; ghe3eZW.(t\ 6T9?&Speci ficati on Method and Apparatus for producing netal
powder 5 Field of the Invention This invention relates to a nmethod and
apparatus for producing, in an economcal nmanner, netal powder offering
-high purity and uniform granul ar shape and size. The invention al

to a production of titanium powder, anong others, as the 10 15 ﬂmmw Mﬂﬂwn
af orenenti oned netal powder. Background of the Invention Raw eIe

“are processed into various fornms, % ?stnolded shapes, sheet, bar, T 190 S
wire or foil, according to applicatPBreIc4H0M ecent years the use net al
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applicati ~elnGgluding production of netal parts, and therefore demand for
powder néﬁgag&hrgﬁigggﬁhe base material for powder netallurgy-is also

grow §g. Produtiid ivepfiodRilats ROWAREthéd afd tabpatatul Yot pR/Auting, &l & etenomEtdlod

of mechanically and 20 directly crushlng netal granules into powder formor

t he net hdepnngr, Bregal pawdeeiferngdiighpury umfeesgﬁaewbsma? Apdaeler . However,
all these and ﬂ%hﬁ&en@igm‘i’s%%il ! féﬂoﬁffétfo\ﬁ cﬁctﬁhl’ﬁﬁhlg@)\*ﬂéé:ratl 3 eglg&ﬁé‘ﬂg' & th%hape

and size, econo so on. Elect SIS IS one y ne nethods
for met alafqremdﬁlomdmhmitpomderlt has 25 been reported that snmooth, mnute

and uni f rn](cr st a e structures can be deposited under appropriate :
conditi OM—‘{—@—E@&Q@% ng el ectrolysis outside the range of these
condijhi ons pr qdue R meht &Eﬂgi’s d;{fgg?dce&fed %ﬂ@%ﬁoﬁ&f foPAWARICh fa@EﬁBlde%téh'abes Lhese

newer production nethods roduce metal grains of satisfactory shape
and si ze banithiorwir¢ pr fieil, adcatdingey azpphcﬂtmes dnlrecenp yedrb dinmsuseuafhmets] powdermg.

A th t al | at t al d with
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is Iight sgagimef ddr &h@%%ldlﬁ@ftecﬁhf Q8 tHartduldiyd @omamreeamw ﬁsregﬁldbd a§ an
corrosive resistance, and is therefore used widely in industrial

appl i cat iiwaertant techmlogy affirimgapise apptivasionsonchidingrpraduation| efdmetab padn ginde
mat enial @0des! BUSIH AL IRABE Ll 2L HGCTARE b3RARERALPror TRNAE! Bletal Bfgy—is

heat - éxchangers use ear “power
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 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.



generation, catalyst material used in polyneric chem cal products, articles
of daily use such as eyeglass frane and golf club head, and material for
heal t h equi prrent, nedi cal equi pnent 5 and nedical/dental material. The
-applications of titaniumare expected to grow further. Titanium which is

. already conpeting with stainless steel, duralum n and other high

performance netals in terns of applications, is likely to surpass its
‘rivals in the future
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20 is then nelted in an inactive gas, after which argon, helium or other
inactive gas is injected onto the dripping nolten titaniumto atom ze it
and obtain powder. However, this inproved nmethod did not offer good purity
-or .uniformty of granul ar shape and size and the production cost was not at
a satisfactory level, either. Summary of the Invention 25 As descri bed
above, there is an increasing need and demand for netal powder, especially

“titanium netal powder i t he .,progr.ess_of powder tallur an new
ol di no RERsEtoh G aipetled Dulido P HESHTE Brirhithe S 2 8 Al Mschhjeh

answer s ygdan§l el beWRicErpaRite® ViRt @jgen adtdtdntifationl SF ithghitmt powlSerhaghnot be
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Application No. 2000-136932). The aforenentioned invention relating to a
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gas of oxygen and hydrogen in_ high- E)ressure water and the nelting

