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Table 1 Composition ratio of bionic light-driven shape memory polymer
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Fig.1 Fabrication of biomimetic light-driven shape memory polymers using direct-write 3D

printing technology
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Fig.2 Surface photomicrographs of bionic light-driven shape memory polymers with different GO contents (mass fraction)
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Fig.5

Infrared spectra of bionic light-driven shape memory polymers with different GO contents



AT
COVER STORY iﬂ‘ﬁi?‘

Bo ATLUE M, FEEANEE T, R4
YU FH L B it BB A X R g, X
RTINS ERERE T, REY
AF L B4 it BB ASE 12 A X IR, 3 I Ak
TR ifaetis RiAE] 2000
MPa, FFR7E 100 MPa /45, 7E 52
XN RSB R A MZ T T 8%
BEARIG AR LR, A AR i SRR
MREE Y RER AL TR &
B, 54 GO 1925 FH X R 4] PLA/
PCL-SMP # It B % B & ¥ GO
T LT AR R R, X
2 PR Ry o Rk i R A o AR 8 S A
XK, H AR R 4G 5 L B, T GO
B ABELRS T PLA 4 T4 (932 50,
PR 2 S BEHE R X AE A BHY DSC
MHA 2 245 20550k, &l 8 AT LA
EiL AR GO FHIMA.B.CHI3
FhERA W HFE R FIE(EYITE 70 C
Kt  JRUEEYH GO FrEr Ak
VAR LB B AL A AR VR 7 A R
o, WEE GO & ryThE, AR
RS AL AR TR RS A FRAIC, X 5 A
#HP) DSC P 75 258 — 2
H AR a5 Ie SR AW GO 1
i, AT DR RR A W A e it
R o 31 5 S I B O R B £
FE PG F76k /N, 1 T (A4 A 4 T
RS AR . 5340, $E R GO 1)
B 23 AT A 1) B 2 A A i
B Pk, nTPLGE s GO W &
3 2k 75 PLA/PCL-SMP JE A (1) ) 2%
PERERTEARICIZYERE , T XA R
TEARIEALAT R AT g , SR AH
[F] 14 s B B o AR AR L 4T ER
FaJ A AN ] DX 3™ A AN TR B R
AT M o
2.6 F|UAZHESEXHRERK

B2 1 BERI =20

MR £LAME IR [F] GO % &
1 3D FTER A A e SR s AR g 12 R
AW, AR INE 9 FiR . Bl T
AMBOE R E BT E K & N
WES ShE M, TR IZ R S Pd
A ZE AR R TT, K A 25 (Rl BE PR IE

WAzl 52, BVRECE RGO CIE R S 1Y
DIRATS IR PR RS I X — I AR
M — XSO RIS , 9t %1 ]
SRRV IR K ATER .
JCRERS S B RS YR A oy, R G
Yo 52 2 T U SATE K AR,
T TR BN M AT B i e 7 AR
NN IVAR S GUETE S Sk 7/E S RES
AEARICAZPERES B3 3 PR, B
& GO S EA TR BARICIZ R G D)
{14 Y e RO 72 HE Sk R AT PR X
PUNBEE GO & 8R4 i, 7E FOL T
BEREYH A EZH) GO S
JERFE A R, IR T G B [
HIGIRICNC R G WA FAE I 6] P 2
WA B 22 A Y AR i RIS )~
REAHZEAN I, T AR R T,

40 -
35t

30

Fr 55 /M Pa

20

0 0.1 0.2 0.3
GO 5%
(a) Pifimifs

16

12 F

W /%

0 0.1 0.2 0.3
GO 5/ %
(b) WLt
6 R[E GO FEMERERIFITI
R R &) 1 RE
Fig.6 Mechanical properties of bionic light-

driven shape memory polymers with different
GO contents

AN SRR AT 14 s, JB/R
3D FTEM ARSI ARICIC R &
Map s G U AT A A Wi
RICIZ R A T AR 11 52 et g 3k
92.54%, Z )2 MK IREE P H = 1 Fa14
WILETAR 0 T 15K skt e PRI PN 1 g
BT B PRI IR IR 5 B )
IR Z B 22 3 K, XA Tk
AR [0 B )5 R AT AR 53T )
W T AR AR — B, BEAR B TR
1525 F X R TR AT AT 4 31 2 1)
HER 3D TEIT 2, o] LIRSS
Je BIIEARTT 2R, 276 il 1 X AT 4
TEARIEARICAZ R A, Wi FLIAREH]
FXHERICAL R A Wt T fE gk 8,
Kt a s HOB AR AT R, R H = A 25 )
PEPEMEASIE

