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Radiation Resistance of Radiation Shield Rubber

Akio KASAI*, Tadao SEGUCHI, Masanobu NISHII
Norio YAMAGUCHI#* and Tadashi WATANABE#*

) Department of Development
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watanuki-cho, Takasaki-shi, Gunma -Ken

(Received January 17, 1990)

The radiation shield rubber of ethylene-propylene copolymer (EPDM) and
of chlorinated polyethylene (CM) mixed with a large amount of powder or foil
lead were irradiated under vacuum or in oxygen atmosphere by Co-60 gamma rays
for an evaluation of the radiation resistance. The changes of mechanical
properties, thermal characteristics, gel-fraction and swelling ratio, and gas
evolution and oxygen consumption against dose were measured for both rubber
materials. The radiation fesistance and the degradation mechanisms were
discussed,

The tensile strength and the elongation at break of EPDM and CM decrea-
sed with the amount of lead mixed into the polymers. The radiation resist-
ance of EPDM with lead was only 1/4 ~ 1/5 of that of EPDM without lead when
the both materials were irradiated in oxygen or under vacuum. For CM, the
radiation resistance showed the similar behavior as EPDM, And also the
radiation resistance was.found.to be depending on the shape of lead, that is,
the foil 1éad is mere effective to degradation than the fine powder lead.

It is supposed that the decrease of fadiation resistance by addition of lead
are caused by the increase of absorbed dose, because the radiation energy
absorbed in lead is transferred to the rubber.

For the evaluation of life time of these rubber materials in the radia-

tion environment, the degradation was investigated by the radiation and

* Showa Rubber Co. Ltd.
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thermal sequential combined aging. The rate of thermal degradation was much
accelerated with dose of the previous irradiation. The 1ife time was esti-
mated by applying Arrhenius plots of thermal degradation rate and the acce-
leration factor by irradiatiom.

In order to improve the radiation resistance, the effects of Con-BACN
compound as anti-rad and fire retardant agent were studied, and it is found

that the radiation resistance was improved about twice.

Keyworks : Radiation Shield Ruuber, Lead, Gamma Ray Irradiation, Mechanical
Properties of Rubber, Radiation Resistance, Radiation Degrada-

tion, Thermal Aging, Crosslinking, Con-BACN
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CoREO—DE, HEZERETHILCLIDMARO—EFHEXEL, #REUTRE
FNLHOMBHBPARIRELLZEEDEEL NS,

FIBEBORMLUAEADEPDMIERTER P Tr A BH T AL Fig 6T L2 HEER

Hil

CIRN

_4_



JAERI-M 90-011

DEME &L SICHEMHECRET Ui MU TOBRTREBRENE VIZERE L T b,

WU B 100%IC L EMBTUHRS 5 &, AKEAL T IMGy, 250phr T 0.75MGy,
500phr T 0.65MGy, 750 phr T 0.56MGy, 1000phr T 0.45MGy &85, —7, 5likiaa&
CowTH, KBHOBE, RARETARLIEBRSEEF L7, ChidREL-RsT A
N LCHBMRITE » KB HEANE L TOBZERHLTOVAREEZOND, 27, FER
DEEBRNEAZED2MRE252 2, T ThoRBICr 48T 5L, Fig. TitFRT &
JCHARERDZE IFEBEMTHERSHETTI0ICHLT, HEFBL-ESREIER
EOENLEFHZTR LT3, 250phr OFRERE TIE, IMGy $TRTIEREMBAL

EORBETT B0, 2OEMBRERDOSD LD /&0, 500phr, 750 phr, 1000 phr T
0.56~0.7T5MGy ThHlshm@a W R&E (4D, —HETOBRBEUHNT2EMLR SN S, 3MGy
THlRBIBNHETI2ABAPRONG, BEOENMRBABHOES, 82X FEFTL2E3E@LN
ﬁfw%o%ﬂ%h@ﬂﬂmrﬁ%ﬂ%@5&mg8@&6@@émﬁ§%mééﬁmﬁk?
Zo LinL, RXEOREHZ LEMGy STHE UM EDRIE—EEN - TH D, BFEEEE
RETEVBRONL, UEoERE2E LD -, BB, FRPTOr BRETR, BOXRE
MEOEDRBERMEBCDOE L REL, BEPELEACH-T, HIABLIDETT AT E
WO D, THOL, HOREBUBENT L EEWMRABRESET T 22 &E00h - 1,

3.2 EPDMEMOSBTERDE SRS

EPDMicZROMERBELLEBIC DT, AEEO D & BE L TREERILE JUg
BT 28858 L7

Table 1 DEBREDOEPDMAEEIZoWT, BEMET (0.5MPa) B LUEEFCHENT
ZRTr 8 (REES54kGy h) BHE L, 7RE8R, BRBCLIMEOE(LBLITY s
LEHBHOMEZIT 720 ZOERAL Fig 9~281T5”8F, Table 1 DESA T 10, 1H, 1C
BERARFERTLATHY, 100MEHE LU LUERBEEAE LAONM1IH, 10 KK E
HHRH Con—BACNERMLAOH 1CTHS, 10SI, 10AT, 1ICAT FEFE T LT,
10 iT877E (150um) ZFE L0 1081, 1088 (20am) ZFELAOM 10AT, 1C
W (20am) ZRELUOB1CATTH 5, RBHABOWMESE Table 4 iTR T,

3.2.1 HirRUoE

Fig. 9 2 EPDMaE¥ (10, 1H 1C) #MEME T TR LB OB {ES LEROBET
Hho RRHTRI0E IH 1CTRELENALNS, 1HRMBH /DL BEEFEH 10
ERRDTCIDICEHBIBREL L b DEEZONRS, 1CIECon-BACNDEML
oD TH B, Con—BACNICL VBB BAE{HBEINEI AR LTS, B
SHETORMICEIY, WEDCHEME & HITH IMGy £ TREEHEHE LCET 3575,
IMGy L ECHEFHERT 2MAAERLTY S, 10 & 1HIZ IMGy 282 25 & 2B Fmmic &
DUMBESRON, BENEAT A LIEEMNAE L, AIMGY LU ETREBS R A—% -2 LT
DHAFAZaRBENE LT, BT OREL L -/, 1CIH 10, 1H LEEFRLEES

_5_
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& B IMGy LI ETHERBOMENEE D, SMGy TH A/ 25 SR T X705 0 iIKEE
Ellote WENORE b BIAHTREET 528 LEL L1,

Fig. 103 EPDM—10, 1H, 1CZEEHRTEHLAKROENFOEHEOBEZETH 5, i
BOBALELICHBFUHBARE CETLT S, 1CH 10 & 1THICH~NTEF 2D L,
Con—BACNODEMMBEbLHTHREMNTHE I ENEH LN, 2TOEEIC> VW TENER
OHEBEEARD SNT, BENE TEE & GBI EELR L 7. HBBUH 100%&745
WMEBIZ 10, 1HT IMGy, ICT2MGYy T# 5,

