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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 vemtianect | y crushing netal granules into powder form or

t he hod to ow. nol t.en tal with gas pressure to form powder. However,
al | {Tslese and g[b]ﬁse?nvr?ﬁ'?%&gl%w5docﬂw ﬁ?‘P appjratisnigr reodusing, drnany eeondnaical
shape andnhi&. nRE0 iSPhigh SIS ] ne, of relatively new
met hods for metal _p%ﬁ%ﬁgﬁuctl oﬁ)}lﬁhg%l%gllu}f eeﬁ}a?nel%{)s]f‘aé’&at“ﬁﬂzesnooth,

m nute and uni Toerincmfionalid redatet toug prodstioanfititasiopopowes, BAUAL others, as the
appropriaje {lnqiotl ns, .and that performng el ectrolysis outside the range
of these Conditl ORS 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
conpar ed p,.t i per nd .al um.num t hat have been in use since ’
anci ent tq&rﬁe@l} ﬁ W{ba%fg%’ iagccfrla'é]ﬁttoaaﬂi’%hf#fc@}ss Tn ESGERY yeans the weeneft metal powgler as
t enper at uneldissy wedtéridlsisC @fadwass Be re@@hﬁé@ﬂﬁwﬁt\}leggglg's Soft BEHALC WEetitE Ty, Termal

widely in industrial applications. 1 1 7
spraying and other molding techniques. 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.
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structural nenber for aircraft/spaceship, material for heat-exchangers

used in thermal and nucl ear power generation, catalyst material used.in

pol yneric chem cal products, articles of daily use such as eyeglass frane
and gol f ‘club head, and material for health equi pnent, nedical equipnent. 5
and nedi cal /dental material. The applications of titaniumare expected to
grow further. Titanium which is already conpeting with stainless steel,
duralum n and ot her high- performance netals in terns of applications, is
likely to surpass its rivals in the future. Since titaniumnetal has poor

processability Pk Hi Ikl | . aani cal. part hayin
conpl ex shape fromnolten titaniumw a maruf a -
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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




7 MAY 2005 process nust be repeated twi ce. A crushing process usinp 7a ppgf |20[]5
m |l or other mechanical neans nmay be incorporated, but oxygen

contam nation of titani um powder cannot be avoided. In the rotary

el ectrode nethod, material titaniumis nelted in an inactive gas -and nade
into powder form Therefore, grains are spherical and offer good

flowability. They are 5 not subject to oxygen contam nation, either.

However, the solidification property when nolded will be reduced. Both

nmet hods are a batch system so the power production cost is high. The

atom zati on nethod was devel oped as a titani um powder  production nethod
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titani um sed a erigl.. In the peantine, a nethod for
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5-93213, In tHih§ semimtionspethgd was developadsas aokitaniung PoilepRsdRSios Ahethod
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powder, and 30 production cos
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




1 7 MAY 2005 1In view of the above, the purpose of the present invqm;im;_\r?izmﬁ
to provide elenent-netal powder nmaterial offering excellent uniformty o
granul ar sphericity and consistency of granule size, for use in powder
metal | urgy and other types of nolding. The inventors conducted various
studies to resolve the problens associated with the 5 production of

el enrent netal powder such as titanium powder, including those pertaining to
the purity of elenent nmetal, uniformty of granular sphericity, consistency
of granule size and production cost. As a result, the inventors resolved
these problens by utilizing the technology relating to a use of titanium-

mat eri al for -praddefiofthe®ibdiie fﬂwﬁg' LN titanj u as 10
specified in a patent appli cgtgFISn f l%y%&g@g@&%@hﬁ%\tp st %ﬁ&ﬁ@g@
Pat ent Apovdst imagferialo otfpring -exgelbar ) unifimmityf of granilirogsttrichy emid BohsisBLRY BP
to a prod ' . Lgh-function er containing titanium (Japanese

