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INTRODUCTION 

In the modern era, human life is now 

dependent on new electronic devices. Electronic 

devices like mobile, laptop, camera, cars, 

machines, and many other devices are dependent 

on energy. Many devices work directly to supply 

energy and many are needed stored energy. 

Energy can be stored in different devices like 

batteries, fuel cells, cap-acitors, and many more. 

Batteries, fuel cells, and capacitors are made 

with different materials. If we take a good look at 

the periodic table, we will be ended up with a lot 

of elements (materials) that are used in energy 

storage batteries. Two types of batteries are used, 

rechargeable and non-rechargeable. Ele-ments 

like lithium, carbon, sodium, magnesi-um, 

aluminum, sulphur, potassium, cadmium, 

calcium, cobalt, nickel, copper, zinc, silver, and 

mercury are playing an important role in the 

manufacturing of energy storage batteries. 
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ABSTRACT 

Every electronic device required energy to operate. Most of the electronic devices are consume 

stored energy. Energy can be stored in the device like batteries, fuel cells, and capacitors. Elements 

of the periodic table are playing their role significantly in such energy storage devices. In this review 

article, different elements are reviewed with different methods that how efficiently these are 

working to make storage possible. An element like lithium in LIBs can be stored up to 4 volts of 

power which is the strongest behavior ever. It has earned huge attention in the commercial market 

all across. Carbon with nitrogen can give a high charge capacity of 487 mAh/g with retention of 

over 80%. So, it has high capacity load performance. Na-ion batteries are used for large-scale energy 

storage. These have up to 372 mAh/g storage capacity. K-ion batteries have fast ionic conductivity 

so these can have up to 710 mAh/g storage capacity.Ca-ion shows the impressive character toward 

its feature and gives storage upto 200 mAh/g. Cobalt batteries also show devoting behavior and can 

be stored up to a capacity 707 mAh/g at the current density of 90 mAh/g. Zn-ions show tremendous 

character in an aqueous medium. These batteries have a storage capacity of upto 810 mAh/g. Sulfur 

hybrid battery with lithium gives a reversible capacity of more than 900 mAh/g which is 

exceptional. All of these and more elements have very much promising behavior for storage with 

multiple cycles. This review article builds interest and trust in these elements. 
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All these elements are active in a different 

site, state for their behavior. Some of them act 

at the cathode and some of them act at the 

anode. Some of them work inionic form, some 

of them work in molecular form and some of 

them work in complex form. Some of them 

work in liquid form and some of them work in 

solid form. Some great scientists are very 

much dedicated to developing more powerful 

batteries. 

In 2019, the Nobel-prize was awarded to 

great scientists named, John B. Good enough, 

Akira Yoshino, and M. Stanley Whittingham 

as they have developed the world’s most 

powerful rechargeable battery by lithium ion.1 

Carbon’s role has always been important in 

daily life as the implementation of soft carbon 

in a k-ion battery’s electrode can improve the 

recharge ability. 2 If we take a look over sod-

ium element, sodiumion batteries are made up, 

it carries two electrodes which are made up of 

sodium materials for both positive and neg-

ative electrodes. These are connected by ions 

that make a sandwich electrolyte and sodium 

salt is dissolved in an organic solution. 3 A 

magnesium rechargeable battery has introd-

uced a couple of years back, it has an 

electrolyte solution with salts of Mg organo 

haloaluminate, an anode is made by 

magnesium metal, and a cathode is made by 

MgxMo3S4 (Chevrel). A reversible behavior of 

magnesium electrode in ethers in Grignard 

reagent solutions take on. Grignard reagent 

and ethers compounds take magnesium 

inactive form.  