Fig. 11 i EPDM— lOSI,_- ICAT, 1CAT #BEMETTEH L/ABOEMEBULIEED
MR THo. KBEEOHEEMOERE 5L, EPDM-10K#% 1000 phr B8RS 3 T & TR
HUPARE{MES (Table 4 28R ) P8 OFK (Photo. I, Photo. 2 | EAMNETIEM
CEEBHSHE) LREICLDENSD, HBPREBROBAFE LI 10ST &N, HE
DAECERROBEFTIR L7 10ATDH B RS MMM U AR L, Con—BACNZERML 7
ICATHEIRRKEUNEWMBT EL T B, HBEICLIOBEBEOBAL LS CHi M FL
CETLAWEHZGOFIEDSNL L, BFHRTH 1008 L2288 105129015
MGy, 10AT#0.25MGy, 1CAT T04MGy TH 5,

Fig. 123 EPDM—10SI, 10AT, 1CATAZEZEYTHEEH L0 BT LEEOHER
Thb, HEOBKRE EGICHEMMBTIIREBETT L4, BEINTETORMKE & EET
DESGHENEL BT 5, ABEBEROMBRBD SN0, WMBUL 100% & 455E G
10ST %5 0.15MGy, 10AT#0.4MGy, 1CATT0.75MGy T %,

3.2.2 5liEsgs o4t

Fig. 133 EPDM—10, 1H, 1C #BRNME T CTEH L-BOIIRES HBOMETH L.
KEHOBERIAEZRSE 10 L IHERERLTHL20KH LT ICHH 2MPa AS W #EE &
D, Con—BACNOBEMIZLZHBHERT 2, BEEEESEAT I EEbICTHREES R
BERECLDRETLTED, 1CRUHOBIOSHTRBAZESEL,

Fig. 14 @ EPDM-10, 1H 1CABFNTHE LABO i@ tHMEOHEETH L. Ml
BAMATSE, 10L& IHREMCET I AMERIICHBY, ICR—ERTLAE, IMGy%E
BIGIESSOBANE SNS, Con—-BACNEZRMLAHMER, BHICH - TIRBEHHE
ANEBHMEmEES > THAS,

Fig. 153 EPDM—10S1, 10AT, 1ICAT2BEZRMNE FTHRE LAHDO5|RES ZHFEED
B TH b, ABEHABOGIEREZ10SI /NS, 10ATE ICAT AR LUBEML T
58, THIMOERBLIVHNRICLLIE60LEZIONDL, BEDODILNET ATIRI0S],
AT RS AR THETORBE-TEOEF &S, 20X LT, ICATHBREOHMK & &
bicoE s o L7,

Fig. 15 EPDM—10S1, 10AT, 1CATABEEHNTREE LAHOIEHES LBEBOMGK
ThbH, MBOBAKEEGITHEPELTOEN, 1CATE10SIBLU 10AT &40 E »
LB LT 5,
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3.2.3 W0

Fig. 1T@EPDM—-10, 1H, ICEZBREMETTHH LABOB S LEBEOMBETH 5, %
BHOERG IH 10, ICOMCECE-TwE, IMGy 2 TRRBDOHKRICE &M OES
BN, IMGy AHZ 5EnFAORE LI LT Be '

Fig. I8 I GEPDM~10, 1, ICE2EFRTHE LABSOBEI EBOMETH 2, HED
BRELEBITOTNOAB O RIEFFR CHETEL LB EERLTL S,

Fig. 19 FEPDM—10S1, 10AT, ICATABENE T TRE L7-HE0EE LGBOMKT
Hh, ABHHEAMOESIE, . 10AT & ICATIRIERTI0SI BB A>T 3, BENEA
TEE, MMITEES AT 0AMGY &40 5 BE—FOBES E M- T 5,

Fig 20 i@ EPDM—10SI, 10AT, 1CAT#EZETTHEHN LABoBEXLEROBETS
5, WIMOHBORBAEKTILEINHELTVL S,

3.2.4 HUgEROEAL

Fig. 21 FEPDM—10, 1H, ICZBENETTRH LABOXYVRRLHEBOBETH S,
REHEMOYVvHEZ 0PKEL, 1H ICOMERAILHE TS, 1HIF 10 OHFH
g, 1CH 10 Con—BACNARMLAZLOT, HEEILT, WFhbEBAN 10K
RPN EEBHRL TS, HEN0SMGy 284 2L 5V DRIFHMICETT 2, 10 &
1HE 2MGy DB THER, 1CIESMGy BHTHEMR LA, 2O L RKHERILTYSFHED
I 5T L, AL PR TRERIATOAHEBESHEEIN T EERLTY 3,

Fig. 22 EPDM—10, 1H, 1CEEZENTEH LABOSVRaRIERBOBEETH S, #H
EFBARTLIOCThOABE v G&SEM L7z, CHRBHICL -T, EEISEIEES
ErELBEBEENS OB LI HTH 5,

Fig. 23 l2 EPDM—10S1, 10AT, ICATABMENMET TRE LAHOS VAREIFE DR
FThHd. REBHAEDO X v BEE, 10ST & 10ATHRERLCETHY, ( CATH o E
LB 6HBNSV, HBBROBARLLECTYLVARIETFTLTWE, BORBICE-T, SHFH
DELUMBsRESN, TVAEOETFTHLIDEVEERTRE TV B EERLTV S,

Fig. 24 REPDM~ 1051, 10AT, 1CAT# EZEP THRE LABOSXVARIEROHERZ
Thoe WIFNDORABOLHMEDOHEARL LSy vREIBALTL S,

3.2 EEoZEk

Fig. 25, Fig.26 3EPDM—10, 1H, 1ICABEBENME F3 X UEFTD TR L-EBOREL S
REOCHFRETHL, MEMET TREEALIVIThORBEOGAEAY, BEEPTEVTRS
MNECT ot TNSDORRIFTFHOM BRIV EEBICKETIZLDTHD, ¥y
ROENAIDBEFCHN T S,

Fig 27, Fig.28 Z EPDM~—10SI, 10AT, ICATA®ENET L0 E =G TR LA
FROBMELIGEEOMETHS, BENTE FTREELZVIFhOoEE b ARE<HD, HZEd
THVTFhENEI{H->TH B,
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3.26 BAMTDEEMEGREDE &

AERT, BEHHLLLEAMEZ 180EIT MG (Fo k), BHOKEELZ DN
RickD, WEEE UL 2HOBMMUR 0B THLEL LMD T, ZDTEMLH
MO 7S B0% I 5 B AT ERRCEEL T4 L5 TE5., LhL, HEELTO%RS
RAEMET 28, BEMOP I100B LB E2EBAEELTLCENEYEEZL L, WG
100% &S MR AIEREE LcEd, r BBR LUASKRFEOEPDM-10, 1C &858 LA
EPDM—-10AT, 1CATIE T, iAXBOXEBLBEETHE T2+, BRHicL 55 /it
ML U, 8KFKEOEPDM- 10 BEMEF, ZZ% Pl T 1MGy, EPDM-1C (3
BHEML T, E2hBEHTIMGy TH 7o ChitH L THEEOEPDM—10AT TiE, B &
METEET025MGy, EXEGBH T 04MGy, £/, EPDM—1CAT Z#ENLE FHEHNT
GLAMGy , EZFEREET0OT5MGy &40, $HE2RET S & TRHASRBESET LT 2,
EPDM—10ATRBEME TEH TEPDM-1001 /4, EZXEGREHET2./5 0B ETHUREE
D#{ &y, EPDM-1CAT HBEME FESN TEPDM—1C® 175, BEHEHET3,/8
CEEBTEHIL LI,

