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Abstract

Considering the great potential of composite electrode with carbon and tran-
sition metal oxides as a future ideal form of electrode for future energy stor-
ing system, many efforts have been devoted into such aspect of research.
Sweet potato-derived carbon framework with nanosheet form of MnO, anc-
hored on it was carried out through the low-temperature solution grown
technique, which is simple, low-cost, and applicable for large-scale commer-
cial production. Such form of composite electrode can facilitate the inner
transportation of electrons and ions, and offer high specific capacitance (309
F/g at 0.5 A/g) with comparable discharging rate capability (94 F/g at 20 A/g),
which reasonably can be regarded as a superior form of composite electrode.

Keywords

Composite Electrode, MnO,, Sweet Potato, Biomass, Supercapacitors

1. Introduction

With the rapid development of the modern society, the problems of global
warming and resource shortage have undoubtedly become the most important
factors that restrict further human development. In order to alleviate current
situation, finding a green and effective storing system which can consistently
provide low-carbon and sustainable energy becomes more and more important.
Actually supercapacitor, a high-capacity capacitor with long working period,
high power density and environmental friendliness, is an ideal solution [1] [2].
As is known to us all, supercapacitor mainly stores energy through either elec-

trical double layer capacitors (EDLCs) with carbon-based materials [3] or pseu-
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docapacitors which are based on transition metal oxide [4]. However, neither
type of supercapacitor is perfect. For carbon-based EDLCs, though it can offer
higher power density, short charging and discharging process, and good stabili-
ty, the energy density is confined by the limited charge separation at electrode/
electrolyte interface and available surface area of active materials [5]. For pseu-
docapacitors that rely on metal oxides, exclusively for MnO,, it has high theoret-
ical capacity, natural abundance, and environmental capability, but short cycle
life and low power density [6]. As a result, the composite materials combining
both carbon-based materials and MnO, will be the most optimal choice. Many
efforts have already been devoted in such aspect. For instance, supercapacitors
that are based on composite materials, say, graphene/MnO,/carbon nanotubes
(CNTs) [7], laser-scribed graphene-MnO; [8], and MnO,@CNTs/CNTs [9], can
all achieve high capability and offer higher power, but most of them are not
likely put into large-scale commercial application for their high producing cost
[10]. As a result, it’s of importance to find a carbon material with high compatibil-
ity and low cost as the base of composite materials. Biomass precursors, natural
elements that can produce activated carbons (ACs) with hierarchical porous
structures and high surface areas, fulfill the previous requirements for its envi-
ronmental friendliness and abundances in nature [11]. Nowadays, hydrothermal
synthesis and electrodeposition method are the main methods to prepare bio-
carbon/MnO, composites [12]. However, these methods are not suitable for
large-scale production. In order to further decrease the producing cost to pro-
mote large-scale commercial application, one feasible method is to anchor nano-
structured MnO, to the sweet potato-derived carbon framework (SPCF) through
low-temperature solution growth technique to generate SPCF accompanied with
the synchronous loading of MnO, nanoparticles. The generated composite ma-
terial SPCF/MnO, shows improved electrical properties with a high specific ca-
pacitance (309 F/g at 0.5 A/g) and a good discharging rate capability (94 F/g at
20 A/g). These properties demonstrate the SPCF/MnO, composite material as a

competitive electrode material for supercapacitors.

2. Materials and Methods
2.1. Reactants and Materials

All the chemicals were analytical grade purity and distilled water (DI water) was
used throughout the study. Sweet potato powders were purchased from Rong-
Fang flagship store (China). KOH crystals and HCl were purchased from Tianjin
Fuqi Chemical Co., Ltd.

2.2. Preparation of SPCF

Firstly, carbonize the sweet potato powder through the tube furnace at a tem-
perature of 500°C for 1 hour in N, atmosphere. Then mix and grind the gener-
ated sample with KOH crystals at a mass proportion of 1:3. Activate the mixture

through the tube furnace at a temperature of 800°C with an increasing rate of
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5°C/min for 1 hour in N, atmosphere. Lastly, after cooling down, wash the ob-
tained sample with dilute HCl solution and DI water, and dry the product in the
oven at 80°C for 12 hours. The generated product then is labeled as SPCF.

