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Off-gases from iron and steel making

Steelworks off-gases properties

(W. Uribe-Soto et al. Renew. Sust. Energ. Rev. 74 (2017) 809-823) (J. Lundgren et al. Appl. Energy Rev. 112 (2013) 431-439) 2



Opportunity for methanol production

Qujing City, Yunnan Province, 80 kt/yr pure
methanol, commissioned in 2006.

Methanol filling station,
Aalborg, Denmark,
opened in 2015.
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Project objective 1: To investigate the effect of feed gas 
CO/CO2/H2 ratio and stream impurities relevant to residual 
steel gases including N2, Ar, CH4, NH3 & H2O on the 
methanol production process using selected catalysts 

Microactivity reactor for real-time, in process activity and 
selectivity measurements of catalysts for methanol production; 4



Project objective 2: To study catalyst degradation, including 
morphology and composition following exposure to the BFG 
reaction environment using a range of analytical techniques

 Unconventional catalysts (e.g. Cu/CeO2)

 Fabrication method: CeO2 suspended in liquid and 
Cu(NO3)2 added, NaNO3 added to cause 
precipitation and Cu2+ bonding to CeO2 substrate.

1. (2g sodium acetate +2ml acetic acid) dissolve in 
10ml water
2. 5ml (NH4)2Ce(NO3)6 dissolved in 1
3. Stirred for 10 min. 

30min
Air 

0 bar

 A range of analytical techniques can be applied 
to catalysts before and after reaction exposure:

 Transmission Electron Microscope (TEM)
 X-ray Photoelectron Diffraction (XPD) 
 X-ray photoelectron spectroscopy (XPS)
 X-ray absorption spectroscopy (XAS)
 Electron Paramagnetic Resonance (EPR)

Strong peak for Cu2+ in 
sample indicates existence 

of single-sites
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Project objectives 3: To construct and validate a catalytic 
reaction mechanism describing methanol synthesis from BFG 
Project objectives 4: To assess the impact of catalyst and 
chemical reactor selection on methanol synthesis from BFG

Hydrogenation of carbon monoxide

1. CO + 2H2 ⇌ CH3OH ΔHR = -90.55 kJ/mol

Hydrogenation of carbon dioxide

2. CO2 + 3H2 ⇌ CH3OH + H2O ΔHR = -49.43 kJ/mol

Reverse water-gas shift

3. CO2 + H2 ⇌ CO + H2O ΔHR = +41.12 kJ/mol

Main catalytic reactions Davy Process Technology Converter

6(G. Bozzano & F. Manenti. Prog. Energ. Combust. Sci. 56 (2016) 71-105)



Project objectives 5: To perform techno-economic simulations 
for assessing the cost of methanol production from BFG

Example Aspen process flow sheet for methanol production from COG, BOFG and biomass
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