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Thi s--invention relates to a nethod and apparatus for producing netallic
particles ' offering high purity and uniform.granul ar shape and size, as
well as nmetallic particles produced by the nethod and apparatus. The
invention also relates to a production of fine titanium powder, anong
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produces brittle netal of spongé or powder form 2S I, these newer
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Production of metal powder traditionally used the classic method of mechanically and

directly crushing metal granules into powder form or the method to blow molten metal with
gas pressure to form powder. However, all 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 particles 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.



The sanpl e applications of titaniuminclude jet engine material {Endiay 2005
structural nenber for aircraft/spaceship, material for heat- exchangeryuse
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atmosphere to cause it to absorb the hydrogen gas and thus become briftle. This brittle
titanium is then crushed and heated again in vacuum so that the hydrogen gas will be released
25  and powder formed. In the rotary electrode method, molten titanium or titanium melted then
forged, rolled or otherwise worked is formed into a round bar to be used as material. This
material round bar is turned at high speed in an atmosphere of argon, helium or other inert
gas, while its tip is melted by a heat source such as an arc or plasma-arc torch. The drips of
molten metal are then scattered via centrifugal force to produce spherical powder particles.
30 The particles of titaniumn powder obtained by the hydrogenative dewatering method

have irregular sphericity. Although this powder can be used in die mo]dmg, the heating




17 May 2005 process nust be repeated tw ce. A crushing process1l:;s'1\y|gy'312005
ball mll or other nechanical nmeans may be incorporated, but oxygen

contam natibn.of titanium pawder cannot be avoided. In the rotary.- ..

el ectrode nmethod, material titaniumis nelted in an inert gas and nade

Into powder form Therefore, particles are spherical and offer good
flowability. They are not 5 subject to oxygen contam nation, either.
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is then melted in an inert gas, after which argon, helium or other inert gas is injected onto the

20  dripping molten titanium to atomize it and obtain powder. However, this improved method
did not offer good purity or uniformity of granular shape and size and the production cost
was not at a satisfactory level, either.

Summary of the Invention

As described above, there is an increasing need and demand for metal powder,

25  especially titanium metal powder, with the progress of powder metallurgy and other new

molding methods. However, powder production methods that sufficiently answer such

demand were not available and the existing methods had problems, particularly in regard to

the purity of element metal, uniformity of granular sphericity and size of powder, and
production cost. |

30 The purpose of the present invention is to provide, in an economical manner, element-

- metal powder material offering excellent uniformity of granular sphericity and consistency of



3 17 May 2005 granule size, for use in powder netallurgy and o
of nol ding, by solving the aforenenti oned probl ens associ at ed W1[‘?ﬁ'l\{|?y)%05

convent.i.onal .t echnol ogi es. To achi eve. .t he above .purpose, the.inventors
conducted various studies to resolve the problens associated with the
production of elenment netal powder such as titanium powder, 5 including
t hose pertaining to the purity of elenent netal, uniformty of granul ar
sphericity, consistency of granule size and productlon cost. Wth regard
~to the above, titanium powder can be created during the production process
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via significantly.

However, the aforementioned preceding invention had the problem of insufficient

meliing of material metal, which was caused by a narrow range of combustion gas
20  atmosphere resulting from a mixture gas of oxygen and hydrogen being bumed in high-
pressure water.

After examining various ways, the inventors found that the problem of the preceding
invention would be solved by buming a mixture gas of oxygen and hydrogen in a high-
pressure water tank having an injector nozzle for supplying a mixture gas of oxygen and

25  hydrogen into its upper space. _

In other words, the present invention, which is based on the aforementioned finding,
essentially provides a method for producing metallic particles, which is characterized by
filling the upper space of a high-pressure water tank with inert gas; forming a combustion
chamber in the space comprising an injector nozzle for mixture gas <')f oxygen and hydrogen,

'30  an ignition device and a material metal feeder; igniting inside the combustion chamber via

