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Leakage Current Suppressing Techniques and X-Ray Irradiation Resistance
Performance Enhancement Methods for Shape Memory Epoxy Materials
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Abstract: Concerning the issue of leakage current easily arising in shape memory polymer materials used
for deployable structures in spacecraft when changes in charge transport properties occur in a
space radiation environment, which may lead to degradation, breakdown of structural components, and
even disruptions to the normal operation of spacecraft, a method for suppressing irradiation-induced
leakage current in shape memory polymers is proposed, focusing on the design of the polymer’s
three-dimensional network structure. This method aims to enhance the performance of shape
memory polymers and offer guidance for the selection and design of materials for space deployable
structures. By manipulating the polymer’ s three-dimensional network structure through the

introduction of curing agents with varying functionalities and proportions into commonly used
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bisphenol A epoxy resin materials, shape memory epoxy materials with different thermodynamic
properties are obtained. An online X-ray irradiation-induced conductivity testing system is employed
to characterize the evolution of leakage current in different epoxy materials under varying irradiation
powers. The findings reveal that compared to a shape memory epoxy material system with a curing
agent functionality of 5, the X-ray radiation-induced conductivity of a system with a curing agent
functionality of 6 decreases by approximately 50% along with changes in the curing agent ratio.
Essentially, opting for epoxy materials with relatively higher curing agent functionalities can
result in the development of a more compact polymer three-dimensional network structure,
leading to enhanced thermodynamic stability and X-ray irradiation-induced conductivity
performance. This improvement is beneficial for suppressing irradiation-induced leakage current
and bolstering the X-ray irradiation protection capabilities of space deployable structures.

shape memory polymer; space radiation; X-ray
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Fig. 1 Molecular formula of the raw materials
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with different three-dimensional network structures
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Fig. 2 Schematic diagram of the sample curing procedure
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Fig. 3 X-ray irradiation conductivity testing system and the

sample card
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ANTEFE 6 v 5 4 0 s 19 b [ 4 350 6 6 e B
B 1 T 75 R R AR 5 T L TR R 12 B SRR R B B B 1k
Bl A0S VIR B A 2% E U /0N [ AR R T L RS T R B A
HREHR I T ARG . A [F [ R R R M L
IR IR AR DSC RS th & &l 7 fr s, 3381k
MARRERmE 2 B

351

3.0F

SFS—()()%

g
[
T

SI’S»SU%

[
(=}
T

SI"S» 100%

I/ mW

7

(=}
T
/

g
W

70 80 90 100 110 120 130 140 150 160
i/ C

() . 24 = e B AL Rk &

(=)
(=}

3.5¢F

3.0

= 2.5F Ske-60%
S Sre.800

< F6-80%
g 2.0f
JE;_H Sk6-100%

# 15}

05 L 1 L 1 L 1 1 1 1 1
60 70 80 90 100 110 120 130 140 150 160

I/
(b) = 247 9 iz [&] 46 5 4% 2
B 7 ORI [ A 2R AT HE 2R R i bR DSC TR % £k

Fig. 7 DSC temperature spectra of the shape memory epoxy

resin with different curing agent system and ratio




170 [N .

PN

% 58 &

&2 RFEBACH R R AR IR R 6 38 3% 1L
BB
Table 2 Glass transition temperature of the shape memory

epoxy with different curing agent systems

A PR BEARIFr S YR AL iR R/ °C
Sks-60% 66, 118
Srs-g0% AVt 90
Sps100% 116
S 502 89, 125
Sra-s04 = LA DY R 112
Sre-100% 114

