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Abstract: Blend membranes consisting of 
chitosan/poly (vinyl alcohol) (CS/PVA) were prepared 
from a solution casting method and characterized via the 
pervaporation separation of isopropanol-water mixtures.  
The solution of pure chitosan was blended with 
poly(vinyl alcohol) at different compositions. The 
miscibility of the blended polymers was determined.  
Criteria for miscibility was based on the clarity of the 
blend and the transparency of the membrane obtained.  
The effects of feed concentration and chitosan content 
in membrane on the permeation flux and separation 
factor were also investigated. For the dehydration of 90 
wt.% of isopropanol-water mixtures the performance of 
the blend ratio of 30:70 (CS:PVA) exhibited the highest 
separation factor. It was shown that under the same 
operating conditions, the pervaporation separation index 
(PSI) for homogeneous membranes were higher than 
that of blended membranes for the entire feed 
concentrations.  

Key Words: Blend, Chitosan, Poly (vinyl alcohol), 
Miscibility, Pervaporation. 

1. INTRODUCTION  

Pervaporation is a membrane process for separating 
miscible liquid where a liquid mixture is directly 
brought into contact with a semipermeable membrane 
and the permeate is removed as a vapour either by 
creating a vacuum condition or employing a carrier gas 
on the permeate side as shown in Fig. 1. 
Pervaporation differs from other processes in that the 
membrane constitutes a barrier between a liquid in the 
liquid phase and the permeate in the vapour phase [1].  
Pervaporation can be effectively used in the separation 
of azeotropic, close-boiling point, and heat sensitive 
mixtures [2]. According to Brüschke [3] pervaporation 
processes can be utilized for different types of 
separation such as (i) extraction of water from organic 
liquids, (ii) extraction of volatile organic substances 
from aqueous streams and (iii) extraction of organic 
components from mixtures of organic liquids.  Among 
the applications of the pervaporation technique, the 
dehydration of ethanol was the earliest and best 
developed practical process [4].  

 

 

 

 

 

Fig. 1: Basic schematic diagram of pervaporation 
(Huang et al., 1993). 

Pervaporation is one of the most developed membrane 
separation technology as it is capable of separating 
azeotropic mixtures or mixtures that have close boiling 
points. In 1982-83, Gesellschaft für Trenntechnik (GFT) 
Co., Germany, developed the first commercial 
pervaporation membrane by the use of poly (vinyl 
alcohol)-polyacrylonitrile composite membrane for the 
dehydration of alcohol solutions [5].   
Chitosan membrane is one of the hydrophilic 
membranes, which exhibited preferential permeation to 
water. Chitosan is a natural product derived from chitin, 
a polysaccharide found in the exoskeleton of shellfish 
like shrimp or crabs.  Chitin is the second most 
abundant natural biopolymer after cellulose [6].  It was 
estimated that the worldwide annual recovery of chitin 
from processing of marine crustacean wastes was 
37,300 metric tons [7]. Besides chitin, the shrimp shells 
do contain protein, and others inorganic compounds 
such as calcium carbonate, pigments and lipids. 
Although various methods have been cited in the 
literature to remove these impurities, the most common 
technique involves deproteinization and decalcification 
by using strong alkaline and acid.   
Chitosan is a polymer of [-(14)-2-amino-2-deoxy-D-
glucopyranose]. It is more amenable to the chemical, 
medical and industrial applications[8], because of its 
solubility in various acidic solvents.  In order to 
improve the pervaporation performances, the modified 
membranes have been studied. One of the modified 
membranes is blended membrane. When a mixture 
comprises of two or more polymers, which is not 
covalently bonded, it is called a polymer blend.  The 
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common techniques for preparing blends are melt 
mixing and solution casting [9].  
Homegeneous membrane is prepared from a single 
polymer material, while blended membrane is normally 
prepared from two different types of polymers. Polymer 
blending offers a convenient means to prepare materials 
with a wide range of properties.  Through a suitable 
choice of a pair of polymer, polymer blends can often 
be tailor-made to have specific and desirable properties 
[10]. Blends of chitosan with poly(vinyl alcohol) [11,12], 
silk fibroin [13] and hydroxyethylcellulose[14] had been 
reported.  
The performance of the membrane used to separate a 
given binary A-B could be characterized by the 
experimental data, the total permeation flux, J, the 
amount of liquid that is transported through the 
membrane per unit area per unit of time. Separation 
factor  could be calculated by the following equation: 

