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S KA TERIE .. R E 2 R %R |
SMPCHRHh T SMPHIAS & I T H B ohae™, itk
TESEBR N A F SMPC H A B 1 s M. B A6 A
IXZSMPCHiIl{E IR TEHL R, 7ErIREN &4 T, Al K
A H EATE.

WTAER, KT SMPCHIA A 78 OB WA N, &5
FISMPCIE AN TS, ALFE [ SMP A HR 73 in 45 Fh
AR FIAR FIFP S Th e A RE DL SR BLR Bl i 0 2
FEVE, BB T8 AN [R) 45 44 IR SMIPC LAl 2 A [+) 4
R @ A SMP 3 A b R N 3 e A R T Sz B
SMPCIF)Jt. . WAHEIRSLTE, ¥ T SMPHM KL
FIN A, Horp, HIKBISMPC B A vl i FE R 3 %
il R S PR Y IR R . R T
LS N 5450 B A v e A,

2 RICICREME SR

SMPATEME Ny B4 5 HoAh Dy Re A4 KR & Al il
AR YEBEISMPC, HLIKEHSMPCE b ) — > B 22
433 20044F, Koerner® N\ *SZHL T SMPC ) iy K 5 2%
J&, d8idfEMorthane 1) #4281 28 Z s (thermoplastic
polyurethanes, TPU)H I Ak 44K E (carbon nanotube,
CNT)#E s T SMPIINLRERE AR ICIZ e fg. S 4k
Morthaneffltt, CNT & #45 wi%[fJSMPCHHXI[E & %
MO.5688 M F]0.70, [B] &R F3 0.6 MPatif fin Z
1.4 MPa; CNT & 5415 wi%[fISMPCH & ik 3| T 44
RBHO2545 . N9 oK Th §E UKL 21 SMP JE fA v AT 2548
SMPIBRZN 7%, WHER T SMPLZULE AN HIE AT
TARBIRRE, Dol B R -E Y 0wt s 54t 1
BB, ASEBISMPCHIRIBEZ), Ak SMPEEAA S H
HFHUIRRIER S E S, ERANHIY RES:F
4%, [H/3SMPCAA S HIRSEISMPCHI
SR ] 52 3k R R R Ak F IS A 5 R AR ) AR A
S,

HL IR B SMPC & FH B B AR B PR IR (epoxy,
EP)*, %2l (cyanate ester, CE)*7. &4 2/ (poly-
styrene, PS)**, B4 e (polyurethane, PU)*". HAE
(polylactic acid, PLA)™"'%. 5 B sZ0RHRAE T 25 A [
TNEYERL) . —4E(LF 40 R 4E (2 B0 ), AR
RPN AN R 32 B 0] 73 ot DA S &2 SR, W H
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B 1 (MR E) BRI SMPCTT A L R
Figure 1 (Color online) Deformable wing made of electro-active
SMPC [16].

BRJEIE B CNT . BRY9KEF 4 (carbon nanofiber,
CNF). i s&/fi(graphene). Bk (carbon black, CB).
It (polypyrrole, PPy)&%, W <@ HURM 5 &
AL A AR BRI RIORIAN, AR N B
¢ FH 41685 Bfi (antimony-doped tin oxide, ATO)"*'5:H1
PURIRME NIE R DISEEL 7 SMPCHY LIRS, 5@
R XFSMPCH) T R SR /E - BE K, (Hl T %
i SEEERRE G AL, HE DAAESMP AR 1 35 5] o AT
S I R BN 2R, R e o SRR E S B R
Az,

HLIKZISMPCIL R AN #IR, dd A kL N8 5
AR AR T 5 O R (B B SRR o HROPE G 1 R K B
SMPCif HLIN #vE 73 A 35 5], Bn#ER L3k 32
Him. B2 —Fioa S E E A L IR SMPCIAM 7E 18
HLSAE T TR B S0 A2 SRR o0 A, B B SR ]
SN60 s, FLPA i 3 43 A 4501,

TS Fm B X AR R ZE R 5 T AN RS SR, FR
E TR SRR E AT, BIIE A G
R T Z AR5 R IKEhSMPC.  H R CARIE 1)
HIBR B SMPCE #4 IR 1 .

