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Task: Irradiation Damage Assessment of
LHC Graphite Collimator Materials

• Main aim of studies – to measure the effect of
irradiation on physical-mechanical material
properties: thermal conductivity,  thermal expansion,
mechanical properties, electrical resistivity,
microstructure change

   Objective:
• Determine the effect of PKA carbon atoms energy

spectrum near 7 TeV proton beam on physical -
mechanical properties of graphite collimator materials
for LHC – irradiation of graphite by carbon ions with
the different energies
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Neutron  energy spectrum per one 7 TeV proton in graphite
on the several penetration depths of proton.
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Investigated Graphite Collimator
Materials for LHC

•  C-C  Composite Graphite REC
•  C-C  Composite Graphite Material AC
•  High Density Graphite Material  R4SSO
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Measured values

• d - density
• λ - thermal conductivity coefficient (at T < 700°С)
• ρ -  electrical resistivity (at T < 700°С)
• α - thermal expansion coefficient (at T < 700°С)
• σ - compression ultimate tensile stress
• Ed - dynamic elastic module
• Es - static elastic module
• a, c - lattice constants (X-ray method)
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Результаты измерений исходных физико-механических свойств графитовых  образцов.
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Measurements of Initial Properties of C-C Materials
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Temperature dependence of thermal conductivity
coefficient (1 – REC, 2 – AC150, 3 – R4SSO).
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Temperature dependence of electrical resistivity
(1 – REC, 2 – AC150, 3 – R4SSO).
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Temperature dependence of thermal expansion
coefficient of REC.
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Temperature dependence of thermal expansion
coefficient of AC 150.
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Temperature dependence of thermal expansion
coefficient of R4SSO.
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Temperature dependence of thermal expansion
coefficients (1 – REC, 2 – AC150, 3 – R4SSO).
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Investigation of Radiation Induced Deformation

graphite



Experimental Measurement of Radiation Induced
Deformation
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ΔV ⁄ V (Φav) ≅ Δ Z ⁄ d

    Φav – Averaged dpa profile,
    Δ Z  - Height of step between irradiated and no irradiated area,
     d   -   Penetration depth of irradiated sample.



Dose dependence of radiation swelling in SiC
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Dose rate dependence of Ion-induced swelling in CVD-SiC
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The displacement damage rates were 1!10-4 and 1!10-3 dpa/s at 
333K-873K and 1!10-5 dpa/s at 333K with single-beam irradiation. The 
error bars represent the 96% confidence limits for the Gaussian 

distribution.
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Accelerators of Charge Particles of
Russian Research Center “Kurchatov Institute”

• Cyclotron of RRC KI:
        protons with energy < 35 MeV, current   J < 30 mkA
          helium ions He4  with energy < 60 MeV,  current  J < 20 mkA
          ions O16 with energy < 120 MeV , current J < 5 mkA
          ions C12 with energy < 80 MeV, current J < 5 mkA
• Van de Graaf Accelerator:
         protons with energy <  3 MeV, current J < 25 mkA
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       System of cyclotron transportation

cyclotron



Cyclotron of RRC “Kurchatov Institute”
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Generation Rate of Point Defects under Irradiation of
Graphite by 10 MeV and 20 MeV Carbon Ions at Dose of

Irradiation 4.10E18cm2
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Generation Rate of Point Defects under Irradiation of
Graphite by 5 MeV Carbon Ions at Irradiation Dose

5.10E17cm2
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Scheme of Irradiation of Graphite
Samples

Sample 3

Sample 2Sample 1

Irradiated
Area
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Picture of Irradiated and Unirradiated Sample Area,
Measurement of Radiation Swelling


