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Abstract - The steady–state operation of the auto-

thermal reformer is simulated as two reactors in 
series by means of a detailed mathematical model. 
An input-output model is selected to describe the 
upper combustion chamber. The possible occur-
rence of homogeneous steam reforming and water-
gas-shift (WGS) reactions is considered. The catalyst 
bed is represented through a one-dimensional het-
erogeneous model, which allows calculating the axial 
variations of composition, temperature and pressure 
of the process gas stream. The strong intraparticle 
diffusional limitations are taken into account by rig-
orous solution of the mass balances inside the cata-
lyst particle. The gas-solid heat-transfer resistances 
are also evaluated. An intrinsic kinetics is used for 
the steam reforming and WGS reactions. Heat losses 
to the environment are considered. The influence of 
the main operating variables on the reactor per-
formance is studied. The proposed mathematical has 
been checked successfully against data available in 
the open literature.  
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I. INTRODUCTION 
Synthesis gas is a major route from hydrocarbons to 
many important chemicals made up from H2 and CO. 
The interest in conversion of natural gas (NG) to liquid 
fuels (GTL) has grown significantly over the last dec-
ades (Christensen et al., 1998). GTL processes require 
different ratios between H2 and CO depending on the 
specific synthesis. For all the products, the synthesis gas 
section is the most capital and energy intensive part of 
the plant (Dybkjaer and Christensen, 2001). The tradi-
tional technology for syngas production is steam re-
forming. The main drawbacks of this technology for 
GTL applications are the significant energy requirement 
(due to the strong endothermicity of the reforming reac-
tions) and the high initial investments (the steam re-
forming section is responsible for 50-75% of the capital 
costs; Dybkjaer and Christensen, 2001). 
Autothermal reforming (ATR), one of the alternatives to 
steam reforming of methane, has received considerable 
attention for several advantages, including its relative 
compactness, lower capital cost, greater potential for 
economies of scale and its flexibility with respect to the 
product composition (Christensen and Primdahl, 1994). 
The ATR consists of a single reactor system, in which 
hydrocarbons are completely converted into a mixture 
of H2 and CO. The process is “autothermal” in that the 
partial combustion of a portion of the hydrocarbon feed 

provides the heat required by the endothermic reforming 
reactions to proceed. The ATR unit, illustrated in Fig. 1, 
is a refractory-lined pressure vessel containing a burner, 
a combustion chamber and a catalyst bed. The hydro-
carbon feedstock is mixed with steam and pure oxygen, 
enriched-air or air in a specially designed burner located 
at the top of the reactor. In the combustion chamber 
(upper part), the partial combustion reactions take place. 
In the lower section of the reactor, loaded with a high-
temperature resistant reforming catalyst, the steam re-
forming and shift conversion reactions occur as the gas 
passes through the fixed-bed.  
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Figure 1: Scheme of a typical ATR unit. 

Numerous tests for pilot- and full-scale demonstrations 
plants at different operating conditions have been re-
ported in the open literature (Christensen and Primdahl, 
1994; Aasberg-Petersen et al., 2001). However, there is 
a lack of modeling and simulation studies about the op-
eration of ATRs. The overall goal of this work is to 
evaluate the influence of the main operating parameters 
(e.g., steam-to-carbon ratio, composition of the hydro-
carbon feed) on the reactor performance by means of a 
rigorous mathematical model. The CH4 content, H2/CO, 
and CO/CO2 ratios at the outlet of the ATR are critical 
variables as they determine the properties of the pro-
duced syngas. The values of these process variables 
depend on the steam-to-carbon ratio, pressure, inlet and 
outlet temperatures and the compositions of the feed 
streams (Christensen et al., 1998). 

II. MATHEMATICAL MODEL 

A. Chemical Reactions 
The ATR of NG (mainly CH4) can be represented by a 
combination of partial combustion and steam reforming, 
according to the following reactions.  

Combustion zone: 
OHCOOCH 224 223 +→+        (1) 


