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Figure 1 (Color online) Schematic of self-healing mechanism of polymers [32] @Copyright 2017 John Wiley and Sons.
(a) Intrinsic; (b) extrinsic

TRVEA AR UL, SCOLR ST 1 B2 R, e ZA R R PERE, X EE S hEE . HEoRds
AP P A DA S A5 P A5 P 7 i DU LA B L

LI TER B, I BB R R R B / e B I Sh A SR s A AR I B, 2R R SRR AT LA
H RS R N B R AL NO~18] IR, TS WA RHE S R AR, Toik RN BT 33RO DO REAS
BLOET UL, R, AEADUHRE TR T BB RS R R R scE otk AR S
HARL. LLan, Sun %5 191, Pei %5 201, Che %5 U Le % [9], Haick % 22| Kim % 2324 34 & R 90K
2 RANRE S — 4 M R MR UTRRE BB E R ST IE L, MRS R B2 E IRl 1
FOEFF LRI B2 R; Bao 5 14| Li 55 91, Saiz 55 26 Zhang % 2728 S04 G ig R MORL . 1
W BROIRE S S MBI R S YRR D% T BB E T REAMEL Williams 55 2, Aboudzadeh
£5 30 Feldner 45 B % T B2 E SR SY. ME =REBBERGY LTRSS
FTERRA, B R RMEALIRES R A T it s BB NS BS 7BORHIaT et
J&. B3, Zheng &5 B2 b i 1] RE R WCEEMIAE it 8 11 (9 B B SRR BRI JURt e ff 1 2538, 1X AN 2%
B ASCRXT R A BE RGN/ LGB LA BB R R A 1B ST AT B 45 e,
BN AIFHE TAMLRASMER BB R R G, IFRMN 4 T B BRI T AR FU . 78
UEIERH B, AT T BB RS, JUHE BB R R AELIRE K ETE. R BB
HPERE. e, g T SR1E BB AR A& s 1 BT PR iR R J5 5.

2 BiEEMH

REMK BB UL AR EESh A (AT Shtrdd /ARt fAIE R A S M BB S
R e SR A AN R F B 16331 3T AR B R &, N ERIshAS L e /A Skt s e
ST E RIS, AT LA B R BCE AR TR (i JElEEE) R EER A, NI B8 (K 1(a)).
RMEE R AT LR B2 UGHT, R A RO R RS R dr. W TAMER AR 2R EW,
& LA B sk i S5 T SN R G AR A, MRSV 218 A R 80U, REUY T2
T FE B R, B E B, AR50 S R GUHAT e SR B TE, B 1R U T 2R R P iy
HEALTT (HEAL TRt m] DA AL, 5 R 52 B0 I 0T AR AF R R AR TR 5 S BL AT AE 2R AL
(B 1(b)). FAMERLRE ot B AR AR
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2.1 KERBEE

AAER GBS R RSN L B s AR B Sh AR e (FTIE) SEI A& . Diels-Alder
(DA) R0 A A ALY 27 A i T B 2% S 22— 1) P L AR AT 3 ik W] AR A ST ) (B4~391,
Eetn, Chen &5 B4351 FIH DA LA R T 5T W — DRt SR G4, 18 120°C~150°C 7247 1%
REW I T sh A SN W, BRI LERE, N EPmaivi. R, FIH DA Kk
N, Murphy 2 B &% T 2F 3K 4% (DCPD) MRS, 76 120°C ML v LscBl BB E.
it 140~42) | R (43, 44) 0T e (45: 461 | BN (4T) SRS BT DL SR AR E R B B R G
W, B E 4T DU G R, AT ARSI K. B, Canadell %5 41 385 78 PRS2 JE A5 5 X 4% 45 g
WG| N B, M TR 60°C T EAMMER RN E AWM EL 1 Amamoto %5 421 7E R Z FEAZ IR
SN T ALK SR A, AT OGRS T, ik R b R W A e E A, SR R
1B5. Rk, Zhas S m Bl 0 5m BE AR X B s, & T A ) S A AR e ML M BB =AM R A
SIS, R A AR AN R (Fhandh. JelR . VA SkszEl FE B hfE, H HR N A
B,