Pat ent Ap %%‘g%'lslg%f ﬂﬁgg%d@%ﬁ}wg%gﬁg : ty@&?PfBl"_I‘B?g-t he inventors,
provi des & et M ioentproebisgiubed VaiBud bhlles'th QB e LAONLCIABLLS Vit e

5 di ssol ved, wherein the nethod is characterizée

titaniuymis

bur ni ng oﬂ’r%‘}qﬁ’flﬂ’ﬂ @f elegrant metalpapederandh ah yidhnigrarpawiden; Olhaigs téke p¥difingafad
the nelti ] ' I I.ng, t conbustiqgn gas. . By utilizing this
t echnol ogy,93 %ﬁg?g%%ﬁ%gﬁhﬁﬁorﬁ%q@@gﬁ&h@? hteopsisteBe Pt graale size and

granul ar pspletiocidsy. and size was obtained for use in the production of

el ement netal powder, especially titaniumnetal powder, and the nethod
al so reduced t K HFeSHbdRe Hiveninss resplved dhese 2eotlome dry wilipind iheasthnylogFhelating

present i pygki Of iidder S t om Ele conventional productijon
met h&d QsJ for 1ﬁr$it al pé%ﬁer agegigﬁ k’cg‘sﬁjto|}i’tl‘(£;1ti;1cinu &&(@P‘,’n‘% VAT HFoabaag titanium, as
st r ucklr eypecifiedhiata patentapplicatignFlaf cAKYOBY (B thy NS YLD ahScOPY G I 41 .npi
hi gh- pres%rg prrg 2Ed t he conbustion gas is used tgﬁr?el t e(?{{aéﬁhg%ﬂﬂwaum
titani ummet q ) P y allow ng nmetal powder to precipitate in water. It
s an 25 i nproyRel 4BEdARshHbRE PnOSH Sl | eoP Qe LSt CBRgion et |
conpletely different from %%ose t ane%elggﬁfhtg %oﬂf?élﬁlf{}%a&dﬁgﬁﬁﬁ%’a@m water
Speci f i catanjainingdityremefiapanasePatoninA pilicatisn Nor 2600136951 &veRiped 'eﬁei%%y the
metal po in _a very effigient nner. .wi t hout using thermal nelting,; "arc
et al Lol Off ff'a'rfe M i th i ng_ther mal - |
di schar ge" oF PEsBIP VIS 2dnstheg ot gro Hgh-8mctionrsater inawlichireoltes tithoiutn i
need 160 | dissolvad] FheiR e éthOd &Y cHabicBl | S QTS e
e 150 Hisolie] GferERt e i EilzeABY R Anbde §fa mPdufd gas of oxygen and
ydrogen 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 clement 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 bumed 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.




1 7 MAY 2005 The nethod proposed by the present invention generatésy MAY 2005
virtually no byproducts or inpurities other than the target netal powder.
Occurrence of netal oxidation due to heating of material netal is also

very small, and since the obtained nmetal powder has excellent uniformty

of granul ar sphericity and consistency of granule size, the production cost
can be 5 reduced significantly. The nethod al so allows for continuous
production in addition to batch production, which opens a door to

mass- production of netal powder having uniformgranule size. In the above
production process, a m xture gas of oxygen and hydrogen is burned in

hi gh- pressure wihemdtodhplipoy&l By thePres&RETEiHone vRRAIY UoSo NGk dis
used to nelt material . 10 el ement mef i , allow ngg‘?itei%{ttgS i nst e{%ﬁoybﬁ%rg%'é?%é’r

