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Photocurable polyurethane elastomer driven by dual dynamic covalent networks
HEYDAROGHLU Mirjavid, WANG Dong, YU Min, HUANG Qi, HAN Xiaoyu
(School of Biological and Chemical Engineering, Zhejiang University of Science and Technology, Hangzhou 310023, China)

Abstract : The preparation of flexible materials with self-healing, reprocessability, and excellent mechanical properties is one
of the critical challenges for the application of 3D-printed elastomers in fields such as flexible electronics and wearable biomedical
devices. Based on dynamic covalent network mechanisms, a polyurethane material containing dynamic disulfide bonds and hindered
urea bonds was designed and fabricated. By adjusting the content of reactive diluent 2-(tert-butylamino)ethyl methacrylate and thiol
crosslinker pentaerythritol tetrakis (3-mercaptopropionate) , a high-strength, high-tough, light-curing, self-healing and recyclable 3D-
printed polyurethane elastomer is successfully synthesized using a photo-thermal dual-curing strategy. Due to the synergistic
enhancement effect of the dual dynamic covalent network, the optimized elastomer exhibits a tensile strength of 6.54 MPa and an
clongation at break of 1 158%, while achieves a self-healing efficiency of 99.4%. Even after recycling and reprocessing, it retains
80% of its initial mechanical performance. Moreover, the elastomer demonstrates excellent compatibility with 3D printing, enabling
precise fabrication of complex models and lattice structures. Elastomers possess excellent mechanical properties, outstanding self-
repairing capabilities and reprocessability, demonstrating broad applications in the field of flexible materials.

Keywords : 3D-printed elastomers ; dual dynamic covalent network ; photo-thermal dual-curing ; self-healing ; reprocessability
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under heating



HEYDAROGHLU Mirjavid, 55 : W7 A7 19 2 315 20 (' i £ 58 S e s {4 57

Pl 14 g bR NSO A TER T RE . 1 15 Sl 24
(RSP AARFE 2 AN [R) 6 52 st TR 2 ) A 107 7 - 1oy 2% il
2k, W 15 050, PUUAJRIARTREE W 2L KR
636.4% , LA 8 B 6.48 MPa; £ 1 T B 244 K
RHETF 2 830.9% , Fir {5 S5 [ 25 3.27 MPa, iX /& i
F N T A U Sh M 0 ZE MR TP AR I
JEWE A T RE . PUUASJE G5 1URE 11 B 284 K %5
1 158.1%, $i7 i 58 B 4 6.54 MPa; F- 11 T.)J5 45 14 82
1017.8% A4 W 4 {1 K< R 5 4.92 MPa il $7 15 &
BTN T A0 AR R R BE 4354 1.17 mm B2 1.18
mm, R PR 228 <1%, £ EA TR R TR
SEPE SIS

+~ . TBEMA

#
) .
el 5

: = \;',P‘i ‘
‘ Thermocuring ¢

14 PUUAFRPEIR IS R FTENRS 2
Fig. 14 Recycling and printing process of PUUA elastomer

3D printing

10 ¢

—PUUA,
Reprocess
g ——PUUA,
Reprocess
g 6r
2
g
a4r
2+
0 200 400 600 800 1000 1200

Strain/%
BI15 TR TR E 2R [RGB (a2 15 1A - T 2
Fig. 15  Stress-strain curves of fractured elastomers repaired at different

repair times
3 it
(D)FET X sh A ILM B, Hil 5 T —Fh &
A shAS A K HUB ()R Z0E R TR R TR A
() i B 5 Pl SO i Ab S ms | ) g S il
b FEZ AT N TR PUUA . 3R fE 2
T3 100 ¥ 100% 48 N7 AR A 7 SE I IS | 5 RE S
R ERRE R 12 Ry o B A W 45 T ARG
S B EE T, IS T 99.4% 1) A 182 M RE , TR
AN TS RE AR B 80% LA_E i AR J1 24k BE , R~

IRZER<1%, [ LHECR .

(3) il & B SR PR A A EAT O S 9 3D T EN

A NG B A R A S ST RS A FTEN SR T

Jel OIS B, o INE R T 5 AR Y B

e PF B A5 AL) R 77 1T PR A N o

L

(1] sk, ERIE A . ARG AR LER[T]. AT
R SHLISABTIT 2024, 13(4):772-779.

ZHANG Yuanyuan, WANG Liqgiang, WEN Yongxing. Summary of
soft robot bulk materials research[J]. Artificial Intelligence and
Robotics Research,2024,13(4):772-779.

[2] CERDAN K,THYS M, COSTA CORNELLA A, et al. Sustainabil-
ity of self-healing polymers: A holistic perspective towards circular-
ity in polymer networks[J]. Progress in Polymer Science, 2024, 15.
DOI:10.1016/j.progpolymsci.2024.101816.

[3] WUIJL,WANG H H,LI W Q, et al. Smart transparent polyamide
elastomer for protective coating[J]. Progress in Organic Coatings,
2025,204. DOI:10.1016/j.porgcoat.2025.109257.

