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Abstract
Pervaporation (PV) separation of water–isopropanol has been attempted using the blend membranes of poly (vinyl 
alcohol) (PVA) with poly (styrene-co-acrylonitrile) (PSA), and poly (vinyl alcohol) (PVA) with poly (styrene-co-methyl meth-
acrylate) (PSM). Here, we described the fabrication of Hydrophilic–hydrophobic blend polymer membranes of PVA/PSM 
and PVA/PSA by solution casting method and cross-linked with glutaraldehyde (GA) in the presence of aqueous hydro-
chloric acid (HCl). These membranes were analyzed by Fourier transform (FTIR) infrared analysis, Field emission scanning 
electron microscopy (FESEM) analysis, Differential scanning calorimetry (DSC) and Thermo gravimetric analysis (TGA). 
Pervaporation experiments were conducted at 30 °C for 10, 12.5, and 15 wt.% of aqueous isopropanol feed mixtures and 
membrane performance was evaluated by calculating flux, selectivity and pervaporation separation index (PSI). Highest 
selectivity of 281 with flux of 0.076 kg/m2h has been observed PVA/PSM blend membrane when compared to pristine 
PVA membrane to dehydrate 12.5 wt.% water in feed mixture. Flux values were decreased from 0.112 to 0.076 kg/m2h to 
dehydrate 12.5 wt.% water in feed mixture for PVA/PSM blend membrane and plain PVA membrane. The developed blend 
membrane selectivity was improved dramatically whereas flux was decreased compared to the plain PVA membrane.
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Nomenclature
PVA	� Poly (vinyl alcohol)
PSA	� Poly (styrene-co-acrylonitrile)
PSM	� Poly (styrene-co-methyl methacrylate)
FTIR	� Fourier transform infrared
FESEM	� Field emission scanning electron microscopy
DSC	� Differential scanning calorimetry
TGA​	� Thermogravimetric analysis
PSI	� Pervaporation separation index
IPA	� Isopropanol
PV	� Pervaporation
GA	� Glutaraldehyde
DMSO	� Dimethyl sulfoxide
HCl	� Hydrochloric acid
DS	� Degree of swelling
Tg	� Glass transition temperature

Tm	� Melting temperature
WP	� Weight of collected permeate (g)
A	� Membrane surface area (m2)
t	� Time for permeation of liquid (h)
P	� Weight of permeate
F	� Weight of permeate feed
W	� Water
Org	� Isopropanol
Jp	�  Flux
Α	� Selectivity
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1  Introduction

Isopropanol (IPA) is an essential alcoholic solvent in the 
chemical industry [1]. It has been extensively used for 
the removal of water in semiconductor and liquid crystal 
display industries, as a solvent in many pharmaceutical 
industries and also acts as a reaction reagent in organic 
reactions. IPA has been used in a large scale production 
of acetone through catalytic reduction [2]. IPA is widely 
used as a disinfectant and large amount of high purity 
IPA is always in demand for a cleansing agent in indus-
tries mainly paints and electronics. IPA used as a solvent, 
fuel additive and provides a comparatively non-toxic 
alternative to formaldehyde and also a pharmaceutical 
additive used in hand sanitizer and disinfecting pads [3]. 
However, isopropanol forms an azeotrope at 12.5 wt. % 
of water. It is not easy to break up the mixture at this 
stage by conventional distillation without adding a third 
component [4].

Pervaporation (PV) is a clean and energy-efficient sep-
aration process. Now-a-days, in the vision of the energy 
considerations and pollution concerns, this technology 
is considered to be a more environmentally friendly, 
effective and the convenient technique compared to 
conventional separation process in dehydrating organic 
solvents [5, 6], closer boiling point liquid mixtures and, 
azoetropes [7]. The basic principle regarding PV is the 
partial vapourization of the liquid separation mixture 
through a dense membrane barrier and the resulting 
component is in vapour form which is collected either 
by applying low pressure or by flowing inert medium on 
the permeate side [8]. The chemical potential gradient is 
the dynamic energy that helps in the passage of mate-
rial through the membrane. The mechanism of separa-
tion in this process involves three stages: (i) sorption of 
the compounds in the membrane based on chemical 
affinity, (ii) concentration gradient dependent diffusion 
of the component through the membrane, (iii) desorp-
tion and evaporation of the substance on the membrane 
penetrating side [9, 10]. The first two steps are reliable 
for selective permeability. For industrial applications, 
the pervaporation may be seen as a new step in a clas-
sical separation/recovery process, coupled to another 
unit operation (distillation, liquid–liquid extraction) to 
enhance the overall process efficiency. In this sense, it 
is necessary to address the pervaporation in the scope 
of process intensification. A change of paradigm in per-
vaporation most probably will be achieved by joining 
these two fields of research.