-the ignition device the mixture gas of oxygen and hydrogen injected from the aforementioned



the ignition device the m xture gas of oxygen and hydrogen injected from
the aforenentioned 4 17 May 2005 injector nozzle; using the CO%LNlay)n'Z005
gas to nelt «(vaporize) the material nmetal fed by the material netal feeder,
and *t'HEA " causi My “t'he produced nolten retal droplets-(vapor) to-contact

hi gh-pressure water to instantly crush and solidify the dropletstvapor and
allow the produced fine particles to precipitate in water for recovery. 5
Additionally, the present invention essentially provides an apparatus for
producing netallic particles, which forns a conbustion chanber conpri sing
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hi gh- terrpergEIr e statia egvs heat d to nelt or vaporize materi al
el enent nef HF&“‘%P%%“% ﬁﬁb?'&{eﬁ?é“’c“é UPRET §R26= i s equal to or bel ow
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(Japanese Patent plication No. 00- 136932), the upper space In the
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of i xt ur eadgition g hatchwrgduetian thbﬁmnﬁadwttcam@ss -peoduetfsn of meta'smvghr formation
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bumed in the upper space of the high-pressure water tank to achieve a high-temperature state.

20  This heat is used to melt or vaporize material element metal (a metal whose evaporéting
temperature is equal to or below the combustion temperature of the mixture gas of oxygen
and hydrogen will evaporate and become gas). Upon contact with high-pressure water, the

~ molten droplets or vapor will instantly disperse in water and tumn into fine particles to form
metal powder.

25 Unlike the preceding invention (Japanese Patent Application No. 2000-136932), the
upper space in the high-pressure water tank is filled with inert gas (such as argon and neon).
Therefore, even with a chemically active metal such as titanium or zirconium, the molten
metal droplets or vapor produced by the combustion of mixture gas will virtually remain
intact, except for slight formation of oxidized film on the surface, ano will quickly precipitate

30 at the bottom of water in powder form. As a result, high-purity titanium or zirconium powder

will be obtained. .



30 at the bottom of water in powder form As a result, high- purlt%/ titani um
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structure of the present invention is to burn a m xture gas of oxygen and
hydrogen in the upper space of a high-pressure water tank and use the
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20 gas in the upper space of the high-pressure water tank is fed into high-pressure water via a

rat us

pump and the aforementioned gas is collected as it travels upward in high-pressure water,
dried and then released into the upper space.

(3) A method for producing metallic particles as described in (1) or (2) above,
wherein the material metal is titanium, zirconium, germanium, tin, gold, platinum or silver.

25 {4) A method for producing metallic particles as described in (1), {2) or (3) above,
wherein the shape of the material metal is bar, sheet, wire, foil or granule, or any
combination thereof.

(5) An apparatus for producing metallic particles, which comprises a pressure-

resistant container comprising a combustion chamber comprising an injection nozzle for mixture gas

30  of oxygen and hydrogen, an ignition device and a material metal feeder, in an upper space of
| a high-pressure water tank filled with inert gas, a pump that feeds the gas in the



resi stant container conprising a conbustion chanber conprising an injection
‘nozzle for mixture gas 30 of oxygen and hydrogen, an ignition defiMayw20@5
material metal feeder, in an upper space of a high-pressure water tank
filled wwth inert gas, a punp that feeds the gas in the 6 17 May 2005

uppeér space into high-pressure water and a dryer that dries said gas
traveling upward in the high-pressure water, after said gas is col l ected

and before | &hER +81:0 whide 4 al for

pr oduci ng mf? ?‘% ptgr ?@%resgﬁras %escrl E‘é’g’ S ‘g%asﬁﬂw 1§ t he
appar at ushdﬂash-atsssaw wadgruafter said\gas isrcodlbatest and| ly:ifm: ltflarelqznseshmm thg upperi Xt ur e
gas of ogi{aggn and hydrogen. (7) Metallic particles produced by the nethod

described™ i n (1), (2), (3) or (4) above or the apparatus described in (5)
or (6) above. (6B|Amet:pm$fo'r ptodusingpinetabie phrtialas mgdasdrﬂ:e&iixg(ét) 3bow|él ohereinart  of