In Grignard/ether solution, Mg electrodes 

are highly reversible but organohalo-aluminate 

/ether electrolytes show less electrochemical 

stability (up to 2.2Vvs Mg).so it is not an ideal 

option for Mg batteries. For the improvement 

of performance in Mg batteries, tried other 

electrolyte solutions take on the vast electro-

chemical range with polymeric gel electro-

lytes. However mentioned all electrolytes are 

of ethers for safety, trust ability, and their high 

efficiency with immense-voltage cathodes and 

anodes, they still need more rehabilitation. 4 

The rechargeable battery of aluminum-ion has 

an electrolyte with AlCl3in the liquid of ions, 

1-ethyl-3-methylimidazolium chloride, and an 

aluminum metal anode at the opposite of 

V2O5nano-wire cathode. The battery gives 305 

mAhg-1of discharge efficiency in an earlier 

cycle and then reduces to 273 mAh g-1after 

passing 20 cycles, with very strong electro-

chemical efficiency. 5 

Sulphur is used as supportive material in 

lithium-ion batteries. It connects with an ex-

cessive amount of lithium ions. If a battery has 

an anode of lithium metal and a cathode of 

sulphur material, it can hold energy density by 

five times compared to today’s battery. 6 In the 

manufacturing of many batteries, nanofiber 

technology is been introduced, nanofiber tech-

nology has large surface area with huge 

porosity that can be used for depositing 

electrolytes and backing rapidly and highly 

efficient for electron transport which increases 

capacity, energy density, and cycle life. 7 For 

environmental betterment, it is necessary to 

recycle batteries, sohydro-metallurgical and 

pyro-metallurgical are two ways to recycle all 

metals which are available in batteries. 8 This 

review will educate that how energy is needed 

to store, how efficiently storage devices work 

under a heavy-duty, how energy storage 

devices are dependent on periodic table elem-

ents, and how periodic table elements are 

behaving promisingly.  

 

REVIEW OF LITRARTURE 

The efficiency of energy storage devices is 

dependent on the type of materials, their 

properties and the behavior of materials in 

different environments, the mutual behavior of 

materials. These are fundamentals involved in 

the efficiency of a battery. In the periodic 

table, many elements are used for energy 

storage batteries and fuel cells. How these 

elements play their role for energy storage, 

following the elements are. 

 

Lithium-Based Materials 

Lithium-ion batteries (LIBs) are using now 

worldwide. Plenty of electronics are found 

with lithium-ion batteries. Industries that were 

facing the problems like environmental crises 

and limited resources are given the green 

signal to spend on LIBs. 9 Lithium behaves 

promisingly with metal oxides of transition 

elements like Ni, Co, Fe, and Mn give a 

quality anode for LIBs. It gives a tremendous 

storage capacity of 700 mAh g-1 and extremely 

well-cycling behavior. 10 In the beginning, 

lithium batteries were distinct with solid-state 

physics then researchers take on its mor-

phology (shape, size, porous, and coating) then 

easily got results that which anode and cathode 

would be good for coming upgraded batteries. 

11 In the discovery of Whittingham, K-ions 

impacted the conductance of TaS2. More he 

came to know that it carries high energy 

density. The behavior between k-ions and TaS2 

has created a wonderfully energy-rich environ-

ment, then he calculated a couple of volts, it 

was his biggest achievement. After he added 

lithium at the negative electrode, electron tra-

vels from negative end (the anode) to positive 

end (the cathode). Anode works as a container 

of materials and it will easily release electrons 
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and lithium loves removing an electron. This 

rechargeable battery got great potential, when 

it has recharged, a short circuit appeared and 

ended up an explosion, then aluminum was 

added with lithium end in the order to make it 

safer. 1 
 

 

 
Figure 1. Rechargeable Battery outlay 

 

This rechargeable battery was firstly made 

by Whittingham, which shows that titanium 

disulphide cathodes are used for lithium-ion 

storage, lithium-ion traveled from lithium 

anode and ended up at titanium disulphide 

based cathode during usage, at recharging Li-

ion traveled back (Fig 1). 1 

John Good enough has studied Whitting-

ham's battery. He discovered if he removes 

metal sulphide and uses metal oxide, it will 

give produced high voltage. He used cobalt 

oxides at the cathode end and the battery gave 

more than 2 volts of power. It became double 

of previous one (Fig 2). 1 

 

 

 
Figure 2. This battery shows titanium disulphide is replaced by Cobalt Oxide 

 

Akira Yoshino used this battery more deve-

lopment, He used petroleum coke, oil 

industry's by-product. He has followed the 

electrons in petroleum coke, the lithium-ion 

settled in this material, and then the battery 

turned on. These electrons and lithium started 

to travel against cobalt oxides at the cathode 

end. This gave some serious potential. It 

became the most powerful battery (Fig 3). 1 
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Figure 3. Anode is filled with petroleum coke with cobalt oxide at the cathode 

 

After this great achievement, all three 

scientists Stanley whittingham, John Good 

enough, and Akira Yoshino were awarded 

Nobel prized in 2019. 1 

 

