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c-Alumina is used as a catalyst for converting methanol to dimethyl ether. The pro-
cess takes place in a packed or fluidized bed reactor consisting of microporous par-
ticles with distributed pore sizes and interconnectivities. The efficiency of the process
is, however, significantly affected by the pore space structure of the particles. All the
previous attempts for modeling this phenomenon have used continuum formulation of
the problem based on classical equations of mass transport and reaction, without any
regards for the effect of pore space morphology. In this article, we study the catalyst’s
performance by developing a network model for the pore space, with distributed pore
sizes and interconnectivities. The network model is used to study the effect of several
parameters such as pore space morphology, concentration, and temperature on cata-
lyst’s effectiveness factor. The results will be used for reactor simulations. � 2008
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Introduction

Dimethyl ether (DME) as a clean alternate fuel and as a
substitute for chlorofluorocarbons has received growing atten-
tion due to environmental pollution and energy consumption.
Its physical properties are similar to those of liquefied petro-
leum gas (LPG) and it is considered as a substitute for diesel
fuel. DME does not have carbon–carbon bonds that prevent
particulate formation. It is used as a fuel for diesel engines.
Furthermore, less carbon monoxide and nitrogen oxides are
formed.1

DME is traditionally produced by dehydration of methanol
which is produced from syngas, products of natural gas
reforming.2 However, in recent years, in some petrochemical
plants, it is desired to produce DME from methanol directly.

Different kinds of solid-acid porous catalysts were investi-
gated, Woodhouse3 and Brake4 patented that the dehydration

of methanol takes place on pure c-alumina and on modified
c-alumina with phosphates or titans. The performance of
modified c-alumina with silica was investigated by Jun et al.5

Zeolites were also tested as substitute for c-alumina.6,7

The kinetics of methanol dehydration on acid catalyst has
been studied extensively, resulting in different kinetic equa-
tions, Bercic and Levec8 reviewed this kinetics. Most of the
kinetic models have derived from the experiments conducted
in conditions not found in an industrial reactor. Bercic and
Levec8 reported an intrinsic rate equation which represents
the kinetic behavior of the dehydration reaction on c-alumina
more realistically than equations published earlier.

There is already a considerable literature dealing with the
problem of designing, modeling, and simulation of DME
synthesis reactor. Bercic and Levec9 compared the experi-
mental data of a packed bed reactor with a one-dimensional
plug flow model for an adiabatic fixed bed reactor. They con-
sidered catalyst particle as a rigid one and solved continuum
diffusion-reaction equation in the particle along with con-
sidering temperature changes due to the exothermic reaction
to find the effectiveness factor for the catalyst particle.

Correspondence concerning this article should be addressed to M. Dadvar at
dadvar@aut.ac.ir.

� 2008 American Institute of Chemical Engineers

AIChE JournalFebruary 2009 Vol. 55, No. 2442



Then they used continuum models to predict the plug flow
heterogeneous reactor performance by considering fluid
flow and reaction terms in the mass transport equation, and
heat conduction and heat of the reaction in the energy bal-
ance equation. Lu et al.10 proposed that fluidized bed reac-
tor is an ideal reactor for the highly exothermic DME reac-
tion. Lee et al.11 simulated a fixed bed reactor for DME
synthesis from syngas in a shell and tube-type fixed bed
reactor.

All the models that have been developed so far for predict-
ing the performance of the catalyst particle and reactor dur-
ing DME production from methanol have used continuum
equations of mass transport and reaction without any regards
for the details of the heterogeneous morphology of the
microporous particles. Continuum models can only be
applied to a single pore and it is not clear how the results
can be extended to porous media that are basically random
networks of interconnected pores. They cannot predict the
dependence of transport phenomena on the morphology of
pore space in catalyst particles; however, pore network mod-
eling can provide such information. Therefore, an accurate
description of the phenomena must consider the effect of
pore space structure of the particle, which strongly influences
the mass transport and reaction in it. The effect of connectiv-
ity of a pore space can be represented by the percolation
theory that its application to porous media problems was
described by Sahimi et al.12–14 The morphology of the micro
porous particle’s pore space also has a controlling effect on
transport phenomena through pore size distribution. If the
pore size distribution is broad, meaning that the pore space
consists of very small and very large pores, the transport
paths are very tortuous and the small pores control diffusion
of the reactants within the pore space. In this condition, there
can still be a diffusion limitation effect, even if the flow
paths are connected.

