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GSI contributions in WP 11:

11.2. Material testing for fast energy density
deposition and high irradiation doses (M. Tomut)

11.3. Material response modelling:

* Hydrodynamic codes (N. Tahir, need of simulations for
our own HDED experiments using lasers and ion beams)

* FEM modelling (starting at GSI with a Ph.D. student,
possible collaboration with CERN and Torino)
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Advanced collimator materials characterization| s
W & testing at high irradiation doses
Material irradiation and damage characterization in situ and
postirradiation;

» Irradiation at energy close to the Bragg peak (UNILAC) and at
high energy (SIS)

 online studies: thermography, SEM, resistivity
« post irradiation studies:

* thermography off-line - cyclic excitation for visualization of
stress concentrators

* characterization of mechanical properties degradation as a
function of dose using micro- and nanoindentation: hardness,
Young modulus, impact resistance, fatigue behaviour, creep

* thermal conductivity - LFA
e microstructural characterization: SEM, Raman, XRD
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Material testing for fast energy deposition:
single impact

 impact nhanoindentation

* pulsed ion beams,

* ns pulse laser generated proton beams

» other in situ possibilities still open

 spall strength studies at high strain rates in:
 graphite, ....
« model composite materials by thin layered structures:

Copper - diamond, Mo- graphite
« fatigue studies with high/low duty cycle
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Material testing at
high irradiation doses
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UNILAC: beam parameteré
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" M-branch irradiation facility a’r G’{/
In situ experiments 7 A

* energies close to Bragg peak:
e to maximize energy deposition and
damage
 to avoid activation

electronic energy loss (keV/nm)

lon species
.C... Xe..U
_ flux:

up to10%° ions/cm? s
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Online thermography using a fast
high sensitivity IR camera
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Beam monitoring on targets by IR thermograph “ :
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IR monitoring of thermal conductivity |
“degradation of copper diamond composite

Proposed experiment:
thermal conductivity and thermal resistance degradation at interfaces during
irradiation of new collimator materials

Preliminary offline test:
Post-irradiation IR imaging tests of thermal conductivity degradation in copper-
diamond composites exposed to high doses of 4.8 MeV/u 1°7Au ions at M-branch,

‘ | Computer

High sensitivity, cooled IR camera i

Canwindow

Infrared radiation
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- Online and in situ analysis HR-SEM-{'
| facility at 6SI-UNILAC

M1
Electron Microscopy
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In situ SEM monitoring of heavy ion mradum‘non_{’f

effec’rs in novel copper-diamond composu‘res
{ & :
| pr‘lsTme
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*In-situ- SEM during ion irradiation shows:
-no detachment or cracks at interfaces :
-charge trapping at ion induced defects in diamonds

*Off-line Raman spectroscopy shows:
-increasing luminescence background due to
ion-induced optical active defects

—  1x10% ifem®
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Inline measurements of heavy ion- m
electrical resistivity increase of gr"é:p

Collaboration with MSU  Experimental set-up M3/ UNILAC GSI

i Irradiation conditions:
ions / energy: °7Au, 8.6 MeV/u
beam intensity: up to 5x101° i/cm?s
dose: up to 10%° i/cm?

Direct impact model fit:
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ﬂ Bulk samples irradiation

Cave A
@ SIS
lon beams: 100 — 300
MeV/u
range: mm —cm

scanning system
irradiation in air

Samples for:
« mechanical testing

 thermal conductivity measurements
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‘Off-line mechanical characterizatio g =4
Universal testing machine;
- mechanical strength, fracture

" — |

Nanoindentation
- -radiation-induced hardening

- Young modulus of irrad. toughness, fatigue
materials
Ex: Hardening of U irradiated
graphite
3 1)(1013
. U-i/cm?
a : :
¥y TMA -Thermomechanical Analysis
) 1x10% CTE, creep up to 1650 °C
g 1 pristine
§
N
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. . measurement in transmission-
Thermal diffusivity and Cp up to bulk samples

2000 °c

measurement in-plane: thin

samples

Ar
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Thermal diffusivity degradation for Xe

irradiated (8,6MeV/u) isotropic graphite k

In-plane measurement on 80um thick samples
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Material testing at
fast high energy deposition
(& radiation damage accumulation)

1] o
M.Tomut, EUCARD2, WP 11.2/3 task meeting 10.12.2013, CERN ESIL FAIR



- fatigue behaviour
Ex: fatigue resistance

degradation of ion irradiated

graphite
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- impact behaviour
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Failure of materials exposed to pulsega
eam; Ther'mal camera mom’rormg
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Experiment FEM simulations
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Spall strength studies using the PHELIX/

_and CETAL high-power lasers

Laser parameters PHELIX:

long pulse | short pulse
Pulse
duration: 0.7-20ns | 0.5-20 ps
energy: 0.3-1 kJ 120 J
Max. 16 2 20 2
Intensity: 106 W/cm? 1020 W/cm

Expansion of the spalling surface in the
laser shock experiments

Jarmakani H et al. , Acta Mater (2010)
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Laser parameters CETAL.:

short pulse
Pulse
duration: 23 fs
energy: 26 J
Max. | 1 PW
power:
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‘Material response to laser- proc;g_,
proton beams I

Laser proton acceleration: Laser-based proton beamline at the Z6
experimental area at GSI

o

ns pulse length, 10 MeV, 10° p/pulse, low repetition rate
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' Experimental investigations of pressure ﬂ‘/j
waves using fast extracted ion beams @t
- SIS- \ | \|
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H Foreseen wor'kmg plan EuCARD 2
i : |
: Ir'radla’rlon at high energy: 2014 (shu’rdown from 2015)

e Irradiation at low energy: start mid february 2014 ends July
2014 (not known if beam will be available after 2015)

sample planning with RHP Technology

» and Brevetti Bizz

Spall experiments with high power lasers:
end of 2014-2016
« Experiments with Laser generated proton beams: 2015-2016

« Postirradiation characterization and off-line experiments:
2015-2017

e Activities at GSI on modelling of material response in dynamic
experiments to start in 2015
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