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Abstract: 

Lithium-oxygen batteries are among the most promising electrochemical energy storage systems, which have attracted significant 

attention in the past few years duo to its far more energy density than lithium-ion batteries. Lithium oxygen battery energy storage is a 

reactive storage mechanism, and the discharge and charge processes are usually called oxygen reduction reaction (ORR) and oxygen 

evolution reaction (OER). Consequently, complex systems usually create complex problems, lithium oxygen batteries also face many 

problems, such as excessive accumulation of discharge products (Li2O2) in the cathode pores, resulting in reduced capacity, unstable 

cycling performance and so on. Cathode catalyst, which could influence the kinetics of OER and ORR in lithium oxygen (Li-O2) 

battery, is one of the decisive factors to determine the electrochemical performance of the battery, so the design of cathode catalyst is 

vitally important. This review discusses the catalytic cathode materials, which are divided into four parts, carbon based materials, 

metals and metal oxides, composite materials and other materials. 
Keywords: lithium oxygen battery; cathode; catalyst; energy storage 

 

1 Introduction 

With the continuous progress of science and 

technology, the demand for energy becomes higher and 

higher, which presents a huge challenge to energy storage 

technology. Electrochemical energy storage modes 

include fuel cells, supercapacitors, rechargeable batteries, 

etc 
[1-3]

. At present, rechargeable lithium-ion batteries are 

widely used in human daily life (such as notebook 

computers and smart phones) 
[4-8]

. However, lithium-ion 

battery (LIB) also face some serious problems, the most 

fatal problem of lithium-ion batteries is the low energy 

density, only 250 Wh kg-1, which hinders its application 

in some fields 
[5-9]

. Other ion batteries (such as zinc ion 

batteries and sodium ion batteries) still need a lot of 

research to improve their performance 
[10-15]

. This has led 

to an increasing requirement for electrochemical energy 

storage devices with high energy density. Lithium-oxygen 

batteries (LOB) as a promising energy storage form is 

widely studied, due to the ultra-high theoretical specific 

energy density (about 3500 Wh kg-1), which is much 

higher than lithium-ion battery 
[16-20]

. 

Electrochemical storage of nonaqueous lithium 

oxygen batteries is reactive storage mechanism 
[21]

. As 

shown in equation 1, during the discharge process of 

lithium oxygen battery, oxygen is reduced in the cathode 

and reacts with Li+ to form Li2O2, which stays in the 

pores of the cathode. This process is also called oxygen 

reduction reaction (ORR). In the charging reaction, 

Li2O2 decomposes to form Li+ and O2 (equation 2). 

This process is also called oxygen evolution reaction 

(OER) 
[22]

. However, in the ORR process, Li2O2 will be 

continuously generated and attached to the surface of the 

catalyst. Excessive deposition of Li2O2 will block the 

pores of the catalyst, resulting in the reduction of 

discharge capacity. In turn, in the OER process, the 

incomplete decomposition of Li2O2 will reduce the 

charging capacity 
[23-24]

. Due to the insulation of Li2O2, it 

leads to sluggish kinetics in ORR and OER process 
[25-26]

. 

In this case, LOB face issues such as large overpotential 

between charge and discharge process, low round-trip 
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efficiency, and poor cycle life, which hinder their 

commercial application 
[4, 27-31]

. Using appropriate catalyst 

can enhance the cycle stability and diminish the 

overpotential 
[23, 29, 32 ]

. Therefore, it is necessary to study 

suitable and porous cathode catalysts. 

ORR ∶       2Li+ + O2 + 2e− → Li2O2       (1) 

OER ∶       Li2O2 → 2Li+ + O2 + 2e−       (2) 

In the past several decades, an army of scientists 

have been committed to solving the challenges which 

confronted with lithium oxygen batteries. Research shows 

that Li2O2 is only ideal discharge product, but it is not the 

only discharge product. LOB may also generate products 

such as LiOH during discharge, which cannot be 

completely changed back to Li ions and O2 in charging 
[5]

. 

This will lead to poor performance of lithium oxygen 

batteries. Recent studies have pointed out that cathode 

catalyst as an indispensable part of lithium oxygen battery. 

The structure, the surface pores and the type of catalyst 

will affect the formation of Li2O2, so the selection and 

design of catalyst is of great significance 
[33-36]

. 

 

Figure 1  Classification of cathode materials for lithium 

oxygen batteries 

This paper reviews the effects of cathode catalyst 

types on the performance of LOBs in recent years. In this 

review, catalysts are divided into four types as shown in 

figure 1. (1) Carbon materials 
[37-38]

. Carbon materials are 

used in LOB cathode because of high conductivity and 

rich pores, which can accommodate more discharge 

product Li2O2 
[39]

. Moreover, carbon materials can also 

promote the ORR process. However, during the OER 

process, the catalytic activity of carbon materials is 

slightly low.
[40]

 (2) Metals and metal oxides 
[41]

.They can 

enhance the decomposition of Li2O2, thereby accelerating 

the OER process 
[42-44]

. (3) Composite materials 
[45-46]

. 