To study the effect of the heterogeneities at the micro po-
rous particle level, the pore space can be represented by a
network of interconnected bonds and sites. In the catalyst
particle, the bonds indicate the pore throats where mass
transport and reaction take place, and sites are the places
where the pore throats meet and branch out.

The aim of this article is as follows. First, we describe the
network model of the particles that we used in this article.
Then we present the details of the mass transport and reac-
tion equations within the pores. The results of the computer
simulations are then presented and discussed in the following
section. After that a summary of the article is given where
we will also discuss how we will use the results of the article
for reactor modeling.

Network Model of the Pore Space

Any porous medium can, generally, be conformed into an
equivalent network of bonds (pore throats) and sites (pore
bodies). We refer to bonds and sites as pores and nodes,
respectively. We represent the porous catalyst by a three-
dimensional simple cubic network with a coordination num-
ber Z 5 6, which is the number of pores that are connected
to each other at each node. To study the effect of the con-
nectively, we also generate networks with an average coordi-

nation number \Z[ other than six. This is accomplished by
randomly selecting a fraction p of the bonds

p ¼ 1�<Z>

Z
; (1)

and removing them from the network.
The pores are assumed to be cylindrical and the effective

radii of them are distributed according to the probability den-
sity function (PDF) f(r). In this article, we use the following
form for f(r)

f ðrÞ ¼ r � rm

ra � rmð Þ2 exp � 1

2

r � rm
ra � rm

8>: 9>;2
� �

; (2)

where ra and rm are the average and minimum pore radius,
respectively. The pore size distribution (PSD) f(r) can be
measured by a number of methods (e.g., Ref. 14), but usually
only the average pore size of the particles is reported. We
use a typical value of ra reported in the literature, which is
listed in Table 1. We also vary ra as one parameter of the
simulation to study its effect on the transport phenomena.

We assumed rm 5 ra/14. Figure 1 shows the different
PSDs used in our simulations. The pores are assumed to
have the same length l. The pore’s length can be selected
from a PDF g(l), but in the absence of any experimental data
we fix l. In the following simulations, we assumed l/ra ; 10.
It should be remarked that any kind of network structure can
be used to represent the pore space of the catalyst, such as
those having different coordination number in the sites of the
network. However, it has been shown that if the average
coordination number of a random network and that of regular
network are equal,16,17 the transport and reaction in such net-
works are completely similar. We also tested the sensitivity
of the results to the topological properties of the network. In
addition if the molecular radii of the reactant or products
RMol are greater than a pore radius, they can not diffuse in
that pore. Therefore, the fraction of pores

pM ¼
ZRMol

rm

f ðrÞ dr; (3)

is too small to permit the molecules pass through them. Thus
the molecular size of the components and the pore size struc-
ture can also increase diffusion limitation.

Table 1. The Parameters Used in Simulations

Properties Value

Average pore radius ra* 3.375 (nm)

Specific surface area a* 333.8 3 103 (m2/kg)

ks
† 5:35 3 1013 exp

�17; 280

T

8>: 9>; kmol=kghð Þ

KM
† 5:39 3 10�4 exp

8487

T

8>: 9>; m3=kmol
� �

KW
† 8:47 3 10�2 exp

5070

T

8>: 9>; m3=kmol
� �

K† 0:11 exp
2712:9

T

8>: 9>;
*Yaripour et al.15
†Bercic and Levec.8
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Diffusion and Reaction Within the Pores

We first discuss the reaction kinetics of the catalytic dehy-
dration of methanol to DME.

2 CH3OHð Þ , CH3OCH3 þ H2O; (4)

The synthesis reaction is catalyzed by the c-alumina catalyst,
Bercic and Levec8 showed that the rate equation can be con-
sidered by the following formula:

� rM ¼ ks
K2
M ðc2M � cD cW

K Þ
ð1þ 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
KMcM þ KWcWÞ4

q ; (5)

where c is concentration and subscripts M, W, and D repre-
sent methanol, water, and DME, respectively. The kinetic
constants ks, KM, KW, and K which follow Arrhenius and the
Vant Hoff relation are listed in Table 1 and the reaction is
exothermic.

