1 7 MAY 2005 Specification Method and Apparatus for Producing Met all E’oMﬂ‘érZﬂgﬁ
Field of the Invention 5 This invention relates to a nethod and appar at us

for producing, .in an econom cal manner, netal powder offering high purity
and uni form granul ar shape and size. The invention also relates to a

producti on of titanium powder, anong others, as the aforenentioned netal
powder. Background of the Invention 10 Raw el enent netals are processed

into various forns, such as nol ded shapes, sheet, bar, thin wire or foil,
according to applications. In recent years the use of netal powder ‘as

mol ding material is drawing the attention in the fields of powder

metal lurgy, thermal spraying and ot h@pesificaligiy t echni ques. Particularly,

powder netallurgy is re ed as an inportant technol ogy offering w de
appl i cations, includi nggﬁe dhersratpefon Prpdyeing Matel Pcsvdener ef ore demand

for powder metal-which is the base material for powder netallurgy-is also
growi ng. Production of netal powder traditionally used the classic nethod
of nmechan ianect |y crushing netal granules into powder form or

ve
t he hod to ow. nol t.en tal with_ gas pressure to form powder. However,
al | Fslese and g[bJﬁSanVﬁB'P%&gl%Wédocﬂ frethad ﬁ?‘P appjratisnigr reodusing, drnany eeondnaical
shape andnfhid&, nRE0 MW aﬁ%@h@ﬁ SIS ] ne, of relatively new
met hods for metal _pgﬁd_erq product oﬁ)}lﬁhg%l%gllu}f eeﬁ}a?nel%{)s]f‘aé’&at“ﬁﬂzesnooth,
m nute and uni Toerincmpionalia rebatet toug prodistioarofititaniepopowed, BAGAE others, as the
appropri al .o %Qi tions. .and that performing electrolysis outside the range

|

of these con RS nb‘:‘iit%d%?(‘fv “brittle metal of sponge or powder form 25

Still, tfmw%w met hods did not produce netal grains of

satisfactory shape and size uniformty nor did they resolve other problens

such 1s econonfiaw/slementonsiels are pedesssetli inanvarioussfoams, eduah iay ehold&P ¥hARE dheet
have been in use since ’

conpar ed .t f .l per nd .al um.num t hat

anci ent tq&rﬁe@l} 2 W{ba%fg%’ iagcqr?@l%toﬁ@lS#{fc@}ss%’ Esccet yeme the vienef metal poiwgler as

t enper at uneldagy wedteridlSisC Afaang \Be rRehBbR R CheARiblds Sof REHALL rn?et:ﬁﬁlfr%y, thermal
spraying and other molding technigues. Particularly, powder metallurgy is regarded as an

mpoitant technology offering wide applications, including production of metal parts, and
15  therefore demand for powder metal—which is the base material for powder metallurgy—is
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.




30 widely in industrial applications. 1 1 7 MAY 2005 The sanple | 7 MAY 2005
applications of titaniuminclude 'et engine material and structural nenber
for aircraft/spaceship, material for heat-exchangers used in thernmal and
nucl ear power generation, catalyst material used in polyneric chem cal
products,” arficles of daily use such as eyeglass frame and golf club head,
and material for health equi pnent, nedical equipnment 5 and nedical / dent al
material. The applications of titaniumare expected to grow further.
Titanium which is already conpeting with stainless steel, duralumn and
ot her high- performance netals in terns of applications, is likely to '
surpass its ri VPeSsantbld . ' | I al _has. popr
processability and a%chiglﬁlg%lidflyﬁ?fﬁro uciﬂﬁgﬁ%ﬂ%‘@%&"&%ﬂa’pﬁfg%#ﬁbmmbﬁ'
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d costs, |t is b f moltep titaniumas material will i
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used in titaniumnetal processing, e reas
demand® f oAnd imedicalideptshanateriplarFhec applidayions) of ditheitin grd)icgPedied ith Yorod firipd

uni form ty..of. r.shape, and size. Tjtanium powder produced by the 15
convent i o%‘g B%{M%gir{icgr bv’d&%%%’n cﬂ’é’@’ﬁéﬁ% ‘Wééi s(j‘?’@g;s? ottecde Huralpmine tant sother high-
subj ect t perfhrnamaametdls QDiceAB ofhpplicatibes, iBEAL %o shipiss itd | ar .granul ar
shape and si ze, poor econony, Oan%ﬁhso on.’1 Aség%?%lhsrgﬁs,ltééé{/iggglp r‘#mf)‘?' a .
production met Ringet htaniwan metaly hde podrapiesessabiliter and f@aéhigabitityg Rditihy a