et SRS 3 R e L R R GL B eB B s
by the pasdledtogemvention Description of the Synbol s 1 Appar atus for
b oduct i on 40 MRBE ParpBupredice P M et dorbesdf F B or Blabefe. of cesur e
wat er taee ap;&:atﬁﬂé‘s‘hdi%éd ns)di e6ylabsve20 7: Pressure control valve 8: Metal
powder out.l 9: Puz: ed .wat er 19: Mat eri al el enent me'F al 11: Ignition
plug 25 M@%—M&bﬁ—é‘?g@s 13: Metal feeder part 14: M xture-gas
i nj eqpor nOzztig 1: Flow chart of metal powder production as proposed by the present invention
Fig. 2: Schematic drawing of an apparatus for producing metal ﬁbwder as proposed
by the present invention
Description of the Symbols
1: Apparatus for producing metal powder
15 2: Pressure-resistant container for metat powder production
3: Electrolyzer
4: Mixture-gas injection pump
5: High-pressure water tank
6: Combustion chamber
20 7: Pressure control valve
8: Metal powder outlet
9: Purified water
10: Material element metal
11: Ignition plug
25 - 12; Metallic particles
13: Metal feeder part
14: Mixture-gas injector nozzle
15: Hydrogen-gas feed pipe
16: Oxygen-gas feed pipe
30 17: Electrode
~ "18: Electrode



15: Hydrogen-gas feed pipe 16: Oxygen-gas feed pipe 30 17: El ectrode 18:

El ectrode 7 17 May 2005 19. Partition 20: Water 2 1: Atnospherd-faday 2005
suction punp 22: Dryer 5 23: Atnosphere-gas exhaust/circulation punp Best
Mbde “for "Carrying Qiut the I'nvention The foll ow ng explains the present
invention by taking a production of titaniummetal powder as an exanpl e.
Not €, however, that the invention is not limted to production of titanium
powder. 10 First, according to the present invention, purified water such
as distilled water and inert gas such as argon are filled into the

hi gh- pressure water tank, which is the pressure- resistant tank for
titanium netal pevme&fiopr oduction, and the tank is pressurized at a high
pressure. Tben, @%eri al titaniumnetal such as a titaniumbar is fed from
the material ePEn¥HEl netal feeder part, hydrogen and oxygen are injected
fromthe nozzl ezﬁsgtﬁ'mgﬂ'h&@.%]a@su@éo%p and this mxture gas is ignited and
conpletely burned inside the conbustion chanber to achieve a perfect
conbustion st at &2y ng an ul trahi gh-tenperature steam gas. Materi al
titaniumis inspg 1 | ' : ion gas and di spersed in water.
Si nce thrg]e conbggﬁdonxﬁsﬂaﬂt@emggﬂ#g?tgb?t@aﬁgr as, a mpjority of the produced
titani um drBspiMede forGastyingQut thedavdntiomhus very fine titani um particles of

m cron order arey ﬂiiﬁm' ' d ' er for The
produced fine t?}tlgﬁpﬁv?nﬁgg er p?g%?eglf?\g%ggﬂpﬁmgﬁgﬁgrgﬁgu%{e&? BgQPmW% he
m xt ure gagowfergsagesxampld. Notey ayeaver, alsat ahet ineontion iscadt limitet uo @rodattion eff | to

2, $he gas mg&#@@letely even in an inert gas atnosphere to reach a
maxi mum t enperature of 28501C. The resulting steamw |l be fed into

hi gh- prl@ssur e whirstracvordingrto #icrppespitcinesntjas, pusifiat water suohps dishigdewithearlt eam i s
condensed ' wi th highspressure.water. T he inerji. 25 gas collected
from wat er ?‘V{\Lﬁg| é& )é‘gcq‘cﬁsraé%q"aatrgﬁng‘{awio #‘8%%%’%5‘%?” aE’b g 8#’”% I"Fet%ﬁ P essur e
wat er  t ankesifanetank dorctitindgn-iztad thowderqRoduetion, vhd theaak i @ressurized at a high