Now we describe the pore level mass transport and reac-
tion phenomena. The pores are typically very small; diffusion
is the main mechanism of mass transport in the particle pore
space. As we used l/ra ; 10, the pore length is large enough
to allow using the continuum equations of diffusion and reac-
tion at the pore level. We also assume the steady state condi-
tions dominate, because the deactivation of the catalyst is
slow and the changes in the structure of the catalyst particle
and pore space due to deactivation are not considered here.
In addition, as we are interested in the macroscopic mass
transport process, only the variation of the components con-
centration in the pores’ axial direction x is significant. Thus
we consider a pore of radius r and write the mass balance
for a shell of thickness Dx between axial positions x and x 1
Dx, we obtain

d2ck
dx2

þ 2
tk

a r DK;k
ð�rMÞ ¼ 0; (6)

where k refers to each of the components, DK,k is the Knud-
sen diffusivity, a is the surface area per unit weight of the
particle, and mk is the stoichiometric constant, which is 22
for M and 11 for W and D. Using the expression for reac-
tion rate, Eq. 6 can be written as

d2ck
dx2

þ 2
tkks

a r DK;k

K2
M ðc2M � cDcW

K Þ
ð1þ 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
KMcM þ KWcWÞ4

q
8>>>>>>>:

9>>>>>>>; ¼ 0; (7)

We introduce the dimensionless variables, Ck 5 ck/cs and z
5 x/l where cs is the concentration at the catalyst surface, so
that at the inlet Ck is the same as mole fraction, and l is the
pore length. After simplification we obtain

d2Ck

dz2
� tk u

2
k �RMð Þ ¼ 0; (8)

where uk is pore level Thiele modulus and 2RM is the
dimensionless form of the reaction rate.

uk ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 ks l2

cs a r DK;k

s
;

� RM ¼ K2
M c2s ð C2

M � CD CW

K Þ
ð1þ 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
KMcsCM

p þ KWcsCWÞ4 ;

(9)

As the reaction takes place in gas phase, the Knudsen diffu-
sion coefficient for each component is calculated by the fol-
lowing formula18:

DK;k ¼ 2r

3

ffiffiffiffiffiffiffiffiffi
8RT

pMk

r
; (10)

where R is the universal gas constant, T is temperature, and
Mk is the molecular weight of component k. It should be
remarked that a restricted diffusion mechanism is dominant
when diffusing molecules have the same order of magnitude
size as catalyst’s pores, this is calculated using the following
equation19

Dk ¼ DK;k 1� RMol

r

8>: 9>;4

(11)

Considering this mechanism, DK,k has to be replaced by Dk

in Eq. 9 for uk. We write Eq. 8 for each of the components

d2CM

dz2
� 2 u2

M �RMð Þ ¼ 0; (12)

d2CD

dz2
þ u2

D �RMð Þ ¼ 0; (13)

d2CW

dz2
þ u2

W �RMð Þ ¼ 0; (14)

Equations 12–14 are nonlinear diffusion-reaction equations
which must be solved subject to the following boundary
conditions:

Ckðz ¼ 0Þ ¼ Ck;z0; Ckðz ¼ 1Þ ¼ Ck;z1; (15)

Figure 1. Three pore size distributions used in the sim-
ulations, solid curve corresponds to a distri-
bution with an average pore size ra listed in
Table 1, whereas dashed and dashed-doted
curves represent 2 ra and 1/2 ra.
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As these equations are nonlinear and have no analytical solu-
tion, numerical methods must be used to solve them. They
have to be solved simultaneously to find the concentration
gradient for each of the components in the network. We do
not know the concentration of each component at the nodes
(Ck,z0, Ck,z1). To find them we have to write the mass bal-
ance for the components at all the nodes of the network. We
assume that no adsorption or chemical reaction takes place at
the nodes of the network. If so, the total mass flow of each
component that enters a node must be equal to that which
leaves the node. Therefore for any node i which is in the net-
work’s interior we must haveX

ijf g
Jij Sij ¼ 0; (16)

where Jij is the flux of the components in pore ij and should
be considered for each k component separately, Sij 5 pr2ij is
pore ij cross-sectional area, and the sum is over all the pores
ij that are connected to site i. The flux Jij is given by

Jij ¼ �Dk

cs
l

� � dCk

dz
; (17)

where dCk

dz is the dimensionless concentration gradient of
component k in each pore ij that is connected to node i.
Equation 16 has to be written for all the nodes in the net-
work (except for the boundary nodes with known concentra-
tion). By solving these equations simultaneously in the net-
work, one can find Ck at each node.

