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ABSTRACT

The sorption of synthetic dyes, Congo Red (CR) and Malachite Green (MG) on a low-cost biopolymer, chitin flakes,
was investigated in kinetic and equilibrium studies. Factors affecting adsorption such as pH, contact time,
adsorbent dose, dye concentration and temperature was studies in batch process. Maximum dye adsorption on
chitin occurred within a contact time of 18 hours, adsorbent dose of 5.0 g/L, solution pH of 7.0 for an initial dye
concentration of 150 mg/L. Experimental data revealed stronger adsorption of congo red on chitin flakes, compared
to malachite green. Congo red sorption on chitin flakes was largely independent of pH, while malachite green
sorption was significantly affected by pH. The kinetic data was fitted to pseudo first order, second order and
Weber-Morris intra-particle diffuson model. The process of dye removal followed pseudo first-order kinetics for
MG and pseudo first order for CR. The adsorption capacities, calculated using Langmuir isotherm, was56.8 mg/g
for congo red and 42.1 mg/g for malachite green.
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INTRODUCTION

Presence of recalcitrant chemicals such as dyeemi®a persistent problems to source water iraredipecially
rivers and streams. Treatment of such dyes poitheir discharge, is essential to negate envirotah@nd human
health risks. Wastewater treatment in textile stdas is usually a combination of reverse osmegstems and
aerobic bioreactors [1, 2]. However, high maintemacosts of the treatment units, and decreasedcadiziwn
efficiency for modern synthetic dyes in bioreactbes resulted in many industrial effluent treatmaants failing
to meet the minimum national standards. Conveationunicipal wastewater treatment is inefficient the
complete removal of dyes [1, 2]. Use of activatadbon systems, ion-exchange and other treatmeffts from
high maintenance costs. Emerging technologies sischJV/hydrogen peroxide and other advanced oxidatio
processes, while promising, have their own limitiasi due to the chance of secondary contaminatidrhandling
of chemicals [1, 2]. Despite its limitations, agstn is generally favored as it provides a stalylstem, and can be
cost effective upon use of low-cost adsorbents.telidls such as peat, wood chips and lignin haw hesed for
dye removal [1-7]. Chitin/Chitosan flakes, beads] aomposites have been effectively used in thevairof dyes,
heavy metals and other recalcitrant compounds [8Ati4orption of reactive dyes such as methylenes bibn
chitin/chitosan was best described by Langmuir gatian and was observed to have good sorption dégscThe
purpose of this study is to evaluate the adsorpttmaracteristics of a low-cost adsorbent, chitim,the removal of
dyes from wastewater.
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MATERIALSAND METHODS

Materialsand Characterization

Chitin is a high-molecular weight linear polymer of-acetyl-D-glucosamine (N-acetyl-2-amino-2-deoxy-D
glucopyranose). Chitin @:3NOs) from crushed crab shells (Loba Chemie Pvt., Mumlpalia) in the form of
large flakes was used throughout this work witheowy preliminary treatment. The chitin flakes weharacterized
for their zeta potential and surface area. Théigharsize of the chitin flakes ranged from 10-50@. The zeta
potential was determined using a Laser Zeta M&téom PenKem, Inc (Bedford Hills, NY). The zetatgatial
measurements showed that the isolectric point wgsHa= 3.1 (pH,c = 3.1). The surface area of the carbon
particles was assessed by Brunauer-Emmet-TelleFBHrface area analyzer. Chitin flakes had a leightent of
nitrogen (6.89%), and a surface area of 9.58/m

Adsor ption Experiments

Stock solutions (500 mg1) of Congo red (CR) and Malachite green (MG) wereppred in de-ionized water and
maintained at near neutral pH (~7.0). Dye sorpéionelopes (removal as a function of pH) were deitezd using
0.1-0.15mM for CR and 0.1-0.15 mM for MG. The stay pH of the selenium solutions was adjusted ketw2.5
and 10.5 using either 0.01N HCI or NaOH. The fipldl of the suspension was recorded after 24 holine pH of
the suspension was relatively stable throughoueiperiment, with a marginal change of +0.5 pH sicbmpared
to the initial pH. A control sample (dye solutiarthout any adsorbent) was maintained for 24hrsie Tamples
were subsequently centrifuged and filtered throDgts pum Nylon filters. Additional batch experimemerformed
were: (1) adsorption isotherm plots using incregsige (CR and MG) concentrations from 0.04 — 0.44 at pH
7.0 + 0.2 using 2 g Lof sorbent; and (2) adsorption kinetics for 72 Isousing 0.23 mM CR and 0.17 mM MG at a
adsorbent dosage of 1,2 and 5 g/L. Experiments werormed in triplicate and average values reporte
Concentration of dyes was measured using UV-Vistspghotometer and the wavelength for CR and MGewi&8
nm and 621 nm, respectively. The detection limgs 0.5 mg L.

