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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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corrosive resi stance, nd 1s therefore use
' also growing.

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.
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hydrogenanve dewatering method uses sponge titanium, molten titanium or titanium chips

generated from cutting/machining as material. The material titanium is heated in a hydrogen
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
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be repeated twice. A crushing process using a ball mIll or other nechani cal
means nmay be incorporated, but oxygen contam nation of titani um powder
cannot be avoided. In the rotary electrode nethod, material titaniumis
nelted in an inert gas and made into powler form Therefore, particles are
spherical and offer good flowability. They are not 5 subject to _oxygen
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pressed cold into a solid bar. This bar, material_ _is then nelted in an
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need and demand for netal powder, 25 especially titanium netal powder,
with the pirbgnatysandfilogabiditr foretsior mpldine. dmd reAnprTeqiEsing less cost and avoiding

oxygen contamination, is disclosed in Japanese Patent Application Laid-open No. 5-93213.
In this method, sponge titanium is isostatically pressed cold into a solid bar. This bar material
is then melted in an inert gas, after which argon, helium or other inert gas is injected onto the

20  dripping mblten 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
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probl.ens, .partircul arly. in regard to the purity.of el ement.nmetal,

uni formty of granular sphericity and size of powder, and production cost.
30 The purpose of the present invention is to provide, in an econom cal
manner, elenment- nmetal powder material offering excellent uniformty of
granul ar sphericity and consistency of 3 17 May 2005 granule size, for
~use in powder netallurgy and other types of nolding, by solving the
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probl ensof i P& BHEGEOMRDy utilizing this technology, powder offering high purity and uniform
granular sphericity and size would be obtained and the production cost would also be reduced
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



I nvention woul d be solved by burning a m xture gas of oxygen and hydrogen
in a high- pressure water tank having an injector nozzle for sup ' 05
m xture gasrof oxygen and 25 hydrogen into its upper space. In other

wor d§;"“t'he™pr &serit™ i nvertion, which is based on'the"aforenentioned *inding,
essentially provides a nethod for producing-netallic particles, which is
characterized by filling the upper space of a high-pressure water tank
with inert gas; formng a conbustion chanber in the space conprising an

i njector nozzle for m xture gas of oxygen and hydrogen, 30 an ignition
device and a material netal feeder; igniting inside the conbustion chanber
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hi gh- pressure water-tank To achieve a high-tenperature sta
addition to batch production, which opens a door to mass-production of metal powder.

In the aforementioned production process, a mixture gas of oxygen and hydrogen is
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, an& will quickly precipitate

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

will be obtained. .
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20 gas in the upper space of the high-pressure water tank is fed into high-pressure water via a
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
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the 20 gas in the upper space of the high-pressure water tank is fed into
hi gh-pressure water via a punp and the aforenentioned gas is collected as
it travels upward in high-pressure water, dried and then released into the
upper spac et I d ribed in
Upper SPaeyplhads RSNl BRI iR i sl EERAIARER |

ger mani unfe highpressotedwates) after seithgas issiolleated ar@befoty itAs meleasestiintoothe pippatuci ng
netallic ﬁ% [ticles as described in (1), (2) or (3) above, wherein the
shape of € material netal is bar, sheet, wire, foil or granule, or any
conbi nati on t {6 Aeabpar{tss foAprodpgiey metallic fparticles addeséribgd riare(étalabé\m, phertincl es,

charndr - DRriapi ey SR s R SRS 8 e TS SRURC ana

hydr ogen andiiydrogen.t i on device and a material netal feeder, in an upper space

o o O 2 ek et b e eGP D b 0, L

that dri ef apgurflusgRscribedigb)oage)apsvr d i n the high-pressure water, after said

gas is collected and before it is released into the upper space. (6) An
appar at u&?@i—%@%@i@%—@ﬂ%&es 5 ic particles as descrl bed in (4) above,

wher @pn 5 t g appRiahts of tidtaldswadt paslubtivhlas amwée@b ér@'.ld%ﬁ[onf or
produci ng a m xture gas of oxygen and hydrogen. 23 talllc particles
produced by ti& ZSelgmtie duwing ddn;apparatys tof produging me lP%deaB%P@PQﬁEd t he

appar at uqullg?fégénbﬁdeﬂnen(S) or (6) above. Brief Description of the Draw ngs
10 Fig. 1: ow chart of netal powder production as proposed by the present
i nvent i oRescrptipn of theSymbolst i ¢ drawi ng of an apparatus for produci ng net al

powder as prQpApeFatudibr pidGuctpGad hokdsent i on Description of the Symbols

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 parnt
14: Mixture-gas injector nozzle
15: Hydrogen-gas feed pipe
16: Oxygen-gas feed pipe

