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Effects of Composition on Crystallization and Properties of Cordierite Glass—Ceramics

ZHAO Yanzhao', YANG Cuiyue', HE Yunpeng', HU Zhiming®, HU Hao', YIN Hairong
(1. School of Materials Science & Engineering, Shaanxi University of Science & Technology, Xi'an, 710021, China;
2. Dahe Ceramic Materials Co., Ltd., Weiyuan 642450, Sichuan, China)

Abstract: According to MgO-A1,05-SiO, ternary system phase diagram, 22 kinds of compositions were designed by using
triangular rule, and cordierite was synthesized by melting sintering method. The crystal evolution and phase transition of cordierite
glass—ceramics was studied by means of differential thermal analysis, X-ray diffraction and scanning electron microscope. The
apparent porosity and thermal expansion properties were tested. The results show that there are two kinds of exothermic peaks in the
differential thermal curve with the change of composition. Near the theoretical composition, a double crystallization exothermic peak
occurs, and MgAl,Si30;, and o-cordierite crystal phase is precipitated. The thermal expansion coefficient of cordierite under the
theoretical composition is the lowest, which is 1.27x107°/°C. However, when the MgO content in the composition increases to more
than 16.6%, the exothermic peak of crystallization is unimodal, and only a-cordierite crystal phase is precipitated under the single
peak. At this time, the apparent porosity of cordierite sample is on the decrease significantly, with a minimum value of 0.32%.

Keywords: cordierite; glass—ceramics; composition; crystal phase transition

fE MgO-A1,05-Si0, = L RGME S, ULHET  FIRSE 7R SRR Fo0 575 0 M i O 4 LA
AN E AR B ES A RGN Si02:49.0%~  KHEREMIRSI, 1] MgO-A1,05-Si0, KRG H EH A
68.0%, Al03:17.5%~34.5%, Mg0:9.5%~25.5%(it it BIEHITERE 3 2 mi R A e, Ik
Ea¥ol. EHEOAEMRZMRNOMEE, WPIGERE  JFRARINT MgO-ALOs-Si0, RGiM kAl fE i
By ORI AR AU BB, fh RS BN,

FasE MEUT . BURGETERELS, BN T AL 7 A FEBETH MR RN, 38w 9B s v B 1T A 44
R G U K B A BHA AR MgO. A1,05 Bifii Si0,, 1H/& H AT AIAH
Har, XTEHAMERB 7 2 &idd i inA SCRRRHER R BT R R 2 A s E 2 Sk

BEALY), W TiO,. By05. CeO, 24k 2 A WA MgO—ALOs—Si0, 2 ST i FI M RE 1 5

WA H 8. 2021-04-19. BT H: 2021-07-01. Received date: 2021-04-19. Revised date: 2021-07-01.
RETH: FHEAREEIEE ESTHE (51472151). First author: ZHAO Yanzhao(1964-), male, Ph.D., Professor.

R BER(1964—), B, it HIR. E-mail: zhaoy@sust.edu.cn



49 B 12

RAEE S5 LB T A TR B T R AR BE RS < 2711 -

gt 2100y L A BE I PG ALO; R BE /R LT
DA & s g g, PSR T Sioy
MgO JEE /R HEXT MgO—A 1,05-Si0, ol i B A A1 iy
AHFEAS [ 5emT, RIMBES Si0,/MgO JEE /R L 14 i,
HHA]AH Mo 6Al 2Siy O AT it WX 2 38 St 98 /) I 1
PNER: 8- Pap ik iy N b N & IR Y
FU T SR RO ) B s v o 25 2 FL T A B
REfIS M, RILSEACA AL, ERLL T LR
FHRER AL, ik, fmBEd bt i B AL %
BAEI), 25T MgO. AlLO; Fil Si0, 3 FhH 43 %)
AT R AERE ST TR/ o Xu & AR @ i il
AR IR 5 0 A SR BT MgO/Sio,
ELAT ALO; & =X il i B B 45 S AT N T &5 # A
MK RE AT, KL ALO; F &= IIF%
KL MgO/SiO, Fr & 8 et I Rl P FH v A4 3 P
() PR B0 B8 K, MigO/SiO, EUAE I B AN ALOs &
HPRFE TS E, BT AR,
HEE ALO; TIEHUEF A4 aAH, HH T 8E
TS AR, B EA o T paEt,