in vater dfPUFGeHPHeRhasy BedarseUmetat powder. eoatnagof metdl toxidution phiditd Hating
earlier (Jananes | | No, 20005136932), in this_ process the
wat er pressur gﬁgﬁldﬁ%ggp{geﬁ%? ‘)g%an%}ﬁls 1 834 SPCﬁi‘kFLR%émgsé @%Fﬂlt Bewder bag excalient
cause t hamndformitped gedrmimripheritie) anPysiRIstdRy RIreshmilt 318, | rt perio
Wi t hou% flo tiag, thereby vyiel didgag] titani u?n rt)‘gﬁ\)_\der. a%z‘én"e’c}il%k@o gi()%rcggtre?ﬂndbe
i nvent ? on Fe4¥e I%‘Eﬁ‘?*\?ﬂ?’- Themethadalse aillewsifos continbenspredestion invadditioartoi Batdip
bum a m XtesRicl i 0 I.h _high-pressyre water and use
t he conburgfti; on glz’s%ghh at ﬁéitﬂ glftlogi?ﬁ ggse‘% §$%%°%Pe‘%ﬂ?‘%ﬂﬂwgﬂe*f?%%fqm granhteo
powder fof¥g. t hereby producing netal powder of wuniformgranule size. A
schemati c draw.n roduction process is shown in the production

f th
flow. chart gi J’é%‘qo‘?quieSPrg@C% PrRECSpy BEKIIY gasctl oxygen omditstisogeh is burned in
ent B - whi ' to b i Xt ur e
ol T oyt Prelstfeowaler (5 doRes Y igh(HeiDeiRt Shle Ymg TS el et bmnsiomal

gas tH netlemeat aretall allewiig #irtd inktently divperst ihtwates and FBER fieObins( Ynie the
burning a m xture gas of “oxygen andth

net hod fo duci ng..net al, powder,. b

hlyd r og te n npfﬁifcf%étﬁ ;rgreﬂggla F@I\ﬂ&eﬁ?ﬁ?ﬂ{fé hﬁ'_@a‘?qﬁ@ P é@ﬂbé@sliéfﬁfitg?algoi 200@eb3h693ﬁ% én itlaik
el emen R HrERMELId A e or

pr oduci ng rretsgl_ po&d‘e?)ras desc—r%%é?fn&%%uggﬁggfm% %Figsngat"ﬁ’ee a‘ﬁ’é@"éir'ioa?ause
el ement nBFAbtained slcaventmetatippwdet i procipita(ezin) 3 siget PeRbAMi(GR) foktdy, GRPbby

et al - povage B phbbehindy bYBhe betisatiehin. 50 container (hat

g onpribses a hiDhsmnes;sthe BaBlcRtrbRRK of Mk pREGRIRVMRAZ |ttol Bim'd XiHLE 35 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




1 7 MAY 2005 oxygen and hydrogen, a material elenent-netal feeder 1p?rMAYa2ﬁﬂ§
ignition plug and a conbustion chanber. (4) An apparatus for producing

net al powder as described in (3) above, wherein the apparatus has as an
adjunct a water electrolyze, for producing a m xture gas of oxygen and 5
hydrogen. (5) An apparatus for producing nmetal powder as described in (3)

or (4) akaee, awhengirdgent he matedsli alerenenment feedel phakem agrileapelugf abdr a

sheet %Ea ul.e ol fg;l. Brief Description of the Drawings Fig. 1: Flow

chart o ’HELszt;{?n p(?\mer production as proposed by the present invention 10

Fig. 2. An appapgidppabRE oF (Bﬂ:ld%hﬁ% nhEedl Al owReMElE T dea&ribRd apqSpdbdve, iherepr esent
i nvention Description i
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16: W\t @rief OBcridfan bi the Drawings

Fig. 1: Flow chart of metal powder production as proposed by the present invention

10 Fig. 2: An apparatus for producing metal powder as proposed by the present invention
Description of the Symbols

A: Apparatus for producing metat powder
B: Pressure-resistant container for metal 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



