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ABSTRACT : 

An analytical method has been used to examine the faradaic and non-faradaic processes occurring on electrodes statistically. There are two main schools of 

thought regarding device design: symmetric and asymmetric. Activated carbon (AC) electrodes and W18O49 produced by hydrothermal processing are the 

building blocks of these methods. The physical and chemical properties of the electrode material were thoroughly examined. Galvanostatic charge-discharge 

(GCD) and cyclic voltammetry (CV) were used to evaluate the electrochemical performance of both device types. The CV curves can quantify each device's 

contribution to diffusive and capacitive processes. Supercapacitors fit the asymmetrical device well because it had a diffusive-controlled component of about 64% 

at a modest scan rate. Having a larger diffusive contribution of 74%, the symmetric device demonstrated superior performance for battery applications. This 

method highlights symmetric and asymmetric devices' diffusive and capacitive effects. According to the results, consistent materials can be used for 

supercapacitors and batteries in various device configurations.   
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1. Introduction 

Industries that operate on a big scale necessitate substantial energy [1–3]. Researchers are investigating sustainable and renewable energy sources in 

response to the limited availability of natural fossil fuels. There is a high need for energy conversion and efficient storage technologies to ensure a 

reliable energy supply [4–8]. Batteries and supercapacitors are commonly used for efficient energy storage due to their long cycle life, electrochemical 

stability, power density, and energy density [9, 10]. The potential for energy storage in supercapacitors, such as electric double-layer capacitors 

(EDLCs) and pseudocapacitors, is substantial. Automobiles, electrical gadgets (such as smartphones and LEDs), and even lifting and lowering 

machinery can all benefit from their high power density [11]. Lithium, sodium, and potassium ion batteries are rechargeable and have a high energy 

density, making them appropriate for various applications such as power grids and cars [12-16]. Supercapacitors are highly regarded for their 

remarkable power density and extended cycle life, which makes them great energy storage devices. These can be categorized into two main groups: 

Electric Double-Layer Capacitors (EDLCs) and Pseudocapacitors. These two types are distinguished by their respective mechanisms of charge transfer. 

EDLCs depend on exchanging charge between the electrode and electrolyte contact through physical adsorption and desorption. However, 

pseudocapacitors and batteries exhibit more noticeable Faradaic responses [17, 18].      

Due to their high carbon content, activated carbons (AC) are commonly used in extended-generation liquid chromatography (EDLCs). Many of the 

components listed come from biomass sources, such as tea leaves, biochar, fruit peels, and charcoal [19-22]. The large surface area and many activated 

carbon (AC) pores allow for better charge interaction, leading to a higher specific capacitance [23–25]. This is a significant benefit of AC. A few 

examples of high-quality materials commonly utilized in batteries are manganese oxide (MnO2), iron oxide (Fe3O4), ruthenium oxide (RuO2), iridium 

oxide (IrO2), and cobalt oxide (Co3O4). A material of battery-grade quality is combined with an electric double-layer capacitor (EDLC) to generate a 

supercapattery [31, 32].  

Asymmetric rallies and symmetric hybrids are the two main categories of this gadget type [33]. The design of the device differentiates between 

symmetric and asymmetric rallies. Reaching a consistent distribution of material on positive and negative electrodes is essential for building a device 

with symmetrical features. Conversely, when the positive and negative electrodes are made of different materials, the result is an imbalanced electrode 

device [34]. Because of its faster redox reactions, battery-grade material is more important than EDLC material in an asymmetrical device [35]. 

Combining graphene and cobalt oxide nanoparticles in a simple hydrothermal technique can make an asymmetrical hybrid device [36]. The gadget 
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measured a capacitance of 580 F/g, which was exceptional. In addition, a symmetrical device was created by combining activated carbon cloth with 

permeable Fe2O3 nanoparticles in a solution with 3 M LiNO3. The device has a power density of 12 mW/cm3 and an energy density of 9.2 mWh/cm3 

[37]. Using an active graphene counter electrode and a Ni (OH)2/MoS2 heterostructure as the working electrode, the performance of the asymmetric 

device may be evaluated [34]. The device displayed an impressive 3500 W/kg power density and 13 W/kg energy density. Asymmetrical devices are 

also created using the direct electro-deposition technique [38]. Ni3S2 nanosheets placed over a nickel foam were evaluated to determine their 

electrochemical characteristics. The future uses of this drug were the driving force for this evaluation. The asymmetrical device used an electrode of 

reduced graphene oxide (rGO) for the negative side and the electrode in its original form for the positive side. The device was impressive, with an 

impressive 41 Wh/kg energy density and 1.6 W/kg power density. These hybrid devices allow for a comprehensive study of electrode materials with 

improved performance.  