30 17: Electrode

~ "18: Electrode



1: aratus for producing netal powder 15 2: Pressure-resistant container
forAprrgt al powder production 3: Electrolyzer 4. Mxture-gas injdd May2@05
5 High-pressure water tank 6: Conbustion chanber 20 7: Pressure control
val vé 787 "Met al powder outlet "9: Purified water 10: Materi'al el enent netal
11: “Ignition plug 25 12: Metallic particles- 13: Metal feeder part 14:

M xture-gas injector nozzle 15: Hydrogen-gas feed pipe 16: Oxygen-gas feed
pipe 30 17: Electrode 18: Electrode 7 17 May 2005 19. Partition 20: Water
2 1: Atnosphere-gas suction punp 22: Dryer 5 23: Atnpsphere-gas
exhaust/circul ation punp Best Mde for Carrying Qut the Invention The
fol l ow ng expl ailxPatthenpr esent invention by taking a production of titanium
nmetal powder a§ aw exanpl e. Note, however, that the invention is not
limted to prod G WHE of titanium powder. 10 First, according to the

present inventi om AtidiphbleQMs WREST putyFh as distilled water and
22: Dryer
5 23: Atmosphere-gas exhaust/circulation pump
Best Mode for Carrying Qut the Invention

The following explains the present invention by taking a production of titanium metal
powder as an example. Note, however, that the invention is not limited 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 high-pressure water tank, which is the pressure-
resistant tank for titanium-metal powder production, and the tank is pressurized at a high
pressure. Then, material titanium metal such as a titanium bar is fed fom 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



i nert gas such as argon are filled into the high-pressure water tank, which
is the pressure- resistant tank for titaniumnetal powder produdtd dMay2005
t-he tank is.pressurized at a high pressure. Tben, material titanium netal
such*as™"atitaniumbar is fed fromthé material™ €lement-netal feeder part,
hydf ogen and oxygen are injected fromthe nozzle as a nixture 15 gas, and
this mxture gas is ignited and conpletely burned inside the conbustion
chanber to achieve a perfect conbustion state |eaving an

ul trahi gh-tenperature steamgas. Material titaniumis instantly nelted in
this conbustion gas and dispersed in water. Since the conbustion

at mospher e df putifi€d Wate@ AppBingBb®highYa Bfs drisSurd MRiyUGRfgd kHeadppitaus sORWRE S

remai n as tal. Thus very fine titaniumparticles of micron order are
gener at ed °dilQp ereswte may sautedhe gazdo flaw yatardrironbthanozries caysioe thedsated:ne
titani um pawsieh nibtdkd Pirliddse® b leRassinfcdd RS Bibbles 2N QifhREd Foltl thE Gya8dS Of
oxygen and hydrqﬂ&g has a theoretical mxture ratio of | to 2, the gas
buns conpl Stdacy. hyewilliredugethe generatign effigieneysqfimetalict partictes cFheav ates presaurn in

tenper atlsur Gne BlessaROEAHCsholRELE 854! 1d Mo%ﬂ%%@ V\ﬁg lragp{c)iﬁrégtg Fedabft {F gg}-algfglessur €

water via an atnosphere-gas suction p steam1s condensed and
m xed wi t h tigniim metelsistgthe opmbuestion Shamber i 83tto 05 kghmsincol | ected from water wl |