pressure. Then, material titanium metal such as a titanium bar is fed from the material

element-metal feeder part, hydrogen and oxygen are injected from the nozzle as a mixture
15  gas, and this mixture gas is igniteﬂ and completely bumed inside the combustion chamber to

achieve a perfect combustion state leaving an ultrahigh-temperature steam gas. Material

titanium is instantly melted in this combustion gas and dispersed in water. Since the

combustion atmosphere is inert gas, a majority of the produced titanium droplets remain as

metal. Thus very fine titanium particles of micron order are generated and dispersed in water
20  in powder form. The produced fine titaﬁium powder precipitates in a short period.

Since the mixture gas of oxygen and hydrogen has a theoretical mixture ratio of 1 to
2, the gas bumns completely even in an inert gas atmosphere to reach a maximum temperature
of 2850°C. The resulting steam will be fed into high-pressure water via an atmosphere-gas
suction pump, where the steam is condensed and mixed with high-pressure water. The inert

- 25 gas collected from water will be circulated back to the upper space of the high-pressure water
tank after removing moisture content with a dryer.

The present invention can produce titanium powder of high purity at a very high
efficiency. To achieve this, it is important to control the amounts of gases to be mixed and
bumed, reaction pressure and feed rate of material titanium metal. -

30 With the production apparatus proposed by the present invention, an ideal injection

~ amount of mixture gas is approx. 3 to 5 liters per second when the container can hold one ton



The present invention can produce titani umpowder of high purity at a ver
high efficiency. To achieve this, it is inportant to control tHJMﬂ;ﬁZ{{(w
of gases to.be m xed and burned, reaction pressure and feed rate of

mat €t 7dal” titani umnetal. 30 Wth thé producti on apparat'us proposed by the
preSent invention, an ideal injection anount of mxture gas is approx. 3

to 5 liters per second when the container can hold one ton 8 17 May 2005

of purified water. Applying too high a gas pressure may danage the

apparatus structure, while a | ow pressure nmay cause the gas to fl ow upward
fromthe nozzle, causing the heated, nolten netallic particles to be

encapsul at e pufifii Watﬁug??ﬁﬁg&w highfd gh%qdeisﬁreﬂi:)dyhﬁm&?é e qFEmﬁxéi@@ucuEé]i s will

reduce thevggneration |ciene(é€ﬂof netallic particles. e water pressure
in 5 the prEvSaley ek fousethe gt floy vawddimLthe go2zle causie Ssrhieated f eed
rate of matgdlieR!metdllid AL BREAtnchiMiRtciNg MOBIBRE 08 HRREP Hond HeQoatert © 05
kg/mn. The supplied material titaniummetal should pref erabfny ﬁave t he

hi ghest podguifaseelhissuillireduce the generption efficigneyaf metallignarticlas sEhefwatarpressererig i nt o

t he producegk i ' ' 0 n.provides
the most o Pioen U BRCh: s lollo RS, R BHbARE Tl M BREAL Y g
poi nt : 1660atamunboetl intg thecdombustia® ClosBer is W3de 8.5Kkighpkin. pressure is required to
ensure stable c j: on VR ' nat j,ans ,as t o .why

i ten ¢ tant unt ot api AR il Rheed \HEME Brcrllly B L WS atsile

hi gh- pr ess prstyyiaoeier togreyentimpurities froth mirinlg ytd the podesed titanivin pavdeonsi der ed

that the nolten,dr.oplets di spersed and ..broken into small pieces due to
th€ i npact of Céﬁh? g W?é)ﬁrc{gﬁ%%?gge%wpg%setﬁe %Stﬁgécéﬂ% 51?‘1 ﬁt?h?ea’i'}F"f?ﬁ] net al
may také a of maftingofitakian, mekle@heltingr point: € 660°C{ Gbiling QoirdN¥300eO) BitA high
thereof, and it .may be a%%[]opri te to _su%%lgy Bgranul es instead of bar if the
capaci ty ofFTHE® ISFOHTR Shiutestblsicrmpustion hhadical prghemical exalanaices ssgpwhyn