  In this study, using a straightforward methodology, we examine the electrochemical performance of symmetric and asymmetric devices with 

AC and tungsten oxide (W18O49) electrodes. Hydrothermal synthesis of tungsten oxide (W18O49) was a success, and XRD and FESEM analyses of the 

electrode material revealed its intricate morphology. Two hybrid devices with symmetric and asymmetric designs were constructed and tested in an 

electrochemical environment with a 3 M KOH electrolyte. Dunn and colleagues presented Dunn's Model [39, 40], which is used to analyze the 

capacitive and diffusive contributions of devices in detail. A high-performance hybrid device's prospective uses are investigated using an analytical 

approach.    

2. Materials and Methods 

Merck is the source of tungsten hexachloride (WCl6). Polyvinylidene fluoride (PVDF), carbon black, activated carbon (AC), potassium hydroxide 

(KOH), and N-methyl 2-pyrrolidone (NMP) solvent are all sourced from Sigma-Aldrich. For the most part, the experiment makes use of deionized 

water. A mixture of 0.297 g of WCl6 and 50 ml of 100% ethanol is stirred for 30 minutes at room temperature to produce W18O49 urchin-like sphere 

material. A clear, yellow solution is produced as a byproduct of this procedure [41]. The next step was to transfer the solution to a 100 mL Teflon-lined 

stainless steel autoclave and heat it at 200oC for 18 h. A dark-blue solid was produced by centrifugation, followed by washing with ultra-pure water and 

ethanol. The next step was to dry the solid at 60°C in a vacuum. 

The process of preparing the W18O49 materials is illustrated graphically in Fig. 1 (a). The coin cell structure is used for the symmetric device building. A 

composite material is formed when activated carbon and W18O49 are mixed in a 50/50 wt % ratio. In an NMethyl-2-pyrrolidone (NMP) solvent, 

combine 80 wt % composite, 10 wt % carbon black, and 10 wt % PVDF to make the slurry. Two coins are sandwiched together, and the slurry is 

applied uniformly using a Whatman filter paper separator and an electrolyte of 3 M KOH. In the style of a materials scientist, two slurries are mixed to 

create an asymmetrical device. To make these slurries, we employ the same method as before. There is an 80 wt % W18O49 slurry and an 80 wt % 

activated carbon slurry. Then, the positive electrode is meticulously coated with the W18O49 slurry and the negative electrode with the activated carbon 

slurry. Both the symmetric (W18O49-AC//W18O49-AC) and asymmetric (W18O49//AC) arrangements of tungsten oxide devices are depicted in Fig. 1 (b 

and c).  

 

Fig. 1. (a) Schematic illustration of synthesis of W18O49, (b) W18O49//AC device architecture, (c) W18O49-AC// W18O49-AC device architecture 
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3. Surface characterization 

X-ray diffraction (XRD) is used in conjunction with a Dandong 3500D apparatus and a Field Emission Scanning Electron Microscope (JSM 7800 F) to 

explore the surface morphology of materials based on W18O49. 

4. Electrochemical characterization  

The electrochemical workstation CH7000C was used to carry out all electrochemical measurements for W18O49-AC//W18O49-AC and W18O49//AC 

devices. In a 3 M potassium hydroxide electrolyte, platinum wire is used as a counter electrode, while Ag/AgCl is used as a reference electrode. 

5. Result and Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. XRD of Tungsten oxide (W18O49) with inset FESEM Image 

An XRD investigation determined the structural morphology of W18O49. The W18O49 material's XRD pattern and an insight image from the FESEM are 

shown in Fig. 2. At around 23.26°, 35°, 47.5°, and approximately 55.6°, the XRD pattern displays distinct peaks that correspond to the crystalline 

planes of W18O49: (010), (114), (002), and (523), respectively. JCPDS #71-2450 shows that the XRD pattern is spot on. Structures resembling Urchins 

can be observed in the FESEM picture of W18O49. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. CV of (a) W18O49, (b) W18O49-AC, and GCD curves of (c) W18O49, (e) W18O49-AC 
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As shown in Fig. 3, the electrochemical properties of W18O49 and W18O49-AC electrodes were investigated by conducting CV and GCD tests on the 

Donghua CH 7000C. The CV of the W18O49 and W18O49-AC electrodes, obtained at scan rates ranging from 10 to 50 mV/s, is shown in Fig. 3 (a, b). 

