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Processing, Microstructure and Properties of ZrC Ceramic Composites

WANG Dong, WANG Yu-Jin

(Institute for Advanced Ceramics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: ZrC ceramic composites have been proposed for a variety of applications in super-hard, thermal protection
and new energy fields due to their excellent properties, such as high melting point, low density and good ablation re-
sistance. The preparation techniques for ZrC cements, composite ceramics and fiber reinforced ZrC composites are re-
viewed, including powder sintering, precursor infiltration and pyrolysis and reactive melt infiltration. The effects of
processing on microstructure of ZrC composite are discussed. Mechanical properties and ablation properties of ZrC
ceramic composites are summarized. The problems, low toughness and spalling of ablation layer, for ZrC cements,
composite ceramics and fiber reinforced ZrC composites are proposed, respectively. Finally, the trend of researches on
ZrC ceramic composites is also prospected.
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Fig. 1 Morphologies of ZrC cements and composite ceramics prepared by different methods
(a)PLS-ZrC-SiC at 1900°C using high-energy ball milling to enhance sinterability®'; (b) PLS-ZrC-SiC at 2100°C; (c)RHP-ZrC-ZrB,-SiC fine
grains®'); (d) SPS derived ZrC-ZrB, fine grains®®¥; (¢) Excessive grain growth in HP-ZrC, at 1800-2000°C "% (f) Spherized ZrC grains in
ZrC-MoP; (g) Backscattered electron image of Zr melt infiltrated into porous B4C, white-remaining Zr gray-ZrC black-ZrB,'*"); (h) Backscat-

tered electron image of Zr,Cu melt infiltrated into porous B,C!®"; (i) Second phase containing La in ZrC-ZrB, composite
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Fig. 2 (a) Horizontal and vertical microstructure of 3D Cy/ZrC composite prepared by PIPI*! and (b) section morphology of C¢/ZrC
composite prepared by RMIL®
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Table 1 Microstructure and mechanical properties of ZrC composites prepared by different methods

Relative Grain

Flexure Fracture toughness

Composite Method density /% size/um strength/MPa /(MPa-m"?) Reference
ZrB,-ZrC-SiC RHP 88.4 — 204+5 3.78 £0.30 [30]
ZrB,-ZrC-SiC RHP 99.6 — 526+9 6.70 £ 0.20 [30]

ZrC-Mo PLS 97.8 ~20.0 406 — [25]
ZrC-Mo HIP 98.7 2.2-5.5 480 6.60 [24]
ZrC-ZrB,-SiC RHP 97.3 <2.0 747101 5.2+0.4 [10]
ZrC-ZrB,-SiC HP 98.2 <5.0 68167 5.65+0.16 [13]
ZrC-ZrB,-SiC RHP 99.0 >5.0 652+21 7.28+0.32 [13]

ZrC-MoSi, SPS 99.0 3.5 591+48 3.3+0.4 [37]
ZxC-ZrB,-Zr RHP 98.7 7.2 870 10.20 [32]
ZrC-ZrB,-Zr RMI 99.5 15.0 570 11.50 [39]

£ 2 #B4 PIP. RMI-C/ZrC BB FIMT S48 1%
Table 2 Flexure strength and fracture toughness of PIP and RMI derived C¢/ZrC

Composite Method str:ri;f}?/;j[Pa Fraj?;;;;;%};; ess Reference

3D Cy/ZrC PIP(16cycles) 107 7.03 [49]

3D Cy¢/ZrC PIP(20cycles) 253.6 14.54 [46]

Felt C/ZrC RMI 120.4+£2.8 6.9£0.5 [73]

Felt C¢/ZrC RMI+1800°CHT 104.7£3.2 8.7£0.7 [73]

3D Cy¢ZrC RMI 293.0+12.1 9.8+£0.9 [53]
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Displacement / mm
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Fig. 3
with different interphases

Bending stress/displacement curves for composites
[74]
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Fig. 4 Ablation rates of PIP-C¢/ZrC-SiC change with ZrC/SiC

ratios!’®)
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Table 3 Effects of fiber architecture and density on the ablation rates of C/C-ZrC-TiC

Fiber Density / Volume of Linear ablation Mass ablation

architecture (grem™) carbide /% rate/(m-s™) rate/(mg-s™)
FWPP 2.50 18.71 1.96 2.28
NIP 2.50 18.70 1.80 2.10
CWNP 2.50 18.68 —2.30 1.67
CWNP 2.38 16.33 —0.25 1.92
CWNP 2.78 24.88 —3.70 1.63

FWPP -fine-weave pierced preform, NIP- needle-integrated preform, CWNP- chopped web needled preform
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