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Surface Tensions and Densities of Molten Al;O03 and Ti303
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Synopsis :

Surface tensions and densities of molten Al,O3 and Ti,O; were determined under Ar+10% H, gas by
using the maximum bubble pressure method. Surface tension and density of molten Al,O3 near
the melting point are 606 £ 6 mN/m and 3.06 + 0.03 X 10 kg/m®, and those of molten Ti,O3 are
584 + 5mN/m and 3.91 £ 0.03 X 10® kg/m®, respectively. The results are compared with those of
other moltem pure oxides having high melting points and discussed.
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Fig. 1. Experimental apparatus for measurement

of surface tension and density of melt by the
maximum bubble pressure method.
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Table 1. Error in the determination of surface WRT. s OfEFEFRASNT WAL, EHRL
tension. RIEHFATOMOA—FIE 20% 13ET 5. BAIEEEC
Factor Errpr ir} Errorl in .
dertmination suface tension (% ) Table 3. Surface tension and density of molten
Capillary radius +0.02 mm +1.0 A1203 .
Pressure measurement +0.12 mmAq +0.1
Determination of surface +0.2 mm +0.2 X -
Temperature +12K . +0.2 Run No. Temi(];(r)ature Sur{acﬁ/ten)smn (De;nsxg);
Density +0.05 g/cm® +0.4 miY/m g/cm
o 2 340 599 2.99
Total error +1.9% Al 5372 599 596
2391 597 2.99
2400 598 2.95
Table 2. Error in the determination of density. 2340 603 2 %
2351 602 2.94
Oxide Al03 TiO, A-2 2 360 601 3.00
2362 602 2.97
Facto Error in Error in Error in 2380 601 2.99
actor dertmination density density 2407 600 2.99
Pressure measurement  +£0.12 mmAq +1.0 +0.6 2342 605 2.96
Temperature +12K +0.4 +0.4 2342 603 2.97
Immersion depth of B 2 354 606 2.96
capillary tube +0.01 mm +0.2 +0.2 A-3 2360 603 2.96
2391 603 2.97
Total error +1.6 1.2 2402 602 2.98
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Table 4. Surface tension of molten Al,O3 near the melting point.

Author Method Atmosphere Surface tension Reference
WARTENBERG et al. DW Vacuum 580+ 30 mN/m 4)
KINGERY PD He 690120 5)
BARTLETTE and HALL DW N. S. 551 6)
MAURAKH et al. PD Ar 680 7)

PwW Ar 670
ZUBAREV SD 705 8)
ELYUTIN et al. DC He 660 9)
NCNALLY et al. DW Ar 600 10)
ELYUTIN et al. MBP He 570 12)
RASMUSSEN and NELSON CA Vacuum 360(Mo capsule) 11)
CA Vacuum 638(W capsule)
PD Vacuum 574(Mo capsule)
SHPIELRAIN ef al. MBP Ar or He 670 13)
LIHRMANN and HAGGERTY PD Air 665+15 14)
He 625+ 14
He+10%H, 610+ 13
Present work MBP Ar+10%H, 606+ 6

DW : Drop Wetght PD : Pendant Drop SD : Sessile Drop CA : Contact Angle MBP : Maximum Bubble Pressure DC : Dipping Cylinder
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Table 5. Density of molten Al,03 near the melting point.

Author Method Atmosphere Density (g/cm®) Ap/AT Reference
KINGERY PD He 2.97+0.05 5)
MAURAKH et al. PD Ar 3.05 7)
KIRSHENBAUM et al. Arc. Ar 3.053 1.127%x1073 16)
ZUBAREV e al. SD 2.69 0.79 X107 8)
MITIN and NAGIBIN Arc. Ar 3.04 1.15 x1073 17)
ELYUTIN et al. MBP He 3.03 1.28 %1078 12)
RASMUSSEN et al. Menisci Vacuum 3.01 0.75 X103 11)
SHPIL’ RAIN MBP Ar or He 3.056 0.965x1073 18)
Present work MBP Ar+10%H; 3.06+0.03

PD : Pendant Drop SD : Sessile Drop Arch : Archimedean MBP : Maximum Bubble Pressure
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Table 7. Properties of molten oxides at the melting point.
) T," O T Vi A F
Oxide (K) (g/cm®) (mN/m) (em/mol) (nm) (X 10%N)
Li0 2000 1.50(1 673 K)?¥ 4202 19.9 0.76 1.03
Naz0 1193 1.85(1 673 K)24 30829 33.5 1.02 0.80
K20 980 1.81(1 673 K)%¥ 156(1 673 K)? 52.0 1.38 0.61
BeO 2843+30 2.399 415% 10.5 0.45 2.76
MgO 3073+13 2.64%7 660%7 22.9 0.72 2.09
Ca0 2860 2.66%7 670%7 21.1 1.00 1.63
BaO 2196 4.49%7 52027 34.2 1.35 1.24
ZnO 2248 — 550(1 473 K)29 — 0.73 2.07
FeO 1641 4.62% 54529 15.6 0.78 1.98
MnO 2058 4.43(1683K)3 6309 16.0 0.83 1.89
CoO 2078 5.17(1 683 K)3V 55039 14.5 0.75 2.03
PbO 834 8.45(1273K)%® 132(1 173 K)%¥ 27.6 1.19 0.39
153(1 273 K)3®
TiO; 2143 3.65%%9 3803%6) 21.9 0.61 4.67
Si0, 1993 2.13%9) 307% 28.2 0.40 5.83
GeO, 1389 3.3940 250% 30.9 0.53 5.06
Tay0s5 2150 6.557 2807 67.5 0.64 5.66
V05 943 2.857 907 63.8 0.54 6.27
2.5 8639
P05 836+2.5 60% 0.17 9.61
W03 1743 5.25% 1007 44.2 0.60 7.07
MoO3 1068 3.25% 707 83.7 0.59 7.14
B303 723 1.52(1173 K)3" 80(1173K)3® 45.8 0.11 6.24
Cry03 2573 81548741 0.61 3.50
Smy03 2593 6.8 815+ 1684V 51.3 0.96 2.53
Laz03 2573 6.5% 560+ 309 50.1 1.03 2.39
Biz03 1098 8.042 21342 58.2 1.17 2.13
7.543) 20043)
Al,O4 2320+8 3.06+0.03 606+6 33.3 0.54 3.75
Tiy03 2090+15 3.91+0.03 584+5 36.8 0.86 2.76
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