addi tion t enolted ft@hiUMmAtd) heRPInStEntB an@ besBRRE iBhidlesti RighGRRs e whisEthvi N t he
producti on tal. powder using the production apparatus proposed by the

f
present i nP%‘(r)llfqeﬁ oyng 031%& dawevenit iy eongigered that thegmelien grpplgts e disperseyl and

ger mani um GfoRen intol sthall PRRdes dG@iﬁhéiﬁ%eto@EﬁIiaiﬂ%ﬁhﬁ BelwatPSurfazé | ver (Ag). The
hi gh- pressure water tank used in the apparatus proposed by the present

inventildn is oMpieealdiimniun augtal rraayt takekshaprief Ber, wheehl gramie pr &lieroatshy st eel |
and i deal | YorfiRgion RRErdo?, S1CH ndS bel %ﬁ){coﬁ‘?igfl‘alﬁtshﬂ?y %ﬁxﬂﬁ? fnsh@ Wr $afiSe e MRdE

of steel. The gas punp is installe ow ou a mxture gas at high
pressure. FAppeRiofftheprodyetion cpgtpiner is muehesmallenthanmnetest y i n accordance with

In addition to titanium, the material element metals that can be used in the production

of metal powder using the production apparatus proposed by the present invention include,
20  but not limited to, zirconium (Zr), germanium (Ge), tin (Sn), gold (Au), platinum (Pt) and

silver (Ag).

' 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
25  amixture gas at high pressure. Material element metal is fed continuously 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 purpos;.e. This setup allows for

30 production of pure metal powder free from impurities or byproducts. High pressure is also

required to completely burn a pure mixture gas,



the melt anount. Material elenment nmetal nust be fed into a posit
the m xture gas buns conpletely and fully turns into a steam gz;lsT)onEDOS
ul trahigh tenperature. The conbustion chanber is installed.to bumthe

m xiure gas to achieve this purpose. This setup allows for 30 production of
pure netal powder free frominpurities or byproducts. High pressure is also
required to conpletely buma pure mxture gas. 9 17 May 2005 An actual
enbodi ment of the present invention is explained according to the draw ngs.
Not e, however, that the invention is not limted to this exanple. Fig. |
shows a flow chart of nmetal powder .production_as_ proposed b ﬁéﬂ 0present
invention, as déscadusbembedincat of Abe assmt d@%“?‘bl‘s grelpined ﬁffy

(1) shown 'ﬁﬂﬂé% N6te, IOWEOH ! e RlerfloPls BOAMARAIEsSh@RpleCONt Al ner (2) that

conprises a pressure water tank (5), an injector nozzle for mxture

gas of oxygen aﬁzg hystiews e flogvlchiprt of @oVaer nepduinkian asyeropgsed by dher pressal ¢
(13), an igni Ui 1 T nT- T space
of the contg.l ré‘ferrlle?n’l qurnglfeéggxh %ﬂgﬂ@) e{&l{ﬁ}sﬂ@ %E rr?p&%} )-I;h Igﬂﬁqq% . this
at EDS p?e?r e oglaﬁsisoaﬂxprﬁs?b-tr@tmstmm;nﬁa@ﬂm @spvieds|a l?gm mume\ratqutmzb (1)2@) t t rd1at
exhausts an circulates in e u e
from wat er yﬁ%l"’d@ﬁ%}ﬁf% PR &2hp o‘iﬁ enan c{/nﬁeﬁ?ﬁ% lngtflléﬁ:%%g]f %arﬁetgq}:é?ﬁc

appar at us fpaﬂ(m),mﬁugum@pmgall)e;:ﬂ\mtemblnism;ondmmbérs(ﬁ)s of a pressure resi st ant
cont ai ner for rod t.i on

cont ai ner for g&i"g}’l’&bﬂ?ﬁﬁ%f’ "E:‘P‘frdsn‘(.'li%lr?ﬁ‘ﬁ @5& g? s?P ﬁ'méglﬁgénﬁélﬁgrt (4),
a hkgh- pr essiy Eﬁ)dﬂﬁiefﬁ gak @itk h{gﬁ)pres@ré-ﬁat@xo abwell as&nothélthw(ﬂ)ﬁ@at eahquste msij re
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material eldyee ), mbtal@eder part (13) and a mxture gas injector nozzl e