and uni f e si;ze is eagerly. awaited, For exanple, the
nyar ogenar veegan bt BB o Mle Uibe Bus APleni Bt L adblo mmeshctoring et
put tld primatrs aed cose B8 Heﬁiﬁs@‘tﬁ@éiopm&ﬁ&ﬁﬂﬁuﬂ%qﬁﬂéﬁ&%iﬂtﬂeﬁ@% < ﬁﬂgtﬁ%& plher

powder. The  .hydrogenative dewatering method uses sponge ti
ti t ani umBchipingsicpnielrpine thenlastie werlking praness suvly)/aswohforzing aad rofdngr i al .

The material ti i ' ' “hydrogen, .atmosphere to cause It to

absorb the hyd?%ggfr‘? Q%na%&%%gq{l'ﬁgl%ﬁ%ggg ﬁ%gﬁlly iqisﬁi én %gmb‘i“ﬁai PECCesing ivhigh iis
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rel eased 25 and powder forped. In the rotary electrode ne
titani um®f £Pe% vt ef graRAar shepR dindr sizee ditnitot harwie epmukat Hys the

formed | RofvéhtioddFowddr gr8dRidSaemdds BBliE I Plor otRbSl metals is subject to the same

problems with other metals; i.e., irregular granular shape and size, poor economy, and so on.

As a result, development of a production method that can provide titanium powder offering
high purity and uniform granular shape and size is eagerly awaited.
For example, the hydrogenative dewatering method and rotary electrode method are
20" being put to practical use as improved production methods for titanium metal powder. The
hydrogenative 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 brittle. 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 titanjum 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 inactive
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 grains.
30 The grains of titanium powder obtained by the hydrogenative dewatering method
have irregular sphericity. Although this powder can be used in die molding, the heating




material round bar is turned at high speed in an atnosphere of argoh,7 MAY 2005
hel i um or other inactive gas, while its tip is nelted by a heat source

such as an are or plasma-arc torch. The drips of nolten netal are then
scattered via centrifugal force to produce spherical powder grains. 30.The
grains of titani um powder obtained by the hydrogenative dewatering nethod
have irregul ar sphericity. Al though this powder can be used in die nolding,
the heating 2 7 MAY 2005 process nust be repeated tw ce. A crushing

process using a ball mll or other nmechanical neans may be incorporated,

but oxygen contam nation of titanium powder cannot be avoided. In the

rotary el gabédadenuge bl Al | INa0 .4 hacti ve S an
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However, the.salidjfication prapert en .nplded will be reduced. Bo
net hods araggh ‘a¥nc esvgﬂrﬁle%?%g H@e‘éa&g?aﬁspgﬁu@m% i gaaltelsin anj ighctivehgas and

at oni zat i @iadeEhiOsbw@s fOAN CTRREFHré Serdink | 0 roducs 1 on et hod
addr essi ng the aforenentioned pr(gb’l ens ra{éelaﬂith:éﬁgﬂt%ﬂ%%%%‘)&Hatﬁﬁocf"ag’?@%u?ﬁ%ﬁm
cost. ¥n DRk subigctatewxyaen eontaptihatihn, naither.i Hbweiérthe ngolligdifigatibR doroperdy when

wat er - coo cruci hl sin pl aspa-arc torch or other heat source,
'n ordor FOIETHRF betbd “51 Egﬂ’f mogs dre Bq;g %t s3oy thefpogyar awedustign afost fse
cruci bl e."hifhgon, helium or other inactive gas is then injected onto the

nolten titaniumto atom ze it and obtain powder. However, this nmethod could
not reduce the Theralomiézation methodswanidevaleped 3s fir titmiune Poswdet Hrodudtib® method

conventi o |ten 15 tjtaniumor nelted and worked
titani um ﬁg‘i&eét%{é;ﬁ?g i eg? PE%%_.IC“P% r‘flﬁ!é“%g&n‘i‘?ﬁi'& adnprodBetigrocost. In the
pr oduidi ngatomigitiont it Macdize it GuinRAMER inSP T Joedp dJe!r WRRIE dstng 8"
easi er nDIdlng, I n %knanner requiring | ess cost and avol di oxygen

cont ani naRPYRT-ArGtogsh ey eiberheat sgBfsanEserdpatosrauseppllien ditaminm tai dtipo@eminbBusty
5-93213, g ' : jtaniumis . isostatically pressed cold
into a sol i% %ﬂayréldﬁ ts}ggcép élﬁg%?%rﬁigé# %gmin% Of REIST MFIXg &25 i fenrimiqciedconja dhe
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dripping nolten titani ur%to atom ze it and _obtain powder. However, this
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and gbze tafshull & MERMSId WBrked titanium had to be used as materal. :

