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Self-healing polyurethane materials based on supramolecular interactions
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Abstract: Polyurethane materials are considered ideal self-healing materials due to their inherent hydrogen
bonding structure. It has been found that introduction of supramolecular chemistry into polyurethane can
achieve even better performance in self-healing, with most of their physica and chemical properties
recovered after damage. Herein, the recent advances in supramolecule-based self-healing polyurethane
materials with different healing mechanisms were reviewed, including widely used hydrogen bonding
systems, aromatic z-z stacking systems, ion-crosslinked polymer systems with ionic side chains that formed
interlocking points, metal-ligand interaction systems that crosslinked materials through coordination of
metal ions and ligands, and host-guest interaction systems where macrocyclic molecules interacted with
specific sized molecules. Finally, the future development directions of self-healing polyurethane were

discussed.

Key w ords: self-healing; polyurethane; supramolecular interactions; dynamic bonds; hydrogen bonds;

coordination bonds

RAM (PU) R —MZ i BREY, i
ERPTIRZ A EE R, Al S R e
55 Z2 UM L A8 LA B A2 25k o 3 LA 5 14 0 2
PERE, ol e i 2R G IR A2 IR A 7 AT 4 A of 3 o
PR AR MR R, PR AR 1 2GR e B ok 9 4
e W, (AR R AR R h 5 52 SIS A
BRIG, PRSI KB, S BEORZHIP
PRES REREAC . WHRBANEE R Z T BORA

TS e, BRAESBHE N A

RO A ATE AR SR B T A A RE T,
AN e — LR AR AR Y G i R R JIEL AT A4 % S Y JROAA
— LB EAT Sl W s A £, e TR R sk
AN, WaE s A B A AR B S A Al . BEAh,
N B R R HE L LBV A8 B WA — 2 1 A B2 hE
Ty, WK RS AR, SORRE AT AR I
T AW O R, KR R T RS SR

IS HHA: 2023-03-07; EFAHAHE: 2023-07-20; DOI: 10.13550/j.jxhg.20230180
EELWB: ERARBEILETH (51973001 ) 5 L#EBHHITRIEATH (170420902018 )
{EBR® A TWE5E(1998— ), B, fii+-4: , E-mail : 1353838779@qgq.com. BE & A : H%5( 1960— ),  , #¥%, E-mail : andayjj@163.com,



+ 500 * A% @m & T FINE CHEMICALS

541

DA A A A MRHRFSE . WHITE 254 Grubbs f#
PR T R 3R 5 A TR B A s 4 51 A B B
BT LA EAERER, MIEMIEZ R
GiTFenst, Ho i Bt w2, (3
TAZEE T IFAE Grubbs LTI E R R B IR 3B
e I I s as, IMSE B A @A 1)
SR, HARENARGER TH R Har, FEAK
TR A, e Tisfrdet, AaAR
AW L S BE AR AT ZS R L AL RN
B i 2 A5 AU 7 R A O FH A 5 o

F A A bR I & 3 B AT T I — 2 B AR e
A, o — A~ PR AT e HLAR R B A A
e ) Z [ Ul . PR TE o R, 3 A
A RE I T RE S KRR R RO MURSR B, 1ot T oe i
BUAR 5 B2 ) o] eSS sg AT R A A RE . I,
5N T AR 2 AR Z MR R 5, PASE
AR B AR R . BEAR, X LB RIE S R IREE 4%
PR I A PE AT SEPEA T RS . AR IX St
BHE S 2 h R B AR A AR BE ), (BT
T BEAEAS R IR BT A5 F T 2047 B s i) T 2 28
B TEAL , DA T AT TAE SEBR A A 4 4 0 i A
PRI A] 55 L 1987 4F, PEDERSEN . LEHN #1 CRAM
3 (iAbsA 5 R X R 4 1 2 BEIE A TR0 T R3S
TR @ LEHN e 3R% s vi i e B 3,
WY TAL WS 2 R UL E AR 22 )58 it 43 7
() 77 B9 A B A T AL A R e 445 4 R D) B 1) 6 4
TFRRBBLEE it —2 5838 [ A A AR
WAE, B 2O T2 AR R A B R
ZleH, LiESREWM RSB G &7 A, N
T % — RAPERE T i A & &k

RIXANG T ILFE S FAHEAERERE A @A
PU RN, G S LS AR R T IFH R o-n
WeRURZR | 4 B &S b5 B 3k 0% B0 il se
AW E TR AMERR . &8 T 5SHRittr
Be 7 5 AT RS e Y 4 i IO A B/ AR & . KR
SFEREE KNS PR YN EELNER
%, RIFRETARKRAGA PUERITI.