The AC electrode can handle voltages between 0.0 and 0.8 V. In contrast, the W18O49 and W18O49-AC electrodes can handle voltages between -0.8 and 

0.0 V. There are noticeable peaks in the CV curves of W18O49 and W18O49-AC, which indicates that Faradaic reactions have taken place. This finding 

confirms what a materials scientist had suspected: that W18O49 does, in fact, exhibit battery-like properties. The interaction of hydroxyl ions with the 

substance of the electrode initiates faradic reactions. A noticeable shift in the peak location is observed when the scan speed is increased from 10 to 50 

mVs-1, suggesting the presence of rapid interfacial redox processes [42]. In Fig. 3 (c, d), we can see the GCD graph of the synthetic electrodes, which 

shows a potential range of -0.8 to 0.0 V and current densities ranging from 1 to 5 A/g. Variations in current density are exploited in the GCD 

experiments. Increasing the current density causes the discharge time to decrease continuously while the curve form remains the same. Fig. 3 (c, d) 

shows that the discharge curve has a plateau, which means that Faradaic reactions are happening at the active surface. This proves that W18O49 has 

battery-like properties [43]. Rapid discharge occurs at high current densities because the hydroxyl ions have a short opportunity to interact with the 

electrode material. Capacitance increases noticeably at low current densities because ions have enough time to interact with electrode material.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. (a) CV of (W18O49-AC// W18O49-AC) symmetric device, (b) Numerical fitting of symmetric device by Dunn Model, (c) GCD curves of 

W18O49-AC// W18O49-AC, (d) CV curve of W18O49//AC, (e) Numerical fitting of asymmetric device, (f) GCD curves of W18O49//AC device. 

In addition, we thoroughly examined the material's electrochemical characteristics. After that, this study used a two-electrode setup to build and test 

symmetric and asymmetric devices. The symmetric and asymmetric devices are tested using cyclic voltammetry with different scan rates (10-50 mV/s) 

within a potential window of -0.8 to 0.8 V (1.6V). Fig. 4 (a and d) shows the results of the measurements. Whether the device is symmetric or 

asymmetric, its CV curve always shows exceptional rate capacity and stability. The CV curves in the symmetric device show an intriguing interaction 

between W18O49 and AC, which have a peculiar shape. In addition, CV curves show how the battery type behaves, which shows how well the gadget 

works with batteries.  

In contrast to symmetric devices, asymmetric ones cause the CV curve to behave capacitively in a distinctive way. Because of its fast charge transport 

and ionic diffusion, the electrolyte is very attractive for supercapattery devices, where non-Faradaic reactions predominate in an asymmetric device. A 

direct correlation between scan speeds and current is demonstrated by analyzing the CV curves to understand the charging kinetics using the power law 

[44]. The results of numerical fitting with Eq. (1) are displayed in Fig. 4 (b and e), which are cyclic voltammograms. The remarkable correlation 

between the voltammograms and the experimental data shows a surface capacitive effect with quick kinetics and diffusive-controlled reactions. The 

equation [45] is used to extract these reactions:    

𝑖(𝑉) = 𝐾1𝑣 +  𝐾2𝑣1/2                         (1) 

where, k1 and k2 indicate constants at a fixed voltage. We divide Eq. (1) on both sides by υ1/2, and the above equation entails:  

𝑖

𝑣
1
2

=  𝐾1𝑣1/2 +  𝐾2                                (2) 