2.3. Synthesis of SPCF/MnO; Composites

Separately weigh 3 groups of SPCF, and each with same mass of 100 mg. Mix
each group of SPCF with various concentration of KMnO; solution (1.5 mmol,
2.0 mmol, 3.0 mmol). Then heat the mixture at 60°C for 5 hours with magnetic
stirring simultaneously. Finally, filter and wash the resultant with DI water for 5
times. Dry the resultant in the oven at 80°C for 12 hours, and label them as
SPCF/MnO,-1.5, SPCF/MnO,-2.0, SPCF/MnO,-3.0.

2.4. Preparation of the Working Electrode

The working electrode is prepared by mixing active material (SPCF or
SPCF/MnQ,), carbon black, and polytetrafluoroethylene (PTFE) with a mass
proportion of 8:1:1, and then cover the Ni foam with the mixture. Dry the resul-
tants in the oven at the temperature of 80°C for 12 hours. Finally, the Ni foam
covered with mixture is cold compressed for 1 min under a pressure of 12 MPa

to get the working electrode.

2.5. Characterization

Take morphology surface pictures via scanning electron microscopy (SEM, Ge-
miniSEM 500). Detect the phase structure of samples through powder X-ray dif-
fractometer (XRD, Cu Ka, 1.5418 A).

2.6. Electrochemical Measurements

Cyclic Voltammetry (CV), Galvanostatic cha-discharging (GCD), and electro-
chemical impedance spectroscopy (EIS) were investigated through the electro-
chemical station (CHI660e). The working electrode’s electrochemical characte-
ristic is measured via a three-electrode system in a 6 mol KOH aqueous solution.
The counter and reference electrodes are equipped with a Pt plate and an Ag/
AgCl plate coordinately.

3. Results and Discussion

The crystal structures and phase compositions of SPCF and MnO,/SPCF were
measured through their XRD patterns. According to Figure 1, the SPCF shows
two broad diffraction peaks at 24° and 43°, coordinately corresponding to the
(002) and (100) planes of carbon, which are related to the significantly small
graphite domain [13]. Despite of the diffraction peaks from carbon, the XRD
patterns of SPCF/MnO, composites exhibit other characteristic peaks at 12.3°,
24.7°, 36.5°, and 65.4°, which respectively correspond to the (001), (002), (111),
and (020) planes of 5~-MnO, [14].

As is known to us all, MnO, assemblies with various morphologies of nano-sized
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may show different electrochemical properties. Figure 2 shows the SEM micro-
graphs of various SPCF/MnO, composites with different MnO, content. As Fig-
ure 2 showed, the SPCF/MnO,-1.5 sample shows that a thin layer of small MnO,
nanoparticles sparsely distribute to the SPCF surface because of the low MnO,
content. The SPCF/MnO,-2.0 sample shows that a dense layer of MnO, nano-
sheet uniformly covers the SPCF surface for greater amount of MnO,. The
SPCF/MnO,-3.0 sample shows nanowires of MnO, comprised of nanosheets
covered on the SPCF surface because of the abundant MnO, content.

In order to justify the merits of SPCF/MnO, composites and feasibility of
combining EDLCs and pseudocapacitors, the electrochemical performance of

——SPCF
——SPCF/MnO,-1.5

——SPCF/MnO,-2.0
——SPCF/MnO,-3.0

Intensity (a.u.)

20 40 60 80
26 (Degree)
Figure 1. XRD patterns of SPCF and SPCF/MnO: composites.

