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Adsorption studies on the removal of cationic dye from shrimp shell using chitin
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ABSTRACT

Recent developments have given positive indications that biomaterials, in their nature or
modified states are effective, environmentally friendly adsorbents of pollutants. This
study investigates the chitin obtained from shrimp shell as an adsorbent for Crystal violet
dye removal. Effect of various physico-chemical parameters such as contact time, initial
dye concentration (250- 75 mg/L), pH (2-10) and temperature (293-333K) were
investigated. Experimental data were analyzed by using Langmuir, Freundlich, Temkin
and Dubinin — Radushkevich adsorption models. Equilibrium data were fitted well with
the Langmuir model with maximum monolayer adsorption capacity of 37.02 mg/g. The
kinetics of Crystal violet adsorption followed the pseudo-second order rate expression
which suggests that intraparticle diffusion plays a significant role in the adsorption
mechanism. Thermodynamic parameters, such as changes in Gibbs free energx@°),
enthalpy (AH®) and entropy (AS°) were calculated to appreciate the nature of adsorption
process. The surface morphology of chitin obtained from shrimp shell was studied using
FTIR, SEM, and TG - DTG. The results of this work indicate that the chitin extracted
from natural materials constitutes a promising and efficient low cost adsorbent for the
removal of dyes from agueous effluents.
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1. INTRODUCTION

The release of large quantity of dyes into water bodies by textile industries poses serious
environmental problems due to persistent and recalcitrant nature of some of these dyes. The dye loss
from the dyeing process to the effluent is estimated 10-50% for reactive dyes and 0-5% for basic dye
one [1]. Untreated or partially treated effluents from other industries namely, paper, plastic, leather,
cosmetic, food, woolen, and carpet also contributes to pollution load [2]. The discharge of highly
colored wastes is not only aesthetically displeasing but it also impedes light penetration, thus
upsetting biological processes within a stream. In addition, many dyestuffs are toxic to some
organism and may cause direct destruction of aquatic communities and the anaerobic break down of
some dyes in the sediments /or their incomplete bacterial degradation often produces toxic amines
[3]. Hence, the removal of dyestuffs from such waste water is necessary [4] .Thus the removal of
dyes from colored effluents particularly from textile industries is one of the major environmental
concern these days [5]. In general, there are five main methods used for treatment of dye- containing
effluent: adsorption, oxidation- ozonation, biological treatment, coagulation- flocculation, and
membrane processes [6-7]. Most of these conventional treatment techniques are rather expensive [8-
9]. But adsorption process has been found to be more effective method and least expensive for
treating dye containing effluents [10-11]. Although the activated carbon [12] is most effective for
adsorption of dyes, but it is quite expensive and hence there is an increasing need for equally
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effective and cheaper sorbents. Recently, considerable attention has been directed towards low cost,
naturally occurring adsorbents. These novel adsorbents include a wide range of materials ranging
from byproducts derived from agricultural, industrial and fishery wastes (Peanut skins wool, sugar
cane bagasse, tea leaves, coffee powder, rice straw, chitin, etc) to microbial biomass [13]. Chitinis a
white, hard, inelastic, nitrogenous polysaccharide found in the exoskeleton of all animals with an
outer skeleton such as insects and crustaceans [14]. It is also found in microorganisms, e.g. in the
cell walls and structural membranes of mycelia of fungi, yeast and green algae [15]. Chitin is
composed of B (1->4) linked 2- acetamido-2- deoxy- B-D- glucose (N- acetylglucosamine) [16].
Chitin is an adsorbent which contains an amine group in varying proportions. These groups can lead
to the adsorbent having a larger adsorption capacity for acid or anionic dyes.Chitin is structurally
identical to cellulose, but it has acetamide groups (-NH COCHy3) at the C- 2 positions. It has strong
inter — and intra — molecular hydrogen bonds between the polymer chains and is water insoluble due
to its rigid crystalline structure. Adsorption can occur by Van der Waals attraction, hydrogen
bonding and coulombic attraction [17]. Chitin will display no significant attraction towards basic
dyes [18]. Since chitin, also, carries one linear amino group per glucose ring, thus making electron
pairs available for coordination. It behaves as a Lewis base [19] (Fig. 1).

