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ABSTRACT

This paper presents an approach to remove the dye using chitosan coated glass beads at various pH, temperature
and contact time. Dye decolorization using biopolymers are recent method of interest to remove the dyes from the
waste water. In thisinitial attempt, the chitosan was extracted from prawn shell wastes and applied in bio sorption
of azo dyes. This polymer was encapsulated over glass beads. The encapsulated glass beads were packed in a glass
column and azo dye decolorization was carried out and determined calorimetrically using UV-Visible
spectrophotometer and different isotherms were calculated. The isotherms such as Langmuir, Freundlich and
Temkin were examined and the appropriate model was identified. The interaction of the dye with chitosan was
studied using SEM and FTIR.
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INTRODUCTION

Azo dyes are used varying quantities all aroundatbgd in textile, paper and Tannery industriesctswidely used
chemicals are of great concern with regard to thetential toxicity and carcinogenic properties2]1-Different
decolorization methods were developed by physigalogical and chemical techniques in last few desae.g.
tricking filter, activated sludge, coagulation-ftadation, chemical precipitation, carbon absorptiaerobic and
anaerobic treatment and phytoremediation procestmsever, most of the methods bear very elevateztatijpn
expenditure and some of them even need complicgterhtion practices [3-4].

EXPERIMENTAL SECTION

Preparation of Chitosan

Chitosan was the compound of interest for thisystiithe shell waste of prawn have been gathered Rogapuram
fishing harbour (13.1256° N, 80.2976° E) and washsithg distilled water and dehydrated under sunlighis
process was repeated thrice for a complete renwdvaipurities. In 4% NaOH, the samples was boiled allowed
to cool for 30 minutes at 28°C [5-6]. For demingation 1% HCI was used four times its quantity #imel samples
were allowed to immerse for 24 h to remove the urtea calcium carbonate [7-8]. The demineralisethghishell
samples were then treated for one hour with 50 fral 2% NaOH solution to decompose. The remainirigncts
washed with deionised water, which is then drain&d The chitin was further converted into chitosby the
process of deacetylation [10]. The filtered chito&kept in a muffler furnace at 150°C until itthenes fully dried.
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Preparation of bio- polymer and encapsulation over glass beads

The washed glass beads were drenched in Potassicimodnate solution and washed with water was dippea
bio-polymer for encapsulation and the encapsulitssgoeads are taken in a Petri plate for dryimggme and this
encapsulate glass beads is dried in a room temyperftl].

Preparation of 1 ppm Dye Solution
Preparation of Dye solution is carried out by mixih mg of azo dye namely “Acid Black” powder witHitte of
distilled water.

Figure-1: Structureof Acid black 24

Dye decolorization

For dye decolorization, *1burette, the encapsulated chitosan glass beadshwhas filled to a certain height
(25cms), the burettes were filled with the dye Sohu(Acid Black) and studied the decolorizationdye by taking
samples in some fixed interval and analysed thengdain the colour by using Varian Cary UV-Vis
Spectrophotometer [12-14].

Mathematical modelling study

Adsor ption I sotherm design

Equilibrium sorption isotherms illustrate the atyilof an adsorbent, distinguished by certain canistthese values
defines the surface properties and affinity ofadeorbent [15-18].

Langmuir Isotherm

The Langmuir sorption isotherm has been the masineively used isotherm and has been efficacicasplied to
many dye adsorption processes. Langmuir basic hggt was to adsorb a specific homogeneous siterwitie
adsorbent. The saturated monolayer adsorptiondswtican be represented as.

The Langmuir equation may be written as:

Q _ Qma.xKLc
® 1+ K,C

The Langmuir equation can be expressed in itsilif@an as:

Co 1 Ca

= + —
Qe QmKL QI!T.I.

Where Q..x (mg/g) and K (L/mg) are the Langmuir constants, indicating iighest adsorption ability for the solid
phase loading and the energy constant relatecetbeht of adsorption respectively. The values pa@d K can be
evaluated from the intercept and the slope ofitteal plot of experimental data.

Freundlich Isotherm

Freundlich isotherm is an empirical isotherm tisaised for non-ideal adsorption and is symbolizethe equation.

It is the relationship between the amounts of lifyadsorbed per unit mass of adsorbent,a@d the concentration
of the nickel at equilibrium, C

Q. = keCl""
The logarithmic form of the equation becomes,

Log ge=log K¢+ (1/n) log Ce
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Where K & n are the Freundlich constants, the featurehefslystem. Kand n are the indicators of the adsorption
capacity and adsorption intensity, respectivelye Hbility of Freundlich model to fit the experimahtlata was
examined. For this case, the plot of log Ce vs.degvas engaged to generate the intercept valkearfd the slope
of n.