3000 —— PLA/PCL-SMP
—— A%l
2500 B
& 2000 —CHl
5 1500
2 1000
= 500
0F
10 30 50 70 90 110 130 150
TREE/C
E7 AE GO AETREWHIRE - 8k
EEXRE

Fig.7 Temperature-storage modulus of
polymers with different GO contents

0.18
0.16F o o Al
a8
0.14f ‘.i'-ffs, e BR
. 012+ i 1%‘. o CHY
L 5 $3
0.10 AR
¥ 0.08F oW
£ .06 F
0.04 3
0.02
O-I 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100120140160 180
L/ C
E 8 AR GO ZETREWRIRE - fiFE
EFXRE

Fig.8 Temperature-loss factor relationship
of polymers at different GO contents

20234E 5566 % 55400 - HiATRIEEIA 31



s L
i‘j‘ ﬁ IQ‘ COVER STORY

I TEAR

[ITINPIZN

(a) 0.1%

8s 13s

IR

(b) 02%

0s 3s

7Ts 9s

27 H&EMA

B 523D AT ER i A b Ik 3l
ARICAZ TR A WA 2 i R sk A7
# BRI R AT, f525 T 3D 4TE)
AR AN 37 3R SR A2
RERA R}, AT LT SE 15 5 22 % 25 o) ]
JETFE5F A B RO LG AN AR (A H L3
SRR s R AT AR T 254 [) st P 4L
ANEIEAT I R IR B, A T L IR B
AR IR o S BE B BRI . 7RI
PRIT T #2425 8] 0T T 45 ¥4 77 181 0L FH
Rl Fr i, i 10 B, DAAE A4
R B TT I AEAE MBI IR IR, 1%
TEFIREE T AT R IFSS R Y R TR AL, I
T I B R AW RHEC L, 4D FT
E[ 5 A ] R TR 2544, 78 80 CF X
Al R IFEE T P15 A I AR,
K10 (a) i, BfiJE, LT 50 %
e AR R A T A, T
PSR, BEYITEZ G KRR
115G AEIRBE R YEBEM RS sk IR 2
I, A ] JRIT 258 1) 52 4 SR i A
1 30 s SERT,

32 Wi HE A - 202345 66 5541

(c) 0.3%
9 [ GO EE(RENH ) HERIEKHIFLRITIZE A WAINIREITA

Fig.9 Light-driven behaviors of bionic light-driven shape memory polymers with different GO contents (mass fraction)
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Fig.10 Optical drive deployment process of bionic deployable structure
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Fig.11 Sequential release processes of different pellets with different time
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Study on 4D Printing and Deformations of Bionic Light Response Shape

Memory Materials

LIU Chunbao"?, XU Hui"?, LIANG Yunhong’, ZHANG Lan’, LIN Zhaohua'
(1. School of Mechanical and Aerospace Engineering, Jilin University, Changchun 130022, China;

2. Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130022, China)

[ABSTRACT]

For the advanced scientific research in extreme environments such as deep space, deep sea, deep earth

and polar, the material-structure-functional integrated additive manufacturing for fabricating intelligent components, that
is, 4D printing technology was used. The multilayer grid structure of wood was treated as bionic model. The polylactic
acid, polycaprolactone, and graphene oxide were treated as the matrix, adding phase and light conversion agents. The
bionic smart material with light-responsive shape memory properties was prepared via 3D printing technology of direct
writing. The response mode, deformation process, mechanical strength, and deformation temperature of the smart material
were researched. The results show that the bionic smart material can return to its original shape in response to light or
temperature. The temperature of deformation is lowered to around 55 °C. Under the near-infrared light response, shape
fixed rate is as high as 96%, shape recovery rate is 93%, and the fastest shape recovery time is 9 s. Finally, the application
to the bionic deployable structure and the optical response cladding release device were demonstrated, which can achieve
light-driven deployment on demand and controlled sequential release functions. It provided an effective bionic new thought
and method for solving the problems of accurate selection, remote control, and rapid response in aerospace deformable
structures.

Keywords: 4D printing; Shape memory polymer; Polylactic acid; Polycaprolactone; Graphene oxide; Light-driven
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