Few single materials can promote both ORR and OER 

process in LOB at the same time. Scientists try to 

composite two or more materials to make up for their 

shortcomings, so as to obtain better electrochemical 

performance. For example, the combination of carbon 

materials and metals, on the one hand, the addition of 

metals can effectively improve the shortcomings of 

carbon materials in the OER process, on the other hand, it 

can also have the advantages of porous carbon materials. 

(4) Other materials 
[47-48]

. In addition to the three types of 

materials mentioned above, sulfides and nitrides etc. Can 

also be used as cathode of lithium oxygen batteries and 

show good performance. In order to clearly understand 

the performance of various catalyst materials, we 

compared them in the form of radar chart (figure 2), 

where their pore size, catalytic activity, preparation 

complexity, cycle stability, overpotential and price are 

considered. In the following chapters, we will briefly 

introduce these types of catalyst materials. 

 

Figure 2  Overview of performance of different types of 

catalysts in lithium oxygen batteries 

2 Carbon based materials 

Carbon materials have been broadly used as 

conductive agents, cathode material and catalyst carrier 

in lithium oxygen batteries due to their high specific 

surface area, excellent electrical conductivity and low 

cost. Carbon material can show very good catalytic 

performance in ORR and OER processes and can be 

used as porous cathode catalyst in non-aqueous lithium 

oxygen batteries 
[3]

. 

2.1 Carbon materials 

General speaking, the properties of lithium oxygen 

cells may be influenced by the morphology, specific 

surface area and pore structure of carbon materials. To 

explore the link between carbon performance and 

battery capacity. Ding et al 
[49]

. have compared the 

influence of eight different carbon materials on the 

capacity of lithium oxygen batteries: multi-walled 

carbon nanotubes (MWCNT), and ordered mesoporous 

carbon (OMC), and activated carbon and commercial 

carbon black (Ketjen black, Super P and acetylene 

black), and inverse opal carbon (IOC) and reduced 

graphene oxide (rGO). 

Figure 3a shows the initial charge-discharge curves 

of different carbon materials as the cathode electrode of 

lithium oxygen batteries. MWCNT clearly delivers the 

lowest discharge capacity of only 1311 mA h g-1, while 
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rGO delivers the highest discharge capacity of above 

8400 mA h g-1. The OMC and activated carbon have a 

slightly higher discharge capacity than the MWCNT, with 

only 1812 mA h g-1 and 1897 mA h g-1 respectively. The 

capacities of three kinds of carbon black (Ketjen black, 

Super P and acetylene black) cathode are 2865, 3399 and 

3512 mA h g-1. Both IOC and OMC are mesoporous 

carbon materials, but the discharge capacity of IOC is 

4504 mA h g-1, which is more than twice that of OMC. 

The difference of the capacities between OMC and IOC 

can be attributed to different properties of carbon 

materials. As seen from the Table 1, the discharge 

capacity of battery exhibits proportionality to the pore 

sizes. When the pore size of the carbon material is larger, 

the capacity to store the product Li2O2 becomes better, so 

the discharge capacity is increased. However, MWCNT is 

an exception. The reason for this is the large 

length-to-diameter ratio of the MWCNT. The ultralong 

transport channel is not conducive to the diffusion of O2. 

The open ends of MWCNT are small, which are easily to 

be blocked by the discharge products, resulting in little 

actual utilization rate of pore and low discharge capacity. 

 

Table 1  Surface area and pore characteristics of various 

carbons and their influence on the capacity of Li–O2 

batteries 

Carbon 

materials 

Surface area 

(m2 g-1) 

Pore volume 

(cm3 g-1) 

Pore size 

(nm) 

Discharge 

capacity 

(mA h g-1) 

MWCNT 929 1.64 7.0 1311 

OMC 863 1.14 5.2 1812 

Activated 

carbon 
1230 1.07 4.7 1897 

Ketjen black 818 1.17 7.7 2865 

Super P 62 0.32 11.9 3399 

Acetylene 

black 
56 0.16 11.4 3512 

IOC 794 3.17 16.0 4504 

rGO 361 1.58 17.5 8418 

The disadvantage of single carbon material is that 

there are fewer active sites and the catalytic activity 

cannot meet the needs of batteries. At high voltage single 

carbon material will promote the conversion of discharge 

product Li2O2 to other lithium compounds, which will 

lead to the degradation of the cycle performance of the 

battery.  

