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RINGKASAN: Tujuan utama projek ini ialah menghasi/kan membran berasaskan kitosan 
daripada kulit udang tempatan yang dikumpul dari pasar. Pencirian untuk membran 
tersebut dikaji melalui penghidratan bagi campuran alkohol-air. Pengekstrakan kitosan 
daripada kulit udang dilakukan melalui cara yang mudah dengan menggunakan asid 
dan alkali yang kuat. Kuantiti berat kitosan yang telah ditentukan dilarutkan ke dalam 
larutan berkepekatan 10% berat asid asetik berair untuk menghasilkan larutan tuangan 
kitosan. Larutan jernih kitosan yang dihasilkan itu akan dituang ke dalam piring kaca 
dan dibiarkan kering pada suhu bilik kemudian diikuti dengan rawatan alkali. Membran 
homogen kitosan yang dihasilkan itu kemudian diubahsuai melalui cara larutan di mana 
membran homogen kering akan direndamkan ke dalam larutan tindak balas asid sulfurik 
untuk suatu tempoh masa yang tertentu. Keputusan yang diperolehi menunjukkan 
bahawa membran homogen mempamerkan takat penggembungan dan fluks penelapan 
yang lebih tinggi tetapi faktor pemisahan yang lebih rendah jika dibandingkan dengan 
membran yang dirangkai silang. 

ABSTRACT: The ultimate goal of this project is to fabricate chitosan-based membranes 
from domestic shrimp shells, which were collected from a local market. Characterisations 
of the membranes were studied for the dehydration of isopropanol-water mixtures. 
Extraction of chitosan from shrimp shells was carried using strong acid and alkali. A pre
weighed quantity of chitosan was first dissolved in 10 wt.% aqueous acetic acid solution 
to produce a casting chitosan solution. The resulting optical clear chitosan solution was 
cast onto petri dishes and dried at room temperature, followed by alkaline treatment. 
The homogeneous chitosan membranes obtained were further modified to prepare 
crosslinked membranes. The dry homogeneous membranes were immersed in a solution 
of sulphuric acid for a certain period of time. Homogeneous membranes were seen to 
have higher degrees of swelling and permeation flux but lower separation factor when 
compared to crosslinked membranes. 
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INTRODUCTION 

Recently much attention has been focused on the uti lisation of natural resources with 

respect to environmental pollution. Modern processing of shrimps, crabs and lobsters result 

in substantial quantities of waste materials (Selmer-Olsen et al., 1996). These waste have 

an appreciable potential for pollution and do pose a disposal problem. The techniques which 

are available for their disposal include ocean dumping, incineration or disposal to landfill sites 

(Ferrer et al., 1996). The environmental problems faced by the seafood industry over the 

years have resulted in efforts to find uses for these waste materials. Several possible ways 

of utilising crustacean waste are production of animal feed, fertiliser, and chitin. Chitin is 

the most widely researched component and is the second most abundant natural biopolymer 

after cellulose (Andrady et al., 1996). It was first described in 1811 by Braconnot and named 

by Odler in 1823 (Roberts, 1992). 

Chitosan is the deacetylated product of the alkali treatment of chitin (Lee, 1992); poly [P-(1-t4)-

2-amino-2-deoxy-D-glucopyranose]. It is usually described in terms of its degree of deacetylation 

and average molecular weight. Chitin is insoluble in water and many commercial solvents, 

while chitosan is readily soluble in various acidic solvents, such as formic acid and acetic 

acid hence it is more amenable to industrial applications (Samuels, 1981 ). Chitosan has a 

good membrane-forming ability (Kubota, 1997); it can form clear, tough and water insoluble 

films. Thus, it can be used as membrane material for ultrafiltration, reverse osmosis, 

pervaporation and others (Ge et al., 2000). Chitosan can be used not only as homogeneous 

membranes but also as the skin layer of composite membranes, crosslinked with suitable 

crosslinking agents as well as a blend with other types of polymers. 

Chitosan has both reactive amino and hydroxyl groups that can be used for chemical 

reactions and these hydrophilic groups play an important role in preferential water sorption 

and diffusion through the chitosan membrane. Hydrophilic groups absorb water molecules 

preferentially, which leads to both high flux and high separation factors (Moon et al., 1999). 

However, these hydrophilic groups sometimes cause too much swelling of the membrane 

due to its plasticisation action and this will result in low selectivity. A chemical modification 

corresponding to a crosslinked process could be used to limit the affinity of chitosan towards 

water. 