In the meantime, a method for producing powder titanium offering improved
sphericity and flowability for easier molding, in a manner requiring 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

20  1is then melted in an inactive gas, after which argon, helium or other inactive gas is injected
onto the dripping molten titanium to atomize it and obtain powder. However, this improved
method did not offer good p}m’ty or uniformity of granular shape and size and the production
cost was not at a satisfactory level, either.

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 noti 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




cost was not at a satisfactory level, either. Summary of the Invenjipriygp jnos
As descri bed above, there is an increasing need and demand for netal

powder, especially titaniumnetal powder, with the progress of powder

metal | urgy and other new nolding nmethods. However, powder production

met hods that sufficiently answer such demand were not available and the

exi sting nmethods had problens, particularly in regard to the purity of

el enent netal, uniformty of granular sphericity and size of powder, and

30 production cost 3 1 7-MAY 2005 In view of the above, the purpose of the
present invention is to provide el enent-nmetal powder material offering

excel I ent uni-f olwity oFthdatsvel e RPPSYEI ! : 4 of .. granul e
size, for use in powder netal fugﬁjy and ot é/elgl%t%hggs o@ }rrlg%]%l}/%ré’yldfg dement-metal
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the 5 pr | enen tal ,powder such as titanium powder,

i ncl udi ngﬁ%@géegg%%&ﬁ%ﬁ ‘%‘3’0%’%%%&*8%3%@8‘5%%@&%{%%, uniformty of
granul ar spher iThe invemtonsédiidacey atods slles 15! [1QD.-COost . a
result. the jnventars resol ved these pr obl ens rgﬁlﬁ‘?ﬁei '?‘{Oﬁfgé’ﬁf%%sg{‘]"é@ﬁﬁia’ﬁ&@e
rel ating Presustion of sfement smgtahpovedesrsugh a titanirochostdesinefudingthobe! PeitdiRihg to
wat er confyad ai ' | s,:40 specified in,a.patent application filed
earlier b%ﬁ%ﬂe # R%g%%g%ﬁb%nﬁéos a??e%ﬁ?ﬂ‘ﬂ&fpﬁphea 1% fongtenenpberagde 3ize and
The af or epenluctioedostnvention relating to a producti on of high-function

water containi,ng titanium (Japanese Patent Application No. 2000-136932),
devel oped ear | ¥ ByulirBe nveptass srselved these decblemsdbiyhuilizing thertechne]opg relatinﬁ
hi gh-firrighiQe - gmﬁp itapjumis 15 di ssol ved, wherein the
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conbust i i1izing this technol ogy, powder offering highpuri
and exce?&gmﬁ}%ﬁgﬁ'ty of granular sphericity and size was obtained for

pouder . and ¢ he ot paqaBhErEt B raRNE 3o o) BRREEESR o biifincion 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 js
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 bumned 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 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.




20 powder significantly. The present invention differs conpletely ﬂrpnfvmhezgﬂs
conventional production nethods for nmetal powder such as titani um powder,

in both concept and structure, in that a mxture gas of oxygen and

hydrogen is burned in high-pressure water and the conbusti-on gas is used .

to melt elenent titaniummnetal, thereby allow ng netal powder to

precipitate in water. It is an 25 inproved nethod for producing netal

powder that adopts an approach conpletely different fromthose taken by

t he conventional nethods. Specifically, the present invention allow for a
production of elenment netal powder in a very efficient manner w thout

usi ng thernal nEh¢ nghodpropdsed BANKE pREedt 3Rt ntion &eRltbo: nateri al
netal and .al so Wit hout apnggd tqul et Tl t en%r?lgitogll gﬁe?%é%wﬁ}lgg}%aﬁg??@m% or
it to 30 "HiRSRTIZE ofee than e taiset et powdpienrredcd of mdY oXiion thie toRiciaAE

roposed : ts ' nerates virtyally,.no byproducts or
ipor 41 oo gr el FREL, s AE Vet Sl 150 st e el oesab powdeiahas excellent
oxi dat i on wifermity lo€@ramdar sphefiditeindboddRt i . sj nec

