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Abstract: A self-healing conductive hydrogel (PAM/PBA-IL/CNF) with semi-interpenetrating network was
prepared via one-step polymerization of acrylamide (AM) and phenylboronic acid ionic liquid (PBA-IL)
monomer, which was prepared by alkylation of 4-(bromomethyl)phenylboronic acid (PBA) and
1-vinylimidazole (IL) and characterized by 'HNMR, in the presence of 2,2,6,6-tetramethylpiperidine-
1-oxygen radical (TEMPO)-oxidized cellulose nanofibrils (CNF). The chemical structure and physical
morphology of the hydrogel obtained were then characterized by FTIR, XPS and SEM, followed by
investigations on its tensile property, self-healing property and electrical conductivity. The results indicated
both PBA-IL monomer and hydrogel were successfully synthesized with the hydrogel exhibiting a typical
porous structure. PAM/PBA-IL3/CNF hydrogel (3 means that the PBA-IL content 30%, based on the total
dry mass of AM, PBA-IL, CNF suspension, MBA solution, and APS) displayed a tensile strength of 335.1
kPa, an elongation at break of 1969.5%, a breaking energy of 12.1 klJ/m’ a self-healing efficiency of
95.43% (150 min), and an ionic conductivity of 6.38 mS/cm.
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(s, IH, N—CH==C), 8.09 (d, 2H, OH), 7.97 (s, 1H, N—
CH=C), 7.84 (d, 1H, CPhCH), 7.43 (d, 1H, CPhCH),
7.33 (dd, 1H, C=CH), 6.00 (d, 1H, CH,=C),5.50 (s, 2H,
NCH,Ph), 5.43 (d, 1H, CH,=C),
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1 0.5 g AM # K. —E & PBA-IL. 1.06 g CNF
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W T 800 2%, KT ). — & & APS,
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Table 1 Composition of PAM/PBA-IL/CNF and PAM/VBI/CNF hydrogels
BRREE AM/g PBA-IL/g CNF/g MBA ¥ #i/uL APS/g TEMED/uL Kig
PAM/PBA-IL1/CNF 0.5 0.057 1.06 25 0.0100 10 0.66
PAM/PBA-IL2/CNF 0.5 0.125 1.06 25 0.0125 10 0.86
PAM/PBA-IL3/CNF 0.5 0.220 1.06 25 0.0144 12 1.15
PAM/PBA-IL4/CNF 0.5 0.342 1.06 25 0.0169 15 1.53
PAM/VBI 1/CNF 0.5 0.049 1.06 25 0.0100 10 0.63
PAM/VBI 2/CNF 0.5 0.107 1.06 25 0.0122 12 0.81
PAM/VBI 3/CNF 0.5 0.189 1.06 25 0.0138 12 1.06
PAM/VBI 4/CNF 0.5 0.294 1.06 25 0.0159 15 137
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Fig. 1 FTIR spectra of PAM, CNF, PBA-IL and PAM/
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Fig. 2 XPS spectra of PAM/PBA-IL3/CNF hydrogel
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Fig.3 SEM images of PAM/PBA-IL3/CNF hydrogel
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PN 2 He K B R v 25 VI T 32 Mk S min, 7] RLWREE 3 K
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Fig. 4 Self-healing process of PAM/PBA-IL3/CNF hydrogel
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Fig. 5 Self-healing mechanism of PAM/PBA-IL3/CNF

hydrogel
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Fig. 6 Rheological properties of self-healing process of
PAM/PBA-IL3/CNF at room temperature

e 6a s, A& E K EEE PAM/PBA-IL3/CNF
) G'F G & T #) i PAM/PBA-IL3/CNF 7K BE G
) GHl G". BEE R IER, ABEKERT G
1 GMEAWIE N, 2GR B 5 R KEER T LF-FHTA]
fI{E (3567 F1 1020 Pa). #5320, PAM/PBA-
IL3/CNF 7K 5 e PR 0 0 19X 2% T 3 3k 250 285 B 7 s 5 A
AHITIEE .

