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as netallic particles produced by the nethod and appar atissse- The |nvent|on
also relates to a production of fine titanium powder, anong others, as the
af orenenti oned fine metal powder. Background of the | on Raw el enent
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range of hese condltlons produces brittle nmetal of sponge or powder form
Still, tHEACESROENE PSHYEAIOBN net hods did not produce netal particles of
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Production of metal powder traditionally used the classic method of mechanically and

directly crushing metal granules into powder form or the method to blow molten metal with
gas pressure to form powder. However, all these and other methods had difficulty achieving
20 uniform granular shape and size, economy, and so on.

Electrolysis is one of relatively new methods for metal powder production. It has
been reported that smooth, minute and uniform crystalline structures can be deposited under
appropriate conditions, and that performing electrolysis outside the range of these conditions
produces brittle metal of sponge or powder form.

25 Still, these newer production methods did not produce metal particles of satisfactory
shape and size uniformity nor did they resolve other problems such as economy.

Among other metals, titanium is a relatively new metal compared with iron, copper
and aluminum that have been in use since ancient times. Titanium is light and offers
excellent strength at high temperature as well as corrosive resistance, and is therefore used

30 widely in industrial applications.



5 and nedi cal /dental material. The applications of titaniumare expected to
grow further. Titaniurn, which is already conpeting with stainless steel,
dural um n and ot her highperformance netals in terns of applications, is
likely to surpass its rivals in the future. Since titanium netal has poor
processability and machinability, producing a mechanical part having
conpl ex shape fromnolten titaniumw ||l add to manufacturing nanlO hours
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titaniumto atom ze it and obtain powder. However, this inproved nethod did
not &0fer goodhsupattiglenpf titanium powgenebtgingd by the bidiogenatiye slewateging method
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metal powder, 25 especially titaniumnetal powder, with the progress of
powder netallurgy and other new nol di ng net hods. However, powder production
met hods that sufficiently answer such dgnand were not avail able and the

exi sting methods had problens, particulaly in regard to the purity of

el ement netal, uniformty of granular sphericity and size of powder, and
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10 The, aforenentioned invention relating to a production of high-fiuiction
wat er containing titanium (Japanese Patent Application No. 2000-136932),
proposed earlier by the inventors, provides a nmethod for producing

hi gh-function water in which nolten titaniumis dissolved, wherein the

met hod i s characterized by the burning of a m xture gas of oxygen and

hydr ogen in high-pressure water and the nelting of titaniumnetal using the
conbustion gas. 15 It was expected that by utilizing this technol ogy,

powder offering high purity and uniform granular sphericity and size would
be obtai ned and the production cost would al so be reduced significantly.

However, the aforenentione recedi ng.invention, had_ the probl em of )
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To sumup, the basic structure of the present invention is to burn a

m xture gas of . oxygen and hydrogen in the upper space of a high-pressure
wat er tank and use the conbustion gas to nelt (vaporize) material el enment
nmetal and let it disperse/precipitate in water, thereby producing netal
powder. A schematic drawi ng of the production process is 5 shown in the
production flow chart given in Fig 1. , The present invention conprises
conponents ( 1 ) through (5) bel ow, which basically serve to burn a m xture
gas of oxygen and hydrogen in the upper space of a high-pressure water tank
and use the conbustion gas to nelt (vaporize) material netal and let it

di / | pi.t at [ t th ' t al . 10.(. 1 A
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by the material neta C 1en causi ng the produced nolten net al
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10 Fig. 1: Flow chart of netal powder production as proposed by the present
i nventi on Fi g. After examiniagvarignsawpyy thst inyentagsfanad that rprgblsmmfi the praseding
powder as; S Vi 1 pventy SCH LAt f W2 1:
powder aSinBERRASEHuRYbd BRI B5 YR SCRILAR BOGF LRigoh ok e 0P bt
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 of 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



15 2: Pressure-resistant container for metal powder production 3:

