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Abstract

A theoretical study on a catalytic polymeric dense membrane reactor (CPDMR) is performed. The conversion enhancement
over the thermodynamic equilibrium value is studied for an equilibrium gas-phase reaction of the type aA + bB ⇔ cC + dD
for three different conditions: �n > 0, �n = 0 and �n < 0, where �n = (c + d) − (a + b). For each of these cases,
it is studied the influence of the reaction product sorption and diffusion coefficients. The model used considers perfectly
mixed flow patterns and isothermal operation in the retentate and permeate sides. It is concluded that the conversion of a
reversible reaction can be significantly enhanced when the diffusion coefficients of the products are higher than the reactants’
and/or the sorption coefficients are lower. The extension of this enhancement depends on the reaction stoichiometry, global
concentration inside the membrane, Thiele modulus and contact time values. It was also observed that it would be preferable
to have a conversion enhancement based on higher product diffusion than on lower product sorption coefficients, since this
leads to smaller reactor size. Since the performance of a dense membrane reactor depends on both the sorption and diffusion
coefficients in a different way, a study of such a system cannot be based only on the permeabilities of the reaction components.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The energy efficiency and simplicity of membrane
systems has been made growing them very attractive
for separation processes. This technology has found
a wide range of applications in gas separation and
has become a standard operating unit for several ap-
plications [1]. Most of the commercially available
membranes for gas separation are polymeric. Among
other reasons, we can refer to the higher production
complexity (control of the membrane thickness, large
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scale preparation, defects free) and cost of ceramic
membranes [2–4]. Besides, polymeric membranes are
not as brittle as the ceramic ones and can be easily
fabricated in a number of forms (flat, tubes, tubules,
hollow fibres, spiral wound) [1,5,6].

As the research on membrane separation technol-
ogy developed, several authors started studying the
integration of membranes in chemical reactors, per-
forming different functions [5]. The early research
in membrane reactors employed primarily polymeric
membranes and enzymatic reactions. However, soon
several petrochemical relevant reactions, where the
membranes could become a key factor in obtaining
a competitive process, were identified and interested
several researchers. Dehydrogenations are one of the
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Nomenclature

a, b stoichiometric coefficient for the
reactants (–)

c, d stoichiometric coefficient for the reaction
products (–)

Cref reference concentration (mol/m3)
Di diffusion coefficient of

component i (m2/s)
Dref reference diffusion coefficient (m2/s)
Hi Henry’s sorption coefficient of

component i (mol/(m3 Pa))
Href reference Henry’s sorption

coefficient (mol/(m3 Pa))
kd direct reaction rate constant

(m3/(mol s))
Ke reaction equilibrium constant

((mol/m3)�n )
Li permeability of component i

(mol m/(s m2 Pa))
Lref relative permeability (mol m/(s m2 Pa))
�n total net change of the number

moles (–)
pi partial pressure in equilibrium with the

concentration of component i inside
the membrane (Pa)

pF
i partial pressure of component i

in the feed (Pa)
pP
i partial pressure of component i

in the effluent permeate (Pa)
pR
i partial pressure of component i

in the effluent retentate (Pa)
Pref reference pressure (Pa)
PP total pressure in the permeate side (Pa)
PR total pressure in the retentate side (Pa)
Qref reference volumetric flowrate (m3/s)
QF total feed volumetric flowrate (m3/s)
QP total permeate volumetric flowrate (m3/s)
QR total retentate volumetric flowrate (m3/s)
R ideal gas constant (Pa m3/(mol K))
S membrane surface area (m2)
T absolute temperature (K)
TPL total permeation line (–)
x dimensionless membrane spatial

coordinate (–)
XA conversion of reactant A (–)

Xe
A thermodynamic equilibrium conversion

of reactant A based on feed conditions
z membrane spatial coordinate (m)

