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Abstract

This work examines the gas transport and sorption properties of a commercial acrylonitrile–butadiene–styrene (ABS)
copolymer (Lustran®246), containing 60% styrene, 27% acrylonitrile and 13% butadiene. Permeability, diffusion and sorption
coefficients of CO2, CH4, N2 and O2 in ABS membrane were determined at temperatures from 20 to 50◦C and pressures in
the 2–10× 105 Pa range. The coefficients correspond to the van’t Hoff and Arrhenius relationships. In order to analyze the
effect of plasticization, permeation properties were also determined at a feed pressure of 2× 106 Pa with a 50% CO2/CH4

mixture. Interesting O2 permeability values and O2/N2 separation factors in the whole range of temperature studied were
obtained.

The results presented and discussed in this paper suggest that the ABS copolymer can be used as membrane material for
the separation of O2/N2 at moderate temperature (20–50◦C), as far as it exhibits a balance of adequate thermal, mechanical
and gas separation properties.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Membrane technologies for gas separation have
emerged as a viable alternative to conventional tech-
nologies such as cryogenics, catalytic and pressure
swing adsorption. An important factor is to make a
membrane process economically feasible, obtaining a
highly permeable and selective membrane with good
mechanical and thermal stability[1,2]. In the last
two decades, remarkable progress has been made in
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the development of high-performance polymers for
gas separation. In particular, glassy polymers (poly-
sulfone, polyimide, polycarbonate, etc.) have been
widely applied to the separation of gas mixtures such
as oxygen/nitrogen and carbon dioxide/methane.

Considerable information is available on the de-
pendence of permeability, diffusion and solubility
coefficients for CO2, CH4, N2 and O2 on the struc-
tures of a variety of polycarbonates and polysulfone
[3–8]. Polysulfone has satisfactory gas permeabilities
and acceptable permselectivities and it can be used
with highly sorbing plasticizing gases. These prop-
erties and its relative low cost set up polysulfone as
a standard membrane material. Polycarbonates tend
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to have comparable or higher permeabilities for light
gases than analogous polysulfones, and both poly-
mers have also comparable selectivities for O2/N2
and CO2/CH4 gas pairs.

Aromatic polyimide and polypyrrolone, which have
high thermal and chemical resistances, exhibit an im-
proved correlation between permeability and selectiv-
ity that make them prospective material for polymer
membrane[9,10]. Polyimide is strongly affected by
highly soluble penetrants, such as CO2, plasticizing
the polymer matrix[11]. Nevertheless, a comparison
of analogous polycarbonates and polyimides, for ex-
ample, polycarbonate and 6FDA–IPDA or HFPC and
6FDA–6FpDA, lead to higher CO2 and O2 permeabil-
ities and higher O2/N2 and CO2/CH4 selectivities for
polyimides[8].

A number of authors have developed various
copolymers from known homopolymers as an alter-
native to the synthesis of entirely new polymers. The
copolymer is intended to optimize the gas separa-
tion properties of the homopolymers, and in some
cases also their mechanical properties. Stern et al.
[12] reported that the gas permeation properties of
copolymers depended on their chemical composition
and morphology. Polyimides and related polymers,
synthesized from aromatic reactants, have generally
rigid-chain structures resulting in low gas permeabil-
ity. To overcome the high rigidity of the polymer
chains, block copolymers with incorporation of flexi-
ble segments such as siloxane[13] and ether linkage
[14] have been studied. The incorporation of the
siloxane unit to polyimides increases the solubility
and permeability. A similar effect on polyimides and
polypyrrolone has the introduction of an ester group
in the polymer backbone[15]. Also the presence of
a methyl group into the polyimide backbone leads
to an increase in H2, N2 and O2 permeability and
permselectivity. Replacement of the rigid moiety of
polyimide with a more flexible segment leads to an
increase in permeability but with decreased permse-
lectivity.

