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Preparation and sensing applications of lignin-based
multifunctional eutectogel
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Academy of Sciences), Jinan 250353, Shandong, China]

Abstract: A multifunctional eutectogel (DES-AL-CNC) was prepared from alkali lignin (AL) and cellulose
nanocrystals (CNC) in deep eutectic solvent (DES), characterized by FTIR, SEM and EDS, and analyzed
for its mechanical properties, self-healing properties, adhesion properties, dryness resistance, conductivity,
UV resistance and light transmission properties, strain sensing properties. The results showed that the
eutectogel displayed a strain at break of 852%, a tensile strength of 542 kPa, good adhesion properties (up
to 32 kPa to glass), UV resistance, and drying resistance (mass loss rate <10% after 7 d storage at 65 °C).
In addition, the eutectogel exhibited high strain sensitivity (GF=1.74), fast response time (500 ms) and
recovery time (500 ms), which could be assembled into flexible strain sensors for real-time monitoring of
various physiological activities in the human body, at the same time, it could be used as a bioelectrode to
continuously and stably transmit cardiac and electromyographic signals, thus broadening the applications of
flexible wearable electronic devices.
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Fig. 1 FTIR spectra of DES (a) and eutectogel (b)
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Fig. 2 SEM image of eutectogel (a) and corresponding
elemental mapping (b~d)
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Fig. 3 Tensile stress-strain curves (a) and compressive

stress-strain  curves (b) of eutectogels with
different AL mass fractions
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Fig. 4 Tensile cyclic stress-strain curves (a) and compressive
cyclic stress-strain curves (b) of eutectogels
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Fig. 6 Tensile stress-strain curves of eutectogels with
different AL mass fractions on pig skin surface (a)
and reproducible self-adhesion of DES-0.2AL-
CNC eutectogel to different material surfaces (b)

108
a
104 - 25°C
<100 -
ﬁ— 96
B —=— DES-CNC
i 92~ —@— DES-0.1AL-CNC
¥ = —A— DES-0.2AL-CNC T
4l —&— DES-0.3AL-CNC
—&— DES-0.4AL-CNC
| | | 1 1 1 |
0 1 2 3 4 5 6 7
102 b i1/
9r 65°C
96 -
K93 -
£oof
Pigyl = DES-CNC
1 = —® DES-0.IAL-CNC -
t% gL —4A— DES-0.2AL-CNC
—&— DES-0.3AL-CNC
3 —®— DES-04AL-CNC
0 1 | 1 1 1 1
1 2 3 4 5 6 7
IR TEl/d
K7 A AL Bt r 8Ok B 25 °C (a) #1165 °C

(b) THFTHAL
Fig. 7 Mass change rates of eutectogels with different AL

mass fractions at 25 °C (a) and 65 °C (b)

A& 7a AT, JEELREEIRAERT 3 d A9 R AR LR
£ EFHE, WER (5% 1d Ei%i%%ﬁ
T <4%, 3 d 5 s8Rt iRl fERE
FEi 7 dCE 7b) J5 , KREE<10%., X J&:H K, DES.
CNC Ml AL & RE R FEKIEA, 5K E R



o5 6 & W,

S RBUR AL DRI S BRI A ] o S AL I

* 1259 -

SR FH AT A S5 A K 2 W M FE R A
Z&rp, AR ChCl HA WK M, Ak b ol T 3 4
BER AR ERERY, It Ah, DES-0.2AL-CNC 3 5%
WEAE IR B E N 0.25 mS/em, HA RIFHS
LM, IR B R 7 FH A% R A 118 A

26 HBEBERHIEINMIEREES T

I FH 88 - 1T UL 43516 516 2 1 Sk A 000 9 Js 114 35 '
PR RE NS AR BRI o AR A BH 48 59 09 SIS RRAE
LA KT FEITE 400 nm LATF AT WG X kK 3 Bl A
390~780 nm Z[H],

Bl 8 JEAN[A] AL Joit i 43 B0 A i 1) 48 -] D
BHHOEEE . nE 8 i, SR EA RIFH)
HetE, HEEE AL B agumsdm, EE 2
TR (550 nm 4k ), BEAbh, 7E 365 nm EAMEIX,
DES-CNC M 485hg it ik 71%, if AL 251
B AR M B R, UL AL WA AEE
I B BT ANRE I AT IR 100%, X EE T
AL S8 KA 1 55 PR R 28 45 4, DT I, 7 3 6 A
oS TR MR,

K8 AIA AL S5t 43K 3 F B e 52 4h-1] DB Gk &1
Fig. 8 UV-Vis transmission spectra of eutectogels with
different AL mass fractions

27 HEBBREARNTEBRMERESH

TEHEA TG RAFFET , DES-0.2AL-CNC 5 5E R
BA RPN ERE . BhFT R . BT MR ERE . &
B LA R A fE T DA T 4 2 R T I AR A%
JEAR

DES-0.2AL-CNC 2 /i BE i g vy A8 R 5 R 4n &
9a fIi7R, TE 0~100%M N ZFYa N GF miik 1.74,
HARXT HLBHAR AL ( AR/R, ) TR A% 22 ] 52 W1 Y 2k
PEXFR (R=0.99), [FEF, P 9b @R T3k S 2
A B e 7 1 JH e R RSt [) R &2 s[RI ES SR 500 ms,
XA I AR A% A 1 SR o v 8 e B

200

0 20 40 60 80 100

500 ms

1 1
0 0.5 1.0 1.5 20 25 3.0 35
REIS

K9 DES-0.2AL-CNC B i i R A8 REUE (a) Fng
Jog A ) R & R ] (b)

Fig. 9 Strain sensitivity (a) and response and recovery
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