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Interfacially polymerized thin-film composite
polyamide membrane: positron annihilation
spectroscopic study, characterization and
pervaporation performance

Se-Tsung Kao1,2, Shu-Hsien Huang3, Der-Jang Liaw1,4, Wei-Chi Chao1, Chien-Chieh Hu5, Chi-Lan Li5,
Da-Ming Wang1,6, Kueir-Rarn Lee1 and Juin-Yih Lai1

To improve the pervaporation performance of polyamide membrane, thin-film composite (TFC) polyamide membranes were

prepared through the interfacial polymerization between m-phenylenediamine (MPDA) or 1,3-phenylenediamine-4-sulfonic acid

(MPDASA) and trimesoyl chloride (TMC) on the surface of the modified asymmetric polyacrylonitrile (mPAN) membrane and

applied in the pervaporation separation of 70 weight % aqueous isopropanol solutions at 25 1C. The variations in the free

volume and the thickness of the active polyamide layer of composite membrane were obtained by positron annihilation

spectroscopy (PAS) experiments, in which a variable monoenergy slow-positron beam was used. FTIR-ATR spectroscopy, XPS,

scanning electron microscopy, AFM and water contact angle measurements were applied to analyze chemical structures, surface

elemental compositions, morphologies, surface roughness and hydrophilicity of the active polyamide layer of composite

membrane. From the result of PAS experiments, the S parameter (corresponding to the free volume size and amount) and the

thickness of the active polyamide MPDASA-TMC/mPAN layer were found to be lower than those of the active MPDA-TMC/mPAN

layer. In the aqueous isopropanol solution dehydration, the MPDASA-TMC/mPAN membrane exhibited a higher permeation rate

than but maintained the same water concentration in the permeate as did the MPDA-TMC/mPAN membrane. This is in good

agreement with the analysis by PAS.
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INTRODUCTION

Polyamides have been studied as suitable membrane materials because
of their high thermal stability, excellent mechanical strength and high
resistance to organic solvents. Alcohol dehydration is one of the
important areas in pervaporation separation processes. In pervapora-
tion separation processes, polyamides show high selectivity in alcohol
dehydration for a wide range of water concentrations.1–5 Their high
selectivity stems from the concept of high diffusion selectivity. This is
because they have low free volume/low mobility and the size of water
molecules is smaller than that of alcohol. However, they show low
permeation rate because of their very low free volume and low water
solubility. To increase the permeation rate of polyamide membranes
without sacrificing selectivity, the membrane morphology must be
converted from a dense thick film into an asymmetric or composite

morphology. Composite membranes have several advantages over
single-material asymmetric membranes. Composite membranes are
characterized by a top separation layer formed onto a chemically
different asymmetric porous substrate. The benefits of these indepen-
dent polymeric layers can be combined to obtain the desired
membrane performance. Interfacial polymerization is an effective
technique to prepare a composite membrane with a selective thin
layer. Besides being thin and dense, a more hydrophilic selective layer
is favorable to further improve the performance of a membrane for
alcohol dehydration.

Interfacial polymerization is based on a polymerization reaction
that forms a polymer film at the interface between two immiscible
phases (aqueous and organic), each of which has a highly reactive
monomer dissolved in it. The polymer film formed at the interface
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usually grows from the aqueous phase toward the organic phase. This
concept of polymer film growth at the interface has been proved by
Morgan.6 The advantages of interfacial polymerization are the follow-
ing: rapid reaction rates under ambient conditions, the absence of a
requirement for stoichiometric amounts of reactants and a low
requirement for reactant purity. Thus, the interfacial polymerization
technique is an adequate method for the preparation of composite
membranes with an ultra-thin active polyamide layer. Studies on
interfacially polymerized thin-film composite (TFC) membranes are
usually about their application in reverse osmosis7–11 or nanofiltra-
tion,12–16 but few reports on their application in pervaporation are
available.17–19 Therefore, in this study, to improve the pervaporation
performance of polyamide membranes, TFC polyamide membranes
were prepared through the interfacial polymerization reaction between
amines (m-phenylenediamine (MPDA) or 1,3-phenylenediamine-4-
sulfonic acid (MPDASA) (sulfonated MPDA)) and acyl chloride
(trimesoyl chloride (TMC)) on the surface of a modified asymmetric
polyacrylonitrile (mPAN) membrane. These TFC polyamide mem-
branes were then applied in the pervaporation separation of aqueous
isopropanol solution at 25 1C The polyamide layer’s characteristics
such as morphology, surface roughness, hydrophilicity, degree of
crosslinking, free volume and thickness were correlated with the
pervaporation performance. It was especially a difficult task to
estimate the free volume in the thin polyamide layer on the modified
PAN membrane support. Recently, many studies on the physical
properties of polymeric materials, such as free volume, have been
investigated with a potential physical technique—PAS.20–23 However,
there are few studies on polymeric TFC pervaporation membranes
investigated with PAS.18–19,24–25 In this regard, to probe the variation
in the free volume in the active polyamide layer, the TFC polyamide
membrane was examined by conducting PAS experiments, in which a
variable monoenergy slow-positron beam was used.

