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Abstract—Novel polypyrrole (PPy)/polydimethylsiloxane (PDMS) composite membrane was prepared by interfa
cia polymerization to make a very effective gas separation membrane. We found that Polymerized PPy films as thin
as ~200 nm could be chemicdly synthesized as freestanding membranes by using the interfacia polymerization tech-
nique. Additiondly, we show that difference morphology of PPys films was obtained by controlling polymerization
rate and more dense films were formed at low polymerization rate. Wide X-ray diffraction study showed the d spacing
value of the PPy film decreased from 4.89 A to 3.67 A by the rate of polymerization decreases. According to d spacing
value decrease, selectivity of a PPy composite membrane was increased dramatically and permeability was reduced
gradually. This high selectivity was derived from d spacing closed to the kinetic diameter of nitrogen. These results
indicated that the permesbility is controlled by the diffusion coefficient, reflecting the packed structure of the PPy film.
The highest selectivity value of composite membrane that was prepared by interfacia polymerization was O,/N,=17.2

and permeability for O, was 40.2 barrer.
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INTRODUCTION

Gas sgparation membrane technology is useful for a variety of
gpplications [Heniset d., 1980; Abelson et d., 1989], auch ashydro-
gen recovery from reactor purge gas, nitrogen and oxygen enrich-
ment, water vapor remova from air, sripping of carbon dioxide
from natural gas, etc. Although membrane separations are attrac-
tive because of low energy costs and Smple operation, low perme-
abilities and/or selectivities often limit membrane gpplications [Spill-
mean, 1939; Haggin, 1990]. Gas separdtion membrane reguires Smul-
taneoudy high permegbility and high permsdectivity for practica
use These quantitiesfor typica polymers, generdly, show areverse
relaionship; polymers with high permesilities show low permse-
lectivity and polymers with high permseectivity show low perme-
abilities. To overcome these limitations many researchers have a-
tempted to make increasing efficient surface area of membrane o/
and decreasing thickness of sdlectivity layer vitd for increasing flux
without sacrificing selectivity. Current srategies for improving gas
flux are largely directed towards reducing the skin thickness of the
membrang, i.e, asymmetric or composite membrane. The asym-
metric membrane has a thin, dense layer on the surface of a more
porous subgtructured layer. And the compasite membrane hasadense
<kin layer supported on a porous layer, two layers being composed
of different polymers. The dense skin layers of the membranes are
responsible for the separation and dso dlow high fluxes due to tie
thinness. However, the number of polymers that can be prepared
in an asymmetric form is limited and the preparation of the com-
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posite membrane involves many technica problems[Spillmean, 1989.

To overcome those limitations and technica problems, we have
attempted to decrease thickness of the sdlectivity layer vitd for in-
creaang flux without sacrificing selectivity. This study used PPy as
sectivelayer and PDMS as support layer dueto very high gas per-
meshility efficdencies PPy films prepared by interfadid palymeriza
tion are ultrarthin and adhesive wel to aPDM S as support layer. In
order to undergand, the morphology of prepared membranes has
been carried out by scanning dectron micrascope (SEM). The poly-
merized PPy films were characterized by FT-IR and wide-angle
X-ray diffraction (WAXD). Thermogravimetry (TGA) wes carried
out on athermogravimetric analyzer.

EXPERIMENTS

1. Materials

Pyrrole monomer was purchasad from Aldrich Chemicds and
vacuum didtilled prior to use. The present work was carried out in
agueous solutions (millim Q water) and n-hexane as a organic solu-
tion. The agueous solutions of ferric chloride (FeCl;, Wako) and
ferrous chloride (FeCl,, Aldrich) were used with filtration (pore Sze
0.05 pm).
2. Preparation of Composite Membrane

