12/ 01/ 2006 Speci ficati on METHOD AND APPARATUS FOR THE PRODUCTI ON OF METAL
"POWDER 5 Field of the Invention This invention relates to a nethob248d /2006
apparatus -for producing, in an econonm cal nanner, netal powder offering a
high purity of elenental nmetal and conprising powder particles of. uniform
shape -and size. i 10 The invention also relates to a production of

af orenenti oned netal powder from titanium zirconium germanium tin,

gold, platinumand silver, but appl8g&ifiddtiohl y to titani um powder
production. Back ound of the Invention Elenmental netal materials,

especially those offering a high purity of elenental 15 netal, are

processed | MITHOD AND ﬂ]ﬁdF Lz ' '

appl i cati ons, s%?h as %gla er-no d@ Z@%m&gﬁ%@mﬁﬂ&%@m hi n
wire® and foil materials. In recent years, netal powder offering high
purity iﬁiﬁlf 1 N teh attention as an effective nolding material for use

I n var i_m%n%?—&’g"—ﬂﬁ%&esses such as powder netallurgy and. thernal -
sprayi ng. PowHgk ifRink [ ' ed | i de-.rangi ng
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The trag)i#tlc?& flﬁ]rﬁtoho% _ fordproduci ng netal powder include the classic

met hod mechani cal éapa?rﬁ? dtfect | y crushing nmetal particles into powder
and10he net hathet iavbkiidit alb® rélaRs 18 dprodabih Qﬁﬁfoi‘éﬂezﬁiﬁgﬁ& ol ﬁc&}v?d@i‘ f5Re! ets
into powder form However, these 25 nmethods posed problens s as

i rregul HFAUIYRBs Zirponiugy igermaniap dinapeldi pletimpn oande sitveonput appliesschiefy to

El ectr oStk Sy, | rel atively new net hods known for producing netal
pomder.h@jmlgl\l/ﬁ‘vggﬁeperg{l?%{@Si s has been reported to produce netal of a

brittleB doof thewdatiorst ructure if nmetal deposition is inplenented
under a cond'iior;]&ﬁutsi de the optinmal 30 range where netal of a snooth,

fine and uni yaetal materials,r especinby dhesepeffedy 9i high. purffy eof wlenmental

depGsi tie] | e FebdoMa el .condition,  the netal. powder
obt oy neqeal 12% s Oginwgﬁ-fou@r&h%?és‘m siZ&" Ceotdg to g required Epp\i\g:atxons,
such as powder-molded products, sheet metals, bars, thin wires and foil materials.

In recent years, metal powder offering high purity is drawing the attention as an
effective molding material for use in various molding processes such as powder metallurgy
and thermal spraying. Powder metallurgy is an important technology used in wide-ranging

20 fields including the production of mechanical parts. Accordingly, demand for metal powder
as a powder metallurgy material is also growing,

The traditional methods for producing metal powder include the classic method of
mechanically and directlﬁr crushing metal particles into powder and the method to blow

. molten metal using gas and shape the blown droplets into powder form. However, these
25  methods posed problems such as irregularities in particle shape and size, poor economy, and
S0 on.

Electrolysis is one of the relatively new methods known for producing metal
powder. However, electrolysis has been reported to pfoduce metal of a brittle spongy or
powder structure if metal deposition is implemented under a condition outside the optimal

30  range where metal of a smooth, fine and uniform crystalline structure can be deposited.

.Bven when deposition is achieved under an optimal condition, the metal powder obtained by



the electrolysis nethod as presently known does not satisfy the required
tTevels of purity or uniformty of netal particle shape and size.l%ﬁQ%/ZOOS
probl ens associated with this nmethods, such as poor econony, also remain
unresol ved. Anong other netals, titaniumis a relatively new netal conpared
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ot hes @b, produced in 25 the, sane manners, in terns of irregularities
in particle shape and size, poor econony, and so on. Therefore,
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hi gher L d:ore uniformparticle shape and size Is eagerly awarted.
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titanium metal is used, as mentioned earlier, and accofdingly there is demand for titanium

powder that offers high purity and uniform particle shape and size. When titanium powder

is produced using the conventional powder production methods applicable to general

metals, the produced titanium powder will pose problems, just like other metals produced in

25  -the same manners, in terms of irregularities in particle shdpe and size, poor economy, and so

on. Therefore, development of a method for producing titanium powder that can yield
higher purity and more uniform particle shape and size is eagerly awaited.