6 7 MAY 2005 19: Electrode 20: El ectrode 21: Mterial elenent net 11I7 ﬂﬁ] 0
Metal feeder part 5 Best Mobde for Carrying Qut the invention The follo 9205
expl ains the present invention by taking a production of titanium netal

powder as an exanple. Note, however, that the invention is not linmted to
production of titanium powder. According to the present invention,

purified water such as distilled water is filled into 10 the high-pressure
wat er tank inside the pressure-resistant container for titani umnetal

powder production, and material titaniummetal such as a titanium netal

bar is fed fromthe material elenment-netal feeder part and pressurized at

hi gh pressure. W:Mleditdde gas consi sting of hydrogen and oxygen is injected
fromthe nozzle, ignited and |let conpletely bumin the conbustion chanber.
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reduce t HEOGEHLRRd, fmatsaal fitanium metak sych asen tlanipnaimetal bahis fed tferm thesatsral
in the pl&seMiBefaPR g}éhd -0 1,5 spheresg. The supplied .
material titanium rr\::%e:ftlﬁtr hou?ﬁfg#gg%é%gl?} W%i}ggﬁeﬁ%“?ﬁ XU, ge5 pRsistipg of
puri t %/hmihydm:rérmdooasymistinjimﬂ.ﬁbhﬁﬂaé noavle]i dghietl Al Qeft BSmPeRBY B4 in the
cB&%stidn chamber. Upon achievement of a perfect combustion state leaving an ultrahigh-

A

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.




7 1 7 MAY 2005 A mxture gas of hydrogen and oxygen provides the t
efficient and stable neans of burning titaniumnetal in water, hM@M 2005
pressure is required to ensure stable conbustion. Physical or chem cal

expl anations as to why elenent titaniumnetal nelts ‘instantly and becones
super-fine grains in a conbustion gas in high-pressure water have not 5

been found yet. Material titaniumnetal nay take a shape of bar, sheet,
granule or foil, and it may be appropriate to feed titanium nmetal granules

i nstead -of bar if the capacity of the production container is nmuch snaller
than one ton. In addition to titanium the material element nmetals that can
be used in the Armitwtigas of h§dwigenahadloxpemtiovitidsiBe hitRt Qfﬁ}géﬂitahﬂ%tabée pgans

appar at us (ﬂrg osed by .the present invention include, but not Iimt
i rconi um®g Lt}ﬁ%“ ympmegyd| i wates; iwhate drigh sprieseare zimqhn-qh-tprmw &table
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achi eve thi ose. Thi etup allows for 20 productlon of "pure ta
powder free%?jg'glrrf ‘i}‘rﬁr‘eff”}g cE’Sf’rﬂmﬂrducts Hi gh pressure Is also required
Lo completely BMBMGHON KOtk e SRter Ul feAVRRILARSE ofs B DEEREIL,

i nvention is explai ned according to W ngs
i nverhOi ono¥ metpbpowidar nsitgtthe Pmdsw’emalappaa'atuﬁlpgopdseé rngwmeaprédeﬁwlrﬁ)éﬁﬁén Hclude,

nmet al \éﬂft q%éﬁt | ozn as. ro osed by the resent 25 invention,
descri bed SAT B4 AP, 2500 gl tg, gel gpﬁﬁ?‘éﬂlaﬁé BT (A) shovvn |n

Fig. 2 consisTh hi‘ r@ﬁm%ﬁﬂ-ﬁﬁﬁd o)

hi gh- pressur e wa?erghtapank (2), ﬁﬁegglﬁor ﬂg #‘%?&5}) dh%ﬂl% Sen WVSQ%)‘en
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prodiigt i erm{@Bjre gudt hizh HReBEAM Mutéred iehdnddt: s i FAEEordtholBY W 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