A/B   = 
A

B

A
B

y
y

x
x

    (1) 

where yA and yB are the weight fractions of components 
A and B in the permeate and xA and xB are the weight 
fractions of the components A and B in the feed. 
Component A is the more preferentially permeating 
component in the A/B mixture.  
From the practical point of view, membranes must have 
a high permeation flux together with large separation 
factor.  However, in the actual pervaporation process 
normally there is a trade-off between the separation 
factor and permeation flux where a high separation 
factor is accompanied by low flux and vice versa.  Thus, 
a new formula called pervaporation separation index 
(PSI) has been used for measuring the separation ability 
of a membrane.  It can be defined as the product of a 
separation factor  and permeation flux J [15]:  

PSI = J ( - 1) (2) 
when  = 1, no separation occurs; a PSI of zero means 
either zero flux or zero separation. 
The purpose of this study is to prepare chitosan blend 
with poly (vinyl alcohol) membranes.  The 
pervaporation separations of the isopropanol-water 
mixtures through the blended membranes were 
conducted with isopropanol concentration in feed 
ranging from 10 to 95%.  The performance of 
membranes in pervaporation was evaluated by the 
permeation flux (J), and the separation factor (). 

2. MATERIALS 

Chitosan was prepared from domestic uncooked shrimp 
shells, which were collected from the hawkers nearby 
the campus. Poly (vinyl alcohol) polymer with the 
average Mw 124,000 – 186,000 was purchased from 
Aldrich Chemical Company (Germany). Reagent grade 
sodium hydroxide was purchased from All Chem 
(Sweden), ethanol and isopropanol from J. T. Baker 
(USA).  Deionized distilled water was used in this 
study. 

3. EXPERIMENTAL PROCEDURE 

3.1 Preparation of Chitin from Shrimp 
Shells 

The dried shells were cut into pieces with an average 
size of 2-6 mm.  The shells were treated with 2 – 3 
molar of aqueous sodium hydroxide (NaOH) to remove 
the protein content.  The treatments were carried out at 
80º – 90ºC for 2 hours.  Furthermore, they were treated 
in 2 M aqueous hydrochloric acid (HCl) at room 
temperature for 24 hours to remove the calcium from 
the shells[16]. Then the shells were washed with distilled 
water. 

3.2 Preparation of Chitosan from Chitin 
The chitin were further treated with 50 wt.% of aqueous 
NaOH at temperature of 90º – 110ºC for 3 hours in 
order to remove the acetyl group (CH3CO) from the 
chitin.  The flakes obtained by the alkaline treatment 
were then washed with distilled water, dried under the 
sun for three hours and further dried up at room 
temperature. The products obtained are chitosan which 
were partly deacetylated.  According to Robert[17], the 
solubility of chitosan in dilute aqueous acids is obtained 
at an extent of deacetylation of ~ 60% or above. 

3.3 Preparation of Homogeneous Chitosan 
Membranes 

A preweighed quantity of chitosan were first dissolved 
in 10 wt.% aqueous acetic acid solution at room 
temperature and stirred for 24 hours to produce a 
casting solution consisting of 2 wt.% chitosan.  The 
chitosan aqueous solution was filtered to remove any 
impurities and undissolved particles to produce a clear 
homogeneous casting solution by using a vacuum pump. 
The solution was allowed to settle down for about 3 – 4 
hours and the resulting casting solutions were cast onto 
a petri dish, allowing the casting solution to evaporate at 
room temperature for 48 hours.  The formed membranes 
were treated in 3 wt.% NaOH solution containing 47 wt. 
% ethanol, and 50 wt.% of distilled water for 24 hours 
at room temperature.  The membranes were then 
washed thoroughly with distilled water to remove 
excess NaOH before being peeled off from the plate and 
dried at room temperature. 