For example, improved production methods of titanium metal powder using the

‘hydrogenation and dehydrogenation method and rotary electrode method have already

30 found commercial use. The hydrogcna-tion and dehydrogenation method is a technique to

heat titanium sponge, dispersed titanium material or titanium scraps generated from



12/ 01/ 2006 cutting/ machining processes in a hydrogen atnosphere to ., cause
‘the titaniummaterial to absorb hydrogen gas, and then crush. the2/01/2006
enbrittled titaniumnmaterial, after which the crushed titaniumis again_
heated in a vacuum at nosphere to rel ease hydrogen gas and consequently.
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The atomization method was developed as a titanium powder production method

aiming to regolve the aforementioned problems relating to quality and production costs.
Under the atomization method, metal material is dispersed in a water-cooled copper crucible

using a plasma arc or other heat source and the molten metal is caused to drip from one end

25  of the crucible. Then, an inactix'/er gas such as argon or helium is injected to this molten
metal drips to atomize the mo!ten metal and obtain powder. However, this method couldn’t
_achjgve significantly lower production costs cbmpared with the conventional methods, since

it also used dispersed titanium material and processed dispersed titanium material.

The invention described in Japanese Patent Application Laid-open No. 5-93213°

30 presents a method for producing titanium powder that offers improved sphericity and

ﬂg_idity to facilitate molding, in a manner requiring less production costs and avoiding



3 12/01/20. 06 Oxygen contam nation, However, this nethod, wherein_titanium
‘sponge is isostatically pressed in cold state and the solidifi edl B401/2006
material is nelted in an inactive gas atnosphere, and then an inactive gas.
such as argon or heliumis injected to atom ze the nolten netal to obtain

powder, séx igahrrhinBticty | 9 : HARS| e f rity.as well as
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have pot bﬁen_abl e to fully address the requirene

such rret &PhgFiHIend prriclasize and the praduction costshoete npbiesl, pitie) ens i n t he
purity of elemental netal, uniformty of sphericity and particle size, and
production costs. In view of the above situation, the present invention

ai ms to Disdesne aftile fivewtige 15 powder material offering excellent
‘uniformty of sgh,eri city and particle size and high purity of elenental
_nmetal, for us&CsRitsEhedBryipg geeds ard damhndss fronmtal postdet-+-esmpeiall§f ti@hium

st udyi ng I ) ] ve, the proble assocjated with the
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by the ishyeRic®dlpowrlept : i f high-f ctipn water, containing
titani um (Japanese Sgtng%{ﬁ%% @%g }lﬁgﬁoﬁgﬁ%ﬂgg'f?ﬁd@) .emtyﬁf(ﬁi%ﬂ%‘ﬁ%li oned
ear | i er metglehmifermityoofsphedicity adpaniticsizgand brdtughos begd.i on  wat er. :
‘cont ai ni ng tiI;tlani umféﬁagﬁnese Patent Application No. 2001-315446) rel ates
to a 25 method o0l pPoavtiegituatioh-the prosert isNentianeaimsriovprodiret sndaprovidenet al

IS Mcrpodﬁsmaﬁﬁdlmr;@a@@ o Y& ol r i n water, .bet ween a
titani um.metal el ectrode and inttglﬁ cou t@@g@gﬁr%@;ﬁgﬁgeﬂ?gﬁng P %he
gener at 8ficlFmental mstal fapuse inanaldingacecesses ducti mymiveder infetallusgyg.er . -The present

motal pouder ks IRy RN ea Bt prohR esesied onith b ¢y
?(r)] \?\/e :’Jmp 1[:1333?%@10? eIg??PM@al%dMGr 30h B fitdnfilif poivider, iﬁEluﬁin%' lgdurfﬂu%%]tolfy
elemental metai, irregularity of sphericity and particle size, and high production costs, the
20  inventors have sucbessfully solved the aforementioned problems by utiliziﬁg the technology
fi-led earlier by the in_ventors relating to a production of high-function water containing
titanium (Japanese Patent Application No., 2001-3 15446).
The aforementiqned earlier invention concerning a production of high-function
water. containing titanium (Japahese Patent. Application No. 2001-315446) relates to a
25  method for producing high-function water in which titanium metal is micro-dispersed by
means of causing plasma discharge in water between a titanium metal electrode and its
counter electrode and then causing the generated metal ion vapor to contact, and dispe.rsc' in,
water. The present invention utilizes this technology to allow for production of elemental
metal powder, especially titanium metal powder, offering excellent purity and uniformity of

30  sphericity and particle size, at a significantly lower production cost.



