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Abstract

Aqueous zinc-ion battery has attracted much attention due to its low price,
high safety, and high theoretical specific capacity. However, most of their
performances are limited by the unsatisfied architecture of cathodes. Herein,
we fabricated amorphous manganese dioxide by an in situ deposition me-
thod. The amorphous manganese dioxide can directly serve as the cathode of
an aqueous zinc-ion battery without a binder. The resultant cathode exhibits
a high specific capacity of 133.9 mAh/g at 200 mA/g and a capacity retention
of 82% over 50 cycles at 1 A/g.
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1. Introduction

Lithium-ion batteries occupy the commercial energy storage battery market be-
cause of their high energy density and long life [1]. However, the high cost and
low safety of lithium seriously limit its application in the field of large-scale
energy storage. Aqueous zinc-ion batteries (ZIBs) are considered as promising
candidates because of the high theoretical specific capacity (820 mAh/g) low cost
and intrinsic safety of aqueous electrolytes [2] [3].

In recent years, various materials have been proved to be cathodes of ZIBs,
such as vanadium-based materials [4] [5], Prussian Blue [6] [7], manganese-
based materials [8] [9] [10] [11] and so on. Among them, manganese dioxide
has attracted the strongest attention because of its natural abundance, low cost,
and high theoretical capacity (308 mAh/g). The preparation of manganese dio-
xide is generally carried out by hydrothermal and coprecipitation methods.

While achieving encouraging properties, these preparation methods are gener-
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ally time-consuming, rigid, or complex, which would substantially limits their
practical applications in the massive production of ZIBs’ cathode materials. In
addition, these active materials are usually mixed with conductive additives and
polymer adhesives and then coated on the collector to manufacture the cathode
of aqueous ZIBs [12] [13]. However, the addition of polymer adhesives hinders
the effective utilization of the surface area of active materials [14]. Therefore, the
new cathode structure of ZIBs must be considered.

In view of this problem, one simple and efficient method was adopted to pre-
pare a binder-free amorphous manganese dioxide (A-MnO,) as cathode mate-
rials of ZIBs. A uniformly distributed MnO, layer was deposited on the surface of
carbon cloth by constant voltage deposition. The zinc storage properties of
amorphous manganese oxide were systematically studied. It can provide a high ca-

pacity of 133.9 mAh/g at 200 mA/g and 82% of capacity retention after 50 cycles.

2. Experimental Method
2.1. Preparation of A-MnO;

Carbon cloth (CC) and carbon paper were purchased from shengernuo shop-
ping mall (China). All other reagents were purchased from Sinopharm Chemical
Reagent Co. Ltd. The battery was assembled in CR2032-type coin cell with car-
bon paper as anode, MnSO;, solution as electrolyte and carbon cloth as cathode
collector. First charge the battery to 1.8 V, and then charge it at constant voltage
for 8 h to electrodeposit MnO, on the carbon cloth. The as-obtained A-MnO,

electrode was washed with DI water and dried in vacuum oven at 80°C for 10 h.

2.2. Characterization

The morphology and phase structure of A-MnO, electrode were characterized
by scanning electron microscopy (SEM, Carl Zeiss Co., Germany, (GeminiSEM
500)), and X-ray diffraction (XRD, Rigaku Co., Japan (Cu Ka radiation, A =
1.540593)), respectively.

2.3. Electrochemical Measurements

The Zn//MnO; coin cells were 2032-type, where zinc foils were anodes, A-MnO,
@CC were cathodes, 2 M ZnSO./0.1 M MnSOy hybrid solutions were electro-
lytes, and glass fibers were separators, respectively. Cyclic voltammetry (CV)
curves were measured separately at 0.1 mV/s. Galvanostatic cha-discharge (GCD)
curves were studied at various current densities. The all electrochemical perfor-

mance was measured through the electrochemical station (CHI660e).

3. Results and Discussion

The structure of the A-MnO, was first characterized by XRD. As shown in Fig-
ure 1, Removing the peak of carbon cloth, no distinct peaks can be detected in
the XRD pattern except for a broad and weak peak around 37°, due to the for-
mation of hydrous manganese oxide [15] [16]. This indicates that the manganese
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oxide has a very low crystallinity. The morphology of the A-MnO, sample is
further confirmed by SEM. As shown in Figure 2, it can be observed that A-MnO,
is composed of uniform nanosheets, which can realize a short Zn?* transport
pathway and fast Zn** diffusion.

The electrochemical properties of the A-MnO, samples were tested using zinc
foil as anode and 2 M ZnSO4/0.1 M MnSO, mixture solution as the electrolyte.
First, as shown in Figure 3, CV measurements have been performed at a scan-
ning rate of 0.1 mV/s in a potential window of 1.0 - 1.8 V. There is an intense
cathodic peak at 1.22 V within the first cycle, caused by the reduction of Mn**
and Zn*'/H" adsorption [17]. In the next cycle, there are two cathodic peaks at
1.37 V and 1.26V, caused by the reaction of H* and Zn** insertion [18].