t he obtai ne(gjﬁ t al .@(; er gr?a: e%el I e%t %E?fogrg?n&?gé gf%’étr}%@)%‘%"@g%é’g"f %a\nte?/e
and consi &F g§ S@PIMM Ehe meghod gleo pilowsforicontivess madudibnSnradditioado batch
significa ; I L. continuou rQduction in addition
o bat ch Phyusionwiieh dptn s Bole UG Riv G R B EE alieidie ane wibam ontn

havi ng uns®&r m granule size. In the above production process, a m xture

gas of oxygen %%&hégrogen I's. burned in _high-pressure water to achi eve a

hi gh-t enper at u e pIpdustionoraesss. 3 mixfyeizgasohetygenmnd tivatogehGs bhasdnin
met al , - al hiphi ke Watek ' | er ormfine grains.
Unl i ke the prﬁe}gsesdieng i n\%%?{ii%‘lh&aegf ArmpEratdle %i%e?’ aﬁggﬁéﬁ?ﬁétés B3Ebigrmelt material
Appl i ¥ht i elempt G0 alE8DRRIE, toi instuhilys dispeRe 46 SwAtBE anatfBfm FRSSUIR, ke th
degree of %Q‘F&{Hstionﬁof m'.lxture as can be adjusted to cause the obtali ned
el enent nBTAT BodHEPUYD cxplained catics (fapanese Ratent Applisetion No.o2A00 1 I6AB2)dn this
thereby proetsdithe whtdr prédaiePM ot SE s nt invention. 15 To sum
up, the basic s_truct'u?g of the pr%iyent mveﬂ%?ggﬁﬁgﬁlf%g%su en?‘ﬁ't‘%?‘gtog%f%m%f

oxygen tar;ge W%ﬂemnhwmntepmmmmch ss@t pBRod wiilhest NOMiGAhd tby
e}ﬁélﬁing titantum powder aimed by the present invention.

15 . To sum up, the basic structure of the present invention is to burn a mixture gas of
oxygen and hydrogen in high-pressure water and use the combustion gas to heat material
element metal and then convert it into powder form, tﬁereby producing metal powder of
uniform granule size. A schematic drawing of the production process is shown in the
production flow chart 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 (T1i), 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




el ement netal and then convert it into powder form thereby producigng Mﬁ?aéﬁﬂﬁ'
powder of uniformgranule size. A schematic drawi ng of the production
process is shown in the production flow chart given in Fig. 1. 20 The
present invention consists of conponents (1) through (5) bel ow, which
basically serve to buma m xture gas of oxygen and hydrogen in

hi gh- pr esgjén e an@t Bydreged, Usembatedal clemznstieah fgedert pamelan rigriteni alugnend! aand

t hen cogg&g&stiéi;tc'a%tbgr_povujer form (1) A nmethod for producing metal powder
by burni'ng a m Xture gas of oxygen and hydrogen in high-pressure water,

using the comuahifpBaars fXP phRBdind Rl | hwdel egefekceried ah ,(3) bovandheemy et i ng
t

it into powder form (2) A nethod fo r oduci ng net al rj hed
n (1) ABGRECS JFerB: it AR TR HOCP ot REFUT 8 TREAn Bt Frper ore

zi rconi wparbgan) , germanium (Ge), tin (Sn), gold (An), platinum (Pt) or
silver (Ag). (3) An apparatus for producing nmetal powder, consjisting of a
pressur e- r esi(®t Amappmatug doft RIPAHSINGt Rete! RBYHASF 98 S8sEIbRT dih (Prasél ?Eov\ﬁaf“g?ret”ank,
an i nj gl attf dleehtGhetitiet bRhERSS Bir, seefl ganbBYr 2005 oxygen and hydr ogen,
a material element-netal feeder part, an ignition plug and a combustion
chanber Brié#)eséibti haDtesvidger produci ng netal powder as described in (3)
above, wherein the apparatus has as an adjunct a water electrolyze, for
produci ng a it Urlew gaast afegat peyeder areductisn By reBeReA by ths)Preggnidtsaliott us f or
produci ng netal powder as described in (3) or (4) above erein, .the,.

