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A Predictive Model for the Selective Separation of Aromatic/Non Aromatic Hydrocarbon
Mixtures by Pervaporation Using Dense Homogenous Polymer Membranes
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Abstract: Separation of aromatic/non-aromatic mixtures by membrane based pervaportion process is
usually analyzed by the solution-diffusion model which assumes that a permeating component is first
dissolved in the membrane and then diffuses through the membrane due to its driving force. Therefore, the
separate evaluation of sorption equilibria is necessary in order to determine the controlling step in overall
mass transport in the membrane. In the present study, the pervaporative separation behavior of theses
mixtures through dense homogeneous polymer membranes was modeled by a combination of Flory-
Huggins and Maxwell-Stefan model. The systems chosen to validate the model were the separation of
benzene/n-hexane and benzene/cyclohexane mixtures in dense polyurethane (PU). The sorption of
aromatic/aliphatic hydrocarbon mixtures was described by the classical Flory-Huggins thermodynamic
model. The binary (polymer-component and component-component) interaction parameters were
calculated using pure component uptake data. Using these parameters, the multi-components sorption
performance was then predicted by the extended Flory-Huggins model. The results revealed that the
aromatic compounds are preferentially adsorbed into polyurethane over the entire range of composition.
Diffusion step was modeled by Maxwell-Stefan model with concentration dependent diffusion coefficients.
The results showed a close agreement between the experimental data and the predicted values of the
component fluxes and selectivity.
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INTRODUCTION

Separation and purification of aromatic/non-
aromatic mixtures is one of the great interests in
chemical industry [1]. Recently; an increasing trend on
membrane technology has been focused for separation
processes in chemical industry, since it overcomes
several constraints associated with conventional
techniques [2]. The main reason for appreciating
membrane technology over classical methods of
separation and  purification like  distillation,
rectification, extraction and crystallization is that the
conventional processes are energy consuming and
expensive [3]. Due to the complexity and high costs of
the conventional processes, membrane separation
technology has been considered in recent years as a
viable alternative [4]. In particular, pervaporation is an
attractive alternative for separation of azeotropic
mixtures and for separation of aqueous and organic
mixtures of liquids having close boiling points [5]. The
advantage of using membranes is their selective
permeation which offers an economical and simple
alternative  option  for  traditional  processes.

Pervaporation is a membrane process for the separation
of liquid mixtures that has elements in common with
reverse osmosis and membrane gas separation. The
separation mechanism in this process is based on the
difference in sorption and diffusion properties of the
permeating components [6, 7]. The separation of
compounds using pervaporation methods can be
classified into three major fields, (i) dehydration of
aqueous-organic mixtures, (ii) removal of trace volatile
organic compounds from aqueous solution and (iii)
separation of organic-organic solvent mixtures [8-10].
In pervaporation processes, a liquid mixture is in
contact with one side of a dense membrane and the
permeate is removed as a vapor from the opposite side
of the membrane. Thus, the permeation rate of overall
process is a function of solubility and diffusivity, since
the desorption step is negligible due to an efficient
vacuum. The true driving force for the mass transport
across the membrane is chemical potential gradient.
The driving force can be created by applying either a
vacuum pump or an inert purge (normally an air
stream) on the permeate side to maintain the permeate
vapor pressure lower than the partial pressure of the
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feed liquid. The mass transport through the membrane,
which is generally described by the solution/ diffusion
model, involves three steps: sorption, diffusion and
desorption [11-13]. A polymeric or zeolite membrane
usually serves as the separating barrier for the process.
For Pervaporation of aromatic/ aliphatic and aromatic/
alicyclic hydrocarbons such as benzene (Bz)mormal
hexane (Hx), benzene (Bz)/cyclohexane (Chx), rubbery
polymer membranes such as polyurethane have
relatively high performance with high selectivity in
compensation for low permeability. In general, rubbery
polymers have higher permeability compared with
glassy polymers due to higher free volume and more
flexible polymer chains. Therefore, in order to achieve
both high selectivity and high permeability, rubbery
polymers seem to be a better candidate than glassy
polymers. The higher affinity to aromatics as well as
suppressing excessive swelling of membrane render
them as excellent PV membrane materials [14]. The
steady-state mass transport flux depends on several
parameters, i.e., upstream pressure, downstream
pressure, temperature and film thickness. When the
downstream pressure is low, the flux is inversely
proportional to the film thickness. However, mass
transport through a thick dense polymer membrane is a
slow process and this generally restricts the usage of
pervaporation to breaking the azeotropic barriers alone.