BEHEEFRFHEH L L EE Lf:Eﬁiﬂﬂ&?ﬁ?ﬁi'@ﬁﬁﬁﬁﬁﬂé‘ﬁ'ré@ﬁiﬁﬁi»ﬁ5 &, BERIE
THCLETBSHRER L /4~1/5 L8 DHPREESNZ T Ebd T, FIREIER
B, BMENETENLUAHRARABEIOCITNERENEYT SET T 200 FEA TR
BHEMIcE &L 0ER R AMEBICHY, Con—BACNAERMLAZ 1ICATIHEEETH 5,
FaOENEESL L, HARBESEBEBENIETER CEIE BB LALBRELD DT 2,
AFRIBEBTAHEEMNZIT LS, WLbELlidw, =7, EFPEFNTRCThOREBLE S 218
TEEBROPILL T FvmE (GEF), BB (SR) #@AX L BENETES TiEL
FThoHERBIC2>OTE, GFHETFLT, SRUEMATLY, HEDHEHNTIEIGF DBALSR
CIETARS SN, SRFEOZEEPDM (10, 1H, 1C) o BRE#HIz L oH/E BENE
TRERTE, AR E ->T, FHYB LA CEBEENFHEL T, £/, HFpHE
FTEREENETL, EBEENS E-Twa &b b, $8RELAZAFEPDM (1081,
10AT, ICAT)THBEENMEFEHETOGFOET, SROKK, EEMKENTIIGCFOBK,
SROFBLEMARAIBERLFE S ACRIUEETHE2D, UHEOE (FlE®RE, s ) &5
HMoOoXZHNEZONREELRL E8BRNE PENAMBESRTENEABMOEE ELUTED,
MARERMERELLIBEZ T L, CD LG, BPEPDMOMMER{LE & alRME X,
MEOEEATLSETVBTLEARLTL S,

WORIKEMBOZEIIEPDM—10S] & 0ATOEREIKEHAT V5%, EPDM—10SIEK
RCEHRZE 150em DA EPDM 100g izt LT 1000g # AW LAcbDTaH Y, EPDM—
AT EHRIRTHFENZE20mOBRAEEFXE LD TH L, CoHRBOHTmLsEENET
FAMEE THIZ (Photo. 3 : 1081, Photo. 4 @ 10AT) 4% &, 10SIZEPDM Tl
MR LTED, LOoAE—USRIEELZR TS, CHICX LT, EPBM—10AT EERK
THFbNEL, ERbECHSE OB LAKETHAL AR LTVE, KTFORKE
W& L BURES Table 4 D IC LI RMEN TS EEZ 5NE, COEPDM—
10ST & 10ATICEREME PRESICEEDBER LTS SHMEE UL EZNED o d,

__8__
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WU »100% LN 5BMRATHE YT 54, EPDM—10S] 3BEMT TR T0.1MGy, =
ZER A T015MGy &7 D, EPDM—10STIHBEMETES T0.25MGy, BEZEhBEH T
0.4MGy T& 0, MBI EG EPDM-ICATOAHBENTE T TR 2, EEhTHIZE
1%, BlEWS, WX, GF, SRIESVTIHEPDM—10S1, 10AT L dhbREDEEH 25
Lice COERDLS, RETAHOBRBELURBENMBHERICES LT WA Ebh b,
WARTARSOUHBELDARRT NS OB PBIFUMIKEEEES 52 288 L1 >/, EPDM
MTOHILLEr WORHE Iy T v EFORELEET S, LERBEOAS L 10ATD
FORE B LD EF SR EFAL AN, FOMELE,

it i 5 4 b 2 4% %) O Condens ed Bromoacenaphthylene (Con—RACN )} OEMEE T
EPDM—10 & 1ICEXT 10AT & ICATDRBH O LBHER» SWMATE %, Table
4iCRdED, Con—BACNDHRMTEERS ZEBU LT ICHMMBEFEAE Uiz, Bi AT
L, EPDM~10& 1CELTI0AT E 1CAT DR EsH 100% & N5 MBTHET S L&,
EREINE M, EEDEE S SICEPDM-1CATII 10AT @ 2 O K GBS Shiz
CEBohrbd, EPDM-1CATOSERI EHBEME THEH TE L(BA LA, @ DEL,
GF, SRIZ&HICMAUEE 4T Lice Con—BACNDEHRMIC L D ¥4+ % E L, W E
WA 2/ LT HERMRE N,

3.3 CMEMOHBFEEDR MM EE

CMICZEDOHZRELALEES, FXEOLOLRHARIHT IHEBLLEOLSITRE L H
H~NHEHMWT, Table 2 DCMEMEZELP, BEETr £ (REF 10kGy h) B L,
SlRE\BRIC L LT D DL1L, FIRMsDElL, BIHBRIIZESOEN, YVvHRE X
UREE L OREE T - 1o,

TOFEREFig 29~33ITRd, &7, KREFEHOHMES Table 5 ICR T,

CM— 5800 iC#3% 1000phr 2 KE L5 DACM—5810ThH 5,

3.3.1 mMMmUoEt

Fig. 28 & CM—5800, 5810 2 ZEXR™H, ZRTr BEF LABOHKBUCLEEOBEETH
Do REHABOHEHFIBELRET L & TERL -,

T RRE AT B E CM—5800 DWW PO EEBBT BHREL - BETF LA, B5RE
L7:CM—5810 HMBOMRNE LGRS (ET LA, BIHUMI00SLUIERARE &,
CM—35800 13 .7MGy, CM—5810 i3 0.12MGy T& - f7o

3.3.2 gisksBx D&

Fig. 303 CM—5800, 5810 %K, FRTr BEHN LAHBOSIBERS LERBOMETE
Bo REMEAHOEBI BN ERAT LT L THASHBET L, r EEBEH 45 & CM~5800
ol S 05MGy ETOMBTIEAL, BAB83IMPa &M 7mBIEF LA, —F, #%%
LA CM—5810 HREDHEARE LHICHIRBIHBAL, 32MGyTRE2EDIHERES &

_9_
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3.3.3 @Ea0Ed . 3
Fig. 3112 CM—5800, 5810 £ F&H, TRTr HBEH LA BEOES S BEOEETH
RBHAMOES SREREIT B LT #4 v b Lin, 7 4B T5&. CM-5800,

