kl e3eZW.. zt6T9@ Field of the Invention 5 This invention relates to a
.fret hod and apparatus for producing, in an econom cal manner, netal powder
of fering high purity and uniform granul ar shape and size. The invention
aI so relates to a prod&@'g on of titanium powder, anong others as t he

af orenent i one Background of the Invention
netals are pr varl ous fornms, such as nol ded @@ bar,
thin wire or 0|I,.,G

Aeeording to appllcatlons In recent years

metal powder as nolding material is drawing the attention |n t e f|eIds of
powder netallurgy, thermal spraying and other nol ding techniques.

Particul arly, powder netallurgy I s rygeifdetioms an inportant t echnol ogy

of fering w de appllcatlon Iud|n roducti,on parts, and 15
t herefore demand for éﬁ"d tgues%q%rog Q&éﬂ% for powder
metal lurgy-is al so grovm ng. Pr oduct lon of netal powder trad| tionally used
the classic nethod of mechanically and directly crushing netal granul es

i nt o powdEieldfgfithe Iwesition et hod to bl ow nolten netal with gas pressure to
form powder. However, all these and ot her, met hods_had difficulty achiev

20 uni¥ orm gr aﬂuﬁ awvegﬁaeéeam tg.az@eﬂleeaeeravpa@ﬂ& fog nspducing, dp ay| seopemy one

of relatiy ?ﬁnﬁ%ﬁj ﬂﬁx?ﬁ ﬁpﬁg@eﬁnﬁm \#2Rhadeland35zeb€€N reported
t hat sm)ot n’1 nut € an 8 % ystall'ine struct uresaﬂcaarlll be deposited
under appr opr i Bhiecinventitint a]sma:latemtb a peaduptiorf of tifangne pewtlerp layong others,iadghe he

range of t ese condi tions oduces brittle nmetal of sponge or powder form
25 Still, t‘ﬂ"éﬁ%épetﬁf%ﬁ{ﬁ'i on nmethods did not produce netal grains of

sati sf actgg&gﬂ@ggef%gnmnuni formty nor did they resolve other problens
such as econony. Anong other netals, titaniumis a relatively new netal
conpalled wi t h Rawelemenbmstalsiang paveessediintor vagious foresp seah asrmolded shanes, sheet, ent
tinmes. Titan mLsI| t_an ofe Il en re
as wel | als fﬁg’s?cs?f)%f‘incge éPrP(IJ‘% %t g’r{e éﬁt use@ 3% Qk%&%ﬁi&%

i ndust ri ahokip hfae&iaprﬁ drdwing théeatfeatiph anamal ﬁﬂdﬁ igfngovedert mbaallitgy, lmlnade

jet engine materlal and structural nenbe for ajrcraft/spaceshi
mat eri al Speayingand ether mlding tachaigues, ?%ﬁtﬂaqu,amv%enea\lmgumre 3 Adn,

ee suon ‘oEBACeoliliy DB BRA GoroRRREIn Mt plhucfbd o pftal burfdfahd
equi pife ntthemsﬁde detnand| forpposvder Tetald-wikidh ¢saithechast alateridl dori pdwderhmetallurgy—is

~appli catlcagns of .titanium are expected to grow further. Titanium which is
al ready PMHRE-wi th stainless steel, duralunmin and other high

per f or mance rrqirahﬁcﬂoa IR paivdepehdlﬁatdlmsed the dldskRInethéd 6£mbélfasidall§ and
rivals in the future. Since’'titaniumnetal has poor processability and

nmachi nabidirectly cpishinganetal graneninte pawderform o theraetheg i dlov malten mesah wish t en
- titanium VMslplres%g th ?oﬂﬂ?%&&t Hrowggexr@l'i' these and other methods had difficulty achieving

20  uniform granular shape and size, economy, and so on.

Electrolysis is one of relatively new methods for metal powder production. It has
been reported that smooth, minute and uniform crystalline structures can be deposited under
appropriate conditions, and that performing electrolysis outside the range of these conditions
produces brittle metal of sponge or powder form.

25 Still, these newer production methods did not produce metal grains of satisfactory
shape and size uniformity nor did they resolve other problems such as economy.

Among other metals, titanium is a relatively new metal compared with iron, copper
and aluminum that have been in use since ancient times. Titanium is light and offers
excellent strength at high temperature as well as corrosive resistance, and is therefore used

30  widely in industrial applications.



