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Abstract 

  

Binary transition metal oxides 

(BTMOs) have received a lot of attention as 

potential new electrode materials for 

supercapacitors because of their improved 

structural stability, larger reversible 

capacity, and higher electronic conductivity. 

Energy storage technologies have emerged 

as the leading contenders for the next wave 

of electrochemical applications in recent 

years. This chapter includes a thorough 

explanation of BTMO materials as well as 

the most popular synthetic techniques. In 

addition; we analyze a number of prominent 

BTMOs and their composites for use with 

supercapacitors. Furthermore, in this 

exciting area to make considerable progress 

in future supercapacitor applications are 

discussed. 
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I. INTRODUCTION 

 

Energy storage is becoming more crucial than ever before due to the fast-growing 

interest in portable energy gadgets. Binary transition metal oxides (BTMOs) have received a 

great deal of attention as potential new energy storage materials because of their superior 

structural stability, improved electronic conductivity, and larger reversible capacity.[1] 

Numerous studies have been conducted in recent years to investigate and develop flexible 

energy storage systems, with the main objective of applying flexible electronics to devices 

like flexible displays, portable electronics, electronic sensors, power backup, mobile phones, 

laptops, and other items. The majority of the existing markets for rechargeable energy storage 

are dominated by the design and production of electrochemical energy storage systems with 

high flexibility, high energy densities, and high-power densities. [2] Because of their quick 

charge-discharge rates, high power density, and exceptional cyclability, supercapacitors (SCs) 

are the most promising and quickly developing storage device for a variety of applications.[3] 

In order to partially replace fossil fuels, significant efforts have been undertaken over the past 

10 years to harness renewable energy sources like thermal, solar, wind, and tidal energy. The 

widespread use of these alternating renewable energy sources must be accomplished with the 

help of capable energy storage systs.[4][5][6] Supercapacitors have attracted a lot of interest 

due to their rapid charge and discharge speeds, reversibility, safety, prolonged cycle life, high 

power density, and environmental friendliness.[7]Supercapacitors have advantages over other 

energy storage technologies, including long life cycles, quick charging and discharging, high 

power density, quick charge storage, and high energy density. These qualities make 

supercapacitors a complement to fuel cells, traditional rechargeable batteries, and 

capacitors.[8]Electrical double-layer capacitors (EDLCs) and pseudo capacitors resulting 

from various energy storage techniques can be found under the category of supercapacitors. 

The EDLCs store charges by electrostatic adsorption/desorption at the interface of the 

electrodes/electrolytes. Due to their large specific surface area and excellent conductivity, 

carbon nanotubes (CNTs), graphene, carbon aerogels, and activated carbon are frequently 

employed in EDLCs.[9]Researchers looking to create devices with high power output, a long 

lifetime, and a fast-charging time have been interested in developing sustainable 

electrochemical energy conversion and storage solutions to fulfil the rising need for power in 

daily life.[10]Due to its capacity to enhance redox chemistry, BTMOs have attracted a great 

deal of interest for the advancement of Supercapacitors like .[3]Since binary metal oxides 

have a high theoretical specific capacitance, they have received a lot of attention as 

supercapacitor electrode materials such as ZnFe2O4/rGO composite, [11] NiCo2O4, [12] 

CoV2O6,[13] BiVO4/PANI composite[14] and NiCo2S4.[15].BTMOs typically have higher 

specific surface areas, a different redox potential, and superior electrical conductivity when 

compared to single transition metal oxides, these characteristics are advantageous for 

achieving good electrochemical performance. [16,17,18].Due to their superior conductivity 

and large surface areas, investigations recently have concentrated on using binary metal oxide 

materials or binary metal oxide nanocomposites as electrode materials for supercapacitor 

applications are shown in figure 1. There are numerous ways to make binary metal oxides, 

including hydrothermal, solvothermal, microwave-assisted, ultrasonication, and green 

technology. Among these options, the majority of BTMOs or BTMOs nanocomposites for 

capacitors have been made by precipitation using chemical oxidation and thermal reaction 

processes. Here in we present the most recent developments in the study of BTMOs and 