El ectrolyzer 4. M xture-gas injection punp 5. Hi gh-pressure water tank 6:
Conmbusti on chanber 20 7: Pressure control valve 8: Metal powder outlet 9:
Purified water 10: Material element metal 11: Ignition plug 25 12: Metallic
particles 13: Metal feeder part 14: M xture-gas injector nozzle 15:

Hydr ogen-gas feed pipe 16: Oxygen-gas feed pipe 30 17: El ectrode 18:

El ectrode 7 19: Partition 20: Water 21: Atnosphere-gas suction punp 22:
Dryer 5 23: Atnosphere-gas exhaust/circul ati on punp Best Mde for Carrying
Qut the Invention The follow ng explains the present invention by taking a
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reaction gsees/be rddbkellefphifivdly0TheBhethba!laldd hRéws TormBdrinuodd piddubtidr én
production apparatus proposed by the present invention, an ideal injection

amount of additenute batshprodnctipmwhich gpeng aglopr toanassispduction ef metad powder.
it s . .
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t he gas thurfiedoivy theuppet space of thechiplopressure ovates itarck tbhachibead high-temptmaturerstate. | i C

particles to_be encapsulated in air bubhles and diffysed fromthe water
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The wat eryeRbeaHE $s bdal 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 turn 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 argen 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, and will quickly precipitate

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

will be obtained.



5 the pressure tank should be 5 to 10 atnospheres. An appropriate feed rate

of material titaniumnetal into the conmbustion chanber is 0.3 to 0.5

kg/ min. The supplied material titaniumnmetal should preferably have the

hi ghest possible purity, in order to prevent inpurities frommxing into

t he produced titanium powder. A m xture gas of hydrogen and oxygen provi des

the nost efficient and stable nmeans 10 of nelting titaniumnetal (nelting

poi nt: 1660C, boiling point: 3300C), where high pressure is required to

ensure stabl e conbustion. Physical or chem cal explanations as to why

nmolten titaniumnetal nelts instantly and becones fine particles in

hi gh- pressure water have Eot been foynd yet; however, it is considered ghat
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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 forms a combustion chamber
comprising an injection nozzle for mixture gas of oxygen and hydrogen, an ignition device

30 and a material metal feeder, in the upper space of a high-pressure water tank filled with inert

gas, and consists of a pressure-resistant container comprising a pump that feeds the gas in the



10 circulates into the upper space the inert gas collected fromwater and
dehum dified through a dryer (22), are installed. The apparatus for

produci ng nmetal powder ( 1 ) consists of a pressure-resistant container for
nmet al powder production (2), and the pressure-resistant container for netal
powder production conprises a gas injection punp (4), a high-pressure water
tank (5), a 15 conbustion chanber (b), a pressure control valve (7), a
nmetal powder outlet (8), purified water (9}, material elenent netal for
powder production ( 10), an ignition plug ( 11 ), a material el enent-netal
feeder part (13) and a m xture-gas injector nozzle (14). (12) indicates
produced netal powder. .Purified water ( such as distilled water is tilled
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production of ipiedtiddyZdns of oxygen and hydrogen as an adjunct, the
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mat eraébal m xt u?égrﬁsig‘fquﬁgﬂh Y%n Conditions and Results Pressurized water:
1 ton Pressur eg: MethBpdWder outlet

9: Purified water

10: Material element metal

RO 1D OO

11: Ignition plug
25 12: Metallic particles
13: Metal feeder part
14: Mixture-gas injector nozzle
15: Hydrogen-gas feed pipe
16: Oxygen-gas feed pipe
30 17: Electrode
18: Electrode



