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Abstract: The formation cause of perovskite calcium titanate (CaTiOs) in calciothermic reduction process of titanium
dioxide to prepare the titanium powders was investigated by thermodynamic calculation, XRD, SEM and EDS.
Thermodynamic calculations indicate that the reactions of CaO hydrolyzed from the additive of CaCl, to form CaTiO;
and the reduction by-product of CaO reacted with TiO, to form CaTiO; at the temperature beyond 800 K, satisfy the
thermodynamic reaction conditions. The experimental results demonstrate that CaO is produced by the hydrolysis of

CaCl,, and the large amount of CaTiOs is generated in the sintering reaction of CaO with TiO,. Furthermore, with
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increasing the amount of CaCl,, CaTiOj; increases and is easily reduced to titanium. When the mass ratio of CaCl, to TiO,

is about 1:4, the reduction temperature is 1 273 K and the reduction time is 6 h, CaTiO; is completely reduced to titanium

with irregular shape and particle size of 8—15 pm, and the mass fraction of titanium powder is 99.55% by EDS analysis.

Key words: titanium; titanium dioxide; calcium chloride; perovskite calcium titanate; calciothermic reducation
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Table 1 Content of impurities in raw material TiO, (mass

fraction)
Ca Na Mg Fe
0.006 2 0.134 4 0.025 1 0.041 1
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Fig. 1 Schematic diagram of vertical vacuum furnace
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Fig. 2 Schematic illustration of experimental apparatus: 1—
Graphite crucible; 2—Ca vapor; 3—(TiO,+CaCl,) pieces; 4—
Stainless crucible A; 5—Ca vapor; 6—Stainless crucible B;
7—Ca
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Fig. 3 XRD patterns of sintered product and reduced product:

(a) Reduction product without adding CaCl,; (b) Sintered
product with adding CaCl,; (c) Reduction product with adding
CaClz
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Fig. 4 Relationship between AGy and T of reactions (1), (2)
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Fig. 5 SEM images of reduction products from raw materials
with different compositions (7=1 273 K, =6 h): (a) m(CaCl,):
m(Ti0,)=0; (b) m(CaCly):m(TiOy)=1:4
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Fig. 7 XRD patterns of sintered products with different
amounts of CaCl, (7=1 273 K, =2 h): (a) m(CaCl,):m(TiO,)=
1:4; (b) m(CaCl,):m(TiO,)=1:1.5
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Fig. 8 SEM images of sintered products with different
amounts of CaCl, (7=1 273 K, =2 h): (a) m(CaCl,):m(TiO,)=
1:4; (b) m(CaCl,):m(TiOy)=1:1.5
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Fig. 9 XRD patterns of reduction products at different 10 &JRECK ¥ XRD %
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Fig. 11 SEM image (a) and EDS analysis results ((b)—(d)) of titanium powders at points 1-3
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Table 2 Element compositions of points 1-3 in Fig. 11(a)

Mass fraction/%

Point No.
Ti Ca Si
1 100 0 0
2 98.64 0.84 0.54
3 100 0 0
Average 99.55 0.18 0.27
3 #hig
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