Greek symbols
αi dimensionless diffusion coefficient

of component i (–)
β direct reaction order (–)
γ i dimensionless sorption coefficient

of component i (–)
Γ dimensionless contact time (–)
δ membrane thickness (m)
ζ P dimensionless total permeate

volumetric flowrate (–)
ζR dimensionless total retentate

volumetric flowrate (–)
θ reaction coefficient ((mol/m3)�n )
λi dimensionless permeability

of component i (–)
νi stoichiometric coefficient

of component i (–)
ρ dimensionless local reaction rate (–)
Φ Thiele modulus (–)
χA relative conversion (ratio between

XA and Xe
A) (–)

Ψ i dimensionless partial pressure
in equilibrium with the concentration
of component i inside the membrane (–)

Ψ P dimensionless total pressure in the
permeate (–)

Ψ R dimensionless total pressure in
the retentate (–)

Ψ F
i dimensionless partial pressure of

component i in the feed (–)
Ψ P
i dimensionless partial pressure of

component i in the effluent permeate (–)
Ψ R
i dimensionless partial pressure of

component i in the effluent retentate (–)

such class of reactions with considerable practical
importance, because many commodity chemicals (for
example ethylene, propylene, butenes and styrene)
are produced by catalytic cracking of low molec-
ular weight hydrocarbons [7]. These reactions are
endothermic and equilibrium limited and to attain
reasonable conversions, it is necessary to carry out the
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reaction at high temperature (typically 750–950◦C
[8]). However, high operating temperatures results in
high energetic costs and catalyst deactivation. One way
to lower the temperature of these reactions and main-
taining the yield is to conduct the process in a mem-
brane reactor. This strategy has been extensively stud-
ied for alkane dehydrogenation with different kind of
membranes, namely metallic (palladium or palladium
alloys) [9–12], ceramic [13–16], composite [17–19]
and carbon membranes [20]. For these applications,
the reactor normally used is the so-called packed bed
membrane reactor (PBMR), where the membrane
only performs a selective removal of hydrogen.

Due to the high temperatures and, in some cases, the
aggressive chemical environments, it is not surpris-
ing that polymeric catalytic membranes were hardly
ever used, as they lack thermal and chemical stability
under these harsh conditions. So, polymeric catalytic
membrane reactors must find their own opportunities
of application in systems with much milder thermal
and chemical conditions, even considering that the
commonly used polydimethilsyloxane (PDMS) is
thermally stable up to 523 K [2] and that there are
some promising ways of creating polymeric materials
with significant chemical and thermal resistance [21].

The research on polymeric catalytic materials has
been focused mainly in liquid phase reactions under
mild conditions, namely in fine chemical synthesis
[6,22–28]. The selectivities in gas phase are normally
lower than in liquid phase, but on the other hand, the
reaction can be conducted in a solvent free medium,
avoiding a further separation process to remove it.
However, the research in gas-phase reaction with poly-
meric catalytic membranes is still limited [8,29–35],
being the selective hydrogenations the most important
set of reactions referred up to now [29,32–34]. Also,
polymeric catalytic membranes can be used to enhance
the conversion over the thermodynamic equilibrium,
for equilibrium limited reactions [23,36].

Several studies focusing on modelling membrane
reactors with [28,37–40] or without [41–48] coupled
experimental work, can be found in the open literature.
However, most of these studies deal with PBMR and
only a few actually focus on catalytic membrane reac-
tors, CMR (where the catalyst is either the membrane
itself, or it is incorporated in the porous membrane
structure, or on the membrane surface, or it is occluded
inside the membrane) [28,37,38,40,42,44,46]. At the

best of our knowledge, in addition to our recent work
[42], only Kaliaguine and co-workers [28] modelled
a catalytic dense polymeric membrane reactor, but for
conducting a liquid phase reaction.

In the present paper, a systematic theoretical study
is performed, focusing mainly on how the CPDMR
conversion for an equilibrium gas-phase reaction is af-
fected by the reaction stoichiometry, for a set of se-
lected cases of reaction product diffusion and sorption
coefficients.