BI0 WIFNGMEOHEARE L bICHE I A L,

3.3.4 raskofi
Fig 32 CM—5800, 5810 22K, FETr BEH LBOSX VYR LBBOBEEGT S
Do REBHHABO 7 v 2FERMNFO 720 CM=—5800, 5810 & 4L ETH 4, 7 84 i<

BEPECO VS ENERL, SEKE LAZCM- 58100584 LOAERAE b,

3.3.5 EBELO#EL
Fig. 33 CM—5800, 5810 27K t, FERE T EBE LAHOoBME L EB0METES,

TAREREIGHICHBEDHERE &6 CERLEERL 7,

3.3 6MAWEMP LHHEAHBHEDE Lo

RN THRUEHHZETLCMHE R, $452FEET 2 L0 L) EPDMMEE 3R D
WriE U BT §60. r MEERD, ZERTEYHTEE, BELTHLT L0, ML LT
HELPETIELIENE, THL55HEME I CM—5800 T—HHICHALAZBETS 2
A5, BEFRBELLCM-5810 BMBOMARLE EICKEL WD, 27/, WH R 100% &7
LB THREHEE T ~ND &, CM—6810EF 580008 174 450, A2 RIET 52 LT
RERFAHARBITEE Lic, COT &R, BE2RET A0 EICE T, WHIEBITE 2208 HE
HENDAHTH LT ENbE,

34 EBENMETESAICIIAMEEDOE L

BEMET Cr BREETS L, KON THRESEB S NI RETKRIEERLIEC
Bo COBIKICLDBILERH O MEHKMAKRCERS QI -0, KHOERBEETEL
TAHIEILL L, AEOHNEAFTHBEB L TREROEWEDORIZE I, $4, 1
TEBTIUEORS VRV SRICTAS NS EILLY, =)y 272 (EPDM) K&EO
BIERASA TV EDAEETBEFERO— DL L CERE(NOAIESTT - 72,

EPDMaE# 10, 1C, 10S1, 10AT, 1CATOZHZFH 100X 100X 1 (mnf) Do — b 5iE 2
=in TEAEIMET (0.5MPa) THE (HEBHE54kGy/h) L, BHREBEOCEROE/LAAIEL
2o ‘

Fig 34 3B BRSO EPDMESDWITEBE N L RINERBOBMZEAE 70 LbDTH b,
BAEFELTOAWEPDM—10, 1COBERE(L 84748 L7 EPDM— 1081, 10AT, 1CAT
DEEZENETHESPICESHD, HATBE T A ELERBMAEARICL DL L bICBRESRE
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TRONTHABNISICRE WD, 0.5MGy ORBTERL /A4 A5E, EPDM-10,
1C 150mg DIFHIICK LTEPDM—10S 1, 10AT, 1CAT T} 240mg ORI TH - 7=,
T, EERA(LEEPDM-10 & 1ICORKEARE LT EPDM~10S] & 10AT & ICAT @
MAERIB TR EINZNAEALETS 5, ‘ '

Fig3b BRI L 2EEE MR ) v~ (EPDM) K IHCEL, EROMINICES LI
WHEDELT, AN -HDOEMBCEELAEET Y P LALOTH L, TORE,
0.5MGy OB TEALRIZEHARFERR (10,1C) T2 %, #H&EESHE (10SI, 10AT, 1CAT)
T6%THL, R -—BOTHRLZE, $ERIBET LI LETAKRBBOIBICHNT S0 &%
LTw5, L

MEFERT D ETHIBIREZEDEET ST L EFHIE (3.1, 3.2, 3.3) DEBRTHER
LTwah, COBERELOMELRbMHREMPBEEISNT OB EBERASNL, 20
RRERBESTEE, 8O ) v/ ANMCERBICABE7 P ) v 7 XAOBRIURE ST C & 1
EZiohd, FOBRECRBEN»ZEBNICHTET LI EBLETH S, 2 TOEPDM
AR ORARECEIRERTEALERTH], BAFETLILEN T 4~5cks, BLE
EPDMENOERE/BHEAE T2 LA L2BOERTNTILER, R v —DACHREL
T3BTHB. CNODIEDD, MERRLFBARBITLLI Y 7 VBB LU 8O
WEFICE -7, RN - OBEHFBRTBEEICRY, TOEENTHEEBN T AFEESR
B3 ~AGICET 2, CDCEW, R~ —OBRREL A EES L IRRTHELEEL S
15,

3.6 SAFEEULIIT LD 7 RERMELE

Fig. 2 {&/R¢%E (Photo. 5 ) 2% Co MEEMNICEEL, EPDM-10AT & CM—5800 iz
#374 1500phr R L/2CM~5815 D 7y HEBRMEELZBE Lice 75 v 27 ICRBIRAFEHL 1,
TORBREFig 36 IR, THIECo—r HOBMEL LK (10AT 5815, Pb) DED
BItRTH Do WELMW001ICUBEME X, # (Pb) T74cm, CM—5815T150¢cm,
EPDM—~10AT T 17.5cm T - -,

EPDM—10AT, CM—5815 2 HE LA MNBICEAIHEYT 2RELAE LN,

316 BMEFBEBLREAIONE

EPDMEH 10, I0ATE LU 1CATOBRENBEREEE T I OBEEIT 2720 BB (<1
y MRIZTIL ) DA 722 AT ¥ 70 T00torr DRBEAHAL,Z07 Y 7 r B4
23kGy/hTHEE L/, MHBROBIEHEREZENZAE 2707757 c THHL,
HELABERSLUREYADQELAHENTE Lz, Chh b, BEMNBOGHE, B LUREN
ADGHEZRDI, TDERE Table 6~10 €FET,
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.61 BERHEER

Fig. 37T CBRHEBR I BRUEREOMG 2R T, S g 0 OMER (mol/g) &, ®HE
FORY v - 1g HHICHBAELALHBERER Lz, HEEELDOHBRERL L, BEEK
CEBBLLThORE bBREORBOHEHE B -T2, HERIEZEPDM- 100855
<, DPOTICAT, ICATDIRIZ DI, HOMDEBNBBEROHEECHSE LV LD
EEZR) v -—HDicHESTL L, EPDM-10ATHAREBMELBEEL, 20T I1CAT, 100
HTHEZHET 2EREE/, 040MGy DBEETORY v -HDOBEMNERIIEPDM—
10AT T 27.3% 10" molg. polymer, 1CATT19.0%x10"* mol g polymer, 10T
6.5x10 * mol/g. polymer TH 5, £ 1) v —% 0 CHE L7z EPDM—10AT 5 L5 ICAT
F10DBFRHEEALE T A&, 10ATIRI0D#H 4/, 1CATIRI0ODHWIEELE,