The model proposed in this work follows the
classical sorption-diffusion model. On the feed side
equilibrium is assumed between the liquid phase and
the membrane and the components concentration at the
permeate side of the membrane is considered to be zero
due. The main objective of this article is to present a
predictive model for the selective separation of
aromatic-nonaromatic liquid mixtures by pervaporation
using only pure component sorption and pervaporation
data. The Flory-Huggins (FH) thermodynamic model
was used here to describe the sorption step and the
Maxwell-Stefan formulation was used to describe the
transport steps.

MODEL DESCRIPTION

According to the solution-diffusion model a
permeant first dissolve into, then diffuse through a
membrane due to a chemical potential gradient. The
separation occurs due to the differences in solubility
and/or diffusivity of permeants in a membrane. In
general, solubility and diffusivity are concentration
dependent. A number of mathematical equations for
mass transport have been formulated on the basis of
Fick’s diffusion equation using different empirical
correlations for concentration dependence of solubility
and/or diffusivity. The transport of mixtures through a
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Fig. 1: Schematic representation of solution-diffusion
model

polymeric membrane is generally much more complex
than a single component, because the systems are often
highly interactive. Therefore, two phenomena have to
be taken into account in multicomponet permeation in
pervaporation; kinetic coupling and thermodynamic
interaction leading to preferential sorption and
diffusion [15, 16].

The separation and permeation of components, as
described in solution-diffusion model, is governed by
thermodynamically based sorption and kinetically
based diffusion. In solubility modeling, an empirical
correlation for activity dependent solubility as well
as a molecular theory such as Flory-Huggins
thermodynamics has been implemented. On the other
hand, empirical correlation for linear or exponential
concentration-dependent  diffusivity, Fujita’s free
volume theory and Maxwell-Estefan model have been
applied to the diffusion process. The successful
interpretation of mutual interaction between permeants
and the membrane-permeants makes the solution-
diffusion model the most accepted mass transport
mechanism for Pervaporation.

The model proposed in this work follows
the classical solution-diffusion model. On the feed
side equilibrium was assumed between the liquid
phase and membrane and the components
concentration at the permeate side of the membrane
was considered to be zero. The Flory-Huggins (FH)
equations were used here to describe the sorption step
and the MS equations were used to describe the
transport step with an concentration dependent
diffusivity.

Sorption step: Figure 1 depicts schematically the
individual phenomena occurring during a pervaporation
process based on solution-diffusion model.
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The sorption step is modeled as liquid-liquid
equilibrium (LLE) between the liquid and the polymer
phases. The liquid phase is a mixture containing N low
molecular weight components. The polymer phase
contains N components and the polymer. The liquid and
the polymer phases are considered to be at the same
temperature and pressure. The local equilibrium
criterion is applied considering the same activity at the
polymer/liquid interface. The FH model was used to
describe the phase equilibrium, i.e. the sorption step.
The general criterion for equilibrium between a liquid
mixture and a polymer can be expressed as:

(T Pox) = ™ (T.P.x;) )

To develop a model, the relationship between the
Gibbs free energy, enthalpy and entropy of mixture in a
polymer solution was considered by the following
relationship:

AG,, =AH ,,— TAS,, Q)
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The classical flory-huggins model for pure liquids:
The lattice model is very useful for describing the
treatment of a polymer solution in liquid. This theory is
the basis of polymer-solution thermodynamics. Flory
considered a lattice with each solute molecule confined
to a box and each polymer chain divided into segments
with a size comparable to that of the solute molecule, as
presented in Fig. 2 [17]. Segments of polymer chain
must occupy adjacent sites in the lattice, which restricts
the number of possible configurations. Flory
demonstrated that the configurational entropy of
mixing, AS.¢ for a pure solute-polymer system (binary
solution) is given by the following expression:
AS;p =-R(x1In(¢ )+ xIn(dy)) “4)
The entropy of mixing was then assumed to be
identical to the configurational entropy:
AS,, = AS ¢ )
The interactions between the solute molecules and
the polymer were assumed to contribute only to the
enthalpy change of mixing, which was given by an
expression analogous to the Van Laar equation [18]:

AHp, =RT %mX; Om (6)
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Fig.2: Segments of a polymer chain located in a liquid
lattice

where y;M is an interaction parameter introduced to
account for the interaction between the polymer and the
solute molecules. The term RTy;\y represents the
difference between the energy of a solute molecule
immersed in pure polymer compared with the one
surrounded by molecules of its own type. The binary
interaction parameter Yy is therefore assumed to be
constant and independent of composition. Substituting
equations (4) and (6) into equation (2) gives:
AGp, =RT(xIn¢; +x pIndy +2imXidm) (M
The activity of the solute within the polymer can be
obtained by differentiating (7) with respect to ny:

Lj_ Ina, :[Ind)] +(1 —i)fbM +X1M¢l%/l:| &)

ony
2= v
[Vlj

The interaction parameter iy can be obtained
from a single experiment with a pure liquid. For a pure

5 ( nAG,,
Where

liquid in equilibrium with a polymer, a!iq =a™ =1 and

hence from (8):
} )

Note that as ¢y diminishes the numerical value of
y1m decreases, indicating a decreasing affinity between
the polymer and the solute.

- :{hﬂdn+<1—¢1)}:_[1n(1—¢M)+¢M
(1-¢p? O

The
mixtures:

classical
The

Flory-Huggins model for liquid
transport of mixtures through a
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polymeric membrane is generally much more complex
than the pure liquid, since the systems are often highly
interactive. However, the solubility of component 1 in
the membrane is not only determined by component 1
but also by component 2 [19]. The Flory-Huggins
model can easily be extended to multicomponent
systems. For a binary liquid mixture and a polymer (a
ternary system), the free energy of mixing is given by
the following expression:

(10)

1 +X,Ind,+ | +
AszRT{Xl no;+X ¢+ Xy Indy }

X12X102 + XimXidm + XomXo dv

where subscripts 1 and 2 refer to the sorbed
components and subscript M to the polymeric
membrane. The solute-polymer interactions are
characterized by y ;v and yon Whilst i1, is a measure of
the interaction between the sorbed molecules within the
matrix. The activities of the different components are
again obtained by differentiating equation (10):

Inay =Ing, +(1— ¢y )—M%)— ¢M<VV—;4)

(11a)
+ (202 + ximdM @2+ o) — XzM(v—;)%‘I)M

tna; =Ings +(1-4) - (3 - by (5>
! M (11b)

\% V.
+ (2 (712) +Xamdn) @1+ On) — Aim (7?)4)14) M

Equation (11) can be further simplified by noting that
the partial molar volume of the polymer is much greater
that of the solvent, so that terms including ( V;/V,,) can

be dropped.

Given the liquid phase activities and the interaction
parameters yim, X2m and xi» the volume fraction in the
membrane can be calculated by solving the above
equations. The interaction parameter ¥y and yay in
principle can be obtained from pure liquid/ polymer
sorption data using equation (9). The solute-solute
interaction within the polymer matrix 7y, is independent
of the nature of the polymer. It can be determined from
liquid/vapor equilibrium data. For a binary liquid
mixture, equation (10) is simplified to:

AG,,
RT

X2 =L¢[—(X11n¢1+len¢z)+ ] (12)

X101

Experimental data derived from vapor-liquid
equilibria is normally expressed in terms of the excess
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Gibbs free energy, AGg. This can be related to molar
Gibbs free energy of mixing by adding the ideal
contribution:

AGg
RT

AGy,
RT

(13)

+ [(Xl Inx 1TX 211’1X 2)]
Substituting the above equation into equation (12)

leads to:

1
101

A2 = " [(Xl ln(xl/d)l) +X2 ln(x2/¢2) +AGE/RT] (14)