3 BRIFIRICACREME GFRHR
31 BREFRBARICALR AW E AR

5 IhREIBURL S £ IR T SMPHH L 2 D RE R TH i
REf— A EET B AR REURHI Y & R AT
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Figure 2 (Color online) Shape recovery process and temperature distribution of electro-active SMPC [33].

F1 HIKZHSMPCHH
Table 1 Classification of electro-active SMPC

0 S SMPCEE ) I LR YEEHE (V) S
BB A 30~100
BRL B BACKE . B BRI 25-160 B,
BT KT, B Bk 060 IS TORES O E. B
SRUOR: ML, SR . T BB 870 it ‘
SRR 3-10
ST S 24-60 R
HELE LT R 1420 Y (L. AR
SR AT MK, I 6-15 sk, ARG, HBNLH
JEFF 4
BT R AR A 40-100 BN WA fok
KGR, AT AER . TRy WAL W, (R,
. K B R 1070 AT
SMPC/r NMURIE 78 Y | AR 4 3H 78 B (4R L ) 41 4E A FEAR AR 5 SRAE R, TR T s 3 H I 28 )92 Tt R 1B

B AP GORARIH TR, IR A AR,
K3 78 B SMPC Y- B ML 2 K 5 F ORI 35 50 7 3
Fepkdr, (ISMP N ERTE BGEE T LM 2%, NIl 541
BHEE G420, BRIEREE R 5T
FRAN, FLIRBISMPCP) R X Ho% fe 4 1 o8 vy 22
3K, FESCHLSMPCHLIK A 1) L b Sodk e pp 2R Bl &
A A B2 L3 A R ARG A2 P BR B S I 2 T fE.
AN, JFR I RER], K SMPCIIFZARICAZ R 5 Hidh
DhRess Gk, nlim e 5 2 (1 B 75 K.

H 81 O 2 Bk 2L 5 A B S5 SMP & DL £
FHSMPC, FEAHCB. Azl CNT. CNF. &8
WRISE. CBH T HAL R FHEME. KRR R
T B R e YA R A, TR B /R D HL IR B SMPC
o RE R (H d T A S R FLR /), CBYE

1=1(15%~20%),  [F] I P SR Ak 5 #0se 22 () S T AH L
VE P AR AR T B b, PR IRSMPCRINLI M REDC.
[t $ERICBESMPE (ko 04 B SIS 3 T 2%
HIT V2 9. R4 K35 CB 2 A I FE Bk 2 el vk 7
EAECBIA 78 21 5 FLSMPC HH AN RE il 72 7 R B 0 35 %
€, RMEHESMPCH SRR H ATtk CB i
ITEE PR, — MR XBEE", H— MR ERk
ISR g5k, RI“RR S S5 vk, “RGB B Ta
CBIk #5415 7 75 9 F S DA ATV 1) 28 6 W 2H R
PRy, BARREE—MESYHIMACB, FH
AECRNBIE, K& CBRIRG e — MBS

th, MIRESERI RSB, X PR R S
VR — AN EEN S, emLRYRIES
g, PSP TPUM™. BEMER%-6(polyamide-6, PAG)™*"
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L5CBAMAEM RUF, A RH“XGBEIEHATEA.
GongZ%s \P*17E B 7 (polypropylene, PP)/CBHLIKZ
SMPCH 5| APS, CB/r#{TEPPRIPSHIZZ AL, FEB
0 B S A AU RESE N, IR S I RE
2.75% A% £0.37%.

R 8 Gt AR e A R N At 4 i T
P4t KB 1ECBIAIZRPY. Phua%e N2 EEPIE /AN
5K B L I R B R (polymethylmethacrylate, PMMA)
DR S CBRRL, MM LT T SMPCI 5 it A LA
fe. Liugs N7E 2 ePLASE A i A5 iEPLA, i
PR 2E ) e 2 5t PR R ST A 525 0 R K A 3 i 5 1)
FHMZ. Z AU LR RCBIE 7L F FESMPCIT)
B EME, 1 HAE S T SMPCH) /12 Re.