Ha PPy/PDM S composite membranes were prepared by inter-
facid polymerization methods. Interfacid synthesis wes performed
by putting a 30 ml aqueous solution of ferrous chloride (0.4 M) ad
ferric chloride (0.5 M) as oxidation agents into Petri-dish (87x15
mm). Pyrrole monomer in the non-aqueous phase (n-hexane) was
poured dowly on the oxidizing agent in the agqueous phase. The
PPy monomer and the oxidants resgent diffuse towards each other
to yidd athin polypyrrole film at the interface between the two im-
miscible phases. A glass dide, acting as a subdtrate, was placed just
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below the interface. Within afew minutes, athin film arted to ap-
pear & the interface. After given polymerization time, we removed
the solutions in the interfacid a over and below. Then the poly-
merized PPy film was placed on a glass dide; smooth and com-
pact films could be obtained in a reproducible manner. After poly-
merization, the polymerized PPy film was rinsed by methanal to
remove excess monomer and oxidizing agent. Composite men-
branes were prepared by smply pouring a solution of PDMSin n-
hexane on the surface of polymerized PPy film on the placed glass
dide. After PDMS was cured for 24 hours, composite membrane
was anneded in arr a 80 °C for 15 min. Prepared composite mem-
branes were carefully removed from the surface of the glass plae
by smply washing with water. Find thickness of the prepared PPy/
PDM S composite membranes obtained was between about 200 and
300 um.

3. Gas Permeability Measurements

The gas trangport cdl is described esawhere [Lee et d., 1999)].
Membrane samples were prepared by sandwiching the composite
membrane between duminum foil tape (All-fail. Inc.). A circular
hole was punched into the duminum fail tepe; this hole definesthe
area of the membrane exposed to permeste gas. Epoxy was goplied
at the interface of the tape and the composite membrane to prevent
any gas lesk. The gas permestion measurements of the membranes
were carried out & 35°C.

Permestion experiments were redlized by usng the condant val-
ume and variable pressure technique in a permeghility apparatus a
congant temperature (298 K). The system consisted essentialy on
a permegtion cdl with two compartments separated by the tested
membrane. Before each experiment the system was srongly out-
gased during 48 h at high vacuum (1.0x10°° torr) using a turbomo-
lecular pump (Leybold, Turbovac 50) in downstream. The perme-
ability experiments were performed by using around 200torr of
Upstream pressure and recording the pressure increase in the down-
stream compartment by a pressure transducer, and pressure increeses
on the permeate Sde versus time data were recorded by a com-
puter. The purity of gases used (O, and N,) was of 99.95%; they
were used without any further purification. For every gas mea
Urements were repegted twice after re-evacuation of chambersand

degasification of membrane by vacuuming.
Theindividua gas permeshilitieswere evalueted by usng Eq. (1).

p:r2737ﬂ/m 1 ol dPy 0
076 LLALLD73 + TLLAPLHTH

Where P is the permesgbiility of composite membrane (1 Barer=
10" om?® (STP) ev(am?® s cmHg)), dP/dT is the pressure gradient
during time t in a Seady date (torr/s), T is the operding tempera
ture (°C), A is the membrane area pressure differences across the
membrang, | is the thickness of composite membrane (cm), and AP
is the pressure difference between the upper and lower Sdes. For
comparison purposes, the separation factor, a, is determined by ra-
tioning theindividua permestion rates.

When amixture of gasesis separated, the ided separation factor
for componentsis defined as the ratio of permeghility of each com-
ponent asfallows, Eq. (2) [Leroux et d., 1994].

Ong=Pi/Ps )

4, Characterizations

The morphologies of polymerized PPy were andyzed by usng
scanning eectron microscopy (SEM). The polymerized films were
characterized by FT-IR, wide-angle X-ray diffraction (WAXD) used
to characterize the d spacing. Thermogravimetry (TGA) was car-
ried out on a thermogravimetric andyzer, using high-purity nitro-
gen aspurging ges.

RESULTS AND DISCUSSION

1. The Effect of Gas Permeability and Sdectivity with Prepa-
ration Parameters

Asafirg experiment, the thickness of polymerized PPy film was
examined about the effect on the gas permeetion properties. Poly-
merization time increased gradudly because the polymerization
time was related with the thickness of PPy film. During the experi-
ments, FeCl; concentration (0.2 M) and pyrrole concentration (0.2
M) were kept congtant. A tota thickness of the prepared flat PPy/
PDMS compaosite membrane was about 280 pm. The thickness of
PPy film as selective layer was formed about between 100 and 600

Fig. 1. The SEM image of flat polypyrrole/PDM S composite membrane after polymerization for 30 min.
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Fig. 2. Effect of polypyrraefilm thickness of composite membrane
on the O,/N, sdlectivity coefficient (A) and the O, and N,
permeability coefficient (B). free-standing films.

nm according to polymerization time (Fig. 1).

