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Figure 1 Common dynamic covalent structures: (a—c) schiff bases; (d, e) ester bonds; (f) acetal structure; (g) phenolic carbamate bond; (h, i)

disulfide bonds; (j) acylhydrazone bonds.
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Figure 2 (Color online) (a) Synthetic route of 2,3-dimethoxyisophthalaldehyde (DA) and tris(4-formyl-2-methoxyphenyl) phosphate (TFMP) from
vanillin; (b) synthesis and reprocessing of the fully bio-based vitrimers. Adapted with permission from Ref. [14], copyright by American Chemical

Society (2022).
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65 °C, PLHGEEE16 MPa, £200 °C I8 F7 A st (]
H1349 s, FEALAEH87.88 kI mol ™. iZvitrimerZF Il H =
FEILRICIZAT N EBEEL AR IR B UL b m] sE B i
TEAR () [ 5 5 B —— TR ] 52 R 21 98%, TR
R LI89%;  TEFh NG 45 AR IR DL n] S Bk A
TEARM BB AE, SCOUEAR AT EM,; dhsk, MEHE




REFR: b 2026 0 56 E 3 M

1

1

1

" Deform Recovery

i —_— —_—

' 80 °C 80 °C

' ) P

A
160 °C

Reshape
80 °C

Recovery
—
160 °C

Recovery
e —
80 °C

B 5 (W&HOEE) ESO-FPALOMITRITIZE IR A . (a~c)
i A T8 5 DN T2 B AL R S R TR IS IZ B e
ATEIMIRI PR (d~g) (EHIT, [ A NTE . A T, €
N METRE Y 1) 5 3 A0 5 S W ) = AR AZ BL B AT TR I
B 5 1 52

Figure 5 (Color online) Digital photograph of shape-memory ESO-
FPA1.0. (a—c) Double shape memory of the vitrimer using the glass
transition temperature (7,) to fix in an ‘N’-shape, and their recovery
upon heating; (d—g) triple-shape memory of the vitrimer using the
topology freezing transition temperature (7,7) to fix the ‘N’-shape, and
the T, to fix the spiral shape, and their sequential recovery upon heating.
Adapted with permission from Ref. [52], copyright by Elsevier (2020).
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IEEN132.1%M1111.0%, T oA P 56 70 R v S (0
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9 4k 7T PLZE9O °C R4 hE 100 °C R 2 h Py SZBL A1
[EUS IR AR AT 5 R aa B IR AR AL B PR . R G
1R 7 .

3.5 Fhe

FEFWENEBEA R S ThREN R, HtE
RE BB e 1 S5 I S 2 S k. AR e A 1
BB AAFAEASTT RIS IR B85 e ) . G 5\ Bh 4%
s SR SR, TR SR, ABR
L5 B e S SR AR, PRI G AR Ay
55 SEEURERE AT FR Ak ) Sk T B

CUEY R L, I 5 NEhAE T hR . Bt
Jl B 5 T AT R A A, T R A A A I PR B
SRS A, XA FIAE TR TR
HE B DIREE, R R AR e . B
Fny E A M

il dn, 2 g 2 1 BA LM S A W U A T R e I
2, 5-R -1, 42K R R IR A RIS R, SRR
AL, fIEEEMIE NEREET. ETEMEE
B SR 4 Bk $)2.38F11.43 MPa, BAMUMEIR R K
MEFETE, IFE& RIFHIREMITE S AR et ek
P BN ) P A 0 B S R T 3R SR & TR s A =R
B, TR T R R D R X8, I A% T
FLHR R B e v B 5 A T RSO B AR S R I R B
A A FE AR = B A R N R, FE R A WL
FURNGG R VERE, SEEL T 7125 ME RS vl FR AL R (P, 2
E IR S = (2-F 425 I BE /R LE R 066, %3 & 71
Xk P B FE HE BY D)5 S ik 16.1 MPa, H7E—196 °CHY
MR R ER 1.6 MPalfi BB, MR R I 55



REFR: b 2026 0 56 E 3 M

Healable and Cleavable O \,
Imine bonds !

Cystamine 0 O Photo-curable site
= O " 0®-w@ll
CH3 O,CH3 o - ' O/CH3

E | Vanillin based crosslinker

0.__0 N
N C)
Photo-curable site
Crushin o
(\g &"5‘“ IBA as diluent
Pt o
!". ?)(\
L N
M § & y)
) 7 i RecyclabilityUPhotoinitiator
) $ i
.J 1' g DLP Printer Q
’a ~