BTMOs nanocomposites for electrochemical supercapacitor electrodes.  
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II. SYNTHESIS METHODS 

 

The BTMOs and BTMO nanocomposites can be prepared by different methods such 

as hydrothermal [19], Co-precipitation [20], Sol-gel [21], Spray pyrolysis [22] and 

greensynthesis [23].Out of all the ways stated above, the hydro thermal approach is a special 

technique for quickly creating metal oxide nanostructures with controlled shape, high purity, 

and superior crystalline nanoparticles [20]. 

 

1. Hydrothermal Method: Highly crystalline and phase-pure BTMO nanostructures, which 

are challenging to produce by high-temperature solid-state processes, have been 

demonstrated to be easily and successfully synthesized using the hydrothermal approach 

[24,25].Continuous flow hydrothermal synthesis, which has primarily been used with 

materials based on metal oxide, provides a low-cost, environmentally friendly, and highly 

scalable method for the production of inorganic nanomaterials [26].The use of this simple 

microwave hydrothermal technique to create BTMO nanocomposites for supercapacitor 

electrodes has, however, received relatively little attention in the literature [11]. 

 

2. Co-precipitation Method: The most popular technique, for making binary metal oxides 

is easy and inexpensive [21].Diverse techniques are used to create binary metal oxides. 

Unfortunately, either their poor electrochemical characteristics or technical difficulties 

limit these binary transition metal oxides. The complex synthetic process restricts the 

practical use of supercapacitors, thus it's important to provide a simple and effective 

method to hasten the material preparation cycle for mass production. The simple method 

of chemical co-precipitation for producing CoV2O6, a high-performance binary transition 

metal oxide. To complete the material synthesis in this process, simple time- and energy-

saving techniques have been created [27]. The method is comparatively easy to use, and 
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setup is not too difficult. The inability to scale up for mass production is thus one of the 

major limitations of the traditional coprecipitation synthesis process. It becomes more 

challenging to ensure uniformity as the reaction volume increases [28,29]. 

 

3. Sol-gel Method: Sol-gel chemistry frequently provides a simple wet-chemical synthesis 

approach to produce size- and shape-controlled nanostructures by hydrolyzing and 

condensing molecular precursors into polymeric oxide networks. The sol-gel process has 

substantially improved and been used to create solid materials with exceptional electrical, 

optical, magnetic, thermal, and mechanical properties, such as inorganic oxides, 

organosilica and organic-inorganic hybrids [30,31,32,33].Recent research recommended 

the more beneficial sol-gel synthesis method, which uses environmentally friendly water 

as a solvent and involves less expensive strategies [34].Sol-gel synthesis is one of the 

most straightforward techniques for producing high-quality nano and microstructures. 

Compared to previous synthesis techniques, this method has a number of advantages, 

such as the ability to regulate the texture, size, and surface features of the materials, ease 

of use, affordability, superior quality, and the ability to create materials with a large 

surface area [35]. 

 

4. Spray Pyrolysis: Flame spray pyrolysis (FSP), which offers benefits in terms of 

flexibility, speed, and scalability, is a possible substitute approach to manufacture 

methanol synthesis catalysts [36]. Simple metal oxides like TiO2, Al2O3, and SiO2 were 

the only ones that could be produced with this dry synthetic process for a very long time 

despite its benefits of high purity and continuous synthesis at high rates. Since its creation 

a decade ago, the technology in this family known as "flame spray pyrolysis" (FSP) has 

become incredibly adaptable [37].One of the potential methods for producing different 

oxide materials quickly and sequentially, from simple to complex components, is flame 

spray pyrolysis. But FSP frequently produced micron-scale particles with a wide size 

distribution because the flame's inhomogeneous temperature profile causes varying 

degrees of aggregation and the agglomeration of primary particles [38]. 

