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Abstract: Sodium-ion batteries (SIBs) have emerged as a promising alternative to lithium-ion batteries (LIBS) since
sodium resources are more abundant, and their utilization is cheaper. However, their application is limited by the
problem of obtaining high energy density and stable cycling in the long term. In the following study, we discuss usage
of silicon dioxide (SiO:) and graphene oxide (GO) to overcome these issues. Comparative Cyclic voltammetry, Galv.
current density, energy density and capacity density measurement between pure GO, SiO2 and GO-SiO: composites for
SIB configurations. GO was found to have good conductivity and improved Na-ion transport but cycling stability was
moderate. SiO2 showed ordinary cycling stability but lower initial capacity as compared to the composite material. The
incorporation of SiO: in the structure of the GO material has a synergistic effect where both the GO high conductivity
and the structure stability of SiO: and therefore improved sodium-ion storage capability and long-term cycling stability.
From these conclusions, it can be proposed that GO-SiO 2 composites can be promising materials for practical
applications of SIBs as an efficient anode with sufficiently high capacity and conductivity.
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1. INTRODUCTION

The high growth rate of energy-storage applications, especially in electric vehicles and grid storage, has led to the need
to create a high-energy density sodium-ion battery (SIB) as an LIB competitor [1]. SIBs are generally less energy
density than LIBs; however, they possess numerous benefits because sodium is cheap and readily available [2].
Nevertheless, achieving high-performance electrodes, particularly for the anode in SIBs, presents a major issue.
Graphite which is used as an anode in most LIBs is not suitable for electrochemical application in SIBs, because of the
relatively larger ionic size of Na+ which limits its intercalation [3].

As a result, development of new anode materials with high specific capacities and cycle stability is an important
strategy for enhancement of SIB performance [4]. This SiO: features the attribute of providing a matrix shield around
actives, thereby avert common silicon’s issue of large volume change within alloying and interaction with Na+.
However, pure SiO- exhibits poor electrical conductivity together with a big issue of IR capacity loss during the initial
several cycles [5].

To eliminating these problems, Graphene oxide (GO) due to its high electrical conductivity and mechanical property
has been considered as suitable matrix material for SiO. composites [6]. GO has the ability to undergo these changes
during cycling while at the same time improving the transport of electrons across the electrode [7].

To better understand factors that could improve SIB anodes performance an experimental comparative analysis of
change in properties of pure GO, SiO2. and GO-SiO2 composites has been done as well [8]. GO alone exhibits high
conductivity along with good rate capability, however, cycling stability is moderate. SiO2 on the other hand has better
cyclic stability in the long run but has issues related to the first cycle couping and lower rates [9]. The GO-SiO:
composite is expected to have the conductivity of GO along with buffering capacity of SiO: to improve the sodium
storage capacity and to overcome the volume change during cycling [10]. The incorporation of these materials has been
shown to produce substantial enhancements within the specific capacity, cyclability and rate capability of SIBs [11].

In this work, the electrochemical properties of GO, SiO2, and GO-SiO: based anode materials for sodium-ion battery
cells are compared in a specific manner [12]. The most critical factors of anode materials, such as cycling stability, rate
capability, and the capability of electrode expansion of the electrode were investigated under the commercial electrode
conditions to get the favorable anode material of high energy SIBs. It offers valuable information on the current state of
sodium-ion batteries with potential capacity and structural integrity for the future generation power cells [13].

2. LITERATURE REVIEW

Sodium-ion batteries (SIBs) have received interest as potential LIBs’ replacement owing to the availability of sodium
materials. However, the disadvantages, including low energy density, poor cycling stability, and some difficulties in
developing high-energy anodes hinder their application. The present literature review has been designed to provide an
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overview of various anode materials used in SIBs with significant importance given to SiO:, GO, and their hybrid
structures.

Established that hard carbon has reasonable electrochemical performance and can charge and discharge sodium-ions
well and has reasonable cycling stability. Nevertheless, the major drawback for the application of these electrode
materials presented in this work is the low initial Coulomb efficiency and therefore, more research is being conducted to
look for better materials [14].

Iron oxides, manganese oxides, cobalt oxides, FeSC, and MnSC have large theoretical capacities that are 937, 600, and
890 mAh/g, respectively, but they also have challenges such as poor cycle’s stabilities, and low electrical
conductivities. The study established that the use of advanced composite materials could eliminate these limitations, for
example, a composite of oxides and a conductive matrix comprising GO [15].

