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Research Status and Progress of

Soft Materials: A Review
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Abstract: Soft materials, whose Young’s modulus typically scatters between 10* and 10° Pa, have the basic characteristic
that they may strongly respond to weak stimuli. The range of soft materials is so wide: not only those traditional soft materials
such as rubber and liquid crystal which have been highly industrialized, but smart soft materials represented by smart gel,
EAP (electroactive polymers) and SMP ( shape memory polymers) , etc. The special stimuli-response properties make the
latter ones have broad application prospects in many significant fields, e. g. , soft robotics, soft electronics, biomedical engi-
neering, and aerospace. Focusing on the frontiers of engineering technology, this paper firstly gives brief introductions about
the material properties and preparation processes of the two kinds of traditional soft materials, i.e. , biodegradable polyure-
thanes and hydrogels, with emphasis on their applications in biomedicines such as targeted drug release and tissue engineer-
ing. Then, the EAPs, represented by ionic polymer-metal composites (IPMC) and dielectric elastomers (DE) , as well as
SMPs, are highlighted by the presentation and analysis for their basic characteristics and state-of-the-art applications. Final-
ly, the problems faced in engineering applications of soft materials are analyzed, and the trend of 4D printing technology
combining soft materials with additive manufacturing is prospected.
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Z7E10° Pa LI b, TR, B T LGk SUBE (PDMS) |
R RA U E IR I K R . MINAZRAE, H

FERHI R R — B B IR R AR AR e [RBEEERZEAE 10°~10° Pa Z[H], fE TRERSE T, “#
B 1R, &8, MR TR g R R R B AR AR, AREI N E L HIE R L 10° Pa
S, R A G LA B B R

Tl

1 B

RS AR 2018-04-02 AR B — e R Fak S A 40, SRt g 2
WA : {HKARHFLERIIH (51375367) PR AR B P RERAE D AT AR AN B IME
%—'ﬂf% ﬁh%?, %, 199445":/4:‘3, ﬁﬁjﬁﬁ'ﬁiﬁi 9 i (,—\—, M 25 I=2 7 . R [4]
EREE . TAGR, B 1975 k. MUEGE, 11k S, FRIAFERFORNBR, MBBWS ZRAN "
Email: yqwang@ xjtu. edu. en ENIPS TN EEA R LNy SRk Ay FiR i

DOI; 10.7502/j. issn. 1674-3962. 2018. 10. 05 WAy, BERAED D AR, MEE AN S RW



gl > o N
784 rf AR $37 4%
S
) S
> s $ g
Y
& § $ & &
S & S 2 o o &
N ¥ & o 5 ¥ & & >
& 5 § & & & e $ s @ §
§ s & SFe ¢ s & SIE & S &5 2@ &
§ . ) .
L& 2 T & N; 5 & S & & S FPF o & &
T r— T T T . e
| [N O W I | L T I 17
10¢ 10° 10° 10° 10° 101 10" 107

Young’s modulus(Pa)
BT R FAR T A3 A o e

Fig. 1 Distribution of material Young’s modulus!’

FREE R RARI ST & ORIt A, — L3 fiE
RUBRARE R A E P T AR B AT S, TR &%
N BARR T AEBR AR | RS S U R B
FERPERE DR AR R R 17 e A HL A A4
S, TR ISR TT 2 JE LA B BE Jik 2 2 A TR i
PATar i EEhdr, UG o de THAPLAS B Y 4 4 P A3
BEAeA e, B2 S TR IR R S KR

—— Rubber |
| Artificial rubber
PU, PCL.etal

Soft - —’ Traditional hydrogel |
Material | [ hydrogel ||

% Intelligent hydrogel I

Electronic EAP
Electroactive polymer (EAP) ‘
Tonic EAP |

. Thermal/Electrical’
_| Shape memory polymer (SMP) }_ Magnetic response type

B2 kbR 2

Fig. 2 Classification of soft materials

SETARIB AR o0 SRR SR | 00 S5 A RHE T2
HR R LR AR 2 0, A SOHS T B R TR b
BHE TR AT U BT, JE0 R . KBEI,
AL IR TERSY) . JERICIC R G Y5 B Re AR AR Y
SEACRHE A AR B LA 7 KB

2 fRGERIEM

2.1 REEMH

RAFLHTREE (polyurethane, PU) RiFRE A B, M
SR R SR A R AN SRk R SRR PR R R AT
W BB HRS 1) Z ik B A, B — o MR B
sit ELIE IV B A9 57 7 1S N M e — S TR W, B Sy
SERMEANE . AR . A AN LR L T 45 ) e
R R,

