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Preparation of Tough Antibacterial Polyvinyl Alcohol-Based
Conductive Hydrogel and Its Application in Strain Sensors

LI Fukai, ZHU Fengbo
( School of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: This paper designs a mechanically robust and antibacterial poly ( vinyl alcohol) ( PVA)-based
ionically conductive hydrogel and discusses its application in flexible sensing. Polyhexamethylene guanidine
hydrochloride ( PHMG ) -grafted starch is synthesized via an in-situ melt-grafting reaction and subsequently
incorporated into a PVA hydrogel matrix to fabricate an antibacterial PVA hydrogel. Subsequent immersion in a
sodium sulfate ( Na,SO, ) solution induces a salting-out effect, yielding a mechanically reinforced and
antibacterial PVA-based ionically conductive hydrogel. The optimized formulation, with a solid content mass ratio
of PVA to PHMG-grafted starch at 9 : 1 and a Na,SO, concentration of 1.2 mol/L, exhibited superior mechanical
properties : an elastic modulus of 0.32 MPa, tensile strength of 1.07 MPa, tensile elongation at break of 530%,
and toughness of 2.96 MJ/m’. Concurrently, this formulation has achieved an ionic conductivity of 24 mS/cm

and demonstrated remarkable antibacterial efficacy, with inhibition rates of 99.9% against both Staphylococcus
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aureus and Escherichia coli attributed to the PHMG-grafted starch. Furthermore, flexible sensors has fabricated
from the PVA/PHMG-grafted starch hydrogel exhibited excellent linearity with a sensitivity gauge factor ( GF') of
0.13 and demonstrated precise monitoring capabilities for various human joint movements. This work highlights
the material’ s potential for advanced wearable sensing technologies.

Keywords : poly(vinyl alcohol) hydrogel; ionic conductivity ; antibacterial ; mechanical strength; flexible sensor
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TR 5 T (4 LT

1 R+

1.1 RZHEE/PHMG EHEMINE S B AGERK G &
1.1.1 PHMG H-H 54 &

FIA JREHEAHT T 80 C T 12 h LLEBR/K S, Z G & 0Ek « PR KRG « oS SR Rk
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MBI , ¥ R T 452 48 b, o6 B P B R0 G S 4 S0 o5 < 42 L F WL 5 5 FS 8T, R8s i o o s PR 2 KV
1.2.2 ZT7HEBERSH

it FH 2R B FA: (DSC 2048 1) 23 A i 4k i BE A2 Ak SR I LIN ZRAE PVA JK BRI AS & E (R it il 4
5, RIS R B E &G 10 mL & % (25%, Sigma-Aldrich, G6257) 1.5 mL ££(9.5% ~10.0% wi%:;
J.T. Baker, 9535-02) 1 50 mL 225 77Kk 2 h'' 2 J5  BkE SR 7 258 Tk i hT , LA Bk B 10 Eh .
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A BB R TR AR 121 °C, KB 15 min J5 77,
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IAGRFHIR ST, 25 S B S R i R 2R P K % 121 °C, K 15 min S5 2504 HG , RHEC 15 mL 55505
AWM TP

2) 4 TR A5
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R AT 1A [ A 1 35 36 B BRI B TR R, O — S /E R s v IR 4. 3 S0 95 48 i e R iR % 4% P
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FITEIA PBS VEBCHS RO RE 2 10° CFU - mL™" 4 TUSE 4 1 ST T R AL B AE AL A6 5 2 50 mLL B
OB IA 20 mL F B BB, X BRELASIRE dh T 37 CAEIRIEIRA R 1597 6 h. Z e, (=
PBS IR B ME L 10 A5 R, B 100 WL Fi AU 204 T LB [BIARREE A 37 AR R4
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HLEAMEIE R R 620 em™ 4bftyUdsal T U R B3 BRAR 15 1 10 R 4 R 10 £ 4R sl , 2 B BR R BB 51 A PVA/
PHMG i B /K B SENR , 5 R I MBI RN OPVA/1P-g-S FE AT AN K] 3 432 em™ 4b (1 —OH i 45 I 3
WEXT G 3 1.2 MO BRERENIA ML) OPVA/1P-g-S/1.2 R £LAMG1E [l v —OH fif 45 R 2 e 1] i I 5% 2l 2=
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2% 2 ] H) B AS G