EXPERIMENTAL PROCEDURE

Materials
PAN polymer, supplied by Tong-Hua Synthesis Fiber Co. Ltd (Hsinchu,

Taiwan), was used as the membrane support in the interfacially polymerized

TFC membrane. Reagent grade N-methyl-2-pyrrolidone (NMP) was the solvent

used in preparing the casting solution of the PAN polymer. Sodium hydroxide,

used in the hydrolysis of the PAN membrane support, was purchased from

SHOWA Chemical (Tokyo, Japan). MPDA was purchased from Aldrich (Stein-

heim, Germany). MPDASA (sulfonated MPDA) and TMC were purchased from

TCI (Tokyo, Japan). Amine monomers (MPDA and MPDASA) and acyl

chloride (TMC) monomer were used in the preparation of the active polyamide

layers through interfacial polymerization. Distilled water was used as the solvent

in aqueous solutions, and toluene was used as the organic solvent. The chemical

structures of MPDA, MPDASA and TMC are shown in Figure 1.

Preparation of mPAN porous membrane support
The preparation procedure for the mPAN porous membrane support used in

this study was described in our previous study.26 Flat porous membrane

support was prepared by casting the PAN-NMP solution onto nonwoven

polyester fabrics. In the preparation process, an NMP solution containing 15

weight % PAN polymers was cast onto a nonwoven polyester substrate with the

use of a casting knife with a 200-mm gap to fabricate the flat porous PAN

membrane support. The cast membrane was precipitated in a water bath. The

resulting asymmetric PAN porous membrane support was washed in water

several times for more than 1 day to remove the remnant of the NMP solvent.

The modified PAN membrane was prepared by immersing the PAN porous

membrane support in a 2 M NaOH solution at 50 1C to improve the hydro-

philicity of the PAN membrane and to facilitate the spread of the aqueous

amine solution over its surface. The partial –CN groups of PAN can be

converted into –COOH or –CONH2 groups after hydrolysis with NaOH

solution.12,27 The resulting modified PAN membrane was washed in a water

bath for several hours and then stored in another water bath before use for the

interfacial polymerization.

Preparation of TFC polyamide membrane
The active polyamide skin layer was polymerized by the interfacial polymeriza-

tion technique. The mPAN membrane was first immersed in a 0.1 weight %

aqueous amine solution for 5 s. Then, the excess amount of aqueous amine

solution on the surface of the mPAN membrane was removed using a rubber

rod. The mPAN membrane soaked with the aqueous amine solution was

contacted with a toluene solution containing 0.05 weight % acyl chloride

(TMC) for 10 s to carry out the process of interfacial polymerization. Finally,

the resulting TFC polyamide membrane was washed in methanol and then

dried at atmospheric temperature.

Characterization
FTIR-ATR (Perkin Elmer Spectrum One, Perkin Elmer Ltd, Beaconsfield, UK)

spectroscopy was used to examine the chemical structures of the membranes.

