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Advance in extrinsic polymer self-healing composite
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Abstract In recent years, polymer composites with self-healing functions have received widespread attention.
When various defects occur in the use of polymer materials, they can respond correspondingly spontaneously or under a
certain stimulus,and achieve self-healing of material damage through a series of physical or chemical changes.This is of
great significance for maintaining the mechanical strength, safety, and extending the service life of the material. The

repair types, repair mechanisms and research status of extrinsic polymer self-healing composites were reviewed. The
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existing problems of the materials were pointed out,and their development prospects were prospected.

Key words extrinsic self-healing, polymer composite,repair mechanism

REWE S REA S PERE L 5 (Tl I ok 5
TR AR A )T T TS R A I B A R T
HAFIR ., SERMEMIL. REWE G M RHE
il P G 7 A B 32 ) b i T 3 A 5 B SR
BRI 52 B 52 B L DT 2 S B4 A 11 7 4
ZAWRE R B3R E 1 Kk B 2 B AR T
03 B8R HEAT 8 52, 330 X DR A B BIL BB A
KA B A BA R L, % A B EHOR )
MTREWEEM BT, it ™4 T REW HE
S AR A8 5 2 B By O A 4R R R AE B
UTAF R BE A& BERELRE 27 19 T R R BT oy T RS
FEERWHR L, EER T . B aABEZ2Z e
AHE BRI I 5T A5 P B2 5 A4S DL PR A

1 SMERERSHBEREESMPHER

HMERVR G W) BB 52 5 G bR 32 S0 i o 7R B
BB EZ RSB A B R Thae ., SMERIR
GBS S A MR R] 43 Sk (0 98 T Re A& B M
RBE s 2R YA S MR UK A B MR e G 1B
CRIE R
1.1 WEKENEEEEMH
1L.1.1 #Hamnm

T RS Y S M RE PR A T BB
TERL LY e I 094 T e 38w 24, e i s s 52
FR 55 ML A e A R0 e AR SR RN, DT S B A R
AEE TG . White™ F 2001 455 W2 H UK %

ESTHE:UIIEE SRR (2018GZ20429) 5 U148 T &S HF & 1181 (2018GZ0520) ; VU I 44 T A RBHE L W (2019 YFG0384) ; VU JI| 48 # & TRt

BB 37 41 BA (18 TD0012)

TEFE BN MM (19920 I B AP T AR NS REIRNE S A R LB SRS AR
B R OAERA978) T HOR . B AR A MR R R S A EAT ST AR



55 5 4] MRS SMERIRS Y A B EE S MRS R © 51 -

XA IR A MR AT B 1B AR, A R i
B B 8 o s A A )R A AT L S e A
R4 Ak R A R 45 4 80T TR BB S H Y
1.1.2 Mg EMAaF

T e 2 B 11 FH % B 3 S b R A A ) ol £ s
M5 AT K A B 22 A 2 v 1 W o R R
B 3 3k T v IR N S O R SRR L R [
e 17 T i A LAY — R L B RGOS T
8T PR R K L I 3 A e AR U RE DA R R R T
NLEE O E T RE B R S R R R R
R R R LB NG 45 K 2 B T A IR
SR BERE S B Ay 3k 4 L AT FE 1 o 2% 3502 I T Y
Tl e 3 Tl 28 1 e 8 5 A S B B0 L B B
B
1.1.3 M EHESHRFRIK

Kim S5 A6 T — b Py 2 B0 ) 36 38 / 98 420 B s
TR A MR THEZARREMEL S
MEHPMO) , %A AR F L B 258 4k
TS BEAE AL B} rp () 43 WX 5 3 . Jones S R XL
My A-3 S (PBAE) FER S B A5 TR A 15 3 500 A
1B 5230 B 4w (L B HE 2 L B (PDA) L, il & T
B FEE TRe i 88 M 18 ) IR AW i, 32 5 T M
RERO B 2 L I BETE 180°C 1Yy [ 4k i 72 v {5 B2 %
AR . Celestine 88 WF5¥ T 4k 1 B W 2L 5 I TR
F i (PMMAD [ A e B BB, 25 R & B
P01y PMMA (e 2 w8 Jin oz 22 43 %50 5 26 B9 ¥ 5D
it 3dBE G HE KRB EGFRIEH 89%., R
iy H AW R 8 A S PR TR Y R B

Yin &9 IR T —Fh IR SR i AL SR T
B RGN BAEE RGN AR )7k
REEAT TOFM . 25 5 R BH L SO 2 ik A R AW i
NG (RUIE Sl (A Y L IR T X i)
TBITRCR . AR SE, Yuan SV XTSI A B S
T 31 o ORL SR BE AR IR R AT T RS . AR
T 1 PR S B A2 B AR B SR LA B R
R M 1) BR SRR B TSR ORI A L 3R S i) A
AU AR A ) 43 30 BBCAR A 4R R - S 408 R — R 4
K H R (DTP) A% % — H g (BDMA) , i & I8
P LE Y A& 5 R = 4 1 A RL S I B R L TR
AT 200°C i H [ &5 AR AR R AR AR,