RESULTSAND DISCUSSION
Equilibrium pH Studies
Figures 1 (A & B) illustrate the dye removal asuadtion of pH. The percentage dye removal wasutatied by the

following relation:

ayelinitiai—[dyelfinal % 100 1)
[dyelinitial

% dye removal = [

Wheredye, it anddye;ny are the initial and the final dye concentratiomsolution. The surface coveragde (ng
m?) was calculated as the amount of dye removed piesurface area of the sorbent, and is showngures 2 (A
& B). At equilibrium conditions, the percent renzwf CR appeared to increase with pH up to a pH.548, and
then slightly decreased with increasing pH (Fighra). With 0.1 mM CR, the percent removal was obsdrto
reach almost 99 % with no significant shifts inqeam removal across pH. With increase in conctéatrdrom 0.1
to 0.15 mM, the percent removal reduced signifigawith maximum reducing from 99% to 69% at same psl
expected. If the surface of the adsorbent is atadrwith the solute (particularly in the case dadnm-layer
adsorption), increase in solute concentration woekdlt in lower removal %. With increasing pHrfr® to 7.5,
CR removal increased from 30% to 59%, before diygiecreasing to 55% with a further pH increasee plot of
surface coverage vs. pH mimicked the sorption @pelcurves. At lower CR concentration, the surfamesrage
of the dye on chitin was almost similar across pahging from 2.07 — 2.35 mgfnfor 0.1 mM). With increase in
CR concentration to 0.15 mM, the amount of dye duksb on chitin increase with maximum coverage d63.
mg/nf. Congo red is a dipolar molecule, existing incait form at basic pH and cationic form in acidid [5].
Sorption of CR on chitin can best be explained thia forces of electrostatic attraction. In acidid pelow 3,
surface charge density on chitin is mostly positigch repulses the cationic CR molecule. As theipcreases
toward basic pH, the surface charge on chitin basoimcreasingly negative, which results in theaatton of the
cationic form of CR to the chitin surface. Withrther increase in pH, the surface charge densitghitin is
increasingly negative and the CR ion is also ngghticharged, resulting in electrostatic repulsion therefore, a
slight decrease in percent removal was observed.
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Figure 1. Sorption percent removal of Congored (A) and Malachite green (B) on Chitin vs. solution pH
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Figure 2. Sorption surface coverage (mg m) of Congo red (A) and M alachite green (B) on Chitin vs. solution pH

While the percent removal and surface coverages fitst MG were also similar, the effect of pH on amgidion of
MG on chitin was more pronounced. As can be sedfigure 1 B, percent removal increased with insireppH,

with the maximum removal obtained at basic pH (7@2pH = 10.5).

Malachite Green is a cationic dyed

carboxylic groups of MG (pKa = 10.3) are protonased therefore, have high positive charge densitylawer pH
[6]. Atlow pH, the surface charge density on ichis also positive, resulting in electrostatic ukgion between the
dye and the surface. As the pH increases, @tdches to the sorbent surface, and attractadbatively charged
MG cation, and explains the increase in percentokaihwith pH. Nevertheless, it was observed th& i€

adsorbed more on chitin flakes, compared to MG.

Kinetic Studies

Adsorption of CR and MG as a function of time wasfprmed at pH 7.0+0.5. The sorption capacity yégdon
chitin was calculated at various time intervalg énd also at equilibrium gy The sorption capacity (mg per gm)
was fitted to the Lagergren equation (equatiom@jch assumes a pseudo first order adsorption patjdo second
order rate expression (equation 4) and Weber Montiaparticle diffusion expression (equation 565

[dyelinitiai—[dyel final
amount of sorbent

qr 0T qe =

In (q—e) = kt Lagergen Equation

de—qt
t t
—+
de kqg

1
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q: = ki\/(t) Intraparticle Dif fusion Equation (5)

Effect of Adsorbent Dose

Dye degradation kinetics is presented in Figure 8nél B for various adsorbent dosages. As can b&e, &R is
reduced completely upon using 5 g/L of chitin flakeNith reduced dosage, the percent dye reduididecreased
as expected. Adsorption is generally a functiorthef number of active sites on the sorbent surfamzeased
number of adsorption sites increased with adsortéesage, resulting in more sorption. Similar kinetirves were
also observed for MG, albeit the difference in aggon upon increasing dosage was not as pronoundesh

compared to that for CR.
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Figure 3. Degradation kinetics of Congo red (A) and Malachite green (B) on Chitin flakes