Figure 2. SEM images of SPCF/MnO:>-1,5 (a), SPCF/MnO:-2.0 (b), and SPCF/MnO-3.0
(c).
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these 3 materials were measured through CV, GCD, and EIS techniques. As
shown in Figure 3(a), the CV curves of all 3 samples of composites possess larg-
er encircling area and two apparent redox peaks, which can indicate the signifi-
cant improvements of the capacitive performance and prove the feasibility of
combining EDLCs and pseudocapacitors by comparing with the CV curve of
bare SPCF. Figure 3(b) shows the result of GCD measurements. According to
the plot, the composites apparently show longer discharging period compared
with bare SPCF so that the specific capacitance was improved. The GCD curve

of SPCF was almost symmetrical, because it represents EDLCs which has ideal
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Figure 3. CV curves at scan rate of 5 mV/s (a), GCD curves at 1 A/g (b), and Nyquist
plots (c) of SPCF and SPCF/MnO: composites.
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electrical double-layer capacitive property. Meanwhile, the GCD curves of com-
posites show the characteristics of pseudocapacitors with hybrid electrodes for
the large deviation from isosceles triangular shape [15]. The result shown in
GCD measurement is coincided with the result of CV curve. More importantly,
both CV and GCD curve of SPCF/MnO, exhibit larger integrated area at the same
scan rate, longer discharging period, and better electrochemical performance
among all 3 composite materials. Figure 3(c) indicates the EIS measurements of
SPCF and SPCF/MnOy’s electrochemical characteristics. According to the Fig-
ure 3(c), all four samples’ plots exhibit straight lines while at the low frequency
region, which represents the diffusion-controlled process [16]. The straight line
can be regarded as Warburg resistance, and the slope of the line is right propor-
tional to the rate of ion diffusion into the active materials [17]. As shown in the
Figure 3(c), SPCF plot is the most vertical one, because carbon-based materials
only represent EDLCs. Despite of SPCF, the plot of SPCF/MnO,-2.0 is more ver-
tical than those of the other two composites. The main reason for this is 2D na-
nosheets have demonstrated their merits due to the anisotropic structure and
high surface-to-bulk ratio, which grant a shorter diffusion path for electrons and
ions [18]. It is therefore SPCF/MnOQ,-2.0 has better capacitive behavior and fast-
er ion diffusion rate during the diffusion-controlled process. Such outcome is
consistent with those of CV and GCD analysis.

Figure 4 specifically measures the property of SPCF/MnO,-2.0 at current
densities from 0.5 to 20 A/g through GCD technique. According to the GCD
plots of SPCF/MnO,-2.0 at various current densities, there is no apparent IR
drop at 20 A/g, which shows that the electrochemical process of the sample has
fast and reversible kinetics. It can also be observed that the discharge curve of
SPCF/MnO,-2.0 can reach a specific capacitance of 309 F/g at 0.5 A/g, which is
much better than the common MnO,-carbon composites. SPCF/MnO,-2.0 elec-
trode can achieve the specific capacitance of 94 F/g at a high current density of
20 A/g.

4. Conclusion

In summary, SPCF/MnO, composite electrode can be fabricated through
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Figure 4. GCD curves of SPCF/MnO:-2.0 at various current density.
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low-temperature solution growth technique which is simple and environmen-
tal-friendly. The 3D interconnected porous structure of SPCF which uses sweet
potato as precursor combines with the nanosheet of MnO, that anchors on the
SPCF can offer higher electrons and ions’ transportation within the whole sys-
tem. Plus, the SPCF/MnO,-2.0 electrode was achieved through the combination
of EDLCs and pseudocapacitors. According to the GCD curves of SPCF/MnO,-
2.0 electrode at various current densities, it possesses a high specific capacitance
of 309 F/g at 0.5 A/g. Considering the benefits of SPCF/MnO, composite mate-
rials, like the low cost, simple preparation process, environmental friendliness,
and superior capacitance performance, it has great potential to be used as an
ideal form of electrode for energy storing in the future. Moreover, the method
has the potential to be applied to the manufacture of other bio-compound ma-

terial.
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