Arun Ui ] CBILFE AR 1CAZPUI £ty — Fi
T 4 AR 567 1 B BRZHSMIPC, 3450 73 B e JE Ak 7 34 )
CBIEREIAM T AR i 5 H s, TR E T IR A6 AP 2Ro0s
FURAR N FARETH I, AN S A ) 5o 58 A MR 5 PR T 52
PE. CBAEFERH N T Ko T REREX, BN T
S FREMESNVE, I B R CB R i M RN T,
CBJF & 77 502 5% M FE7E S IR 3l R IR B R Ny
94%, TEHLIKF) N AR 1 2 998%, X2 H T35 5
BRI CBAS A3 52 A M4 R EL AT 15 1oy 11 38 PR N R 880 56 i
SR EINE. 25%3H 78 IRRE BB T 5 2 FRL K ) (R
i A3 (a) B (b) T 7.

CNTEA RIFH FIAMEM S, 58—l
02 IS FF B R AR B SMPCHEURH ). AR i D7 i AN ), T
¥ CNT o N L BEBR 91 K (single-walled CNT,
SWCNT) M £ BE ik 44 K & (multi-walled CNT,
MWCNT). T H&SHEEMEANLL, “4SMPCH

CNTH BB B RER, ARk f SR aT DU iR 2
10508255, Jeah, CNTHAARLF NG, #ip
b A# FHCNTIE 72 SMP A I 25 32 5 SMPC I LA M BE.
SRIMECBIRAL, CNTHEA BRIV E LR M 1 5 m
WL, 7R 25 5 AR, T ICSMPCI) 5 H
PERIBUMEBE, S ECNTHE 7 AL HL UK B SMPC 1) 52 b
B AN LB SR M R, B X I 2 i 1,
4 19944F 1 YR IECNT/EP K SMPCH LISk, A 62
FHONPE R CNTIE 78 SMPC ) HL = R LA I BE R TT T 1R
AWFFE.  H AT CNT /A5 1 77 ¥k ] 5 P EE 75 v
W27, WBE TR AR A R
B R URCY R A4 AR TS b
Jiik R BRGNS A S A BICNT |, fElH
I} 250325 CNT 43 A BL A I S CNT 5 SMPEL A 1) L 45 &
jj[SZ].

Wang 25 N i F s s - 28 R U RN T 248
TEARAEAZPUTE R EYTRICNT)Z, #k 7 —FhCNT RN
S AT EISMP/CNTE A PR X Fl sl B T2 ] 7E SMPJE
I AL B AT BRI E B FICNT)Z,  PAkds
HISMPCH S LI B FRICAZERE, <L Pkt
SRR FE IR B AR (B SR 2 an 4 (a) FI (b)) s, SE
sk R, WHAS50ZCNTHISMPCEA BAK K HIH,
El4(c) P 2k I 28 70 3 iR A S0 2 FIB0ZCNTHI“L”
TERFEIE L TR B R R SR E R, El4(d) R
P36 P S i 82 AT B N ] 7 32 Ak R

Wang 5 \PUHRIE T — Rk 258 BE SR 3 405 (poly-
cyclooctene, PCO)-MWCNT/H ZJ@G4KSMPC. X
BB BUELESE R, MWCNTEURL G B Hb 43 A5 78
PCOMI, W& EHMEMWCNT MG XI5, 5

B 3 (%% E)CB/PUHLIKEISMPC. (a) H7525%5 i 4 BCBRFEISEM; (b) F1BRzN[E 4 i F2l*Y
Figure 3 (Color online) CB/PU electro-active SMPC. (a) SEM image of SMPC sample containing 25 wt% CB; (b) electro-active shape recover

process of SMPC sample containing 25 wt% CB [44].
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B 4 (MZORENCNT/PURLSEAISMPC. (a) HIME %5 -78 A UTA R T 246 (L TR CNTIE 78 L SR B SMPCIAF; (b) “L7E it
FERLIRBN TR Al AR, (o) TR 50/ 5 30/Z CNT GRS L J5 TR 8] B 3 I (5] 38 h 2k (d) “LTB ulieea F e L RE 23 A i

B 17 25 A )

Figure 4 (Color online) CNT/PU electro-active SMPC. (a) Picture of the “L”-shaped CNT/SMP composite; (b) snapshots of shape recovery process;
(c) shape recovery ratio over time; (d) snapshots of temperature distribution [53].