AR, BTHSELME (OFRERE. rr . BT, SERMES, XN S i) s
NTHEBEREYIERE, KRERER/ S8R AR #rE ARy 7RS4 piRkiE,
Binder %5 14849 % A E M/ TR AWM A RAIE T RANLER. LS T RAEWZ BN,
Wi FAFE KRS 0T B ik, BEE KA REahit s 3 S B E, iz ERE
TR AT TR T aE A B L B I B SR, MY AT LU AT RSB R & B
TR /R, AT LT N R AR R R sh SR, TSRt B ok, THI R HA8 R R A
J&~ VA ot B ds i B 46 B 1 I8 A 1) A S LA B B2 3 . Leibler 5% P9 DL—JoiBHiR . —
JCHEWIR . — 2B =% (DETA) KIRZ=AERL REAMDIESG K T — M TIREYE R, @i
IS ARSI AL AR IR (Te), SR REE IR T EARGIRMERE, WA FIE 500%. [FIE,
BT REMn T8 AR TR 2 M B A BERFISIASEEIER, Sk REEARFHER (20°0)
FHESYERE, MBS R 15 20 Bhi, M ¢ (= Lupsweo—fpavacen | ¢ S kPRIPERE) 2928 40%, T
FEIL 3 /NI G, B RCERTTE 100%. ZHF R BIGELL—Jt . e F = e IRER UL K DETA Nk}, i#
ik ] E PR R R SR LB 1) VR A R T IR T B BB SR IR A TR BU. K Leibler 25 WAL
TAE, Zhang %5 52.53] DURFETHAEAL IR — H A S (PDMS-COOHX) DETA FlJRZ N ERHE % T
5T PDMS HAR FE S TR, a1 BBERRIMEE R S5 7 B (A O, A 555
I TR R, T ) B AR RD, SR RHE SR T FRAK BOS3L [F, SRA I B 2=
i P X e A UK, e v 1 U B 2 (S BT T [ A A0 i P B At 2k 1P

AR — R RER G A B SRS ETER 1 .

2.2 SMEREIRZE

SR A 2 R IE AR S A S E R SRR BB E. White 5 P iR AR I 7 A E
SRR TESL I B EIB R 17, 1 DCPD B E IS E IR TN, FHENFA M ISR . Y
WEM G2 20 AR GUR, REY R S BWIR SRR, Bt DCPD, JERBHME Y R 2
BANRLCFH. TR Grubbs #EAFIIER T, DCPD RATFH 5 ARG I, HARL. X075
PR LLSEIL A EEE, A TIE 75%, 1HJE Grubbs A 7I7E 3 (A b 55 21 50N I 18 frie 288 1] 44, 70 2 i
RREFNTEE, HHBEGPER. AFUEX— R, Rule 55 B0 4 Grubbs AL 575 A SRk
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Table 1 Summary of the self-healing performance of typical polymers ?)

Material Mechanical Healing Healing Healing Reof.

strength mechanism condition efficiency (%)

3MAF 121 MPa/ Thermal reversible  120°C~150°C 41~50 [34]
Compression DA reaction (N2)/2 h—RT

2MEP4F 121 MPa/ Thermal reversible 115°C/30 min 80 [35]
Compression DA reaction —40°C/6 h

DCPD based 85 MPa/Compression Thermal reversible 120°C(Ar)/20 h 46 [36]
polymer DA reaction

Epoxy based rubber 0.5 MPa/Stretch Disulfide bond 60°C/1 h 95 [41]

PU rubber 3.9 MPa/Stretch Disulfide bond Visible light/ 24 h 97 [42]

Ru/PBD 0.4 MPa/Stretch C-C double bond 20 kPa/1 h 100 [47]

CF /polyimine 140 MPa/Bending Imine bond 121°C/45 MPa 100 [46]

M1-TEGMEMA - Acylhydrazone bond 100°C/24 h 100 [44]

Fatty acid based SR 2 MPa/Stretch Hydrogen bond RT/3 h 100 [50]

PDMS-COOH; based SR 0.4 MPa/Stretch Hydrogen bond 80°C/16 h 100 [53]

a) 3M (maleimide monomor); 4F (furan monomer); RT (room temperature); 2MEP (1, 8-Bis(maleimido)-1-ethylpropane);
DCPD (dicyclopentadiene); PU (polyurethane); PBD (polybutadiene); CF (carbon fiber); M1 (acylhydrazone monomer);
TEGMEMA (triethylene glycol methylether methacrylate); SR (supermolecular rubber); PDMS (polydimethylsiloxane
oligomers); COOH (carboxyl).

