Dream & Objective of Okabe Lab.

Innovational Technology to Transform
Rare Metals into Common Metals

Development of innovative Environmentally sound
materials processing rare metal processing
Development of a new Development of a new

rare metal production recycling process
process Involving scrap
(or waste materials)

Ti ore or UG combination

Innovative
process

Ti bulk

Valuable materials

New process for

producing highly pure Idea to transform scrap
metallic titanium into valuable materials
directly from titanium ore

Contribution to society by the development of
an innovative and environmentally sound
material processing
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New Titanium Production Process

High-speed Titanium Production Process Using Titanium Subhalides
Environmentally Sound Process Utilizing Titanium Scraps

High-speed Ti production process

Ti production process using
Ti subhalides TiCl, x =2, 3

TiCl,(I, g) + Mg(l, g) - TiCl(s, 1) + MgCl,(l)
TiCl,(l, g) + Ti(s, scrap) - TiCIIX(s, )

TiCl (s, ) + Mg(l, g) — Ti(s) + MgCL,(l, g)

Stepl: Production and enrichment of TiCl,
TiCl, Mg, Ti

Utilization of
Ti scraps

MgCl,~TiCl
- TiCl,

Step2: High-speed reduction of TiCl,
oS T 05 ngh-speed
Ov|[eee e llco reaction
O %% ® [|«@-Heating element

8;; :g:g: :g (28 Ti vessel

0)2 0000000000 TiCl +Mg (+MgCl,+Ti)

High-purity Ti can
‘ be produced.

Step3: Removal of reaction product MgCl,

Ti vessel
together with
product Ti
can be
directly melted
without crushing.

Ti product

Mg, MgCl,

Features and experimental result

Comparison of Kroll process and new process

Kroll process New process

Process Batch-type, (Semi-)Continuous,

type limited speed high-speed

Feed TiCl, I, g TiCl,, TiCl; (s, )

material

Heat of High (AH = Low (AH =-94 ~

reduction —434 kJ molTi) —191 kJ molTi)

Reactor Mild steel (Iron  Titanium (No iron

material contamination contamination)
unavoidable)

Reactor Large (Crush Small (No crush

size and melt) and direct melt)

Flux, sealant  Not used Ti, MgCl,

Common Magnesiothermic reduction of chlorides

features Removal of MgCl, and Mg from Ti

sponge by vacuum distillation
Production of high-purity Ti with low
oxygen content

Experiment for
the magnesiothermic reduction of TiCl,

Ti with 99.2% purity
was efficiently
obtained using

Ti vessel.

New technologies
for this process
are under development.

Feasibility of new Ti production process
based on the magnesiothermic reduction
of Ti subhalides using Ti vessel was
demonstrated.
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New Niobium/Tantalum Production Process

Electrochemical Pulverization of Bulk Metal for Producing
Fine and Highly Pure Ta and Nb Powders

Background & new process
Background

Tantalum (Ta) capacitors have the largest capacity per
unit volume, and they are thermally stable. The anode of a
Ta capacitor is fabricated using Ta powder, which is very
expensive primarily due to limited Ta resources.

Ta powder (anode) | | Talead (anode)

Ta,Os (dielectric) | " MnO, (cathode)

1

v

Ta capacitor

"y~
P o
g

N
x

Ta Cathode
(anode) layer

Graphite|Ag|Solder

ﬁﬂ"
2 =

Recent trend in the miniaturization of electrical appliances
has increased the demand for high performance Ta
capacitors. If the abundant and cheap Nb can substitute
Ta for capacitors, Nb capacitor has the potential to
become the next generation capacitor.

New process
Electrochemical Pulverization (EP)

Anode: Nb (bulk) -~ Nb™+ne
(Anodic dissolution of Nb rod)
Cathode: nDy3* +ne . nDy?

