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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government or any agency 
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect 
those of the United States Government or any agency thereof.
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Equilibrium Reactions for Methanol Synthesis

Arik Beck, Mark A. Newton, Leon G. A. van de Water, and Jeroen A. van Bokhoven. Chemical Reviews, 2024. 

CO + 2H2 ⇌ CH3OH                    ∆H298 = -90.6 KJ mol-1   (1)

CO2 + 3H2 ⇌  CH3OH + H2O      ∆H298 = -41.2 KJ mol-1    (2)

CO2 + H2 ⇌  CO + H2O               ∆H298 = +49.5 KJ mol-1  (3)

CH3OH 

CO CO2
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Thermodynamics

Thermodynamic equilibrium yields of 

methanol as a function of temperature 

and pressure from 

(a) CO/CO2/H2 and 

(c) CO2/H2 feedstocks and

(b, d) as a function of H2/COx ratio.

Catalyst: Cu/ZnO/Al2O3 (CZA)

Equilibrium compositions were calculated 

using the Gaseq software tool.

Morley, C. Gaseq: A Chemical Equilibrium 

Program for Windows, Ver. 0.79; Gaseq, 2005

Arik Beck, Mark A. Newton, Leon G. A. van de Water, and Jeroen A. van Bokhoven. Chemical Reviews, 2024. 



Preparation of the Cu/ZnO/Al2O3 (6:3:1) Catalyst

Sample ID: CHP-100-A-03

Weight: 6.5 grams

((Cu,Zn)1-xAlx)(CO3)y(OH)z

1. Vacuum filtration to 

      recover solids

2.   Wash using 1 L of DI H2O

Drying at 80 ℃, 12 hours

Calcination in Air 

Sample ID: CZA-100-A-03

Cu/ZnO/Al2O3

Sample ID: OxP-100-A-03

CuO/ZnO/Al2O3

(300 ℃, 3 hours)



XRD of the Cu/ZnO/Al2O3 (6:3:1) Catalyst

𝐿 =
𝐾λ 

𝛽𝑐𝑜𝑠𝜃

Scherrer Equation:

L: Mean size of the particle

K: Dimensionless shape factor (0.9)

λ: X-ray wavelength

β: Line broadening at FWHM

θ: Bragg angle

L = 20 nm for Cu in 

Cu/ZnO/Al2O3

The simulated results were generated from the

 PANalytical HighScore Plus software

L =  14 nm for CuO in 

CuO/ZnO/Al2O3
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