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EXPLORING THE FUNDAMENTALS IN CATALYTIC PARTIAL 

OXIDATION OF METHANE: THE INTERACTION BETWEEN 

DIFFUSION AND REACTION IN A PACKED BED REACTOR

Songjun Liu1 1 � Joris W. Thybaut1* � Guy B. Marin1

1Laboratory for Chemical Technology, Ghent University, Technologiepark-Zwijnaarde 914, 9052 

Gent, Belgium, *email: joris.thybaut@ugent.be

Catalytic partial oxidation of methane (CPO) on Rh is a promising route for syngas produc-

tion. Its high reactivity and short space time operation offer interesting opportunities, yet, 

limitations caused by high surface reactivity dramatically impact on the reactor performance. 

A heterogeneous packed bed reactor model explicitly accounting for internal and external dif-

along the reactor axis in the following range: Ptot Tin W/FCH4,0 = 

0.774 kg s mol-1, V/Ftot,0 = 1.73·10-4 m3 s mol-1, CH4/O2/N2 = 2/1/4 (v/v/v), dp

Microkinetics for CPO on Rh and methane homogeneous combustion were employed.1 The 

model was validated by comparing the simulation results with the literature reported experi-

mental information. On the pellet scale, external and internal gradients for both reactants and 

products were observed indicating that the reaction was highly limited by diffusion at typical 

CPO operating conditions. Increasing the Rh active surface area shifted the reactor behaviour 

from hybrid to transport control regime in the entrance zone. A further increase had little 

impact on O2 4 conversion due 

to slow steam reforming. Increasing the catalyst pellets diameter strongly reduced the reac-

tor performance because larger 

catalyst pellets and larger void 

space between these pellets en-

hanced diffusion limitations. 

Particularly for these larger 

catalyst pellets, homogeneous 

combustion reactions become 

very important at elevated 

pressures, i.e., a true ignition 

is observed at about 1/3 of the 

total bed length for catalyst of 

1.2 mm at 1 MPa, see (Fig.1).

Fig. 1. Ptot = 1 MPa, 

Tin = 773 K, W/FCH4,0 = 0.774 kg s mol-1, V/Ftot,0 = 1.73·10-4m3 s mol-1, CH4/O2/N2 = 2/1/4 (v/v/v))
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