4 12701/ 2006 The nethod and apparatus proposed by the present inve2t iﬂ‘
are fundanentally different in concept and structure fromthe conénliloghdP 06

production methpds for.netal wder and. titani um power sica t
present inventi %llé?t dtat‘}do gF SrrBfoé}IOS%q)\t}He CaRICS t’t“lvgrf‘fg’%t %I%I hmvé\ié?lgg l?/’
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general Ritaliy!PRoFIBAMph A ARAL F InclB R o MREBHTaRAN R doTbrefOdRch &S
(1) through (7) specified below (1) nmet hod for produci ng netal "powder,
wher ei n pbproash Gioscthasgmlopteddgube donventinaslanethedsseen an el ect rode nmade of
el emental netg| and jts.counter .el ectrod andot&ggqﬁs:w enerated netal, ion
vapor i's caus&deEHcab: he PRREAL Anvgiliope PRIFESTR Eof oLl B FavssoRlays?
prodysi ngiseRirak iR Wiedr BHiwE@SEH ERAfEntAD rhdihl aBaYRIe el tsuritdicele@tcieaimidahen
metal is titanium zirconium germanium tin, gold, platinumor silver. (3)
An appar gauss the gepradomeiahipnreapar t eomriact Wwhice nntg bagmire pewderploway cauppsss (@ br
hi gh-vol Lagelcurrent-discharge, an el emental netal el ectrode feeder, a
{Jggl?eéh d&é gﬁemﬁed geica\%

hi gh-vol ar ge generator equi pped with an el enental netal

el ectrode and(i)ts gopitiRd fot priducidg m&avpéeder] ahkreirBplihe dischhrgt i$ causbdin
wat er tank, an outlet for produced dispersion water of fine el emental_ netal
parti cl e¥aten bhetwesmappcloniinde made afrelemental yagtanand its qrvetespplastindesagd the
Pr OdC NgLTEL Bl pRONEE AP OGLERR doflick PR ANE bedIES ShPaertibdEl UM

zi rconi gernmani um trn gold, platinumor siTver is used as the el emental

metal . 25 (5{2)The Aapediodt fos pkatuchigosietil powee haldesroived ing1 Haisoie] ddrdim the3)
or (4) ahove, wherein the elenmental netal constituting the e{ ectrode has a

bar, pl flengptalmetal igfifaaruny gircopiuma Seamagsius, fiy 2ol MABUAYOTIVET: pover as

described in y O ' ' 9‘%‘6’1‘3
of el enent al @zt al Bﬁ%ﬁ?@@%ﬁﬁﬁ?&&%’ﬁé@%ﬁﬁ%@aﬁ‘e gqﬂgg% on aﬁgﬁpe{ pai r
of the dliglevohartourrent disbliapedinasienbnidl inetad ekerode foedegn High-wektage dischiafpe

el ectrodes, and wherei i nst.ant as i scharge.is generated.to contro
t he 28 mp g/hergtor equ1ppe§ Wch an elementg{ metal electrode agg its cognter electrode, a water tanL,

a water inlet to the water tank, an outlet for produced dispersion water of fine elemental metal

particles, a discharge pump, and a filter system.
(4)  The apparatus for producing metal power as described in (3) above, wherein
titanium, zirconium, germanium, tin gold, platinum or silver is used as the elemental metal.
25 (5) The apparatus for producing metal power as described in (3) or (4) above,
wherein the elemental metal constituting the electrode has a bar, plate or wire shape. '
{6) The apparatus for producing metal power as described in any of (3} through
(5) above, wherein one electrode is made of elemental metal and its counter electrode is made
of carbon and a pair of the electrodes are vibrated or slid to prevent fusion between the
30 electrodes, and wherein instant plasma discharge is generated to control the amount of

dispersion.