10. hours and costs. It is because use of nolten titaniumas material wll
.require cutting and ot her machi ning steps follow ng the plastic working
process such as hot forging and rolling. Therefore, powder netallurgy is
mndely used in titanium netal processing, which is the reason for the
growi ng demand for titani um powder, particularly one offering high purity
and good uniformty of granular shape and size. Titani um powder produced by
the 15 conventional powder production nethods designed for general netals
is subject to the sane problens with other netals; i.e., irregular granular
shape and si ze, poor econony, and so on. As a result, devel opnment of a

production metyosahd meaﬁurve%%ﬁmﬁ%H1weﬁpeﬁgﬁ{e@&Eﬁmlﬁa sttiicaP ickitier 2

uni form granul ar shape and size is eagerly awaited. For exanpl e,
hydr ogenafor\mrco@@aecdnw mettetldd ftunheatﬁxdlapgmeusedom ﬂlmnhbdndtrlmcm Howeng

Povdor . TRBCH B FALSTR R RS HEER SheaLbephs g et EE S Tosrveh

titanium &reyte%lh@n&éiﬁ% ahd g&tf@%@}teaa ehdf haxetiglufok hedl M,gna@icﬂasqafpn%m
The material” Titaniumis heated in a hydrogen atnosphere to cause’it to

absor b t rmdhmdmg@eng&sn@tnualt Hihe m@mnsmﬁ titapiuntHare espected o wgrew fucther. s

then cru d.and he n _in_vacuu at th [ogen S e
rel easedsgiga“é &@e f‘%g 4 COPREHNE, Wi 5 R b%@%&g&ﬁ)‘w hlglﬁ"
titani um garfe h@délm'éfhlﬁ'%h teeils bh@;ﬁplfcﬁﬁ&ﬁgins lﬂ@l)l t%@uﬁ:’as@itétﬂvm Eethedilitked i S

f or med |nto a round bar to be used as material. This material round bar is

turned at hi grSiBgseditaninma metalmbap Raos processahility raadi mechinabilityer produeing e

gas, whil | -arc
Jorcn rfedphfich! el BayfHE SSitpIER sthpl it BOMEA Bl 438 a0 1 o3 s
t o prigdudsouspdirddosts) It obetausegise iofimolteh tilaniurg laanmerml will ta;mru numgﬂﬂd other
obt ai ned by  the hydr nat i ewat er.j n net hod i hericity.
Al t hough Mpghinpg et Oglé &GQ tig Woa‘f‘B REACEISRyC f“ﬁ otﬁé@:? ﬁﬁ'& ocess
must be repeat-fir i powleChellliAg i8WAGETusES if) GitdhikA nhetl rbcéagm {WRich is

mechani cal neans nmay De 1 ncorpora ed buf oxygen contam naél on o titani um
powder caheoastrefonti growing demirel foottlmllyllm ipowden perticalatlydne mﬁﬁeang hightpunayh um

is nelted i,n an, i tiye S _an de i nt,o orm Theref
o e SpherHaBoah ARIPREY (HioBaRPiinamePY e Ty Tipatudl o radicet B JbEC
cont a5 NadonéntioBhll AWder peyRI¢EOn niditfods Qiebl%héd fortdeAlraPmeR®y is)subfecttothe dffle

w Il be reduced. Both nethods are a batc system so the power productl on
cost is Hrgblemyndtheatber metalshe.nistagular geanulps shapsand sige, ROQK QCARPIYA

roductio
Gual i 1y e @Rk P atp“’&h?‘lgt%‘@t%dmﬂéﬁgmpt%?ﬁﬁﬂ“%dﬁf T
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powder. However, this nmethod could not reduce the production cost
signifi catmdrqgenam devetéringinethofd uses: sménmlmlmmm&gmnbema@gmempén

15t|tan|umo nel ted. an rked tit hdtob S teri

the. neantideiaiod Torp rRBRfmaini il o) motiatctl o Ant atiBR e TRngR i Sbtoget
spheri ci tattrn@§p11efd foVeRise it Yo fabkorbathe liydi®geti £ and) ttaxsntmame Brielel mgarttﬁss
cost and avoi di ngwpxygen contam nation, 1s disclosed in Japanese Pat ent

Appl i cat i tianipey ig heapedsagafthin yacurmse Haat th sslpesregentgas 3l berelgased
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is inj ecttecgedntcrbleﬂhﬂ aficrvisengorked tie fortiedantouardundalian 1to be sed as chavériadi This

G 1 or i CPXGRAGPURLPAES CRBGLA IV SHe0 RSP S 06 D L X pilen etctie
uni form a
sat | s1 actgg bRl tipSh bR bglagt%eg%gte bt as%eep& T e

there is |ncreas ng need especl a

titani ummelten mptalmfelthemmcatnerbdhmapxengrfagad fadce pmpnbdncms;ﬂmhd:ahpgwdemgtamsher new
nmol di_ ng met hod wev powder rod met h t hat, su f|C|entI