Recently Kim et al.[16] investigated the effect
of the chemical composition and morphology of
PEBAX® series copolymers on the permeation behav-
ior of polar/nonpolar mixtures. PEBAX® is a block
copolymer that combines a polymide block (hard seg-
ment or impermeable phase) and a polyether block
(soft segment or permeable phase). They reported that

PEBAX® copolymers show the highest permeabil-
ity and selectivity for polar/nonpolar gas pairs (i.e.
αCO2/CH4 = 61, αSO2/N2 = 500). For small and non-
polar gases (i.e. He, H2, O2 and N2), the permeability
decreases with increasing molecular size or volume.
The high permeability and permselectivity of polariz-
able gases through this copolymer were attributed to
their strong affinity to polyether block in PEBAX®.

The present work deals with dense gas separation
membrane prepared from commercial acrylonitrile–
butadiene–styrene (ABS) graft copolymer trademark
Lustran®246. The reason of choosing ABS as a
model copolymer is that Lustran®246 is a commer-
cial material of relative low cost, with good balance
of mechanical properties and moderate glass tran-
sition temperature (110◦C). The ABS material has
rubbery segments (butadiene) dispersed in a glassy
matrix (styrene-co-acrylonitrile). This chemical struc-
ture suggests that ABS would allow to obtain relative
high permeation fluxes (rubbery region) and relative
high separation factors (glassy matrix). Sorption and
permeation of pure CO2, CH4, N2 and O2 through
an appropriately manufactured ABS membrane were
tested. The influence of both pressure and temperature
on ABS separation and permeation properties will
be discussed based on gas sorption and permeability
data between 293 and 323 K and 2–10× 105 Pa.

Since glassy polymers tend to produce plasticization
by CO2 it is important to determine the magnitude to
which its presence in dense ABS membrane affects the
comparison between mixed and pure gas permeation
for the separation of CO2 and CH4. Permeabilities for
binary 50:50 CO2/CH4 feed mixture were measured
to discard the plasticization behavior induced by CO2.
An upstream partial pressure of 106 Pa was selected,
either for CO2 or CH4, in order to compare with the
pure gas results conducted up to these pressures.

2. Experimental

2.1. Materials

ABS copolymer, trade mark Lustran®246, was
provided by Bayer (Argentina). Lustran®246 resin is
a high-impact grade of ABS with a good balance of
mechanical properties and impact strength for sub-
strate application. The glass transition temperature of
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Table 1
Penetrant physical properties

Penetrant Tc (K) Tb (K) σkt (Å) σLJ (Å) Vc (cm3/mol)

CO2 304.2 194.5 3.30 4 94.0
CH4 190.7 111.6 3.80 3.82 99.3
O2 154.4 90.0 3.46 3.43 74.4
N2 126.2 77.2 3.64 3.68 90.1

T ∼= 110◦C was determined by differential scanning
calorimetry using a Mettler DSC 305 calorimeter at a
heating rate of 10◦C/min between−50 and 300◦C.
An approximate composition of ABS resin, 60%
styrene, 27% acrylonitrile and 13% butadiene, was ob-
tained from FTIR spectra using a Nicolet FTIR 5SxC,
according to the technique given elsewhere[17].

The pure gases used for this study include carbon
dioxide, methane, oxygen and nitrogen, since they
provide information about several industrially perti-
nent separations. The purity of the pure gases was
more than 99.5%. For mixed gas permeation measure-
ments a 50% CO2/CH4 mixture was used. For the
thermal conductivity calibration of the gas chromato-
graph several mol CO2/CH4 samples were used (10,
30, 50, 70%). All gases were supplied by Air Liquid
(Argentina). The penetrant kinetic and Lennard–Jones
diameters (σkt, σLJ), critical volume and temperature
(Vc, Tc) and boiling temperature (Tb) are shown in
Table 1.

2.2. Membrane preparation

Prior to processing, ABS was dried during 2 h at
85◦C in a desiccant dehumidifying hopper dryer. The
ABS dried pellets were dissolved to 5% concentration
in dichloromethane solvent (Cl2CH2). After filtration,
the solution was cast onto a flat glass plate at room
temperature. After complete solvent evaporation it was
further dried in a vacuum oven (50◦C, 0.5 atm) for
2 days to remove all detectable traces of the casting
solvent. The membrane thickness was between 35 and
45�m.

