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Abstract In order to solve the unidirectional shape memory effect problem of most current shape memory
polymers, a shape memory polymer composite with laminated structure is prepared by combining TDE-86 epoxy
resin modified hydrogenated bisphenol A epoxy resin and polyurethane elastomer with polybutadiene as soft segment.
The composite exhibits two—way shape memory behavior under stress—free condition because of the balance between
the restoring force generated by the shape memory epoxy resin and the contraction force generated by the pre—
stretched polyurethane elastomer. It demonstrates reverse bending when heated and cooled in the temperature range
of 90~ 110 “C. The results show that the greater the pre—stretched strain of the polyurethane elastomer, the larger the
degree of bending in the entire temperature range. When the recovery temperature is at or above the glass transition
temperature of the shape memory epoxy resin, the degree of recovery is greater. The thickness of the elastomer will
increase the initial degree of bending but reduce the degree of deformation and recovery during the two—way shape
memory process.

Key words Shape memory epoxy resin, Polyurethane , Laminated composite , Two—way shape memory effect

0 3F PG AR R RERARE =0 SMP P H BA Bds i &
FARIE AL F 5 1) (Shape memory polymer, SMP) WA 5 T IE |l A OB A8 5 S54E Z 00 A, 3

JER —RBETE — & AT TR T HEAR, IR SR B2 IR MK Sl & R RESUY) LRI

AN R G O B BE PHAR) RERS I B 27 RS SR A 2 i T

Wk H 357:2021-04-28
eI H - v 23 B BRI T B 564 (20172Y601026)
B—AEZ RN E iR, 19794 A E g TR, 323 R A4 13 TA/E . E-mail: zhanjiaogao@126. com

— 80 — TR BT http : //www.yhclgy.com 20234F 1Y



HR R T bR 785 f ] 396 1, SMP 1 43 kg B4 i) J2 IR
ICIZR A (AW-SMP) R IEARICIZR AP (2W-
SMP) . KZHL 451 SMP ¥k ITW-SMP, 241 %} i
I B T AR Il &2 S0 G TR AR, 76 A P R 11
0 JC 1k 52 B B T AR 5 00 4R TR 22 B i e 4
It IW-SMP JG 75 1 e 26 5 BL40 38 b FH , bb it T 4%
B REIT X4, T 2W-SMP RE % 76— IR TE I
FEAN AT S AR 5 00 G TR 22 18] Ay T 3
e, FH N Y 2W-SMP RE % 1 K BN 52 2% i 1 FH 4%
A R I T LA B A ) s M Y R
o #53 2W-SMP FETE IR AR ik A8 rp 75 B AR 5 —
AN I A BE BRI IE AR AL (2W-SME ) , 13X 2%
2W-SMP (4 52 b i = A= BR il . R e il 45 TR 1
() 2W—-SMP A7 7R = (5 BRI B 55 o (R ] 6 1
AUt H AT E AN 3 R BRI Rl S s ok S BTG
N 1T B 2W-SME : — Rl il £ W) L2 A 454
T —Fh A L R BB R A Y
[ S

AL #5 TDE-86 I 48U B4 JIE B 1 1) &0 A XLy A
R ARACAZ IR B G AL R T M A 3 BE 1) 3R g
BPELR K W A AR B A 2 A S AT AR
WCILREWE AR, EREEAR LR, E e
ARICAZ IS R 171 52 9K By g 5 Tt v s e A i
e Z [ Ak %52 G b RE R B XL AR 242 8%
INE, T B (AR JEE B L A T o 0 (] A R X
XU AR RO 1) 5% i HEA TR 5T o
1 I
1.1 ##

AL BUE A B AL-3040 3 E A IS (3R E (H N
0.4~0. 42) , J1 & WAL T4 FRSTAE A 7] TDE-86
WEM IR (FREME N 0. 86) , Kb AR k248 A+ R
HRRA T 594 FACH], T8 R 1k TRURHA FRA A 5
U FR T T (HTPB) , 155 o Ak T3 BRA A
HOR S JUR g (TDD) , 8 [ FFHA R s — A kiR —
T A8 (DBTDL) , H 254 Ak AR A BR A R 5 2- 24
FHe—1,3-C ZFE(EHD) , A3 BT /R 24k T4 FRA W 5
N, N-(2-# %) % i (NHPPA ) , 22014k T W5 %3t
BeAr BRITAEA A .

