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Ion-matter interaction : Energyloss
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Tracksat the surface of somesolids

High sensitivity Weak sensitivity

dE/dx
threshold

~1 keV/uma ~20 keV/uma ~50 keV/uma

Insulators

Polymers

Oxydes

Spinels

Semi-conductors

AmorphousSi 

GeS, InP, Si1-xGex

Si, Ge

Metals

Amorphousalloys

Fe, Bi, Ti, Co, Zr
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Defaults in a latent trackin a polymerfilm

- Chain scission
- Amorphization
- Gaz formation (COn, CnHnΣΧύ
- Radical formation
- Cross-linking
- Multiple bonds (ex. C=C, C/ύ

Steckenreiteret al, J. Polym. Sci. A37 (1999) 4318

Kr(720MeV) Kapton



 

A B CA B C

(A) PEMFC for automotive (ex: GENEPAC PSA-CEA), (B) Stack and (C) single cell.
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Nafion 80°C 4 bar, 100% RH
80°C 4 bar, 100% RH
80°C 2 bar, 100% RH
70°C 2 bar, 15% RH
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61 mS.cm-1 ; 1,2 A.cm-2

Identicalefficiencyas Nafion®

Radiograftedion-trackmembranes for fuel cell: creationof proton conductivechannels

Clochard M. C. et al. "Ion track grafting : A way of producing low-cost and highly proton conductive membranes for fuel cell" 
Journal of Power Sources, 2010 195, 223-231 + 5 patents



Trackrevealing: track-etching



Developedat
GSI - FAIR 
(Germany)

Commercial products (Nuclepore, Poretics) 
MilliporeϯΣ ²ƘŀǘƳŀƴϯΧ

Lƻƴǎ ǎǇŜŎƛŜǎΥ /Χ ·ŜΧ ¦  CƭǳŜƴŎŜΥ мΧмл13ions/cm2

1srt application: membranes for filtration 



Tracketching

Template synthesis

PPynanotubesCylindricaland conicalmetallicnanowires

P(VDF-co-TrFE)

Biziere, N; Gatel, C; Lassalle-Balier, R; Clochard, M-Cl; Wegrowe, J-E; Snoeck, E "Imaging the fine 
structure of a magneticdomainwall in a Ni nano-cylinder» Nanoletters(2013)

MRAM challenge



Radiograftedtrack-etchedpolymermembranes



Remanenceof radicalsafter etchingin PVDF

Radiation-induced grafting to chemically modify track-
etched pore interior 

Decay: 1/r2Rmoy(nm)
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ImagesCLSMof PVDF-g-PAAmembranesmodifiedwith ethylenediamine
prior to radiografting.
Images are xz-plan (cross-section) re-building of xy-plan series. Red:
Fluoresceinisothiocyanatereactswith aminefunctions,i.e. oxydation
green: Alexa Fluor R hydrazide reacts with carboxylic acids, i.e.
poly(acrylicacid).

Cuscito, O. ; Clochard, M. C. ; Esnouf, S. ; Betz, N. ; Lairez, D. "Nanoporous
PVDF membranes with selectively functionalized pores" NIM B-Beam 
Interactions With Materials And Atoms 2007, 265, 309-313.