Carbon-Based Materials 

Nitrogen-doped activated carbon-coated 

multi-walled nanotubes of carbon (N-AC-

MWCNT) are fabricated by polypyrrole-

coated multi-walled carbon nanotubes. N-AC-

MWCNT is the method of manufacturing 

electrochemical super capacitors. It carries 

high mass loading performance ranging 15-35 

mg cm-2 and having a great current collector 

property mass ratio ranging 0.21-0.50. 12 

Carbon displays impressive cyclability after 50 

cycles at its capacity retention by 81.5 % at 

2C. 2  Pyridinic N-content-doped porous carbon 

monolith (PNCM) is highly favorable for 

storage devices. It shows high charge capacity 

when it gives 487 mAh g-1 at a density of 

current of 20 mAh g-1. PNCM has been 

synthesized. The surface of graphene oxide 

(GO) nanosheets is coated uniformly by the 

melamine-formaldehyde (MF) layer. Figure 4, 

shows the scanned electron microscope (SEM) 

results of graphene oxides and Graphene at 

melamine formaldehyde. MF interacts with 

oxygen which contains a functional group of 

GO. A controlled amount of MF and drying 

carbonization is used. MF is coated on the 

surface of GO, it works as a hard template, to 

stop the refunctioning of carbon nano sheets at 

the drying process and interconnected pores 

are formed upon carbonization, MF has an 

excess amount of nitrogen so it is a great N-

doping agent. Monolithic structures of porous 

are created. 13 

Figure 4a, are the results of SEM which are 

taken out PNCM under huge magnification. 

Displaying towering porous (directed by 

arrows) structures which are interconnected 

carbon nanosheets with crumpled mor-

phologies. 3D pellet structures of monolithic 

can be seen. SAM observation also verified it. 

PNCM carried multiple larger pores ranging 

from 30nm to 30um. In Figure 4b,c. some 

transmission electron microscope (TEM) 

results are shown with low magnification. 

After carbonization, a rough surface is taken 

out. It is resulted out due to cragged reducing 

of MF, Figure 4c shows the high-resolution 

TEM (HRTEM) result where inter-planner 

space of 3.5A which assign to make a larger 

direction of graphitic arrangement (Fig 4, 5). 13 
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Figure 4. Carbon nanosheets by porous structures a) PNCM synthesized result of SAM.  

b, c) TEM results of PNCM. Part of c) HRTEM. 

 

 
 

Figure 5. Carbon (C) and Nitrogen (N) are elementally mapped. it is the result of scanned TEM 

of PNCM Indicating the elements of carbon(C) and nitrogen (N).  

 

Sodium Based Materials 

Na-ion batteries (NIBs) have been much 

important as sodium resources are abundant on 

the earth's crust. In 2nd decade of 21st century, 

it has seen much progress in the development 

of NIBs, cathode, anode, and electrolytes were 

on the card. 14 NIBs carry sodium insertion 

materials for the positive end and negative end. 

Basically, it has two electrodes. They are 

connected in sandwiching form by ions. 

Sodium salt which is dissolved in organic 

solution has taken as an electrolyte. 3 Electro-

chemical and thermal stability, viscosity, and 

ionic conductivity can be calculated by sodium 

salt with perchlorate. 15 NIBs are extremely 

favorable for large-scale energy storage. 16 In 

the formation of sodium-solvent-graphite 

anode for sodium-ion battery, a cointer-

calation process has been proposed. Graphite 

has a potential of 0.6V at 0.1C and 100mAh/g 

reversible capacity (Figure 6b). This result is 

unexpected. It is due to graphite containing 

solvated sodium ions. Li can be added at 

graphite. It will carry 372 mAh/g storage 

capacities. Na atoms are inserted into graphite 

in a very small amount (Figure 6a). To expand 

the interlayer distance in graphite by 0.34 nm 

can display the high reversible capacity around 

300 mAh/g on 20 mA/g and promising 

efficiency for 2000cycles (Figure 6c). Enhan-

cing in tergraphene spacing can give promising 

storage for NIBs. Two-dimensional materials 

properties can be flourished by using Na-ion. 

