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Estimation of Molar Volume for Multicomponent Silicate Melts

Keiji Nakanma

Synopsis : In order to estimate molar volume for multicomponent silicate melts, expanded approximation rules was proposed in
view of practical use, on the basis of the regular solution approximation rules of exess molar quantities for binary system

melts.
etc..

Necessary parameters for the above rules have been derived using the previous data in binaries and ternaries,
Using these parameters, it was found that the expansivity was related to anion-cation attraction parameter, and

the interaction parameter was related to the distance between each network modifier ion arranged in SiO, tetragonal

structure.

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

temperature discussed.
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Table 1. Recommended values of V; and (8V./27T)r
in Eq. (2) by Gaye®, Mills?.

Recommended values/Gaye" Recommended values/Mills?
Vi T (8V./8T)»r Vi T

(X10~*m3/mol) (K) |(x10-*m3/(mol*K))| (X10~*m3/mol) (K)

Si0O, 26.54 1873 6.1 19.55+7.966 X 1773
AlO, 39.13 1873 26.0 2831+32X-31.45X* 1773
MgO —_— —_— 16.1 1773
CaO 18.76 1873 16.7 20.7 1773
Na,O 28.79 1873 91.8 33.0 1773
K,O E— e 51.8 1773
CaF, 31.23 1873 51.0 31.3 1773

a=(/V)(8V/8T)e : mean value 0.01X10~21/K/Mills?
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Fig. 1. Comparison of estimated values of V based
on Eq. (3),(4) and Eq. (2) (Mills?) with
previously obtained values in Si0,-MO,SiO,-
M,O system melts.
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Fig. 2. Comparison of estimated values of (8V/3T)»
based on Eq. (5) and 10~* -+ V(Mills?) with
previously obtained values in SiO,-MO,SiO,-
M,O system melts.
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Table 2. Estimated values of °V;, V) mp, (3°V./
9T)r in Eq. (3), (5).

°V: T CVmp (T)mp| (8°Vi/3T)r T.range
X0mfmo) (K) | (Uamt/mol) (K) |00 mfmolK)  (K)

. 27275 1673 —020 1573~1773
SiO: | 97985 1973 | 27286 2001 050  1773~1973
ALO,| 30007 1873|33584% 2313 681  1673~1873
MgO | 13.465 1973 16.156 3073 | 2446  1873~2223
CaO | 20047 1973|23.489 2873 | 3824  1873~2223
SrO | 24325 1973 |27.066 2688 | 3833  1873~2223
BaO | 30737 1973|31.786 2190 | 4832  1873~2223
Li,O | 18528 1673 |20.068 2000 | 47.00  1273~1773
Na,0| 30687 1673 |27.246 1193 | 7160  1273~1773
K,0 | 49267 1673 |40.961 980 | 119.85 1273~1773
CaF,| 31770 1873|30615%% 1601 | 6346  1723~1873

Table 3. Estimated values of ; for i-j binary
system melts in Eq. (4).

Q; Q;
No. Melts (x10-%m*/mol) No. Melts (x10-%m®/mol)
S1 |{Si0,-MgO —1.92 S5 |Si0,-Li,0 —3.77
S2 |Si0,-CaO —5.84 S6 |Si0,-Na,O —4.44
83 |Si0,-SrO —6.04 S7 |Si0,-K;0 —6.22
S4 |Si0,-Ba0O —6.94
Al |A1,0,-MgO 8.2 AF |ALLO;-CaF, 9.37
A2 A1,0,-CaO 11.0
F1 [CaF,-MgO 0 SA |Si0.-ALO, 17.59
F2 |CaF,-CaO 0 SF [SiO,-CaF, —6.00
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Fig. 3. Comparison of iso-V curves based on Eq.
(3),(4) and Eq. (2) (Mills?) with previ-
ously obtained values in SiQ,-Al,0;,-CaO
system melts.
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Table 4. Comparison of estimated values of V, (8V/aT)r based on Eq. (3)~(5) and Eq. (2)(Mills?) with
previously obtained values in multicomponent system melts.

Chemical compositions v (8V/aT)»r

No. Melts (=) (X10~*m?*/mol) (X107°’m?*/(mol-K))
Xoo:  Xanos  Xows  Xwmo  Xcwo | Mea. Cal/EqO) Cal/Mil’| Mea. Cal/Eq(s) Cal/Mills”

0374  0.105 01590 0362 | 22894 22544 21551 | 1054 1837 2155

0475  0.028 0141 0356 | 21610 21575 21325 | 1480 1716 2133

0523 0.025 0128 0324 | 21917 21992 21679 | 1174 1559 2168

0571 0.022 0116 0291 | 22386 22423  22.067 | 1046 1400  22.07

0616  0.020 0106 0258 | 22732 22862 22465 | 1072 1247 2247

SA8  |Si0-ALO,-MgO | 0449  0.027 0134 0390 | 21271 21351 21187 | 1651 1829 2119
a0 0425  0.026 0127 0422 | 21163 21152 21072 | 1628 1934  21.07
1673K 0395  0.023 0117 0465 | 21.022 20877 20931 | 1720 2072  20.93
Winterhager'® | 0449 0027 0187 0337 | 21155 21113 20946 | 1392 1756 2095
0425  0.025 0232 0318 | 20739 20646 20585 | 1470  17.92 2059

0396  0.023 0284 0297 | 20267 20103 20175 | 1380 1838  20.18

0458  0.060 0138 0344 | 22142 22280 21557 | 1430 1685 2156

0446  0.088 0132 0334 | 22659 22012 21840 | 1378 1651  21.84

0430  0.120 0128 0322 | 23176 23572 22185 | 1406 1618  22.19

0190 0028 0051 0141 0590 | 20658  20.667 21.108 2953 2111

. 0.184 0055 0050 0137 0574 | 21412 21250  21.380 2894 2138
SAF8 §(132%1}11\;I(g)6-Ca0 0180 0079 0049 0134 0558 | 21606 21755  21.654 2835 2165
M 0175 0103 0047 0131 0544 | 22.000 22228 21945 2778 2195
Smoleemios | 0183 0027 008 013 0569 | 2093 21049 21473 3076 2147
0181 0027 0097 0134 0561 | 21113 21.195  21.607 316 2161

0177 0026 0116 0132 0549 | 21496 21394 21803 3185 2180

(8V/a8T)r :1623~1773K/Winterhager'?®

aT)re kKD 12, T DEE, ik L 12 AL, O,-CaF,-CaO% @ {4
(1873K) =413 3 VOEBRED 63K e ALOAK AR A ADO V,
D b PFe THREF L 12, 3 5 iZWinterhager'®iZ & % SiO,-
Al,0,-MgO-CaOR a4 (1673K) =X $ 2 VO EBRMEH G,
Q,;(i=ALO;, j=MgO) ZRKDIz, TN LD S A —
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MO) #Table2, 3iZ/RL7, Fig. 3, 4% X UTable4d
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1AL REIS L 3 0 TREBRE L 5RO - B Th 5,
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1230 T Xo/ Xsi0, > 1.5 2 7212 X0/ Xsi0,> 1 R B TUX
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