3.4 Preparation of Blended membranes 
The solution casting method was used in preparation of 
chitosan/poly (vinyl alcohol) blends, in which both 
chitosan and poly (vinyl alcohol) homopolymers were 
separately dissolved in the respective solvent. Chitosan 
solutions were prepared by dissolving preweighed 
quantities of chitosan in 10 wt.% aqueous acetic acid 
solution and stirring them at room temperature for 24 
hours.  Poly(vinyl alcohol) solutions were prepared by 
dissolving preweighed quantities of dry poly (vinyl 
alcohol) powder in deionized distilled water and heating 
it at 90ºC for 6 hours.  The casting solutions were 
prepared uniformly by mixing together the two 
solutions with given ratios.  The casting solutions were 
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cast onto petri dishes and dried at room temperature for 
48 hours.  The membranes were treated in 3 wt. % 
NaOH solution containing 50 wt. % ethanol solution for 
24 hours at room temperature before being peeled off 
from the plate.   

3.5 Experimental Test Rig 
The pervaporation test rig is shown in Fig. 2. The main 
component of the pervaporation test rig is the membrane 
cell.  The flat sheet membrane cell is fabricated from 
316 stainless steel.  The membrane cell consists of two 
portions namely, top and bottom. The top portion was 
equipped with two openings which were the inlet and 
outlet of the feed mixtures.  Two porous stainless steel 
plates coated with teflon with the pores size of 30 m, 
thickness of 1 mm and diameter of 90 mm were used to 
support the membrane.  The two portions of the cell 
were clamped and tightly sealed using rubber O-ring.  
The effective area of the membrane cell was 52.81 cm2.  
The permeate vapour left the cell through the bottom 
side opening which was kept under vacuum by the 
vacuum pump to supply the necessary driving force for 
pervaporation. The feed mixture was stirred using Bibby 
stirrer and circulated from the feed tank to the 
permeation cell using Masterflex pristaltic pumps. A 
digital temperature controller was used to control the 
temperature of the feed mixtures.  Furthermore, 
Swagelok control valve was used to control the 
downstream pressure. The permeate vapour was 
condensed in a cold trap by using liquid nitrogen.  The 
condensed permeate was warmed up to ambient 
temperature and weighed to determine its flux. Three 
samples were taken for measuring of the flux and 
separation factor at every different feed concentration. 
The compositions of the permeate were determined by 
the Karl Fischer method[18].   
 
 
 

Fig. 2:  Schematic diagram of the experimental rig for 
pervaporation process. 

4. RESULTS AND DISCUSSION 

Optical clarity is a good indication of miscibility of 
polymer blends.  The blended solutions of chitosan/poly 
(vinyl alcohol) as well as the formed membranes were 
optically clear and transparent.  These results reveal that 
the blends of chitosan and poly (vinyl alcohol) were 
compatible. Fig. 3 shows the pervaporation 
characteristics of blended membranes of 90 wt. % of 
isopropanol in feed solution with different content of 
chitosan.  The results show that the total permeation 
flux increases with an increase in the chitosan content. 
However the separation factor increased at an initial 
stage, it reached a miximum at chitosan content of 30 
wt. % and then decreased.  The best trade-off between 
the total permeation flux and its separation factor was 
achieved at 30 wt. % of chitosan content in the blend 
ratio. 
A plasticizing effect by the poly (vinyl alcohol) on the 
chitosan[11] might have been expected.  This resulted in 
the increase of the segmental mobility of the polymeric 
membrane as well as its free volume furthermore the 
diffusivity of permeating components would also be 
enhanced.  Chanachai et al.[14] studied the blend of 
chitosan/hydroxyethylcellulose for the pervaporation of 
ethanol-water mixtures also found a similar trend.  
Fig. 4 shows the effect of blend ratio on the total and 
individual permeation fluxes at 90 wt.% of isopropanol 
in the feed.  At chitosan content less than 45 wt. %, high 
water permeation flux was accompanied by low 
isopropanol permeation flux.  On the other hand, above 
45 wt.% of the chitosan content, a reverse trend 
occurred. Based on the above results, it is suggested that 
the polymer hydrophilicity was well balanced at the 
blend ratio of 30:70 (CS:PVA).  Thus, the membrane at 
this particular blend ratio was chosen for further 
characterisation through pervaporation dehydration of 
isopropanol/water mixture with the effect of the feed 
concentrations. 
 

