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Abstract−− A simple, precise and fast procedure 
to simulate monolith reactors is presented. The me-
thod allows the estimation of effectiveness factors (η) 
in monolith with washcoat of irregular geometries 
and arbitrary catalytic activity distribution. Catalyt-
ic washcoat with the same quantity of active materi-
al, deposited in different manners, are compared in 
their influence on monolith reactor performance. In-
trinsic effectiveness factor estimations, with the ap-
proximate method, for first order reaction gave re-
sults very close to the rigorous 2D calculation. It is 
shown that differences between η values can be as 
much as 54% when non uniform catalytic activity 
distribution is considered. It is also shown the influ-
ence of different catalyst distribution on the beha-
vior of a monolith reactor where the isothermal NO 
decomposition on Cu/ZSM-5 washcoat with complex 
Langmuir-Hinshelwood kinetic expression, is carried 
out. Estimated results are in close agreement with 
experimental findings. The influence of different 
catalytic activity distribution on η can be as much as 
66%, while exit NO conversion changes more than 
42%. 
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I. INTRODUCTION 
Today, due to their advantages respect to packed-bed or 
slurry reactors, monolithic reactors are widely used in 
reducing air pollution by automobile exhaust gases, se-
lective catalytic reduction of nitrogen oxides, catalytic 
abatement of volatile organic compounds, catalytic fuel 
combustion and hydrogen production (Irandoust et al. 
1998; Heck and Ferrauto, 2001; Williams, 2001; Ma-
chado et al., 2005; Gonzo, 2008; Chauhan and 
Srivastava, 2008). 

Ceramic and metallic monoliths are produced com-
mercially, although ceramic monoliths have dominated 
the field thus far (Valentini et al., 2001). The structure 
of the ceramic monolith can be of low or high surface 
area. In general, low surface area and metallic supports 
have been developed for emission control. In these cas-
es the catalytic compound is present in a thin layer on 
the monolith wall. Usually, it is distinguished a primary 
and a secondary support. The primary support is the 
monolith itself and the secondary support is the material 

where the catalytic active compound is applied. Normal 
procedures used involves the application of the pure 
secondary support and then loading it with the active 
component or first loading the secondary support with 
the catalytic active material and then coating the wall of 
the monolith with the loaded secondary support. These 
two procedures are known as “wash-coating” and “dip-
coating”, respectively (Geus and van Giezen, 1999). In 
the case of “wash-coating”, the precursor of the active 
component is applied by impregnation of the washcoat 
with a solution of a precursor of the active compound 
and then drying. Also a deposition-precipitation proce-
dure can be used. In this case the catalytic active ma-
terial precursor is precipitated from the solution. 

Dip-coating procedure gives, generally, washcoat 
with uniform catalytic activity distribution. While wash-
coating gives non-uniform distributions. The use of a 
primer to improve the adherence of the washcoat layer 
is a common procedure (Valentini et al., 2001). In this 
case, if the washcoat is applied using dip-coating, the 
catalyst active material distribution will be of the exter-
nal egg-shell configuration type. 

Earlier investigations assumed that the washcoat was 
so thin that diffusion resistance is not important. How-
ever, recent studies have shown this is not true (Hayes 
et al., 2004; Gonzo, 2008). Also, a frequent approxima-
tion in modeling monolithic reactors is to consider a 
uniform and flat coating of washcoat in the monolith 
channel. However, as was demonstrated in several 
works (Hayes et al., 2005; Papadias et al., 2000), in the 
corner of the channel due to non-uniform coating the 
reaction rate is markedly influenced by diffusion limita-
tions. 

Recently, Gonzo and Gottifredi (2010) have pub-
lished a simple, accurate and fast procedure to predict 
monolith reactor performance by taking into account 
realistic kinetics, external and internal mass and heat 
transfer resistances and geometrical parameters to de-
scribe non uniform washcoat thickness along reactor 
section perimeter.  In this contribution the approximate 
procedure is extended to take into account different cat-
alytic activity distributions in the washcoat. To takes in-
to consideration the irregular geometry of the washcoat, 
the approximate method, rather than solve the 2D wash-
coat problem, divides the washcoat into a series of (N ) 
1D slice. Thus an effectiveness factor (η) is calculated 


