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Features

@ Low density (6.11 g/cm?) and
high-melting point (2188 K)
@ High hydrogen storage ability at ambient

temperature and pressure
@ The 20th largest crustal abundance
among all elements

V metal
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Application

Special steels

High thermal stability
and tensile strength

1L

In the primary use, vanadium
Is consumed as an alloy
element Of Steel . (http://popup5.tok2.com/home/trees2002/tabi/awaiji2-2.htm. )

Ti-V alloys

High performance alloy Ti—V hydrogen storage alloy

V-25 mol%Ti alloy and V-50 |
mol%Ti alloy draw attention
as an anode material of
| nickel hydride battery ElR)
(Ref. Bridgestone Corp.)  (Ref. PARIS MIKI Inc.) :
(www.ikcc.jp/ ) (http://goddess.ocnk.net/) —>The use for eleCtnC Veh|C|e (Ref. Panasonic Co., Ltd.)

(http://panasonic.co.jp/corp/
news/official.data/)
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" A
Commercial production process
ﬁ Aluminothermic reduction process (ATR)

3V,0 (s) + 10 Al (s, 1) (+ Fe (s)) — 6V (in Al (1)) + 5 ALO, (s) &
(Fe—V(=Al) (7))

Alloying ﬁ

process

fffffffffffffffffff

Electron
beam melting

xxxxxxxxx

xxxxxxxxxxxx

15 ~ 25 mass% AI

High purity

5

V meta

Features © Simple and economical process
O Flexible method for alloying
x Difficult to control the purity
X Repeated removal of Al by the electron beam melting
for high purity V metal
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"
Aim of this study

High purity vanadium metal and Ti—V alloy

@ New demand for hydrogen storing alloys

@ Abundance of V feed in the earth

However conventional process is not suitable for
producing high purity vanadium metal and Ti-V alloys!!

v

Development of a simple and low-cost

production process for high purity vanadium
metal and Ti-V alloys
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Experimental

-

Preform Reduction Process (PRP) \

MO, + Flux + R — M+ RO,

Flux MO, Binder
s S T

Mixing / Casting

v

Preform fabrication

v

Reduction

!

Preform fabrication

Leaching

\_

v
Metal powder — ——
P Reduction by reductant vapor

Features © Effective control of purity and morphology

© Flexible scalability
© Suitable for uniform reduction
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The calcined preforms are reduced by Mg or Ca vapor above 1173 K.
In the preform reduction process (PRP), mechanical strength of preform

is required at elevated temperature.
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Flowchart

of this study

Flux : CaO, MgO,
CacCl,

Flux V,0O; TiO, Binder |Binder : Collodion

v v v

Mixing / casting

v

Preform fabrication

.
.®
e
o
.
.
.®
.
.
.
.
.

Feed preform

v
873 K—= 1173 K, 2h Calcination
v
Reductant (Ca or Mg) — Reduction
1273 K, 6 h 1|
50% CH,COOH aq..] Reducecl preform ...
20% HClaq., [ Leaching 1
Distilled water, : e
Isopropanol, _*L_’ Waste solution
Acetone .
) Vacuum drying
v

V powder (Ti—V alloy)
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" A
Experimental procedure [Calcination]

B V.0, (+TiO,) + CaO / MgO / CaCl, — Ca,V,0,/ Mg,V,0,
= Vanadium complex oxide has high melting point.

® T7..(V,05)=963K

€ Calcined temperature : T, =873 K— 1173 K

Calcined time: t'_,, =2 h Crucible

Stainless steel
chamber

1 Melted

@

© ®— Heating element  preforms without flux

O —— —Melted at Low temp. !
Thermocouple

(©) [ ] [0)

o) 7 Alumina crucible

@
Feed preform

6 /

(V,05 + TiO, + Flux) ;
Preforms with flux
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" A
Experimental procedure [Reduction]

B V.0 (+TiO,) + Flux + R — 2 V(-Ti) + RO,
=>Reduction of preform by Ca or Mg vapor
€ Reduction temperature : T, = 1273 K

r

&® Reductiontime : .., =6 h

red.

TIG welding

Stainless steel cover

Stainless steel reaction vessel

Calcined preform (V,0O; + TiO, +Flux)

Stainless steel crucible

Reductant (Ca, Mg)

Ti sponge getter
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Production of Vanadium Metal
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" A
Result [Calcination]
Calcined V,05 and flux | V,0, + 2 CaO — Ca,V.,0,

:cal, .: :7hs K— 1173 K V0. + 2 MgO — Mg,V,0,

' ' ' | | V,0: m.p.963 K

¥ CaO  JCPDS #77-2010 :
Exp. A — Melt at reduction temp.

