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Abstract
In recent years, gel polymer electrolytes (GPEs) incorporating ionic liquids (ILs) have been explored extensively for lithium-ion batteries due to their favourable thermal stability and high ionic conductivity. Gel polymer electrolytes can also improve the safety of lithium-ion batteries by eliminating the flammable organic solvents which are often used in traditional electrolyte systems. Herein, we report an efficient synthesis of a thermostable ionic liquid-methacrylate-based polymer gel electrolyte via a photo-initiated phase separation (PIPS) process in an inert environment. Anionic liquid phase of 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide (EMIMTFSI), coupled with a low molecular weight polyethylene glycol dimethyl ether (PEGDME), was combined with a solid phase of bisphenol A ethoxylate dimethacrylate (BEMA) at varying solid to liquid ratios to produce a thermally stable gel electrolyte. The highest ionic conductivity of 1.9x10-3 S cm-1 (at 30 °C) was achieved for the electrolyte with a solid-to-liquid ratio of 1:3 by weight. The Lithium metal cells utilizing these electrolytes and LiFePO4 as cathode active material exhibited the initial discharge capacity of 144 mAh g-1 with capacity retention of 85 % over 100 cycles in ambient temperature. The thermal stability of the cells was significantly improved upon increasing the EMIMTFSI content. This study illustrates the potential application of the IL-methacrylate gel polymer electrolyte system in enhancing the safety of Li-ion batteries through careful tuning of the composition. Their versatile properties also make them suitable for quasi-solid-state batteries with high energy density and safety.
Introduction
With the increasing demand of lithium-ion batteries in portable electronic devices, electric vehicles, and energy storage systems, extensive research has been conducted on electrolyte systems with superior electrochemical performance.[1-3] Electrolytes for lithium-ion batteries can be liquid, gel, or solid.[1]  Batteries containing conventional liquid electrolytes suffer from poor safety issues such as volatilization, fire and leakage of the liquid electrolyte.[4] On the other hand, the application of solid polymer electrolytes (SPEs) is currently limited to elevated temperatures due to their poor ionic conductivities at room temperature.[5] Gel polymer electrolytes (GPEs) have attracted a substantial interest in recent years as a potential alternative to solid and liquid electrolytes. GPEs typically consist of a liquid as an ion conducting phase coupled with a polymer matrix with load-transfer properties. In addition to providing mechanical stability and maintaining the structural integrity of the system, polymer matrices host the liquid phase and hence prevent leaks, while the liquid phase facilitates ion transport, providing sufficient ion conductivity at room temperature.[6] 
Various polymers such as polyacrylonitrile (PAN), poly(vinylidene fluoride) (PVDF), poly(methyl methacrylate) (PMMA), poly(vinyl alcohol) (PVA), and poly(vinyl chloride) (PVC) have been studied as a polymer matrix for GPEs.[5]  However, the leakage of the liquid phase out of these polymer matrix could lead to the loss of ionic conductivity over time.[7] To mitigate, a popular alternative is to use cross-linked host polymers such as such as Bisphenol A ethoxylate dimethacrylate (BEMA).[8] This matrix allows for the formation of uniformly distributed percolating channels containing the ion conducting liquid phase; resulting in an improved ionic conductivity and mechanical integrity of the gel electrolyte. The GPEs with Bisphenol A ethoxylate dimethacrylate as a matrix, commonly employ carbonate-based electrolytes as an ion conducting phase.[8-9] Batteries with conventional linear carbonates, however, are prone to thermal runaway when overcharged, overheated, punctured, or crushed. To mitigate this risk, non-flammable and more thermally stable liquids have been explored. One alternative is a Li+ conducting molten organic salt known as ionic liquid (IL).[10] Ionic liquids are unique owing to their non-volatile and non-flammable properties, thus enhancing the safety of devices incorporating them.