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OPTICAL EMISSTON BEHAVIOR AND RADIATION RESISTANCE
OF EPOXY RESINS

Shunichi KAWANISHI, Akira UDAGAWA and Miyuki HAGIWARA™T

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

Watanuki-cho, Takasaki-shi, Gunma-ken
{Received October 16, 1987)

To make clear a mechanism of radiation resistance of epoxy resin
systems, a role of energy trapping site induced in bisphenol A type
epoxy resins cured with 4 kinds of aromatic amines (@N) was studied in
comparison with the case of aliphatic amine curing system through a
measurement of optical emission. In the system of the epoxy resin cured
with DETA, the optical emission from an excited'state of bisphenol A
unit of epoxy regin and a charge transfer complex was observed. On the
other hand, the optical emission from ¢y was observed in the aromatic
amine curing system. Their excitation spectrum consists of peaks of
absorption spectrum of BA and those of ¢y> showing that the excited
state of 9y 1s formed through the excitation of both BA and By
Therefore, the excited energy of BA transfers to the excited state of
]

SNT
of BA. These results indicate that the radiation energy is effectively

Emission intensity of ¢y band was 20 ~ 100 times as large as that

released as an optical emission from excited state of ¢y in the epoxy
resin when cured with aromatic amine. It can be concluded from the
above results that aromatic amine hardeners contribute to enhancement
of the radiation resistance of epoxy resin by acting as an energy

transfer agent.

Keywords: Optical Emission, Excited State, Fluorescense, Radiation

Resistance, Energy Transfer, Epoxy Resin
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Table 1| Epoxy and aliphatic and aromatic amines as hardener.

Epoxy
Diglycidyl ether bisphenol A (DGEBA)

Cch 1 cH
) T3
r(-ﬁz}cncnz D-<O>-$-©-O—CH2H2HCH2 0-@-;-@ ~O-CH2{‘{+-/CH2
0 CHy 04 J CH o

HARDENE
ﬁIETHYLENETRIAMINE
(DETA) HZNCHZCHZNHCH2CH2NH2

it g ST @ SN

L TIE @ g SYIR

LS N0,
Ni42

D1AMINONAPHTHALENE
(DAN)
Ni12

. 12 -
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Fig. 1

Schematic diagram for measurement of electron

beam excitation emissioni{l)lead block;(2Z)sample,
(3)quartz lens;(4)waveguide;(5)wall of irradiation
room;{6)electron beam;{7)electron accelerator;(8)

fluorophotometer;(9)recorder/calculator.
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Fig. 2 UV absorption spectra of 0.05 mM solution of DOM(——)

and BA(G---) in MeOH.
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Fig. 3 UV absorption spectra of 0.1 mM solution of DDM(—)

and BAG==) in isoc-octane.
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Fig. 4 Excitation (ex) and emission (em) spectra by UV light

excitation for 1 mM solution of BA in MelH.

DDM in MeOH

o
l

Emission intensity
wn
1

L
200 300 400
Wavelength (nm)

o

Fig. 5 Excitation (ex) and emission (em) spectra by UV light
excitation for 2 mM g6lution of DOM in HeOH.
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Fig., 8 Excitation (ex) and emission (em) spectra by UV light

excitation for MedH solution of DDE.
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Fig. 7 Excitétion (ex) and emission (em) spectra by UV light

excitation for MeOH solution of DAN.
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Fig. 8 Excitation {ex) and emission (em) spectra by UV light

excitation for 1 mM solution of BA in is¢o-octane.
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Fig. 9 Excitation (ex) and emission (em) specira by UV light

excitation for 1.61 mM solution of DDM in iso-octane.
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Fig. 10 Excitation (ex) and emission (em) spectra by UV [ight
excitation for the epoxy resin cured with DETA. Peaks
of excitation and emission spectra for BA in the Me(H

solution are indicated in the figure.
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Fig. 11 Excitation (ex) and emission (em) spectra by UV light
excitation for the epoxy resin cured with DDM. Bold
lines and broken fines in the upside of the figure
indicate peaks of the excitation (=) and emission

(—=1) spectora for BA and DDM in the MeOW solution.
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Fig. 12 Excitation (ex) and emission (em) specira by UV tight
Cexcitation for the epoxy resins cured with DDS, DDE

and DAN.
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Fig. 13 Excitation (ex) and emission (em) specira by UV light
excitation for the irradiated DGEBA/DDM epoxy resin ai
a dose of 300 kGy.
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Fig. 14 UV absorption spectrum of 300 kGY irradiated DGEBA/DDM

system.
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Fig. 15 Schematic views of photophysical processes in epoxy
resin sysiems.
1:light absorption
IO :radiationless transition
II:fluorescence emission

IV :energy transfer
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Fig. 16 Emission spectra excited by electron beam irradiation

for DGEBA/DETA, DGEBA/DDS and DGEBA/DDM systems.



