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Abstract: Effects of different heat-treatment process on the crystallization, phase composition and content, and micro-
structure of 19Mg0O-23A1,03-53S10,-4Ti0,-2.5B,0; (wt%, M-A-S-T-B) were studied by means of differential scanning
calorimeter (DSC), X-ray diffraction (XRD) and scanning electron microscope (SEM) techniques. The influence of dif-
ferent nucleation and crystallization time on the microwave dielectric properties were discussed as well. The results
showed that, based on the controlled crystallization mechanism of glass, MgSiO; phase was precipitated adequately for
M-A-S-T-B samples heat-treated at 850°C/2 h + 950°C/2 h, and also, the a-cordierite, xMgO-yAl,0;-zSiO, and a-SiO,
phases could be precipitated from matrix phase. Additionally, with the increase of nucleation time, types of crystalline and
phase content were found no discernible changes in the M-A-S-T-B glass-ceramics. While crystallization time increased to
20 h, the crystallized volume fraction of the glass increased, leading to the improvement of the quality factor (O xf) and
the obvious precipitation of granular grains. However, the dielectric loss slightly increased and the relative density of
specimens decreased with further increase of crystallization time (30 h). Wherein, the M-A-S-T-B glass-ceramic sample

heat-treated at 850°C/2 h + 950°C/20 h exhibited the excellent microwave dielectric properties of &, ~ 3.85, O xf~ 12740 GHz
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(at 13.973 GHz) and 7;~-5.37x10°%C.
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Fig. 1 DSC curve of M-A-S-T-B base glass sample
Inset shows the heat treatment process of the glass
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Tablel Heat treatment processof M-A-S-T-B glass

Specimens Ty/sintering time T, /sintering time
1 850C/1 h 950°C/2 h
2 850C/2 h 950°C/2 h
3 850C/4 h 950°C/2 h
4 850C/8 h 950°C/2 h
5 850°C/20 h 950°C/2 h
6 850C/2 h 950°C/1 h
7 850C/2 h 950°C/4 h
8 850C/2 h 950°C/8 h
9 850C/2 h 950°C/12 h
10 850°C/2 h 950°C/20 h
11 850°C/2 h 950°C/30 h

WAL 970 CHIE, 1A RIEMIR B R s /R 2 h
PRS2 A A MgSiOs. HIE 2 & a4, 78
BT K B RLORE A A 1 [F B, M-A-S-T-B il 3%
MBI A L& o 2 H A (MgALSIsOs,
PDF#13-0294) . %% %5 fif IR #h (xMgO-yAL0;-2Si0,,
MAS, PDF#14-0346)F175 41 9%(a-Si0,, PDF#12-0708)
I, 256 XRD il & H, HEAMAE 950C
PEENT AT, BAR B,O5 1A #1L 7R Bl 71,
SAE— T RERE AR e 5 1 PR AR L e S AH B AT i iR
FE, MIMAETS 984.5°C ML ok it (WL 1)
AR 2 AH AT I G BT R, (E AT R R
M, AL BN MgSiOs AHRIHT S . T A
850°CH#%4k 2 h ) XRD BT LLE H, B Ef /&
R AR R o- B AT, B 850°C
AL 2 h, M-A-S-T-B 33K R T dfid #2 A 2 4l
AL B, KEMEZCEER, FIRHTEK N Rk,
R BB AR T . 59— T, TE KB
850°C/(1~20) h+950°C/2 h Yu [l N, 44ZALH 8] 2 h,
IR R BT AT I SR AR B R R O AR, HARE
FZALE TR Rk — 25 2B 420 h) i B S g

xit b2 B BORIE 7T AN 2022 2 MAS & S0,
PG F, SAZA TiO, PRI EIEFIEFEE 6wt%~
12wt%2 8], BEGAE 950~1000°C /2 A5 B 4h it Hi 1
2 B R AR R 2 AH (Mg, Al Ti(1O0s, MAT)AI
S AM(TIO,); MAEAHT T M-A-S-T-B il it %
R R, TiO, M INEAUN 4%, X RFRN/D &
TiO, TEi% FHE R RAE ST RAZ I RIS, S| T
&40 A M MAT M ITE . A BT 7R B, MAT A+
i) Mg & B Awf, HARGELUA ALTIOS ), Shen 2517
HESE AL TiOs AH P H 3 2 DR 14 i B 22 J8 44 1) A It
ke, S B OxfH A% T TiO, i &, 55 T 1007, I
HAW RSB IA R M-A-S-T-B, H T &
MgSiO; 1] & Z14 6, HIFERAR(Q x f~120000)",
R, @ fn/b & TiO, nf LAFIH| 4204 A A1 MAT AH
Mrem, 3 MeSios #H IR EMTH, IE5AHE 7T