SR A B i LA ot B A SRR e T, R
PR PR AN L AR R AR | iR 2 50 A
KRR, TEARZATI TSR] T Z N, R ae i
FBEERE OO IREDEL WRRE . KA ZRARUR v 1A A5

WRAETE, FEME L, R A TR REK,
Fa [ A S S AR, BV S B T AR T s
hiiE | R E N AR

AR, Bl AR B R0 AT 3 58 5 {5 [n)
) H 25 TR, ] R AR R 2R B — TR T 1),
A BUEUR ATSE A VERY . R IRAR S S W o A%
Miao &5% ¥ LABRAE AL (14 B H i 1 A LR A JRORE, SR FH3A
AP TG R AR Z 0, il 45 i R & lg B A
RAFEIPLBRIERE . A= WA 25 RN BR B . Hojabri 451
VIS R Sk, 5 2] 19 ol 45 A 17%) R T v 22k S 419 i -
FESLH 2 M S T RAFEA RO B4, Yang %R H
ALY EORTEM B 25K e R BRI X AL M: B S i
IKPEREHEAT T RIESY, G5 REW], FORTER vl il R 2R 1Y
EMFIE A KA B EA L, o HAUE M g8 = A B B
MR, AN, Biswas 51 | Duarah 25T T REA SR
FAMEMERER T 2073, et R MM B = IR T A
S )2 PR (PR 17 MPa, Wi2LK 2R 1450%,
BTE 163 MI/m®)

ZH TR 2] I Ao SR A R A E N AT, AT
TREIME & Ll Langer F Vacanti 48111, JHEEA B
ST DAL IRIU D 5 20 i AR AR AP b AT B 5%, B 15 00 4
AL TT R A ) SR AR b, SR A 2 R A S AT AR
PERA LR AL, B BIE AE FEf i T a] R R
FERA LA R RE A, R 0 i 2 2 AR SR A R
O RArmAdwmatE; @ niREImtEse; @ Rir
IR R B T I R %, ELIRFR = EH; @ R
TR R EIN T, Sandeep A1) T A fie B T R A 110
AR IR ST A0, 21 KJE R ) 2R 5 8
LW AN R R E, R T Al REA 501
N AN, Hsu 7Y IR O MR (PCL) . BRI
(PLA) %5y JrURk ] £ 14 7 [ fige 58 G SR AE B . P
W2 R GG S EIAG RN . Hao %5 R L-#61 2 iR
CBE 5B ER (LDI) | 1, 3-IN [ (PDO) | L 2R |
PCL, R EE(PEG) &AL T B2 WM R A WE, %M
ALEAT R A A JR R T 2R R, g R I AR 1 R R RI
INBRRGEN, PEREAREIGEE, BRPR N W, FERA



510

PNET A BRI TS BLAR K i e 785

GUB S oA R R RS

Wagner L2 2 2 Ry FH AT 8 A 3R 206 S0 28 F J8 T 1
B TR ERN A A AT ST, ST Fe I S R AT ik
ZARNL A SR, BSEYHL MR, M
W AC i i b A A S B R M S e IR

5 PR A TRT I ) — DR X R 2 40 e Wi 458 4 14 2 D
MRIKHLUREE, Wang 55 HFLIRHK 83% ~87% ., V-
BIALAE 20~23 pwm 19 5 G SR L 52 B0 T K B2 4
LAV BY A 200 2 i o 20 i A % il 5 26 i 21 20
e A RAF, 8 AR SO 4Rk % T R s e FL R B
ZARM B SRR A
2.2 KRB

IRV I 30 1o A 2 5 T i ) A8 BB I Bl AT — 4
WL ZER I o o0 A RE, LA T4 b P oA o B SR K i
M, FEK e BB IR R, KU AT g LASEE A K
H K SRR SRR A TE T8 2 F 4 i 2k 2
Wsh, EACRH K YERE RAE, BIEEIN R A S K

TREERE A R AF 0 AR W AR S A A B ik, PRI
FEA MR 2G40 A 2 AR, S AR — R T AR AR
Yimi oy FRORE, RSV TR . AN KRR B E [ AL A
25005 1) B S TS T AT RN
2.2.1 A e P e R

R AEFE e v B SE BT P B, X Rt LB YR
JrEAEEE X, T 25918 f i K e b HL 4 i 2
Y R CR A R AE T8 G 0 B R g2 S 2 W B e A1,
WAk, IKEEREEAT TS A B 3L, TS5 AT AR
PRSPl 2 AR 45 A ok AR R R 2 W R . Ay
1AY== 2 ) s 8 A ol /I O i LA R A 2 i AU L, A
WA B 25 AR, T AT s T 1 245 ) 1 7 i
W, 25BN S22 Ak 2E s FRAL R 4507 L 4
K3 s, YUKEEIEAZ SIS R, W pH B
HRREER;, S5 AS 2kt AR 25 R,

lon deplacement Energy Diffusion

pH variation Degradation

Pl 3 KBRS Y AR = 2T

Fig. 3 Different ways for hydrogels to release drugs ")