3.6.2 KEREER :

Fig 38 it/ K#EDOREE LI RIBHOMBRART Y, B 1gH v oREBL A bo £ Y <
—lg ANIKBELARER LRI TELL HEERYYOREBARL &, BB L & bIC,
WEFNDHEBRIC O NTEKECHERERT 2, FABETZEPDM-10MRELEL, DT
10AT, ICATOMRE 45, BOMOBBENYEARERELAVOT, KERAED v -5
SRELTOBI LR L, Lo THY v—itBETBE, REOHRAIL 10ATHELZ
{, 2WTICAT, 10 D& A (Table 6 ), 0ASMGYDBEBTORY v — Y4 DKkER
ERIZEPDM- 10AT Tid 25.4 x10 " mol/ g polymer, 1CAT T13.6x10°mol,/g poly-
mer, 10 T86X10  mol g. polymer THD, 10ATHLU ICAT L I00BEEEBEES
Hed 4 &, 10ATIRI0DH IS, ICATRI0DH L6 EN S,

3.6.3 ZTOMMOREESR
KEDOMICHE LA RADMEEIT 7, TDMHEE%E Table 89,10 1KRd, 0.49MGy D
WETOFR N~ -HoDA sy, —RIURKE, “HRIERRORERFIEPDM— 10T A4 v
0.7X10°mol/ g. polymer, —BE{LHRFEA 0.3%x10°° mol g. polymer, TEE{LEES
48x107° mol g polymer TH %, 10AT TR A5 »420%x10"° mol g polymer, —
B fbiX#HE M 23.6x10° mol /g polymer, “EBLRZEH04%X10 °mol /g.polymer T
Bo 1CATTEA 4 v9823%x10°mol g polymer, —B{LHEFEA 10.8x10 % mol g
polymer, B LREL 106 X107° mol, g polymer Th 5, '

364 FT &8
BRRHBBRBSIURAEVNZ2BOAET, AHERBL VALK T A BENERBIIEPDM-10
WE <, 10ATEICATHLE 5, WIBICL28BIICES LsvwESITEY ( Pb,
Zn0% ) ZROCFEN = -HDTHEKRTSE &, BAFE LAEE 10AT, ICATOBEOHHE
BHEED, RRBEOHLEPDM- 10 OMEBED 3 ~4E 8105, £ ) F Ly R EDR
ERKEFFRAERR) v - ICHHNBOBHEZT -, ZORKEFORERFIRIGRITHI T 5 &
INTE, KECRAERBZUK T A LI -THAERBELLEHKET AR v —%F18
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EORBBOBIPBERARD AL LB TEE, X7 —SUDDKEOREBTHE T2 &,
I0ATHEH2 <, 2OTICAT, 10DIEEME »THD, 0.4IMCy DHEEBE TOKRERE D
GUEEPDM—104% 1 &£95& 10ATA3 &0, ICATZ 16 LU BL &5, WMERET
BLEWKE -TH) v~ —OFEENLERIGEL 1L6~3EbHALTOWLbDEEZONE, T
BOL, BEFRBLUALEPDM-1CATHRRIEOEPDM 10 L0 3REOMINE R E D . it
B R B E] Con—BACN 2RI LEPDM~ 1CAT R 10 £ 0 16 0ORNES s 3 - &
18 B,

3.7 MEHFAMOBRIEEDI T

HMEAE AN TREORAER S B LT, BREBRIZESE B EHE LN -
T&7, ChExHRTAIHYTCTAY AV LIRBETI B BBRBEET -2, EB & LT,
EPDM-10 @50 x50 X 1mm' @ ¥ =+, EPDM=10AT® 50X50X Imnf @ — b, #8D
50X50x 1mnt, #MD 50X50X0.3mm* D& 8MAEMEAL, MIEHER 24 6THICRL -5
BETIT-7, OMELFig 39 & Fig 40 KR,

Fig 39 HEPDM—10, 10AT LMD TN FRARBL, BRIKH Y FA »w FHRICIE S &
CARCTAZ7 s Vo BEFTORNBELTBHMETT v » + LEERETT. BEEED
EPDM—10 28 e LT, 4 IE L EPDM—10AT E A H <3 ECTA7 4 4 AEE
STORTBNHERICFE P LRSS D, HFEEEE ORI L SAFHASEEEEAL .
EPDM-10 B EONELRATHIRIE ~EORBREATETY, *OMoRETHEEAORE
WK, 2HREQONEBETRREBDBEI SESHIABRISAS,

Fig i R AMOBEBLEFEICREL, RNFRBLAFECHBETRLAODOTS 5,
EPDM-10 0 | RO EHEEIZ 0.106g cm® T, EPDM—10AT X 0.440g cm?, 0.3mm =
DPb#RE 0.340g e’ , 1L.OmmES DPb i 1.134g/cnf TH 5, EPDM—10AT (40
BSICBRTL£034mm) & 0.3mmE XD P HERERE REE T, RIVEE T I1Z15 5
ThH. MEEPBST ERIUBRBEZ-EORATETT 2, IKEEIRTIOCTAT « MV 1
%ﬁ@ﬁyF4v%éﬂT$%f,Qﬁﬁﬁﬁﬁﬁﬁﬁ(”u?z#vvﬁUVF)ﬁﬁwt7
DHICBITHBRE L 20, COEBRTRBH LSBT AR L, HEMEEF A4 Ut o,
WS TH2LENEDEEZLD,

3.8 MEBEUILEPDMOBZEOLHEREAIREFH

MAFIEDEPDM=10 EMFEDOEPDM—10AT OBRILEEE, BEEICEDL S HE
WBB S EF T HEMBOREBICE ABIEE BRI E NS - hiC i BENSH
B ER S N RETRE T AL EN S D, FEOBE OG- BRE B 247
BRTHETR D 1,

Fig A1 3R OEREM CHBBSHOBEFERT, EEENLOEIBELALALTS 3,
FigdlOFELt=00B0ERAERANEL TR, 24 7B, BRic L 0 IEHEE
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(D) EHEBERE (S) 2RkhR
BATIEOEPDM— 10 TiED= 31X 1077 cm®/ sec

S=42x10"mol g. atm
MFERDEPDM—-10ATI: D=23.0x%x 1077 ¢t sec

S=42x10"mol g atm THY, HOFKBICLDEIFEY

S,
3.9 HMEBIBOBES/LIL

PCo —7r MERS LIt BHLAETT L, HHEEROBAFLERIC > TR L7,
EPDM—1CATIZ D\ TEENAETF (0.5MPa ) BLUEEDITE Ty & (EEE54kGy
/M)y Z005MGyY B LT 0.1MCy BH L, 2 0RK 4+ v - XNBEWRBELH T, 1407,
150, 160 CORBET 6~ 16818, BB L, ChoOREDIRRE, S8 ET
O, B S ROEE S AR, FOMES Fig 42~TFig. 58 ICF .