be circulated b 1:h f legh-pressure .water .tank
after renoving %‘Ji(g‘%’glrléed @%tg&e?ﬁ[tm\?\n&?ﬁ&éﬁ h {J/Je]‘? P p#%%lgrhg‘éeeﬁ}eq}'%n‘ﬁs% €can
produce ti tpanfy imoptengrevedt idpuritiep fromnyixiag ito the pyodiaded hitanitbd povidericy. To
achieve this, it :S,..Lmor t tocontrol th unt s of. gas 0 be m xed
and burned, reéc 1?%1#%? 8}5@3’ FERAY e ?rgpge%[’rgw&?teeﬁcé‘fng??‘f%?haﬁﬁf"f?ét al. 30
Wth tHé podditingonitatippanetkiugngiingppsiae 1850°CH dodding SRditt: BIV0LODY, iviire Biphi deal
Injection _anount of. nmixture %%]s I S ap_pron. .3.to 5 |liters per second when
the cont ai REFSUEIRTBIS 10 FRsuieshrblegombusgy. Phygiesl orghemical explapatipas #to Whipl vi ng

t 00 high an@hen Maeits el FRis MNXERGAnH BecoRRP Bhepd#icl&lih HizhiH@surdidhlehae | OW
pressure na the gas to flow upward fromthe nozzl'e, causing the

heat ed, nﬁ%t%%‘l{ 3 d| st hopsyers it i sonpidersd that theymolten draplets azg disprsssiaed and

di ffused f bRWed R stAll BlecesHué foARSImpattiof cMidihg WA Svatdd SurBiglier at i on
efficiency of netallic particles. The water pressure in 5 the pressure tank

shoul d 1Be” 5 t o Meesdifiayime restal mgy tepraopiapeape bite slieet afranult omdileror any
titani um MesrMindtidh Qhdr&d?, SRANP Wl RNafpRFHRE o sipfy Srdnied iids@/ofibhr iftRE
supplied material titaniumnetal shoul'd pref era{)l y have the hi glhest
possi bl e  capacity of the production container is much smaller than one ton.
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,



purity, in order to prevent inpurities frommxing into the pro
titani um powder. A m xture gas of hydrogen and oxygen provides ﬁﬁémaé{ 2005

efficient and stable means 10 of nelting titaniummetal (nelting point:
1660' C, ‘boiling point: 3300*C), where high pressure is required to ensure
st abl e conbusti on. Physi cal or chem cal explanations as to why nolten
titaniumnetal nelts instantly and becones fine particles in high-pressure
wat er have not been found yet; however, it is considered that the nolten
droplets are dispersed and broken into small pieces due to the irrpact of
colliding with the water surface. 15 Material titanium netal

shape of bar, sHaetctuayresrgtioneat of dhg preggat Apxpntiono i iexplpinesh a‘E%‘Eﬂ"ﬁ%f" d i t
may be appr@m:hgs RoteChowépdt! %aﬂﬁﬁﬁ%ﬂﬁ? fs'ﬂ@ltlﬁﬁﬂad% tkample! he  capacity of
the production container Is nuc ? han one ton. In addition to
titanium the rrﬁtgerllshbwebeﬂwn@hanmfam%al tpnwtiercmwus@m@enromed ke ther ERGR% | on

f t al wd t
"nvent' on” iR ore & 8ol RS MR ahRRARRTEANRE AN BSFerth b IR
tin (Sn)s gnhsists( ofia) presplradrésistunt ¢oRtajnen( thas¢ompeises (a Aggh-pratsereiwats ﬁpk €9sawr e

wat er tank .us ratu r Opo S a
pressur e- r é¥F g?raﬂ?tulf g‘ﬁl?" ega%?tsﬁgeé'lpmg ﬁ¥dr€¢é ﬂlﬁ If‘gtégfphelnw ciélq%dgﬂl ly
o':]her par t pa (), aﬁﬁgm?clitﬂ;alﬁg)(ﬁ)é?ﬂla&hmbﬁkﬁﬂﬂ)%ﬁdﬁ] d aI SO behmaﬁe of steel
The gas punp is_jnstalle 0 at _hi ure.
Mat eri al el errenfrh?rﬁlfp&f Spage Pg'ch‘e Eﬂﬁ??ﬁd%ﬁ@idyw‘ i cggsl‘g'é 2EVAP t(%) t{)ﬁeﬁrrel t
anoint . Matigis h@{osﬁlewggl ﬁntﬂ”lﬂigﬂ-lprdgu?é valer fieelell s3tanotherpusipt(RHrthatiesliapsts fmi o
m xture ete an u ns.into,a s tralg
t enper a%‘ﬂr é‘“c';iﬁ‘és ’e@rfgggrm% ac%ﬁﬁ?ﬂ?&rg"%/ %”tll ‘é‘ffé‘fr? &gt 8"&0%%1’?1@2"5%%"? Y& gas to
achi eve t higydp2pQsinstdidgs setup al l ows for 30 productlon of pure netal
powder free frominpurities or byproducts. essu Is al so qui red
to conpl etely buhe £PPATRtES Hp5 PLRdUCIRE, et Pf’?’df% 2%(5‘55‘5tS ‘?fe%(ﬁrffé‘fre'é%ﬁéa i ment

