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g, BHSERE T 50 cCHUAMAE b T 18
QA 45 3] 724 MChO.5 (FRFHEE /R L, FHFEE
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BRE C=0 MRz, Hok b DR EREF 0k L
(0 38 in i 3 51220, g — 20 2R A XPS 43 #r e &5 44
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Fig. 1 Schematic illustration of the preparation of (a) MCh and (b) ENR/MCh Vitrimer; (c) the network structure of ENR/

MCh Vitrimer.

i, g R 2(e)FioR . 4 ENR R 32 #VE AL H
TS EHE R LT FChp g AR,
ENR/30Ch [ 1 45 15 7 120 min A M 1.6 dN-m 2
BT+ % 7.0 dN-m, 1fj ENR/30MCh I}k 2.1 dNm
F+ & 23.8 AN'm. iX H X T- MCh 5 ENR 7£
180 °C I I S 1 i 10 e 8L Je K 431 S8 BRFAIAE
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BN A A EER, 143 ENR/MCh 1
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LR MR 25 R R, MCh K745 Bk7, ENR/
MCh JE R T LA p-52 5 s B v Ak 2 28 B 1K 3 45
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HE— PR T A HREE KX ENR/MCh J72EPERE R
N, ENR. ENR/30Ch 5 ENR/MChik £ K]

F A A 2R a0 ¥ 2(H s . 4l ENR ATENR/30Ch
(R AR R RT Br 2K 22 73 il CA 1.0 MPa. 258%
F13.3 MPa. 566%. ifii ENR/30MCh 3 {f 5 & Al
ZUKZE ) TR B 8.4 MPa M1 189%, Fifdioa & /&
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(IR BRI T 2 AR 122 1 B
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Fig. 2 (a) FTIR spectra of Ch and MCh prepared with different feed ratios; (b) XPS spectra of O 1s for MCh and Ch (Top
right corner image); (c) FTIR spectra of ENR, ENR/30Ch and ENR/MCh; (d) Cross-link density of ENR, ENR/30Ch and ENR/
MCh; (e) The curing curves of ENR, ENR/30Ch and ENR/MCh; (f) Stress-strain curves of ENR, ENR/30Ch and ENR/MCh.

ENR/MCh {4 2 BT T JESARFAE,  MCh BURL B ¢
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AR EAEH 7, SRR LS 7, TG 58
ENR/MCh /32418, SEM FAELE 5 i {4 4 R
M e R

2.3 ENR/MChEENZEHRERTR
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MCh 1 & (8075 71568, JF@ T DSC I
PHERE . DMA 45 & 4(a)fil 4(b)fr, 541 ENR
FHEE, ENR/40MCh 7E-50 F145 °CHf ) E'(E 43 5
PET T 188.0% F1842.9%, [F, [ MCh & &
M 0 phr# %% 40 phr, ENR/40MCh ff] T, A-11.2 °C
JEF 2 6.6 °C, 45 5L Ui B ENR 44 71 i1 A MCh
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Fig. 3 SEM images of (a) ENR; (b) ENR/30Ch; (c) ENR/10MCh; (d) ENR/20MCh; (¢) ENR/30MCh; (f) ENR/40MCh.
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g R R, I T EEMEIACE.
ENR/MCh [ 825 n] R4S R an ] 4(d)
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158.7 min, 1 43 EEHE AN ZE 200 °C, A A 1]
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Fig. 4 (a) Storage modulus-temperature curves of ENR, ENR/30Ch and ENR/MCh; (b) tan d-temperature curves of ENR,
ENR/30Ch and ENR/MCh; (c) DSC curves of ENR, ENR/30Ch and ENR/MCh; (d) Stress relaxation curves of ENR/30MCh;
(e) Fitting of 7 to the Arrhenius law for ENR/30MCh; (f) Strain recovery curves of ENR/30MCh.

