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In this study, the solubilities of oxygen in molten Sm-La-O alloys were measured and the equilibrium oxide phases yielded from the alloys
when they were in the temperature range of 1473-1673 K were identified. SmyO3 oxide pellets and Sm-La-O alloy were held at a fixed
temperature above melting point of the alloy. Then the samples were quenched into water. The oxygen solubility of Sm-La-O alloy was
determined by measuring oxygen concentration in the quenched alloy phase using inert gas fusion infrared absorption spectroscopy. The oxygen
solubility increased with the increase in temperature and the composition of Sm. The composition and crystal structure of the oxide after
quenching were analyzed using scanning electron microscope with energy dispersive X-ray spectroscopy and X-ray diffraction; The results
indicated that hexagonal (A-type) or monoclinic (B-type) (La, Sm),0s5 stably existed in the molten alloy at high temperatures. Larger values in

Sm/(Sm + La) ratio were identified in the oxide phase than that in the Sm-La-O alloy. [doi:10.2320/jinstmet.J2023043]
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Fig. 1 Schematic of sample set-up.
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Table 2 Determined composition ratio of Sm and La, and oxygen
solubility in molten Sm-La-O alloys.

holding Sm concentration oxygen
No. temperature in alloy concentration
T/K Xsm / (Xsmt+ XLa)* Co /mass%
1 0.29 0.446+0.020
2 1473 0.45 0.57240.020
3 0.70 0.589£0.015
4 0.25 0.66410.094
5 1573 0.50 0.72540.067
6 0.67 1.10010.063
7 0.27 1.180£0.034
8 1673 0.52 1.62040.046
9 0.75 2.26440.049

* Measurement errors of Xsm and X1, are evaluated to be less
than 1%.
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Fig. 4 Change in oxygen solubility in molten Sm-La-O alloy with
Sm concentration and holding temperature: white plots are literature
data [13, 14].
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Table 3 Temperature dependency of oxygen solubility of molten
Sm-La-O alloy: In[Co/mass%] = AT~! + B.

alloy

composition A B R? Ref.
Xsm / (XSm +XLa)

0.0 136x10°  7.75  0.99 13)
0.2740.02 S119%10° 725 0.98
0.49+0.03 127x10°  7.94 089  present
0.7140.03 1.65x10° 107 099 Ccxperiment

1.0 175%10°  11.6  1.00 14)
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Table 4 Determined composition ratio of Sm and La, and crystal structure of the equilibrium oxide phase: A, B represent hexagonal, monoclinic:
composition ratio for No.1 is average value of A-(Sm, La),0; and B-(Sm, La),05.

holding equilibrium oxide phase
No. temperature composition crystal lattice constant
T/K Ysm/ (Ysm+YLa) structure a b c B
3.91 6.05 90
! 1473 0-50+0.01 A*B 1405 362 888 100.94
2 0.75+0.02 B 14.11 3.64  8.99 100.46
3 0.91£0.01 13.75  3.77 8.84 100.42
4 0.42+0.01 A 3.86 6.05 90
5 1573 0.74+0.01 B 1433 3.64 887 100.42
6 0.86+0.01 13.85 3.70  8.85 97.42
7 0.38+0.01
8 1673 0.70+0.03 - - - - -
9 0.88+0.01
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Fig. 6 XRD patterns of quenched oxide pellet sample obtained at
(a)-(c) 1473K (No.1-3 in Table 4), (d)-(f) 1573K (No.4-6 in
Table 4), (g),(h) XRD pattern of A-La,O3 and B-Sm,O;3 stored in
ICDD PDF-2 database (card number: A-La,Os: 01-083-1344, B-
Sm,03: 00-042-1464). White plots are peaks of A-type, black plots
are peaks of B-type and x-marks are peaks of Sm.
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equilibrium oxide phase.
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are values calculated from present experimental results and white plots are reported values using first-principles calculations [21].
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Table 5 Tie line between Sm-La-O liquid phase and equilibrium oxide phase: oxygen solubility in molten Sm-La-O alloys and Sm/(Sm + La)
composition ratio and crystal structure of the equilibrium oxide phase.

holding Sm concentration oxygen the equilibrium oxide phase
No. temperature in alloy concentration crystal o
T/K Xsm / (Xsmt XLa) Co /mass% structure composition
1 0.29 0.446+0.020 A+B (Smo.50+0.01, La0.50:0.01)203
2 1473 0.45 0.57240.020 B (Smo.75:0.01, Lag.25:0.01)203
3 0.70 0.589+0.015 B (Smo.91+0.01, La0.09:0.01)203
4 0.25 0.664+0.094 A (Smg.42:0.01, Lag 58:0.01)203
5 1573 0.50 0.72540.067 B (Smo.7440.01, La0.26:0.01)203
6 0.67 1.1004+0.063 B (Smo.86-0.01, Lao.14:0.00)203
7 0.27 1.180+0.034 (Smo.38+0.00, La0.62:0.00)203
8 1673 0.52 1.62040.046 - (Smo.7040.02, La0.3020.02)203
9 0.75 2.264+0.049 (Smo.s8+0.01, La0.12+0.00)203
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