KR T AT &, KR AR B 122 S8R5 2 93%; Jackson 25 71 #4 Grubbs AL 7%
BEAE PMMA-PS sk, JEH SiOo XA NS S M e E 4T Dh et b B2, 2038 1 EAI T 40
BOPE. B 8, PDMS B9 DL — S8 H LA (A0SR 00, R /R — e mEele O &), n]
AR AL IR E NE SR T R EWN B £ 5. BE MR R0 7% Z AR A/ iR &/
S R oy O 1331 T/ FRTH SR G R AE & A B S TR (1 K B ik L LR e, ) A JEURLZE 0 S Ak
AR R AL N TE e, NTELZEE R A & KR R R R R - B, =REE - B,
=RENE - KR - WEE. BREAlE . RNBIRSE. WL RERSMEA (tbinass) sz
FRZ, PRI AR AT B, 55 185 SO iR P2 B3 R T 701 8 T R R [ A 15 38 A 2 A8 R R 1k
JKHE.

BRFIAAT LB AR T, e B T2 0 g . ARTRUIRER AR, 5o
T () B A R R BB R B U LA — 4k . i = s 7 R G R R A, T O I 45
HIEFRAB SRR 5150 1331 (R, 7R B I S8 R R TR . A2 A . REEEAE, LR
AR, PR PR Y (BAR BN 15~60 wm) T HIR ] & — 4 rh 2 2t S i e 62.631 ) — g ehre
W4 2 ey v LB AR — AR 2T 4 b T 0 B LR S B (041, T = 4 v 2 [0 296 285 g ) 5 2 485 5 S 2R K n I
R 651 b, FIR K B 3D 9T BN G4 = 4E W28 451 S 2R, FRA SO AR AE S SR 0 i
WA [ Ak, SR J5 R VA A A5 07 UL BRSO G M T AT R A =4k rp s W 28 G5 A A RE. XA %07
T DA Al X 2% S5 A6 (R P AR MR S 2, (ER SR RLI I3 32 IR 2220 0 AR H B LB R
T B BB R RIS, AR AR T2 DR W28 45 4 T LB A KB R, H A% 8615
MELEA Z IR IIRE.
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2 (MEMEE) SEME/REVEESMHBREREE. (a) KERSSEMRHRELNEESHBERER
=& 7], (b) 7TE/KKEERT, AgNWs/(bPEI/PAA-HA) &M EEEEERERE 19 (¢) uNi/L E&#4
REMrERRBMEESIERE. 1. KGR, 2. TEWMEOMR; 3. BB 50 kPa [E/1{ERA THAA
B 15 s FRBEXEMERL 4. 50°C TIEE 5 min BTSRRI 14

Figure 2 (Color online) Schematic of self-healing of conductive material/polymer composites: (a) Schematic of self-healing
via embedding liquid conductive materials capsules [67] @Copyright 2011 John Wiley and Sons. (b) Schematic of self-healing
of AgNWs/(bPEI/PAA-HA) composite with the aid of water "9 @Copyright 2012 John Wiley and Sons. (c) Schematic of
the microstructure of pNi/L composite and the process of electrical self-healing. 1. Undamaged material; 2. completely
fractured material; 3. Self-supporting material with its fractured surfaces contact for 15 s; 4. Flexed material after being
healed for 5 min, showing its mechanical strength and flexibility (14] @Copyright 2012 Springer Nature

