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PONDER 5 Field of the Invention This invention relates to a
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high purity of elenental netal and conprising powder particles o .

shape and size. 10 The invention also relates to a production of (_;°°°°2*

af orementioned metal powder fromtitanium zirconium germanium tin, goI d,
pl'ati num and silver, but applies chiefly to titanium povvder
Background of the Invention El ementSpecifieatadn mat eri al s, espe a‘ m
of.fering a high purity of elenental 15 netal, are processed I'n *
shapes and sizes according to the required applications, such aé59159

powder - ol dgE TRIGDH WD . AFFISRATIRIFOR THIERPRODUETION 085 %ﬁ‘}\ﬂ Pob{]ﬂﬁﬁer lals.
In recent years, netal powder offering high purity is raW| ng t attention
as an effective nolding material for use in various nolding processes such

as powd nd thernal spraying. Powder metallurgy is an
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powder netallurgy material is also grown The traditional nethods for
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dlrectly %F"]i’ igles into powder and the nmethod to ow nol ten
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15 metal, are processed into various shapes and sizes according to the required applications,

such as powder-molded products, sheet metals, bars, thin wires and foil materials.

In recent years, metal powder offering high purity is drawing the attention as an
effective molding material for use in various molding processes such as powder metallurgy
and thermal spraying. Powder metallurgy is an important technology used in wide-ranging

20  fields including the production of mechanical parts. Accordingly, demand for metal powder
as a powder metallurgy material is also growing,.

The traditional methods for producing metal powder include the classic method of
mechanically and directly crushing metal particles into powder and the method to blow
molten metal using gas and shape the blown droplets into powder form. However, these

25  methods posed problems such as irregularities in particle shape and size, poor economy, and
SO on.

Electrolysis is one of the relatively new methods known for producing metal
powder. However, electrolysis has been reported to produce metal of a brittle spongy or
powder structure if metal deposition is implemented under a condition outside the optimal

30 range where metal of a smooth, fine and uniform crystalline structure can be deposited.

Even when deposition is achieved under an optimal condition, the metal powder obtained by



the electrolysis nethod as presently known does not satisfy the required
levels of purity or uniformty of netal particle shape and size. O her
probl ens associated with this nmethods, such as poor econony, also remain
unresol ved. Anmong other netals, titaniumis a relatively new netal conpared
W th iron or 5 copper that has been known since the ancient tinmes or
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However, this nethod has a drawback of poor solidification of nolding
material. In addition, both nethods use batch 20 processing and therefore

t he powder production costs are higher2 The atomni zati on nmethod was

- devel oped as a titani um powder production nethod aimng to resolve the

af orenenti oned problens relating to quality and production costs. Under the
atom zation nethod, netal material is dispersed in a water-cool ed copper
cruci ble using a plasma arc or other heat source and the nolten netal is
caused to drip fromone end 25 of the crucible. Then, an inactive gas such
as argon or heliumis injected to this nolten netal drips to atom ze the
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Despite the growi ng needs and denmands for netal powder-especially titanium
net al powder-as nentioned above, on the back of advancenent in new 10
"ol di ng/ processi ng net hods such as powder netallurgy, the powder production
nmet hods devel oped to date have not been able to fully address the
requirements for production of such netal powder. In particular, these
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The invention described in Japanese Patent Application Laid-open No. 5-93213

30 presents a method for producing titanium powder that offers improved sphericity and

fluidity to facilitate molding, in a manner requiring less production costs and avoiding



el emental netal particles, a discharge punp, and a filter system (4) The
‘apparatus for producing netal powder as described in (3) above, wherein
“titanium zirconium germanium tin, gold, platinumor silver is used as
the elenmental nmetal. 25 (5) The apparatus for producing netal powder as
-described in (3) or (4) above, wherein the elenental netal constituting the
el ectr odgxy@f dnbafinatdrat i SRR 1h r 0 i ng
net al povufzg? as desc?@bedﬁ?‘ﬁévgﬁfyﬂgsne of <4v§zl@3[r ]?;oﬁtélﬁﬁ?g)sﬁ% ovies, {S\Rﬁéfr?el one
el ect r odprepssdrimdeldotate pedrthgtsalidified bhr matdrial is madtedtie an ehastive gdeatiospite, of
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produci ng netal powder as described in any one of (3) through (6) above,

wher el n thkerigifhane pasticle size end theipsodustion pesttiyhretnios idsal, either. can be easily

adj usted by changing the dianeter and/or |ength of the carbon el ectrode.

