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HIGHLIGHTS

« A comparative study between modeling and experimental data over Rh catalyst.
« The overall good agreement between modeling results and experimental data.

« Modeling of pseudo-homogeneous catalytic reactor for syngas production.
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Production of synthesis gas (syngas) in order to use as a feed of different important industrial reactions
such as Fischer-Tropsch, methanol synthesis and other chemicals has been attended. Dry reforming of
methane is one of the main ways to produce syngas. In this work an appropriate kinetic model was
developed and employed for modeling of dry reforming reaction over Rh supported catalyst. In order

to compare the experimental results with modeling data, a rhodium catalyst supported on alumina-
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catalytic results.

stabilized magnesia was prepared and employed in dry reforming reaction. The overall good agreement
between modeling results and experimental data indicate that the present model correctly predicts the

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Catalytic dry reforming of methane, which converts two gases,
CH4 and CO,, with high global warming potential to valuable syn-
thesis gas, a mixture of hydrogen and carbon monoxide, has
received considerable attention in recent years [1-3]. The H,/CO
ratio obtained by this reaction is about one that is quite appropri-
ate for the synthesis of hydrocarbons through Fischer-Tropsch
synthesis. Development of active and stable catalysts for dry
reforming of methane attracted significant attention of researchers
in recent years [4-7]. Research on the nickel catalysts used for this
reaction has mainly focused on the intrinsic activity of the metal
phase, stability towards carbon formation, the type of the support

* Corresponding author at: Catalyst and Advanced Materials Research Laboratory,
Chemical Engineering Department, Faculty of Engineering, University of Kashan,
P.O. Box 8731751117, Kashan, Iran. Tel.: +98 3615912469; fax: +98 3615559930.

E-mail address: Rezaei@kashanu.ac.ir (M. Rezaei).

http://dx.doi.org/10.1016/j.fuel.2014.05.093
0016-2361/© 2014 Elsevier Ltd. All rights reserved.

most suitable for improving the efficiency of the catalyst, and the
reaction mechanism. Although the extensively developed nickel
catalysts have shown very high activity from the industrial point
of view, they are completely deactivated within a few hours of
reaction due to the formation of stable and inactive carbon on
the surface [8-10]. Recently, several studies on the dry reforming
of methane focused on the noble metal catalysts, which exhibit
better activity and very high stability due to the less sensitivity
to carbon deposition [11,12]. Modeling of process is a technique
that normally applied to analyze and optimize process parameters.
Moreover, it can also be used to optimize the operating parameters
in the scale-up process prior to experimental testing. Many
researchers have implemented mathematical models for analyzing
reactors [13]. In this work, mathematical modeling of catalytic
reactor for dry reforming of methane over rhodium noble metal
catalyst was investigated and the obtained results were compared
with experimental data.
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Nomenclature
F gas flow in the reactor, m3/s kq thermal conductivity of quartz, W/m K
ko preexponential coefficient for the rate constant of X reactant conversion, dimensionless
reaction, (unit is given in Table 1) Y yield of product, dimensionless
k rate constant of reaction, (unit is given in Table 2)
E activation energy of chemical reaction, (unit is given in Greek letters
Table 2) Vji stoichiometric constant of component j in reaction i
K; equilibrium constant for the reaction i, (unit is given in AH; Enthalpy of reaction i, J/mol K
Table 3) AGy; heat of adsorption of component j, (unit is given in
Ko preexponential coefficient for the adsorption rate con- Table 2)
stant of component j, (unit is given in Table 3)
K; adsorption coefficient for the component j, (unit is given Subscripts
in Table 3) i number of reactions
P pressure, Pa j components
T temperature, K
T, temperature of furnace, K o
C{, heat capacity, J/m3 K Abbreviations
1j reaction rate of component j EXP experl_mental N
Ri rate of reaction i MOD modeling results
R universal gas constant, J/mol K

2. Methodology of modeling
2.1. Simulation of packed bed reactor

The reactor used for this work was a quartz tube with an inner
diameter of 7 mm and a length of about 30 cm. The catalyst was
placed in the middle of reactor. Usually in a packed bed catalytic
reactor, uniformly sized catalytic particles with a limit range of
particle size distribution (0.25-0.5 mm) held in position within a
tube.

To simulate a packed bed reactor, we make the following
assumptions:

1. Plug flow in the bed, no radial profiles. Described by the
pseudo-homogeneous plug flow model.

. Uniform catalyst pellet exterior.

. Particles are small compared to the length of the reactor.

. Neglect axial diffusion in the bed.

. Conditions are considered steady state.

[S, NNV ]

The reactions network in this case is complex (Table 1) [14], but
the main reactions, which may occur in CO, reforming of methane
are considered as below:

CH4 + CO; <~ 2H, +2CO (1)

CO; + H < CO + H,0 ()

2.2. Mathematical relationship

2.2.1. Material and energy balance

A schematic view of microreactor is shown in Fig. 1. In a plug
flow reactor the composition of the fluid varies from point to point
along a flow path; consequently, mass balance for each five species
(j = CH4, CO,, Hy, CO and H,0) involved in these reactions presents
by Eq. (3).

dF;
d—zj = ZUﬁT;‘At 3)

When the heat absorbed or released by reaction can markedly
change the temperature of the reacting fluid, this factor must be
accounted for this design. Thus we need to use both the material
and energy balance expressions. Energy balance for this packed
bed reactor exposure reactions was expressed in Eq. (4).

dT (U~ RiAAH; — RoAAH, — TY (G, )]

— = 4

dz chijj ( )
Quantity of U calculated from Eq. (5)

g2tk =T on Rou (T} —T%) (5)

(i
The Enthalpy for these reactions is calculated from the Gibbs-
Helmbholtz relation:

T
AH = AH*® 4 [ VCpdT (6)

T508

MATLAB software was applied to solve the system of ordinary dif-
ferential equations with considering boundary conditions
(z=0, F; = Fio, T=To).

Table 1
The reaction network in dry reforming reaction.

Reaction number Reaction AH>gs i (Kk]J/mol)
1 CH4 + CO; <> 2H, + 2CO 261

2 CO; + Hy «» CO + H,0 41

3 CHy <> C+2H, 74.9

4 2C0 < C+CO, -1724

5 CO; +2H, < C+2H,0 -90

6 H, + CO <> H,0 +C -131.3

7 CO; +4H, < CHy + 2H,0 —165

8 CO +3H, <> CH4 + H,0 —206.2
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