Manufacture of a transparent electrode by 

using electrochemical addition of Na ions take 

on (Figure 6d). Reduced graphite oxide (RGO) 

becomes more transparent after Na ion 

intercalation (upto79%) (Figure 6). 17 
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Figure 6. (a) Shows the potential of LIBs and NIBs in graphite. (b) Shows the Na ion’s co-

intercalation in graphite for NIBs. (c) NIBs cyclic performance of graphite anode. d) Na ion and 

RGO transparent result 17 

Magnesium Based Materials 

Mg-ion batteries are taken as an alternative 

way of materials. Because it has low cost and 

gives a high negative reduction at -2.356V, the 

high volumetric energy density of 3832mAh 

cm-3 and standard class of safety operation. 18 

Mg-ion combines with bismuth and collect-

ively makes a high-performance rechargeable 

battery. Nanostructured Bi can manage large 

volume change with no losing electric 

behavior. Nanostructured Bi anode is used for 

conventional electrolytes for Mg ion batteries. 
19 But there are some fractures that are 

discouraging in the application of Mg-ions 

batteries. Most electrolytes are not suitable for 

high voltage. The rated capacity of Mg ions 

batteries stops due to the weak diffusion of 

Mg-ions in electrodes. 20  

 

Aluminum-Based Materials 

In the development of rechargeable 

batteries, Aluminum performs an extensive 

role in the order of safety, containing high 

energy and cheaper in cost. An aluminum-

based battery has been prepared, where 

aluminum takes on anode end and cathode 

filled with 3D graphene. The electrochemical 

deposition process is used in battery, 

suspension of aluminum at anode, addition of 

ClO4
- anion at the cathode with propylene 

carbonate- Flouroethylene carbonate electro-

lyte. This battery gives discharge at 1V. It 

carries high rate capacity (101mAg-1 at 

2000mAg-1) and over 400 cycle life. 21 In an 

aluminum-air battery, it has long favorable 

attention as a behaving anode because its 

theoretical ampere-hour capacity is so high and 

carries fixed energy. 5 Aluminum rechargeable 

batteries are manufactured to use a binder-free 

cathode which has 239 mAh/g initial discharge 

capacity.it becomes a much higher battery that 

has a binder cathode of V2O5 nanowires. 22 

Aluminum batteries have some promising 

characters. Al-ion batteries have done very 

well indifferent challenges. Primary aqueous 

aluminum batteries showed the strongest 

behavior. Like Al-air (O2), Al-S, and more. 

The aluminum battery in primary form can be 

separated into two types on the basis of the 

electrochemical reaction. In the first type, a 

combination reaction of Al-air (O2) and Al-

H2O2 because when then phase transfer 

reaction appears, Al plays role in cathode 

reaction. In the second type, as a hybrid 

aluminum reaction, the reaction of Al-FeCN 

and Al-MnO2 is categorized, because, in such a 

battery system, Al+3 stayed out in cathode 

reaction. At the cathode of FeCN or MnO2, a 

redox reaction takes place. 

Water solvent is used in primary aluminum 

batteries under alkaline conditions. Hydroxyl 

is removed in the preparation of Al2O3 

passivation layer at the surface of the 

aluminum anode.it has some drawbacks so 

acidic or neutral solutions are preferred. The 

passivation layer blocks the electrochemical 

reaction in neutral electrolytes. Hydrogen 

evolution reaction takes place in an acidic 

solution and drives aluminum anode to self-

discharge. In alkaline solution, corrosion 

aluminum anode is known as a self-discharge 

phenomenon. Such drawbacks discourage the 

excessive use of primary aluminum batteries. 

In secondary, it has further developed. An 
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aluminum metal anode is an ideal way to 

prepare a dual ion hybrid battery. LiFePO4║ 

LiAlCl4+[EMIm] ClAlCl3║Al battery work 

with Li reaction at LiFePO4 cathode and 

aluminum reaction take place at the anode. 

More than 160mAh g-1 capacity is delivered by 

LiFePO4. ~1.4 V (vs Al/AlCl4) is discharge 

plateau resembled with Li anode vs ~3.2 V 

plateau. Lots of advantages belong to this 

aluminum hybrid battery. 1) Cathode delivery 

is very much stable and acceptable. 2) 

Aluminum anode won’t produce any dendrite. 

3) It is safe because it carries a nonflammable 

system. 4) If we compare it with the Li metal 

anode, it is a low-cost anode. 5) At the cathode 

end, it doesn’t go with the slow kinetic 

electrochemical process ofAl3+. 23 

 

