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INTRODUCTION

Disruption and gradual destruction of the aquatic ecosystem occurs by the dye-bearing
wastewater which is not only aesthetically displeasing but also restrains sunlight from
penetrating into the aquatic system.!] The increasing dye pollution occurs mainly due to the
intensive technological and industrial development and this is because of the disposal of
wastewaters from different industries, for example textile, leather, plastics and cosmetics.
Even after the conventional removal processes, one of the most difficult wastewater to treat is

the dye wastewater from textile and dyestuff industries since the colour tends to hold so
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strongly.®! Annually around 700,000 tons of more than 100,000 commercially available dyes
were produced.”! The presence of some of these dyes even in very minor amounts i.e. < 1

mg.dm > are so harmful leading to serious health disorders.

Among the most commonly used dyes, alizarin red is selected for treatment purpose in this
study due to the following reasons. Alizarin Red S, belongs to the group of an anthraquinone
dye and due to its complex structures of the aromatic rings it cannot be completely degraded
by general physicochemical and biological processes which can afford high physicochemical,
thermal and optical stability.”! Due to its complex structures of the aromatic rings, the S
Alizarin red turns to be a potential toxic to the biota and aquatic life leading to several
harmful effects such as gastritis, mal-functioning of lungs, severe headache, painful
micturition and methemoglobinemia.’® Several physicochemical methods were utilized for
the treatment of dyes™™ such as coagulation, floatation, precipitation and biosorption

process.

Among the various effective routes of treatment, the biosorption has received considerable
attention and hence in this present study, this bisorption process has been adopted since it has
the potential to become an efficient, clean and cheap technology for the wastewater
treatment.®! Different kinds of adsorbents such as metal oxides, activated carbon, clays,
charcoal, activated carbon, agrowaste, fruit shell, nanoparticles, biopolymers, alumina,
calcium oxide, cynodon dactylon have been used for treatment purpose. Activated carbon is
the most typically used adsorbent for the color removalt*¥ and this was due to its functionality
for efficaciously adsorbing a wide range of materials.*™ Eventhough it has greater adsorption
capacity, its utilization for dye removal is restricted due to its high cost and difficulty in its
regeneration. When compared to the commercial highly efficient activated carbon, the use of
synthetic iron oxide nanoparticles is much more economic and hence many researchers have
focused on investigating the capabilities of magnetic nanoparticles as an efficient adsorbent
which is having large specific surface area and small diffusion resistance.*? Zhu and his
coworkers reported about the use of magnetic cellulose/Fe;Oq/activated carbon composite as
adsorbent for for removal of Congo red dye.™™!

Due to their large surface area, adsorption capacity and heat or chemical resistance properties
for the removal of contaminants in aquatic environments, the nanochitosan has been chosen
as an adsorbent for dye removal processes in many research works. This nanochitosan

biopolymer has become a more environmentally friendly substance of choice due to its
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excellent physicochemical properties and non toxic nature.**! Razavi and her coworkers
investigated the removal of Congo red dye from aqueous solutions using nanochitosan as
adsorbent. Results showed that under optimal conditions the nanochitosan is able to remove
maximum amount of Congo red from aqueous solutions.™® Also the performance of
nanochitosan as an adsorbent to remove acid orange 10 (AO10), acid orange 12 (AO12), acid
red 18 (AR18) and acid Red 73 (AR73) from aqueous solution has been investigated by
Cheung and his coworkers.[*®!

In India, the agricultural waste like tamarind pod shell is discarded as waste and since it is
available free of cost, it is used for wastewater treatment. The utilization and recycling of this
waste for wastewater treatment would not only be economical but also help to solve waste
disposal problems. Removal of methylene blue and amaranth dye from aqueous solution
using tamarind pod shells has been investigated by Ahalya and her coworkers. Results
showed that the tamarind pod shell was found to be an effective adsorbent for the removal of
methylene blue and amaranth dye from aqueous solution.”*”! Hence in the present research
work, based on literature survey, three materials namely nanochitosan, iron oxide
nanoparticles and tamarind shell were selected to prepare the ternary blend. We had
examined the removal of alizarin red dye onto nanochitosan/iron oxide
nanoparticles/tamarind shell as adsorbent. The main objectives of the current study are to
study the chemistry of S Alizarin red dye biosorption onto nanochitosan/iron oxide
nanoparticles/tamarind shell ternary blend. In addition, the effect of contact time was
performed and the kinetic experimental data required for the design and operation of batch

reactors were evaluated and investigated.