In recent years, various polymeric membranes have 
been developed by many researchers for dehydration of 
organic solvents by PV separation applications. Several 

water attractive polymers such as poly (vinyl alcohol) 
(PVA), chitosan [11, 12], sodium alginate, gelatin, and 
their blends [13, 14] were used in the dehydration of 
organic solutions by pervaporation studies. Among dif-
ferent types of membranes studied, PVA is the most suit-
able and extensively studied polymer due its excellent 
hydrophilicity and good film forming ability. But, PVA 
membranes have shown low selectivity due to exces-
sive swelling because of the presence of more abundant 
hydrophilic hydroxyl groups.

To improve its overall membrane performance in per-
vaporation separation, PVA needs to modify to achieve 
good mechanical stability and attain better selectivity in 
the dehydration of organic solvents. PVA has been sub-
jected to modification through cross-linking [15], blending 
with other hydrophilic polymers [16], grafting [17], mixed 
matrix [18], zeolite filling [19], blending with hydropho-
bic polymer [20, 21], etc. Apart from these modifications, 
nano-hybrid [22], nanocomposite [23], hydrophobic com-
posite membrane [24], sulphonated PVA membrane [25], 
multi-walled carbon nanotube incorporated PVA mem-
brane [26], inorganic/organic hybrid nanocomposite 
membranes [27], different types of cross-linked PVA mem-
brane [28], PVA ceramic membrane [29] and iron oxide 
nanocomposite [30] based on PVA were also reported in 
the literature for PV applications.

Susheelkumar et al. [21] studied hydrophilic–hydropho-
bic membrane poly(viny alochol) and poly (methyl meth-
acrylate) (PVA/PMMA) for the separation of water–IPA aze-
otropic mixture using GA as a cross-linking agent. In this 
study, the observed flux and selectivity results were 0.075 
and 400 respectively, for the 10 wt. % feed mixture. In 
another study, Bhat et al. [19] carried out PV studies using 
MCM-41-filled sodium alginate nanocomposite using 
GA as a cross-linking agent at 30 °C for the seperation of 
water–IPA mixture. In this study, flux for the plain sodium 
alginate membrane ranged between 0.067 and 0.340 kg/
(m2 h), while for 20 mass % zeolite sodium alginate mem-
brane, flux increased to 0.110 and 0.555 kg/(m2 h). Burshe 
et al. [31] conducted PV studies on PVA membrane using 
citric acid as a cross-linking agent for the separation of 
water–IPA. During this study, water flux and selectivities 
were 0.053 kg/(m2 h) and 291 respectively. In continues 
of research, Burshe et al. noticed flux and selectivity were 
0.194 kg/(m2 h) and 116 using the PVA membrane with 
cross-linking agent citric acid [32].

Polymer membranes with enhanced selectivity and 
flux are all the time favored because an increase of flux, 
as well as selectivity at the same time, has been a major 
challenge in pervaporation studies. In any case, polymeric 
materials, as successful dewaterisation membranes, should 
keep a proper balance between swelling and selective 
separation of the water from organic molecules. One 
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such way to maintain such balance is the introduction of 
hydrophobicity into a hydrophilic polymer matrix, which 
can control the swelling of the membranes in the aque-
ous organic solvents and also selective favors the sepa-
ration of water from organic molecules. In the current 
work, in continuation of our previous work in developing 
polymer membranes for dehydration of aqueous organic 
liquids and to improve the overall PVA membrane perfor-
mance, we account the fabrication of blend membrane 
of PVA with poly (styrene-co-acrylonitrile) (PSA) and poly 
(styrene-co-methyl methacrylate) (PSM) and their ability 
in dehydration of IPA by pervaporation. PSA exhibits the 
ease of processing of polystyrene combined with the rigid-
ity and chemical resistance of polyacrylonitrile. Thus, PSA 
is broadly used in various applications due to excellent 
mechanical properties, chemical resistance and ease of 
processing. PSM has good mechanical and thermal prop-
erties, which is desirable for different kinds of applications.