Potassium Based Material 

K-ions batteries are used for stationary 

energy storage as potassium resources are 

much abundant in the world. 24 Soft carbon put 

a massive role in working for K-ions battery. It 

has improved its cycle life and rate of 

capability. 2 If we take titanium carbonnitride 

at anode on k-ions batteries. It gives 

encouraging performance. The first cycle of 

the capacity of 710 mAh/g at 20mA/g is 

collected. 25 If we take some graphene layers 

and doped them by nitrogen at the anode, it 

increases the storage capacity of potassium 

which is from 278 mAh/g to 350 mAh/g. 26 

Prussian blue analogous (PBA) is used as the 

k-ions positive electrode. Having situation of 

environment and cost, we get Fe and Mn, 

earth-abundant and harmless elements, to 

prepare fine-grained PBAs. Potassium-rich 

manganese hexacyanoferrate has some 

electrochemical properties, K1.75Mn 

[Fe(CN)6]0.93
.0.16H2O (K-MnHCFe), and iron 

hexacyanoferrate, K1.64Fe [Fe(CN)6]0.89
.0.15 

H2O (K-FeHCFe). Precipitation method is 

used to synthesize for this compounds then 

investigated and K cells are used for 

comparison. XRD measurement is taken on of 

K+ behavior from K-MnHCFe during charging 

and discharging. K-ion full cells contain 4 

volts for the first time with graphite and K-

MnHCFe electrodes which gives high energy 

density. The crystalline precipitation of K-

MnHCFe and K-FeHCFe is examined by X-

ray diffraction (XRD). The results are shown 

in Figures 7a and b. XRD pattern is indexed of 

all diffraction lines as a monoclinic phase and 

gives the space grouping of P21/n1. K2Mn 

[Mn(CN)6] iso structure is found. In the pattern 

no impurity found, the Rietveld method is used 

to refine these crystal structures. Mn and Fe 

atoms are figured out at octahedral sites and 

alternatively order by coordination bonds 

connecting with nitrogen and carbon. Open 

framework structure, composed by FeC6 and 

MnN6 of the bridge of octahedral by cyanide 

ligands. Large suitable tunnels are provided for 

diffusion for K+ions. The same structure of K-

FeHCFe has where nitrogen and carbon are 

coordinated by Fe shown in figure 7. 27 

 

 
Figure7.  Irregular particle size with XRD pattern and SEM results of prepared sample a) K-

MnHCFe and b) K-FeHCFe. Observed diffraction plots are shown in black circles, red lines, blue 

lines, and green bars. SEM results of (c) K-MnHCFe (d) K-FeHCFe. 27 
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Chemical composition in the sample is 

confirmed by elemental analysis with 

inductively coupled plasma atomic emission 

spectroscopy and water content is estimated by 

thermogravimetic analysis, from all these 

analytical techniques the chemical formula is 

calculated as K 1.75Mn[Fe(CN)6]0.93.0.16H2O 

and K1.64Fe[Fe(CN)6]0.89. 0.15H2O, the 

estimated lattice density is 2.298 and 2.334 

gcm-3, respectively. The insufficiency of K and 

[Fe(CN)6] in K-FeHCFe noticeable in the 

contrast with K-MnHCFe. The oxidation state 

of Mn and Fe is +2, i.e fully discharged PBAs 

are prepared which completely helpful to 

reveal K-ion battery by the combining of 

graphite electrodes and PBAs. K-MnHCFe 

carries irregular particles and taking up 100-

300 nm in size and 20-30 nm in diameter of 

primary particles. K-FeHC has 30-50nm 

primary particle size. The nano-scale particle 

can give a short diffusion distance at K-ions, 

which gives high rate performance. 27 

 

Calcium Based Material 

Rechargeable batteries actually have 

cations (Mg+2 and Al+3) that have been 

demanded by a huge amount of customers in 

recent years. It is because of natural 

abundance, chemically safe, cheaper in price, 

and good efficiency in capacity. In a 

rechargeable battery, the Ca-ion battery shows 

a huge character in all positive features. 

Actually Ca+2has close reduction potential (-

2.87V versus SHE). SHE stands for standard 

Hydrogen electrode, and Li of that (-3.04V 

versus SHE), empowering a huge voltage 

intake for the full battery. 28 In Manganese 

hexacyanoferrate (MFCN), Ca reversibly 

intercalates at non-aqueous electrolytes and its 

capacity is about 80 mAh/g. 3.4V versus 

Ca/Ca+2 insertion approximately. All because 

of Mn oxidation state to charge, it suggests 

100 mAh/g of theoretical capacity (without the 

mass of Ca). Prussian blue type structures are 

modified to improve in the cell design then 

capacity becomes double about 200 mAh/g. if 

transition metals are redox. 29 Manufactures an 

aqueous Ca+2 full-cell contain polyaniline 

/coated-carbon anode and a CaxCuHCF 

cathode in an aqueous electrolyte of 2.5 M 

Ca(NO3)2. In an aqueous rechargeable Ca-ion 

battery, polyaniline is investigated. NO3
- is 

used as a doping agent of polyaniline/ coated-

carbon anode and gives an average reversible 

specific capacity of 114 mAh g-1 at 0.15 A g-1. 