2.2 Doped carbon materials 

Many studies have shown that the introduction of 

heteroatoms will change the morphology and 

electronegativity of carbon-based materials, resulting in 

the formation of pores and functional groups. Therefore, 

carbon materials with low doping level of non-metallic 

elements (such as N-element doping) can significantly 

enhance the electrochemical properties of carbon 

materials. N-doped carbon materials can obviously 

improve the electrochemical performance. As the 

concentration of N element doping in the carbon material 

increases, the band gap decreases, which benefit to 

improve the conductivity of the carbon material.  

Shui et al 
[50]

. used CVD (chemical vapor deposition) 

method to get vertically aligned nitrogen-doped coral-like 

carbon fiber (VA-NCCF). As shown in the figure 3b, the 

overpotential decreases obviously due to the doping of the 

N element. At 500 mA g-1 current density, the lithium 

oxygen battery which used VA-NCCF as cathode catalyst 

demonstrated a high discharge capacity more than 40000 

mA h g-1 (figure 3c). At limit high specific capacities 

(1000 mA h g-1), the cell could cycle stably for 150 times. 

Because of low overpotential and minimal electrolyte 

decomposition. The doping of N elemental improved the 

catalytic activity, reduced the overpotential between 

charge and discharge, and reduced the decomposition of 

electrolyte. The unique structure provided space for the 

deposition of product Li2O2 and transport of reactants. 

 

Figure 3  (a) Initial charge/discharge voltage profiles of 

various carbon materials cycled under 50 mA g-1. (b) 

Comparisons of VA-NCCF, VA-CNT and CNT powder. (c) 

Charge/discharge voltage profile of VA-NCCF at a 

current density of 500 mA g-1 

Zhang et al 
[51]

. controlled flow of H2O (gas) to 

oxidize the reduced graphene into holey graphene (hG) 

with plenty of nanoholes. The as-prepared hG was 

heating under NH3/Ar and heating with H3BO3 under Ar 

atmosphere to prepared B,N-hG. B,N-hG shows the 

lowest overpotential at a current density of 100 mA g-1 

and the highest discharge capacity (15340 mA h g-1) than 

bare hG, B-hG and N-hG. At limit high specific capacities 

(1000 mA h g-1) and a current density of 500 mA g-1, the 

battery with B,N-hG as cathode could cycle stably for 117 

times which is better than the other three materials. These 

excellent properties are attributed to the nanopore 

enlargement in graphene induced by the doping of 

elements B and N and the synergy between the two 

elements. The enlargement of nanopore allows the 

cathode to accommodate more Li2O2, and the doping of B 

and N atoms increases the conductivity of the material 

itself. Combining these advantages, B,N-hG can obtain 
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higher discharge capacity. Although doping non-metallic 

elements can improve the properties of carbon materials, 

large-scale production and control of uniform doping of 

elements still a challenge. This makes it more difficult to 

commercialize the method of doping non-metallic 

elements to improve the electrochemical performance of 

lithium oxygen batteries. 

3 Metals and metal oxides 

In oxygen reduction reaction (ORR), metal and 

metal oxides promote the formation of thin films or 

nanoparticles with low crystallinity Li2O2. Because of the 

low crystallinity, Li2O2 is more easily decomposed during 

charging (OER), and therefore has a lower decomposition 

potential during charging. Therefore, metal and metal 

oxides as catalyst can reduce the overpotential during 

charge and discharge process and improve the cycle 

stability of lithium oxygen batteries 
[52]

. In this part, 

metals and metal oxides are introduced from the 

following three aspects: (1) noble metal and noble metal 

oxides, (2) transition metal and transition metal oxides, 

and (3) perovskite and their oxides. 

3.1 Noble metal and noble metal oxides 

Noble metal nanoparticles are considered to be 

excellent catalytic materials that can promote oxygen 

reduction reactions (ORR) in batteries and many 

oxidation reactions.  

Bui et al 
[53]

. prepared carbon nanofibers with 

platinum nanoparticles (CNF@Pt) by electrospinning. 

Compared with the traditional encapsulating method, the 

catalyst prepared by electrospinning can expose more 

active materials, thus improving the electrochemical 

performance of lithium oxygen battery. Pt nanoparticles 

are evenly distributed on CNF. At various current 

densities of 200 mA g-1, 500 mA g-1, and 1000 mA g-1, 

the charge-discharge curves of CNF@Pt and CNF are 

similar, but the capacity of CNF@Pt is much larger than 

that of CNF, and the overpotential of CNF@Pt is lower 

than that of CNF in the charge-discharge process. At a 

current density of 200 mA g-1, the capacity of CNF@Pt 

was 6938 mA h g-1. At a current density of 500 mA g-1 

and limited high specific capacity of 1000 mA h g-1, the 

battery with CNF@Pt as cathode could cycle stably for 

162 times which is better than the battery with CNF as 

cathode. Due to the catalytic activity of Pt in ORR and 

OER processes, lithium oxygen batteries with CNF@Pt 

exhibit higher specific capacity and better cycle stability. 

