JAERI - M
88-197

B TAEREMB Oy e B T#]O
RET R R D R

1988 F10H

Il R - RE 6 -0 LS - mh B
ER FX-MWA E-- HH =

B & & ¥ h B R m&
Japan Atomic Energy Research Institute



JAERI-M L At— bid, BARE- PRSI EMIIAT L T 3 FEHRSE T,
AFOHEHEE, BARRE - FEATHETERSERERNE (T319—11 KRB E AR R A
HT, BHLUILIZE 0, &8, I0EPICMEEAR S DGESERE v ¥ — (F319-11 sk

WEARET TR S ile A T A ARSI TG C LA ERENA A B 2 - TH 0 £+,

JAERI-M reporis are issued irregularly.
Inguiries about availability of the reperts should be addressed to Information Division, Department

of Technical Information, Japan Atomic Energy Research Institule, Tokai-mura, Naka-gun,
Ibaraki-ken 319-11, Japan.

@€ Japan Atomic Energy Research Institute, 1988

IR IETT IT A5 T H1 8 % 7
Ef Wl E OB O R ORR



JAERI~M 88-197

o TRBMEO r L EFHORESRO HE

B AR T AR R S ET AT RS
FILRE « REEA - BODS - BHhlE—
@REX - WAZ— - SRR

(198849 HoBZHE)

HpoRHATESR BRSO REKRET T, @84, 8@, v— S 0T
ZLOERIDFMESERINTV S, ThOOMEHE rif, X, ETF4H, PirHa
EMES U IHAHRICE S &0, BRE, BRRERET LT ST OB
BHEOFMICHT » THINOHHOBEIC L 2BHELLOEES THICIBE T 5 LEND
%o

SRFMEOFLT % *Co T REBETROBRMRELS MK S B0, TEEOE
SFpEHME, B)xFL Yy (PE), #) 7oLy (PP), ¥)a2—vI4 (SiR),K
a4 (NR), 79 #TAL(FR), zF L v = v HEGAK (EVA), 7Fr o4
(I1R) #:BY, BEhEE T Co ~ rMEBETRTESR L /. BEHER r RTIIEHR
ﬁ%mw,%%ﬁ?@CTAﬁ%%%@%bf,%%ﬁ?ﬁ%ﬂﬂkﬁ?é&ﬂ%%%iw
too BEE, BATORIEART 2 RER, 5 LA%E L OREEORE, 35RO 3
EHOHETIT -7,

FDEE, EERBRLy VAR IUVREBEORE TR, EVARBROZ6BEOSS T
ERHGFEEFR-- RS 0w/, LivL, STV AREETHRT L, 7HEHE
BOHBEFRBERELOETAZVENIERELT -/, EVAOHILErMEETIRET
ELRLLTEY, rEBHOANIEDABRTENUPRES LT, -

EGHTEERT © T 37012 HEESREHisET 1233

Ci)



JAERI-M 88-197

Comparison of Gamma-ray and Electron Beam Induced

Degradation of Polymer Insulating Materials
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(Received September 10, 1988)

.in the radiation environments of nuclear reactors and.high power
particle accelerators, large amounts of organic polymer materials are
used as electric insulator, lubricant, sealant, etc. The mechanical
and electrical properties of these materials are gradually degraded by
the exposure of mixed radiation of gamma-rays, X-rays, electrons and
neutrons. For the precise evaluation of radiation resistance, it is
necessary to understand the degradation behavior of polymer materials
by various kinds bf radiations.

. for the comparison of gamma-rays and electron beam induced degra-
dation, seven polymer materials, polyethylene (PE), polypropylene (PP),
silicone rubber (SiR), natural rubber (NR), fluorine rubber (FR),
ethylene-vinylacetate copolymer (EVA) and isobutylene-isoprene rubber
(IIR) were irradiated with Co-60 gamma-rays and 2MeV electron beam under
vacuum at room temperature. Exposure rate of gamma-rays and absorbed
dose of electron beam were measured by use of an ionization chamber and
CTA film dosimeter, respectively. Degradation of irradiated materials
was estimated by the measurement of gas evolution, gel fraction and
swelling ratio, and tensile properties.