Wang %55 2 il & 7 & 45 A8 8 45 5 00 K 2 S0
(PHT) BYAUKEEIS , IZHUmUIN 24 AT 7000 15 1 A i R
JHC, Ullah 285 il 4 7 85 2 b USRS e, b A vl
40 e B T 5 W T T 1% 4 A I LA B A G ) W T TR
FEAE TR AT A A B, NTRTREAR T pH {E )T 5 BOK B
JE G A -5 KRN 285 ) R, 3k o R TR o i JBR B R A
TERT AT B B A BB R, X T 5 B iR YT
HEBEEZ L, Wang SIS YN KR 5 (CDs ) [ E LR
HIFIHEEDIC KB R R, & BRI A BRI /K BE K W]
Wit A 55 ) 2 A i R T AR Ak % 2B Rt % R R Rl i,
PR S PEKIA CDs 28655, LIMAEMRG S 50E
SRR, KB TR AR B B Y
2.2.2 HARIEPHER

TREERE (1) =2k W 48 25 ¥ (i FLWROK 5 A8 15 24, B
S IURG B SRR RS R, K
EEE K AT A T P AR e B L RS 3
e, BABMREE, 58 KEKS ARSI,
5T RN R 11 0T ARG BRF AR, TR K R B AR A 4 T AR
e AR RN 2 I

Selvam %% DLEL SRR ER | ABERIAIR 2, — LR IE
B pXMP KA R SRk, LATR H iR Sk 22 156 551 ol 4 114 7K
Eels, BADRS I Stk re MR i v s e, e B o
PR BT L B SRR T N, SRy £ BT ) R B R 4 RS B A
KA LR,

LU TR T FH ) 3 20 a7 B4 X SE PR Ol
EATIAR AN RS 14 5 il 7K B8 Mg 1) A 5 i 78 )y =X 2 28 1k
RBh . EROLRE, LU H LSS SR
Be, M ZHER A 3D F7 BN 5 ARG i 42 1 7 T 2R 2
B AL, Tetsu %7 IRFLI AR 2 N JER, R
SRS RAE A S & T — T W mE ks 2L mAE 2 FLK
e SR, XS A AL B ) 2R PR RE AN FL IR B,
MM AT AR SRR B Ak, Arcaute 25 ISR 2,
XL R R S5, R B OGR4 (SLS) H AR
% T BAZ WIS R K BER M 2 8 SR, R
BT/ kS, BRI EIRIEIES, TR TAEDRNE
F, SEEBESRAED TR 5 K BEE S 4 B
YA B AL, BRIIATERH T AREE, aniEl 4 iR,
ZE BT Re f A R 5 10w AN R B AR = AR AL
lasE R, IR E A KSR S A0 M AH B4R R4,
H BRI o 400 B 55 B AN E A . Cvetk-
ovie 2503 13 WL S A4 R s L ik 3 AR A Ko R 4 15
TEXF 3D FTEKBER A I HLas N & VAT T 208, I3
b S AT A Y (SLA ) $2 AR XK EE e A= AL A% N 25
FBTT R R A TR



786 b 031 %
Polymer \ / Cation El Water —_ Ciiica IE
o o %ﬁ (k e >0 %
*o, % k
Q\*ou 8 Z g* *: Qoog‘,o ]
4
°

4 3D FTEIRERREA T 5
Fig. 4 3D printed hydrogel artificial ear!®]

B EIRIEHIAN T2 2 HOn 7K B 1 B i A g o
PERE SR IR 4, Kang 5507 SRR | Ot
SCIRIR & B KRR TR ( PEG-DA ) I e il 48 /K BEASE
FEPPAG T HATEN T 228000 RS BE A9 5200, 74 22 58 3 K
2R 0 6 A R R 5t 25 4 A 2 1 3R
L TEKBER A, FFRE T G AL BRI 55 K BRI S
R 2 RA E P B 5 7 vk

3 EREREM

3.1 BEUEEREY

IR &Y (electrically active polymers, EAP) 7£
SR T, Al A g | Rk, WO 0 il A
ZRIE T2 R AR AR LB AT 43y A
P FRIP RIS, T3 EAP MOBHE ELIR LA/ T 7l
FEEESNS, HRERER SN AL (>100 V/pum) ;
BT EAP PRI ITEBARALE T (1~2 V) RIS
Mk, (PRS2 AR — @ R B, T EL7E
W T ARMECR IR RS E TS SRS
311 BTREM-2EILSMA