The capacity of the Zn//MnO, cells at different current densities is shown in
Figure 4. The A-MnO; electrodes deliver a discharge capacity of 133.9 mAh/g at
0.2 A/g. More importantly, even under a high current density of 1.5 A/g, the
ZIBs could also discharge a considerable capacity of 38.4 mAh/g. In order to as-
sess the ZIBs stability with A-MnO, cathode, the cycling stability and Coulombic
efficiency of the Zn//MnO, cells are presented in Figure 5. At the current densi-
ty of 1 A/g, the battery delivers 82% capacity retention after 50 cycles, with re-
taining a high Coulombic efficiency of nearly 100%.
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Figure 1. XRD patterns for CC and A-MnO; samples.
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Figure 2. SEM images of A-MnO; samples.
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Figure 3. The CV curves of the Zn//MnO:; cells at initial two cycles under 0.1 mV/s.
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Figure 4. The rate performance of the Zn//MnO: cells under different current densities.
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Figure 5. The cycling performance of the Zn//MnO: cells at 1 A/g.

4. Conclusion

In summary, a binder-free amorphous manganese dioxide was prepared by an in
situ deposition method. A uniformly distributed MnO, layer was deposited on
the surface of carbon cloth by constant voltage deposition. Moreover, the

amorphous state of MnO, and interconnected nanosheets structure endow the

DOI: 10.4236/msce.2022.106002

16 Journal of Materials Science and Chemical Engineering


https://doi.org/10.4236/msce.2022.106002

Q. Q. Yu, G.J. Wu

cathode with rapid ion diffusion and high conductivity, resulting in excellent
electrochemical performance. It can provide a high capacity of 133.9 mAh/g at
200 mA/g and 82% of capacity retention after 50 cycles.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Goodenough, J.B. and Park, K.S. (2013) The Li-Ion Rechargeable Battery: A Pers-
pective. Journal of the American Chemical Society, 135, 1167-1176.
https://doi.org/10.1021/ja3091438

[2] Pan, H.L, Shao, Y.Y., Yan, P.F,, Cheng, Y.W,, Han, K.S., Nie, Z.M., Wang, C.M,,
Yang, J.H,, Li, X.L., Bhattacharya, P., Mueller, K.T. and Liu, J. (2016) Reversible
Aqueous Zinc/Manganese Oxide Energy Storage from Conversion Reactions. Na-
ture Energy, 1, Article No. 16039. https://doi.org/10.1038/nenergy.2016.39

[3] Kundu, D., Adams, B.D., Duffort, V., Vajargah, S.H. and Nazar, L.F. (2016) A
High-Capacity and Long-Life Aqueous Rechargeable Zinc Battery Using a Metal
Oxide Intercalation Cathode. Nature Energy, 1, Article No. 16119.
https://doi.org/10.1038/nenergy.2016.119

[4] He, P, Zhang, G.B,, Liao, X.B., Yan, M.Y., Xu, X., An, Q.Y,, Liu, J. and Mai, L.Q.
(2018) Sodium Ion Stabilized Vanadium Oxide Nanowire Cathode for High-Per-
formance Zinc-Ion Batteries. Advanced Energy Materials, 8, Article ID: 1702463.
https://doi.org/10.1002/aenm.201702463

[5] Yang, Y.Q, Tang, Y., Fang, G.Z.,, Shan, L.T., Guo, ].S., Zhang, W.Y., Wang, C,,
Wang, L.B., Zhou, J. and Liang, S.Q. (2018) Li+ Intercalated V.Os Center Dot
nH(2)O with Enlarged Layer Spacing and Fast Ion Diffusion as an Aqueous Zinc-
TIon Battery Cathode. Energy & Environmental Science, 11, 3157-3162.
https://doi.org/10.1039/C8EE01651H

[6] Zampardi, G. and La Mantia, F. (2020) Prussian Blue Analogues as Aqueous Zn-Ion
Batteries Electrodes: Current Challenges and Future Perspectives. Current Opinion
in Electrochemistry, 21, 84-92. https://doi.org/10.1016/j.coelec.2020.01.014

[7] Zeng, Y.X, Lu, X.F,, Zhang, S.L., Luan, D.Y., Li, S. and Lou, X.W. (2021) Construc-
tion of Co-Mn Prussian Blue analog Hollow Spheres for Efficient Aqueous Zn-Ion
Batteries. Angewandte Chemie- International Edition, 60, 22189-22194.
https://doi.org/10.1002/anie.202107697

[8] Zhao, Y.L., Zhu, Y.H. and Zhang, X.B. (2020) Challenges and Perspectives for
Manganese-Based Oxides for Advanced Aqueous Zinc-Ion Batteries. /nfomat, 2,
237-260. https://doi.org/10.1002/inf2.12042

[9] Lobinsky, A.A. and Kaneva, M.V. (2021) Layer-by-Layer Synthesis of Zn-Doped
MnO; Nanocrystals as Cathode Materials for Aqueous Zinc-Ion Battery. Nanosys-
tems-Physics Chemistry Mathematics, 12, 182-187.
https://doi.org/10.17586/2220-8054-2021-12-2-182-187