2. Model development

The catalytic polymeric dense membrane reactor
(CPDMR) considered in the present study is sketched
in Fig. 1. It consists of a retentate and permeate cham-
bers at different total pressures PR and PP, respec-
tively, separated by a catalytic membrane of thick-
ness δ and with the catalyst homogeneously distributed
throughout it.

A hypothetical gas-phase reaction of type aA +
bB ⇔ cC+dD is considered and three different cases
are studied: �n > 0, �n = 0 and �n < 0, where
�n = (c+d)−(a+b). The model developed is based
on the following main assumptions [42]:

1. Steady-state operation.
2. Isothermal operation.
3. Perfectly mixed flow pattern on both retentate and

permeate chambers.
4. Negligible total pressure drop in the retentate and

permeate chambers.
5. Negligible external transport limitations in the

membrane/gas-phase interfaces.
6. Fickian transport across the membrane.
7. Constant diffusion coefficients.

Fig. 1. Schematic diagram of the CPDMR.
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8. Linear sorption equilibrium isotherm between the
bulk gas phase and the membrane surface.

9. Elementary reaction mechanism referred to a
membrane volume.

10. The reaction occurs only on the catalyst
nanoparticles surface.

11. Equal concentration in the catalyst surface and
polymer.

The mathematical model comprises steady-state
mass balances for the membrane, retentate and per-
meate chambers, with the respective boundary condi-
tions. The dimensionless form of the model equations
is as it follows [42]:

Mass balance in the membrane and boundary con-
ditions:

d2Ψi

dx2
− νi Φ

2

αiγi
ρ = 0, i = A,B,C,D (1)

ρ = (γAΨA)
a(γBΨB)

b − (γCΨC)
c(γDΨD)

d
C�n

ref

Ke
(2)

x = 0, Ψi = Ψ R
i (3)

x = 1, Ψi = Ψ P
i (4)

Partial and total mass balances in the retentate
chamber:

Ψ F
i − ζRΨ R

i + Γ αiγi dΨi
dx

∣∣∣∣
x=0

= 0,

i = A,B,C,D (5)

1 − ζRΨ R + Γ
∑
i

αiγi
dΨi
dx

∣∣∣∣
x=0

= 0,

i = A,B,C,D (6)

Partial and total mass balances in the permeate
chamber:

ζ PΨ P
i + Γ αiγi dΨi

dx

∣∣∣∣
x=1

= 0, i = A,B,C,D (7)

ζ PΨ P + Γ
∑
i

αiγi
dΨi
dx

∣∣∣∣∣
x=1

= 0, i = A,B,C,D

(8)

and

Ψ R = PR

Pref
, Ψ P = P P

Pref
, Ψi = pi

Pref
,

Ψ F
i = pF

i

Pref
,

Ψ P
i = pP

i

Pref
, Ψ R

i = pR
i

Pref
, ζR = QR

Qref
,

ζ P = QP

Qref
,

x = z

δ
, αi = Di

Dref
, γi = Hi

Href
,

β = a + b

Cref = PrefHref , Γ = SDrefHrefRT

δQref
,

Φ = δ
(
kdC

β−1
ref

Dref

)1/2

The subscripts i and ref refers to the ith and reference
components and the superscripts F, R and P refer to
the feed, retentate and permeate flows, respectively.
ψ is the dimensionless pressure, α the dimensionless
diffusion coefficient, γ the dimensionless sorption co-
efficient, ζ the dimensionless total volumetric flow
rate and ρ the dimensionless local reaction rate. Φ is
the Thiele modulus (a ratio between the characteristic
intramembrane diffusion time and the characteristic
reaction time) and Γ the dimensionless contact time
(a ratio between the total feed flow and the total in-
tramembrane flow). The other symbols are referred in
nomenclature. Retentate gas feed conditions are con-
sidered as reference for Pref and Qref . Component A
is considered as reference for Dref and Href .