MATERIALS AND METHODS

Materials

The natural agro waste Tamarindusindica pod shells collected from Vellore area, India. The
biopolymer chitosan was purchased from Indian Sea Foods, Cochin, Kerala. Certain
chemicals namely sodium tripolyphoshate, glacial acetic acid, oxalic acid, ferrous sulphate
and polyvinyl alcohol was procured from Nice Chemicals Pvt Ltd, Thomas Bakers Pvt
Limited, Sisco Research Laboratories Pvt Ltd. The reactive basic dye S-Alizarin red used in
the present research work has the molecular formula (C14H;NaO;S), molecular weight of

240g/mol and wavelength of maximum absorbance of 480 nm and was supplied by S.D Fine
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Chemicals Private Limited, Mumbai. All the chemical used in the present research work were

of analytical grade.

Preparation of nanochitosan

Through ionic gelation method, in the present research work, the nanochitosan can be
prepared by the interaction of oppositely charged macromolecules (positively charged
chitosan macromolecule with the anionic tripolyphosphate).l*¥! Homogeneous chitosan
solution was synthesized by dissolving 1g of chitosan in 200 ml of 2% acetic acid solution
prepared in deionized water. Followed by this, the complete stirring process was done for
about 15 minutes. The dropwise addition of sodium tripolyphosphate solution (0.8g of TPP
(sodium tri poly phosphate) dissolved in 107ml of deionized water) to chitosan solution has
been carried out and this solution mixture was then allowed to stir well using magnetic stirrer
for a period of 30 minutes. A milky emulsion like appearance of nanochitosan obtained was
then allowed to settle for 24 hours, mother liquor is decanted and the milky suspension like
substance settled at the bottom (NCS) of beaker is kept in a freezer and stored for further use.

Preparation of tamarind shell

The tamarind fruit shells were collected from the natural tamarind trees. The tamarind fruit
shells were cleaned with distilled water and then sun dried for 48 hours. The dried tamarind
shell was then grounded, powdered and sieved well to get uniform sized particles. The
tamarind shell powder so obtained was then washed thoroughly with distilled water and dried
well in the hot air oven for 24 hours at 80°C. Finally the tamarind fruit shell powder is stored
in airtight plastic bottles for further use. The photograph of the prepared tamaring shell

powder was shown below (Fig.A).

Preparation of iron oxide nanoparticles by hydrothermal method
The iron oxide nanoparticles were synthesized using low temperature combustion method by
employing iron oxalate as precursor. As per the method reported by Priscilla Prabhavathi and
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her coworkers™ by utilizing the hydrothermal method, in two satges, the iron oxide

nanoparticles can be prepared as follows:

Stage: 1- Synthesis of Iron oxalate Precursor

Equimolar proportions say, 0.25g of Ferrous sulphate and oxalic acid is dissolved in
minimum volume of water and stirred for 15 minutes on a magnetic stirrer. Yellow
precipitate for iron oxalate dehydrate obtained is then filtered washed with distillied water
and finally dried with acetone. The photograph of the prepared iron oxalate precursor was

represented below (Fig.B).

Fig.B: Photograph of Iron oxalate.

Stage: 2- Synthesis of iron oxide nanoparticles

The above prepared iron oxalate precursor was mixed with polyvinyl alcohol in the weight
ratio of 1:5. The resultant mixture was then powdered well in a mortar, mixed in a silica
crucible and ignited in an electric furnace and while heating, the temperature should not
exceed 300°C. During the heating process, initially the PVA is melted, then frothed and
finally undergoes complete ignition process leading to give iron oxide as residue. The
obtained sample (iron oxide residue) is then calcinated at 110°C for 4 hours to remove
impurities and the iron oxide nanoparticles was then cooled, dried and powdered for further

use. The photograph of the prepared iron oxide nanoparticles was represented below (Fig.C)

Fig. C: Photograph of iron oxide nanoparticles.
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Preparation of nanochitosan/iron nanoparticles/tamarind shell blend

Equimolar proportions of the above prepared nanochitosan, iron oxide nanoparticles and
tamarind shell powder (1:1:1) taken in a beaker were dissolved in minimum amount of
distilled water (10 ml). This solution mixture was then stirred well completely for a period of
30 minutes using magnetic stirrer. And after this stirring process is over, this ternary blended
mixture was then poured into petri plates, allowed to dry and then stored in air tight box for

further use as biosorbent.