Six polymers except EVA showed almost the same degradation behavior
for gamma-rays and electron beam through the gel fraction and swelling
ratio measurements and the tensile tests, whereas gas evolution was

glightly accelerated by gamma-ray irradiation. EVA showed a different
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degradation behavior for gamma-rays and electron beams; larger decreases
of the tensile properties were observed for the samples irradiated with
gamma-rays.
Keywords : Irradiation Effect, Polymer Insulating Materials, Degradation,

Co-60 Gamma-rays, Electron Beam, Gas Evolution, Tensile Test,

Gel Fraction and Swelling Ratio
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BHEOH 52T v 7NEEES 4 VIR, Eﬁ#(ﬂ7%u/#)c$0§mﬁ¥ﬁ
BolEghc L -~ TERL 2 A XBEHE LI, £/, #R2o07 757 0 — (OB 1638
BIUOMEHGCG-550 TH) icky, BESAABAOE L DA ABEFHIEL 2o

342 FliREER

B LIy FEELS JIS 4S5 v RUERAF 2T b, 5EEHBE (INSTRON
4301 8)) THERIEOMDP ESEARE Lo F+ v 7OMRIZ 25 mm, §1EEFEIZ20cm/ min
&L,

343 FunFERBLUEHELOME

REBFEBREOEM (W 1) %2+ ¥ L vFEOMS (138°C) T 48kefdhlit L 7. filiEk 24
REfhE L, SR L ORBORBER (W2) 2AE L. o, wisgrauklic
HEOER (W3) ZHIEL . FYrv2EslUogihiirzick - Tk, :

W 3

v — 100 (%)
s W
R = W3

3.5 BATEBRMHORHMROLE

351 EaTHEMEORIEE

TRITE D SEBSFHE ORISR, SHAETRS SN BEERERIC, Table3ic
?%ﬁcﬁﬁé%ﬁﬂ@ﬁ%lxw#—WW%ﬁ@ké%L%cam;ofﬁﬁmibiwtc
HE &+ - RIGRRE, EES0SHFHETOBEBHERDZ0MoRIH b a0 itk
EEMMItAERCLTER LA,

. (Lon / X

(Mo F0) a

22 TDmBENEORIERE, X 3BHEEE (R/h), (e /0)mE (o /0) a3
BYELE LUV ESOER T A F - INRE (cm?/g) ThH b, 258 Ckg™'h? (1 MR/h) B
HEBTTOREHFHE® 7 RIS REA Table 4 107 o
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ETRIE B 5 EBH THEORRERELRC T AR OEFRNERATERCLT, &
SROBEDEDE S AR L TR - FHERE (De)ir, Table 5 IR LA&RHECT
AGRIOEEEEAILEOHEE LS C Lok - Thdvie, BRHEEMIEIG, SEBOLHE
ERMERS L OREDRSOWERIERIC LCHR LR,

Dm = Dc X (Gy/100's)

C
2 T hm R BNBEORIEESE, D3 CTARBIORNEEE (Gy/100s), Sm & Sc
REWEELUCTAOERGHRMILE (MeV « cm?/g) TH 5,
ETHES 100 DY) 0BEHFHEORIURE% Table 4 iK3d, EFREOBRS, FTEE
BHROBNTEOA S AT v 7VALBTFREBRERANL TORNREPRL L. UTO/ST
MEORIVER I Table 4 @ 7 §5 LUBTROBUH BRI BAHUER L TR,

352 SR RABERICLDHEEK

TTIlNo kS, BECL25885 FHELSON X RERE, BREVRELEKTESH5AT
RELHEOSWAHETH 5.

Table dicRL ke, BHEBBLELTHIZAT Y7 VEROCTPE% r#T258 Ckg™ (1
MR) B& L 7B ORARERI 1021 kGy T b, BFHET 100 ESHL k312 94 kGyTH
5, COBOBHPEDET AREBOAERLR%A Table 6 IR L1z, Z6iCKYw—1g, &
IEB IGy M0 IcBE L/ F RAFEERS Table 710”7, 100 ~400 kGy B TR, HAE
B -HEBYOONARERD, rHBEHOAPETHREHFIZENEL -/, UL, COFE (1
BEBTEHBHO VI OL) BEHEBTRE -T0a, FH4 5L WHBEECETH T
SIiREBLIUFPPizH>LTOERS Table 81zt Wih b r BREOAVEFEOERICH
D, BEck AAZREBOHES S, Lo 3EHOSS TMEIC VLTI, rEREOL
BEFHEER LG 2AREBEIZO LV IERSES NI