di spersion. 5 12/01/2006 (7) The apparatus for producing netal po r.. as
-described in any one of (3) through (6) above, wherein the anounje\,\ggpl/a:ZOOG
current flowi ng through the circuit can be easily adjusted by changing the
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gi ven pur poségn hRE dtsdRclife pRIFRLY ' 1 nroygh the circuit
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between the electrodes can be prevented. Furthermore, achievement of instant plasma

20 discharge makes it easy to control the amount of dispersion, and there is no need to seléct a
different power supply for a given purpose because the amount of current flowing through
the circuit can be easily adjusted by_ changing the diameter and length of the counter
electrode made of carbon. Carbon particles that disperse simultaneouély with metal particles
are harmless and nearly the entire amount can be removed easily using a filter system,’

25  thereby enabling a production of metal dispersion water of high purity. Thi'ough these
processes the fine particles of the elemental metal used as an electrode are obtained as
proposed by the present invention. '

According to the present invention, fine metal powder of zirconium, germanium, tin,
gold, platinum or silver can be produced in addition to titanium powder, by using a

30  desirable metal as the elemental metal material.



30 desirable netal as the elenmental netal material. 6 12/01/ 2006%&293?&8
‘structure of-the present invention provides a nethod for produci 12006
powder of uniform particle size by causing plasm discharge in water

bet ween an el ectrode made of. el enental netal and its counter el ectrode

‘made of car bongy cau5| e geneyrated | or to
.contact water and econeﬂ“%)\?gg} Rr8§eﬁl; me%ﬁréw}d(’?ﬁiaafﬂ?fge&%@x 'é° B’Gt?étlon
f1 ow charpovedeoefiudifori mﬂe@welwasmg bﬁsﬂﬁ%&ﬁéﬂg@% Wl B eeﬁ%nsé"&%d

Fig. 1, dis |IIdvvater or other dem neralized water is fi n a wa

tank -us éHa eatal matatand its seviter elpattoda enadeof carhen, etanared then czmdmgrthele of

titani um der of el.enental netal

el ectr odfgm,ﬁi éfg!r?g nﬁgslﬁgﬁ? a"r"%ga%ut %E@&Eg e?(ﬁne pAYdsr n%%ﬁxﬂlﬂée‘ef‘%nt al
met al Sel awemwliacamdﬂo\trshmumwnﬂhgq botigedMelproductdhppselar - 10 Wien the
el enent al rnetz‘lts Lon vapor generate by underwater discharge contacts water,
the vapor i a#l?w 19y éﬁaelrs istillee, Watareor othwr deniineralized water ip ﬁiledllh afwater

for ?n”ht‘?a@?é‘%%‘ﬁf%‘”é#mﬁ‘fﬁ&%& e pfdlb ok e SieiParod R i e °
powder fceiis fiddy mfsedersdftclanerthlanétabéléotiotie! artplgths iRehakt & catised i ©f
peri.od Thlsbg vvder can be refined byfllterlngto obtain fine el enental
metal polGSt CoHEeH f)‘f‘ﬁ‘i’tﬁéﬂew ﬁ]é"’@?‘ier@}ﬁiléﬂ CQ@E@:Ielmndemadas)ﬂw@an;han ty

as vel | When mefaémrmh%ﬂaﬂdnyva@ fgepfibd by indirbier didoBirebSBAARS et B & 0

Drawings CTig. 12~ A produ ow thar osed
by the maeeréﬁﬁtam&wémmrm m vﬁt@; Aﬂhld\nmpmyaimﬂ ﬁmrnmaﬁwﬁ@emﬁhﬁfomowder
as prop éggﬁgy B&ece (Yent|05| nati, ~ Ex on of e Synbols 25 1.
Pl asma | Scharge ge @Pepée oo Eaﬂrf;“ qigpersipy wafes|of é}g?efﬂ@mpnt@lnpetal
di schar Gis fine EemehtaDaRtay pbivabd iih%ﬁbif Qéé%gho@ da'ltc%offo t ?gﬁﬁ% % se eggher a

el ectr og IIeeder 6. Elenental netal electro
riet period. This powder can be refined by filtering to obtain ﬁne elemental metal powder.

