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Abstract

Aqueous zinc ion batteries (AZIBs) have drawn more notice because of their affordability, high security, and favorable eco-
logical impact. So far, manganese oxide (MnQO,) is thought to be an attractive material for storing energy among cathodes of
aqueous zinc ion batteries. In particular, the layered manganese dioxide (6-MnQO,) is more favorable to the diffusion of ions
and can provide higher specific capacity. However, The effect of the concentration of reactants on microstructure and
electrochemical performance of 8-MnO,, which has been less studied. Herein, the 5-MnO, deposited on carbon fab-
ric as the cathodes of AZIBs by four different reactant concentrations (0.05 M, 0.07 M, 0.10 M, and 0.12 M) of potas-
sium permanganate solution were successfully prepared. The electrochemical properties of AZIBs fabricated by reactant
concentrations of 0.10 M KMnO, were excellent. The 3-MnO,/CC-0.10 M cathode provided higher rechargeable capacity
of 268 mA heg™' at 0.1 Aeg™!, outstanding rate capability, and long cycle life of 97.3% preservation after 500 cycles at
2Aeg~!. This study systematically demonstrates the influence of reagent concentration on the efficiency and stability of
aqueous zinc—manganese ion batteries.
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Introduction for the large-scale reuse of intermittent renewable energy

[6-10]. Lithium-ion batteries (LIBs) are the most prevalent

Nowadays, the continued use of fossil fuels, energy scar-
city, and climate change have become global concerns [1-3].
Therefore, people are concerned about renewable clean
energy. To make better use of this renewable clean energy,
efficient energy conversion and storage systems are essential
[4, 5]. Battery energy storage technology realizes the stor-
age and utilization of energy through the mutual conversion
between chemical energy and electric energy. It not only
promotes the widespread use of electric vehicles and reduces
dependence on fossil energy, but is also an effective solution
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power storage units used with light rechargeable electronics
owing to their low density and good cycle stability [11-14].
Wei et al. developed a slurry flow battery with an extended
potential window, excellent redox stability, and strong fluid-
ity by dispersing small-sized lithium-storage active material
particles and conductive agents into high-salinity aqueous
electrolytes, which has a coulomb efficiency close to 100%,
long cycle life, and high safety. It has numerous applica-
tions in the world of energy storage [15]. The troubles of
high price, heavy pollution, low safety, and scarcity of lith-
ium metal resources are becoming increasingly prominent
with the continuous expansion of the lithium-ion battery
manufacturing industry [11], so researchers begin to seek
effective alternative technologies for LIBs. For example,
the aqueous redox flow batteries (ARFBs) are the promis-
ing grid-scale energy storage system that uses redox active
molecules dissolved in non-combustible aqueous solution
as the electrolyte [16—18]. Furthermore, aqueous zinc ion
batteries (AZIBs) are seen as a possible substitute for LIBs
because of their great safety and less expensiveness [19].
AZIBs mostly use aqueous solution containing zinc salt as
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electrolyte, which is more affordable, safer, and more sus-
tainable than the organic electrolyte. What’s more, compared
to organic electrolytes, the aqueous electrolyte has a much
greater conductivity and can dissolve electrolyte compounds
with higher concentrations [20, 21]. These characteristics
make AZIBs have a wide prospect in application.