The diffusion-reaction Eqs. 12–14 along the pores are non-
linear differential equations with boundary condition of type
boundary value problem and one of the best methods for
solving them is orthogonal collocation method.20

We used this method considering four collocation points
along each pore. The collocation points lie on z 5 0, 0.2113,
0.7887, 1 that we call them Points 1 to 4, respectively. Points
1 and 4 are at the pores’ end, which coincide with the nodes
to which the pore is connected, and the two other points are
along the pores. According to the orthogonal collocation
method and the diffusion-reaction equations in each pore, the
concentrations at Points 2 and 3 are related to the concentra-
tions at Points 1 and 4, as follows:

B2;1Ck;1 þ B2;2Ck;2 þ B2;3Ck;3 þ B2;4Ck;4 þ tku
2
kð�RM;2Þ ¼ 0;

(18)

B3;1Ck;1 þ B3;2Ck;2 þ B3;3Ck;3 þ B3;4Ck;4 þ tku
2
kð�RM;3Þ ¼ 0;

(19)

where Bi,js are the known elements of coefficient matrix B
which relates to second order derivative term in the orthogo-
nal collocation method and are given in Eq. 20, in Ck,j the
subscript k represents each of the components and j refers to
the collocation points and 2RM,2, 2RM,3 are the same as
2RM in Eq. 9 representing the reaction rate at Points 2 and 3.

B ¼
24 �37:18 25:18 �12

16:39 �24 12 �4:392
�4:392 12 �24 16:39
�12 25:18 �37:18 24

2
664

3
775; (20)

We can also combine Eqs. 18 and 19 to find Ck,2 and Ck,3 in
terms of Ck,1 and Ck,4 therefore after simplification we have:

Ck;2 ¼ ½ B3;3B2;1 � B3;1B2;3

� �
Ck;1 þ B3;3B2;4 � B3;4B2;3

� �
Ck;4

þ B3;3tku
2
kð�RM;2Þ � B2;3tku

2
kð�RM;3Þ�

4½B3;2B2;3 � B2;2B3;3�;
(21)

Ck;3 ¼ ½ B3;2B2;1 � B3;1B2;2

� �
Ck;1 þ B3;2B2;4 � B3;4B2;2

� �
Ck;4

þ B3;2tku
2
kð�RM;2Þ � B2;2tku

2
kð�RM;3Þ�

4½B3;3B2;2 � B3;2B2;3�;
(22)

Therefore, the concentration of each component at Points 2
and 3 in a pore can be found in terms of the concentrations
at the nodes connected to that pore and the rate of the reac-
tion at Points 2 and 3.

It should be pointed out that in the simulations here, we
did not consider temperature changes due to the exothermic
reaction and an isotherm condition is assumed. However, we
studied the effect of temperature changes on the catalyst
performance.

Monte Carlo Simulation

The simulations are carried out according to the following
procedure:

(1) The pore network with the given pore size distribution
and finite connectivity is generated.

(2) The boundary conditions that are imposed to the net-
work are specified. In the direction of macroscopic transport,
we specify the concentration at the inlet x 5 0, while a zero
flux boundary condition is imposed at x 5 L/2, where L is
the pore network length. This boundary condition indicates
the symmetry that almost exists in the particle. We used peri-
odic boundary condition in the transverse directions.

(3) To find the concentration distribution of the compo-
nents in the network, we write Eq. 16 for every interior node
of the network and for each of the elements. As the reaction
is nonlinear we cannot find dCk

dz in the flux term which is
given by Eq. 17 precisely, therefore it is approximated as

Jij ¼ �DK;k
cs
l

� �DCk

Dz
; (23)

where DCk is the difference between the dimensionless con-
centrations at each node and its adjacent collocation point in
each pore and Dz is the dimensionless distance of them. The
concentration at the collocation points is represented by Eqs.
21 and 22 in terms of the node’s concentration. Therefore, a
set of nonlinear equations is formed in which the nodes’ con-
centrations are unknown.