A similar expression may be resulted in if the
molar volumes of the components are equal:

(15)

Transport step: In the final transport equation, the
mass transfer resistances in the feed and the permeate
side were neglected, as well as the component
concentrations in the permeate side is assumed to be
null. The permeation of the components through
the membrane was considered unidirectional and
described using the MS equations. However, when
polymers are involved, the substitution of the mole
fraction, xi, by the volume fraction, ¢, proposed by
Stephan and Heintz [20], can be used to give a better
expression for the population effect on the friction
between high weight substances and low weight
solvents, stated in equation (16):

dy, Y RT
—= ) oi(vj-vi)— (16)
dz JZI: ) B

n

where dp;/dz is the chemical potential gradient across
the membrane, v; the velocity of component i and B

the MS diffusion coefficient of i~ pair and RT /B has
the meaning of a friction coefficient accounting for the
frictional effect exerted by component j on component

i. where ¢ is the volume fraction of component j
defined as:

VX,
b =~ a7)
zViXi
i
Vi and V; are partial molar volumes of the

corresponding components. Application of equation
(17) requires the definition of a frame reference. By
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considering polymer frame of reference, vy = 0 and
extending equation (16) on the component j, we obtain:

dlnal Vy —Vy Vi
= - 18a
% ) 5, oM i (18a)
dlna, Vi—V, \D)
= - 18b
dz ¢l -B'lz ¢M -B-ZM ( )

With solving two above equations, they may be
arranged with respect to velocity of components:

v, = Bim o Pom +omPis )dlnal
om ¢ Pom +oM P+ 9P dz (19)
+'B'1M( $oBom )dlnaz
dm  dPom +OM P2+ do P dz
vy = Pom 9By )dlnal
oM dPom+oMPi 0P dz (19b)
L Pom b Bim + dvPro dlna,
oM OPom + O P+ 0P dz
Based on Flory-Huggins model, the activity

of each component in the polymer is a function of
both component volume fractions. Therefore, the
driving force for each component can be expanded
as follows:

dlna; dlna, dIna
Ina; =f(d,,p)= = Vo, + \Y 20a
1=f01.%) = a0, o 10, ¢y (20a)
dlna,

dlna, Vo, + dlna, Vo, (20b)
o do,

Ina, =f©.)=

Substitution of equations (20a) and (20b) in (19a)
and (19b) gives the final expressions for permeating
component velocities. For a compact representation of
the equations, it is easier to write them in matrix from

as follows:
|:V1i|:|iAll A12i||:r11 rnMV‘h}
Vo | [Axn Axp Ty Iy Vo,
kinetic ~ Equilibrium (21)
coupling  coupling

The elements of multicomponent diffusivity matrix
are given by:
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A~ Piv o Pom
2= (
o ¢ Pom + OMPi2 + dPim

Ay = Bom ( o Pim
dm O Pom + O Pin + 0P
B- B + OB
A22 — 2M ( q)Z 1M ¢M 12 ) (22)

dv 4 Pom +OmPi2 + 02 Pim

and elements of thermodynamic factor, I', indicating
the thermodynamic coupling is given by:

dlna; dlna
d d
| 4 b2 23)
dlna, dlna,
dé, ddy
Molar fluxes of components are:
Ni = Ci.Vi (24)
and
i
C == 25
=Y 25)

Diffusion coefficients dependence on the penetrant
concentration: Based on number of published
literature on pervaporation of hydrocarbon mixtures
through different polymers, it appears that the
composition of the upstream feed has a drastic effect on
the selectivity. The order of magnitude of the selectivity
is at the same time far lower than the ratio of the fluxes
of pure permeants. This behavior is usually interpreted
as a plasticizing effect of permeants on the membrane.
Although it is well admitted that both kinetic and
equilibrium properties of permeants are equally
involved in the pervaporation process, diffusivities are
most of the time more sensitive to permeants
concentrations than solubilities. A linear dependence of
permeant diffusivity on concentration is not suitable for
taking into account large plasticizing effects. These are
more conveniently described in terms of exponentially
concentration-dependent diffusivities. One of these
models, is Long-model formulation [21]. Long’s model
has been used to describe the diffusivity dependence on
the penetrant concentration. The results are shown as
follows:

B; = B exp(oym;) (26)
where D; is the diffusion coefficient of penetrant i
at zero concentration and m; is uptake of solute
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component in the polymer expressed in g/g dry
membrane. o is the plasticizing constant indicating the
plasticizing action of the penetrant on segmental
motion. Complications may increase when the diffusion
coefficients of each permeating component in the
polymer be dependent on both component
concentrations. In this case the number of parameters
describing the concentration dependence will increase.
However, in this study, the form of Long’s model was
retained, but a pseudo binary volume fraction was used
as the representative of concentration as follows:

¢;
b+ 0

RESULTS AND DISCUSSIONS

B; =B’ exp[ai @7)

The model developed in this study was validated
against the data available in the literature [4, 22]
for the separation of benzene/n-hexane and benzene/
cyclohexane mixtures by dense polyurethane (PU). The
results for sorption and permeation are discussed
separately.

Results of Bz-Hx pervaporation

Sorption: Using the data available in the literature for
the sorption of pure benzene and n-hexane in a kind of
PU membrane, the component-polymer interaction
parameter was calculated using equation (9). The
component-component interaction parameter was
calculated based on equation (12) using vapor-liquid
equilibrium data which was resulted to the values,
xim = 0.807, yom = 2.22 and 3, = 0.272. Using these
parameters recovered from only pure component data, it
was tried to predict the multicomponent sorption
behavior for the system benzene-n-hexane/PU. This
needs to solve the two nonlinear equations of (11a) and
(11b) simultaneously. These equations were iteratively
solved to give the volume fraction of each sorbed
component in polymer phase, knowing that at
equilibrium aiM = aiL. The Van Laar equation was used
for the description of binary liquid phase activities. The
results for the sorption of benzene/n-hexane mixture in
PU have been presented in Fig. 3 and 4. The results are
expressed in terms of total solubility of the components
into the polymer matrix (Fig. 3) and as the benzene
pseudo-equilibrium curve (Fig. 4). Both results were
expressed as a function of the benzene weight fraction
in the liquid phase. As expected from sorption
experiments of pure organic components in PU, the
aromatic compound is preferentially sorbed component.
Because swelling of polymer matrix, the solubility
of m-hexane is higher in presence of benzene in
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comparison to pure n-hexane solubility, but it is
remarkable to notice that it remains almost constant in
the whole range of liquid composition. The pseudo-
equilibrium curve for benzene (Fig. 4) shows clearly
the effect of its higher interaction with the polymer on
the sorption selectivity. For instance, a benzene weight
fraction of 0.2 in the liquid phase, results in a benzene
weight fraction of 0.6 in the polymer phase. The both
model predicted values and experimental data were
plotted in this figure for comparison.

It is important to emphasize that predictions were
based on only pure components sorption data and a
good agreement between the models predicted values
and experimental data is observed in the whole
composition range. The preferential sorption of
aromatic compound indicates that PU has a strong
potential as membrane material for aromatics removal
from aromatic/aliphatic mixtures using pervaporation
process.

Pervaporation: Using the transport model developed
in this study, equations (21) to (24), the pervaportive
separation performance of benzene/n-hexane mixture
through the PU membrane were predicted. The partial
derivatives in the thermodynamic factor, equation (23),
were obtained by differentiating equations (11a) and
(11b) and were alculated for the system under study.
The flux coupling effect was also taken into account
using the coupled equations of the proposed model. The
elements of multicomponent diffusivity factor, equation
(22), were calculated using binary diffusivities which
were found from pure component pervaporation data.
Figure 5 and 6 show the pervaporation results of the
benzene/n-hexane mixture. For this mixture the
pervaporation flux of individual component and the
aromatic weight fraction in the permeate were
presented as a function of the aromatic weight fraction
in the feed. In each figure, the results predicted by the
proposed transport model were also plotted for
comparison.