[10] Xu, L., Xu, N,, Yan, C.Y., He, W., Wu, X.Y., Diao, G.W. and Chen, M. (2021) Sto-
rage Mechanisms and Improved Strategies for Manganese-Based Aqueous Zinc-Ion
Batteries. Journal of Electroanalytical Chemistry, 888, Article ID: 115196.
https://doi.org/10.1016/j.jelechem.2021.115196

[11] Wang, S. and Fan, X. (2019) Flexible Zinc-Manganese Dioxide Alkaline Batteries

DOI: 10.4236/msce.2022.106002 17 Journal of Materials Science and Chemical Engineering


https://doi.org/10.4236/msce.2022.106002
https://doi.org/10.1021/ja3091438
https://doi.org/10.1038/nenergy.2016.39
https://doi.org/10.1038/nenergy.2016.119
https://doi.org/10.1002/aenm.201702463
https://doi.org/10.1039/C8EE01651H
https://doi.org/10.1016/j.coelec.2020.01.014
https://doi.org/10.1002/anie.202107697
https://doi.org/10.1002/inf2.12042
https://doi.org/10.17586/2220-8054-2021-12-2-182-187
https://doi.org/10.1016/j.jelechem.2021.115196

Q. Q. Yu, G.J. Wu

[12]

(13]

(14]

(15]

(16]

(17]

(18]

Based on Kelp Electrolytes. Journal of Materials Science and Chemical Engineering,
7, 19-28. https://doi.org/10.4236/msce.2019.712003

Zhang, Y., Wan, F., Huang, S., Wang, S., Niu, Z.Q. and Chen, J. (2020) A Chemi-
cally Self-Charging Aqueous Zinc-Ion Battery. Nature Communications, 11, Article
No. 2199. https://doi.org/10.1038/s41467-020-16039-5

Wan, F., Zhang, L.L., Dai, X., Wang, X.Y., Niu, Z.Q. and Chen, J. (2018) Aqueous
Rechargeable Zinc/Sodium Vanadate Batteries with Enhanced Performance from

Simultaneous Insertion of Dual Carriers. Nature Communications, 9, Article No.
1656. https://doi.org/10.1038/s41467-018-04060-8

Liu, L.L., Niu, Z.Q. and Chen, J. (2017) Design and Integration of Flexible Planar
Micro-Supercapacitors. Nano Research, 10, 1524-1544.
https://doi.org/10.1007/s12274-017-1448-7

Nam, K.W., Kim, M.G. and Kim, K.B. (2007) I Situ MnK-Edge X-Ray Absorption
Spectroscopy Studies of Electrodeposited Manganese Oxide Films for Electrochem-
ical Capacitors. Journal of Physical Chemistry C, 111, 749-758.
https://doi.org/10.1021/jp0631300

Munaiah, Y., Raj, B.G.S., Kumar, T.P. and Ragupathy, P. (2013) Facile Synthesis of
Hollow Sphere Amorphous MnO2: The Formation Mechanism, Morphology and
Effect of a Bivalent Cation-Containing Electrolyte on Its Supercapacitive Behavior.
Journal of Materials Chemistry A, 1, 4300-4306. https://doi.org/10.1039/c3ta01089a
Zhang, N., Cheng, F.Y,, Liu, ].X., Wang, L.B., Long, X.H., Liu, X.S,, Li, F.J. and
Chen, J. (2017) Rechargeable Aqueous Zinc-Manganese Dioxide Batteries with High

Energy and Power Densities. Nature Communications, 8, Article No. 405.
https://doi.org/10.1038/s41467-017-00467-x

Sun, W., Wang, F., Hou, S.Y,, Yang, C.Y,, Fan, X.L., Ma, Z.H., Gao, T., Han, E.D,,
Hu, R.Z., Zhu, M. and Wang, C.S. (2017) Zn/MnO: Battery Chemistry with H* and
Zn?** Coinsertion. Journal of the American Chemical Society, 139, 9775-9778.
https://doi.org/10.1021/jacs.7b04471

DOI: 10.4236/msce.2022.106002

18 Journal of Materials Science and Chemical Engineering


https://doi.org/10.4236/msce.2022.106002
https://doi.org/10.4236/msce.2019.712003
https://doi.org/10.1038/s41467-020-16039-5
https://doi.org/10.1038/s41467-018-04060-8
https://doi.org/10.1007/s12274-017-1448-z
https://doi.org/10.1021/jp063130o
https://doi.org/10.1039/c3ta01089a
https://doi.org/10.1038/s41467-017-00467-x
https://doi.org/10.1021/jacs.7b04471

	A Binder-Free Amorphous Manganese Dioxide for Aqueous Zinc-Ion Battery
	Abstract
	Keywords
	1. Introduction
	2. Experimental Method
	2.1. Preparation of A-MnO2
	2.2. Characterization
	2.3. Electrochemical Measurements

	3. Results and Discussion 
	4. Conclusion
	Conflicts of Interest
	References

