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ABSTRACT

The effect of TiO, addition to the 90 wt% Cordierite - 10 wt% Enstatile base plass was investi-
gated to understand the crystallization behavior of the glass.

Glasses with addition of TiO, less than 7.5 wt% had a tendency of surface crystallization and were

cracked when heat treated, and in this case the crystalline phase formed was indialite.

Glasses with addition of TiO, more than 10 wi% to 15 wit% were crystallized in bulk when heat

treated and were suitable for glass-ceramics. The highest microhardness, 1640 Ka/mm?* , was obtained

when the glass of 12.5 wt% TiQ, addition was heat trealed at 76 2°C for 60 minutes for nucleation and

at 1135°C for 20 minuies for crystal growth, and in general higher micrchardness was obtained when

crystalline phase of magnesium aluminum titanate and p-cardierite were developed.

Avrami equation for crystal prowth kinetics was applicable in glasses of less than 7.5 wi% TiO,

addition and in case of glasses of more than 10 wi%

fast crystal growth.
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Table 1. Glass Composition (wt % )
Sample number
Component
T" TS T’.-S ,rlﬂ T]L 3 Tl.!
Mg 16.41 16,6| 15.3|14.8] 14.4 | 14.0

AlyQ, L4 29.8| 29.0|28.2|27.4 | 26 6

Si0, 52,21 45.6| 48.2\47.0|45.7 | 44.4

Tiq, 0| 54] 7.§/10.0|12.515.0
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Fig. 1. Heat treatment schedules of parenl glasses.
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Table 2. Heat Treatment Temperature (°C)

Sam&lg‘ Nueleation Crystal grawth

T 831 983

Ts 808 947

Trs 802 928

Tha 784 216

T 762 875,925,962,1135, 1200
T 825 992, 1064, 1250
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Fig. 2. X-ray scaltering curves for the crystalline and amorphous standards of Ty glass.

a ¢ C points (26 degree and intensity) for crystaliine standard
s : A points ( 24 degree and intensity ) for amorphous standard
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Fig. 3. DTA .curve of mother glasses.
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Table 3. Result of X-ray Diffraction of Heat Treated Glass

r -
Sample Seaking Crystalline phase, depending on soaking time {min )
t 5
number (e%g ; T T ~
5 ! 10 X 30 , 60 ! IZD—I 180 600D
0 083 Gless Indialite
B 047 Gless Indialite
7us 928 Gless | [ndialile
Ty 416 - Cordierite
874
945 l,_t—CDrdieril.E
962
T
s p-Cordierite Indialite
1135 - . B e - oo
Magnesium alummum tltanale
Magnesiom alumium titanate ,
1200
Indialile
062
Magnesium aluminum ttanate
1064
T15
Magnesium aluminum tilanate,
1210 -
Indialite
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Table 4. Microhardness of Heat Treated Glasses and Mother Glasses (kg/mm?)
Sample Scaku::g temp. Soaking lime (min ) | Parent
number e 5 | 10 | =20 307 60 | 120 | 180 | 600 || elass
The 916 655 | 704 | 895 850] 240 | 869! 829 | axl| 605
875 648 | 665 | 636 | ba1| o045 61| 1031 924
925 954 | 1109 | 1020 | 1136 | 1171 | 1204 | 1187 | 1238
Tz 962 1165 | 1178 | 1180 | 1172} 1214 | 1160 | 1164 | 1263 || &24
‘ 1135 1455 | 1513 | 1632 | 1451 | 1383 | 1326 | 1083 | 1041
? 1200 1041 ] 962 | o951 o41| 8o5| 779 | 7761 7o
99z 049 ] 951 | 998 | 1065| 1082 | 1127 | n21 | 1118
Tia 1064 992 | 1006 | 1007 | 1041 | 1043 | 2027 | 1022 | 1018 || 631
| 1210 o71 | 983 | ®e3| o27| 922 961 41| oo
A 23 % 4 52 (1986 ) i3]
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Tio Trzes . Tus & BEHE 5 ALl Rt st A givlk Avrami®] fhEaelA 21 o m=14 o BER
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T s ol & 45 #RLEE NEsson, o o o FHEE, n=3d o IXTHRELZY BE
A R RALES EMFEEE Tableb of Welhgdel & = p=3 w 73 wEH =19 9 slak -
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0.9L Ea= AERE  E pmiEEs & T ek A prEe #&E T felo) sl = Avrami §F

Tahle 5. Dielectric Properties of Glass—Ceramics and Parent Glasses at Various

Frequencies {tan § X103
Samgle| Heat treating | 0 KHz | 100KHz 500KHz | 1MHz 5MHz |
No. condition

and | e tan § gf | tan g ef |tand | & | 1and g’

Parent glass 2.57 [ 5.4 2.42 1 5.6 | 2.02| 57| 232 56| 2.683| 5.3

Ty 816°C ,20mun | 2,71 | 6.5 122 6.6 | L12| 63| L26| 64| L47 | 64

916°C, 600 min | 2.18) 5.7 0.77 | 5.9 | l.o2{ 58| .28 57| L25( 5.6

Parent glass 2.05! 6.5 .43 |66 | 126} 65| L25| 6.6] L40| 66
Toas | 1135°C,20min | 2 36| 6 4 23 | 6.4 | L70| 65| 1.72| 65| 202 B3
1135°C, 600min | 3.75| 3.6 390 | 5.5 | 3.22| 5.5| 3.26) 5.6 3.35] 55

Parent glass 2.95| 56 .6 | 5.8 ] 119 5.8! L.40] 58| L& [ 7.8

Tys 992°C, 20 min 2,37 | 6.B 200 | 6.9 | 1591 69| n72| 69| L68| 69

552°C, 600min | 2.32 | 3.5 1.8 | 55| 18] 55| 162] 5.4| 157 5.5
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Table 6. Dstimate of Crystallinity for Heat Treated Glasses
Heat treatment time (min )
Sample number
5 19 20 3n B0 120 180 600
b 0. 006 0.014 0.054 G073 0.204 0. 436 0. 656 0.967
T,
’ Re 0.774 0.948 0.983 {.964 0.097 0,933 Q977 0.989
T b 0.045 0. 070 0.140 0. 146 0.443 0.727 0.953 0. 990
; T 0. 880 0. 965 0.986 D 949 0,994 0,993 0.993 0. 967
Tos b 0023 0,045 0.100 0.220 D.413 0. 681 Q0.722 0. 900
T 0. 851 0.978 0. 867 0. 987 0.990 0.982 Q. 087 0.952
b : Crystallinity index r : Regression coefficient
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