocpurpeseeofoeachhef thadketlyosds dsttocfargn goseders. df scHgsii@er f ace
treatment to form a netallic coat on the single crystal alloy or the

uni di rect i poaibiningostadef o£dhal pbowdenmsdidy btasmed simgh e heldwavdenghe by
means of an in-liquid pulsed electric discharge. Furthernore, it is

possi bl e t g1détreBbainayabEhd sllieado e pybBEndinebAtibhede that contains
netallic nmaterials that do not formcarbides or are hard to form carbi des

for nrmore jpU4PRMRILUAR PR ICKRE| LY Wel ding or thermal spray coating as
As described above, the electrode for electric discharge
10 surface treatment according to the present invention is suitable for
application in a surface treatment related industry that forms a coat
on a surface of a workpiece, and is especially suitable for

application in the surface treatment related industry that forms a

thick coat on a surface of a workpiece.



conventionally been practiced, and as a result, it is possible to form the
thick coat without causing the crack. 15 Wi le a case in which an el ectrode
is formed by conpression nolding powers with a press has been expl ai ned, a
met hod of manufacturing the electrode is not limted to this case, _As |ong
as the electrode manufactured is fornmed powder, the el ectd¢ABapasPYe

manuf act ured by met hods ot her than conmffessi on nol ding. The 20 ot her

nmet hods to Wp@cture the el ectrode include slip-casting, Metal Injection
Mol di ng ( , and spraying or jetting nanopowders. |In the slip-casting,

powders arg di sp&%:%ﬁi?h{}g%gsgé&’gﬂécﬁg?&ﬁ%h rge- S0EAR @ tre gt chite

suspensi on'ts po suc aS a plastér cast,tpg renove
the solvent, In the MM powders are 24 January 2007 46 .m xed W a

bi nder and®]eftrpAedisaa egn FAMRACHMage 3\/\@@@”}9 g‘eH@gHF&P‘%{HSr% P?J
powders heated are sprayed to make a state in which (ﬁjhe powders .are partly
conbi ned wmetadle gosnpelndmewdersand usest toreleciEL s hargeeterfachet hods
to manufacture the electrode, a 5 purpose of each of the nmethods is to form
powder s5 | treatdesnt mbwaick anpilsathekctric dischisgggosdzererateshbaiweanin t he
el ectrode, the electrode may be applied to the present invention.
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di scharge 10 surface treatnent according to the present invention is

sui tabl e f@iscidRld eddre) o thessuifface of Bas Weark hatadedf anthaterialtdfat
forms a coat
the electrode or of a substance that is generated by a reaction of the
electrode due to the electric discharge energy, wherein the
10 electrode contains 40 volume % or more metallic material that is not

carbonized or is hard to be carbonized.

2. The electrode for electric discharge surface treatment
according to claim 1, wherein the metallic material that is not

15 carbonized or is hard to be carbonized is Co, Ni, or Fe.

3. An electrode for electric discharge surface treatment, the
electrode is a green compact made by molding metallic powders or
metallic compound powders and used for electric discharge surface
20 treatmentin which a pulsed electric discharge is generated between
the electrode and a work in a dielectric fluid to form by the electric
discharge energy on the surface of the work a coat of a material of
the electrode or of a substance that is generated by a reaction of the

electrode due to the electric discharge energy, wherein the



on a surface of a workpiece, and is especially suitable for application in
the surface treatnent related industry that forns a thick coat on a
surface of a workpiece. 24 January 2007 47 CLAIM5S 1. An electrode for

el ectric discharge surface treatnent, the electrode is a green conpact
made by molding netallic powders or netallic conpound podféansiaanéddised for
el ectric discharge surface 5 treatnent 4Bn which a pul sed el ectric discharge

i S generat t i i C Ld to
form by thgpee‘%}zép?ﬁg m%ira?cﬁjé) geg éﬁg"rc%}d%ﬁamée’lf% ?'f' %tcée%g# ﬂﬁtrefsv\%p{zyggcoat of
a material _of .the electrode or ,of a substance that .i s ated by a
reaction oPYtMIXing @o"ﬁr"‘éﬁﬁ%@g %lsn?%t%e\rb@tPﬁ%d%tieggHgleég?gﬁér gy, Wwherein
the 10 el ectrode contains 40 volunme %or nore netallic material that is not
carboni zed or is hard to be carbonized. 2. The electrode for electric

