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Abstract

The dielectric properties of ¥-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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Fig. 1. Repeating unit of PEEK.
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ki3 1. PEEK9] 7| & E4.
Table 1. General properties of PEEK.

Property Test Typical value
method

Density ISO 1183| 1.26 g/em’
Melting temperature 351’12‘% 340°C
Tensile strength ISO 527 97 MPa
Elongation at break 1SO 527 60 %
Breakdown strength | IEC 243 190 kV/mm
Volume resistivity IEC 93 [ 49x10° © - em
Dielectric tand IEC 112 0.003
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Table 2. Equivalent and
thermal ageing period of PEEK at 77 :

lifetime accelerated

130C, 7> : 90T.
Sample Acc.elerate(.l thermal Equivalent
No ageing period, lifetime,

. k; (hr) k2 (vear)
PEEK, 0 Virgin
PEEKio 193 10
PEEKn 386 20
PEEKso 579 30
PEEK4 772 40
PEEKsg 965 50

24 RMEMo 53

224, 23483 o] PEEKE o 7t&4s, 4A
A 71543 2 d-uAA HEdEE 33y,
Ztzte] Z7A0 wet 43 ¥ PEEK Al¥Y f#HE
g fHZ=A 4 (Dielectric Analyzer, TA instru-
mentsAt, Type 2970)€ ol&3te EAsAT. +
F(gold) A= Atelel FA 0.3me @<L G2t
, 1Hz~ 100kt ® $1(1Hz, 3Hz, 10Hz, 30Hz, 100Hz,
300Hz, 1Kk, 3Kk, 10Kk, 30kk, 100kkE)Sl mF 1 Vel
AP AL A7l AFAAE FHAA ARE
BEIAA 3, o2 g3 vehtes A4 A5 9
A7t Aol ol gstel €, € ,& AT 4
BAZL =E-3o 4L 51 Yo, FEAF
& AHe 258 7A%7] 9% RTD (resistance
temperature detector)®& WAsti Uth A|ALE ¢
AL Abolol 300 N9} tHoz mAAFew, 2
A7 8 ¥ 2C/ming $2&52 50~250C
o] MY ZAsAT.

a



3. 843 & nE

31 €., €,9 2% o|&EM

WA 2 9 d3l® PEEKS €3 € 9] tfd
TEYEALNE I¥ 49 JERIRUT $4, 1 Hzol
A mlzA} PEEK A< PEEK,® € ,2 145C %
oA FAH3] F7HE F 150T olF MM F7)
3t ol PEEK® 8 dol2x(ek 150T) ¥
2oA WA= AT Hol PEEK F4#¢
segment =& THE Az} wige] 27 EA
(@EihHo 2 BAATE] A4 A 182
5 2% & F4 2 A4S fFgdHol
ojol A 2FF7 Jeius, dF Fusd g
eE Wsgor EARY AFRE, nFRE
F5ol dgstel 474 182 Y Jezow

Fd vl & #48duxE 71A9, PEEKY
FAPY Fgbel] oA fEHol2E ol el o
150C¢F 300C H-2eA 2R/ ¥4 2 F&7

Saey I I 1 1.
120 160 180 200 20 240

Temperature ['C]

Ls L L L 0.0
120 140 160 180 200 220 240

Temperature ["C]

(a) A 7H&d st

ANAAA 283 =R A, ALTT A45, 20043 49

UehdE Ae 71E9) AT Q3G THT.

PEEK®] WALM 3ol A A3t Aol
wte} e ,9) F7bh AlFEE 2EE O 2E Zo
2 o3HT gon oL dste] o AFHA
o] Wzt wet G} 2WHE Aoz Mum
. 71&d dAFe o, fYHLEERE
PEEK® Hu AFARFL F43 Frhsin, ol
2g 27 A 2A} 5ol g3 dA"HE R
oz wad v Yok 53 FeEHel LT ojatd A
% 60 MGy ©)39] HhAb ZAF @ "M FAbo)
o) Bzl 7k smukgo] wAlsA BBl 1
U} zAMd o] Z7}gtel whel PEEKS C-C ZA#
& ZasE wd C-0 2 C=0 AFL Z7lau,
o]g Aol WAHE AL 71E9 dAFolM XPS
(X-ray photoelectron spectrometer) =30l 23|
gzl w oH10) ol ol fEERE PAM
2 97 g3l PEEK W% ¥x52 23479
FAlo ENEE FAN @, o2 Q& B3I
o) 47 F7bete] WA ZAbE PEEKY € 9]
AA Aele] PEEKS €8T A Uehd Ao

Temperature [°C]

04

30
qoz
o5 e

40.1

Freq.:1kHz
1.5 L

120 140 160 180 200 220 240

201

Temperature ['C|

(b) & 7t&43

33 4. 93h9 PEEKY] € ,% € ,0 £xo)&4 (F344 1 Hz, | ko).
Fig. 4. Temperature dependence of € 'yand [ r of aged PEEK (measured at 1 Hz and 1 k).



