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Preparation of antimicrobial anti-swelling conductive hydrogels based on
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Abstract: Conductive hydrogels are ideal candidates for flexible sensor devices. However, in the practical applica-
tion process, the high cost of conductive hydrogel, poor mechanical properties, limited sensing detection range,
single function, environmental protection, and other issues, seriously hindered its practical application. To deve-
lop an electrically conductive hydrogel with excellent mechanical properties, low-cost, environmentally friendly,
and multifunctional for a variety of complex application environments, polyvinyl alcohol (PVA) and the conductive
polymer polyaniline (PANI) were selected to form a double network structure of the hydrogel body, and phytic acid
(PA) and boronic acid (BA) were used as cross-linking agents to construct a low-cost, environmentally friendly, high-
strength, and multifunctional PVA/PANI/PA/BA conductive hydrogel. The mechanical properties, microstructure,
electrochemical properties, swelling resistance, and antimicrobial properties of composite hydrogels with different
ratios of PVA/PANI were investigated, and the sensing performance of sensors based on this conductive hydrogel
was discussed. It is shown that in the composite system with 15wt% PVA, this hydrogel has excellent tensile strength

(breaking stress up to 357 kPa, deformation at break up to 504%), good electrochemical properties (electrical con-
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ductivity of 146 mS/m), excellent resistance to swelling (the swelling rate is only 4.56% for 15 days of immersion,

and the changes in breaking strength and elongation at break do not exceed 20% and 0.1%, respectively), and

excellent antimicrobial properties, achieving a balance of functions. When sensors made based on this hydrogel are

used to monitor the real-time movement of the human body, they can convert brows, finger, and wrist movement

signals into stable electrical signals, which can be used in fields such as electronic skin and wearable sensors.

Keywords: PVA; PANI; conductive hydrogels; antibiosis; sensing performance
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B R, R84 1h, JE M PVA/PANI/PA/BA
FHUK BB o SR 5 R T H K B T VR AR
H, JiA BCD-216STPT i /R vk 46 (16 /K 4 A1)
WU 8h Ll b, RIGFEEME T MK 4h, HRK
8hUl L, ik 4h, H8E GKERK. tridh
PVA,/PANI/PA/BA (43 Jill A x (wt%)=10. 15. 18,
20), f&j’5 A P,NAB(# 1),

R1 HIEHEFKERIER
Table1 The compositions of the prepared
various hydrogels

Sample PVA/g PA/mL ANI/mL  BA/g APS/g
PisNA 1.75 4.7 2.3 0 1.43
P,NAB  1.12 4.7 2.3 012 143
PsNAB 175 4.7 2.3 012 143
P,NAB 219 47 2.3 012 143
P,NAB 25 4.7 2.3 012 143

Notes: PVA—Polyvinyl alcohol; PA—Phytic acid; ANI—Aniline;
BA—Boronic acid; APS—Ammonium persulphate.
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1.3.2 [HH AR 2T SN (FTIR) EAE
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Fig.1 Preparation route (a) and synthesis diagram (b) of
PVA/polyaniline (PANI)/PA/BA hydrogel (PNAB)
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PR 198 Uk A PANT B 22,

(Cp.A0 o P

A\

El 2 PNAJKEERKL (a). PsNAB ZKEERE (b). P,oNAB JKEERKL (c) 1) SEM Elf&

Fig.2 SEM images of P;;NA hydrogel (a), P;;NAB hydrogel (b), P,)NAB hydrogel (c)
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Fig.3 FTIR of P;sNAB hydrogel, polyvinyl alcohol (PVA)/polyaniline
(PANI)/PA (P;5NA) hydrogel, PVA/BA hydrogel and PANI/PA
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Fig.4 (a) Mechanical and processing properties of PNAB;
(b) Stress-strain curves of PNAB
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B (E. coli) T4 ¥& 0.5 % BR 18 (S. aureus) J& Wi F &
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RS2 PIsNA JK BE I . P1sNAB 7K #E I Fl P,oNAB 7K
B, EATEEES BT B A TR . anl&l 5(b)
fi, 3 FhKEEIE X E. coli 1] X 1) I H 42 43
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P AR AT AR P2 A S e, 823 5 | R 4 TR 3R T Y R
P4 FIAZ R K A, 30 00 00 38 40 1 4 34 4 Y. PA N
BA 195 | AT I 200 1 200 Jf B 2231 2 gy I AT s o
) HYAT L5 7R 40 TR 3R TE Y SR ey A R R
Wi AN 0 B A G B, AN T, PyyNAB
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Fig.5 (a) Antibacterial test photos of P,sNA, P;;NAB and P,)NAB
hydrogels against E. coli and S. aureus; (b) Circular

diameter of the suppression zone
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B2, PsNAB BT ML T P,yNAB Fl PisNA,
2.5 PNAB 5 H 7K % B B0 074 Bic 14 R

P T P BE A 45 K BE I B A R4 0y AL
VR 0 B R R P, B PNAB K B S AR
Sk — B AT HE R AR AR A . AT JE AT, UK PVA
BEAY BRI, T LIBE IR PVA B 22 JE] ) U,
FEAE IR F o 1 R R K B R Y S M
Ji2PERe . HASHE B, KB T2 M fg
FEAR OB B AR T kR P, &l 6(a) i
Bl 5 12 LR R A ZE A, VAR . FE 2h BT,
P,sNA. P;NAB, P, )NAB % ik & 7 %] N 3.61%.
1.82% . 0.28%. ff24hZJG#aTHaeE, ZEEHn.

(a) After soaking for 2 h
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(b) After soaking for 120 h
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Fig. 6 Swelling rate of hydrogel after soaking for 2 h (a) and 120 h (b); Comparison of stress (c) and strain (d) of hydrogel and soaked hydrogel for 15 d
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