of

ti t ani umphedugtion spsipigmBcandiriem ithh lqygls. ofgfie wonyantiony metheds, depaise geglten
powd of.feri I | I I4f, 1 of granul ar sphericity
and glgzetf\c/téémg%{g%egtg%Q#%#Bﬁcsegqﬁann?ﬁZla%?d;%eug{éflggH(%ér}éf'emnt nmet al powder,
especi al l'y ti tiantheMmegitithe, poveiethod afoel produdiid peshdat Staniesuetfdrihd eimproved
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ef fi ci entmetherhdid nat offergoodgiunigy eterifeammitirelf granglar shapedind sirgragd the priodeasion
irradiation to heat terial tal, and al so without a need to let nolten
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nmet al driCB 30 atonize the netal and pr oduce
powder. Summary of the Invention

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

30  production cost



4  The net hod proposed by the present invention generates virtually no
byproducts or inpurities other than the target netal powder. Qccurrence of
netal oxidation due to heating of material nmetal is also very small, and
"since the obtained netal powder has excellent uniformty of granul ar

. sphericity and consistency of granule size, the production cost can be 5
_reduced significantly. The nmethod also allows for continuous production in
addition to batch production, which opens a door to mass-production of

retal | powder RBNISECCHRF Rhov tielarete SF 78 brivenl Rl BaVR S B R el
a m xtur @o@asr afateday AfTeriaR dexd¥® dfiifok it Win@enilar BpighicRY eaRlUEGhsWBIney dfo
achieve a high-tenperature state, and this heat is used to nelt material 10
el ement gEanade sizg, fenmspin pewdes mataltuagy and ethergpescofimoldiager and form fi ne
grains. Unlik h ' iny. ' ' ' . nt
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of copbugpkdudtion offieleii¢hemgas powdetichdj tisdnden thowdar) ssclidifg diisaipssiniigegent
nmetal powder to precipitate in a short period w.thout floating, fhereby

yi el di ng the PuHY ehelsmraemetal, paHomgitt oferprdarespheri¢ityye pensistency of ganylepizeandt he
basi c Str‘[’&&u‘d{i&ggstthe present invention is to burn a m xture gas of oxygen
and hydrc?gen I'n high-pressure water and use the conbustion gas to heat

mat eri al el enetsta restlglthaindentbessrescdvadethesel firoblaine by aniemgfthe techndiegyetzlating
produci ng nmetal powder of uniformgranul e size. A schematic.draw ng of the
br oduct | & g QLSBT ReIgHA) for PRRAUSHoR QE IESRTRPRN WHRF CopRipiE Migntimy, asy.
20 The Prsp&sfidd iny PRlehOEprHRRRdrS fifed Qarlfc? TBYOME Bhventord (Japhhtis® Pafent AppREdtRW, -
whi ch basically serve to burn a m xture gas of oxygen and hydrogen in

hi gh- pr edu2800d86432and use the conbustion gas to nelt material netal and

th t it wder . form. ( 1.). A nethod for. i tal powd
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er (2) A h | "powd

it into powd orm met hod for producing netal "powder as descri bed
in (1) ieveotess, peddes ametiwdrfar prodacing lhighefunctien water &n whickrelten( tiiayium is

2 [S981 6l LTRSS b i 3L SR BRI LU Bl

pr essur e-hygigsi ankigBPraseireardiaraniiid mehingrof sieshidn masl-usingsiie cémbastion ghank,
an injector nozzle for mxture gas of 5 .  oxygen and hydrogen, a material
el enent - r?é‘tLél]lszé'é!i@rte‘ﬂ]élp{o,gYaPPW%ﬁioffPBIi*g pigh pusihiang exgelsng un Waafigsanulary)
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t he apparatus has as an adjunct a water electrolyzes for produci nd)a

m xt ur e gagecalllydikygem med] powgay agkthe idhod\alsetrédhded dre proddettinngpstref such
povvng as descr.i hed iln (3) or (4) above, wherein the material elenent netal
t akesVa PRYHEr BEPItYsheet, granule or foil. Brief Description of the

Drawi ngs Fi g. The ﬂ%ﬁs‘é‘:‘i‘n fRBhtorOdi TR &ImPeeHLom A UEhveafloRd REARASE tndiodshe