Scanning electron microscopy (SEM) (HITACHI S-3000N, Hitachi, Tokyo,

Japan) and AFM (Digital Instruments, DI-NS3a, Santa Barbara, CA, USA)

were used to observe the morphologies and the surface roughness of the TFC

polyamide membranes, respectively. To understand the surface hydrophilicity of

the TFC polyamide membrane, the water contact angle was estimated with the

use of automatic interfacial tensiometer (FACE Mode 1 PD-VP, Kyowa Interface

Science Co., Ltd., Saitama, Japan). The chemical surface characterization of the

TFC polyamide membranes was carried out by using XPS (Thermo VG-

Scientific Sigma Probe, Thermo Fisher Scientific, Loughborough, UK).

PAS
To estimate the variation in the free volume in the TFC polyamide membrane,

a newly built slow-positron beam with variable monoenergy at the R&D Center

for Membrane Technology, Chung Yuan University, Taiwan, was used for this

study to define the mean depth of the membrane between 0 and about 10mm

(the mean depth is converted by using an established equation from the

positron incident energy from 0 to 30 keV) at atmospheric temperature under a

vacuum of B10�8 torr to measure the Doppler-broadened energy spectrum

(DBES). This new radioisotope beam uses 50 mCi of 22Na as the positron

source. The DBES spectra were measured using a high-purity Ge detector at a

counting rate of B2000 c.p.s. The total number of counts for each DBES

spectrum was 1.0 million. DBES is based on the measurement of the width of

the annihilation gamma photon line, centered at 511 keV, by a high-purity Ge

detector. The S parameter defined by the ratio of the central part of the

annihilation spectrum and the total spectrum reflects positron annihilation

with low momentum valence electrons. To estimate the thickness of the active

polyamide layer, the S parameter data from DBES was fitted in a four-layer

model by using the VEPFIT program.28 The S parameter from the DBES

represents the relative value of the free volume reflected in the depth profile for

polymeric systems.

Pervaporation measurement
The pervaporation performance measurement was performed by the separation

of aqueous isopropanol solution through a TFC polyamide membrane. The

pervaporation apparatus was illustrated in our previous study.29 The effective

surface area of the membrane in direct contact with the feed solution was
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Figure 1 Chemical structures of monomers used in preparing active

polyamide layers. (a) MPDA, (b) MPDASA, (c) TMC.
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11.64 cm2. The operating temperature (feed solution temperature) was 25 1C.

The concentrations of the feed solution and the permeate were measured by

gas chromatography (GC; China Chromatography 9800, Taipei, Taiwan). The

permeation rate (P) was calculated from the following equation:

P ¼ W

A�t
ð1Þ

where W is the weight of the permeate, A is the effective membrane area, and

t is the sampling time.

RESULTS AND DISCUSSION

Chemical structures
The FTIR-ATR spectra for PAN membrane, mPAN membrane and
TFC polyamide membranes (MPDA-TMC/mPAN and MPDASA-
TMC/mPAN) are shown in Figure 2. Compared with the spectrum
for the PAN membrane (Figure 2a), the mPAN membrane has four
peaks at wave numbers 3300–3400, 1732, 1666 and 1560 cm�1, as
shown in Figure 2b. The first two peaks correspond to –OH and C¼O
of the carboxyl acid group, respectively. The last two peaks correspond
to C¼O (amide I) and –NH (amide II) of the acryl amide group,
respectively. Such spectra revealed that partial �CN groups of the
PAN membrane were converted to the –COOH or �CONH2 groups,
as a result of PAN hydrolysis in NaOH solution.

Compared with the spectrum for the mPAN membrane, an increase
in the intensity of the peaks at wave numbers 1666 and 1560 cm�1,
corresponding to C¼O (amide I) and N–H (amide II) of the amide
group, respectively, is shown in the spectra for the TFC polyamide
membranes (MPDA-TMC/mPAN and MPDASA-TMC/mPAN)
(Figures 2c and d). In addition, the spectrum for MPDASA-TMC/
mPAN exhibits two new peaks at 1022 and 1078 cm�1 (showing in the
magnified portions in the wave number range 950–1150 cm�1 from
Figures 2c and d), which were not indicated in the spectrum for
MPDA-TMC/mPAN (Figure 2c). These peaks indicate the character-
istic of the aromatic –SO3H symmetric and asymmetric stretching
vibrations, respectively.30 The spectra in Figure 2 confirmed that the
TFC membrane’s active layer is composed of aromatic polyamide.