CH,OH CH,OH

7 N-acetyil—D:gilucosaminei

Figure 1: Chemical structure of chitin

The common procedure for isolating chitin from crustacean shells involves demineralisation,
deproteinisation and decoloration. Minerals in the shells are dissolved using acid while proteins are
hydrolysed by alkali. The residues are decolorised using solvents and/or oxidants. Many authors [20-
22] have noted that dye adsorption onto biological adsorbents occurs through various mechanisms.
For example, cellulose-containing adsorbents prepare from eucalyptus bark, maize cob or bagasse
pith are found to be efficient in binding basic dyes rather than acid dyes as a result of chemical and
physical adsorption. Unlike cellulose, natural nitrogen-containing adsorbents such as chitin (and its
derivatives) adsorb acid better than basic dyes.

The aim of this study is to investigate the adsorption behavior of chitin obtained from shrimp shell
for removal of cationic (Crystal violet) dye from aqueous solution. For that reason, the influence of
some physical parameters (contact time, initial dye concentration, solution pH and temperature) were
studied. Langmuir, Freundlich, Temkin and DR models were used to fit the equilibrium isotherms.
The kinetics of adsorption was determined by using pseudo first order, pseudo — second order
reaction and intraparticle diffusion. In addition, the equilibrium thermodynamic parameters were
determined for the Crystal violet adsorption on the chitin. The influence of contact time and pH was
also studied.
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2. EXPERIMENTAL SECTION

2.1. Materials. The raw material exoskeleton of fresh prawn for preparation of chitin was obtained
from fish market. The shells and heads of fresh prawn were thoroughly and repeatedly washed in hot
water for 1h then dried in an oven at 50°C and left for overnight. Various procedures have been
adopted to obtain high quality chitin by removing protein, inorganic material (mainly CaCOs),
pigments and lipid. Demineralization is usually carried out by treatment with HCI and
deproteinization with NaOH. The shrimp shell was demineralized with 0.65M HCI solution (1:5
w/v) at ambient temperature (25-30°C) for 12 h. The residue was washed and soaked in tap water
from 6 -8 h. It was then dewatered and deproteinated with 0.6 M NaOH (1:5 w/v) at ambient
temperature for 24h. Then they were crushed into discrete particle size ranges between 147-300um.
Some physicochemical properties of the obtained chitin are given in Table 1.

Table 1. Characteristics of obtained chitin flakes

Molecular formula (CgH1zNOg)Nn
Formula weight ~ 400 gmol™
BET surface area 152.3 m’g™
Pore volume 0.09

