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Estimation of Surface Tension for Multicomponent Silicate Melts

Keiji Nakanma

Synopsis : In order to estimate surface tension for multicomponent silicate melts, expanded approximation rules was proposed in
view of practical use, on the basis of the regular solution approximation rules of excess molar quantities for binary
system melts. Necessary parameters for the above rules have been derived using the previous data in binaries and
ternaries, etc.. Using these parameters, it was found that near the melting point, surface tensions of pure oxides and
halides °c; were related to (T:)mp/® Vi¥®, where (T:)mp and °V; are the melting point and molar volume of pure oxides

and halides, respectively.

From the collation with the data of multicomponent silicate melts, it was confirmed that the above expanded
approximation rules were applicable to predict the surface tension of melts over the wide range of composition and

temperature discussed.

Key words : surface tension ; silicate melts ; regular solution approximation rules ; additivity rules.
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Table 1. Recommended values of o;, (30,/9T)r in Eq.(7) by Boni?, Mills?.

Recommended values/Boni? Recommended values/Mills?
7 T (80:/ 08T )p T .range o; o X, for X;<N N o X; for X;>N T

(X10*N/m)  (K) | (x10~*N/(m-K)) (K) (X107*N/m) (X10~*N/m) (X107*N/m) (K)
Sio, 285 1673 0.01 1673-1773 260 1773
AlLOs 640 1673 —0.1 1673-1773 655 1773
MgO 512 1673 —0.1 1673-1723 635 1773
CaO 608 1673 —0.22 1673-1723 625 1773
BaO 366 1673 0 1673-1723 —
Li,O 403 1673 —0.17 1573-1673 —
Na,O 297 1673 —0.11 1573-1673 0.8—1388X +6723X* 0.115 —115.9+4129X 1773
KO 156 1673 —0.12 1573-1673 0.8—1388X +6723X% 0.115 —94.5+2545X 1773
CaF, — — —2.0— 934X +4769X2 0.13 —92.5+3825X 1773

(30,/3T)p : mean value —0.15X10-3N/(m-*K)/Mills?

=g+ (RT/a) - n(X;*/ X,) — (mW,;/a) - X2
+ (lm_,/a) * (XiSZ_XiZ)
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Fig. 1. Comparison of estimated values of o based
on Eq. (8), (9) and Eq. (7) (Mills®, Boni") with
previously obtained values in SiO,-MO, SiO,-
M,O system melts.

Table 2. Estimated values of °c;, (°6)mp, (3°0i/
9T)r in Eq.(8), (10).

AR D6, w,; (=810, j=Ca0) #KD712. ZThbD — T o e T
HRE 5 2 — &5, (7 =Si0,, Ca0, M,0), (3°:/8T) r(i= (xmgﬁ/m) (X) (xmﬁl\'}n/pm) (f{;‘p (xm(—r;N/(m.K;; .&zglge
Si0,, Al,0s, CaF,, CaO, M;0), w;(i=Si0,, j=Ca0, sio, | 2836 16731 3155 2001 0.014 1373~1773
M,O) # Table 2, 3 (2R L 12, % 3Si0,-MgORah{AIZ D 2995 1873 0.125 1773~2073
VT3 1-3FE T3, Fig.1 {2 SiOg‘MO;IZ‘\MﬁS:, Si0,- Al,O, 763.3 1773 721.2 2313 —0.078 1723~1873
M.ORMIED o, (90/3T) iz T, KERE L (8) ~(11) CEO | Th5 M| eme  2g13| —ooe7 17231873
AL S BRFHEILBL TR LI, SHRBRMEDI Y X Li,O | 4422 1673| 4157 2000 | —0.081 1473~1673
BRE EETEMEO R BRHFTH 5, Na,O| 3842 1673| 4418  1193| —0.120 1373~1673
3-1-2 ALO,-MO%, Si0O,-Al,0,-MO (M,0) % CaF, 2842  1773| 290.8 1691 | —0.080 1723~1823
Table 3. Estimated values of w;; for i-j binary system melts in Eq. (9).

