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Table 1 The chemical composition of zircon powder

Composition Zr()y Si0 HIO, Al O3 Fe; Q4 MgO
Content/wt'% G7.22 30.85 1.39 D.11 0.029 0.014

SRR Bx25x30mm.  FEFE A 20mm,
M5 25mm, R 0.2mm, INEERNY
0.05mm /min.
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Fig.1 The TEM micrograph of zircon powder a=5. A (1)
Hop S=-[E/2(1+v) cotf], M=A28/(sin y3-Siny?). HK* E v 450 0805 B (g MM
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Table 2 Relative densities and mechanical properties of zircon matrix composites
ZrS8i0, 20vol%SiC(p)/ZrSi04 20vol%TiC(p)/ZrSi04
Relative density /% 99.1 97.8 97.8
Flexural strength/MPa 310 320 310
Fracture toughness/MPa-m'/? 3.0 38 4.5
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Fig.2 The SEM micrographs of fracture surfaces of (a) 20val%SiC(p)/ZrSiO4 and (b)
20vol%TiC(p)/ZrS5i0y
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Table 3 Residual stress in zircon matrix composites measured by XRD method

20vol%SiC(p) /ZrSiOy 20vol%TiC(p)/ZrSi04
Aa=ap - om 0.7 3.3
26(yy = 0°) 128.38 128.50
28(y2 = 40°) 128.50 128.74
A28 0.12 0.24
a/MPa -225 -451
* asic=4.8x107%/°C, ario=7.4x10"%/°C, az.si0,=4.1x107%/°C
o, Teoil TP THETEAANR T EKS
Fh 3R BORL () 4 B M 3 ORI XRD R o i 4%

R WBRL M 0E, R 9H 3R S Bk
T &0 P A Y18 R A A1,
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BZzE2RBK, BETRKERHEGRX,
B—REAFER (1), NH4FFREAEEHA
MR A TEM ER¥ER . £ EME (TiC)
FlEERPkABHEERROWL T, &
ROBRELGFEAERMNBHN H &L, m
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Fig.3 Schematic of residual stress in prticulate G X—WEEREER 3 oy MR
reinforced zircon matrix composites BRE NG
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M 4 (a) 20v0l%SiC(p)/ZrSi04 Hl (b)20vol%TiC(p)/ZeSi0« X HIN B TEM F i3
Fig.4 TEM micrographs of (a) 20vol%SiC(p)/ZrSi04 and (b)20vol%TiC(p)/ZrSi0Q4
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Fig.5 Crack propagating path on the polished surface of (a) 20vol%SiC(p)/ZrSiO4 and
(b)20vol%TiC(p)/ZrSiO4
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Table 4 A comparison of calculated value and experimental value of increment of
fracture toughness

20vol%SiC(p) /ZrSi04 20vol% TiC(p)/ 2rSi0y4
Average particle size/um 0.7 1.0
Calculated AKjc/MPam'/? 0.6 1.1
Measured AKjc/MPam'/? 038 1.5
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Mechanical Properties, Residual Stress and Toughening Behavior of

Particulate Reinforced Zircon Matrix Composites

SHI Ying HUANG Xiao-Xian YAN Dong-Sheng
(Shanghai Institute of Ceramics, Chinese Academy of Sciences  Shanghai 200050 China)

Abstract

The residual stress in the particulate reinforced zircon matrix composites was characterized
by X-ray diffraction method. The relationship between the residual stress and toughening behavior
was discussed on the basis of mechanical properties determination and microstructural observation.
The results indicated that a bigger mismatch in the coefficients of thermal expansion of reinforcing
particle and matrix leads to a better toughening effect when the thermal expansion coefficient
of particle (ap) is higher than that of matrix (o). It was suggested that the main toughening
mechanisms were the crack deflection and branching, which were attributed to the existence of
residual stress. The increments of fracture toughness of composites calculated by residual stress

field theory were in good agreement with the experiment values.
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