Jeong et al 
[54]

. systematically evaluated the catalytic 

performance of Pt, Pb and Ru nanoparticles by supported 

them on rGo as cathode catalysts for lithium oxygen 

batteries. At a current density of 200 mA g-1 and limited 

high specific capacity of 2000 mA h g-1, the introduction 

of noble metal can obviously reduce the overpotential 

between charge and discharge. Among them, Ru presents 

the best cyclic stability and the lowest overpotential 

during the charge and discharge process. In the charge 

discharge curve (figure 4a), it can be found that the 

introduction of ruthenium can significantly reduce the 

potential during charging. There are two advantages when 

Ru is used as a catalyst. First, Ru has obvious effect in 

reducing the size and induced morphology of the 

discharge product, and the formed discharge product is 

easier to be completely decomposed during charging. 

Second, ruthenium is mixed with Li2O2, the discharge 

product is catalysis decomposed by electron transfer, which 

reduces the decomposition voltage of the discharge product. 

Compared with Ru, the incorporation of Pt and Pd will 

promote the decomposition of electrolyte, resulting in 

slightly poor performance of lithium oxygen battery. 

Compared to single noble metal system, it is difficult 

for a single metal to perform well in both ORR and OER 

processes. Therefore, the noble bimetal system can 

cooperate with the catalytic effect of the two noble metals, 

and the two metals show excellent catalytic performance 

in the ORR and OER processes respectively 
[52]

. 

Lu et al 
[55]

. introduced PtAu nanoparticles, which 

can significantly improve the kinetics of the ORR and 

OER processes of rechargeable lithium oxygen batteries. 

As catalysts, PtAu/C and carbon exhibit similar specific 

capacities (～1200 mA h g-1) in lithium oxygen batteries 

(figure 4b). It was obvious that PtAu/C overpotential is 

lower than pure carbon during ORR and OER. As shown 

in the figure 4c, the discharge curve of PtAu/C is similar 

to that of Pt in the OER process, and the charge curve of 

PtAu/C is similar to that of Au in the ORR process. 

Therefore, it is concluded that Pt nanoparticles have 

catalytic effect on OER, while Au nanoparticles have 

catalytic effect on ORR. 

Choi et al 
[56]

. synthesized PdCu noble bimetal 

nanoparticles with disordered face-centered cubic and 

ordered body-centered cubic mixed phase by polyol 

method for lithium oxygen battery cathode. The lithium 

oxygen battery with PdCu has a cycle efficiency of nearly 

80% at a current density of 200 mA g-1. The discharge 

voltage without decay after 50 cycles at high current 

density 5000 mA g-1. The excellent performance of the 

battery could be attributed to the good catalytic activity of 

PdCu noble bimetal material during ORR and OER 

processes, thus greatly reducing the overpotential in the 

process of charge and discharge. Their theoretical 

calculations showed that the transfer of electrons from Cu 

atom to Pd atom weakens the adsorption strength of 

lithium oxide on the PdCu nanoparticles and ultimately 

reduces the overpotential. 

Noble metal oxides can also be used as catalysts for 

lithium oxygen batteries. For example, Jung et al 
[57]

. 

synthesized ruthenium (Ru) and hydrated ruthenium 

oxide (RuO2·0.64H2O) uniformly distributed on rGo. At 

a current density of 500 mA g-1 and a limited specific 

capacity of 5000 mA h g-1, the battery cycling stably for 

30 cycles (figure 4d). Noble metals and their oxides are 

used as cathode catalysts for lithium oxygen batteries, the 

performance of batteries has been greatly improved. 
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However, the shortcomings of limited reserves in nature 

and high cost greatly limit the practical application of 

noble metals and their oxides. 

 

Figure 4  (a) The potential profiles of rGO and Ru-rGO 

at 200 mA g-1 for 10 h. (b) LOB charge/discharge 

profiles of carbon and PtAu/C in the third cycle. (c) LOB 

first charge/discharge profiles of carbon at 85 mA g-1 and 

of Au/C, Pt/C, and PtAu/C at 100 mA g-1. (d) 

Charge/discharge profiles of different cycles of 

RuO2·0.64H2O-rGO hybrid 

3.2 Transition metal and transition metal oxides 

Transition metals (such as Mn, Fe, Co, Ni, Zn, etc.) 

and transition metal oxides (such as MnO2, CoO, FeO, 

etc.) all show catalytic potential of ORR/OER. Compared 

with noble metals, they are abundant and cheap. 

Therefore, many studies have been conducted by using 

them as catalysts for lithium oxygen batteries. 

Wang et al 
[58]

. embedded Co single atoms in 

nitrogen-rich carbon (Co-SAs/N-C) as a catalyst for 

lithium-oxygen batteries. At a current density of 200 mA 

g-1, the battery with Co-SAs/N-C as cathode exhibited 

discharge capacity of 20105 mA h g-1 and charge 

capacity of 19765 mA h g-1 in the first cycle. The initial 

coulomb efficiency was close to 100%. At a current 

density of 400 mA g-1 and a limited specific capacity of 

1000 mA h g-1, the battery could cycle stably for 260 

times. As shown in the figure 5a, Li atom of the discharge 

product and N atom form effective coordination sites, and 

there is also strong binding between O atom and Co atom. 