=

present invention 10 Fig. 2: An apparatus for producing netal powder as
pr oposed foymetad ppwdereswuch jag viganiun rpoBist rin pothoeongeptt dnd Bypebiod,Sn shat Apmintarieus
for producin

nmet al er B: Pressure-resistant. container.for metal wder

or oduct | & ePopiech epfySiBerrls CpRR RO RN RhieE R e Ry Glon Bk % uf28
Hi gh- pr es6 et eléheéit titaalm AietdUthedeb dllovaing metal owder toratipBataiim&ater. It is an
M xture-gas injector nozzle 20 6: M xture gas 7: Conbustion chanber 8:
Pr es38r e lmpraved mejlod, for produgingogetal perdardbat adopls anmppoeglsamglesely differpatpe

from those taken 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.



25 11: Mxing bar 12: Ignition plug 13: Metal powder outlet 14: Filter
system 15: Product 30 16: Water 18: Partition 6 19: El ectrode 20:

El ectrode 21: Material elenment netal 22: Metal feeder part 5 Best Mdde for
. Carrying Qut the Invention The follow ng explains the present invention by
taking a production of titaniummnmetal powder as an exanple. Note, however,
that the invention is not limted to production of titani um powder.
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powder does not nelt or float and precipitates in a short period. The
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20 efficienc To achieve. this, i S i control the a ts . of
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made of netal, or preferably steel, and ideally other parts such as
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



t he conbustion chanber should al so be nmade of steel. The gas punp is
installed to blow out 15 a m xture gas at high pressure. Material el enent
metal is fed continuously in accordance with the nelt anmount. Materi al

el ement nmetal nust be fed into a position where the m xture gas burns

. conpletely and fully turns into a steam gas of ultrahigh tenperature. The
~conbustion chanber is installed to burn the mxture gas to achieve this

pur pose. This se |l ows for 2 roducti o f. pure netal .powder free from
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a pure mMgyk¥ifidmadhamber, act ual enbodi ment of the present invention is

expl ai ned according to the drawi ngs. Note, however, that the invention is
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producti on (B)B: pa&iQurdBbasthi! cohlatiRR FoH Bl wded produdtitih as a titani um net al
bar is fed fromthe material elenent-netal feeder part (22), after which

t he cont ai ner G:Elgnteodyzeri zed at a hi gh pressure. Hydrogen and oxygen are

i nj eriéed fromlt,pg nozz| e‘fﬁ%ﬁ%‘{?s a mxture gas and the mxture gas is
ignitéd by the’ ﬁﬁ“{"f%?? P‘ggp( 12). The m xture gas is conpletely
burned in thezgpm@uﬁ ke wBRpb@k (7) to obtain a perfect conbustion state

| eaving an ul trahi gh-tenperature steamgas, and the material titaniumnelts
instantly in t3hP§rngﬂrW&t§fi on gas and disperses in water. At this tine, very
fine titani um,ggaj f mcron order (4) are produced and di spersed in
powder form 'I‘}h{e:‘mtei %%li%%hgret al powder does not nelt or float and
precipitates &sMistwepaslibjectoraosdort peri od. The separated powder is then
rele 6ed from'gp/? outlet for titaniumnetal powder (13) and becones
titafPum powd& MiXtUi§@assynnl y of i xture gas of hydrogen and oxygen nust be
preci sely contz ehh®dsddh dshibeve a hydrogen-to-oxygen ratio of 2 to 1. Wile
a m xture gas of hydrogen and oxygen is supplied fromconmerci al gas
cylinders, add Brgssuremomsrolablyet rol yzer (C) as an adjunct to 20 produce a

m xture gas of ‘plégrgen apd OXﬁ/gen via electrolysis of water will generate
conpl et el y purelydsEneas 5 PR at e an optimal, efficient supply of mxture
gas. In the prmsgn%'gd'nngg@,rféémpe adding a water electrolyzer (C) as an

adj unct, instead of supplying a m xture gas of hydrogen and oxygen from
comm@bci al gadleMixingbps, will generate conpletely pure gases via