Temkin isotherm
Tempkin isotherm assumes that the fall in the loéabrption is a linear rather than the logarithnais implied in
the Freundlich equation. The equation is given by

ge= (RT/b) log (A Ce)
A linear form of the Temkin isotherm can be expeesas:
ge= (RT/b) log A+ (RT/b) log C,
g~ B log A+ B log C,

The adsorption data can be analyzed according ¢oefdre a plot of gversus loggenables one to determine the
constants A and B.

Adsor ption kinetics
To examine the adsorption kinetics on Chitosan peudo-first-order and pseudo-second-order modeds used
to measure the experimental results [19-22].

Pseudo first order equation
The first order equation of Lagergren is generally expressed as followgekgren’s kinetics equation has been
most widely used for the adsorption of an adsorfrate an aqueous solution.

dag/dt =K1 (e - Qv

where @ is the amount of dye adsorbed at equilibrium (fgigs the amount of dye adsorbed at time t (Himnd
k, is the rate constant of pseudo-first-order adsonptif it supposed that q=0 at t=0, then:

log (de- 0r) =10g Qe - Kt

Pseudo-second-or der
If the rate of sorption is a second order mechantim pseudo-second order chemisorption kinetie eguation is
expressed as follows

dad/dt=k; (de - qr)°

Where k is the rate constant gieudo-second-order reaction (g/mg/min). The integrated form of Eqoativhen
(t=0 —t and qt=06-qe) the following expression is obtained:

_ 1t
q. kz‘lg d.

Where g, g are the amounts of adsorbent at equilibrium artiire t (mmol ), k; is the rate constant of pseudo-
first order kinetics equation (mit), and k is the pseudo-second order rate constant (g thmat™).

Characterization of Chitosan (C)

Scanning Electron Microscope (SEM) [23-24]

The scanning electron microscope (SEM) is a typeladftron microscope that uses a focused beangbfdnergy
electrons in producing a variety of signals atghgace of a solid specimen. The carefully chodtattve samples
were placed in SEM module, Hitachi 5415 A, and odcaphs were taken at different magnification.

FTIR analysis

The absorbance FT-IR spectra of the samples weranaented using an FT-IR Perkin—Elmer spectromédtee.
spectra were collected within a scanning ranged6£4000 crir-

697



Ravi T. et al J. Chem. Pharm. Res,, 2015, 7(3):695-703

RESULTSAND DISCUSSION

Effect of pH

Solutions of dye (acid black) with different pH waepared, the effect of pH variation from 4.00 @as studied
by adjusting the pH of dye solution using 0.1N Hf£INaOH and it was shown that % removal of dye was
maximum at pH 8. The initial and final concentrativas observed by using U-V spectroscopy.

The Graph is drawn between pH and % removal ofdShit.
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Fig 1: Variation of % Removal at different pH at 100ppm

Effect of Contact Time
The effect of contact time for dye adsorption oitadan glass beads is shown in fig.4.2 and it eseved that in
the ' hour the %removal was very high. Afté? Hour equilibrium attains so there is negligibleRi#moval.

88

y=3.3x+ 72.5
R = 0.898

78 |
76 1
74 |
72 . .

% Removal

Time (hr)

Fig 2: % Removal of dyeat different time interval

From the above figure -2 which is plot between tiamel % removal, shows that equilibrium attains"ahdur and
after that there is no change in the percentagevain
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Langmuir isotherm
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Fig3: Langmuir equilibrium isotherm model for the absor ption of the dye on chitosan (C) glassbeadsat pH 8

The Langmuir isotherm model was selected for thaluation of highest adsorption ability correspoigdiio
complete monolayer coverage on the glass beadscsurf

Tablel1Linear Langmuir isotherm parameters

Bio Polymer Om K. R
C 2.336| 0.216] 0.9965
Freundlich I sotherm
83
.25 -
| |y=0.407x-0.215
0.2 R*=0.999
= .15
oo
=
0.1 -
D.05 -
0 | |
-0.2n: 0.3 ‘/ 0.8 1|3
logC,

Fig 4 Freundlich equilibrium isotherm model for the adsor ption of the dyeson Chitosan (C) beadsat pH 8
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Table 2 Freundlich equilibrium isotherm model for the adsor ption of the dyes on chitosan (C) glass beadsat pH 8

Concentration (ppm) | % Removal | c. Qe logce | logge
100 87 13| 174 111 0.24
80 90 8| 1.44] 0.90 0.15
50 94 3| 094 046 -0.02y

The Freundlich model was chosen to estimate therptisn intensity of the adsorbate on the adsorberface. The
experimental data from the batch adsorption indE#tat the dye removal is plotted logarithmicakyng the linear
Freundlich isotherm equation.