SEM observation
Figure 3 shows the SEM surface images of the mPAN and TFC
polyamide membranes. As shown in Figure 3a, the mPAN membrane

exhibits a smooth surface with micropores spread throughout. Com-
pared with the mPAN membrane, it was found that the thin active
polyamide layers were formed on the mPAN membranes through the
interfacial polymerization process, as shown in Figures 3b and c. In
Figure 3b, the polyamide MPDA-TMC on the mPAN membrane is
delineated as crooked, wormlike strands connected with each other.
Compared with the MPDA-TMC/mPAN membrane, the smoother
polyamide MPDASA-TMC having small, well-dispersed nodules on
the mPAN membrane is shown in Figure 3c. The smoother surface of
the MPDASA-TMC/mPAN membrane could result from the lower
polymerization rate of the reaction of MPDASA with TMC because of
the steric hindrance effect of –SO3H groups in MPDASA. In view of
this, the SEM cross-sectional images of the TFC polyamide mem-
branes were also examined. The thickness of the active polyamide layer
was not observed clearly.

Surface roughness and hydrophilicity measurement
The surface roughness and the hydrophilicity of the membrane can
affect the pervaporation performance of the membrane. Generally,
higher surface roughness (larger surface area) has an opportunity to
promote the permeation rate. Higher hydrophilicity is favorable not
only to improve the water concentration in the permeate but also the
permeation rate. Thus, the surface roughness and the hydrophilicity of
the TFC polyamide membranes were investigated.

From the SEM observation, the MPDASA-TMC/mPAN membrane
has a smoother surface than the MPDA-TMC/mPAN membrane.
Further, the closer surface morphology and roughness of these two
TFC polyamide membranes were probed by AFM, as shown in
Figure 4 and Table 1. Figure 4 shows AFM images of MPDA-TMC/
mPAN and MPDASA-TMC/mPAN membranes. Compared with the
MPDASA-TMC/mPAN membrane, the MPDA-TMC/mPAN mem-
brane has a rougher surface because of the small bumps distributed on
it. The surface roughness data from Figure 4 are also shown in Table 1.
It indicates that the root mean square roughness (Rms), average
roughness (Ra) and maximum roughness (Rmax) for the MPDA-
TMC/mPAN membrane are higher than those for the MPDASA-
TMC/mPAN membrane. These results might be attributed to MPDA
having a higher polymerization rate of reaction with TMC than
MPDASA.

4000 3600 3200 2800 2400 2000 1800

cm–1

1600 1400 1200 1000 800 650.0

–SO3H
1078

C=O 1666

(a)

(b)

(c)

(d)

%T

N-H 1560
1022

Figure 2 FTIR-ATR spectra for (a) pristine PAN membrane support, (b) modified PAN (mPAN) membrane support (result of PAN treatment in 2 M NaOH

solution at 50 1C) and TFC polyamide membranes (c) MPDA-TMC/mPAN and (d) MPDASA-TMC/mPAN.
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Two factors can affect the hydrophilicity of the membrane. One is
the hydrophilic groups on the membrane. The membrane having
some hydrophilic groups can decrease the water contact angle of the

membrane, that is, improve the hydrophilicity of the membrane.
Another is the surface roughness of the membrane. The surface
roughness of the membrane is generally favorable to increase the
hydrophilicity of the membrane whose water contact angle is lower
than 90 1C. Therefore, the hydrophilicity of the TFC polyamide
membranes was directly estimated using the water contact angle
data and the result is shown in Table 1. It was found that the
MPDASA-TMC/mPAN membrane has a lower water contact angle
than the MPDA-TMC/mPAN membrane. This result indicates that the
MPDASA-TMC/mPAN membrane has a higher hydrophilicity
because of the hydrophilic –SO3H groups in it, although it has a
lower surface roughness.