CN35.6 min, &I T 77.6% (K14(d)). BT -3
P 1 2 0 246 B o UL O v B, Ak
DR 286 B 25 5 O A ¥ b E HE LARE TSR 77200, (] 4(e)
7 B st s A] Arrhenius B 28 (In 7-1000/7)E 9,
ENR/30MCh F 1822 # [ N3 AL A A 61.8 k/mol.
ZHUEAL T I ENR Vitrimer SCERIRIE, $09]1%
P RE B 1 L MR, AR ] A 4k 2 IR G
Kl 4(H)T7~, ENR/30MCh 7E 30 °CHI/NAS . 46 A
TR AP AT R, A IR SR
Rets e Wk . SR 4R &2 180 °CHY, A1k}
RINEARAT R, SN G2 T0E A .
IR EZ R, BT MCh 5 ENR T A B AS e
LRI, RS 4 X 24 SR BN 2 FHFI e 2y
THEBHNRE ST, M RPN B R, 25 A
A S5 R B AR [B] 52 04K &5 SR UE 52 T ENR/30MCh
Vitrimer B A7 2025 AT W0 b 4 £5 0, JEoR
YRR AL - = T AR R
2.4 ENR/MCh BT HEESH7

SR FH H 500 T S0Pk R T e R R

U6 FE 5 BTRE 5 AE 180 °C . 15 MPa & 14 K # K
60 min, KRG AIREM), W SR . Xt
JEFE S 2 RN TR S AT B A . DMA LS
e BE Ik, I ss R an &l 5. ENR/30MCh 4L
7 R 52 R T 2R AR 2R e YA R AE 5 — I F i 4 )
1 88.1% (7.4 MPa)F190.5% (171%), &5 XN
T4 93.2% (6.9 MPa)A1190.1% (154%). 43 2 k5
BT, ENR/30MCh R4 BRIk MK T 12%,
X R B PN A RR VAR T -2 SRR AR PRI
1L #E(61.8 kI/mol, K 4(e)), ENR/30MCh 7F i& B
A NI ER A IR A N g . R E A
T R Al B 5e 3R B S ENR 2014
(RS S BT B [ 50, ENR/30MCh
ATH I L R A A o A

DMA Wl 5 22 1 35 B X &5 2R o ] 5(d) A
5(e) Fi 7 . ENR/30MCh [1) T, 5 22 B % % 43 il M
2.3 °CHI11.9x10* mol/cm?, 55— XH N L5 251
TH4 6.7 °CH12.2x107* mol/em3; 25 IR FIN L5
Bt 7F % 9.8 °CH12.3x10* mol/em?. iX —451k
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Fig. 5 (a) Hot pressing reprocessing of ENR/30MCh; (b) Original and recovered stress-strain curves of ENR/30MCh; (c) Recovery
of tensile strength and elongation at break for recycled ENR/30MCh samples; (d) tan d-temperature curves of the original and
recycled ENR/30MCh; (e) Cross-link density of the original and recycled ENR/30MCh.
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Abstract Preparation of a recyclable bio-based epoxidized natural rubber (ENR) Vitrimer using natural
polysaccharide as a macromolecular crosslinker is an effective strategy to address resource waste and high carbon
emissions caused by the difficulty in recycling vulcanized rubber. However, natural polysaccharides struggle to
undergo interfacial reactions with rubber and exhibit poor compatibility. In this study, maleic anhydride-modified
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chitin (MCh) was used as a macromolecular crosslinker to construct a dynamic crosslinking network based on
fS-hydroxy ester bonds with ENR through thermal processing interfacial reactions. The structure was characterized
using Fourier transform infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS), equilibrium
swelling, and vulcanization curve tests. Mechanical properties, dynamic mechanical properties, and reprocessability
were evaluated through uniaxial tensile testing, dynamic mechanical analysis (DMA), differential scanning
calorimetry (DSC), stress relaxation, and strain recovery tests. The results showed that the £-hydroxy ester bonds
crosslinking structure formed at the MCh-ENR interface enhances interfacial compatibility. When 30 phr of MCh
was added, the tensile strength of the ENR Vitrimer was 8.4 times that of neat ENR. Moreover, its ester exchange
activation energy was only 61.8 kJ/mol, and after two processing cycles (180 °C, 15 MPa vulcanization for 30
min), the tensile strength retention rate was >88%, demonstrating the advantages of the dynamic crosslinking
network’s rearrangement for repeated processability. These findings provide new insights for preparing high-
performance, recyclable ENR Vitrimers and offer a novel approach for enhancing interfacial compatibility in
composite materials.
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