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Abstract

Analysis of thermodynamic behavior of titanium and oxygen in
Fe-Ti molten metal containing rich titanium at 1873K

Yong Woo Kim
Advisor: Prof. Sun—Joong Kim, Ph. D.
Dept. of Advanced Materials Engineering

Graduate School of Chosun University

Titanium forms a large amount of stable oxides and all oxides have large negative
free energies of formation. Titanium is very reactive for O, and each equilibrium
titanium oxide phase would change with Ti content in liquid Fe - Ti alloy phase.
Deoxidation behavior has been reported in Fe-Ti alloys with a maximum Ti of 50
mass%. However, due to incomplete separation of Ti oxides, the Fe-Ti alloy
contained the high oxygen content. On the other hand, the equilibrium oxygen
partial pressure for conducting the experiment in the Fe-Ti system with Ti-rich
region is very low. In this study, the oxygen concentration and the equilibrium
oxide phase were measured by using Fe-Ti alloy with 10770 mass% of Ti at
1873K. A MgO crucible charged with pre-melted alloy and TiO (purity 99.9%) was
set in an induction furnace. The sample was melted under deoxidized Ar-3%H, of
500 ml/min and the oxygen partial pressure at starting stage was measured as
about ~10°% atm. By EBSD, the observed oxide phase in Fe-Ti alloy was TiO
which was reported as stable oxide phase in Fe-Ti alloy with high concentration of
Ti. It was shown that the present model successfully reproduced available

experimental data for the Ti deoxidation equilibria.
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Fig. 1.1 A schematic of titanium products cycle. [2]
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Fig. 1.2 Equilibrium relation between [%Til and [%60] in liquid Fe - Ti

log [Ti]

alloy at 1873 K.[15-22]
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Fig. 2.1 Oxygen partial pressure over liquid iron calculated by the
present model (lines) along with experimental data. [27]
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Table 3.1 Experimental conditions.
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Master alloy .
) TiO sample
(Fe-Ti sample)
Temperature Equilibrium Fe Ti Weight
(K) Time (Mass%) (Mass%) Ratio
A 90 10
B &0 20
C 0 30 TiO/Alloy
1873 2 h e o0
D 60 40 =8%
E 50 50
F 30 70
- ’I 4 -
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Fig. 3.4 Experimental schematic.
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Fig. 4.1 Equilibrium relation between [mass%Ti] and [mass%0] at 1873 K
[15, 21]
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Fig. 4.2 Fe-Ti with 50 mass%Ti sample image (A) Gas quenching, (B)

Quartz tube quenching and (C) Master alloy
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~5 | ..

LAMP COMP 28.8k x4 180pm WD1lmm

Fig. 4.3 EPMA COMP mode image of 50 mass%Ti alloy at 1873 K (Gas

quenching sample).
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CHOSUN UNIVERSITY

LAMP COMP - 28, AkY 100 18@pm WD mm

Fig. 4.4 EPMA COMP mode image of 50 mass%Ti alloy at 1873 K
(Quartz tube quenching sample).
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LAMP COMP 208, 8kY %48 108um “WD1 1mm

Fig. 4.5 EPMA COMP mode image of 50 mass%Ti alloy at 1873 K
(Master alloy sample).
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Fig. 4.6 50 mass%Ti alloy EBSD patterns at 1873 K (Gas quenching
sample).
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Al 2 A Thermodynamic Modeling
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| thermal analysis

<> Booker (1979), resistance furnace
© Ko & Nishizawa (1979), X-ray diffraction * McGuillan (1951). H; equilibration Ly
[ + Murikami et al. (1959), X-ray diffraction
Y

O Van Thyne et al. (1952), micrographic analysis

1600

1200 |
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Fig. 4.7 Calculated phase diagram of Fe-Ti binary system. [28-34]
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U @ Thiedemann et al. (1995), 1677°C, Levitation alloying calorimeter
o O Thiedemann et al. (1995), 1839°C, Levitation alloying calorimeter /.I
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Present study
————— Jonsson (1998)
T Dumitrescu & Hillert (1999)
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Fig. 4.8 Calculated enthalpy of rflé%(iré%]of liquid Fe-Ti alloys at 1873K.
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L T=1873K

a v Esmetal (1981), calorimeter
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Present study
————— Jonsson (1998)
e Dumitrescu & Hillert (1999)
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0 0.2 0.4 0.6 0.8 1
X1

Fig. 4.9 Calculated partial enthalpy of mixing of liquid Fe-Ti alloys at
1873K. [38-40]
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Fig. 4.10 Enthalpy in Fe-Ti syssgteréil1 f(ererlation of Fe Ti and Fe;Ti. [38,
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Fig. 4.11 Calculated gamma loop in Fe-rich side. [28, 38, 39, 43-45]
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Fig. 4.12 Calculated phase diagram of Fe—Ti binary system in Ti-rich

side. [38, 39, 46-49]
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Fig. 4.13 Ti deoxidation equilibria in liquid iron at 1873 K. [15-22]
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