Ansve s ch dotie g %t[ Hightug qopi @big nwéﬂé‘“x?lﬁmalwé Yelqrng méthod

probl ems, par; wRbF hoy b8 usBl GHRI ok, hdamngl ¢ v

of granulé&asgﬁ ICIé S|zeﬂ%$ &ﬁ and Bdmpro uctlon co5t 3 E

vi ew of the above, the purpose of the present invention is to provide

el enment-netal powder material offering excellent uniformty of granular

sphericity and consistency of granule sige, for use in powder metallurgy

and other types of nolding. The inventors conducted various studies to
resoI ve the pr obl ens. assom at ed W|th the 5 productl on of eI errent met aI

o a0 . " o v




the purity of elenent netal, uniformty of granular sphericity, consistency
.of granul e size and production cost. As a result, the inventors resolved

t hese problens by utilizing the technology relating to a use of titanium
material for production of high-function water containing titanium as 10
Specified in a patent application filed earlier by the .inventors (Japanese
Pat ent Application No. 2000-136932). The aforenentioned invention relating
to a production of high-function water containing titanium (Japanese Patent
Application No. 2000-136932), devel oped earlier by the inventors, provides
a nmethod for producing high-function water in which nolten titaniumis 15
di ssol vedyrouhe o bkg'épéi?édhﬂﬂcé. SA CRARAME! Rbb8 sty 4 BRI AHIINr"Gh& mecHEnidalr €
gas of oxygen and hydrogen in high-pressure water and the nelting of

titani um mednsl mayibey indoeparatedubot omygens cordgmination xifntitanivins powden sannpt, be

wd fferj hi,gh ri d [l ent. ynj f it f | ar. hericit
B o ze idedoin it dabyy eleitdos mefiod mabuial Rleofingss teflrd i S indfivegationd
especi al | fhadd ImRPpoAcrTomh. THEISFe, gRitd drd SpHEBIcRIOMIAI TR 2064 AeRAbARE They are

production cost of such 20 powder “signifi'cantly. The present invention
di ff erSss omatpiubjest yo foxygen lcentamination; eitker. Floweyern i the setidifisation property awhen

powder such .as _tj.tani um Qo r. hn,both ce and structure . in that .a
it ar e qRGR will R OB pgbfley Berh SABESRiert B bbbt piocfor 88 4%, e
combust i gfjgglas is used to melt elenment titaniummetal, thereby allow ng
metal powder to precipitate in water. It is an 25 inproved nethod for

produci ng met aFheyatpmizationamethad gras develaped s ch titamingn cnowdgr predustion methedh

those ta A C js I d eci f I S

hoert i o rbink e SRREERRLANA oI PeladiiiCR) LhARY dhd bOBMGEEH: I the
ef fi digentatompagen Metlioad) maserial gitadiemne meheltih ngwater-codled chppey enible asing a
irradiation to heat material metal and _al so without a need tg,let mol ten

metal dr iplasna-pisjterch o gthes ket spprceqingyder;tg fayse mplten Waninm:to drjp eqntinpously

powder. 4o Tag eﬂ&We eaem&e&rgex, fidianP bE 88F irlabi i bdsO8 tHEN R @t&onto the
virtually no byproducts or i1npurities other than the target netal powder.
CQceur r enasokdn titeniain toxdtoimnize dhardiuebtaio powsed. Mpweverythie methodnaonkd notgeducedhe er y

oranul o Mo, oG a0 B BVl BE Al SorGSional Het bhbhismliey
can hg 5 Hedumest méledishil GRkédtitading Kadith ©d usédss mateAMs for continuous

production in addition to batch production, which opens a door to,
mass- product i dn tfe meantimpoadmethody forg Pradueisg npedesutitaniiiny coffering: Hapraned e

roducti g  QRESS, 1. f i r i Pl
Rl g pr coBhPAERE nfiily foF 425 SlodLHED ARt HEQRARLILS Bl R olling
used to redygenredittamiriatioh), i8ldisobosed fim dapanesel Patent gpplication Laidtapen No.di-33H3se
ol e (BAbMAPPIPEE TR SPURIY PEBOBE 018 080 F o1 bah T ok et
vat enopr §3 MnCmaltd Me! Bactie FRNMRE WIath &fgofl] Pféliﬁh?oﬂétﬁe@ﬁa@ct‘?&hg”éﬂ iy ﬁj@&e% 0

cause the obtained el ement .me.a1 powder to precipitate in a short péerio
wi t hout fdntethiendrippigmeltyn yitasiumi te) atontizgitamd pbtade powilere However, thip inprewed