Table 3: Freundlich isotherm parameters

R?
0.999

|\
0.6092

Bio polymer 1n
C 0.4079

Temkin isotherm

Table4: Temkin equilibrium isotherm model for the adsor ption of the dyes on chitosan (C) glass beads

Concentration (ppm) | % Removal | Cc | Qe log Ce
100 87 13| 1.74 1.113
80 90 8| 1.44/ 0.90
50 94 3] 094 046
1.85
1.35
=
y=1211x+0.374
0.85 R?=0.997
0.35 T T . .
0.35 0.55 0.75 0.95 1.15
logC,

Fig 5: Temkin equilibrium isotherm model for the adsor ption of the dyeson Chitoson (C) glass beadsat pH 8

Table5: Temkin isotherm parameters

R?
0.997

Kr
2.03

Br
1.2118

Biopolymer
(@)

Adsor ption Kinetics

Table 6: Kinetic modelsfor the adsor ption of dye on Chitosan (C) glass beads

Time(hr) | o | 9eq | 109(qeGr)
1 148] 0.26] -0.585
2 1.6 [ 0.14] -0.853
3 1.68] 0.06] -1.22
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Time (hr)

0.4 | v=-0.317x- 0.251
R? = 0.992

log(q.-qy)
=
(=)

-1.4

Fig 6 Kinetic modelsfor the adsor ption of dye on Chitosan (C) glass beads

Table 7: Kinetic modelsfor the adsor ption of dye on Chitosan (C) glass beads

Time(hr) | a t/q:
1 1.48| 0.67
2 16 | 1.25
3 1.68] 1.78
2
1.8 -
1.6 -
1.4 -
12
1 v=0.555x+0.123
= 0.999
0.8 -
0.6
0.4 I I I
0 1 2 3 4
Time (hr)

Fig 7: Kinetic modelsfor the adsor ption of dye on Chitosan (C) glass beads

The q, expfor C is 1.72 and using™order kinetics the value ot qarcis 0.56 which is having very large difference
with e, expWhereas by using"?order kinetics the value of Garcis 1.8 which is closer t0G,S0 it follows 2d
order kinetics.
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Table 8: Parameter s of the kinetic models for the adsor ption dye onto Chitosan glass beads

Pseudo 1st order Pseudo 2nd order
Biopolymer | Qeep | ki | Qeca | R® [ ko | Qe | h R
(©) 1.72 | 03175 0.56] 0.992 2.49 1.8 8.082 0.9993

Characterization of Extracted Chitosan
Characterization is carried out to know quantigivthe elements present in the bio polymer. ktasied out by
using Scanning Electron Microscope (SEM), FourieriBform Infrared Spectroscopy (FTIR).

Scanning Electron Microscope (SEM)
The scanning electron microscope shows a changdg®istructure of chitosan coated glass slide iz treated
with the dye. The smooth surface of the chitosas asturbed after attachment of the dye.

!

2 4 ar A R / & EHT = 20.00 kv Signal A=InLens g 12rezo4  centrefornanotechnology.com
EHT = 20.00 kv Signal A=InLens  pai2ren20i4  centrefornanotechnology.com — WD = 45mm Mag= 10.00KX  Tire:311:35 Sathyabama University

D=47mm Mag= 200KX Time 13:095¢ Sathyabama University

(a) (b)
Fig 8: SEM images (a) before adsor ption of dyewith Chitosan (b) after adsor ption of dye

Spectrum 12

Full Scale 8055 cts Curzor: 0.000 ke’

Fig 9: EDAX peaks
The EDAX shows higher concentration of Si, C, Ca@tl Ca and traces of Na, Al and Mg.
Fourier Transform Infrared Spectr oscopy
The FTIR spectrum of a control dye and chitosabesatr (24 hours) was compared. The spectrum ofdh&ra dye

displayed a peaks at 1023.42, 3352.82, 2916, 184h@ 1259.77cthfor cyclohexane vibration, —OH stretch, -CH
stretch, —NO stretch respectively. The stretchiegveen1573 to 2600 was commonly seen by the Chitssdbent
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which represent -€0-, C=N and GN. The major stretch were shown in 1020.59, 32926249 etc that
representing the —CC- stretch, C-H stretch wera.see
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Fig 9: FTIR imagesfor (a) chitosan beforeremoval of dye (b) after removal of dye
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