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composites at the REX facility: radiation shielding
performance within the Space It Up! Project
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Particle accelerators generating electron and proton beams have become
indispensable tools for investigating radiation effects and the shielding
properties of In-Situ Resource Utilization (ISRU) materials, which are key to
future long-duration planetary missions.

THE SPACE IT UP! PROJECT
This activity is carried out within the Space It Up! (SIU!)
project, funded by the Italian Space Agency (ASI) and the
Italian Ministry of University and Research (MUR).

Controlled irradiation of lunar and Martian regolith-based materials enables
the assessment of their radiation response and shielding performance. In
particular, low-to-medium energy electron beams (keV-MeV) can reproduce
relevant features of the space radiation environment, including Earth’s
radiation belts and solar electron events.

The study investigates the radiation shielding
effectiveness of novel ISRU-based materials developed
by collaborating SIU! laboratories.

Composite samples consisting of an ABS polymer matrix
and lunar regolith simulant (LHS-1) were tested at

: : : different thicknesses to assess their response to
\\ Accelerator-based testing therefore provides a reproducible approach to P

) . n : : - electron irradiation and their potential as shieldin
Investigate dose deposition, attenuation, build-up effects, and radiation- . : p. 8
: . ] materials for future space applications.

Induced material degradation.

/ HE REXLINAC ACCELERATOR
The irradiation campaign was performed 0 — , \

Most probable energy 4.5 MeV
at the Particle Accelerators Laboratory

(ACP) of ENEA Frascati Research Center,
using the REX (Removable Electron to X-

Mean energy 3.8 MeV

ray) linear accelerator. it front Roiag ik ?;e:n(zmor);
REX can provide a 5 MeV electron beam, Collimator diameter 40 mm
allowing controlled and reproducible -

irradiation of the investigated samples. Dose per pulse fg_%’,’:ﬁw

This energy is relevant for reproducing
part of the high-energy electron
environment of the outer Van Allen belt,
making REX suitable for accelerator- Irradiation time 45

based testing of candidate space REX linear accelerator (left) and schematic 3D layout of the irradiation chamber (right). \ )
shielding materials.

Dose per irradiation step | 3 kGy

EXPERIMENTAL DOSIMETRY SET-UP
A multi-dosimeter approach combining alanine pellets, LiF detectors, and Gafchromic films was employed LHS-1 LUNAR HIGHLANDS REGOLITH
to characterize the radiation field and evaluate the dose deposited within and behind the ABS/LHS-1 SIMULANT
composite samples.
The complementary response of the three dosimeters allowed the dose distribution as a function of sample
depth to be investigated. The first irradiation campaign was performed on the composite samples, with
alanine dosimeters and LiF crystals placed at selected positions within the different layers. A subsequent |
irradiation was carried out under the same conditions, with Gafchromic films positioned at selected . o
locations within the experimental stack to provide spatially resolved measurements of the deposited dose.
The combined dosimetric measurements were used to characterize dose build-up and attenuation with

Increasing sample thickness, providing an experimental assessment of the shielding performance of the i i §
. Uncompressed bulk densit 1.40 .
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positioning in the sample holder (right). Six irradiation steps.
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a function of regolith thickness to assess the evolution of the
deposited dose through the composite stack. The combined
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the shielding effectiveness of the investigated ABS/LHS-1

composites (on the left). _ s 9 kGy

Analysis of the alanine dosimeters is currently ongoing. 0 2 4 6 8 10 12 o 12 kGy
. Regolith Thick 0.05+

Samples have been also analyzed with a Raman spectrometer sgolith Thickness mm] 18 kGy
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before and after irradiation (on the right). Raman shift (cm")
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