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

Bt & Houw ZAAFe] Zrtol gt FYS
exoA £,0] Z7tsta dou, oA WFHED
& WRATE BIA Fh BAAMTE F7}
‘mel £ Aoz sAEch 180T olF €,
oAl F43 Zrhsn Qon, of & dEst B
ol& o $£Eol ¥ FNAR} I 719

o2 Algdch

WAL ZAME PEEKOINE A %9 Z7td u
2 e,9 W BEs deidn QAW o 48
9 PEEKS 7%, 271 9 93% PEEK,& 44
Aele] PEEKost & #tol& vehz QA g3t
A|zve] Z71e) wE& PEEK;, PEEKs, PEEKs 3+
€,9 Wahe mad AoE YL Yok o=
PEEK® 97 93t 93 27 g& 434S
SN TR, AzEe] Aol wet AHE s
o wAn rdo] AYHoE TAGE Ao A
i=R2R= 0

1 ¥olX 23§ PEEK9 € ,&, Ad 44, o
A4 48 4d 93k ® A9 FEHcLE o
o] g BT 1 HzalARTH @A YEhGL
€,9 FAF Z7h BASE 2% I YL T
2z07 o]%3At 1HzS} 1 Kk Fy4rell A
2% e, 9 ¢ e 2L 7Y I3 Y
lﬂ glomz PEEKY ¥ty @ & dshd glo]
grae agdAAd =2 A&zsm oF

rlr il r{o

2=
N
}_

O

_g_
i,
o

oo

s
T

€,9 &= gEMGNE 1 MM A A
o] PEEK® ¢ 163C H2dA F493aE Holx
alzv%, feldo)eE oo A YeE ALE a
A%-st 2ol aFFE AL 0T F
Tﬂ e 2%, WA AR S F7h9 4
A dsle] Ao @l og nLZAAM Yeyn
dov dd Azt glolA 1 olF X7t WA
A zAbel wlsE AAF ZrlekAch. AHEFHA
el gt e ene AA Ade PEEKIAHT
Ak 2 4% FG3rt A" PEEKAA v 2
e GERRSTH ol AL Aol QAF Ex B
& IR Frh FrhEr) WEQQ AoE AR
o,

32 €,% e,° Fag o EM
93Y PEEK® 160CAA €,3 € ,9 Ft
+ gEHe 2% 59 dehiTh AF AEe

400

PEEK % 93¢ PEEK A¥ ¥
& Ztel wete &
gom, &, 150~190T Ateldld ¥4 Has
Yehig. ol#d @4e feEldolex o4
FAolx LAY ReZ, F4 segment £F
BEE AT g /9P Ho2 BT 19
514 #WAbd 2 9 93t PEEKS € & A}
Al et Fsa o, R €, €,
LT EAM AFT wiek o] Aol me
PEEK® Tx¥sld] 7|dste Aoz AZ4do
[10]. F34 Z7ko] whe €% 6,9 Fae
B GGAA EAsE A, 42 BEF 59 21
o 79 Roz uyete, 43 Fus$ F9ol
¥ wh unv;w g Fdst B3 s)AAs
€ Debye B4 (4 @), 4 (65)3

AS BF, F3
B¥e dvehix

Zaste

Frequency [Hz}

(a) HAME 7H&E 3

10° 10' 10° 10" 10" 10'
Frequency [Hz}

(b) 4 7t&4st

ad 5. 943% PEEKY €, € ,9 35 o=
A (1607TC).
Fig. 5. Frequency dependence of € lr and € r

of aged PEEK at 160TC.



® d3o] mE PEEKS 3t8d Fzusizt 4
WA wrge] Wt nEA WA dol uas
B PEEKY TzAge] FAAFA B Zolxn

1 kel HlmA A Fe] F FIo] AVA HW
T2 F99 AYY7H BFHol FolA %a%
Tzz A1), 43te Aol we FF W
NAZ Q8 €, BANIE FERT FF FH

(

AL o F 9F¥e v Ziii 311*4 7}%3}
o
. (e,0—€,0)
€ Eret T () ? )
v (gm0 0n o
€r 1+ (ory)? wE, ©

€ro P BFEA W A A W vRAE

€,0: BFYY T WAt O vFAE
r: @37 (sec), o0: °ol2AXE (1/ohm - m)

3.3 Cole-Colee| &%

PEEe FHANA BEaHFAL( €D F3}
F EA4L  Cole-Coled %i‘ﬂ Ae et
Cole-Coled) 993 ¥ae tte 4 (63 .