Gas permegtion properties by thickness of PPy film are shown
in FHg. 2(A) and (B). Fg. 2(A) shows the film thickness dependence
of the gpparent permestion rate (P/L) of oxygen. Also, Fig. 2(B)
shows ided sdlectivity for oxygen to nitrogen in PPy films depos-
ited on the PDMS. PDMS itsdf is permsdective to gases; the se
lectivity of pure gas permeetes of N, and O, through PDMS film
was 2.0, which compares very wel to that published in the open
literate [Robeson, 1991]. As shown in Fig. 2(B) the oxygen perme-
ation rate darted to decrease with increasing thickness of PPy film,
and smultaneoudy the sdlectivity (o) started to incresse. The gas
sHectivity showed dramatic changes a a film thickness of about
180 nm and was maintained changelesdy a above that thickness.
When the PPy/PDMS composite membrane is thin (eg., below 100
nm), ao,n, is essentidly at the permeshiility of PDMS vaue (2.0).
This behavior indicates thet polymerized PPy film formed alarger
number of defects and/or pinholes. Increasing of PPy thicknessre-
duces those defects, and findly homogeneous pinhdlefree thin films
are formed. The maximum sdectivity coefficient vaue achieved,
Oon,=8.2, isidenticd to the sdlectivity coefficient obtained by Mar-
tin e d. [1997] for thin polypyrrole. These data show thet free-
ganding membrane with thickness gregter than 180 nm are essen-
tidly defect frea

Base on the above observations, the PPy film used in these in-
vedigations hed thickness between 150-300 nm thicknesses on the
PDMS membrane to observe gas permestion properties. Also, pre-
liminary experiments were carried out to prepare composite mem-
brane at various polymerization rates, maintaining the “optimum”
polypyrrole thickness, and the best conditions were chosen to give
the highest sdectivity of gas pairsin the resulting PPy/PDMS com-
posite membrane.

2. The Effect of Gas Permeation Properties with Polymeriza-
tion Rates

To ducidate the polymerization rate effect on the membrane per-
formance, severd experiments were performed at different oxidiz-
ing agent concentration. We have since discovered thet if the rate
of pyrrole polymerizetion is decreased, polypyrrole films with a

dense morphology can be obtained. The key feature of the syn-
thetic method used here is the addition of ferrous chloride (FeCl,)
to the ferric chloride (FeCl,) base polymerization solution. Fe** was
added to dow the rate of polymerization down in order to obtain a
dense polypyrrale film. Visud and dectro microscopic examination
of the films during synthesis showed thet the rate of polymeriza-
tion was, indeed, dower than when Fe*" was used [Kesting, 1985;
Kuwabataand Martin, 1994; Kegting and Fritzsche, 1993).

Kuwabata [Kuwabata and Martin, 1994] has shown thet the rate
of PPy polymerization is determined by the rate of initid electron
trandfer reaction.

P)/+Fé+/2+*> Py-++Fez+

Where Py isthe neutrd polypyrrole monomer and Py™ is the cor-
responding radicad cation. The rate of polymerizetion can, there-
fore, be varied by varying the initid concentration of Py and addi-
tion of ferrous chloride (FeCl,) to the ferric chloride (FeCl,) base
polymerization solution in the polymerization solution used to syn-
thesize the polymer. In this section have used this gpproach to pre-
pare aseries of PPy samplestha were polymerized & various poly-
merization rates. The initid Fe*/ Fe* and Py concentrations used
to synthesize our PPy samples are shown in Table 1. Note that the
initid ration oxidation agent (F€*"/ F€™")/PPy was 10: 1. However,
the ferrous chloride (FeCl,) concentrations were varied by over an
order of magnitude. Asindicated in Table 1, the polymer samples
areidentified by the notation PPy,, where x istheinitid concentra-

Table 1. Concentration used to synthesizethevariouspolypyrrole

samples.
Sampledesignation [Fe*] (M) [Fe”] (M) [Pyrrole] (M)
PPy, 1.0 20 0.1
PPy, 1.0 1.0 0.1
PPYos 10 05 0.1
PPYo.2s 1.0 0.25 0.1
PPYo.1s 1.0 0.13 0.1
PPYoos 10 0.06 0.1
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Fig. 3. Effect of palypyrrolefilm thickness of composite membrane

on the O,/N, seectivity coefficient and the O, and N, per-
meability coefficient by therate of poymerizationsdecrease.
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tion of Fe* used in the polymerization solution. High values of x
indicate that the samples were polymerized a a reatively lower
rate. Polymerization wes alowed to proceed for 1.0 h. Additiond
polymer was not obtained at longer polymerization times.

