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Previous polymer radiation damage studies
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Why a new study on polymer radiation damage

AWnhen 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.

Alt is not sufficient to assume a typical aging behaviou
of a class of materials.

AEven if the same epoxy resin is used, its additives ar
processing detalls can strongly influence aging rates.

AThe effect of radiation on functional materials propert
IS rarely known.

AMechanical properties of composites under the relevant
loading conditions

ADielectric properties
AThermal properties

Visualaspectof two epoxyresin
systemsafter an absorbeddose
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Thepolymerlabirradiation study

AWe study the effect of ionising radiation on functional properties of
polymers under irradiation conditions relevant for superconducting and
resistive magnets.

A Dose rates in the order &Gyh

A The predicted peak dose in fHfHC inner triplet coils is 3Gy, and magnets for
future accelerator projects polymers will be exposed to doses up taMGH

A lrradiation temperatures from liquid helium temperature to ambient.

AThis study does not include the aging of cable insulation outside the
magnets.
A peak doses typically MGy
A comparatively low dose rates
A different irradiation environments and aging stresses
A different polymer types
A different methods to assess radiation damage



Two stages of thpolymerlahbirradiation
study for HFM

A1st stage: Effect of different irradiation sources, irradiation
atmosphere and irradiation temperature on polymers for accelerator
magnet applications [2]

Alrradiation sources: Gamma rays, protons, neutrons
Alrradiation atmospheres: Air and inert gas
Alrradiation temperatures: ambient and 4.2 K

A2nd stage: Predict the changes of functional properties and the life
time of magnet coil insulation systems under relevant irradiation
conditions

WHB a/ KINJ) Ol S R3tdge) df fadiafion dbi@aAcH bf Wnprégmation resins as a function of
SYGANRYYSYi(l t RognyehalréparzEDEING. 2563697bMay 2022



Materials and components studied

The polymer irradiation program serves different projects:
AHFM study (candidate materials for coil impregnation and electrical insulation) [3]

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

AHL-LHC (impregnation resin, instrumentation wire insulation, quench heater insulation)
A PS Booster (candidate impregnation resins)

A Other structural polymers including 3D printed materials

A Polyurethanes, e.g. candidate materials in jacks for magnet alignment

[B3]D.M.ParraghS i £ X GLNNI RAIFGA2Y AYyRdzOSR F3Ay3 2F SLI2E& NBaA ySapergoadN A Y|
acceptedhttps://ieeexplore.ieee.org/document/10319395

[4] G.Arduiniet al, LHC Triplet Task Force Report, CERN, Novembeh#023/cds.cern.ch/record/2882512

wop6 / ® { OKSdzSNI SAYyX AGLNNIRAFOGAZ2Y &aiddzRé 2F a/ ./ YR a/l/ 023 [/ 02N
(https://edms.cern.ch/document/2861509/)

[6]D.M.Parraglt. ¢ 9 FFSOG 2F 3IFLYYlF ANNIRAIFGA2Y 2y GKS GKSNXY2YSOKIYAOFE LI
CERNRolymerlalreport EDMS No. 2816963, February 2028t{s://edms.cern.ch/document/2816963/}
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Irradiation sources and environments

A Proton irradiation at CERN IRRAD
A at 20°C in ambient air
A at 20°C in inert gas
A at-20°C in dry air
A'in liquid helium
AGamma irradiation at Steris Marcoule
Ain ambient air
ANeutron irradiation at Triga Mark Il reactor of ATl Vienna
A in ambient air
A in vacuum at ambient temperature

ANeutron irradiation anTORNEAR
A in ambient air
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Gamma irradiation in ambient air

Gamma rays’fCo source) at th&ammatec
facility at the Marcoule site of the company.
STERIS.

Samples are not activated.
Dose rate 2 to BGyh.
Large sample volum200x 200x 300 mn?.

Smaller sample holders can be withdrawn
intermediate dose levels.

Precise dosimetryvith Perspex dosimeters
at different positions outside and inside the
sample holder.

Sample holders rotate during irradiation forFivesampleholders200 mm x 200 mm x 60 mm, stackedonto each
achieving best possiblose homogeneity other. Four Perspexdosimetersare attached at different locations

L : : : outsideandinsidethe sampleholders
Irradiation in ambient air, temperature is

controlled <25C.
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24 GeV proton irradiation in liquid helium

Alrradiations possible thanks . Pezzullo, F. Ravotti and IRRAD team
and TKottigand CERMNryolabteam.

ATwo sets of 13 identical samples &radiated simultaneously
A Inside the cryostat immersed in liquid helium
A Outside the cryostat in ambient air

AA proton fluence of about®® p/cm?2is accumulated over typically 2
weeks of irradiation, which corresponds with abouVi&y;




T T T

Neutron irradiation at the TRIGA Mark Il nucleat
reactor of TU Vienna A 1

ARadiation dose results from mixed neutron
and gamma radiation.

AFast neutron fluence off110?t m2 (E>0.1MeV)

Aln a first step, combined neutron and gamma
dose levels of MGy 3MGyand 10MGyhave
been achieved.

ABefore irradiation the samples are sealed in
qguartz glass capsules to prevent direct contact ¥4
with the reactor water. R

ACapsules are filled either with ambient air or
with inert gas, and then sealed before
Irradiation starts.

AForoutgassing measurementsamples are
irradiated under vacuum.

AVery high dose rates can be achieved.
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Sealed irradiation capsule with samples for mechanic

tests.
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Materials characterisation
methods



Rheometer for Dynamic Mechanical Analysis (DM.

A DMAmeasuresviscoelastic materials
properties of the solid resin.

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

ACKS a0G2N) 3IS Y2RdA
sample stiffness, and the loss
Y2Rdzft dza o6 DQQU YSI|
dissipated energy (viscous portion).
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A Test parameters for irradiation study:

A Frequency 1 Hz
A Temperature ramp 2K/min
A Sample dimensionsx40x40 mn?

AntonPaarMCR702e&heomtersetup for DMA in torsion mode.
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