mat dPi al el e@ﬁtfr’f’é‘t apparaiise for Pradigipe mste Hgf?“’,ders rg‘\%é’fo,poﬁq’ja%l BESEGiVEign of
Descr i piUegdtiphén dflee Bmewisngs Fig. 1: Flow chart of nmetal powder production
as proposed by the present invention 10 Fig. 2: An apparatus for producing
met al powder Aadpparaipoioedrofycindreetpimewdert i nvention Description of the
Synbol s A: Apparatus for produci ng netal powder B: Pressure-resistant

cont ai ner forB: Hﬁsmrem cw%qﬁﬁ&rirr&t?i powder production
C: Electrolyzer

15 1: Mixture-gas injection pump
2: High-pressure water tank
3: Purified water
4: Fine metal grains
5: Mixture-gas injector nozzle
20 6: Mixture gas
~ 7: Combustion chamber
8: Pressure control valve
9. Hydrogen-gas feed pipe
10: Oxygen-gas feed pipe
25 11: Mixing bar
12: Ignitien plug
13: Metal powder outlet
14 Filter system
15; Product
30 _ 16: Water

18: Partition



C. Electrolyzer 15 1: Mxture-gas injection punp 2: Hi gh-pressurewptigé 0
tank 3: Purified water 4. Fine netal grains 5. Mxture-gas injector’ n I2g5
20 6: M xture gas 7: Conbustion chanber 8: Pressure control valve 9:
Hydrogen-gas feed pipe 10: Oxygen-gas feed pipe 25 11: Mxing bar 12:
Ignition plug 13: Metal powder outlet 14: Filter system 15: Product 30

16: Water 18: Partition 6 7 MAY 2005 19: El ectrode 20: El ectrode 21:
Material elenment nmetal 22: Metal feeder part 5 Best Mdde for Carrying CQut
the invention The follow ng explains the present invention by taking a
production of titaniumnetal powder as an exanple. Note, however, that the
I nvention i s nol9:Bledttodd to production of titanium powder. According to

the present invention, purified water such as distilled water is filled

into 20: Electrode

21: Material element metal
22: Metal feeder part
5 Best Mode for Carrving Out 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. o
According to the present invention, purified water such as distilled water is filled into
- 10 the high-pressure water tank inside the pressure-resistant container for titanium-metal powder
- production, and material titanium metal such as a titanium metal bar is fed from the material
element-metal feeder part and pressurized at high pressure. A mixture gas consisting of
hydrogen and oxygen is injected from the nozzle, ignited and let completely bum in the
combustion chamber. Upon achievement of a perfect combustion state leaving an ultrahi gh-
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
bumned, 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, in order to prevent impurities from mixing into the produced titanium powder.




10 the high-pressure water tank inside the pressure-resistant contaizeh ?05
titanium netal powder production, and material titaniumnetal suc S é 005
titaniummetal bar is fed fromthe nmaterial elenent-netal feeder part and
pressurized at high pressure. A mxture gas consisting of hydrogen and
oxygen is injected fromthe nozzle, ignited and |l et conpletely bumin the
conbustion chanber. Upon achi evenent of a perfect conbustion state |eaving
an ul trahigh 15 tenperature steamgas, material titaniumis instantly
melted in the conbustion gas and dispersed in water. At this tine, very
fine titaniumgrains of mcron order are produced and dispersed in powder
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pressure and feed ratsteS 0 %terlgﬁ ?E%tqéatﬁl!%ﬁ%gr?gttg!w '?lﬁmfﬂ‘é?. Yocmetsh melts
appar at us ipstelysand bocotiiee sppersfand gratednta d&imbu’sﬂoi\}\%ﬁﬁin high§GtdsBf wafP Rt B{n
m xturg g§s Iﬁ aﬁpr X. 2to 4 liters per second en the contal ner can ford
one ton Ferb PFiY8d wat er. Applying too high a gas pressure nay damage the

appar at us st r uQyateRal t&anii e ause th as .fo flow
upward fromthe nozzle, \ggiu}srﬁlagn%ﬁgaﬁéegt%g%?e Ofn@%té}?e’igﬁ%mﬁfegéfmgraaﬂﬁgmﬂbﬁe
encapsul afpRiopnaiity theblilamurmictdl tfansled ifsient obaniiae casitilytothe Phoductioh!
reduce thgmg1 neratio efflﬁ%i ency of fine netal grains. The water pressure
in the pressure taH Lol hagPngtons o 1 5 af nmospheres. The suppli ed

mat erial. titanivpadimbito BRAHINY RE Bl8EA YeraY SudillS ﬂgﬂ&%@ﬁ ﬁ% élg%(f fyldtglg g)aocﬁz(?:tion

purity, in_ order to prevent inpurities from m Xing

ti t arfidum plomgtal powder ysingthe posluchomiapparatas gaspastd hycthe gREseBN thveri8IE taclude
provi des M}%qugﬁﬁtegftgizci ent and stable .mea(ga of burning titaniumnetal in’
wat er, where high preseiiPEyy SCoppipmy ingsldsplatinum apd silverobust i on.