For AZIBs, the radius of Zn** (0.74 A) is close to Li*
(0.76 A), which means that most of the materials used in
LIBs can also be used for AZIBs. Wei et al. used the com-
bination of the excluded volume electrolyte HBCD and the
organic DC-PDESA cathode to achieve a high open cir-
cuit voltage (1.7 V), a wide operating temperature range
(—=20~90 C), excellent rate capability, and long cycle
life for zinc ion batteries (the capacity retention is 98.3%
after 2000 cycles), which achieve high safety and low cost
energy storage system applications [22]. Transition metal
oxides, especially manganese dioxide, are suitable as cath-
ode materials for AZIBs because of their inexpensiveness
and low toxicity [23-28]. The crystal forms of manganese
dioxide include «, B, v, 8, A, and R [29]. It is worth noting
that 5-MnO, holds a unique lamellar structure with a layer
distance of roughly 0.7 nm [30, 31], which facilitates the
diffusion of Zn>* between the layers, implying that 8-MnO,
has better electrochemical performance and energy storage
capacity. The layered WSe, nano-flower as cathode materi-
als for zinc ion batteries was synthesized by a simple sol-
vent method. It has been discovered that the layered struc-
ture is beneficial to improve the specific surface area and
conductivity of the electrode material, and thus, the WSe,
cathode material has high discharge specific capacity, excel-
lent rate performance, and cycle stability [32]. Researchers
have made many attempts to enhance the cycling efficiency
and rate capability for MnO, electrode materials. Ma et al.
implanted Cu ions into 5-MnO, to promote the electrochem-
ical properties of AZIBs and obtained laminated Cu@5-
MnO, with large storage capacity, superior cycling behavior,
and rate capacity [33]. Liao et al. produced p-MnO,/ppy
composite through a hydrothermal process. Under the cur-
rent density of 0.2A g™, its discharge capacitance is 361.8
mAh g~!, and its rate performance is better than that of pure
MnO, [34]. Deng et al. prepared f-MnO,@CC on carbon
fiber fabric. It completely contacts the electrolyte since the
significant area of specific surface and the inside surface of
B-MnO, are tightly coupled to the conductive carbon fiber
fabric, showing excellent electrochemical performance
[35]. Besides, the influence of reagent concentration on the
microstructure and electrochemical properties of cathode
materials in AZIBs has been studied less. The concentra-
tion of KMnO, which affected the electrochemical behaviors
and structure characteristics of MnO, for the supercapacitor
was explored by Han et al. It was found that the MnO,-4.5
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has stable capacitance and high discharge efficiency [36].
ZnMn,0, nanoparticles doped with Ni** were prepared by
Qin et al. and used as cathode materials for AZIBs. It was
discovered the ZMO/Ni-3 had a larger capacitance and supe-
rior charge and discharge reversibility. After activation, the
electrode demonstrates a capacity of 175 mAh g~! at 0.1A
g~ ! It can still retain 120 mAhg~! under a high current den-
sity of 1 A g~! and maintain a coulomb efficiency of more
than 97% throughout the cycle, with the exception of the first
cycle [37]. Li et al. discovered that in sodium-ion batteries,
reagent concentration and aging time regulated play a criti-
cal part in the morphology and behaviors of electrode mate-
rials and that optimal reagent concentration and precipitation
time result in the best grain size with a stable monoclinic
structure, relatively few defects, and regular cubic morphol-
ogy [38]. Zampardi et al. synthesized different powders of
CuHCEF based on different concentrations of Cu (NO;), and
K;Fe (CN) 4 in a zinc ion battery. Although there was no
discernible alteration to the morphology of CuHCF powder,
the difference in elemental potassium content changed the
lattice bond distance, which affected the cycling durability
and stability of the electrode material [39]. Furthermore, the
improved electrochemical properties of cathode may also
be attributed to the inhibition of Mn dissolution [40]. The
electrochemical properties of the AZIBs are significantly
increased by adding Mn?* to the electrolyte to prevent Mn
from dissolving [41, 42]. The above research can improve
the cycle performance and rate efficiency in some degree,
but the factor of reactant concentration on the microstructure
and electrical characteristics of cathode materials in AZIBs
has been studied less.

In this research, the 8-MnO,/CC cathodes were prepared
by hydrothermal synthesis with varying concentrations of
reactants for AZIBs. The obtained 8-MnO,/CC was tested
for composition, morphological characterization, and elec-
trochemical performances. The findings demonstrate that the
concentration of KMnO, has a great impact on it, which is
extremely crucial in the application of MnO,.

Experimental section
Materials

Potassium permanganate (KMnO,, 99.5%) was purchased
from Shanghai Titan Technology Co., Ltd., China. The car-
bon cloth (CC) (WOS1011, 0.36 mm thickness) was pur-
chased from a company of Taiwan carbon energy and Zn foil
(99.98%, 0.20 mm in thickness) was purchased from Cyber
Electrochemical Materials Network.
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Pretreatment of CC

The carbon cloth was cut into a square of 2 cm X2 cm
squares and placed in a Teflon liner with a mixture of 69 mL
HNO; and 17 mL distilled water, put into the oven, and
reacted at 120 °C for 24 h. After the reaction, it was washed
several times with distilled water and ethanol until the PH
reached 7, and then dried in the oven.