15  The obtained fine elemental metal powder has hzgh purity as well as uniform sphericity and
particle size.

()

Brief Explanation of the Drawings
“Fig. 1

20 A production flow chart of metal powder as proposed by the present invention
“Fig. 2”

An apparatus for producing metal powder as proposed by the present invention

Explanation of the Symbols

25 Plasma discharge generator

1
2 Power supply, for high-voltage/current discharge
3 Electrode-vibrating/sliding device |
4, Elemental metal electrode feeder
6 Elemental metal electrode
30 7 Counter electrode
8

Water inlet



8. Water inlet 7 12/01/2006 9. . -CQutlet for elenental netal dispgrsiaon
'solution 10. Discharge punp 11. Filter system 12. Filtrate 5 13.2@]&’{2006
powder 14. Water tank Best Mdde for Carrying Qut the Invention An exanple
of titanium netal powder production is explained below. Note, 10 however,

that the grese | ' ' t.limted .o a production of titanium
powder. Alt hdﬂ‘ghtl%t%F%lrF@glgﬁlEﬂeﬁggﬁ?rﬁlﬂnﬁ&ub% for producti‘on of. pure

titani um pbwdebDiscirarge pipy ef ficient manner, controlling the feed rate of

t he el ectfode mde of titaniumnetal is very inportant in achieving such
ef fici ent!lpr odiilel WAB pure titani um powder. For exanple, the ampunt of
current fiow ngiflpe ough the circuit can be adjusted by changing the

di aneter 15 an engt h of the carbon counter el ectrode as one such neans.
Accor @i nd3t o tMetappawldezt i on appar at us proposed by the present invention,

pl asma ﬂi sch gtg | s, caused in water inside a water tank. Therefore, a
water ta é'vm't LeRkci ent pressure resistance that can withstand the high
pressure required in underwater plasma discharge is needed. 20 In
addition, by conprising the counter electrode used in discharge not from

t he saneBestdylade fog Gahvyirs @orthe filvepsibinl el ect rode but from carbon, and al so
by vibrating qr sliding the .electrode pair, fusion between the el ectrodes
can be preven?‘é‘d?xatfﬁ?lfah eumapistal vegveder produgtinn: ahtexplainoda belowe otge
maker) | t h@R&dbr,tBatGRE ; ol Lon,. and.there is.no need to
 select a different p%l&e%nt?%gﬁgﬁgg{rmg&éﬁg@é\)géﬁdra%g%%ggg%@m?(hvédeé‘rmunt of
current 25 flOithenght the guesent nwentiancatlawscton pheivetion by pasl tiaheth Bywsdang ng

the di Length of , th ter el ectrode made of carbon. Carb
par ti ol exry it SHIRSE Soiraltg ES et rats aifbe elesirere mede af (Harumones # o
har i es sveapitnpeait i d0BRvaHH duch eATEH br gﬁi&ﬁg{@@ﬁ?ﬂg%@?}b%eﬁf g okdghie! | ng

t her eby ﬁabl I ng a production of elenent ron water
purity. amapgtaf cygrentflensingfthrough theusirauittcan beeddprsteal bynehangmgahe dadeterd! at e
or ykre e of smal | oduction tank with a capacity
nuch” s maaﬁP Z@ﬁ&%ﬁg% hge}bbgﬁ?&%% WCIWO%BQS 6ne steh means.

According to the production apparatus proposed by the present invention, plasma

discharge is caused in water inside a water tank. Therefore, a water tank with sufficient

pressure resistance that can withstand the high pressure required in underwater plasma
discharge is needed. _

20 In addition, by comprising the counter electrode used in discharge not from the same
metal as the elemental metal electrode but from carbon, and also by vibrating or sliding the
electrode pair, fusion between the electrodes can be prevented. Furthermore, achievement of
jnstant plasma discharge makes it easy to control the amount of dispersion, and there is no
need to select a different power supply for a given purpose because the amount of current

25  flowing through the circuit can be easi.ly adjusted by changing the diameter and length of
the counter electrode made of carbon. Carbon particles that disperse simultaneously with
element metal particles are harmless and nearly the entire amhount can be removed easily via
filtering, thereby enabling a production of elemental metal dispersion water of high purity;

The electrode made of titanium metal material may have a bar, plate or wire shape.
30  In the case of a small production tank with a capacity much smaller than one ton, it will be

more appropriate to introduce titanium metal as a wire, instead of a bar.