[11] Their high ionic conductivity and favourable thermal stability make them appealing for a wide range of applications. In applications where extreme temperatures are encountered, ILs can cover a broader temperature range than organic electrolytes,[12] which makes them more suitable for practical applications. In one example, a methacrylate-based electrolyte of Bisphenol A ethoxylate diacrylate (BPAEDA) paired with PEGDME as plasticizer and lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) salt with moderate ionic conductivity of 2.9x10-4 Scm-1 was made.[13] The lifetime of these cells was limited which could be partly attributed to the side reaction between PEGDME and lithium metal.[14-15] In another attempt to improve the thermal stability of GPEs, an ionic liquid of (N-Propyl-N-methylpyrrolidinium bis-(trifluoromethanesulfonyl)imide (PYR13FSI) was used.[16] The salt concentrations however had to be kept low to avoid the formation of large cluster of (Liz[TFSI]y)z-y which reportedly limited the transport of Li+ resulting in low specific capacity. While the addition of polyethylene glycol methacrylate (PEGMA) helped in enhancing the ionic conductivity further, the high resistance of the cell limited the discharge capacity (70 wt% of theoretical capacity).[16]
To mitigate these challenges, we have designed a quaternary system with BEMA as polymer matrix and 1M LiTFSI in ionic liquid (EMIMTFSI) and PEGDME as ion conducting phase to form a thermally stable GPE. The addition of an organic additive of PEGDME blended with the ionic liquid helped reduce the overall viscosity resulting in higher ionic conductivity values of the gel electrolyte; PEGDME as a sole ion conducting phase in the gel electrolyte suffers from poor cycle stability. Hence combining both phases can effectively and synergistically mitigate the respective limitations of each. By tuning the formulation of the ion conducting phase and the solid to liquid ratio, methacrylate-based gel electrolytes with high room temperature ionic conductivity (10-3 S cm-1) and desirable thermal stability were made. Owing to their high thermal and electrochemical stability, and excellent safety profiles, this system is a promising gel polymer electrolyte for lithium-ion batteries. Furthermore, their versatile properties make them suitable for various other applications such as supercapacitors and sensors.
Experimental
Materials
Bisphenol A ethoxylate dimethacrylate (herein referred to as BEMA; Tee Hai Chemical Pte Ltd, Mn = 540), Poly(ethylene glycol) dimethyl ether (PEGDME, Sigma Aldrich, Mn = 250), 1-Ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide (EMIMTFSI, Solvionic) were purchased and dried using molecular sieves before use. Lithium foil (AOT Battery Technology Co., LTD), Lithium bis(trifluoromethanesulfonyl)imide (LiTFSI, purity > 98%, Tee Hai Chemical Pte Ltd) and the photoinitiator of 2,2-Dimethoxy-2-phenylacetophenone (DMPA, Tee Hai Chemical Pte Ltd) were used as purchased. All the chemicals were stored and handled in a glovebox to maintain a very low moisture level.
Preparation of Gel Polymer Electrolyte
The electrolyte solution was prepared using a cross-linker of BEMA as the solid polymer host and 1M LiTFSI in EMIMTFSI and PEGDME (Mn = 250) as liquid phase. Solid to liquid ratios and the composition of the liquid phase were optimised to yield desirable properties. First, LiTFSI salt (1M) was added to the liquid binary solution consisting of either PEGDME and/or EMIMTFSI and stirred for 15 minutes until homogeneous. The host polymer and photoinitiator of DMPA (1 wt% monomer) were subsequently added to the solution and stirred for another 30 mins. The solution was then cast into a PTFE dish and UV cured (250 mW/cm2) for 10 mins. All steps were carried out in the glovebox. All samples were further dried under vacuum at 80°C overnight before characterization. 
Electrochemical Characterization
 A RHD piezo cell connected to an Autolab FR32 M frequency response analyzer was used for ionic conductivity measurements. Methacrylate-based electrolyte was sandwiched between two stainless steel current collectors and impedance spectra were collected between 100kHz to 1 kHz with an amplitude of 10 mV in the temperature range of 20 – 80 °C. The ionic conductivity (σ) was calculated from equation 1, where l is the thickness of the electrolyte, A is the contact area of the stainless-steel blocking electrodes and R is the total resistance extracted from the Nyquist plot.
 							(1)
A Li|methacrylate-based electrolyte|SS 2032 coin cell was used for linear sweep voltammetry (LSV) to determine the electrochemical stability of the gel polymer electrolyte. The LSV was carried out using Autolab Potentiostat (Metrohm PGSTAT302N) at room temperature from 2-6 V at a scanning rate of 1 mV s-1. 