The researchers also discovered that high electrical conductivity and huge surface area of the graphene enhances the
sodium-ion transport thus enhanced performance. Although it is possible to synthesize pure graphene, this form of the
material suffers from relatively low cycling stability which hampers its application. Thus, the proposition to improve
the stability by incorporating graphene with oxides has been proposed [16].

Described the functions of nanostructured materials in the improvement of anodes of SIB “. Silicon dioxide derived
silicon also exhibits very high theoretical capacities; nevertheless, its cycling stability is intrinsically problematic due to
the repeated volume change of the active material. The authors suggested using nanostructured composites based on
silicon and carbon containing substances to overcome this problem [17].

An anode material for SIBs and to prove its effectiveness, the researchers focused on its stable cycling performance and
high thermal stability. Nevertheless, SiO: anodes are characterized by a relatively low initial capacity compared to other
materials and a moderate energy density. It was proposed that more research focuses on SiO. composites with
conductive materials to enhance its electrochemical characteristic [18].

Analysed the possibility to use GO as an anode material in SIBs due to its increased conductivity and charge transfer of
sodium ions. However, the cycling stability in GO is of moderate level when compared to the initial performance of the
material indicating that it performs sub optimally at high current densities. The study recommended that GO composites
with stable material like SiO2 could overcome these challenges [19].

Work on GO-SiO: composites as anode materials for SIBs. According to the outcomes of their study, composites
revealed enhanced co-efficiency as compared to the pure GO and SiO2 because of the GO’s high conductive nature and
Si0: structural property. The rate capability and the cycling stability of the developed composite material were found to
be much higher than the pristine Si cathode, thus confirming the composite material as a promising cathode material for
next generation SIBs [20].

Yue et al. (2019) discussed the trends on the effect of the morphology of the materials for SIB anodes. They stressed
that through the manipulation of the morphologies of SiO: and GO based composites their electrochemical performance
could be increased. The presence of nanostructured SiO: particles with graphene sheets offered enhanced electrical
conductivity, sodium-ion diffusion, and cycling stability [21].

The investigation of sodium storage revealed that these composite materials show an enhanced sodium storage capacity
and impressive long-term cycling stability attributable to the synergetic properties of GO and SiO.. The researchers
stated that such a composite could eliminate the drawbacks of using pure SiO- anodes [22].

Work revealed that OPF-SiO: needed to be mixed with electrically conductive materials such as GO to enhance both
energy density and cycling stability. The synthesized GO-SiO. composites showed great electrochemical activity, and
hence could be used effectively for commercial SIB applications [23].

3. RESULTS AND DISCUSSION

3.1 Characterization of Graphene Oxide (GO), Silicon Dioxide (Si02), and GO-SiO. Composite

In order to compare the physical properties of the synthesized Graphene Oxide (GO), Silicon Dioxide (SiO2), and their
composite (GO-SiO:), we analyzed their particle size distributions, Brunauer Emmett Teller (BET) specific surface
areas, and tap densities are shown in Fig. 1. Analyzing the particle size distribution, it can be noted that both SiO- and
the GO-SiO: composite have smaller particle sizes similar to those of GO (Fig. 1(a)) and, therefore, can be used for the
electrode application. The small and narrow particle size distribution of SiO: is suitable for achieving uniform particle
dispersion throughout the electrode matrix; in addition, the compact packing of the SiO: particles allows for a high
packing density.
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Figure 1 Comparison of the physical properties of GO, SiO-, and GO-SiO. Composite Materials (a) Statistical analysis
of D10, D50, and D90 (D10, D50, and D90 represent the particle sizes at which 10%, 50%, and 90%, respectively, of
the cumulative volume of particulate materials with various particle sizes are achieved (b) specific surface area based on
BET analysis, and (c) tap density based on the mechanical tapping method. Morphological comparison of materials. (d)
GO: SEM shows layered, sheet-like nanosheets. (¢) SiO2: SEM displays smooth, microsized particles. (f) GO-SiO:

Composite: SEM reveals a uniform integration of SiO: within the GO matrix.