E*r +____0—B
1+ Gorzy) (6)

o714 pE SIFANNEEE Vel 9 H
olm (0<B<1), ¢34 5 (relaxation intensity)
de, & trg 2 (D)3 ol RHHT

de,= €0 € )

160CA A €3t e 9 dAstel ¥4 2
u} 2 PEEK® #H3E2 A3 Cole-Cole 93 F4
S 29 69 YeERNAY. Cole-Coled) 93 = 43
o Aol wek 9o FAo] FrE FeH=2 Y
Bt €0 Zrbe] wet dsvt AFHEA €,
o] Z7ete AFE Jehin U gste
4 dslo] W& PEEKS 4&,438 E 39 e
Yo de, & wabd A € 71E A
Azkel Z7tel wet ZvbelE AFES dEdc
A. M Jeffery®} D. H. Damon< Ethylene pro-

L

= =2
St

401

A7IAAA 23 =R, AITE A4E, 20043 49
pylene rubber A& Z ©]# 3 FHAINEAH L o2
Heo 7% Aoz #wal v lowliz], PEEK
o A$E fAHE Aoz AREG e
X EHAN AFT viet Fo] WA # &
# d3te] Mo ut A4E “‘11} 2¢E o

& 59 dgor de,o Fte 7t
AsteFe] Jldg Aoz gom.
0.30 -
160°C
025} —=—PEEK,
—e— PEEK'™
020 4 PEEK
—v— PEEK’
. OIS}
W
0.10 +
0.05 |
000 L nd S ,
2.0 25 3.0 35 4.0

(a) WA 7H5 48

030
160°C

*-—PEEK |
4. PEEK,
—v— PEEK
# - PEEK,
-4 PEEK,

025

020+

0.10 |

005

0.00

2.0 4.0

a3 6. PEEKY 43td ®mE Cole-Cole 9%
(1607T).
Fig. 6. Cole-Cole’s circular arc plots of aged

PEEK at 160T.



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

WAL 7M4d3le] ©& PEEKSY Cole-Cole 9
22 7¥de, 2 2AAF St w37
At &3] 1000 kGy ZAM PEEK'™9¢ de,&
F4% 3718 dehlzm ew, o]F PEEK™,
PEEK®™ o = Agxoz ZylRo] =i ehy

thoolAE 1000 kGySl WA ZAblN A4E
IS} B£E & T F7 FA FAw

Aoz B $ e, 2000 kGysh 3000 kGysl
A 2 A9e ANE AU 27 2
ANAY Tor Qg de, Zre A=A HA
Bl Aoz AZtEr.

Bl oA sH&ABAIRl 449 de = PEEKel
H3] PEEKpelA wAg  F71E  Belgr}
PEEKx, PEEKsol X&) F71&o] A 453,
29 4olA dehd ulel ol o sH4dsA R
PEEK®] € ,% € ,9] 160CoIM 9 £ 2 7o
Ae & Aol vehiA @A, de,o Wtz
PEEKp ©1%, 449 A=5xe] 24 2 29| 7
Aoz e, BER oL 59 FAY 37}
2 A% FNAT £39 Fol Frter] HE
PEEKx» % PEEKxolM 9l de,gto] 338 Aoz
AlE R}
¥ 3. 93% PEEK A &9 A%,

(de,) (160T)

Table 3. Dielectric relaxation intensity( 4 €,) of
aged PEEK at 160TC.

Sample

Ageing No. de,
Virgin PEEK, 0.784
1000 kGy PEEK'® 0.9353
2000 kGy PEEK™ 0.9543
3000 kGy PEEK™™® 1.0398
10 yr PEEKy 0.7983
30 yr PEEKsx 0.9009
50 yr PEEKso 0.9828
10yr + 400kGy PEEK;c™ 1.0173
10yr + 1000kGy PEEK (™ 1.1466
30yr + 400kGy PEEKz%™ 1.0578
30yr + 1000kGy PEEK3'™ 1.1853
50yr + 400kGy PEEKs™ 1.1035
50yr + 1000kGy PEEKs'™ 1.2017
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