Permeshiility obtained for these experiments is given in Fg. 3
and the corresponding sdettivity change a these conditions is plot-
ted in FHg. 3. Andogous seectivity and permeghility coefficient ver-
sus polymerization rates were obtained for the composite membranes
that yidded films thickness of 240 nm 25nm of the polypyrrole
layer coating on the PDM S support membrane surface. PPy/PDMS
composite membrane showed that gas trangport sdlectivity improved
dramdticdly &fter the rate of polymerization went down (increased
with the concentration of ferrous chloride). Obtained permestility
and Hectivity for these exparimentsare givenin Hg. 3. For example,
for PPy,, compared with the polymerized membrane for PPy,
the O, permesbility coefficient is nearly 30 times lower than that
for PPy,, while the P, /R, slectivity of former membraneis 218%
higher than of the latter membrane. Also, the N, permegbility is 57
times lower than that of polymerized membrane for PPy,; the best
performance of the PPy/PDMS composite membrane shows O/
N, sdectivity of 14.8 and permestility of 4x10” c?/on? sec cmHg.
In comparison with high polymerization rate, the permeshility val-
ues of PPy/PDMS composite membrane decrease dightly with de-
creadng rate of polymerization, and dgnificant improvement on
the gas sdlectivity was observed. Possible reason for this changein
permesbility and selectivity was explained by the fact thet, snce
the rate of polymerization decreased indluding ferrous chloride, the
possibility of forming pinhole diminishes or leads to denser struc-
tures.
3. FT-IR with Polymerization Rates

An IR spectrum for PPy with polymerization rate is shown in
Fg. 4. Toidentify Py and PPy, the spectrawere obtained of Py ina
KBr tab and PPy [Janse e d., 1988]. The mog intense bands in
the PPy spectrum are 1,560 cm™* (2,5-subdtituted PPy); 1,051 cm™
(C—-H vibration of 2,5-subdtituted PPy); 922 and 738cm™ (C-H
deformation of 2,5 subdtituted PPy) and 1,009 cm™* (C-O asym-
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Fig. 4. FT-IR ectra of PPy film after polymerization by interfa-
cial methods and the spectrum of PPy with therate of poly-
merization.
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metricd gretching) (Fig. 4). These results indicate thet a non-sto-
ichiometric ratio of oxidant concentration to product yield was ob-
tained when the reection was PPy monomer and oxidant agents,
and that the polymer congigts of carbonyl and hydroxyl groups. Fur-
thermore, it appears that the sorbed Py is polymerized when the
membrane is exposed to ambient air and F&* is oxidized to Fe*.
In this case, the reaction rate would depend on the F&* to F€* oxi-
dation rate and, hence, is dower rddive to that seen in FHg. 4 (influ-
ence of O, on the polymerization rate). These vaues obtained for
PPy are wdl matched with the reported v ue for PPy [Kesting and
Fritzsche, 1993]. According to the spectrum of PPy, PPy identify-
ing bands are 738 and 922 cm™ (CH). In the spectrum of PPy mem-
branes, we can see the bands atributed to PPy (1,569 cm™ and 918
cm™) and those to PPy (738 cm™). These spectra show a feature-
less absorption tall a energies above 1,600 cm™ and aseries of bands
below 1,600 cm™. The featurdless tail is due to free-carrier absorp-
tion and is aunigque sgnature of the conductive Sate.

In accordance with Tian and Zeribis nomenclature [1990], the
so-called “doping-induced bands’ (1,169 and 897 cm™) blue-shift
upon conversion of fully oxidized PPy, and PPy, to a patidly oxi-
dized form (1,280 and 914 cm™). These indicate that base tredt-
ment yieds an oxidized polypyrrole. Also, FT-IR spectrafor PPy
and PPy, ,; show awesk band a 1,705 cm™. This band has been
obsarved in oxygen-oxidized and has been attributed to carbonyl.
Fg. 4 shows that the intengty of this band decreases as the con-
centretion of ferrous chloride used to synthesize the polymer de-
creases. Thus the FT-IR data indicate that carbonyl is present in
this PPy sample. As shown in Fg. 3, the gas permestion test of PPy/
PDM S composite membrane showed that the gas permestility was
dependent on the rate of polymerization. Gas permegtion properties
of gasmembrane in conducting polymersincluding PPy are highly
dependent upon the gtructura order. This morphology change led
to a decrease in excess free volume of polymerized PPy film and
to doser polymer packing.