P 7 A] L B AR B R R A L B B AL
Bty 70 3 R T 1) IR A S B . 6 TR T) [ AR AR R
AT ARICAZ IR M L, B8R 22 PR 4 B (9 39 i ¥ 2 F%
BB A 5% AR IR L (A S i B A B AR, X
HRERE R 5 BB IR ICAZ IR E M RHA R BB ZE PR
B ok e AR TR EREE N 6 1Y
WM R R B X e T R AR R G TR RN
S B AR S = 4k IR 45 A6 14 58 BK ot B ok S 4 1A IR
B WK Sy F 458 L T E AR A Y AR R 4 58
B oy S L, B FROR 7R R b AR K A
AR F 52 B 43 25 46 B 0 350 L I 2 1 RE

BEAk B 7 Fp A By DL g 3 L 7 AR B L R
K E) 60% BF, P Bl JE WK 0 42 8 A B B Seeaon AN
Seeoor HITRTER LT 2 NG W, BIFELE 2 A Bh 88
PREEAS X JH] . 3 R PR 35 22 MR BE B o i K B —
T BB T IRCAZ IR A ] 336 K Bt B i A
AR AR T A W A A5 X DSC IR IE I A 2 4> B E Ak
Bt 72 DX o BT 981X T 3 A ) 0 e 9 DX I s D L
r R T DX ] R A ) B A B A T R o 4 AR
oA} 10 2 A 5 7 00 P AR R BT . X B B A AR
TR 14 547 I 42 A 1AL R BC L ol 80 %6 T 100 %6 11
IR B, H AT L B 5 32 R B A A
T ERR AT S0 D [T A AR B4R S A AR 1 B X ) 3 TG
PR X 43 o F O A A 1) I X% 2l ] AT DL A R
PEBE B E— 201 K, WIAR B B B AL e AR X ) & &
AT E .

AR B B A A DX Y 4 G D SRy R R
FPFETEARICALA R B BUORVRRAE . TR X Y B B AL
Bty 70 YR 8 K IO A e G 48 R T E R Y R L T
TEAC A R 6 B 18 T T R 5 R TR DX 014 3 3 A e AR
Rk F 17 T 3 AR R S T E R AR I BT 8RN

http: // zkxb. xjtu. edu. cn

FEAN RIS R ARG . B BT bR ] 5
55 R ) B B T T A A I, B oy R T B
T, 28 e 2 [ AH P R AR TR A . BRI, 2 Ah
TRl v AR DX 1) B 5 A A O B L A R
232 W T G [l R SRR R IR . — ke B, B AR Tl
SO RO SR L B Y 0k BT B S I A 1 B B AL e AR
TR EE RS T H A0 C AR,

B8 45 T Lh 80 % Bt b = & 4 U Jig /% A [ 1k
FI L B I AL A IR Ry 112 °C IR T2 3R R R
W4T & 5 AR ICAZ g B Y S Bl R
£ 100 mm, T5H 20 mm, &8 0. 2 mm, N T &5
Je R AR b, SRt e 5 2B K i iR N A,
R GG T R O P 3 R (1807 e IF) , &l 8 (a) Jilr
TN. TEE TS AL AR R EE 40 °C L RIZY 150 °C BB
R AT & 2 ] 8(b) iR IEAR , 4R )5 [ il %2100 'C
PREFFILERAAS . 285, RO T 1 G & 150 °C,
PR CE T A L TR B 4R 0 SR R I it A2
WE 8Ce) ~ (D fin, M5 I/ 40 s K FE (7] 58 4>
JRIFZ 180°, [l & BN JFas L AR . v LA 2, 1l b
AR JF o 2 0 08 S O PR, R JT & 45T
20 s, 1M HH 45°F&IF 2 180° HII} 20 s,

—

-

(a) IR IR AR (b0 s B

()20 s, B FF = 45° ()30 s, BH = 90°

()35 s JRIF 2 135° (D40 s, JRIF = 180°
P8 8096 ML bt = &4 U eV D i A 590 B T AR T AZ B0 8 b1 A
ISETEEsPI 2N VAL L FuR s

Fig. 8 Folding and shape memory recovery process of a shape

memory epoxy material using ethylene diamine as the
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