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Béla Majorovits, MPI für Physik 

22.Oct.2015, Ringberg, Castle 

PEN: The material of choice? 

• Mechanical properties 

• Applications and commercial  

availability  

• Radiopurity 

• R&D ond lamination  

• Scintillation properties 

• How could PEN help us? 
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Yano O, Yamaoka H (1995)  

Cryogenic properties of polymers.  

Prog Polym Sci 20(4):585–613 

Mechanical properties of PEN 
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Mechanical properties of PEN 

Taken from Godfellows Taken from Tejin DuPont Films 

Comparison of tensile strength to other materials: 

MATERIAL Yield strength Young´s modulus 

PEN > 200 MPa 5 – 13 GPa (higher value at 77K) 

Copper   ~70 Mpa 130 GPa 

Stainless st. 400 – 550 Mpa  ~ 200 GPa  

HDPE 15 – 40 Mpa ~ 3 GPa 

PET 55 Mpa ~ 1 GPa 

Kapton (with Carbon fibre) 85 (140) Mpa 2.5 GPa 

  

 4 kV/25μm 
7.5 kV/25μm 

18 kV/100 μm 
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Applications of PEN 
Used in a wide range of applications. Mainly electronics 

Food insdustry: Bottles 

Entertainment: membranes for headphones 

Electronics: Capacitors 

Sports: canvas for sailing boats 



Symposium of the Sino-German GDT Cooperation, Oct. 19-23 2015, Ringberg castle  B. Majorovits 

5 

HV capacitor tested in LAr for 

several days: No (micro-)discharges 

observed 

 Can be used for HV cables! 
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Commercial availability of PEN 

Films in different thicknesses 

(1.3um – 0.25mm) 

Tejin DuPunot Films, Goodfellows, GTS 

(for example: 5m x 0.3m EUR 551) 

Granules, ca. 5mm 

Goodfellows 

(2 kg EUR 384) 

Rods, diameter: 12mm or 25mm BLACK! 

Goodfellows 

(l:500mm, d: 25mm, EUR 500) 

Use for further processing to 

structural materials 

Easy to make plates of 5 x 500 x 

500 mm3 plates using 

conventional injection molding 

(for example Fraunhofer Institute 

for Chemical Technolgy) 

Use for further processing to flat 

band cables 

Challenge: Radiopurity of 

limnation processes! 

Immediate use for structural 

material (provided its clean) 

Would be custom made material: 

remove additives 
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Samples received from Ami Doduco 

Radiopurity of PEN 

 No 228Th, 226Ra detectable by gamma screening   

ICPMS meaurements 
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PEN received GTS-Flexible 

Radiopurity of PEN 

 Massive contaminations! 
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GERDA sample: 

Gamma screening (Baksan) :  

Ra-226: <2.0 mBq/kg (90% C.L.)  

Th-228: <1.4 mBq/kg (90% C.L.)  

K-40: <3.6 mBq/kg (90% C.L.)  

Teonex Q51 (PEN) received from Tejin DuPont Films: 

Radiopurity of PEN 

 Radiopure PEN can be procured. 

However, careful screening is obligatory! 

CUORE sample: 

Gamma screening:  

Ra-226: <1.3 mBq/kg (90% C.L.)  

Th-228: <1.0 mBq/kg (90% C.L.)  

K-40: <13.2 mBq/kg (90% C.L.)  
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R&D on lamination  
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R&D on lamination  

PEN lamination process for GERDA proved to work: 

1) Procure TEONEX Q51 (DuPon Teijin) 

2) Sputter 150nm NiCr tie coat (GFO) 

3) Sputter 2μm Cu (GFO) 

4) Electroplate 45μm of Cu and NiAu finishing (Lüberg) 

5) Processing into FPC boards (Lüberg) NiCr tie coat problematic! 

 

R&D time: 2008-2010 
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R&D on lamination  

Contacts require bending. 

All 18 contacts good! 
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R&D on lamination  

 PEN can be used as very front end cable 
 

Lamination processe have to be controlled 

ICPMS analysis performed by S. Nisi et al at LNGS: 
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PEN Scintillation properties 
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PEN Scintillation properties 
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How could PEN help us? 

• PEN can be clean 

• PEN can be laminated on  

• PEN has good mechanical properties  

• PEN scintillates  

Maybe we can replace most of the structural materials with self 

vetoing PEN? 

This could include: 

Detector end cap 

Readout and HV cables 
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CONCLUSIONS: 

• PEN has rather good mechanical properties 

• PEN can satisfy low background requirements 

• PEN is suitable for HV 

PEN is promising material for flexible cables 

 

• PEN does seem to scintillate very well 

Could PEN be used as self vetoing structural material? 

 

 Needs further R & D 