A trial and error method is used to solve the set of non-
linear equations. As an initial guess, we assumed the concen-
tration of the components at each node and found the con-
centration of each component at collocation points through
Eqs. 18 and 19. The results are only used to calculate the
reaction rate RM,2 and RM,3 at the collocation points as
numeric values. Using these values, the set of nonlinear
equations is changed to a linear one, which is solved by
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conjugate gradient method. The calculated concentration at
the nodes was compared with those assumed. The conver-
gence criterion was the difference between two consecutive
iterations for concentration of the three components at all the
nodes that should be less than 1025.

(4) The final results are those averaged over eight times
realization. To do these simulations we have prepared our
own software.

The network must be large enough so that the results are
independent of its size. We found that a 40 3 40 3 40 net-
work provides results that are accurate and essentially identi-
cal with those obtained with larger networks. The simulations
are performed for 20 3 40 3 40 networks, because of the
zero boundary condition that we considered at x 5 L/2. In
this way, the number of equations will be reduced to half of
that of 40 3 40 3 40 networks and the computer runs will
be much faster. To do these simulations we have developed
our own Fortran program and a Pentium 4 computer (CPU 3
and 256 MB of RAM) is used that takes 2.5 h for computa-
tion for each realization.

Before presenting and discussing the results, we should
point out that the percolation models of reaction and trans-
port in porous medium were proposed21,22 and have also
been used by several groups.23–27 The difference between
our work and the previous ones is that the reaction kinetics
in the present problem is strongly nonlinear which makes the
numerical method more complicated and also that we used
the orthogonal collocation method to solve diffusion-reaction
equations. The other difference is that diffusion-reaction
equations were solved simultaneously for three different
components to find the concentration distribution in the
network.

Results and Discussion

In what follows we will discuss the results of the simula-
tions that we have studied. Figure 2 presents the dimension-
less concentration distribution of the components in the parti-
cle, while the feed was pure methanol where L0 5 L/2. In
this condition, water and DME composition are almost the

same. As in the reactor the feed that is in contact with the
particles is not always pure, in Figure 3 the feed composition
has been varied, so that the dimensionless concentration of
methanol at the inlet of the network is considered 0.83 and
that of water and DME are equal. In this condition, the com-
position of water and DME are not the same at the inlet.
This figure can be explained through the reaction rate (Eq.
5). According to this equation as water concentration
increases, the reaction rate will decrease, therefore a reduc-
tion in methanol conversion is observed. It should be also
mentioned that the reaction stoichiometery states that the
produced moles of DME and water are the same at the end
of each pore. Figures 2 and 3 show the average dimension-
less concentration of the components in X direction at the
discrete nodes in the network not in the pores. Therefore, in
spite of different diffusivity coefficient of these components
it must not be expected to see various concentration gradients
that exist close to each node in these figures. Figure 4 com-
pares the conversion of DME in the particle with the men-

Figure 2. Dimensionless concentration distribution of
components in the network while CM 5 1 at
the inlet, DME (l), water (~), and (n) methanol.

Figure 3. Dimensionless concentration distribution of
components in the network while CM 5 0.83
at the inlet, DME (l), water (~), and (n)
methanol.

Figure 4. DME conversion in the network for CM 5 1
(l) and CM 5 0.83 (~) at the inlet.
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tioned conditions. It is evident that as the inlet mole fraction
of methanol decreases, since methanol conversion reduces as
well, less conversion of DME would be accessible.

The effectiveness factor g of the pore space vs. the metha-
nol mole fraction at the inlet of the network is shown in
Figure 5. In this and other similar figures discussed later,
we used the following formula to calculate g

g ¼
P

ij SijJij

ðPk
i¼1 2prilÞ 3 �rMðcs;TsÞ

a

(24)

The sum in the numerator is over all pores (with flux Jij and
cross-sectional area Sij) that connect the inlet (the left-most
face) of the network to its interior, whereas the sum in the
denominator is over all the pores in the network having the
inlet condition. This is consistent with the classical definition
of the effectiveness factor. Figure 5 also indicates that as the
water content of the feed is increased, the effectiveness fac-
tor is decreased; this result confirms the results of Figure 4
too. Figure 6 presents the dependence of the effectiveness
factor on temperature. If the methanol temperature as a pure

feed increases, the effectiveness factor is decreased. This is
the cause of the dependence of kinetic constants and equilib-
rium constant of the reaction to temperature. According to
Table 1 when the temperature increases these constants
decrease and the reaction rate decreases as well. We have
also investigated the effect of network size. Figure 7 com-
pares the effectiveness factor for networks of different sizes.
It shows that when the network size is large enough the
effectiveness factor is independent of the network size.
This is why we chose 40 3 40 3 40 networks for the
simulations.