SMPCH) 5 HLRE I FIMLI M e, WUREFE150 VELE R AT
F2 miny 52 LA A1 E . SahooZi AP 7 —Fb
MWCNT/PU S HSMPC, HHFMWCNTIMNEA —EF
PPy Lt — bt s S HAE /1, H2.5% PPy-MWCNT
HAMISMPCAE25 VHLE 1] 120 s 58 190%~96%
ZINEE=R

B R AR RSN, CNFH 2 —Fh 5 s SMPCH
W R R BORLE R Y. SCNTHIE AR Z A H,
CNFH — R I HENFHET] . L N25° 1 f 823
MR EO TR AR 5, CNFHIE &
(50~200 nm)ifi & KT CNT(10 nm), F HCNFH)IE Ems
J5 TR B AR AR, AR T Ak s KR,
JUECNFIIHLE RS 22 RS M RS (K T CNT,
B A 7= AR B e R A R R AT £ 3L il A SMPC
[ S IR SCNTZRERL, EHI & CNFHEAR S H
SMPCIEFEH, BEA i ERMY ) 0 B IR = 5
HLPERE I OGHE. 1R 2 B A TONT B i thnl T
H % CNFIE S (ISMPC,  UnBUBERECY | i e g
I 11 = 7 AN 31 TR | e A e85! Qe 1
SR TR R A O S B 7 T T b B
CNFRAR 7 B B 201, R I 26 775 5k 7 AN FEAH
NieFlHiibert*" /i F§ APTES X CNF ki Ak i o4 7T LA AT

RO SRSMPCH) R AIBY P18 B2, (R H L RE Iyt
A PRFTREAC 1665 LA L. X AP R AT BE 2 T CNFI &
AR 1B SR & /s k. Bttt
NG ER & MOTERE M, 88 82 = SMPCHY
T HLHERE.

Qian%s N[O Mat B AU A K 15 999 K £F 2 (vapor-
grown carbon nanofiber, VGCNF)3H 7t Z.J/ LR .4 ik
F Y (poly(ethylene-co-vinyl acetate), EVA), #lJ T
HA XA TEARIEIZAT R IR SMPC. WL AR IE
1N FR R A M EAGIA I FAFNA ZREAE P I I T
RZIHFER AT AR, X PR CAEPU. el %R
Y. %S W BE(polycaprolactone, PCL)FIEVAZSE - i 5§
G RIS, SMPCHiIl 4 72 2 S EVARIRL 5 5
T BN 3% I I A A R IR A R AR R R R
SMPVAR R Z, Fi-J8 I 8 75 Ak B A — 5 o7 & 43 4
VGCNF 5] 73 B 450 A P R o AR ST Tk
FIRE S 2838 0L . #0HE A0.6 mm ) 8 JEE DL £ 58 4228
. MEVAHRIIIVGCNF /] BEIESMPCIF 45 flid fL g,
EUAT BRABIR B e 45 o (1) R 1 9 3 B R T X AR
WA S i FE ;BT IR 4R 4R S ALk 8 R,
SMPCH A B i IRBE; Bb4h, VGCNFFHLIER
I HAERAR R B8 5], DRI S 3 E 78 28 ] SRk B
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UF P AERE. SEIRIER], VGCNFJR 530N 15%11
SMPC EA f A 1) IR Bl 0L R 12 1 R

