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Figure 1. The assembly process diagram of HQ@PVA@ACNT composite redox-enhanced solid-
state super capacitor device
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(o) & LI BRI 51 SEM s (DAUR BIHJS ACNT@PVA@HQ 2 &/ SEM A,
Figure 2. The image of scanning electron microscope(SEM): (a) CCNT; (b)ACNT (insert: The TEM
image of ACNT); (c)Preparation process of the highly densified carbon nanotube arrays(DACNT);
(d) Comparison of the arrays before and after shrinkage; (e¢) The SEM image of DACNT; (f)The

SEM image of the ACNT@PVA@HQ composite device
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Figure 3. Electrochemical performance test of ACNT@PVA@HQ composite devices at different
concentrations.(a)Comparison of CVs with different amounts of HQ addition under the same scan
rate (20 mV/s);(b)Area specific capacitance at different concentrations; (c)GCD curves comparison
diagram under the same current density (1.23 mA-cm™); (d)Ac impedance spectrogram of the
samples at different concentrations; (e) The diagram of equivalent circuit fitting model; (f)
Comparison of Ragone plots between the devices of ACNT@PVA@HQ(0.1M) and ACNT@PVA.
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Figure 4. Electrochemical performance test of the ACNT@PVA@HQ composite device at



[HQJ=0.1mol/L. (a)CV curves at scan rates from 5 mV/s to 50 mV/s; (b)GCD curves under different
current densities (0.615 mA-cm™2-6.15 mA-cm™); (c)Relationship between peak current and scan
rates; (d)The proportion of capacitance contribution in composite device; (e)Nyquist plot at 0.01
Hz-100 kHz; (f) Cyclic performance (5000 cycles) during charging-discharging cycles
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Figure 5. Electrochemical test of CCNT@PVA@HQ, ACNT@PVA@HQ and
DACNT@PVA@HQ composite devices. (a) Comparison of GCD curves with 1 mA; (b) CVs
comparison diagram at 20 mV/s; (c)Relationship between area specific capacitance and current
densities; (d) Comparison diagram of EIS; (e) Ragone plots of three kinds of composite device
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Table 1 Comparison of relevant test data of different samples

C/mF-cm™ Ps/mW-cm Es/mW-h-cm™
(20mV/s)
PVA@ACNT 21 0.09 0.00184
HQ@PVA@CCNT 72 0.12 0.0035
HQ@PVA@ACNT 135 0.28 0.018
HQ@PVA@DACNT 425 0.96 0.06

4 K&

AR SRR TR B R DT o 5N S I TR T PR B0 4R Ty, o i FLER ]
BRAKE BESHEAT R &, Wit s g on 5 S R a4 . S IEAE RS
R AIEIA RS R T A SR BE R RNV, S8 A3 B s PR I A N2t — 20 ) 37
T BB FAA T B T L S AR AR I A . BN, £E 5 mV/s I, iZE G
fitt BEAT 9t RS HIGA 70 5 5, BB ARWE R, AT NigE B, 8
AR A B A RS R . MBI RIS LU SR IR I, &8 SIS 4 Ja
(1 1o 2 PR H ) R AR e A RL IS 1 46 1) DACNT@PVA@HQ #3#1, H AR
1£ 433 mF-cm?(1882 mF-cm™®, 9.6 mA-cm?), H KAEEZEE A 0.06 mW-h-cm’
2(0.26 mW-h-cm®), JEILH 1 T ELEL A S5 IREAORHMIC R AL Atk BE . 12050
DRI RE N B A DA R AT 28 R 1 e R e R R A T B TR AL T — b
Hr 8k
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Study on Redox—enhanced Sol id-state
Supercapacitor based on Hydroquinone—containing

gel electrolyte/Carbon nanotube arrays’

Ye An-Na  Zhang Xiao-Hua® Yang Zhao-Hui

(School of Physical Science and Technology, Center for Soft Condensed Matter Physics and
Interdisciplinary Research, Jiangsu Key Laboratory of Thin Films, Soochow University,

Suzhou 215006, China.)
Abstract

By introducing redox active substances into the electrolyte, the energy
density can be effectively increased without reducing the power density.
Considering the influence of ionic conductivity and environmental safety,
we introduced the redox small molecule hydroquinone (HQ) into the
PVA/H3PO; gel electrolyte and embedded with the carbon nanotube arrays
(ACNT), whichhas high specific surface area and vertical orientation
structure. The symmetrical "sandwich" type redox-enhanced solid-state
super capacitor was then designed and prepared. We systematically studied
the effects of oriented structure and pore space on the electrochemical
properties of the ACNT@PVA@HQ device and charge storage mechanism.
With the addition of hydroquinone (0.1 %, mol %), the specific capacitance
of ACNT@PVA@HQ composite device increased by 6.4 times compared
with the ACNT@PVA, and maintains the extremely high rate performance
and cyclic stability. When the current density increased by ten times, the

specific capacitance of the device still retained 85% of the original value.



The energy storage mechanism is mainly ascribed to a diffusion-control
behavior at a low scan rate while it will change to a capacitive behavior at
a high scan speed. Furthermore, we prepared highly densified oriented
carbon nanotube arrays (DACNT) by solvent evaporation, enhancing the
mechanical stability of carbon nanotube arrays, the specific_capacitance
and energy density of the devices are greatly improved. Compared with
ACNT and random carbon nanotube (CCNT), the specific capacitance of
DACNT@PVA@HQ device under the current density of 11.1 mA-cm™
was up to 385 mF-cm?(1674 mF-cm™), which was 6.6 times higher than
the CCNT@PVA@HQ device and 18 times higher than the ACNT@PVA
device. The maximum energy density can finally reach as high as 0.06
mW-h-cm?(0.26 mW-h-cm?), which is much better than many other
reported CNTs-based devices. The oriented structure of the arrays
effectively shortens the ion migration path of the device, achieve good rate
performance and lower internal resistance. This new type of redox-
enhanced solid-state supercapacitor not only has excellent electrochemical
energy storage properties, but also meets the concept of environmental
protection and safety. This design provides new ideas for the development

of new energy devices in the future, which has a good application prospect.
Keywords: carbon nanotube arrays, hydroquinone, solid state, flexible super-capacitor
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