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ABSTRACT

The effecl of composed phase in the hot pressed CaO-MgO-ALO+5i0. glass-ceramic has been investigated
through microstructure studies, thermal, physical and mechanical properties. Sinlering was done in the condition
at the temperature range 900~950C for 20~120 mins under 7.5 MPa unilateral pressure. Sintered ceramics
were composed of diopside, anorthite, residual glass and the portion of each phase was dependent on the
sintering lemperature and the holding time: as the temperature increases, the amount of diopside increased
and then the rate of wcrease of diopside reduced with increasing anorthite. The thermal expansion coetficient
of hot pressed was reduced with increasing crystallmity of hol pressed and was in the range of B.E9~746X 107"
K ! below 600 . The elastic constant ot hot pressed increased wilh increasing crystallinily up to about 80%,
but after that was reduced due to the change of microstructure. The flexural strength of sintered ceramics
was decreased with higher temperature and holding time, while the fracture toughness of those wmcreased.
It was shown thal the physical and mechanical properties of hot pressed ceramic were related to the frachon
of composed sintered ceramics, similar to a particulate composite, to the crystallinity of 80% of the glass-ceramic,
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Fig. 1. Crystallinity ol hot pressed materials.
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Fig. 2. Relative intensity of anorthite/diopside (Tgs—sz1
/luza=200) phase from hot pressed materials as
a function of helding time for various sintering
temperatures obtamed from X-ray analysis.
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Table 1. Analysis of Crystal Content of Hot Pressed
(lass-ceramics by Quantitative X-ray Analy-

sis
Matenals Proportion of phases (wt%)
{T -min) Diopside Anorthite Glass
900-40 88L7 5+ 05 37t 6
520-60 64 15 21
940-40 59+ 3 24+ 3 172

Table 2. Bulk Denseiy of the Hot Pressed as a Func-
tion of Heding Time al Different Temmpera-

tures
c S 40 60 80 120
900 - [ 2975 | 2977 | — | 2985
920 | 2975 | 2973 | 2987 | — | 2.986
940 ~ |22 | — | 2088 | -
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Table 3. Compositions (wit%) of Bulk Glass, Residual Glass, Crystal of Sintered at 900C for 60 mins Determined

by EDXA
Components Sic, CaQ MgO AlO- Fe; 05 Cra04 Na,O
Bulk 331 20.6 6.5 12.1 43 09 2.6
Residual Glass 54.9 259 1.3 124 31 07 16
Glass-Crystal {interface) 53.4 226 5.2 12.2 4.1 1.0 15
Crystal {diopside) 515 210 8.8 109 5.1 0.8 1.9
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Fig. 3. Comparison of linear thermal expansion of hot
pressed glass-ceramics and quenched glass.
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Table 4. Ceefficients of Thermal Expansion of Hot
Pressed Materials {100C <T<600TC)

Material Experimental Theoretical
(C -rmun) (K {EY
900-40 TABX107¢ 7.06>%107"
920-40 - 70541078
940-40 7231075 6,88 1078
95(-60 669> 107" 6.97X107°

Assumed. a (Diopside 7.7 1075 Anorthite, 50X 1075
Glass 5.7 X108 K-L <600T )Y
K (Diopside 112; Anorthite 85; Glass 55 GPa)™

Table 5. Hardness (Hv, Hk} and Young's Modulus of
Hot Pressed Materials Determined by Inden-
tation Method

Material Hv (GPa} Hk (GPa)} E (GPa)

(T -min)

500-40 6.2+ 0.1 54+ 0.3 119+ 19

900-120 6.8+0.2 6.0+ 0.2 215+ 19

920-40 6.7+ 04 55101 163+ 20

920-120 69+ 0.4 6.4+ 04 59+ 4
J40-4O 72103 6003 120+ 20
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Table 6. Flexural Strength (MPa) of the Hot Pressed
Materials as a Function of Sintering Time
and Temperature

@ )(mm) 20 40 60 120
900 — 200+ 6 | 210+ 18 | 260+ 25
920 | 215+10 | 23010 | 225%8 | 22012
940 = 210+ 22 - 180+ 25
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Table 7a. Companson of Fracture Toughness of Hot
Pressed Materials by the Difterent Methods
(Indentation and SENB)

Sintening Indentation SENB
(T -min) (MNm %) (MNm %)
900-40 1.30+ 0.06 18101
$00-120 151+ 007 22x01
920-40 1.43£Q.08 23+ 02
L 940-40 143+ (.06 29+05

Table 7b. Indentation Fracture Toughness (MNm %)
Calculated for Various Values of Young's
Medulus

Materials

Young's Modulus (GPa)

(€ -min) 110 120 130 |
900-40 1.30 1.36 141
920-120 144 151 141
940-40 137 143 1.49
920-120 1.64 171 1.78
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