No. Melts (xmf‘;"& /m) No. Melts (x1of§iﬂ1 /m) No. Melts (><1of;'f§l /m)

S1 Si0,-MgO —345.8 S5 Si0,-Li,0 —736 SA| Si0,-AlLO; —181

S2 Si0,-Ca0 —244.0 S6 Si0,-Na,0 —1985 SF| SiO,-CaF, —121.7

Al|  ALO;-MgO —2300*

A2| ALO;-CaO —634.5 A6| ALO, Na,O —700* AF| ALO;-CaF, —375.5

F1 CaF,-MgO Eq.(a)

F2 CaF,-CaO Eq.(b) F6 CaF.-Na,O —1800*

Eq.(a): @i;=—380.4*(Xugo/ Xcar,)—295.4, Eq.(b) : c.:ij:—259.0-(Xcﬂo/XCaF,)—447.4v, * : Rough estimate.
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Fig. 2. Comparison of iso-¢ curves based on Eq. (8),
(9) and Eq. (7) (Mills?®, BoniV) with previously
obtained values in SiO,-Al,0;-CaO system

melts.
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Fig. 3. Comparison of iso-o lines based on Eq. (8),
(9) and Eq. (7) (Mills®?) with previously
obtained values estimated in CaF,-MO sys-
tem melts.
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CaO/i=CakF,, j=Ca0) # Fi\> T, Appen b7 & 3 Sji0,-
MgO F @ik (1773K), Benesch 5'®iZ & % Si0O,- AL O,-
MgO-CaOZF @tk (1773K), Ji 51942 & 5 CaF,-MgORa &
(1823K) {2317 3 o D EBRfEH &, MgORBEMEDs;, w;;
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Table 4. Comparison of values of o, (80/3T)r based on Eq.( 8 )~(10) and Eq.( 7 )(Mills®, BoniV) with previously
obtained values in multicomponent system melts.

i Chemical compositions c (oe¢/3T)r
No. Melts (-) (X10~*N/m) (X107*N/(m*K))

Xsio:  Xmpos  Xcars  Xwgo  Xcao  Xwao | Mea. Cal/Eq(8)(9) Cal/Mills® Cal/Boni® | Mea. Cal/Eq(l0) Cal/Mills®
0.639  0.153 0.208 400.3  402.2 395.2 401.0 0.049 0.048 —0.15
0.633 0.138 0.229 398.5 4022 396.9 402.2 0.049 0.046 —0.15
.. _ 0.512 0.129 0.359 431.7  439.9 440.8 438.1 0.014 0.019 —0.15
SA2 Si0, ﬁ;;gé Ca0 0.468  0.088 0.444 458.5 459.1 455.6 449.5 0.014 0.009 —0.15
Mukai'® 0.448 0.155 0.397 473.5 461.7 464.9 458.4 0.004 0.006 —0.15
0.395  0.169 0.436 487.7 4802 4847 4749 |—0.006 —0.006 —0.15
0.376  0.209 0.415 470.7 4849 4928 4824 |—0.011 —0.010 —0.15
0.093  0.319 0.588 590.3 579.4 5994 5721 |—0.051 —0.070 —0.15
AF2 Al;O;-CaF.-CaO 0.253  0.288 0.459 370 405.3 4711 —0.1 —0.087 —0.15
1773K 0.218  0.386 0.396 357 3785 4462 —0.09 —0.086 —0.15
Sikora!? 0.129  0.168 0.703 405 4283 4964 —0.1  —0.092 —015
SAF11 | Si0,-Al,0,-CaF, | 0.253 0.065 0.226 0.102 0.248 0.107 |311 319.3 236.3 —0.028 —0.15
-MgO-CaO-Na,O| 0.221 0.183 0.195 0.092 0214 0.095 |334 331.2 266.2 —0.034 —0.15
1873K 0.522  0.067 0.232 0.064 0.005 0.111 |258 250.7 134.2 0.028 —0.15
Yavoisky?” 0.455 0.188 0.2 0.056 0.004 0.098 |289 292.1 177.8 0.014 —0.15

(80/3T)r : 1773~1873K/Mukai'®, Sikora'®
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Fig. 4. Comparison of iso-¢ curves based on Eq. (8),
(9 and Eq. (7) (Mills?) with previously
obtlamed values in Al,Q;-CaF,-CaO system
melts.
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