Materials Characterization
Thermo-gravimetric analysis (TGA; TA Instruments TGA Q500) was used for thermal characterization. TGA was carried out in N2 atmosphere by increasing the temperature from room temperature to 800 oC with a heating rate of 20 oC min-1. Fourier-transform infrared spectroscopy (Bruker Vertex 80v) equipped with a single attenuated total reflection (ATR-FTIR) was performed on the cured samples to investigate the complete conversion of the polymerization; 64 scans with a resolution of 4 cm-1 were used for each spectrum. Dynamic mechanical analysis (DMA; TA Instruments Q800) was used to investigate the mechanical characteristics of methacrylate-based electrolytes at room temperature (controlled force mode) with a ramp force of 0.05 N/min to 18N. The specimens were prepared in rectangular shape of 15mm (length) x 5mm (width) with a gauge length of 5-7mm. The average thickness of the specimens was 1mm. 
Microstructure Characterization
Cross section morphologies of the methacrylate-based electrolyte were investigated with a scanning electron microscope (SEM; JEOL JSM-6700F). Prior to characterization, all samples were soaked in DI water for 24 hours to extract IL, PEGDME and LiTFSI and further dried in oven at 80oC. 
Cell Fabrication 
The cathode slurry consisted of 63 wt% of active material (LiFePO4, LFP), 30 wt% of electrolyte binder as ion conductive phase (50 wt% PVDF and 50 wt% of PEGDME with 1M LiTFSI) and 7 wt % Super C65 dissolved in N-Methyl-2-pyrrolidone (NMP) solvent.[17] The slurry was then cast on bare aluminium foil and dried overnight at 80 °C. The electrodes were punched into 12mm disks with active material loading of » 2.19 mg cm-2. The electrodes were further dried to remove any trace of moisture under vacuum at 80 °C overnight before UV curing. Methacrylate-based gel electrolytes were cured in situ with UV light onto the LFP electrodes. The thickness of the electrolyte was 240 ± 20 μm.  Li|methacrylate-based gel electrolyte|LFP cells were assembled in a 2032 coin cell case. The coin cells were sealed by a hydraulic crimping machine (MSK 110). All battery characterization was carried out at room temperature using Arbin battery tester. 
Results and Discussion
The methacrylate-based gel polymer electrolytes with bisphenol A ethoxylate dimethacrylate (BEMA) as host polymer and EMIMTFSI and PEGDME with different compositions and solid to liquid ratios were prepared by a UV crosslinking method (Figure 1). 
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Figure 1. Schematic diagram of the synthesis process for cross-linked methacrylate-based polymer electrolyte with bisphenol A ethoxylate dimethacrylate (BEMA) as the mechanically robust phase and 1M LiTFSI in EMIMTFSI-PEGDME as the ion conducting phase
Table 1 summarizes the samples with varying compositions investigated as part of this study. The control samples are denoted as (i) B0.5PEG0.5IL0 with 1M LiTFSI-PEGDME as sole ion conducting phase (no ionic liquid) and (ii) B0.5PEG0IL0.5 with only 1M LiTFSI-EMIMTFSI as ion conducting phase (no PEGDME). In the absence of ionic liquid (B0.5PEG0.5IL0) the electrolytes formed a relatively soft and malleable membrane. Conversely, when no PEGDME was present in the composition (B0.5PEG0IL0.5), the electrolyte became rigid and brittle. This confirms PEGDME’s contribution to enhancing the elasticity of the electrolyte.[18] The elasticity of the electrolyte is an important feature as it ensures a good interface with the electrodes through the various cell fabrication steps.
Table 1. Composition of methacrylate-based electrolytes with varying solid to liquid ratios and liquid phase formulations. In BxPEGyILz, x refers to BEMA weight fraction, y refers to PEGDME weight fraction and z refers to EMIMTFSI weight ratio (x+y+z = 1). The salt content is kept constant at 1M in EMIMTFSI and PEGDME for all the samples under study. 
	Gel Electrolyte
	Solid Content (wt%)
	Liquid Content (wt%)
	Liquid Phase (wt%)

	
	
	
	PEGDME
	EMIMTFSI

	B0.5PEG0.5IL0 (control)
	50
	50
	50
	0

	B0.5PEG0IL0.5(control)
	50
	50
	0
	50

	B0.5PEG0.1IL0.4
	50
	50
	10
	40

	B0.5PEG0.25IL0.25
	50
	50
	25
	25

	B0.5PEG0.4IL0.1
	50
	50
	40
	10

	B0.4PEG0.2IL0.4
	40
	60
	20
	40

	B0.25PEG0.25IL0.5
	25
	75
	25
	50


ATR-FTIR was used to gain insight into the polymerization of methacrylate-based electrolytes, also called crosslinking. Figure 2a illustrates the characteristic peaks of these electrolytes before and after polymerization. Vinyl stretching peaks generally observed in the range of 1660 to 1630 cm-1 in the acrylate groups refers to the vibration of the carbon-carbon double bond (C=C). The disappearance of vinyl stretching peaks of all the methacrylate-based electrolytes at 1636 cm-1 hence confirm the conversion of acrylate groups upon curing, resulting in the formation of a crosslinked network. In addition, the shift in the observed peak at 1715 cm-1 before polymerization to 1727 cm-1 after polymerization corresponds to the vibration of the C=O bond in BEMA, suggesting the transformation of conjugated C=O bond into an unconjugated form during polymerization.[7] The successful crosslinking of BEMA in the electrolyte was further confirmed by the absence of any monomer or polymer peak in the aromatic and methacrylate region in the 1H NMR spectrum (Figure S2).
