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Production of Titanium Powders by the Calciothermic Reduction of TiO,

Katsutoshi ONO, Tohru OKABE, Masato OGAWA and Ryosuke SUZUKI

Synopsis :

According to the measurements of equilibrium oxygen concentration in Ti under Ca-CaO co-existence,
the deoxidation limit is 500 ppm at 1273 K. On the basis of these data, preparation of Ti powders have
been carried out by reduction of TiO, using saturated Ca vapors, liquid Ca and CaH, powders at 1273 K
and subsequent rinsing of CaO in the aqueous solution of HCl, CH;COOH or NH,CI.

The oxygen and calcium levels in the Ti powders reduced by the saturated Ca vapors and the liquid Ca
were not below 2000 and 1000 ppm, respectively. This was attributed to the CaO which were confined
inside the sintered Ti particles and could not be exposed to the rinsing solution.

Reduction of the TiO,-CaO mixtures has led to the residual oxygen with the range of 1000-2 000 ppm,
thus the presence of CaO in the starting oxide was effective to control the sintering between reduced Ti
powders. The particle size of the reduced Ti was 1-10 um.

Reduction of TiO, by mixing with excess amount of CaH, powders could eliminate oxygen below 700 ppm
which is close to the deoxidation limit for Ti by Ca of activity of unity.

Key words : direct reduction; powder metallurgy ; titanium deoxidation ; calciothermic reduction ; titanium
powder.
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Fig. 1. Equilibrium oxygen concentration in Ti

under Ca-CaO co-existence.
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Table 1. Deoxidation limit of Ti-O alloys by
CaH, at 1273 K for 48 h.
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Fig. 2. Equilibrium oxygen concentration in Ti

under Mg-MgO co-existence.
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Photo. 1. Scanning elec-
tron micrographs showing
particle size of the starting
TiO, powders and the Ti
powders reduced at 1273K
by saturated Ca vapors for
6 h.
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Fig. 4. Oxygen and calcium levels in Ti powders
prepared by the reduction of TiO, with saturated
Ca vapors at 1 273 K.
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Fig. 5. Change in oxygen and calcium contents of
Ti powders reduced by saturated Ca vapors for
10h at 1 273 K with acid rinsing time.
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Fig. 6. Variation of oxygen content in the Ti
powders reduced by CaH, with reduction time.
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Variation of particle size of the Ti powders reduced by CaH, at 1 273 K with reduction time.

Photo. 2.
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Table 2. Deoxidation of Ti powders by saturated Ca vapour.

Initial oxygen Initial calcium Deoxidation Deoxidation Analysis (mass ppm)
content content temperature time
(mass ppm) (mass ppm) (K) (h) [o] Ca
3950 1940 1273 5 1730 1940
3950 1940 1273 5 1510 2330
3950 1940 1273 5 1340 2910
3950 1940 1273 5 2500 4070
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a : Different phase in the EB melted Ti powders b : Extended scanning electron image of the different phase in the photo a
¢ : Ca characteristic X-ray image of the part corresponding to the photo b ’

Photo. 3. Photographs showing the CaO particles which were concentrated during the electron-beam
melting of the Ti powders obtained by the calciothermi¢ reduction-acid rinsing process.

Table 3. Oxygen levels in the Ti powders
obtained from the TiO,~-CaO mixtures by the
reduction with CaH, at 1 273 K for 24 h.

Oxygen (mass ppm)

1730 1750 1990 1120 2370 1610 920

1550 1740 1840 950 1810 2040 1680
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Table 4. Lowest oxygen and calcium levels attain-
able up to date.

Analysis (mass ppm)

690 280
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Fig. 7. Schematic representation of the diffusion
of oxygen in the Ti-O solid solution of the form of
sphere and the concentration profile of oxygen.
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