0
20
40
60
80

100
120
140
160

0 20 40 60 80 100
Weight percent of chitosan, %

To
ta

l p
er

m
ea

tio
n 

flu
x,

 g
/m

2 .h
r

0
20
40
60
80
100
120
140
160
180

Se
pa

ra
tio

n 
fa

ct
orTotal

permeation
flux
Separation
factor

 
Fig. 3: Flux and separation factor at different % of 

chitosan.  
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Fig. 4: Flux at different % of chitosan. 

Figure 5 shows the total permeation flux and separation 
factor versus weight percent of isopropanol in feed 
solutions.  The results showed that there was a trade-off 
between the total permeation flux and its separation 
factor for the entire feed solutions.  The increase in the 
isopropanol concentration restricts the degree of 
swelling of the membranes, thus reducing the diffusivity 
of the permeating components. 
Furthermore, the molecular size of isopropanol was 
bigger than that of water, so when the free volume of 
the membranes decrease at high concentration of 
isopropanol in feed, the permeation flux for water is 
higher than that of isopropanol.  These could be the 
reasons why when the total permeation flux decreased, 
the separation factor increased and vice versa.    
In order to measure the performance of the 
homogeneous and blended membranes, both the total 
permeation flux and separation factor have to be taken 
into consideration.  Since there is a trade-off between 
the permeation flux J and the separation factor , when 
one factor increases the other decreases. Thus the 
pervaporation separation index (PSI), which is defined 
as the product of J and ( - 1) has been widely used to 
evaluate the overall pervaporation membrane 
performance. The results are shown in Fig. 6.  It was 
found that in terms of PSI, the CS/PVA membrane was 
higher than that of homogeneous membrane over the 
entire range of feed compositions. 

 

Fig. 5: The total permeation flux and separation factor 
at different % of isopropanol in feed. 

 
Fig. 6: PSI of the membranes at different % of 

isopropanol in feed. 
 
However, at very high and low isopropanol content in 
the feed solution, there was no significant difference of 
PSI between the homogeneous and blended membranes. 
This was due to the high separation factor being 
compensated by a low permeation flux or vice versa. 
The above results indicated that the polymer blending 
technique especially at blend ratio of 30:70 (CS:PVA) 
had the ability to improve the overall pervaporation 
performances of chitosan membrane for the 
pervaporation dehydration of isopropanol and water 
mixtures.  

 

5. CONCLUSION 

The blend membranes were successfully prepared from 
chitosan and poly (vinyl alcohol) via a solution casting 
methods.  Both the blended solutions and the formed 
membranes were optically clear and transparent. These 
revealed that the blends of chitosan and poly(vinyl 
alcohol) were compatible. Among the prepared blend 
ratios, the membranes with the blend ratio of 30:70 
(CS/PVA) showed the highest separation factor for 
pervaporation dehydration of isopropanol/water mixture 
with 90 wt.% of isopropanol in deed solutions.  The 
blend membranes could improve the overall 
pervaporation performance, in term of pervaporation 
separation index (PSI), the membranes with the blend 
ratio of 30:70 (CS:PVA) always showed higher PSI than 
that of homogeneous membranes.  However, both types 
of the membranes, homogeneous and blended were 
capable of dehydration.     
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NOMENCLATURE 

   Separation factor 

yA   Weight fraction of component A in permeate 

yB   Weight fraction of component B in permeate 

xA   Weight fraction of component A in feed 

xB   Weight fraction of  component B in feed 

PSI  Pervaporation separation index, (kg/m2.hr) 

J   Total permeation flux, (kg/m2.hr) 
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