of the pres@nbink e Mdif howdepiolrtit® @2)a640ihe i prgsire-rdshend E:cﬁmlnlikgi‘or ﬁiet*ab
however, that the invention is not limted to this_ exanple. %}k shows a
f1 ow chart RSMdpFeRrafucHeMARMPEDA R rfb??tl%l’wbgﬁs%&* y f?%%‘éfea’faéﬁé 3) a

i nventi g, cﬁﬁb%ﬁﬁ rchz?ﬁlﬁiar RSy, ki gRlssuré\Ro@RP 4138 1B, 4 lctdd pOREH dMflet(®), Furiferder

(1) shown in Fi
water (%) material element metal for powder production (10), an ignition plug (11), 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



5 consists of a pressure-resistant container (2) that conprises a

hi gh-pressure water tank (5), an injector nozzle for mxture ga¥ May#pgen
and hydrogen (14), a material elenment-netal feeder part (13), an ignition
plug (11) and a conbustion chanber (6). The upper space of the container is
filled wth inert gas, and a punp (21) to deliver this atnosphere gas into
hi gh-pressur wat er not her punp (2 t hat exhausts and 10
circul ates i 8 ?“ﬁ%'yu‘%p@fx“g?)é@e ‘%’%h@’df"ﬁ@'r'ta“‘ﬁa‘§’£3’€5‘Z ISt R PEgRTMeCRYOllgH o
dehum diefhiee 4 hydugdn-ta-oxgyenemtiq 22, to ar. aVhiless ahikted. gabhef Iadpacatand dkggen is

pr oduci @W 4roan;Mﬁrem(a1§af;09ﬁ[h§ér Qi Y GABA BB Bl as CANLALAP ! O

net al production (2), e pressure-resist nt ai ner

powder BF’SH?fctal PSP s&s NYArgeRD ioAf e®VE®h YRungleq@lysis a°fh|“@F?rpW@s§ﬁ’reéatWat er
t anks ( 5kompletdy poerdass th Gatilicdaabatimab pficient Bugssefmaxteengs.ol val ve (7), a
nmetal powder outlet (8), purified water (9), material elenent nmetal for
powder pr odudn it pfes@nt, trarﬁntlog.matiqilm] aplwagar(aegtrolyaer (At ey iaal adiineheinsteadtdl

feeder fgl3) raRdred g8k X b 15a@8en | dHde ok n%znl Rofnitblcial ( HdeGat G
pr oduced rret aI vvdelr détl‘l flrgd \;\ggjt er 'VSZ%)%“ OI st |c1al e&a%)medtyer is filled
ifp'%% f

into t h8*HKYh- clelY P @et Atk e Wt”“’ﬁé Breedy lreliping & sply of
cont ai nevixtfrer gaetial apeivbér gdoatickniomgrder, Wihen Maddrg & Wwatérarelactrolyzeet o

(10)9 SUSJ%d@éuoé‘ & Fn%]ré'”&d&%aa'oﬁ%[%ﬁ Lo fh? 0 énoré}tg'r‘? el 1A déré Hgﬂa:r] ﬁ‘ﬁﬁé"

feeder part (13) whi ¢ surr ze
pressur gonsidgrefl 0Bk (PPENE] GRINRRnUniy 0 Prcﬁ‘]“‘ét:taéél %uPa'rh ] H@’“H'@z 99% of mma%n gnd
m Xt ur eogy@sn arlaxdelbdit&:iyﬁchﬁfLwaierg&&uchScdngﬂbt(ﬂdeé’.ly pipB€ forOididgem andlexyged gabds .