(14). (12) i nd| cat es produced net al wder rified ter
distilled water The apparptey fom prodpgigs I’ﬂ"gﬂiJ Pﬁ?‘”@%’sﬂr SRS O ﬁrﬂies% %resfé‘" f the

pressur e- r gh@inaNfor GRMIGioRREr HroducliBh @), Re 'pradhdelisisiadn cdnbginer Focdmenl er i al
titanium netal (10) such as a titanium rretal bar .is fed from%_p(eggaterlal

el enent - metRewdercpradiction compriseg ) gag frigehon, RRER, (Pna highmpressiyg wate t i zed

at a hi g RoRBILR chzh%ia'i- QG RAELrOXNHRN vAlE (7)) ahﬁeau PEwldr URIEN®), MAkte (14)
as a mxture gas and the m xture gas is_ignited 2/ the jg n|t|@ ngwce

(11). The raerudb weaterial selemanp metab|fpr B%Wqﬁ’éd”qdﬁ':‘t"l‘i‘e 18h rguisRitieh 5% (6) to

obtain a material element-metal feeder part (13) and 2 mixture-gas injector nozzle (14). (12) indicates
produced metal powder.

Purified water (9) such as distilled water is filled into the high-pressure water tank (5)

20  of the pressure-resistant container for metal powder production (2), and material titanium

metal (10) such as a titanium metal bar is fed from the material element-metal feeder part

(13), after which the container is pressurized at a high pressure. Hydrogen and oxygen are

injected from the nozzle (14) as a mixture gas and the mixture gas is ignited by the ignition

device (11). The mixture gas is completely burned in the combustion chamber (6) to obtain a

25 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 particles of micron order (12) are produced and

dispersed in powder form. The titanium metal powder does not melt or float and precipitates

as powder in a short period. The separated powder is then released from the outlet for

30 titanium powder (8) and becomes titanium powder.

10



25 perfect conmbustion state |eaving an ultrahi gh-tenperature steam gas, and
the material titaniumnelts instantly in this conbustion gas aﬁd“%ﬂ%ﬂ?érses
in water. At this tine, very fine titanium particles of mcron order (12)
are produced and dispersed in powder form The titanium nmetal powder does
not nelt or float and precipitates as powder in a short period. The
separated po |s then released fromthe outlet for 30 titanium powder
(8) and beco E ?“ipf’én‘? uFPBEEEF . ©F 1y diogeReRRd 2 BrYEen TSt D§ppiegisely ontAlY dogas
of hydr egeevean dhydrrygen-onysh rado pf ECtDSIeIWhlteomtnmxlhdeeghstof imlhxgew@na oxygen is
hydrogeeuapqe@&aeaﬁm%wau Ofas? cfifaets, Ytidd avm LEcolAs ) 59’%09&%&’19

oxygen is pl1ed from comerci a as cy ers,

el ect rolp?fé?e (aS)m'é@"eargaédj’ RY§roes 2p o‘EﬁYE%” a""’l‘n @J?Q?PBS'ﬁa% d‘faterﬁytfﬂ”oéérﬂ?r%‘ﬁd
OXygen vomaplekiypiealayesd t6 fadlitarsredptivial, bfigemeupiheof nixtcrerps.et el y pure gases to
facilitate an optimal, efficient supply of m xture gas. In the present
invention, aduithry peespalt dveslonc rAdiny zewa(ed) elactrobmeralf)usrctap adigickadsiedd of
suppl yi Q&)p@ld@ >§[ UhiRuA a8t thi'@Hl% &n & oRYIEaE Froh! QBIMFRIEERT asdl cyfiders, wil
cylinders, wl gener ate co e ure gases via electrolysis of water,
Cher cby SFIEEH? | FmTHIDY AL P Ofe TRPATE JaBorh HeEPHpREIRIND o FHAb
manner . midea gakdiingaa sivgleerandl efficieol yaannef oWheh pddrauct | waterofelatiralyzer efogas
Of %Y IBRaEihn WIMRARD G BN oAfllHNGiy hgm%&]' 86t LRl AL, (R ézéctr?ug%re5¢39e\£ed

