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Proton irradiation of tungsten
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Irradiation meth
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Irradiation methodology
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Sample design
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Sample design
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Sample temperature

Low temperature & full contact
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Pilot irradiations
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Type 1l
16 MeV protons

On
300 um W sample

@
4.7 x 107 dpa/s

0.006 dpa (6 mdpa)

* 2 hour low temp ~100°C
4 hour of high temp ~950°C

Type 2
16 MeV protons

On
300 um W sample

@
4.7 x 108 dpa/s

0.007 dpa (7 mdpa)
No heat loads
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Post irradiation: Gamma spectroscopy
W irradiated to 6 mdpa dose at 4.3 x 107 dpa/s

Activity Comparison
Nuclide  Simulated (Bq) Measured (BQ)

184Re 1.42 x 106 8+0.2x10°
184mRe 1.96 x 10° 8.8+ 0.3 x104
'f?T'a 183Re 1 x 107 9.2+ 0.3x10°
Dose Comparison
Simulated Measured
= (mSv/hr) (mSv/hr)
Contact dose 14.7 4.3
MCNP6 with FISPACT-I Lead shielding (3.5 cm) 0.2 0.11
estimates, TENDL2015
crosssection Tensile sample 0.38 0.16
Using TENDL2017/2019 cross-sections, the 183Re discrepency can be explained. l J U LIC H
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Post irradiation: Hardness
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Post irradiation: Hardness
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Future plans — next steps

30 MeV cyclotron — higher doses of irradiation damage

TEM analysis — microstructure investigations
formation of voids, precipitates

Shear punch testing/ tensile testing — destructive testing
possibilty of dust formation, HML-2 should be okay
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JUDITH 3

JUDITH 3 — machine parameters

JUDITH 3 - cooling circuit
(to be installed in 2023)

Electron beam

( generator

max. beam power: 60 kW
acceleration voltage: <150 kV temperature: RT - 120 °C
irradiation area: 15 x 15 cm? pressure: <4 MPa
power density: <2 GWm™2 flow rate: < 80-100 I/min
pulse length: 5 us — cont. infrared
beam diameter: ~1 mm FWHM in-situ_high purity control
conductivity: < 0.3 uS/cm
oxygen content: < 0.04 mg/l

‘ ~ Vacuum
meter [ Fiftas chamber

Provisional set-up in controlled area

To be installed in new hot-cell until 2025
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JULE-PSI

Linear plasma device (under constructlon for lmplementatlon in a hot cell)

Planned diagnostics:

« Langmuir probe

* Infrared (IR) camera

* Optical Emission Spectroscopy (OES)
* Quartz Micro Balance (QMB)

* Quadrupole Mass Spectroscopy (QMS)

* Laser Induced Breakdown Sp. (LIBS)
« Laser Induced Desorption-QMS (LIDS)
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Thank you
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