The thermal stability of the methacrylate-based electrolytes was investigated using thermo gravimetric analysis. Neat BEMA, EMIMTFSI and PEGDME exhibit the 5 % weight loss temperature (T5%) of 345 °C, 416 °C and 155 °C, respectively (Figure 2b). As shown in Figure S1, T5% of all methacrylate-based electrolytes was above 200oC, indicating their desirable thermal stability. This value is much higher than what was already reported for carbonate-based electrolytes.[19-20] Amongst all components present, PEGDME has the lowest onset of degradation. This however was not observed in the thermal stability of the gel electrolyte and could suggest that PEGDME is confined within the bulk electrolyte, reducing its volatility (as observed in B0.5PEG0.5IL0) and hence increasing the overall thermal stability of the electrolyte. 
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[bookmark: _Ref150956322]Figure 2 (a) ATR-FTIR spectra of methacrylate electrolytes before and after polymerization. (b) TGA curves depicting thermal degradation of solid and liquid precursors of BEMA, PEGDME, and EMIMTFSI along with a typical gel electrolyte curve belonging to B0.25PEG0.25IL0.5 sample.
The Arrhenius plot of conductivity in the temperature range of 20 to 80 °C for various methacrylate-based electrolytes is shown in Figure 3. EMIMTFSI with its high ionic conductivity and high thermal stability was the preferred ion conducting phase. However, as shown in in the absence of PEGDME even for IL weight ratio of 50 %, the ionic conductivity was only 2x10-5 Scm-1. This could be attributed to high viscosity of IL resulting in low miscibility with BEMA. Hence for B0.5PEG0IL0.5, EMIMTFSI was trapped in isolated islands in the BEMA matrix rather than forming percolating channels throughout the gel electrolyte. This disrupts the facile ion transport throughout the gel electrolyte translating into lower ionic conductivity. The cross-section of B0.5PEG0IL0.5, shown in Figure 4a, confirms the absence of percolating channels in the structure which are critical for ion transport in gel electrolytes. Hence by keeping the solid and liquid weight ratio constant at 1:1, the role of PEGDME on ionic conductivity values was investigated. Addition of 10 wt% PEGDME results in an enhancement in the ionic conductivity value; the change in the microstructure and presence of percolating channels was observed from the SEM image (Figure 4b), implying that PEGDME ensures sufficient plasticization of BEMA matrix to form a continuous ion conducting phase of ionic liquid. This effect was also evident from the drop in the elastic modulus of the gel electrolytes on increasing the PEGDME content (Figure S2a). Further increase in PEGDME up to 25 wt%, however, did not influence the ionic conductivity values. From 25 wt% to 40 wt% (B0.5PEG0.4IL0.1) there was a drop in the conductivity possibly due to limited amount of IL. Increasing the liquid content to 75 % led to an enhancement of the ionic conductivity. As expected, the highest ionic conductivity is calculated for B0.25PEG0.25IL0.5 with high ionic liquid content (1.9 x 10-3 S cm-1 at 30 °C). This gel electrolyte with sufficient PEGDME had large pores to host higher content of IL allowing for the transport of Li+ across these interconnected pores (Figure 4c). In addition, this sample exhibited higher thermal stability which could be associated with the higher ionic liquid content.[21] BEMA content of 25 wt% is adequate for creating a free-standing film that can be mechanically processed. However, when the liquid content was increased beyond 75 %, the mechanical integrity was compromised and a freestanding film could no longer be formed, alluding to an optimal liquid content for quaternary mixtures (~75 %). As expected, reducing the solid content in quaternary mixtures affected the mechanical properties of the gel electrolyte, resulting in lower elastic modulus (Figure S2b and Table S1). SEM micrographs of all methacrylate-based electrolytes were summarized in Figure S4.