el ectrolysis ) [, ereby facilitating a supply of 25 m xture gas in a
sinpl e and ef ﬁ?b@i\fon lﬁger. When adding a water electrolyzer for
production of 181 Metl pogder @mitleoxygen and hydrogen as an adj unct, the

el ectrolyzer (¢ _Js considered an optional adjunct unit to produce and
supply a ni xt JPeFYBESYSte ™y dr ogen and oxygen via el ectrol ysis of water,

whi ch consi st §50p.4e&d pi pes for hydrogen and oxygen gases (9, 10),

el ectrodes ( 19, 20), a partition ( 18) and water ( 16). The el ectrol yzer
caus88 30 el edbrWapmi s of acid or alkali raw water to generate oxygen gas
at the anode 3Bd h .gr ogen gas at the cathode, and supplies themas a

mat eri al- m xt ePﬂé ong




Production Conditions and Results Pressurized water: 1 ton Pressure: 1.5
kg/ n2 Internal pressure of production tank: 1.5 atnospheres M xture gas: 5
L/ sec (2 atnospheres) 5 Injection period: 1 hour Feed rate of titanium
-etal: 25 kg Production volune of titanium powder: Approx. 25 kg Eval uation
of Produced Titani um Powder The el enment titani um powder contai ned no
byproducts or inpurities and exhibited 10 excellent uniformty of granular
" sphericity anq censi st ency of granul e size. The production cost was reduced
around a hal f 8bﬁ@ ¥4 with the conventional technol ogi es. Industrial Field
of ApplicationolBrctédsent invention allows for production of high-purity
metal, especially titaniumpowder, in a very efficient manner. The
producti on ne@hbﬁmﬁ¥@bd§@@mb?ﬂ@he present invention 15 achi eves pure powder
free from byprgd [ rities other than the el enental conponent,
wherein the pF%dﬁ%%%ﬂ%gﬁQ%?Hoffers excellent uniformty of granul ar
spher b ci BeseMdds for Caanythgo@ut the Ipventderced at significantly | ess cost. Batch
production, cqntinuous production and, mass producti on are al so, possible. 10
What is ol ai modeifallowing gxplains die 1?%?6%%8’&1‘&9“?@ phinga ) {1038 fyre i‘f}?&ﬁ
bur ni ng Dot b fin & &m-_gfe. WOV M wRREr, AT 1RO §hvenfloR 19 RoP [iRFEH S PMBdREon T NI
the burning gas to heat material netal, 5 and converting the terial netal
i nt o powdiganidropowd®. The net hod for producing netal powder as described in

Claim1l1, wherein said terial .netal is titaniu Zi r coni er i,u

i ol o pl AEAGGR ey pasnt ieniop upled Saier pher o GRS ek B tiher
conpnpsi Mgk Mg pEHinte Svalic? Farkl idsie SR PrédstRirebiftaht AMMdr FoStitanimIed] f&HdLre

wat er tank, an injector nozzle for mxture gas of 10 oxygen and hydrogen, a
mat eri al peddugtion,-and megteriad dighniurp apatal syeh pymititanbmn gletad bant fad dombietmaserial
chanber. 4. f I I er, Scll im
5. compr bl ReRARE R e Rl BlealtpsR TR or R Ao Bl a1
and hydr agemged and eypg@i bothjdeasd fomdthe i iygzlepigiitedoanddet esmplesty binadin the
Claim3 or 4, wherein 15 sald rmaterial elenent netal is a shape of bar,
sheet, grambrsiogchpgibpr. Uppn/aehisyeent pf agjerfect-combusfion state leaving an ultrahigh-

15  temperature steam gas, material titanium is instantly melted in the combustion gas and

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 titanium 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, ih order to prevent impuritiés from mixing into the produced titanium powder.
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xY: 1180 of LUV dowddr YdiRg@hd 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 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 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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101@ F%'o%)the pt(gssure res1stant container for metal powder production (B), and material titanium
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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Evaluation of Produced T1tan1um 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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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 powder as described in Claim 3 or 4, wherein

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

11



