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Production of fine alloy powders of titanium and its alloy by shuttle reactions
of titanium ions

Zhu, Hongmin
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Titanium and its alloy are indispensable materials for aerospace industries.
However, the precise production of complicated geometry products is difficult due to their chemical
reactivity and low workability. Recently, the remarkably innovated additive manufacturing enables
the precise production of complicated geometry products. The raw materials, titanium-based powders
are currently produced by gas atomizing, but the production cost is high due to high chemical
reactivity and high remelting temperature over 1700 degree C. In this study, a simple production

process of titanium and its alloy powders at moderate temperatures was developed effectively using
the shuttle reactions of titanium ions in molten chloride.

3D



1670
2 10
1
Ti(IV) i) TiQn)
/
K
3Ti(l1) & 2Ti(111) + Ti 1)
K
ATi(II1) & 3Ti(IV) + Ti @)
Ky, K2
K, = x72"i(111)/ x%(n) (©)
K, = x73"i(1V)/ x;l"i(m) 4)
XTiqn  XTiqu XTi(v) Ki Kz
v @ (1)
2 (1)
) Ti(l)
3Ti() = Ti + 2Ti(l) (5)
Ti + 2Ti(l) — 3Ti(ll) ©6)
Al, V
400~800
ﬂﬂ: O oo"..co°o:°.-.':0.'
FRUBBE e Wit ee TS0
04 FHILRG
am) <Ti(lll)+ TiPowder =3 Ti(11)
@ [.
S FLRE
/
1
400 800°C

Ti-Al, Ti-Al-V
@
©)

@

3D

3D

(6)



Ti(l)

(6) Ti(l) ©)
Ti(gn  Tign)
K K
Ti(l) Ti(l1) K
) Ti(1)
(6) (5) Tigny  Tign)
Ti-Al-V
Ti-Al Ti(Hy/Ti(l)
Ti-Al
A1) @ )
Al+3Ti() - AI(I) + 3Ti(l) @)
mAI(I1) + 3(m+n) Ti(ll) - AlyTin+ (3m+ 2n) Ti(ll1) (8)
Al
Al Ti-Al
Vv
v v Ti(/Ti()
\% Vv
VCls Ti-Al  Ti-V
Ti-Al-V
Ti Al V
Ti-Al-V
Ti2*
+AICl3
Ti-Al
LiCl-KCl NaCl-KCl MgCl»-
NaCl-KCl LiCl-MgCl,
T| _V VCI 3 Stirring bar
N | Ni mesh basket
30 rpm Metallic Aluminum
400 Sponge Titanium
Stirring blade
800

XRD SEM TEM ICP-
AES



41
NaCl-KCl

TiCl2

SEM

42Ti-Al
Licl-KCl
(500 )
(B) 1:1

TiAls

4.3 Ti-Al
LiCl-KCl

44 Ti-Al
LiCI-KClI

TiAl3

K (400~800 )
TiAl,

K=0.01 1

45Ti-V

TiCl, 0.2 mol%
XRD
Ti%*
Ti%*
TEM
(C) 112
(A) TiAl3 (B)
TiAlz
Al3*
5mol% AlICl3
TiAlz
773 K (500 ) 973 K (700
973K TiAls  TiAl;

Evsvv =-1.36V vs. C|2/C|'

Etiz+/Tio+ = -1.67 V vs. Cl,/Cl-

Ti-V

Ti-V
Ti-V
VCl3
NaCl-KCl
XRD

1023K (750 )

13

13

1 100 nm

773 K
(A)1:3

Ti  TiAls ©

773K (500 )
Al3
Al3

) 773 K
673~1073

TiAlz TiAl3

Tid:  Tiz*

V VCl;
(3x+3y) TiZ* + Y3 = (2x +3y) Ti%* + TiWV,y 9
VCl3
VCl; 573K (300 )
NaCl-30 mol%
1023 K (750 )
TiogeVo.u1 TioosVoos

SEM-EDX



9 9 5 0

C. Du, J. Xiao, B. Zhang, H. Zhu 129

Facile synthesis of fine Ti-Al intermetallic compound powders via sodiothermic reduction in 2021

molten CaCl2

Intermetallics 107038
DOl

10.1016/j . intermet.2020.107038

J. Wang, J. Tu, C. Chang, H. Zhu 492

Enhanced intercalation behaviors of edge-rich flakes-stacked graphite for Al-graphite dual-ion 2021

battery

Journal of Power Sources 229674
DOl

10.1016/j - jpowsour .2021.229674

B. Zhang, J. Xiao, S. Jiao, H. Zhu a7

A novel titanium oxycarbide phase with metal-vacancy (Til-yCx01-x): Structural and 2021

thermodynamic basis

Ceramics International

16324-16332

DOl
10.1016/j -ceramint.2021.02.212

Xin Lu

69

2021

53-59

DOl




J. Tu, J. Wang, H. Zhu, S. Jiao 821

The molten chlorides for aluminum-graphite rechargeable batteries 2020

Journal of Alloys and Compounds 153285
DOI

10.1016/j -jallcom.2019.153285

J. Wang, H. Jiao, W. Song, M. Wang, J. Tu, Z. Tang, H. Zhu 12

Stable Interface between a NaCl-AICI3 Melt and a Liquid Ga Negative Electrode for a Long-Life 2020

Stationary Al-lon Energy Storage Battery

ACS Applied Materials & Interfaces

15063-15070

Dol
10.1021/acsami -9b21809

Osamu Takeda, Sakura Watanabe, Chiaki Iseki, Xin Lu, and Hongmin Zhu 169

Influence of B-containing compound on electrodeposition of Mo and W in molten fluoride-oxide 2022

electrolyte

Journal of the Electrochemical Society 122503
DOl

10.1149/1945-7111/aca562

Xin Lu, Hajme Ohno, Osamu Takeda, Takahiro Miki, Yasushi Sasaki, Hongmin Zhu, and Tetsuya 26

Nagasaka

Toward an efficient recycling system: Evaluating recyclability of end- of- life stainless 2022

steels by considering elements distribution during a remelting process

Journal of Industrial Ecology 1701-1713

DOl
10.1111/jiec.13304




71

2023
114-117
DOl
8
Shuhan Wang, Xin Lu
LiCI-KCI Ti-Al

53

2021

Terigele, Shuhan Wang Xin Lu

NaCl-KCI

Ti-Al

53

2021

Xin Lu

LiF-KF-KCI

2020 (167 )

2020




Xin Lu

LiCI-KCI C032-

2020 (167 )

2020

Shuhan Wang, Chao Du, Bao Zhang, Qi Wang, Xin Lu, Osamu Takeda, and Hongmin Zhu

Direct Synthesis of Intermetallic Compounds Through Thermo-Reduction and Electrochemical Deposition

TMS 2022 Annual Meeting

2022

TERIGELE, Xin Lu, Osamu Takeda, Hongmin Zhu

Preparation and composition control of Ti-Al fine powder using shuttle reactions of titanium ions in molten salt

TMS 2023nnual Meeting

2023

Xin Lu

LiCI-KCI Ti, Al

54

2022




Xin Lu

Ti-Al

54

2022

(Lu Xin)

(00781452)

(11301)

(Takeda Osamu)

(60447141)

(11301)