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[bookmark: _Ref150956589]Figure 3. Arrhenius plots of conductivity for BxPEGyILz*samples in the temperature range of 20 °C to 80 °C 
*x refers to BEMA weight fraction, y refers to PEGDME weight fraction and z refers to EMIMTFSI weight ratio (x+y+z = 1). The salt content is kept constant at 1M for all the samples under study. 
[bookmark: _Ref150956979][image: ]Figure 4. Cross-section SEM micrographs of methacrylate-based electrolyte with different solid/liquid ratios and plasticizer contents: (a) B0.5PEG0IL0.5 (b) B0.5PEG0.1IL0.4 (c) B0.25PEG0.25IL0.5. The liquid phase has been extracted beforehand in all samples. Insets show the optical photograph of the free-standing films.
The cycling performance and coulombic efficiency of Li/LiFePO4 cells containing methacrylate-based electrolytes at different mixture ratios at the current density of 0.1 C in the voltage range of 2-4 V is seen in Figure 5(a-c) and Figure S5. The linear sweep voltammetry (LSV) of Li|methacrylate-based electrolyte|SS cells (Figure S6) exhibited good electrochemical stability up to 4.5 V with very low background current, safely below the cut-off voltage of 4 V for the galvanostatic tests. Furthermore, Lithium plating and stripping investigated by cyclic voltammetry (CV) using Li metal as a reference and counter electrode and in a symmetrical lithium cell with B0.25PEG0.25IL0.5 as electrolyte is shown in Figure S6. B0.25PEG0.25IL0.5 owing to its highest amount of EMIMTFSI and highest ionic conductivity exhibits the highest initial discharge capacity of about 144 mAh g-1 and capacity retention of 92 % over 50 cycles with a coulombic efficiency of 99 %. The data suggest a direct correlation between ionic conductivity and discharge capacity, with first discharge capacity of 97 mAh g-1 and 91 mAh g-1 for B0.4PEG0.2IL0.4 and B0.5PEG0.25IL0.25, respectively. The coulombic efficiency of all the two cells remains constant, staying above 99 % over 50 cycles. 
A notable observation from Figure 5(a-c) was that the cell with B0.4PEG0.2IL0.4 as an electrolyte with lower PEGDME content experiences slower capacity fading compared to the other cells (capacity retentions of 97 % over 50 cycles). This suggests that there could be side reactions between PEGDME and lithium metal, which have been previously reported.[14-15] The side reaction of PEGDME with Li metal impedes ions transfer and higher cell resistance which could lead to an inferior battery performance. On the other hand, higher ratio of EMIMTFSI in the quaternary mixtures could potentially slow down the decay of discharge capacity and enhance cycling stability due to the formation of a solid electrolyte interface (SEI) layer. The formed SEI layer further minimizes the electrolyte decomposition. This finding also agrees with previous findings by Jin[22], who developed an ionic liquid immobilized polymer gel electrolyte (LiTFSI-IL-P(VDF-HFP) (IL = EMIMTFSI) for dendrite-free lithium metal. 
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[bookmark: _Ref150960643][bookmark: _Ref145583230]Figure 5. Cycling performance and coulombic efficiency of the Li/LiFePO4 cells with methacrylate-based electrolytes for a) B0.25PEG0.25IL0.5 b) B0.4PEG0.2IL0.4 c) B0.5PEG0.25IL0.25 d) Galvanostatic charge/discharge curves of B0.25PEG0.25IL0.5 at room temperature under constant current density of 0.1 C
Li/LiFePO4 cell using B0.25PEG0.25IL0.5 as the electrolyte demonstrated the most effective performance among all the tested cells considering the ionic conductivity and thermal stability. Figure 5d shows the galvanostatic charge/discharge curves of B0.25PEG0.25IL0.5 in the voltage range of 2 V to 4 V at room temperature over 100 cycles. The charge/discharge curves were obtained at 0.1 C current rate assuming 170 mAh g-1 nominal capacity of the Li/LiFePO4 cell. In the first cycle, the initial discharge capacity was around 144 mAh g-1. The initial increase in the discharge capacity could be attributed to the formation of an SEI and structural reorganization of the electrodes.[23] By the 10th cycle, the discharge capacity reached approximately 150 mAh g-1. The cell retained nearly 85 % of its maximum capacity after 100 cycles. The cell delivered specific capacities of 142, 137, 115, and 50 mAh/g at 0.1C, 0.2C, 0.5C, and 1C, respectively and recovered at 0.1C after a series of high-rate cycling. Further tuning of the electrode composition and reducing the overall resistance of the cell is expected to enable higher specific capacities at high current densities.   
