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Toru Sugawara
Graduate School of Engineering and Resource Science,
Akita University

(Received Aug. 27, 2012; Accepted Sep. 27, 2012)

Previously reported values and properties of enthalpy of fusion of silicate minerals, heat capacity, enthalpy of
mixing and entropy of mixing of silicate melts are reviewed. The entropy of fusion of silicate minerals varies linearly
with heat capacity of those melts, because both properties reflect configurational freedom of components in silicate
melt. Based on the compilation of calorimetric enthalpy measured for melts of mixtures of mineral endmemer
compositions, we found that enthalpy of mixing of multi-component silicate melt is controlled by interactions among
network-forming oxides (SiO,, NaAlO,, KAIlO,), network-modifying oxides (CaO, MgO) and intermediate oxide
(CaAl,04). Entropy of mixing of SiO,-Na,O melt is calculated by a combination of Na,O activity data and
calorimetric enthalpy of mixing. The comparison with previous entropy models suggests that a quasi-chemical model
and an Adam-Gibbs model overestimate the configurational entropy of mixing of Si0,-Na,O melt.
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Fig.1 (a) Heat capacity of silicate glass and melts of CaSiO;
(Wo), CaMgSi,Os (Di), CaAlSi,Og (An), NaAlSiO; (Ne),
NaAlSi,O¢ (Jd), NaAlSi;Oz (Ab), KAISi;Og (Sa), SiO, (Qz),
NaBSlO4 (BNZS), Na0_5Ca0_25BSiO4 (BNC25) and NazTiSi4011
(NTS4) “'? (b) Heat capacity of basalt, soda-lime silica glass
(SLS), pyrex glass and simulated radioactive waste glass (Waste
glass). 19
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Fig.2 Partial molar heat capacity of Al,Os in SiO,-Al,05-RO (R
= Mg, Ca, Nagys, Ky5) melts calculated from heat capacities of
alumino-silicate melts’®'® and partial molar heat capacities of
oxides listed in Table 1.
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Fig.3 Relationships between entropy of fusion of silicate
minerals (CaAl,Si,Og (An), CaSiO; (Wo), CaMgSi,Os (Di),
Mg3Alzsi3012 (Py), Mg2A14Si5018 (CO), SIOZ (QZ), NaAlSl30g
(Ab), NaAlSi,O¢ (Jd), NaAlSiO, (Ne), KAISi;Og (Sa), MgSiO;
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K,Si,0s (KS2)) and heat capacity or configurational heat
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correlation between AS;, and Cpéom’Tg.
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Table 2 Gibbs energy of mixing at Xgo, = 0.5 and SiO,
contents of cristobalite liquidus at 1743 K in the SiO,-RO
system and ionic potential (Z/r) of cation R.

Gmix at ngoz =0.5and T XSiOZ at 1743 K

R Zir?

kJ mol! T/K mol%
Fe 2.67 -6.6 1623 46.7
Co 2.53 -10.3 1723 44 .4
Mn 2.47 -19.0 1873 51.2
Mg 2.33 -35.8 1873
Zn 2.27 -29.0 1833 61.4
Ca 1.75 -57.8 1873 63.4
Na 0.86 -110.1 1773 89

*Z = cation charge, r = crystal ionic radius in Angstroms
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Endmember-1 Endmember-2
Systems Endmembers AHmix NF IM NM NF M NM Interactions of mixing
1 2 kl/mol Si0:  NaAlO: KAIO. | CaAlO.| MgO  CaO || Si0:  NaAlO: KAIO: | CaAl:OJ| MgO  CaO | NF-NM  NE-NF  NM-IM NM-NM  NF-IM

Ab-Di  NaAlSi;O, CaMgS8i.0. 92 (x14) | 050 050 050 050

Di-Qz Si0, CaMgSi.O, 26 (x18) | 1.00 050 050
Ab-4Qz Si,0, NaAlSi, 0, 24 (09) [1.00 1.00

Sa-4Qz 5104 KAISi:O: 10O (=10 1.00 1.00

An-Ak  CaAl:Si-0s Ca:MgSi0, 04 (x2.2) | 044 0.56 033 067

An-Fo CaAl:Si:0: Mg.S5i0, 06 (x1.1) | 050 0.50 1.00

Ab-Sa  NaAlSi;Oy;  KAISL.Oy -0 (=10) 1.00 1.00

En-Wo  Mg.Si.0.  Ca.Si.0. 20 (x0.6) 1.00 1.00

An-Di  CaAl:Si,0. CaMgSi.0. 23 (1) | 033 0.67 050 050
An-4Qz Si.04 CaAl:Si:O. 227 (20.9) | 1.00 1.00

An-Ab  NaAlSi;0; CaAl:Si:0. -6.1 (x1.2) |025 075 1.00

Di-Ak  CaMg8i,0, Ca:MgSi.0, -112 (*3.9) [ 0.67 0.33 1.00

An-Wo CaAl:Si,0,  CaSiO: -154 (#59) [ 033 0.67 1.00

Wo-Ge CaSiO; Ca,ALSIO, 466 (£53) | 0.50 0.50 1.00
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Fig.5 Entropy of mixing of Na,O-SiO, liquids: Error bars
(£1.5 J/K-mol) represent errors in calculated entropy propagated
from errors in calorimetric measurements of enthalpy and
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