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Effect of Titanium Dioxide on Crystallization Behavior and Properties of
MgO-ALO03-Si0; Glass—Ceramics

YU Wei', LIANG Xinhui®, LI Shuzhi*, GAO Wenkai', ZHANG Zhanmeng', ZHONG Bo®*, WANG Jing', HAN Jianjun'

(1. State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China;
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Abstract: Cordierite glass—ceramics exhibit low dielectric constant, dielectric loss and thermal expansion. The stoichiometric
cordierite MgO-Al,0;-Si0, (MAS) glass is due to the surface crystallization. In this paper, MAS glass—ceramics with various
contents of TiO, as a nucleation agent were prepared by a melting method and subsequent heat treatment. The effect of TiO, content
on the crystallization behavior and properties was investigated. The results show that the glass transition temperature and the first
crystallization peak temperature decrease with the increase of TiO, content, indicating that TiO, can effectively promote the
crystallization. TiO, enters into the glass network structure, and facilitates the formation of p-cordierite and magnesium aluminum
titanate crystalline phases in the glass, and then form a-cordierite at a higher temperature. The crystallization mechanism of glass with
more than 5% (in molar fraction) TiO, becomes the bulk crystallization. As TiO, content increases to 10%, the glass—ceramics
heat-treated at 800 ‘C for 10 h and 1000 ‘C for 5 h have a high density of 2.95 g/cm’, a hardness of 9.67 GPa, and a thermal
conductivity of 2.13 W/(m-K). At 8.2-12.4 GHz, its dielectric constant is 6.3—6.5 and the dielectric loss fluctuates from 1072 to 107,
At 1 MHz, the dielectric constant is 10.8 and the dielectric loss is 0.024 4.
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Table 1 Chemical compositions of parent glasses

Mole fraction/%

Sample No.

MgO ALO3 Si0, TiO,
Tilo 20.0 20.0 50.0 10.0
Ti7.5 20.6 20.6 51.4 7.5
Ti5 21.1 21.1 52.8 5.0
Ti2.5 21.7 21.7 54.2 2.5
Ti0 222 222 55.6 0.0
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Fig. 1 Differential scanning calorimetry (DSC) curves of
glasses with different molar fraction of TiO, at
heating rates of 10 ‘C/min
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Fig. 2 Raman spectra of glasses containing different mole fraction of TiO,
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Fig. 3 XRD patterns of glass—ceramics containing different molar fraction of TiO, with the heat treatments of 800 ‘C for 10 h+

(850~1100) C for 5h
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Fig. 4 SEM images of glass—ceramics containing different molar fraction of TiO, heat treated at 800 'C for 10 h+900 C for 5h



< 1288 - CREMR £R 27 4R

J Chin Ceram Soc, 2022, 50(5): 1283-1291

2022 4F

S, AR PRI T 47 00 R 3000 %o 7 AR08 T 33 5 HE Ay 1
Mrid, Wi SO TE SRR R34 —, A2 Ok i HOR
kL, AT DAKE ) p- g5 40 18 4g 4 Til0 T
BRSO B SN, I A 30 45 89 35 53 IR AR AT i
W% . TiO, B KT 5%0, & KRR LA A1
SAAMEN %, DR RS S -
AT R
2.3 MR IMEBIBRY TR

SIS i g I O & (R o s AN X ) ¢ S
B TiO, M7 & M AR I ARt 3. & Sa
FE &b TIO~FE 5 TiS A A 0 T vy 2 R BLRE
IR, PR IS -2 55 A A il B
R o-EFH A, FERECR IR, % S
WG ST TRER Ti7.5 AEES Tito, HASAHN
w- BT A RVER R BEER AT, WL B I . AF

2oL~ "= Ti0 3
7| —e—Ti2.5
—A—TiS §/§./i
T, gLTYTITS
5 —&—Tilo
& 4
> -
g Al i§ X
Q
26} \
a
{ ]
2.5 -
PG 850 'C 900 'C 950 °C 1000 C
Crystallization treatment
(a) Density
10
—&— Ti0
—e—Ti2.5
5 —&— Ti5
- i —v—Ti7.5
E —&— Til0
<
=)
g
2 Tr
>
6 b
PG 850 'C 900 ‘C 950 'C 1000 C

Crystallization treatment
(b) Hardness
PG is parent glass.
K5 % 0~10% TiO, S5 KB B3 1) 5 AN B
Fig. 5 Density and hardness values of glasses and glass—

ceramics containing 0—10% TiO, heat treated at 800 C
for 10h and 850-1000 C for 5h

fir TiO~FF i Tis I 900 “C AL )5 T 46 H B 24 1)
MG, MR R AR S AARAER, T HA
IF (10 R B e A 2 10, R o Rt R
Ti7.5 FIFE A Ti10 PEATREFENA. #F5h Ti7.5 FIFE
Til0 Bl AL P R 38 o, Rl A, S22 T8 o (e 4,
XA 28 Tt B T 5 o P TR o AT A 80 5 4
I, e S BUR RGN, SRR A
1000 CH, Fffb Ti7.5 FUFE S Ti10 fol il RS 1 A 55
354 9.37 GPa 1 9.67 GPa.

IEFE T FESD Ti7.5 FIFE S Til0 £E 800 °C/10 h+
1 000 ‘C/5 h AR TN B B EEAT T 403 2 gl
K, X2 AMFEEMPIHRFESHA 1.99 W/(mK)H
2,13 W/(mK), HA T2 55 T IR, 1XEH
T p-SE AT A B TR B I R R 2R
Kl 6 AAESN Ti7.5 FIAE S, Tilo 3 B RN b 3 S A8 T
IR 5 Clmin B HNZIK IIZE, JFARH T RAE
TP R, AR 1 2 P S A T A i R
i tH DSC e MBS . KT 400 C,
FES Ti10 fol o 35 3 PRI 1 28 [ Sl 3 B — FE AR
FReett, {HAE 500~700 CR4E T AR tbdeAr, Xn]
R A P T BB 0 T A7 A () A D [T A A i A A
HARGIEA . FES Ti7.5 FIFESD Ti10 B85, B3 I #4
MK R B ST - 2 A RS RS A 3 3
Bk 250, BAREESIAE R 2 b, XRE T
Tl SR AR I AR p-2E 5 A, AL o- 22
A iR R IK 2R H0E KPT

Til0 GCs

0.008 |
0.007 |
0.006 |
0.005 |-

S 0.004 -

Ti7.5 PG
Til0 PG

0.003 -

0.002 -

0.001 -

0.000

0 200 400 600 800 1 000
Temperature/‘C

Tonset 18 initial expansion temperature; 7Ty is dilatometric softening

temperature.

K 6 Ti7.5~Til0 BEEEFILE 800 “C/10h+1000 “C/5 h #uAb B4
it SBCHE (R AR K it 2k
Fig. 6 Dilatometric curves of Ti7.5~Til0 glasses and glass—
ceramics (GCs) heat treated at 800 ‘C for 10h+1000 C
for5h
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Table 2  Characterazation temperatures and thermal
expansion coefficients () of Ti7.5 and Til0
glasses and glass—ceramics

a(20-300 C)x10%C™!
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Til0 741.4 803.2 4.11 11.19
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