2 � Experimental

2.1 � Materials

Poly (vinyl alcohol) 99% hydrolyzed (Mw = 85,000–124,000) 
and poly (styrene-co-acrylonitrile) (Mw =  650,000) and poly 
(styrene-co-methylmethacrylate) (Mw = 100,000–150,000) 
were obtained from Sigma Aldrich, USA. Isopropanol was 
obtained from Fisher Scientific, Mumbai. Glutaraldehyde 
(GA) ≥ 98% 25% aqueous solution, acetone, dimethyl sul-
foxide (DMSO), hydrochloric acid (HCl) were obtained from 
Merck, Mumbai, India. Double distilled water was collected 
in our laboratory from the Distilon the pilot plant.

2.2 � Blend membrane preparation

About 4 wt.% PVA polymer solution was prepared by solu-
bilizing in 100 ml DMSO under controlled heating condi-
tions at 90 °C on a hot plate magnetic stirrer until complete 
dissolution. Then, the heating was stopped, and stirring 
was continued for another 6 h. The homogeneous PVA 
solution was cast on a clean glass plate leveled horizon-
tally using a spirit level. The membrane was allowed to 
dry for 1–2 weeks at ambient conditions. After that, the 
complete dried membrane was detached from the glass 
plate and cross-linked by dipping in 30:70 water–acetone 
mixture having 1 ml of GA and 2.5 ml of HCl for 10 h. 
Finally, the membrane was removed from the cross-link-
ing bath and stored between filter papers for further use. 
Similarly, the Hydrophilic–hydrophobic blend membranes 
of PVA/PSA and PVA/PSM were fabricated by mixing the 
4 wt.% solutions of hydrophobic polymers PSA and PSM 
with 4wt.% of PVA in 5:95 ml volume ratio. The membrane 

thickness as measured by a micrometer screw gauge was 
in the range of 35 µm. The schematic representation of 
membrane fabrication is shown in Scheme 1.

2.3 � Characterization analysis

2.3.1 � Fourier transform (FTIR) infrared and FESEM analysis

Infrared spectrum was performed on FTIR spectropho-
tometer (Perkin Elmer, model two, UK). About 2 mg of the 
membrane was grounded well with KBr powder and then 
pellet was made using hydraulic press at a pressure of 
600 kg/cm2. Finally, spectra were recorded between 4000 
and 400 cm−1 range. Field emission scanning electron 
microscope (FESEM) photographs of blend membranes 
were taken on SUPRATM55 with gold sputtering.

2.3.2 � Thermal studies

Differential scanning calorimetry (DSC) and thermogravi-
metric analysis (TGA) analysis of the pristine PVA and PVA/
PSM and PVA/PSA blend polymer membranes were ana-
lyzed using SDT Q 600 (UK). Thermograms were recorded 
from 30 °C to 600 °C at the rate of heating 10 °C per min in 
an inert dry nitrogen gas.

2.3.3 � Sorption studies

Sorption method is useful to study the interactions 
between polymer membranes and liquid penetrates. Equi-
librium swelling studies of cross-linked plain PVA, PVA/PSA 
and PVA/PSM blend membranes were carried out at 10, 
12.5 and 15 wt % of aqueous isopropanol feed mixtures 
at 30 °C. In brief, initial weights of the circularly cut cross-
linked membrane was measured on an electronic digital 

Scheme  1   Schematic representation of the membrane fabrication 
process
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microbalance (model no ALC 210.4, sensitive to ± 0.01 mg, 
Sartorius AG, Germany). The circularly cut disc membranes 
were kept in inside the test bottles containing 30 ml of 
different wt.% of feed mixtures and placed in hot air oven 
maintained at 30  °C. To control the errors because of 
evaporation losses, this process was finished in less than 
20 s. The swelled membrane’s weight was measured by 
carefully wiping the surface-bound liquid droplets after 
48 h. The % degree of swelling (DS) was calculated using 
the Eq. (1)

where w1 and w2 initial weight of dry membrane and equi-
librium membrane weight respectively.