(Regeneration of Dy?* ion, reductant)

In molten salt:  Nb"™ + n Dy?* ., Nb (powder) + n Dy3*

(Reduction of Nb" ions)

Overall reaction: Nb (bulk) - Nb (powder)

| .External power source
I L]

e

Molten salt [
ini 2+ i 7
contaml%g Dy4*ion IMg-Ag
alloy
2
SN Dy?* | (cathode)
Nb /\Dy3* a;;;
Nb -Mild steel
powde reactor

Experimental & results
Experimental apparatus

—
“Of

D)} ' <&

O OO0 O0OO0O0O0O0O0

10 mm [Nie

Results
Nb rod (feed)

(99.7.masis%>)

Electrochemical interface
Ar gas inlet / outlet

Thermocouple

Molten salt containing Dy2* ion : NaCl—
36 mol% KCI-9 mol% MgCl,—1 mol% DyCl,

Nb rod (anode)

Glassy carbon electrode (for CV analysis)
Mg-Ag liquid alloy (cathode)

Mild steel reactor

Stainless steel supporting rod

Stainless steel powder collecting dish

Ag

Ceramics insulator

O ON\Q O\O\Q

Nb powder obtained with salt

Dissolved
Nb rod
(anode)

Dissolv
anod

powder

Frequency, F (%)

oo N £y (<] [ee]
T T T T

S,

A 1 10 100
Particle size, d/ um

' Nb(S) Nbn+ Dy2+
T e NAb(s)X Dy3+l\e—

Bulk  g&<Fine powder Molten salt

Fine and homogeneous Nb powder

is successfully obtained
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New

itanium Production Process

Iron Removal from Titanium Ore by Selective Chlorination and
Effective Utilization of Chloride Wastes and Titanium Scrap
Development of New Environmentally Sound Process

Low-grade Ti ore

New process using low-cost low-grade Ti ore
\J ' The research objective is to develop

FeCl, Ti scrap

i(FeTiOX)

|: Selective Chlorination

!

MCI, .
Jen a new environmentally sound process
using low-cost low-grade Ti ore.

g

(+ AlCI) (Ti)

II: Chlorine Recovery

/ Y

'

Upgraded Ti ore FeCl, A Fe _TiCl,
Jmon (AL | Ti feed with low Fe concentration obtained
111: Ti smelting by seleqtivg F:hlorination can be reduced
Yoo Kotprocess | to metallic '_I'| in Kr_oII process or other new
FeCl, -~ ' Ti smelting processes.
(+ AlC,...)

Thermodynamic analysis and experimental
I

Selective Chlorination Chlorine Recovery

Chlorine partial pressure, log P, (atm)
Chemical potential diagram for Fe-Cl- o (dotted line) and Ti-CI-O

Fe-CI-O T| Cl-O Systems @ 1100 K Fe-Ti-Cl System @ 1100 K

E o0 ' Potential region for Chlorine in FeCl
O 4’_;{ selective chlorination can be recovered as
S-10] /[;’ /] of Fe TiCl, (g) by using
g [CIIIIIILIY ilecO (@180 (@ eq. metallic Ti.

S o0f i <c(/co(geq

= A €

S 7 ] =

g -30] £ < H0(@ /T HCI(g) eq. <

a cA ] S

g g

8 5of ~——T—1Ca0(s/CaCl,(l)eq. 160

c ’ g ! 1

S ol i

& 40 -30 -20 -10 ©

Chemical potential diagram for Fe-Ti-Cl system @1100 K.

systems (solid line) @1100 K.

H,0 (9)

FeO, (FeTiO,, s) + HCI (g) - FeCl, (g)t + H,0 (9)
Vacuum pump

Chloride
condenser

Chlorination
reactor

[50000l

N, + H,0O

Fe was selectively removed from Ti ore.

FeCl, (I,9) + Ti (s) - Fe (s) + TiCl, (9)t

Deposits obtained after Exp Quartz tube Graphite crucible

+ CaCl, (s,1) - HCI (g) + CaO(s)

Fe was
removed
from Ti
ore.

Deposits
obtained
after Exp.

Stainless
steel susceptor

Graphite
crucible

Argas 5

Effective

P utilization of
chloride wastes
=and Ti scrap is
possible.

of low-
grade Ti
ore

RF coiI
Quartz tube
Ceramic tube

Decrease in
production
cost of Ti

Environmental
burden is
decreased.

Ti feed material was produced, at the same
time, chlorine in FeCl, was recovered.
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Efficient Recovery Process of Precious Metals

New Environmentally Sound Recovery Process of Precious Metals
Using Reactive Metal and Chloride Vapor Treatment

New hydrometallurgical recovery
process of precious metals
Comparison between conventional

process and new process

(a) Conventional leaching process
Chemical potential of chlorine or oxygen

Pci, Po,
Oxidation dissolution _
4 pici g
Processing
Pt “ j tlme’ tprocess

~—
Long processing time and considerable amount
of acids with strong oxidants are required.

