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Abstract 

Light (C2-C4) olefins form from synthesis gas conversion over a dual catalyst system comprising a 

methanol synthesis catalyst and a molecular sieve component. We report on the production of light olefins 

over SAPO-34 and two methanol synthesis catalysts – one copper and zinc oxide-based and another 

chromium and zinc oxide-based. Cu-Zn/SAPO-34 has higher hydrogenation activity, demonstrated by 

paraffin make, and yields smaller C3/C2 product ratios compared to Cr-Zn/SAPO-34. Additionally, 

increased SAPO-34 catalyst bed fraction increases C3/C2 product ratios over the Cr system. We present a 

reaction network and kinetic model to describe selectivity as a function of overall hydrogenation activity. 
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Introduction 

Synthesis gas (syngas) can be converted into light 

paraffins (Nieskens et al., 2017) or olefins (Jiao et al., 2016) 

over composite catalyst systems containing both a methanol 

synthesis catalyst and a molecular sieve. In this process, 

methanol formed from carbon monoxide hydrogenation 

over the methanol synthesis catalysts reacts over the 

molecular sieve to form olefins. The reactions over the 

molecular sieve, often SAPO-34, follow traditional 

methanol-to-hydrocarbons chemistry. 

Using this route, product distributions are not restricted 

to those present in Fischer-Tropsch approaches. A 

mechanistic understanding of the dual catalyst chemistry 

will enable prediction and tuning of carbon number 

distribution of the product. Here, we elucidate the relative 

distributions of C3 (propylene and propane) to C2 (ethylene 

and ethane) products as a function of (i) methanol synthesis 

catalyst identity, (ii) composite bed fraction, and (iii) 

temperature and relate them to bed hydrogenation activity. 
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Measured trends in C3/C2 product ratios 

We describe the synthesis and characterization of the 

catalysts elsewhere (Kirilin et al., 2017). We evaluated the 

product distribution of 30 % CO, 60 % H2, bal. inert in fixed 

bed reactors at 20 bar. Total feed rates were 6 ml min-1 while 

catalyst loading was altered (80-240 mg) to reach 

comparable CO conversions. Paraffins predominantly form 

from the conversion over CuZn/SAPO-34 with trace 

observable olefins. Conversely, CrZn/SAPO-34 produces 

mixtures of olefins and paraffins (olefin/paraffin ~ 0.25). 

The carbon yield ratios of C3 to C2 products (C3/C2) are 

consistently smaller for the more active hydrogenation Cu- 

catalyst compared to CrZn/SAPO-34 (Figure 1). 

Additionally, for the CrZn/SAPO-34 system, C3/C2 yield 

ratio increases with increasing bed fraction of SAPO-34 

(Figure 1 and data not shown) and decreases with increasing 

temperature (Figure 1 and data not shown). 



  

 

 

Figure 1. C3/C2 product ratio over SAPO-34 

mixed with (striped) Cu- or (solid) Cr-Zn 

catalyst at 380-410 °C with differing SAPO-34 

fractions. Bar labels show CO conversion. 

Reaction Network for Syngas-to-Olefins 

We propose the network in Figure 2 to describe the 

observed trends in C3/C2 product ratio for both catalyst 

systems. In this network, methanol synthesized via 

hydrogenation of syngas on the mixed metal oxide acts as 

the intermediate between the catalysts. Methanol reacts 

over SAPO-34 via traditional methanol-to-hydrocarbons 

chemistry: (i) ethylene and propylene form via entrained 

aromatics, (ii) olefins methylate to increase carbon chain 

length, and (iii) cracking of larger olefins synthesizes 

propylene and butene. Finally, olefins can hydrogenate into 

paraffins over the methanol synthesis catalyst.  

We propose olefin hydrogenation dictates the observed 

product distribution by removing the olefins from the pool 

available for chain growth (and cracking). This is consistent 

with the observed C3/C2 ratio trends both with catalyst 

identity and with SAPO-34 loading fraction. Finally, we 

propose rate expressions for each reaction in Figure 2 to 

describe the observed temperature dependencies. 

Conclusions 

Syngas forms predominantly paraffins over 

CuZn/SAPO-34, while olefins form over CrZn/SAPO-34. 

Correspondingly, the C3/C2 product ratio of the Cu system 

is much lower than the Cr system at similar CO conversions. 

Additionally, increasing the bed composition fraction of 

SAPO-34 in the CrZn/SAPO-34 system increases the C3/C2 

yield ratio. These results are consistent with a proposed 

mechanism in which increased hydrogenation quenches 

traditional methanol-induced olefin chain growth and 

propagation over SAPO-34.  
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Figure 2. Schematic from proposed mechanism of olefin/paraffin synthesis from syngas over dual catalysts. 

 


