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Hydrogen Deficiency

Need an additional 2H per 
alkane produced

CH3OCH3 2 “CH2” + H2O

H/BEA leads to formation of heavy 
unsaturated hydrocarbons or terminal 

products like isobutane

Yield Loss – aromatics and C4

33 CH3OCH3 6 C7H16 + 33 H2O + 2 C6(CH3)6

“HMB”

or Methanol
CH3OH

S. Ilias, A. Bhan, ACS Catal., 2013 3,18
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D. A. Ruddy et al. Nat. Catal., 2019, 2, 632

J. A. Schaidle et al. ACS Catal., 2015, 5, 1794

• Maintains high selectivity to branched C4
and C7 hydrocarbons

• High yield for HOG range products

Cu/BEA had improved hydrocarbon yields over H/BEA while 
minimizing aromatic formation and increased catalyst lifetime

H2:DME 1:1200 °C 101 kPa WHSVDME 1.4 h−1
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Utilizing zeolites in a single reactor for syngas conversion

J. A. Schaidle et al. ACS Catal., 2015, 5, 1794

Y. Ni et al. Chem Catal., 2021, 1, 383

• Nano-sized ZSM-5 
downstream of commercial 
methanol and DME synthesis 
catalysts

• High selectivity to gasoline 
range hydrocarbon products
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Conversion of syngas in a single reactor system
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Conversion of syngas in a single reactor system

Systematic configuration and composition 
changes to improve performance

Compare direct syngas to hydrocarbon performance with 
DME homologation previously measured on Cu/BEA

Study CO2 rich syngas simulated feed to understand its impact on 
hydrocarbon yields and overall performance
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over DME homologation while maintaining high 

selectivities to HOG range products
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Introduction of CO2 into syngas

Feedstock
H2

(vol %)
CO

(vol %)
CO2

(vol %)

Miscanthus 57.8 21.6 20.4

Switchgrass 57.9 22.2 19.7

Forest 
Residue 56.7 20.0 22.9

D.P. Dupuis et al. Appl. Energy, 2019, 241, 25

Biomass derived 
sources of syngas



NREL    |    41

Introduction of CO2 into syngas
Assess syngas conversion in the 
single reactor with co-fed CO2

– Molar ratios of H2:CO:CO2
2:1:0.8

– CZA+A|Cu/BEA bed 
composition 3:1|3
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Introduction of CO2 into syngas
Assess syngas conversion in the 
single reactor with co-fed CO2

– Molar ratios of H2:CO:CO2
2:1:0.8

– CZA+A|Cu/BEA bed 
composition 3:1|3

CZA+A|Cu/BEA 3:1|3

Without CO2 With CO2

CO+CO2 Conversion % 77.3 27.0

C4+ Product Yield % 40.8 23.8

CO2 Selectivity % 38.3 28.4

Hydrocarbon Productivity
(g gCu/BEA

-1 h-1) 0.098 0.054
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CO2 incorporation into hydrocarbon products

13C labeled CO2

Monitored by Mass 
Spectroscopy

Assess syngas conversion in the 
single reactor with co-fed CO2

– Molar ratios of H2:CO:CO2
2:1:0.8
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CO2 incorporation into hydrocarbon products

CO2

Monitored by Mass 
Spectroscopy

m/z 43

Assess syngas conversion in the 
single reactor with co-fed CO2

– Molar ratios of H2:CO:CO2
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– CZA+A|Cu/BEA bed 
composition 3:1|3

12CO2
13CO2 +
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CO2 incorporation into hydrocarbon products

13C labeled CO2

Monitored by Mass 
Spectroscopy

12CO2
13CO2

m/z 44

m/z 45

Assess syngas conversion in the 
single reactor with co-fed CO2

– Molar ratios of H2:CO:CO2
2:1:0.8

– CZA+A|Cu/BEA bed 
composition 3:1|3

+
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Assess syngas conversion in the 
single reactor with co-fed CO2

– Molar ratios of H2:CO:CO2
2:1:0.8

– CZA+A|Cu/BEA bed 
composition 3:1|3

CO2 incorporation into hydrocarbon products

13C labeled CO2

Monitored by Mass 
Spectroscopy

12CO2
13CO2

Incorporation of CO2 into hydrocarbon products, 
demonstrating viability of process to convert CO2 rich 

syngas with improved carbon efficiency
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Conversion of CO2- rich syngas in a single reactor system

Systematic configuration & composition changes 
demonstrate ability to improve performance

Direct syngas to hydrocarbon performance improved over DME 
homologation while maintaining high selectivities to HOG range products

Incorporation of CO2 into hydrocarbon products, demonstrating viability of 
process to convert CO2 rich syngas with improved carbon efficiency
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