2.3 BREESHME

T HA LR T AR AN T EGER I LRSS PR . R AR DL R FEAR AR, SEILS FA KL E 5
OB I E R T Rl PR R PR R R UM B S SR BRAK A SRR SERAS 3 A R
s B B e T DASEIAL B oL & @ SR o SR R B AE L 166~691 L i, White 55 571 7EZ42K
T LR — ISR (GaIn) WSS BRI G, UM RS2 2410 5, i m
SRR HE A Ca-In 18R FHEB (K 2(a)). ST EURIHE 7RG, &1 5 d 88K 0 7 B ik rp
TR [AIAELE SR GRS 77, Moore 55 [0 DUA HLIE IR B2 18 70, I 0R FE i 2R 5 v 57
X RE£5 F R A FH SIE IR FEURIORE ) BB 70 A, Ik — D Sl A Bk VR BRI BB 1. RIS B
BT LSl G AR s B BB, (R R R RSl — IR e TIE S

AR, BN MRS REEME S, FIHEEYE B2 5 R5) 5 AR Sl f it 5 B2 5 %
N TR BE TN FER/ LI MR, —REK & BAKE . PR E S —4E T AR 24T
BUE HE R RAEYAS IR 0319247072 g, Sun 45 B9 4458 048 S il (PVPON) 12 AR K
2 (AgNWs) UTHRBIS R O - RAIGIR — R ER (bPEI/PAA-HA) KM Z EB (PEM)
P Bl TR R BE SRR B 2(b) Fw, EKER T, PEM BV IK JF @ =i 51
IEE AL, FI, BT PEM AR FRIRE AR AgNWs b (1R HE g e i 5 (4] 2 [A] A7 72 50 1) &
BAEA, AgNWs 2B PEM FEIKE 20 g e, sSCOl Mg BB E. H—R2K S e Eb
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KL A S0 BRYPKRE S T AR N R AW A R rp 14,22,25~28] L 7F Leibler 25 051 ff 52 TAF
A I, Bao 55 M DLRIR . AR ENERG R T A EEN-E> TREY L, @i kg
GOREERIBORL (uNi) 51N L Bkl 4 7 S EN 40 S/em [ uNi/L ZEMEL 01T L EENF
EREMFBER, uN/L BARRNIFBEEMRE, RN BT uN RHEE—ZA80ZEE, G
W S5 FREM A E/ER, uNi/L EAMEIE ARG R R RZEABEMERE (B 2(c). Saiz
2 6] I IR 1GO B EH BoO3 [ PDMS ik, J7E 200°C FNEME AR T FEHIE 90
S/cm ff] rGO/PBS E&MEL HT rCO HIRAE PBS WEE, HH PBS #0 FREMNAAIERKER
AT - BB S, KW R A AR IR N R 10 40, 1 RERT B 2 RE T )
BIMBE 80% 1 90%. v LLE H, FIFTCHL T AR R EME &M B 1B 5 5 A R S T
KA B AR NS0T A5 T AR RUR &P 2 [ B RIS (B3 g &
J15).

TENTME TSR, SRS TR T Z R, 4G T Rk R
HLZE A8 M pE 3~ & SHURA WK 1B E T DUE I sh A L0 6 /AR L ok se g, b,
Williams 25 291 F FH 2 R s A 4@ ) 2% 7 — Fh BT RoT Wik 24 i WL & @ SR &9, 78 200°C
I#GEAE T B 1500C/ = FOEBVA R Z8 156 N 2R H18 )8, Aboudzadeh %5 B9 Rl — 6/ —u ik
B AN ) = ket i 4 T MR TS SER NS TETRAW, 7 50°0C KM P EIRE R
Fl '~ BAT B85 ThRE; Feldner %5 B R ESERH - %R (CuA-Ox) Hil# 7T & BTSN T4
JRER R R, TERUVNEIER T B BB R e,

SR, SRR DUR BB RN, 5SABERAGWE A UL NGELN /R
MBS RS A B . RE i, & R BA R B ERE (L KSR, 2R
(bbunsmfE e Bty MEABEMHRE (LB E AR EER. ZARM) 1S aM e EAa Pk
i

3 Bi2EXMERSE

FTNEAR AR AR R R M TR R LA — i B AT IR TR TR B ER
B/ EEM RN SIS EM AL2 Rs (WAR 2 78~92), JRE ATt 1 SR BB AR IR
a IR TE L AR BB RIERE, ULECE AT N Bl M 0 45 P 5