an Optl onal unct uni proauce an
and oxyﬁ@HEWaaw@E%ab@y@n@ ot wamducwr‘% hSUEB'ﬁsfl‘ é‘ﬂ’ét”'@f 9#%@8 fmﬂfs@%n 136?’
hydr Ogenxy@é:d vmxg'lgﬁfbiyga&ﬂswatérl5\gh10111660n31€tb et tfe@d @ed Iof, hylifhgen anPakideni gaveé 19)

and et o, (9) kbt 8611 8V 2Ll e ShECUERLYBD ol AidgaRlcbiaLl o

wat er t ra e oxyg and
cat hodeele%twdj/srmqimcade@r @'h%'nﬁaa'swﬁern@t ganeegte F?W@t?ﬂugéls @ééhe P‘P@GLﬁﬂdl tydrogem@is i ons

and{fRes i th cdtidis Sahdi st Bslic ¥Rl as al miterial M@SSYse: 2 kg/ CM2  Internal pressure
of production tank: 2 atnospheres M xture gas: 5 Usec (3.5 atnospheres) 20

| nj ect | Brodpetivn Gdnditbnbeod Resétsl rate of titaniumnetal: 30 kg Production
vol ume of titani um powder: Approx. 30 kg Evaluation of Produced Titanium
Powder The ePesssuized watemiiom powd&ressent2katee’ no byproducts or inmpurities

and exhi bited ]
internal pressure of production tank: 2 atmospheres

Mixture gas: 5 Lisec (3.5 atmospheres)
20 Injection period: 1 hour
Feed rate of titanium metal: 30 kg
Production volume of titanium powder: Approx. 30 kg

Evaluation of Produced Titanium Powder

The element titanium powder contained no byproducts or impurities and exhibited
25  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
30 achieves pure powder free from byproducts or impurities other than the elemental

component, wherein the produced powder offers excellent uniformity of granular sphericity

11



25 excellent uniformty of granular sphericity and consistency of=Gg, I
size. The production cost was reduced around a half conpared V\ﬂ[%wﬁ)05

conventional technol ogies. Industrial Field of Appl.ication The present.
invention allows for production of high-purity netal, especially titanium
powder, in a very efficient manner. The production nethod proposed by the
present invention 30 achieves pure powder free from byproducts or
inmpurities other than the el enental conponent, wherein the produced powder
offers excellent uniformty of granular sphericity 11 17 May 2005 and size
and can be produced at significantly |es ost. Batch production,

cont i nuous 2p¢ 86 A o7 HePy it & qare,tfy geﬁ'e %t'sga‘ﬁlbé’quﬂf@.’" CQWINYUS) by
2005 What preiuétionaf® fhadsprodhetion abi1sbsdige. producing netal lic particles,
conprising filling the upper space of a high-pressure water tank with
inert gas; formng a conbustion chanber in said space 5 conprising an
injector nozzle for mxture gas of oxygen and hydrogen, an ignition device
and a material nmetal feeder; igniting inside said conbustion chanber via
the ignition device the mxture gas of oxygen and hydrogen injected from
the injector nozzle; using the resultant conbustion gas to nelt (vaporize)
a material netal fed by the material netal feeder; and then causing the
produced nolten netal droplets (vapor) to contact high-pressure water to 10
instantly crush and solidify the dropl ets/vapor and allow the produced fine
particles to precipitate in water for recovery. 2. The nethod for
producing netallic particles as described in Claim1, wherein the gas in

t he upper space of the high-pressure water tank is fed into high-pressure
water via a punp and said gas is collected as it travels upward in

hi gh-pressure water, dried, and then 15 released into the upper space. 3.
The nmethod for producing netallic particles as described in daiml or 2,
wherein said material netal is titanium zirconium gernmanium tin, gold,

pl ati numor silver. 4. The nethod for producing netallic particles as
described in daim1, 2 or 3, wherein the shape of said material netal is
bar, sheet, wire, foil or granule, or any 20 conbination thereof.