invention. 15 sum t he hasic ructure of fh [esent | nt i Js to
bur & e PSR B robd R B ot o o FEpLAETAR sl MR

t he COﬂbLb‘bbiWﬁlsm%thﬁatﬁmitoryﬂé&l,ieﬂhmel ement netal and then convert it into .
powder form thereby producing nmetal powder of uniformgranule size. A
schemat i oduction process is shown in the production flow
char t,egi ven in, Fi 1 e A | | fdhoan@f 1
) thtrzgugh (5) %gldggvm%\ﬁglz%&gagﬁge:ﬁegﬁ s%&égg?%%%%ﬁ(?%%a m X grfg?ggélgf;? %ggéen
and hydr agpetially titagiunp nesslupevder) edthahe pisgredshef powdarahetalurggsantoothed few
material nmetal and then convert it intqQ powder form (1) A nethod for

pr oduci ngneiding msthedsy Hoapvaygrnpowdes produetion gsthads @ﬁ&ﬁ‘éﬁ%éﬁ‘i‘ﬂyh%?"&beﬁ‘?chn

hi gh-pre lifafle! 44A thOERiRAS RRURAS hhe Rﬁﬂémé'ﬁa‘ag{'i’a!rl h&GeBR t
nmetal, 2 arﬁd\(ﬁéﬁggﬂ ?%ﬁlgte %}lnttg pomgeéﬂ?'orm %‘2)p A net'ho c;uor ygr og%dgi n%
nmet al powterpusisy @ scleméretdmetal,(urdiformitiyoue granhlar espheridity amd sizeadf powedernand
metal_is tiaanj uméTi), zirconium (Zr), germanium (Ge), tin (Sn), gold

( Au) ,30p| &P REPSt or silver (Ag). (3) An apparatus for producing netal
powder, consisting of a pressure-resistant 30 container that conprises a

hi gh- pressure water tank, an injector nozzle for m xture gas of 5




oxygen and hydrogen, a material elenent-netal feeder part, an ignition plug
.and a conbustion chanber. (4) An apparatus for producing netal powder as
described in (3) above, wherein the apparatus has as an adjunct a water

el ectrol yzes for producing a m xture gas of oxygen and 5 hydrogen. (5) A
met hod for producing netal powder as described in (3) or (4) above, wherein
the material elenent netal takes a shape of bar, sheet, granule or foil.
Brief Description of the Drawings Fig. 1: Flow chart of nmetal powder
production as proposed by the present invention 10 Fig. 2: An apparatus for
produci ng netal powder as proposed by the present invention Description of
the Symbol s -A: InARER oA tHéesabb0é, the pitpeiedf thepitber dbatioBis tBpeGHdE flement-mEtaNt -
contai ner for netal powder production C. Electrolyzes 15 1. M xture-gas

i nj ecti onp@wdes materiplgeffering exgellenfauaiformityk of gramuldrs sphericigt apd sonsistercynef al

grains 5: M I e- 1.0] X 7: Conbustion
chanber Sgrap;l)ﬁéglgg,rfg?\és&lﬁ{pgﬁrh% \%@él@gpgﬁ%gfﬁgﬁ%i pe 10: Oxygen-gas
feed pipe 25 lfhe Mvéntoss donduded varisustshiliesPlougsolde théprablems wsuciated with tAé:
Filter system 15: Product 30 16; Water 18: Partition 6 19: El ectrode 20:

El ect r'bdepmpductignaf clament matal nowder sychoas: titgaingy pewdacinclyding thoss-partaiping t9 or

Carrying . ' ' l.ng. t : | | by
Cai pga P puliBFor el ity ifonfiy B bBuGE BHRHRy, AaRERS ShgrhANERAL B
that the prodedtion@osti s not |imted to production of titanium powder.

According to the present i nvention I fied water such as distjlled water

'
is filled int oAgar W%Y%M%gﬁ?@%eé? prablgms by ptilizing, etechn9 ogy relating
Pr esSur - P ud 8 fitafififl Rlafkifal K6 proltcon! ST HIEA RhndRBH WRdter ik Atanidiiflas

material titani um neta uch as a titaniumnetal bar 1s fe m t he
mat erlal  sgpecified tin agiatint appliatiopdiled eartieby teuinvertdrsafagangte PaterssAppication
mxture g8 SBTEbAe ©f

The aforementioned invention relating to a production of high-function water

containing titanium (Japanese Patent Application No. 2000-136932), developed earlier by the

inventors, provides a method for producing high-function water in which molten titanium is
15 dissolved, wherein the method is characterized by the burning of a mixture gas of oxygen and

hydrogen in high-pressure water and the melting of titanium metal using the combustion gas.