BFREY-4)EE EHH (ionic polymer-metal com-
posites, IPMC) & FH BH 25 738 e B A 4 i i 2 fb 22 95 55
i L R RE AR, FEAMINEL T £ A R T
ASFIR S T IPMC IASTEHLER, K& BB FEE
PPN, ERIGERT, IPMC N EIBHE F a4
K FIRWKE B, JEm BRI migsh, Xfhzg)
PEIE AR 86 B, 3 % IPMC i A2 B, WKl 5
PR, FE TP AR BB AR T, 28R
ARTEBANCRMT, PHES 7 BB R B =2 [ i) i, g i i
T IIBCRBAR XA IPMC, SELCT IPMC 1] BEAR 25 i 2%
. REBAFFEE M A bR 28 T8 2 LA 96 Rz
e (IENTELE N

I
/T"-\
5 IPMC EBIHLEE. (a) FIERAIRE T /9 IPMC, (b) NS

iy IPMC#2)
Fig.5 Actuation mechanism of IPMC: (a)IPMC in initial state, (b)

N Water » Platinum

IPMC after voltage application ]

R T I 7 A R G TPMIC 7 4% 25 357 750 235 4 A
53] T 72 M, Moghadam A T —Fh AT
WARPLAR N, PR A AN IR IPMC 3l 4 56
PEUU, A WIRGE s, 3 A A B T R VR AT 55,
AR T A RV E AR A Medaid 451K TPMC i
T A8, &7 i IPMC 148 &2 A Ak
FOTRRS BE 1 PR R R MR IR VA e, AR AT 2% AT LS
PRI AR AT A2 3 Chien 257 3 585 725 L B R 19 3% 1k
5 Nafion 546, FF & th— Rl K R AL S AR T & 11
A Chattaraj 557 RE IPMC A& J82% FH T Ay A2 0 i
SR, FFET M T, wE R A
Tl b ok s sk i A MR, He %) 7E IPMC h
BAE MBI USG50 A3 LA P RE, ALK
BlRE A REIRE , AR5 BE B2 RE L ARG R PR A o L O 2
HUTEVERS G, AEBS 2G| RS Jy T ELAT A (e

PEHIRBALRF T T WK Au BURT Pd B TPMC (AL
PRI 2R R TR R, 2 I K Y 22 S Bk
T IPMC P00 5 ThT A (T2 . TER K R v, T A8
FEAEBR S I B K, SR Bl 7K (1 B 40 2k i
W, FHH BT ERERZ A EEEAIL, Au-IPMC #5405
BEre A AR I e PA-TIPMC K™ 4%t Nafion-IPMC #ff
RTBEE, FHEN S, BYE S K570 52T 1Y
S, I, O BHES T AR 2 8] AR AR T 28 2%
FHESFIER%, WARKIRY G @ RN K KBUE T
IKBHEBE S AR TIPMC ZEIEAT N s @ K AR AR FH XS FH S F
443 A1 R FR AT B s
3.1.2 e Ak

A H FPE (AR (dielectric elastomers, DE) J&:—F HLEI )
FEUVSIEE RERRE, 75 DE WS % 26 170 7 35 2 1k i
It e sy, P AR L A S P e e A 5 T A
R b [l e o A R, 3% 1 Tl DE B9 R 5
PRBIPGH AR Ak, e B2 0T S B el B B ARG B A A I
B2 i 6 i, DE MRHA BAREREFE R, &
SR . o SPUMAERE EMA . R Mk,
e ST (RIS FOE i = o W WA (191 ok 2 K-



510

PNET A BRI TS BLAR K i e 787

MRERCER RN, HAEIREN S . KA. R RS
55 THINE AT

Flexible electrode

Mechanical energy —» Electric energy (Electric generator)

6 DE 3} 58
Fig. 6 DE actuation principle

VEZ AN BRI T—F 30 DE 280F45 0, %
HEAT T — RFNMER S0 I DS T AR | R fif
PR R Pl R X 2 T R ACEE 2 1 LR R S R, b
HMAWFGE T DE 7Rt O AR v LA [R5 e hir - [ 53 g
PRI TEA S e s [ AR A FEREAT R, 25T Kelvin-
Voigt B =SB AR, BB H &, X
PR AR R A NE s S AL R T IR W FERE
FEPESEAT TR W AT 25 LARAE A 4141
FIFREE R A R M R RO HE S ST T iR
DE JEZMZh- A AR B TS B U AR, R 42 4
Ry s S8 VI 547 37 P A 5D M PR )