Preparation of §-MnO,/CC cathode

Firstly, KMnO, was dissolved in 30 mL of distilled water
at concentrations of 0.05 M, 0.07 M, 0.10 M, and 0.12 M,
respectively labeled as solutions I, II, III, and IV under
constant magnetic stirring for about 3 h, and moved to
Teflon-lined stainless steel autoclave liners. Secondly,
CC was affixed to a glass slide and immersed in the solu-
tion, and kept at 120°C for 12 h before being cooled to
ambient temperature. After the process, the dark brown
product—coated carbon cloth was taken out of the auto-
clave and given 2-3 washes in distilled water and alco-
hol. Lastly, -MnO,/CC cathode material was obtained
by drying at 70 °C for 6 h, as depicted in Fig. 1. Besides,
the photos of bare CC substrate and 5-MnO,/CC are
present in Fig. Sla. Additionally, the four samples are
designated as 5-MnO,/CC-0.05 M, 6-MnO,/CC-0.07 M,
6-MnO,/CC-0.10 M, and 8-MnO,/CC-0.12 M, and the
oxidation—-reduction reaction is represented by the fol-
lowing formula [43]:

4KMnO, + 3C + H,0 = 4MnO, + K,CO; + KHCO;.

Fig.1 The schematic of
primary preparation method
and electrode morphology of
8-MnO, nanosheets on CC

Stirring

.| Until uniform

KMnO, solution

Assembly of button batteries

AZIBs could be built directly in an open laboratory; the cath-
ode was made by shearing the 5-MnO,/CC material into a
1 cmX 1 cm square. The anode was composed of Zn metal foil
with a thickness of 0.20 mm. The electrolyte is aqueous solu-
tion of 2 M ZnSO, with 0.2 M MnSO, added to prevent MnO,
from dissolving, glass fiber as the separator. Besides, the bat-
tery was assembled using stainless steel gaskets, stainless steel
shrapnel, and CR2032 positive and negative battery shells.

Structural characterization

X-ray diffraction (XRD, Ultima IV, Rigaku, Japan) using
Cu Ka radiation was taken to analyze the phase structure.
The surface morphologies and the lattice fringe of samples
were investigated using scanning electron microscopy (SEM,
Gemini 300) and transmission electron microscopy (TEM,
JEOL 2100F). The elemental composition and mapping of the
samples were determined using elemental-dispersive X-ray
spectroscopy (EDS). X-ray photoelectron spectroscopy (XPS,
Thermo Scientific K-Alpha) was used to examine the surface
chemical valence and molecular structure. The surface area
of the Brunauer—-Emmett-Teller (BET) was assessed to use
nitrogen adsorption/desorption on an ASAP2460 instrument.

Electrochemical tests

The 8-MnO,/CC specimens were straightly served as the test
electrode, and no adhesive or conductive additive is added.

R
E

0—NMnO, growth

120°C 12h

0-MnO,/CC
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The CV curve was measured at a scan rate of 0.1 mV s
in the voltage range of 1-1.8 V vs. Zn**/Zn by the AUTO
LAB electrochemical workstation. Battery Test System
(NEWARE, Neware Co. Ltd., China) was applied to test the
electrochemical charging and discharging behavior from 1.0
to 1.8 V vs. Zn**/Zn at normal temperature. Electrochemical
impedance spectroscopy (EIS) was surveyed at frequencies
between 0.01 Hz and 100 kHz using the electrochemical
workstation (CorrTest).

Results and discussion

Figure 2a depicts the XRD spectrums of §-MnO,/CC.
The image displays four main peaks at 12.5°, 25.2°, 37.3°,
and 66.2°, which have the space group C2/m (JCPDS No.
80-1098) and can be assigned to the (001), (002), (_111),
and (005) planes of birnessite MnO, [44]. The interlayer
distance between (001) crystal planes is about 0.709 nm
[45]. The XRD results show that the film formed on carbon
fiber cloth is 5-MnO, without any other MnOx formed. The
binding energy of atoms and the detailed elemental composi-
tion of the samples were examined using X-ray photoelec-
tron spectroscopy (XPS) in order to confirm the elemental
valence of MnO,/CC. The full spectrum characteristic peak
of MnO,/CC can be seen in Fig. 2b. It can be found that
the sample mainly comprises the components Mn, O, and

C. Figure 2c displays the bund energies of Mn 2p3/2 and
Mn 2P1/2 are 642.18 eV and 653.67 eV, respectively. The
binding separation is 11.49 eV, which verified the exist-
ence of MnO, [46]. The XPS spectra of Ols in Fig. 2d
contained three dominant peaks, corresponding to the
Mn—O-Mn bonds (529.5 eV), Mn—-O-H bonds (531.3 eV),
and H-O-H bonds (532.9 eV), respectively [47]. The
results of XPS analysis confirmed that the substance was
MnO,, which agrees with the XRD result.