Wang S5 UBFSE T 2 B R4S AN 2 B AL
Gy KRR A RHE B R AP L FLBR 25 L
AB G HCRAIFE 25 5 3 B 35 0 B0 48 1) % 4

RAR B T KU E & MBS & A A T B E
R, RN, fOE 2 B ik A 1 0 m] BE 23 5% ma 0 i fL
B4 A4, DR A R Gl 8 R o T BB 2 R e K e R A
AR 20 . DR U, 7R il B 18 R T 2 i A
e, B2 RGBSR 2. Moore 881 T —Fh
HAT BB ETRen) 2, B sh 28 A W) ik 252
FERE 4 J5 AT DL, 7 310 28 K e 9 4 FH 5 i L 14
BE U H L IF BT it 4 T B ] T i R
WEMARBERE A @ MK%, Hia %558
b SIS I T R A 2 U R 0 Ry
FAUE G RHRAE Z A 1 8 0, S8 T el 4 Y
AERSEHM R . ZEMREETREAE A MR
FARRZ e 2 5 M B DL X A @R s - rh B
SN ER - P
1.2 REFHBEEHR

s 2 YR 4B SRS S D B IS AT 4R A T 2 A M
Bhrf T 25 0 B 5 2 A b BB R L 7E AR
WP BE LT 4 R A W 2, N B B R e rh i ik i B8 2
T LUK B2 24 20 5 5 4 ) v i i Ak 7R & AR RN T
CEE 8

Kling %15 BEFE T Hp 23 Bl 58 2 i 184 95 1 34 45 3
S A MERE 3 A VA 0 3 2 U 0 R0 38 TS AR 4k AT
FIE% . Doan 481 FI| H & A4 WM A & 57 1Y) H &
LR FEARAR T H B R — T B (DBTIDOEH T,
i B — W 3L Rk 4 k% (PDMS) 5 8 — 2 A E A bt
(PDES) & A 22 Wk 1V » 24 FL 27 2F 4 1 J2 i 4 ) g
SCHM R A FAE ., I TR % B 4R R . Nei-
siany S8R A R A 27 L A T A A A ThEe
F G K 21 2 4 3 500, O H A B R Bk 21 24 / 20 S IR
HEME . G5R RIS A A 9K A
At J5 5 A MR ) 22 M BE AT B 08 | Bk 2F 4t/ 8
fRE GBS BEE, K ERE sk it m T
3.

rhas 2 B S R BLUAR RE A S A R A FR
&5 A I RRAS MELLSE B MR Z kB8 &
IEAh s 2 e B I S REARR R PERE . TR, 7
A Jei IR v T BN ) v 23 27 2 i A T ek, TR
U (B 2 TN RN M BE G 57 1) 24 00 £ 4 CANBR 99 KA
1.3 WEkEEE MR

s R 4E IR RIEE FAR KR EZ A EEL 2K
168 52 R — o7 ¥ 11 4 80 AR R i 24 80T 2% ) R R
PRBLL 3k 2 v A £ Y R B A8 52 B R I Bk
KA A 18 5264 61 0 . 08 ik 1) 18 500 1 i 220 8



.« 52 . o T BB ow 5 48 &

SEIHCAE SO 2R BB, Y UK R
1652 FVE R B S G AR SEEM R B R IE
ORI 208 T LA 5 0P Al B i AR — o A SR
J& TERUKAE Foin AMEE

Toohey ZEUS 8 2007 4E 1 2 H T K& A
BEM RIS, FIJH Grubbs 7E N4k 7], — 3
% 4 (DCPD) S48 52 57) , R 8 5 B [6) — i 1) £
WBE ., W5 EH DCPD B2 SRk 70 % . a4
A3 T 6 43 KR 10 0 B, d s AT 98 7 IR AR &
S AR By 5 BN S S RO (BRI TR I B
I REL. Toohey 55 R FBUIK A W 4% 55 XL 41 43
1B 53] B SRR i o0 s [ R0l o 2 Sl Ny 1
Ok A7 I &4 Hn % 3] 4 801 T, S B AL R B B FRAE
5. WFFE RN, B WU 4348 52 500 B RUIDK A8 ) 2% 45 1)
XTSI B SRR =ik 60 Y0 A IME IR EGA R 16
W5 KA H 1B A AR B4, Patrick &M
3 ok AL A ) £ 4 5 A b R 3% S I v A ) AT
DA SE B A AR SR A A . TRODK A I 25 AE B R
WG HIRBEE Y T R R AW E A MR
B i A 2 4 v AT P PR G 0