Conclusion
In summary, the study focuses on the development and characterization of ionic liquid-methacrylate based polymer electrolytes for energy storage applications. Different ratios of solid to liquid and formulations of the liquid phase were investigated to optimize the properties of the electrolytes. Among the electrolytes studied here, B0.25PEG0.25IL0.5 with a solid to liquid ratio of 1:3 and 50 wt% of EMIMTFSI exhibited the highest ionic conductivity of 1.93 x 10-3 S cm-1 at 30 °C.  The addition of PEGDME was deemed to be critical to plasticize BEMA and EMIMTFSI by reducing the viscosity of the electrolytes, enhancing the ionic conductivity values. A higher content of EMIMTFSI in the electrolyte could slow down the thermal degradation and contributed to a longer cycle life and stability during charge and discharge cycles. As a result of its excellent electrochemical properties and thermal stability, we believe that the methacrylate-based polymer electrolytes developed here have great potential as electrolytes for lithium batteries. 
Acknowledgement 
The authors would like to acknowledge the AME Programmatic Grant (structural power for portable and electrified transportation; grant no. A20H3b0140) and Career Development Fund Grant (CDF) (grant no. C233312026) for the support of this work. The authors extend their gratitude to Esther Ho Enqi for her valuable assistance in creating the artwork. 
Uncategorized References
[1]	Q. Li, J. Chen, L. Fan, X. Kong, Y. Lu, Green Energy & Environment 2016, 1, 18-42.
[2]	Q. Wang, L. Jiang, Y. Yu, J. Sun, Nano Energy 2019, 55, 93-114.
[3]	D. Zhang, X. Meng, W. Hou, W. Hu, J. Mo, T. Yang, W. Zhang, Q. Fan, L. Liu, B. Jiang, L. Chu, M. Li, Nano Research Energy 2023, 2, e9120050.
[4]	W. Chae, B. Kim, W. S. Ryoo, T. Earmme, Polymers 2023, 15, 803.
[5]	F. Baskoro, H. Q. Wong, H.-J. Yen, ACS Applied Energy Materials 2019, 2, 3937-3971.
[6]	G. Li, Z. Li, P. Zhang, H. Zhang, Y. Wu, Pure and Applied Chemistry 2008, 80, 2553-2563.
[7]	Y. Kang, K. Cheong, K.-A. Noh, C. Lee, D.-Y. Seung, Journal of power sources 2003, 119, 432-437.
[8]	L. M. Schneider, N. Ihrner, D. Zenkert, M. Johansson, ACS Applied Energy Materials 2019, 2, 4362-4369.
[9]	L. E. Asp, K. Bouton, D. Carlstedt, S. Duan, R. Harnden, W. Johannisson, M. Johansen, M. K. G. Johansson, G. Lindbergh, F. Liu, K. Peuvot, L. M. Schneider, J. Xu, D. Zenkert, Advanced Energy and Sustainability Research 2021, 2, 2000093.
[10]	M. Watanabe, M. L. Thomas, S. Zhang, K. Ueno, T. Yasuda, K. Dokko, Chemical Reviews 2017, 117, 7190-7239.
[11]	A. Ray, B. Saruhan, Materials 2021, 14, 2942.
[12]	J. S. Lee, J. Y. Bae, H. Lee, N. D. Quan, H. S. Kim, H. Kim, J. Ind. Eng. Chem 2004, 10, 1086-1089.
[13]	T. M. Nguyen, J. Suk, Y. Kang, Journal of Electrochemical Science and Technology 2019, 10, 250-255.
[14]	L. Carbone, M. Gobet, J. Peng, M. Devany, B. Scrosati, S. Greenbaum, J. Hassoun, Journal of Power Sources 2015, 299, 460-464.
[15]	S. Choudhury, Z. Tu, A. Nijamudheen, M. J. Zachman, S. Stalin, Y. Deng, Q. Zhao, D. Vu, L. F. Kourkoutis, J. L. Mendoza-Cortes, Nature communications 2019, 10, 3091.
[16]	H. Porthault, G. Piana, J. Duffault, S. Franger, Electrochimica Acta 2020, 354, 136632.
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