2.3.4 � Pervaporation testing

PV separation study was done in 100 mL batch mode stain-
less steel body PV setup equipped with a overhead stirrer 
on feed side and subjected to operate under a vacuum 
level of 0.005 mmHg at the permeate line. The testing 
membrane was placed at the center of the PV cell, which 
gives the effective membrane area of 20 cm2. The feed 
mixture was poured to the feed side and membrane was 
equilibrated for about 2 h. Then, the permeate was col-
lected at downstream side of the PV apparatus by evacu-
ating with a vacuum pump (Toshniwal, Mumbai, India) at 
a pressure of 10 torr and collected the vapor permeate by 
cooling using liquid N2. The obtained permeate sample 
was weighed on a balance to assess flux and then analyzed 
by using Abbe digital refractometer (model AR4, KRUSS 
Optronic GmbH, Germany) to evaluate the membrane 
selectivity. From the pervaporation testing, total permea-
tion flux (Jp), selectivity (α), pervaporation separation index 
(PSI) was determined by using the following equations.

Here WP is the weight of collected permeate (g), A mem-
brane surface area (m2), t is the time for permeation of 
liquid (h), P and F the fraction of weight of permeate and 
feed, respectively. Subscript w and ‘org’ correspond for 
water–isopropanol. PV studies were carried out in tripli-
cate at 30 °C.
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w2
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× 100

(2)J
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(3)� =
P
W
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F
W
∕Forg

(4)PSI = JW(� − 1)

3 � Results and discussion

3.1 � Fourier transform infrared (FTIR) spectral 
and FESEM studies

FTIR spectral results of plain PVA, PVA/PSA and PVA/PSM 
blend membrane are illustrated in Fig. 1. The effective cross 
linking of hydroxyl group of PVA with GA was confirmed by 
FTIR spectra. Spectra of all membranes shown strong and 
broad peak at high frequency region 3429 cm–1 indicated 
to –OH stretching vibrations [33]. The bands correspond-
ing to the –CH2 asymmetric and the symmetric stretching 
were observed at 2923 cm−1 and 2854 cm–1. Two absorp-
tion bands at 1096 cm−1 and 1238 cm–1 observed corre-
spond to ether linkage (C–O) and the acetal ring (C–O–C) 
created by the reaction between PVA with GA, which 
confirms that GA serves as a cross-linking agent. The peak 
at 1720 cm−1 with less intensity indicates that the –OH 
groups of PVA and the –CHO groups in GA participated in 
reaction entirely through acetal. In the spectrum of PVA/
PSA, the bands between 2940 and 2900 cm−1 are due to 
C–H stretching vibration of alkyl groups of PVA chains [34]. 
The peak appeared at 2230 cm–1 indicated to stretching 
of –C≡N [35] and the characteristic peaks at 1597 cm−1 
represent the aromatic C=C stretching of phenyl ring [36].

In the spectrum of PVA/PSM blend membrane, peak at 
1140 cm–1 may be due to –OCH3 stretching mode, peak 
at 1413 cm–1 corresponds to –CH3 symmetrical deforma-
tion mode and broad peak ranging from 1240–1000 cm–1 
indicated to ester C–O stretching vibration. A low-inten-
sity peak at 2960–2850 cm−1 due to aliphatic C–H stretch-
ing vibration and at 1720 cm−1 region, a high-intensity 
band that correspond to the ester C=O bond stretch-
ing. At low-to-medium-intensity signals in the region of 

Fig. 1   FTIR spectra of a plain PVA, b PVA/PSM and c PVA/PSA blend 
membranes
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1450–1350 cm−1 correspond to C–H bending vibrations, 
and those at 810 and 750 cm−1 to the skeleton CH2 group 
vibration [37]. This analysis confirmed the presence of 
PSA and PSM in the respective blend membranes and 
the cross-linking of the blend and plain PVA membrane. 
FESEM images of blend membranes of (A) PVA/PSA, (B) 
PVA/PSA cross section, (C) PVA/PSM and (D) PVA/PSM 
cross section were presented in Fig. 2. No phase separa-
tion was observed in these SEM images suggest that the 
polymer–polymer compatibility of blend components.

