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Studies on Radiation Resistance of Fiber Reinforced Plastic
Composites featured by Easiness of Manufacturing- I

-Mechanical Properties of High Radiation Resistant FRP-

%
Akira UDAGAWA, Tsuneo SASUGA, Tadao SEGUCHI, Toshiyuki NOJIMA
* * *
Kazuo KAWAKAMI , Masato OHTSUKA , Keitarou TSUKUIL
% % *
Yasushi YAMAMOTO , Katsumi SONODA and Haruhiko TOMITA

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

Watanuki-cho, Takasaki-shi, Gunma-ken

(Received November 9, 1989)

Mechanical properties of glass fiber-reinforced plastics(GFRP)
irradiated at room temperature with electoron beams were studied in order
to characterize the radiation resistance. Mechanical properties were
tested by flexural strength and interlaminar shear strength(ILSS) at room
and low temperature, and flexural fatigue strength at room temperature.

The GFRP used in the present study were manufactured trial with three
kinds of epoxy matrices having excellent radiation resistance at room
temperature and easiness of manufacturing. These composites prepared in
selected curing condition were equipped with high flexural strength at low
temperatrue, about two times at room temperature.

GFRP composed of 4,4'-tetraglycidyl diamino diphenyl methane cured
with 4,4'-diamino diphenyl methane showed the highest radiation resistance

the strength after irradiation up to 90 MGy were kept the initial value,
that is, flexural strength of 1000 MPa at 77 K and ILSS of 70 MPa at 123
K. It was also confirmed that the flexural strength measured at 4.2 X

were well agreed with the values tested at 77 K.

* Mitsubishi Electric Corporation
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On the effects of fiber-matrix bonding materials by using different
kinds and/or amount of silane coupling agents, the pronounced difference
were found in the degradation behavior but did not affect to the flexural
strength of the GFRP. Flexural fatigue behavier showed rather well

radiation degradation comparing with three point bending strength at room
temperature.

Keywords : FRP, Epoxy Matrix, Mechanical Property at 77 K, Radiation

Resistance, Silane Coupling Agent
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1. FF L
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G @St 752 F v 27 (FRP) 3, ALTBESLPFEHRAT - Yz VELEOFHH
EHMEELT, 2/, BEFHREPEBSFORBHE L LTERSN TS, ZORETH
HENA3FRPREGEVLHBEER T, pOoBEHORBCB TR A VF—A2 Y, PHTH
AURXBHEOMMBILELSENS, LAM-T, CHoOBEDTTFRPOMHL/ILE
EACHMLTELS CEHBHTEETHS, RRGFOBRBEE~ 7% » P REHICE, 7
5 AfEHH{L77AF w2 (GFRP) BEHINLGY, COMBMREIERE~N) 27 L
BEOBILE T T0MGy OBEFHT EXN V= BICHAZLENSH L, COBEICETSFRP
OBFAHNE LT, FRPOKBBHILEAR, 10 SCHBHBLOREETL »TE,
TCIEADFRPERMEL, Fr~8ds0RETEEHETL, 5D, £, s X
UEREAN BRSO R EMSHRRBRICLD, FRPOMKEGZEEE <MY » 7 ARIBOKRN
BEEMEOMBETHMT AHE L, ZRTHBAHBRECELHBORERE(TTKE /011123
K) thid MmBERBOSHWEEMEY, hyBEmOoEEETHERE (SEM) &b
HERRELSSCIVFRPOKEBHILBBOME 2 EDTEL, THho—BOBEITKD,
MK BHEFRPEMOBRIISERNF - HBEBONALOT, TRCESOTHYW (kK
BHI%) HEAKELLFRPAAR L, ARER, ZOMBHRKEEER TTKE LU
HA42KOMIEE CHESHL2EB I I bi, EBMHULFRPOFEHKRELZE L THES
HBETRHY, ERAFORBBERAMERME &L TORFMIC >0 THEN L,

