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			ABSTRACT

		

		
			Chitosan is a cationic biopolymer that can be used for sustainable waste water treatment as a coagulant-flocculent due to its ability to coagulate various ionic substances such as metal ions as well as dyes. In the current study novel polymer composites were prepared using natural polymers chitosan and starch in molds. Structure of composites was analyzed using scanning electron microscopy. The physical parameters such as weight and swelling degree of composite were studied. Chitosan starch based composites were used in treatment of waste water to remove a toxic anionic dye Congo red. Congo red solution (0.015 mM) was treated with polymer composite at neutral pH overnight with 150 rpm orbital shaking at room temperature. The same procedure was performed for commercial dyes. The dye was removed due to the interaction with the polysaccharide starch and flocculation phenomenon. Chitosan starch based polymer composites can be used as an efficient and cost effective method to treat waste water polluted with carcinogenic dyes by coagulation-flocculation. Moreover this method is beneficial over other methods that employ toxic polymers or mineral coagulants.
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			INTRODUCTION

			

			Green materials or biopolymers are under investigation for various applications. One very important biopolymer of special importance is chitosan (Mohanty et al., 2002). Chitosan is a deacetylation product of chitin, an abundant naturally occurring polysaccharide. It is abundantly present and extracted from shells of insects and marine animals such as crab, shrimps etc. (Renault et al., 2009a, 2009b; Mukherjee et al., 2004). Chitosan along with other biopolymers such as cellulose, starch, polysaccharides etc. can be used for making green material nano-composites and membranes for sustainable water treatment (Sharma et al., 2013). Chitosan based composites are being widely studied for water treatment and purification processes. Chitosan is less crystalline than chitin due to the specific antiparallel chains of chitosan and their cross linking. Chitosan has a higher degree of hydration and thus its swelling capacity and dye adsorption capability is higher. This mechanism provides a basis for formation of composite materials for water treatment (Carlstrom, 1957; Peesan et al., 2003). Starch also assists the function of chitosan as it aids in the adsorption of the dye and various macromolecules on the surface of composites.

			Textile and leather industries utilize various types of dyes in their manufacturing procedure in bulk quantities which results in production of tons of liters of industrial waste water containing residual dyes. These dye compounds have brilliant colors and are toxic to the environment so in order to protect the environment from this industrial waste and to reuse and recycle the waste water it is of utmost importance to devise cost effective ways to remove dyes from waste industrial water (Lee et al., 2006, Reddy et al., 2005). In this respect nano-composites and membrane technologies are widely explored and used to remove toxic dyes from water (Petrinic et al., 2007, Qin et al., 2007; Riera-Torres et al., 2010, Vishnu and Joseph, 2007; Zahrim et al., 2011). 

			Metal coagulants as well as polymers have a tendency to coagulate dyes and ionic impurities from water. Polymer containing composites and membranes coagulate and flocculate these impurities (Bratby, 2006). Coagulation is a mechanism in which any dissolved or soluble material destabilizes and start to aggregate in a solution, whereby flocculation refers to as the process in which these insoluble particle come close together and aggregate forming, even larger insoluble particles the agglomerates (Leiknes, 2009). The size of dye molecule, molecular weight and high anionic charge also assist in coagulation and flocculation of dye molecules (Yu et al., 2002). 

			The mechanism behind the dye removal by natural coagulants is complex and involves various interactions. Electrostatic interactions, charge neutralization and bridging are among the major interactions involved in dye adsorption and coagulation flocculation. Natural polymers are long chain molecules with free charge bearing ends. The dyes used in dying and textile industry are mostly anionic or neutral in charge and relatively smaller in structure. The polymers owing to their large structure offer a large number of binding sites to attach dye molecules thereby neutralizing the charge and precipitating the molecule. Those polymers that do not contain free charge bearing groups cause interparticle bridging thus sorbing small molecules in the spaces present in their architecture this bridging occurs because of π electrons interacting with OH groups of the polysaccharides. Thus natural polysaccharides are very effective in water treatment (Verma et al., 2010; Miller et al., 2008; Yoshida et al., 1964; Yin, 2010). 

			Metal and mineral coagulants tend to increase the metal and salt content of treated water; moreover, sludge may be produced as a byproduct of coagulation activity of these compounds. Polymers especially biopolymers are regarded to be advantageous over the mineral coagulants as biopolymers are eco-friendly and do not add any toxic or unwanted residual compounds in treated water (Bolto, 1995; Beltrán-Heredia and Sánchez Martín, 2008; Verma et al., 2011).