Crosslinking degree estimation
In the pervaporation separation process, the polymer membrane is
easily swollen by the organic feed solution. This result causes a
decrease in the selectivity and an increase in the permeation rate.

Figure 3 SEM surface images of (a) modified PAN (mPAN) membrane support and TFC polyamide membranes (b) MPDA-TMC/mPAN and (c) MPDASA-TMC/

mPAN.
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Figure 4 AFM images of TFC polyamide membranes (a) MPDA-TMC/mPAN and (b) MPDASA-TMC/mPAN. (scan size: 5�5mm; ordinate scale (data scale):

200 nm per interval).

Table 1 Surface roughness and water contact angle values for TFC

polyamide membranes

Membranes Rms
a (nm) Ra

b (nm) Rmax
c (nm)

Water contact

angle (1)

MPDA-TMC/mPAN 26.2±2.0 20.8±2.1 190.6±9.7 68.1±0.7

MPDASA-TMC/mPAN 13.2±1.1 10.4±0.9 89.3±8.7 33.5±4.7

Abbreviations: mPAN, modified asymmetric polyacrylonitrile; MPDA, m-phenylenediamine;
MPDASA, 1,3-phenylenediamine-4-sulfonic acid; TFC, thin-film composite; TMC, trimesoyl
chloride.
aRms: root mean square roughness.
bRa: average roughness.
cRmax: maximum roughness.
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The crosslinking structure formed in the polymer membrane can
inhibit the swelling effect of the organic feed solution and is beneficial
to maintain the pervaporation performance. In this study, the reaction
between TMC having three acyl chloride groups and MPDA or
MPDASA possessing two amine groups could form the polyamide
with the crosslinking structure. Thus, the crosslinking portion in the
polyamide thin layer was estimated by the surface elemental composi-
tion of the composite membrane, which was obtained from XPS.
Table 2 shows the surface elemental composition and the elemental
concentration ratio data for the TFC polyamide membranes from the
XPS measurement. As shown in Table 2, the MPDASA-TMC/mPAN
membrane has a higher N/C ratio and a lower O/N ratio compared
with the MPDA-TMC/mPAN membrane. This result indicates that
more polyamide linkage groups (crosslinking portions) formed in the
MPDASA-TMC polyamide layer through interfacial polymerization.
Figure 5 illustrates the chemical structures of the polyamides (MPDA-
TMC and MPDASA-TMC). As shown in Figure 5, the polyamide
structure was divided into two portions, that is, the crosslinking
portion (m) and the linear portion (n). The fraction of crosslinking
portion (m) of the polyamide layer was estimated from the N/C ratio
for the repeating units in the polyamide structure. In the calculation,

m+n¼1 and N/C¼(3m+2n)/(18m+15n) from the chemical formulae
of the crosslinking portion (m) and the linear portion (n) were used.
The result of the calculation is shown in Table 2. It indicates that the
MPDASA-TMC polyamide layer has a higher fraction of crosslinking
portion than MPDA-TMC. These phenomena might be due to the fact
that the polyamide layer formed by means of interfacial polymeriza-
tion usually grows from the aqueous phase toward the organic phase.
As the interface thickness increases, the amounts of aqueous phase
monomer that can penetrate decreases. On reaction with TMC,
MPDA has a higher polymerization rate than MPDASA. The poly-
amide is, therefore, formed rapidly. This MPDA-TMC polyamide layer
causes the MPDA monomers’ penetration to decrease, resulting in
some acyl chloride groups of TMC that cannot react with the amine
groups of MPDA. After the interfacial polymerization process and on
exposure to the atmosphere, the unreacted acyl chloride groups will be
hydrolyzed to form the �COOH groups. Thus, the MPDA-TMC
polyamide layer has a lower fraction of crosslinking portion. On the
other hand, MPDASA has a lower polymerization rate than MPDA,
resulting from the steric hindrance effect of the �SO3H group. Hence,
the polyamide forms gradually. The MPDASA monomers penetrate
more easily through the thinner MPDASA-TMC polyamide layer,