Batch Adsorption studies
The adsorption experiments were carried in a batch process at room temperature by using an
aqueous solution of S-alizarin red dye.

Preparation of s-alizarin red dye solution (adsorbate)

A stock solution of S-Alizarin red dye (1000 mg/ L) was prepared by dissolving 1.0 g of it in
1000 ml of distilled water. The pH of the solutions was adjusted using sodium hydroxide and
hydrochloric acid and it was suitably diluted to the required initial concentration (200 ppm).
The concentration of the dye remaining after adsorption process was determined at 480 nm,
using photoelectric colorimeter (Perkin-Elmer Lambda 25).

Experimental method

An accurately weighed amount (0.1g) of nanochitosan/iron nanoparticles/tamarind shell
blend (adsorbent) was added to 100ml of the S-Alizarin Red dye solution (adsorbate) taken in
stopper conical flask. But before mixing the adsorbate (S-Alizarin Red solution) with the
adsorbent, the initial pH of each solution was adjusted to the required value by adding 2N
NaOH solution for increasing the pH and 1:1 HCI for decreasing the pH. The above solution

mixture was agitated in the shaker for a definite time at a room temperature.

After this shaking process is over, the above mixture was filtered using Whatmann filter
paper no.41. The filtered solution ie filterate collected was then analysed for the S Alizarin
red adsorption using the photoelectric colorimeter technique. The biosorption studies were
carried out with the same procedure in batch mode to identify the effect of contact time (60
min - 300 min) on the biosorption of S-Alizarin Red. The percentage of dye removal was
calculated by using following equation respectively

CCI_ Cf

Removal (%) = x 100

Q0
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Where C,- Initial concentration of metal ion (mg/L) and C¢- Final concentration of metal ion
(mg/L).

CHARACTERIZATION

FT-IR Spectral analysis

The FT-IR spectra of prepared samples were recorded by the 200 FT-IR spOectrophotometer
in the wavenumber range of 400-4000cm™ with the resolution of 2 cm™ at 25°C during 64

scans.

RESULTS AND DISCUSSION

Fourier Transform IR Spectroscopy

The FT-IR spectroscopy is one of the important analytical methods having the ability to
directly monitor the vibrations of the functional groups which characterize molecular
structure and govern the course of chemical reactions. This FT-IR spectrum can provide
certain structural clues to the overall structure of the unknown substance. The FT-IR spectral

details of nanochitosan was shown in Fig.1.

%T
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Fig.1: FT-IR spectrum of nanochitosan.

In the FT-IR spectrum of nanochitosan (Fig.1), the strong and wide peak obtained in the
3500-3300 area attributed to hydrogen-bonded O-H stretching vibration (3385.92 cm™)
arising mainly due to physical interactions with TPP. In the same region, the peaks of N-H
stretching from primary amine and type II amide have been overlapped.[zo] The peaks for
asymmetrical and symmetrical stretching in CH, group, NH3" stretching, C=0 stretching in

amides, NH bending and OH in plane bending in alcohols is found at around 2920.57 cm™,
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2908.57 cm™, 1635.23 cm™, 1510.05 cm™ and 1376.80 cm™.® Also in addition it was
identified that in case of nanochitosan, due to the formation of cross links by the interaction
of ammonium ion and phosphate ion'??, a P=0 absorption band was found to be obtained at
1219.00cm™. These results have been attributed to the linkage between phosphoric and
ammonium ion and hence from the appearance of these peaks it was concluded that the
tripolyphosphoric groups of TPP are linked with ammonium groups of chitosan and the inter-

and intra-molecular actions are enhanced in nanochitosan.?*!
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Fig.2: FT-IR spectrum of nanochitosan/iron nanoparticles/tamarind shell blend.