ARG RS g S IR, TRAE RN
S, SR A PGB SR A SR (ther-
mally reduced graphene oxide, TRG)EFH E KK H
R A R AR R S R, AR — LR T
2B B S A R, BRI I TRG S SMPE &
AT FRIE SEORF (0 24 4 43 O 3R s AR 3 R 1O
Kim& N U i 57 UL 45 74 B oo M I TRG(ITR G 78
PU, 4t BIKSISMPC. %MK T BEITRG & &1
T, HIRESHIRICIZ MR AE — & & B P th b
iTRGE BN ETF, 25% iTRGE & HAEELI N
T9T%HIEAR B E 2. SR HiTRG & & 1L 20%H0,
FHEN T 46 BUORL A SR 4. Sabazis A7 fs FH 95
AN B AT BRI 9K P B FEPLA,  FX I 1 ol A B8 (7R
539 9xGnAIN02) 3 78 B IR Z SMPCHEAT T X L.
3% 5 BT AU (TEM) R XCB 28 437 5 45 SR 3 WIN02 44
K EPLABR T 3 B4 355, MixGnay #iUi 7 H.
RIEEINE; ERNARASRIL A IS A NO2H T
LT R () A LU AN T G (14 23 B R 30t SR (2 7
fB; MR NNO2BR BT, R T MR
SREE SN, s E R T IxGnN g HEREAY)
Mz, bR, fESehrllilef, i S R e A R
#5370 28 P BR 5l SMIPC 975 IAE B K - AR Wk 1)
SEI, I RN v F T 2R T B /N PR T R R

BRAR TR AL, &)@t T A SMP R4k DA
TR M, HRRERZ N EEAEMRESH

Y 1R K 4 B AR, Wang 25 AN AR 40 oK 2%
(AgNW)IL T HL 26, i) 4 70 B AR L e T PR T
R[] & [ IR B SMPC.  AgNWAE A —Fi 5 1 M EAR
S BT R — 4 SR, RMEE K THE
W& A E MR 7R = R ER T 2R S
AgNW LT RIS Tl 2%, 8 B2 BV R EPHEE
Horb, SEIIM R E A 0.8% AgNW & B HAFEREAES V
ERHE N T25 sWEE, RIREENESHR, %4
BRI R T H AT iRIE 1 48K 2 3 Bk 3 SMPC.

Luo®s N IAEPIE LMk . AgNW R /F Ay sk},
HEP R IFHBEMPCLIE N & & RNV, & T —Fhar
TE AR SEORN FE R SEIURIR R IR e sk B E N 2
FSEEERAEME MR MR & REE6(a)
JiR, FEAFEANWHBIR IR REREWRHR
JE45 VA b AR BRI ES . PCLEEEPIEAR h i % Ha 45
YRR 2, AR BATTRAR B IS SR EP
FARMTERACAZYERE. %R R R B I OK 2
Hos, 85°CHF Lo Ek B 5 ik i R AT 58 %
HIE5E: ABERAWERGTE IR E E 4 MPCL
PLA HA BPEEPIN S, 45 MPCLAZ AL, JE
PRI 2 (PR e S IR TR [ 55 T k) P A 0%
M SIS AgNWIN S, S RHE B AE 2] 5
BEEINAAEFERCR, SERMREIEE.

W T 05T S 4 P SRR EOR AF, Liug AP
ATORLETIO M AME A T HIERL, fEPUHE =4 T
FL 2%, il 4 T TE B PR ) ) IR BISMPC. FLBR B
SMPCH H BT K 2 N 2B, il B IR &R

Bl 5 (MR E)3D AgNWEFESMPCTES VG HLE F AR 8 & i o)
Figure S (Color online) Shape recovery process of SMPC with 3D AgNWs network under 3 V ultralow voltage [68].
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Bl 6 (PILERRR )22 gl g 5 7 5 {5 2 SMPC. (a) Bf8E
SMEC%U%%%%%%F&I; (b) WA EIEE TR ISR

6
?é?[

Figure 6 (Color online) Multi-stimuli triggered self-healing SMPC.
(a) Schematic illustration of the fabrication process of self-healing
SMPC; (b) SMPC sample in different states in the self-healing process
[69].