di scharge surface treatment according to claim1l, wherein the netallic
material t#hat isThet elestredeodpreglestric digchargeesetassni regtmenty, N |
or Fe. 3. An electrode for electric discharge surface treatnent, the

el ectr dde ascargimzeto ctaipadt, made hymising agpowder lofatjeaséoneef Gastal 1 c
conpound powders and used for electric discharge surface 20 treatnent in

whi ch a puNsednel Eetto théipxnhaepofitheggnoyanatetialveen the el ectrode and a
work in a dielectric fluid to formby the electric discharge energy on the
surface of the work a coat of a material of

5. The electrode for electric discharge surface treatment
according to claim 3, wherein the alloy material contains 40
10 volume % or more metallic material that is not carbonized or is hard

to be carbonized.

6. The electrode for electric discharge surface treatment
according to claim 5, made by mixing a powder of at least one of Co,

15 Ni, and Fe to the powder of the alloy material.

7. The electrode for electric discharge surface treatment
according to claim 5, wherein the metallic material that is not
carbonized or is hard to be carbonized is Co, Ni, or Fe.

20
8. The electrode for electric discharge surface treatment
according to claim 3, wherein the alloy material is a Co alloy
containing Cr, Ni, and W with Co as a main component; a Co alloy

containing Mo, Cr, and Si with Co as a main component; an Ni alloy



the el ectrode or of a substance that is generated by a reaction of the

el ectrode due to the electric discharge energy, wherein the 24 January 2007
48 el ectrode is made froma powder of an alloy material that is alloyed by
m xing a plurality of elements in a predetermned ratio. 4. The el ectrode
for electric discharge surface treatnent 5 according to 244y 2094de by
m xi ng a powder of at |east one of Co,49Ni, and Fe to the powder of the

al l oy mater | BT ro celect pl e di ﬂ@ﬁ uLf.a t ment
accordi ng é%‘q{c&}'ﬁ% Bd??’vv%br%g?:r? gﬁteﬁgln\ (;%3'/5 %a e%'inar'ac n glsﬂg 2%' ﬁﬁoégg ume %
or nore netal]i.c.materigl that.is not, . carbonized or | d
oar bon; zedS Bt HHES GbdfioonBa: Ts BN F BE GThaRs G birpRtc ankbafiEs,
according to claimb5b, made by m xing. a . of at |least_one of Co 15
Ni, and Fealeyntgining (s Nindlq) K&p ﬁapfa\gfﬁép and AfItE £ B demadp
el ectric discharge surface treatnent according to claimb5, wherein the
metal | i c ne@@fianenthat is not carbonized or is hard to be carbonized is
Co, Ni, or Fe. 20 8. The electrode for electric discharge surface treatnent
accordisng to claim 3, wherein the alloy nmaterial is a Co alloy containing
Cr, N, and Wwith Co as a main conponent; a Co alloy containing M, Cr,
and Si with Co a¥ha msliettead@orfient elestrid dischyargé Jsunrfaceg 208atment
according to claim 8, made by mixing a powder of at [east one of Co,

Ni, and Fe to the powder of the alloy material.

10 10. A method of electric discharge surface treatment,
comprising: generating pulsed electric discharge in a dielectric
fluid between a green compact electrode and a work, the electrode
being made by molding a metallic powder or metallic compound
powders; and

15 forming a coat that contains a carbide and a non-carbonized
metallic component in a predetermined ratio based on materials
supplied from the green compact electrode on a surface of the work

using an energy of the electric discharge.
20 1. The method of electric discharge surface treatment
according to claim 10, wherein the ratio of the non-carbonized

metallic component is 30 volume % or more.