			

			


MATERIALS AND METHODS

			

			Materials

			Following chemicals of analytical grade were used: Chitosan extracted from shrimp cells purchased from Sigma-Aldrich, starch (Sigma-Aldrich) and 1% glutaraldehyde. Besides that waste water from local fabric dyers was used for analysis. Glycine sodium hydroxide buffer pH10, potassium phosphate buffer pH 4.0 and Tris-Cl buffer pH 7.4 were used in different experiments.

			

			Preparation of chitosan-starch based nanocomposite

			Starch solution (2%) was prepared in 2% acetic acid and 2% chitosan solution was prepared in acetic acid. Both the solutions were mixed in 3:7 ratio with constant stirring at room temperature. Glutaraldehyde (1%) as a cross linking agent and few drops of glycerol (as a plasticizer) were added under stirring. The solution was then casted in the moulds (Diameter: 2.5cm) for solidification. 2ml solution was added in each mould. The moulds were kept in oven at 45ᵒC overnight (Baran et al., 2004). The nano-material based composite were removed from the moulds the next morning and were stored in sealed bags. 

			

			Structural analysis and physical characteristics of nanomaterial

			Structural analysis of the prepared chitosan starch nano composite was done by scanning electron microscopy using Hitachi S-3700 N. The outer structure and architecture was viewed and analyzed under different magnifications (500X, 1000X, 2000X, 3000X) of electron microscope. 

			The physical characteristics i.e. swelling capacity of nano material based composite was checked under acidic potassium phosphate buffer pH 4.0, physiological Tris-Cl buffer pH 7.4 alkaline pH glycine sodium hydroxide buffer pH 10. The chitosan starch composites were immersed in each of the three buffers separately. After specific period of time, composite was taken out of flask by spatula. The weight of each sample was taken. All the experiments were run in triplicates.

			The swelling in distilled water and different buffers was calculated by formula:
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			where Ws is weight of swelled sample and Wd is weight of dry sample (Gulrez et al., 2011).

			

			Removal of Congo red dye by flocculation 

			0.15mM solution of Congo red dye was prepared in 0.1M Tris-Cl buffer pH 7.4. The starch chitosan nano composites were placed in each solution, each with a control. The solutions were kept on mechanical shaker for 12 h at 150rpm at room temperature and then observed periodically. After 12 h the solutions were filtered using Whatman’s filter paper No. 1 the filtrate and precipitates were analyzed.
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			Fig. 1. Chitosan-starch nanocomposite (A). Scanning electron micrograph of Chitosan-starch nanocomposites at 500X magnification (B) and Nanocomposite at 2000X magnification (C).

			Wastewater treatment for the removal of commercial dyes  

			Wastewater samples were obtained from local fabric dyer shops in 3 different colors namely red, see green and yellow. Sample solution (20 ml) was taken in a conical flask. The starch chitosan nano composite were placed in textile waste water containing dye. For each sample control was prepared in a similar fashion without the nano composite. The solutions were kept on mechanical shaker for 12 h at 150 rpm at room temperature for the removal of dye. After 12 h the solutions were filtered using Whatman’s filter paper No. 1. The filtrate and precipitates were analyzed.

			

			


RESULTS AND DISCUSSION

			

			Chitosan starch nanocomposite

			The nanocomposite was obtained by mixing starch and chitosan in specified ratio along with glutaraldehyde. Chitosan and starch produced a nano composite (Fig.1B, C). The scanning electron micrographs of composites indicated spherical molecules of nano-scale size dispersed evenly (Fig. 1B). The amount of glutaraldehyde affects the architecture of the composite whereas glycerol acts as a plasticizer and provides stability to the composite (Chung et al., 2010). Considerable concentrations of cross linker are required to form cross link. In the presence of low concentrations of cross linker the cross linking is not complete and thus a composite type material is formed which is visible in Figure 1B (Elson, 1980; Rangel-Mendez et al., 2010). 
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			Fig. 2. Effect of different pH on weight increase of starch chitosan nanocomposite over a period of 14 min.

			

			Physical properties of chitosan-starch nano-composite 

			The chitosan-starch based nano composite were prepared and dried as described earlier. Figure 2 shows weight increase of starch chitosan nanocomposite at different pH. The weights of dried samples were determined and the mean weight was recorded to be 57.2 mg. 

