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Composite Hydrogel Synergistically Enhanced by Tannic Acid and
MXene for High-performance Flexible Sensing and Physiological
Signal Monitoring

HE Cheng, WANG Meng-chao, YUE Bing-bing"
(School of Materials and Chemistry, University of Shanghai for Science and Technology, Shanghai 200093)

Abstract: Hydrogels exhibit great application potential in wearable biosensing owing to their excellent
biocompatibility and tunable physicochemical properties. However, developing hydrogel sensing materials
with integrated excellent mechanical properties, high sensing sensitivity, stable interfacial adhesion and
favorable electrical conductivity remains a critical challenge. To address these issues, a flexible sensor
based on polyacrylamide/tannic acid/MXene (PAM/TA/MXene, PTM) composite hydrogel is designed and
fabricated in this work. In this system, multiple dynamic hydrogen bonds are formed among the phenolic
hydroxyl groups of TA, the hydroxyl/oxygen terminals on the MXene surface, and the amide groups of
PAM, constructing a reinforced cross-linked network that synergistically optimizes the mechanical
properties, adhesion, and electrical conductivity of the material. The PTM hydrogel demonstrates
outstanding stretchability (strain > 1200%), high sensitivity (maximum gauge factor (GF) of 0.61),
and millisecond-level response/recovery capability; TA endows it with robust adhesion to the skin and
various substrates. This sensor integrates high-fidelity monitoring of human body movements and micro-
expressions with high-quality acquisition of electrocardiogram (ECG) and electromyogram (EMG) signals,
and its signal-to-noise ratio (SNR) in dynamic environments outperforms that of commercial hydrogel
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electrodes. This study provides a feasible material solution for high-performance wearable sensing systems
applied in medical monitoring and human-machine interaction.
Keywords: Composite hydrogel; Flexible sensor; Bioelectrical signals; MXene; Tannic acid
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Figure 1 (a) Schematic diagram of the preparation process of the PTM hydrogel; (b) Schematic diagram of the preparation

process of MXene nanosheets; (c) Stretch-recovery property of the PTM hydrogel
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Figure 2 Structural and compositional characterization of PTM hydrogels: (a) Photographs of precursor solutions of PT and
PTM; Scanning electron microscopy (SEM) images of freeze-dried PTM hydrogel samples (b) in the unstretched state and (c)
after being stretched to 500% strain; (d) Energy dispersive spectroscopy (EDS) elemental mapping of C, O, and Ti for the PTM
hydrogel; (e) X-ray diffraction (XRD) patterns of pristine TizAIC, and the as-exfoliated MXene; (f) Fourier transform infrared (FTIR)
spectra of PT and PTM hydrogels; (g) X-ray photoelectron spectroscopy (XPS) survey spectra of PT and PTM hydrogels; high-
resolution O1s XPS spectra of (h) PT hydrogel and (i) PTM hydrogel
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Figure 3 (a) Stress-strain curves of PT hydrogels with different MBAA contents; (b) Stress-strain curves of PTM hydrogels with
different MXene contents; (c) Compressive limit of PTM hydrogels; (d) Cyclic stress-strain curves of PTM hydrogels at 500%
tensile strain; (e) Stress-strain curves of PTM hydrogels under five tensile strains (100%, 200%, 300%, 400%, and 500%), and
(F) the dissipated energy and energy dissipation ratio of the hydrogels under the five tensile strains; (g) Stress-strain curves of PTM
hydrogels at 50% compressive strain; (h) Stress-strain curves of PTM hydrogels under five compressive strains (10%, 20%, 30%,
40%, and 50%), and (i) the dissipated energy and energy dissipation ratio of the hydrogels under the five compressive strains
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Figure 4 (a) Electrical conductivity of PAM, PT, PM and

PTM hydrogels; (b) Swelling ratio curves of PAM, PT, PM

and PTM hydrogels in deionized water at 25 °C
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Figure 5 (a) Optical images of the PTM hydrogel in the original state and stretched state; (b) Relative resistance change
curves of the PTM hydrogel under tensile strains of 100%, 200%, 300%, 400%, and 500%, respectively; (c) Relative resistance
change curve of the PTM hydrogel during 250 stretching cycles at 500% tensile strain; (d) Gauge factor of the PTM hydrogel
under different tensile strains; (e) Response time and recovery time of the PTM hydrogel at a stretching frequency of 10 Hz;
(f) Stepwise tensile strain and relative resistance change curves of the PTM hydrogel; (g) Adhesion strength between the PTM
hydrogel and different materials
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Figure 6 Sensing performance of PTM hydrogels: relative resistance change during (a) arm bending, (b) knee bending, (c) wrist

bending, (d) finger bending, (e) frowning, (f) mouth opening
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Figure 7 Electromyography (EMG) and electrocardiography (ECG) monitoring of PTM hydrogels: (a) Schematic diagram
of ECG acquisition and characteristic peaks; (b) Comparison of ECG signals collected by commercial electrodes and PTM
hydrogels; (c) ECG signals collected by PTM hydrogels under resting, walking, and running states; (d) Comparison of signal-to-
noise ratio (SNR) of ECG signals collected by commercial electrodes and PTM hydrogels under the three motion states; () EMG
signals collected by PTM hydrogels under three different grip forces; (f) Cyclic acquisition test of EMG signals under three grip
forces using PTM hydrogels
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