WE 6b i, KEERTE/NMRIE (AN 1% )
T, GHI G551k 5285 F112195 Pa, H GHTAZA KT
G", FW KR I 52 TR v [ AR P00 244 pi 7 O 2 it
TNRARIE (RS 400% ) B, G'FI G"~7 BI43)
8% 197 f1 518 Pa, GVNTF G", ULHITERLARMFT,
TR JE P TN 4% 1t B R, KB S A .
Gh, MRARIRE R 1%, GHI GUAl 7 B E 20 ik
B, HHAERILRIERR ] LIAL B 42
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T 2 WS OKEE I 1 A 18 52 1 R DL S PEAL
ANFEE (SRR ER B N2 i ) XKEERE BB P
RERIRZI , R VBIAE RN PBA-IL BT AR XT L
ke, #l% T BHAARE VBI &1 PAM/VBI/CNF /K
EEle ( VBI Al PBA-IL W9 AR A ), 24k
e s T £ 2. AR PBA-IL & & A PAM/
PBA-IL/CNF 7K &I J1 24 PERE AL HE 51 T2 3. WIts A
H & 150 min J5 HA AR & F A& PBA-IL #1 VBI)
& 1 PAM/PBA-IL/CNF F1 PAM/VBI/CNF 7K %
FPPEREUNE 7a. b F7R; JKEERCHY HE WA 7c
Fi7R o

%2 KRIF VBI & PAM/VBI/CNF /K BRI A 16 52 B 5
SOPAE S E R

Table 2 Mechanical property of PAM/VBI/CNF hydrogels

with different VBI contents before and after

self-healing
o WRERLMCR wrs oy WTALAE
% /kPa /(kJ/m?)
Wit PAM/VBI 1/CNF 1547.6 359.6 9.8
W1 PAM/VBI 2/CNF 1688.3 341.4 10.6
W1 PAM/VBI 3/CNF 1806.8 321.2 11.2
W1 PAM/VBI 4/CNF 1923.3 299.4 10.5
H f1J5 PAM/VBI 1/CNF 625.5 109.4 1.9
H f1J5 PAM/VBI 2/CNF 835.6 125.6 3.0
H f1J5 PAM/VBI 3/CNF 1035.7 129.6 3.6
H f1J5 PAM/VBI 4/CNF 923.2 104.8 2.7

# 3 RIF PBA-IL & & ) PAM/PBA-IL/CNF /K #EiiE H &
A b RE

Table 3 Mechanical property of PAM/PBA-IL/CNF hydrogels

with different PBA-IL contents before and after

self-healing
-y 2L Wi ) WTdeE
1% /kPa /(kJ/m?)
Witk PAM/PBA-IL1/CNF 1598.4 365.5 10.5
Witk PAM/PBA-IL2/CNF 1789.6 348.9 11.4
Wik PAM/PBA-IL3/CNF 1969.5 335.1 12.1
Wik PAM/PBA-IL4/CNF 2053.8 306.9 11.3
A frJ5 PAM/PBA-IL1/CNF  1476.7 315.6 8.3
A 15 PAM/PBA-IL2/CNF  1764.9 320.9 10.8
A frJ5 PAM/PBA-IL3/CNF  1950.4 319.8 11.5
A J5 PAM/PBA-IL4/CNF  2018.1 277.3 10.2

WK 7a M3 2 iR, Eﬂﬁ PAM/VBI/CNF 7K ¢
JEAE 150 min J5 0] LA A I 2 HUERIKE , HEA]

AIALBRE RE L AEAR KRR EWRE . MHHLZ R, M
4 J5 19 PAM/PBA-IL/CNF 7K &8 1 1 2 M e fE16 &
150 min J5 iT IR KR LA LIKE . i 7b fige
3 f7n, W1iG PAM/PBA-IL3/CNF 7KEEIE WL 11
335.1 kPa WK N 1969.5% e 12.1 kl/m?,
£ 150 min [ A1), PAM/PBA-IL3/CNF 7K &E i 7
SR EEN 319.8 kPa, Wi %0 1950.4% . Wi%d
HEHR 11.5 kJ/m?,

450
—— ¥4 PAM/VBI 1/CNF a
P10 ) — F /L PAM/VBI 1/CNF
350 L~ Wt PAM/VBI 2CNF
JRCEIUN E R PAM/VBI 2/CNF ]
g 300 - — U PAM/VBI 3/CNF
"""" & PAM/VBI 3/CNF
g 250 - 14 PAM/VBI 4/CNF
% 200 HfF PAM/VBI 4/CNF
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