Rosset 24 DE A1 R A6 EMIEE A, BF58 HH—Fh
AR A, I R TR M A B T — OB
BT AE T A8 T Ho 2578 R DE 5 B4 v i
TEERE I MR R AR RE S, Wi T —Fh DE W%, fliH
PR AR FE P v R R s B Bk, Bosh e ) A
WIRAGEEE ; Carpi 45 BFSE T DE FHRE B 745 55K
BRI, BTt T ] TR 2 A I AT
FEEAE | R 7 Fi7R ; Huang 2506 DE 2885,
G IR RS, RE 5T 4505 1A 38 B
AT TR E 25 . 12535 3 32 040 b7 L) K2 i #0030
TR,

Pei 21V FI ] DE £ BRI A e SO AR,
A 4 ] L A5 8 e BE TR AR Y DE BSE, i e T AR
TRE, BRI RE T — R A K S, JELL
WA FERRIAE T 3 3R Sk 13,6 em/s (B KB =
32 ) /NS JEHLEE A MERbot, UM 8 fif 7R, Choi
ALV T —Fh AR B DE LUK s w0 0 TR s

SNHORHLER N, XK A8 BR B AS 1 XU H ks s A, i
HoA5 07 LE 9K A5 ) B ZURR A RIPERE AT 4

Pl 7 R T S o B A 2 7

Fig. 7 Rehabilitation device with adjustable stiffness>!!

P8 ¥ DE 9K5h &% 15 MERbot 75 EALER A
Fig. 8 2-DOF DE actuator and MERbot (a six-leged robot) (%]

3.1.3  H e B E R

Kx 7 IPMC 5 DE, EAP H #2140 A B 44 K 4
MRL, Kb b BHE ARERE . AR B A5 2 A A
FAMBLEE, LN T 55 T BRI R AR BRI
Tl A 74

Xu ZE I T —Fh AT S A T S A, o
W46 FIFIREh AOC A, HA AR &0 15 100%
AR BT (AR B AE 75 Liu 2500 5 7 88045 T /K B8 e
RA, WIERIBAE 1009% AR R H il 4 1 —Fh i f%
AR, AT TR I i AR TR AR, ELA R Y R
JERITTSERE s Dagdeviren 25 il /E T —Fh n] A5 I (14 £ 4k
PRI 7% , 12 0% I g 3 o s e T T AL H R 2 A
R RELERG AT I B, W LB MR B R R 1wT, Al ik
FU G R R 2R 18 e 7, 3 A A 3R i A v ot e A Ak RS T Ak
Bk IE N
3.2 ERiZIZEED

TERIEAZ R & Y L (shape memory polymer, SMP)
S B IO R 1 ) 3B e i AR AR AR A R
O, WY, #, B RS T, AE A SRR



788 AR

537 &

SGRESHR AN,

TEARICAZ IR & WIARYE TR FE BRI AR, 1 23y B4
[ANE AL AN N AN A VAN L 4 N VAR I B el o
Fn L SMP DRLEAT SR E 2T 5 ] [l S0 A 4 KA
M [ 328 P PR A D0 T A5 B 5l 2 AR A BT 5, A
J 7 SMP AT EAEPIARSSH , /I i A2 GG AR B0 1 % A
Rt 2 7 A R T 3 [ A R 01 ) T S AR 2L A, A

Appling Force

IS SMP ) — A A TEAR BR (1 9) b LUF 245 R 4 B
@ H SMP HlSUsHRIEAR ; @ b 2= PG AR IR (B AL
FARIELE T BSOS R EE T, ) Z EIFE A Ah il AR
@ TELAFHIN R AR EIHE R J BRI LIS, BR
FARURAHVEIIAR ;. @ PRI AR 2 R L A
FEVLL, SMP A3k E B ILEIHIZAR

Energy stored Outputing Force
Heating _,I l‘_ Cooling I lHeaﬂng) <_| I >

Original shape
T< T!rans

T2 Tirans

Pre-deformed shape T=T.ns
T< Ttrlns

Recovered shape
(= Original shape)

F19  SMP iy — BV IRFR
Fig.9 A thermal deformation cycle of the SMP %]

AL TFIHARI R ICAZ A L, B RidC & 4, B AR
AR, SMP IR M2 R K, MRHSAIL, 3351k
FEASREE T S F 4, I TrRele S, HIbtEA BT |
WAL 4 A, GBI R th E R
SR ER -