The kinetic data was fitted to the linear formstloé equations 3, 4 and 5 and the rate constants eetermined.
Table 1 presents the rate constants for the fiatgergen equation, pseudo second order equatiokVater-Morris
intraparticle diffusion equations. It was obsertkdt adsorption of CR was best described by pséustoorder
kinetics, while that of MG was best representegssudo second order kinetics. In other studie®],[&R and MG
sorption on activated carbon and neem sawdust wasribed by pseudo second order and pseudo fidetr,or
respectively. Intraparticle diffusion model didtrid well to both the adsorption data. Irrespestof the kinetic
rate expression, it was observed that the ratetaotssincreased with increased dosage, suggedtitythe
adsorption of dye was controlled by the numberatia surface sites.

Table 1. Rate Constantsfor Dye Degradation

Adsor bent Dosage
Lagergen Equation (Pseudo First Order) Klg/L KZg/L K5g/L
2 2 2
(L/min) R (g/ mg-min) R (mg/g-min) R
Congo Red 0.06 0.93 0.11 0.9§ 0.16 0.95
Malachite Green 0.06 0.92 0.06 0.82 0.07 0,83
. K 2 K 2 K 2
Pseudo Second Order Equation (L/min) R (g/ mg-min) R (mg/g-min) R
Congo Red 0.002 0.81 0.02 0.72 0.11 0.3
Malachite Gree 0.00¢ | 0.9z 0.01¢ 0.9t 0.0z 0.9¢
. . . . Aol K 2 K 2 K 2
Weber MorrisIntraparticle Diffusion Expression (L/min) R (g/ mg-min) R (mg/g-min) R
Congo Red 18.35 0.85 12.98 0.84 5.23 0.51
Malachite Green 4.77 0.8b 2.56 0.74 1.1 0|65

Dye Adsor ption I sotherms

Langmuir and Freundlich adsorption isotherm weredut determine the maximum adsorption capacityhef
chitin flakes, according to equations 6 and 7 respely [5-12].
_ AmaxKa

Ce . .
Qe ="ikc, Langmuir Equation (6)

184



Gautham B. Jegadeesan et al Der Pharma Chemica, 2016,8 (15):181-186

qe = KfCel/n Freundlich Equation (7

Figure 4 below shows the sorption isotherms fordd® MG. With increasing equilibrium concentratitme uptake

of dyes on chitin increased, before stabilizingagymptotic curve. The data from the isotherm wtsedf to
linearized form of equations 6 and 7, and the marmtapacities are presented in Table 2. Both CRMGd
adsorption isotherms were best described by Langmsotherm. The maximum capacity deduced from the
isotherm showed a higher capacity for CR (56.8 mgidhen compared to MG (42.1 mg/g). The constant
constant related to the energy or net enthalpyadsorption potential was also observed to be highelCR,
compared to MG. The maximum capacity of chitin@R and MG sorption was compared to other mategiadsis
presented in Table 3. As can be seen in the tabtption of CR was higher in chitin flakes compatedctivated
carbon [5, 6, 13]. Similarly, sorption of MG wasneparable to other adsorbents.
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Figure 4. Adsorption isotherm of Congo red and Malachite Green on Chitin flakes

Table 2. Maximum capacity of chitin for dye removal

Langmuir Isotheem | Qma(mg/g) | Ko | R?
Congo Red 56.8 1.1 0.98
Malachite Green 42.1 044 0.96
Freundlich I sotherm K n R?
Congo Re 24.t 3.7 0.€
Malachite Green 12.9 214 0.99

Table 3. Comparison of the adsor bent capacitiesfor dye removal

Adsor ption Capacity (Qmax- Mg/g)
Adsor bent Congo Red | Malachite Green | Reference
Activated carbon 6.7 149 [5-7]
Mesoporous carbon 45-53 476.1 [7,12
MCM-48 - 158.7 [7]
Chitosan Beads - 93.55 [7]
Bentonite clay/Kaolin/Zeolitg 3.7 — 35.4 0.18 [B]1
Activated charcoal - 7.7 [7]
Chitin flakes 56.8 42.1 This work
Neem saw du - 4.3 [6]

CONCLUSION
The adsorption of dipolar CR and cationic MG ortiohivas studied. The conclusions are:

1. Adsorption of CR on chitin is significantly high#éran that of MG. Maximum capacity of chitin for Gias
higher than that for chitin.
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2. Adsorption of CR on chitin was not greatly affecteg change in pH. However, sorption of MG on chitin
increased significantly with increasing pH.

3. Adsorption kinetics of CR and MG was best descrilbgdpseudo first order and second order kinetics,
respectively.
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