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ABSTRACT: Ultra-high temperature ceramics (UHTC) such as ZrB,, ZrC, HfB,, HfC and TaC has been recently
actively investigated for the application as components such as nose-cone, rocket nozzle and leading edge of hyper-
sonic systems. However, the application has been limited by various reasons. The brittleness of the materials and
consequent low thermal shock resistance is one of the reasons. The property can be improved through the fabrication
of ceramic matrix composites. In this paper, the concept of UHTC and the fabrication process and testing of UHTC-
based ceramic matrix composites (UHTC-CMC) were briefly reviewed. Also, international activities regarding the
fabrication of UHTC-CMC were summarized and a UHTC-CMC project, which was performed in Korea, was
introduced.
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Table 1. Composition, preparation method and mechanical
properties of UHTC-CMC [6-9]

. . Strength
Compositions Preparation method (MPa)
C-HfC/TaC CVD -
C-HfC CVD 268
CrZrC PIP 108
C/SiC-ZrC Slurry infiltration + PIP 178
CZrC-SiC PIP 356N
C/ZrC-SiC PIP + RIP ---
Slurry infiltration + PIP 103425
HfB
C/HIB, +CVI (1400°C,Ar)
C/HfC
(ZxC, HfSi,, ZrSi,) RIP 165
C/SiC-ZrB,-TaC CVI+ Slurry paste 237
CrZrB,, SIC, HEC, Pressure infiltration + CVI -
TaC
Slurry infiltration + PIP
C/-HfC  CVI -
Slurry infiltration + PIP
C/TaC +CVI

Table 2. Matrix materials of UHTC-CMC

Composition Composition
Carbide S;—(I:f, CC,:,ZVrVCC,’"lz 4(?, Silicide MO,SFZ SZI ;Sﬁ;;jSiz’
Nitride SiSN%’rgl’I\l;’I\?ﬂ\]’ Boride HfBEl:aZBIfi; ll;isz’
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SiC o] £Jof| = TRt A =50 UHTC-CMC A|Z=E 913}
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TaB,i= #2004 o] A AF S 7171+ Aoz Ha
=9t} TaC, TaB, 5 St&-EA A= 11-2-9] AL} 227

oA FAE+= /\]'Q]—EOI Ta,0,2] 8% 0] 2000°C o|5}= Bt
7] wj Bl ZILof A Q] Alut AlE A] ekt EAS LhE)
W= Z2akso] RaE gt AejAbo]lE 52 UHTCY
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Fig. 2. Nano UHTC and other powders synthesized by SPS process
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Fig. 5. Fractured surface of C/HfC/SiC UHTC-CMC showing the
fiber pull-out behavior
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Table 3. R&D projects of UHTC and related materials

© Multidisciplinary University Research Initiatives
(MURI) program (2015-2019)
Development of entropy stabilized alloys which can
withstand at high temperature. Survey of the methods
for the selection of materials which can be thermally
and mechanically stable above 2000°C.

O SIP-SM*I Project (2014-2018)
A large project for the development of various aero-
space materials and technologies including ceramic
coating and composite analysis testing methods.

O X-MAT Project (2013-2018)
Fabrication and testing of UHTC-CMC by slurry infil-
tration and CVI process initiated by Univ. Birmingham.

o C’HARME Project (2016-2020)
A large project comprised with 6 countries and 12 institutes.
The target is the development of thermal protection
materials such as rocket nozzle and large surface panel
for the hypersonic systems above MACH 7.

© EPICE (moteurs et intégration motrice) Project (TLR9
at 2020)
Development of CMC exhaust cone and LP turbine
blade for the next-generation civil aircraft engine initi-
ated by France targeting the 25% reduction of total fuel
consumption by 2025.

USA

Japan

EU
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Fig. 6. Schematic of the UHTC-CMC project done by KIMS and other groups in Korea
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Fig. 7. Cross-section of the C/HfC-SiC CMC after the ablation
test at 2700°C for 5 min
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