Density ~0.45 gml*
Pk, 6.1

Color Light yellow
Average pore diameter 11.7

Pore volume 0.094 cm’
Pore width 36.2

Particle radius 18.1

Crystal violet is a mutagen and mitotic poison, and it is used in vast quantities for textile and paper
dyeing. Numerous methods have been developed to treat Crystal violet pollution. The three most
prominent are chemical bleaching, biodegradation and photodegradation. The dye used in the tests
was Crystal violet which has a molecular formula CsH3p N3 Cl, Mw= 407.979k, C.1.n042555]. This
cationic dye was purchased from Parloba Company (Fig. 2). An accurately weighted quantity of the
dye was dissolved in double — distilled water to prepare stock solution (250 mg/L). The stock
solution was used to prepare by dilution, the working solutions with desired concentrations.
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Figure 2: Chemical structure of Crystal violet
2.2 Sorption experiments. Sorption of chitin obtained from shrimp shell onto Crystal violet was
carried out in batch experiments carried out at different temperatures (293, 313 and 323K). Various
concentrations of the adsorbate ranging from 10 — 60 mg/L were prepared by dilution with distilled
water in contact with a known weight of the adsorbent (0.15g). The initial pH was adjusted by using
0.1 M HCl or 0.1 M NaOH. The flasks were homogenized at a shaking rate of 125 rpm using Orbital
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Shaker Incubator GFL 3031. After equilibrium (24 hours), the solution was then filtered at different
time intervals and the residual dye concentration was measured.
Kinetic experiments were carried out by stirring a known amount of the adsorbent (1g) with 500 ml
of the solution containing the dye (100 mg/L) on a magnetic stirrer equipped with temperature
controller. At pre-determined time intervals, portions of the mixture were drawn by a syringe and
then centrifuged. The dye concentration was then determined. This procedure has been done at three
different dye concentrations (75, 150 and 250 mg/L) at constant temperature 25 °C and pH=8.
Dye concentration in solutions was determined spectrophotometrically using Shimadzu UV- visible
240IPC spectrophotometer at A= 590 nm. The amount of Crystal violet adsorbed on chitin gee (Mg
dye/g adsorbent) was determined as follows:
_ CO — Ce %

Je o \ (1)
Where C, and C. are the initial and equilibrium dye concentrations (mg/L), respectively, V is the
volume of solution (L), and m is the chitin weight (g) in dry form.
The zero point charge of the carbon (pHpzc) was measured using the pH drift method [23].The pH of
the solution was adjusted by using 0.01 mol/L sodium hydroxide or hydrochloric acid. Nitrogen was
bubbled through the solution at 25 °C to remove the dissolved carbon dioxide. 50 mg of the chitin
was added to 50 mL of the solution. After stabilization, the final pH was recorded. The graph of final
pH versus initial pH was used to determine the zero point charge of the Chitin. (Figure not shown).
2.3. Sorption isotherms. Adsorption isotherms parameters from different models provide important
information on the surface properties of the adsorbent and its affinity to the adsorbate. Several
isotherms models can be used to describe the equilibrium of adsorption. Four common isotherms
equations were applied in the present study: Langmuir [24], Freundlich [25], Temkin [26] and
Dubinin — Radushkevich [27]. Langmuir isotherm model is applied to the equilibrium sorption
supposing the monolayer of sorbate on the homogeneous surface with a finite number of identical

sites; the linear form the Langmuir model is represented as follows:
Ce Ce 1
== (2)
Gg am Kram
Where K is the Langmuir equilibrium constant of adsorption (L/mg), gn maximum adsorption
capacity (mg/g), . the amount adsorbed at equilibrium (mg/g), C. equilibrium concentration (mg/L).
The Freundlich equation is an empirical relationship established upon sorption onto a heterogeneous
surface, involving different sites with several adsorption energies. In the linear form Freundlich

isotherm is expressed by the following equation

qe, = KCJ" @3)

where Kg and n are the isotherm constants of Freundlich. K is a constant (mg/g) related to the
bonding energy, 1/n (heterogeneity factor, ranging between 0 and 1) is a measure for the adsorption
intensity or surface heterogeneity. A plot of In ge versus In C. enables the empirical constants Kgand
1/n to be determined from the intercept and slope respectively (not shown).

The Dubinin—Radushkevich isotherm was used to determine the characteristic porosity and the
apparent free energy of adsorption. The DR isotherm is expressed in linear form as follows:

Ing, = Ing,, — 'i!‘:;'_',u?c"g2 (4)
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where Kpg is a constant related to the mean free energy of adsorption (mol?/J), qn is the theoretical
maximum adsorption capacity (mg/g), ¢ is the polyani potential (J/mol), which is related to the
equilibrium concentration Ce (mg/L) as follows:

£=RTIn(1+i) (5)
Ce
The slope of the plot of In ge versus &° (Fig. not shown) gives Kpr and the intercept yields the
adsorption capacity qm. The mean free energy of adsorption (E) (KJ/mol) was calculated from the
equation.
1

== 2K
(6)

These parameters give information regarding the nature of the adsorption. If E is between 8 and 16
KJ mol™ the adsorption process is chemisorptions via ion exchange. If E< 8 KJ mol™, the process is
physical in nature [7].