AR L Fo kS r HBH S ETHRH THRERSS0ERL 100, HEROEVICT K S BT
BOEEREZ LNL, 227, rEBHOESIT >V T 258 Ckg' b (10°R/h)& 258 Ckg
“Th (10*°R/h) OEERICET AHEFASROEELE, DI, FORR Table 9I/RT LI IT
PPiRBH AN ARERBHEF L TH-7205, SiR TIH2568Ckg " DEREERHOA NS T
£<¢, PETHSICALEWEREN s, CNOODEERS, BERERO 7 HIH T3 100
EEORBRCLIBEYROZRINTVODEZELOND, RO rRBE & BETMHRIM D
FETIHDLENTH LN, rEBHESHI0KGY/h, ETEREBHSK00kGy/h THY,
BEHICXFERSBESTOCE, FEHTHIOEEEDERDERRELEET L L,
BATHHOBHGROZEIBDP T ISV D EFL LN S,

3.5.3 SliREHERIC L 5 HE
TEMOFE)~v—PE, PP, SiR, NR, FR, EVA, I IRRXECrHsLVETER
HLEBROIERBOKREA Fig, 11 ~17TiTRT,

— 8 —




JAERI-M 88-187

BAGBEDIY, CALOBATHMEICECARIGEFCEBRIETHD, MUREHE L
HICIETF L, BB —ic—Bm L RETT2EEERT. EVAZERS rREHLE
TEBE LT, BUBLOIEREOEILIZIZEALFA L Th -7, Fig 16 IKRT LI EV
ADH500~R00 kGy OBBEEICE VT r BOAPEFHREE ICHABTOE R 25 ~60 %
BELD T I

EVARZ0HEAHMIC S X2 0RILEESEFEA°CUToYrE L, Bt obd R
BE LRI L - THILEEIGET 2, RILEEORBR TES TEHPAHOFEHRIRE(E
1B tsh, BERIGOERBICASUEEL55, LOLEPS, THREBFRODTHIRE
EESBHMRICEES L LAEELIONGY, (ORCHLTIERRE T HLENHS
Do

Ll FofEEs s, EVA4BREOPE, PP, SiR, NR, FR, [1R®6EHOHANC
ST, TEBIUEFHEBEABOLIEFERIEECERE LD, TREBTREN EOM
KRHOREOEIRD SNEP -7

3654 FAASEHIUEELICE DK

PE, SiR, NR, FR, EVAOBEEDO X VARE JUREILOERE Fig, 18~22i0R
+. o
EVAARVOMETE, r88LU0BFROOTIORSIEVTE Y VRS JUE
PO C TH 7o CHIEILEVATR, rREHEEFGEEETIEZEESEDS
N, BZERRETEEIE L L 5, BEICHEVEBREIETT 20T VAR IHEINL,
B ETd 2, c0T&hs, EVATRY RESOSPETRERICHNT, Lo RHZ
EaRENEEZ LNSE, CHEEOHUOERESWIELTHS,

Il Fofs EVAZKBEMoOPE, SiR, NR, FRIZDWT rREN-SETHEREFLE
BEE T VRS L UEERE SEROBRELD, rREBETFROBHYRICERIRD
SHIEIP - T,

3.6 £ & &

ST 2 7 8 & BT EORIVS B4 FRICEM L, SOFHENCR 5 riReE
FROEEDEERE L. |

FORE, SR AREBCEMNEL KT AL, IHEEOMEICE VTR T BRHOHH
ETERHE D EFREVEVSHREL -7 L L, S0FMEOERANLMETSH 25|k
ﬁﬁ@fwﬁ$,@%RT@EVA%%%rﬁ&%?ﬁ@%%%%@ﬁwéﬁﬁﬁécaﬁﬁo
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4. W

Ty

i, EREEHME L L THH S TEEOSTHEIZ T, BRIEIC-+HSnEES:
oD r MEBTROBHDRE LB L7 CCorB L MEEOBTH & CREREIA X
RI50T, REVMROHKIEEAOBECHERHEEE L2 TLOEENBE T - 7.

FTOHRETILHAELUTFTOELEDTHS,

(1) IEESIT L B EFHEH 3 Cor BBSHITHNTRERF0EEVLL, ELERNED
ARARORE LAIETHRBHEREARET I ECLD, 5~10°CETHEREESE 4
BHIT BT LITED, 5~10°CEBFRESHOHIE VIREICIFA L ¢ &AEk~,

2 BArER - RIREEY D 0REHN RBICL ZHAMROLE T, 100~400 kGy & B
HWHTr RO P ETRESHCHE~THEE - s, BEOEH D 2 HErEiEET
i,

B SIEHRICE OB T, MUBLUPBREL L riSRHEETERIC LB NZIELA
ERD NG oty 12721, EVADLE00 ~ 800 kGy OB EFHT r 8BHO L HET
MRREICHEANBUDETA 25~ 60 A S - 70

