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BACKGROUND INFORMATION

CERN

Information (pictures) from PhD Jorge Guardia Valenzuela:

“OPTIMISATION OF GRAPHITE-MATRIX COMPOSITES FOR 
COLLIMATORS IN THE LHC UPGRADE”

IT-4201 Gr-Mo I-FAST



Tender IT 4201

CERN IT-4201

Picture taken from presentation F.Carra (CERN) Sep 2020

GRAPHITE-METAL CARBIDE COMPOSITES

Gr-Mo I-FAST



CERN IT 4201

Mo powder

Graphite flakes

Attrition milling

Phase I: SPS, 2650ºC 25 MPa

Phase II: Annealing 2350ºC

Gr-Mo I-FAST



CERN IT 4201 Gr-Mo

Microestructure of Isostatic graphite

Microstructure of LP Gr-Mo

Phase diagram Mo-C (Equilibrium point)

I-FAST



CERN IT 4201 Gr-Mo

Molten metal-carbide

Generation of defects

(In-plane) CTE Gr-Mo: 2.4·K-1

CTE Graphite: 4.2·K-1

I-FAST



CERN IT 4201 Gr-Mo I-FAST

Graphite-Molybdenum carbide:

• Expensive material (16-20 €/cc)
• High consumable cost (mould sacrifice)
• High energy cost (2650ºC + annealing at 2350ºC)
• Effect of scale (2 x D175 mm blanks)

I-FAST activities:

• Alternative material to Graphite-Molybdenum
• Reduce the cost of material

• Lower consumable cost (no graphite sacrifice)
• Lower energy (reducing sintering Tª)
• Upscaling (2x D230 mm blanks)



CERN IT 4201 Gr-Mo I-FAST

Liquid phase temperatures

Solution - precipitationPrices

Selection of Chromium driven by:

• Liquid phase formation of carbide < 2000ºC

• Low cost of metal poder

• High C-solvent efficiency

• Promote solution-precipitation mechanism
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Cr powder

Attrition milling

Graphite flakes

Phase Diagram (liquid pase 
at 1850 ºC)
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Mould configuration

2x Mould
configuration

1º Insulation layer 2º Insulation layer

Mould filling
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Test performed to Cr-Gr in the framework of I-FAST

Characterization to Plate #1
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Block Type I machined on Plate #1 Dimensional stability Outgassing test
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2 blocks of D230 mm Cr-Gr Characterization in D230 mm (ongoing)
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Graphite-Chromium carbide:

 Reduction of cost of material (4-6 €/cc)

• Lower consumable cost (reusable mould)
• CTE compatibility between Cr-Gr and Graphite mould and 

lower Tª

• Lower energy cost (72% reduction compared to Mo-Gr)

• Upscaling (2 x D230 mm blanks)

 Material properties (measured in D175 mm)

• Fulfillment of initial specs (Thermo-physical-mechanical)

• Dimensional stability.

• Compatible to be installed in the collimator (Outgassing)
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