The CPDMR conversion, XA, is calculated by the
equation:

XA = 1 − ζ
RψR

A + ζ PψP
A

ζ FψF
A

(9)

The relative conversion, χA, defined as the ratio
between the conversion of reactant A, XA, and the
thermodynamic equilibrium conversion based on feed
conditions, Xe

A, is used to evaluate the membrane
reactor performance.
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The reaction coefficient, a measure of how far from
equilibrium the reactive system is, is defined as

θ= (γCΨC)
c(γDΨD)

d

(γAΨA)a(γBΨB)b
C�n

ref
(10)

3. Solution method

The set of equations that governs the CPDMR were
solved as follows [42]: a time derivative term was
added to the right-hand side of Eqs. (1) and (5)–(8).
Eq. (1) was further transformed into a set of ordi-
nary differential equations using orthogonal colloca-
tion in finite elements [49] and the resulting time de-
pendent equations were solved using LSODA [50].
The steady-state solution is obtained when a step time
increase does not make any further change in the de-
pendent variables, within a pre-defined error.

4. Results and discussion

In this study, we performed several simulations in
order to understand how the relative conversion de-
pends on the contact time (Γ ) and Thiele modulus (Φ)
for different dimensionless diffusion (α) and sorption
(γ ) coefficients of the reaction products. We consider
three different categories of reactions, according to the
total net change of the moles number: �n = 0, �n <
0 and �n > 0. The hypothetical reaction considered
for all cases is aA + bB ⇔ cC + dD. In the follow-
ing discussion, the base case is always taken for di-
mensionless diffusion and sorption coefficients equal
to unity, for all reactants and products. Then some
combinations of dimensionless diffusion and sorption
coefficients of the reaction product D are studied, so
that the permeability becomes smaller or larger than
1. We should remember that the membrane’s perme-
ability towards a species depends on the product of its
diffusion and sorption coefficients: Li = DiHi , or in
dimensionless form, λi = αiγi , where λi = Li/Lref .
The fed gas composition ratio (only reactants) was
chosen to be at stoichiometric concentration. For a
given Ke value, this is the ratio composition that gives
the highest relative conversion. The value of Ke con-
sidered for each case is such that the corresponding
thermodynamic conversion based on feed conditions,

Fig. 2. Relative conversion (χA) as a function of the contact
time (Γ ) for various Thiele modulus values (Φ) and for �n > 0
(αi = γi = 1, νi �=D = 1, νD = 2, Ψ F

A = 0.5, Ψ F
B = 0.5 and

Ke = 1.002 mol/m3).

Xe
A, is 20%. Finally, T = 300 K, Pref = 100 kPa,
Ψ P = 0.01 and Cref = 100 mol/m3.

4.1. Base case — the permeability is the same for all
reactants and products (αi = 1; γi = 1)

In a previous study [42] it has been shown that for
αi = 1, γi = 1 and �n = 0 the maximum reached
conversion in the CPDMR is equal to the one of ther-
modynamic equilibrium. For reactions where �n > 0
(Fig. 2) or �n < 0 (Fig. 3), however, the maximum

Fig. 3. Relative conversion (χA) as a function of the contact
time (Γ ) for various Thiele modulus values (Φ) and for �n < 0
(αi = γi = 1, νi �=B = 1, νB = 2, Ψ F

A = 0.333, Ψ F
B = 0.667 and

Ke = 0.00146 m3/mol).
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Fig. 4. Relative conversion (χA) in the TPC as a function of the
Thiele modulus values (Φ) for different Cref values and reaction
categories: �n < 0 (νi �=B = 1, νB = 2, Ψ F

A = 0.333, Ψ F
B = 0.667

and Ke = 0.00146 m3/mol); �n = 0 (νi = 1, Ψ F
A = 0.5,

Ψ F
B = 0.5 and Ke = 0.0625 m3/mol) and �n > 0 (νi �=D = 1,
νD = 2, Ψ F

A = 0.5, Ψ F
B = 0.5 and Ke = 1.002 mol/m3). Other

variables are: αi = 1, γi = 1.

conversion attained in the CPDMR can be larger than
the thermodynamic equilibrium value, depending
on the average concentration inside the membrane
(Fig. 4).