The intrachain component is damaged by conformationa and
chemicd defectswithin the sructure of a polymer chain. PPy chans
areintringcaly planar and linear except when defects are present
within the chains [Demousiter-Champangne et d., 1999; Devlaux
et d., 2000; Cuenct ¢ d., 2000; Graham, 1866]. Conformationd
defects such as 2-2' coupling with non-regular 180° rotation (kink)
of the dternating pyrrole unit breek the planarity and linearity of
the PPy chain and reduce the extent of 7rorbita overlaps Chemi-
cd defects such as 2-3 or 2-4' coupling and non-aromatic bonding
bregk the reconjugaion as well as the planarity and linearity of a
PPy chain. Overoxidation during the polymerization step is reported
to introduce carbonyl or hydroxyls group into PPy chains, which
shorten the conjugetion length of the PPy chaln, reducing theintrac-
hain mohility [Mitchdll et d., 1987].

The decrease in gas permegtion of polymerized PPy film was
contributed by polymer chain digribution. It was proposed thet the
decrease in gas permestion rate might be due to the polymer chain
digribution by the rate of polymerization, which reduced with de-
creasing the rate of polymerization. In this study, conformetiona
changes of a PPy chain induced by interaction with decreasing the
rate of polymerization are expected to be a srong factor influenc-
ing intrachain mohility. These results indicate thet denser PPy inter-
chain polymer packing was formed by decreasing the rate of poly-
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Fig. 5. TGA curves (under nitrogen flow) of PPy with the rate of
polymerization.

merization and, then, led to the decrease in permesbility and the
increese in sAectivity ratio of oxygen to nitrogen. For the high poly-
merizaion rae, the gas permeshility increase and the sdectivity
decrease because of the intrachain mobility enhances by presence
of defects such as 2-3' or 2-4' coupling and non-aromatic bonding
bresk the planarity and lineerity of a PPy chain. Therefore, the ob-
tained high gas sdlectivity and lower permeetion rate is due to the
dower processss of F&* oxidation and PPy polymerization.
4. Thermal Sability of PPy with the Rate of Polymerization
Fig. 5 presentsthe TGA curves of PPy with the rate of polymer-
izetion. The quite good therma gability of prigine PPy is con-
firmed by the TGA sudy. It is theoreticdly possible to predict the
therma gability of any polymer by a group increment caculation
[Heniset d., 1981]. Wetried to gpply this goproach to PPy and the
results were the following: maximum decomposition rate expected
a 527 °C and the char residue a 750 °C expected to be 64.6+2.3
wt.%. Maximum decompaostion rate is consdered the temperature
a which theweght lass up to 750 °C reached 50% of itstotd vaue,
and for PPy this temperature was 527 °C. The totd weight loss &
750°C is only 30% of the initid weight; thus the char resdue is
70% in good agreement with the theoreticd vaue of 64.6%. Fur-
thermore, if the total weight loss a 750 °C is 30%, the experimen-
ta temperature a which the weight lossis 15% is a about 515°C,
again in good agreement with the theoreticd prediction of 527 °C.
Fg. 5 dso showsthe completely different therma behaviors of PPy
with therate of polymerization. For high rate of polymerization, the
weight loss garts even at 50 °C and increases rapidly up to 225°C;
then the weight oss rate changes but continues linearly to 750°C.
Thus, we can diginguish two stages: the firgt, up to 225°C, where
the mogt volatile oxidized fraction islogt and then we have asscond
gdage where the resdud materid is practicaly non-oxidized PPy,
which in fact decomposes & a rate somewha smilar to the lower
rate of polymerization (the dopes of the two curves run now quite
pardld). From the TGA of Fig. 5 data we can even edimate the
degree of oxidation of our polymerized PPy sample. In fact the initid
weight loss from 50 to 250°C involves a weight loss of the men-
tioned amount. The rate of weight loss then ssems to accderate a
little and in genera we can &ffirm that under an inert amogphere

PPy & high rate of polymerization (PPy, and PPy,) gopearsto beless
gable than its prepared PPy &t lower rate of polymerization (PPyos

and PPy,.,). On the other hand, it was proposed that denser poly-
mer packing was formed by decrease of the rate of polymerization.
5.Wide Angle X-ray Diffraction (WAXD) with the Rate of
Polymerization

According to previous results, the various rates of polymeriza-
tions obvioudy involve alarge range of permegbility coefficients.
Moreover, it provides an interesting increase in sdlectivity from 7.1
for PPy, to 15.5 for PPy,. At this point of the study, we can pre-
ume that this permegbility coefficent decrease is due to an increese
in the dengity of the interchain in PPy film after lowering the rate
of polymerization. Thereis doubt in that Ficks laws do not seem to
explan the results for the rate of polymerization. We should find
another materid that may take into account physica interactions of
permedtion gasesin the polymer. The WAX D method has been used
to determine the interchain distance in amorphous polymer by mee-
uring the maximum intengity in the amorphous scattering region
[Lecetd., 1999].