2.3. Equilibrium gas sorption

Equilibrium sorption of pure gas by ABS was mea-
sured by the pressure decay method[18]. The equip-
ment consists basically of two chambers A and B, with
well-known volumes, separated by a valve. The poly-

mer sample, in the form of a thin wafer, was placed in
the volume B and the gas under study was laid up to
the chamber A at the desired pressure. After this, valve
was opened for a short time to allow gas into the sam-
ple chamber. Sorption isotherms were measured using
interval experiments, which successively increased the
penetrant pressure. When equilibrium was reached,
the amount of sorbed gas was calculated from the dif-
ference between the initial and final pressure in the
sample chamber according to the ideal gas law.

2.4. Pure and mixture gas permeabilities

Permeation tests were performed with a modified
time-lag apparatus similar to those described else-
where in detail[19,20]. The effective membrane area
was 19.64 cm2 and permeate constant volume was
36.4 cm3.

The amount of gas transmitted at timet through
the ABS membrane was calculated from the permeate
pressure (p2) readings in the low-pressure side. The
inherent leak rate in the downstream side determined
after evacuating the system, was measured for each
experimental run. Permeability constants (P) were ob-
tained directly from the flow rate into the downstream
volume upon reaching the steady state as

P (Barrer) = 6.65
l

Tcp1

dp2

dt
(1)

where dp2/dt is in cmHg/s, membrane thicknessl is
in cm.

For mixed gas permeation experiments, 50:50
CO2/CH4 at 2× 106 Pa was used as the upstream
feed. Permeate to feed flow rate ratio, which is the
stage cut, was always less than 1%. Under these con-
ditions, the residue composition was essentially equal
to the feed solution. Concentration analysis was per-
formed with the gas chromatograph GC-8APT from
Shimadzu Corporation, equipped with a Carbopack
C/HT column, thermal conductivity detector and a
data processor Chromatopac C-R3A. Permeabilities
and separation factors were calculated using average
upstream and downstream compositions from at least
six gas chromatograph measurements. The permeabil-
ity coefficients of permeanti were calculated from
the relationship

Pi = xipJl

p1xif − p2xip
(2)
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wherexip and xif are the molar fractions of the gas
componenti in the permeate and feed streams, respec-
tively, J the total permeate flux (cm3(STP)/cm2 s), and
p1 andp2 are the total pressures (cmHg) on the feed
and permeate side of the membrane.

3. Results and discussion

3.1. Pressure and temperature dependence
on sorption

Sorption measurements on ABS were made for
each gas in the temperature range of 20–50◦C and
equilibrium pressures between 2–15× 105 Pa.Figs. 1
and 2show the representative sorption isotherms for
CO2 and O2. The sorption isotherms for CO2 and
CH4, as usual for most gases in glassy polymers, tend
to have concave shapes. Here this effect is especially
relevant at pressures under 3 atm. The O2 and N2
isotherms are practically linear in all the range of
pressure and temperature studied.

In the framework of glassy polymers the concept
of two sites or two energy levels of dissolution are
named as dual-sorption model. In this case it has been
suggested that the total concentration of gas adsorbed
(C) is described by the following equation[21]:

C = Sp + C′
Hbp

1 + bp
(3)
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Fig. 1. CO2 sorption isotherms from 20 to 50 ◦C in ABS copolymer membrane.

which is a sum of Langmuir and Henry’s law contri-
butions, and where p is the partial pressure of the gas,
S the Henry’s dissolution constant, and b and C′

H are
the hole affinity and the hole saturation constant.

Since we are only interested to analyze the thermo-
dynamic parameter S, the Eq. (3) is approached to a
linear asymptote at high pressures, which has an av-
erage solubility coefficient from the slope according
to

C = S̄p + C′
H (4)

The apparent solubility coefficients, S̄, obtained by
linear least squares regression analysis of the solu-
bility data are shown in Table 2. It is evident that
the nature of the gas shows an important influence
on ABS solubility. In effect, the solubility of CO2 is
roughly 4–5 times bigger than methane, 6–9 times
than oxygen and 11–15 times than nitrogen. This
selective solubility effect of CO2 could be attributed
to the presence of acrylonitrile in ABS copolymer.
This assumption is in agreement with the results of
Van Krevelen [22], who found a pronounced selective
effect of the polymer polarity on gas solubility in
butadiene–acrylonitrile copolymers. As the acryloni-
trile content of the copolymer increases, the solubility
of carbon dioxide increases, whereas that of nitrogen
and oxygen decreases. Fig. 3 shows the representative
linear behavior between the gas solubility in ABS
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Fig. 2. O2 sorption isotherms from 20 to 50 ◦C in ABS copolymer membrane.