By utilizing this technology, powder offering high purity and excellent uniformity of granular

sphericity and size was obtained for use in the production of element metal powder,

especially titanium metal powder, and the method also reduced the production cost of such
20 powder significantly.

The present invention differs completely from the conventional production methods
for metal powder such as titanium powder, in both concept and structure, in that a mixture
gas of oxygen and hydrogen is burned in high-pressure water and the combustion gas is used
to melt element titanium metal, thereby allowing metal powder to precipitate in water. It is an

25 improved method for producing metal powder that adopts an approach completely different
from those takén by the conventional methods.

Specifically, the present invention allows for a production of element metal powder in
a very efficient manner without using thermal melting, arc discharge or laser irradiation to
heat material metal and also without a need to let molten metal drip or inject gas onto it to

30 atomize the metal and produce powder.



hydrogen and oxygen is injected fromthe nozzle, ignited and | et conpletely
.burn in the conbustion chanber. Upon achi evenent of a perfect conbustion
state |l eaving an ultrahigh 15 tenperature steamgas, material titaniumis
instantly nelted in the conbustion gas and dispersed in water. At this
tinme, very fine titaniumgrains of mcron order are produced and di spersed
I n powder form The produced fine titani um powder does not nelt or fl oat
and precipitates in a short period. The present invention can produce
titani um powder of high purity at a very high 20 efficiency. To achieve
this, it is inportant to control the anpbunts of gases to be m xed and
burned, reactiPhe Rie@fodUrSpeved biyeie pradbst ifibertRhegendtatdsi vidadllyMd BYpErodudt¥ of

* the production apparatus proposed gy the present invention, an | deal

i nj ect i onimpusities odyer Hiaptthe targetanetal powysen Qccprmencesof metal exidationsdusoiecheating

t he cont ajper 0] il g t . My ' S
pr esur o WogeieERL e s P, kY, el il e iaip P ek ol B8 04 Fhed1lE
cause t heufifsimit9 of|geakuly \Wpheétidity i tcbfisistercy! of, gramile kizg, the prddsticitlcosearn Be
fine netal grains to be encapsulated in air bubbles and diffused fromthe
wat er Surtedueed significaptly) Thesmethed aise allews dex cantinueys; prpductipn dn additien fabatch

31 mmopherBoTRE wRESREMFs hr O Tyl BRENGR) S0 Bl Sichetul i ol

t he hi ghesdte.possible 30 purity, in order to prevent inpurities from m xing
into the produced tjtani um powder. 7 A m xture gas of hydrogen and gxygen
provi des the nlastge éb?\fecmreﬁlem&ﬁd)rgqeawaemﬁgﬁ&w? pRygsnApdiydeggen ds hamsd 1,

water,. V‘h’ﬁ?ﬁ Eés%}e 2%t 10 héhibve 4 iténﬁﬂer&%@él&tﬁ! ndthAHeGt 15 WEH R th@P material
0 8 to wnhy el

Physi cal em cal explanations as ement titaniumnetal nelts
i nst al | yelementheetalyedlowinge it- thi instantiya iisperse i watertandt foon fiyees grains. Unlike the

hi gh- . wat h t .5 f d t. ter.l t] ' tal,.
{ake b < PIERIRE apntoB  aplamed 2arl i LaBest Phient ARP<atipa on S0 LH4BaAT af i o
feed tit gaobids BRI whteprREdkEand dspir&ASE @mbRstion &f hiiureaRead Ve MjustbEto cause

production container is nmuch snaller than one ton. In addition to titanium

th e mat erthejobtainedeslemensinadtal paveder dapresipitatecia 4 wgrumeﬁsndduiﬂmt dleating, dhereby al
et e, HeRe e Soer BB Bt IR L (o Gord, plat num and

silvers. The hiDhsanags tiebavid siudhaslofthe grdsenttiivemnionas ab barph apaard gay of he

present invention. is a pr,eilpsﬁ_;e-resistant t ank de of netal, ar ‘ﬂ)refe,r bly
steel , arfkygeeand hy in highspressure water pad QSR comRuIoR g rto Jisat,matesial o

be made QfierftRGhetal Bid Uith QORI iB it Poldef Fofn? bgubiPmlat gop at
hi gh pressure. N‘E’lt ergl?dal el ement 1mé,\t al is%eﬂon%&%%sﬁfﬁ} n accf#ggﬁce
wi t h t he uniformagmoule. sixét &rschematie deawingesfathenprodutteont prbcesst & shqvosiin ithe
where the, r’rz'lxtt.ur(;1 925, bur.ns . _. ' -

production flow ¢hart given in Fig. 1.

