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A Fundamental Study of Titanium Deoxidation of Steel

Synopsis:

Ken-ichiro SUZUKI and Koji SANBONGI

Liquid iron—titanjum—oxygen equilibria has been established by equilibrium measurements between
liquid iron-titanium alloys and synthesized titanium oxide crucibles and by the thermodynamic data reported

previously by the authors.
The results obtained are summerized as follows:

1) It has been shown to be necessary to consider solid solubility of iron into, and nonstoichiometric be-
haviour of deoxidation products for the estimation of titanium deoxidation equilibria and activity coefficient
of titanium and interaction parameter between titanium and oxygen in liquid iron.

2) Relation between titanium content and deoxidation products has been found to be as follows;

[%Ti] <0-01; titanium oxides(0/Ti=1-7~1-87, [%Fe]<13)

[% Ti] =0-013~0+25; Ti,O;([%Fe] <1-2)
[%Ti] =025 ~4-8; Ti,O,
[Ti]>48; TiO

Besides, deoxidation products have been found to change its composition in its existing range in O/Ti ratio

and/or iron content corresponding titanium content in liquid iron.
3) Interaction parameters and activity coefficient have been deduced;

eyt 17=0"31, @, =—-093, 7% ,;=0'016, &FP
4) A simplified equation for oxygen solubility is;

=0-042

log[%O]=—0-60 log[Ti%]—322, at 1 600°C, and 0-013~0-25[%,Ti].
(Received Nov. 30, 1971)
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Fig. 1. Titanium deoxidation products reported
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Fig. 2. Equilibrium relations between titanium

and oxygen in liquid iron.
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Table 1. 4G° for the reaction : Ti+xO=TiO,(s)

Researchers TiO. assumed [2% Ti] 4G° cal/ mol K!, 1600°C
Liaubss, et al?® TiO, 0-04~0-5 " 140 500—47-3T 8:83>10-7
Suzuki, et alb TiO, 0°04~0'5 140 000—45-8T 3:63x10-7
CHINO, et al® TiO; . . <02 189 700—15'5T 1-95x 10-1®
Kojmma, et al® Ti,04 <03 3-71x10-18
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Table 2. Activity coefficient, 79, reported.

Researchers % (1600°C) Remarks
CHipMANID 0-05 Estimated value
CHIPMAN) 0-011 Calculated from Hadley’s date using 4G9 (TiO), 4Gg,
Suzukr, et alb 0-0071 Calculated from experimental data using 4G% (TiO), 4G8,
CHINo, et al® 0-033 Calculated from experimental data using 4G9 (Ti,05), 4G§,
AVERIN, et al'®) 0:007~0-011
SAawAMURA et al!®) 0-029 Vapor pressure measurement
FrRUEHAN!®) 0-033 Determined by EMF measurements and 4G% (TiO)

AG}: Standard free energy of formation of—, AGBZ: Standard free energy for the reaction; 0,=20.

Table 3. Interaction parameters, e5! reported.

Researchers —egh Temp.(°C) Remarks
CHIPMANY 0-187 1623 Calculated data by Hadley’s data in TiO range.
Suzuki, et al.® 0-158 1610 Experimental determination
Suzuki, et al.? 0'160 1 600 Calculated by experimental data in TiO range
KojmMa, et al® 0-37 1 600 Calculated by experimental data in Ti;O;, Ti,0; range
FrRUEHANID) 1-12 1 600 Determined by EMF measurements
FiscHER, et al.1?- 045 1 600 Determined by EMF measurements
AVERIN, et al.1® 0°60 1 600 eSTY for Fe-59% Cr melts
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Fig. 3. Relation between oxygen partial pressure
and oxygen content in pure liquid iron.
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Table 4. The oxygen content of liquid Fe-Ti alloy in equilibrium with
various titanium oxide phases, calculated.

— log o, (atm) [ppmO]
Titanium oxides Remarks
1 550°C 1 600°C 1 550°C 1 600°C
Ti,0=—=TiO 18- 14 17:25 (0-03) (0°06) [2Ti]>0°05
TiO, o 17-47 16°81 (0-06) (0-11) 7
TiO; 12, 17°30 1668 (0:07) (0-13) z
0] 208 16:92 16°31 (0-11) (0-19) z
TiO=—T:,0, 16-40 15-82 (0-21) (0-34) 4
Ti,0,===Ti,C% 13-85 13-30 (3-9 ) (6:2 ) v
Ti,0;==Ti,O, 11-12 10-49 90 160
Ti,0,e==TisO, 10-85 10-28 120 200
Ti;0c=2Ti,O, 10-58 10-01 170 270
Tig0,==Ti,0,5 1020 9-64 260 460
Ti;0,5c—=>Ti,O,; 10-00 9-43 330 530
TigO1se=Ti,O,, 9-75 9-17 440 710
TigO1,7=Ti,;O1s 9-39 8-80 660 1230
105 g24 8-88 8-28 1 200 2 000
10] g2 8-38 7-77 (2 140) (3 550) O set for Fe(l)
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Fig. 5. Oxygen patial pressures of titanium
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