The m Xgl% ?%a%ec "ﬁfo fé ﬂ%'n (ggi/m%dcmps{zbghTﬁ%: {@c‘?r%lée@) cgu%es

obt ai n an ul rature steam
gas, ande%twéfsmféqdapr aliqlit gy Wfrr@l Q@Erat%pmen yoa gt i anﬂ@rmdswdmetg@gs and
di sper sgahéd eatMieSdnd sObple themtdsiBmaty® Middrégad | t ani um particles of mcron
order (12) are produced and dispersed in powder form The titanium netal
powder HoedsctiooCondidns and Resnét¢ and precipitates as powder in a short

period. The separated powder is then rel eased fromthe outlet for 30
titani um powdessyrigsd waier: begomes Presaweudkgiawider. 10 17 May 2005 The supply
of m xture gas of hydrogen and oxygen nust be precisely controlled to

achi eve a hy iR AFPBIRRRGfrcoaPY- SAIMPSPRETSS  While a mixture gas of

hydrogen and, 0 |x%(|.¥ gas:!Sflsec (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



supplied fromcomercial gas cylinders, adding a water el ectrol f
an adjunct to produce a m xture gas of hydrogen and oxygen Vvi a)‘lsz(a:?fﬁos

el ectrolysis of. water will generate. 5 conpletely. pure gases.to facilitate
an optimal, efficient supply of mxture gas. In the present invention,
adding a water electrolyzer (3) as an adjunct, instead of supplying a

m xture gas of hydrogen and oxygen from conmmercial gas cylinders, wll
generate conpletely pure gases via electrolysis of water, thereby
facilitating a supply of mxture gas in a sinple and efficient manner.
When addi ng wat er el ectrolyzer for 10 productiop of mxture gas of oxygen
and hydrog é’azeaﬁﬁ‘da‘iﬂ‘f'th?c??d‘{ aélsé@{q‘é?‘i}%gefs - Bg‘d‘ @Eﬂ@?‘ﬁ’@r WHO%pt i onal
adj unct  uniglodhQicA2AdHER pReRlctRIARR! MsoPpoddigieur € gas of hydrogen and oxygen
via electrolysis of water, which consists of feed pipes for hydrogen and
oxygen gases (15, 16), electrodes (17, 18), a partition (19) and water
(20). The electrolyzer causes electrolysis of acid or alkali raw water to
generate oxygen gas at the anode and hydrogen gas 15 at the cathode, and
supplies themas a material mxture gas. Production Conditions and Results
Pressurized water: | ton Pressure: 2 kg/CM Internal pressure of
production tank: 2 atnospheres M xture gas: 5 Usec (3.5 atnospheres) 20

I njection period: 1 hour Feed rate of titaniumnetal: 30 kg Production

vol une of titanium powder: Approx. 30 kg Evaluation of Produced Titanium
Powder The el enent titani um powder contained no byproducts or inpurities
and: exhibited 25 excellent uniformty of granular sphericity and

consi stency of granule size. The production cost was reduced around a half
conpared with the conventional technol ogies. Industrial Field of
Application The present invention allows for production of high-purity
netal, especially titanium powder, in a very efficient manner. The
production nmet hod proposed by the present invention 30 achieves pure
powder free from byproducts or inpurities other than the el enental
conponent, wherein the produced powder offers excellent uniformty of
granul ar sphericity 11 '
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17 May 2005 and size and can be produced at significantly | ess cost. Batch
production, continuous production and nass production are al so 17d43{ 4908,

12 17 May 2005 What is clainmed is: 1. A nmethod for producing netallic
particles, conprising filling the upper space of a high-pressure water
tank with inert gas; formng a combustion chanber in said space 5

conpri sj an [ njector nozzle for m xture gas of oxygen and hydrogen, an
igniti ok\ﬂgé\?lc@gn nd a material netal feeder; igniting inside said

conmbusti on chanber via the ignition device the m xture gas of oxygen and
hydrogen injected fromthe injector nozzle; using the resultant conbustion

gas to rrelt @vVapomn #fnhod ffﬁﬁt;%du@in? nﬁE@'llcf&iﬂmr&é tc@rﬁg eﬁlhrﬂ;} e Bherl §REST

and t hen u5| ng the produced nplten netal apor) to cont act
hi gh- pr st§u aNREEERe Pt otep SN tney %arsué?fmé{ﬁda "leF bt dpIs8sFRAGHor
and al | comprisingpamdojeger hoxxle [far hixtire sgasoof prygen pmrtdahﬁirogmnmmmergnftuom device