1312 T AL A R R

ERRE

(a) o« $MgSiO; © a-Mg,ALSisO5

VMgO-ALOsSi0, ®a-SiO;

Intensity / (a.u.)

20/ )
(b) 0 MgSiO, O a-MgALSis0 5
MgO -ALO,-Si0, ® a-Si0;
~ 4 * ﬁ’ o QQ 00
= 850°C/2 h+950°C/30 h
< W\«_/w &'C/Zh 950°C/20 h
> N/ R
% : 850°C/2 ht950°C/ 2 h
= 850°C/2 ht950°C/8 I
= A A A A, A
850°C/2 h+950°C/4 I
S A ]
m N 850°C/2 h+950°C/2 h
SN i D! 2

10 20 30 40 50 60 70
20/ ()

© o

850°C/2 h+950°C/30 h
850°C/2 h+950C/20 h
850°C/2 h+950°C/12 h
850°C/2 h+950C/8 h
850°C/2 h+950°C/4 h
850°C/2h+950C/2 h
850°C/2h+950C/1 h

Intensity / (a.u.)

Ll

24 25 26 27
20/(°)

B2 RS s AR B SRR A RN ] N M-A-S-T-B ffti
) XRD [

Fig. 2 XRD patterns of the M-A-S-T-B glass-ceramics heat-
treated at the same nucleation and crystallization temperatures
for different time

(a) 850°C/1-20 h + 950°C/2 h; (b) 850°C/2 h + 950°C/1-30 h; (c) the
enlarged pattern at 20 = 23.5-27°
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Fig. 3~ SEM images of the M-A-S-T-B glass-ceramics
heat-treated at the same nucleation and crystallization tempera-
tures for different time
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Fig. 4 (a) SEM images of the M-A-S-T-B glass-ceramics
heat-treated at 850°C/20 h + 930°C/2 h, and (b) EDS pattern of
region ‘A’ marked in (a)
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Fig. 5 Curves of density(p) and porosity of the M-A-S-T-B
glass-ceramics heat-treated at the same nucleation and crystalli-
zation temperatures for different time
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Fig. 6 Curves of ¢ and QO xfvalues of the M-A-S-T-B glass-ceramics
heat-treated at the same nucleation and crystallization tempera-
tures for different time
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R, ERAEF M 850°C/2 h + 950°C/20 h I, Af
IG5 ORI Oxf~12740 GHz ME/IME 6=3.85; [F]
W, R T 24T, ] 3R1GIEEM o [H(=-5.37
X 10°%/°C), BEMSIE LTCC FEMRSLhriz F e etk
REER(-10x10°/°C< 7 < 10x10°°C).

3 #ig

1) i peghiHl &1 M-A-S-T-B i3 Ee
AN TR A Ak B 6 B SR A E SR AR 2 MgSio; #, [
NEEBE A o-MgrAlSisOrs. xMgO-yAlLO5-zSi0, F
o-SiO, AHIIAT Y, 1X 5 B 385 20 i 30 1 B I AR —
o BEE LI R, BRI R R AR BRI
A o- B H A AR R

2) HpegEdlE N 850°C/2 h + 950°C/2 h K,
M-A-S-T-B T 3 & i AH A AT o BEE 2 AL
B[R], e 45 1 b R R R % P AN 3 o R B R
PETt, T BEE AT (R KA, B TR R R
G R pa e U SR B N SR Y I PO €
BT R 2R 5 K ) 5 M KT A A B 1) BT 520

3) 2 M-A-S-T-B Z 7l & BB it 11 A 40 241 1
JE 4 850°C/2 h + 950°C/20 h I, AT k455544 otk
A PERE: £=3.85, Oxf~12740 GHz(f,=13.973 GHz)
5 ~-537X109C.
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