The net hod and apparat us proposed by the present invention allow for

pr oduct i Disclobure of flenfepémionret al powder in a very efficient manner. In
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the present invention, fine netal powder of zirconfum gernmanitom tin,
water contamning titanium (Japanese Patent Application No. 2001-315446) relates to a

25  method for producing high-function water in which titanium metal is micro-dispersed by

means of causing plasma discharge in water between a titanium metal electrode and its
counter electrode and then causing the generated metal ion vapor to contact, and disperse in,
water. The present invention utilizes this technology to allow for production of elemental
metal powder, especially titanium metal powder, offering excellent purity and uniformity of

30  sphericity and particle size, at a significantly lower production cost.



gold, platinumor silver can be produced in addition to titanium powder, by
using a 30 desirable netal as the elenental netal material. 6  The basic
“structure of the present invention provides a nmethod for producing netal
powder of uniform particle size by causing plasm discharge in water

-bet ween an el ectrode nmade of elenental netal and its counter el ectrode nmade
of carbon, ettThe nMikb ' t t; ki tact
wat er and becorree povvd&ergﬁt?g?ﬁ]&ﬁﬂggq)&%%g?%f@b%g%&%ﬂreﬁgggra\(ggﬁglé(}ag%nﬁ% w
chart shéiffgrang i qgncept cund| strusture Hrem phe dwovéntiongl prodastionAmettodsfor mdfalg. 1,

e e A1 A B
net al bags seetletnents B Waet Wc@sfn@qﬂﬁn@diséﬂa@géeiﬂtv@dtel’lf'%fd%uﬁ::(ﬁﬁkftfhgeelﬁrﬁ‘é}ﬁal
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proposed 1pyhrbhigh I)gﬁé%medi&y&,a_tion Expl anati on of the Synmbols 25 1. Plasna
di scharge generator 2. Power supply for high-voltage/current discharge 3.
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El enent ect rode 30 7. unter electrode .8. Water inlet 7 9.
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high-voltage/current discharge, an elemental metal electrode feeder, a high-voltage

20  discharge generator equipped with an elemental metal electrode and its counter electrode, a
water tank, a water inlet to the water tank, an outlet for produced dispersion water of fine
elemental metal particles, a discharge pump, and a filter system.

(4) The apparatus for producing metal powder as described in (3) above, wherein
titanium, zirconium, germanium, tin, gold, platinum or silver is used as the elemental metal.

25 (5) The apparatus for producing metal powder as described in (3) or (4) above,
wherein the elemental metal constituting the electrode has a bar, plate or wire shape.

(6) The apparatus for producing metal powder as described in any one of (4) through
(6) above, wherein one electrode is made of elemental metal and its counter electrode is
made of carbon and a pair of the electrodes are vibrated or slid to prevent fusion between

30  the electrodes, and wherein instant plasma discharge is generated to control the amount of

dispersion.



very inmportant in achieving such efficient production of pure titanium
powder. For exanple, the anmount of current flow ng through the circuit can
"'be -adj usted by changing the dianeter 15 and | ength of the carbon counter

el ectrode as one such nmeans. According to the production apparatus proposed
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with a between the electrodes can be prevented. Furthermore, achievement of instant plasma

20  discharge makes it easy to control the amount of dispersion, and there is no need to select a
different power supply for a given purpose because the amount of current flowing through
the circuit can be easily adjusted by changing the diameter and length of the counter
electrode made of carbon. Carbon particles that disperse simultaneously with metal particles
are harmless and nearly the entire amount can be removed easily using a filter system,

25  thereby enabling a production of metal dispersion water of high purity. Through these
processes the fine particles of the elemental metal used as an electrode are obtained as
proposed by the present invention.

