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Fischer-Tropsch Synthesis
• Polymerisation reaction

• Product distribution determined by chain growth 
probability, α

• α depends of catalyst and reaction conditions

• In practice, deviation from "ideal" weight 
distribution as α changes with carbon number

• Related to secondary reactions of olefins (chain 
length dependant)

• α deviations depends on catalyst and reaction 
conditions
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• Co- or Fe-based catalyst
• Supported (i.e. Al2O3, TiO2, SiO2) or unsupported
• Promoters affecting activity, selectivity and stability

Common promoters
• Co-catalysts 

• Re, Mn
• Fe-catalyst

• Cu, K, Zn
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Fischer-Tropsch Catalysts

Increased catalyst activity and 
supressed methane formation
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Pet. Chem., vol. 46, no. 2, pp. 103–109, Mar. 2006

• Upgrading of FT-wax commonly performed ex situ by hydrocracking
• Extensive studies in literature on in situ hydrocracking. Combinations of Co- and 

Fe-catalyst with zeolites as mixed or bi-functual catalysts are investigated 

₊ Selectivity control possible
₋ Zeolites deactivates much faster than FTS-catalyst 
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In situ hydrocracking
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Current BTL installations
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GAFT: SP3 Fischer-Tropsch Synthesis
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The major objective of SP3 is to demonstrate an iron based medium to 
high temperature FT technology for the production of liquid biofuels

Background
• EF of biomass yields synthetic gas with H2:CO ≤ 1
• For FTS ideally H2:CO ≈ 2, achieved by WGS step after EF  (CO + H2O ↔ CO2 + H2)

For H2:CO = 2, Cobalt based catalysts normally preferred, maximising wax yield before 
cracking into diesel fraction 
Co based FT catalysts, low tolerance for impurities (catalyst poisons) in synthetic gas

• H2:CO adjustment avoided by use of Fe-based catalysts  (intrinsic WGS activity)
Eliminate a process step
Fe based FT catalysts, higher tolerance for impurities in feed gas

• Fe-based FTS, typical > 300 °C, yielding light hydrocarbons and chemicals

GAFT: Fe based medium to high temperature FTS (240 – 270 °C)
Aims to tune product into diesel range 
Simplified product upgrading (eliminate cracking step?)
Promoted Co-based catalyst included in screening phase (after discussions with JM)
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GAFT SP3 Fischer-Tropsch Synthesis 

Experimental
• 4 parallel Fixed-bed reactors, ½" o.d, ca. 30 cm long
• Currently, on-line GC for light gases. GC for wax analyses 

are in progress.

• Preliminary results from 4 catalysts
• Fe-Cu/TiO2

• Fe-Cu-K/SiO2

• Co/TiO2/Al2O3

• CoMn/TiO2

• H2:CO = 1.0, H2:(CO+CO2) = 1.7 (with 0 and 5 % CO2) 
and H2:CO = 2.1

• 20 bar, 210-270 °C
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Diluted with SiC
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Effect of Temperature on CO-conv. and Total 
Hydrocarbon-rate, H2:CO=1 
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Effect of Temperature on CO-conv. and selectivity, 
H2:CO=1 

Presenter
Presentation Notes
General trend, as expected, C5+ decreases with temperature. FeCuKSiO2 apparently best of Fe catalyst, based on activity and C5+.
Co/TiO2/Al2O3 interesting development C5+ at elevated tempeartures.
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Effect of inlet H2/CO on CO-conv. and selectivity, 210 °C

Presenter
Presentation Notes
FeCUKSiO2 best of Fe at both H2:CO levels. Surprising low effect of H2:CO.
CoMnTiO2 slightly best of Co, but depends on H2CO. Good performance also at low H2CO
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Effect of inlet H2/CO on CO-conv. and selectivity, 270 °C

Presenter
Presentation Notes
Also here the FeCuKSiO2 is best in activity and selectivity. Again surprisingly low effect of H2CO
Both Co catalyst are interesting. Modified, improved versions will be tested next.
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Effect of inlet 5% CO2 on CO-conv. and selectivity, 270 °C

Presenter
Presentation Notes

Surprisingly effect of CO2 on all catalysts. Supposed to be inert on Co catalysts, but literature is non-conclusive on this.
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 From the Fe catalysts, Fe-Cu-K-SiO2 most promising
 Both Co-catalysts interesting performance and apparently better selectivity picture 

than the Fe catalysts.

 Considering to include some supported Fe-catalysts 
 Modified versions of the Co-catalysts are upcoming
 Tests with higher (up to 20%) CO2-content and low H2:CO to be performed on selected 

Fe and Co catalysts
 Analyses of wax fractions is prerequisite to conclude upon catalyst choice
 Further process conditions to be included on selected catalyst(s)
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Summary and further work
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THANK YOU!
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Estimated microchannel benefits at low plant capacity

GAFT ?
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• Catalyst screening and effect of process conditions will 
be performed in fixed-bed reactors (due to capacity 
and ease of operation)

• Microstructured reactor successfully tested in lab with 
Co-based catalysts

• Microstructured reactor might be tested with 1-2 
catalysts towards end of WP 3.1.

• Data from WP 3.2 could give input to microstructured 
reactor performance
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Microstructured reactors in GAFT
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