[4] DURAN M M,MORO G,ZHANG Y, et al. 3D printing of silicone
and polyurethane elastomers for medical device application: A
review[J]. Advances in Industrial and Manufacturing Engineering,
2023,7. DOI:10.1016/j.aime.2023.100125.

[5] HELL,SHIJQ,TIAN B, et al. Self-healing materials for flexible
and stretchable electronics[J]. Materials Today Physics, 2024, 44.
DOI:10.1016/j.mtphys.2024.101448.

[6] HAO Y J,ZHU G M, LI B. Self-healing polyurethane-urea elasto-
mers with high strength and toughness based on dynamic hindered
urea bonds and hydrogen bonds[J]. Industrial & Engineering Chem-
istry Research,2024,63(44):19 350-19 358.

[71 JIANG H, YAN T,CHENG M, et al. Autonomous self-healing and
superior tough polyurethane elastomers enabled by strong and
highly dynamic hard domains[J]. Materials Horizons, 2025, 12(2):
599-607.

[8] CHYR G, DESIMONE J M. Review of high-performance sustain-
able polymers in additive manufacturing[J]. Green Chemistry,
2023,25(2):453-466.

[91 ZHOUY,LIL,HAN Z B, et al. Self-healing polymers for electron-
ics and energy devices[J]. Chemical Reviews,2023,123(2):558—612.

[10] HAO Y J,ZHU G M. The latest advances in mechanically robust
self-healing polyurea based on dynamic chemistry[J]. Advanced
Science,2025,12(19). DOI:10.1002/advs.202414788.

[11] ZHUY Y,DENG H H,LUO H Z, et al. Progress in the develop-
ment of self-healing polyurethane materials[J]. Resources Chemi-
cals and Materials, 2025,4(3). DOI:10.1016/j.recm.2025.100114.

[12] JUNG J, LEE S, KIM H, et al. Self-healing electronic skin with
high fracture strength and toughness[J]. Nature Communications,

2024,15. DOI:10.1038/541467-024-53957-0.



58

AR

2026 4E, %5 54 4 55 1 1

[13]

[14]

[15]

[16]

[17]

ZHU G D, HOUCK H A, SPIEGEL C A, et al. Introducing
dynamic bonds in light-based 3D printing[J]. Advanced Func-
tional Materials, 2024 ,34(20). DOI:10.1002/adfm.202300456.
LOPEZ DE PARIZA X,VARELA O,CATT S O, et al. Recyclable
photoresins for light-mediated additive manufacturing towards
Loop 3D printing[J]. Nature Communications, 2023, 14. DOI:
10.1038/s41467-023-41267-w.

REN S H, LI Z H,ZHOU W J, et al. Simultaneous robustness,
reprocessing and self-healing of castor oil-based polyurethane
vitrimers enabled by supramolecular nitrogen-coordinated
dynamic covalent boronic ester[J]. Industrial Crops and Products,
2023,206. DOI:10.1016/j.indcrop.2023.117738.

KHANH T D, JOO J, KIM J W. Autonomous self-healing in a
stretchable polybutadiene-based urethane and eutectic gallium
indium conductive composite[J]. NPJ Flexible Electronics, 2024,
8. DOI:10.1038/541528-024-00368-2.

MR IR MR, A5 AR A 85 R R R AT
B AR M 2% 3] 2 T S A SR8 D). 55 43§27 4, 2023, 54
(7):1 0281 054.

YE Juan, ZU Zhaoji, LIN Ziqgian, et al. Intrinsic self-healing poly-

siloxane materials: From single dynamic crosslinked network to

[18]

[19]

[20]

[21]

[22]

multiple dynamic crosslinked networks[J]. Acta Polymerica
Sinica,2023,54(7):1 028-1 054.

YANG K, LI Q S, TIAN S, et al. Highly stretchable, self-healing,
and sensitive E-skins at — 78 °C for polar exploration[J]. Journal
of the American Chemical Society,2024, 146(15):10 699-10 707.
LIUY J,ZHANG J C,J1 Y, et al. Self-healing polyurethane elas-
tomers with dynamic crosslinked networks for complex structure
3D printing[J]. Chemical Engineering Journal, 2025, 507. DOI:
10.1016/j.c€j.2025.160193.

ZHANG H, SHANG Y Y, LI N, et al. Dynamic bond-enhanced,
recyclable polyurethane elastomer with high strength and self-
healing properties for advanced 3D printing[J]. Composites Part B:
Engineering,2025,304. DOI:10.1016/j.compositesb.2025.112500.
ZUO Han, LIU Zenghe, ZHANG Luzhi. [ #1441 RS20 A 4%
% 1% [ #4 3D 7 BN [J]. Science China Materials, 2021, 64(7):
1 791-1 800.

Bk AR TAORRPERES NI SRR 0] AR RLE
2025, 15(3):442-452.

FAN Zilai. Review on properties and applications of self-repairing

polymer materials[J]. Material Sciences, 2025, 15(3):442-452.