I nternal pressure of production tank: 2 atnospheres M xture gas: 5 Lsec
(3.5 atnospheres) 20 Injection period: 1 hour Feed rate of titaniumnetal:
30 kg Production volune of titanium powder: Approx. 30 kg Eval uati on of
Produced Titani um Powder The el enment titani um powder contained no
byproducts or inmpurities and exhibited 25 excellent uniformty of granul ar
sphericity and consistency 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 titaniumpowder, in a very efficient manner. The
producti on nEtE@ﬁ?&ég osed by the present invention 30 achi eves pure powder
free from bypr impurities other than the el enental conponent,
wherei n the progugggypowder offers excellent uniformty of granular
sphericity 11 and size and can be produced at significantly | ess cost.
Bat ch productiBh”Aummmhmﬁqasmpﬁodpumpon and nmass production are al so
possi ble. 12 xﬁiw is clained is: 1. A nethod for producing netallic
particles, nﬁ ffy filling the upper space of a high-pressure water tank
wth igiert ga523fAMﬁaﬁﬂkﬂig&@&ﬁﬁﬁﬁﬂdﬁ&ﬂ@ﬂagpﬁﬁpin said space 5 conprising an
I nj ector nozzle for nlxture gas of oxygen and hydrogen, an ignition device
estNfode 5] Vel pu |n5|de sai d combusti on chamber via
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material nmetal is titanium zirconium gernmanium tin,
silver. element-metal feeder part, hydrogen and oxygen are injected from the nozzle as a mixture

15 gas, and this mixture gas is ignited and completely burned 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 titanium 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 burns 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
burned, 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



4. The nmethod for producing netallic particles as described in daim1l, 2
or 3, wherein the shape of said material netal is bar, sheet, wre, foil or
granul e, or any 20 conbination thereof. 5. An apparatus for producing
metallic particles, which conprises a conbustion chanber conprising an

i njection nozzle for mxture gas of oxygen and hydrogen, an ignition device
and a material netal feeder, in the upper space of a high-pressure water
tank filled with inert gas, and conprises a pressure-resistant container
conprising a punp that feeds the 25 gas in the upper space into

hi gh- pressure water and a dryer that dries said gas traveling upward in
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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 purpose. 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.
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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
invention, as described earlier. An apparatus for producing metal powder (1) shown in Fig. 2

5 consists of a pressure-resistant container (2) that comprises a high-pressure water tank (5), an
injector nozzle for mixture gas of oxygen and hydrogen (14), a material element-metal feeder
part (13), an ignition plug (11) and a combustion chamber (6).

The upper space of the container is filled with inert gas, and a pump (21) to deliver

this atmosphere gas into high-pressure water, as well as another pump (23) that exhausts and
10 circulates into the upper space the inert gas collected from water and dehumidified through a
dryer (22), are installed.

The apparatus for producing metal powder (1) consists of a pressure-resistant
container for metal powder production (2), and the pressure-resistant container for metal
powder production comprises a gas injection pump (4), a high-pressure water tank (5), a

15 combustion chamber (6), a pressure control valve (7), a metal powder outlet (8), purified
water (9), material element metal for powder production (10), an ignition plug (11), a
material element-metal feeder part (13) and a 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
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In the present invention, adding a water electrolyzer (3) 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
mixture gas in a simple and efficient manner. When adding a water electrolyzer for
10 production of mixture gas of oxygen and hydrogen as an adjunct, the electrolyzer (3) 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
(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 them as a material mixture gas.

Production Conditions and Results

Pressurized water: 1 ton Pressure: 2 kg/m2
Internal pressure of production tank: 2 atmospheres
Mixture gas: 5 L/sec (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
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precipitate in water for recovery.

2. The method for producing metallic particles as described in Claim 1, wherein
the gas in the upper space of the high-pressure water tank is fed into high-pressure water via
a pump and said gas is collected as it travels upward in high-pressure water, dried, and then

15 released into the upper space.

3. The method for producing metallic particles as described in Claim 1 or 2,
wherein said material metal is titanium, zirconium, germanium, tin, gold, platinum or silver.

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

20 combination thereof.

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

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

6. The apparatus for producing metallic particles as described in Claim 4,
comprising a water electrolyzer for producing a mixture gas of oxygen and hydrogen.

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