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The oxidative coupling of methane (OCM) to C2 hydrocarbons (C2H4 and C2H6) has aroused worldwide interest over the

past decade due to the rise of vast new shale gas resources. However, obtaining higher C2 selectivity can be very

challenging in a typical OCM process in the presence of easily oxidized products such as C2H4 and C2H6. Regarding

this, different types of catalysts have been studied to achieve desirable C2 yields.
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1. High-Value C  Chemicals
Methane, being an abundant hydrocarbon resource, provides a kind of comparably cheaper and environmentally friendly

fuel . The use of natural gas as an important industrial feedstock has increased as compared to petroleum over the

past few decades due to the extraction of natural gas from unconventional sources, for example shale deposits . Figure
1 reveals the recoverable shale gas reserves in the world in trillion cubic feet (TCF).

Figure 1. Global projection of technically recoverable shale gas reserves in trillion cubic feet (TCF). The leading global

countries are shown in different colors. Reproduced with permission from  Copyright 2016 Elsevier.

Ethylene is used as a raw material in the manufacture of polymers such as polyethylene, polystyrene, polyvinyl chloride

and polyethylene terephthalate, as well as fibers, petrochemical products and organic chemicals. It is also used as the

main feedstock (~50%) in the chemical industry. Hence, many global chemical companies are planning to develop

economical and feasible processes to produce ethylene directly from methane .

In general, steam and the thermal cracking of naphtha processes are used for ethylene production in petroleum refineries.

Global ethylene production is mainly dependent on these processes . However, some of the key problems identified

here are energy intensiveness (up to 40 GJ heat per tonne ethylene) and environmental unsustainability . High

temperatures (>1200 °C) are required for breaking the C-H bond (bond energy, 440 kJ/mol) in this process and
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approximately three tons of CO  is released per ton of ethylene production . Therefore, another way ethylene can be

produced from natural gas is via indirect paths by the formation of syngas (CO/H ) through the catalytic Fischer-Tropsch

synthesis (FTS) process . Alternatively, syngas can be transformed into methanol and then methanol to ethylene 

. In addition to this, methane can also be converted directly to value-added chemicals and fuels through oxidative and

non-oxidative catalytic reaction pathways. The non-oxidative processes involve the coupling of methane to olefins; this

process suffers from intrinsic thermodynamic limitations and needs higher energy for large-scale applications .

Therefore, most of the research for direct conversion has emphasized a process called oxidative coupling of methane

(OCM) .

Zhao et al.  prepared hierarchically structured porous flower-like materials such as La O -H- and Sr-doped (Sr LaO -

H) compounds and highly dense non-porous (La O -D and Sr LaO -D) microspheres. The porous materials showed

higher catalytic performances in OCM than non-porous catalysts, presumably due to the creation of the active sites in

porous materials, which could enhance the activation of oxygen. Sr LaO -H showed better OCM results than La O -H

and reached the optimum selectivity (~48%) and C  yield (~19%) at 550 °C due to Sr isolating the active sites of the

catalyst, which can act as a strong basic site. However, deactivation occurred in the Sr LaO -H catalyst during OCM in

~30 h, but adding a small amount of Zr can produce better stability in OCM. Lopes et al.  prepared La Ti O -based

catalysts (LaTi Mg O ) with varied Ti/Mg molar ratios through the partial substitution of Ti by Mg to regulate the

quantities of alkaline sites and surface oxygen species, properties crucial for OCM reaction. The characterization data

testifies that alkalinity and the surface oxygen vacancy concentration increase as Mg increases. The presence of high

amounts of Mg on the surface can increase the incidence of defective sites in the interface formed by La-O-Mg. In

general, the rich defects are active and selective toward C  production in the OCM reaction. Hence, the catalytic results

showed that methane conversion and C  selectivity increased as a function of the Mg amount, and also this catalyst

exhibited high thermal stability after 24 h on stream. Sato et al.  proposed that, in the presence of an electric field, the

CePO  nanorod catalysts showed high activity and stability even at low temperatures for OCM (C  yield = 18%) without

any external heating. Because, in the electric field, these catalysts can be produced and regenerate the surface-active

oxygen species even at low temperatures, which are mainly responsible for OCM, Schmack et al. proposed a meta-

analysis method. It is often useful ascertain the links between a catalyst’s physicochemical characteristics and its

performance in an OCM reaction . Pirro et al.  proposed the process simulator and illustrated it for the OCM to

determine the catalyst-dependent kinetics for industrial implementation. For the case study, the feeding of oxygen and

cooling were operated under a multi-stage adiabatic configuration. Three catalysts (Sn-Li/MgO, NaMnW/SiO  and

Sr/La O ) were introduced to estimate the methane conversion and C  yield compared to a single stage. They revealed

that multi-phase configuration is advantageous compared to a single phase.

The OCM process follows the value-added transformation of natural gas through the catalytic reaction between methane

and oxygen for ethylene production. Although more than four decades have passed since the initial work on OCM, this

reaction has still not been able to be used as a successful industrial process for ethylene production because of the lower

yield (<30%) of C  products.

In the reaction mechanism of OCM, the first step of abstraction of a hydrogen atom from methane with the help of surface-

active oxygen results in the formation of hydroxyl groups, which react with each other to produce H O, and at the same

time create an oxygen vacancy on the catalyst surface. Meanwhile, methyl radicals will combine to form ethane which

further undergoes a dehydrogenation reaction to produce the desired product of ethylene, as shown in Figure 2.

According to previous reports, active oxygen species on the surface of catalyst consist of peroxide (O ), lattice oxygen

(O ), carbonate (CO ), superoxide (O ) and hydroxide (OH ) ions. Among all, surface lattice oxygen (O ) anions play

a crucial role in attaining the C  product selectively, whereas surface electrophilic anions (O , O  and O ) usually result

in an over-oxidation of the CO  product .
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Figure 2. Diagrammatic representation of oxidative coupling of methane (OCM) reaction on a metal oxide catalyst

surface. Reproduced with permission from . Copyright 2018 Elsevier.

From the pioneering work of Keller and Bhasin  and Ito and Lunsford , various catalysts have been investigated to

attain adequate methane conversion and C  selectivity/yield. Most of the metal oxides in the periodic table, such as

transition metal oxides, rare earth metal oxides, alkali or alkaline earth metal oxides, perovskites and pyrochlore

compounds, have been individually or in various combinations tested for OCM reaction . Zavyalova et al.

 conducted a comprehensive statistical analysis of about ~1000 research articles related to OCM. They pointed out that

both rare-earth metal oxides and alkaline-earth metal oxides, along with alkali metal oxides, are good candidates for OCM

reaction. In addition, binary and ternary combinations of metal oxides are also crucial for high and sustainable catalytic

activity in the OCM reaction. The selectivity of the catalysts can be further improved by using various dopants such as

alkali (Cs, Na) and alkaline earth (Sr, Ba) metals, whereas Mn, W and the Cl  anion dopants can be used to enhance the

catalytic activity. Figure 3 represents the most promising OCM catalytic systems with C  yields greater than 25%.

Figure 3. Various OCM catalysts with C  yields (≥25%). Reproduced with permission from . Copyright 2011 Wiley-

VCH.
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