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Abstract
The catalytic conversion of synthesis gas (syngas) from biomass gasification to mixed alcohols (C1-C5) and renewable natural gas (RNG) over alkali-doped molybdenum sulfide (MoS2) catalysts, a potential

pathway of producing fuels and chemicals, was investigated to evaluate the effects by temperature, pressure, gas composition, and methanol recycle. To determine the effects of these parameters on mixed

alcohol synthesis (MAS) and RNG production and composition, total four parameters were evaluated on a bench-scale MAS system, with variations in temperature, pressure, syngas-mixture composition, and

amount of methanol injection. The bench-scale MAS system uses Alkali-promoted MoS2-based catalyst which show various characteristics: high coke resistance, sulfur tolerance, high selectivity to higher

alcohols, and high water-gas shift activity. These advantages make them suitable for syngas derived from biomass, which typically has a low H2/CO ratio and moderate sulfur content. Three different gas

compositions, including a reference gas for nominal gasifier composition from the West Biofuels Fast Internally Circulating Fluidized Bed (FICFB) and two other gases to simulate the effect of recycling CO2 and

tail gas, were used in the tests. Three different operating temperatures (270℃, 300℃, and 330℃) as well as three different operating pressures (60bar, 80bar, and 100bar) were performed. Methanol-injection

experiments were conducted to simulate and evaluate the process of recycling separated-methanol from product stream to increase the efficiency of the MAS and RNG production. The input gas composition is

known while the output tail gas and liquid were analyzed using micro gas chromatography (GC) with TCD detector and a GC with an FID detector, respectively. Tests on the bench-scale MAS system were

conducted to evaluate operational parameters to guide the future operation of the West Biofuels pilot-scale MAS/RNG facility.
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INTRODUCTION
The conversion of syngas to mixed alcohols and 
RNG via mixed alcohol synthesis (MAS) using a 
molybdenum sulfide (MoS2) catalyst is mainly 
affected by temperature, pressure, and syngas 
composition. To optimize operation conditions 
for a pilot-scale MAS system, using a slip-stream 
of producer gas from a pilot-scale fast internally 
circulating fluidized bed (FICFB) biomass gasifier 
as feed-gas, the following experiments were 
conducted, using a bench-scale MAS system.

Fig.1: Pilot-
scale FICFB 
Gasifier at 

West 
Biofuels

Fig.2: Pilot-
scale MAS 
system at 

West 
Biofuels

Fig.3: Bench-scale MAS 
system at West Biofuels

EXPERIMENTAL

Fig.4 (above): Schematic 
of components in the 

Bench-Scale MAS system

Table 1: Design 
parameter of the Bench-

Scale MAS system

Table 2: Test Parameters Table 3: Gas Mixtures 
Composition

Low H2/CO ration (<2.0)
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Alcohol formation: 2n H2 + n CO → CnH2n+1OH + (n-1) H2O

Stoichiometric conversion of CO requires  H2/CO = 2

With Water-Gas Shift (WGS) (MoS2-based catalysts):

WGS: (n-1) H2O + (n-1) CO → (n-1) H2 + (n-1) CO2

Alcohol net: (n+1) H2 + (2n-1) CO → CnH2n+1OH + (n-1) CO2

Stoichiometric conversion of CO requires  H2/CO ≤ 2

Methane net: 2 H2 + 2 CO → CH4 + CO2 ; H2/CO = 1

Methane formation: 3 H2 + CO → CH4 + H2O

Stoichiometric conversion of CO requires  H2/CO = 3
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Higher temperature:
• Increase:
➢ CO conversion
➢ Production of 

methane and 
ethane

• Decrease:
➢ Production of 

alcohols
➢ Productivity of 

higher alcohols

Higher pressure:
• Increase:
➢ CO conversion
➢ Production of 

alcohols
• Decrease:
➢ Production of 

methane

Alcohols production 
decreased when 
simulating recycle:
• Increase CO2 and 

CH4

• Decrease H2/CO 
ratio

• Decrease ethylene 
(i.e. propanol)

RNG production 
increased when 
simulating recycle

Recycle, Higher Temp
Agree with two 
above cases

• Increase CO 
conversion

• Increase ethanol 
and propanol 
production

• Increase methane 
and ethane 
production

Methanol Recycle, Higher Temp
Agree with two 
cases: Temperature 
and Methanol 
Recycle @ lower 
temp