The particle size distribution (Fig. 1a) has different patterns for GO, SiO:, and the binary material they form. On the
particle size distribution, it is evident that the GO has different size distribution parameters from SiO- with differences
in D10, D50, D90. This relatively large size range may indicate a propensity to aggregate during the preparation of the
slurry which may untimely lead to in-homogeneous electrodes. On the other hand, SiO2 showed a more uniform particle
distribution as evidenced by its smaller D50 and, especially, D90 values reflecting the superior control over the particle
distribution and the better and more uniform electrode development. In contrast, the GO-SiO. composite has an ideal
size distribution ranging between both GO with its large surface area and SiO. with its stable particle size that can
homogeneously mix and optimise the electrode structure.

Based on Fig. 1b, which refers to specific surface area, the highest value of 45 m2.g™ was recorded for GO, which
offered improved electronic conductivity. Still, this high surface activity may at times lead to excess reactions with the
electrolyte and possible degradation of battery performance. On the other hand, SiO: has specific surface area of ~3.5
m?2.g™', which reduces and undesirable side reactions and improves the cycling performance. To balance the specific
surface area of GO and SiO., the prepared GO-SiO. composite regulates the conductivity and stability in an efficient
way.

Considering tap density (Fig. 1¢) on the other hand, GO has a relatively low value of around 0.6 g.cm™, an undesirable
trait if high energy density is needed because it implies low packing efficiency. SiO: has high tap density around 1.5
g.cm™, so it provides higher volumetric energy density for dense and compact electrode related applications. The
packing density of the GO-SiO: composite is ~1.2 gecm™, intermediate between Li and GO, providing high electrode
packing density, and good mechanical stability during cycling.

SEM images at high and low magnifications (1d-1f) also clearly show the structural variations between the materials.
The morphology of GO was sheet-like with evident agglomeration, which enabled the manifestations of its high surface
area and large particle size distribution. SiO- was noticeable as discrete micro sized particles with relatively smooth
surfaces and these structures helped in providing overall stability to the formed composite material. The GO-SiO:
composite had all these features; the structure was well coordinated and the SiO: particles were uniformly embedded in
the GO network. This structural integration should lead to improved mechanical stability, uniform volumetric changes
and better cycle rate which make GO-SiO- composite a favoured candidate for advance energy storage.
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3.2 Electrochemical testing of Graphene Oxide (GO), Silicon Dioxide (Si0O:), and GO-SiO: Composite materials

a_) Voltage vs Capacity for GO, SiOz, and GO-SiO: Composite (b) Discharge Capacity vs. Cycle Number
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Figure 2 Electrochemical performance of the GO, SiO2, and GO-SiO. composite electrodes in half-cell. (a) Voltage
profiles of GO, SiOz, and GO-SiO: composite anodes in the 1st cycle. (b) Reversible capacities, (c) capacity retention
from GO, SiO: contribution, and (d) Coulombic efficiencies (CEs) of the anodes cycled at 0.5 C for 50 cycles.

Figures 1(a) through 2(d) provide a comprehensive comparison of the electrochemical performance of GO, SiO., and
their composite in sodium-ion batteries.

In Fig. 1(a), the relationship in discharge capacity as a function of cycles 1 to 50 for each material is presented. The
results also show that the capacity of GO-SiO. composite is higher than that of the pure GO and SiO-, suggesting that
the prepared composites exhibit a better cycling stability and efficiency. This indicates that the presented composite
material reduces losses in capacity, providing an advantage for batteries designed for long usage.

In Fig. 2(b) the efficiency of the Coulombic efficiency for all three materials is depicted as a function of the cycle
number. A direct comparison of the results from the GO-SiO2 composite and pure GO and SiO. shows that the GO-SiO2
reaches a significantly higher and more constant Coulombic efficiency over 50 cycling processes. This demonstrates
increased efficiency per cycle, which is a further positive characteristic of the cyclability of composites, as less energy
dissipation leads to increased battery life and performance.

In Fig. 2(c) a bar chart shows the percentage of capacity retention for each material after the first and fifty cycles of
charging and discharging. GO-SiO. composite shows higher retention in comparison with GO and SiO-, which means
that the composite type is more suited to withstand the adverse effects of charge and discharge cycles further supporting
the notion that the proposed composite is more durable.

