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SUMMARY 

Dry methane reforming, the conversion of carbon dioxide and methane, the two main 
responsible gases for global warming, into a useful feedstock for the production of materials 
is a process known since 1928. However, fast catalyst deactivation, due to the formation of 
carbon deposits on the surface of the catalyst, has since its discovery hampered industrial 
application of this key process. In a recent article in Science, Cafer Yavuz and colleagues 
reveal that the key to catalyst stability is in the use of a single crystalline support. 
 

The intense use of hydrocarbons in energy generation and transportation by our society has 
resulted in alarming emissions of global warming gases, CO2 being the most abundant.1  In 
2020 very few people dare to doubt about the consequences of these emissions and about 
the necessity to change our pattern of consumption in order to avoid reaching the feared 2-
degree scenario.2 At the same time, solutions and timelines for their application need to be 
realistic and a certain degree of pragmatism is necessary: energy transitions require a long 
time and, the one we are living now will take even longer if one considers the amount of 
energy to be replaced. In this spirit, Carbon Capture, Storage and Utilization strategies are 
necessary3 to ensure that the useful carbon emitted through energy generation can be 
recycled and re-used. Indeed, carbon-based materials and fuels are the skeleton and blood of 
our society and a linear model of consumption is not viable for much longer.4 In contrast, 
adding circularity to the consumption of carbon would not only help fight global warming but 
may also become a great business opportunity.5 

Even though a large number of catalytic transformations able to turn CO2 from waste to asset  
are known and being further improved,6 the necessity for stoichiometric reactants (i.e. H2) 
together with the price of capturing CO2 so far render most of these technologies not 
economically viable (yet).7 Co-processing CO2 with other cheap and abundant feedstocks such 
as natural gas could, on the other hand, change the whole picture.  

Methane dry reforming, the reaction between CO2 and CH4 to form synthesis gas (a 
stoichiometric mixture of CO and H2), was discovered almost one century ago by Fischer and 
Tropsch.8 Hardly studied for several decades, over the last 25 years it has gained increased 
attention in the frame of the energy transition because: (i) such technology could recycle very 
large amounts of CO2 through successive transformation of the resulting syngas into chemical 
building blocks and decarbonized transportation fuels and, (ii) the high endothermicity of dry 
reforming would allow for the efficient storage of renewable energy.9 However, as it has been 
the case for many other catalytic processes, the lack of efficient, coke resistant, cost effective 
and stable catalysts, has hampered its massive implementation. In their recent Science 
paper,10 researchers from KAIST in collaboration with Saudi Aramco, report that, in order to 
make a well-known active phase (Ni-Mo) catalyze only the reforming of methane and not the 
formation of coke, the use of a single crystalline MgO support is key.  

The initial suspicion (and later corroborated) of Yavuz and colleagues was that a non-
crystalline highly defective MgO support could alter the expected redox reaction between 
methyl anions (CH3–) and CO2, ultimately leading to coke formation and sintering. Thus, they 
turned to utilizing a single crystalline MgO produced via autothermal CO2 reduction with Mg. 
In addition to the high efficiency of the method, this process provides an additional means for 
CO2 utilization. To further achieve an homogeneous distribution of the active Ni-Mo phase 
while avoiding the formation of large metal nanoparticles (known for large production of 
coke), a polyol-mediated reductive growth method in the presence of a size limiting 



 
polyvinylpyrrolidone (PVP) polymer surfactant was followed. This method resulted in well 
controlled nanoparticles of average size of 2.88 nm. As expected, during activation particle 
size grows due to sintering when the Tammann temperature of Nickel is reached, but, very 
interestingly, particle size remains locked at 17. 30 nm, even after several hundred hours 
under reaction at atmospheric pressure. In situ TEM revealed that the high-energy step edges 
of the crystalline MgO (111) are responsible for this particle locking effect and prevent further 
sintering. Last but not least, this passivation of the most energetic sites at the support 
prevents its participation in the formation of coke.  The resulting “Nanocatalyst On Single 
Crystal Edges” (NOSCE) is shown to be stable under reaction conditions for up to 850 hours. 
Alternative ways to synthesize similar NiMoCat resulted in catalyst deactivation, particle 
synthering and coking. Altogether, these results demonstrate that the long-sought stable dry 
reforming of methane is feasible via NOSCE  using single-crystalline MgO as support.  

 

Figure 1. (A) Schematic for NOSCE technique. Above Tammann temperature, Mo-doped Ni 
crystallites move toward the edges of MgO support then unite and stabilize at the step edges. 
TEM images are provided as representative snapshots of each stage. (B) Continuous catalytic 
reaction for 850 hours. (C) Raman spectra of the spent (850 hours at 800°C) NiMoCat showed 
no sign of coked carbon species. 

Looking forward, we believe it is important to highlight that, from an industrial point of view, 
high pressure operation is highly desired: (i) this would lead to the production of pressurized 
syngas (necessary for the further transformation of this mixture into useful feedstocks) and 
avoid H2 compression, one of the most expensive unit operations in industry and (ii) CAPEX 
(in terms of reactor size and catalyst inventory) would be minimized. Upon high pressure 
operation, coke formation is highly enhanced and this will certainly represent a challenge. On 
another note, if the resulting syngas is to be utilized for the production of chemicals and fuels, 
it is also important to realize that this C to H ratio (1:2) is not enough to stoichiometrically 
make i.e. methanol or paraffins. Therefore, for all initial CO2 to be truly recycled, one should 
look for the addition of H2 produced from renewable energy to match the required 
stoichiometry.  In spite of these challenges, we truly believe advances like the one reported 
by Cavuz and co-workers in catalyst design for CO2 utilization bring us closer to the realization 
of a Circular Carbon Economy.  
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