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Preparation and Properties of ZrB  ,-SiC Ceramic Composites Reinforced by
Carbon Nanotubes

YANG Fei-Yu, ZHANG Xing-Hong, HAN Jie-Cai, DU Shan-Yi
(Center for Composite Materials and Structures, Harbin Ins titute of Technology, Harbin 150001, China)

Abstract:  ZrB,-SiC-xwt% carbon nanotubes &=0, 1.0, 2.5, 4.0) ceramic composites were fabricated
by the hot-pressing sintering. The prepared conditions, mehanical properties and microstructure were
also investigated. TEM was used to observe the microstructte and SEM was used to analyze the
fracture surface and crack propagation. Then, the strengtlening and toughening mechanism of carbon
nanotubes were discussed. Results show that carbon nanotek can deposit in the ZrB crystal grain
and form intragranular structure. When the carbon nanotubes content is 2.5wt%, the exural strength
and toughness reach 542MPa and 6.10MPm*=? respectively, with the relative density of 99.6% and
Vickers hardness value of 21.7GPa. The reasons of the mechaal properties improvement are the
increased compactness, grain re ning and the intragranula structure caused by the introduction of
carbon nanotubes.
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Table 1 Properties of carbon nanotubes

Material External Length/ m Purity/% Speci ¢ surface Density

diameter/nm area/m? g ! /g cm 3

CNTs 10{30 5{15 95 40{300 1.36

1 (a) (b) (c)zrB 2 (d)sic
Fig. 1 SEM micrographs of (a) CNTs, (b) CNTs after dispersion , (c) ZrB , powders and (d) SiC powders
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Table 2 Relative density and mechanical properties of speci

men sintered at 2273K

Speci Relative density Flexure strength Hardness Fracture tough ness
pecimens ~
% IMPa IGPa IMPa  m*=2
ZrB,+SiC 98.0 448 39 20.7 0.9 425 0.3
ZrB 2 +SiC+1.0Wwt%CNTs 98.7 526 30 21.1 0.6 5.37 0.2
ZrB,+SiC+2.5Wt%CNTs 99.6 542 32 21.7 05 6.10 0.2
ZrB 2 +SiC+4.0wt%CNTs 98.1 504 44 16.8 0.9 404 11
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Fig. 2 TEM micrographs of (a) ZrB ,-SiC and (b) ZrB »-SiC-2.5wt% CNTs
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Fig. 3 SEM micrographs of the fracture surface of (a) ZrB ,-SiC, (b) ZrB ,-SiC-1wt%CNTs, (c) ZrB »-SiC-2.5wt%CNTs
and (d) ZrB »-SiC-4wt%CNTs
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4 (a) ZrB,-SiC  (b) ZrB »-SiC-1wt%CNTs

(C) ZrB 2-SiC-2.5Wt%CNTs  (d) ZrB »-SiC-4wt%CNTs

Fig. 4 SEM micrographs of indentaion-induced crack propagation of (a) ZrB »-SiC, (b) ZrB ,-SiC-1wt%CNTS, (c)
ZrB2-SiC-2.5wt%CNTs and (d) ZrB »-SiC-4wt%CNTs
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