3.1 B2ERMIRERER

RUEVIEAL IR RENE R T I FEMEE SRS, IE5R, AR B s el
X N B AT i RREPR DL R S S SO W FE A, v, WF T a2 ) A SR A 0 2 A s AR R A SR
i WO — e S R S ITARE BB AW BT DU BB P BB A U AR RS R, Lei
5 W1 R AATTYE DA RV T BEE MT/S-CCTO S&Mk}, #— @il 2 &Mk LR Rm i
PUREERR KA (SWNT) L 2 7 RN P RO RZ- TR A TR SRS (50 pm 58)
JAAE 150°C 2 AF AL 30 70h, AL AE AR AT DA AME B RIRI AR A 10 89% 1 86%. 1E 10 I
HERIH - BEIREE, KRS AR 82%. AR Z T A Ay e B AR A B2 FH TR
FHRIE I, JF LRI R BB RN, W LUE I, XA b w7 2 B R e iUz
F BB RSB NS R RER BB R, 0 2.3 NYPTIR, HOCHAE T sR ARARL AN R S 18]
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Table 2 Summary of typical research about flexible self-healing sensors®

Material Healing mechanism Healing condition/efficiency Application Ref.
MDPB-TDF/ S-CCTO Self-healing of SWNT 105°C/30 min: Capacitive [13]
driven by thermal electrical~89%; force sensor
reversible DA reaction mechanical~86%
uNi/L Hydrogen bond 50 kPa/15 s: electrical~90% Piezoresistive [14]
50°C/10 min: mechanical~100% force sensor
rGO/PBS B-O dative bond & RT/10 min: electrical~90%; Piezoresistive [26]
hydrogen bond mechanical~80% force sensor
SWNT/ PVA-borax Hydrogen bond RT/3.2 s: electrical~98% Piezoresistive [78]
force sensor
m-PCL/GO/ AgNWs Hydrogen bond 80°C/3 min: electrical~80%; Piezoresistive [79]
mechanical~100% force sensor
CNT-Fe3t /PDA@QENR Metal coordination bond RT/24 h: electrical~100%; Piezoresistive [80]
mechanical~89.3% force sensor
CNTs@(PEIQCNC)/ Hydrogen bond Hot-press: electrical~100%; piezoresistive [81]
XNBR mechanical~83% force sensor
C-CNC@GA@Ca?t Hydrogen & RT/30 s: electrical~100%; Piezoresistive [82]
@CNTs/ENR metal coordination bond mechanical~90% force sensor
C-CNCQCT@CNTs/ENR Hydrogen bond RT/15 s: electrical~100%; Piezoresistive [83]
mechanical~100% force sensor
Amylopectin hydrogel Hydrogen bond RT/3 s: electrical~99.3%; Piezoresistive [84]
RT/5 min: mechanical~98.4% force sensor
PVA-PEDOT: PSS Hydrogen bond 80°C — —20°C: electrical~100%; Piezoresistive [85]
mechanical~85% force sensor
PVA-PVP/CNC-Fe?* Ionic coordination bond RT/5 min: electrical~100%; Piezoresistive [86]
mechanical~100% force sensor
k-carrageenan/PAAm Thermal-reversibleg 90°C/20 min: electrical~99.2%; Piezoresistive [87]
K-carrageenan mechanical~100% force sensor
PEG-PAA Metal coordination & RT/2 h: electrical ~100% RT/12 h:  Piezoresistive (88]
Hydrogen bond mechanical~96.8% force sensor
PANI-PAA-PA Hydrogen bond & Slight pressure/24 h: electrical~99%; Piezoresistive [89]
electrostatic interaction mechanical~99% force sensor
Graphene/PU Thermal reversible Microwave/5 min—65°C/5 h: Piezoresistive [90]
DA reaction electrical~75%; mechanical~100% force sensor
PAA-Fe?t /DCh-PPy Ionic interaction RT/1 min: electrical~96% Piezoresistive [15]
RT/2 min: mechanical~100% force sensor
PDMAA-PVA/rGO Hydrogen bond RT/12 h: electrical~89.6%; Piezoresistive [25]
mechanical~100% force sensor
SWNT/L Hydrogen bond RT/1 h: electrical~100% Temperature sensor [91]
P(BMA-co-LMA)/MWNT C-C double cond 60°C/3 h: electrical~98%; Temperature sensor [92]
mechanical~94%
MWNT/PEM Hydrogen bond & Water/30 min: electrical ~91%; Gas sensor [21]
electrostatic interaction —mechanical~100%