Hamilton %" 3 11 % & &2 5] 5 bk 8 & 42 1)
WO B OB 55 9 R L R A R B SR AR A T
B . Hart 555230 28 9 38 50 0K 8 e i 6 18 A
) AETIIK S B 38/ SRR BB W 3 ESE I T 2
PO G . PRI UGIE I T X532 045 09 41 4
WA G MR T B G, AT L o i 48 & 4
B VRGP Ok 4t F 0 T (] B, Pety FUMHE T —
o7 76 0 B K A T 8%, A6 SOV A 0 o 3B ZE I I T
Z M 4 REIR AL S R HIBE 1. Dean 2V 5] A4y
BeSOM I B (SGLE) >k 14 s S 1L 48 A 1 & 46 v ik )
MRS . IR W, 5 A )23 U 0 2 285 s 48 il
% J7 A L, SGLF B3 1 R 15 DX Bl 1
HANR G S T T RO, 1A, SGLF
PR T AR 5 0 fe KA Y 1 4 E T AR
WA GRS S e N 1 S D) I TR U
SGLF ] DL i fin AAS [ (4 A4 Ak L 4 495 45 = R i &
b2 0 Ok R0 A I A A RS M RE .

K E 1B H AR BRI 2 B R
MR E SR SR R h A e = 4k
Do 2% (1) ) Sl g 3k D AT A R R G A
1.4 HeeuiesHms
1.4.1 mEH Lz

ELAG A 1 5 G e %) 2 T A ) I A

BRORRE R} . R AR A AR v A R R TR T R T di
FE G URE RO AR AFE . 7R3 A RE A A S5 b L 38
1o RN, F R LSS BRI Y [ Sh s . Y H ARG
PEBE 1 A8 M 5T A b ) 7 2R B0, X R RL R 477 Ak
HEAT LRGN A, BREE P 5 b R B AR ) 5 ik
ARASAE T b i sl LA 220, DT 8 2 I i 4 L.
1.4.2  Fhvw A5 55 A4 6 ) & 2 AT R IR

Hul e RUEERANMNHTREYABE
AR RIS D AR S AE 5 A WP AR D
T A O A il . TR AR SR F I WOR Wk
T HEVERL T/ A 2R IR R RN (PPESK) & & #4
B BB EON 10 20 I 8RB A R AR A 2R
I 4 B kBB (N ; Zno, 5 Fe, O, /PPESK) ' T #ii %
1. 5MHz W2 B #E S, 558 T W9 Bl 6368A/
m. 8756 A/m Fl 11940A/m B} Ni,; Zny s Fe, O,/
PPESK [ & #0AT A . 45 S0 L 76 0 I Ry 44
b AR L AR SR 4T B 43 ) R ) 349°C L 375°C
1 396°C , I B 58 4= 0l 2 0T & G M R R a0 5 RE
&4 . Ahmed %5 IF & T —F b i BLIR B 8 0 1Y
T R N K A 4L e L I B 5 i 1) 40 KR T R
B G 3 0 A M A e S g R R N AR B
T BE W T e R E T 2 A TR A X R 2 T Y i B
SCPL T MR AT A . Pattd 20T HE G o JEON n A
14 7 T 4 v Bk 0 UK CRE R 7 5 A AR T
FEAARE 1. WEERE R Y IE A C L DA SRR N £k
Pl R R S A R ML GE B T RS S B R A A R A SR
B4 . ZITEEA BT S B T 4 S AR ROk
ELA TR 09 0L I

2 #iE

REW ABEZEHORAE Ny —Fhog 2 GE A
b JCIE D) B R 2 i BT L AR bR T
— AR T 0], 25t 10 ZARR LR AR
B BB AR B R S B A R
B AR R E A HORBE IR R b A8 583 R T
TEib B SL M S B . AW A B a8k
TEAE TR AR A il TR A 18 By A5 U B A
R SRS . 2B ABEE MR BRW LT
1B 5 SR AE AR T 7 A ) A RE L SR AN B 52 P
FHZER B LA A — E 22 B, 5 B W7 ket o
o AR AR BRI 5 ik i B o OB e
PESFINLR TR G A EE SR TERE .



MRS SMERIRS Y A B EE S MRS R + 53 .

(1]

[2]

[3]

[4]

[8]

[10]

[11]

[12]

[13]

[14]

[1

5]

S % Uk

FEORFE A dE BRI IR BB E
BHFIR L 2005,19(1) :30-32.

BREL S MR R L) ] M

White S R. Autonomic healing of polymer composites[]].Na-
ture,2001,409(2) :794-797.

A, X AR ks 5 R IR AURE B B B A B A BB S R e LT .
LT, 1999(1) 1 42-44.