powder production conprises a gas injection punp (1), a high-pressuf¢ W\GQUUS

tank (2), a 8 1 7 MAY 2005 conbustion chanber (7), a pressure control

valve (8), a metal powder outlet (13), purified water (3), material

el ement netal for powder production (21), an ignition plug (12), a

materi al el ement-netal feeder part (22) and a m xture-gas injector nozzle

(5. (4) indicates produced netal powder. 5 Purified water (3) such as

distilled water is filled into the high-pressure water tank (2) of the

pressure-resi stant container for nmetal powder production (B), and materi al

titani um rretbal (21) such as a titaniumnetal bar is fed fromdie materi al

el ement - metomibustienl ehapbert (7)( 2 Presstfd ntiddi {435, . i |- Syl rize

at a hi ghﬁreszge. .Hy_dro( e)ﬁl ?rﬁ.d oxygen arvgneidgj?’e%_te ﬁfm‘{rh"e‘ﬁﬁgﬁﬁeﬂ%&d
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obtain a perfect e%%%b%%%#g%gﬂgfgﬁé (thsl?(ﬁa IRIYL828 AGHOr #egde {0)i(d) indigates
gas, and tpreduved endtallpowtdet.ani um nelts instantly in this conbustion gas and
di sperges in er. At this tinme, very fine titaniumgrains of mcron order

(4) ar@ produc g VeRtEeD sueh a3 displediwater i flledring thethigh-pressmeatataouee|(2)
does not Elihe BF ; 1 D s .bowder . 15 i short period.
The separ at ededgoevﬁngjderrgqikss&taﬁteﬁ&rﬁg#g%rsf%td’% trm%oﬁ'ﬁigr Binqustion (?P?t ad; matpraksitanium
powder (18)etelr(@1peednes attitisininumepd baeds felhRomUPR! iHatefial eI nehemIRF Oder part
hydr ogen ?%5 0 eﬂircgut?lt be precisely controlled to achieve a p
hydr ogen- b&éé&’{ t'§ coptasner ds presyppized af anhighipressure dydrbgaeand Gysms ae
adj unct t ihjidfed FogLBR ' I n and oxygen.via.el ectrolysis
of wat er wiJI_I‘3 ener at el?ozgloe;(ré) ea?e yf’%g{“’eg%g{s‘@g@ 0 f‘glc‘f’l' é‘ibg“étﬁdg’ﬁt'ﬁﬁég‘?l on
ef f i cl®nt dexiph(1y)cFhamnittureegayds complotéiy bpredantthd EorapsoR. chaf8be) fo \9?{ a
electroly &?CQC&)%S ﬁn aq%un t,.instead of supplying a mxture ggs 0

hydr ogen énae ox GO HPB E nifgyiegapn Jlualughitempersture, si¢am (gasemadethe material
conpl et el ptaplbne @RS ARstaits RS 3 t [ facilitating a
supply of 25 m xture gaﬁ n a S?%@%n%iseaﬁ?idgpgﬁepﬁnaﬁﬁ%ﬁ When adding a
wat er el ect r ol $48¥s tigie, vepydintitasnuro grairisdfiniergnsrdef (4)yg prodansd M8RF68 /S
an adj ungt,, omrfdrﬁfﬁrh%l zer (C}g s onsi dered an optional adjunct unit to
produce and Supply & moxtureryg m!)?"‘ﬁé?fr%@éﬁob’ﬁ’&toé band preciglitatss o pywidsr
of wdber ,inwhilwit perial. e RhafeMpHhdas f ses (9,
10), elect rodgea:éw, 20) ,&g_gayt Ition (Slﬂ%:n g%\?\%?%ﬁ?%&ﬁ#ﬁgr g%@ﬁ%é?ﬁer
causes 3@ 4EE{I3apdibscnesidteniust pawdert i raw water to generate oxygen -gas

‘at the anode affl i ae hidAse gas of hydrogen and oxygen must be precisely controlled to
achieve a hydro gen—to-oxygep ratio of 2 to 1. While a mixture gas of hydrogen and oxygen is

sﬁpplied 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.




