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Effect of Nucleating Agent on Crystallization Properties

of MgO-Al O, -Si0, Glass-Ceramics
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(School of Materials Science and Engineering, Shenyang Jianzhu University , Shenyang,China, 110168 )

Abstract ; The paper studied on the effect of crystal nucleation agent on the crystallization of MgO-
Al,0,-Si0, system glass ceramics. MgO-Al,O,-Si0, glass-ceramics were prepared by melting
method with industrial chemical reagents as main raw materials. The effect of nucleating agent on
crystallization properties were investigated by X-ray powder diffraction (XRD) and scanning elec-
tion microscope( SEM). The results showed that the addition of nucleating agent was beneficial to
the crystallization process of glass powder and was helpful to improve the properties of glass-ce-
ramics, but it would not change the type of the primary and secondary crystalline phase. With the
increase of the ZrO, content, the crystallization temperature and crystallization activation energy
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were decreased ,the crystallization kinetic parameters was gradually increased. With the increase of

the TiO, content, the crystallization temperature and crystallization activation energy firstly de-

creased and then increased ,the crystallization kinetic parameters was firstly increased and then de-

creased. The crystallization properties of MgO-Al,O,-SiO, glass-ceramics were affected more sig-

nificantly when ZrO, and TiO, were added together. The conclusion is that both TiO, nucleating a-

gent and ZrO, can be used as MgO-Al, O,-SiO, glass ceramics, TiO, is more conducive to promote

the crystallization of MgO-Al,O,-Si0, glass ceramics,crystal and the number of precipitation more

columnar alpha cordierite crystal structure is more complete. When the TiO, and ZrO, were mixed,

the most advantageous to promote the crystallization of the system.
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Table 1 Table of raw materials
JEAA 43 /u it 3 E %
MgO 40.30 =98.5
Al O, 101.96 =99.0
Sio, 60.08 =99.0
B, 0, 69. 66 =98.0
CaF, 78.08 =98.5
TiO, 79.90 =98.0
71O, 123.22 =98.0
Cr,0, 151.99 =99.0
1.2 HIEHAWEE

Ll MgO . SiO, Fl ALO, & ¥ B J5 K,
B,O, 1ENEIEH], CaF, /£ A& E ], TiO, il

ZrO, 1F R S A%, il 2 S5 A T B .
HPTES AL LN 2 PR, R 2 h
3B LB BB, B BR 4 1 LA RE] A B
SR AT SR T i 1. 67 wm B ¥ A
e 4 ~5 W MIREL AR SIR G, R I
GoRHE TR E 5, 7646 5 B D
8 C/minfyFHRH AT RS 1 500 TR
4 h, SR FL B B I VR B A K T K TR
¥ WCBE K VAR e 1 3B 3 Uk R AT B LA T
ZERRATHT R T BB 5 ) 2 ST T K b
BRI S 3 h i, LA 8 C/min [ 7
IR THER] 1 500 CIERIR 4 h,2R)51E k
ERALIRELIT 50 CHTHE ZE AL IR 1R
M2 h, B 5 B A H B =R, S 6O B
}%[16].
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Table 2 Compositions of the glass samples %
H w( FERRBIE) w(TiO,) w(ZrO,)  w(TiO, +Zr0,) w(B,03) w(CaF,)
1 88 6 0 0 3 3
2 87 7 0 0 3 3
3 86 8 0 0 3 3
4 88 0 6 0 3 3
5 87 0 7 0 3 3
6 86 0 8 0 3 3
7 88 0 0 3+3 3 3
8 87 0 0 3.5+3.5 3 3
9 86 0 0 4 +4 3 3
1.3 Wik7rE (7’2) E E
In| £|=—++In—-Inw. (1)
(1) A il BE T b 35 A BE B 3l )~ A «) RT, R
BRI E Ao BRI TR THRE R 7, 9 DSC

Y T 5 118 7 Y 3 8 AR FH 35 6 e S o
A, B 10 mg B 258 B3 3, i X i)
0~1300 C, Jhik# FBEH 10 C/min,
15 C/min#1 20 C/min. #4% DSC ¥, 47
LRI, 22T R b A RN B W PR
JITXS I B ik BEAE S T Al E (2, ), AR T UL
RN MR LA K Kissinger J7 Fei1 35 M7 i
TEALRE(E) K15t S8 (v).
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DA In( Ty ) HYNAERR 1/ T, b Ae b
KT B #HPR N E/R, #5R In (E/
R) —In v. AT LR E F1 v.