 

5. Green Synthesis: In green technique, Phytocompounds are said to function as reducing 

and stabilizing agents for the synthesis of nanomaterials when the process is supported by 

plants. They are added to the synthetic material as stabilizing agents to stabilize the 

nanoparticles and stop them from clumping together [39].Because bioactive chemicals 

bind metal oxide to form nanoparticles; the biosynthetic process is simple and 

economical. Significant research has been done on using plant extract to make different 

metal oxide nanoparticles [40].In these greener solutions, the metal ions are converted 

into nanoparticles using components from living organisms like plants, bacteria, fungi, 

algae, and lichens. Due of their accessibility, affordability, and environmental 

friendliness, plants are favored among these over physical and chemical techniques [41]. 

 

III. BINARY TRANSITIONAL METAL OXIDE AS ELECTRODE MATERIAL 

 

Pseudo-capacitive transition metal oxides (Ni, Co, Fe, Mn, etc.) are extensively 

researched due to their high theoretical capacitances, low cost, and reversible faradaic redox 

reactions, which result in higher specific capacitances compared to carbonaceous materials 

based on an electrical double-layer charge storage mechanism [42].Researchers have become 

interested in binary/ternary oxides of transition metals because of its superior electrochemical 

capabilities, improved conductivity values, and excellent structural stability. In particular, 
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binary-oxide of third-dimensional transition metals, which possess spinel structure with 

formula AxB3-xO4, where 'A' and 'B' can be assigned to any two transition metals, such as 

Cu, Mn, Ni, Co, Zn, Fe, etc [14]. There are various techniques to synthesize the BTMOs as 

electrode material for supercapacitor application is mentioned below table. 

 

Various Synthesis Techniques of BTMOs and its Properties with Application 

 

BTMOs 

Electrode 

material 

Synthesized 

methods 
Application Advantages References 

CoV2O6 Coprecipitation 

method 

Supercapacitor / 

Energy storage 

 

 

High stability, 

high current 

density, better 

electrochemical 

performance 

 

[28] 

BiVO4/PANI 

 

Hydrothermal 

method 

Supercapacitor / 

Energy storage 

Novel electrode 

material, High 

current density, 

high 

capacitance 

 

 

[14] 

Zn3V2O8 Wet chemical 

method 

Supercapacitor / 

Energy storage 

 

 

Enhanced 

electrochemical 

performance 

material, 

numerous 

electrochemical 

active sites 

[43] 

FeCo2O4/PANI 

 

Hydrothermal 

route 

Supercapacitor / 

Energy storage 

 

Exclusive color 

morphology, 

outstanding 

supercpacative 

performance 

[44] 

ZnMn2O4 

 

Hydrothermal 

route 

Supercapacitor / 

Energy storage 

 

Promising 

material for 

high energy 

storage, high 

specific 

capacitance 

[45] 

 

Binary metal oxides, however, can integrate the contributions from two different types 

of ions and therefore provide richer redox chemical ability as compared to single-component 

oxides. As a result, BTMOs and their composites have generated a lot of attention in 

supercapacitor applications [1]. 

 

IV. CONCLUSION 

 

In this chapter, we have laid out the traditional approaches and most recent 

developments in using binary metal oxides as supercapacitor energy storage materials. There 
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are still a lot of challenges in synthetically fabricating BTMOs that completely meet the 

needs of certain applications. In synthetic processes, it is still relatively difficult to produce 

BTMOs that satisfy all the requirements of a certain application using a simple procedure. 

The electrochemical performance of BTMOs can still be improved, however high specific 

capacitance and extended cycle stability remain obstacles. BTMOs exhibit strong charge-

storage capabilities, improved electrical conductivities, and structural stability. Due to these 

qualities, they are strong contenders to serve as the electrode material for supercapacitors. 

However, we look forward to encouraging further study in this fascinating field in order to 

make significant advancements in supercapacitor applications in the future. 
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