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Dielectric Relaxation Properties for following the Ageing of
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Abstract

The dielectric properties of Y-ray irradiated and thermally aged polyetheretherketone (PEEK) have
been investigated. Results of the temperature dependency of dielectric properties indicated that the

glass transition temperature of aged PEEK increased as radiative and thermal ageing. The frequency

dependency of dielectric properties implied that the magnitude of radiation and thermal induced dipoles,

ions increased as radiative and thermal ageing. The values of relaxation intensity calculated using

Cole—-Cole’s circular arc can be useful for evaluation of degradation level of PEEK.
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Table 1. General properties of PEEK.

p ot Test Tvpical val
ical valu
roperty method yp ¢
Density 1SO 1183 1.26 g/cm’
Melting temperature | 5503 340°C
Tensile strength 1SO 527 97 MPa
Elongation at break 1SO 527 60 %
Breakdown strength | IEC 243 190 kV/mm
Volume resistivity IEC 93 | 49x10"° Q - cm
Dielectric tand IEC 112 0.003
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Fig. 2. TG thermograms of PEEK at various
heating rates.



J. of KIEEME(in Korean), Vol. 17, No. 4, April 2004.

1008
£ osf .
s .
< o6}
H
£ osf
H S
5 02| Sample:PEEK,
,_c] Conversion level : 5% .
00| Stope:-13327 S
— 1 1 1 \\\ 1
1.20 1.22 1.24 1.26 1.28
1000/T [K"']
a8 3. PEEK® ofely+2= JA  (conversion
level : 5%).
Fig. 3. Arrehnius plot of PEEK (conversion
level : 59%).

222 & siox|of ofE PEEKel S7t5Y of
olAUgs He AgLEd we W#sEd
dAE Hoz ool ol A W £ 4
Zol AHgHEE, FHHAUAS 24, AHEeEs
el WE EALHE dFsd dumesz
AL ohAU S A A @9 2ol wgA

4= (reaction rate) k& &% 79 #AAZ T Ao

Ay, 2(2)e] o] 2aF FHe 2 3)F 2o
AN+ vk
k=A e T (2)
R\ (B (1. 1
ln(k,)— (R) (Tz Tl) (3)

ki @ 7b28HA12F Thourl, ke © $7k4% [hour],
T %5282 K], Tp: AELE K]

TGA 3278 73§ PEEKe &4 3}cqx
241.87 kJ/molg ol &3tq, L AL ANE2T(Ty)
0TE 71Foz e 57449 10~504S 7%
232 E(T) 130T &7 74 ggAtez
Zatslw £ 29 gom, B AFgMo ¥ &Y
& olE 7|Fog s4rt

23 WA JHE5Ee 2 F-dAbd JrE g st
"E¥ele] PEEK A¥g #ZdAddTa &
A 2AA A Co¥v-ray 9L Abgste] 2

PN

398

2, W7l FoAA 5 kGy/hrel A#F&2 2hzE 1000,
2000, 3000 kGyo] H@oz ZAlqc = od o
3t & A At 2HEE BEEd s (multi-ag
eing)ol W3 PEEKS EAWIE #&3517 98

3 ¥ ad
400 kGy# 1000 kGy#
4 28 NEs T
ddste +2 9
3 F gAd 93
AR G 9l

3}A1 7] PEEK)o, PEEK3), PEEKsy A
ZAFSAT AR
87 A3t WAl
Yz zasge
NEe 9 Qs of

A2z YA

2. PEEK® T7}+3 3 7t&4d s Azt
(Ty : 130C, Tz : 90C)
Table 2. Equivalent lifetime and
thermal ageing period of PEEK at 77 :

accelerated

130C, 7> : 90TC.
Sample Acgelerateq thermal Equivalent
No. ageing period, lifetime,
ks (br) ky (vear)

PEEK, 0 Virgin

PEEK1 193 10

PEEKzo 386 20

PEEKs 579 30

PEEK 772 4

PEEKs) 95 50
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Table 3. Dielectric relaxation intensity( 4 €,) of
aged PEEK at 160C.
Sample

Ageing No. de,
Virgin PEEKsy 0.784
1000 kGy PEEK'™ 0.9353
2000 kGy PEEK™™ 0.9543
3000 kGy PEEK™ 1.0398
10 yr PEEKo 0.7983
30 yr PEEKx» 0.9009
50 yr PEEKx 0.9828
10yr + 400kGy PEEK:1p™ 1.0173
10yr + 1000kGy PEEK '™ 1.1466
30yr + 400kGy PEEKx™ 1.0578
30yr + 1000kGy | PEEKx™ 1.1853
S0yr + 400kGy PEEKs™ 1.1035
50yr + 1000kGy | PEEKs™ 1.2017
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