20 The present invention consists of components (1) through (5) below, which basically

serve to burn a mixture gas of oxygen and hydrogen in high-pressure water and use the
combustion gas to melt material metal and then convert it into powder form:

(1) A method for producing metal powder by burning a mixture gas of oxygen and
hydrogen in high-pressure water, using the combustion gas to heat material element metal,

25  and converting it into powder form.

(2) A method for producing metal powder as described in (1) above, wherein the
material element metal is titanium (Ti), zirconium (Zr), germanium (Ge), tin (Sn), gold (Au),
platinum (Pt) or silver (Ag).

(3) An apparatus for producing metal powder, consisting of a pressure-resistant

30  container that comprises a high-pressure water tank, an injector nozzle for mixture gas of



conmpletely and fully turns into a steamgas of ultrahigh tenperature. The
,conbustion chanber is installed to burn the m xture gas to achieve this
purpose. This setup allows for 20 production of pure netal powder free from
inmpurities or byproducts. H gh pressure is also required to conpletely burn
a pure mxture gas. An actual enbodi nent of the present invention is
expl ai ned according to the drawi ngs. Note, however, that the invention is
not limted to this exanple. Fig. 1 shows a flow chart of nmetal powder
production as proposed by the present 25 invention, as described earlier.
An apparatus for producing netal powder (A) shown in Fig. 2 consists of a
pressur e- 5aeat A hy&deah, N8 maftial REImERNYLAIS fedér Pafth-aR" BMHite piil %dtenk
(2), an injector nozzle for mxture gas of oxygen and hydrogen F

material embustion clmblerf eeder part (22), an ignition plug (12) and a

nbust i h T f d vvd
conaiatsor o 0 &a taphii o BRRRCDE e R P N SRR i (UURVE ik b
(B), and 5&&:&{&%% @n'RAfintt 3 WatdPMciionrer fat prodicig » aMiKRite PAOSIUSLygER and

conprises a gas injection punp (1), a high-pressure water tank (2), a 8
conmbust i ohydsogember (7), a pressure control valve (8), a nmetal powder outl et

(13}, purified te ) t C .
(21), an ignit 5@?‘ H)&%forlg %\sﬂ‘&? & reggned%%cr{b%{laﬁw%(grgg? %‘g#fw(h%%mand
a mxtur eﬂlematdzrmlelehféhtﬂe&xtakes(ééhapééfbarpsheegtgmum"@dbned netal powder. 5
Purified water (3) .such as distilled water is filled into the high-pressure

griptionsofthe Deawings esj st ant cont ai ner for netal powder

productr on (B) t t al
bar is fed froF Echgrgtcgﬁtg*m%géuv?épr%?&@uf)eedggo part @E?rés%ter ﬁgh

t he ciint ai ner Fig. JurAxs spparategifon pratubingimealgoovdee as pipgoseddiy therpresont freventior
injected from the zzl e f}} as a mxture gas and the mxture gas is
ignited b?—ﬁﬁﬂ—%%ﬂ&iéﬂ@é—de Sdevice ( 12). The mixture gas is conpletely
burned in the go @Jm:ﬁ{ héthl pAwadt @i n a perfect conbustion state

| eaving an ultra terrp ature steam gas, and the materi al titanium

mel t s i nst ant | B: Pressubs-eesistanbcantainer fgametﬂhnOdemoélmonn water. At this
time, very fin (?)V\%]I trr]' um grains of mcron order (4) are produced and

di spersed in powd&FFTEfh “The titani um netal powder does not nelt or float
and prseci pi t at BMaturB w8 Bijectioni short period. The separated powder is
then rel eased fromthe outlet titani um netal powder (13) and becones
titani um powde$ Hlmf%‘ﬂ'ﬁl"!ﬁt@'ftafﬂﬁ xture gas of hydrogen and oxygen nust be:
precisely contg ?iukﬁ%d gchi eve a hydrogen-to-oxygen ratio of 2 to 1. Wile
a mxture gas o rogen and oxygen is supplied from comrercial gas
cylinders, addd: rfgnanmalgnmml ectrolyzer (C) as an adjunct to 20 produce a

m xture gas of ydro en and oxygen via electrolysis of water will generate
conpl etely pur¥ &y g?%“’ﬂ%f’é‘?l "%ﬁ {fc an optimal, efficient supply of nixture
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adj unct, instead of supplﬁ/r ng a mxture gas of hydrogen and oxygen from
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el ectrolysis facilitating a supply of 25 mixture gas in a
si npl e and ef {1 rfﬁﬂﬁgf‘?a?%en adding a water electrolyzer for

producti on of gnl-xﬁ(msgmg@feédpipygen and hydrogen as an adjunct, the

el ectrolyzer ( (L i S consi dered an optional adjunct unit to produce and
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el ectrodes (19 partition (18) and water (16). The el ectrol yzes
causes 12: Ignition plug