By comparing the slope and y-intercept of Eq. (2) with the plot of 𝑖(𝑉)/  𝑣 1/2 vs 𝑣 1/2, we can find k1 and k2. Eq. (1) determines the processes governed 

by capacitance and diffusivity for a given scan rate. The process regulated by capacitance is denoted by k1𝑣, and the process controlled by diffusion is 

denoted by k2
1/2. The symmetric and asymmetric devices' discharge curves at 1, 3, and 5 A/g current densities are displayed in Fig. 4 (c and f), 

respectively. The 230-second discharge time is achieved by the symmetric device when the current density is 1 A/g. A longer discharge time of 345 s is 

observed in the W18O49//AC device at the same current density. There is no doubt about the W18O49-AC// W18O49-AC device's remarkable ability to 

store charges. With more significant time for charges to interact with the electrolyte, non-Faradic processes can occur, leading to increased capacitance.  
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Fig. 5. (a) Contribution of capacitive and diffusive controlled charges of W18O49-AC// W18O49-AC device at 10-50 mV/s scan rates. (b) 

Contribution of capacitive and diffusive controlled charges of W18O49//AC device at 10-50 mV/s scan rates 

Fig. 5 (a) is a bar chart displaying the contributions of capacitance and diffusion at various scan rates for a symmetric device. The capacitive 

contribution increases as the scan rate does, as seen in the bar chart. The contribution is 26% at the lowest scan rate and 41% at the greatest scan rate. 

This indicates the device's diffusive property related to its high energy density. One can also study the charge dynamics with the equation above by 

looking at an asymmetric device. Capacitive contribution for an asymmetric device increases from 36% at the lowest scan rate to 59% at the highest, as 

demonstrated in the bar chart in Fig. 5 (b). The fast non-Faradaic reactions in an asymmetric configuration support the hypothesis that charge mobility 

is faster in this configuration than in a symmetric one. The electrochemical behavior of a supercapattery device is affected by non-Faradaic processes 

and physical surface-charge adsorption, as seen in the results above.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. (a) Capacitive vs scan rate of W18O49-AC// W18O49-AC and W18O49//AC devices, (b) Diffusive vs scan rate of both devices 

Fig. 6 illustrates the capacitive and diffusive regulated components of W18O49-AC// W18O49-AC and W18O49//AC devices in a clear pattern. The 

capacitive controlled section experiences a sharp increase in the asymmetric device as the scan rate increases, as illustrated in Fig. 6 (a). However, the 

capacitive controlled component of the symmetric device drops dramatically (Fig. 6b). The symmetric device is an impressive gadget with a current 

density of 1 A/g and a power density of 800 W/kg and 50.66 Wh/kg, respectively.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. EIS graph of (a) W18O49//AC (Asymmetric device), and (b) W18O49-AC//W18O49-AC (Symmetric device) 
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As demonstrated in Fig. 7, we investigated EIS across a frequency range of 1 Hz to 105 Hz to better understand the devices' electrochemical 

performance. The x-axis represents a portion of the fundamental impedance. When looking at the impedance, the y-axis represents the imaginary part. 

While the asymmetrical device has an ESR of 1.17 ohm, the symmetrical one in Fig. 7b has an ESR of 4.89 ohm. When an asymmetric device's 

equivalent series resistance (ESR) is low, ionic conduction occurs at the electrode-electrolyte interface. Because of this, the device's capacitance is quite 

high. According to the facts presented above, asymmetric devices are superior supercapacitors. The reasons for this are their exceptional charge 

transport and ionic diffusion skills. Symmetric devices best accomplish battery usage.        

6. Conclusion  

In summary, two hybrid devices are created utilizing W18O49-AC//W18O49-AC and W18O49//AC assemblies. The symmetric device is made by coating 

both electrodes with equal W18O49 and AC. Conversely, W18O49 is deposited onto one electrode while AC is delivered to the other in an asymmetrical 

arrangement. CV, focusing on capacitive and diffusive control, is used to study both assemblies. Using theoretical analysis based on Dunn's Model, the 

electrochemical data were confirmed and analyzed. In an asymmetric device, the results show that capacitive contribution is larger than diffusive 

contribution. A supercapacitor system can be an ideal use for the capacitive contribution. Because charges have plenty of time to interact in an 

asymmetric device's short charge transit time between the two electrodes, the device produces a large capacitance. The diffusive contribution alone 

serves as a battery in symmetric devices. Both devices' numerical data and experimental results indicate that the asymmetric device, with its improved 

electrochemical performance and supercapattery behavior, is more suited for battery applications. New information about concurrent assembly device 

topologies that employ the same material for batteries and supercapacitors has been made possible by this technology.  
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