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Atomic-Scale Structural Origin of Reverse Relationship Between Hardness and Glass Transition
Temperature of Peraluminous Aluminosilicate Glasses with Alkaline Earth Ions

WANG Zhentao, GU Shaoxuan, DING Zhisong, TAO Haizheng
(State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China)

Abstract: To investigate the atomic-scale structural origin of the Vickers hardness (Hy) and glass transition temperature (7,) of
peraluminous aluminosilicate glasses with alkaline earth ions, we prepared a series of xRO-(49—x)A1,05:51Si0, (x=0.0-16.0, in mole
fraction; R=Mg, Ca, Sr, Ba) alkaline earth aluminosilicate glassy samples. Hy and T, were characterized by Vickers micro-hardness
test and differential scanning calorimetry (DSC). The results show that Hy increases, while 7, decreases with the increase of R*" field
strength at a fixed RO content. At a certain type of RO, Hy and T, decrease simultaneously with the gradual substitution of Al,O; by
RO. 49A1,05-518i0, glass has the maximum Hy (i.e., 8.26 GPa) and T, (i.e., 941 C). According to the structural analysis, the
interactions between the competition and synergism among the packing density, average bond energy, bond energy density of glass
network skeleton ions and the interstitial ions as a charge balancer are a main atomic-scale structural origin, thus leading to the reverse
evolution of Ay and 7, with the increase of field strength of substituted R?" and the similar change with the substitution of RO for
Al,0;5 in peraluminous aluminosilicate glasses.

Keywords: aluminosilicate glass; peraluminous field; glass transition temperature; hardness; charge balancer; field strength; packing
density
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Table 1 Analyzed chemical compositions (mole fraction), glass transition temperature (7,), Vickers hardness (Hy), and

densities (p) of glass

Chemical compositions (mole fraction, x)/%

Glass system RO ALO, S0, Ty/C Hy/GPa pl(grem™)
Mg 16.05 33.07 50.88 848 7.33+0.03 2.64
11.09 37.84 51.07 860 7.50+0.04 2.66
7.58 41.38 51.04 884 7.60+0.03 2.66
5.09 43.80 5111 890 7.760.03 2.68
2.47 46.66 50.87 916 7.84+0.04 2.69
Ca 15.96 33.11 50.93 882 7.09+0.05 2.68
10.92 38.12 50.96 886 7.26+0.04 2.69
7.48 41.47 51.05 903 7.41£0.04 2.69
5.06 43.85 51.09 908 7.59+0.04 2.70
2.56 46.46 50.98 925 7.79+0.03 2.70
Sr 16.04 32.99 50.97 900 6.70+0.03 2.92
10.93 38.17 50.90 905 6.85+0.04 2.84
7.46 41.41 51.13 907 7.130.03 2.80
5.02 44.06 50.92 915 7.35+0.04 2.76
2.53 46.32 51.15 929 7.44+0.03 2.73
Ba 15.94 32.98 51.08 908 6.39+0.03 3.13
10.87 38.01 51.12 912 6.72+0.03 2.99
7.56 41.49 50.95 915 6.99+0.03 2.90
4.94 44.19 50.87 927 7.21£0.03 2.83
2.48 46.49 51.03 937 7.3540.02 2.76
No R (Mg, Ca, Sr, Ba) 0.00 48.86 51.14 941 8.26+0.03 2.73
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Table 2 Packing density (C, ), average bond energy ( E})

and bond energy density ( E)) of glass network

skeleton
Nominal composition x/% o EY /(kImol™)  EY K(kJ-em™)
16MgO-33A1,0551Si0, 0.568 431.42 36.61
16Ca0-33A1,0;3-51Si0, 0.575 431.15 3691
11MgO-38A1,05-51Si0, 0.572 431.07 36.67
11Ca0-38A1,0;5-51Si0, 0.604 430.56 38.35

x is mole fraction.
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