			Figure 3 shows the swelling of composite at different pH values. The nanocomposites and membranes formed of chitosan have a considerable swelling capacity because of the architecture. Chitosan has exposed amino groups at the ends that are charged. These charged species can attract ionic compounds as well as water. The hydration capacity of chitosan depends upon this structure, the amount of chitosan and the degree of polymerization or cross linking between the polymers. The swelling capacity was highest at acidic pH as at low pH the NH2 groups are more stable and their ability to bind with water is highest (Szygula et al., 2009). The swelling ratio of nanocomposite is low as there is no crosslinking between the two polymers. Scanning electron micrographs of the composites indicates that the architecture is made up of nano molecules of starch and chitosan which provides evidence for low swelling ratio. 
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			Fig. 3. Effect of pH on swelling percentage of chitosan starch nanocomposite. At acidic pH swelling degree is high as compared to neutral and basic pH.
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			Fig. 4. A shows three flasks with nano-composite immersed in 0.015 mM solution of congo red dye. The flask on left side is control while in the middle and right side are test B1 and B2, respectively. B shows three petri plates with the nano-composite before treatment in the left plate and nano-composite separated from test B1 (middle plate) and test B2 (right plate) after 12 h showing adsorption of congo red dye. C shows solution from test B1 in the right test tube and the control (left test tube) of congo red solution after dye removal by flocculation (12 h treatment).  The test B1 shows showing significant dye removal as compared to control. Now-a-days Congo red is not commonly used in textile and dye industry but in the presented work congo red is used because it is well characterized for its physical and chemical properties and therefore is used as a model for anionic dyes.
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			Fig. 5. The figures A, B, C shows the separation of the commercial dyes from the waste water after treatment with chitosan starch based nanocomposites. The flocculation was removed by filtration. In each case dye particles are visible on filter paper (A ii, B ii, C ii). The filtrate in the test tube (A iii, B iii, C iii) clearly shows the removal of dyes from commercial samples. Nano composites before and after treatment are also shown underneath the test tubes.   

			

			Removal of Congo red dye by flocculation

			Flocculation studies were conducted by immersing the nanocomposite completely in 20 ml of standard solution of Congo red dye in 100 ml conical flask. The mixture was placed on orbital shaking and the flocculation was observed at various intervals of time results are shown in Figure 4.

			Figure 4 indicates the removal of a standard anionic dye congo red dye. Congo red flocculation is clearly visible in all the samples. Considerable swelling of composite was also observed in the samples. Adsorption of composite as well as coagulation flocculation resulted in about 90% dye removal as a result of the activity of the starch chitosan nanocomposite (Chassary et al., 2004; Chiou and Li, 2003; Guibal, 2004). The aminopolysacchride present in the chitosan interact very effectively with various molecules. The presence of amines assists in the coagulation and flocculation of the various mineral as well as dye materials. The NH2 groups have a strong tendency to attract anionic dye particle at low or acidic pH (Chassary et al., 2004; Chiou and Li, 2003; Guibal, 2004; Jabli et al., 2011; Guibal and Roussy, 2006; Yoshida et al., 1993). At acidic pH the degree of protonation of amino group increases thereby increasing electrostatic interaction with anionic molecules. At neutral pH the binding of cationic particles is promoted via same electrostatic mechanism. Thus at every pH the coagulation flocculation activity of chitosan is considerable. Along with electrostatic mechanisms other interactions also assist in the coagulation property of chitosan. Starch also aids in the function of chitosan as it also contains amylose chains that are helpful in attracting anionic dye molecules and other minerals (Szygula et al., 2009; Miller et al., 2008). Both of these natural coagulants interact with dyes with 2 possible mechanisms i) Charge neutralization and ii) Bridging (Verma et al., 2008). 

			

			Wastewater treatment 

			The method optimized for dye removal of standard anionic dye congo red was used for three commercial waste water samples taken from fabric dyers from the local market. All the experiments were done under the conditions described above. After incubation of dye samples with chitosan starch nanocomposite the solutions were filtered to estimate the amount of dye precipitation.

			In Figure 5 conical flasks indicate controls and test samples (in duplicates) showing commercial dye sample with nanocomposite after 12 h (A i, B i, C i). Precipitates of flocculated dye sample obtained on filter paper are also clearly visible for all the commercial samples (A ii, B ii, C ii). Within 12 hours ~90% flocculation was observed in the all the samples. The filtrates obtained after filtration of samples were analyzed and found to contain minimal amount of dye (Fig. 5 A iii, B iii, C iii, in each case test tubes from left to right indicate control without nanocomposite and test samples in duplicates, respectively). The nanocomposites were removed from the flocculated samples and observed carefully. Due to dye adsorption the color of the composites was changed. The surface of the nanocomposite was also found to be smooth after adsorption of the dye (Fig. 5 A iii, B iii, C iii samples of nanocomposite are indicated below the test tubes).