(b) Reactive metal treatment followed by
chlorination or oxidation

Pei,» Po, Chlorination or oxidation prior to dissolution
A Lower amount of acids used for dissolution
Higher dissolution efficiency
RPt,Cl,, RPtO,

»

Oxidation dissolution
I PtClg>
I
Pt IH_I
||High efficient dissolution

» t
»" ‘process

\
R-Pt
Compound formation under reduced atmosphere
Pretreatment for selective and efficient dissolution
New recovery process for
precious metals using reactive metal
and chloride vapor treatment

Scrap containing precious metal (M)
1+ (M: Pt, Rh, etc))

Alloy formation

Reactive
metal (R)

(R: Mg, Ca, etc.) R-M compounds

FeCl,, etc. —>| Chlorination (or oxidation) |
(or O,)

RM,CI, (or RM,0,) compounds

|—> Residue

Precious metal in the solution

HClI aq. —>| Dissolution

| Precious metal recovery |—> Waste solution

Pure precious metal

Experimental procedure
and results

) Selective and
Synthesis of R-M compounds high-speed

«— TIG welding dissolution

<+— Stainless steel reaction vessel
Stainless steel cover
Reactive metal (Mg)

I Precious metal (Pt, Rh)

Ta crucible

Stainless steel plate

Sponge Ti

Chlorination of R-M compounds

Minimizing amount of toxic waste solution
Utilizing chloride wastes

Stainless steel reaction vessel
Quartz crucible

/ \ Stainless steel crucible
—

v
Ar/ “—> H
vacuum ’ ‘\“ﬁm_

FeCl,
Precious metal (M) powder
Powder of Mg-M compound

Quartz tube

Stainless steel sample holder

(M = Pt, Rh)
[CIDissolved in aqueous HCI solution
Results IDissolved in aqua regia (HCI+HNO,)
Not dissolved after leaching
_ 100
“— 0
5] Pt
g T=RT
22 50r-t=1h
T 0
=2
° 0 = : :
Pt Mg-Pt Chlorinated Chlorinated
Mg-Pt Pt
< 1oo
s Rh
2 5o | T =323-333K
05 t’=1h
=7,
Rh Mg-Rh  Chlorinated Chlorinated
Mg-Rh Rh
H—/

Dissolution efficiencies in aqua regia
after alloy formation and chlorination
were significantly enhanced.
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New Ti Production Process Directly from Ti Ore

Development of New Ti Production Process Using Low-grade Ti Ore
Selective Chlorination and Fe Removal by Electrochemical Method

New Ti smelting process

Fe in Ti ore is selectively chlorinated
and removed by a new smelting
process in which CI potential

in molten salt is controlled

by electrochemical method.

1. Selective chlorination, Fe removal

Cathode: | Fe + ne- - Fe
Cazt + 2e - Ca

Anode: 2ClF - + 2e€
FeO FeTiO +@ . FeCl(l,g)+ O

o
@W

FeinTioreis
selectively chlorinated
and removed.

Reference electrode
(Ni wire)

Mild steel crucible
(Cathode)

Molten CaCl,

CaCl,
A\

\
Ti ore Carbon crucible
(TiO, + FeO ) (Anode)

2. TiO, reduction process

(Metallic Ti is produced by new reduction process,
e.g. EMR/MSE process)

L_ [T

Ti is not
chlorinated.

Cathode: TiO, + 4e ﬁgﬁ} oz
Anode CaorCa-X - Ca* + 2e
o
Metallic Ti is
- produced.

|’\02- § Carbon electrode

4 Ti crucible (Cathode)
! ~JT— Molten CaCl,-CaO
Ca-X alloy

N

%(_/;Y_J

Ti reduction Production of reductant
New smelting process for producing
metallic Ti directly from Ti ore is under
investigation.

Experimental apparatus and result
Experimental apparatus for Fe removal

WY 1v,
A,
A 2 Potential lead (Niwire) | Advantage of
Stainless steel tube carbon crucible
Arinlet
U Rubber plug .
Wheel flange © Iner(tj_at hlgh =
<— Reaction chamber SHICGIC pOtentla
o Thermocouple o CI potential can
o N gKHeating element be increased.
O FO— Mild steel crucible (Cathode)
O .
O Ni electrode
8 \ O Carbon crucible (Anode) F€ removal by
0 J“‘OLTi ore (TiO, + FeO,) selec_tlve_ _
O/@‘O\Molten salt (CaCl,) chlor_lnatlon IS
o possible.
@]

Carbon can not be
used for Ti reduction
electrode (cathode).