4 FnBRBLIUEELICI S EKICEC TS, rHEREESFERECL 2 0IEEA
ERDoNLP T UL, EVAOASRRER LR r HUBS & BT HEBHICER )
BH LI

- DEo#ERD» S, EVAS2ROZPE, PP, SiR, NR, FRTIR ri& MM - ETEBE &

Tﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁén&wo%%%%®éwﬁﬁnkEVAmome%%ééwﬁﬁﬁ

BUENS B,

| i

ARRTHER L7, B9 FRE2EE L CHCIESHE (BTBRGE)) KERH LT
To ABFFUICH L, WS EBE LATEN 72 MHT R DR 2R ME RS L 2 4. 87 2HE
TREMERRARNREEI, BHERLGEHT TRRAGRHS TRAKRICERE LTH
&, BOBIFLLFES,
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BHlT AT Licky, 5~10°CEFREHO L LT VEEICA 5 ¢ & HH#,
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HHT y RERON NETRESICHNTHEE D - s, BEOENE 2 HhErEEET
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@ SIRARCIGHETH, MUBIUEE L rERH ST ICEZENZIELA
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Table 1 Dosimeters
Dosimeter Type Measurement
_ Parallel-plate type
T -ray lonization (JTC-6) Current (Electrometer)
chamber Cylindrical-cavity type '
(No. 148)
Electron CTA dosimeter FTR-125% Optical (Spectro-
beam absorbance photometer)

%) Fuji Photo Film CO.LTD.

Table 2 Dosimetry in the vessel

Dosimetric
Radiation source | quantity Air Glass ampoule Metallic vessel
50Co 7 -rays " Exposure 213.88 C/kg 211.82 C/kg 197.63 C/kg
(8.51 PBg) rate (8.29X10% R/h 8.21X10°% R/h  7.86X10° R/h)

Electron beam
(2MV,0. 1mA)

Absorbed dose

rate in CTA

1.73X 102 Gy/s
(6.23X 107rad/h

1.16% 107 Gy/s 1.23X10% Gy/s
4.18X107rad/h 4.43X107rad/h)

e e e,
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Table 4 Absorbed dose - exposure of polymers

PE

PP SiR NR . FR EVA [{R

80Co 7 -ray
(kGy/Cekg™") 10.21

10.21 9.42 9.64 8.75 10.02 9.73

Electron beam A® | 12.94
(kGy/100s)

13.01 11.55

B** | 13.20 13.16 12.17 14.48 11.68 13.15 12.40
%) AlGlass ampoule %) B:Metallic vessel Sample: Imm thickness
Cuen/ pdm )4
Dm= +B.73X1073 s ——————« £, (Gy/h)
(uen/ pla 2.58X10°4
Dm : Absorbed dose rate in a material (Gy/h)
(pen/p)m : Mass energy-absorption coefficient in a material (cm?/g)
(unen/pla . Mass energy-absorption coefficient in air (cm2/g)
%X : Exposure rate (C/kgeh)
f o ! Correction factor for back-scatterring (=1.022)
Sm :
Dn= * Dc
Sc
Dm : Absorbed dose in a material (Gy)
Dc  Absorbed dose in CTA dosimeter (Gy)
Sm : Mass collision stopping power in a material (MeVecm®/g)
Sc

Mass collision stopping power in CTA (MeVecm3/g)

Table 5 Mass collision stopping power for efectrens in polymers®

Energy ' Mass collision stopping power (MeVecm?/g)

(Mev)

CTA PE PP

SiR NR FR EVA IR

0.1 3.802 4.384 4.393
0.3 2.229  2.497 2.502
0.5 1.924  2.148 2.152
1.0 1.751  1.938 1.942
1.5 1.730  1.908 1.811

2.0 1.736  1.910 1.914

3.720 3.044 3.482 4.267 3.997
2.147  2.258 2,003 2.433 2.288
1.862 1.853 1.733 2.093 1.977
1.716 1.787 1.586 1.887 1.808
1.706  1.770 1.572 1.856 1.790