Lastly, Fig. 2 (d) shows the variation of voltage with capacity of GO, SiO: and the GO-SiO2 composite. With regard to
increasing capacity, each material presents a dissimilar voltage drop although GO presents the steepest one. On the
other hand, the GO-SiO. composite exhibits far better performance, with higher voltage at higher capacities. This also
shows that the composite material offers enhanced capacities and supports higher voltages during the functionality,
which in turn advances the energy capacity and battery efficiency. In summary, based on these figures the details of the
results show the utility of GO-SiO- composite as a high performance anode material for sodium-ion batteries with better
stability, efficiency, and cycle life than GO and SiOs.
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Table 1: Compare the performance of (GO), Silicon Dioxide (Si0:), and the GO-SiO2 composite

Parameter Graphene Oxide (GO) Silicon Dioxide (SiO2) GO-SiO: Composite
Particle Size Distribution (PSD) Small nanosheets, agglomeration Microsi . Uniform distribution of SiO: in
icrosized, smooth particles GO matrix
Specific Surface Area (m#g) High (30-50) Medium (1.7-2.6) Balanced (moderate surface area)
Tap Density (g/cm3) Low (0.7) Moderate (1.25-1.34) Moderate (1.2-1.3)
Voltage Profile (1st Cycle) Stable, sharp slope Slight fluctuation Uniform with stable profile
Reversible Capacity (mAh/g) 500 450 650
Capacity Retention (%) 80% after 50 cycles 85% after 50 cycles 90% after 50 cycles
Coulombic Efficiency (%) 98.5% after 50 cycles 99% after 50 cycles 99.5% after 50 cycles
Cycling Stability Moderate, potential | Good, stable particles Excellent, uniform distribution
agglomeration
Overall Electrode Stability Moderate, prone to aggregation Good, relatively stable Excellent,  uniform  volume
expansion
Electrical Contact Possible loss due to | Good contact maintained Excellent  contact,  minimal
agglomeration degradation
Volume Expansion Pronounced, could lead to stress Moderate volume expansion Uniform, minimal stress

Based on the cycling performance results, GO has a lower discharge capacity, a lower initial Coulombic efficiency, and
higher cell resistance during cycling, which correspond to poor cycling stability and cycling performance. However,
silicon dioxide (SiO2) exhibit moderate performance, the capacity retention and stability was slightly better compared to
GO. Nonetheless, SiO2 demonstrates performance reduction over a period and, therefore, is not long-term viable. CiOa
composite, on the other hand, show better overall performance in terms of higher initial discharge capacity, better
capacity after few cycles and highest Coulombic efficiency. This improvement also shows the advantage of
reinforcement of SiO: in the GO matrix where both materials compile each other to improve the stability of the battery
and its performance.

~99% after 50 cycles

4. CONCLUSIONS

Therefore, this work has realised the capability of graphite and silicon-based materials of GO, SiO:, and their hybrid
material, GO-SiO: as viable anode material for SIBs. In comparison with the GO and SiO2, the electrochemical
performance of the as-fabricated GO-SiO. composite was superior in terms of the initial capacity, capacity retention
rate and Coulombic efficiency. GO is found to provide superior conductivity and sodium ion mobility, however cycling
stability of GO is not very satisfactory thereby restricting its long term application. While SiO: exhibits the stability, its
initial capacity is relatively low comparing to the others. The synthesized GO-SiO. composite effectively integrates the
prominent features of both components, improving both sodium-ion capacity and cycling stability. These results are
encourage that the synthesized composites of GO-SiO: are promising materials for the next generation SIBs and able to
overcome some limitation in terms of capacity and cycling performance. Future studies should concentrate on the
enhancement of the geometry of such composites to make the best out of them and also applying synthesis strategies
that are sustainable for real-life applications. It can be inferred that, by purifying these materials, the process of
enhancing high-performance anodes for Na-ion batteries for commercial production might be made cheaper and
efficient compared to current lithium-ion batteries for energy storage solutions.

REFERENCES

1. Adak, N C., Lim, S., Lee, G., & Lee, W. (2024, March 1). Epoxy-based multifunctional solid polymer
electrolytes for structural batteries and supercapacitors. a short review. Frontiers Media, 12.
https://doi.org/10.3389/fchem.2024.1330655

2. Bie, X., Xiong, M., Wang, B., Dong, Y., Chen, Z., & Huang, R. (2022, January 1). Glucose hydrothermal
encapsulation of carbonized silicone polyester to prepare anode materials for lithium batteries with improved
cycle stability. Royal Society of Chemistry, 12(15), 9238-9248. https://doi.org/10.1039/d2ra00960a