P 3(b) Jofi ] ATR 3k BLHE A0 (975 37 [ e 1 70 I A 8 T 1) 20 9 6 3 PR 5 R B2 00 i T i 1 T 0
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FET 9PV A/1P-g-S/1.2/K EE S A FTIR Y 33 4] 1.6 mol/L)K BB I FTIR 135 ]

B3 FEetashbid A

2.2.2  HILTG AT

T RS T AR AT S50 5 B P T L K BB I %) PN PR SOUR T 35 235 40 , A ST FH 41 4 F - S J B e TR /K
JE AR T [E] 4 (a) FTEL 4 (b) 43 BUE ARG R 58T PTUEE 211 9PVA/Starch F1 9PVA/1P-g-S 7K EE L A F00E
TES,OPVA/ 1P-g-S JKBEIE H IR £ 0 Bt B 5547 IE FEL 1Y) PHMG $ R U8 K A8 B 1 58 B B A 21 41 1) I 2 245
1,8 R T HUR K BER BT A PERE A SC I BT 4 (c) ~ B 4(F) iR A [R] R B2 B2 A5 W 1) OPVA/1P-g-S/z,
BibL L PR 2 Y VA ) 2R T4 15, TEBR R AR B8 3R T/ E T, SR 5 Wik B Wi I L3508 22 LI I IR I 25 45
R PUR K B SRAL TR T RS A A,
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(a) B Z AR/ FEM K BERL AT FUBEIEN 185 (b)) ~ (6) BIEAFIVR IS GERR AT OPVA/1P-g-8/2(z = 0,0.4,0.8,1.2,1.6 mol/L) 434 i BE & 1%
B4 5 KB ML IR

223 EZFRBETHREIN

Ryt A3 AT R EN S VR BRI SO0 R T T P - L K B S 1) 5 i 3 3k 25 7 F 4 1 G (DSC) SR AE
THEEREE B ARG IR B (D TR R PVA R TR 4 L. 5 (a) &R T 9PVA/1P-g-S 7K
BEWZ Y DSC B A T ARk BERR R NI Wi ) OPVA/1P-g-S/2(2=0,0.4,0.8,1.2,1.6 mol/L) [ DSC [&,
Kl 5(a) Ht 50 ~ 140 °C W $A0E Ry R A K B8 &, 1T 200 ~ 275 °C b i W ARG W] I XL PVA B30 9 45
1B R IZBR R B 1K) OPVA/1P-g-S 7K BE I 19 PVA B b 4 1 W 0 437 40 F 240 °C 33231 0.4,0.8,1.2,
1.6 mol/L{#] OPVA/1P-g-S/z 7K B PVA {5 Ias A IS 1] B 2 Yk BE % , 23 IAb T 243,247 ,250,249 “C.
Qi 3~ & 4 7R 40 B 1 IR B FR AN W IS R AN [R) R B B RR AV VR L K BER H PVA R i &
I3 LR AL, R i ATV AL B OPVA/1P-g-S JKEERE Y PVA 5l if B it [ 43 b fe /)N, 12 0 B R A 75
J& PVA 3SR BT i A 43 b Rl TR 6L 1 VR B A e T v

. o~

\ / 0 mol/L ™" i
3.0}

-

0.4 mol/L

0.8 mol/L
1.2 mol/L

1.6 mol/L

50 100 150 200 250 0 0.4 0.8 1.2 1.6
Temperture/°C Concentration/mol/L

(a) IRHIAS A1V BE TR BRAN A OPVA/1P—g-S/z (2=0, 0.4, 0.8, (b) BRI [ e FE R R BNV IOPV A/ 1 P—g—S/z7K ISPV AT Y
1.2, 1.6 mol/L) /KR FIDSCIE] iR E 4 b

