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Studies on Radiation Resistance of Fiber Reinforced Plastic
Composites featured by Easiness of Manufacturing-1I
— Mechanical Properties at Low Temperature

and at Room Temperature -

Akira UDAGAWA, Sigenori EGUSA, Tsuneo SASUGA
Tadao SEGUCHT, Toshio ONO*, Kazuo KAWAKAMI*
Masato OUTSUKA*, Yagushi YAMAMOTO*, Osamu HASHIMOTO*
Katsumi SONODA*, Haruhiko TOMITA* and Naoyuki TAMURA

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

Watanuki-cho, Takasaki-shi, Gunma-ken
(Received February 3, 1988)

Various mechanical properties were examined at room temperature and at
123 or 77K,on.five kinds of glass fiber reinforced plastics (GFRP) irradiated
with electron beams. Dynamic viscoelastic preoperties and fractography by
means of scanning electron microscopy (SEM) were also measured in order to
clarify degradation behavior. Considerable decrease in interlaminar shear
strength (ILSS) at room temperature was observed above the absorbed dose of
60 MGy, while three-point bending strength showed no change even up to 100 MGy.
On the other hand, the three-point bending strength and the.TLSS at 123K or
77K strikingly decreased with increasing absorbed dose. The fractography
reveals that debonding of glass fiber and matrix resin or the degradation of
silane coupling agents plays an important role in the strength reduction at
low temperature. These findings suggest that the interface between matrix
and fiber loses its bondability at low temperature after electron beam

irradiation, although high bond strength still remeins at room temperature.

Keywords: GFRP, Radiation Resistance, Electron Beam, Low Temperature
Mechanical Test, SEM, Fractography, Dynamic Viscoelastic

Property, Matrix-Fiber Interface, Silane Coupling
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<L, 120MGy TOOCEEDE TSR, £/, BEIKLS Tg OET I A5EEOE AR
WHEROET M- T 0B, T AHEROBHF RBEIBECHHT S 'Y CepmonTns
TEips, CORFE, BHIZE-T= M) v 7 AEOREBRTH#ESVIMISN TV S T &2 7IE
LTw3,

X2, B L7z GFRP TH, 0EFNd tand OFSEHE - 7 HRAEC L -TD, ZO &

_._7 -



JAERI-M 88-047

DT, ERBHEAIRIL L 50, BICEABRISHEOSTROAGIcL h, $5 00 aHEE
BEIC D AFEMPEET AT LR LB EEZONS, T+ VBISKEYLESFED
LEmAEMAIE &, WAMLMEC D, —BOBBAENSEC BT &sfEshTns 'Y,
THRbhE, Tg T3, BINROCE— 780 EL B E7HIT, BINHE NS REHBED
TRREEIC S 2 BRI AT 2, CNoOBRE, Fig. 15~ 1T RHLAICED SRS,
FATHERPCEFWOE - 7 MERAlIC >y 7 F LTIRIELC 5B & &b T, GFRP-1, GF
RP-28LU GFRP- 3T, =tV w7 2TH2TE+ HIEOBEIT TN 5 h, HiE
AR K A CERR SR E TS ARE NS s E L LR B,

—Ji, GFRP- 4 Ti, BlIAnHMRIKBHOB» LHEDARE CL, Bihic ko &Edlic v 7
P HLE, 1D GFRP OB ERLE - TWEH, ITONOEFHIFERELTELI LMD,

Fedn SIEER DI SN T2 L HEI NS,
¥, GFRP- 1 8L GFRP- 20O FEREUIEEIC L 0 {REM Tz, B84 HiFs &
AT A2HRENMEEL X Z DSV TEFEM SR AEL, 5D ALRETH B,

