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' European Organization for Nuclear Research (CERN), Geneva, Switzerland

\immersed in liquid helium [1], [2].

flmroduction: The superconducting magnets of future particle accelerators such as the Future Circular Collider (FCC) will b;
exposed to high radiation doses. Epoxy resins are used in superconducting magnets to provide electrical insulation and
mechanical support to the conductor. In the frame of the High Field Magnet (HFM) program the CERN Polymer Laboratory is
performing an irradiation damage study. The aging of epoxy resins under irradiation conditions relevant for superconducting
magnets is studied using different irradiation sources in different environments at ambient temperature and with the samples

>y

rlrradiallon sources and environments:
+ 24 GeV protons at the CERN IRRAD facility:
o Inambient air at 20 °C
o Ininert gas (N,) at 20 °C
o Immersed in liquid He at 4.2 K
+ %Co gamma rays
+ Neutrons
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Fig. 1: Visual diflerence of MY750 between ambient and liquid He (LHe)
irradiation (left), sample holder with 13 samples for insertion in LHe cryostat
\_{midle], and the LHe cryastatin the imadiation area (right).

fMoni(orin irradiation effects b namic Mechanical

Analysis (DMA): The irradiation induced modifications of
viscoelastic properties are characterized by the changes in
the storage modulus GYT) and loss modulus G'(T)
evolutions. Changes of the glass transition temperature (T,)
and rubbery modulus (G’u.,) reveal the competing
processes of cross-linking and chain scission.
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Fig. 2: DMA temperature sweeps showing T, and G’y evolutions after
k\rradiatiﬂr\ in ambient air by 24 GeV proton beam Y,
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The competing effect of chain scission and cross-linking is
revealed by the dose dependent T, and G, (Fig. 3)
evolutions. POLAB Mix, CTD101K, MUSUT, and CEA mix are
the most radiation hard materials investigated. MY750 and
Mix61 are not suitable for use in high radiation envirenment.
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Fig. 3: G, evolutions as a function of proton dose absorbed in

ambient air.

ffect of irradiation dose absorbed in ambient air: \

/Effscl of irradiation temperature: N

The oxygen supply during ambient air irradiations can
influence the aging behavior. The comparison of the T, and
G’ peery @VOlUtions during irradiation in air, in inert gas, and in
LHe reveals that the irradiation temperature can strongly
influence cross-linking and chain scission rates.
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Fig. 4: T, (G" max) and G'uee, 88 @ function of the dose absorbed in
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ambient air, in inert gas at 20 *C, and immersed in LHe at 4.2 K

Conclusion: The aging of different epoxy resin systems during irradiation in different environments
and at different temperatures has been compared. To predict the effect of irradiation on the
functional properties of polymers in superconducting magnets, irradiations at cryogenic temperature

are required. In the next step, the performance of entire magnet insulation systems under relevant nvrp 2 U 24
Jrrsdiatiun conditions will be investigated.

[1] D.M. Parragh, C. Scheuerlein, R. Piccin, F. Ravotti, G. Pezzullo, D. Ternova, M. Taborelli, M. Lehner,
of Epoxy Resins for Imp d net Coils™ IEEE Trans. Appl. Supercond

[2] D.M. Parragh, C rtin, R. , F. Ravotti, G.
nducting Magn

rradiation Induced Aging  [E]4E[E]
8001 I

"Effect of Irradiation Temperature and 0]




Session topics

* Molecular Modeling

« Surfaces, Contact & Adhesion
* Fracture & Toughness

* Physics of Glasses
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« Soft Matter & Rubbers
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« Semi-Crystalline Polymers
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