PR, FTIO M E RS B 7, HAEA T IR
ML FE—ZATOSE, A EA SN, BASX =
P = A PR SEEG 45 AR, SMPCIREELE 25 —IKiE
LI (B R AN ERAR, (L [B] 52 2 AR R E 38 ina
R, B = U8 I AT TE95%. 1X— L5 2 i B AT
By TEEIE AL IR, I b A0 78 L IR B)
SMPCHELE I R BT THRFE, HIEH 7 —FunE 78
TN A2 O RS R e N — AN 17 B 11 B P, 2
I YRS AT VAT R, (L () 184 0 42 o 88 -0 AR
TEARIEI ST, AR Ja e W, AT S 2 S 2 X VB .
T b ik 2% A5 FH 2 20 10708 F TR ITAZ B A Ak
FE, MIERO+080E, 7£70 VHEIE T AR FFEEE30 s
A,

32 HEYIAHEA AR R AWM E AR
YA 4E R 7 — 2K T @ B IKEISMPC S H
WX 2% [ 2 AR, ) 4T 4 3 78 B SMIPC 1) 1) 4% 5 ¥
5k E R, T B SRR SR P B 4B
L R VAT YRR AT 2, B RS Y EARIICNT

ol SR, (H T e B SBURE B 2 ) 78 AR P Al 4
L%, EAMEHG T REE RIS HE R, 75 I3
SMPCHr, 45 iy ISR B A4 REORAE A RL S rEL M P,
SRR AR R A EAE, SEE M
BLE R, AT TSR RE BRI R, LuAl
Huang' "7 1| 4 5 ) B 2T 448 75 84 B 3R SMPCHY, &
T — P AR e SR R R SR PR AR 7. XA
BB A VB AT 45 5 CNTAL &2 K LR i SMPC Y 5
FIFHREET), BB R IR Re b M CONTHE AL Bk 4F
Y SR E AR, R YA FOOR I ) A AT
3 R AT S AR ) () B A TSR, bk T
SMPCI1 LM, AR BETE EAR L ROk, E8H
IR B AEALCONTREAS AR £F 4k 3 78 U SMPC ) FEL 3K 5
TEAR EE I 2.

WangZs N7V fd F AT V1B 4T 4B 7S 5 T 4 o1
T MDA YA A F IR S SMPC. AR AT LU AT
FIREE/ R T I AW R 3k, B Sk
N A B B DN AT A SR, AU B A
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Figure 7 (Color online) Electro-active SMPC filled with TiO,
whiskers. (a) Switching process of electric circuit using SMPC film;
(b) temperature distribution of electric circuit [32].
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Figure 8 (Color online) Electro-active shape recovery process of SMPC filled with carbon fiber grafted with carboxylic acid-functionalized CNTs

[70].
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Figure 9 (Color online) CNF film/Nafion electro-active SMPC. (a) Schematic illustrations of the fabrication process of CNF film/Nafion SMPC; (b)
temperature distribution of SMPC sample under different voltages; (c) electro-active shape recovery process of “U”-shaped sample [73].
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Figure 10 (Color online) Electro-active shape recovery process of SMPC filled with MWCNT nanoper [75].
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Figure 11 (Color online) Electro-active SMPC filled with RGOP. (a)
Shape recovery process of SMPC sample; (b) temperature distribution
of SMPC sample during recovery [26].
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Figure 12 (Color online) Shape recovery process of electro-active
SMPC filled with graphene foams/CNT [78].
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Figure 13 (Color online) Electro-active shape recovery process of SMPC filled with self-assembled MWCNT nanopaper/magnetic CNT [77].
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Figure 14 MWCNT decorated by metal particles. (a) TEM image of
CNT decorated by Ag; (b) TEM image of CNT decorated by Cu [79].
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Figure 15 (Color online) Rewritable paper based on electro-active
SMPC: Writing and erasing stages of rewritable paper under electricity
[82].

11



SRS RUIRENFEARICIZ I SR AR S LN it

il Wi, SRR T TR R S 4, R AR
B, I8 T AP RE S S B, AR (R R g T
BEAET, LA R, AR 5 RIS K AR,
AP TE LRk WoR B, TP UCE R PR AT
JER 48 TR N £