"not limted to

nore appropriate to introduce titaniumnetal as a wire, instead oigaﬁfar %
'12/ 01/ 2006 Ot her than titanium the elenental nmetal materials fro kﬁ20 6
met al powder can be produced using the production apparatus proposed by
t he present invention include zirconium germanium tin,. gold, platinum

and silver. Houeve possi bl e applications of the present invention are
Ted 1 QORKE tian ditaiim, te Hrmental mesalpatesialeyiroan ofhiatracis} pewdar can be

i nvent i orprogucedPhdhd) afe 556@EHoRY 550 t vern ihat, the
pr esent -rljr_lven't i on igs] no?ﬁl_i m?w%@ﬁﬁ?ﬁ%@ tlﬁ—%)gp?eﬁeng v\%n%ghp’rn(‘fgﬁi& i on
f|b ow C hg_rztlrcgmupﬁgaﬂl?@umamt , Zokb pbﬁﬁmtgrmamfdtsﬁieeno Eﬁﬁ\&ﬂd et pbsls;ilﬁlefaj)pl\!i’\bgﬁ&ns?éfpdhéi ngd ;
above. Fi i strates . an apparatus for producing netal powder proposed
by the prpg%sgﬁﬁmv @“’Pﬁ&%ﬁ‘tﬁ%tﬁ%?’&% msafd @etals.wat er tank (14), a pl asna

di scharge geneymemingdid bf GRUNRRSE invdhiibh i i ChSFid QAR pNd

its counter elect roég, and ‘a fil tl_ner éysﬁ%ﬁﬁ%%@l‘m@ﬁgﬁ %g%#é@ﬁ?eal

met al pok@wWeverpthgy the prasentripwsingion ix nat dimtitidrte this seampler met al . powder

production is ' ith.a . poywer supply for high-voltage/current
" discharge (2), 'wdgl%ﬁgsegpéf’d‘%ﬁ“ﬁﬁﬁ%g&a’& off P’Hf"’ﬁm@"’-“%" SreEdingdosthe yresent
devi ce f mivefithmdasngphimdembad, netal el ectrode (4), the plasma di scharge

generator (1) _equipped with an elemental netal electrode (6) and its
counter el ectFigdé lﬁ‘?*)f’{ateé anygpparatyshfos pr¢d@icingometab pomter propoded (tydthe paeseatit | et

9) f t i j i i ted by pl di_sch;
vl o VB, ShATEL St e BN ik 0l Pty 265 Buih eehator U} e g
met al powifleranfelenertilemetabeleotradle BR s WuARLefcRBAS Mridt & Hher SyeHca) 15 a

e

20 povvdgi i S d?noteiﬁ as (13). Demineralized water is fed intdo ter
tank in qoRpng é‘%‘?ld’@%leﬁi scharge generator. Plasma discharge is

d bet I el al t £ tidanium. its .
o tor ol oo oh pheiSrt kit YontiileR uafd R HASFRIPRST oEhcebl FilipBREwith Ri ge

the 25 pawer supplyrfoatligh-ybhiagedcuient Idivcbargg () at @svidd Fanvibitingn of aRehg and
er a dispersion solution of titanium rret§I S

whe. hi t t
pr g ) uf: e glectrg %Bﬁ)’gi?%ac e %PE%??&‘?%?IGW§% Angieh Qleetrodenet) e thscplasde dlischargoe

prevent : doator Vi) Readphsdwith o8l didh&alt : | L he . : '

~slidi ng?s‘il br at |m% Elgiggi ce (3), anﬂﬁgcrﬁ?%géel%ﬁrﬁ&agﬁaﬁﬁ]g%m%le&%"l%)dﬁﬂ)eﬁar ge
mekes | Wagadylet ) dothe whter tanka(d)rn @itietl (Ypior slententdl ineslddibpesion sbRition

generated by plasma discharge in water, a discharge pump ( 10), and the filter system (11)

for separating metal powder from the elemental metal dispersion solution. Produced metal

20  powder is denoted as (13).