Crosslinking reactions are those that lead to the formation of a three-dimensional network 

structure. Crosslinking could reduce the degree of swelling of a polymer as well as enhance 

resistance to feed components. In principle, crosslinking enhances the selectivity while 

sacrificing the permeation flux , namely the so-called trade-off phenomenon. Yeom and Lee 

(1996) reported a solution method of crosslinking, where the dry poly (vinyl alcohol) membranes 

were immersed for a certain period of time in a reaction solution. It was crucial to control 
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the reaction time and thus the level of crosslinking. Low levels of crosslinking leads to 
excessive swelling and loss of selectivity, while high levels of crosslinking reduces the flux 
and causes mechanical failure and brittleness of the resulting membranes. Various crosslinking 
agents have been used to crosslink chitosan material such as glutaraldehyde, terephthaldehyde 
(Nam and Lee, 1999), sulphuric acid, formaldehyde, hexamethylene diisocyanate and 
epichlorohydrin (Huang et al., 1999). 

In the present study, chitosan was extracted from domestic shrimp shells. The chitosan 
obtained was used to develop chitosan-based membranes. Homogeneous membranes were 
prepared using the solution casting method while the crosslinked membranes were prepared 
via the solution method. Sulphuric acid was used as the crosslinking agent. The membranes 
produced were then studied to determine its sorption behaviour. Subsequently, the performance 
of the membranes were tested on its dehydration of isopropanol-water mixtures. Feed 
concentrations were varied in order to study the effect on the dehydration process. 

MATERIALS AND METHODS 

Chitosan was prepared from domestic shrimp shells, collected from nearby local markets. 
Sodium hydroxide was purchased from All Chem (Sweden), ethanol and isopropanol from 
J. T. Baker (USA). The HCI and H2S04 were purchased from Merck, (Germany). Deionised 
distilled water was used in this study. 

Preparation of Chitin from Shrimp Shell 

Dried shrimp shells were first cut into pieces of about 0.5 cm. The pieces were then treated 
with 2 M aqueous NaOH solution at a temperature ranging 80 to 90°C for 2 hours. This was 
done to remove its protein content (Mohd. Nawawi et al., 2001 ). After washing the flakes 
with distilled water, the decalcification process was carried out by further treating the flakes 
in 2 M aqueous HCI solution for 24 hours (Mohd. Nawawi et al., 2001 ). The flakes were 
then removed from the solution, washed with distilled water and dried under the sun. The 
product obtained is known as chitin. 

Preparation of Chitosan from Chitin 

The acetyl groups (CH3CO) of the chitin were removed by treating the chitin in 50 wt. % 
of NaOH aqueous solution at temperatures ranging from 90 to 11 0°C for 3 hours (Mohd. 
Nawawi et al., 2001 ). Treated chitin flakes were then washed with distilled water and dried 
under the sun. The product obtained is known as chitosan. The molecular structures of chitin 
and chitosan are as shown in Figures 1 and 2 respectively. 
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Figure 1. Molecular structure of Chitin (Tan and Lee, 1999) 

Figure 2. Molecular structure of Chitosan (Tan and Lee, 1999) 

Preparation of Homogenous Chitosan Membranes 

Chitosan solutions were prepared by dissolving 2 wt.% of chitosan in 10 wt.% of aqueous 

acetic acid solution and stirring them at room temperature for 24 hours. The chitosan 

solutions produced were filtered to remove any impurities and undissolved particles . The 

chitosan solutions were then cast onto petri dishes and allowed to dry at room temperature 

for about 48 hours. The membranes formed were treated in 3 wt.% of NaOH solution 

containing 47 wt.% ethanol and 50 wt.% of deionised distilled water for 24 hours at room 

temperature. It was then washed with distilled water and dried at room temperature 

(Mohd. Nawawi et al., 2001). 

Preparation of Crosslinked Membranes 

Chitosan solutions were prepared by dissolving 40 wt.% chitosan in 10 wt.% aqueous acetic 

acid. The homogenous chitosan membranes obtained were further crosslinked with sulphuric 

acid via the solution method (Yeom and Lee, 1996), where the dry homogenous chitosan 

membranes were immersed into 0.05 wt.% of sulphuric acid aqueous solution for 5 minutes. 

The crosslinked membranes were washed with deionised distilled water and then dried again 

at room temperature. 

Liquid Sorption Test 

The dry weight of the membranes were determined after keeping the samples in a desiccator. 

Membranes were then immersed, in a liquid sorbate of known compositions of 10, 30, 50, 70 

and 90 wt.% of isopropanol/water mixtures, in closed bottles at room temperature for 36 hours 
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to accommodate swelling. The swollen membranes were removed, pressed between tissue 
paper gently and weighed immediately. The membranes were then immersed in deionised 
distilled water for 24 hours. The solutions were analysed on refractive index machine to determine 
its composition. The degree of swelling (DS) of the membrane was calculated as follows: 

(1) 

where Wd and Ww represent the weights of the dry and swollen membranes respectively. 