The actual pore structure of the catalyst is not a homoge-
neous one with Z 5 6. To investigate the effect of the pore
space heterogeneities, we have deleted some pores by ran-
dom to make networks with \Z[ other than six, Figure 8
shows the methanol dimensionless concentration distribution
in the network for different networks with different percen-
tages of removed pores. As the percentages of the removed

Figure 5. Effectiveness factor vs. methanol mole frac-
tion at the inlet.

Figure 6. Effectiveness factor vs. temperature while at
the inlet CM 5 1.

Figure 7. Effectiveness factor vs. network size.

Figure 8. Dimensionless concentration distribution of
methanol in the network for different per-
cents of removed pores, p 5 0.0% (l), p 5
20% (n), p 5 40% (~), and p 5 70% (^).
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pores in the network increase, the concentration gradient
along the network decreases, meaning that the driving force
for diffusion in the catalyst is reduced. For removed pores
equal to 70%, which is close to percolation threshold in a
cubic network, the concentration inside the particle is almost
the same. Figure 9 presents the effectiveness factor vs. the
percentage of the removed pores. As the connectivity in the
network decreases (see Eq. 1) the diffusion limitation gets
stronger and the effectiveness factor or performance of the
catalyst decreases too. The amount of DME production is
presented in Figure 10. This figure also confirms the results
of Figures 8 and 9. As the average coordination number in
the network decreases, less DME is produced. We also stud-
ied the effect of pore size distribution by varying the average
pore size ra (see Eq. 2). The base case was the same as
before; we also calculated the effectiveness factor for the
cases in which the average pore size was half, and double.
Figure 11 presents the effectiveness factor vs. the percentage
of removed pores for different PSDs. According to this fig-
ure, PSD can strongly affect effectiveness factor and catalyst
performance. In this figure the curve related to ra/2 has a dif-

ferent shape comparing with the others. This is because with
this PSD the diameter of many pores is less than the compo-
nent’s diameter which causes diffusion and reaction cannot
happen in them and they behave as closed pores. The diffu-
sion limitation is stronger at this condition and hindered dif-
fusion is dominant. Figure 12 also shows the amount of
DME formation in these networks. This figure also indicates
that networks with greater ra have higher performance.
According to this figure, the performance of particles having
a more heterogeneous pore structure has also decreased.

These conclusions show that the morphology of the parti-
cle greatly influences the performance of the catalyst. These
aspects of modeling this phenomena cannot be predicted by
any of the past continuum models.

Summary

The results of the pore network simulation presented in
this article, indicate the strong effect of pore structure on the

Figure 9. Effectiveness factor vs. percent of removed
pores.

Figure 10. Amount of produced DME vs. average coor-
dination number of the network.

Figure 11. Effectiveness factor vs. fraction of removed
pores for different pore size distribution, the
base case ra listed in Table 1 ra (l), 2 ra (n),
and ra (~).

Figure 12. Amount of produced DME vs. average coor-
dination number for different pore size dis-
tribution, ra (l), 2 ra (n), and ra (~).
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performance of microporous particles and the diffusion-reac-
tion phenomena which affects the efficiency of conversion of
methanol to DME. The effect of this factor is manifested on
the methanol and DME concentration profiles, the effective-
ness factor of the particles and the amount of DME pro-
duced. Moreover, our simulations demonstrate that reasona-
ble modeling for considering the effect of the pore space
morphology requires pore network modeling.

The variation of the effectiveness factor with pore space
structure, concentrations of input methanol and temperature,
which are those shown in Figures 5, 6, 9, and 11 will be
used as the input data for the simulation and prediction of
methanol conversion and DME formation at the reactor
level.

Using appropriate values for the effectiveness factor along
the reactor and considering its changes with pore space mor-
phology, concentration, and temperature of the components
would help to predict a more realistic performance of the
reactor.
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