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Studies on Radiation Resistance of Fiber Reinforced Plastic
Composites featured by Easiness of Manufacturing-T
Degradation Behavior under Electron Irradiation

at Room Temperature

Akira UDAGAWA, Miyuki HAGIWARA, Shunichi KAWANISHI

Tsuneo SASUGA, Shigenori EGUSA, Osamu HASHIMOTO*

Yasushi YAMAMOTO*, Katsumi SONODA*, Toshio ONO*

Daizaburo NAGATA*, Haruhiko TOMITA* and Masaaki TAKEHISA
Department of Developnent,

Takasaki Radiation Chemistry Research Establishment, JAERL
{ Received December 27, 1985 )

Degradation behavior of fiber reinforced plastic{FRP)
composite materials manufactured by conventional lamination
technology was studied by measuring various mechanical
properties after irradiation and observing fracture surfaces
by scanning electron microscopy. When bisphencl-A type
epoxy was used as matrix matérial, the laminated composites
degraded rapidly. This fact was ascribed to poor radiation
resigtance of the matrix resin. The radiation resistance
varied depending on types of hardeners. Diaminodiphenyl-
methane (DDM) gave radiation resistance higher than diamino-
diphenylsulfone (DDS) . The dose that produced an incipient
decrease in mechanical properties (threshold dose) was larger
in case of carbon fiber reinforcement than glass fiber
reinforcement. For example, the threshold dose was ahout

10 MGy in case of glass fiber reinforcement with epoxy matrix

*Mitgubishi Electric Corporation
2
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hardened by DDS, and about 30 MGy when hardened by DDM.
While, it increased to about 60 MGy with the latter matrix
when carbon fiber is used. TFrom the results of scanning
electron microscopic observation of fractured surfaces,

the superior radiation resistance in case of carbon fiber
reinforcement was found due to its stable bonding interface
between fiber and matrix.

When BT (bismaleimide-triazine) resin was used as matrix
for glass fiber reinforcement, little influence of irradiation
was observed in various mechanical properties at least up to
60 MGy, and three point flexural strength showed no change
even up to 100 MGy. This stability was ascribed to the
stability of both the matrix resin and the bonding interface.

Interlaminar shear strength reflects radiation effects
on FRP with highest sensitivity among various mechanical

properties tested in this work.

keywords: FRP, Radiation Resistance, Degradation Behavior,
Mechanical Properties, Epoxy Resin, BT Resin,
Carbon Fiber, Glass Fiber, Scanning Electron

Microscopy, Bonding Interface, Electron Irradiation
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Table | Compositions of FRP’ irradiated

FRP Reinforcement Matrix Resin
GFRP-1 E glass, BisA-type epoxy resin cured
Satin fabric with diaminediphenylsulfone
GFRP-2 E dlass, BisA- type epoxy resin cured
Satin fabric with diaminodiphenylmethane
_ E glass, , |
GFRP-3 Satin_ fabric BT resin
_ E glass, BT resin containing 30 %
GFRP-4 Satin fabric bis A-type epoxy resin
CFRP- | High modulus CF,| BisA-type epoxy resin cured
Plain fabric with diaminodiphenylmethane
CFRP-2 High strength CF,| BisF -type epoxy resin cured
Unidirectional with diaminodiphenylmethane
KERP- | Kevlar, Novolac- type epoxy resin
Plain fabric cured with a catalyst
Spaulding E glass, BisA-type epoxy resin cured
G-liCR Plain fabric’ with diaminodiphenylsulfone
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Photo 17 Picture of Electron Beam Irradiation
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Table 3 Flexural Strength and Modulus of
Irradiated Resins Used as Matrix

Sample Absorbed Flexural Flexural
Name Dose (MGy) Modulus (GPa) Strength (MPa)
0 3.08 v
10 3.73 s
GF 1R 20 3.86 125
30 4.18 111
0 - 2.80 vee
10 3.43 s
GF2R 20 3.61 v
30 3.75 122
50 4.43 110
0 3.69 128
10 3.62 136
GF3AR 30 3.50 130
50 3.66 135
S0 4.35 147
c 3.25 1419
10 3.19 125
GF 4R 30 3.27 116
50 3.54 1314
a0 4,34 123
0 3.79 ree
10 3.48 ce
CFeR 30 3.62 136
50 3.82 116
50 4,11 50
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Photo 2 SEM Photograph of the Failure Edge of Flexural

Specimen of Non-irradiated Composite(GFRP-1)

i i

Photo 3 SEM Photograph of the Failure Edge of Flexural

h¢

Specimen of Non-irradiated Composite(GFRP-3)
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Photo 4 SEM Photograph of the Failure Edge of Flexural

Specimen of Non-irradiated Composite(GFRP-4)

. B

Photo 5 SEM Photograph of the Failure Edge of Flexural

Specimen of Non-irradiated Composite(CFRP-2)
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Photo 6 SEM Photograph of the Failure Edge of Flexural

Specimen of Non-irradiated Composite(GFRP-2)

[

Photo 7 SEM Photograph of the Failure Edge of Flexural

Specimen of Non-irradiated Composite(CFRP-1)
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Photo & SEM Photograph of the Failure Edge of Flexural

Specimen after the Irradiation of 30 MGy (GFRP-1)

Photo 9 SEM Photograph of the Failure Edge of Flexural

Specimen after the Irradiation of 30 MGy(GFRP-2)
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Photo 10 SEM Photograph of the Failure Edge of Flexural

Specimen after the Irradiation of 100 MGy (GFRP-

Specimen after the Irradiation of 100 MGy (GFRP-

4).
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Photo 12 SEM Photograph of the Failure Edge of Flexural

Specimen after the Irradiation of 100 MGy (CFRP-
1)

Photo 13 SEM Photograph of the Failure Edge of Flexural
Specimen after the Irradiation of 150 MGy(CFRP-

2)
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Photo 14 Picture of Flexural Specimen after Irradiation

of 100 MGy and Testing(CFRP-1)

Photo 15 SEM Photograph of the Failure Edge of Flexural

Specimen after the Irradiation of 60 MGy(CFRP-
1)
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Photo 16 SEM Photograph of the Failure Fdge of Flexural

Specimen after the Trradiation of 100 MGy (KFRP-

1)
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