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Fig. 1 (a—d) Fabrication process of the flexible capacitive sensor via electrohydrodynamic spinning integrated with liquid

metal; (e) Interfacial interactions between the liquid metal and the PEO/PAA film; (f) Structural configuration of the sensor;

(g) Fourier-transform infrared spectroscopy (FTIR) spectra of the PEO/PAA film.
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Fig. 2 Scanning electron microscopy (SEM) images of electrospun PEO/PAA fibers at different polymer mass fraction: (a) 4 wt%,
(b) 5 wt%, (c) 6 wt%, (d) 7 wt%, and (e) 8 wt%; and at different PEO/PAA mass ratios: (f) PEO/PAA-S, (g) PEO/PAA-4,
(h) PEO/PAA-2, and (i) PEO/PAA-1.

Fig. 3 Cross-sectional SEM images of electrospun fibers of (a) PEO/PAA-5, (b) PEO/PAA-4, (c) PEO/PAA-3, (d) PEO/PAA-2,
and (e) PEO/PAA-1. Insets in the upper-right corner show the corresponding SEM images after surface coating with liquid
metal. (f-1) Energy dispersive spectroscopy (EDS) mapping images of PEO/PAA.
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Fig. 4 (a) Mechanical property curves at different polymer concentrations; (b) Mechanical property curves at different PAA
contents. FTIR spectra of hydrogen bonding: (c) three types of hydrogen bonds in neat PAA, (d) deconvoluted FTIR spectrum
of PEO/PAA-S, (e) deconvoluted FTIR spectrum of PEO/PAA-3, (f) deconvoluted FTIR spectrum of PEO/PAA-1. DSC
heating-cooling cycles: (g) PEO/PAA-5; (h) PEO/PAA-3.
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Table 1 Sample thicknesses and tensile strengths.

Sample Thickness Tensile strength
(mm) (MPa)
4 wt% PEO/PAA 0.05+0.01 2.37+0.12
5 wt% PEO/PAA 0.06+0.01 2.74+0.13
6 wt% PEO/PAA 0.08+0.01 3.37+0.22
7 wt% PEO/PAA 0.10+0.01 3.02+0.07
8 wt% PEO/PAA 0.13+0.01 3.09+0.11
PEO/PAA-5 0.10+0.01 1.59+0.19
PEO/PAA-4 0.10+0.01 4.18+0.08
PEO/PAA-2 0.05+0.01 9.28+0.08
PEO/PAA-1 0.10+0.01 5.93+0.17
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Fig. 5 Shape-memory recovery behavior of PEO/PAA-5 after heating at 60 °C under strains of (a) 10%, (b) 20%, (c) 30%,
and (d) 40%; and humidity-responsive performance of PEO/PAA-5 when (e) a finger approaches and (f) the film is placed on

the palm.
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Fig. 6 Variation of the sensor signal at (a) 1% and (b) strain; responses at stretching rates of (¢) 200 mm/min and (d) 500 mm/min;

(e) durability over 2000 stretching-releasing cycles.
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Facile Preparation of Electrospun Poly(ethylene oxide)/Poly(acrylic acid)
Porous Fibrous Membranes and Their Sensing Functionality Study

Fa-hu Yang, Tao Chen”, Lin Li, Ha-li Zhao
(Faculty of Chemical Engineering, Kunming University of Science and Technology, Kunming 650504)

Abstract The tendency of poly(acrylic acid) (PAA) and poly(ethylene oxide) (PEO) to readily form complexes in
solution is one of the key factors limiting the fabrication of PEO/PAA electrospun membranes. In this study, PEO/PAA
porous fiber membranes were fabricated via electrospinning using a solvent mixture of N,N-dimethylformamide
and acetone at a volume ratio of 7:3. It was found that both the polymer concentration in the spinning solution
and the PEO-to-PAA mass ratio exerted significant influences on the structure and properties of the porous fiber
membranes. The membrane exhibited the most uniform fibre morphology under the mass fraction of 6 wt%.
Moreover, the membrane showed shape-memory behaviour and humidity responsiveness at a mass ratio of 5:1.
After experiencing 40% tensile deformation, the membrane recovered to its original shape when heating at 60 °C.
Once the membrane placed on human hand, it could deform rapidly in a direction opposite to the hand.
Furthermore, the membrane exhibited the optimal mechanical performance with an elongation at break up to
882% when the mass ratio was 1:1. The liquid metal was blade-coated onto the membrane surface for assembling
a capacitive wearable sensor, which displayed excellent elastic recovery and wide-range strain response. The
sensor also maintained stable and reliable sensing performance even suffered to 2000 cycles at 100% strain.
Besides, the sensor could detect the finger bending, wrist motion, swallowing and chewing. This work provides a
convenient electrospinning strategy and sensor preparation strategy for PEO/PAA porous fibrous membranes.
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