Table 2
Apparent sorption, permeability and diffusivity parameters for the different penetrant/ABS systems

T (K) S̄ × 105(cm3(STP)/cm3 Pa) P̄ × 1010 (cm3(STP)/cm2 cmHg s) D̄ × 108 (cm2/s)

CO2 CH4 O2 N2 CO2 CH4 O2 N2 CO2 CH4 O2 N2

293 1.07 0.26 0.16 0.09 2.97 0.126 0.697 0.103 2.11 0.363 3.33 0.889
303 0.91 0.21 0.13 0.08 3.57 0.175 0.950 0.162 2.98 0.624 5.51 1.590
313 0.74 0.17 0.11 0.06 3.97 0.248 1.240 0.210 4.08 1.080 8.89 2.870
323 0.63 0.14 0.08 0.04 4.95 0.355 1.550 0.264 5.95 1.930 14.5 4.580

-4.0

-2.5

-1.0

0.5

0 80 160 240 320

T(K)

L
n

S
(2

93
K

)

N2

O2

CH4

CO2

N2

O2

CH4

CO2

Tc

Tb

Fig. 3. Solubility of gas in ABS membrane as a function of the critical temperature an the boiling point of the gas.
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Table 3
Parameter values from fitting the straight lines of ln S vs. Tb and
Tc at different operational temperatures (T)

T (K) Parameters from
Eq. (5)

Parameters from
Eq. (6)

a b R2 c d R2

293 −3.743 0.0199 0.970 −4.016 0.0136 0.990
303 −3.909 0.0199 0.981 −4.174 0.0135 0.996
313 −4.230 0.0206 0.966 −4.514 0.0140 0.987
323 −4.541 0.0213 0.972 −4.832 0.0145 0.992

(T = 293 K) and their boiling points or their critical
temperatures. The plot shows that the gas solubility
depends on the inherent condensability of the respec-
tive gases. This behavior is typical for simple gas
sorption in amorphous polymers without strong polar
groups. In this case the drawn lines can be described
by the following general expressions:

ln S(T) = a + bTb (5)

ln S(T) = c + dTc (6)

Parameters a, b, c, and d calculated by fitting the
straight lines of ln S at different experimental temper-
atures versus Tb or Tc are summarized in Table 3.
Eqs. (5) and (6) and these parameters may be useful as
a first approximation to evaluate ABS solubility fac-
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Fig. 4. Temperature dependence of gas solubility coefficients in ABS membrane.

tor for other inorganic and organic gases such as: He,
H2, CO, SO2, NH3, C2H6, C2H4, C3H6, etc.

The temperature dependence of the average solubil-
ity coefficient obeys the van’ t Hoff equation

S̄ = S0 exp

(
−Hs

RT

)
(7)

where S0 is the pre-exponential factor and Hs is the
heat of sorption. The van’ t Hoff plots of gas solubility
coefficients in ABS are shown in Fig. 4 and the ther-
modynamic parameters determined from the linear re-
gression are shown in Table 4. As expected, Hs values
are negative indicating that the gas sorption in ABS
is an exothermic process. From thermodynamic con-
siderations, the most negative heats of sorption would
be expected for the penetrants with the highest critical
temperatures. However, the estimated Hs values tab-
ulated in Table 4 (CO2 > CH4 > N2 > O2) do not
follow this trend (N2 > O2 > CH4 > CO2 accord-
ing to Table 1). Zimmerman and Koros [23] found the
same behavior in their studies of gas sorption in the
ladder polymer BBL. Like these authors, we account
from these deviations by considering that the heat of
sorption, Hs, is the sum of the negative enthalpy asso-
ciated with gaseous condensation, Hc, and the positive
enthalpy of mixing, Hm. In this case, it is suggested
that the largest molecular volume of CH4 and CO2,
respectively (see Table 1), would require a larger heat
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Table 4
van’ t Hoff and Arrhenius parameters for the different penetrant/ABS systems