Fig. 2 shows the relative conversion as a function
of the contact time for various Thiele moduli and for
�n > 0 (a = b = c = 1, d = 2). In this case, the
CPDMR conversion enhancement, when compared
with the thermodynamic equilibrium value, is only
due to the pressure gradient imposed across the mem-
brane — total concentration effect (according to the
Le Chatelier principle). This conversion enhancement
is favoured by a low average concentration of reagents
inside the membrane (Fig. 4). The relative conversion
increases continuously with Γ until the total perme-
ation condition, TPC (i.e., no flow out from the reten-
tate chamber [42]), where the reacting species have the
highest possible contact time with the catalyst in the
membrane (Fig. 2). The relative conversion increases
also continuously with Φ (Fig. 2) until reaction is in
local equilibrium throughout the catalytic membrane
(Fig. 5). This happens because the shift in the chem-
ical equilibrium, induced by the total concentration
effect, is favoured by a high reaction rate. It is worth
noting that the increase of the contact time in the TPC
as a function of the Thiele modulus (total permeation

Fig. 5. Relative reaction coefficient (θ /Ke) in TPC as a function
of the spatial coordinate of the membrane (x) for various Thiele
modulus values (Φ) and for �n > 0 (same parameter values as
in Fig. 2).

line, TPL, in Fig. 2) does not follow the increase of the
conversion, for the same operation conditions. This
happens because the composition of the retentate side
reaches a nearly constant value at relatively low Thiele
modulus, when the local equilibrium front is very
close to the membrane surface on the retentate side
(Fig. 5). Further increase of the conversion is only due
to the displacement of the local equilibrium front to
the membrane surface on the permeate side (Fig. 5).

The relative conversion as a function of the contact
time for various Thiele moduli and for �n < 0 (a =
c = d = 1, b = 2) is given in Fig. 3. For this case,
the pressure gradient imposed on the membrane is
unfavourable, because it favours the backward reac-
tion (in the fraction of the membrane thickness where
θ > Ke, Fig. 6). This effect was named backward
reaction effect. In this case, the CPDMR conversion
is favoured by a high average concentration inside
the membrane (Fig. 4). The competition between the
reaction rate and the diffusional transport defines two
different operation zones, with the boundary set for
Φ = 4 (Fig. 3). For the chemical regime operation
(Φ < 4), the reaction rate is lower than the diffu-
sional transport and the maximum relative conversion
is attained in the TPC, when the contact time of the
reactants with the catalyst is maximum. The backward
reaction that occurs inside the membrane is offset by
the diffusion transport. For diffusional regime opera-
tion (Φ > 4), there is a turning point in the curves.
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Fig. 6. Relative reaction coefficient (θ /Ke) in TPC as a function
of the spatial coordinate of the membrane (x) for various Thiele
modulus values (Φ) and for �n < 0 (same parameter values as
in Fig. 3).

