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Resistance of Epoxy Resins to High-Energy Electron Irradiation

Liu Ruixia' Zhao Xiaojuan’ Shang Chengyuan’ Huang Wei’

(1 Nantong Vocational College,Nantong 226007 )
(2 Institute of Chemistry,Chinese Academy of Sciences, Beijing 100190)

Abstract The damage effects of 1.4 MeV electron irradiation on several epoxy resins cured by 4 ,4’-diaminodi-
phenyl methane were investigated. The results show that the epoxy resins are subjected to discoloration, weight loss,
cracking and degradation of mechanical properties when exposed to high-energy electron irradiation. The degradation
varies with absorbed dose and the chemical structure of epoxy resins. Evaluated from the extent of cracking and com-
pressive strength reduction, all the epoxy systems studied in this work, including diglycidyl ether of bisphenol A
(DGEBA), N,N,N’,N'~tetraglycidyl-4 ,4’-diaminodiphenyl methane ( TGDDM) , triglycidylether of para-aminophe-
nol (TGPAP) ,the DGEBA/TGDDM and DGEBA/TGPAP blends are tolerant to the absorbed dose of 10° Gy. Only the
DGEBA/TGPAP blends, which have a moderate crosslinking density , can withstand the absorbed dose of 107 Gy. The
order of radiation resistance of the epoxy resins is revealed to be DGEBA/TGPAP > DGEBA/TGDDM >TGPAP =TG-
DDM>DGEBA. An increase in compressive modulus induced by irradiation implies a crosslinking mechanism domi-

nates the degradation of epoxy resins,which is confirmed by the DMA and DSC measurements.
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Fig.1 Chemical structures of epoxy resins DGEBA , TGPAP,
TGDDM and curing agent DDM
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Fig.2 Scheme for high-energy electron irradiation testing
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Tab.1 Weight loss of different epoxy resin systems after

high-energy electron irradiation
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Tab.2 Compressive strength and modulus of

unirradiated epoxy resins

o KB/ % - IR JEARTRIE/MPa JEAiRE R/ GPa
M NG - 7 -
10° Gy 107 Gy DGEBA 90.2 108.3
DGEBA 0.66 1.49 TGPAP 157.2 162.3
TGPAP 0.37 0.88 TGDDM 163.1 182.4
TGDDM 0.34 0.74 70% DGEBA+30% TGPAP 111.8 126.7
70% DGEBA+30% TGPAP 0.53 1.07 50% DGEBA+50% TGPAP 120.6 137.2
50% DGEBA+50% TGPAP 0.48 0.91 70% DGEBA+30% TGDDM 112.2 126.9
70% DGEBA+30% TGDDM 0.58 1.02 50% DGEBA+50% TGDDM 123.7 138.9
50% DGEBA+50% TGDDM 0.47 0.82
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/NF DGEBA, K% TGPAP 5 TGDDM & & i 7 ,
DGEBA/TGPAP 1 DGEBA/TGDDM 18 4y 1) i £ 41
Jei/b . TGPAP A1 TGDDM BA RN 28, — 7T
HENMWFEA X, 75— m Tefl=fa
R AR

BT EEE T T R R A RN
T AR g AN Tk R R S0
AR EERE A R A R S E R A B2 Ny
Tt TR T L 2 T O S E, SR SR A
AR E Rk, Flan, 5 TGPAP #f kb, DGEBA/TG-
PAP IIRWI L I & (HHAI R B4 HT T2
AE. X TTRESE M T AR IR b AL S N+
PR Z DA G W AN AR SR LR B E S
FREEAA G, B 1 S Tk 2% B i I B S s B A 3/
(9 A AR 2 1 i 4 R A 1 /N1 DL RS A
AR ok, N2 5 T BRI PR i i 2R
LR, BLA, B RE A B P9I 7 8 KR 75 oy 7 e 24
S, T PN N T 2 B 2 A2 196 985 85 174 164 Jn 1fg 348 i 9
I, ELA I H A B R I BRAR BR, U DGEBA/TG-
PAP B Y [ DGEBA/TGDDM i 4 F 30 ) o 414
PP, BB TGPAP 2 TGDDM H A 8 4 A i 48

23 g5 T I E IR TE FL - PR R 4 R B R
B AL, IR GR R 10° Gy B, 58 BE TR T
5% ~8% ,MBRIGINT 8% ~15% . AN R ER
NERZR SR AR L A W 25 7. TR )
2 R B AT Hh B WO 2G| T 4 5 JE 0
/NRTRESE: T/ N 13 AR AR R A B A T IR
S (10 1 2 B B SRR S ) 2% 1) ST 2 B 1 A, 3 33,
B R, 5 RO P SURRE IR 1 2 95 4 1) G A 52 i S 508k
NEREC™ HE A DU T 4 P RE S Ak, FH T A S e
A IR FR 0] LIRSZ O 2 10° Gy 1Y HL -4
B, R IR DR B PERE AT 7 DGEBA/TGPAP>
DGEBA/TGDDM>TGPAP =TGDDM>DGEBA
*3 SHETFERREENEMEESHEEMRENTH
Tab.3 Reduction in compressive strength and increase

in compressive modulus of epoxy resins after
high-energy electron irradiation

JEARIREER % ARSI %
W& R
10° Gy 107 Gy  10° Gy 107 Gy
DGEBA 7.8 54.2 14.6  29.2
TGPAP 7.0 36.1 13.7  19.5
TGDDM 7.8 34.2 2.2 18.4

70% DGEBA +30% TGPAP 6.4 12.6 11.3 18.1
50% DGEBA+50% TGPAP 7.0 13.7 8.8 15.5
70% DGEBA+30% TGDDM 8.0 21.2 10.9 21.0
50% DGEBA+50% TGDDM 6.5 25.2 8.4 14.2
YIGH A E] 107 Gy I, FEREE B4
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Tab.4 Changes in T, of the epoxy resins irradiated
with 1.4 MeV electrons

R WS T,/C
WA NG T/
& 10° Gy 107 Gy
DGEBA 159.3 162.8 170.5
TGPAP 219.2 221.5 226.4
TGDDM 216.5 219.2 225.3
70% DGEBA/30% TGPAP 179.6 182.0 187.8
70% DGEBA/30% TGDDM 178.7 180.6 186.3
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Fig.4 DMA spectra of DGEBA/TGPAP blend before and
after electron irradiation
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Fig.5 Effect of naphthaline, anthracene and BHT on changes in strength reduction and modulus increase of

DGEBA caused by high-energy electron irradiation
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