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4D printing of shape memory polymers and their composites :
research status and application progress

WANG Linlin, LENG Jinsong, DU Shanyi

( Center for Composite Materials and Structures, Harbin Institute of Technology, Harbin 150080, China)

Abstract; Shape memory polymer is a kind of intelligent material which can change shapes under the stimulation of
external environment. The advent of 4D printing technology promotes the development of smart materials and brings
new opportunities for further research in the fields of minimally invasive medical, intelligent robots, flexible
electronics and other high-tech industries. In this paper, the emerging and development as well as five new polymer
printing technologies of 4D printing technology are introduced firstly. Then, the research progress of shape memory
polymers and their composites are demonstrated in the perspectives of thermal, electrical, magnetic and optical
driving. Next, we summarize the preparation and properties of shape memory polymers and their composites, as
well as the potential applications of the printed structures in biomedical, aerospace, intelligent devices and
biomimetic fields. Finally, the problems of 4D printing are pointed out in four aspects of technology, material,
driving mode and application verification and the future research directions are discussed.
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Fig. 1  Skylar Tibbits exhibits the deformation of a rope-like object
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Fig.2 Classification of factors involved in 4D printing
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Tab.1 Active deformation of multi-material 4D printing structures

b WA Z sty Wi PR
PLA
i # bid R AL gh Zhang /EFDSJ
Mk PU /A HABA R BT IR TRIEAH  Song
KTkl PU = v ‘ SRS
257K PU
= LA 4] aker 2 [40]
Bk PU Vi =R IS Prék Baker %
AR T
g TUZ A28 — Yuan 241
52— B S %
e T
W 1 ik Zhao 451
S TR R * R QRN a0 %
5 (N-53 TP B )
}3’& W= L5 — Nafi Atz [43]
B (LA -2 HIE 2,6 Jsit aficy %
N- 57 L A T BT
#H/NIR DPMIRI BRI AL IR in 4[4

SMPs ELAT H = TR AR [0 & 238 TR AR 1EA2 5 AR Ui
=78 NI iw A N e N [ = W (E P ==
PEfge2E Ry 7 = — AR R 7 R T e R
H. BRSNS e O AT AT R0 SMPs 1 7224
JEARICICYERE T oL A VR BE, 25 SMPs e i 5
3, DA e 75 8. AR g A S % A AN [R], TR
SMPCs 43 A SR | B0 RESOR DG 3AE.

2.1 4D $TER#AEE SMPCs

A SMPCs |y T I SMPs A< B J2& Hi ) i
AL OB S IN— AN 23 U8 SMPs fi e 1i; 7 =28, BT
PRSI SRR AR Z2. AR 48 D RE DR TE 8
[F], ATKf SMPCs 43 A Bk e Y 2F 4R e A8 (45
FEUI A R SL L AR W R ) (AR AR e A TR B I
FEHSE. L AERG SR SMPCs HAA I FE R v E L
W SR, {2 SMPCs 19 1] #5848 T2 & — Rk AR. A
T RES A IR H ALY , Wang R e L BUX A
LR YRR S A AR B R T FT B — s AR T A
FER AT SR A I 45 . S5 MRS A 1Y A8 T 2 fh 1%
SRR e AR 2 [a] HAE ik RBO R [R5 R 1.
214 2 (R Je AR e 32 il 3R 0 KON T EF 4 e S 1)
FAF 3 2 e 3 R A 7 . R — A AR
AT ST I A2 TR0 AT LA S 15 T 4 ol >k SR
Pl 27 2 ) fff 4D F7 B 25 48 ELAT AR 5 19 22 B K
JE. BN T A IR ET 4 A1 R (R 2T 4 2 41 4 2L

A SRR R AR A A R — b KSR AT
SEURL, TR A BE A R B9 0B} Mulakkal 2677 5F %
— TR N 2T 4 2 K BRI AR N R T S Y
F KB AR Y B SR Ik
PERE RIS PERE LS. JR P L 4T 4 K IR 5 27 4 &%
UCH LT A R A G (T AR A M T A R A R
LT A A B S 55 T By 2 P BT 24 4T B g 285
Ha 28 5 T K sk £k BRI, B A% AR 4 90 50 1 1 30
RS

YYRAEOR: FURH , 7 (S AT LSS i (e i
IIREME, 7 0T L 5 i AR 1 ) B AR . Kuang 2517
TF e — o 2K, phy 8 2 T LT 4 R T TR 2 2
& PCL 2L, AT LA T HAT TR ICAZ A Ak g o
PRI 3D FTER. AP 3 (a) ~ (b) B, i S 80
Si0, 24 K 0k A iih 28 91 A 5 1) A8 T B AR R A
it UV B DIW TED, 76 91.0 s A FTENSS 4 [0 42
FIWIRATEAR  BIFST S B b B Ve AR 7 6 52 T A
VEAE LI Si0, 40 K B0k (19 B AN ER T fE kA8 3T
Ef1{ 88 (4 A PR B , TR BRI DR S8 10 1] f
Clarrisa 25 5 1) FH 290 K 00k e 452 25 T 445 I i 2
TR ) ' [ A3 . WS s B S0, 44 K 50k 7T L g
A i AR S AR BB A, A R AL )
PRI, 45— 2 AL ] A 4.0 s 385 0.7 s, Kok
PR AR, T Si0, 44K OB 5 A7 K B A



5 6 1]

TR, 25 AD FTEARICAZ IR & 9 B SR RHK B 5T SRR A BE 2 - 231 -

Bt ORL S SR W) Z B A AE AR AR T, TR, 5
Si0, 4K ORL (1) SMPCs (1 ) %7 PE e 4 o — > H i

Pneumatic Control
1\‘/ UV Lamp |
|

(off) (on)
/ Im M | I
hoto curable
e ink (heating)

e BTN Si0, G K BURLAE PR 3D 4T EPEATF
KA A TR A PLEE DGR,

aaaaaaaaa

(a) SiO, kL1 3ESMPCLEHT Ef

Os i 25s

70s 80s 91s

(b) FTENLEHITEAR [ R 1 A
B3 BHIEsEAMMEE SMPCs i) 4D $TEDH

Fig.3 4D printing of particles enhanced SMPCs
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(a) 4D printing of SiO, nanoparticles enhanced SMPCL; (b) Shape recovery performance of the printed structure
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Fig.4 4D printing of electroactive SMPCs filled with carbon materials
(a) Electrically actuated three-channel device!®; (b) Electrically actuated gn’pper“ﬂ ; (c¢) Electrically actuated liquid sensor
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59 -60]

(a) A printed butterfly flaps its wings in the magnetic field™®!; (b) Unfolding process of the printed tracheal stent!®’
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(a) Repair and driving mechanism of infrared light[m] ; (b) Cis-trans isomerization mechanism of azobenzene derivatives
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(a) Open tracheal stent' ) ; (b) Spiral vascular stent
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Fig.8 Treatment process of printed cardiac occluder

[70]

(a) Schematic diagram before and after treatment of ASD with occluder; (b) Occluder structure; (¢) Deformation process of occluder in vitro and

in vivo; (d) The occluder is covered with new tissue; (e) Changes of neonatal tissue over time
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