\
w |0 Ceramic insulator
@)

Experimental result

Table Analytical results of Ti ore and
residue after selective chlorination.
Concentration of element i,

C, (mass %) Fe / Ti (%)
Ti Fe Ca Mass ratio
Before exp.? 42¢.62 48i72 0i33 11i1.8
After exp. 47.22 3.40 47.92 7.2

a: Determined by XRF analysis.

b: llmenite (FeTiO,) from China. Fein Ti ore was

successfully

Technique for removing Fe ' emoved.

down to ppm level is Fe removal ratio

currently under should be
improved.

investigation.

Selective chlorination and Fe removal in
Ti ore by electrochemical method
was demonstrated.

Future work

Development of new smelting process
for producing metallic Ti directly from
Ti ore after Fe removal.
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New Scandium Production Process

New Production Process of Very Scarce Scandium
Production of Al-Sc Alloy by Alloying with Al after Reduction of Sc,0,

What is Scandium?

Scandium (Sc) is classified as a rare earth
metal (RE) as well as yttrium (Y) and lanthanid.

Atomic number 21 ~light metal

Atomic weight 44.96 Price of Sc
Density (g/cm?®) 2.99 is higher
Melting point () 1541 than those of
Clarke number ppm 55 (50th) Pt and Au.
Price (¥/g) 4,000 30,000

There is no commercial Sc ore deposits
specialized in Sc production, because of
scarcity of Sc in the earth’s crust.

Sc is currently recovered
from the by-product of U
or W smelting process.

!

Recently Sc is focused
as a by-product of new
Ni production process.

Sc metal

-

T b

- o j!,

Main application of Sc

Al-Sc alloy
is used as
structural

material.

al halide lamp

Sc is expected as future material
supporting high-tech industry.

£

Demand for Sc is expected to increase.

Experimental procedure
Conventional production process

2ScF;+3Ca - 2Sc 3CaF,

Because metallic Sc is chemically reactive,
recovery of Sc by leaching process is difficult.

!

Sc can be extracted and separated
by alloying with collector metal such as Al.

Research Plan (1) Calciothermic reduction

2ScF;+6 Al+3Ca
- 2 Al;Sc (or Al-Sc(l) alloy) + 3 CaF,

<& Stainless steel
reaction vessel

— ScF; + Al powder
Ta crucible

Ca vapor
Reductant Ca
Sponge Ti
Research Plan (I1) Molten Salt Electrolysis

Cathode Sc,0;+ Al+6e€
- Al-Sc(l) alloy + 3 O*
Anode C +x0% - CO +2xe

Carbon electrode
anode

molten salt
Al-Sc alloy cathode

Study goal
Development of new process
for producing Sc or Al-Sc alloy
directly from Sc,0,

Resource Recovery and Materials Process Engineering Laboratory

Okabe Lab.

Institute of Industrial Science, The University of Tokyo



New Production Process of Nb and Ta for Capacitors

Production of Nb for Capacitors by Preform Reduction Process

Production process of
powder for capacitors

Comparison between Nb and Ta

Niobium Tantalum
Symbol of element Nb Ta
Atomic number 41 73
Atomic weight 92.9 180.9
Density 8.56 g/cm?3 16.65 g/cm?
Melting point 2468 2980
Boiling point 4758 5534
Resistivity (20 ) 125 pQ cm 12.4 pQ cm
Clarke number 2x 1073 (34 ™M) 1x 103 (40™)
World production (23000>ton 2300 >ton
Demand in Japan 3900 ton 550 ton
Price(in round numbers)®$/kg 700 >$/kg

Production volume of Nb is 10 times that of

Ta, price of Nb is less than one-tenth that

of Ta.

C» Nb powder is emerging as a substitute
material of Ta for use in capacitor.

A

Uniform Nb powder with purity higher than
99.9% and particle size of 0.2 1.0 um s
required for capacitor application.

