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Effect of Electron Beam Irradiation on Thermoresistant

Polymers Containing Aromatic Rings

Tsuneo SASUGA, Nachiro HAYAKAWA, and Kenzo YOSHIDA
Division of Development,

Takasaki Radiation Chemistry Research Establishment, JAERI

{(Received March 22, 1983}

Effect of electron beam irradiation was studied on
thermoresistant polymers containing aromatic rings in the
skeleton, which are presumed to use in nuclear energy fields
in the near future. The seven polymers used are; polyimide
(KAPTON), bis-phencl A tvpe polysulfone(u-P3), polyether-
sulfone (PES), polyarylate(u-Polymer), modified polyphenylene-
oxide (NORYL), polyether-imide (ULTEM), and polyether-ether-ketone
(PEEK). Iradiation was carried out by the use of 2MeV, 1l.5mA
electron beam (0.5 Mrad/sec) up to 12000 Mrad at room
temperature in air. Radiation tolerance was evaluated by o
change in tensile properties. Polysulfones containing'—<:r%4C}
group in the skeleton showed low radiation tolerance and o
polyimide KAPTON showed the highest radiation tolerance.

Tt is clarified from the comparison of radiation effects
of the seven polymers that the radiation tolerance 1is

related closely thier chemical structures.

Keywords : Electron Beam, Irradiation Effect, Thermoresistant
Polymers, Tensile Properties, Radiation Tolevance

Radiation Chemistry, Chemical Structures
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AR T BB (05 Mra /sec ) X BEFRHEZ 6 > TEBEEETRT A LT L,
SEEDRERIE, 25 €, FIIRVEE 200m/min OFRFTIT -7

3. M ES

Fig. 1 ~ 7TitKAPTON, NORYL, ULTEM, u-—Polymer, u—PS, PES, PEEK, K
DN TEBBTORENIUSH~FEAHMEE (S-S A -7 &4 L1, &7z, Table lIt&H®Y
v — QR & RE, B, ¥ VEOBFRER L, ZHRLDEE S EDRERITY>0TD
FHE S EEEETR L, BB o+ v/ LTHUEEBIC DL TIES ~ S~ 7OBKIE
AhsTHREBRESL, 79+ 7% L0 KAPTON B & Uiy S A SR O shEE 3 1k
MR L, DT &HE) v— it 2O TDERLE E6H,

KAPTON (Fig. 1) ; 3000 Mrad O BE G 325% S HIHIEDZHICE T L, ®EiEH
Tt ERE A, L L5, 12000 Mrad OBE AT, MU 8%, ME 1100ke/ cf
BEELTO 2,

NORYL (Fig. 2) ; REBHELRO0BEEOBUERTE, 200Mrad OEHTEHET 2
BT L, FHLILORENCE » TIEEBET L, 515ED 2009 5 LRI o 6IC
WEd 5o |

CULTEM (Fig. 3) : 500 Mrad DOIEGHCHEEIEART 543, MTUIZ48% & fIEHEDIOSBIC
EFd5H, Lirl, 1000Mrad OREHIC L - Th, MBU30%, 6 1012ke/ of AR L, 200
Mrad BBt b i B{Hor14%, HE 1015ke /a2 L THh 5,

u=Polymer (Fig. 4) ; 500Mrad ®EFHCE > Tha » % v 7 LTHUTSMEEERL,
HN15% & MIFE 040% 534 245, 1000Mrad MEHC L - T 1L 2%, 7RE 124kg/ o
EEBMICHHENETN T 5,

u—PS (Fig. 5) ; 200Mrad DY CHETIE25% EHIMAED 17%icE TER P L, 500Mrad
DWEHSESZ 5 {0 2 %, 58IE 193ke/ et & BEUTIEBPE T 5.

PES (Fig. 6) ; 100Mrad ORBEE THBU28% EMEHED 9 %BITET L, 246 Mrad O H 4
AE A M1 5%, WE 273kg/cfid, U—PSICHE L THREOETAERETES,

PEEK (Fig. 7) ; 2000Mrad OBH T 261 % SO D2% O EEkFEL, 5000
Mrad ODBHIK E-ThH o F v 752RL, MURTHEDOZZRFT S,
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WiEd 5,
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u—Polymer (Fig. 4) : 500Mrad @B TH - T LA 27 LTS EEETRL,
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u—PS (Fig. 5) ; 200Mrad QRS CHNZ23% SHPED 7% F TET L, 500 Mrad
DRBIRAEZIT 5 M 2%, B 193kg/af & SRCHIEBEPETT 5,

PES (Fig. 6) ; 100Mrad OBEH THEII28% EHMED 9 BIET L, 246 Mrad © B
BTt B LMTF ] 5 %, SREL 273%kg/chid, U-PSITIEE L THHEEOE THEEHETES,

PEEK (Fig. 7) ; 2000Mrad OB THIFT 261 % &¥UAMD2% O %4 L, 5000
Mrad DBEHIL L > Th R v F v 7ARL, BURBTHEDN%ZHFET S,
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(B} Private communication,
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Table 1 Yield stress & Elongation