3.8.1 WE ST DL

Fig 42 3AMHDEPDM— 10AT#HEZ/ L - OWMIM O & BB OME ST T,
RMENOEENSRICKIEEHMFUDRTARE {, GRETEIT 5. BEHMDA 100
BT LREBARUEZRBETHR S 5 &, 140°CTRI41BR, 160°CT 65 K, 160CT
B WETH ~7, BEREDBFRE, BENSI0T ERT 3 & FEMEHES 15,

Fig 43 EPDM—10AT 2BEME T TOIMGy B L, B/ LSOl & s
BRI OBRERT. BEICLDBEE U 37085 5250 B IE RN+ 2, CORE4£8E/
THLHMBMMERBET L, SERKLIEERSETT 5. BEEHUEA100%1C7 5 B
Rle&mE THE S S &, 140C Tk 86 B5R, 150°CT4REM, 160CT 27 BEITH - 7,
BRE DMK, BEXI0CEFT L EHABEMEBES LS,

Fig. 44 REPDM—ICAT 2H T 0.1 MGy BE L, BE L 7B DR & #8108
MIORBRERT BBEICL DBEMBETIR 370%0 5 260%ICIET 45, CoRBEE8E(42
EEEMEORETL, SRICNABERECETT A,

B O 100 TR 5 AENREAERE THERT &, 140TTIRIG0BE, 150CT
695, 160CTITRMTH -7, BRI PR & BT 2 & BEF & L LAE L,

Fig 45 GEPDM—10ATZBEMET T 0.05MGy B85 L, BEL L 70O REliE 0 & #
EARROBRE RS, B ICX DML 370%h 5 27T0% BT 35, ¢ DB 4 8%
fLgd BT RET L, SRELZEIERSETT L, 0.1MCy BEHEE L 0 254}
BERE (2T b BEHTP100 B 5 2MZEMAREE CHET L&, 140TT
110, 150CTH3 KM, 160CT2THETH- . BBECMEGEIE, BEN 10T F
AT oEHBRBHES LA,

Fig. 46 G EPDM—10AT £ HEZAED T 0,05MGy F& U, B2/ L 728 OREM 0 & 82 Lis
FOMFEETRS, BB L DEB B30 5210 B IKET S 2, coEEL82{T5
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EWEBOET L, SRICUSBERECETT S, 0LIMGy Batsll & nsE i
RT3,

WHHET 100 B/ o MEMBH L L RE THET HE, 140C TR I41BER], 150CT
65 05M, 1607T T35 BT » /o, BMBENE FRH LT 5 KB~ & & Bk R <
T d,

3.9.2 §lEEx 0EAL

Fig 47 R EPDM- 10AT ABEL L2 D5 kM & t RAEHELOMGEET T, BEE &
BICHEMBHOKRE & HICIERS AT T 54, 140CTRT2HBEABE 3 & 31—
EDE &L B,

Fig 48 HEPDM-10ATZMEME FTOIMGy BE L, # DEBEE/ L0 EE
ERZBMABHOEEETR T, AELCLVIIERIBET T 22, 0K ERISEAT S,
BEAEEORAULBETH - 2,

Fig 49 G EPDM-10AT & EZDBTOIMGy BBH L, #OBEME L B 0O5ES X &~ #
ZLHEOMEERT, BEMAICEIDFERSBET TS24, 140CoORELTROPET L
1DbEKT 5,

Fig 50 EPDM—10AT ZERMET TO0.05Gy BE L, Z0BEEZ L - OI[EMx &
REZANBOBKRETR T, BBICLDFESRSBETTED, 20®RIERSHERT S,
BEELSELREHTHY, 0.IMCy BHEAB LR LENTE 5.

Fig 51 EPDM-I10AT 2 BT TO05MGYy BE L, #0BBATBILABOLERX &
RZARHEOBEGRERT. BENLMIC LD BERET S 545, 140COBEN TR IIITET L
oL BIE—FOMBEENL D,

3.9.3 mWzx0#(t

Fig. 52 GEPDM~10ATZ#8E L LAHOBES cAEBLHEUOMELRYd, SBEE & &,
BMENMNEOBRB L S RFEIRMBAT S,

Fig 53 HEPDM—-10ATZBMFEMET TOIMGY BHE L, #OBEMENLL B OE X &2
ZHRMOMEGREZ TR T, BEE &b, BAEAEMORBEL L bESRBEAT S,

Fig.54 3EPDM—10AT2HZEdTOIMGy B L, #DBRE(LLABOF & & BB
B DOBGER YT, SEEL S, BRENBEOBEBs b @IEERT S,

Fig. b5 R EPDM—10AT 2B &EME F T O005MGy BS L, 4O0OBRAENLLA-BOES &
BREMNEROMEELTR S, SEELS, BABEHHORBL L bICESIIEAS 2,

Fig. 686 EPDM-10ATZHEZEHNT005MGYy BE L, FOBBMENL L ABOES - 8E
LREOMRERT . BRE LS, BEMHMOBR L bLEIIBAT S,

3.9.4 BURMEBOEESE(LEEREz R vy -
ARH B & BRME T EH (0.05MGy, 0.1MGy ) & L UEEFREHE (0.05MGy,
0.1MGy ) &EBHZ DWW T, MR 1009 & il 2 B ISR (Hin, Wik ) & 8aeinE
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B (HER) 27129270y b Lfz, Table 11, Table 12 i H/bE| & siEMH b 20 F
i

Fig 57 @ARBHDEPDM—10AT EMEMET & K UPHZERT 0 IMGy B4 LI EPDM-
ATAT L= 270 5 FLEbDTH D, RBHELCEZEHBEREIHE OB E
ThaH, BENETREEHAHEIHLEEI RS (, Btz rzrE s (ELLPFT0
CEERLTOVE,

Fig b8 3 REHOCEPDM-10AT S#EME M KPHEHZESTO05MGy BiH L 7 EPDM
—10AT%27T V=9 A7 oy b LEGOTHED, ABEELCEEDBEHDEIIE ULILiEE
ThHY, BRNETREZHRIBGEENKE L -T VW54, 01MGy B & HET 5 &
0.05MGy O BHEE Z/NE 0, bz A0 F¥ - FBENET, EEdBEHARO NS
NHRILETH 5,

3.9.5 HAHLIBOEEE/LDE LD
EPDM—10ATIZHRAHRES, ZoRICAZILSY, RER-BFOESEMBELE T,
BMEROBHTEASEID, BHBUTOETEAL S, CORBHMHAEEHZLL HFOFHIL
EEEARBFROAHEZAEZNL LABOBEE L FECELMLIZ SO TH 54, 0.05MGy, 0.1MGy
LBBHET KBRS GCEMIGETIRMMLE NS, 2OREABRME TR L el
OEET 100 BICELIAZLMBFRTRZ &, RBAFKEOE(LERCH L T005MGy @
HHETHRI/408HE, 0.IMGy ORK TREMN1/20BHENLE, FHOL, Biicind
{LEEPSREBI LN D, HEREH LAk, BRI 0HEEL S0, BB
AR5ERBEEFAUBETHEEFEL TV 5, BWEMTH 10051075 5 B LE/ cBEAL
MEICSDVWTTL=2vR7ay L, BEOEESLSEMSEA T 2LV F -~ 2RkD B L, KB
gf& 0.5MGy BE T 24.6kcal “mol, 0.1MGy BH T207kcal ~mol TH -7/, &
By sl s avF - sl G slimpsRE o, NG RI2TEE2RLTY
%