In the figure 5b, the N-C material without Co-N4 has only 

the combination of Li atom and N atom. The 

overpotentials between charge and discharge is defined as: 

∆U=UC-UDC, where UC and UDC represent charge and 

discharge potential respectively. It is obvious that the 

calculated overpotential of Co-SAs/N-C is significantly 

smaller than that of N-C, which indicates that doping Co 

atoms can reduce the overpotential. As shown in figure 5c 

that the exposed active sites are conducive to adsorbing 

more discharge products. 

Gao et al 
[59]

. reported a CoO/C composite with 

oxygen vacancy. Compared with commercial CoO, the 

lithium oxygen battery with CoO/C materials containing 

oxygen vacancies have higher initial capacity, better rate 

performance and cycle stability. They attributed the 

improved performance of CoO/C composites containing 

oxygen vacancies to the presence of oxygen vacancies. 

The existence of oxygen vacancies improves the 

migration capacity of electrons and Li+, and can be used 

as the active site for the reaction of oxygen and Li2O2. In 

addition, doped C not only has good ORR activity, but 

also improves the conductivity of CoO and stabilizes 

oxygen vacancy. Lin et al 
[60]

. found that Co3O4/CNT had 

good catalytic activity when it was used as cathode of 

lithium oxygen battery, which significantly ameliorated 

the weak catalytic activity of CNT in OER process and 

reduced the overpotential. In situ EPR test showed that 

Co3O4 catalyst inhibited the formation of by-products. 

As the catalyst of lithium oxygen battery, 

manganese-based material can not only improve the 

specific capacity, but also improve the coulombic 

efficiency of the battery. 

Zhang et al 
[61]

. prepared a tubular δ-MnO2 material 

with microstructure by hydrothermal synthesis (as 

shown in figure 5d). SEM images (figure 5e and f) show 

that δ-MnO2 tube is a nanorod with porous flower-like 

surface. This structure is conducive to the penetration of 

electrolyte, so as to speed up the transportation of Li+. 

The lithium oxygen battery with MnO2/KB as catalyst 

exhibited a capacity of 6150 mA h g-1 at the current 

density of 25 mA g-1. Even at a high current density of 

600 mA g-1, the battery exhibited a capacity of 2850 mA 

h g-1. Obviously, the rate properties and cycling 

properties of MnO2/KB material are better than pure KB. 

They found that the discharge product Li2O2 of the 

lithium oxygen battery with MnO2 forms a uniform 

nanosheet, which is more easily decomposed during 

charging. Therefore, the specific capacity and cycle 

performance of battery were improved, especially the 

OER reactivity were significantly improved. The 

improvement to unique microscopic tubular structure of 

δ-MnO2 material, which promoted the generation of 

nanosheet Li2O2, thus improved the properties of lithium 

oxygen battery. In addition to pure manganese oxide, 

introducing other transition metals to replace a small 

amount of Mn element in manganese oxide to form 

doped catalysts is also a method to improve the 

properties of batteries. 

Minowa et al 
[62]

. found that the battery with Mn2O3 

as cathode catalyst had better properties than both MnO 

and MnO2. In order to improve the battery performance 

with Mn2O3, they used other transition metals to replace a 

small amount of Mn in Mn2O3 to form Mn2-xMxO3 (M = 

Fe, Mn, Ni and Co) catalyst. The experimental results 

show that when 0.2Mn is replaced by Fe, the battery 

exhibits the best property. For example, the capacity of 

the battery increased, and the overpotential decreased. So 

far, researchers have studied a variety of manganese 

oxides, such as α-MnO2, β-MnO2, MnOOH and so on.  



 

36                                                             Research and Application of Materials Science  Vol. 4  No.1  2022 

 

Figure 5  Calculated free energy diagrams for the 

charge/discharge reactions on the active surface of (a) 

Co-SAs/N-C and (b) N-C. (c) Schematic illustrations of 

the working mechanism for the Co-SAs/N-C electrodes. 

(d) Scheme of the preparation of δ-MnO2 tubes. (e, f) 

SEM images of δ-MnO2 tubes 

3.3. Perovskite and their oxides 

The molecular formula for perovskite oxide is ABO3. 

