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Table 1 The advantages and disadvantages of the different methods for preparation of UHTCs
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Table 2 Room temperature mechanical properties of UHTCs

BRI S BT WRCTm) iR g S Wb BEESEYRRLRT (um)

W E ST (C, MPa, min)  Zr(HP)B, SiC (GPa) (GPa) (MPa) (MPa m'?) Zr(Hf)B, SiC
Z1B, 1900, 30, 30 6.0 - 346 8.7+0.4 351231 3.520.3 6.0 -

Z1B, 1900, 32, 45 2.0 489 23+0.9 56553 3.5+0.3 6.0 -
Z1B,-10%SiC 1900, 32, 45 2.0 0.7 450 24+0.9 71348 4.120.3 3.0 -
ZiB,+15%SiC+ 4.5%Z:N 1900, 50, 20 2.0 045  467+4  15.6%0.3 63560 5.00.1 3.0 0.8
Z1B,-20%SiC 1900, 32, 45 2.0 0.7 466 24228 1003194 44202 3.0 1.0
Z1B,-20%SiC-6%ZrC (HP) 1850, 30, 60 2.0 1.0 - 19.4+0.4 68167 5.720.2 3.0 15
2B 20%SiC-6%ZrC 1850, 30, 60 - - - 19.9+0.3 652421 7.3+0.3 3.0 1.5

(RHP)

Z1B,-30%SiC 1900, 32, 45 2.0 07 484 24207  1089x152 5.30.5 3.0 1.0
Z1B,-30%SiC 1850, 32, 45 2.0 0.7 51623 202 106391 5.5+0.3 22 1.2
Z1B,-30%SiC 1950, 32, 45 2.0 0.7 50723 222 106059 5.2+0.4 25 1.7
Z1B,-30%SiC 2050, 32, 45 2.0 0.7  505%2 231 85488 4302 35 2.0
Z1B,-30%SiC 2050, 32, 180 2.0 0.7 505x1 221 80473 4502 4.7 2.7
Z1B,-30%SiC 1850, 32, 45 6.0 0.7 5036 2242 888+151 3.9+0.1 2.1 15
Z1B,-30%SiC 1950, 32, 45 6.0 0.7  501x1 2242 770133 4.00.2 33 25
Z1B,-30%SiC 2050, 32, 45 6.0 07 503+l 2322 72038 4302 3.7 3.1
Z1B,-30%SiC 1900, 32, 45 6.0 045 52057  20.7£1.0 909136 4.520.1 12 1.0
Z1B,-30%SiC 1900, 32, 45 6.0 100 479+5  17.5x04 38945 4.620.1 3.0 6.3
Z1B,-20%8iC-15% 11 % 1900, 30, 60 3.0 2.0 - - 48128 6.11+0.24 3.0 2.0
HIB,-20%SiC 2200, 32, 45 4.1 1.6 549+8 17207 45346 4.120.2 7.0 5.0
HfB,-30%SiC-2%TaSi, 1900, 42, 35 1.7 1.0 4894 - 665+ 75 3.6%0.5 2.0 2.0
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Figure 1 The SEM images of fracture morphology of ZrB,-15vol%
SiC UHTC. (a) Room temperature; (b) 1800°C
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Research progress on ultra-high temperature ceramic composites

ZHANG XingHong, HU Ping, HAN JieCai, MENG SongHe & DU ShanYi

School of Astronautics, Harbin Institute of Technology, Harbin 150080, China

Ultra-high temperature ceramics (UHTCs) are composed of ZrC, ZrB,, HfC, HfB,, HfN and TaC and their melting points are higher
than 3000°C. They are a vital class of high temperature structural materials and have attracted a great deal of attention in the past two
decades in fundamental research and in technological applications. The ZrB,-SiC and HfB,-SiC UHTC composites, in particular, have
excellent oxidation/ablation resistance, moderate thermal shock resistance and high strength retention at elevated temperature. They
can survive oxidizing environments at temperatures of 2000°C and higher. These properties make them the most promising materials
for use in extreme environments such as hypersonic flight, atmospheric re-entry, and rocket propulsion. ZrB,-based and HfB,-based
UHTCs have similar oxidation and ablation behaviors however as ZrB,-based UHTCs are lighter and less expensive, they are used as
aerospace materials. Here we provide a comprehensive review of UHTC composites including their preparation, mechanical properties,
thermal shock resistance, oxidation/ablation properties and thermal response, with a particular focus on ZrB,-based UHTCs. UHTCs
were generally fabricated by hot pressing, spark plasma sintering, pressureless sintering, reactive hot pressing and sinter forging. Hot
pressing is the dominant densification technique for the preparation of UHTCs. The flexural strength of UHTCs decreases with an
increase in grain size and it exhibits a strong correlation with the size of the SiC particulates. However, the fracture toughness trend is
not consistent with that of strength and therefore the matching of grain size becomes important. UHTCs display plasticity at elevated
temperature and their brittle-to-ductile transition temperature (1500°C) strongly depends on the grain size and the purity of the grain
boundaries. Catastrophic failure occurs easily during the heating or cooling process. The thermal shock resistance of UHTCs is a major
issue for future applications. The methods used to improve the thermal shock resistance of UHTCs are summarized from critical
thermal shock temperature and strength retention rate after thermal shock testing points of view. The oxidation behavior of UHTCs
significantly depends on the temperature and the temperature limits of the applications of these materials are analyzed. The effect of
the additives on the overall performance of the resultant composites as well as the relationship between material composition,
microstructure and performance are also discussed in detail. This provides useful insights into effective design principles to optimize
the overall structural performance of ultra-high temperature ceramic composites according to special service environments. The
remaining challenges and future outlook of this field are also addressed.

ultra-high temperature ceramics, ZrB,, HfB,, mechanical properties, thermal shock resistance, oxidation, ablation
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