3.2 � Results of thermal studies of membranes

The thermal analysis of the blend membrane was analyzed 
by differential scanning electron microscopy (DSC) and 
thermogravimetric analysis (TGA). In the present study, the 
glass transition temperature (Tg) and the effect of hydro-
phobic polymer on the Tg values of the pristine PVA in the 
blend were studied by DSC. DSC curves of PVA, PSA and 
PVA/PSA blend was given in Fig. 3A. Tg of plain PVA and 
PSA is 61 °C and 106 °C, respectively [38, 39]. A single Tgwas 

Fig. 2   FESEM images of blend 
membranes of a PVA/PSA, b 
PVA/PSA cross section, c PVA/
PSM and d PVA/PSM cross 
section

Fig. 3   DSC thermo grams of A (a) plain PVA, (b) plain PSA and (c) PVA/PSA blend membranes and B (a) plain PVA, (b) plain PSM and (c) PVA/
PSM blend membranes



Vol:.(1234567890)

Research Article	 SN Applied Sciences (2020) 2:1848 | https://doi.org/10.1007/s42452-020-03700-3

identified for PVA/PSA blend around 85 °C suggested that 
the good miscibility of the blend polymers at this com-
position. For PVA, the onset of melting temperature (Tm) 
was observed at 225 °C [38], whereas for PSA the melting 
was around 409 °C, which shifted to lower temperature of 
360 °C in the PVA/PSA blend membrane. As illustrated in 
Fig. 3B, Tg of PVA is around at 61 °C and 130 °C for pure PSM 
[39]. In the case of PVA/PSM blend membrane, a single Tg 
was observed at about 80 °C suggested the miscibility of 
PVA and PSM in the blend at this composition. The onset 
of Tm for PSM is around 395 °C, which is shifted to a lower 
degree temperature of 370 °C, when mixed with PVA in the 
blend membrane.

TGA was employed to determine the thermal stabil-
ity of the membrane by observing the weight loss of the 
sample under a nitrogen atmosphere as a function of 
temperature. The TGA results of the cross-linked PVA, pure 
PSA and PVA/PSA blend membranes presented in Fig. 4A 
shows the three stage weight loss pattern. The weight 
loss observed at around 100 °C may be due the release of 
moisture from the membranes. As observed, the plain PVA 
membrane exhibited two degradation steps. The first step 
was observed between 205 and 238 °C, and the second 
step was between 305 and 460 °C, corresponding to the 
melting and complete decomposition, respectively for PVA 
[32]. It can be seen from Fig. 4A that PSA started to lose 
weight at 392 °C and loses weight completely at 448 °C 
[40] and PSM lose weight at 340 °C and completely loses 
weight at 380 °C [41] (Fig. 4B).

3.3 � Results of membrane swelling

According to theory of Fory-Rehner [37], the membrane 
swelling will be controlled by the amount of cross-
linking agent used for the membrane fabrication. As a 

consequence, water flux becomes a factor regulating the 
rate of PV separation. Although simultaneous improve-
ment in flow and selectivity is difficult in PV experiments, 
the judicial choice of the membrane material with an 
appropriate balance between Hydrophilic–hydrophobic 
natures is important. In the present study, hydrophilic 
PVA was blended with hydrophobic PSA and PSM, which 
can hinders the free mobility of PVA chains and reduces 
the excess swelling.

It was well established that the sorption properties 
of membranes are useful and helpful in selecting the 
appropriate membranes for pervaporation separation 
applications. Sorption, namely membrane solubility, is 
caused by the interaction of the species with the mem-
brane materials. Since, sorption alone does not relate 
to permeability, diffusion through the membrane also 
contributes extensively to the permeation process sug-
gesting that swelling plays an important role in the per-
vaporation performance of polymer membranes. The 
calculated results of the degree of swelling of the mem-
branes in aqueous IPA mixtures are presented in Fig. 5.

