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Figure 1 Illustration for the synthesis process of BC/CoNi,S,@
PPy flexible composites (color on line)
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Figure 2 SEM images of BC (A), PPy (B), BC@PPy (C), BC/CoNi,S, (D), BC@PPy/CoNi,S, (E), BC/CoNi,S,@PPy (F) and EDS
spectra (G) for the selected areas in (F). (color on line)
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Figure 3 XRD patterns of the flexible composites and their

precursors. (color on line)
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Figure 5 Tensile stress-strain curves of flexible composites
and substrate
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Table 1 The tensile properties of flexible substrate and composites

Sample Tensile strength/MPa Elastic modulus/MPa Elongation at break/%
BC 18.0+0.1 33+0.1 8.06 + 0.02
BC/CoNiS, 23.0+0.1 10.0+0.2 7.92 +0.02
BC@PPy 20.0+0.1 5.6+0.1 8.01 +0.02
BC/CoNi,S,@PPy 28.0+0.1 11.1+0.3 6.41 +0.02
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Figure 6 Hydrophilic test results BC/CoNi,S,@PPy(A-E) and BC(F). (G-J): Digital photographs of BC/CoNi,S,@PPy with different

bending angles



.20 - R SR - 2021 4
2 EEMBLCGHTRN R A R ALE S5
Table. 2 Specific surface area and pore volume of composites and their precursors
Sample Specific surface area/(m?-g?) Pore volume/(cm?-g™)
BC 82.3 0.18
PPy 19.8 0.07
BC@PPy 78.5 0.16
BC/CoNi,S, 109.8 0.21
BC@PPy/CoNi,S, 83.7 0.18
BC/CoNi,S,@PPy 80.2 0.20
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Figure 7 Electrochemical performances of composites and their precursors: (A) Cyclic voltammograms, (B) Discharge curves and
(C) Capacitance plots at different current densities for BC@PPy, BC/CoNi,S,, BC@PPy/CoNi,S, and BC/CoNi,S,@PPy. (D) Cyclic
voltammograms of BC/CoNi,S,@PPy at different scanning rates; (E) Discharge curves of BC/CoNi,S,@PPy at different current den-
sities and (F) cycling stability of BC/CoNi,S,@PPy. (color on line)
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Figure 8 Nyquist plots of composites and their precursors.
The insets show the enlarged Nyquist plots at high frequency
region (bottom) and equivalent circuit (top). (color on line)
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Figure 9 CV curves of BC/CoNi,S,@PPy with different bend-
ing times at 15 mV-s™ (color on line)
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Preparations and Electrochemical Properties of
BC/CoNi,S,@PPy Flexible Composites for Supercapacitors

Si-Yuan Peng, Shi-Run Yang, Jing-Hong Zhou", Zhi-Jun Sui,
Tao Zhang, Yi Shi, Xing-Gui Zhou
(School of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Flexible supercapacitor is one of the most promising energy storage devices for portable and wearable electronic
products due to its advantages of high power density, fast charging and long cycle life. Therefore, self-supporting flexible electrode
materials with high performance have attained more and more attention both in academia and in industry recently. In this work,
using bacterial cellulose (BC) as a flexible substrate, the bacterial cellulose/nickel-cobalt sulfide@polypyrrole (BC/CoNi,S,@PPy)
flexible composites with three-dimensional porous network and good conductivity were prepared by a combined
solvothermal-in-situ polymerization-vacuum filtration method. The samples were characterized by X-ray diffraction, field emission
scanning electron microscopy, Fourier transform infrared spectrometry, N, physisorption, tensile strength and contact angle
measurements. Their electrochemical performances were tested by cyclic voltammetry, galvanostatic charge/discharge testing and
electrochemical impedance spectroscopy. The results show that the three-dimensional porous network of BC fibers with rich
oxygen-containing surface groups play a guiding role in the growth of the redox active material CoNi,S, and the distribution of
conductive polymer PPy, resulting in uniformly distributed CoNi,S, nanospheres in the network of BC fibers, both coated evenly
with a layer of conductive PPy. The resulting BC/CoNi,S,@PPy composites, a three-dimensional conductive network with high
porosity, displayed good mechanical property (tensile strength up to 28.0+0.1 MPa), hydrophilicity (the instantaneous contact angle
in 6 mol -L* KOH is 43.6°), as well as excellent electrochemical performance. The specific capacitance of the flexible
BC/CoNi,S,@PPy was 2670 F-g*at 1 A-g* in a three-electrode system, and retained 82.7% after 10000 charge and discharge
cycles. In addition, the electrochemical performance remained unchanged after 1000 times of repeated bending. In an asymmetric
supercapacitor composed of BC/CoNi,S,@PPy and activated carbon, the area specific capacitance was 1428 F-g*at 1 A-g™. The
asymmetric supercapacitor achieved the maximum energy density of 49.8 Wh-kg™ and power density of 741.8 W-kg™.

Key words: flexible electrode material; bacterial cellulose; nickel-cobalt sulfide; polypyrrole