3. Cao, L., Wu, H., Yan, P, He, X, Li, J.,, Li, Y., Xu, M., Qiu, M., & Jiang, Z. (2018, October 11). Graphene
Oxide-Based Solid Electrolytes with 3D Prepercolating Pathways for Efficient Proton Transport. Wiley, 28(50).
https://doi.org/10.1002/adfm.201804944

4. Chu, Z., Zhao, X., Wang, Q., Bao, T., Li, H., Cao, Y., Zhang, B., Cao, J., & Si, W. (2023, March 22). Preparation
of a Flexible Reduced Graphene Oxide-Si Composite Film and Its Application in High-Performance Lithium lon
Batteries. Multidisciplinary Digital Publishing Institute, 13(3), 547-547. https://doi.org/10.3390/cryst13030547

5. Cong, R., Park, H., Jo, M., Lee, H., & Lee, C. (2021, August 10). Synthesis and Electrochemical Performance of
Electrostatic Self-Assembled Nano-Silicon@N-Doped Reduced Graphene Oxide/Carbon Nanofibers Composite
as Anode Material for Lithium-lon Batteries. Multidisciplinary Digital Publishing Institute, 26(16), 4831-4831.
https://doi.org/10.3390/molecules26164831

478


http://www.veterinaria.org/
http://www.veterinaria.org/
https://doi.org/10.3389/fchem.2024.1330655
https://doi.org/10.1039/d2ra00960a
https://doi.org/10.1002/adfm.201804944
https://doi.org/10.3390/cryst13030547
https://doi.org/10.3390/molecules26164831

REDVET - Revista electrénica de Veterinaria - ISSN 1695-7504
Vol 24, No. 4 (2023)

http://www.veterinaria.org

Article Received: Revised: Accepted:

6. Dashairya, L., Das, D., & Saha, P. (2020, August 15). Binder-free electrophoretic deposition of Sb/rGO on Cu
foil for superior electrochemical performance in Li-ion and Na-ion batteries. Elsevier BV, 358, 136948-136948.
https://doi.org/10.1016/j.electacta.2020.136948

7. Eftekhari, A., & Kim, D. (2018, June 15). Sodium-ion batteries: New opportunities beyond energy storage by
lithium. Elsevier BV, 395, 336-348. https://doi.org/10.1016/j.jpowsour.2018.05.089

8. Fang, L., Bahlawane, N N., Sun, W G., Pan, H M., Xu, B B., Yan, M Z., & lJiang, Y. (2021, July 30).
Conversion-Alloying Anode Materials for Sodium lon Batteries. https://onlinelibrary.wiley.com
/doi/10.1002/smll1.202101137

9. Gao, R., Tang, J., Yu, X., Zhang, K., Ozawa, K., & Qin, L. (2020, January 1). A green strategy for the
preparation of a honeycomb-like silicon composite with enhanced lithium storage properties. Royal Society of
Chemistry, 12(24), 12849-12855. https://doi.org/10.1039/d0Onr02769c¢

10.Gong, D., Wei, C,, Liang, Z., & Tang, Y. (2021, May 5). Recent Advances on Sodium-Ion Batteries and Sodium
Dual-Ion Batteries: State-of-the-Art Na+ Host Anode Materials. https://onlinelibrary.wiley.com/doi/
pdfdirect/10.1002/smsc.20210001

11.Guan, B., Qi, S., Li, Y., Sun, T., Liu, Y., & Yi, T. (2020, June 17). Towards high-performance anodes: Design
and construction of cobalt-based sulfide materials for sodium-ion batteries. Elsevier BV, 54, 680-698.
https://doi.org/10.1016/j.jechem.2020.06.005

12.Guo, X., Xu, H., Li, W., Liu, Y., Shi, Y., Li, Q., & Pang, H. (2022, December 5). Embedding Atomically
Dispersed Iron Sites in Nitrogen-Doped Carbon Frameworks-Wrapped Silicon Suboxide for Superior Lithium
Storage. Wiley, 10(4). https://doi.org/10.1002/advs.202206084

13.Huang, H., Silva, K D., Kumara, G., & Yoshimura, M. (2018, April 25). Structural Evolution of Hydrothermally
Derived Reduced Graphene Oxide. Nature Portfolio, 8(1). https://doi.org/10.1038/s41598-018-25194-1

