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ÁGlobal production capacity around 100M tonnes 

ÁDemand ~ 2/3 of this number 

ÁBy Volume, the 5th largest commodity 
ÁMethanol industry generates $36B in economic activity 

Á100,000 Jobs 

ÁCost $1.33/gallon 

 



ÁSyngas Formation 

ÁSteam reforming 

ǐ700-1100 oC   

ÁDH ~ 200 kJ/mol 

ǐC-H bond has high 
dissociation energy 

ǐ105 kcal/mol 

Á $$$$ 
ÁEmits Significant CO2 

Á0.43 mol CO2/mol CH4 

ÁEnergetically 
Circuitous 
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Is it possible to design an electrocatalyst 

to directly transform CH4 to CH3OH  

< 100oC or near Room T? 



Á Utilization of surface chemistry in hydroxide aqueous media 
ÁHydroxide/oxyhydroxide couple 
 

Á Co-catalyst for methane adsorption and oxygen donation 
from carbonate 
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Anode 

Step 1  Ni(OH)2 + OH-  NiOOH + H2O + e- (Oxyhydroxide ~0.55V) 

Step 2 NiOOH + CH4  Ni+OH + CH3OH (Methanol formation, and Ni+) 

Step 3 Ni+OH + OH-   Ni(OH)2 + e- (Ni oxidation to back to 2+ hydroxide) 

 
Net Reaction: 

 

2OH- + CH4
   H2O +  CH3OH + 2e- 

 
Cathode 

2H2O + 2e-  H2+ 2OH- 
 
Total 

H2O + CH4
     CH3OH + H2

 

The need to form oxyhydroxide means E at least 0.6 V, plus 
overpotentials at the anode and cathode.  OER Interference? 
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This process will always be elctrolytic, probably > 1 V 