at the cathode, and supplies themas a material mxture gas. 9 1 71|\;?6\\M@9%05
Production Conditions and Results Pressurized water: | ton Pressure: 1.
kg/CM2 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
metal : 25 kg Production volune of titanium powder: Approx. 25 kg

Eval uat ippgyuefonifpdtieRGndiReanisum Powder The el enent titani um powder
cont ai ned no byproducts or inpurities and exhibited 10 excellent

uni formty ofPrggsanineli amtes:phieni Ci tmesﬁjlr@drﬁs}igéeréncy of granule size. The
production cost was reduced around a half conpared wth the conventi onal

t echnol ogi es.intemaipsessirglof Fogydioptankpist AIERBRNSESThe present invention al |l ows
for production of high-purity netal, especially titanium powder, in a very
efficient narfigrre opf; Ld?eﬁdaéhoéﬂh‘??‘éﬁ)hod proposed by the present invention
15 achi eves urﬁigﬁggéj r,free frombyproducts or inpurities other than the

el enBntal conyB 'lar%lfrn t he produced powder offers excell ent

uni formty ofcgranulairiReblafb¥g and size and can be produced at
significantly T ess cost. Batch production, continuous production and nass

producti on argedlcsh wRHR g titniukbolddr: Nppfo226Rg CLAIMS 1. A net hod for
produci ng netal powder, conprising: burning a m xture gas of oxygen and

hydr ogerevialnatiung Ppkeseditenivatfewdef 1.2 to 1.5 5 atnospheres; using the

burning gas to heat netallic material; and converting the netallic q
material i nt Theowidment dianiury powHer pamtaBer for PYFTBEHAS 7 motdies 30l &<higite
desqpi begdediBntClLAtofhily ovw'tﬁélﬂjtd?l ﬂﬂfieﬂclzitylﬂndfﬂfoaéiétérﬂbyn'ﬁﬂ @fdnale biget i'l'h@.r’droﬂnc?on
zirconium. gernpni um tij 0 Lhum or .Si . An apparatus for
pr oduci @Stﬁglsé%m”ﬁ%qllj\ﬂ@r”]dl %‘F&Dr@?fﬁg Wgﬁ k)hreecggvt?rn flona Iet\é&gnto Igﬁies'cont ai ner

industrial Field of Application

The present invention allows for production of high-purity metal, especially fitanium

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



that conprising: a tank for holding highly pressurized water, 15 ﬁ
conbustion chanber for burning netallic nmaterial and converting t el MAY 2005
netallic material into netal powder, said conbustion chanber being
provided into the highly pressurized water, an injector nozzle for
supplying a m xture gas of oxygen and hydrogen into the conbustion
chanber, 20 &LifAdd8er for supplying said netallic material 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 at us for!-pr odbEFHGd fE Producing et Rwdge SEMPIEY i n Claim 3, conprising a
25, water el ectrolburdng & atixtye adsiof Bxggen aadhydraeq ashigh-pREsi@ewandi hy dr ogen.
5. The nethodyfay hf}@gduci ng nmetal powder as described in Claim3 or 4,
wherein said - netallic mterial is a shape of bar, sheet, granule or foil.

1 7 MAY 2005 Abst4eigthepiugingeasie heat metaliserateriabgadi al |y titani um powder,
of fering high puricolventing thewhéaNicmag¥ialntb powddrage. and si ze, in an economi cal
manner using an apparatus that conprises a 5 pressure-resistant container
conprising a hi gh-_rpr essure water tank, an injector nozzle for m xture gas
of oxygen and- hydrifgersthed ipatperdueing enesatensndat s (desasiberin Glaim 1. avhefeghisaid on
plug angpa &RENdMHtEHAI S BRRDAY zircRium, germanium, tin, gold, platinum or silver.
H, . \ DOCS\ TOST, OD76B. 003APC\ KOD76B. 003" C. DOC 090303 12

3. An apparatus for producing metal powder, comprising a pressure-resistant container

that comprising:

_ 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.
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