3.7 HSBEEROISIMIST74—
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Table 1 Compositions of the FRP's irradiated
FRP Reinforcement Matrix resin Flber'volume
fraction (%)
E glass, BisF-type epoxy resin cured
GFRP-1 Satin fabric with diaminodiphenylmethane 40, 57
ECC-181(5v-703) (DGEBF /DDM)
E glass, BisF~type epoxy resin cured
GFRP-2 | Satin fabric with diaminodiphenylmethane, 40. 57
ECC-181(8v-703) | diaminonaphthalene ’
(DGEBF/DDM, DAN)
E glass, Tetraglycidyl diaminodiphenyl-
GFRP~3 Satin fabric methane cured with diamino~ 40, 57
ECC~181(5v=-703) diphenylmethane {‘TGDDM/ DDM)
E glass, BT rein containing 307 of
GFRP-4 Satin fabric bisA-type epoxy resin 45
ECC~181(5v-603) (DGEBA)
Tetraglveidyl diaminodiphenyl-
E g%ass, . methane cured with diamino-
GFRP-5 Satin fabric 40, 57

ECC-181(s5v-703)

diphenylsulphone
(TGDDM/DDS)

—_ 12 —
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Flexural strength (MPa)

0 i I L 1

] |
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Absorbed dose (MGy)
Fig. 1 Flexural strength at room temperature versus
absorbed dose fror matrix resins. (,DGEBF/DDM; [J,DGEBF/DDM
with DAN; A ,TGDDM/DDM; W,.BT resin containing 30% of DGEBA;

@ ,TGDDM/DDS
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Fig. 2 Flexural strength at room temperature versus
absorbed dose for GFRP-1. The so0lid and broken curves are
the data for 40% and 57% of the fiber volume fraction,

respectively.
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Fig. 3 Flexural strength at zroom temperature versus
absorbed dose for GFRP-2. The solid and broken curves as in
Fig. 2.
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Fig. 4 Flexural strength at room temperature versus

absorbed dose for GFRP-3.
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The solid and broken curves as in
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Fig. 5 Flexural strength and modulus at room temperature

versus absorbed dose for GFRP-4.
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Fig. & Flexural strength at room temperature versus
absorbed dose for GFRP-5. The solid and broken curves as in

Fig. 2.
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Fig. 7 Relations between flexural strength and fiber volume
fraction of various non-irradiated GFRPs. Flexural strength

values are shown with the error bar.
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Fig. 8 Typical load-deflection curves of various GFRPs. The
solid and broken curves as in Fig. 2.
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Fig. 9 Flexural strength at 77 K versus absorbed dose for
the GFRP-1(Q ), GFRP-2([0), GFRP-3{A ), GFRE-4(W¥) and
GFRP-5(@ ). The brokem curves are the data for GFRP-1( ()
and GFRP-2{[]) of 57{Vf)%.
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Fig. 10 Interlaminar shear strength at room temperature
versus absorbed dose for the GFRP-1{( ), GFRP-2([), GFRP-3

(/) and GFRP-4(W).
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Fig. 11 Interlaminar shear strength at 123 K versus
absorbed dose for the GFRP-1(() ), GFRP-2([J), GFRP-3(/A) and
GFRP-4(W).
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Fig. 12 Tensile strength versus absorbed dose for the
E-glass fiber reinforcements.

O ,ECcC-181(5V-603); @@ ,ECC-181(8V-703)
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Fig. 13 Tensile strength at 123 K versus absorbed dose for

the GFRP-1((Q), GFRP-2([J), GFRP-3(/A) and GFRP-4(W¥).

Fig. 14 Picture of delaminated test

pietes after the irradiation and tensile

testing.
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Fig. 19 Typical scanning electron fractographic features of
non-irradiated GFRP taken from GFRP-4 as example. (b)), a
magnified view of picture {a}.

Fig“ 20 Scanning electfon fractogréphs of non-irradiated
GFRP-3(40Vi%) fractured at room temperature by bending test.
(b), a magnified view of picture (a).
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{4 R
s i
Fig. 21 ~'Scanning electron £fractographs of 120
MGy-irradiated GFRP-1(57Vi%} fractured at room temperature

by bending test. (b), a magnified view of picture {al).

Fig. 22 Scanning electron fractograph of $0 MGy-irradiated
GFRP-1(Vf=40%) fractured at room <teémperature by bending
test.
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Fig. 24 Scanning electron fractographs of various GFRPs
fractured at 77 K by bending test. (a), 30 MGy-irradiated
GFRP~2(57VEf%); (b), 60 MGy-irradiated GFRP-3(40Vi%)}; {(c}), 60
MGy-irradiated GFRP-4(40VEf%); (d4), 60 MGy-irradiated
GFRP-5(40Vf%)