The contact time value for the maximum relative
conversion (ΓMC) is lower than the contact time value
in the TPC and it decreases with Φ. For Γ < ΓMC,
the ratio between the flux of the reaction products in
the retentate stream and across the membrane is high
enough to offset the backward reaction effect and the
conversion increases with Γ , again due to an increase
on the contact time of the reactants. For Γ > ΓMC,
the diffusion transport of the reaction products across
the membrane is high enough and the backward reac-
tion effect leads to a decrease in the conversion as a
function of Γ . ΓMC decreases with an increase of Φ
due to the shift of the local equilibrium front towards
the membrane surface on the retentate side (Fig. 6).
The contact time decreases continuously with Thiele
modulus in the TPC (Fig. 3), not following the con-
version trend for the same operating conditions, as in
the previous example (�n > 0). In this case, the con-
tact time in TPC reflects the balance of two trends:
increasing the conversion leads to a decrease in the
total number of moles, resulting in a contact time de-
crease, and vice versa. On the other hand, increasing
the Thiele modulus shifts the local equilibrium front
to a membrane axial position closer to the retentate
side (Fig. 6), reducing the path that the reactants have
to travel until reaching local equilibrium (Fig. 3). This
way, the total number of moles inside the membrane
diminishes (due to the reaction’s stoichiometry) and
the contact time decreases.

Fig. 7. Relative conversion (χA) as a function of the contact
time (Γ ) for various Thiele modulus values (Φ) and for �n = 0
(αi = 1, γi �=D = 1, γD = 0.1, νi = 1, Ψ F

A = 0.5, Ψ F
B = 0.5 and

Ke = 0.0625 m3/mol).

4.2. Permeability of component D (product) smaller
than 1

For �n = 0, we showed in a previous study [42]
that the permeability of the reactants and products af-
fect the CPDMR conversion in two different ways.
Decreasing the permeability by lowering the diffu-
sion coefficients of products is unfavourable, since the
CPDMR conversion becomes smaller than the equilib-
rium one. In the other way, decreasing the permeabil-
ity by lowering the sorption coefficients of the reac-
tion products is favourable, as the CPDMR conversion
could become higher than the equilibrium one. Fig. 7
illustrates these conclusions. For �n �= 0 (Figs. 8 and
9), the CPDMR conversion depends also on the sorp-
tion and diffusion coefficients of reaction product (se-
lective separation effect) as well as on �n and Cref .
Anyway, lower products sorption coefficients are far
more favourable than lower diffusion coefficients, in-
dependently of the other parameters.

Fig. 8 shows the relative conversion as a function
of the contact time for various Thiele moduli with
�n > 0 (a = b = c = 1, d = 2) and γD = 0.1.
As we can see in this figure, the CPDMR conversion
can attain values well above the thermodynamic equi-
librium. Comparing these results with that of Fig. 7
(where only the selective separation effect is present)
and Fig. 2 (where only the total concentration ef-
fect is present) we notice that for high Φ values, the
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Fig. 8. Relative conversion (χA) as a function of the contact
time (Γ ) for various Thiele modulus values (Φ) and for �n > 0
(αi = 1, γi �=D = 1, γD = 0.1, νi �=D = 1, νD = 2, Ψ F

A = 0.5,
Ψ F

B = 0.5 and Ke = 1.002 mol/m3).

conversion increases continuously until the TPC. This
means that the total concentration effect overcomes
the selective separation one. Conversely, for medium
Φ values the relative conversion curves show a turning
point. In this case, the selective separation effect over-
comes the total concentration effect. For these Thiele
modulus values, the relative conversion decreases with
the contact time after the turning point, because, due
to the reactants higher permeability, a fraction of these
crosses the membrane without reacting.

Fig. 9. Relative conversion (χA) as a function of the contact
time (Γ ) for various Thiele modulus values (Φ) and for �n < 0
(αi = 1, γi �=D = 1, γD = 0.1, νi �=B = 1, νB = 2, Ψ F

A = 0.333,
Ψ F

B = 0.667 and Ke = 0.00146 m3/mol).

Fig. 10. Relative conversion (χA) as a function of the contact
time (Γ ) for various Thiele modulus values (Φ) and for �n = 0
(αi �=D = 1, γi = 1, αD = 10, νi = 1, Ψ F

A = 0.5, Ψ F
B = 0.5 and

Ke = 0.0625 m3/mol).