Study the Effect of the Feed Concentration on the Separation Process 

Five different compositions of the mixtures of isopropanol and water were prepared with the 
percentage of isopropanol starting from 10, 30, 50, 70, and up to 90 wt.%. The separation 
experiments were carried out using the high-pressure test rig. The experiment test rig is 
shown in Figure 3. The performances of the membranes were characterised by the 
experimental parameters. The total permeation flux J, is defined as the amount of liquid that 
is transported through the membrane per unit area and per unit of time. The separation factor 
a, is be defined as: 

(X, water I alcohol = (2) 

where Xw and Y w are the weight fractions of water in the feed and permeate, while XA and 
YA are the weight fraction of alcohol in the feed and permeate, respectively. The effective 
membrane area was 45.6 cm2 and the permeate pressure was 7 bar. 
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Figure 3. The experiment test rig 
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RESULTS AND DISCUSSION 

Figure 4 shows the refractive index versus weight percent of isopropanol in the bulk liquid 

solution. The refractive index of each sample was measured at 0, 10, 30, 50, 70, 90 and 100 

wt.% of isopropanol in the bulk liquid solution. The refractive index for each sample increases 

linearly as the weight percent of isopropanol in the bulk liquid increases. This refractive index 

will be used as a standard calibration measurement and also as the reference for future results. 
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Figure 4. Refractive index versus weight percent of isopropanol in bulk liquid 

Figure 5 shows the results of the liquid sorption experiments for the homogeneous and 

crosslinked membranes. In principle, the degree of swelling of the crosslinked membranes 

would decrease because of its compact structure formation (Yeom and Lee, 1998a) and this 

causes less mobility of the polymer chains (Huang and Yeom, 1990) resulting in the decrease 

of free volume in the crosslinked membranes (Lee et. al. , 1997). This explains the degrees 

of swelling of the homogeneous membranes being greater than that of crosslinked membranes. 

At 10 wt.% isopropanol in the feed solution, there was no significant difference in the degrees 

of swelling of the homogeneous and crosslinked membranes; however when the concentration 

of isopropanol in the feed solution increased, the degrees of swelling of the crosslinked 

membranes decreased. Chitosan membranes are hydrophilic membranes thus when in the 

low isopropanol of bulk liquid solutions, both the homogenous and crosslinked membranes 

showed a good degree of swelling. Above 50 wt.% isopropanol in the feed solution, there were 

no significant difference in the degrees of swelling of the crosslinked membranes because the 

minor component in the bulk liquid solution, in this case water, is insufficient to cause the 

crosslinked membranes to swell. Yeom and Lee (1998b) reported that the crosslinked membrane 

would have less affinity to water. According to Goto et al. (1994) the mobility of a chitosan 

molecule in the membrane is restricted by the crosslinking. 
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Figure 5. Degree of swelling versus weight percent of isopropanol in bulk liquid 

Figure 6 shows the total permeation flux versus weight percent of isopropanol in the feed 
solution for both homogeneous and crosslinked membranes. Again, the permeation fluxes 
of the homogeneous membranes were higher compared to crosslinked membranes regardless 
of the isopropanol concentration in the feed solutions. The swollen membranes with more 
free volume and less compact structure would result in less energy required for diffusing 
transport through the membrane, thus making it easier for permeating species to transport 
through it. This is the reason why the homogeneous membranes have greater permeation 
flux compared to crosslinked membranes. 
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Figure 6. Permeation flux versus weight percent of isopropanol in feed solution 

Figure 7 shows the separation factor for both the homogeneous and crosslinked membranes 
versus weight percent of isopropanol in feed solutions. The molecular size of isopropanol 
was bigger compared to water. So, in crosslinking membranes where they have more 

63 



A.L. Ahmad, W.K. Ng and S.H. Tan 

compact structure and less free volume, the isopropanol component with bigger molecular 

size finds it difficult to permeate through the crosslinked membranes. This is the reason why 

the crosslinked membranes have better separation factor compared to homogeneous 

membranes. By referring to Figures 5 and 6, it shows that the degrees of swelling would 

favour permeation flux. However, according to Sampranpiboon et al. (2000) there is a trade

off between the permeation flux and separation factor. This trend of results is consistent with 

other studies in the membrane field . 
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Figure 7. Separation factor versus weight percent of isopropanol in feed solution 

CONCLUSION 

The waste material from the seafood industry can be used as raw material to produce 

chitosan-based membranes. Chitosan is a hydrophilic material and its membranes would 

become more swollen at low weight percent of isopropanol in the bulk liquid solution. The 

separation factor of the chitosan membranes could be improved by the crosslinking method 

but with a much lower permeation flux. 

NOMENCLATURE 

DS Degree of swelling, (%) 

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

XA Weight fraction of alcohol in feed 

Xw Weight fraction of water in feed 

Wd Weight of dry membrane, (g) 

Ww Weight of swollen membrane, (g) 

YA Weight fraction of alcohol in permeate 

Y w Weight fraction of water in permeate 

a Separation factor 
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