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Fig. 1 Phtothermal effect of composites with different carboxylated
MWCNT contents

Fig.2(a) && K 22 BL 10 A [A) & 43 B0 2t 1k
MWCNT & &M R R R e . 4l PCL 0 hz {58 5
0T 24K 2255 1) 4 12.27 MPa F11954.81% , [ 5 ¥4

181 —— Tensile stren
(a) -0 ;longlati:m atgi)hreak 11100 (b)

SETI S =
S s w 41000 =
= L
5 l4r s, {900 =
21 §
o \ 1% uogo
510} {700 &
& X =

8T 4600

0 1 3 5
Carboxylated MWCNT mass fraction/%

KA MWCNT WD , 56 W4 Rk e 558 255 70 i 284
KR EIL T e G EES, MR 5 MWCNT
J B 53 BN 1% I A e KR A i B AN W 22K 2,
il 15.37 MPa 1 1046.54% , 73 MR & 1 25.26% 1
9.6%. FRIELM MWCNT 55 PCL 44 2 [8] ) S 10 AH H.
YEFXT 772 1 R B K RE MR, Fig.2(b) & R Rk
MWOCNT Jii & 5 BN 1% & A Ak} 1413 &
Bil. MBI MWONT R =D BN 1%, GETS L
N ST S HUPE PCL B AA b, B 2 10 (19 TR B AN K
FEAN 1A R R IEAL MWCNT A2 3] 1 5 743 BAF
F NS 52 G AR B A 1 B A — 8 R 2 (8 v
HBE & R FEL MWCNT 5\ & (38 0, B 2 [R] B
255 LB AE , 7 PCL 44 o 1) 23 SO ME AR 25 1k 2
AR Z, XA 5 A PR hr (P Be
TR BRI, BLUFS2ER R I MWONT (15 & 43 34
¥ 1%,
2.2 DCPRMEXE &M RIMEEERR I

DCP 1E Ry 51 & 7 43 ¥ 5 16 MWCNT/PCL &
B MR R % BE AT A0 528 B AT 45 31 A8 B AR 45 44
Fig.3 &4 [ DCP % & 5] & (1) 2 Bk 5 A A RE R B i
TR, SEMEREBER & 2R S DCP & &2 11 N
ahn, ARG T R4 58 , 24 DCP R &0 H0N 2%, A
KB B 84.85% . 24 DCP Jii & 7) HUK T 2%,
DCP & SEAHRAR , H 51 KK+ B B35, &2
BRI AL B A 1 5 0 386 22 T 3 0K, DRI AR 5 &=
2 RS S R ES S T 2%, id 2 R
4y F H R AR BT T ATIRES , R A R
B S R TRE , A EA RKEL.

300 nm
L)

Fig. 2 (a) Tensile properties of composites with different carboxylated MWCNT contents; (b) SEM image of the

composite with 1% carboxylated MWCNT
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Fig. 3 Gel content of composites with different DCP mass fractions
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Fig. 4 Tensile properties of composites with different DCP mass
fractions

TAIC J5i & 7> N 2.5% 5, DCP & &8 % 2 K 4k
MWCNT/PCL & 4 #4 L 57 A 14 58 11 52 1 4 Fig.4 fy
TR AMENRAH S BRI DCP 7 & 134 I 2
PS8 K G IR/ $A . 24 DCP i &= 4 B0 1.5%
I A B KB A8 58 B, O 27.95 MPa, A EL 8T A8 T
DCP I}, $i7 {81 58 FE 32 15 1 81.85% 5 W7 4 i K 2 fk

(a) (b)

EHREAE S . £ DCP & &8 /AN T, DCP
TR B R R AR AT HRIE BT — 58 R R = 4 AR
GER, Ry T BE IA) B4 FH 77 39 0K A6 75 e e 5 2 AR Bl
PR R R (H2, % DCP & & 1A Wi
%2 MR SR A AR AR K, T B = 4 IR &5 44
W% A3 K0 T8k 2 AR E 2 R BE 148K, 1K
I R MR A 5 FE AT R K SR AE DCP & iR %
A BT
23 #RENMMWCNT/PCL £ &R IRICIZH
HE

Fig.5 /& DCP.TAIC MR HE A MWCNT Joi & 43 %4
3N 1.5% 5 2.5%F0 1%, S8 B G A BHFE 2601 46
TEAR AR T Ji BRI B T2 R R0 A8 ST 41 06 R 56 f TR
REEEFE. MBI LUE R EIT 2040 6 )
HRURE R S A S TR IR 5] 52 3 4146 T2 4R B 75 R s T4
wAE|25 s, HFIE FEMKESVIGKE LTz
A X LR B AR B I R s SR
M SR TR [ A 56 sy () Ao

Fig.6 /& TAIC AR F 4k MWCNT 1) i & 2 545
AN 2.5% Fl 1% B, AN [A] DCP % & [ & 2 1k
MWCNT/PCL A Bk A4 BE IR G2 M RE . Hh B %,
R.BEF DCP & & 13 i 56 386 ho J5 B 30/ , 1% 2
-1 DCP & 5340, A4k} (1 858 e 5 5 0 T 3 =, 4
BFR AT e AR 5 46 18 22, J5 350 14 A8 K, >4 38 3] o J9E
L JERE, WFE Y R T =1, 75 DCP & 43 20N 1.5% M
i KR, 5 KR HN98.53%. BEi# DCP & & )1

Fig. 5 Shape memory process of splines
(a): initial shape; (b): temporary shape; (c): 3 s; (d): 6 s; (e): 10 s; (): 15s; (g): 23 s; (h): length at 23 s
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Fig. 6 Shape memory properties of composites with different DCP
contents
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Preparation and Properties of Photothermal Bi-Response
Shape Memory Polycaprolactone

Yongbo Zhang, Dashan Tong, Yan Wang
(Material science and Engineering School, Wuhan Institute of Technology, Wuhan 430073, China)

ABSTRACT : Shape memory polymers (SMPs) have broad prospects in many fields such as medical devices and
aerospace and so on due to their large shape variable, excellent shape recovery performance, and rich stimulation
methods. In this paper, the carboxylated multiwall carbon nanotubes (MWCNT) were used as photothermal
conversion filler on the basis of thermally initiated polycaprolactone (PCL) crosslinking with diisopropylbenzene
peroxide (DCP). The carboxylated MWCNT/PCL photothermal response shape memory materials were prepared
by melt blending method. The photothermal conversion properties, shape memory properties and mechanical
properties of the composites were studied. The results show that the addition of carboxylated MWCNT makes the
material have the characteristics of light response and improves the mechanical properties. When the mass fraction
of DCP and the carboxylated MWCNT is 1.5% and 1% respectively, the shape fixation rate and shape recovery
rate of the material are the best, which are 99.37% and 98.53%, respectively. The material can restore its original
shape within 30 s under near-infrared light irradiation, showing excellent shape memory performance. Compared
with the uncrosslinked composite, the tensile strength is increased by 81.85% from 15.37 MPa to 27.85 MPa,
while the elongation at break is decreased by 6.12% from 1046.5% to 982.48%.

Keywords: shape memory polymers; polycaprolactone; carboxylated multiwall carbon nanotube; photothermal

response