Penetrant Ep (kcal/mol) P0 (cm3(STP)/cm2 cmHg s) Hs (kcal/mol) S0 × 105 (cm3(STP)/cm3 Pa) Ed (kcal/mol) D0 (cm2/s)

CO2 3.11 6.10E−8 −3.33 3.55E−3 6.36 1.15E−3
CH4 6.58 9.96E−7 −3.88 3.37E−4 10.31 1.74E−1
O2 5.11 4.49E−7 −4.12 1.37E−4 9.08 1.93E−1
N2 5.91 2.76E−7 −4.52 3.95E−5 10.24 3.83E−1

of mixing which in turn would increase the heat of
sorption.

3.2. Pressure and temperature dependence on
permeability and diffusivity

As mentioned, transport parameters for single gases
were calculated from permeation experiments by the
time-lag method. Measurements were made for each
system at four different temperature levels in the range
20–50 ◦C, and in the feed pressure range from 2 × 105

to 106 Pa. The calculated permeability values for CO2,
N2, O2 and CH4 are presented in Figs. 5 and 6. From
these results it is evident that the upstream gas pres-
sure or gas concentration in the range proposed has
no significant effect on the gas permeabilities. The re-
sults also reveal the general behavior in which gas per-
meation rate is enhanced with increasing temperature.
The average values of pure gas permeabilities in ABS
are summarized in Table 2.
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Fig. 5. CO2 (�) and CH4 (�) permeation isotherms for pure gases and 50:50 CO2/CH4 gas mixture at 2 × 106 Pa, CO2 (�)/CH4 (�).

Fig. 5 also compares the permeabilities for CO2
and CH4 in the pure and mixed gas experiments at
10 atm and different temperatures. In all cases the
mixed gas results are identical with those for the
pure gases within the experimental accuracy of the
measurements. Thus, it can be considered that until
a partial pressure of 10 atm for CO2 and for CH4 the
effects of site competition or plasticization seem to be
entirely negligible for these systems. These results al-
low us to assume that, in the experimental conditions
analyzed, the mixed CO2/CH4 gas permeation behav-
ior in ABS membrane can be adequately predicted by
pure gas measurements.

The permeation of a nonporous polymeric mem-
brane by a penetrant gas is generally considered to be
a solution–diffusion process [24]. According to this
mechanism, gas permeation is a complex process that
involves the sorption of the penetrant in the polymeric
film, followed by a diffusion of gas molecule across
the membrane matrix due to a concentration gradient.



192 J. Marchese et al. / Journal of Membrane Science 221 (2003) 185–197

0.5

0.8

1.1

1.4

1.7

0 4 8 12
p (105 Pa)

P
O

2
(B

ar
re

r)

0.08

0.14

0.2

0.26

0.32

P
N

2 (B
arrer)

50ºC

40ºC

20ºC

30ºC

Fig. 6. O2 (�) and N2 (�) gas permeation isotherms.

Many CO2-glassy polymer transport measurements
from time-lag technique have shown that the magni-
tude of the upstream pressure (p1) could have some
significant effect on the gas permeability. Paul and Ko-
ros [25] have interpreted this behavior with the dual
mobility, or partial immobilization model. The perme-
ability expression is given by

P = SD + DHC′
Hb

1 + bp1
(8)

where D and DH are the diffusion coefficients in the
Henry’s law portion and in the Langmuir portion, re-
spectively. The relatively small or negligible p1 depen-
dence of permeability between 2–10 × 105 Pa for our
systems may be ascribed to a very high (or complete)
immobilization of the Langmuir population (DH/D ∼=
0) or to a saturation of the Langmuir environments,
with the permeation occurring primarily in the Henry
region. In this case, the permeability parameter defined
in Eq. (8) could be expressed simply as the product
of the apparent solubility coefficient and the apparent
diffusion coefficient (D̄) in the pressure range studied
as follows:

P̄ = S̄D̄ (9)

The apparent diffusion coefficients evaluated from
Eq. (9) for each gas/ABS system and temperature are
given in Table 2. Gas diffusion in polymeric mem-
branes can be considered as an activated process and
the temperature dependence of the diffusion coef-

ficients may be described using an Arrhenius-type
expression as follows:

D̄ = D0 exp

(
−Ed

RT

)
(10)

where Ed is the activation energy for diffusion and D0
is a pre-exponential factor.