The effective blending of nanochitosan with iron oxide nanoparticles and tamarind shell was
confirmed through FT-IR analysis. The FT-IR spectrum of nanochitosan/iron
nanoparticles/tamarind shell blend was shown in the Fig.2. The broad absorption band
observed at 3450.65 cm ' indicates the presence of surface hydroxyl groups (O—H
stretching). The peaks for asymmetrical and symmetrical stretching in CH, group and NH3"
stretching was found at around 2918.30.57 cm™, 2860.43 cm™ and 2355.08 cm™. The
absorption band at 1653.00 cm* is related to the hetroaromatic C-H bond stretching, C=0
stretching in acids (tamarind shell) and the C-N stretching is observed at 1421.54 cm™. The
interaction of ammonium ion and phosphate ion in nanochitosan leads to the formation of
P=0 absorption band at 1253.73 cm . Certain absorption bands appearing at 1029.99 cm-1
and 898.83 cm™ was indicative of the C-O stretching and C-C stretching.? The band
appearing at low wave numbers (< 700 cm ™) are related to vibrations of the Fe-O bonds in
iron oxide!® and the presence of magnetite nanoparticles can be established via the advent of

two strong absorption bands around 653.87 cm™ and 585 cm * respectively. When compared
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to the FT-IR spectrum of nanochitosan alone, this nanochitosan/iron nanoparticles/tamarind
shell ternary blend shows an extra additional peaks due to the presence of acids and
vibrations of the Fe-O bonds in iron oxide. Hence from these additional peaks it was evident

that the nanochitosan gets blended effectively with iron nanoparticles and tamarind shell.

Factors influencing the adsorption of S-Alizarin red dye from aqueous solution
In the present study, the effectiveness on the removal of alizarin red dye using
nanochitosan/iron oxide nanoparticles/tamarind shell blend as adsorbent by varying contact

time was studied and the results were investigated below in detail.

Effect of contact time

The effect of contact time on the adsorption of S- Alizarin Red dye removal from aqueous
solution was represented in Fig.3. From Fig.3, it was seen clearly that the maximum
adsorption occurred in 30-90 minutes and after 90-120 minutes; an equilibrium state was
obtained. Initially due to high concentration gradient and more available adsorption sites, the
rate of dye removal is high. The rate of dye removal shows an increased percentage removal
with increase in contact time and this process continues until the adsorption process reaches
equilibrium. But after reaching equilibrium, ie as the time proceeds no further uptake of
adsorbate by adsorbent will occur as time proceeds® and this is because of the fact that each
adsorbent has limited adsorbent sites. After a certain time, these were exhausted and hence
the adsorption process attained an equilibrium state.””! The above observed overall results
conclude that 120 min is fixed as minimum contact time for the maximum removal percent of
S-Alizarin  Red dye from aqueous solution wusing nanochitosan/iron oxide

nanoparticles/tamarind shell blend as adsorbent.

Effect of contact time
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Fig.3: Effect of contact time on the adsorption of S-Alizarin red dye removal from

aqueous solution using nanochitosan/iron oxide naoparticles/tamarind shell blend.
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Kinetic studies

The kinetic studies were carried out by agitation of 100 mL solutions of S-Alizarin Dye with
initial concentrations 200 mg/L and 0.1 g of each adsorbent, at room temperature and at
different time intervals from 30 to 150 min. In order to understand the chemical kinetics of
solid liquid adsorption process, two kinetic models namely Lagergren pseudo first-order
kinetic and pseudo second order kinetic model has been studied.” The Larergren model has
been effectively used to provide explanation for the adsorption of S-Alizarin red dye onto
prepared nanochitosan/iron oxide nanoparticles/tamarind shell blend. The pseudo-first-order
rate equation is expressed as follows (Lagergren 1898)

ky

log(qe — q: ) = logqe — -~ S—

Where ge— equilibrium adsorption capacity (mg/g)
gi— adsorption capacity after certain time ‘t’(mg/g)

ki is the rate constant of the pseudo-first-order adsorption process (min™).