Physi cal or ch®ht Giph-ssiusd dated Mukass ' ' netal , nelts

i nstantly, and beco?g_slﬁjsuper-fi ne raiﬁ?@@%ﬁ"%@i@ﬂ?wwﬂt invention
hi gh- pr ed§ drRECYRETCTesIstane tankimads efemntal, ourpaefeebly Metk nhdliddally hetparts kakh BRY

take a shipRoRbulttty ciEfRt shdld b HQhadd (IJ% stedl” ’9},('3 tgasnggmg % installed to blow out

15 amixture gas at high pressure. Material element metal is fed coﬁtinuously in accordance with

the melt amount.

Material element metal must be fed into a position where the mixture gas burns
completely and fully tums into a steam gas of ultrahigh temperature. The combustion
chamber is installed to bumn 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 burmn 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 elerent-metal feeder
part (22), an ignition plug (12) and a combustion chamber N.

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




appropriate to feed titaniummnmetal granules instead of bar if the QﬁqpqﬁAﬁlzmw
of the production container is much smaller than one ton. In addition to
titanium the material elenent netals that can be used in the production
10 of netal powder using the production apparatus proposed by the present
i nvention include, but not Iimted to, zirconium germanium tin, gold,
pl ati num and silver. The hi gh-pressure water tank used in the apparatus
proposed by the present invention is a pressure-resistant tank nade of
nmetal, or preferably steel, and ideally other parts such as the conbustion
chanber shoul d al so be nade of steel. The gas punp is installed to bl ow out
15 a m xt womtgationichinbér (Hes PreSurd@idl Yaive! @B Al Hwd -
continuouslz iE accordance with the ne!t anod%’._Nhte#?grkgf&ﬁ%%{uﬁbpgpﬁed
st bte f t_F’h;): dopfsgnk P@mqnﬁiénitfi fex _ppwﬂ?r @rfghs:mmr(el)%cmmh 'gxﬁng'elll %p_l@glcn 2), a
ul 'y turngadkeRiCe1Bmshie é&g enper at ur.e, e conbustion
chanber is instalIedﬁﬁggﬁgzg?ﬁbpn1%?gf génﬂ%mﬁﬁﬁﬁ@W@dpﬁp§zﬁﬁKéb§é)HIhPQBS
set up al | pmedifoed nRalproswdieet i on of pure netal powder free frominpurities or

byproducts. Hi ressure is also. required to conpletely buma pure
m xtur® gas. A?“é@teﬁa"? ateh{59 aPeheat distillechwalsr issiilied inty thothigin presserephaémagk (2)

accordi ng s that the j.nv ion is not .
i ted Toreh DR oMhiier MARL! ool 03 protigliondbal sgbimatemal ttaniunm
product i omeid @i bpacheas btitaiempmets biar i2fed fi¥@NtheNateds] HEHEhi-RE0 Faldek E}rart
An apparatgé fgr ®£§%ﬁglqg.netaL powder (A) shown in Fig. 2 consists of a
pr essur e- M€ 81%n §iRataneg)is Prespurgsiptiashighapriassyre. flehegereandabeygdnamnle
(2), an {Mt®Red 86 lo 6 LE (0} n..and hydrogen (5), .a ..

mat erj al edfie_rrent -gtﬂfglzl%(%gieeg(esr)%éa#tﬁ ? ggas %ﬁ%é%‘?’f‘ﬁgﬁgﬁf#glﬁtﬁg bg(r%eégmtmn
conbuk i oflederiBd THerinixtTeeganip aomplesel§ burmeddd thd SsmbRidh BRMEBES (7? £% obtain a
consi sts %’fe%tpc[oe sugg- r§5| stant 30 contajner for metal powder pfoduction
(B), and ’? & prEURIPEOP URie leaAvingo A Hliahishdemperehire stenmelegaspraod uthei onterial
conpr i sestian@as mehf a6k ; Wolgthely -water tank (2), a 81
7 MAY 200% conbjstLoﬁhgﬁgﬁgg§c%%%?ﬂgng$%gggﬂgi%§%gy% a@%lve (8), a neta

powder outl et (48 time vertydine titasiem g@)ys ofahieronbrdet eARME proivkudbd higd diRPUNES

roduct i gnition plug,(12),
P O godkder . THY b SnPhai 1(.)owgler dbes 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
aghieve a hydro gen—to-oxygep 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 clectrolysis 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 £as.