Temkin isotherm model predicts a uniform distribution of binding energies over the population of
surface binding adsorption. Linear form of Temkin equation was expressed by:

e = FlnKr+ fInC, (7)
RT

B=—
where T is the absolute temperature in Kelvin, b is Temkin isotherm constant, R is the universal gas
constant (8.314 J/mol), Kt is a constant related to the Temkin isotherm constant (L/mg), and 3 is the
Temkin constant related to the heat of adsorption (J/mol). A plot of ge versus InC. enables one to
determine the constants 4 & f. (Fig not shown).
2.4 Sorption Kinetic models. The kinetic of dye adsorption on the sorbent were analyzed using
pseudo first order equation [28], pseudo second order equation [29] , and intraparticle diffusion
models [30] .

log(q. — q.) = logqs — 2:3 (pseudo-first order) (8)

t 1 1
ol ot (pseudo-second order) 9)

ge = kpt®+ C (intraparticle diffusion) (10)

where g and g are the amount of Crystal violet adsorbed (mg/ g) on chitin at equilibrium and at time
t, respectively, ky and k are the rate constant for the pseudo — first order (min ™) and pseudo —second
order kinetics (g/mg.min), K, the intraparticle diffusion rate constant (mg/gmin®®), C the intercept
for the intraparticle diffusion model (mg/g).

2.5 Thermodynamics of the sorption. The thermodynamic parameters for sorption of the Crystal
violet onto chitin obtained from shrimp shell were evaluated using the Langmuir equilibrium
constant, K., which depends on temperature. The change in free energy (AG?), was evaluated using
the following equation [31]
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AG = —RTInk; (11)

where R is the gas constant (J/mol) and T is the temperature (K). The standard enthalpy (AH?) and
standard entropy (AS“) changes associated to the sorption process were calculated by eq. (12)

AS  AH
ETIHL = ?_E (12)

For an exothermic process, AH° is negative [32]. The enthalpy and entropy change of adsorption can
be determined from the slope and intercept of the plot of In K. versus 1/T.

2.6 Characterization of the chitin sample. The surface morphology of chitin was examined by
means of scanning electron microscopy (SEM, Joel JSM 60). The samples were dried and coated
with gold before scanning. Specific surface was determined with a Quantachrome Nova Automated
Gas Sorption System Report, version 1.12. The measurement is based on the application of the
method of Brunauer, Emmet, and Teller (BET). The total pore volume was determined by liquid
nitrogen adsorbed at a relative pressure of P/P, = 0.98 [33]. Thermogravimetric (TG) analysis was
carried out using Perkin Elmer Diamond TG/ DTG thermogravimetric analyzer instrument. The
resolution of this instrument is 0.02ug as a function of temperature. Runs were carried out at linear
heating rate 10.00°C/min from 50 to 1000°C under high purity nitrogen. The FTIR of pure chitin was
obtained by a Perkin — EImer FTIR spectrophotometer model spectrum 1000, in the range of 4000-
400cm™ using KBr pellets containing the prepared material.

3. RESULTS SECTION

3.1 Effect of pH. The effect of pH on adsorption can be described on the basis of point zero charge
(pHpzc), which is the point at which the net charge of the adsorbent is zero. The (pHpzc) of chitin
was found to be 6.2. At pH< pHpzc , the surface becomes positively charged, concentrations of H+
were high and compete with dye cations for vacant adsorption sites causing a decrease in dye uptake.
At pH> pHpzc, the adsorbed surface is negatively charged and favors the uptake of cationic dye due
to the increase in electrostatic force of attraction [34].