Wi, AHEE, BEARTHRER E=ZFTHEXLSHL L DREINE, TEMIE - MEH
SRR TS ATy sOWE] ELTEELASEIH (BREZF~63FE) OXREL L
HlHEDTH B,

2.1 HHORH

GFRPUEAFHEOOEA I A o REZHEMIK, =X+ @EE<r )y 7 AETIESH
me@%%ﬁ%ﬁﬂb,ﬁﬂébfmwtcGFRP—l@v%Uzizﬁ%d Ty

WI—F)W A7 ER7x/—AF (DGEBF), GFRP - 3@E&7Fb77) I 4497
$ /Y7245y (TGDDM) 2BV, WEFRb 44’ U7/ 9722024y (DDM)
“HE{tsH#, GFRP -4y vonz—5n #7 €27=/—nA (DGEBA) &
WOBTVYY vAROR, WO, REGHBEIL7 72 F 2 (CFRP) 2FESH2
mmOEERE LTHER L7, CFRP-1®< Y w27 R2RR@GFRP -1&E-THB, C
OEMIZ, SHUBREABEL L IMODOEHY 72 THS, /2, GFRP—-13a,b®
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GBSt 75 2F 27 (FRP) 3, ATHEPFHAT—Ya Y ELEOFHE
BEHEELT, 2/, EFHHEPHEBASFORBME L LTERSA TS, ZORHFTHE
HEhAFRPREEPEERT, »ro8EhoRELSHVTHEIAVF— 14, PHEFD
DORXERIORBBICSSENE, LT, ZTHLOBEOFTTFRPOYHLE(LE
BTG L TCHESCEBBHTEETH D, HRAGFOBEH~ /2 » PHERMICE, 7
5 AMMEwRIL7 7 AF 2 (GFRP) BSEHEINE Y, COMKHEHEREE~N) 27 40
EOBEE T TOMGYy OFEFHTF A v ~HBICM A0 ENSH L, COHEIRHET SHFRP
OBFAHME LT, FRPOMBMBHILER, 156 PKMBEHGELOTEETE » TS,
TR EARFRPERAIMEL, Fr~EdbrRETEHERMETL, FlED, I, s X
UBEEANAREO SBMEERRICELD, FRPOMBEBRELE <MY v 7 AHIBO KA
BEEWREOBMBETEFMT AHE L, ERB TR RHBRECENHBORETTKE 04 123
K) itdd 28 Mt RBRoa R 2e, hyBEmoEEETHME (SEM) &b
HESERALSICIVFRPOMEBREMBBOTA T EDTEL, Tho—dHOPRILLD,
S S FRPEMOBIRRKLERF— s HRIEBONALDT, THICEI T (RE
i) B ARELAFRPAFEM L, AMER, ZOMBHESEEZER, TTKELU—#
242 KOMBETEMEHLEB T AL b, KENALFRPOEHREEZE L TS
HEBAETRY, BRAFOBBEBNBEZME L L TOFFIC >0 TE~NL,

