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Fig.2 Gibbs free energy of Ca(g)-TiO system
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Fig.3 XRD patterns of reaction products: (a) TiO, raw material;

(b) SHS product; (c) deep reduction product



* 1022

Wy @A RS TR

849 3

HE 1. B2 R E A A S Bl ik
PE TR R ER, A0 MRS RS TR <6 8 A i1k
2efe, LA TiO, k) B2 i 24 IS R
WRIFE 4 &M S A, Rk Tio,
& FLAE 200~300 nm [R]JE/NEURL . Mg-TiO, 745 5 H & 4E
(1735 AR 3R HUIR BORLE BB 48 CEL 4b) 5 =90k
R ER S AL (& 4d B ALB 1) EDS B 0 HT W& 1)
SR AT R R (1 22 30 R0 B T LI X 2 MgO il

10° 'ﬁ‘m

T AEAR A K AR A R ) 2 Rl ok v s bR R
U200 BAMRAN B AL ST AE 200~400 nm, X
J5ORE TiO, R/MHEXS N o AR 45 1 4e. 4f [f) EDS 4347
A%, Cv D AZJTUR 3 HU 0.0%~0.34%IH) Ti (% 1).
TR T 40 kg O G R UKL B e doe 45 A 20 i 11 B 4
b, BT LU HEROR P A LU B S ) OW T S
FUBRA T B, [ JBURE SR O, 0 R B i A v
RAE—Ekedh .

K4 &R SEM M
Fig.4 SEM images of reaction products: (a, b) TiO, raw material; (c, b) SHS product; (e, f) deep reduction product
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Table 1 ESD results of each reaction product in Fig.4 (/%)

Position Ti o Ca Mg
A 80.11 19.76 - 0.13
B 72.37 27.61 - 0.03
C 99.02 0.00 0.71 0.27
D 98.13 0.34 1.03 0.50
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Direct Preparation of Titanium Powder by Multistage Deep Reduction

Fan Shigang, Dou Zhihe, Zhang Ting’an, Zhang Bowen, Niu Liping
(Key Laboratory of Ecological Metallurgy of Multi-metal Intergrown Ores of Ministry of Education,
Northeastern University, Shenyang 110819, China)

Abstract: There is a technical bottleneck in the preparation of metallic titanium powder by conventional thermal reduction of TiO; with
calcium, magnesium, or other metals, such as low efficiency and incomplete deoxidation. Based on the thermodynamic equilibrium
characteristics of the step-by-step reduction of TiO,, a comparative study method was used, and the thermodynamic and kinetic differences
between magnesia and calcium heat reduction of TiO, were investigated in this paper. Considering the difference in the electronegativity
between magnesium and calcium, a new idea was put forward that the primary reduction product is prepared by a primary reduction
process of TiO; in the form of magnesiothermic self-propagation high-temperature synthesis (SHS), and then the reduced titanium powder
is obtained by the primary reduction product for a deep calcium-thermal reduction reaction. The reduction degree and mechanism of TiO,
during the primary magnesium thermal reaction and deoxidation mechanism of primary reduction products in different deep reduction
modes were also investigated. The results show that it is more conducive to undergo complete deoxygenation such that the primary
reduction product is first acid-impregnated followed by deep calciothermic reduction. High purity reduced titanium powder with a final
oxygen content of only 0.21% and purity greater than 99.0% is obtained.
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