B2 H NANE G FIHLF AT SMP (4 1 BR oE 4T T 055
Zarek %17V i3t SLA HARATEN T 4D K X% (K 10),
AL G S8, e s VT il < BUR LR, ek
BRI S BT L (0 XU . Weems 25V Fe 40K Hi 1
SEL(GA) ZEAWIMA R A Y E 42 rh (R SMP fEh Fe
o Gd A B M) BT T —Fh 7R R A I i 7 v
SRAZREAEIRFN X SR AR 7, 35 AR T A S50
AEMHEERPEEENOFE, IFHETREUHAYT
BERE R WA, Fang %5 il /E 3 — U w7 5 SMP
(B 11), SMP WUSHERETE R, 8 L3R i i 4 60 7 5%
B USRI 5K 7 (7 390 FE T i )32 AL 1 SMP 55 06 i
HgsG, wERCT RMIRMIE SR, 256 gmkeas, vl
FH A i s Ay Dbt

E N BEGE EAE T T SMP (ks fekct:, v
S ARFZEE O WISE T SMP fEH S TR, IEA
WA OISR R A B 3R C N R VR A 0k, T T 2 F
HA BRI BE I S K 254, FF AT T a5 M 7 40
s O a1 087 R N N D = s T RS 5 SR = B
2 RFH ARG 46 T 4 Fh 208 X 25 — iR 28 ok
R R o TIROR o o0 0 7 ke, MR A B & IE
AR, W IR Tk K22 FB A DL LR hy JR b
b, IR A 7 S I SRR | 5 2 R A R
& T SMP, FF LASEIR B A 4D FTED Y 75 2 Ty il
7/ T8,

b4

A\
AT

Bro

4

A

2y

N

Superior view
EI Trachea—> EI
- Pad >
/AN

Lateral view

|57

B0 4D FTEIRE AL, (a) VESCUEM R TR, (b) ¢
CAD #L, (c) SLA FTEIRAS R, (d) AR A B

b2 18

Ok

L]

E

Iy

Fig. 10 4D printed tracheal stent: (a) tracheobronchial tree, (b)
CAD model of the structure, (¢) SLA printed tracheal model,

(d) permanently formed tracheal stent ®"]

AR BARL A 1) 52 bR v T 2 80 S /i TR R &
JEM—ANTEEGAS, B A R TR AR SRR P4
N AR | S TR A e L IR R N SR
G ARRH AR R (4 FEZET510], B A AH 5C Al
AORHS TARE T LR BT, Bk Bk, HATER bR
(7 AR T3 5 54T 22 07 T B W5 AN E, A A S A
IS AR R R BE BACHIE P, 3 e A A 6 A1 52 s i
RV 98 ] S P ARG S P 5 o SRR ik T 7 A1 SE FH AT 2 4
BN, RPIRAFCA PR 2 5L 52 bR R H AR R ;
TNRHARHIT R T BE , K bR AT B 2 Tll b T
IEH RS



%5 10 1) N TG B BRI 5T BUIR K itk 789
Permanent shape Temporary shape Recovered shape
(Ta] °ci_ b °cu_ c "ci_\
g T Tt =T
w
®
5
k-1
Pressure, cooling Heat
[b] v 23°0D e 23°CD f 23°Cﬂ
x ”
3 s
- '.
o
=
(7]
g
z
Water drying Ethanol drying
or
o contact pressure 4
P11 {5 30 5 SMP FE 7R R SMP # i o)
Fig. 11 Comparison of traditional thermal response SMP and pressure response SMP[®!

Besh, DIOKEER , GRS Y . IWRICICREY
SR BRI B S I RS RS S, R
R RE AT A v — AN EE AT ST T ], R RE A
A PR SE BB B 4E, i 3D FTED 4 A
RETESN R ERBE IR T 2 I BB ARSI, BRI 4D 4T
B S P, R A BT S A A e AR g NSRS/ 1
SRR AL RN S 5 K 25 T, 4 sl A AR 4 7 i 1)
REALTT R A

SEHEE References

[1] Rus D, Tolley M T. Nature[J], 2015, 521(7553) : 467-475.

(2] Majidi C. Sofi Roboties[J], 2014, 1(1): 5-11.

[3] De Gennes P G. Science[ J], 1992, 256(5056) : 495-497.

[4] De Gennes P G. Physics Today[1], 1997, 1(4) ; 69.

[5] Hamley lanw. Introduction to Soft Matter (3X ¥ it F i) [ M ].
Translated by Wang Wei (£ 4E%¥). Beijing: Higher Education
Press. 2010.

[6] Elango N, Faudzi A A M. International Journal of Advanced Manufac-
turing Technology[ 1], 2015, 80(5-8) ; 1027-1037.

[7] LiB, Cao Y, Feng X, et al. Sofi Matter[J], 2012, 8(21); 5728—
5745.

[8] MiaoS, Sun L, Wang P, et al. European Journal of Lipid Science &
Technology[J], 2012, 114(10) ; 1165-1174

[9] Chaudhari A B, Anand A, Rajput S D, et al. Progress in Organic
Coatings[J], 2013, 76(12) ; 1779-1785.

