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Equilibria between Molten Steels and Inclusions
during Deoxidation by Titanium-Manganese Alloy

Yasuyuki Morioka, Kazuki Morita, Fumitaka Tsuxmasa and Nobuo Sano

Synopsis :

The relationship between the equilibrium compositions of Fe-Ti-Mn melts and those of coexisting oxides has been
investigated by employing a cold crucible at 1873K.

The oxygen content was shown to decrease with increasing the contents of manganese and titanium, the effect of
the latter being significant. The metals which had the same contents of manganese, regardless of their titanium
contents, were equilibrated with molten oxides having a constant activity ratio of MnO and Fe.O. Using the metal
compositions and Gibbs energies of the formation of component oxides, iso-activity contours of MnQO, Fe,O and TiO, s
for the MnO-Fe,O-TiO, ;s melts at 1873K were evaluated.

The optimal conditions for practical deoxidation processes with Ti-Mn alloys are discussed.

Key words : steelmaking ; thermodynamics ; inclusion ; oxide ; deoxidation ; MnO-Fe,O-TiO, s system ; Ti-Mn ; oxide metallurgy ;

cold crucible.
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Fig. 1. Schematic view of experimental apparatus.
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Table 1. Equilibration results for the Fe-Mn-O

system.
Sample No. Iron (mass%) Oxide (mass%)
Mn MnO Fe,.O
1 0.126 0.1187 29.7 70.2
2 0.166 0.1166 25.0 75.0
3 0.280 0.0915 62.5 37.4
4 0.635 0.0604 65.3 34.7
5 0.907 0.0513 89.1 10.9
0.20
liquid oxid ® Present work
iquid oxide — Chi X
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Fig. 2. Relationship between manganese and oxy-
gen contents of iron in equilibrium with a
FeO-MnO liquid or solid solution at 1873K.
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Table 2. Equilibration results for the Fe-Mn-Ti-O \
system.
Y 0.06 } 5\ — —— mass% Mn = 0 (Suzuki et al.),
Sample - Iron (mass%) Oxide (mass%) \ O mass% Mn = 0.28 - 0.38
No. Mn Ti O | MnO TiO,, FeO \ ® mass% Mn = 0.59 - 0.84
pmn \ O mass% Mn = 1.38 - 1.60
11 0.275 0.0026  0.0101 30.9 58.7 10.5 o
12 0.278 n.d. 0.0540 36.1 22.4 41.6 R 0.04
13 0.287 0.0002 0.0619 31.9 16.2 51.9 7
14 0.287 0.0014 - 0.0127 14.9 30.1 5.0 %
158 0.289 n.d. 0.0056 2.1 76.3 215 E
16 0.296 — 0.0389 44.8 38.7 16.4 -
17 0.307 0.0014 0.0119 | 23.0 54.3 22.7 0.02
18 0.310 0.0016 0.0138 28.0 64.2 7.8
19 0.320 0.0014 0.0123 13.1 82.3 4.6
20 0.339 0.0013 0.0153 39.5 43.3 17.2
21 0.345 n.d. 0.0377 41.0 25.9 28.0 0.00 )
22 0.363 0.0012  0.0153 24.3 63.5 12.2 :
23 0.380  0.0014 0.0185 | 32.7  57.0 10.3 0.000 0.002 0.004
24 0392  — 00443 | 458 211 331 [mass% Ti]
25 0.396 — 0.0447 47.7 27.0 254
;g ggg B 8822; igg ;gg ggg Fig. 3. Relatgonsh_ip_ between [mass% Ti] and
58 0.430 _ ooir | 270 64.0 90 ;E{cn?g%/?{oj in iron with various Mn contents
29 0.459 n.d. 0.0187 40.5 47.8 11.6 )
30 0.492 — 0.0318 52.8 26.7 20.5
31 0.494 — 0.0105 12.8 80.7 6.5 Fe,O
32 0.571 nd. 00180 | 418 40.1 18.1 S