Table 2 Surface elemental composition, elemental concentration ratio and crosslinking portion data for TFC polyamide membranes from XPS

measurement

Membranes C (%) O (%) N (%) S (%) O/C N/C O/N Crosslinking portion (m) (%)

MPDA-TMC/mPAN 75.07 14.22 10.71 — 0.19 0.14 1.33 17

MPDASA-TMC/mPAN 74.71 12.61 12.27 0.41 0.17 0.16 1.03 77

Abbreviations: mPAN, modified asymmetric polyacrylonitrile; MPDA, m-phenylenediamine; MPDASA, 1,3-phenylenediamine-4-sulfonic acid; TFC, thin-film composite; TMC, trimesoyl chloride.
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Figure 5 Illustration of chemical structures of polyamides (a) MPDA-TMC and (b) MPDASA-TMC.
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compared with the thicker MPDA-TMC layer. This favors the acyl
chloride groups of TMC to react with the amine groups of the
MPDASA to a greater extent, resulting in a higher fraction of cross-
linking portion.

Free volume and thickness estimations through PAS
Both the free volume and the thickness of the polymer membrane can
affect the performance of the membrane applied in the pervaporation
separation process. Larger free volume in the polymer membrane is
favorable to improve the permeation rate. The thinner polymer
membrane is also beneficial to promote the permeation rate because
of the lower resistance to mass transfer.

It is a difficult task to estimate the free volume in the thin
polyamide layer on the modified PAN membrane support. In this
study, the variation in the free volume in the TFC polyamide
membrane was examined by conducting a PAS experiment. PAS
experiment with the use of a variable monoenergy slow-positron
beam was performed to obtain DBES. In general, DBES can be
described by a lineshape S parameter. The S parameter value increases
by increasing the relative contribution of low momentum electrons to
the positron annihilation in the open volume voids.18–19,24–25 DBES
can, therefore, be applied to measure the variation in free volume in a
composite membrane. The multilayer structure of a composite mem-
brane can be analyzed from the S parameter variation (free volume
variation).

The S parameter, as a function of the positron incident energy from
DBES for the TFC polyamide membranes is exhibited in Figure 6. The
following observations can be drawn from such an S curve plot: (1)
The S parameter near the surface increases rapidly as the positron
incident energy increases (at values lower than about 1 keV). (2) There
is a small plateau existing at some distance from the membrane
surface. (3) The S parameter jumps to another plateau. (4) The S
parameter increases to a maximum as the positron incident energy
increases further. (5) After attaining the maximum value, the S
parameter decreases as a function of the positron incident energy.
From the results of the S curves in Figure 6, the rapid increase in the S
parameter near the membrane surface at the positron incident energy
value of lower than about 1 keV is a typical phenomenon of posi-
tronium annihilation. After its rapid increase, the S parameter attains
two plateaus, increases and then decreases, with an increase in the
positron incident energy. This variation in the S parameter, resulting
from the variation in the fine-structure characteristic of the free
volume, indicates a multilayer structure of the TFC polyamide

membrane, which is based on the positron annihilation characteristic
differences between the layers.

To further explore the variation in the S parameter along the depth
of the composite membrane, the S parameter as a function of the
positron incident energy was fitted by the VEPFIT program analysis.
We tried to fit three- and four-layer models from the program analysis
to examine the layer boundary for each S curve for MPDA-TMC/
mPAN and MPDASA-TMC/mPAN membranes. We found that the S
curve fit using a three-layer model showed poor resolution. However,
the S curve fit using a four-layer model showed good w2-values (o2.5)
and gave stable results and reasonable error bars. As a result of the
VEPFIT analysis in a four-layer model, the TFC polyamide membrane
was divided into four layers. For the MPDASA-TMC/mPAN mem-
brane, for example, the order of the multilayer structure is as follows.
The first two plateaus pertain to the active MPDASA-TMC polyamide
layer (1.0–3.0 keV) and the dense skin layer of the mPAN membrane
(3.0–8.0 keV). The next increase in the S parameter represents a
transition layer from the dense skin layer to the porous support
layer of the mPAN membrane (8.0–18 keV). Finally, the decrease in
the S parameter represents the porous support layer of the mPAN
membrane (418 keV). As shown in Figure 6, the first plateau (the
active polyamide layer) of the MPDA-TMC/mPAN membrane is
higher than that of the MPDASA-TMC/mPAN membrane. This
implies that the free volume in the former membrane is higher than
that of the latter membrane.

