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Fig. 1 Self-healing materials with 3D microvascular networks™"
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Fig. 2 Schematic diagram of polyurethane composite materials with self- healing, recyclable,
photothermal conversion and energy storage capabilities™
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Fig. 3 Schematic diagram of the hydrogen-bond self-repair of superhydrophobic coating
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Fig. 4 Schematic diagram of the rapid self-repair anti-fog coating
for host-object interaction™
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Fig. 6 Synthesis of polydimethylsiloxane anticorrosive coating for self-healing photothermal nanopacking

for multiple cycles'!
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AT IV E N 4O E Y T G TEE N
B emVBEh. TRk shEs, KA A H
TETERE T, AT DS Rk MR B v Ak . 7R R BH AR
TH] 53 53 3R A543 30 B 0K R0 = Bl B UK e 7 A 3% B 1k K
URGE  [F I R AL TR B UK R JE R . s VR AR AT
DA B B b 25 o A R 45 040 /KRN 5L T e F4 9K/ 5 2
BB UK R . BB X B R ) 2R T RE 5 1R
TSI BRI S, U E W E 0 Al 2= B i .
33 HTFER
HERERE & — LK A R T kG, If
TE 4 & B b FTHI T A 29) 25 M58 DA o FC 5 e 7 4
Kl FHEAY, WML FI R RN, BT B A A7
BB FRIRE T, D451 TR IR )2 Tk 0
KR, A P2 I8 I B S R B 8 7 SR 5
REVRTHR. FHESYN B RIS AT
PEAS FL OB AL e 7S B R 2 1) R A A R
Chen 25 5 & R & g (PUD Al S A ik-gh oK
TOORL UM AT SR IR TR G DG ERR AR T, TR %
R ESRE. IBREZEEMRENSHE
PEFIE G KM, iT H Tl F 8 T3 4R E
PIE s G, e AT DLUE R PU 4 AR
DA PU 5 ot S8 0 2 (R S B A B4R R R1B 2 %2
AL (Fig. Do RIS, S o s K K 55 v BATE
KiiER, BEZWXE. HFINT MK E
R, 1K 2 ThRe 2 i 2 AT A AR KB 1]

Stirring

......

147]

4 55

HIE R RZEMT 5 D& & £ EBZ LT L
EAER BT MR & B iR E 1 B e S5 N REE
IR R 7K b7 %5 SEYERE A HLLS G ok, XA SRR 1
Wi 24, BE N e SR, ELAS SR 2 (R ) 45 7 1R 8
NEFGAFF TN H . B80S, BBEREZE
T 4b T 38 BT 50 W B, ol Ak R FR b B 5 R
o Ha BBEERZENH T RN A2 i iR 2
H &R R VI AL A 32 &, 768 PR il b sk b T
2R & A, A SR TR E K R 9 e
FH S T AR R o AT BATL , Bl S B 2R R )
KIE itk BB B M B EA BERE T, vl a2
Fhog ks N RATE , B A A RE R E R S
P

S 3k

[1]  WeilF, LiB C, Jing LY, et al. Efficient protection of Mg alloy
enabled by combination of a conventional anti-corrosion coating
and a superamphiphobic coating[J]. Chemical Engineering
Journal, 2020, 390: 124562.

[2] Li H, Qiang Y J, Zhao W J, et al. 2- Mercaptobenzimidazole-
inbuilt metal- organic- frameworks modified graphene oxide
towards intelligent and excellent anti- corrosion coating[J].
Corrosion Science, 2021, 191: 109715.

[3] ZhuM S, HulJ P, Lu Q Q, et al. A patternable and in situ formed

polymeric zinc blanket for a reversible zinc anode in a skin-



9

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

mountable microbattery[J]. Advanced Materials, 2021, 33:
2007497.

Zhao R R, Yang Y, Liu G X, et al. Redirected Zn
electrodeposition by an anti-corrosion elastic constraint for highly
reversible Zn anodes[J]. Advanced Functional Materials, 2021,
31:2001867.

TRE IR HERE, 48,5 BB SR BUKIR IZ BT BE R[], & )
TRPRIRE S TRE, 2022, 38(10):169-175.

Zhang M J, Zhang F Y, Li X, et al. Progress in research of self-
healing superhydrophobic coatings[J]. Polymer Materials Science
& Engineering, 2022, 38(10): 169-175.

Roy S, Zhang X, Puthirath A B, et al. Structure, properties and
applications of two- dimensional hexagonal boron nitride[J].
Advanced Materials, 2021, 33: 2101589.

Tian W, Zhang X Z, Guo Y, et al. Hybrid silica-carbon bilayers
anchoring on FeSiAl surface with bifunctions of enhanced anti-
corrosion and microwave absorption[J]. Carbon, 2021, 173: 185-
193.

Zhu M M, Yul Y, Li Z L, et al. Self-healing fibrous membranes
[J]. Angewandte Cheme International Edition, 2022, 61:
€202208949.