The nanoparticle of CuHCF cathode settles the 

Ca-ion at 0.7 against Ag/AgCl and gives 50 

mAh g-1 average reversible capacity of5C. 

Fe+2/Fe+3 redox potential utilized. This full-cell 

has not only good cycling performance but 

also carries excellent rate capability. 30 In other 

work, a rapid and stable Ca-ion battery by 

collaborating an aqueous electrolyte, a highly 

rapid reversible organic compound polyimide 

anode, open-framework cathode with potential. 

The aqueous electrolytes especially shade Ca-

ions and offer them weak polarizing in 

addition to have a safe battery (Figure 8). 31 

 

 
 

Figure 8. Fast and highly reversible aqueous electrolyte. 

 

Polyimide anode is used after recently 

finding of Caions-independent storage in 

organic carbonyl compounds in unchanged 

aqueous electrolytes, Ca-ions stored by 

polyimide poly [N,N’-(ethane-1,2-diyl)-1, 4, 5, 

8-naphthalenetetracarboxiimide] (PNDIE) at -
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0.45V vs Ag/AgCl with a capacity of 

=160mAh g-1. Copper hexacyano ferrate 

(CuHCF) based cathode is taken. Which has 

higher potential (0.7-0.8 V vs Ag/AgCl). 

Working together of these three can have a 

rocking chair type aqueous Ca-ion battery 

efficiency at 1.2 V with excellent stability. 31 

 

Cobalt-Based Material 

Mostly cobalt joins any other element and 

collectively plays its role. Lithium cobalt and 

oxygen make some nanoparticles and working 

co-precipitation way in ethanol with stirring 

mechanically. This material displays 

impressive high rate performance and 

appreciable energy density. 32 Highly meso-

porous cobalt oxides (Co3O4) are synthesized 

of dual porosity. And used against sodium-ion 

anodes, it helps mass transport of electrolyte in 

the large pores and Na-ions diffuse in small 

pores. Due to providing better pathways by 

cobalt oxides. Its capacity takes upto 707 

mAh/gat a current density of 90 mA/g. 33 The 

addition of cobalt in lithium-ion batteries 

(LIBs) which gives LiCoO3 anode leads to 

high conductivity and stable charge cycling. In 

the order to understand what makes cobalt so 

crucial in this scenario, originally cobalt and 

manganese are introduced into LiNiO2 for 

stabilizing the material itself. LiNiO2 has a 

high energy density but it carries low stability 

and causes safety hazards. Cobalt is added as a 

stabilizer. In LiCoO3, it is really hard to 

synthesize pure layered LiCoO3 which could 

help Li+ ion transport and mostly undesired 

rock salt structures form. In the transition 

metal layer of oxide, nickel natively unstable 

by itself but it has a strong magnetic moment. 

Ni+3cation is placed in triangular, there it 

creates two opposing magnetic moments, and 

causing magnetic frustration. Because Li+ 

unlike magnetic moment. They exchange with 

nickel ions. Losing of spin at one side drops 

out the magnetic frustration. Interlayer 

antiferromagnetic between Ni in the transition-

metal and migrated nickel in the lithium layer 

supports massive exchange interaction and 

causes more stability of Li+ Ion. Intermixing of 

Li and Ni slump the overall performance, 

because Lithium deficient LiO2interslab layer 

reduces in the thickness. This thinner layer 

resists the transport of lithium-ion. Eventually 

rapid degradation in LiCoO3 composition 

reported (Figure 9). 34 

 

 

Figure 9. Behavior of Nickel, Lithium, and cobalt 
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In synthesis and delithiation, cobalt is 

introduced. The intermixing of lithium in 

nickel is frustrated statistically due to the least 

amount of nickel. It reduces the magnetic 

frustration as Co+3 caion doesn’t carry 

magnetic moment and works as a buffer atom 

between transition-metal layers. Because 

added cobalt in LiNiO3 conveniently stops 

nickel-lithium mixing and desired structure 

form. 34 Lithium nickel cobalt manganese 

oxides work alternatively to LiCoO2 in LIBs. 