The effective selective layer of the TFC membrane is the active
polyamide layer. Table 3 tabulates the S parameters corresponding to
the free volume and the thickness of the active polyamide layers
estimated from the VEPFIT program analysis. On the basis of the data
in Table 3, the S parameter (corresponding to the free volume size and
amount) and the thickness of the active MPDASA-TMC layer are
lower than those of MPDA-TMC. The free volume in the active
MPDASA-TMC layer is smaller because of the higher fraction of the
crosslinking portion in the layer, as shown in Table 2. The thinner
active MPDASA-TMC layer might be the cause for the MPDASA to
have a lower polymerization rate of reaction with TMC because of the
steric hindrance effect of the �SO3H groups in MPDASA.

Pervaporation performance
Table 4 indicates the pervaporation performance of TFC polyamide
membranes for separating 70 weight % aqueous isopropanol solutions
at 25 1C. As shown in Table 4, the MPDASA-TMC/mPAN membrane
has a higher permeation rate compared with the MPDA-TMC/mPAN
membrane. The water concentration in the permeate for the
MPDASA-TMC/mPAN membrane is the same as that for the
MPDA-TMC/mPAN membrane. The higher permeation rate for
the MPDASA-TMC/mPAN membrane is due to its being thinner
and its having higher hydrophilicity, despite the smaller free volume in
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Figure 6 S parameter as function of positron incident energy for TFC

polyamide membranes (a) MPDA-TMC/mPAN and (b) MPDASA-TMC/mPAN.

Table 3 S parameter (S1) and thickness (L1) of polyamide layers of

composite membranes from multilayer analysis of S data using

VEPFIT program of four-layer model

Polyamide layers S1a L1a (nm)

MPDA-TMC 0.4728±0.0004 152.9±44.3

MPDASA-TMC 0.4724±0.0118 127.4±67.8

Abbreviations: MPDA, m-phenylenediamine; MPDASA, 1,3-phenylenediamine-4-sulfonic acid;
TMC, trimesoyl chloride.
aS1 and L1 are, respectively, S parameter and thickness of first layer deduced from S data
fitting in four-layer model based on VEPFIT program analysis.
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the active MPDASA-TMC layer. The MPDASA-TMC/mPAN mem-
brane maintains the water concentration in the permeate. This result is
due to the higher hydrophilicity of, and the higher crosslinking degree
for, the active MPDASA-TMC layer, which provides higher ability to
inhibit the swelling effect of the aqueous isopropanol feed solution.

CONCLUSIONS

The TFC polyamide membranes were successfully prepared by the
interfacial polymerization of MPDASA or MPDA and TMC and were
applied in the dehydration of aqueous isopropanol solution. In
summing up the abovementioned experimental results, the following
several conclusions were obtained:

1. As a result of PAS experiment, the active MPDASA-TMC layer of
the composite membrane had a lower S parameter (correspond-
ing to the free volume size and amount) and was thinner
compared with the active MPDA-TMC layer.

2. From the analyses of SEM, AFM, XPS and water contact angle
measurements, the MPDASA-TMC/mPAN membrane had a
lower surface roughness, a higher crosslinking degree for the
active layer and a higher hydrophilicity than the MPDA-TMC/
mPAN membrane.

3. In the dehydration of aqueous isopropanol solution, the
MPDASA-TMC/mPAN membrane showed a higher permeation
rate than but maintained the same water concentration in the
permeate as did the MPDA-TMC/mPAN membrane. A permea-
tion rate of 1669 g m�2 h�1 and a water concentration in the
permeate higher than 99 weight % were obtained with the
MPDASA-TMC/mPAN membrane in the dehydration of a 70
weight % aqueous isopropanol solution at 25 1C.

4. The pervaporation performance results corresponded closely with
those of PAS and characterization for the TFC polyamide
membranes.
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