WAXD patterns with the rate of polymerizetion in Fig. 6 prove
that the PPy sample is semi-amorphous. Pegks at around 20 degree
are well indexed to reflections of a cubic system with the cell pa
rameter a=8.35 A\, repedtively [Demoudtier-Champange et dl., 1999
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Fig. 6. (A) XRD patternsof PPy film with therate of polymeriza-
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If the materid is crygdline in nature, the pesk from the X-ray dif-
fraction is sharp and the intengity is strong. However, when the ma-
terid isamorphous, the pesk israther broad. In the case of the present
PPy, as can be seen in the WAXD paternsin Fig. 6A PPy isre-
garded as a raher amorphous maeria. However, the WAXD pat-
tern of an amorphous polymer istypicaly dominated by one broad
pesk associated with the center-to-center chain distance or d sac-
ing. d spacing vaues are calculated from Bragg's equetion, nA=2d
sgn Bwhere Bisthe angle for apesk in the patterns. Here, 26 a the
maximum intengity gppearing at around 20° was used to cdculate
the d spacing, which was representative of the average openness
degree within amaterid.

Changesin d spacing with the rate of polymerization are shown
in Fig. 6B. Thed spacing of the present PPy, filmis 4.62 A, which
is much high then the kinetic diameter of O,. Astherate of polymer-
izetion increases, the d spacing decrease reaches 36 A, which is
dose to the value of doped PPy film (3.67 A). If we compare the
kinetic diameter of permesting gases, 346 A for O, and 364 A for
N,, it isdear that amembrane having ad gpacing between two vaues
is regarded as an ided separating membrane with unlimited sdec-
tivity. As the d gpacing decreases, the oxygen and nitrogen perme-
ability coefficients concurrently decresse. Also, Fig. 6B showsthe
relaionship between the permeghility coefficients and the molecu-
lar diameter of permeants gases for PPy/PDMS composite mem-
brane. Kingtic molecular diameter is defined as the intermolecular
digtance of closest goproach for the same two molecules calliding
with zero initid kinetic energy and is based on Lennard-Jones poten-
tid theory [Jesne et d., 1988]. Kinetic molecular diameters of the
gases used are O, (346 A) and N, (3.64 A). The gas permeshility
coefficients were shown to depend on the molecular diameter of
gases as shown in Fg. 6B. This behavior suggests that the perme-
ability is diginguished by the sze and shegpe of gas molecules; in
other words, the permesability is controlled by the diffuson coeffi-
cent, reflecting the packed structure of the PPy film. Therefore, in
this sudy, the d gpacing of the PPy film decreased from 4.89 to 3.67
A by decreasing the rate of polymerization. Aslowering of the rate
of polymerization continued, the d pacing decreased, resulting in
adramatic increase in sdlectivity of the PPy composite membrane.
Theincrease of diffusion sdectivity is attributed to the change of d
spacing caused by the rate of polymerization.

CONCLUSIONS

The fabrication of high-flux composite membranes requires dep-
adtion of an ultrathin, discriminating layer on a highly permeeble
support. In this study, we show that different morphology of PPys
films was obtained by controlling polymerization rate and more
dense filmswere formed at low polymerizetion rate. The lower the
rate of PPy polymerizations, the more the permesbility of a PPy/
PDMS membrane decreased while selectivity dightly increased,
because of the changes in morphology of PPy. The d gpacing of
the PPy film decreased from 4.89 to 3.67 A by decrease of the rate
of PPy polymerization. As lowering of the rate of polymerization
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continued, the d spacing decreased, resulting in adramatic increase
in sdectivity of a PPy composite membrane. The highest selectiv-
ity vaue of composte membrane that was prepared by interfacia
palymerization was O,/N,=17.2 and permeghility for O, was 40.2
barrer.
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