Wk, ARG, BERTFANER E=SBTREASH L OKREFE, THNTH - HkH
BHEBERL TS AFy 7OMEL SLTEBLAFEIH (HME2F~63FH) ORRES &
HibDOTH b

2.1 HHORH

GFRPUEATFHBHVOEHN A7 uRiaEMIc, zEFy#ilEE <)y 7 RETHEEH
2mmOEBREBUL, ¥ ELTH VA, GFRP 1O~ MY v 7 Z-EE, Y7 vy
WI—F) A7 ERA7x/—~F (DGEBF), GFRP-3@EFF77) vy 4497
/YT emnAS Yy (TGDDM) 2RV, WEFAb 44’ J7 1/ 972=n45 v (DDM)
TE{tE¥ e GFRP-AREY Y vILr—Fn #7 BR72/—wA (DGEBA) &
BROBTVYYARWL, WEOLbi, KEMEER{E77AFv 2 (CFRP) ZRBER2
mmOEERE LTHEHR L7, CFRP-1®< Y 2 ZXAFGFRP-1LEFH-THb, C
OEMIT, SHERREBEL L IMOOFHD /v ATHEL, £/2, GFRP-1Ha,b®
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LU cDOIEHRHWTHARL, GFRP—la &GFRP—1bTRHFF AL DRIEHT B ¥ T
Yy 7N TH (KBM~-573) OFAEBAE X, GFRP~-1cldv3vhe 7y voHD
BEAX-12-5T30ZAt, BEICERTALARBOBEE 208 KE L UBLEE,
SUREMBHOTEE (VD 22 L0 TRT, £4, M1it3EITRELLHEO(LFE
LZDORFRBLUF A7 0 20FEENBIZHACE Y2 v H 0 7 ) v FROS TRER T,

22 BERNERSBHLUEBEBREEOSEMICLSEE

BEREEAWER (ILSS) BLUZmihFHBE, 1 2o B ERBEEA,
WUV ELTH N/, CLTRAEROBESL AR d, [ LSS@Eys —bE—aikink
DIES 2mm, W 10mmOEBA it LT, HESMEE® 10mm (XHAR 1.5, AFHARS5),
JuANy FEMEE Ilmm/ minTITH >/, —flFEBE3E S 2mm, 64mm ORBE
st L, XFrARIEEEES0mm (XHA, AWAEBRE), ¥ oA~y FEAMES mm ~ min
TITR -7, MEREZZERORI,, BEEEKFHET (123K), #AE£D (1TK) LT
BiE~) 7 ah (42K) THREZZNFAORECHANLRETRHELTL - 77,

GFRP-4BLIUFCFRP-1EZD2VWTE, EBTTERHTERXESFRBK (B8 + 2tonf,
MTSHED ZHOTEFEBTH~L. ABRFERES 2mm, RB128mmORKBR ZxtL,
XFFAEE#E Omm & LAHERBO - SAMFREST (XHAR2, ARARS) &L, EHHE
R (=2min/2max)=010KF#&E0D & L, BOELEES 3, GFRP-4 T 1.5Hz (2
max > 35 kgf /mm*°DHEF 1.0Hz), CFRP—1Tix 20Hz (Smax > 40kgl .~ mm? i
A3 1oHz) &L, ARAVEM T2 TRHELAROIELAEN L, UL, BOELHOEKX
HiotaE s Ui $/, BUABORBRLIABT 4700, ABRYHRB LT OB, B4,
BEEZROT, 792~y FEMEEWN S mm, min T FREETL- 72,