The relative conversion as a function of the con-
tact time for various Thiele moduli with �n < 0 (a =
c = d = 1, b = 2) and γD = 0.1 is presented in
Fig. 9. These results show a contribution of the total
concentration effect (see Fig. 3) and the selective sep-
aration effect (see Fig. 7) on the CPDMR conversion
and on the contact time in TPC. For low Φ values,
the selective separation effect is dominant, while for
medium/high Φ values the total concentration effect
is the most important one.

4.3. Permeability of component D (product) greater
than 1

For�n = 0, increasing the permeability by increas-
ing the diffusivity coefficients is far more favourable
for the CPDMR conversion than increasing the sorp-
tion coefficient [42]. Fig. 10 illustrates these conclu-
sions. For �n �= 0 (Figs. 11 and 12), the CPDMR
conversion depends also on the sorption and diffusion
coefficients of reaction product (selective separation
effect) as well as on �n and Cref .

In Fig. 11 the relative conversion as a function of
the contact time is presented for various Thiele mod-
uli, with �n > 0 (a = b = c = 1, d = 2) and
αD = 10. These results show that the contact time
in TPC is controlled essentially by the selective sep-
aration effect while the CPDMR conversion shows a
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Fig. 11. Relative conversion (χA) as a function of the contact
time (Γ ) for various Thiele modulus values (Φ) and for �n > 0
(αi �=D = 1, γi = 1, αD = 10, νi �=D = 1, νD = 2, Ψ F

A = 0.5,
Ψ F

B = 0.5 and Ke = 1.002 mol/m3).

clear overlapping of the total concentration effect. The
selective separation effect in the CPDMR conversion
should only be important for high Thiele modulus val-
ues (Φ > 135, in this case). However, for high values
of the Thiele modulus the reaction attains the local
equilibrium very soon in the membrane and the con-
version is no longer affected by the separation, staying
nearly constant as a function of the Thiele modulus.

The relative conversion as a function of the contact
time for various Thiele moduli, with�n < 0 (a = c =

Fig. 12. Relative conversion (χA) as a function of the contact
time (Γ ) for various Thiele modulus values (Φ) and for �n < 0
(αi �=D = 1, γi = 1, αD = 10, νi �=B = 1, νB = 2, Ψ F

A = 0.333,
Ψ F

B = 0.667 and Ke = 0.00146 m3/mol).

d = 1, b = 2) and αD = 10 is shown in Fig. 12. The
resulting curves share some pattern similarities with
Figs. 3 and 10, where the backward reaction effect is
present. The total concentration effect is dominant for
high Thiele moduli.

5. Conclusions

An isothermal polymeric catalytic non-porous
membrane reactor, with a perfectly mixed flow pat-
tern in the retentate and permeate chambers, was
simulated for the equilibrium gas-phase reaction
aA + bB ⇔ cC + dD and for three different cases:
�n > 0, �n = 0 and �n < 0.

The results show that the CPDMR could be very
attractive for conducting gas-phase equilibrium reac-
tions, especially when �n > 0. For this reaction cat-
egory, conversion enhancement is favoured by high
Thiele modulus and contact time values. A low to-
tal average concentration inside the membrane favours
the CPDMR conversion.

When �n < 0, it is still possible to obtain relative
conversion enhancements. However, due to the unde-
sirable equilibrium shift induced by the pressure gra-
dient imposed across the membrane (backward reac-
tion effect), possible enhancements are more modest.
For this reaction category, conversion enhancement is
favoured by medium Thiele modulus and high contact
time values. A high average total concentration inside
the membrane favours the CPDMR conversion.

For the three reaction categories studied, the con-
version enhancement is favoured by higher diffusion
and lower sorption coefficients of the products. It is,
however, preferable to have higher diffusion coeffi-
cients, because the contact time in TPC is then lower,
leading to smaller reactors size.

Since the performance of a non-porous membrane
reactor depends in a different way on both the sorption
and diffusion coefficients, a study of such reactors
cannot be based exclusively on the permeabilities of
reactants and products.
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