Perovskite oxides are used in lithium oxygen batteries 

because of their excellent catalytic activity and electrical 

conductivity. Hedge et al 
[25]

. prepared the oxygen vacant 

CaMnO3 (H-CMO) with multiple oxygen vacancies by 

sol-gel method and low-temperature hydrogen reduction 

method. It is obvious from the figure 6a that H-CMO not 

only reduces the charging over potential, but also reduces 

the discharge over potential, which generally reduces the 

over potential between charging and discharging. In 

terms of circulation, the performance of H-CMO is also 

significantly better than that of CMO. At a current 

density of 500 mA g-1 and a limited specific capacity of 

500 mA h g-1, the battery could cycle stably for 110 

times. Li et al 
[63]

. prepared one-dimensional porous 

La0.5Sr0.5CoO2.91 nanotubes by electrostatic spinning 

technology. Electrochemical test showed that the initial 

discharge capacity is 7205 mA h g-1 at a current density 

of 100 mA g-1, which is close to the performance of 

noble metal CNT@Pt. At a current density of 200 mA g-1 

and a limited specific capacity of 1000 mA h g-1, the 

battery could cycle stably for 85 times. The excellent 

performance of the battery is attributed to the structure of 

the nanotubes to transport electrons and the addition of 

active sites. 

Compared with common perovskite oxides, double 

perovskite oxides have higher oxygen and electron 

transfer capacity. Ma et al 
[64]

. synthesized SrCrMoO6-δ 

(SCM) which is a double perovskite structure oxide. SCM 

was used as catalyst for lithium oxygen battery. At a 

current density of 75 mA g-1, the discharge capacity of 

battery was 2306 mA h g-1, which is much higher than 

the Super P electrode capacity (1434 mA h g-1). In 

addition, the overpotential of SCM is lower than that of 

Super P (figure 6b). At a current density of 200 mA g-1 

and a limited specific capacity of 600 mA h g-1, the 

terminal discharge voltage drops to 2.34 V after 30 cycles. 

Under the same conditions, the terminal discharge voltage 

of Super P drops below 1.5 V after 13 cycles. The 

experimental results showed that the oxides with double 

perovskite structure can promote the properties of lithium 

oxygen battery. Zhu et al 
[65]

. reported a new cathode 

catalyst called PrBaCo2O5+δ (PBCO). The 

electrochemical performance of PBCO is much better 

than that of commercial BP2000. As shown in the figure 

8c and d, it can be seen from the charge discharge curve 

under various current densities that the capacity of PBCO 

is much higher than that of BP2000. PBCO exceeds 8000 

mA h g-1 when the current density is 0.02 mA cm-2. 

Moreover, the overpotential is also significantly lower than 

BP2000. When the current density is limited to 1000 mA h 

g-1, it can be stably maintained for more than 1000 cycles. 

 

Figure 6  (a) Comparison of overpotentials for CMO 

and H-CMO. (b) Potential profiles of LOB with SCM 

based or pure Super P electrodes at 75 mA g-1 

Although perovskite oxide can improve the 

performance of lithium oxygen battery, the battery 

performance degrades quickly and the cycle performance 

is at a low level (～ 100 times). Therefore, the research 

on these materials needs to be more in-depth and 

comprehensive. 

4 Composite materials 

The improvement of cathode catalyst can improve 

the properties of lithium oxygen batteries. Studies in 

recent years showed that catalysts with good properties 

usually need to meet the following two requirements, one 

of which is that catalysts have large specific surface area 

and more and large pores to store more discharge 

products (Li2O2) to achieve better properties. The other 

one is that the catalyst promotes both the ORR and OER 

processes to improve the energy efficiency of the battery. 

At present, there are few pure materials that can meet 
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these two requirements, so scientists have come up with 

composite materials. 

Functional carbon materials have more and large 

pores to store discharge product (Li2O2), and provide 

carriers for metal and metal oxides. Carbon materials 

have excellent catalytic activity for ORR process, but 

poor catalytic effect for OER process. The development 

of carbon-based nanocomposites solves this problem. 

Therefore, the composite materials of functional carbon 

materials with metal and metal oxides are ideal materials 

for cathode catalysts of lithium oxygen batteries. 

Sun et al 
[66]

. synthesized a mesoporous carbon 

nano-cubes (MCCs) by hard template method. At a 

current density of 200 mA g-1, the lithium oxygen battery 

with MCCs as the cathode catalyst showed the discharge 

capacity was 26100 mA h g-1 and the charge capacity 

was 16,090 mA h g-1, far higher than that of carbon black 

(CB) electrode (discharge capacity was 620 mA h g-1 and 

charge capacity was 3933 mA h g-1). Ru@MCCs was 

synthesized by wet impregnation method. And the TEM 

images of MCCs and Ru@MCCs (figure 7a and b) 

showed that the pore structures of them were similar, 

indicating that the introduction of Ru did not affect the 

pores of MCCs. It can be seen from the figure 7c that the 

charging voltage platform of Ru@MCCs is much lower 

than MCCs, so the overpotential of Ru@MCCs is much 

lower than MCCs, only 0.28 V. At a current density of 

400 mA g-1 and a limited specific capacity of 1000 mA h 

g-1, the battery could cycle stably for 120 times. Such 

excellent performance can be attributed to the unique 

architecture of MCCs combined with the highly efficient 

Ru nanocrystal catalysts. 