The degree of swelling of the membranes increased 
with an increasing amount of water in the feed in both 
the blend membranes. This may be due to improved sol-
ublization of PVA polymer at a higher amount of aque-
ous feed mixture. This resulted further increase of the 
free channels in the membrane matrix. Compared to the 
plain PVA membrane, the degree of swelling of PVA/PSA 
and PVA/PSM blend membranes was decreased consid-
erably. The addition of small amounts of hydrophobic 
moieties of PSM or PSA to PVA decreases the overall 
blend matrix’s solubilization, thereby decreasing the 
swelling of the membrane matrix in water–isopropanol 
mixtures.

Fig. 4   TGA curves of A (a) plain PVA, (b) plain PSA and (c) PVA/PSA blend membranes and B (a) plain PVA, (b) plain PSM and (c) PVA/PSM 
blend membranes
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3.4 � Membrane performance

Pervaporation transport concept is well interpreted in 
terms of solution-diffusion phenomenon [42, 43]. Accord-
ing to this phenomenon, the process involved in the 
transfer of mass from the early feed composition to the 
permeate zone via the membrane barrier is broken down 
into the following phases: transfer from the middle of the 
retentate flow to the membrane border line, adsorption of 
the components of the feed stream by the surface of the 
membrane, diffusion of components via the membrane, 
desorption of components into the permeate. Thus, pref-
erential sorption characteristics of each membrane were 
explored in various feed mixtures. Sorption, namely solu-
bilization of the membrane, is caused by the interaction of 
penetrating species with the membrane system. Since, the 
cross-linked plain PVA membrane has an uptake of > 70% 
for 15 wt. % of water containing feed mixture. However, for 
PVA/PSM and PVA/PSA membranes, the sorption values 
are lower than pristine PVA membrane. This may be due 
the plasticization effect [21]. This implies that when water 
molecules are come in contact with hydrophilic PVA mem-
brane, more number of voids is generated between PVA 
chains due to excess swelling of the PVA membrane. The 
excess swelling was controlled by the addition of hydro-
phobic moieties. The sorption characteristics of mem-
branes, are therefore, influenced by hydrophobic moiety 
in the PVA membrane matrix as well as amount of feed 
mixtures investigated. It can also be noticed that percent-
age of sorption capacities of the membranes increased 
with increasing water content of the feed mixture. In per-
vaporation, molecular transport takes place due to the 
existence of a concentration gradient on either side of the 
membrane. Generally, some amount of alcohol molecules 
can also diffuse through the PVA matrix along with water 

because of the polar nature of alcohol, which results in 
higher flux values. However, selectivity in dehydration of 
water from alcohol such as IPA is less. The permeation of 
alcohol can be reduced and water can be improved by 
modifying the PVA matrix [13–19]. The excessive swelling 
of PVA can be reduced by blending with hydrophobic PSA 
and PSM polymers, which can be expected to decrease 
the molecular transfer of alcohol molecules. Due to this, 
both free volume and the thermal mobility of the polymer 
chains in the membrane were controlled. This led to the 
diffusion of the water molecules over the IPA molecules 
due to the smaller molecular size of the water molecules. 
Pervaporation results of plain PVA, PVA/PSA, and PVA/
PSM blend membranes in separating water–isopropanol 
mixtures were placed in Table 1, and flux and selectivity 
results are illustrated in Fig. 6a and b, respectively. Water 
flux of the plain PVA membrane increases from 0.098 to 
0.143 (kg/m2h) with an increase in water content from 10 
to 15 wt.% in feed mixtures due to the higher swelling of 
the membranes with increased content of water in feed 
mixtures. Similar behavior was noticed in the case of blend 
membranes also. Swelling curves could be the result of 
differences in the rate of molecular chain relaxation due to 
locally induced stresses in the polymer matrix and nature 
of liquid molecules transporting across the membrane. On 
the other hand, increasing the mass uptake was observed 
due to ingression of higher amount of water through the 
voids of the membrane matrix. However, the time required 
to attained equilibrium swelling varied depending upon 
the morphology of membrane.