Taylor D L, Panhuis M I H. Self-healing hydrogels[J]. Advanced
Materials, 2016, 28: 9060-9093.

Li C H, Zuo J L. Self-healing polymers based on coordination
bonds[J]. Advanced Materials, 2020, 32: 1903762.

An Z W, Xue R, Y K, et al. Recent advances in self- healing
polyurethane based on dynamic covalent bonds combined with
other self-healing methods[J]. Nanoscale, 2023, 15: 6505-6520.
Yang Y, Urban M W. Self- healing polymeric materials[J].
Chemical Society Reviews, 2013, 42: 7446-7467.

Qi M, Yang R Q, Wang Z, et al. Bioinspired self- healing soft
electronics[J]. Advanced Functional Materials, 2023, 33:
2214479.

ZhuM M, LiJ L, YulY, et al. Superstable and intrinsically self-
healing fibrous membrane with bionic confined protective
structure for breathable electronic skin[J]. Angewandte Cheme
International Edition, 2022, 61: €202200226.

Sun F Y, Liu L F, Liu T, et al. Vascular smooth muscle-inspired
architecture enables soft yet tough self- healing materials for
durable capacitive strain- sensor[J]. Nature Communications,

2023, 14: 130.

Cao Y, Morrissey T G, Acome E, et al. A transparent, self-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

healing, highly stretchable ionic conductor[J]. Advanced
Materials, 2017, 29: 1605099.
Guo H S, Han Y, Zhao W Q, et al. Universally autonomous self-
healing elastomer with high stretchability[J]. Nature
Communications, 2020, 11: 2037.
Ana S, Lee M W, Yarin A L, et al. A review on corrosion-
protective extrinsic self- healing: comparison of microcapsule-
based systems and those based on core-shell vascular networks
[J]. Chemical Engineering Journal, 2018, 344: 206-220.

FEUE, A, EEM, & IR ENE R H S E AR
FAER D). i TR 5 TR, 2023, 39(12):157-165.

Li W Q, et al.

Li Y T, Xin J B, Development of

microencapsulated intelligent self- healing composites[J].
Polymer Materials Science & Engineering, 2023, 39(12): 157-
165.

White S R, Sottos N R, Geubelle P H, et al. Autonomic healing
of polymer composites[J]. Nature, 2001, 409: 794-797.

Toohey K S, Sottos N R, Lewis J A, et al. Self-healing materials
with microvascular networks[J]. Nature Materials, 2007, 6: 581-
585.

RS, EHT5, BRAFIL, 55 . BB W0 TR B 3 iR 2 o
HIRE BT FUE RE[D]. W T REREE 5 TR, 2022, 38(3):166-
173.

Li SY, Yan X X, Ma S J, et al. Research progress on the
application of self-healing polymer materials in leather coating
[J]. Polymer Materials Science & Engineering, 2022, 38(3):166-
173.

Toohey B K S, Hansen C J, Lewis J A, et al. Delivery of two-part
self-healing chemistry via microvascular networks[J]. Advanced
Functional Materials, 2009, 19: 1399-1405.

S, EAL KIEIR, & BT N T B BB R
MR m o TR 5 TR, 2023, 39(5): 126-133.

Yi M, Wang L, Lai J J, et al. Self-healing polyurethane based on
reversible crosslinking boroxines[J]. Polymer Materials Science
& Engineering, 2023, 39(5): 126-133.

Yang S W, Du X S, Deng S, et al. Recyclable and self- healing
polyurethane composites based on Diels- Alder reaction for
efficient solar- to- thermal energy storage[J]. Chemical
Engineering Journal, 2020, 398: 125654.

Lai Y, Kuang X, Zhu P, et al. Colorless, transparent, robust, and

fast scratch-self-healing elastomers via a phase-locked dynamic

bonds design[J]. Advanced materials, 2018, 30: 1802556.



10

[27]

[28]

[29]

[30]

(311

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Montarnal D, Capelot M, Leibler L, et al. Silica-like malleable
materials from permanent organic networks[J]. Science, 2011,
334: 965-968.

Wei X, Ge J Q, Gao F, et al. Bio-based self- healing coating
material derived from renewable castor oil and multifunctional
alamine[J]. European Polymer Journal, 2021, 160: 110804.
Zhang H L, Guo Z G. Recent advances in self- healing
superhydrophobic coatings[J]. Nano Today, 2023, 51: 101933.
Zhou B H, Deng T Z, Yang C L, et al. Self-healing and recyclable
polymer electrolyte enabled with boronic ester transesterification
for stabilizing ion deposition[J]. Advanced Functional Materials,
2009, 19: 1399-1405.

Garry S, Motofumi O, Yoshinori T, et al. Supramolecular self-
healing materials from non- covalent cross- linking host- guest
interactions[J]. Chemical Communications, 2020, 56: 4381-
4395.

Hornat C C, Urban M W. Entropy and interfacial energy driven
self- healable polymers[J]. Nature Communications, 2020, 11:
1028.