12. The method of electric discharge surface treatment



49 containing Cr, and Fe with N as a main conponent; an N alloy
containing C, Mo and Ta with Ni as a nmain conponent; and an Fe all oy
containing C, Ni, M, (Cb + Ta), Ti, and Al with Fe as a nain conmponent.
5 9. The electrode for electric discharge surface treatnent according to
claim8, made by mxing a powder of at |east one of Co, %4Jareiaey #¥7% o the
powder of the alloy material. 10 10. AS3fethod of electric discharge surface

Lreat ment, 2cEBPRIHG td $ia RV AkhBde BHIHEE Lot 8! folrtdll A1 8IS Urfale of

dielectric a green conpact electro a wor

el ectrode _bein e | di netallic r,.or talli.G: und
powders; aHbe 1%'%frg??ﬂyn§%éﬂggat£gﬁ§?r%%nltg?n?}@gﬁ@ld& otgrggngoz{h%bﬁgggraboni zed
nmetallic conponent in a predeterm ned ratjo hased on materials. supplied
fromthe g¥eBHMEorBEMeI&Re 'écﬁﬂlatzfré%rgf%ésd?mt‘Iﬁ%r%’?"%ecﬁgrt'@?‘;?ﬁaener gy
of the electric discharge. 20 11. The nethod of electric discharge surface
treatment tadsorarbentzedl 43m 10, Wher eimethed r 21 o edectie BH§CO2E6ni zed
metal lic conponent is 30 volume %or nore. 12. The nethod of electric
di scharjge surfiaaee treabtmeerit a2¢oddingrto 20a@im 50 ascveting the dnatalicl,
wherein the coat is fornmed on the surface of

material that is not carbonized or is hard to be carbonized is Co, Ni,

or Fe.

14. The method of electric discharge surface treatment
10 according to claim 10, wherein the material of the work is a
directional control alloy such as single crystal alloy or

unidirectionally solidified alloy.

15. A method of electric discharge surface treatment of using an
15 electrode that is a green compact made by molding metallic powders
or metallic compound powders for electric discharge surface
treatment in which a pulsed electric discharge is generated between
the electrode and a work in a dielectric fluid to form by the electric
discharge energy on the surface of the work a coat of a material of
20 the electrode or of a substance that is generated by a reaction of the
electrode due to the electric discharge energy, wherein the coat is
formed by using an electrode made from a powder of an alloy
material that is alloyed by mixing a plurality of elements in a

predetermined ratio.



the work by letting discharge the el ectrode that contains 40 volunme % or
nore netallic material that is not carbonized or is hard to be carbonized.
13. The method of electric discharge 5 surface treatnment according to claim
10, wherein the netallic material that is not carbonized or is hard to be
carbonized is Co, Ni, or Fe. 14. The nethod of electric #fJawang@Nurface
treatment 10 according to claim 10, wlRérein the material of the work is a
directional control alloy such as single crystal alloy or wunidirectionally
solidified alloy. 15. A nmethod of electric discharge surface treatnent of

using an el ectrode_ that a n._conpa made di tallic
powder s &gmet aﬂll Cc E’b"ﬁt&ﬁﬂ]d Ogomg@rcgnfsorggq%&? cﬁ%éﬂg ﬂgagﬁfyt
treatment in which a pul sed electric djschar ener bet ween the
el ect rode ARACEIING Rolq{aé{“d’léb sehefeing thg d"? %W?ﬁ@ Y dBIXIng a

di schar ge ene y on the surface of the work a coat of a material of 20 the
el ectrode ppwsfersofandeastonaaf Ge, henangt Ee ythe Pawdepefdhe oy

el ectrode due to the electric discharge energy, wherein the coat is forned
by usi ig amateeiir ode made froma powder of an alloy material that is
alloyed by mxing a plurality of elenents in a predetermned ratio. 24
January 2007 51 16. The nethod of electric discharge surface treatnent
according to claim 15, wherein the electrode is made by m xing a

17. The method of electric discharge surface treatment
according to claim 15, wherein the material of the work is a

directional control alloy such as single crystal alloy or

10 unidirectionally solidified alloy.

18. The method of electric discharge surface treatment
according to claim 15, wherein the alloy material contains 40
volume % or more metallic material that is not carbonized or is hard

15 to be carbonized.