FRPOBMEMEOESERELHE LT, FiIMYCELT, 14254 I TE
HEZXHWLAABCIOVHBHOBE - IREAXSEM (ARE TS J XA T733#8) THEL
e

2.3 BTFHBEH
BV icBEUC, BTRERHETN -7z, ETENESRE, BKEH IMeV, 25mA DY A

FibtoriEfu, B850, EETEEROKGY sTHHE LK. 144 7 10 BHIZI0MGy
L, BARI20MGCyET& L7, ‘



JAERI-M 89-203

3. R EE

31 KESFRPHEMOMITHERSK

FBHFRPOEEBIUTTKICBI M HRELN2/Rd. GFRP—1la, 1b. lc B8&LY
GFRP-3i3 #BEZAELTE2L0EVIAHRIMBOEYD, THICAB L, -7, %
NFNOABMOEETORERINTOOMPa%2Rd, COBREE, AIHYOBRLABRLTLE
MHETH D, B, MY THWAVIBNI%ZDOGFRP -3 OHMER, VIAOBITHLET S
500MPaBEOHTERE LI B LOiIcH L THFLIZBSINT VS, FRP ERAHERE
kD, TOBEBEEIEBIHCKRECET TN, ZOXRERE< Y » 7 2HEDFH
fb&, e~ Y v 2 REESTEIREOFEATH AT LLBHOEATHSE, THsDHLAE,
ViaAE LTHES LFTHL, EANRCREESZO LV, REEFILRORMEOENEE
e+ o8y, MHBEEORLEPEERE#H#LEL, UL, VIZELTH, BEOKAX
AR LARVIESYSH L, CNEEEMTEOEASEILIEDEELLNTL B, BILE
HHEYT, BEEFEEASEVESICE, GFRPOTKOMIFREREEON 2 FILLVEE
KT EMBAMEINTVEY M2 LAGFRPRENE, TTKEEETORBERS 1S
~2ETHBH L&D, HBNBEFREASERESN TV EDEEL SN L,

CFRP— | OB ®HER, TTKOARERLONAS L, COHE, BHERLNAS(H-T
WHZE, BRURBRBHEGAOERGRHAE TS L5, ERPOTTKEITHASIN L8
BT, ABKRACOOREEETLICEARELTV I HOLEON D, ZORIKELTH,
3.4 T LR~ B,

3.2 GFRPERAWKEZPUYIRBIEORBHEEICESITILIER

2 Yy 7 AL LTHAVAEED, ERBLUOTTKIEBY 2HFEE EBRNREOHEEK
JicRt., EEOMBEEIL 100~150MPaThid0iew L, TTKTRED 1L5~2M&LUD,
GFRPOBEEEFICHSUABMELARL:, WHRHBRMHIEER, EBELCTGDDM (D
DM) Rx#+ vIENELENTEBY, RATDGEBAZEMHBTLVLY Y, TLTDGERB
F (DDM) QIETd - 7. #%ic, TGDDM (DDM) % T+ Y5O KEBREIED
TBHhTED, WOMELEROBARLLCHELSB N 2RITOECH LT, ERICET 58E
HEREkiTRE{ B, Tk, BRATIHIOMGY L ETETT 280D, 120MGy THH100
MPa% &% LT3, —4, DGEBF (DDM) R &+ v#lis LU DGEBAZMBT
LY v, BROBACEVEETHECETHELHS, UMGyREEHFLLIR D
HEOBEANEST A EE, TTKETRNTIRICI 7 7 BRETAEMVBERTE, $ 72,
CHhoDERMIEST AR, LELEIWET IHESED N, BEol oS, DGE
BF (DDM) &DGEBAZMBTL Y Tid, OMGYORBE THRIEOHALHL (1T

-3 —
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WBIEMbh b,

Hd4Ed, ThoDflEE~ b v 72 EFTE2EGCGFRPOEREBLVTIKC BT 58 1FRE
ERIRE ECBRAERT. ZZTGFRP—1a, 1b, lc DERR, WFhiBEHEBT—HL
TWie L@, GFRP-1IbDERTRELL, GFRPOFZAEHL, <+ U s 2k
LTHOWIHIEORFREEEPPERBUETH LD, E{KBMLTWVS, ik, GFRP -
I TRRMEKTFELRIEREDCEEICLRT, FLI{HLLIEBICE>TS, TGDDMD
DM) (<P v Z7RADCFRP-3RBEE, MKoFRiksL TERNEEDOR KT
BT HECET LT, MEBBE B ABREERLTO 3, —F, FiE TR
mm<ﬁbnéGFRP“1HWKczwéﬁﬁﬁT@ﬁL\,@gWKwﬁhﬁ%@gﬁ
FELVHLBEBER U .

