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Previous polymer radiation damage studies

ÅExtensive radiation damage 
programs on magnet coil 
insulation and on cable insulation 
materials have been carried out at 
CERN for decades [1].

ÅThe comprehensive compilations 
of polymer radiation damage data 
can serve for pre-selection of 
materials.

General classification of thermoset resins and composites with 
respect to their radiation resistance, from M. TavletΣ ά/ƻƳǇƛƭŀǘƛƻƴ 
of radiation damage Part 2, 2nd edition, Thermoset and 
thermoplastic resins, composites

[1] See for instance H. Schönbacherand M. Tavlet, 
Compilation of radiation damage test results, CERN 79ς
04, 79ς08, 82ς10, 89ς12 and 98ς1, CERN, Geneva, 
1979ς1998.

1 MGy 100 MGy
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Why a new study on polymer radiation damage?
ÅWhen proposing a new polymer for use in radiation environment its aging 

behaviour under relevant radiation conditions (e.g. cryogenic temperature, 
absence of oxygen) needs to be known.

ÅIt is not sufficient to assume a typical aging behaviour 
of a class of materials. 

ÅEven if the same epoxy resin is used, its additives and 
processing details can strongly influence aging rates. 

ÅThe effect of radiation on functional materials properties 
is rarely known. 
ÅMechanical properties of composites under the relevant 

loading conditions
ÅDielectric properties
ÅThermal properties
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Visualaspectof two epoxyresin
systemsafter an absorbeddose
of 4 MGyin air.



The polymerlabirradiation study

ÅWe study the effect of ionising radiation on functional properties of 
polymers under irradiation conditions relevant for superconducting and 
resistive magnets.
ÅDose rates in the order of kGy/h
ÅThe predicted peak dose in HL-LHC inner triplet coils is 30 MGy, and magnets for 

future accelerator projects polymers will be exposed to doses up to 100 MGy. 
ÅIrradiation temperatures from liquid helium temperature to ambient.

ÅThis study does not include the aging of cable insulation outside the 
magnets.
Åpeak doses typically <1 MGy
Åcomparatively low dose rates
Ådifferent irradiation environments and aging stresses
Ådifferent polymer types
Ådifferent methods to assess radiation damage 
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Two stages of the polymerlabirradiation 
study for HFM
Å1st stage: Effect of different irradiation sources, irradiation 

atmosphere and irradiation temperature on polymers for accelerator 
magnet applications [2]
ÅIrradiation sources: Gamma rays, protons, neutrons

ÅIrradiation atmospheres: Air and inert gas

ÅIrradiation temperatures: ambient and 4.2 K

Å2nd stage: Predict the changes of functional properties and the life-
time of magnet coil insulation systems under relevant irradiation 
conditions

ώнϐ ά/ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ǇǊƻƎǊŀƳ όмst stage) of radiation resistance of impregnation resins as a function of 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǘƛƻƴǎέΣ /9wb Polymerlabreport, EDMS No. 2563597, May 2022

C. Scheuerlein, TE-MSC seminar, 7 December 2023



Materials and components studied
The polymer irradiation program serves different projects:

ÅHFM study (candidate materials for coil impregnation and electrical insulation) [3]

ÅLHC Triplet Task Force (inner triplet magnet wedges and spacers, corrector magnet constituents, 
superconducting wire insulation, impregnated coil segments, fibre reinforced epoxy ground 
insulation) [4], [5], [6]

ÅHL-LHC (impregnation resin, instrumentation wire insulation, quench heater insulation)

ÅPS Booster (candidate impregnation resins)

ÅOther structural polymers including 3D printed materials

ÅPolyurethanes, e.g. candidate materials in jacks for magnet alignment

[3] D.M. ParraghŜǘ ŀƭΣ άLǊǊŀŘƛŀǘƛƻƴ ƛƴŘǳŎŜŘ ŀƎƛƴƎ ƻŦ ŜǇƻȄȅ ǊŜǎƛƴǎ ŦƻǊ ƛƳǇǊŜƎƴŀǘƛƻƴ ƻŦ ǎǳǇŜǊŎƻƴŘǳŎǘƛƴƎ ƳŀƎƴŜǘ ŎƻƛƭǎέΣ L999 ¢ǊŀƴǎΦ !ǇǇƭΦ Supercond., 
accepted, https://ieeexplore.ieee.org/document/10319395
[4] G. Arduiniet al, LHC Triplet Task Force Report, CERN, November 2023, https://cds.cern.ch/record/2882512
ώрϐ /Φ {ŎƘŜǳŜǊƭŜƛƴΣ άLǊǊŀŘƛŀǘƛƻƴ ǎǘǳŘȅ ƻŦ a/./ ŀƴŘ a/.¸ [I/ ŎƻǊǊŜŎǘƻǊ ƳŀƎƴŜǘ ǇƻƭȅƳŜǊ ŎƻƴǎǘƛǘǳŜƴǘǎέΣ 95a{ bƻΦ нусмрлфΣ aŀǊŎƘ н023
(https://edms.cern.ch/document/2861509/1)
[6] D.M. ParraghΣ ά9ŦŦŜŎǘ ƻŦ ƎŀƳƳŀ ƛǊǊŀŘƛŀǘƛƻƴ ƻƴ ǘƘŜ ǘƘŜǊƳƻƳŜŎƘŀƴƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ a/.¸ ŎƻǊǊŜŎǘƻǊ ƳŀƎƴŜǘ ŎƻƴǎǘƛǘǳŜƴǘ ƳŀǘŜǊƛŀƭ L{htw9D нтлпΣέ 
CERN, Polymerlabreport EDMS No. 2816963, February 2023. ( https://edms.cern.ch/document/2816963/1)
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Irradiation sources



