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Introduction
The presented work is a summary of the first results obtained on Tungsten / Tungsten alloys and SiCf/SiC composites, 
considered as potential structural / armour materials for the He cooled divertor in the future DEMO fusion reactor. The 
research is performed within the frame of European Fusion Development Agreement (EFDA) programme.
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Production: by Metal Injection Moulding (MIM)
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* TEM performed at the National 
Institute of Materials Physics (NIMP), 
Bucharest (C. Sarbu)

OM images taken at 
NRG

Cracking & 
delamination in 3D 

SiCf/SiC after bending

1. Cracking in z-fibers interface

2. Cracking along z-fibers

3. Cracking in the matrix
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Tensile results of Reference W
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Fibers ‘pulling-out’ in 
SiCf/SiC after tensile 

loading

Density & Young’s modulus*

* GrindoSonic impulse excitation technique

T = 24 - 1100oC in vacuum T = 24 - 1050oC in vacuum
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Density & Hardness

T = 24 - 1100oC in vacuum

T = 24 - 1100oC in vacuum

T = 24 - 1050oC in vacuum

2D and 3D SiCf/SiC composite plate produced 
by MT Aerospace for structural applications

Majority of the specimens were grinded for 
more accurate measurements: the rough 
surface introduces errors in the LVDT 
measurements
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• High purity radiation-resistant 
stoichiometric crystalline SiC matrix with a 
high flexibility

• SiC fiber percentage: 30- 40% 

• Fibre thickness: ab.4 mm

• Matrix-fibres interface: pyrolithic carbon 
deposited by CVI with thickness 40 to 80 
nm

• Fibre coating: 80 µm thick done by 
Chemical Vapour Deposition (CVD)

• Final mean thickness of the 2D and 3D 
composite: 3.7 and 4.5 mm respectively
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• 3D SiCf/SiC material offers better physical properties in comparison to the 2D material

• 2D SiCf/SiC material seems to be stronger than the 3D SiCf/SiC: higher tensile and bending strengths

• Cracks are mostly propagating in the fiber-matrix interface, but also ‘through-fiber’ mechanism is often observed

• Significant porosity observed in the bended specimens (more distinct for 3D SiCfSiC material)

• ‘Fiber pull-out’ mechanism observed in the tensile specimens

2D SiCf/SiC RT 2.55 256 258
3D SiCf/SiC RT 2.74 292 287
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Ref. W RT 363 18.8 97.6

Ref. W RT 355 18.79 97.6

W + 1 % Y2O3 RT 405 18.78 97.6

W + 1 % Y2O3 RT 401 18.71 97.2

W + 5 % Y2O3 RT 465 18.46 95.9

W + 5 % Y2O3 RT 443 18.41 95.6
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Production: by Chemical Vapour Infiltration (CVI)

• MIM W/W alloys: homogeneous and clean materials with grain sizes of several µm
• Density values: 95-97% 
• ODS materials show regularly distributed Yttria particles: usually very fine (∼nm); 5% Y2O3 material exhibits fairly larger 
porosity
• Thermal conductivity: similar for 1% Y2O3 & Ref. W; fairly lower conductivity: ∼ 10W/mK for 5% Y2O3

• In terms of bending strengths: ODS materials are stronger in comparison to the Ref. W
• Ref. W shows very high tensile strengths at T>300oC; at 200oC the material is brittle.

2D & 3D SiC/SiC bending results in vacuum
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