The morphologies and mapping of the cathode materi-
als were examined by SEM and TEM. Figure 3a1-d2 show
the surface microstructure of 8-MnO,/CC at low and high
amplification. It can be seen from Fig. 3al-cl that the
8-MnO,/CC generated by different reactant concentrations
are nanospheres composed of nanosheets, indicating that the
reactant concentration has little effect on the morphology
of 8-MnO,/CC. These nanosheets are connected with each
other to form spaces and pores [48], which not only facilitate
ion transport and electrolyte diffusion [49], but also alleviate
the variation of volume of the material during Zn* stor-
age. It is visible that there are some holes in the 8-MnO,/
CC-0.10 M (Fig. 3c2, black section) after the nanospheres
have been amplified further, and the size is large and evenly
distributed. This characteristic promotes ion movement
in the electrode material, and the structure is difficult to
collapse. There are fewer and smaller internal pores in the
8-MnO,/CC-0.05 M and 8-MnO,/CC-0.12 M in Fig. 3a2
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Fig.3 SEM images of 8-MnO,/
CC. al, a2 5-MnO,/CC-0.05 M.
b1, b2 8-MnO,/CC-0.07 M.

cl, ¢2 3-MnO,/CC-0.10 M.

dl1, d2 5-MnO,/CC-0.12 M. e
EDS images of the 8-MnO,/
CC-0.10 M. f TEM images of
8-MnO,/CC-0.10 M. g HRTEM
images of 6-MnO,/CC-0.10 M

and d2. The surface pores of 6-MnO,/CC-0.07 M in Fig. 3b2
are almost absent, and the ion transport pathways are too
narrow for ion transport, which led to the electrochemical
performance to reduce.

Figure S1b, ¢ show the sample 5-MnO,/CC-0.10 M
nanosheets growing uniformly on carbon cloth, which con-
firms that the concentration of 0.10 M has a better morphol-
ogy. The EDS mapping analysis of Fig. 3e demonstrates that
the elements of O (red), Mn (blue), K (green), and C (pur-
ple) are uniformly distributed, which further suggests that
the synthesis of 8-MnO,/CC was successful. Furthermore,
Fig. S2 demonstrates the percentage content of each ele-
ment, and proves that MnO,/CC is the main substance. More
elaborated information about structure and morphology of
8-MnO,/CC was supplied by TEM. The thin nanosheet
morphology of sample 5-MnO,/CC-0.10 M is evident in
Fig. 3f. The HRTEM images of the corresponding 5-MnO,/
CC-0.10 M in Fig. 3g show that the lattice stripe spacing of
0.71 nm matches with the (001) plane spacing of 5-MnQO,,
which indicates that the MnO, cathode layer is well crystal-
lized. This layered structure is conducive to the movement
of charged particles in the crystal lattice, resulting in oxida-
tion-reduction reaction or ion exchange, and will not cause
the destruction of the layered structure of the crystal.

%0 7Anh{001)

Figure 4 shows the BET surface area for 8-MnO,/CC
hybrids. The subsequence of the BET surface areas for the
four compounds is as follows: 8-MnO,/CC-0.10 M (146.98
m? g71)>8-Mn0,/CC-0.12 M (110.62 m? g~') > §-MnO,/
CC-0.05 M (110.60 m? g~1) > §-Mn0O,/CC-0.07 M (104.12
m? g~!). It can be seen from Fig. 3¢2 and d2 that, at the same
magnification, -MnO,/CC-0.10 M has more mesoporous
distribution than 6-MnO,/CC-0.12 M. Furthermore, the
internal pores of 6-MnO,/CC-0.10 M are more than those
of 8-MnO,/CC-0.12 M. The four samples demonstrate the
type IV isotherms according to IUPAC recommendation,
which indicates mesoporous structure [50, 51]. As shown
in the insets of Fig. 4, these four materials show analogous
apertures between 2 and 8 nm. The mesoporous structure
is instrumental in the full electrode-to-electrolyte contact,
which is convenient for the electrolyte to access the space of
the electrode material to store charges, so as to obtain better
electrochemical performance [52].