503, BEEREOEVICL DI REORNBERTFES, GFRP -4 %M Cl~r~
BRTHLS Hhicld, MKOWMF#HR2B LU0 EEOEREH T TRLAL, TKE 4L 2 KT
RELCHYEER, SBETINETNB—HL TV, COHRR, TTKOBRESH A~ H
NS LWL, A2KOFEERULZEENELRUTIIEMNTIZILEFTEL T 3,

K6it, GFRP 4ORREMEZTR BT 2MI BN AR THANLACHETS 5. 1%
BWRAREHOEDE LE (NI)&Eichi-» THRBSAN I VBEBERIHOF RS LT
Who F7:, BHE, KEECHOSTRERDE LEOBINCE I EAOEL QRS , thil
TAHCFRP-I1EHLT, #HOHKIV, ZHNSOBRR, GFRPECFRPOMTH#
EHIEORBE B BEADOA A =X ABREHICRE > THWET EERBTHHDTH S,
Z4id, GFRPOARTOESEEENCFRPLVBOVELIENZHL THVALHEELLN
Ho F213, WHARICEUZOOLE TS LARNME®RESLH VT, BEHEELOMTH
BLAKERERT, 120MGy Hif LB oRBE Aot d 2MELDL &, Bigdl g X
DR BREDOLOHFAETWEELC R T EM80 5,

M7iciz, 12Z3KTHELZZILS SORNERKFHEELZTd, GFRP-3&LGFRP -
AOMPOBEASHMUPEBELFEL TS0, £GFRPABOSEE I, dhiFHED RN
BEEEH LR UERERL T 5,

33 HSRVOQRACHWET B Svhy T THOMSE a%&UEﬁ@wa

AWRETHW/LGCFRPOMILEMEREZF IRy 0 20X ELER, WITRLAFER
RT I/ VIR EN T ) YT BETS 57, GFRP-1aBLTPGFRP-1b i, %
NENA TR0 R/ T LY 7 v hy 7Yy 7H (KBM—573) ONESSELLIART
HH, TOMBREEHOBCAFMT LI -DITHY L, £0FRORB 0T, TTK TR
ELHFEEORINEEREE 2N ICRT. P BEE L WHOAR» SR IZEEER S
R2&, BHEOMBMEBEERIZIEIRE-EREATEAHEL, LrL, 2O0OHE - ZAdiRicl
GFRP—1a &¢GFRP-1b0 OETHLPEHENS S, GFRP—1a z#lkk, HKFHLI
HORENBHE-ZEMHBEAR RS, MoK T, MFGABEALTHEAKET S
FTCOL R AF - EWRAOHE T 2 v+ - Ullkgemm) & L, WAL T RN U [ AN~

_4_
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TAEBEORE T A F— Up(kg mm) & LT Up Ui=DI(Ductility Index) %3k, T
BEABNGEaEIIRG L TToy 452 ¢ickD, GFRP—1a éGFRP—1b O TASAM
BT, I0ICEZDHRETT. MEHLICIOMGy 5> 560MGYyDRETDIRBMICH KT S
2, GFRP—1a OFMN6OMGyRL ETREUNMBAE L L Ldghd, COLSE, DISKE
BABBEANEASA-OL, EHCEANNLBHEBLEY, T4, 77 ) v 7EIff
EROKN/DEBHELIHMEOESGFREOMBERE CHOMEEEEZL LS L TL S,
Bl11{al~{d)it, GFRP—1a BLU GFRP~1bOFKEEH L60MCGyDRBR N £ 7TTK THElE L
THMTBBEE A SEMTEE LARETH 5, KRHOKBH 2, BISOMEICES #ikm
DBBMHBILENT EDS, VTFRLBH CHECESRECERABELTVLOEELLNLL, T
et LT, 60MGYDREBA EGFRP—1b RENTGFRP-1a 0 B#EORE TR EL
TOLHTIHPEIBETES, s0lt, BETIHIEOXMIAML BEOL 7V HEREL
TWd, LNoORRIE, Y7277 v 7EARBEORKSVWGFRPOAN, BETHIT
WEIICLAD I OWANDAVEEESGAROMBABRBERIEBNA TV A LART D EEZ
S5, KIZ2IKE, X—12-57T6% 013 % F LAGFRP—1c OITKIEHF 2T EBES X
UDI1 ERNREBOMBRERT, COHRPS, GFRP—1c OMBMREHEBGFRP-1b iz
E%E», bLIBETENTVE I L0 h 5, K131k, GFRP—1a s LUGFRP-1c®
123KieB 51 LS SORNKBEERFE.EETR T, 1LSSKBLTEH, REIREKABEOH
Fhold> oAy 7N v VR XBEENZEDH LN,