a) S-CCTO (surface-modified CaCu3Ti4d012); MDPB (1, 1’-(methylene di-4, 1-phenylene)
(Thiodimethylene) difuran); PBS (polyborosiloxane); PVA (polyvinyl alcohol); m-PCL (poly( 3-caprolactone) micro-
spheres); PDA (polydopamine); ENR (epoxidized natural rubber); PEI (polyethyleneimine); C-CNC (carboxyl cel-
lulose nanocrystals); XNBR (carboxylated nitrile rubber); GA (gelatin); CT (chitosan); PEDOT:PSS (poly(3, 4-
ethylenedioxythiophene):polystryrene sulfonate); PVP (polyvinyl pyrrolidone); PAAm (polyacrylamide); PEG (polyethy-
lene glycol); PAA (poly(acrylic acid)); PANI (polyaniline); PA (phytic acid); DCh (double-bond decorated chitosan); PPy
(polypyrrole); PDMAA (poly(N, N-dimethylacrylamide)); P(BMA-co-LMA) (poly(butyl methacrylate-co-lauryl methacry-

late)); PEM (polyelectrolyte multilayer)
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FHAE.

S MR REMEAMEL MIERES BRI EB AR, MR E SRR, MERS R T
RIS, AORNE R B R BEARRE, RUMR L BELEAN I EH N R AR, IR X R, P45
HERED BB RETT DA A 1B 5 SRR B ) AR 4. B0, Bao 5 M4 4GS uNi
SINBRREBESTEREEY L hifil& 7T AR SFEENFZMEAEBE uNi/L SE0E8, TTUUHERE
SRS (B 3(a). EERABNEIERT, SR BEEGETE 15 B A EITTEE 90%, 1MAE 50°C
NAREE 10 RS, MR FERE T A E (] 3(b) A (c). Bao SR IER/D uNi IS EES
uNi/L B R, M8 T B85 R B R AL a8 Al v A% Jgs, mT LASS B SEEA E (0°~70°) Fl
77 (0~400 kPa) £ (& 3(d) 1 (e)). Bao ZFI&FIH FHAEE uNi/L etk Sk 45 /fl i A% 38 DL KR
TR (LED) 2% 7 187 50 1 LT B JER L, 0 i) U PR E 42 SR AL 388 N PR S R 238 (1 3(1)),
SEPL T XA B N R R DA S BT 52 R T A

Bao MWL TAEJE/R T BB E M SRR ) 4% S 385 16 ] 28 3 R R ek 1 B F AR, 4
SR, ZHBE BT R HEEIE SR 2 A, tln, s SR TAARE B8R R
e 4 5 2k, X 2 H AT SCERIRIE 2 1% B 1B B AR B m AR 7 1 I . ek, MR REME S
WERHT HL B2 55 52 A 5 0035 G K A2 784k, 338 17 s M A% SRR IR PR R, 8 2 DUt At X — ) R A5 2k ik
1%. Lee 55 81 Y4 KFHAY SWNT/PVA-borax #ElE =2 G A FHs B A PR 2 3 A 2 [R) ] 4 17 e e R AR
FEIRRES (B >1000%). ZAL IS I DR A T2 ARSI BHE R Bk B, SEBL 70 AR RE 3R
I (B 4). 1%L RA UK E SWNT/PVA-borax HEIE & ARG R HIBE TERE, AL/
&, FEAR SRR B A B E DhEe, iR &I T & RSB FE S 0hRe. SRk, Rk
FMRHRE, J15 R A DL BB MR TR BB R SRR R #