The effect of temperature on gas permeability can
be expressed by a combination of Eqs. (7), (9) and
(10) as follows:

P̄ = P0 exp

(
−Ep

RT

)
(11)

where P0 = S0D0 is the pre-exponential factor and
Ep = Ed + Hs is the apparent activation energy for
permeation. Eqs. (7), (10) and (11), of course, are only
valid within temperature ranges that do not include
significant thermal transitions of the polymer.

To illustrate the ability of Eq. (11) to characterize
the experimental data, Arrhenius plots are represented
in Fig. 7 showing straight lines with high correla-
tion coefficients. Having established the validity of
Eq. (11) within the temperature range of 20–50 ◦C,
the Arrhenius parameters for permeation of CO2,
CH4, N2 and O2 calculated by fitting the straight
lines are summarized in Table 4. Fig. 8 illustrates the
predicted Arrhenius temperature dependence of gas
diffusivity coefficients generated from the gas per-
meation and solubility data (Table 2). The activation
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energies for diffusion are shown in Table 4, along
with their corresponding pre-exponential factors.

The activation energies for permeation follow the
expected trends, as far as they increase with the pene-
trant kinetic diameter. The very low Ep value of CO2
compared with those of O2, N2 and CH4, could be at-
tributed primarily to the lower heat consumption for
CO2 diffusion, lowering the amount of energy asso-
ciated with permeation. Also, the diffusion activation
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Fig. 8. Temperature dependence of gas diffusivity coefficients in ABS membrane.

energies increase with the penetrant kinetic diameter.
However, it is clear from Tables 1 and 2 that there
is no correlation between the CO2/O2 diffusion co-
efficients (DCO2 < DO2 ) and their kinetic diameters
(σkt(CO2) < σkt(O2)).

Tanaka et al. [26] have examined the permeation of
hydrocarbon gases, CO, CO2, CH4 and N2 in 6FDA
polyimides and PPO. In their work a good correla-
tion of the diffusion coefficient on the gas effective
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diameter (d) was obtained. In their analysis, the col-
lision diameter of Lennard–Jones potential was con-
sidered as effective diameter for diffusion for all the
hydrocarbon gases, whereas a value of d = 3.5 Å for
CO2 was used based on a good correlation between
D and d of these gases for various polymers [27,28].
For O2, N2 and CH4 the difference in the magnitude
between σkt and σLJ is negligibly small and both were
equally adequate as effective diameter. Fig. 9 shows
the linear dependence of the ABS diffusion coefficient
on the gas effective diameter at different temperatures.
In this plot an average d(CO2) = 3.56 Å was used as
obtained from linear correlations of ln D and d (or σLJ)
of O2, N2 and CH4 at different temperatures. Good
concordance between our effective diameter value for
CO2 and Tanaka’s one has been obtained. Neverthe-
less the deep reasons why this effective diameter has
to be used for CO2 remain undefined.

Other possible explanation of this behavior could
be in terms of both the kinetic diameter and its molec-
ular volume. The activation energy for diffusion (Ed)
is a measure of how difficult is for the molecule to
jump from a site or hole to another hole. The kinetic
diameter, which in fact corresponds to the minimum
molecular diameter, will have a strong effect on the
penetrant mobility. It is evident that if the penetrant
kinetic diameter was small, its mobility through the

polymer gaps should be higher with smaller activation
energy. On the contrary, larger holes need to be formed
in the polymer for the diffusion of larger molecules,
hence the activation energy will be larger for the dif-
fusion of bigger molecules and the diffusivity will be
smaller. A tentative possibility to take into account
the effect of both the kinetic aspect of the barrier and
the possibility of the polymer to accommodate big
molecules could be the product σktVc. Fig. 10 shows
the diffusivity as a function of (σktVc) for the different
molecules. While this correlation is intuitively satisfy-
ing, it certainly oversimplifies the actual differences in
molecular-scale environments sampled by a penetrant
as it moves through the polymer.