[10] Hojabri L, Kong X, Narine S S. Biomacromolecules[]], 2009, 10
(4): 884,

[11] Yang D, Zhang H, Rong X, et al. Plastics, Rubber and Composites

(1], 2012, 41(10) ; 425-429.

[12] Biswas A, Kim S, He Z, et al. International Journal of Polymer A-
nalysis & Characterization[J], 2015, 20(1) : 1-9.

Duarah R, Singh Y P, Mandal B B, et al. New Journal of Chemistry
[J], 2016, 40(6) ; 5152-5163.

Langer R, Vacanti J P. Science[J], 2000, 260(5110): 920-926.
Nerem R M, Sambanis A. Biorheology[J], 1995, 32(2-3): 3-13.
Nalluri S M, Krishnan G R, Cheah C, et al. Materials Science & En-
gineering C [1], 2015, 54 182-195.

[13]

[14]
[15]
[16]

[17] Hung K C, Tseng C S, Hsu S H. Advanced Healthcare Materials[ )] ,
2015, 3(10) ; 1578-1587.

[18] Hung K C, Tseng C S, Dai L G, et al. Biomaterials[J], 2016, 83:
156-168.

[19] Hsich F Y, Lin H H, Hsu S H. Biomaterials| J], 2015, 71; 48-57.

[20] Hao H, Shao J, Deng Y, et al. Biomaterials Science[]], 2016, 4
(11): 1682.

[21] YuJ, Takanari K, Hong Y, et al. Biomaterials|J], 2013, 34(11):
2701-2709.

[22] D'Amore A, Yoshizumi T, Luketich S K, et al. Biomaterials[ 1],
2016, 107, 1-14.

[23] Wang Y, Fang F, Wu Y K, et al. RSC Advances[J], 2016, 6(5):
3840—3849.

[24] Van Tomme S R, Storm G, Hennink W E. International Journal of

Pharmaceutics [ 1], 2008, 355(1-2) ; 1-18.
[25] Cirllo G, Spataro T, Curcio M, et al. Materials Science &
Engineering C [J], 2015, 48. 499-510.
[26] Samal S K, Dash M, Dubruel P, et al. Smart Polymer Hydrogels:
Properties , Synthesis and Applications| M1// Smart Polymers and Their
Applications. Woodhead Publishing Limited, 2014 237-270.
[27] Lai W, Shum H C. Nanoscale[ 1], 2015, 8(1) : 517-528.

[28] Wang Q, Wang Q, Teng W. International Journal of Nanomedicine



790

Hh A ki

537 &

[29]

[31]

[32]

[33]

[35]

[36]

[37]

[38]

[39]

E

[41]

[42]

[47]

[48]

[49]

[J], 2016, 11(1) : 131-145.

Wang Y, Ying X, Chen L, et al. Neurotherapeutics the Journal of the
American Society for Experimental Neurotherapeutics[J], 2016, 13(3) .
1-11.

Ullah F, Othman M B, Javed F, et al. Materials Science & Engineer-
ing C[J], 2015, 57. 414-433.

Wang H, YiJ, Velado D, et al. ACS Applied Materials & Interfaces
[J], 2015, 7(29) . 15735.

Selvam S, Pithapuram M V, Victor S P, et al. Colloids & Surfaces B
Biointerfaces[ ] ], 2015, 126 35-43.

Seck T M, Melchels F P, Feijen J, et al. Journal of Controlled Re-
lease[J], 2010, 148(1) . 34-4l.

Arcaute K, Mann B K, Wicker R B. Tissue Engineering Part C Meth-
ods[J], 2010, 17(1): 27-38.

Reiffel A J, Kafka C, Hernandez K A, et al. Plos One[]J], 2013, 8
(2): €56506.

Cvetkovic C, Raman R, Chan V, et al. Proceedings of the National
Academy of Sciences of the United States of America[J], 2014, 111
(28) : 10125-10130.

Kang K H, Hockaday L A, Butcher J T. Biofabrication[J], 2013, 5
(3): 035001.

Zhu Linzhong (RMF), Lian Qin(GE %), Jin Zhongmin (7
R), et al. Journal of Xi‘an Jiaotong University (VG35 K4
[J]. 2012, 46(10) ; 121-126.

Guarino V, Zuppolini S, Borriello A, et al. Polymers[J]. 2016, 8
(5): 185-210.

Chen Hualing (BE4E¥4), Wang Yongquan ( EK R ), Sheng Junjie
(BRA) , et al. Journal of Mechanical Engineering(HUI T FF4R)
[J], 2013(06) : 205-214.

