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Abstract

The development of photovoltaic technologies based on in-situ resource utilisation (ISRU) is of growing
interest for sustainable lunar exploration. Pyrite (FeS) is an abundant iron sulphide mineral that has long
been considered a promising photovoltaic absorber due to its strong optical absorption, suitable bandgap,
and the widespread availability of elements. These characteristics make pyrite an intriguing candidate for
solar energy systems on the Moon, and specifically for monograin layer solar cells, that could potentially be
fabricated from local resources. However, the lunar surface is continuously exposed to ionising radiation,
including high-energy photons and charged particles, as it lacks both a substantial atmosphere and a
global magnetic field. Understanding the radiation tolerance of pyrite is therefore an important step in
evaluating its potential for space-based photovoltaic applications.

To investigate the stability of pyrite under ionising radiation, microcrystalline pyrite absorber grains,
40-80 m in size, were exposed to controlled -radiation from Cobalt-60 at the ESA-ESTEC Co60 Facility.
The total ionising doses applied were 2.165 kGy(water) and 5.066 kGy(water), delivered over approxi-
mately 69 hours, corresponding roughly to 14,900 and 36,000 years of exposure to ionising radiation in
the lunar surface environment, providing an accelerated analogue for long-term space radiation effects on
the material.

Ionising radiation may induce a range of structural and chemical modifications in pyrite, but the
question remains if, and if so, to what level this proves detrimental for pyrite absorbers. Potential effects
include S–S bond disruption leading to sulphur deficiency, ionic oxidation of Fe to Fe, and, at least here
under Earth atmosphere, the formation of iron oxides (oxygenation) such as FeO or FeO, either through
direct radiolysis or through sulphur displacement followed by oxygen incorporation. Minor lattice defects
and surface chemical changes may also occur, potentially influencing the electronic behaviour of the
material.

For this, a multi-technique characterisation will be presented at IAC’26 on these possible changes.
Raman spectroscopy will be used to investigate variations in characteristic pyrite vibrational modes that
may indicate S–S bond disorder or oxidation products. Scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDX) will examine potential morphological changes and compositional
variations, while X-ray photoelectron spectroscopy (XPS) will probe surface chemistry and iron oxidation
(Fe2+ Fe3+) states. The results, to be presented at the conference, aim to provide initial insights into the
radiation resilience of pyrite absorber materials and to evaluate whether FeS could maintain its structural
and chemical stability under prolonged radiation exposure.
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