As anticipated from sorption experiments, the
results in Fig. 5 and 6 show that the PU nembrane is
selective to the aromatic component in the liquid
permeation through the membrane. For instance, in
benzene/n-hexane/ PU system, a permeate flux of about
0.5 Kg/m2 h is obtained at weight fraction of 0.5 for
benzene in the feed, corresponding to a benzene weight
fraction of 0.8 in the permeate, i.e. a selectivity of about
4 where the mixture selectivity defined as:

[ yily;
o=| 220
X /X_]
where y; and x; indicate the mole fraction of component
i1in permeate and feed respectively. Figure 7 shows the
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variation of the selectivity values with the benzene
composition in the feed. Decreasing trend can be
attributed to coupling effect which indicates that at the
presence of benzene the transport of slower component
is facilitated, therefore reducing the selectivity.

Results of Bz-Chx pervaporation Sorption: The
sorption behavior of Bz and Chx in the PU membrane
were examined by extended Flory Huggins model.
Through a number publications in the literature, it is
understood that the PU membrane had strong affinity
for aromatic organic solvents and favors Bz.
Experimental results shows that the pure Bz uptake was
2.4 times greater than pure Chx in the PU membrane
(222 wversus 091 g/g dry membrane) [22]. This
preference can be attributed to the polarity of the
aromatic ring due to the presence of = electrons in Bz.
Benzene molecule exhibits stronger dispersion, polar
and hydrogen-bonding capability. Therefore a polar
structure membrane will induce interaction with the =
electrons and favor Bz sorption. The component-
polymer and component-component interaction
solubility parameters in Flory-Huggins model was
calculated using pure component sorption data which
resulted to values, y;m =0.588, yom = 0.767 and 1, =
0.115. Using these parameters the multicomponent
sorption behavior was carried out. Figure 8 and 9 show
the experimental and the predicted values of individual
component and the pseudo equilibrium curve for
benzene which indicated a proper match between the
experimental data and the model predicted values. This
reveals that the mixing effect is well covered by the
Flory-Huggins model.

Pervaporation: Again the pervaporative separation
behavior for the system benzene-cyclohexane/PU was
predicted using the proposed transport model. Figure 10
and 11 show the normalized permeation flux for
individual component and the pseudo binary permeate
composition in the PU membrane, as a function of the
feed composition. The Bz flux increased as Bz content
increased in the feed solution as expected. The Chx flux
increased at 0-10% Bz feed and decreased with a
further increase in Bz content. This is due to
plasticization effect of Bz (Fig. 8). Bz molecules are
preferentially sorbed and can diffuse at an appreciable
rate into the unrelaxed polymer state, resulting in a soft
and mobile structure. Thus, the diffusion of Chx
molecules into the polymer matrix is facilitated at low
Bz composition. However, once Chx has been sorbed,
its further mobility into the membranes is retained at
the higher bz concentration due to the sorption
competition effect. Figure 12 also indicates that the
selectivity increases in favor of aromatic component
with an increase in its composition in the feed.



World Appl. Sci. J., 6 (1): 24-34, 2009

SEPARATE EVALUATION OF
EQUILIBRIUM AND KINETIC COUPLING

Equilibrium coupling effect: It is constructive at this
point to consider the equilibrium coupling effect on the
flux of permeating components through the membrane.
This was carried out by calculating the elements of
equilibrium based thermodynamic factor represented by
[¢0 In ai/0¢] for the system benzene/n-hexane/PU.
Figure 13 shows the diagonal (main) and off-diagonal
equilibrium terms calculated from the classical
Flory-Huggins model as a function of benzene volume
fraction in the membrane. From the Fig. 13, as the
benzene volume fraction is diminished the cross term
[¢:0 In a;/0¢p] tends to zero while the main term [¢;0 In
a;/0¢;] approaches unity. This implies that at low
benzene concentration the flux of benzene is not largely
affected by the flux of n-hexane. In contrast, the cross
term [0 In a,/0¢] does not approaches to zero and
takes a finite value comparable to the main term [¢»0 In
a,/0dp]. This indicates that the flux of n-hexane is
strongly coupled to that of benzene at a large benzene
concentration on a thermodynamic basis. The coupling
effect diminishes as the benzene concentration of
benzene increases. It should be note that the extent of
the coupling of fluxes observed will of course depend
on the magnitude of the concentration gradient through
the membrane and therefore may differ for each
specific system.