They have low cost and high capacity. 35 

LiCoO2 is the most sophisticated material as 

cathode because of its super performance in 

terms of high energy density and 

durability.9Cobalt is playing important role in 

different storage batteries. Hierarchical 

nanostructures of NiCo2S4 at NiCo2S4 delivers 

a high discharge capacity of 4.43 mAh cm-2 

also at a high current density of 240 mA cm-2 

as an electrode.  36 Cobalt is also handy as a 

nanoparticle when composites of cobalt oxides 

have been prepared by using cobalt precursor 

(Co(CH3COO)2.4H2O) and reducing agent 

(NaBH4) under the atmosphere of CO2. This 

procedure needs a facile single-step heating 

process at the condition of 1 atm and 500-

celsius temperature. These composites are 

sandwich-like well tied up cobalt oxides nano-

particles (~100nm) on a carbon framework and 

display tremendous electrochemical perform-

ance. 37 

Nickel-Based Material 

LiNiO2 cathode is a famous composite 

known as nickel-based material. It carries the 

same crystal structure as LiCoO2. Nickel is 

fairly cheap in cost and abundant. Ni redox 

process carries a lower potential than Co. In 

electrolyte solution, it allows higher accessible 

capacities of voltage. 38 Nickel with oxygen 

plays important role in Lithium-ion batteries. 

Nanoparticles of nickel oxides (NiO) work as 

an anode, Synthesized NiO nanoparticles are 

confined in space of ordered mesoporous silica 

give high capacity and energy efficiency. 39 

Cobalt and nickel are recovered from lithium-

ion batteries. It is very important not only for 

waste disposal but also conservation of 

resources and sustainable development. This 

recovery process and models for energy saving 

are special kinds of selective maintenance of 

production, particularly for metal materials 

industries and energy systems to maintain a 

better production system. 40 A series of porous 

Ni/NiO nano-composites are manufactured by 

direct pyrolysis of a nickel oxalate precursor 

and gained a uniform porous shaped structure 

with prismatic morphology at decomposition 

temperature. A part of the relevant 

characterization of the reaction is in the 

deduction and it took place during the 

decomposition process which clarifies more its 

chemical composition (Ni/NiO). Ni based 

composites enhance the conductivity of the 

electrode materials and the porous structure is 

kind for finishing the volume variation during 

the cycle. This progress is useful for adjusting 

the content of an element with a specific 

valence position as introducing a new way for 

fabricating porous metal oxide composites for 

Li storage capability. 41 

Zinc Based Material 

Zinc has a dominant role in the energy 

storage system. The high capacity charge can 

be delivered by Zn ion batteries charged and 

discharged in 25 to 30 seconds. Alkaline 

Zn/MnO2 is a widely used battery. In fact, it is 

a primary chemistry battery that has a 10 

billion dollar market annually. 42 Aqueous Zn-

ion batteries (ZIBs) are cheap in cost, safe in 

use, rechargeable and green energy storage 

technologies. 43 Earlier it was ended up at 

aqueous ZIBs can’t achieve its goal to perform 

excellently as supposed. It was really hard to 

approach suitable cathode material for 

reversible intercalation of Zn ions. Before they 

were mostly focused on manganese dioxide 

(MnO2) and Prussian blue analogues in the 

exploration of the cathode. It was a poor rate 

performance and rapid reduction with the 

capacity of 50 mAh/g. Later it was reported 

aqueous rechargeable Zinc battery with high 

capacity and long-life. The cathode is 

composed of Zn0.25V2O5. nH2O nano-belts, an 

electrolyte of 1M ZnSO4, an anode of zinc. 

Layered structure materials displayed huge 

potential for cathode at ZIBs. 44 In zinc 

batteries, many materials are tried as a cathode, 

such materials are NiOOH, MnO2, silver-oxide 

compounds, and air. As per the unit of weight 

and volume, Zn-AgO has the highest amount 

of energy. The capability of operating high 

efficiency at high rates and high energy makes 

Zn-AgO tremendous in the performance and 

favorable for military demand and space 

application. 45 Some zinc-silver oxides acti-

vated batteries are assembled, in which the cell 

is kept in a dry state during storage time until 

is required to work, the electrolyte is rapidly 

injected into a dry battery and letting it deliver 

high power. 46 Zinc-silver battery carries high 

energy and areal density and air stability. It has 

energies of 200 Wh kg-1 at 750 Wh dm-3. 47 If 

we take a good look at an eco-friendly power-

type battery, it contains an α-MnO2 cathode, 

Zn-based anode, a soft ZnSO4, or Zn (NO3)2 

aqueous electrolyte (Figure 10). This new 

battery is manufactured on the basis of two 
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electrochemical processes {shown in equations 