13: Metal powder outlet

14: Filter system
15: Product

30 16: Water
18: Partition



30.electrolysis of acid or alkali raw water to generate oxygen gas at the
.anode and hydrogen gas at the cathode, and supplies themas a nmateri al
m xture gas. 9 Production Conditions and Results Pressurized water: 1
ton Pressure: 1.5 kg/n2 Internal pressure of production tank: 1.5
at nrospheres M xture gas: 5 L/sec (2 atnospheres) 5 Injection period: 1 hour
Feed rate of titaniumnetal: 25 kg Production volune of titani um powder:
Approx. 25 kg Eval uation of Produced Titani um Powder The el enment titanium
powder contai ned no byproducts or inpurities and exhibited 10 excel |l ent
uniformty of granular sphericity and consistency of granule size. The
producti on cosi9:Bié&ctiodduced around a half conpared with the conventi onal
technol ogies. Industrial Field of Application The present invention allows
for producti on2@fEleptigdepurity netal, especially titanium powder, in a very
- efficient manngy.. | met hod proposed by the present invention
15 achi eves pu é%%?\ﬁ%%ﬁt%?%gh‘l‘e?%m byproducts or inpurities other than the
el enent al conpzmIdétal febderpan t he produced powder of fers excell ent
uniformty of granular sphericity and size and can be produced at
si gni f calBestMade AL Ot fne 1BVentiont | on, continuous production and nass
production ar | | S i L S, . TaTora W el
produci ng neta p%\i}ﬂg’?,?gséc h%ﬁé?ﬁam%i&%ﬁéﬁgoglb%téﬂ?ﬂ% Eeiia%d;ucgfh gﬁ{‘/gen aﬁlgtal
hydr ogen powder gb-anr easiple Motechowensarnthat ke mventionyisgast limitedkéd produetioralof
netal, 5 and con\(’g‘{ti ng the material netal into powder form 2. The nethod
for prodUHPMHYMRANIeT nowder as described in Claim1, wherein said naterial
metal is t'tanAbE@rdiﬁ%'i&ﬂﬁ'gH@mﬂﬁ@%?ﬁﬁﬁﬁéd‘wa@PMh a8 dtil18Y Waldr i$ Hl1¥€1into 3-
An apparatus for producing netal powder, conprising a pressure-resistant
cont ainerthe high-presspre water tank inghdethe pressure-resistant conthinenfor titgnignanetalpomder f or

m xture gas,of. 10 o en and hydrogen, ,a mater.ial e nt - al feeder.
T R ahiop o ARG A BT R Sl LB E S bR
produci NgeleRéMimaaViRHer part Qha Pre@trizéd & Righ SressubdIPA | hixfte SgadadopEisting of
el ectrol yzes for producing a m xture gas of oxygen and hydrogen. 5.

1
met hod f drydpessauaidnexysen 48 ipieoied fram thesezalecignited endileh ompletgly W@_riéitﬁe 15
satd et Sl s BRibibel°GBbn hohideRiAPSE 8 beftBlt coftbiion 48 1evinghn bfttahight 1
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15 temperature steam gas, material titanium is instantly melted in the combustion gas and

Qo

dispersed in water. At this time, very fine titanium grains of micron order are produced and
dispersed in powder form. The produced fine titanium powder does not melt or float and
precipitates in a short period.

The present invention can produce titanium powder of high purity at a very high

20 efficiency. To achieve this, it is important to control the amounts of gases to be mixed and
burned, reaction pressure and feed rate of material titanivm metal.

With the production apparatus proposed by the present invention, an ideal injection
amount of mixture gas is approx. 2 to 4 liters per second when the container can hold one ton
of purified water. Applying too high a gas pressure may damage the apparatus structure,

25  while a low pressure may cause the gas to flow upward from the nozzle, causing the heated,
molten fine metal grains to be encapsulated in air bubbles and diffused from the water
surface. This will reduce the generation efficiency of fine metal grains. The water pressure in
the pressure tank should be 1.2 to 1.5 atmospheres.