3.4 CFRP—-10OWASEN

Hldic, i BE B LM HERORINRBRKFE S TRd., CFRP — 1 0OBE, BESB
LUBERE, VWFNLTTKOFBNER LD NSV, 20k, TTKEEGZREBHFRP O
BRI 400MPalBEC L0, MU=t v 7 AHIEOGFRP — 1 AR FL KOS
B, $.bH, T0~8OMGyHH LABEICEVWHEELELE-TVWE, £/, TKOCFRP—1®
W2 60MGy 2> 0 00M Gy D] T8OMPalRE OB A L BERTHH LKLY T, GFRP-10
FOBFELOVHEEBRFNINY, THAc0&RE, HEABETTKCBHTI2EBRTTALSHO
RiazE L, ARHNOEBRETREOMMBEMIKIAZEL TVAICLEEREBL TS, 20T EE,
MM FRZELIDTTKOMROSPEC AL > TN ELEPLLEAVAELENTEE, K
Islaj~(dlid, EESXKCTTKTHELZZRRF OB HBEEZSEMTHELAERTH S,
KEHBLU 20MGYBEH LAZABHOWFRIcd, ZRCHETE» O IZMH S B0 SRE
CRMEHE LN ED. LALAESSE, MMTKTEE LAZEBOBERGE, ¢+ TABHOBHT
ElEP» OB L THY, SSRBETIHREORTCRBED L7V HEEL T 2KENE
St b, Fh, COREABHICLDV-EBERLILG-TVWAZ LS EL, COBLHARNE
=HFEAELTHDGERBF (DDM) x4+ v RIEELOONRIEHALEEHNAKSIOLED
LHEINDEY, £/, REBESBOHBEERMEF 2CLBEROVEDEEZI LR S,

FREICIVZKTHMELLZILS SORNBEEREEZRI6ICT . £BHABO®RE A,
ZRIERTHREEDLOUVWEZRLTVE, ERO0EE I, BROMAKCHE - T—HEAL
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THOEPNL, OMGyxz THARBABOMELAR > TVD, BEIKLZHEEOBAR, £/
K siaEict Ronsd, [LSSOAPEVRBIKITRATOLS, 123KiTEL
Th, IMGyOBFE TRERAB LDEICEVWILSSERT, LAL, 77K Ol oFHRE 2
BT o8EOMCyerdhOic, iFBELORELUBEETMHE LN S, TDLHITE0MGy
METHEHE > Z0LAHERITAEL003, BIEOKELILLUBLLELDESZS AL
Lifls,

EFMTRELAZCFRP - 1 OHIHEF KB OBES, KITKRT. JGHDOHROE L e
ABIHE-T, WEISHEIABRBERSLOBEAB OB NELL LTV 3B, £/, TS
ZIBVTHOE THEANLEDIE, BOBLHROBMICKSBBEHNOBRLOEEE, GFRP
— LI ANTNELR TS, BHABRECFH A GO E TRELLBNMTRELRC T,
WHREE DO THELAMEER I KRT, 120MCy B L -HdBORBRAB T 2%
EhE, #MICEEEI0TH S, 10EEFETEN085EE-T03, ZORRERGFR
POBELERTHO, REUZEOHLZETRHEVY, MOEFSBERBOMIRE LD &K
FHRAALTWHECRLTVEEDEEL ON B,

4. % & »

MR BN iE£A 0T, FRPOFMMHESHLIRE L ARG L2ARL, £/
BOUPRTMTKEL B4 2KIEES D 2P EOBBEHE TP EE, ILSSSIUHETREN
WMEILDFM L. £/, GFRPREBI BV VA 7Y vI/EANERELIBHOBES LD
LWTHBRH L. TOHE, RKOERTE .