For instance, flux enhanced from 0.062 to 0.091 kg/
m2h and 0.059 to 0.106 kg/m2h for PVA/PSA and PVA/PSM 
blend membranes, respectively with increasing content 

Fig. 5   Degree of swelling of a plain PVA, b PVA/PSA and c PVA/PSM 
blend membranes in different amount of water–isopropanol mix-
tures. (The data presented is average three independent measure-
ments and errors bars are drawn from standard deviation)

Table 1   Pervaporation separation characteristics of the plain and 
blend membranes in separating water–isopropanol feed mixtures 
at 30 °C

Water in feed
(Wt. %)

Water in 
permeate 
(Wt. %)

Water flux (Jw)
(kg/m2h)

Selectivity
(α)

PSI

Plain PVA
10 89.88 0.098 80 7.74
12.5 89.35 0.112 59 6.52
15 88.61 0.143 44 6.15
PVA/PSA blend
10 98.14 0.062 455 28.14
12.5 97.36 0.081 258 20.81
15 96.98 0.091 152 16.47
PVA/PSM blend
10 98.06 0.059 475 27.96
12.5 97.57 0.076 281 21.28
15 97.09 0.11 189 19.92
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of water in feed mixtures. However, these flux values for 
blend membranes are less when compared with the plain 
PVA membrane. This is because of the decreased swelling 
of the blend membranes due to the presence of hydro-
phobic PSA or PSM to the PVA compared to plain PVA 
membranes.

On the other case, plain PVA membrane showed selec-
tivity of 80 for 10 wt.% of the water in the feed, which is 
reduced to 44 at 15 wt.% of water. But, blend membranes 
showed higher selectivity compared to the pristine PVA 
membrane system. PVA/PSA and PVA/PSM blend mem-
branes have the highest selectivity of 455 and 475, respec-
tively at 10 wt.% of water in the feed mixture. This may be 
due to reduced chain movement of PVA in the presence of 
hydrophobic PSA and PSM during solublization of mem-
brane with feed mixtures during PV experiment, which 
controls the selective transport of more water molecules 
than IPA [20].

In PVA, due to the elastic nature of polymer chains, 
segments always exist in unsystematic movement, which 
allows feed molecules to diffuse through the void chan-
nels created due to fluctuations in transient gaps in the 
PVA polymer matrix. This phenomenon causes large scale 
swelling of the membrane, where moderately a quick 
diffusion could occur within the loose PVA matrix [21]. 
In addition, for glassy polymers such as PSA and PSM, 
comparatively, there exists less segmental motion, as a 
result controlling the diffusion of feed organic molecules 
through the membrane. This examination agrees with 
the swelling results of the blend membrane was lower 
when compared to the plain PVA membrane. However, 
with the increasing amount of wt.% of water in the feed, 
perm selectivity’s of blend membrane for feed mixtures 
decreased drastically, possibly due to the plasticization 
effect of hydrophobic polymers. However, the overall 
pervaporation separation can be explained based on the 

physical nature of the organic solvents, their attraction 
towards polymer membrane as well as the morphologi-
cal set up of the membrane. In general, alcohol can also 
diffuse through the PVA matrix due to hydrophilic inter-
actions between PVA and IPA causing excessive swelling. 
However, after adding hydrophobic moieties of PSA and 
PSM, the swelling of PVA is controlled, which will give a 
decrease in the diffusive transport of organic molecules 
since selectivity to water increases, The pervaporation 
separation index (PSI) values follow the same trends as in 
the case of selectivity, these values decrease with increas-
ing water concentration in the feed mixture.

4 � Conclusions

In this work, a successful attempt was made in fabrication 
of Hydrophilic–hydrophobic membranes of PVA/PSA and 
PVA/PSM. Highest selectivity of 281 with flux of 0.076 kg/
m2h has been observed for PVA/PSM blend membrane 
when compared to pristine PVA membrane with flux and 
selectivity of 59 and 0.112 kg/m2h to dehydrate 12.5 wt.% 
water in feed mixture. The cross-linked plain PVA mem-
brane has an uptake of > 70% for 15 wt.% of water contain-
ing feed composition. However, for PVA/PSM and PVA/PSA 
sorption values are lower than pristine PVA membrane. 
However, the lower values of flux are of some concern 
for successful practical utilization of these membranes. It 
was further demonstrated that this kind of membranes 
are effective in separating water from the water–IPA feed 
mixtures at their azeotropic composition.
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