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Radiation-Hardened Photopolymer Materials for Space Service:
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Qualification of photocured networks under mixed radiation environments without reducing durability to a
single dose number
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Abstract

Radiation hardening of photopolymer materials requires more than exposing a cured coupon to one source and reporting retained strength.
Ionising radiation can drive chain scission, crosslinking and oxidation, while ultraviolet exposure can alter surface chemistry and optics.
The relevant outcome depends on mission spectrum, shielding, temperature, oxygen availability and dose history. This review defines a
qualification framework for photocured networks and composites intended for space service, separating radiation shielding from radiation
resistance and requiring property retention to be linked to a specified material state and exposure history.
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1. Significance and scope
Polymer networks can lose or gain crosslink density under radiation depending on chemistry, atmosphere and dose. The same material can

therefore stiffen under one exposure and embrittle or weaken under another, making “radiation resistant” meaningless without an endpoint
[1-3].

This review owns retention of photopolymer function under space radiation. It does not treat a polymer merely as shielding mass:
attenuation of crew or electronics dose and resistance of the material itself are separate qualification questions.

2. Radiation resistance and shielding are different functions

Ionising radiation can create radicals that drive chain scission, additional crosslinking, gas evolution and oxidation. Epoxy literature
illustrates how mechanical response can vary with irradiation conditions and why exposure data must be interpreted by chemistry rather
than dose alone [1].

Photocured acrylate and methacrylate networks add residual double bonds, photoinitiator fragments and conversion gradients that can
continue to evolve. Initial cure state must therefore be recorded before radiation testing.

Shielding fillers can change both radiation transport and photopolymerisation. A high-Z or hydrogen-rich filler may alter attenuation
while also changing optical penetration, viscosity and network homogeneity. Shielding benefit must be qualified against the
manufacturing penalties it creates.

3. Network chemistry determines competing ageing routes
Polymer-based shielding reviews emphasize that material density and elemental composition influence particle interactions, but shielding
figures of merit should not be confused with retained structural or optical function [2].

Mission exposure is mixed in particle type, energy and time. A single gamma dose can be a useful screening tool, but transfer to protons,
electrons or heavy ions requires a justified equivalence.

4. Dose history must represent the mission problem
Dose rate and temperature matter because radical recombination, oxygen diffusion and secondary chemistry occur on competing time
scales. Accelerated irradiation should therefore disclose what mission mechanism it preserves and what it may distort.

Shielding provided by the spacecraft must be included when translating an external environment into a material dose. Testing an
unshielded coupon at a nominal mission fluence can over- or under-represent the actual component state.

Optical components need transmission, haze, colour and refractive state after exposure, not only mechanical properties. Recent testing of a
cycloaliphatic epoxy system illustrates that optical retention can be a primary function under multiple irradiation types [3].

Structural parts require modulus, strength, toughness or fracture metrics appropriate to their load path. A small change in modulus may be
acceptable for a bracket and unacceptable for a compliant seal or optical mount.
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5. Property retention and device-level verification
Electrical and dielectric functions should be qualified separately where relevant because charge transport and dielectric loss can change
without a proportional mechanical signature.

Device-level verification should combine radiation with the temperature, vacuum and load history expected in service. Sequential tests
should state order because radiation-before-thermal-cycling need not equal thermal-cycling-before-radiation.

Failure analysis should distinguish surface-limited UV or particle damage from bulk ionising-radiation effects. Sectioning, spectroscopy
or depth-resolved properties can prevent a degraded skin from being mistaken for uniform bulk ageing.

Axis Measurement Failure mode

Exposure particle/photon, energy, dose, rate single dose number treated as universal
Material state chemistry, conversion, thickness initial network state omitted

Shielding geometry and attenuation basis shielding and resistance conflated
Function mechanical, optical, electrical endpoint generic hardness used as qualification
Coupling temperature, vacuum, load sequence radiation tested in isolation

Table 1. Domain-specific qualification matrix for radiation-hardened photopolymer materials.

6. Transfer limits and minimum reporting dataset
Qualification should define an acceptance property and retained fraction rather than claiming generic hardness. The same exposure can be
acceptable for one function and disqualifying for another.

Report resin/network chemistry, cure and post-cure state, specimen thickness, radiation type, energy or spectrum, dose/fluence basis, dose
rate, temperature, atmosphere and shielding geometry.

Measure the properties that define the intended function before and after exposure, with coupled environmental tests and uncertainty
where mission margins depend on small changes.

7. Minimum qualification framework

A minimum radiation-qualification programme should define the mission-relevant particle/photon fields, absorbed-dose basis, dose rate,
temperature and oxygen state, then retain both chemical and functional endpoints. Optical transmission, colour, modulus, strength,
fracture response or dielectric behaviour should be selected according to the component rather than substituted by a generic “radiation
resistance” label.

Shielding and material hardening should be evaluated as coupled design variables. Added shielding changes mass and secondary-particle
production, while stabilisers or network changes can alter cure, transparency and mechanics. Qualification should therefore compare
unexposed controls, radiation-only controls and combined environment histories where temperature or vacuum modifies radical
chemistry.

8. Engineering conclusions

Radiation-hardened photopolymers should be specified by retained function after a defined dose history, not by chemistry class alone.
Space-service evidence requires mission-relevant exposure plus post-exposure performance in the property that the printed component
actually delivers.
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