According to the present invention, fine metal powder of zirconium, germanium, tin,
gold, platinum or silver can be produced in addition to titanium powder, by using a

30  desirable metal as the elemental metal material.
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instant plasma discharge makes it easy to control the amount of dispersion, and there is no

need to select a different power supply for a given purpose because the amount of current

25  flowing through the circuit can be easily adjusted by changing the diameter and length of

the counter electrode made of carbon. Carbon particles that disperse simultaneously with

element metal particles are harmless and nearly the entire amount can be removed easily via
filtering, thereby enabling a production of elemental metal dispersion water of high purity.

The electrode made of titanium metal material may have a bar, plate or wire shape.

30 In the case of a small production tank with a capacity much smaller than one ton, it will be

more appropriate to introduce titanium metal as a wire, instead of a bar.
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X dEfS—@ electrodes (3), a device for feeding elemental metal electrode (4), the plasma discharge
generator (1) equipped with an elemental metal electrode (6) and its counter electrode (7), a
water inlet (8) to the water tank (14), an outlet (9) for elemental metal dispersion solution
generated by plasma discharge in water, a discharge pump (10), and the filter system (11)
for separating metal powder from the elemental metal dispersion solution. Produced metal
20  powder is denoted as (13).

Demineralized water is fed into the water tank installed in the plasma discharge
generator.

Plasma discharge is caused between the elemental metal electrode made of titanium
and its counter electrode made of carbon, which are both submerged in water inside the

25  tank. Underwater plasma discharge generates titanium ion vapor, and when this vapor
contacts water a dispersion solution of titanium metal is produced.

As for plasma discharge, fusion between the electrodes can be prevented by
vibrating or sliding the electrodes using the sliding/vibrating device (3), and achievement of
instant plasma discharge makes it easy to control the amount of dispersion. In addition, the

30 titanium metal electrode is fed continuously or intermittently using the electrode feeder (4)

so as to ensure the electrode is consumed sequentially by the necessary amount. Underwater
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(11) into filtrate (12) and titanium powder (13). When 25 kg of titanium metal bar was
consumed in the water tank filled with one ton of water, the resulting water contained a
small amount of dissolved titanium. However, the rest of the titanium electrode did settle at
10  the bottom of the container as titanium powder. The average particle size of this titanium
powder was 10 to 30 pm.
In addition, the obtained titanium powder contained no byproducts or impurities and
the titanium powder particles had very uniform sphericity and particle size.
The present method and apparatus indeed produced titanium powder of uniform

15  particle size in a very economical manner.

Industrial Field of Application

The present invention allows for production in a very efficient and stable manner of

metal powder, especially titanium powder, offering high purity. The production method

20 proposed by the present invention eliminates generation of byproducts and impurities other
than the target metal content, and the obtained powder has excellent uniformity in terms of
sphericity and particle size. Additionally, the compact, efficient apparatus achieves
significant reduction in production costs. Furthermore, the present invention can be applied

to batch production, continuous production and mass production.
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An apparatus for producmg metal powder comprising:

a power supply for high-voltage/current discharge;
a feeder for supplying an elemental metal electrode;
a high-voltage discharge generator equipped with an electrode made of the

15 clemental metal described in Claim 2 and its counter electrode;

a water tank;

a water inlet to the water tank;

an outlet for produced dispersion water of fine elemental metal particles;
a discharge pump; and

20 a filter system.

4, The apparatus for producing metal powder as described in Claim 3, wherein
titanium, zirconium, germanium, tin, gold, platinum or silver is used as one electrode.

5. The apparatus for producing metal powder as described in Claim 3 or 4,
wherein the elemental metal constituting the electrode has a bar, plate or wire shape.

25 6. The apparatus for producing metal powder as described in any one of Claims
3 through 5, wherein the counter electrode is made of carbon and both of the electrode and
the counter electrode are vibrated or slid to prevent fusion between the electrodes, and
wherein instant plasma discharge is generated to control the amount of dispersion.

7. The apparatus for producing metal powder as described in any one of Claims

30 3 through 6, wherein the amount bf current flowing through a circuit can be easily adjusted

by changing the diameter and/or length of the counter electrode made of carbon.
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