3T/, BHRITORORZIMEFRLAMASE2HRBIEL%E2TR L T4, Fig 57, Fig,
58 DEBMANFT R T, JHEVEEE TORABLADELE LT Lr2HZGETHT 2
T EMWTE B,

IFLry7Futlrryia (EPDM) CZ2B0HMEFIEBET S &, MAREEZEZE TS LU
MEMETEBHEENTREEDLD LN 1/4~1/5CET T3 &b »f. BRI
B)rFLryTa (CM)THEQDEFICSCTRREOSOD LAKET L, Hid#H
ERE SN RERI 2V F—O—HBEPDM® CMIES A 54, EPDMS CM O EH RIN
MEBNBATALHEZLONS, RBELAHOERIEI > TERFNBZLOESGHED D,
RHBO/NESORBOLSEVIBE SRS E R Lo ARSHREE#F Con - BACNEHRM4E5
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F ()2 7L=927ay b L7, Table 11, Table 12 K H/LE& &iEM 203
i

Fig 57T 3ARRHOEPDM-10AT EMENET S L UHEZEDPTOIMGyBE L2 EPDM-
10ATATL=Y 270 5 FLAEBOTHE, RBHBLGAEIBERELEEOSLEE
ThadH, BENETEHEEBEIHCEES KRS (, Stz rzrvE -3 (EfLLPFT0
EERLTOVE,

Fig 58 3AREHOEPDM—-10AT S BEME M KFUEZESTO05MCy A L /2 EPDM
—10AT%2T V=9 A7 oy b LAbDTHE L, KBEELUEEDBEHDEEE ULILEE
THO, BENETREZMELMLEENAE ATV, 01MGy BH & HET 5 &
C.OSMGy O BHAEE /NS0, F bz A v F - ZBENET, EXEdEHRABOLS
NeEUETH D,

3.9.5 MHBEBORSELOT LD

EPDM-10ATIKHEHRRE, zokicHhEZlbse, RER SBAOEAZLBHLE I,
MHBOBE TCEHEABEIYD, WHBUFDOETEEL 2, COBRHABEEENL L LHOHL
HENIARBFR OB ZRENL LABOERLIFCELULALSDTH 545, 0.05MGy, 0.1MGy
SHEBHET CRAE L SICELICETIHENIENLZ, ZOERELBRMETEH L 2R
DOWEBO N 100 Bic il HEZ(LHEMTR S &, REHFABE OB/ L T0.05MGy @
HBETHI40KE, 0LIMGy CEFETEMNI1720EHENLE, THbhbL, HHCLOSH
LEESREAHI&LCNE L, HEHREMH LcEald, BRFIIDFHLEEL S0, BB
ERAEEABHEGUGSETHEMEEL T B, BWHMT 1008075 52 BE[LER & #ZAL
REILODVWTTUV=2UvATay PL, BROEELLEEMIE T F LF - Z2RHB &, KB
Bf& 0.5MGy BE T 24.6kcal “mol, 0.1MGy BHE T207kcal ~mol TH -7/, &
BpEt &l 2 2 vF - s G smMBE R, HEINGLRATEERLTY
%

Tk, BEHRBTOBROAZIEBEE ARSI L 2URBH L2 &E2R LTS, Fig 57, Fig.
58 DEHBENEFET AL ET, JOEBVCEER TORABELAOHEEELicLsEGE FHllT 5
T EMBTE B,

IFL Y7ol yT4 (EPDM) KE BB EZRIET 26, MREREBEREZEI LU
BMEMETBHCLEDTREED LD LN 1/4~1/5ICET T2 &b »/. EBEIL
B nFLYyITA (CM)TREQHEHIKEKEOCTRREBEOLDOD 1L/4ICERT LAz, HiE#H
CRIS NIRRT 2V F—O—HBEPDM® CMIES A 54, EPDMSCM O EH RN
MEBNBATALHEELONG, RELAHOEBRICZ > TEREBELZILOESGHED D,
BEBEONSOCHRBOAFSS NI EEZ R Lo, WHAEHEEEL Con-BACNEZZRMTS
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&, HOBMBONRE L KBS NS E &L GICHIREE”SG 2 ICmA LA,

AR THREL N EHEOEPDMA A BERE T THEAINAROBFGLBETH T 220
CHRHBACOEEGHLERET - R, AEHBLUEBRORENEALNEL LI, &
BLEOEGRENTEBERRASES N, ”

5. » & B &

RFE AT E SR ERRBE LTRES N £ 20T bDTH Bo it
WA OHREE E & UCHA LB R SIS ISA © Con - BACH IR# v — (B & b 184
AZG ., TYY Y FORAPBMD BELLER, EIESSE L. KFE AT S 0 U
b, HMETOCENEERELUBLHREOERICAE ST iIc -2 & 4L, T it
BHOBEEHT 5,

s % X Wk
1) Y. Morita. M. Hagiwara. N, Kasai, J. APP. Poly. Sci., 27, 356¢ (1982)

2) #O, FRH TH EBLFESEBMENAELSEE EIM—-84-131(1984)
3) /AR, #O, W JAEEI-M 86-043(1986)
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E, MHOWMHUNE LS HESNDE L SICHHRNEI 2 10K L,
AFRTHE L N FTHOEPDMAS KB RS N TRAS L IBOERZIRETHT 570
CERHEHOREHNRRET >R, HERBLEABORENSSASAEL LW, &
ELEOEMNEENTE BEBAAB LA, ”

5. %7 R - {

AR 1 FTIE 5 G R ARFAA S LTRSS Wt & 2 10T » 12 50 TH By il
MERUEOURZAN & UTHA L7 B SRR © Con -BACHIZH v — (B & b #4t
AF i, 3V Y FORAVEREVES NOER, EOESGHE L. AFEATS Y
D, MHEROBHBEES LUB AHREOBRICAEHHIEIC T -0 L AL, €2l
BHAOEERT b,

Z F X W
1) Y Morita. M. Hagiwara. N. Kasai, J. APP. Poly. Sci., 27, 3569 (1982)

2) #®0, FH, FH:BEXFLEBHMEFRSEE EIM-—84-131(1984)
3) ALK, #0, HH . JAEEI-M 86—043 (1986)
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Table 1 Formulation of Ethylene Propylene Terpolymer

(EPDM) Samples for Experiments

EPBM Composition (phr)

Component - 10 1H 1C 1051 10AT 1CAT
EPDM 100 ~ 100 100 100 100 100
Carbon Black 50 50 50 50 50 50
Procces 0Oil 20 20 20 20 20 20
Activator 10 10 10 10 19 10
Antioxidant 2.9 2.5 2.5 2.5 2.5 2.5
Con-BACN®! 0 0 40 0 0 10
Shy 04 0 0 12 0 0 12
Lead Foil (150um) 0 0 1000 0 0
Lead Powder( 20um) 0 0 0 1000 1000
Valcanizing Agent 3] 1 G 6 G
Total Weight 188.5 186.5 240.5 1188.5 1188.5 1240.5
Specific gravity 1.065 1.057 1.21 1.48 4.48 1.32
Ph Wil 0 0 0 84.1 84.1 80.6