Guo Chuanggiang(ZRIE58) , Wu Chunya( %), Liu Hong( X!
%) Journal of Mechanical Engineering (WU TA22%4R) [T], 2017
(09): 1-13.

Tadokoro S, Yamagami S, Takamori T, et al. Modeling of Nafion-Pt
Composite Actuators (ICPF) by Tonic Motion [ C]// Proceedings of
SPIE. 2000 92-102.

Nemat-Nasser S, Li J. Journal of Applied Physics[J], 2000, 87(7):
3321-3331.

Amiri Moghadam A A, Kouzani A, Torabi K, et al. Smart Materials
& Structures[J], 2015, 24(3): 1-8.

Mcdaid A J, Haemmerle E, Xie S, et al. Journal of Mechanical De-
sign[J], 2013, 135(6) : 061003.

Chien H, Tsai L, Lai C, et al. Journal of Power Sources[J], 2013,
226(6) : 87-93.

Chattaraj R, Bhaumik S, Khan S, et al. Sensors and Actuators A
Physical[ J], 2018, 270 65-71.

He Q, Yang X, Wang Z, et al. Journal of Bionic Engineering[J],
2017, 14(3) : 567-578.

Wang Y, Chen H, Wang Y, et al. Electrochimica Acta[]], 2014,

[50]

[51]

[52]

[53]

[55]

[56]

[57]

[58]

[59]
[60]

(1]

[62]

[63]

[64]

[65]
[66]

[67]

[68]

[69]

[70]

[71]

[72]

129(20) ; 450-458.

Zhu Z, Asaka K, Chang L, et al. Journal of Applied Physics[]],
2013, 114(8) : 84902.

Carpi F, Frediani G, Gerboni C, et al. Medical Engineering &
Physics[J], 2014, 36(2) ; 205-211.

Kornbluh R D, Pelrine R, Pei Q, et al. Proceedings of SPIE[]],
2000(3987).

Zhong Lincheng (% #k i), Wang Yongquan ( E 7K &), Chen
Hualing(BHIER) . Scientia Sinica Technologica ( FFER}:, AP
2)[17, 2016(10) : 987-1004.

Wang Y, Liu X, Xue H, et al. Proceedings of SPIE[]], 2014
(905633).

Wang Y, Xue H, Chen H, et al. Applied Physics A[J], 2013, 112
(2) . 339-347.

Wang Y, Chen H, Wang Y, et al. International Journal of Applied
Mechanics[J], 2015, 7(01) ; 63-2791.

Rosset S, O'Brien B M, Gisby T, et al. Smart Materials & Structures
[J], 2013, 22(10) : 104018.

Ho S, Banerjee H, Foo Y Y, et al. Journal of Intelligent Material
Systems and Structures[ ] ], 2017, 28(20) ; 3054-3065.

Huang B, Li M, Mei T, et al. Sensors[J], 2017, 17(12) : 2708.
Pei Q, Rosenthal M, Stanford S, et al. Smart Material Structures
[J], 2004, 13(5): N86-N92.

Choi H R, Jung K, Ryew S, et al. IEEE/ASME Transactions on
Mechatronics[ J], 2005, 10(5) : 581-593.

Xu J, Wang S, Wang G N, et al. Science[J], 2017, 355(6320)
59-64.

Liu Q, Chen J, Li Y, et al. ACS Nano[J], 2016, 10(8): 7901 -
7906.

Dagdeviren C, Su Y, Joe P, et al. Nature Communications[]],
2014, 5(7697) . 4496.

Karger-Kocsis J, Keki S. Polymers[J], 2017, 10(1) ; 34-72.

Leng J, Lan X, Liu Y, et al. Progress in Materials Science [ )],
2011, 56(7) . 1077-1135.

Zarek M, Mansour N, Shapira S, et al. Macromolecular Rapid Com-
munications[ J], 2017, 38(2).

Weems A C, Szafron ] M, Easley A D, et al. Acta Biomaterialial J ],
2017, 54. 45-57.

Fang Y, Ni Y, Leo S, et al. Nature Communications[J], 2015, 6
(1) 7416-7423.

Gong Tao(Z&  #§). Thesis for Doctorate(18-1183C) [D]. Chengdu:
Southwest Jiaotong University, 2016.

Wang Lin(E  #K), Di Shubin(Zk#Uit), Wang Wenxi ( £X%),
et al. China Sciencepaper ("FEIRHEIRSC) [J]. 2015(16) ; 1978-1982.
Zheng Zhichao(FR5#). Dissertation for Master (i-+53C) [D].
Harbin; Harbin Institute of Technology, 2017.

(m% & %)



