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Abstract

Aromatic poly(amide-imide)s were synthesized using direct 2,2-bis[N-(4-carboxyphenyl)-phthalimidyl] hexafluoro-
propane (6FDIA) polycondensation with various diamines containing flexible ether groups and bulky substituents.
The oxygen and nitrogen gas transport in the poly(amide-imide) membranes was investigate at 35 �C with the pressure
between the interval at 2–10 atm. The proposed method is expected to promote the gas permeability of the poly(amide-
imide) membrane and maintain the gas selectivity. It was found that both gas permeability and selectivity of poly(a-
mide-imide) membranes increased with increasing fractional free volume and d-spacing. The gas permeability had good
correlation with the c-transition temperature. The bulky pendent group introduced into diamine moiety of poly(amide-
imide) could efficiently promote the gas permeability. For the behaviors of gas separation, the gas diffusivity coefficient
and solubility selectivity controlled the gas permeability and selectivity, respectively. The sorption behavior of the aro-
matic poly(amide-imide) membranes can be well explained using the dual mode sorption model. The Langmuir capacity
constant and Henry�s law constant increase with FFV increasing. 6F-TBAPS has the best O2/N2 separation perfor-
mance among the poly(amide-imide) membranes.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Membrane-based gas separation has emerged as a
commercially important technology for replacing, or
used in combination with traditional gas separation
methods such as pressure swing adsorption, cryogenic

distillation and amine absorption. Therefore, gas separa-
tion membrane systems have received a lot of attention.
Various membrane materials have been synthesized for
gas separation applications in the last two decades. A
great deal of interest exists in the field of gas separation
for the development of new high performance polymeric
membranes combining high selectivity with high perme-
ability. To achieve such materials it is essential to inves-
tigate systematically the relationships between chemical
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and physical structures of the polymers and their gas
transport properties.

Numerous studies on the relationship between the
molecular structure of polymers and gas transport prop-
erties have been reported in an attempt to gain a better
understanding of the transport mechanism [1]. The
motivation is to improve transport properties by over-
coming the ‘‘trade-off’’ trend between gas permeability
and permselectivity of polymers, i.e., to increase gas per-
meability and selectivity simultaneously. The major
physicochemical factors influencing polymer gas perme-
ability and permselectivity control are (1) the mobility of
the polymer chains, as reflected in many cases by the
glass or sub-glass transition temperature of the polymer,
(2) the intersegmental spacing, used to measure the
mean free polymer volume, and (3) the penetrant-poly-
mer interactions, as reflected by the solubility of the pe-
netrant gases in polymers. It is well known that there are
few specific polymer interactions with permanent gases
such as oxygen and nitrogen at relatively low gas pres-
sures (below 10 atm). The exception is carrier-mediated
transport. Thus, for a given permanent gas, the perme-
ation properties depend primarily on the packing density
and the polymeric chain mobility. The former has been
frequently interpreted in terms of the free volume, spe-
cific volume and d-spacing. The latter can be examined
through dynamic mechanical analysis (DMA) [2–5].

Amorphous polymers with high glass transition tem-
perature such as polyimides exhibit excellent thermal sta-
bility, good chemical resistance and mechanical strength.
When they are used as a membrane material for gas sep-
aration, they have high gas selectivity, but low perme-
ability, insolubility and infusibility restrict their full
potential. To overcome this limit, many efforts have been
performed to modify the physical and chemical proper-
ties of polyimides, aimed at obtaining tractability and
good gas separation performance membrane materials
[6–11]. Recent studies have demonstrated that both per-
meability and selectivity may be enhanced by incorpora-
tion of bulky pendent groups in glassy polymeric
membranes that make the molecular structure rigid and
simultaneously inhibit efficient chain packing and reduce
local segmental mobility [12–14]. 6FDA-based polyi-
mides usually have good solubility in common organic
solvents and possess good mechanical and thermal prop-
erties, which are required for the fabrication of gas sepa-
ration membranes [15–18]. The poly(amide-imide)s
investigated in this study were synthesized by a com-
pleted imide structure. Thus, they remain soluble and
possess excellent membrane forming properties.

In this study, we report on the effects of diamine
moietie chemical structures on the gas permeability
and permselectivity for poly(amide-imide)s membranes
based on various diamines. Three kinds of poly(amide-
imide) membranes was synthesized from diimide-dicar-
boxylic acid, 2,2-bis[N-(4-carboxyphenyl)-phthalimidyl]

hexafluoropropane diimide-dicarboxylic acid (6FDIA)
with various diamines. It was especially investigated in
detail how the variation in polymer-structure would
influence gas permeability and permselectivity.

2. Experimental

2.1. Synthesis of poly(amide-imide)s

The diamines, 4,4 0-bis(4-aminophenoxy)biphenyl
(BAPB), 2,2 0-dimethyl-4,4 0-bis(4-aminophenoxy)biphe-
nyl (DBAPB) and 3,3 0,5,5 0-tetramethyl-bis[4-(4-amino-
phenoxy)phenyl]sulfone (TBAPS), were synthesized in
two steps by the aromatic nucleophilic displacement
reaction of diols and two mole equivalents of p-chloro-
nitrobenzene, giving the dinitro compounds, followed
by reduction with hydrazine monohydrate/Pd–
C [19,20]. The diimide-dicarboxylic acid, 2,2-bis-
[N-(4-carboxyphenyl)-phthalimidyl] hexafluoropropane
(6FDIA), was obtained according to 4,4 0-Hexafluoroiso-
propylidenediphthalic anhydride (6FDA) reacted with
two mole equivalents of 4-aminobenzoic acid to form
an amic acid in homogeneous solution. In a subsequent
amic acid cyclodehydration reaction accomplished using
dehydrating agents such as the mixture of acetic anhy-
dride and pyridine, 6FDIA was afforded, which precip-
itated from the reaction mixture [21].

Poly(amide-imide)s were prepared by the direct poly-
condensation polymerization of the diimide-dicarboxylic
acid, 2,2-bis[N-(4-carboxyphenyl)-phthalimidyl] hexaflu-
oropropane (6FDIA), and various diamines. The route
is illustrated in Fig. 1. A mixture of 0.9 mmol of dia-
mine, 0.9 mmol of diimide-dicarboxylic acid monomer
6FDIA, 0.3 g of calcium chloride, 0.8 ml of triphenyl
phosphite (TPP), 0.7 ml of pyridine and 2.5 ml of
NMP was heated with stirring at 100 �C for 2 h under
argon atmosphere. After cooling, the reaction mixture
was poured into large amount of methanol with con-
stant stirring. The precipitate was washed thoroughly
with methanol and hot water. The polymer was then
washed with hot acetone using a Soxhlet extractor for
3 h collected on a filter and dried at 100 �C under vac-
uum. The inherent viscosities of poly(amide-imide)s
were in the range of 0.93–1.43 dl/g. The poly(amide-imi-
de)s reaction pairs are shown in Table 1.

2.2. Membrane preparation

The dense poly(amide-imide)s membranes were pre-
pared by casting a N,N-dimethylacetamide (DMAc)
solution containing about 8 wt% polymer on glass
plates. Membranes were then dried in an oven at 70 �C
for 1 h. After drying, the membranes were removed from
the glass plates by distilled water, placed in a vacuum
dryer and dried for 24 h at 1 atm and room temperature.
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