The supplied material titanium metal should preferably have the highest possible

30 purity, in order to prevent impurities from mixing into the produced titanium powder.
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In addition to titanium, the material element metals that can be used in the production
10 of metal powder using the production apparatus proposed by the present invention include,
but not limited to, zirconium, germanium, tin, gold, platinum and silver.
| The high-pressure water tank used in the apparatus proposed by the present invention
is a pressure-resistant tank made of metal, or preferably steel, and ideally other parts such as
the combustion chamber should also be made of steel. The gas pump is installed to blow out
15 a mixture gas at high pressure. Material element metal is fed cohtinuously in accordance with
the melt amount.

Material element metal must be fed into a position where the mixture gas burns
completely and fully turns into a steam gas of ultrahigh temperature. The combustion
chamber is installed to burn the mixture gas to achieve this purpose. This setup allows for

20  production of pure metal powder free from impurities or byproducts. High pressure is also
required to completely burn a pure mixture gas.

An actual embodiment of the present invention is explained according to the
drawings. Note, however, that the invention is not limited to this example.

Fig. 1 shows a flow chart of metal powder production as proposed by the present

25 invention, as described earlier. An apparatus for producing metal powder (A) shown in Fig. 2
consists of a pressure-resistant container (B) that comprises a high-pressure water tank (2), an
injector nozzle for mixture gas of oxygen and hydrogen (5), a material element-metal feeder
part (22), an ignition plug (12) and a combustion chamber (7).

The apparatus for producing metal powder (A) consists of a pressure-resistant

30 container for metal powder production (B), and the pressure-resistant container for metal

powder production comprises a gas injection pump (1), a high-pressure water tank (2), a
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metal (21) such as a titanium metal bar is fed from the material element-metal feeder part
(22), after which the container is pressurized at a high pressure. Hydrogen and oxygen are
injected from the nozzle (5) as a mixture gas and the mixture gas is ignited by the ignition

10  device (12). The mixture gas is completely burned in the combustion chamber (7) to obtain a
perfect combustion state leaving an ultrahigh-temperature steam gas, and the material
titanium melts instantly in this combustion gas and disperses in water.

At this time, very fine titanium grains of micron order (4) are produced and dispersed
in powder form. The titanium metal powder does not melt or float and precipitates as powder

15 in a short period. The separated powder is then released from the outlet for titanium metal
powder (13) and becomes titanium powder.

The supply of mixture gas of hydrogen and oxygen must be precisely controlled to
achieve a hydrogen-to-oxygen ratio of 2 to 1. While a mixture gas of hydrogen and oxygen is
supplied from commercial gas cylinders, adding a water electrolyzer (C) as an adjunct to

20 produce a mixture gas of hydrogen and oxygen via electrolysis of water will generate
completely pure gases to facilitate an optimal, efficient supply of mixture gas.

In the present invention, adding a water electrolyzer (C) as an adjunct, instead of
supplying a mixture gas of hydrogen and oxygen from commercial gas cylinders, will
generate completely pure gases via electrolysis of water, thereby facilitating a supply of

25 mixture gas in a simple and efficient manner. When adding a water electrolyzer for
production of mixture gas of oxygen and hydrogen as an adjunct, the electrolyzer (C) is
considered an optional adjunct unit to produce and supply a mixture gas of hydrogen and
oxygen via electrolysis of water, which consists of feed pipes for hydrogen and oxygen gases
(9, 10), electrodes (19, 20), a partition (18) and water (16). The electrolyzer causes

30 electrolysis of acid or alkali raw water to generate oxygen gas at the anode and hydrogen gas

at the cathode, and supplies them as a material mixture gas.
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: Evaluatlon of Produced Titanium Powder
The element titanium powder contained no byproducts or impurities and exhibited
10 excellent uniformity of granular sphericity and consistency of granule size. The production
cost was reduced around a half compared with the conventional technologies.
Industrial Field of Application :
The present invention allows for production of high-purity metal, especially titanium
powder, in a very efficient manner. The production method proposed by the present invention
15 achieves pure powder free from byproducts or impurities other than the elemental
component, wherein the produced powder offers excellent uniformity of granular sphericity

and size and can be produced at significantly less cost. Batch production, continuous

production and mass production are also possible.

10
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2. The method for producing metal powder as described in Claim 1, wherein said
material metal is titanium, zirconium, germanium, tin, gold, pIatinum or silver.

3. An apparatus for producing metal powder, comprising a pressure-resistant
container that comprises a high-pressure water tank, an injector nozzle for mixture gas of

10 oxygen and hydrogen, a material element-metal feeder part, an ignition plug and a

combustion chamber.

4. The apparatus for producing metal powder as described in Claim 3,
comprising a water electrolyzer for producing a mixture gas of oxygen and hydrogen.

5. The method for producing metal powdgr as described in Claim 3 or 4, wherein

15 said material element metal is a shape of bar, sheet, granule or foil.
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