Demineralized water is fed into the water tank instailed in the plasma discharge
generator. '
~ Plasma discharge is caused between the elemental metal electrode made of titanium
~and its counter electrode made of carbon, which are both submerged in water inside the
25 | tank. Underwater plasma discharge generates titanium ion vapor, and when this vapor
- contacts water a dispersion solution of titanium metat is produced.
As for pIasma' discharge, fusiolrvi' between the electrodes can be prevented by
vibrating or sliding the electrodes usmg the suliding/vibraﬁng devi}ce'(3), and achievement of
' instant plasma discharge makes it easy to control the amount of dispersion. In addition, the
30 tltanlum metal electrode is fed continuously or intermittently using the electrode feeder (4)

so as to ensure the electrode is consumed sequentially by the necessary amount. Underwater



30 titaniumnetal electrode is fed continuously or intermttently SSi ng éhe
‘el ectrode feeder (4) so as to .ensure the electrode is consuned 12/017/2006
sequentially by the necessary amount: Underwater 9 12/01/2006 pl asma

di scharge instantly nelts the titanium material and causes the nolten
“titanium dipsperse. | ter n this process, very small fine titanium
particl esﬁl%ﬁmah{hé@gﬁges@épa@ﬁ?ﬂdgréedg?@% ’é'ﬂtenéﬁﬁflqu?@%@? @d‘“& el GiEm the
gener at edidpetseth Watepet al powder doesn't nelt or float. and 5 instead

settles as powder after a brief period to separate fromwater. The obtai ned
wat er is retrileykig precess, vhey small Eine ftisanivmtmarticlen efahimkorpsnalie(4) (29 gamtated

filtered £il.t t 1).into filtrate (1 d tjtani
pouder (145 FHFRRY 38 iyt THR SEniRinc ki ieialepowagh et eme oF fonhadr
tank 5il iseeadisttiled ae pbRderoificpaliftiof gelifd té Ssptdid BV RLRE. BIRNSIRLNES water 48! |

anmount of dissolved titanium However, the’'rest of the titanium electrode
di d set t Fedrigyed fpm the quslet fontisaniemeanetahpordes (9)amdtfiltesed throyphvibie filteTystem

e’ o0t P bS] fdle 88 lnly Heknies BT (18R VB B 83 ket O Hlioimmetp Dt e | e
titani uncqeusied ipalid watee Satafive® withund RINGSRRRE, i18é k¥sulfith Rafek icbhiingl Z€-

The prese‘ntl nmet ho@lcti and gﬁ)g_ar atus indeed produced titani umpowder o
uni f or m SMa yueunt of dissolyed firngpny.dlgweves bairestof hertiteninm eleteode idid seleatd of

Applipcath@hokth d'16S SBhtal ion al fQr. production in a very. ef.ficient
and stabl e ranner o?%gﬁrrté?g%lg%tgv@'t er'i,} ﬂé’%%%i al J}eﬁgﬁafﬁﬂﬁﬁ S{edfsL rt,ﬁ’S&Tt?lE?’?’ng
hi gh purhowder Wae 1pto3pin. on nmet hod 20 proposed by the present invention

el imnates geIneratj on_of byproducts and inpurities other than the t ar get
metal cont ent!? addionyibe obtageddianignpawdea soririned ne hyprodifis omiimpuritiestaadns  of

-spheri@ﬁégtaﬁﬂgag(% j  Bi.Ze i tonal by... the compact, efficient
appar at us achi eves &ésr'- éﬁ}c?élsélgﬁt “Pe dc(fq‘ﬁjoslli)lhlgwrﬁ’r%@l?@wn‘gﬁs’@%sts. Fur t her nor e,
the present ilheemesent nosthiodandpppiraths indeddapdusddodiantung Howden oif RifHEm
production. and. .mass production. 10 12/01/2006 What is claimed is: 1. A

met frod  PEHCIH AR ANGTEToR0 8bnpri si ng: causi ng pl asna di scharge in a
hi gh pressure water between an el ectrode nade of 7 o

Industrial Field of Application

The present invention allows for production in a very efficient and stable manner of

. metal powder, especially' titanium powder, offering high purity. The production mefhod

20 proposed by the present invention eliminates generation of byproducts and iiilpurities other

than the target metal cdntent, and the obtéi’ncd powder has excellent uniformity in terms of
‘sphericity and particle size. Additionally, the compact, efficient apparatus achieves |

significant reduction in production costs. Fuﬁhermofe, the present invention can be applied

to batch prbduction, continuous production and mass production.