BS REAETREE RSN

15

Heat flow /(mW/mg)
Crystallinity /wt %

aa
o
T

S
2]

—
Endotherm

2.3 PVA/P-g-S/Na,SO, i 5 B /K R BT E M 88

TESZBRAE R AR rh, 2 2R M Rt 3 R K BE AR Sy e M 2 R T AR T, BE A 1k R 2 1)
e T P R G R 1) DG B AE SR L T/ PHMG 2B TE M /K BE I, P B VE Ry #2451 PHMG #5417 BA TE
Hfar A ISR B BB AT 23 550 P R i 0 A S i b R B, R B SR 5 45 4 P AU WD R B R B2
AT A AR A A MR A e R 1, S SO 2Lk o 4 A e, MM N 5 (AN L 5 L 85 ) it , 51 &8
B RA7 , e R FEME BT PR IR 2T PHMG Bk Bebs K BRI DO B P RE , LA M 5 i UL 240
R AT PR RN 4 B i A BR A AT X 42, i el AR A M A U AT PR T . AN 6 () TR 6(b) T, 550 i



120 MR RHE IR (A RBEIR) 2025 455 40 %

AL, OPVA/ 1Starch ZKEERE FAFE—E B9 40 TR S50, 5 T FUGE IS U2, 2 40 S OPVA/1P-g-S — it
BiFRmt , WA RN B8 2 TH K St Gttt PSCH X 2 R AR 5 Rk 99.9%.
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o o o
» o -]
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(b) 47 B L ZK B R X 4 8 60 A 2 B A P SR AR 27 R B HAM B R
B6 REFEAKEKRGIPAMERE
AT BT MBI T PVA/S-g-P /K BER AL B HERE , Wi 45 S 3R W) PVA/S-g-P K BEIR XS

S BT A B AR AT A — R BT R AICR (TR 2 mm) |, B8 PHMG (951 A AT LARSE PVA JRBERR
LI AES.

=

Control PVAI/Starch
(a) RIGHTFIE

S.aureus

Control PVA/Starch PVAIS-g-P
(b) S e B ATERIA

B/ 7 dpeh EmaX kR A
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2.4 PVA/P-g-S/Na,S0, HiE SEKERK N1FEEE

HERTEARER 5 B s B ] AS [R) A E 7 R A [R] v B A8 R B Y00 0 T L K M ) 24k
BERI R 3 3 LX) PVA/yP-g-S/1.6 /KB AT 9PVA/1P-g-S/z(z = 0,0.4,0.8,1.2,1.6 mol/L) 7K
EEMS BRI BEIEA T 17 3RAE, o [ 5@ Shv BEAB L T (BRER AR B2y 1.6 mol/ L) 7K B v 3R & M Tt 5 422
ROEM B A B A 9 1 1,8 22,7 23,6 0 4,5 1 5 [ R OIREE S HEEGE R B A s Bz ol
9 : LIEBLT, Wi B R Ak 2 4334 0,0.4,0.8,1.2,1.6 mol/L.

WK 8 (a) ~ &l 8(c) fran, i J7— I A8 il e 2 BH I 15 SR &0 B 5 H e VE K 1Y) BT 1 43 0 43 L vl Rty
PVA/P-g-S HUw 3 KB 1Y J12eVEfe , BA @ R CIMBE = A LB 9 = 1 ) 9PVA/1P-g-S/1.6 it
A K B e LA R G B e ) D 2 MR RE L S5 PR REAH X 8 22 1) SPVA/SP-g-S/1.6 A Eb , 5L A5 14 in 24
3 £5353 0.31 MPa, HrHis® EEHG I 6 £5°4 0.8 MPa, Wi 2L R4 K 2.7 158 448% , e A FITERE K 19 i
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