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Design and performance optimization of polypyrro-based
toothed interdigital all-solid-state supercapacitors
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Abstract: The search for electrode materials with high capacitance performance for use in
flexible energy storage devices is of significant research and application importance in
contemporary applications. Herein, high-performance spherical polypyrrole (PPy) electrode
materials were prepared by controlling the ratio of pyrrole (Py) and the oxidant ammonium
persulfate (APS). The microstructure of the electrode materials was characterized using
scanning electron microscopy, transmission electron microscopy, X-ray diffraction, and Fourier
transform infrared spectroscopy, while the electrochemical performance of the electrode was
analyzed using an electrochemical workstation. The results show that when a Py-to-APS
molar ratio of 1. 1 vyields excellent electrochemical performance, with a high specific
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capacitance of 193.5 F/g at a current density of 0.3 A/g, and a capacitance retention rate of
85% after 5000 charge - discharge cycles at a current density of 5 A/g. In addition, an ink with
excellent rheological properties was formulated, and a flexible interdigital supercapacitor was
fabricated via a screen-printing process. Compared with conventional interdigital devices,
toothed interdigital designs exhibit superior electrochemical performance. The resulting device

shows a capacitance retention rate of up to 91% after 5000 charge-discharge cycles at an
area current density of 1 mA/cm®. At a power density of 0.11 mW/cm?, it delivers an energy
density of 0.0344 mWh/cm?. Overall, the PPy ink developed in this study, combined with the
fabrication of a flexible toothed interdigital supercapacitor through screen printing,
demonstrates promising potential for applications in flexible electronic energy storage devices.
Keywords: supercapacitor; polypyrrole; screen printing; interdigital electrode
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Fig. 2 (a) and (b) SEM images of PPy-0.5, (c) and (d)
SEM images of PPy-1, (e) and (f) SEM images of PPy-2
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Fig. 3 (a) TEM image, (b) EDS mapping, (c) energy spectrum, (d) and (e) electron selective diffraction pattern of
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Fig. 4 (a) XRD patterns of PPy-0.5, PPy-1 and PPy-2, (b) FTIR spectra of PPy-0.5, PPy-1 and PPy-2, (c) XPS full
spectra of PPy-0.5, PPy-1 and PPy-2, N 1s spectra of PPy-0.5 (d), PPy-1 (e) and PPy-2 (f)
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Table 1 Test data of sample resistance, square
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Fig. 5 (a) Optical images of PPy ink in normal and inverted states, as well as printed leaf patterns on different
substrates (Ag, cloth, coated paper, kraft paper) and different patterns printed on paper substrates, (b) viscosity
image of PPy ink at different shear rates, (c) viscosity evolution of PPy inks as a function of low (0.1 s™') and
high (100 s') shear rate
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6 (a) PPy-0.5. PPy-17%1PPy-2 BBtk 7E 30 mV/s FAHIRETHI CV #iZk[E; (b) PPy-0.5. PPy-17%1PPy-2 EB#}7£0.3 A/
gERE R T GCDEhZk[E; (c) PPy-1 BEARTERNEFAHIEZE THI CV EIL[E; (d) PPy-1 BRAR AYIE BB IR B 5 3R 2 %o
HEILMXFR; (e) 30 mV/s HEEXRT PPy-1 (YRR ; (f) FEIFIMEERT PPy-1 WA ETTH; (9) PPy-1EBIRERE
HLR%E TH GCD#i%ZL; (h) PPy-0.5. PPy-1f1PPy-2 B iREREIBRZE THIEEE; (i) PPy-0.5. PPy-171PPy-2E
REIPEIE (EREAER R FE )
Fig. 6 CV curves of PPy-0.5, PPy-1 and PPy-2 electrodes at 30 mV/s, (b) GCD curves of PPy-0.5, PPy-1 and PPy-
2 electrodes at 1 A/g, (c) CV curves of PPy-1 electrode at different scan rates, (d) linear relationship between the
logarithm of peak current and the logarithm of scan rates for the PPy-1 electrode, (e) voltammetric response for
PPy-1 at a scan rate of 30 mV/s, (f) capacity contribution for PPy-1 at different scan rates, (g) GCD curves of
PPy-1 electrode at different current density, (h) specific capacitance of Py-0.5, PPy-1 and PPy-2 electrodes at
different current density, (i) Nyquist plot of Py-0.5, PPy-1 and PPy-2 electrodes and inset shows the
corresponding equivalent circuit
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Fig. 7 (a) Cycling performance at 5 A/g and inset shows the first and last 10 charge/discharge circulations, (b)
Nyquist plots of PPy-1 electrode before and after cycling, inset shows the enlarged Nyquist plots at high
frequency Region
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Fig. 8 (a) Schematic diagram of the PPy-N and PPy-N SSC, (b) CV curves for PPy-N SSC under different
voltage windows at 30 mV/s, (c) GCD curves for PPy-N SSC under different voltage windows at 1 mA/cm?, (d) CV
curves for PPy-T SSC under different voltage windows at 30 mV/s, (e) GCD curves for PPy-T SSC under different
voltage windows at 1 mA/cm?
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9 (a) PPy-N SSC#1PPy-T SSC7£ 30 mV/s F3#iRE THI CV #iZk[E; (b) PPy-N SSC 1 PPy-T SSC £ 0.5 mA/cm?
BREE TH GCDhZ[E; (c) PPy-N SSCENEIMIERTHI CVEIZE; (d) PPy-N SSCEREEREE THI GCD Y
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Fig. 9 (a) CV curves of PPy-N SSC and PPy-T SSC at 30 mV/s, (b) GCD curves of PPy-N SSC and PPy-T SSC at
0.5 mA/cm?, (c) CV curves of PPy-N SSC at different scan rates, (d) GCD curves of PPy-N SSC at different areal
densities, (e) CV curves of PPy-T SSC at different scan rates, (f) GCD curves of PPy-T SSC at different areal
densities, (g) areal specific capacitance of SSC at different current density, (h) Nyquist plots of PPy-N SSC and

PPy-T and the inset shows the fitting circuit diagram, (i) cycling performance of PPy-T SSC at 1 mA/cm’, inset

shows the Ragone plots
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