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Table 1 Information for raw materials.

Raw materials

Category

Manufacturer

EPDM
Alkali lignin
Bis(tert-butyldioxyisopropyl) benzene
ZDMA
Triallyl isocyanurate
Zinc oxide

Stearic acid

3745P
By-product from alkaline pulp production
industrial grade
Analytical reagent
industrial grade
Analytical reagent

Analytical reagent

Dow Chemical (China) Co., Ltd.
Shanghai Dongsheng Co., Ltd
Hao Sheng New Materials Co., Ltd.
Sigma-Aldrich (Shanghai) Trading Co., Ltd.
Shenzhen Longlibong Materials Co., Ltd.
Chengdu Kelong Chemical Reagent Factory

Tianjin Damao Chemical Reagent Factory

1.2 SAWRHE

7E 80 °CHI1 50 r/min #2614 T, &%
EPDM 5 K i 2 0 A\ % #x ML (2 5 LN-100ML,
JTARRIZE IO AT R A AR 8 min, BE SIS N
— 7€ it ZDMA 4k 22 7R 5 10 min, f 5 M3
SOREALEE. 2RI ARER . 1 XU T it Sk —
S TR 2R RN 0.5 4 =0 T4 225 5 IR R I 72 74 1 B
etk %, TS min f5 R KBTS LB L RS
BRI HHLXK-160 7L, T TH S — 1 BH UM

A BRA F)H 3 — 20 R MR de e AR R, A
RIS R, SRR B IL R %R
BHEZIR NE 24 h )5, BT FRERHL(QLB-
250/Q %, LW —BIHNA R A F)H, T
170 °CH114.5 MPa 2541 T #4H 20 min 58 R AE
W, 45 2h A5 e A7 58 386 5 1Y) K i 22/EPDM &
BRE, @44 N P100LxZy, Hox KoRARR KRN
WE, y RN ZDMAWING AL, b5, Kzt Rl
72T BRI ML DL 200 mm/min ()35 JE 4% — E BN
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MRMBFE R 7B KR 5 % 50 mm <
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F[H TA XA 7] Q800 BB 25 /724 73 A AE Fi e
B N T I E . W E TN /1N 0.01 N, Bl
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WA ARG R A5 A FIAZ RS R 5y
X (VTMR20-010V-1, B0=0.5 T)illi:. 90°F1 180°
ik K B 23 A 8 B N2 3.32 F15.68 ps. {5 5K
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e 8 R — 155 (Q800 BYBN A 15 43 M) A
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F RS B 7R . X P100L40Z12@600%
FERIN205 g 7138, 7EFEFES 10 cm 4L A 808 nm
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Fig. 1 The preparation schematic diagram and of lignin/EPDM.
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Fig. 2 (a) Dependence of the loss factor (tand) versus temperature for composites with different training strains; (b)
Dependence of the loss factor versus temperature for P100L40Z12@300%, P100L0Z12@300% and P100L40Z0@300%:; (c)
FTIR spectra of EPDM/lignin composites with different temperatures (a.u.=absorbance unit); (d) D,., distributions obtained by
fitting the double-quantum curves of the P100L40Z12@300% at 25 and 55 °C.
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FETHM R IR BN 77 . i3k — D 5 A A8 Bk X 4%
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SN0 =1 1 DA TR NS S B DS e R A7
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4 ZDMA UK i Z 1) P100L40Z12 BE T B Bh A I
RLAZ R 2, JFL TG A7 B e e ok ) 245 W S 0 B A
B bR 3 4E AR, BT DARE FEL LA AR N 30 7 A Bk
M AE A RHE HLIR N St FE A 2 R 3. T 1tk
AHIF Tt 07N N A (300%)BEAT 250 AL I ZRATF
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L P100LOZ12@300% 1 £ K 3 5l 2 /3 #4111 T
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1.52 MPa. 3X — 45 5L i W 2l 245 e A7 52 1 9 2% 1) 75
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Fig. 3 At iso-strain mode, the actuation stress variation of
composites during —30~90 °C.
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Fig. 4 At iso-stress mode (1.3 MPa), strain variations
against temperature for composites with different training
strains.
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Fig. 5 At iso-stress mode (1.3 MPa), strain variations
against temperature for composites with different components.
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Fig. 6 Strain variations against temperature for P100140Z12@
600% with different pre-stress.
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without external forces; (¢) Photographs and (d) plot of the thermal actuation of P100L40Z12@600% by changing the heating

position (top and bottom) under stress-free conditions.
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biomimetic artificial muscle material. Zinc dimethacrylate (ZDMA) and lignin were incorporated into ethylene-
propylene-diene monomer (EPDM) matrix to construct dynamic coordination crosslinking network, followed by
the rearrangement of dynamic coordination crosslinking network through mechanical training process. Through
this strategy, high-performance lignin/EPDM biomimetic artificial muscle material was successfully prepared,
whose actuation mechanism and external load-free performance were systematically investigated. The results
indicated that, a certain part of chain orientation was stabilized by the newly generated dynamic coordination
bonds after mechanical training. This oriented structure not only endowed the material with an actuation stress of
1.5 MPa and a reversible actuation strain exceeding 41%, but also significantly enhanced its actuation response
sensitivity. Furthermore, reversible motion was achieved without external load through either built-in springs or
internal stress generated by alternating thermal stimulation of dual-material structures. Additionally, Due to the
excellent photothermal conversion capability imparted by lignin, the material could generate an asymmetric
internal stress distribution between the illuminated and shaded regions through localized photothermal effects,
thereby enabling remote-controlled bending actuation without external load. This study elucidated the mechanism
by which dynamic coordination bonds and mechanical training synergistically enhance actuation performance,
providing a theoretical and material basis for developing a new generation of smart actuators independent of
external loads.
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