NHEFE MgO+ ALOs F Si0, 3 Fhd /st B H A
BT et FAVERE RO REMR,  FF ORAIE 3B 3 78 B IR B A 1
L 0T B P AH R R A AR P IR S A A i B . AR
P& MgO-A1,05-Si0, —JuAHE ERIBEE X .
W LI BT H IR SR AR R 2 DL T AT HE Y 3
MR E BB AL, R = A BN PO o 3 0 B i
BT TE 22 B . R BB S5 iE G I E S

Si0,

; \\_ Tridymite

Two liquids

s SN %o?
. N /7 o~ "N Y
Periclase O el
+ AMgO-5ALO; 2810, ~ s
NN N N ' \/ \ NraN
MgO ALO;

B 1 MgO-ALOs-SiO, Z i &
Fig. 1 Phase diagram of MgO-Al,05-SiO, system”’
R 2 TR RS, KR T
1500 CHRlG 4 h JF/KEERG 2 E T A BE . K

i, FEXTFTH G R SV REREAT RAE MR, DUR A
RSO BT A SR B AT SR AN BE RS2, IR
HE— DA B T A R B 1 1 R L R R AR
FEW i F Hp = i I 4 75 A BE P 3 DSCL XRD
Jo SEM MR 25 S0 45 75 A0 i AL A A Rk AT 0
Btz Ab, 8 T A0 ik ol 3 1 1) 22 it 20w LA 4
AL B E IR LS % . MgO-A1,05-Si0, =7t
ZGAHE A 1 R,

1.1 E#
TR Ao, EAEE, R A N 1

FIT7I o M Rk 45 2 ) 25 T i TR B 1) e 22 o B A 2%

GIESY B EAEA, RS BB s Al

F1 FERREER

Table 1 Experiment materials and their composition

wi%
Materials MgO AL O3 SiO, Fe 03 H,O
Alumina 98.07 0.046
Quartz 99.53 0.050 4.90
Magnesia =98.5

w is mass fraction.
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Table 2 Composition of matrix glass w/%
Sample No. SiO, MgO A1,05
Ay 52.8 9.6 37.6
A, 52.8 11.0 36.2
Aj 52.8 12.4 34.8
Ay 52.8 13.8 334
As 52.8 15.2 32.0
Ag 51.4 11.0 37.6
A, 51.4 12.4 36.2
Ag 51.4 13.8 34.8
Ay 51.4 15.2 334
Ajp 51.4 16.6 32.0
Ay 50.0 12.4 37.6
A 50.0 13.8 36.2
Az 50.0 15.2 34.8
Ay 50.0 16.6 334
Ajs 50.0 18.0 32.0
Ajs 48.6 13.8 37.6
Ay 48.6 15.2 36.2
Ajg 48.6 16.6 34.8
Ay 48.6 18.0 334
Ay 48.6 19.4 32.0
Ay 52.8 16.6 30.6
Ay 48.6 12.4 39.0
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Table 3 Part of MgAlLSi;0,9 and a-cordierite crystallization
exothermic peak temperature statistics

Sample No. T/C T,/C AT/C
A; 976.00 1082.50 106.50
Ay 978.47 1014.97 36.50
Ajs 1000.90

A, 972.79 1084.79 112.00
Ag 981.57 1042.07 60.50
A 984.77 1008.27 23.50
Az 994.73

A, 963.10 1079.60 116.50
Az 976.00 1010.99 34.99
Ao 987.22
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Table 4 Statistics of peak temperature of a-cordierite
crystallization exothermic
Sample Ax(11) As(Il) As(Il) As(ID) Axn(Il) Ass( 1) Aio( 1) Ax( 1)
No.
T»/°C 1084.791082.501026.261017.651001.47 985.77 987.22 994.73
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Table 5 Statistics of peak temperature of a-cordierite crystallization exothermic

Sample No. As Ay Ays

Azo Az A7 A12 A17

T/C 1017.65 1007.22 1000.90
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1079.60 989.92 1011.79
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Table 6 Peak strength of the crystal plane diffraction of
the sample

Diffraction peak intensity/s”'

Temperature/'C Crystalline phases

Ag Az
900 MgAlLSiz04 1264
950 MgAlLSiz04 580
950 Indialite 148
1 000 Indialite 308 697
1050 Indialite 338
1100 Indialite 358 449
1200 Indialite 338
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Fig. 5 SEM photographs of samples Ag and Ay
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