1 ETBSFHREERNERERRETH

1.1 SREAEKZR

SRR R BRI 1a, FHRORRE
Je M, BABSRIBE AN (0, N, F4F
T, REeFRR S A2 ERA SRR (H
) o TFARRST HEE PU MR AR RN
SRR EAE TN BEAL , PU A B 5 B SRR R A
Yk F A AT B, FERREEREIRTE DL, PU N

RS AN AR AR A AT T E R s E M,
B A5 S L R i S A G R SR T T I 7N g
Shy FEA B N JEORE, 38 A VR R BB R S 0 R TR e D
Rty Bt , 4 T hifHsRE N 4.32 MPa,
1650 °CHME & RG] 15 85%F) A i [ A4 PU BPE
M, e IR AT E K R

VU SR R B TR AR LR
AL A R, BRI R S AR B A R I
MR B, RS A A AR B ARAE R R
BEIJER ZE1009 yk 1 UK IR L =8 (UTr) 1 —A
LAYy ADAD-DADA (A: JET#:%1K; D: BT
ik ) HAES I E A AR, BRUNSVELD %]
K, iSRG UTr 9 745K, PRSI
FHEK ADAD SUHEEREA [ - A AL, T LS B
o NS T AR A 7R & A1 D U B R N
( Kgm>2x10°) . EMBRECHTS Z:U8I7E [ 20 2 py i
FHR R IR AT TIWRAER, IR TR
PEFIFE R H EAMUE UTr JEEEES], HNMR
WEEHERE, UTr BTN ESE e T ZRIKE &Y
EEFRE . 5T 11 (AFMSMFS) il 45
BAEH, UTr ZRIEH L (Kgm) A 2x10°%~2x107,
BenyZifr (toff ) (100+80) ms. JR Z 4141y faj B
A B T2 o AR AL R B4 ARk AR R R ) — SR A
B, UTr o A F H A 45 i A 4
BER 1

LIU 2609 DI |+ g A A AL N R
T 2,4- "5 H-6-1—hidk-1,35-— W ( DAUTA ) (4%
R ILE 1b) , 9KJ5 DAUTA 5 500 R — S SR g
C(IPDI) i, # UTr 254951 AZ PU 73F By 465,
AT HA DO E SR R KR SRR (SWPU )
DU S R 2 R SWPU 43F I 45 Ry =X an &l 1c
d iR, 5 UTr 250925 FRERR A L, SWPU #1
AR B A v T 35 33.85 MPa, £ 90 °CF [ AT
10 h J5 Hpr s g %52 & 30.64 MPa, [ AUFHE
it 90%, FILH LS S FYERER A A T RE

LI 2PN — R g i s AR AR, ARSI
MV Y ik — P m AR 1 BT 1PDI ATAS B BT 2,6-
mhome — B EE, AR EA —mBESEMEN
PDMS-MPU-IU (/& 1e iR ) o X FhbPk R H
W50 J12- R (29.0 MPa) DL %1 A A A fg
HAE S0 H A TR RE T RE IR TR BGR 4 1 A
BRI AR DL R A B v 4 J2 SV B A B . PU I B
MR EEA 28 (LA 1f) , X 2 Fp & E T
B IE Lo IR E58 . o 2 A A @ PU BT
B HE G, KT T B &S PU RSN H

VN

Il 7o



53

EWRsE, S T ESTAHEAE R A SR AT R - 501 +

Bl AsiahzrEE (a) ©; DAUTA Mk aitzt (b) | AR ER () Ll SWPU k24t (d) 19

PDMS-MPU-IU ffk#45# 3 (e) i & 2 R iR i l&l (f) 20
Fig. 1 Hydrogen bonding based systems (a)!®; Chemical structure of DAUTA (b); Schematic diagram of quadruple hydrogen
bonds (c); Chemical structure of SWPU (d); Chemical structure of PDMS-MPU-IU (e); Schematic diagram of two

types of hydrogen bonds (f) 2%
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Fig. 2 z-m stacking based systems (a)!®!; Chemical structure of polyurethane (b)!*!
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Fig. 3 lonic crosslinked polymer systems (2)!®!; Synthetic route of zwitterionic shape memory polyurethanes (b)’®Y; Structure

ionic self-healing polymer (c)*?; Synthesis route of polyurethane (d)/*¥; Reaction mechanism diagram of oxalic acid

and DPA (e)
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Fig. 4 Metal ligand interaction system (a)!; Synthetic route of self-healing polymers of PU-DAP (b)[*Y; Representative PU
structure fabricated by HDI, PPG and PY (c)“?; Schematic illustration of synthesis of Fe-PPOU (d)!*?
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Fig. 5 Host-guest interaction based systems (a)!¥; Schematic diagram of the interaction between SP and Azo with 8-CD

(0)!%¥: Chemical structure of raw materials for synthesizing TPU (c)®®; Structure of host-guest TPU (d)*¥;
Structure of linear TPU (€)®¥; Structure of guest TPU (f)!**!; Synthesis route of GCE/S-CD/Ad networks film (g)!>®
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