14.Huang, Z., Dang, G., Jiang, W., Sun, Y., Meng, Y., Zhang, Q., & Xie, J. (2021, January 25). A Low-Cost and
Scalable Carbon Coated SiO-Based Anode Material for Lithium-Ion Batteries. WileyOpen, 10(3), 380-386.
https://doi.org/10.1002/0pen.202000341

15.Jo, M., Sim, S., Kim, J., Oh, P., & Son, Y. (2022, June 7). Micron-Sized SiOx-Graphite Compound as Anode
Materials for Commercializable Lithium-lon Batteries. Multidisciplinary Digital Publishing Institute, 12(12),
1956-1956. https://doi.org/10.3390/nan012121956

16.Li, C., Li, C., Jiang, T., Ma, Y., Yang, Y., Liu, J., & Hao, C. (2020, July 5). Enhanced sodium storage in
strongly-combined MoS2/rGO nanocomposite: Constructed by ionic liquid induced layer-by-layer self-assembly.
Elsevier BV, 354, 136646-136646. https://doi.org/10.1016/j.electacta.2020.136646

17.Nie, B., Sanchez, D., Alcoutlabi, M., Liu, T., Basu, S., Kumara, S., Wang, G., & Sun, H. (2023, January 1).
Regulating the size and assembled structure of graphene building blocks for high-performance silicon
nanocomposite anodes. Royal Society of Chemistry, 2(9), 1381-1389. https://doi.org/10.1039/d3ya00203a

18.Tian, F., Pang, Z., Hu, S., Zhang, X., Wang, F., Nie, W., Xia, X,, Li, G., Hsu, H., Xu, Q., Zou, X., Li, J., & Lu,
X. (2023, January 1). Recent Advances in Electrochemical-Based Silicon Production Technologies with Reduced
Carbon Emission. American Association for the Advancement of Science, 6. https://doi.org/10.34133
[research.0142

19.Wang, J., Xu, Z., Zhang, Q., Song, X., Lu, X., Zhang, Z., Onyianta, A J., Wang, M., Titirici, M., & Eichhorn, S J.
(2022, September 21). Stable Sodium-Metal Batteries in Carbonate Electrolytes Achieved by Bifunctional,
Sustainable Separators with Tailored Alignment. , 34(49). https://doi.org/10.1002/adma.202206367

20.Zhang, W., Zhang, F., Ming, F., & Alshareef, H N. (2019, July 29). Sodium-ion battery anodes: Status and future
trends. Elsevier BV, 1(2), 100012-100012. https://doi.org/10.1016/j.enchem.2019.100012

21.Zhang, Y., Tang, Y., Li, X., Liu, H., Wang, Y., Xu, Y., & Du, F. (2022, August 15). Porous Amorphous Silicon
Hollow Nanoboxes Coated with Reduced Graphene Oxide as Stable Anodes for Sodium-lon Batteries. American
Chemical Society, 7(34), 30208-30214. https://doi.org/10.1021/acsomega.2¢c03322

22.Zhao, L., Zhang, T., Zhao, H., & Hou, Y. (2020, January 17). Polyanion-type electrode materials for advanced
sodium-ion batteries. Elsevier BV, 10, 100072-100072. https://doi.org/10.1016/j.mtnano.2020.100072

23.Zhou, X., Qi, Z., Liu, Q., Tian, J,, Liu, M., Dong, K., & Lei, Z. (2021, January 22). Research Progress of Silicon
Suboxide-Based Anodes for Lithium-lon Batteries. Frontiers Media, 7. https://doi.org/10.3389
/fmats.2020.628233

479


http://www.veterinaria.org/
http://www.veterinaria.org/
https://doi.org/10.1016/j.electacta.2020.136948
https://doi.org/10.1016/j.jpowsour.2018.05.089
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/smsc.20210001
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/smsc.20210001
https://doi.org/10.1002/advs.202206084
https://doi.org/10.1038/s41598-018-25194-1
https://doi.org/10.1002/open.202000341
https://doi.org/10.3390/nano12121956
https://doi.org/10.1016/j.electacta.2020.136646
https://doi.org/10.1039/d3ya00203a
https://doi.org/10.34133/research.0142
https://doi.org/10.34133/research.0142
https://doi.org/10.1002/adma.202206367
https://doi.org/10.1016/j.enchem.2019.100012
https://doi.org/10.1021/acsomega.2c03322
https://doi.org/10.1016/j.mtnano.2020.100072
https://doi.org/10.3389/fmats.2020.628233
https://doi.org/10.3389/fmats.2020.628233

