
Property Value Comment

Vol % of fibers up to 50%
Conventional ceramic processing enables to 
incorporate high amount of short fibers

Density (kg/m3) 3.9 - 4.2
Variation of porosity and fiber volume fraction 
impact on the final density

Fracture toughness (RT) 4 - 5
The presence of the fibers improves the 
damage tolerance of the UHTC matrix

CTE (10-6·K-1) (20-1500 ºC) 4.7 – 5.5
CTE is reduced as compared to the UHTC 
matrix

Thermal conductivity
(W/m·K), 20-1500ºC

50-33
Efficient heat dissipation is guaranteed by high 
thermal conductivity up to high temperatures

Thermal diffusivity  (mm2/s)
(20-1950ºC)

22-7
Measured close to 2000ºC. Material is 
completely stable up to this temperature

Bending strength (MPa)
130-140

This value depends on fiber amount and 
length. 

DESCRIPTION

Ultra-High Temperature Ceramics (UHTCs) can be used at extreme temperatures (>2000 

ºC) and harsh conditions, but they present low fracture toughness and thermal shock 

resistance. C3HARME project is developing Ultra-High Temperature Composites

reinforced by short carbon fibers. These materials present interesting advantages 

regarding conventional ceramics.

The processing route is composed of ball milling and subsequent consolidation by Spark 

Plasma Sintering. The upscaling of the process was successfully performed up to 400 mm 

diameter.

Microstructure of the UHTCs 
developed

UHTC piece (40 cm diameter). 
Piece fabricated at NANOKER

APPLICATIONS

• Aerospace parts: Thermal Protection Systems (TPS) and nozzles.

• Nuclear parts: fusion walls and divertors.

• Other applications: refractory linings for molten metal handling, high temperature 

shielding, furnace elements.Subscale nozzles machined after 
sintering. Both EDM and conventional 
machining are possible.

PROPERTIES

The developed UHTCs, based on ZrB2, possess higher damage tolerance than 

conventional ceramics. In addition, compared to monolithic ZrB2 they have lower 

density, higher thermal shock resistance and lower CTE.

Density and mechanical properties can be tailored modifying the amount of fibers and 

matrix porosity.

Materials have been tested up to 2400ºC displaying stable performance for propulsion 

and thermal protection (TRL 4-5).

Ultra-High Temperature Composites 

reinforced with short fibers obtained by SPS

C3HARME PROJECT

The EU-funded project C3HARME aims at designing, testing 

and manufacturing a new class of ceramic matrix 

composites based on ultra-high temperature ceramics. The 

8M€ project involves 12 partners from 6 European countries. www.c3harme.eu
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