19. The method of electric discharge surface treatment

according to claim 18, wherein the electrode is made by mixing a

powder of the alloy material with a powder of at least one of Co, Ni,
20 and Fe.

20. The method of electric discharge surface treatment

according to claim 18, wherein the metallic material that is not

carbonized or is hard to be carbonized is Co, Ni, or Fe.



powder of at |east one of Co, Ni, and Fe to the powder of the alloy 5
material. 17. The nethod of electric discharge surface treatnent according
to claim15, wherein the material of the work is a directional contro
all oy such as single crystal alloy or 10 unidirectionally solidified
alloy. 18. The nethod of electric discharge surface treat nuapee®di ng to
claim 15, wherein the alloy material c8&tains 40 volune %or nore netallic

material tBal 1STRY. RGO 22 CLidctrla! fisdimaldh PSUiFEEEN r8GtmERt The

met hod of El'éctri c di SCharge surface treatne cording to clarm 18,

wherein the elecirode is .made_by m xi.ng wder aqf the.all I al
W th a powaeRoBTine e slaifonts o iareiy tRe Bfidkcmaleri) ifid Yo UGV
el ectric discharge s rfﬂce tre maﬂ_}) according to claim 18, &[nerﬁin t he
metal |ic nBPBRAIAINGfal. Ny ABd WeW Hb 2 &$ 8rmaln ILABPLHERd: GalRoRlP¥d i s
Co, Ni, or Fe. 52 24 January 2007 21. The nethod of electric discharge
surface treantaimingddeoldi gd 8iwith fams aean gormeoaensyanrdicaliay is a
Co alloy containing G, Ni, and Wwith Co as a main conponent; a Co all oy
cont ai rfi ngcdbtai@ing aGd, SindnriReh wibh aNi ass maiomeomeponean; Kn MNil allos
containing Cr, and Fe with Ni as a main conponent; an NI alloy containing
Cr, M andcdataiintihg NCr,a8 c2and TaogithoNEals; aandiRicdrpoalendy acahaa Reng Cr,
Ni, M, (Cb + Ta), Ti, and Al with Fe as a main

alloy containing Cr, Ni, Mo, (Cb + Ta), Ti, and Al with Fe as a main

component.

10 22. The method of electric discharge surface treatment
according to claim 21, wherein the electrode is made by mixing a
powder of at least one of Co, Ni, and Fe to the powder of the alloy

material.

15 23. An apparatus for electric discharge surface treatment,

comprising:

an electrode (203;1202) of a green compact made by molding
powders containing 40 volume % or more metallic material that is
not carbonized or is hard to be carbonized;

20 a dielectric fluid supply unit (208;1208) to immerse the
electrode (203;1202) and a work (204;1203) in the dielectric fluid
(205;1204) or that supplies the dielectric fluid (205;1204) between
the electrode (203;1202) and the work (204;1203); and

a power source unit (206;1205) that generates pulsed



conponent. 10 22. The nethod of electric discharge surface treatnent
according to claim?2l, wherein the electrode is made by mxing a powler of
at | east one of Co, NI, and Fe to the powder of the alloy mterial. 15 23.
An apparatus for electric discharge surface treatnment, conprising: an

el ectrode (203;1202) of a green conpact nmade by nol di ng 2134 taining
40 volune %or nore netallic material ®Bat is not carbonized or is hard to

ol ectrode o EoBrChRiGR F  ApHInG20R tadS: AR SRTIRE!S0s

1204) or t S les the diele | G I d (205;1204) between the
el ectrode .1 ))agﬂdn‘l%&’%&q&z’&é,dl%@; and a power source unit (206;
1205) that generates pul sed 24 January 2007 53 electric discharge by
appl yi ng voltage between the el ectrode (203;1202) and the work (204; 1203).
24. The apparatus for electric discharge surface treatnment 5 according to
clai m 23, @#erei hhehcappaeatusc foit @leafrie ndischargn suehaseni Yeateents hard
to be carbonized is Co, Ni, or Fe. 25. An apparatus for electric discharge
surface t reatoeding toocjainsi 23, witerginethret madall{@0Bateda) tbatgisedPtconpact
made from a _

carbonized or is hard to be carbonized is Co, Ni, or Fe.