1 and 2}. Firstly, In this aqueous solution 

having Zn+2 ions, Zinc instantly dissolves as 

Zn2+ ion electrochemically and then deposit 

reversibly, it performs high capacity at 820 

mAh/g. Secondly, it discovered Zn+2 ions are 

reversibly intercalated into α-MnO2 tunnels in 

a soft system, consequently a huge capacity of 

210 mAh/g. 42 

Both two ways have involved the 

participation of Zn+2 ions in a soft electrolyte, 

so Zn+2 ions are used as a medium to MnO2 

with zinc to generate a solid rechargeable 

battery. 

Zn↔ Zn+2 + 2e-        (1) 

Zn+2 + 2e- + 2α-MnO2↔ ZnMn2O4      (2) 

While discharging, zinc at the anode is 

dissolved in the condition of Zn+2 ions, these 

are instantly diffuse and intercalate at the 

cathode of α-MnO2 to produce an electron 

current flow in the electrical loop, Zn+2 ions 

migration take up between anode and cathode. 
42 

Sulphur-Based Material 

Sulphur collaborates with lithium in the 

fabrication of Lithium-ion batteries (LIBs). 

Lithium-sulphur batteries are seeking attention 

due to higher specific capacity, credible 

economy, and the operating temperature at a 

wide range, cheap in cost, environmental 

loveliness, and promising work efficiency. 

Soluble lithium polysulphide is migrated 

toward the anode. A separator of one novel Zn 

metal-organic framework is used in lithium-

sulphur batteries. This battery has a lower 

decay capacity of about 0.041% in a single 

cycle at 1C over 1000 cycles. 48, 49 An improve-

ed anode Li-S battery is fabricated, the metal 

anode is protected by a barrier (film). A 

flattened graphite film is attached with Li foil 

as an anode and examined against sulphur 

cathode. Figure 11 gives the complete idea of a 

hybrid anode deposited in a Li-S battery. The 

Lithium/graphite attached in parallel arrange-

ment a shorted cell where graphite always 

lithiated at equilibrium and carries an unequal 

potential with lithium metal. It works as an 

artificial solid-state electrolyte interface layer 

of that Li metal. It follows Li ions on the 

requirement while reducing direct contact of 

soluble polysulphide and the surface of the 

metal. On this anode system of Li-S battery. 

This hybrid system supplies a reversible 

capacity of more than 900 mAh/g at 1370 

mA/g. This rate of performance is exceptional 

(Figure 10). 50 

 

Figure 10. Graphite film is connecting the whole field. A Hybrid anode designs for manipulating 

the surface reaction on Li-S battery 
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In progressing life, it is really important to 

access a plentiful supply of energy at a cheap 

cost. The storage of energy is a promising way 

for the developing future. It should be reliable, 

highly safe. Flexibility in use, bearable, and 

with no limit. 51 Energy storage devices are 

made with high-temperature superconducting 

materials that are potentially rich and 

economic in cost. And material engineering 

applications are completely dominant. 52  

CONCLUSION 

Energy can be stored in batteries, fuel cells, 

and capacitors. Batteries are made with 

different elements that are placed in the 

periodic table. Some most promising elements 

are lithium, cobalt, carbon, magnesium, nickel, 

and more. Lithium-ion battery makes a perfect 

combination with cobalt oxide in the 

manufacturing of the world’s strongest battery 

of 4V power battery. Sodium-ion batteries 

show some promising character, it carries up to 

372 mAh/g storage capacity with 2000 cycles. 

Nickel redox allows a higher accessible 

capacity of voltage with credible cycles. The 

potassium element is abundant. It can heal a 

lot of energy storage problems. With mag-

nificent performance, it can have a capacity of 

upto 710 mAh/g. Zinc elements also contri-

buted to storage devices. It shows some 

trustable character on its behalf, upto 820 

mAh/g. it carries the capacity. Such elements 

are so active and much busy while in 

performance. Some of the elements work as an 

ionic form at anode and cathode. Some of the 

work as a compound of the complex as an 

electrolyte for transportation of ions within the 

battery. These batteries are earning in huge 

reputation in busy markets around the world 

and customers are building up their interest. 

Researchers are working more to develop the 

power and the numbers of a cycle. In the 

future, more developments are expected.  
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