BRET Y (carbon fiber felt, CFF)/&— i REAL =
(195 A RL, FESMPHEIA 7S 5 1150 43k, #a e 2k B
SR NS, AT 5 A B R RE PRI 1T 35 5 th 5
R IRENTEAR . 4 B T CFF B A AR 1 ) 25 1
e, T RUIMNRE &2 B SRSMPIAA R R AR B, H
A0 AT BE =L . GongZE A1V
CFF{ENIER}, SEPHARE A R 7 — P g F ek (0 i
IXBISMPC. JEARHM K} 5 CFFI & A i@ il g 12 i ik v
T ETERL, B G SMPY S ETECFRH, A I
HURL AT 6] 8, SMPCHISEM K &l 16(a) 7. SZERAIF
HHCFFE NIE TR L S 00 5 IR A AP 3
At 71, CFFRE /7% N3.6%MSMPC H [ H (K %
0.776 Qm, H515 s MR ICIZ B E RS,
El16(b)ffr7. CFF/SMPE GBI AT LLIE HL 35 27 b0
I AT DU I FERA R P AN [R] X 380k B A R 0T
CFFR BT RN B 73 A

B 16 (M4 E)CFF/SMP EL X 5 SMPC. (a) CFF/SMP
S EMEHISEME; (b) CFF/SMPE &4 kHI 62 B0 S,
(c) CFF/SMPSL 4 FHEHI AR [ S5 e
Figure 16 (Color online) CFF/SMP elctro-active SMPC. (a) SEM
image of CFF/SMP composite; (b) optical microscope image of CFF/
SMP composite; (c) shape recovery process of CFF/SMP composite
[83].
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Figure 17 (Color online) Conductive aerogels/EP electro-active
SMPC. (a) Electro-active shape memory process of aerogels/EP
composite; (b) surface morphology of SMPC sample before and after
shape recovery [81].
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Figure 18 (Color online) (a) Schematic illustration of the preparation of conductive SMPC membranes; (b) SEM images of PLA microfibers (left)
and conductive microfibers coated with PPy (right); (c) electro-active shape recovery process of the conductive microfiber membrane sample [84].
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Figure 19 (Color online) Self-unfolding process of deployable
antenna based on electro-active SMPC [85].
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Figure 20 Ground-based deployable mirrors using SMP and reflec-
tive surface [86].
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Figure 21 Three conceptual designs of smart actuators using in
deformable wings. (a) All movable control surface; (b) hinge type
control surface; (c) spring type control surface [87].
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Figure 22 (Color online) Dielectric elastomer actuators based on electro-active SMPC. (a) Different conformations made possible through
independently controllable segments; (b) Shape memory gripper in holding conformation; (c) Shape memory gripper in soften conformation [88].
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Figure 23 (Color online) Cryogels based on electro-active SMPC in initial, compressed, recovery, bended and recovery states [90].
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Figure 25 (Color online) Flexible supercapacitors based on electro-active SMPC. (a) CV curves of the composite at different bending angles at
5 MV/s; (b) photographic demonstration of the sample MCP40S60 as the flexible composite [92].
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Figure 27 (Color online) 4D printing CNT/PLMC composites. (a) The usage of 3D printed scaffolds as an electrical component; (b) SEM image of
the cut electrical component; (c) SEM micrograph of the cross-section of the nanocomposites; (d) original shape of the printed scaffold; (e) electro-
active shape recovery process of the folded scaffold; (f) RRC curve of liquid sensor in original shape; (g) RRC curve of liquid sensor in folded shape;
(h) RRC curve of liquid sensor after recovery [98].
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Shape memory polymers (SMPs) are a type of smart materials that can return to their original shape in response to external stimuli.
Shape memory polymer composites (SMPCs) are created combining SMPs with other functional materials and can provide intelligent
deformation with a variety of external stimuli. SMPs are not typically electrically conductive but can be combined with conductive
materials to form a continuous internal network that can impart conductivity to the material. When electricity is applied, the current
heats the material, resulting in electroactivation. Electroactive SMPCs afford advantages including remote activation, adjustable
activation voltage, and insensitivity to environmental factors; they have great potential for application in aerospace, microelectronics,
and biomedicine. They can also be used in 4D printing, a new intelligent material-forming technology whose printed products exhibit
excellent shape memory performance. This paper reviews the current state of research into various types of electroactive SMPC,
compares the relative performance of different types of conductive fillers and material structures, introduces the application of
electroactive SMPCs to various fields, presents the advantages and disadvantages of SMPCs, and suggests directions for future
development.
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