Preform Reduction Process (PRP)
Nb,O; Flux Binder - Preform

»

Casting Forming Reduction by

=

. . Mg vapor
Chemical reaction

Nb,Og +5 Mg — 2 Nb + 5 MgO

Features
No emission of waste solution containing fluorine

Flexible scalability, and homogeneous powder
available

Small amount of molten salts required
(Semi-)Continuous and high-speed process

Experimental procedure
and results
Reactor and supply method of reductant
TIG welding
Stainless steel cover

<+— Stainless steel
reaction vessel

Feed preform
(Nb,Og + Flux)

Stainless steel plate
Reductant (Mg)
Ti sponge getter

v
(a) Exp. A (b) Exp B (c) Exp. C
Pure Mg only Pure Mg and Ag Mg-Ag alloy
|
Mg Mg-Ag alloy
(pre-alloyed)

Particle size distribution and SEM image
Treq. = 1273 K, t' oy = 24 h, Flux = CaCl,, X g np = 0.2
(a) Pure Mg only: Exp. A

14
12
10

Frequency, F (%)

oN MO ®
e

1

|

[

o

g
bl e o el Em i

o

1 1 10 100
Particle size, d / um

Mg under Ag co-existence: Exp. B
T =y

—~
o

-
o
=
=
o

P B P e

Frequency, F (%)

0.1 1 . 10 100
Particle size, d / um

Mg-50mol  Ag alloy: Exp. C
! 2

—~
O
-

PR p e
e e i el |

Frequency, F (%)

oN A~ ©

=
o
o

0.1 1 10
Particle size, d / um

Highly pure and fine Nb powder was produced by
controlling Mg vapor pressure using Mg-Ag alloy.
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New Titanium Production Process (PRP)

Conversion of Ti into Common Metal by Process Innovation

New process for producing Ti
powder directly from Ti ore

Experimental apparatus
for preform reduction process (PRP)

MO, +R - M+ RO, M=TiNb,Ta
R = Ca, Mg...
TIG Welding

Stainless steel reactor

Feed preform
(MO + flux)

Reductant (R)

Getter (Ti)

Experimental procedure of PRP

Ti ore Flux Binder
Mixing
v Impurities such as Fe

Slurry were removed by
| Preform fabrication |

Flux: CaCl
Binder: Coflodion

Feed preform sssssssaaa:

Feed preform.

Calcination/Fe removal —> FeCl,
lT: 1273K
t’:1h

Sintered feed preform

Ca—> Reduction
¢T: 1273 K
t’:6h
Reduced preform
Acid—> Leaching

CH,COOH: 6 h
HCT 0.5 h

Vacuum drying |

Ti powder ==sssaaaaaass

Features and experimental results

Comparison of Kroll process and this process

Kroll process  This process

Process type  Batch-type, (Semi-)Continuous,
limited speed high-speed
(Complex) (Simple)

Feed material ~ TiCl, (1,9) TiO,(9)

Reductant Mg Ca

Reactor size Large Small
(Crush) (No crush, flexible

scalability)
Flux, sealant ~ Not used CacCl,

selective chlorination.

Experimental results

Metallic Ti powder
with purity of

99 mass% was
obtained.

Fe removal by selective chlorination and
direct reduction of preform

New process for
producing

Arc melting highly pure Ti
powder directly
from low-grade Ti
oreis under
development.

New process for producing highly
pure metallic Ti powder directly
from feed oxides was developed.
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New Titanium Production Process (EMR)

Research on Innovative Technology and New Production Process of Titanium
Conversion of Resource Abundant Rare Metal into Common Metal

New Ti reduction process Demonstration experiment
EMR / MSE process Utilization ~ for EMR process
Current monit £ off-peak Experimental apparatus
urrent monitor —I or ofi-pea Current monitor Carbon anode
/ controller 1 1 power e™muEEEN
€ e C;a/rbon anode :
_ R — :
\ =
g g ]
Y -
]
|
- u
AENINALS o — ~ -
TiO fged EI\Y/IR Ca:/CI MgE Ca-X allo mEAREERS
2 2 i Y TiO, preform
molten salt (EMR1_a, EMR1_b) (EMR2) Ca-Cu alloy
EMR: Electronically Mediated Reaction Experimental result
Cathode: TiO, + 4 & - Ti+2 0%

Anode: L Caz*+2e

IIIIIIIIIIIIIIII‘IIIIIIIIIIIIIIIIIIIII
MSE: Molten Salt Electrolysis

Cathode: Caz*+2e - @

Anode: C+x0% - CO,+2xe

Overall reaction
TiO,+C - Ti+CO,

Comparison of the Kroll process and this process

Table Analytical results of obtained Ti powder
Concentration of element i, C, (mass%)