¥1: Condensed Bromoacenaphthylene as Radiation Resistant-
Flame Retardant !’
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Table 2 Formulation of Chlorinated Polyethylene (CM)

Samples for Experiments

CM Composition {phr)

Component 5800 5810
CH 100 100
Fillers 50 30
Plasticizer 30 30
Stabitizer

Lubricant 3 3
Flame Retardant -2 40 190
Lead Foil (150 m) 0 1000
Total Weight 228 1228
Specific gravity 1.33 4.73
Ph Wit% 0 81.2

¥2: Chlorinated Compound
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Table 3 Characteristic of Lead Powder and Lead Foil

Powder Foil
Average Diameter( um) 20 150
Apparent Density(g/cm®) 4.5~5.0 2.0~2.5
Shape sphere foil
Manufacturing Process atomizer special crusher

Table 4 Mechanical Properties of EPDM Samples

Sample 10 1H 1C 1051 10AT 1CAT
Elongation ¢ %) 250 460 4790 280 350 520
Tensile Strength(MPa) 9.0 8.9 10.8 2.6 4.0 4.0
Hardness (JIs A 61 57 65 83 78 78

Table 5 Mechanical Properties of CM Samples

Samplie 5800 5810
Etongation ( %) 330 160
Tensile Strength (MPa) 6.1 1.6
Hardness (JIS A) 52 73
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Table 6 G Values of Oxygen Consumption by Radiation

Oxidation

of EPDM Samples at R.T.

GC 0:) of EPDM Sample

DOSE 10

10AT 1CAT

(Total (Organic
Amount~ %) Component

(Total (Organic (Total (Organic
*4) Amount) Component) Amount) Component)

0.23MGy 3.6 5.3
0.34MGy 6.5 9.6
0.49MGy 3.6 12.8

1.0 37.6 3.9 30.1
5.2 8.7 4.3 1.7
3.6 42.7 3.8 37.14

¥3. G Values calculated by
¥4: G Values cafcuiated by
of Sample.

Dose absorbed in Total weight of Sample.
Dose absorbed in Organic Components

Table 7 G Values of Evolved Hydrogen Gas by Radiation

Oxidation of EPDM Samples at R.T.

G(H>) of EPDM Sample

DOSE 10

10AT 1CAT

(Total (Organic
Amount*?®) Component

(Total (Organic (Total (Organic

*4) Amount) Component) Amount) Component)

0.23MGy 1.3 1.9
0.34MGy 1.2 1.8
0.49MGy 1.2 1.7

0.8 5.2 0.3
0.5 4.8 .
0.5 5.0 0.4
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Table 8 G Values of Evolved Methane Gas by Radiation
Oxidation of EPDM Samples at R.T.

G(CHy) of EPDM Sample
DOSE 10 10AT 1CAT
(Total (Organic  (Total {(Organic (Total (Organic
Amount~3) Component”*) Amount) Component) Amount) Component)

0.23MGy 0.019 0.027 - - . -
0.34MGy 0.014 0.020 0.005 0.071 0.005 0.050

0.49MGy G.009 0.013 0.004 0.038 0.005 0.0486

Table 9 G Values of Evolved Carbon Monoxide Gas by Radiation
Oxidation of EPDM Samples at R.T.

G(CO) of EPDM Sample
DOSE 10 10AT 1CAT
(Total (Organic  (Total (Organic (Total (Organic
Amount®®) Component**) Amount) Component) Amount) Component)

0.23MGy 0.027 0.030 0.019 0.180 0.019 0.190
0.34MGy 0.037 0.055 0.025 0.231 0.0286 0.252
0.49MGy 0.050 0.073 0.038 0.465 0.022 0.213
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Table 10 G Values of Evolved Carbon Dioxide Gas by Radiation
Oxidation of EPDM Samples at R.T.

G(C0,) of EPDM Sample
DOSE 10 10AT 1CAT
(Total (Organic  (Total (Organic {(Total (Organic
Amount~?®) Component”*) Amount) Component) Amount) Component)

0.23MGy 0.230 0.347 0.009 0.083 0.153 1.485
0.34MGy 0.488 0.721 0.018 0.169 0.248 2.410
0.49MGy 0.633 0.935 0.009 0.086 0.215 2.087

Table 11 Thermal Degradation Rate of EPDM Sample (10AT)
by Thermal Ageing after Irradlation at Different

Conditions and Activation Energy

Degradation Rate (1/Day)"S

Ageing Unirradiated 0.00MGy in 0.1MGy in
Temperature Vacuum Yacuum
T (1/T)

140 (0.002421) 0.17 0.17 0.15
150 (0.002364) 0.36 0.37 0.35
160 (0.002309) 0.68 0.68 0.65
Activation

Energy(kcal/mol) 24.6 24.6 26.0

%57 Elongation at 100% / Ageing Period.



JAERI-M 80-011

Table 12 Thermal Degradation Rate of EPDM Sample (10AT)
by Thermal Ageing after Irradiation at Different
Conditions and Activation Energy
Degradation Rate (1/Day) %°

Ageing Unirradiated 0.05MGy in 0.1MGy in
Temperature Oxygen 0.5MPa  Oxygen 0.5MPa
T 1/
140 (0.002421> .17 0.22 0.28
150 (0.002364) 0.36 0.45 0.50
160 (0.002309) 0.68 0.88 0.90
Activaticon
energy(kcal/mol) 24.6 24.6 20.7
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Fig. 2 Apparatus for measurement of 6000 y-ray shielding of

rubber containing lead
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Fig. 3 Apparatus for gas evolution and oxygen consunption measurement
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Fig. 4 Dosimetory of absorption dose on rubber containing

lead using CTA film dosimeter
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Fig. 5 Pressure vessel for measurement of oxygen diffusion coefficient
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EPDM sheet thickness : 1.,C0mm

Lead sheet thickness : 0.3 and 1.0mm
Number of stack : 8

Dose rate : 1.1kGy/h
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Fig. 40 Dose of CTA film dosimeter which was set between stacked
sheets. Samples are same with Fig.39.
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Fig. 42 Elongation at break of EPDM-10AT against thermazl aging time at
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Fig. 43 Elongation at break of previously irradiated EPDM-10AT (0.I1MGy
in oxygen 0.5MPa) against thermal aging time at 140, 150 and
160°C
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Fig. 44 Elongation at break of previocusly irradiated EPDM-10AT (0.1MGy
under vacuum) against thermal aging time at 140, 150 and 160°C
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Fig, 45 Elongation at break of previously irradiated EPDM-10AT

(0.05MGy in oxygen 0.5MPa) against thermal aging time at 140,
150 and 160°C
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Photo.4 SEM photograph of EPDM-10AT at
cross section (x100)

{x1.00)

Photo.3 SEM photograph of EPDM-1CS1 at
cross section
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