material elenment-nmetal feeder part (22) and a m xture-gas inject Orin}oﬁmﬁmﬂﬁ
(5. (4) indicates produced netal powder. 5 Purified water (3) such
distilled water is filled into the high-pressure water tank (2) of the
pressure-resi stant container for metal powder production (B), and materi al
titanium netal (21) such as a titaniumnetal bar is fed fromdie materi al
el ement ppRdudlionf@REREnsRAbResi82) , after which the container is pressurized
at a high pressure. Hydrogen and oxygen are injected fromthe nozzle (5)
as a m xt ur e Ryessuseed watee Nbxt ur e aassdrsﬁwquéd by the ignition 10 device
(12). The m xture gas is conpl etelx burned in the conbustion chanmber (7) to
obtain a perfitemel presigf Produddipatask] eBIMeBP&ESul t r ahi gh-t enperat ure st eam
gas, and the material_titaniumnelts instantly in this conbustion gas and
di sperses i n Nist®©gas:&L/495i(€ 24M938"eeRry fine titani umgrains of micron order
(4) gre prOdLir% and.%i_§9ersed in powder form The titanium netal powder

ed.
does®not nel t 6P PEEY and preci pitates as powder 15 in a short peri od.

The separate b thamidn§Btal 85 f@sed fromthe outlet for titani um netal
powder (13) ;I:negg ecorres'u{"rt ar?i um%owder. The supply of m xture gas of

hydr ogen and myu@esh viMsde dPGtapiueiosaby Apsiat. 2ekged to achieve a
hydr ogen-t o- oxygen ratio of 2 to 1. Wile a mxture electrolyzer (C) as an

adj unct gvalutibnpif Bbdeceedd itaniwh Pogderas of hydrogen and oxygen via el ectrolysis

of water will generate conpletely pure gases to facilitate an optipnl,
ef ficient supiheyelefnent fitaniue gpayder ﬁomtﬁ'ée‘gr"@sé’ﬁ?roimﬂﬁerﬂ i 'HHP}‘”%?&dPWg eég&/éefder

ﬁl gqbr ol&mgm( Q.ifoﬁ-ﬁity?%f aphiingt spr@enelsiityeaﬁh Qi:lngiﬁgwlsﬂ i rgg.inalemsué.urra? gasdusfion
ydrogen and oxyge rom comerci gl .gas cylir gener at e

conpl et éﬁ"?“’ﬁ‘\ir’%‘}/“g‘é‘&rg“'{ﬁ aahaZICBE‘P?r&?Q/“'gﬁghe&PX‘(ﬁé‘ 'oenr%,rt%?w\é’lrog 5 facilitating a
supply q}‘]d 20 1AL W e BBf.h N @ sinple and efficient manner. Wen adding a
wat er el-etut-r-oﬂgym—%%—p'r oduction of m xture gas of oxygen and hydrogen as
an gdi uncta the BleSh’ Alortiss éu@)vsiffsr h;ﬁgﬂﬁtidﬂebﬁd\ighlibuﬂ@t heea)| eajéjic?amcﬁitetlnfmh*_t to
produce and supply a m xture gas rogen an 0X i a t. S
of wat erPoWglefi dh actngielicentymap dTB‘? ﬁé%’“?tlﬁ’ﬂ rﬂ?/tg?‘gé’éoﬁogegﬁB’é\é@eggﬁesgrgslé\%nxﬁg,
10) ,15el eghieasespute Ipovilay , frae pamini thyprodidg) oanihpretiesr qfis) tharhethel elemestay zer
causes 3c%m§l>r?e% r&hé(r hS 4l pAGLEEEC poRlidraberk aé’%c%hﬁruntf&nﬂf?%r SlafuiaK sgRdtic®as
at the anode and hydrogen gas at the cathode, and uppli es them as,.a

mat eri alanfi REsIr é"dga@!‘ e produced at significantly less cost. Balch production, continuous