Sample Dose* Youngs' modulus Yield stress Elongation
( M- rad) '(kg/cmz) Lkg/cmzj (%)
KAPTON 0 1.28 x 10" 1693 + 33.5 71+ 4.7
200 4 13000 1.62 x 10° 1712 + 79.5 25 + 6.1
6000 2.45 x 10" 1525 + 88.9 11+ 2.2
9000 3.26 x 10" 1480 + 72.9 10+ 2.7
12000 3.28 x 10° 1411 + 72.7 8 + 1.0
NORYL 0 7.00 x 10° 630 + 37.3 45 + 12.2
200 8.56 x 10° 5§63 + 25.7 9.+ 0.9
300 9.51 x 10° 504 + 38.7 7 + 0.9
500 6.71 x 10° 536 + 18.1 0
1000 6.19 x 10° 528 + 99.9 0
ULTEM 0 9.33 % 10° 1023 + 40.5 118 + 28.0
300 9.68 x 10° 1073 + 45,2 88 + 35.0
500 9.68 x 10° 1079 + 24.0 48 + 19.0
700 1.00 x 107 1098 + 28.6 40 + 14.9
1000 8.23 x 10° 1012 + 9.5 30 + 9.6
2000 9.32 x 107 1015 + 14.9 14 + 0.8
u-POLYMER 0 7.00 x 107 733 + 16.6 38 + 8.5
200 7.00 x 10° 711 + 14.9 27 + 6.
500 1.02 x 10° 689 + 2.7 15 +
1000 2.25 x 107 © 124 + 23.4 0
1500  ——————= | 76 + 20.7 0
u-PS 0 5.79 x 10° 698 + 62.1. 138 + 4.7
200 1.14 x 10° 708 + 21.7 23 + 21.0
300 8.20 x 10° 659 + 72.4 21 + 8.2
500 1.66 x 10° 193 + 16.9 2+ 0
1500 peeee 77 + 26.0 0
PES 0 8.30 x 10° 8§24 + 3.9 229 + 72.0
100 1.22 x 10° 816 + 23.3 28 + 10.3
164 1.40 x 10° 818 + 12.3 5 + 1.2
264 1.40 x 10° 273 + 43.4 2+ 0
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Table 1 {cond.)

Sample Dose* " Young's modulus . Yield stress Elongation
(M rad) (xg/cm?) (kg/cn?) (s

PEEX 0 6.00 x 10° 688 + 32,3 500 + 19.0

1000 6.00 x 10° 635 + 7.7 432 + 22.0

2000 6.00 x 10° 614 + 16.1 261 + 12.4

3000 5.00 % 10° 616 + 24.¢ 165 + 43.6

5000 6.00 x 10° 583 + 26,1 98 + 13.3

*Dose rate; 2 Mey, 1.5 mA {0.5 Mrad/sec)



TAON 30 9AUND ULRUIS-SSBUYS 276ty
(Z) uIbuIs

JAERI-M 83 ~064

04 O 0¢ 0¢ Gl 0 NOLdYYM 40 SAUND ULRUIG-SSBULS 1°6Ly
T ¥ 1 T T D .
{%) ujnLls
. 0¢ 0l 0
T T 0
1 00¢
[
M, -+ 00§
5
S 8 gL =
2o Lud/By grLT T 9 000t 3
ooy ~ 0 2
) z
S~
0009 oot 71 0041 me
pRIW 000€
- 009 0 0
uy (| w 1 000¢
Ve ~
@lOn@.Z/ N-
2™
_
. 6 o0
up HI H NOLAV)
-0
3

(TAYON) 0dd



JAERI-M 83-064

L S

A3WALOd-N 4O BAAND ULPULS-SSBUIS 6L

On

(%) urpdig
D¢ 114

01

T

PEIN 002

JBWATO4-n

00¢

0oh

009

008

(FW/B%) 883438

WILIN 40 SAND ULPUIS-SSAUYS  £7HLY

(%) uibnsg

08 09 oh W 0
m_ T T T D
0oe
00h
ey
@
o
009
-~
[{m]
~
(@]
=
()
oog ~—
% vzl
LU/ 8Z6 -
04
PEIW 00S 000t
T 00¢1
0 3% o
i | 1
h”_ \wwﬂuu\ouAHanuw[Amﬂvro N
N3 o muuuu\
i il
0 0



JAERI-M 83-064

S3d 40 DAUMD ULPUIS-SSDUAIS 9614

(%) UlbJis
D¢l A 0¢ 0e 01

o

4 T i

-t

T T

PEIW 007

¥oT

G0¢

00t

009

008

(ZWQ/SX)'9$EJ18

Sd-=N 40 DAUND ULRUJG-5SBAYS G B4

(%) ulbu3s

Dl og 02 ol 0

T ‘wﬁ\ﬂ T T 0
00¢
Q0h

PRIW 00€
IR

T 009
1 008

0 mIU

lvoto-ate

0 €
U0 4 TNSATOE-N

(ZMD/SX)—SSGJls



JAERI-M 83-064

N33d 40 BAJND ULRUIS-552U43S  /BLY

(%) Ujniis
004 00k 00g 00¢ 001 0
T T T T T 0
00¢
100h
poos
-1 009
7008
PEIWN 000T oo.om
u o 10001
1] .
: -3{0)-0L0)-0{O)-
Ad3d

(Zma/ﬁx) 553418