10



5 elenental netal and its counter electrode to generate netal ion vapor;

and contacting the generated netal ion vapor with water to convert2 Hél/2006
nmetal io PRcIdifeq €t 2l powder, wherein the counter electrode is made of
car bon ang a ecv%lgle or vibrating or sliding the electrodes is provided

bet ween said power supply and said el ectrodes to prevent fusion between

t he el ect{odes a%g?mferei L nsta gl sma_di scharge is generated to

control %0 th‘é_né Nt SFOHEHTSIFOROVIET PP od for produci ng met al
powder as descéybig plasid %'is@hé:rgemeé Righ bR8surE!wABNbelwddRial clestrddd ARALEIBF
zirconium germanium tin, gold, platinumor silver. 3. An apparatus for

pr odui nelemendd! peaband itoeguniesictagtrodatogsmerate mestsl yorf Bapasi ald- vol t age/ current

di scharge; 15 der, for s | vi.ng. an. el ensnt X
o E e dPplaRARE i SneP RO e Sord Do SR ber B L vl BE Wlciél m Fapor to
el enent almetalgitdegndthérelh teWoller eleegbdORanade yB¢Lbort amka davicaf@rvibnikiag dro
the water_ tank; 20 an outlet for produced dispersion water of fine

el enent awlidmghe glectrpdscis: provided betvaen saidupriverasvaply mid said eleptrpdss to ey eitn
t he counteey: I LcBES r A ' - V] '

sliding {fﬁ%org})gtg{epg eeslel?:g prov%%%?@/\éen stglll%ﬁ%dogv\%?ﬁag%%bsl %/'Q{gn éd;g)l ntrol
el ec1g odds atheurpoédapérsfomsi on bet ween the el ectrodes, and wherein instant

pl asma discharge is_generated 25 to control the anpunt. of_ di spersion. 4.
The appafat us §rm ﬁheau%rnaﬂﬁe?as la_sve@éwwe@r ﬁsg‘?ﬁcg‘g_ﬂ‘? i elep ’3,“’?5%9 dithe
el ement abioffhe ok 4 LRI zikloh b harBHIER! ST, BlafinurfiBh Givdp] ati num or

silver. he apparatus for produdi-ng netal powder as described in Caim3
or 4, wharei nAntappamhenienpaiducimpahetelgretder eompgsinge el ectrode has a bar,

plate or wire shape. 3 . ,The aratus for. producing netal powder as
Cleocr bed | n EPAVE SIDP0%Gir i A RERTA SSFhaBRB, ont 1 owi ng ¢t ough a
circgt is adgm%&guw%gﬁ%{m&ﬂﬁ%;a@c Lor length of the counter

el ectrode made of carbon.
a high-voltage discharge generator equipped with an electrode made of the elemental

metal and its counter electrode;
| a water tank;
a water inlet to the water tank;
20 an outlet for produced dispersion water of fine elemental metal particles;
a discharge pump; and
a filter system, wherein the counter electrode is made of carbon and a device for
vibrating or sliding the electrodes is provided between said power supply and said electrodes
to prevent fusion between the electrodes, and wherein instant plasma discharge is generated
25  to control the amount of dispersion.
4. The apparatus for producing metal powder as described in Claim 3, where the
elemental metal is titanium, zirconium, germanium, tin, gold, platinum or silver.
5. The apparatus for producing metal powder as described in Claim 3 or 4, wherein the
elemental metal constituting the electrode has a bar, plate or wire shape.
30
6. The apparatus for producing metal powder as described in Claim 5, wherein the
amount of current flowing through a circuit is adjusted by changing the diameter and/or

length of the counter electrode made of carbon.

35 | 11