Remarkable electrochemical behavior of AZIB is a signif-
icant indicator of their proper preparation. Figure 5a exhibits
the CV results at a sweep rate of 0.1 mV s~! from 1.0 to
1.8 V. Two separate anodic and cathodic peaks of 8-MnO,/
CC electrode occur around 1.6 V and 1.35 V during cycling,
respectively. The presence of cathodic peak is attributed to
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Zn** intercalation into MnO, and Mn** which is reduced to
the low valence state. Correspondingly, the appearance of
anodic peak is owed to Zn** de-intercalation out of MnO,
and the oxidation of Mn from low valence state to Mn**
[53], xZn** +2xe” +MnO, <> ZnxMnO,. In comparison
to 8-MnO,/CC-0.05 M, 8-MnO,/CC-0.07 M, and 8-MnO,/
CC-0.12 M electrodes, it is noticeable that the 5-MnO,/
CC-0.10 M electrode has a bigger region of CV curves and
a stronger current response, indicating superior capacity
performance. The redox peaks of the 5-MnO,/CC-0.10 M
have a much lower potential difference than those of the
other compounds.

It demonstrates the outstanding electrochemical inevi-
tability of the 8-MnO,/CC-0.10 M cathode material [54].
The representative CV findings of the 5-MnO,/CC-0.10 M

Relative Pressure (P/Po)

cathode existed in the voltage window of 1.0—-1.8 V at
various sweep rates in Fig. 5b, which proves that the highly
reversible redox reaction is present in this cell reaction,
implying that the 5-MnO,/CC-0.10 M cathode is stable
[55]. Meanwhile, the shape of the CV plot of the 5-MnO,/
CC-0.10 M cathode remains similar under multiple scan
rates, indicating that the charge was transported rapidly in
the electrode. The polarization effect causes the peak posi-
tions of the cathode and anode to shift towards the negative
and positive potentials as the scan rate increases [56].

The electrochemical properties of the prepared AZIB
were thoroughly investigated, and the findings are dis-
played in Fig. 6. Figure 6a depicts the galvanostatic dis-
charge/charge curves measured from 1.0 to 1.8 V under
0.1A g~!. The discharge capacities of §-MnO,/CC-0.05 M,

Fig.5 a CV curves of 5-MnO,/ Q) 1.2 (b)
CC at a scan rate of 0.1 mV/s. —— 5-MnO,/CC-0.05M 24
b CV curves of the 8-MnO,/ 08 — #Mmoycco0m
CC-0.10 M at different scan ~ : = 5-Mn0,/CC-0.10M &
rates é = 3-Mn0,/CC-0.12M g 14
= 0.4 b
= 0.01 ;.
o O -14
-0.44
24
-0.8

10 12 14

Potential (V) vs.Zn**/Zn
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6-MnO,/CC-0.07 M, and 6-MnO,/CC-0.12 M are 181 mAh
g™!, 136 mAh g~!, and 196 mAh g™, respectively. The
6-MnO,/CC-0.10 M displays a high discharge capacitance
of 268 mAh g~' at 0.1 A g™, which is greater than those
of 6-MnO,/CC-0.05 M, 8-MnO,/CC-0.07 M, and 3-MnO,/
CC-0.12 M. It mainly benefits from the large specific surface
area of the 8-MnO,/CC-0.10 M electrode material, which
ensures sufficient contact between the active material and
the electrolyte, and thus reduces the impedance of the elec-
trode. Besides, the 5-MnO,/CC-0.10 M charge—discharge
platform has the smallest voltage difference, indicating the
lower polarization and better charging performance [54, 57].
Besides, the cycling behavior of the AZIB with §-MnO,/CC
is displayed in Fig. 6b, which demonstrates the cathode of
the 8-MnO,/CC-0.10 M has excellent circulation stability
with capacitance of about 198 mAh g~ at 0.1 A g~! after
100 cycles, which has a high Coulombic efficiency (CE)