12



5. An apparatus for producing nmetallic particles, which conprises a
pressure- resistant container conprising a conbustion chanber cGifaM280hg an
i njection nozzle for mxture gas of oxygen and hydrogen, an ignition
device and a material netal feeder, in an upper space of a high-pressure
water tank filled with inert gas, a punp that feeds the gas in the upper
space i 0 25 h- pressure water and a dryer that dries said gas traveling
upward | aHFﬁﬁ"ﬁ%@%sure water, after said gas is collected and before it
is released into the upper space. 6. The apparatus for producing netallic
particles as described in Claim5, conprising a water el ectrol yzer for

pr oduci ng a i Xt Une naedof Rq ARty agg%g 4 Mﬁ.%a“,l, [ |
produced, b H'QEIP mg\t hod gegéﬁjl%&g v al rgd 1, ¢ mp o &trﬁ%a uhb& %g?at us
[

descri b8 3 GrTH'S "t‘ﬂ‘e'G‘a”'i?,”"h'“ﬁféygaéoé@m'”&bét?Oz!i{tbPS*IﬁPoﬂl?B’é’e'iréft PP ¢l es
of f e§ i ngorhprigmgpa iitjgctandozrts far mxgrarsdsaol shape amid hgdragen, |ghmbnmdmgica

conmbust hﬁ’d“ aC PRGN m%f%m?éddér' W&m&lﬁ@l InBé Rir OB &S CRAmIE: Viéf’ tffe %%ﬁlpﬁfdegég gen

and 5 hydrogen, an _ignition ce an material netal feed
upper sp&c®ixpre gaﬁ@@wx&rﬁeéswr %Vdﬂ@@%r'“ita"é?ﬂ( frem) the dniggtemnezsier wsigadhe irepditant ng
i nsi de t:dfiﬂm&@cm)g&t toOfmelt luwpsbeare)\al mateFi@l métgnieldi WNthd enatemal tritali fa¢dRet fid Mozl e

for f e r 2 n v rize) the terlal
fed by {: ﬁat er:)pa?cfaéé(ctJ 'ﬂoz g@( d 8,%@!3 Bgapgﬁus‘% n‘gm a%t E}P& GhRE Wat te
met & d!nétﬁl“éft $rysh é%t%@"’tht% %@ré@ymr@r mmdera"@mdthleeprouh@dr dine| parmges to

met al | i grepipikdid Blvter fd? recherprecipitate in water. 15
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2. The method for producing metallic particles as described in Claim 1, wherein
the gas in the upper space of the high-pressure water tank is fed into high-pressure water via
a pump and said gas is collected as it travels upward in high-pressure water, dried, and then
15  released into the upper space.

3. The method for producing metallic particles as described in Claim | or 2,

wherein said material metal is titanium, zirconium, germanium, tin, gold, platinum or silver.

4. The method for producing metallic particles as described in Claim 1, 2 or 3,
wherein the shape of said material metal is bar, sheet, wire, foil or granuie, or any

20 combination thereof.

5. An apparatus for producing metallic particles, which comprises a pressure-
resistant container comprising a combustion chamber comprising an injection nozzle for mixture
gas of oxygen and hydrogen, an ignition device and a material metal feeder, in an upper space of
a high-pressure water tank filled with inert gas, a pump that feeds the gas in the upper space into

25  high-pressure water and a dryer that dries said gas fraveling upward in high-pressure water, after said
gas is collected and before it is released inte the upper space.

6. The apparatus. for producing metallic particles as described in Claim 8§,

comprising a water electrolyzer for producing a mixture gas of oxygen and hydrogen.

7. Metallic particles produced by the method described in Cairmn 1, 2, 3 or 4 or
30 the apparatus described in Claim 5 or 6. '
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