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Abstract: In order to improve the thermal shock resistance of magnesia aggregates, MgO-ZrO, refractory aggregates were prepared
at 1600 C via adding 5% (in mass fraction), 10%, 15% and 20% of m-ZrO, powder into light burned magnesia powder. The effect of
ZrO, content on the sintering behavior, microstructure, mechanical properties, thermal properties and thermal shock resistance was
investigated. The results show that ZrO, is mainly distributed at the grain boundary of periclase, which can inhibit the abnormal
growth of periclase grains and promote the discharge of pores. Some m-ZrO, interacts with MgO to form c-ZrO, solid solution, thus
activating the periclase lattice and promoting the sintering and densification of specimens. However, more than 10% ZrO, addition
can lead to the more micron-cracks formation at the grain boundary of MgO, which can slightly reduce the density of the specimens.
For a specimen with ZrO,, the strength of the specimen reduces slightly and the main crack propagation mode becomes intergranular
fracture due to the weakened intergranular bonding of periclase. Also, crack deflection and branching effect occurs after adding ZrO,,
leading to an improvement of the fracture toughness Kjc, and the specimen with 20% ZrO, addition has the optimum Kjc due to its
smallest MgO grain and the longest crack propagation path. In addition, although the addition of ZrO, results in a decreasing thermal
conductivity /, the Kjc of the specimen increases and the coefficient of thermal expansion o decreases, the thermal shock resistance of
the specimen improves. The specimen with 5% ZrO, addition has an optimum thermal shock resistance due to its maximum residual
flexural strength and residual flexural strength retention rate.
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Fig. 1 XRD patterns of MgO—ZrO, specimens fired at 1 600 'C
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Table 1 Lattice parameter for various phases in the
MgO-ZrO, specimens
Sample Lattice parameter/nm
No. MgO(Fm—3m) ¢-Z1rO0y(Fm-3m) m-ZrO(P21/c)

MZz0 0.4227

MZ5 0.4215 0.508 1 0.5143
MZ10 0.4216 0.508 1 0.5143
MZ15 0.4215 0.508 1 0.5143
MZz20 0.4216 0.508 1 0.5144
JCPDS 0.4225 0.5080 0.5143

(JCPDS 00-6794)  (JCPDS 75-0345)  (JCPDS 07-0343)

2.2 SEM Ei&EH
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SREC AT T IR 7 B i Ak HBE ZeO, SN
B, JTEEA SRS ZrO, SR B %, RAE
WAR R, T 7 B A AR RS IR kN IR T 355,

(e) MZ20

B2 MgO-ZrO, ffif JH R FAE S0 I A S e b
Fig. 2 SEM micrographs of MgO-ZrO, specimens before thermal shock test



49 B 12 B BE A MgO-ZrO, i K R & X LB EAT N . 2763 -

HorpaliE MZ20 7 8 dk RS 3~9 um.
BeAl, XEFEm ZeO, FIRAFE, 58 G AL iE W 5%
P, HEE Zro, e in, WS ENZ,
PR K., 454 XRD K SEM 43Mrés el s, ek
A Em IR Zr0, fRLRSTROR, MgO X H#sE A
FHAR ZrO, fik N FE5 HL AR 8 N ¢-ZrOy #H, K4 MgO
FRE I ZrO, TEA E It A2 A MDY 5 AR A0 R R
[l B 5%~ 7% FIA BRIz MgO 5 Zr0,
(9.2x10°° K YK LB, S BUREE PR s
Yo WG ZrO, Ui N, A48 S8 AR K 5
K [FIBT IR B ROV AR K, 3 BURE 0
HEUZHE 2K
2.3 REEMRE

& 2 N K E BHAREAE e 5 I 2Rl % . S

LB RVERE . R M. 3R 2 nT LA
L, 5REM Zro, i MZ0 A EE, I ZrO,
AL LRI AR R IRAE T AR BUR IR,
SALEREMK. BN ZrO, kEEH, MgO 5 ZrO,
TERK c-ZrO, #HE AR 1), FEAEME P24, 3
W7 B S, EHE T R Y. A, iR
HFOMAR) ZeO, SR B A0 T B dn Ak, i) T
7 BEATRRLI e KOR, BRI T O B A R AR K
AR, R T AL, A R . 2R
1M, ZrO, 1 2 ¥ 5 B T2 ik 2 R au (A 2),
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Table 2 Physical properties of MgO—ZrQO, specimens

Sample No. Bulk density/(gcm’3 ) Apparent porosity/% Linear shrinkage/% True density/(g~cm’3) Relative density/%
MZ0 3.47 0.31 17.1 3.57 97.2
MZ5 3.57 0.19 19.0 3.64 98.1
MZ10 3.68 0.17 19.1 3.73 98.7
MZ15 3.72 0.14 18.2 3.80 97.9
MZ20 3.79 0.37 18.0 3.88 97.7
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Fig. 3 Fracture toughness of the MgO-ZrO, specimens
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Fig.4 Crack propagation behavior on the surface of MgO—-ZrO, specimens after thermal shock test
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Fig. 5 Thermal conductivity of the MgO—ZrO, specimens
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Fig. 6 Thermal expansion coefficient of MgO-ZrO, specimens
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Fig. 7 Flexural strength and retention rate of flexural strength
of MgO-ZrO, specimens
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