&
§
O

N/\/S

%
=

Polymer structure containing bis-dynamic covalent linkages
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Figure 6 (Color online) Schematic representation summarizing the synthesis of vanillin and cystamine-based photosensitive cross-linkers. Adapted
with permission from Ref. [60], copyright by American Chemical Society (2025).
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AR, BT B R ER L
VA FRTATLAR A B 5 o) S AR 4 T 46 52 3. 91, Tur-
kenburg A1 PR EL A ) 4 HERR — 2 T AN Ik i PP 6 7
IRTREE IR, FRINN UL SR BT i A A8 B, A T
AN WL 1ZIREAEE IR N 2ISIE AT N, B
AR S N E RE AV v A PR 7R THIR B R A
Diels-Alder . MZEMECIEE, T HEHEMER T
BERE S, ZIREE160 CCHAL TR 5 Tl A 318 2 B 45
B0, R 5 i 1 A T P 4 i £ T
55 0 76 [T A O U o R A A R L A S
JiE R, HHG A Y & 5] AR PR & e 4L, 4
w7 B A T I AR S 1A ELAE P R
P EEEREZE. ZAEHE I R R 5
B E B 1 RE(30 min N IB B AUER1E92.43%),  [FI B
2 U R B (R AR 7710.59 MPa)FI IR IEIZ DI BE.
WA — D IUE T HAEARMIRE R IR, Kl T
5 umZIIRAE3 min N SE B, N R AR E BT
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FRAL T S 250, BeraZ5l% DL S R TS A4, B R
NIEEL SIS R, PR AT AVE R . AL
HUATSEEUA AR K BRI, Z A R 120 °CTR T
SEILE AR, RFAEFA S [B] 7E 160 °CHIAX N6 s,
% KA Bl YE AL BE M 106.15 kI mol™" . R 38 & Ny
0.142 MPa, Wik Rik15.24%, I E &AL REER
FasEtE, S10UEEN G )12 R 5k g A
RFEAAR. BRAh, MORHERRIE 261 T 52 e PR, ik
TG /K A s 102.4°, EBLH AR S (KB JE vl b, e ok
AL B AEE3.02x107° mm, PHHTEE2.3x107 Q, 7F
SR 2 AT TR N AT S

UbAbh, FIR S A2 S 2 ThRg e Rl o — H 22
WEAC T, MBI\ & T —F 4B R Hui
FUKERE. %0 E 8 E A A K G i e vitrimer R 1]
TEAR 22 BEBR AN M 1T 1, L 3285 S i X 24 ik 7
MEFEBE SR EIRE . &R RIS s
BN GE LT AME ST 30 s T BRUKBRFE ) HE B /K 1 (42 ik
F152.1°) K 195 78 UK PE RE (45 VK AE IR I [R] 78622 s+ UK
PSRN 11.2 kPa). 1855 T 2 BER YK ML #k 4L
SRR B FEER, 2 TELL Mk
NEHRG RS R IEE.

4 BEgHRE

AW vitrimer MBS & TR AR RS B A G
IR AT AR, LR T RS 2y U ) 3 T
VR IR 72 p ST BRI (01 4073 N =1 e ks
LRSI ATER, BESTER. 6. pHEL RN R K
AR RN, NTSEBLEB R ERL BCRTEAR
25 ThRE, BRSO 1 AR e A RS AT [ /5
PR, ti e 1 v 2 T ARHK LIV .

DI . BB RBUR. SRR RIA TR
N JEURHE & AR AR, B A T R A BRI AR
W, SETH BRI, AR, RER R R R,
Py vitrimer IS8 %58 A AL 75 T i AT 2 E 4k
i (1) AEVEERARAAE B A ik K&
B, HIRBUS A AR GREEE R, WA TH
RO E P S g B, (2) BLA AL
Wb AR e VE AR A A, Bk EOeE, HILmR 2
WM IR B R AL 2R, AT 2 SRR T YR
J7 SO A SR A L IR 3R () MBI
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BE, W ERENE SR BB R AR, MAR R R4
iE; (4) @EdarAPFN T SO AL, R,
Biaptk MR BERESE 5 THI SR = B0 S AR S 4.
NHES AN e vitrimerdZ A SE AL S 0L, ARk
HE 7 AT BUN Tl S A I B Bl T A
FEHER 12 LR RS AL,  MARA ESEElb kL
AT SRERA RO, TRET LTIV
PR EHERE: (1) JRRERE . BRI SR ] & B AT (e

A —2bibhs); () et Sle R i R S5 e e T
2 DIREsiAS A AR, DU A1 RE S E0E
Ritks (3) SIAG. W BESESNZ RIS HLH] SC Bk HE
WA N (4) NS84 A= i AR C 0P 4 5 P L B R), #4)
EIEAZTEAA; (5) HEShES ARG, T R fe ]
& R BTSN R, KR RETT
2 PRETE MR SR AT AR E Y A vitrimer A B, B 2%
ST S IR B 7 A 2 Y F .
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Progress in recyclable bio-based polymers based on dynamic covalent
cross-linking chemistry
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Abstract: Presented in this review is the progress in the field of recyclable bio-based polymer materials based on
dynamic covalent chemistry. It begins by introducing the fundamental concept of vitrimers and their role as a bridge
between thermoplastic and thermosetting materials, elucidating the key mechanisms by which dynamic covalent bonds
enable functionalities such as self-healing, reprocessability, shape memory, and closed-loop recycling. Subsequently, the
design principles and application fields of various dynamic covalent bonds in bio-based polymers are summarized,
including their structural characteristics, response mechanisms, and performance advantages, with a detailed discussion
on cutting-edge developments in dual dynamic network strategies for enhancing comprehensive material properties.
Furthermore, practical application cases of such materials in areas including shape memory polymers, high-performance
plastics, polymer membranes, three-dimensional (3D) printing, adhesives, and biomedical materials are reviewed.
Finally, the current research challenges are analyzed, and future development directions are outlooked.
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