of 99.87%. The large electrode/electrolyte touch region can
be provided by the large surface area and high porousness
of 6-MnO,/CC-0.10 M, which can also be conducive to the
diffusion of Zn?>* ions. Hence, it has better electrochemical
properties [58]. Figure S3 displays SEM images of 8-MnO,/
CC electrode after 100 cycles. The surface of the electrode
material exhibits the phenomenon of nanosheet collapse
after 100 charge—discharge cycles, yet it retains its origi-
nal morphology overall. This observation suggests that the
structure remains stable and the battery cycle performance
is excellent. The 5-MnO,/CC-0.07 M sample contains many
small particles. According to research, when the particle size
is too small, the interface between the particles increases,
resulting in insufficient contact with the electrolyte and poor
cycling performance of the AZIBs [59]. The CE dropped to
98.95% compared to 8-MnO,/CC-0.10 M. Additionally, the
Coulombic efficiencies of 8-MnO,/CC-0.05 M and 8-MnO,/
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CC-0.12 M are 99.33% and 99.19%, respectively. Figure 6¢
presents the rate capacity for the products of 8-MnO,/CC at
different current rates of 0.1 A g_l, 0.2 A g_l, 04 A g_l, 0.6
Ag ', 08A¢g! and 1.0 A g7'. The §-MnO,/CC-0.10 M
cathode shows the reversible capacities of 268, 194, 153,
132, 122, and 114mAh g~!, respectively. The advantage
of -MnO,/CC-0.10 M electrode is that a large number of
diffusion channels are provided by the uniform distribu-
tion and large size of pores for zinc ions, while ensuring the
full infiltration of the electrolyte, improving the rate per-
formance of the battery. This is superior to the other three
groups of samples. After several cycles with different high
current densities, when the current density is restored to 0.1
A g7!, the AZIB discharge specific capacitance remains 243
mAh g=! (91% of capacity retention). It can be observed
that the Coulombic efficiency of 8-MnO,/CC-0.10 M is the
highest. Surprisingly, the Coulombic efficiency of 5-MnO,/
CC-0.05 M, 5-MnO,/CC-0.07 M, and 5-MnO,/CC-0.12 M
i8 99.25%, 99.35%, and 99.73%, respectively. It fully shows
that the 5-MnO,/CC still maintains excellent reversibility at
high current density.

The long-life cycle ability and Coulombic effective-
ness of the 8-MnO,/CC-0.10 M at 2.0 A g~" are evaluated
in Fig. 6d. The activation of electrode materials and the
gradual penetration of electrolyte may be responsible for
the rise in specific capacity during cycling. As the cycle
increases, the process of zinc ion embedding in the elec-
trode material slows down, leading to a decrease in spe-
cific capacity. The phenomenon that the specific capacity
of the electrode increases first and then decreases dur-
ing the charge and discharge process of Zn-Mn batteries
is common [14, 60-62]. The AZIB could still maintain
97.3% of first capacity after 500 cycles, and high Cou-
lombic effectiveness, indicating the outstanding cycling
stability of the AZIB. This is mostly attributable to the
large pore volume of the 8-MnO,/CC-0.10 M, which is
beneficial to the transfer of Zn>* and the infiltration of
electrolyte, and can still have excellent capacity reten-
tion after multiple cycles. Figure 6e exhibits the electro-
chemical impedance spectroscopy (EIS). Charge transfer
resistance is reflected by the semi-round diameter of the
high frequency. As can be seen from Fig. 6e, compared
to 8-MnO,/CC-0.07 M and 8-MnO,/CC-0.12 M, the
charge transport resistor of 5-MnO,/CC-0.10 M is sig-
nificantly reduced, but slightly lower than that of 5-MnO,/
CC-0.05 M, which indicates that -MnO,/CC-0.10 M
has high conductivity. Moreover, the slope of 8-MnO,/
CC-0.10 M in the low-frequency region is greater than
those of 8-MnO,/CC-0.05 M, §-MnO,/CC-0.07 M, and
8-MnO,/CC-0.12 M, indicating that the diffusion rate
of zinc ions in 8-MnO,/CC-0.10 M is higher [62]. This
corresponds to the higher initial capacitance of 5-MnO,/
CC-0.10 M in the cyclic test.

@ Springer

Conclusion

In short, the layered structure of 8-MnO,/CC is pre-
pared by a simple one-step hydrothermal method. The
impacts of KMnO, concentration on the electrochemi-
cal properties of 8-MnQO,/CC were studied. In contrast to
6-MnO,/CC-0.05 M, 6-MnO,/CC-0.07 M, and 5-MnO,/
CC-0.12 M, the 6-MnO,/CC-0.10 M possesses a greater
surface area ( 146.98 m* g~!), which supplies sufficient
active sites and reduces the ion migration range, lead-
ing to exhibit excellent electrochemical properties (spe-
cific capacity of 268 mAh g~! at 0.1 A g~!) and long-
time durability (97.3% capacity retention for 500 cycles
at 2.0 A g~'and Coulombic efficiency close to 100%),
high reversibility, and excellent rate performance. These
results provide ideas for further progress of electrodes
with cost-effectiveness, high capacitance, and high safety
for integrated structure batteries.
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