Kinetic coupling effect: The influence of kinetic
coupling is the most easily brought out by considering
the elements of multicomponent diffusivity matrix, Aj;.
Figure 14 shows the variation of the diagonal (main)
and off-diagonal (cross tem) elements of diffusivity
matrix with the benzene volume fraction in the
membrane. As is evident from figures, the flux of
benzene is kinetically unaffected by the presence of n-
hexane, while the flux of mhexane is coupled to the
flux of benzene at only low concentration of n-hexane.
This can be attributed to the high magnitude of binary
liquid-liquid diffusivity compared to binary liquid-
polymer diffusivity which causes the main terms in
diffusivity matrix become nil.

CONCLUSIONS

The sorption and pervaporation behavior of
aromatic/non aromatic (aliphatic) mixtures were well
predicted by the proposed transport model in present
study based on a combination of Flory-Huggins model
and Maxwell-Stefan formulation. The main objective of
the developed model was to make a sound design basis
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of prevaporation process for the separation of
aromatic/non aromatic mixtures using dense polymeric
membranes. The model parameters were recovered
from simple pure component sorption and pervaportion
experimentations and used for the prediction of
multicomponent separation behavior employing a
sophisticated extension of sorption and diffusion
theories. The results obtained in present study, render
the PU membranes as useful material for the selective
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separation of aromatic/non aromatic hydrocarbons from
their mixtures. The aromatic compounds exhibited
preferential sorption and permeation in all composition
range, leading to permeate enriched in these
components. The extended Flory-Huggins model was
used to predict the sorption selectivity for a pair of
aromatic/non aromatic mixtures using the solubility
parameter recovered from single component sorption
data. A good agreement between the experimental data
and the model predicted values indicated that the
mixing effect on sorption is well covered by the
Flory-Huggins model. The main advantage of the
Maxwell-Stefan theory used in present study for the
description of multicomponent diffusion is that the
binary diffusion coefficients recovered from pure
component pervaporation experiments retain their
physical significance and can be used for the
multicomponent systems. These diffusivity parameters
along with a suitable solubility model incorporated into
the proposed transport model provided a good
prediction of separation behavior for the systems under
investigation. In both investigated mixtures, the total
permeate flux was controlled by the aromatic
component and the coupling effect was observed to
have an impact on the transport of the aliphatic
compounds.
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Nomenclatures

a; Activity of component i in mixture (-)

Ajj Elements of multicomponent diffusivity matrix
(mole.m’/J.s)

C; Concentration of component i in mixture (mole/nt’)

D, Diffusion coefficient in trance concentration (m’/s)

By Binary Maxwell-Stefan diffusivity (m%/s)

G, Gibbs free energy of mixing (J/mole)

Gg Excess Gibbs free energy of mixing (J/mole)

H,, Enthalpy of mixing (J/mole)

m; Mass of component i sorbed in membrane (Kg/Kg
fry mem.)

N;i Molar flux of component i (moles/mz.s)

P Pressure (Pa)

R Universal gas constant ((J.mole.K)

Sm  Entropy of mixing ((J.mole.K)

Ssc Configurational entropy of mixing (J.mole.K)

T Temperature (K)

v; Velocity of component i in mixture (m/s)

V; Partial molar volume of component i in mixture
(m*/mole)

% mole fraction of component i in mixture (-)

z  distance in membrane (-)

Greek symbols

o Membrane selectivity (-)

oy Plasticization factor of component i on polymer(-)

I; Elements of multicomponent thermodynamic
matrix (-)

pr  Chemical potential of component I in mixture
(J/mole)

&  Volume fraction of component i in mixture (-)

xij Binary interaction parameter in Flory-Huggins
Thermodynamic model (-)

Subscripts

1 Component 1
2 Component 2
M Membrane

Superscripts
lig  Liquid phase
mem Membrane phase

Abbreviation

PU  Polyurethane
Bz Benzene

Hx  Normal hexane

Chx Cyclohexane

Mathematical symbols
A Difference operator
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