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Fig.1 Experiment process
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Fig.2 Gibbs free energy of the reactions that might occur in the reaction system: (a) Mg-TiO, system, (b) MgO-TiO, system, (c) Mg-
V,0s system, (d) MgO-V,0s system, and (e) Ca-MeO system
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Table 1 Chemical reaction that might occur in the reaction system in Fig.2

Chemical reaction

3Ti0+Mg=Ti;0s+MgO &N 1/5V,05+Mg=2/5V+MgO (17)
2TiO,+Mg=Ti,03+MgO (2) 2V0,+Mg=V,03+MgO (18)
TiO,+Mg=TiO+MgO 3) VO,+Mg=VO+MgO (19)
1/2TiO,+Mg=1/2Ti+MgO @ 1/2V0,+Mg=1/2V+MgO (20)
2Ti305+Mg=3Ti,0s+MgO (5) V203+Mg=2VO+MgO (21)
1/2Ti;0s+Mg=3/2TiO+MgO (6) 1/3V,03+Mg=2/3V+MgO (22)
1/5Ti30s+Mg=3/5Ti+MgO ©) VO+Mg=V+MgO (23)
Ti,05+Mg=2TiO+MgO (8) MgO+V,05=MgOV;0s (24)
1/3Ti,05+Mg=2/3Ti+MgO 9 2MgO+V,05=2MgOV,0s (25)
TiO+Mg=Ti+MgO (10) 1/2MgTiO3+Ca=1/2Ti+1/2MgO+CaO (26)
MgO+Ti0,=MgO TiO, (11) 1/4MgTi,0s+Ca=1/2Ti+1/4MgO+CaO (27)
1/2MgO+Ti0,=1/2 (MgO 2Ti0) (12) 1/2Mg;TiO4+Ca=1/2Ti+MgO+CaO (28)
2MgO+Ti0,=2MgO TiO, (13) 1/5MgV,06+Ca=2/5V+1/5MgO+CaO (29)
V205+Mg=2VO,+MgO (14) 1/5Mg2V,07+Ca=2/5V+2/5MgO+Ca0 (30)
1/2V,05+Mg=1/2V,03+MgO (15) 1/3MgAl,0,+Ca=2/3Al+1/3MgO+Ca0 (31)

1/3V,05+Mg=2/3V0+MgO (16) 1/5A1,TiOs+Ca=2/5A1+1/5Ti+Ca0 (32)
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Fig.3 XRD patterns of products at different stages: (a) self-propagating
products before acid leaching, (b) self-propagating products
after acid leaching, and (c) deep reduction products after acid

leaching
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Fig.4 SEM images of products at different stages: (a, b) self-propagating products before acid leaching; (c, d) self-propagating products

after acid leaching; (e, ) deep reduction products after acid leaching
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Table 2 EDS results of each reaction product position marked in Fig.4 (w/%)
Position Ti Al \Y Mg Ca (e}
1 32.26 5.79 6.24 32.04 - 23.66
2 79.35 2.63 1.44 0.14 - 16.35
3 88.57 6.22 5 0.07 0.01 -
4 90.39 6.97 2.16 0.08 0.02 -
AIRKIRK R BN — Bl 5 w2 LRI 48(5): 1461

MBS GE T J, K R IR s T 85 i s 20,
e ST RS R E . W R 3 PRSI Mg 35 &
o AR S BB TE B0 AR FH R 3ENJEOR) 1 FLER
G BRI S 0P &L Mgo, BRk)E
B2 MgO st & HBLIE 4c. 4d HIIZFLIESL. IRIZIE
JE G =P A R S KK, AT DL R A
VAR E R L A, WK de. 4F fion. H EIE“ Y
TESR e T AT IS .
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Preparation of Ti6Al4V Alloy Powder by Multistage Depth Reduction Process

Yan Jisen'?, Dou Zhihe'?, Zhang Tingan'?, Niu Liping"?
(1. School of Metallurgy, Northeastern University, Shenyang 110819, China)

(2. Key Laboratory for Ecological Metallurgy of Multimetallic Mineral, Ministry of Education,

Northeastern University, Shenyang 110819, China)

Abstract: According to the thermodynamic characteristics of step-by-step reduction of high valent metal oxides and the thermodynamic

transmutation of different equilibrium phases in the reduction process, a new idea of preparing Ti6Al4V alloy powder by multi-stage

reduction of metal oxides (TiO,, V20s) as raw materials were put forward. Firstly, the Gibbs free energy change of TiO»-V,0s-Mg-Ca

system was calculated. The results show that it is thermodynamically feasible to obtain Ti6AI4V alloy powder by magnesium ther mal self

propagating reaction and calcium thermal deep reduction reaction. Then it was verified by experiments. After acid leaching of the product

of magnesium thermal self-propagating reaction, MgO can be removed to obtain a porous Ti-Al-V-O precursor with an oxygen content of
15.92wt%. Low-oxygen Ti6Al4V alloy powder (Al: 6.2wt%, V: 3.64wt%, O: 0.24wt%, Mg: 0.01wt%, Ca:<0.01wt%) can be obtained by

adding metal Ca in the later stage for deep deoxidation.

Key words: multistage deep reduction; acid leaching; self-propagating reaction; Ti6Al4V alloy powder
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