Li H, Xin L, Gao J, et al. Underwater bionic self- healing
superhydrophobic coating with the synergetic effect of hydrogen
bonds and self-formed bubbles[J]. Small, 2024, 20: 2309012.

Gao K, Feng Q, Zhang Z Y, et al. Emissive metallacage- cored
polyurethanes with self-healing and shape memory properties[J].
Angewandte Cheme International  Edition, 2022, 61:
€202209958.

Alvaro C, Viviane L B, Raffaele M, et al. Shape retaining self-
healing metal- coordinated hydrogels[J]. Nanoscale, 2021, 13:
4073-4084.

Xu C H, Huang X H, Li C H, et al. Design of "Zn’ " salt-
bondings" cross- linked carboxylated styrene butadiene rubber
with reprocessing and recycling ability via rearrangements of
ionic  cross- linkings[J].ACS Sustainable Chemistry &
Engineering, 2016, 4: 6981-6990.

Deng Y X, Zhang Q, Feringa B L, ef al. Toughening a self-
healable supramolecular polymer by ionic clusterenhanced iron-
carboxylate complexe[J]. Angewandte Cheme International

Edition, 2020, 59: 5278-5283.

Hong Y L, Azcune I, Rekondo A, et al. Additive manufacturing

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

of shape memory thermoset composites with directional thermal
conductivity[J]. Advanced Functional Materials, 2024, 34:
2311193.

Wang N, Yang X, Zhang X X. Ultrarobust subzero healable
materials enabled by polyphenol nano- assemblies[J]. Nature
Communications, 2023, 14: 814.

Xie J, Yu P, Wang Z H, er al. Recent advances of self- healing
polymer materials via supramolecular forces for biomedical
applications[J]. Biomacromolecules, 2022, 23: 641-660.

Fan X, Geng J H, Wang Y L, ef al. PVA/gelatin/B-CD-based rapid
self- healing supramolecular dual- network conductive hydrogel
as bidirectional strain sensor[J]. Polymer, 2022, 246: 124769.

Yao X, Zhang S F, Qian L W, er al. Super stretchable, self-
healing, adhesive ionic conductive hydrogels based on tailor-
made ionic liquid for high- performance strain sensors[J].
Advanced Functional Materials, 2020, 390: 124562.

Wang T, Wang W, Feng H M, e al. Photothermal nanofiller-
based polydimethylsiloxane anticorrosion coating with multiple
cyclic self- healing and long-term self- healing performance[J].
Chemical Engineering Journal, 2022, 446: 137077.

Thakur S, Karak N. Turning of sunlight- induced self- cleaning
and self- healing attributes of an elastomeric nanocomposite by
judicious compositional variation of the TiO.-reduced graphene
oxide nanohybrid[J]. Journal of Materials Chemistry A, 2015, 3:
12334-12342.

Liu S H, Liu X J, Latthe S S, e al. Self- cleaning transparent
superhydrophobic coatings through simple sol-gel processing of
fluoroalkylsilane[J]. Applied Surface Science, 2015, 351: 897-
903.

Niu W W, Chen G Y, Xu H L, et al. Highly transparent and self-
healable solar thermal anti-/deicing surfaces: when ultrathin
MXene multilayers marry a solid slippery self-cleaning coating
[J]. Advanced materials, 2022, 34: 2108232.

Chen K L, Liu H, Zhou J L, et al. Polyurethane blended with
silica- nanoparticle- modified graphene as a flexible and
superhydrophobic conductive coating with a selfhealing ability
for sensing applications[J]. ACS Applied Nano Materials, 2022,
5:615-625.



11

Progress on Research of Bionic Self-Healing Coatings

Jiaojiao Su, Yaning Zhang, Zicong Wang, Tianxiang Li, Haiyan Li, Jun Wang
(Heilongjiang Provincial Key Laboratory of Oil and Gas Chemical Technology, College of Chemistry & Chemical
Engineering, Northeast Petroleum University, Daging 163318, China)

ABSTRACT: Traditional coatings based on thermosetting materials, are difficult to repair once damaged and
failed, which will bring serious risks to the production safety of equipment. And the frequent maintenance of
coating also brings a lot of economic losses. With the development of science and technology, bionic self-healing
coating, as a new intelligent material, has become one of the research hotspots in the field of materials in recent
years. The research progress of intrinsic self-healing anticorrosive coatings was reviewed. According to the self-
healing mechanism, self- healing materials can be divided into two types: external aid type and intrinsic type.
External type includes microcapsule and microvascular type, intrinsic type includes Diels- Alder reaction,
reversible disulfide bond, transesterification, hydrogen bond, host- guest interaction and so on. The types of
intrinsic self-healing coating materials based on reversible dynamic covalent bond and reversible non- covalent
bond self-healing, research status and existing problems were discussed. The applications of self-repairing coating
in the fields of anti-corrosion, self-cleaning and electric conduction were described. The research direction and
development prospect of self-repairing coating were also prospected.

Keywords: intrinsic type; external aid type; self-healing coating; anti-corrosion; reversible bond