(2) ZRPEREISHT (DSC)

V7 B B R ) L B AR A S A S ot
1.67 pm i+, FREUTT I 10 mg , FH A% [ it 5tk
ONE)E PR B SAT409PCLuxx % [A] 45 #4473 #r
{SGHAT A B FHR X RIESS 0 ~ 1 300 €,
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(3) X HHAT 0T (XRD)

WX REDFE 1 2.5 wm 77, RATH A&
S5 7000 B XS ERATT SO 28 (4 1 i B
B SEAT SAR A3 AT, DL &4 Cu #EE K
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YEHLTE 30 mA, S35 5° ~90°.

(4) WIS 5347 (SEM)
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Fig.1 DSC curves of glass samples



172 Tk B SOR S e AR (A R R SE R

%33 %

MRAEP 1 w50, 41 A 2 £ =4 THE
HR T T2 DSC kL RIAR AL, R
o — HET A1 B AT A R 1Y) 57 A IS ().
2 2 M R PG A 7 B IEAIC T4 1. 4 3 A
AT R BT A R N T AL 1
I 2, AR A 3 78 BRI B2 T AT DAAT i
o - EHA. HHN 43 IS DSC LT b i%
BB, VAT AR A 5. 4 4 AHXF
43000 AT A A B A T BRI, N3, BT
WA 715 I XA 5 o T 2R 5 AR AR R A AT AN
Sr— HERLE 1R S BB FFREIGE RS , 4l
6 WIEIH T 7 k. 41 7 M AT b I Ui
FEARXS T4H 6 1 5 2R £, H 2Kt 4 5
FT A AR T 2H 8 BT IS A B i s 3R
(E IS T4 7, VW2 8 T2 Al o — HFH A
Mrib e T2 7. A 4 M i 0 R A
R AL 9, 78 =D FHRH R T HAT & i
IREEY/INT 1300 €. U4 9 i 5 Fr il
o - EH AWM. I BEME NIRRT 2

P A% 0] Bsf S 6 1) o) 8 Ve B e s T DA R AR
83 C.

HTR E R v, @ U In( T/ o) AR
bR, 1/T, A bR AT HEAA (LA 2) .

1227
12.1} - ) . %l
120} = 402
/oy afi3
119} x 94
—_ * 45
S 118+ o 76
117} ;ggg
-1 v
H11.6f * > 419
1.5}
11.4}
113+
11.2 . . . .
0.00073 0.00075 0.00077 0.00079 0.00081 0.000 83

/T,

B2 AEE S e
Fig.2 Fitting straight line of data points
ZIRIA B4, R Kissinger J7 B2 AT LA
SRIFASAAREAEA R L 3R T/ E A v, 40
%3 R,

R3 KABTEBORONT A EE AT AL RE KBl 12 S

Table 3 Crystallization temperature ,crystallization activation and kinetic crystallization parameter of the glass batchs

1

2 T,/K E/(kJ-mol ') v/min ~

1 1340 278.3 5.2x10"
2 1326 251.6 3.5x10"
3 1335 269.9 1.3x10"
4 1 360 632.2 3.7 x10"
5 1347 461.5 4.6 x10"
6 1339 404.2 9.8 x10%
7 1283 222.1 2.7 x10%
8 1265 190.3 4.3 x10%
9 1247 165.5 3.8 x 10!
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Fig. 3 XRD patterns of glass-ceramics with dif-

ferent nucleating agents
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Fig. 4 SEM micrographs of glass-ceramics with

different nucleating agents
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