(I} #HELAAMR, O It EREMEHORFLRLOTHY, KE (TTK) BFRE R

EWOLLE~2F0MEERL K.

2 BNRBIY T LM TEEOREREKER,THE, TKELZKTRUMEAEZRT I LN
HEE S Ll

3 3R ODALHWTEYIvH 7)) vIRONBESIUBEAGFRPOKREES
ftics 3T ERE, EREHANTHIRECEEZFHELN LB LPARTHL M >/, L
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Table 2 Summary of flexural fatigue tests for GFRP-4

Number Fatigue strength{MPa) Ratig of irradiated
of materials to the
cycles Unirradiation | Irradiated up to L20MGy unirradiation
Static 538.4 524, 7 0.97
19° 4256. 6 380.5 0. 89
104 338.3 289.3 0. 86
10° 250.1 212.8 0. 85
10°¢ 186.3 156.9 0. 85
Table 3 Summary of flexural fatigue tests for CFRP-1
Number Fatigue strength(MPa) Ratio of irradiated
of materials to the
cycles Unirradiation | Irradiated up to 12CMGy unirradiation
Static 546.2 556.0 1.02
1638 441.3 431.5 0.98
104 421.7 360,13 0.93
g 397.2 350. 1 0.88
1gs 372.7 310.8 0. 83
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DGEBA: Diglycidyl ether of bisphencl A

0 fh

CH CHz 0
N i | A
HaC -CH-CHp-0 ?-@-O{Hz-CH-CHZ-O}@(E -@O-CHZ-HC-CHZ
CHy i CH3

DGEBF: Diglycidyl ether of bisphencl F

CH,CH~CH,-0—4 )~ CH,—{ -0 —CH,CHCH, DDM: Diamino
N/ N/ .
diphenyl methane

oD

TGDDM: Tetraglycidyl diaminodiphenyl methane

)
/N N
HaCL_CHCHy | CHaCHI—CHy

N CH2©N
Ha4C w— CHCH g >
2 \0/ 2

CHoCH — CH
2 ~ 7 2
©

BT resin: Bismaleimide/triazine
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O Ar;
) i
C
ﬁl/ i\"r\f N Ong cIC:)
An=0~C_ ,C—O—An-—o—‘c c” N e SCTUN
] —Ar— N | ]
~cri~el SerfanLCTOTAn
I H ™0 ¢® =
9 !
AH Af;
| 1
) 0
PN et Sl
/NC~N NTTNCT N A ngCey
An=N L0 L | N-Ar,—N [ i _H
g N >C’?‘C/C\céo
= AN “ { /
8] H H o 0 Hy CoN
b
:‘\1’2

KEN-573 : ( CHa0) aSiCHzCHzCHzNH-@

%-12-576 : (CHao>ZSj,<CH2)3NHC;H4NHCJL—-<:>——CH=43HZ

X-12-575 : (CH:O)aSi.(CHz)aNEI(CHa)zNH*CHzC12<§?
CH=CH,

Fig. 1 Tdealized molecular structures of the resin and hardners.
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R

Fig. 11 TFailure at 77 K of GFRP-la and GFRP-1b. (a),(c):before
irradiation showing good fiber-matrix interface;(b),{(d):
after irradiation up to 60 MGy showing different amount

of resin and fiber slipping.
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Failure of CFRP-1. (a): tested at RT before irradiation,
showing good matrix-fiber interface ; (b): tested at RT after
irradiation up to 120 MGy, showing much the same as bondability
of (a); (c): tested at 77 X before irradiation, showing presence
of delaminated fiber replica on resin; (d): tested at 77 K after

irradiation up to 60 MGy, showing presence brittle resin and
replica of fiber.
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