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Determination of the Ti,0,—CaO-Al,O, Phase Diagram at Steelmaking Temperature

Toshiaki MizoGucHl and Yoshiyuki UESHIMA

Synopsis : In order to make the basis of oxide inclusion study containing titanium in the calcium treated steel, Ti,O,~CaO-Al,0, phase diagram was

investigated by diffusion couple experiments and high temperature equilibrium experiments. Ti,0,~CaO-Al, O, phase diagram has been

determined at 1600°C and 1550°C, under P, =10~ '*-10"'*atm, which corresponds to dissolved oxygen content in deoxidized molten steel.

In this system, liquid phase region, possibly forming plastic spherical inclusion, becomes narrower when Ti,O, content is more than approxi-

mately 20 wt%. This region is also notably diminished when the temperature drops from 1600 to 1550°C. The reliability of the results mea-

sured in this work was confirmed by a good agreement of liquidus line and solid solubility with previous works.
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Table 1. Experimental conditions for diffusion couple

experiment.

Temperature 1600£1C
Holding time Shrs
Diffusion couple A-B

:oxide A | Ti203-Ca0-AlO3 oxide, 2g

(0~80w1%)Ti203- {20~60w1%)CaO- (0~55wt%)Al203

:oxide B | AOs tube, Ti203 or CaO particles
Pozof atmosphere 10°14~10"%atm
in graphite holder
Quench Ar gas cooling

Table 2. Experimental conditions for high temperature
equilibrium experiment.

Temperature 1600+1°C, 1550+ 1°C

Holding fime 3hrs

Oxide composition | (6~85w1%)Ti20a (10~ 60wt%)CaO-
{0~ 65wWt%) AlO3

weight 20g

Poz of atmosphere | 10-'4~10'5atm

in graphite holder

Quench Ar gas cooling
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Fig. 1. Schematic view of (a) diffusion couple experiment and (b) high temperature equilibrium experiment.
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Fig. 2. Stability of Ti,O, in tight sealed graphite holder.
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Fig. 3. Microstructure of samples, having a composition of 61 wt%Ti,0,-32 wt%CaO-7 wt%Al,0,, obtained by high temperature
equilibrium experiment with holding time of (a) Oh, (b) 1 h, (c) 2h and (d) 5h at 1600°C. Samples were quenched by Ar
gas. Region A and B correspond to CaO- TiO, and liquid phases existing at 1600°C. In region B, fine microstructure was
observed.
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Ti,0,-Ca0-Al,0, oxide

Al G, tube

(a)
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CaO

REGRZ 2513 B Ti,0,-Ca0-ALO; REALMIRHEX O ik

Liquid+CA, |

Position | Phase | Ti:03.wi% | CaO wt% | AOswit%
A Liquid 430 18.7 413
B CA¢ 52 7.1 87.7
C Al203 2.1 0.9 97.1
(b)
71203 © Initial (P,C)
@ Liguidus
A Solidus and
solvus
- Tie line

C3A CA CA2 CAsA1,03

weight%
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Fig. 4. Observed phases in a sample with two phase equilibrium after the diffusion couple experiment of 60 wt%Ti,0,—
20 wt%Ca0-20 wt%Al,0; oxide and pure Al,O; at 1600°CX5h under P, =10 "*-10"">atm. (a) Polished section of a
specimen. (b) Enlarged image of Ti,0,~CaO-Al,0, oxide/ALO, tube boundary. (c) Enlarged image of the liquid+CA,
region. (d) Plots of initial and measured phase compositions.
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Fig. 5. Result of diffusion couple experiments at 1600°C
under P, =107'*-10"""atm.
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Liquid+Ti,0,+CA C. Al,0,
r k') s ale

Position | Phase | Ti2O3wi% | CaO.wi% | AOswi%
A Liquid 50.0 132 36.8
B TizO3 83.4 0.5 16.1
C CAs 6.6 7.8 85.5
D AkO3 3.1 0.8 96.1

(a) (b)

@ Initial (P.D)

@ Liquidus

A Solidus and
solvus

— Tie line

Ca0 C3A CA CAz2 CAep|,03
weight%

(c)

Fig. 6. Observed phases with three phase equilibrium after the diffusion couple experiment of 80 wt%Ti,0,—20 wt%CaO oxide
and pure Al,O; at 1600°CX5h under P, = 107"-10"" atm. (a) Polished section of a specimen. (b) Enlarged image of the
liquid+Ti,0,+CA, region. (c) Plots of initial and measured phase compositions.
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© Initial (P)
@ Liquidus
A Solidus
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A cr 53.7 44.5 1.8 weight%
B Liquid 613 16.8 21.9
(a) (b)

Fig. 7. Observed phases in a sample after a high temperature equilibrium experiment of 59 wt%Ti,0,—30 wt%CaO —11 wt%Al,0;
at 1600°C X3 h under P, =107"*-10""atm. (a) Polished section of a specimen. (b) Plots of initial and measured phase

compositions.
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Fig. 8. Result of high temperature equilibrium experiments under P, =10~'*-107" atm.
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Fig. 9. Ti,0;~CaO-Al,O, phase diagrams under P, =107"*~10""" atm.
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Fig. 10. Comparison of liquidus line with previous works at 1600°C and 1550°C.
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