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Materials irradiation facility at GSI
Irradiation experiments: online and post-irradiation evaluation
Radiation -induced thermal diffusivity degradation in graphite

Nanoindentation investigation of mechanical properties of
Irradiate carbon materials

Fatigue tests using nanoindentation

First online creep tests on ion -irradiated carbon materials
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Materials irradiation facilities at GSI



Beamlines for material researck
irradiation at GSI

all ion species UNILAC
p, Ar, Au, Pb, U M-Branch
lon Sources

SIS 18 beam dump
E upto1GeV/u
Range: cm

100 m

UNILAC beamlines
E: 3.6-11.4 MeV/u
Range: 40-120 pum
beam spot area:
10x10 mm to 50x50
mm

E 100- 300 MeV/u
Range: mm-cm
beam spot: 4 mm?
to 25 mm? with
scanning
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In situ experiments

* energies close to Bragg peak:
e to maximize energy deposition and
damage
 to avoid activation
« online and in situ monitoring: video camera,
fast IR camera, SEM, XRD, IR spectroscopy
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Irradiation experiments at M3-branch, UNlLAC‘L&—I’&'

o 2381,1.14 GeV, 0.5 ms, 0.6 Hz, 4x10° ions/cm? s
o 208Bj, 1 GeV, 0.5 ms, 3.4 Hz, 1.2x10% ions/cm? s
e 197Au, 945 MeV, 2ms, 40 Hz, 4x10° ions/cm? s
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Irradiation experiments

- online
- post-irradiation evaluation
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Thermal properties degradation
.& -p0|st|rrad|at|on evaluation \1

fluences: 1el1, 1el12, 1el13, 5el13/1el14 i/lcm?at fluxes ~5e9 |lcm23

Samples for LFA: Isotropic graphite and flexible graphite
— classmal transmlssmn measuring geometry

Transmission

‘ %7 C'[C\)I‘ dle holder

In-plane
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n-induced thermal diffusivity degradatlon (’J
'f graphlte

Comparison U vs Xe irradiation

graphite vs flexible graphite
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Online monitoring of thermal propertles
egradatlon | |

fluences: significant increase of experlmen’ral points number due
to online capabilities i/cm?

at fluxes ~5e9 i/cm?2s

Thermal conductivity degradation monitoring (on-line using
thermal camera: estimation of tfime constant at cooling)

e Cu-CD, Mo-Gr: 2orientations CFC 2 or'len’ra‘rlons (U Bi)

H / /g Experiment chamber
~—

Webcam for >
beam and target calibration J\

— = — — — — — — — —>

Pulsed ion beam

i@

Database SC7500 Infrared - Cam
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Thermal camera monitoring of sample ' | ""46;'-:?}1
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‘Post-irradiation tests

s
" |
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o Samples for off-line tests: U, BI, Au, Xe

 |sotropic graphite, low density graphites: foams and
flexible graphite grades,CFC: 2 orientations

Microstructural characterization:
« Raman spectroscopy,
e SEM

Mechanical properties:
« Nanoindentation,

Electrical properties:
e 4.point probe resistivity
measurements
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investigations of hardening and E modulus change of irradiated layers
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I\/Iechanlcal behaviour of |rrad|ated (
-lSOtrOpIC graphite

Evolution with accumulated dose:
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‘Mechanical behaviour of irradiated CFC T

Evolution with accumulated dose:
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Radiation induced creep measurement

on flexible graphite
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* |on irradiation induces:

early degradation of thermal diffusivity

hardening and increase in E modulus

fatigue resistance decrease

Creep!

dependent on dE/dX

—> Failure
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