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Abstract 

Synthetic fuel production via XTL technologies requires many thermocatalytic reactions cracking large 

molecules to small ones and / or synthesizing hydrocarbon fuels from small molecules. In this work, we 

highlight our experimental and simulation efforts in this area using reforming of large (toluene, simulated 

tar for BTL) and small (methane) hydrocarbons as an example of using reactant selectivity for process 

intensification.  
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Introduction

There is strong incentive to seek ways to overcome the 

economy of scale barrier limiting XTL (X = G: Gas, B: 

Biomass, C: Coal, etc) processes and preventing domestic 

natural gas reserves from meeting domestic liquid fuel 

needs. For example, the U.S.A. has ample coal and gas 

feedstocks, but still is likely to import 27% of it liquid fuel 

needs (DOE EIA).  

Herein, we describe the use of layered composite 

catalysts for application in process intensification of XTL 

processes. The general scheme for XTL processes is 

provided in Figure 1. A series of papers from the Tsubaki 

group (e.g., Bao et al) have focused on process 

intensification of combined FTS and cracking (latter 

process not shown in Fig. 1) to lower the CAP-EX for 

XTL processes.  

To expand beyond these efforts and to further apply 

process intensification to ameliorate the economy of scale 

challenges in XTL processes, we have focused on reactant 

selectivity (rather than product selectivity as discussed via 

combined FTS and cracking to targeted cuts of liquid 

hydrocarbon fuels) as a methodology to protect reforming 

catalysts from poisoning via tar species in BTL processes. 

As shown in Figure 2, a protective layer around a methane 

reforming catalyst would protect the catalyst from tar 

exposure (which leads to deactivation via coking (Yung et 

al., 2010)) and greatly enhance the carbon efficiency via 

converting the ~ 15% CH4 in biomass-derived syngas to 

more CO and H2. (Yung et al., 2012). With this catalyst 

protection, the reforming catalyst could be able to be used 

for longer time-on-stream without regeneration and tars 

could be removed further downstream (i.e., at lower 

temperature if required) providing better heat integration.  

 Figure 1.  General Scheme of Synthetic Fuel 
Production of XTL Processes 

The objective of this work is to design, apply, and 

examine the performance of zeolite (H-β) encapsulated 

reforming catalyst (Ni/Mg/(Ce,Zr)O2) catalysts for 

simultaneous reforming of large (toluene) and small 

(methane) hydrocarbons as an illustration of process 

intensification of BTL processes.  



  
 

Experimental 

Reforming catalysts, zeolites, and layered composite 

catalysts were synthesized by traditional methods, which 

included co-precipitation and wetness impregnation to 

synthesize the Ni/Mg/(Ce,Zr)O2 reforming catalysts 

(following Walker et al), hydrothermal synthesis for the 

zeolite (following Li et al), and physical coating 

(physically adhesive) method for the layered composite 

catalyst (following Yang et al). The structure and the 

properties of the separate components and the layered 

composite were verified using X-ray diffraction, micro- 

and meso-pore analyses using N2 physisorption, electron 

microscopy, and energy dispersive spectroscopy. 

Reforming of methane and toluene was conducted on a 

lab-scale fixed bed reactor. Varied parameters included 

temperature, space velocity, and catalyst components (i.e., 

single components, composite layered catalysts, or 

physical mixtures of components).  

 

 

Figure 2.  Application of Reactant Selectivity to 
XTL Processes via Catalyst Encapsulation  

Table 1. Reaction performances of various 
catalyst mixtures at T = 800°C & P = 1 atm  

Catalyst X CH4 (%) X C7H8 (%) 

Zeolite 0 6 

Reforming 9 28 

Physical Mixture      13      52 

Layered Composite 28 6 

 

Results & Discussion 

 

In our initial work (Cimenler et al), we demonstrated 

synthesis of pomegranate-type structures where the 

reforming catalyst was largely encapsulated by the zeolite. 

We demonstrated the ability to enhance methane 

conversion via alumina promotion of the reforming catalyst 

and/or the confinement effect. However, we still observed 

some toluene conversion due to cracks in the zeolite shell. 

In our ongoing efforts, we have added double coating 

layers to increase the integrity of the shell as well as to 

increase its thickness. As a result (Table 1), we have 

achieved toluene conversion similar to the zeolite alone 

while the increased diffusional limitation has not been 

substantially hindered the methane conversion.  

Simultaneous reaction and transport modeling within 

the layered composite catalysts are underway. A full set of 

these studies as well as the complete results of synthesis, 

characterization, and reaction studies will be highlighted.   

Conclusions 

Zeolite loading on reactant selectivity was studied for 

encapsulated steam reforming catalysts which were 

prepared with a double coating method. Steam reforming 

results showed that composite had higher CH4 conversion 

than uncoated steam reforming catalyst because of 

confinement effect and/or zeolite acidity. Increasing the 

zeolite loading decreased the CH4 and C7H8 conversions 

due to increased diffusion limitation. The double coating 

method helped to decrease cracks on the zeolite membrane 

coating and to increase the zeolite membrane thickness.  
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