25. An apparatus for electric discharge surface treatment,
comprising:
10 an electrode (203;1202) of green compact made from a

powder of an alloy material that is alloyed by mixing a plurality of
elements in a predetermined ratio;
a dielectric fluid supply unit (208;1208) to immerse the
electrode (203;1202) and a work (204;1203) in the dielectric fluid
15 (205:1204) or that supplies the dielectric fluid (205;1204) between
the electrode (203;1202) and the work (204;1203); and
a power source unit (206;1205) that generates pulsed
electric discharge by applying voltage between the electrode
(203;1202) and the work (204;1203).
20
26. The apparatus for electric discharge surface treatment
according to claim 25, wherein the electrode (203;1202) is made by
mixing a powder of at least one of Co, Ni, and Fe to the powder of the

alloy material.



powder of an alloy material that is alloyed by mxing a plurality of
elenments in a predetermned ratio; a dielectric fluid supply unit (208;
1208) to imMmerse the electrode (203;1202) and a work (204;1203) in the
dielectric fluid 15 (205;1204) or that supplies the dielectric fluid (205;
1204) between the electrode (203;1202) and the work (20424206Rry <Hd a
power source unit (206;1205) that genebdtes pul sed electric discharge by
appl yi ng vol tage between the el ectrode (203;1202) and the work (204; 1203).
20 26. The apparatus for electric discharge surface treatnent according to

cl ai m 25, erein the el ectrode (203;1202) .is nmade b 1 Xi ng _a,powder of
ot 'l enst ob-of BhE NOPATRIuSe To5” AlachsmdiSeiBidR Surfisy nleRtRAN®,
January 2007 54 27. The apparatus for electrjc di scharﬁe surface thgat ment
accordi ng 86cerding 29 clakped.t wdheaneioy thet alpy mataridhsuyaing dle % or
more netallic material that is not carbonized or is hard 5 to be
car boni zedvoRaneTheonppareametallic matarial thatiisorel gerkenizaskort i harent
according to claim 27, wherein the el ectrode (203;1202) is made by m xing
a powddé ofo bte tassonimexl.of Co, Ni, and Fe to the powder of the 10 alloy
material. 29. The apparatus for electric discharge surface treatnent
28. The apparatus for electric discharge surface treatment
according to claim 27, wherein the electrode (203;1202) is made by .
mixing a powder of at least one of Co, Ni, and Fe to the powder of the

10 alloy material.

29. The apparatus for electric discharge surface treatment
according to claim 27, wherein the metallic material that is
not carbonized or is hard to be carbonized is Co, Ni, or Fe.

15
30. The apparatus for electric discharge surface treatment
according to claim 25, wherein the alloy material is a Co alloy
containing Cr, Ni, and W with Co as a main component; a Co alloy
containing Mo, Cr, and Si with Co as a main component; an Ni alloy
20 containing Cr, and Fe with Ni as a main component; an Ni alloy
containing Cr, Mo and Ta with Ni as a main component; and an Fe
alloy containing Cr, Ni, Mo, (Cb + Ta), Ti, and Al with Fe as a main

component.



according to claim 27, wherein the netallic material that is not
carboni zed or is hard to be carbonized is Co, Ni, or Fe. 15 30. The
apparatus for electric discharge surface treatnment according to claim 25,
wherein the alloy material is a Co alloy containing C, N, and Ww th Co
as a main conponent; a Co alloy containing M, C, and S?‘*-@ﬁrt'-'ﬁ%%pois a
mai n conponent; an N alloy 20 containPRg Cr, and Fe with Ni as a main
conmponent ; ,an Ni vall o i nd.ng 3 i t 1 i

3y Tﬂlt_e X%Pﬁpé"ttuas' Mg} e%gtl%? ﬁﬁ?ﬂ_ﬁg’é (%BNEC%S feBBifent

conponent ; "and an Fe oy containin Ta), Ti, and Al
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alloy material.



