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Preparation of ZrQ: —mullite nano- composite ceramics

TAN Xiao-ping, LIANG Shuquan, LI Shao-qiang, TANG Yan
(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: With the reasonable composition design of basic component SiO2- Al 03-ZrO2(SAZ) and
additions, the SAZ homogeneous melt was prepared at 1 620~ 1700 C and then the transparent
amorphous bulk material was obtained after quenching. The bulk material was heat-treated at
900~ 1000 C for 2 h to nucleate and at 1 100 = 1200 C for 1 h to crystallize, and then ZrO2-

mullite nano-composite ceramics were prepared. T he crystallization behaviors of SAZ amorphous
bulk materials were investigated by differential scanning calorimetry, X-ray diffractometry and
scanning electron microscopy. The results show that the SAZ amorphous bulk materials start de-
vitrifying at 900 ~950 C and t-ZrO: phase forms first. With the temperature up to 1000 C, mul-
litization appears and mullite becomes the major phase at 1 100 C. Above 1 100 C, a small
amount of t-ZrO2 changes into m-ZrO2, and the m~ZrO: content is more than 50% for the samples
heat-treated at 1 250 C when cordierite is formed. There is no change of the crystal phase formed
first through adding Ti0O2, which greatly decreases the crystallization temperature and promotes
the crystallization of the SAZ amorphous bulk. And the sample heated at 1 100 C for 1 h shows
very dense and homogenous microstructure with the size of balllike grains of about 20 = 50 nm.
With the temperature up to 1350 C, the grains grow quickly and some grow into platelike grains with
a few grains of about 5 Pm.
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1.1 JEREH S KL
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Table 1 Composition range of raw materials
w/! %

Si02  ALOs ZrO2  Ti02 MgO  CaO FHoAth

35~ 45 35~ 40 10~20 0~ 8 0~ 3 0~ 2 0~ 1

1.2 SERTTE

BT IR FREL & TR B 7y, 7R B IR S
Ja, MNmE B A, HEHEE R A, T
1620~ 1700 CHf¥E 2~ 4 h, Kk ah 345 (1) w44 12

TEANAR b St s A 20, 15 2K B B 4k sk . %y
SCREALEREREAT A0 2% B 2 43 A, 23 A 3R B A o 4 B
SR A R EA . R, XFHE & A AE 900 ~
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B R 2 B B AR A .
1.3 SRR
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75 Em .

YIFH 4> T R H XRD # R, 76 H A& # %%
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Fig. 1 DSC curves of amorphous samples

2.2 SAZ dEdbTE AL RR T AR S b

SAZ2 AR AEAN R E T #Ub B 9 XRD 3% &
WE 2 s . B 2 s BUR I, £ 900 CAb2E J5 1
FEah, RIS AEATSEE, 52 HE 8 AR 950 Chb
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Fig. 2 XRD patterns of SAZ2 samples

treated at different temperatures
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Fig. 3 XRD patterns of SAZT samples

R 3 AFREEHAEE GRS m-Zr0, MY & 2
Table 3 Relative content of m-Zr0O- in

samples treated at different temperatures

./ %
HAbBIE R/ C
SAZ2 SAZ1 SAZ
1 100 4.9 5.3 10.2
1150 20. 1 23.9 25.1
1200 42.8 40.6 39.0
1250 58. 1 54.7 51.8

® 4 AR T Hb BE S E A
Table 4 Phases of sample heat-treated

at different temperatures

wEEN C LYiL
~ 900 [
900~ 950 +Zr02
950~ 1000 tZr0> BORAT (H /b4t (a) =900 C; (b) —1100 C; (c) —1350 C
1000~ 1100  +ZrO2BKA, A%, nrZrOa( /) Kl 4 SAZ2FE5HI SEM T
1100~ 1150 rZr02 3K A, HIAYE, mrZr0: Fig. 4 SEM images of sample SAZ2

1150~ 1250 tZrO KA, HADE, mZr02, BEFA
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a. A4k A 4y 1 T O RNk BN N A, A
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b. SAZ ZKHFEHE S AL 900~ 1 000 CTR
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WA —S R 9K AR %S .

e ZIEHIR AR SR A 9K B A &
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