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Abstract By means of a vacuum time-lag method, gas transport properties of a
polyimide based on 2,2-bis(3,4-decarboxyphenyl) hexafluoropropane dianhydride (6FDA)
and mete-phenylenediamine (mPDA) have been measured as a function of upstream pres-
sure and temperature. The results show that no gas-induced plasticization occurs for this
polyimide in the upstream pressure range from 1atm to 20atm. The temperature depen-
dence of P and D can be described by the Arrhenius equations. The activation energies
of permeation and diffusion were obtained for the gas/polymer pair studied and correlated
with the size of penetrant gas.
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INTRODUCTION

During the past 30 years there has been growing interest in polyimide, a class
of specialty polymers which has a substantial impact on a number of advanced
technologies. Due to their excellent thermal and mechanical properties, the poly-
imides have been employed in many applications such as semiconductor devices,
high-temperature adhesive, and high-performance composite materialsll. In addi-
tion to the already rich field of polyimide investigations, the aromatic polyimides
have been especially employed as gas separation materials because of their surpris-
ingly high permselectivity to CO,/CH, 2151,

It is well known that the most desirable gas separation membrane materials
should have high permeability and high permselectivity as well as high mechanical
and thermal stability. However, structural modifications which lead to the increase
in polymer permeability usually cause losses in permselectivity and vice versa. This
so-called “trade-off” relationship is well described in the literature/'®l.

Expanding the performance envelope generally defined by this “trade-off” rela-
tionship is one goal of current research efforts. Among various polyimides, it was
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found that polymers with 2,2-bis (3,4-decarboxyphenyl) hexafluoropropane dianhy-
dride (6FDA) show both a higher gas permeability and a higher gas selectivity than
do the general polyimides and the conventional polymers(®=1%. In the present com-
munication, gas permeability coeflicient and diffusion coefficient for a 6FDA-based
polyimide were measured to investigate the effects of pressure and temperature on
gas permeability and diffusivity.

EXPERIMENTAL

Materials

The polyimide studied in this work was synthesized from 2,2-bis (3,4-decarboxy-
phenyl) hexafluoropropane dianhydride (6FDA) and meta-phenylenediamine
(mPDA). Its glass transition temperature, which was determined using Rheometrix
Solid Analyzer RSA II at a heating rate of 10°C/min and an oscillation frequency
of 1Hz, is 301°C and its density is 1.4732 g/cm3.

Carbon dioxide, oxygen, nitrogen, and methane were obtained from Messer
Griesheim GmbH. The purity of CH4 was stated by the supplier to be 99.5% or
better and the purities of other gases were greater than 99.99%. All gases were used
without further purification.

Membrane preparation

The sample was used in the form of nonporous planar membrane which were pre-
pared by casting DMF solutions containing 20 wt% polymer onto glass plates and
dried for 24 h at 100°C under vacuum. The membranes thus obtained were peeled
from the glass plates and dried for another 24 h at 100°C under vacuum. The thick-
ness of the dry membranes used for the permeability and diffusivity measurements
varied from 20 to 40 um.

Apparatus and ezperimental procedure

Mean permeability coefficients, P, and effective diffusion coefficients, D, were
measured between 1 and 20 atm at 35°C, and at 10 atm for different temperature be-
tween 25 and 45°C by the vacuum time-lag method. Detail experimental procedure
was described in the previous papers'#~13]. From a single transient gas transport
experiment, both permeability coefficient (P) and diffusion coefficient (D) can be
obtained. The permeability is given by equation (1):

)
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P=J,

where [ is the thickness of the membrane, J, is the steady-state rate of gas permeation
through a unit area of the membrane, ps and p; are the upstream and downstream
pressures of the gas component, respectively. Effective diffusion coefficients were
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calculated from the time-lag 0 using equation (2):
l2
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RESULTS AND DISCUSSION

The effect of upstream pressure on the pure gas permeability coefficient at 35°C

is shown in Figure 1 in the form of semilogarithmic plots of permeability versus pres-

sure. The straight lines in the Fig. 1 were obtained from least-squares regressions of

the experimental data. As for most polyimides reported in the literatures!2-15] the

permeability coeflicients are essentially independent of upstream pressure or tend to

decrease slightly with increasing pressure. These results illustrate that gas-induced

plasticization, which would be signalled by an increase in permeability with increas-

ing upstream pressure, does not occur for this polyimide over the pressure range

covered here. Resistance to plasticization is an important property of membrane

materials, particularly in the high-pressure applications such as COj stripping from

Fig. 1
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imide at 35°C

natural gas stream, since plasticized polymers usually exhibit markedly reduced

selectivities to penetrant gas mixtures. The decrease in P with increasing gas pres-
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sure observed in some cases for Ny and CH, is probably due to a large experimental
error at low pressures, because of the low permeation rates of these gases under
these pressures.

The eflect of temperature on permeabilities and diffusivities for CO3, O,, N3, and
CH, at 10atm upstream pressure were investigated. It was found that the temper-
ature dependence of P and D for the polyimide can be described by the Arrhenius
equation!”, As with all other polymers reported in the literaturell®), the general
trend is that the gas permeabilities and diffusivities increase with temperature.

Table 1 Activation energies and pre-exponential factors for permeation and diffusion
of four penetrants in the 6FDA/mPDA polyimide

Gas CO2 02 Nz CH4
E, (kcal/mol) 2.36 2.35 3.99 4.81
E4 (kcal/mol) 7.00 5.71 6.62 9.19
Py x 1072 (Barrers) 3.91 1.03 3.02 5.23
Dqg x 10% (cm?/s) 1.56 0.37 0.37 4.92

E, and E; as well as By and Dy obtained from the Arrhenius plots are given in
Table 1. These parameters provide a convenient method for the calculation of per-
meabilities and diffusivities for each polymer-penetrant pair at a given temperature.
However, these parameters are applicable only within the respective temperature
range in which no significant thermal transition takes place for the polymer.

The permeation activation energies of the polyimide in Table 1 follow the same
general trends as those reported by other investigators!”-1318l, that is, E, increases
with penetrant size. Meares(!® interpreted the diffusion of a penetrant as a process
that occurs along a cylindrical volume defined by the penetrant diameter, o, and
the average length of its diffusion step, A. According to this interpretation, the
activation energy for diffusion and the penetrant diameter should be related by:

E;=(r/4)-0*-\-CED (3)

where CED is the cohesive energy density of the polymer. Following equation
(3), the E; values should increase with the increase of the kinetic diameters of the
gases. It is quite evident that the E; values for CO, are higher than those expected,
indicating that the relative magnitudes of Ey for COy and O are anomalous from
their diameters.

A possible cause for the lower diffusion activation energy of O2 compared to those
of CO, is the strongy quadrupole moment of the COy molecule!'3), which may induce
specific interactions between CO3 and the polar groups in the polyimides, such as
CF3 and C=0 groups in the polymer chain. On the other hand, the O, molecule is
nonpolar. Stern et al.l’3 suggested that the specific COq /polymer interactions may
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hinder the mobility of the CO2 molecules in the polymer matrix. To activate this
hindered mobility, more energy should be needed, thus, E4(CO2)> E4(O2). Another
possible reason for the anomalies mentioned above is the difficulty in estimating the
accurate diameter of CO2 molecule because of its nonspherical nature. Stern et
al.8] suggested that the CO, molecule may have a larger effective size, possible
between its kinetic diameter of 0.33 nm and its collision diameter of 0.394 nm.
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