bR 7 BREE SRR/ REMEAMEILISN, BEESHREREAYE T BARR TN R LA
JEBHARRE, 5 FAE FAE S FENERL )] ) AR A B AL 115:85.88.89] 5l Xing %5 [1°) 14 5L PPy B EIX
S SRS (DCh) b, i 5 Fe®* F1 PAA JL3RHI4 T PAA-Fe®t /DCh-PPy T HIKELR (K 5(a)).
BT PAA 4 T4E /) COOH [, PPy MM N-H XM F T 2 MAEES A B 75, %
K BA RS BB M RE, B T I =R AT AE 2 08P I SEl 100% B, T HE A M R
7 30 A ATSEEL 90% HIEE, 1 28 N8l 96% HIEE (K 5(b) M1 (c)). 3N ABE KER A
A R BRI, B A 5 2R B A A0 e ) B3 K 3 K. R IX —REE4s & 3D TEIRIAR, Xing S5 4%
TR RN AR RS, P A AR T E T ARIES S R RS (B 5(d) 1 (e)). Xing
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Figure 3 (Color online) Self-healing piezoresistive force sensor based on pNi/L composite (14] @Copyright 2012 Springer
Nature. (a) Current-voltage curve of a commercial LED using self-healing puNi/L composite as conducting wire. Inset:
optical photograph of the circuit taken at 2.5 V (scale bar, 10 mm). (b) and (c) Self-healing of the (b) electrical and (c)
mechanical performance of uNi/L composite. (d) Electrical response of the flexion sensors based on uNi/L composite in
free-standing modes and self-adhered modes on PET substrate. (e) Electrical response of the parallel-plate structured tactile
sensor based on puNi/L composite. (f) Self-healing flexion and tactile sensor circuit schematic and the optical photograph of
a fully articulated wooden mannequin with its elbow and palm region mounted with the flexion and tactile sensor circuits
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Figure 4 (Color online) Real-time monitoring of human motions using the superelastic strain sensor based on self-healing

SWNT/PVA-borax hydrogel composite [78]. (a) Bending and release of the finger; (b) bending of the knee; (c) bending and
release of the neck; (d) bending and release of the elbow
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Figure 5 (Color online) Self-healing piezoresistive stress/strain sensor based on conductive polymer 151 @Copyright 2017
John Wiley and Sons. (a) Schematic of the self-healing mechanism; (b) self-healing efficiency of mechanical property;
(c) electrical self-healing property; (d) schematic of the preparation of wearable sensor via 3D printing technique;
(e) real-time human motion monitoring system based on the wearable sensor and smart phone
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Figure 7 (Color online) Self-healable flexible gas sensor based on MWNT/PEM composite film [21] @Copyright 2015 John
Wiley and Sons. (a) Schematic showing the self-healing procedure of the gas sensor; (b)—(e) SEM images of MWNT/PEM
film with a cut before and after being healed; (f) electrical self-healing property; (g) the sensing sensitivity of MWNT/PEM
film to 25 ppm NHj3 after healing for different times
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Figure 8 (Color online) Self-healing flexible multifunctional sensor [22] @Copyright 2015 John Wiley and Sons.
(a) Schematic of the device structure and its optical photograph; SEM images of the microstructure of (bl)—(b4) PU
substrate, (c1)-(c4) PU/uAg composite, and (d1)-(d4) AuNP film with a cut showing the self-healing procedure; (e) elec-

trical response to bending deformation; (f) electrical response to stretching deformation; (g) electrical response to VOC
n-octanol; (h) electrical response to temperature variation
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Recent advances in flexible self-healing materials and sensors
Ting ZHANG", Yuanyuan BAI & Fugin SUN
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Abstract Endowing devices with the self-healing capacity is an effective approach to enhance their reliability,
durability, and functionality, especially for flexible electronic materials and devices. This article reviews the
developments in the field of flexible self-healing materials and sensors. This review first introduces the self-healing
mechanism of intrinsic and extrinsic polymers, and the advances in self-healing flexible conductive materials are
discussed briefly. Then, the fabrication techniques, sensing performance, and healing performance of the newly
developed flexible self-healing sensors, especially the flexible self-healing force sensors, are described in detail.
Finally, the existing challenges and some possible solutions for flexible self-healing materials and sensors are
discussed.

Keywords self-healing, flexible electronics, wearable electronics, flexible sensors, flexible conductor
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