By plotting a graph of log (ge - q;) versus time (t), we can calculate k; and g. by using slope
and intercept values respectively. Fig.4 represents the pseudo first order kinetic plot for S-

Alizarin red dye removal from aqueous solution.

Pseudo first order kinetic plot
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Fig. 4: Pseudo-first-order sorption kinetic plot for adsorption of S- Alizarin red dye
removal from aqueous solution using nanochitosan/iron oxide nanoparticles/tamarind
shell blend.

Pseudo second order equation
Due to charge transfer process between the adsorbent and adsorbate, the adsorption process

takes place through the chemical interaction/ bonding. In other words we can say that this
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pseudo second order kinetic model assumes that the rate limiting step is chemisorption in
nature. The mechanism behind this pseudo second order kinetic plot is that it might involve
valence forces by sharing or through the exchange of electrons between adsorbent and

adsorbate.””! Pseudo-second order rate equation is given as follows:

t 1 t

—=- 4 ——0Q

ac  h  qe
Where h = k,qe? (mg g™*min™) can be regarded as the initial adsorption rate as t tends to 0 and
ks is the rate constant of second order rate constant of adsorption process (g mg™min™). If
pseudo-second-order Kinetics is applicable, it should give a straight line and the values of
second order rate constant (k»), the equilibrium adsorption capacity (q.) were determined
from the slope and intercept of plot t /g; versus time (t) respectively. The pseudo second order
Kinetic plot obtained for the removal of S- Alizarin red dye from aqueous solution was

represented in Fig.5.

3 Pseudo second order kinetic plot
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Fig.5: Pseudo-second-order sorption Kinetic plot for adsorption of S- Alizarin red dye
removal from aqueous solution using nanochitosan/iron oxide nanoparticles/tamarind
shell blend.

The calculated values of the pseudo-first-order rate constant, pseudo-second-order rate
constant and the equilibrium adsorption capacity along with the corresponding correlation
coefficients determined from plots represented in Fig.4 and Fig.5 was presented in Table-1.
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Table-1: Comparison between Lagergren pseudo-first-order and pseudo-second-order

kinetic models for S-Alizarin Red dye sorption by nanochitosan/iron oxide

nanoparticles/tamarind shell blend.

Pseudo-first-order kinetic model

Pseudo-second-order kinetic model

Sample ge (mg/g) | ky(min') R’ qe (mglg) | k. (gmg'min®) [ R
NCS/Fe

nanoparticles/ 87.116 | 0.01267 0.7825 138.89 0.00019 0.9761
tamarind shell

blend

The observed results showed that the corresponding correlation coefficients (R?) for the
pseudo second order model (correlation coefficient, R> = 0.9761) was found to be greater
than that of the pseudo first-order model (correlation coefficient, R? = 0.7825) and in addition
it was also identified that the pseudo second order kinetic model yield a very good straight
line when compared to the pseudo first order kinetic model. Results suggested the better
applicability of the pseudo-second-order model to describe the adsorption process™”,
indicating that the process is controlled by chemisorptions.*¥ Thus from the above obtained
results it was concluded that the adsorption of S-Alizarin red dye onto nanochitosan/iron

oxide nanoparticles/tamarind shell blend follows pseudo second order Kinetics.

CONCLUSION

The prepared modified nanochitosan/iron oxide nanoparticles/tamarind shell blend has shown
higher adsorption efficiency for the S-Alizarin dye (AY) which resulted in 75% removal. The
evaluated results of effect of contact time on the adsorption efficiency indicate that the
contact time of 120 minutes is enough to treat around 75% of the wastewater and Kinetic
studies reveals that the pseudo second order kinetic model is followed. Different interactions
including the electrostatic and hydrophobic have led to the increased adsorption of the dyes
onto nanochitosan/iron oxide nanoparticles/tamarind shell blend. The blend modification may
also increase the capability, effectiveness and selectivity for the removal of wider range of
charged pollutants including metal ions and dyes. The overall results indicate that the dye
contaminated wastewater can be treated with suitably prepared modified nanochitosan/iron
oxide nanoparticles/tamarind shell blend.
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