Eje;?\r/ner Xndv\%.epwélféﬁalnﬁbﬁp‘?e;fg%r r{&{:tﬂgu%uﬂg SRt gJéAétBL%P&na ﬂén?de?%aaﬁréegggz@éh a%@gl? n

t ank |s{hPe'a'Xflm @aﬁl%wxlrﬂeés%"\ﬁr 'éVdW&F@r'"iW frampihfnigeter 3%32{9 yai89 e cesultatt ed
as it teawgissorupaetocdmien (Vipgfizeaemateriel methefed Wih@dnatarl’uﬂ ndig feedtl 4l wased

| nto the, 2B e Spp?&ﬁce@ rEJ L5 %&4?091-0 fets R n&%gc'té‘gco 2ob rl.éhcprg rutre' Cwaﬁér £

descri be

zi r tbni B YercriEhi By soliglfy giaﬁ oﬁroqwt%(vamuwr@r aljow viee, pwduqade f'ﬁ%t ml%ﬁo
produci p@cipedi@inlvater RRkdcdodrgs as described in daiml, 2 or 3, wherein the
shape of said material netal is bar, sheet, wire, foil or granule, or any
20 conbi nati en t hgheofethdd. foArpradupiag ahetallié artiples cisC dergrieat ml Ciatn parttetdies,

whi ch CRENLLSAHSHE uBﬁe‘?%ﬁH&e o (h@srh%{ %suFe?Wét%l' ”a%rk ;Q%HDHtoS 'h@ﬁ p?es%%@%!a?ér' 4!

chanber conpri si ng m Xt ure

hydr oge#, P“ﬁ'rf’? ?’@n?ét'q éﬁs dPeW"é%te%r?ﬁ 'htr?fﬁf’dseﬂp‘&qrd r‘r'%th!ﬂh'PF@é@férwat?rn &PF’ Lﬂj’ﬂeﬁhe% pace
of 13 hiegasq igoIng @peedpace.t ank filled with inert gas, a punp that feeds the
gas in the upper space into 25 high-pressure water and a dryer that dries
sai d gas tra®el i nghapwsthadl ifor hrogbcing esstalice pagities , asafdesribehiinl Clgias 1i er 2,

col I ect Gebr&Rdail FaRrig thdtalisStithRldE 35 EShidn (Brrh MRunt BR oraS RAGHRm 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. '

13



6. The apparatus for producing nmetallic particles as described iy @M@'y’n%)g5
conprising a water electrolyzer for producing a m xture gas of oxygen “an

hydrogen. . 7. Metallic. particles.produced by.-the nethod.deseribed-in-Cairn
1, 2, 3or 4 or 30 the apparatus described in Caim5 or 6. 13 17 May 2005
Abstract Produce netal particles offering high purity and uniform granul ar
shape and size: by form ng a conbustion chanber conprising an injector
nozzle for m xture gas of oxygen and 5 hydrogen, an ignition device and a
material netal feeder in the upper space of a high pressure water tank
filled wth inert gas; igniting insidg t he conmbusti on chanber via the
ignition device the injector nozzle f Pstragty ¢ ur e gas of oxygen and hydrogen
and nelting (vaporize) the material fed by the material netal feeder; and
then causing the produced nolten netal droplets,.to h- pressure

water and |et t Reoduessmetelipagicles ofprinechiginpyrity. padsunifgrm H%g{‘]}‘%g}’lfﬁh%“ SEE Y wat er .
15 H\ DOCS\ g{iah £ PO R QR ahb e KRG P iR o idzz1e 85 RiRfirelghs of oxygen and
S hydrogen, an ignition device and a material metal feeder in the upper space of a high-
pressure water tank filled with inert gas; igniting inside the combustion chamber via the
ignition device the injector nozzle for mixture gas of oxygen and hydrogen and melting
(vaporize) the material fed by the material metal feeder; and then causing the produced
| molten metal droplets to contact high-pressure water and let the resujting metallic particles to

‘10 precipitate in water.
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