1,719 1.779 1,580 1.858 1.799
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Table 6 Gas evolution from polyethylene by ¥ -ray and electron beam irradiation

irradiation Absorbed Total evolution CH. + Cole Hz
source dose (kGy) (torr) (torr) (%) '(torr) ¢9) (torr) (B
11.8 0.018 0 15 0.246 2.08 11.5 97.8
T 95.2 11.8 0.024  0.20 0.233 1.98 11.5 97.8
11.8 0.028 0.24 0.203 2.14 11.5 97.6
23.7 g.067 0.24 0.317 1.34 23.4 098.4
'g 190.5 23.7 0.061 0.26 ¢.450 1.90 23.2 97.8
23.7 0.066 0.28 0.628 2.65 _ 23.0 97.1
34.3 0.064 0.19 0.560 1.83 33.6 98.2
v 285.7 34.5 0.072 0.21 0.624 1.81 33.8 98.0
34.5 0.080 0.23 0.586 1.70 33.8 98.1
42.6 0.081 0.19 0.763 1.79 41.7  98.0
e 381.0 42.5 0.087 0.20 0.696 1.84 41.7 98.2
8.6 0.024 Q.28 0.215 2.50 3.4 97.2
e 103.5 8.6 0.026 0.30 0.233 2}70 8.4 97.0
19.7 0.036 0.18 0.389 1.97 19.3 97.8
e 207.0 19.8 0.030 0.15 0.421 2.12 19.4 97.7
19.8 0.043  0.22 0.420 2.12 19.4 97.7
25.9 0.057 0.22 0.527 2.04 . 25.3 97.7
e 310.5 25.9 0.062 0.24 0.494 1.91 25.3 97.9
‘ 3.4 0.044 0.13 0.563 1.68 32.8 08.2
e 414.0 33.8 0.078 0.23 G.531 1.76 33.0 98.0
33.7 0.087 0.26 32.9 97.8

0.639 1.80
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Fig. I Dose measurement in glass ampoule by 7 -ray and electron irradiation
under vacuum.




JAERI-M 88-197

-

= -

[
(=]
L i 7

%N\ | 1 | 300mm

D)

Ionization chami;er

AR

Fig. 2 Dose measurement in 7 -ray irradiation vessel (Metal)
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Fig. 4 Depth dose distribution in CTA dosimeter by 80Co 7 -ray irradiation
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Fig. 5 Depth dose distribution in CTA dosimeter by electron beam irradiation
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Fig. 7 CTA dosimetry in 7 -ray irradiation vessel (Metal)
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Fig. 8 CTA dosimetry in Electron beam irradiation vessel (Metal)

O

ary. . 1 4| 11 %1 FeE——————— vt igd. o mamm e e



JAERI-M 88-187

50 LI I L I I 1T 171 I 1T 1Tt
- O PE(Metallic vessel) -

— | O PE(Glass ampoule)
U Am—
- 40
@ —
© 30
- d -
S
18]
c. 20§ ~—
b
CJ.. s -
= ,
Q L —_
© 10

0 | l“LI L1 11 I L1 11 I L1 1

0 5 10 15 20
Irradiation Time (h)

Fig. 9 Temperature of polymer sample in vessel during SCCo 7 -ray irradiation
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Fig. 10 Temperature of polymer sample in vessel during electron beam
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Fig. 11 Elongation and tensile strength at break of polyethylene by
' 80Co 7 -ray or electron beam irradiation
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Fig. 12 Elongation and tengi!e strength at break of polypropylene by
80Co 7 -ray or electron beam irradiation
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Fig. 13 Elongation and tensi!é strength at break“of sflicohe rﬁbber by
®SCo 7 -ray or electron beam irradiation
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Fig. 14 Etongation and fensile strength at break of natural rubber by
®%Co y -ray or electron heam irradiation
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Fig. 15 Elongation and tensile strength at break of fluorine rubber by
80Co 7 -ray or electron beam irradiation
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Fig. 16 FElongation and tensile strength at break of ethylene-vinyl acetate
copolymer by ®“Co 7 -ray or electron beam irradiation
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Fig. 17 Elongation.and'ténsile strength at break_of isobutylene-isobrene
rubber (butyl rubber) by ®%Co 7 -ray or electrfon beam irradiation
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Fig. 18 Gel fraction and swelling ratio of polyethylene hy ®°Co 7 -ray or
electron beam irradiation
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Fig. 19 Gel fraction and swelling ratio of silicone rubber by %%Co 7 -ray or
electron beam irradiation
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Fig. 20 Ge! fraction and swelling ratio of natural rubber by ®“Co 7 -ray or
electron heam irradiation
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Fig. 21 Gel fraction and swelling ratio of fluorine rubber by ®®Co 7 -ray or
eiectron heam irradiation
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Fig. 22 Ge! fraction and swelling ratio of ethylene-viny! acetate copolymer
by ®%%Co 7 -ray or electron beam irradiation



