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Technology Production of C/C Composites
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Effect of Carbonization Rate:

1-1000 °C/min



Effect of Carbonization Rate on Porosity and

Density of C/C Composites
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Graphite materials in

Tokamaks and Fusion Reactor:

• Limiter and/or protection plate for the inner wall

Exposition to:

• Vacuum

• Intense head load

• Edge plasma

• Fast neutrons

Important behavior:

• Thermal shock resistance

• Thermo-mechanical properties

• Accumulation of Hydrogen and Helium in fusion reactor

• Accumulation of Radiation Damage

• Sputtering and particle emission
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Graphite materials in

Atomic Reactors (RBMK):

• Reflectors and stopping system of neutrons

Exposition to:

• Temperature: T = 300-750 C

• Thermal and Fast neutrons

Important behavior:

• Radiation swelling

• Degradation of thermo-mechanical properties

• Cracking and fracture
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1. Shock waves propagation under fast neutron irradiation.

       ( Cracks can form during propagation of shock wave on point

defects clusters, which are created under neutron irradiation).

2.    Neutron irradiation spectrum has a part of neutrons with very

high energies up to 100 GeV.

       (Formation of high density of cascades and subcascades and

primary radiation defects).

3. Accumulation in matrix of high concentration of hydrogen

and helium atoms due to nuclear reactions.

       (Formation of hydrogen and helium bubbles, degradation of

mechanical properties due to embrittlement).

4.    Effect of shock waves on vacuum.

Main differences between irradiation conditions of materials in

LHC under 7 TeV proton irradiation and in atomic, fusion reactors
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Thermal Shocks



Thermal Shocks
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Shocked Sample
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Thermal Shock
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Microstructure Change due to Shock
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Erosion due to thermal shock
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Erosion due to Thermal Shock
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Erosion due to Thermal Shock
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Erosion due to Thermal Shock
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Cracking due to thermal shock
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Microstructure Change
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Surface Modification of  Graphite after

Deuterium Plasma Irradiation
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Thermal Shock Load
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Cracking after thermal shock
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Surface Microstructure
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      Profiles of stopped hydrogen and helium atoms in graphite per one

7 TeV proton of LHC as a function of the depth into target and

radial coordinate.
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Effect of Gas Atoms on Stability of C
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H, He, CH



Effect of H on Resistance

21 March, CERN, Geneva



Effect of Head Load on Vacuum

CO,CO2,

CH, C2HY
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Effect of He on Mechanical Properties
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Effect of He on Cracking
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Accumulation of Strain in Matrix due to

Radiation Damage and He
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Gas filled He cavities in Graphite
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He Bubbles in Graphite
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Cracking In Graphite with He
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Surface Erosion in Graphite due to He

21 March, CERN, Geneva



Elastic Modulus Change due to Radiation Damage
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Radiation Swelling in Graphite under Neutron Irradiation
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Radiation Swelling in Graphite under Neutron Irradiation
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Mechanical Properties Change  in Graphite under

Neutron Irradiation
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Initial Microstructure of Graphite
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Radiation Damage Formation: Interstitials and Vacancy

Dislocation Loops in Graphite under Neutron Irradiation
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Tests of Graphite in RRC KI

• Measurements of temperature dependencies of thermal conductivity in

graphite from T = 20 – 750 C near and far from proton beam

• Measurements of temperature dependencies of electrical conductivity in

graphite from T = 20 – 750 C near and far from proton beam

• Measurements of mechanical properties: elastic modulus

    in the temperature interval T = 20 – 750 C near and far from proton beam

• Measurements of mechanical properties: deformation curves before rupture
near and far from proton beam

• Transmission and Scanning Electron Microscopy of initial microstructure and
microstructure change near and far from proton beam in the temperature
interval T = 20 – 750 C
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