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Understanding how lattice thermal conductivity depends on composition is crucial for
managing thermal transport in glass. This study evaluated the lattice thermal conductivity
of aluminosilicate glass systems, which are known for their relatively high thermal
conductivity, and assessed the validity of existing empirical models for thermal conductivity
in glasses. The study also analyzed the compositional dependence using the diffusional
thermal conductivity model. In alkali-earth mixed systems, thermal conductivity showed a
non-linear relationship with composition. This behavior does not seem to be primarily caused
by mixing effects but instead reflects the inherent characteristics of high thermal
conductivity glasses. In addition, analysis via the diffusional thermal conductivity model
indicated that the contribution from propagating modes (propagons) tends to be greater
than that from diffusive modes (diffusons) in these glasses. This distinction may help explain
the discrepancies observed between estimated and experimentally measured thermal
conductivity values.
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Fig. 1 Schematic of diffusons and propagons in atoms.
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Table 1 Target composition of glasses.

=RV EIZF Y AN L2 FYAMNERIZTT A
KWL, TREEREFEL 2SS0 VAR 5 2 & T
BT AR ET20 195N 0 7 AR Z YL
T h— RO EICHEY vy 2 LCRIL S 872, |
BICHREIFICHERA L. HT AR +30 KT
%, 1 K/minTERT THRL T I A 70y ¥
iR, BONATATay 7 %W - BT S 2
& THEWEEH OO TV #1572,

2.2, BRERRUEMIEOTE

#T AWRIET, (K] OWEIZIZ, NETZSCHE
DOEFIRFIDILA02 Expedis® fv 7z, HIEICIE. &
T A% $6 mmx25 mmPOEAIRIIN L L7237
W w7z,

BB RIIEE p [kg/m®]. WEC,[]/(g- K],
B a [106 - m?/s] ZHWT, BIEHEEOE R
X (1) E9EH LA, DFiZErEhoWitEofle
FiFEaRT .

Kk =pCya (1)

HEIZ, METTLERTOLEDO# o & 1 R

composition (mol%)

Glass code SiO2 AlO3 MgO CaO SrO BaO Na2O K20
25Mg 60 5 25 5 5
19Mg6Ca 60 5 18.75 6.25 5 5
13Mgl3Ca 60 5 125 125 5 5
6Mg19Ca 60 5 6.25 18.75 5 5
25Ca 60 5 25 5 5
19CabSr 60 5 18.75 6.25 5 5
13Cal3Sr 60 5 125 125 5 5
6Cal9Sr 60 5 6.25 18.75 5 5
25Sr 60 5 25 5 5
19Sr6Ba 60 5 18.75 6.25 5 5
13Sr13Ba 60 5 125 125 5 5
6Sr19Ba 60 5 6.25 18.75 5 5
25Ba 60 5 25 5 5
19Mg6Sr 60 5 18.75 6.25 5 5
13Mgl3Sr 60 5 125 125 5 5
6Mgl9Sr 60 5 6.25 1875 5 5
19Mg6Ba 60 5 18.75 6.25 5 5
13Mg13Ba 60 5 125 125 5 5
6Mgl19Ba 60 5 6.25 18.75 5 5
19CabBa 60 5 18.75 6.25 5 5
13Cal3Ba 60 5 125 125 5 5
6Cal9Ba 60 5 6.25 18.75 5 5
HA-25Mg 50 25 25
HA-19Mg6Ca 50 25 18.75 6.25
HA-13Mgl3Ca 50 25 125 125
HA-6Mgl9Ca 50 25 6.25 18.75
HA-25Ca 50 25 25
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Table 2 Compositional parameters ©

Ton packing ratio Dissociation energy

Oxide 14 Gi
(10® m3/mol) (10° J/m?)
SiOy 139 68.0
AlOs 210 131.0
MgO 79 90.0
Ca0 94 64.1
SrO 10.6 544
BaO 133 395
Na20 123 319
K20 20.2 19.2
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Table 3 Physical properties of samples

Glasscode T p Cr ¢ " Us E
(K] [10°kg/m3] [J/(g-K)] [10%-m%*'s] [W/(m-K)] [m/s] [GPa]
25Mg 958 252 0.80 0.49 0.99 3999 812
19Mg6Ca 924 2.55 0.78 0.48 0.95 3974 81.2
13Mgl3Ca 913 2.58 0.77 0.46 091 3941 80.8
6Mgl19Ca 915 2.60 0.78 0.45 091 3915 80.8
25Ca 933 2.63 0.77 0.44 0.89 3890 80.7
19Ca6Sr 918 2.73 0.71 042 0.82 3809 80.5
13Cal3Sr 906 2.33 0.70 0.40 0.80 3732 80.1
6Cal9Sr 894 293 0.67 0.39 0.75 3635 787
25Sr 892 3.02 0.65 0.37 0.73 3536 76.7
19Sr6Ba 874 312 0.65 0.36 0.73 3451 75.6
13Sr13Ba 862 321 061 0.35 0.68 3384 75.0
6Sr19Ba 854 3.30 0.60 0.34 0.68 3284 725
25Ba 851 3.38 0.58 0.33 0.65 3202 70.6
19Mg6Sr 917 2.65 0.76 0.46 092 3867 80.0
13Mgl3Sr 894 2.78 0.73 0.42 0.86 3744 787
6Mgl9Sr 833 2.90 0.68 0.40 0.79 3635 777
19Mg6Ba 909 2.74 0.73 0.46 092 3736 774
13Mgl13Ba 876 2.96 0.66 041 0.80 3525 74.6
6Mgl19Ba 853 3.17 0.66 0.37 0.77 3349 725
19CabBa 902 283 0.69 041 0.80 3733 80.1
13Cal3Ba 880 3.02 0.61 0.39 0.71 3565 782
6Cal9Ba 862 321 0.57 0.36 0.65 3382 747
HA-25Mg 1082 2.69 0.77 0.68 141 4501 1116
HA-19Mg6Ca 1081 2.69 0.76 0.60 1.18 4412 1075
1 31\}[{ gAISC a 1087 2.69 0.71 057 1.10 4332 103.6
HA-6Mgl19Ca 1100 2.70 0.73 0.54 1.08 4251 99.9
HA-25Ca 1131 2.70 0.75 0.53 1.08 4164 95.8
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Fig. 2 Glass transition temperature as a function of the molar ratio of a certain alkaline earth to total alkaline earth content. (a)
Mg is substituted by other alkaline earths in low ALLO, system, (b) Ba is substituted by other alkaline earths in low Al,O,
system, (c) High Al,O, system. Dash lines represent the apparent relations. Gray dash line represents linear relation.
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Fig. 3 Thermal conductivity of Mg/Ca mixed systems. (a)

K in low Al,O, system, (b) k in high AlLO, system.
Dash lines represent the apparent relations.
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Fig. 4 Comparison of thermal conductivity with CaO/ (MgO
+ Ca0) in low ALO, system and high Al,O, system.
Dash line of low Al,O; system represents the linear
fit, and that of high Al,O; system represents the
apparent relation.
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Fig. 5 Comparison of calculated and measured values of
thermal conductivity. Blue plots: low Al,O; system,
pink plots: high Al,O; system. Dash lines represent k
= Kca-
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Fig. 7 Phonon mean free path compared with calculated
value (= A,,,). The inset shows correlation between
average atomic volume and phonon mean free path.
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