33 0.586 0.0031  0.0077 15.7 77.8 6.5
34 0.587 — 0.0177 20.4 70.1 9.6
35 0.594 0.0009 0.0119 24.2 68.1 7.7 80
36 0.595 — 0.0094 34.5 55.5 9.9 @ liquid
37S 0.605 — 00007 | 67 828 10.4 o liquid + solid
38 0.612 n.d. 0.0224 37.5 54.1 8.4
39 0.617 0.0035 0.0082 15.9 72.6 11.6 60
40 0.624 0.0003 0.0212 50.1 41.1 8.8
41 0.637  0.0024  0.0098 | 22.4 68.6 9.0 (mass% MnO) (mass% Fe,0)
42 0.652 0.0015 0.0091 24.8 67.5 7.7
43 0.662 0.0012  0.0138 40.1 47.9 12.0
44 0.686 0.0012 0.0121 29.2 63.0 7.8
458 0.713 — 0.0012 4.5 81.9 13.9
46 0.718 0.0045 0.0065 15.4 80.9 3.7 20
47 0.727 — 0.0187 37.0 56.2 6.7
48S 0,731 0.0360 0.0013 2.3 93.5 4.3 o Py
498 | 0731 05410  nd. 55 900 45 Te, e A e C
50S | 0.735 0.0346 0.0016 | 4.8  86.1 9.1 MnO . A P i TiOys
51 0.745  0.0111  0.0025 9.6 80.2 10.2 20 40 60 80 '
52 0.774 0.0010  0.0151 42.5 44.4 13.1 (mass% TiOy 5)
538 0.788 — 0.0008 4.8 90.5 4.8
54 0.803  0.0023 0.0097 | 45.9 46.9 7.2 Fig. 4. Oxide composition after equilibration for the
55 0.843  0.0027 0.0070 | 19.9 76.5 3.6 MnO-Fe,O-TiO, 5 system at 1873K.
56 0.925 n.d. 0.0368 58.5 27.4 14.1
57 0.947 - 0.0158 34.2 59.4 6.4
58 1.050 0.0034 0.0081 10.8 78.7 10.5 100
59 1.377 0.0024  0.0056 30.8 64.8 44 ‘
60 1.405 0.0033  0.0044 18.2 80.8 1.0
61 1.411 0.0039  0.0040 27.5 69.5 3.0 90 } (o]
62 1.438  0.0026 0.0071 | 45.4 50.6 4.1 - -5
63 1.498 — 0.0064 30.0 66.5 3.5 _———
64 1.505 0.0030  0.0054 35.6 59.4 4.9 -
65 1.534 0.0002 0.0194 64.2 25.9 10.0 5
66 1.570 0.0003  0.0159 62.1 20.5 174 i:
67 1.602 0.0002 0.0179 63.7 234 12.9 S
n.d. : below detactable value, g
— ! no reliable data due to abnormally scattering values, £ mass% Mn = 0.59 - 0.84
S ! with solid phase in the molten oxide e ® liquid
. O  solid + liquid
DFXBEDOHEMZE LT Ty 27 2AHFDTIOIRE b
BinL, b OF X VIEEDHI0.03mass% L ETR 75 > . .
7 AR BT 5, 0.00 0.01 0.02 0.03 0.04
GO HVBEKZIFT-EDL S, BFOFE I [mass % Til
L UBRREVEC 2 L2 62V A OERRIEBIE—ET Fig. 5. Relationship between [mass% Ti] in iron and
DB IEHETHHBOERIIITL LRETE DT, (1) (mass% TiO.s) in the oxide at 1873K.
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Fig. 6. Contours of the values for ayno/areo in the
MnO-Fe,O-TiO,; system at 1873K.
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Table 3. Interaction parameters for the Fe-Mn-Ti
-0 system at 1873K?,

i j el
Ti Ti 0.042
Ti Mn —0.043
Ti (6] —34
Mn Ti —0.05
Mn Mn 0
Mn O —0.083
(0] Ti —1.12
O Mn —0.021
O (6] —0.17
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Fig. 7. Isoactivity lines for FeO calculated from
metal compositions for the MnO-Fe,O-
TiO, s system at 1873K.
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Fig. 8. Isoactivity lines for MnO calculated from
metal compositions and those calculated
from the activity of Fe,O for the MnO-Fe,O
-TiO, s system at 1873K.
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Fig. 9. Isoactivity lines for TiO,s calculated from
the activity of Fe/O for the MnO-FeO-
TiO,; system at 1873K.
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