production and mass production are also possible.
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1 7 MAY 2005 Production Conditions and Results Pressurized water: | ton
Pressure: 1.5 kg/CVM2 Internal pressure of production tank: 1.5 at’n%sfﬁﬁ\ér@%
M xture gas: 5 L/sec (2 atnospheres) 5 Injection period: 1 hour Feed rate
of titaniumnetal: 25 kg Production volunme of titanium powder: Approx. 25
kg Evaluation of Produced Titani um Powder The el enent titani um powder

cont ai ned no ®AMBducts or inpurities and exhibited 10 excellent
uniformty of granular sphericity and consistency of granule size. The
productjon cost was reduced around a half conpared with the conventi onal

t echnol ogi es. -1 ndus Mg IqEPRdHCing MelShrqWdst CBMPASNG: pr esent i nvention al | ows
for production of Hurdly @uhitiry gae bBdxyges aeChyaldgen i highpressur ealest 1.2 o asvery
ef ficient sna%ﬁgsphyag: production nmethod proposed by the present invention
15 achi eves pure powder free from byproducts or inpurities other than the
el emental conponertsing figciusiing gasdo peal metllis rpeRps@ndf f er s excel | ent
uniformty of grarghaiing@iehésilic hatefiBlints péwdarfsimcan be produced at

significantly |l ess cost. Batch production, continuous production and nass
production are also possible. 10 1 7 MAY 2005 CLAIM5 1. A nethod for
produci ng nefal pdWeenrsthesoiepprasiueigy mrial mowgen asridgearibed faClain Toxghgein said
hydr ogenien hi@ﬂicﬁﬁa@éi‘ﬁxﬁ&@ta}‘iﬂh@ﬂrc@ﬁipﬂq; gerbr@nilimdtin, éoﬁiﬁf&ﬁnﬂh%@ﬁrér.us' ng t he
burning gas to heat netallic material; and converting the netallic
material into powder form 2. The nethod for producing netal powder as
descri bed i n3.d ai An gppaxkius for progeding metgl powided, koroprisirgsr pressuresresistantriontajner
zi rconi um OREGMRHpHShg:t I N, gol d, platinumor silver.

_ a tank for holding highly pressurized water;

15 a combustion chamber for burning metallic material and converting the metalfic
material into metal powder, said combustion chamber being provided into the highly
pressurized water,;

an injector nozzle for supplying a mixture gas of oxygen and hydrogen into the
combustion chamber;

20 a feeder for supplying said metallic material into the combustion chamber; and

an ignition plug for burning said mixture gas supplied from said injector nozzle into

the combustion chamber.

: 4, The apparatus for producing metal powder as described in Claim 3, comprising a
125 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 said
metallic material is a shape of bar, sheet, granule or foil.

11



3. An apparatus for producing netal powder, conprising a pressure-4 sgﬁwaz@w
container that conprising: a tank for holding highly pressurized ter’

a conbustion.chanber for burning netallic material and converting the
netallic material into nmetal powder, said conbustion chanber being .

provi ded’i.nto the highly pressurized water, an injector nozzle for
supplying a m xture gas of oxygen and hydrogen into the conbustion
chanber, 20 a feeder for supplying said netallic naterial into the
conmbusti on chanber; and an ignition plug for burning said m xture gas
supplied fromsaid injector nozzle into the conbustion chanber. 4. The
appar atus for producing netal powder asAgg?&&ibed in Claim3, conprising a
25, water electrolyzer for producing a mxture gas of oxygen and hydrogen.
5. The method for producing netal powder as described in Claim3 or 4,

wherein said . i teri;al i s a.shape of bar, sheet, granule or foil

1 7 MAY 2005 %é’?’l‘r‘ aec‘%eg?BB‘(Yéﬁﬂ ﬁggegralfy m pewder, gffeting ihgéhpmiﬁypamhmifonn

of fering rgflpustips @flsiub] bl ccBh AR mARP sl o Bhura, Akt GG
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manner_usi ng an apparatus that conprises a pres at OmREisse a
conpri%inQ“ﬁmHPgﬁﬂﬁﬁBE§Gméﬂmapgmpﬂ$mgﬂl&ﬂﬁbpksmhenmnei&h&,%ﬁﬁ@@d@ﬁ&ﬁﬁzﬂ?%x

of oxygen t.erj al el enent.-netal feeder part, an ignition
ol ug ygndnﬂgﬁa Cor%%gs ??gﬁv%eﬁaa%el}ydnﬁ?n, a matetial element-metal fee%er part, an ig?n'tion plug
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