Kroll process EMR / MSE process ;
Tia Ca? Cla O
High-purity Ti obtainable Direct reduction from oxide
o Established chlorine and Resistant to iron and carbon EMR1_a |99.7 0.19 (0.09) 0.25
Mg circulation contamination L
o Utilization of efficient Mg (Semi-)continuous process EMR1_b 99.6 0.18 (0.15) 0.37
electrolysis o Reduction and electrolysis
o Reduction and electrolysis ~ operations can be carried EMR2 99.7 0.21 (0.08) -
operations can be carried out independently Se—
out independently a: Determined by XRF (Detection limit: 300 ppm)
x Batch type process x Utilization of Ca reductant " Determl-ned by nert gas fusion-infrared
x Complicated process x Difficult meal / salt separation absorptlon spectrgscopy (LECO) 2500 mO
x Slow production speed when oxide system is used Homogeneous Ti powder free of Cu
x Huge exothermmic reaction x Complicated cell structure was obtained even thou g h

Complicated process

Ca-20 mol%Cu alloy reductant was used.
Resource Recovery and Materials Process Engineering Laboratory

Okabe Lab.
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Recycling Process for

antalum

New Environmentally Sound Process for Recovery of
Tantalum from High Performance Capacitor

Features of Ta capacitor
Structure of Ta capacitor
Fireproof epoxy resin
Polymer containing SiO,

Sintered Ta electrode
(40 mass%)

Terminal
Ni, Fe, or Cu

Schematic illustration of its interior

Ta,O; (dielectric)  Anode
lead

Ta (anode)

Minus layer

= i
= BE

MnO, (cathode) Ag Ag (solder)
Graphite

Cross section of Ta electrode

Ta powder (anode) |

Ta lead (anode)

Ta,Oq (dielectric) MnO, (cathode)

& 4 b
r]
C it
apaci of‘ Crogs' sectlonb :

Sintered Ta powder works as eIectrode.

Capacitance per unit volume higher than
those of other capacitors

. )2 g
High thermal stability Igh performance

capacitor

Tais scarce and expensive rare metal.
Development of recovery process
of Ta from capacitor is important.

Recycling of Tantalum

| Ta capacitor was oxidized at
elevated temperature.

After oxidation, Ta electrode
maintained its original shape,
while fireproof epoxy resin was
converted into powder
consisting SiO,,.

Fe and Ni terminals were
separated by magnetic
separation.

After magnetic
separation -

Powder containing SiO,
was mechanically separated.

After crushing, Cu terminal
was separated by sieving.

Impurities were removed
by leaching with acid, and
Ta was recovered as Ta,Og.

Ta with purity
p» of 99% was
obtained.

Recovery process of Ta from
capacitor was established.
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New Production Process of Rare Metal

Development of New Production Process
for Conversion of “Rare Metal” into “Common Metal”

New Ti production process

Reduction cell Electrolysis cell
(Reduction by EMR) (Reductant production)

\ Utilization

'e
Current monitor / controller of electricity

DC power

at night
Feed electrode — :
I Lid
. L . - L l.l.n-l.l. Gas
Cooling e- e H-recover
chamber l f il chambe):

_ : Carbon

Ti feed T O | anode

(TiOy) R b {—Electrolysis
| /E reactor

Reduction “% i, ‘ ™ Molten

reactor | salt

Diaphragm Alloy reductant (cathode)

Schematic illustration of EMR/MSE process

Reduction (EMR)
Cathode:TiO, +4e — Ti+20> (1)

Anode: Ca . Ca?* +2e (2)

Production of reductan} (MSE)
Cathode:Ca?* + 2 e . Ca 3)

Anode: C+x02 - CO +2xe (4)
Overall TiO,+C - Ti+CO, 5)
SEM image of _
obtained Ti powder J Uk
of this process
is under

investigation.

Next-generation low-cost production process
of Ti is under development.

New industrial process
for producing
highly pure rare metal powder
by Preform Reduction Process

MO, +XR - M+ X RO (M:Nb, Ta, Ti, ...
R: Ca, Mg, ...)

TIG welding

<« Stainless steel reactor

Feed preform
(MO, + flux)

Reductant (R)
Getter

Preform fabrication

Flux: CaO, CaCl,

Binder: Collodion Suitable

for
homogeneous
reduction

After calcination

Temp.: 800~1000 °C
Holding time: 1 h

After reduction
Temp.: 800~1000 °C
Holding time: 6 h

Simple

Ti powder obtained method

after leaching
Acetic acid: 6 h
Hydrochloric acid: 0.5 h AL g g

Ti

New industrial process for producing
rare metal powder with high purity and
controlled morphology was developed.
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