			The mechanism of commercial dye flocculation is similar to that discussed for congo red. High concentration of NaCl is used in dyeing process therefore the commercial dye samples contained considerable amount of salt. As the molar ratio of salt increases the precipitation of dye also increases (Tan et al., 2000) thus facilitating the coagulation of charged molecules.                                                                                                                                                                                  

			

			Conclusion

			

			In the current investigation, experiments were performed for the removal of commercial dyes obtained from local market fabric dyers, using chitosan starch based nanocomposites. The electrostatic and hydrophobic interactions between starch and chitosan provide better dye removal effects as compared to the use of chitosan alone, reported by other researchers. It is an effective method for waste water treatment especially in countries like Pakistan where there is mass release of wastewater containing toxic dyes in sewerage water. The work presented is the first report of waste water treatment using green composite based on chitosan and starch and could be useful in sustainable waste water treatment.
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ABSTRACT

Chitosan is a cationic biopolymer that can be used for sustainable waste water treatment as a coagulant-flocculent due to its ability
to coagulate various ionic substances such as metal ions as well as dyes. In the current study novel polymer composites were
prepared using natural polymers chitosan and starch in molds. Structure of composites was analyzed using scanning electron
microscopy. The physical parameters such as weight and swelling degree of composite were studied. Chitosan starch based
composites were used in treatment of waste water to remove a toxic anionic dye Congo red. Congo red solution (0.015 mM) was
treated with polymer composite at neutral pH overnight with 150 rpm orbital shaking at room temperature. The same procedure
was performed for commercial dyes. The dye was removed due to the interaction with the polysaccharide starch and flocculation
phenomenon. Chitosan starch based polymer composites can be used as an efficient and cost effective method to treat waste water
polluted with carcinogenic dyes by coagulation-flocculation. Moreover this method is beneficial over other methods that employ
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INTRODUCTION

reen materials or biopolymers are under investigation

for various applications. One very important biopolymer
of special importance is chitosan (Mohanty et al., 2002).
Chitosan is a deacetylation product of chitin, an abundant
naturally occurring polysaccharide. It is abundantly present
and extracted from shells of insects and marine animals such
as crab, shrimps etc. (Renault ef a/., 2009a, 2009b; Mukherjee
et al., 2004). Chitosan along with other biopolymers such as
cellulose, starch, polysaccharides etc. can be used for making
green material nano-composites and membranes for sustainable
water treatment (Sharma ef al., 2013). Chitosan based
composites are being widely studied for water treatment and
purification processes. Chitosan is less crystalline than chitin
due to the specific antiparallel chains of chitosan and their cross
linking. Chitosan has a higher degree of hydration and thus
its swelling capacity and dye adsorption capability is higher.
This mechanism provides a basis for formation of composite
materials for water treatment (Carlstrom, 1957; Peesan ef al.,
2003). Starch also assists the function of chitosan as it aids in
the adsorption of the dye and various macromolecules on the
surface of composites.

Textile and leather industries utilize various types of dyes
in their manufacturing procedure in bulk quantities which
results in production of tons of liters of industrial waste water
containing residual dyes. These dye compounds have brilliant
colors and are toxic to the environment so in order to protect
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the environment from this industrial waste and to reuse and
recycle the waste water it is of utmost importance to devise
cost effective ways to remove dyes from waste industrial water
(Lee et al., 2006, Reddy ef al., 2005). In this respect nano-
composites and membrane technologies are widely explored
and used to remove toxic dyes from water (Petrinic ef al., 2007,
Qin et al., 2007; Riera-Torres et al., 2010, Vishnu and Joseph,
2007; Zahrim et al., 2011).

Metal coagulants as well as polymers have a tendency
to coagulate dyes and ionic impurities from water. Polymer
containing composites and membranes coagulate and flocculate
these impurities (Bratby, 2006). Coagulation is a mechanism
in which any dissolved or soluble material destabilizes and
start to aggregate in a solution, whereby flocculation refers
to as the process in which these insoluble particle come close
together and aggregate forming, even larger insoluble particles
the agglomerates (Leiknes, 2009). The size of dye molecule,
molecular weight and high anionic charge also assist in
coagulation and flocculation of dye molecules (Yu et a/., 2002).

The mechanism behind the dye removal by natural
coagulants is complex and involves various interactions.
Electrostatic interactions, charge neutralization and bridging
are among the major interactions involved in dye adsorption
and coagulation flocculation. Natural polymers are long chain
molecules with free charge bearing ends. The dyes used in dying
and textile industry are mostly anionic or neutral in charge and
relatively smaller in structure. The polymers owing to their
large structure offer a large number of binding sites to attach
dye molecules thereby neutralizing the charge and precipitating
the molecule. Those polymers that do not contain free charge
bearing groups cause interparticle bridging thus sorbing small
molecules in the spaces present in their architecture this bridging
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