3.3. Temperature dependence of selectivity

The overall permselectivity of polymer membrane
toward two different penetrant gases i and j is com-
monly expressed in terms of an ideal separation factor,
αij , which is defined by the relation, cf. Eq. (9):

αij = P̄i

P̄j

=
(

D̄i

D̄j

)(
S̄i

S̄j

)
= αD

ij α
S
ij (12)

where αD
ij and αS

ij indicate the mobility for diffusivity-
selectivity and the solubility-selectivity, respectively.
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Fig. 10. Correlation of diffusion coefficients with effective diameter of the penetrants in ABS membrane.

It follows from Eq. (12) that the relative effects of
temperature on selectivity for CO2/CH4 and O2/N2
separations trough the ABS membrane can be found
by taking the ratio of Eq. (11) or Eqs. (7) and (10) for
each pair of components and the data of Table 4, that is

α(CO2/CH4) = 6.12 × 10−2 exp

(
1750.6

T

)
,

α(O2/N2) = 1.63 exp

(
406.4

T

)
(13)
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Fig. 11. Temperature dependence of experimental values and theoretical correlation (from Eq. (13), solid lines) of ABS permselectivities.

αD
(CO2/CH4)

= 6.65 × 10−3 exp

(
1988.5

T

)
,

αD
(O2/N2)

= 0.5 exp

(
584.3

T

)
(14)

αS
(CO2/CH4)

= 10.53 exp

(
−277.7

T

)
,

αS
(O2/N2)

= 3.49 exp

(
−200.1

T

)
(15)
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The temperature dependence of ABS permselectivity
for two gas separations according to Eq. (13), and
experimental separation factors for the correspond-
ing gas mixtures are shown in Fig. 11. This figure
shows the good correlation between the theoretical
and experimental selectivity values. In Fig. 12 the
values of ideal diffusivity and solubility separation
factors are plotted against the temperature. An exam-
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Fig. 13. Comparison of O2/N2 separation performance for ABS
copolymer (20–50 ◦C) and various traditional polymeric materials
(35 ◦C) used in gas separation membrane.

ination of Figs. 11 and 12 indicates that both the pro-
nounced decline in CO2/CH4 and the slight decrease
of O2/N2 permeability with increasing temperature
may be attributed to the decreased diffusivity ratios,
since solubility-selectivities increase slightly with the
increasing temperature.

The ABS membrane shows interesting O2/N2 and
CO2/CH4 permselectivities. In particular, the adequate
values of O2 permeabilities for the ABS membrane
(0.7 Barrer at 20 ◦C and 1.6 at 50 ◦C) along with the
relatively high O2/N2 permselectivities (6.8 at 20 ◦C
and 5.9 at 50 ◦C) make this polymeric material a com-
petitive candidate for use in moderated temperature
O2/N2 gas separation membrane. A comparison of
O2/N2 separation performance for ABS copolymer
with other traditional polymeric material used in gas
separation membrane is shown in Fig. 13. The solid
line in this figure is the trade-off between O2 perme-
ability and O2/N2 selectivity [29]. The plot of ABS
permselectivities between 20 and 50 ◦C fell in the de-
sired range for practical applications.

4. Conclusions

In this study, a thorough analysis of the effect of
temperature and pressure on the transport, sorption
and selective properties of the ABS membrane is pro-
vided. Dense ABS membrane from Lustran®246 resin
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copolymer were prepared and tested for O2, N2, CO2,
and CH4 permeabilities. The influence of temperature
(20–50 ◦C) and pressure (2–10 × 105 Pa) on gas per-
meability through dense ABS membranes has been
studied.

Sorption isotherms for pure gases in ABS mem-
brane at 20, 30, 40 and 50 ◦C show the typical be-
havior of simple gas sorption in amorphous polymers
without strong polar groups. The higher CO2 solu-
bility was attributed to the presence of acrylonitrile
segment in the ABS copolymer. The CO2 and CH4
permeabilities from CO2/CH2 mixture were identical
to those obtained from pure gases, indicating that until
a pressure of 106 Pa for CO2 the effect of plasticiza-
tion appears to be negligible for CO2/ABS system.
Interesting permeability values and ideal separation
factors (O2/N2, CO2/CH4) in the whole range of tem-
perature were obtained. The O2/N2 ideal selectivities
are among the highest reported by other authors using
traditional membrane materials.
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