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Abstract In this study, the additivity factors of compositions to density and glass transition point (T,) in a
xLiy0-(1-x)[(1-y)TeO2-yZnO] (0<x<20, 0<y<20) glass system were analyzed by using mixture design, and the
change of ionic conductivity with density and T, was discussed. As a method for predicting the relation between
glass structure and ionic conductivity, density was measured by the Archimedes method. The glass transition
point was analyzed to predict the relation between ionic conductivity and the bonding energy between alkali
ions and non-bridge oxygen (NBO). The relation equations showing the additivity factor of each composition

to the two properties are as follows: Density(g/cm®) = 2.441x; + 5.559x, + 4.863x;

Tg(OC) = 319361 + 247362 +

609x; — 1950x;x3 (x; : fraction of LiyO, xs : fraction of TeOs, x3 : fraction of ZnO) The density decreased as Li,O
content increased. This was attributed to change of the TeO; structure. From this structural result, the electric
conductivity of the glass samples was predicted following the ionic conduction mechanism. Finally, it is
expected that electric conductivity will increase as the activation energy for ion movement decreases.
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Table 1. Polynomial models for mixture designs of q components.

Linear model :

q
y= X Bx (1)
i=1
Quadratic model :
q
V= Zﬂixj+2ﬂl/ 7 (2’)
i=1 i<j
Special cubic model :
q k=q
V= z ﬂixi+ Zﬂz/ I 1+ Z Igzjjkxinxm (3)

i=1 i<j i<j<m=gq
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Fig. 1. Glass compositions determined by extreme vertices
design.

Table 2. Glass compositions determined by DOE, its density and glass transition temperature (T,).

Glass no. Li,O TeO, ZnO ;Fg Tg Spred) Densi‘gy Density (;)red)
(mol%) (mol%) (mol%) °0C) “°0) (g/em’) (g/em’)
TLZ-1 0 100 0 - - - -
TLZ-2 0 80 20 320.1 3194 5.4493 5.4198
TLZ-3 20 80 0 259.88 261.4 4.9635 4.9354
TLZ-4 20 64 16 258.22 256.92 4.8352 4.8240
TLZ-5 16 64 20 267.89 268.52 4.9265 4.9209
TLZ-6 11.2 77.6 11.2 268.94 271.1472 5.0902 5.1318
TLZ-7 15.6 78.8 5.6 264.65 261.4688 5.0229 5.0336
TLZ-8 15.6 70.8 13.6 265.54 266.0928 4.9847 4.9779
TLZ-9 5.6 78.8 15.6 290.24 290.4688 5.2706 5.2758
TLZ-10 5.6 88.8 5.6 - - - -
TLZ-11 13.6 70.8 15.6 270.64 271.8928 5.0044 5.0263
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Fig. 2. DTA heating and cooling curves for TLZ-5 and TLZ-
10. The heating and cooling rates are 10°C/min.
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Table 3. Analysis of variance (ANOVA) for glass transition temperature (T).
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Source DF Seq SS Adj SS Adj MS F P
Regression 5 3055.43 3055.430 611.0860 121.26 0.001
Linear 2 2801.38 25.947 12.9733 2.57 0.223
Quadratic 3 254.05 254.046 84.6821 16.80 0.022
Residual Error 3 15.12 15.116 5.0396 - -
Total 8 3070.55 - - - -
Table 4. Analysis of variance (ANOVA) for density.
Source DF Seq SS Adj SS Adj MS F P
Regression 5 0.2839 0.2839 0.0567 25722 0.000
Linear 2 0.2804 0.0000 0.0000 0.07 0.932
Quadratic 3 0.0035 0.0035 0.0011 5.37 0.100
Residual Error 3 0.0006 0.0006 0.0002 - -
Total 8 0.2846 - - - -
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Fig. 3. Cox response trace plot and mixture contour plot for
glass transition temperature (T,).
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