1.2 iXEH&E

oM S A U A U IR E A2 35 A B (SMEP)
AR 4 < MU AE BRI A 100 g AL-3040 3 A M g
150 g TDE-86 FF &M i, 7E 100 CN 784 Hi #1455
JEIMA 18 ¢ 594 [E L7 . #E P FE 1 h 5155 TDE-
86 A NG ot AL-3040 SR ARG IR A . T
15 2R A P ah F s B XA R BerE BB A, D
FHIME T2 hip://www.yhclgy.com  20234F 4513

130 °C/2 h+140 “C/3 h+170 °C/2 h+190 “C/2 h ) [& 1k
T AR T4 h k7 4k
BT 0 1 R T SO AR ) A < R R
BT M (HTPB) In A = 3K, iR FHE 2 105 °C
Je E23 K 30 min, BifiJ5 ¥4 H 2 40~50 “Co B INA
I A RERR T L8 (DBTDL) |, 4% 22 22 12 ik fin
25.2 o K &R R (TDI) , £ 52 W) 36 B AN F &
AR AR AR, B 2 70 CC A AN R T 3 h A5 ) TR
o K BT AR BRI A B TR A N B S PR AR
W BRI A IIA 9. 4 ¢ N, N-(2-F2 P 3 ) 7K
Jfie (NHPPA) F19. 4 g 2-Z 3~1,3-C [ (EHD) , $iit
FEI S5 TN FLAS TSR NP O LS R R
BT IR AR RS el RIREH A H B K
T4 5 R 70 'CF [k 16 h, R & A9 B E R 43510 1
A2 mm YR T R AR PR
AR R G W G BRI 45 < 8 45 1 B
RACAIZ IR E A R (SMEP) # B HLA% A 8 emx1 emx1
mm [ 55 RAE IS . B A5 2 AR AR EE (1.2 mm)
1) 58 B S R T8 N 1 em B 200K, 43 991085 HE A
WA K (6.5.7.0.7.5 cm) B ffi £ 8.0 em, B4
Bl 137 48 43 5 K 106. 7% . 114. 3% . 123. 1%, Bl FHZE
B TS SRR A 170 SR 20 LR A RN A SR A T L LA
A E GRS R R & A = R
TCE 24 h g E—AE
1.3 Wik 53R
1.3.1 DMA sh&RAEEE D 7
K TA A A Q800 2 A8 HAMLAH 73 A1 A I H:
BRI RS . FE R ST R 40. 0 mmx10. 0 mmx
2.0 mm. SRFHHER %, FHRE N 4 C/min, JEN
(IEA T 0.5 N, SR M 1. 0 He,
1.3.2  frfdiEgemlif
FI| F 810 Material Test System #% I8 GB1040—
1992 MK Hr AP BE L 1URE S MRS IR, Fr A 3 225 100
mm/min , B £ 4% GB/T 531—1999 Jl 5E .
1.3.3 FARICIZEREMER
1.3.3.1 SMEP R @K 12 s
B ARAICAZ A A R (80 mmx10 mmx1. 0 mm)
TN EE i T B I AL 5 AR R EE 20 “CLA L it 4y 4
MRHETE AR 40 ) I B 2 50, AT R [
B Bl SR AR OO A 2R B R Ak AR IR R (T)
20 CUA B AEPE AR RS, Ml AR 0] 52 52
R[(T)=%x 100% (1)
K R(T) MR K THTEAR 2 R .0, WiT &
B il A B 180°, 6, MY EN I 8 5 A £A .
g —



Rr(T)z%x 100% (2)

AP R(T) A I B R EE N THFTEAR B R 6, N
WILRAR I [ 52 5 B FA T, 0, 8 [T &2 S T AR F
1.3.3.2 ERIZZEEWESH BN IKIZIZ
8T

FIERICICR W E G M EAE0 CH MR
SETEAR, 1878 He— 3 , e HIR AR 4L, 1 st g iy
B o 8 B TR R RICIC R A Y E A AR
HIAE 100C, 110,120 “CF #E47 M, I 58 T % i i
B, A LR, a0 i A8 Aok e
FAE R A PR T ARIEALRLN

06} _"l‘.‘

00!0—0—--—-

40 60 80 100 120 140 160
t/C

(a) AL T

2 #R5iHe
2.1 hSHHH ST

Bl 1 I RICIZ A S Bl (SMEP) (1) DMA [ £k.
P11 Ca) 8 PR 7 WA X 107 14938 85 7T %1% SMEP 19 T,
9110 °Co MRIEE1(b), 7E 25 ~ 60 “CHREEFIH,
SMEP [ RERS EMEAT R Bl IR IE T, 0 FHEMY
AR BN, S SMEP B GERER: 2R/ N
i, BT SMEP HH BB A8 Ry =i SMEP ffif g
BRETE 110~120 CYEF N TRE . 7R MR B
N, SMEP Ayfiffigtit t 2 500 MPa Jsi/)N212 20 MPa, 14
FISERER R BN T DN BUR I, BEFTZ I AR AR 1A
FHEA RArm IR Ric i R

E’ /GPa

40 60 80 100 120
e
(b) fEREME

BT JARIEAZ I AR (SMEP) (9 DMA i 2
Fig. 1 DMA curves of shape memory epoxy polymer (SEMP)
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Fig. 2 Tensile stress—strain curve of polyurethane (PU)
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Fig.3 Two-way shape memory behavior of the prepared laminate composite
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