Irradiation sources and environments
ÅProton irradiation at CERN IRRAD 
Åat 20 °C in ambient air

Åat 20 °C in inert gas

Åat -20 °C in dry air

Åin liquid helium

ÅGamma irradiation at Steris Marcoule
Åin ambient air

ÅNeutron irradiation at Triga Mark II reactor of ATI Vienna
Åin ambient air

Åin vacuum at ambient temperature

ÅNeutron irradiation at nTOFNEAR 
Åin ambient air
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Gamma irradiation in ambient air

¶ Gamma rays (60Co source) at the Gammatec
facility at the Marcoule site of the company 
STERIS.

¶ Samples are not activated.

¶ Dose rate 2 to 3 kGy/h.

¶ Large sample volume 200 ×200 × 300 mm3.

¶ Smaller sample holders can be withdrawn at 
intermediate dose levels.

¶ Precise dosimetry with Perspex dosimeters 
at different positions outside and inside the 
sample holder. 

¶ Sample holders rotate during irradiation for 
achieving best possible dose homogeneity.

¶ Irradiation in ambient air, temperature is 
controlled <25°C.

Fivesampleholders200 mm x 200 mm x 60 mm, stackedonto each
other. Four Perspexdosimetersare attached at different locations
outsideandinsidethe sampleholders.
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24 GeV proton irradiation in liquid helium
ÅIrradiations possible thanks to G. Pezzullo, F. Ravotti and IRRAD team, 

and T. Köttigand CERN cryolabteam.

ÅTwo sets of 13 identical samples areirradiated simultaneously
ÅInside the cryostat immersed in liquid helium 

ÅOutside the cryostat in ambient air

ÅA proton fluence of about 1016 p/cm2 is accumulated over typically 2 
weeks of irradiation, which corresponds with about 3 MGy.



Neutron irradiation at the TRIGA Mark II nuclear 
reactor of TU Vienna
ÅRadiation dose results from mixed neutron 

and gamma radiation.
ÅFast neutron fluence of 1³1021 m-2 (E>0.1MeV)
ÅIn a first step, combined neutron and gamma 

dose levels of 1 MGy, 3 MGyand 10MGyhave 
been achieved.
ÅBefore irradiation the samples are sealed in 

quartz glass capsules to prevent direct contact 
with the reactor water. 
ÅCapsules are filled either with ambient air or 

with inert gas, and then sealed before 
irradiation starts.
ÅFor outgassing measurements samples are 

irradiated under vacuum.
ÅVery high dose rates can be achieved.

TRIGA Mark II reactor core. 

Sealed irradiation capsule with samples for mechanical 

tests. 
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Materials characterisation  
methods



Rheometer for Dynamic Mechanical Analysis (DMA)

ÅDMA measures viscoelastic materials 
propertiesof the solid resin. 

ÅIn torsion mode, DMA measures the 
response to an applied torque, 
probing the sample shear properties.

Å¢ƘŜ ǎǘƻǊŀƎŜ ƳƻŘǳƭǳǎ όDΩύ ƛǎ ǊŜƭŀǘŜŘ ǘƻ 
sample stiffness, and the loss 
ƳƻŘǳƭǳǎ όDΩΩύ ƳŜŀǎǳǊŜǎ ǘƘŜ 
dissipated energy (viscous portion).

Å¢ŜƳǇŜǊŀǘǳǊŜ ǎǿŜŜǇΥ aŜŀǎǳǊŜ DΩ ŀƴŘ 
DΩΩ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜΦ

ÅTest parameters for irradiation study:
ÅFrequency 1 Hz

ÅTemperature ramp 2K/min

ÅSample dimensions 4×10×40 mm3

Anton PaarMCR702e rheomterset-up for DMA in torsion mode.
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