1l

v & Ca,V,0, JCPDS# 72-2312

Ca,V,0;, Physically strong
Mg,V,0, || solid even at 1273 K

Intensity, / (a.u.)

Exp. B A MgO  JCPDS # 77-2364
A |® Mg,V,0, JCPDS# 70-1163
A
(@)
@
uz s o wl
20 30 40 50 0 10 w0 V205 preform mixed with flux
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" J
Result [Reduction]

exp. A(Flux CaO, Reductant Ca)

Intensity, / (a.u.)

20

exp. B(Flux MgO Reductant Mg)

(1)After calcmatlon v CaO (1)After calcmatlon A Mgo
v ¢ Ca,V,0, A © Mg,V,04
Calcined preform
-
s
(2) After Q'eductlon ¢ CaVv,0, = (2) After reduction ® V
¥ CaO *g, A A MgO
M g
\% o0 o OV y ° v Reduced preform N i A.A
iy ‘ o
' 3) After leachin
(3) After leaching s cavo. — (3) g o v
® e
® ® <
¢ : ® o
<
_ I! h ﬁ N Obtained powder | ] 0w | L
40 60 80 20 40 60 80
Angle, 26 (degree) Angle, 26 (degree)
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" A
Result [Purity]

Table Component analysis by XRF.

Composition of element i, C; (mass%)

Exp. # Reductant Flux
CV CCa CM CFe CCr

g

expbA Ca CaO 790 204 — 01 04
exp.B Mg  MgO — 02 001 0.03

€ Reduction temperature : T,.4 = 1273 K
€ Reduction time : t',; =6 h

red.

Obtained V metal powder

In the exp. B, high purity vanadium was

successfully obtained.
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Production of Ti—V Alloy
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Result [Calcination] T 873K = 1173K

Calcined V, 0, TiO,, and flux Lea = 21
Flux : MgO + CaCl,

V,0; + 2 TiO, + 3 MgO + CaCl, = Complex Oxides

: 2
Exp.C V:Ti=1:1] |2MO MgTiO;

@ MngizOS

© TiO, - Solid even at 1273 K
o
e % Tt s 9 Mg,V,0; |

Preform (Complex Oxides)

Exp.D V:Ti=3:1 v Mg,Tio, B —
e © Mg,V,0,
* MgTiO,

Intensity, / (a.u.)

v
Omov x#© %09 o
* xS L yeey k % v
20 30 40 50 60 70 80
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[ : 1 T.aq=873K—=1173 K, t,4=2h
Result [Reduction Tk e
R = Mg, Flux = MgO + CacCl,
expC V'Ti=1'1 expD V'T| 3: 1
(1) After calcmatlon A MgO (1)After calcmatlon v Mg,TiO,
® Mg,V,0, * © Mg,V,04
@ Tio,
N o R Calcined preform
E ) After reductlon A MgO E (2) After reduction |a MgO
= 5
% A Redlcmédll preform OCJ
5 | s El . a l A
3) After Ieachlng @ V-BTi (BCC) (3) After leaching @ V-BTi (BCC)
S @ aTi ey Q @ aTi
OV 5 & OV
° C§> e <o ®e Obtained powder .<>O P
oy ] 1 adl ™\ AN i, 1 1 I —mA._._Adﬁa._
20 40 60 80 20 40 60 80
Angle, 26 (degree) Angle, 26 (degree)
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" A
Result [Purity]

Table Composition analysis by XRF and LECO.

Normal V/Ti Composition of eolement I, C; V/ Ti
Exp. # Flux mass ratio (mass%) mass ratio

Cvcalc./CTicalc C a CTI CM a Ob CV/CTi
exp.C MgO+CaCl, 106 425 548 23 (0.64) 078

exp. D MgO + CacCl, 3.19 794 18.8 — 1.06 4.22

a: Analyzed by XRF
b: Analyzed by LECO

€ Reduction temperature : T4, = 1273 K

®Reduction time : ', =6 h

®Reductant: R = Mg . o
In the Exp. C, V-BTi alloy Obtained Ti-V alloy powder
with low-oxygen concentration was obtained.
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"
Conclusion

Metal powder

Additive

Production of high purity vanadium metal
and Ti—V alloy by PRP was investigated.

& Vanadium powder with 99.7 mass% purity
was obtained by magnesiothermic reduction
of feed preform.

& /- Ti alloy with low oxygen concentration
can be obtained by magnesiothermic reduction.

Oxide powder Cast preform

It was demonstrated that high purity vanadium
metal and Ti-V alloy can be produced.
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