Brown E N, White S R, Sottos N R. Microcapsule induced
toughening in a self-healing polymer composite[ ] ].Journal of
Materials Science,2004,39(5):1703-1710.

2R, R XSO A U BB E A R R B ST
JELT].BERE M/ S5 FRE. 2007 (4) :48-52.

Kim S Y.Jones A R,Sottos N R, et al. Manufacturing of uni-
directional glass/epoxy prepreg with microencapsulated liquid
healing agents[ J].Composites Science and Technology,2017,
153:190-197.

Jones A R, Watkins C A, White S R, et al.Self-healing ther-
moplastic-toughened epoxy [ J]. Polymer, 2015, 74 (9): 254-
261.

Celestine A D N,Sottos N R, White S R. Autonomic healing of
PMMA via microencapsulated solvent[ ] ].Polymer, 2015, 69
(9):241-248.

Yin Tao,Rong Minzhi, Zhang Mingqiu, et al.Self-healing ep-
oxy composites-preparation and effect of the healant consis-
ting of microencapsulated epoxy and latent curing agent[ ] ].
Composites Science and Technology,2007,67:201-212.

Yuan Yanchao,Rong Minzhi, Zhang Mingqiu, et al.Self-heal-
ing polymeric materials using epoxy/mercaptan as the healant
[J].Macromolecules,2008,41:5197-5202.
BEWIRK A CR AR T A S A Ay TR R A L ] 4y
T2 ,2012,11(11) :1183-1199.

Wang X F, Zhang J H,Zhao W, et al. Permeability and pore
structure of microcapsule-based self-healing cementitious
composite[ ] ].Construction and Building Materials,2018,165;
149-162.

Moore D G,Moser T A,Riths P A, et al. Microcompartments
with strong and dynamic self-repairing shells[ J]. Advanced
Materials Interfaces,2018,5(18):1800813.

Hia I L,Chan E S,Chai S P,et al. A novel repeated self-heal-
ing epoxy composite with alginate multicore microcapsules
[J]. Journal of Materials Chemistry A, 2018, 6 (18): 8470-
8478.

Kling S,Czigany T.Damage detection and self-repair in hollow

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

glass fiber fabric-reinforced epoxy composites via fiber filling
[J].Composites Science &. Technology,2014,99(4) ;82-88.
Doan T Q. Leslie L S,Kim S Y,et al.Characterization of core-
shell microstructure and self-healing performance of electro-
spun fiber coatings[ ] ].Polymer,2016,107(12):263-272.
Neisiany R E,Lee ] K Y,Khorasani S N,et al.Facile strategy
toward fabrication of highly responsive self-healing carbon/
epoxy composites via incorporation of healing agents encapsu-
lated in poly (methylmethacrylate) nanofiber shell[J].Journal
of Industrial and Engineering Chemistry,2018,59:456-466.
Toohey K S,Sottos N R, Lewis J A, et al.Self-healing materi-
als with microvascular networks[ J].Nature Materials,2007,6
(8):581-585.
Toohey K S,Hansen C J,Lewis J A, et al.Delivery of two-part
self-healing chemistry via microvascular networks [ J]. Ad-
vanced Functional Materials,2010,19(9) :1399-1405.
Patrick J F,Hart K R,Krull B P,et al.Continuous self-healing
life cycle in vascularized structural composites[J]. Advanced
Materials,2014,26(25) :4302-4308.
Hamilton A R, Sottos N R, White S R. Mitigation of fatigue
damage in self-healing vascular materials[ ] ]. Polymer, 2012,
53(24):5575-5581.
Hart K R,Lankford S M, Freund I A,et al. Repeated healing
of delamination damage in vascular composites by pressurized
delivery of reactive agents[ ] ]. Composites Science and Tech-
nology,2017,151:1-9.
Pety SJ,Tan M H Y, Najafi A R, et al.Design of redundant
microvascular cooling networks for blockage tolerance[ J]. Ap-
plied Thermal Engineering,2018,131:965-976.
Dean L. M,Krull BP,Li K R,et al. Enhanced mixing of micro-
vascular self-healing reagents using segmented gas-liquid flow
[J]. ACS Applied Materials & Interfaces, 2018, 10 (38):
32659-32667.
K AR AE ML T B ) A R AE B AE BB 1 5 43 T A RN
oy D] BL g 5B T K44, 2010,
Ahmed A S, Ramanujan R V. Curie temperature controlled
self-healing magnet-polymer composites[ ] ].Journal of Mate-
rials Research,2015,30(7):946-958.
Patti F, Mansour K, Pannirselvam M., et al. Mining materials
to generate magnetically-triggered induction healing of bitu-
men on smart road pavements[ J].Construction and Building
Materials,2018,171:577-587.
Wfs B8 :2018-12-17
&7 B #1:2020-01-14