Guo et al 
[67]

. prepared N-doped graphene with 

encapsulated RuO2 nanoparticles. They compared the 

electrochemical properties of N-doped graphene, N-doped 

graphene with unencapsulated RuO2 nanoparticles and 

N-doped graphene encapsulated RuO2 nanoparticles. As 

exhibited in the figure 7d, it is obvious that the 

introduction of RuO2 can reduce the overpotential 

between charge and discharge progresses. At a current 

density of 400 mA g-1 and a limited specific capacity of 

2000 mA h g-1, the battery could cycle stably for 110 

times. The author attributed the excellent performance of 

the battery to the high catalytic activity of RuO2 

nanoparticles, which reduced the overpotential of Li2O2 

decomposition. In addition, RuO2 nanoparticles were 

encapsulated in graphene, so the batteries showed 

excellent cycling performance. 

In addition to carbon matrix composites, the 

composite of metals or metal oxides can also make up for 

defects, so as to obtain better electrochemical 

performance. Lian et al 
[68]

. improved the electrochemical 

performance of lithium oxygen batteries by loading 

transition metal atoms on Co3O4 nanosheets 

(MSA-Co3O4/CC, M = Ti, V, Cr, Mn, Fe, Ni, Cu, Zn). 

Through comparison charge/discharge curves, it is found 

that the introduction of Ni reduces the over potential of 

the battery most significantly. When the current density is 

300 mA g-1 and the limited capacity is 1500 mA h g-1, 

the overpotential of NiSA-Co3O4/CC is only 1.06 V. 

When the current density is 200 mA g-1 and the limited 

capacity is 1000 mA h g-1, the over potential is only 0.72 

V, and it can circulate stably for 128 cycles. Li et al 
[69]

. 

prepared three-dimensional open Co3O4@MnO2 catalyst. 

Co3O4 has excellent OER catalysis, while MnO2 is an 

efficient ORR catalyst. The combination of the two 

reflects the synergistic effect. Moreover, the 

three-dimensional open structure also facilitates the 

generation and decomposition of Li2O2. As a catalyst, the 

LOB shows ultra-high capacity (12980 mA h g-1) and 

good recyclability (331 cycles can be stably circulated 

when the capacity is limited to 500 mA h g-1). 

 

Figure 7  (a, b) High-magnification TEM images of 

MCCs and Ru@MCCs, and (c) charge/discharge profiles 

tested of Ru@MCC and MCC at 200 mA g-1. (d) The 

comparisons of charge/discharge profiles of LOB based 

on three different cathodes at the same current density 

and limited capacity 

In addition, composite materials of organic 

compounds and carbon materials have been applied to 

lithium oxygen batteries, and their electrochemical 

performance has also been improved. Lin et al. 
[70]

 studied 

composite materials, which were composed by 

nitrogen-containing organic compounds with Ketjin black. 

The charge and discharge capacity increased significantly. 

The nitrogen element in the organic compound improves 

the solvent pathway of Li2O2 growth, so that the 

discharge product exists in an incompact nanosheet shape, 

which is benefit for decomposition during charging. The 

organic composite material can also alleviate the 

sensitivity to the electrolyte. Cui et al.
[71]

 reported the 

influence of different polyaniline contents in 

three-dimensional porous polyaniline (PANI)/reduced 

graphene oxide foam (PPGFs) on lithium oxygen 

batteries. PPGFs-50 shows excellent electrochemical 

performance, with a high discharge capacity of 36010 mA 

h g-1 at 200 mA g-1, which can be comparable to noble 

metal catalysts. Too much polyaniline leads to pore 

clogging and reduces pore size, while a small amount of 
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polyaniline leads to the reduction of catalytic activity. 

PPGFs-50 not only has sufficient catalytic activity to 

promote the generation and decomposition of discharge 

products, but also can provide sufficient transport 

channels for lithium ions and oxygen. 

Composite materials are the main research direction 

of lithium oxygen battery. The prepared composites not 

only need to have sufficient catalytic activity to promote 

the generation and decomposition of discharge products, 

but also need to have transport channels for the rapid 

transport of lithium ions and oxygen. Metal carbon matrix 

composites have both the characteristics of porous carbon 

materials and the advantages of high catalytic activity of 

metals. At present, there are many researches. Nonmetallic 

composites, such as organic carbon matrix composites, have 

excellent properties, and the designability of organic 

structures makes them have great potential. 

