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Abstract 

Methane partial oxidation on Rh catalyst is studied using an in situ profile reactor. Spatially resolved 

temperature and species profiles are measured under steady state conditions. A resolved-particle CFD 

model is developed to simulate the experiments. For the first time a full packing of 850 spherical particles 

is used to carry out the 3D resolved particle simulations of the fixed bed profile reactor. A promising 

agreement between the two is found, and the main sources of discrepancies are identified as poor thermal 

insulation and possible inadequacies of the reaction kinetics. The study presents profile reactors and CFD 

simulations when combined as strong tools for design and optimization of fixed-bed reactors.  
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Introduction

       Catalytic partial oxidation (CPO) of methane is an 

interesting way to produce syngas. The most conventional 

method for hydrogen production is placing methane steam 

reforming reactor tubes in high-temperature radiative 

furnaces which provide the energy for the highly 

endothermic reaction. However, CPO could be a potential 

replacement for this energy intensive process. Methane 

oxidation is highly exothermic and produce a massive 

amount of energy. Once the reaction starts the produced 

water reacts with methane and produces hydrogen and 

carbon monoxide. Therefore, the energy required for steam 

reforming is produced by partial oxidation and there would 

be no need for external heat sources such as furnaces. 

The highly exothermic reaction is followed by the 

endothermic steam reforming reaction, so the resulting 

generation of sharp temperature profiles, makes this system 

even more interesting to study both computationally and 

experimentally. The reaction kinetics of methane CPO has 

been studied extensively, and different kinetic methods are 

reported in the literature. Specifically, for Rh catalyst there 

are both global and microkinetic models available. Since the 

reaction on Rh is extremely fast and happens on the outer 

surface of catalyst particles film transport and kinetics 

determine conversion and product distribution.  

In recent years, both applications and publications 

regarding resolved particle CFD models and profile reactors 

have increased significantly. The studies demonstrated the 

importance of the two both from industrial and academic 

points of view. However, there exists a lack of comparisons 

and validations of the computational models, as well as 

demonstrations of the robustness of the experiments. We 

believe such a study not only is useful for validation of the 

model but also can benefit the community by pointing out 

advantages and shortcomings of both.   

In this study, we conducted experimental in-situ profile 

measurements as well as resolved particle CFD simulations 

for methane catalytic partial oxidation on Rh to address the 

mentioned existing issues.  

Experimental Methods   

The active catalyst material is Rh, with alumina as the 

support. The spherical alumina particles are produced by 

BASF in 1.6 mm diameter. The average density of the 



  

 

 

particles is measured to be 1400 kg/m3. A rotary dryer was 

used to coat the spherical particles with catalyst which was 

initially in rhodium nitrate form. The procedure was carried 

out to obtain 0.01% catalyst loading on the particles. The 

particles afterwards were reduced using pure nitrogen at 

600 °C for 30 minutes. 

 

Figure 1. Schematics of the reactor 

The reduced catalyst was used to fill the reactor. The 

reactor schematics are shown in Figure 1. After the tube was 

loaded with particles a thin capillary was placed at the 

center of the packing which provided spatially resolved 

profiles of the species. Inside the capillary a thermocouple 

was placed to measure the reactor temperature.  

Computational Setup 

The computational domain was made using the Packed 

Bed Generator (PBG) computer package (Partopour and 

Dixon (2017). The tube and capillary are placed in the three-

dimensional space and then 850 spherical particles (1.6 mm 

in diameter) are dropped in the bed. Once the packing is 

generated, the contact points between the particles are 

identified and using a smoothing module are flattened to 

avoid meshing problems. The first three layers of the 

catalyst particles are set to be inactive to mimic the heat-

shield behavior. A kinetic model developed and validated 

by Donazzi et al. (2008) is used to model the reaction.  

Results and Discussion  

Figure 2 shows the profiles of the species and 

temperature inside the reactor under steady-state conditions. 

The two top graphs are obtained from the experiments with 

the profile reactor. It is observed that the temperature 

increases dramatically within a couple of particles diameter 

from the inlet. As the temperature becomes a maximum so 

does the reaction rate, and oxygen therefore, is completely 

consumed. With water being available, steam reforming 

begins, and the endothermic nature of the reaction causes a 

sharp decrease in the temperature profile. Once the 

temperature drops below 450 C, the reaction stops and the 

species profiles become flat. The same phenomena and 

trends are successfully reproduced by the CFD simulations 

(Figure 2 bottom contours). The contours show the 

temperature and species profiles on a mid-tube plane along 

the reactor tube. Temperature has reached a maximum 

within just a few active particles from the inlet. Within the 

same distance oxygen is completely consumed. After 

almost four more particle diameters methane and hydrogen 

mass fractions have become constant; the experimental 

evidence also confirms the phenomenon.  

Resolved-particle CFD simulations, interestingly, 

show the existence of channeling phenomena near the 

reactor wall as well as near the capillary. It is observed that 

oxygen is dragged along the wall and capillary further along 

the tube. Lack of catalyst in those areas also contributed to 

this phenomenon. The temperature profile in the CFD 

model does not drop as much as experiments show, the 

discrepancy can be attributed to poor reactor insulation, and 

possibly a need for refinements to the kinetic model.  

 

Figure 2. Profiles of the species and temperature: top 

experimental results, bottom CFD simulations. 
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