5 Other materials 

In addition to the three kinds of materials mentioned 

above, there are other types of materials used in lithium 

oxygen batteries. Such as sulfides, nitrides and so on. Li 

et al. 
[72]

 reported the performance of TiN nanoparticles 

supported on VC as cathode catalysts for lithium oxygen 

batteries. By comparing the performance of nano TiN/VC 

(n-TiN/VC), micrometer TiN/VC (m-TiN/VC) and bare 

VC, it is found that n-TiN /VC overpotential was lower 

than the other two materials. At a current density of 500 

mA g-1, the discharge capacity of N-Tin /VC reaches 

6407 mA h g-1, which is much higher than n-TiN /VC and 

VC. The improvement of battery performance was mainly 

due to the excellent catalytic activity of TiN nanoparticles 

and the internal contact between TiN and VC.  

Cao et al. 
[73]

 introduced nitrogen-doped MoS2 

(N-MoS2) which was nanoflower-like and porous by 

hydrothermal method and ammonia-atmosphere 

calcination process. As cathode catalyst for lithium 

oxygen battery, N-MOS2 has good performance, such as 

excellent cycle stability and rate performance. For 

example, N-MOS2 has a higher specific capacity than 

MoS2, and the gap between charge and discharge 

potentials of N-MOS2 is smaller than MoS2 under a same 

current density. This was due to the rich porous structure 

of N-MOS2, which provides more catalytic active centers 

for catalytic reaction. And N doping increased the 

electrochemical activity. And at a current density of 200 

mA g-1 and a limited specific capacity of 1000 mA h g-1, 

the battery could cycle stably for 100 times. The rate test 

shows With the increase of current density, the 

polarization of N-MOS2 changes little. When the current 

density returns to 100, the charge discharge voltage of 

MoS2 also returns to the same as the initial one. As the 

current density of N-MOS2 increases, the polarization 

increases. Even if the current density recovers, the charge 

discharge voltage does not recover. Sun et al. 
[74]

 

embedded VOx in carbon paper, and then nitrogenize it at 

850oC to obtain NV@C-850. The performance of the 

catalyst doped with nitrogen element is obviously 

improved at 100 mA g-1 current density, it can have an 

ultra-high capacity of 8269 mA h g-1, which is attributed 

to the internal channel of the catalyst, which is conducive 

to the transportation of Li2O2. The synergistic effect 

between NV and N-doped carbon reduces the 

overpotential between charge and discharge process (only 

0.88 V) and improves the cycle stability (183 cycles at a 

cut-off capacity of 1000 mA h g-1). 

6 Summary 

Lithium oxygen battery is a promising form of 

energy storage. But some problems of LOB make it 

cannot be used commercially. For example, there are 

some side reactions in the charge and discharge process, 

which irreversibly produce other lithium compounds, 

greatly reducing the charge and discharge capacity of 

LOB. The cycle life of LOB is very short, and at least 

1000 stable cycles are possible to be commercialized. The 

current research has not met such requirements. In this 

review, the effects of several types of cathode catalysts on 

the electrochemical performance of LOB were reviewed, 

including the formation mechanism and morphology of 

Li2O2. The growth morphology of the discharge product 

Li2O2 will directly affect the electrochemical performance 

of LOB. LOB with film-like Li2O2 has a lower charging 

potential and a smaller discharge capacity. Whereas LOB 

with toroidal-like Li2O2 shows the discharge capacity 

increases and the charging overpotential increases. In 

order to obtain the best electrochemical performance 

(high capacity and low potential), it can be adjusted by 

reducing the size of Li2O2 particles and increasing the 

thickness of Li2O2 film. There are many methods to adjust 

the morphology of Li2O2. Firstly, the reasonable design of 

catalyst structure. Porous and large specific surface area 

cathode materials can improve the structure of Li2O2. 

Secondly, it is favorable to form thin-film Li2O2 under 

high current density. Finally, the selection of electrolyte is 

also a method to adjust the morphology of discharge 

products. 

In conclusion, the LOB with large capacity, low 

overpotential and long cycle stability needs to consider 

the following two factors: 1) forming Li2O2 film with 

increased thickness and 2) forming discharge products 

particles with decreased size. The following suggestions 

can be considered to meet the above requirements. 

(1) Cathode design. Porous, high specific surface 

area and high conductivity cathode materials are 

conducive to the formation of Li2O2. 

(2) Catalyst selection. Catalysts with advantages like 

oxygen vacancies and surface coatings can contain more 

discharge products. The catalyst has the ability to catalyze 

the formation and decomposition of Li2O2, which is 

helpful to improve the capacity and cycle life of the 

battery. 
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(3) Selection of electrolyte. Proper electrolyte is 

helpful to alleviate the solubility problem. Moreover, 

solid electrolyte can inhibit the growth of lithium negative 

dendrite and improve the safety performance of the battery. 

It is a potential research direction. In addition, electrolyte 

additive is also a new method to adjust battery life. 

The research of LOB is very promising, but more 

experiments are still needed to study and overcome the 

shortcomings like the poor cycle performance. The future 

research and application of lob is very promising. 
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