The pH of the solution affects the surface charge of the adsorbents as well as the degree of ionization
of different pollutants. The hydrogen ion and hydroxyl ions are adsorbed quite strongly and therefore
the adsorption of other ions is affected by the pH of the solution. Change of pH affects the adsorptive
process through dissociation of functional groups on the adsorbent surface active sites. This
subsequently leads to a shift in reaction kinetics and equilibrium characteristics of adsorption
process.

The influence of pH on the Crystal violet adsorption onto chitin is represented in Fig. 3. The results
reveal that the adsorption of Crystal violet increase from 15% to 58% with an increase in the pH of
the solution from 2.5 to 8. In acid solution, all amino group of the chitin are cationized and
protonated as well as Crystal violet (cationic dye)

Chitin-NHs" + H,0 — H30" + Chitin-NH,  pKa= 6.6 (13)

Since the pKa value of chitin (Chitin_ NH3") is in the pH range of 6.2-7, the amino groups of chitin
are protonated at low pH values. Crystal violet is a cationic basic dye as denoted by the presence of
the positive nitrogen ion which enters the aqueous solution ensuring that the dye has an overall
positive charge, as a result, this will create a strong columbic repulsion between chitin and Crystal
violet [35]. For this reason, the adsorption of Crystal violet onto chitin is low in acidic pH. However,
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in basic medium, the biopolymer contain functional groups (-OH, NH- C- CH3; and NH>), which
could be adsorbed by the cationic dye. Also the amino groups of chitin are deprotanated so the
adsorption of dye onto chitin at basic pH values is relatively high [36,37].

80
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Figure 3: Effect of pH on adsorption of CV onto Figure 4: Effect of initial dye concentration and
chitin contact time on chitin

3.2 Effect of dye concentration and contact time. The effect of dye concentration on the extent of
adsorption as a function of time for the initial dye concentration 250, 150, 75 mg/L at pH=8 is shown
in Fig. 4. Available adsorption studies in literature reveal that the uptake of adsorbate species is fast
at the initial stages of the contact period, and there after it becomes slower near the equilibrium. In
between these two stages of the uptake, the rate of adsorption is found to be nearly constant. This is
obvious from the fact that a large number of vacant surface sites are available for adsorption during
the initial stage, and after a lapse of time, the remaining vacant surface sites are difficult to be
occupied due to repulsive forces between the solute molecules on the solid and bulk phases.
According to Fig. 4 the equilibrium adsorption capacity of the sorbent increased with increasing
initial dye concentration and the necessary time to reach equilibrium is variable according to the
initial concentration of dye; about 2.5h (C, = 75mg/L), 3h (C,= 150mg/L) and 4h (Co= 250mg/L)
because the initial adsorbate concentration provided an important driving force to overcome all mass
transfer resistance. The increase of loading capacity of chitin with increasing initial dye
concentration may also be due to higher interaction between dye and chitin. As chitin offered a finite
number of surface binding sites, dye adsorption showed a saturation trend at higher initial
concentration or in other words, this can be explained on the basis that chitin has amine groups
dispersed on the surface and this group has a great ability to adsorb contaminants due to its Lewis
base character [38,39].

3.3 Sorption isotherms. The equilibrium data obtained from sorption experiments of Crystal violet
from solutions at different temperatures (293,313 and 323 K) onto chitin were fitted to linear
Langmuir equation (eg. 11). The values of Langmuir parameters (qm and K, ) determined by plotting
Celq versus Ce (Fig. 5) are presented in Table 2. The values of Freundlich parameters (Kr and n)
determined from plots of log ge versus log Ce together with the corresponding correlation
coefficients (R?) are given in Table 2. The Temkin adsorption data were analyzed according to the
linear form of Temkin isotherm (Eq. 13). The R? values obtained from Temkin model were
comparable to those obtained for Langmuir and Freundlich equations. To determine the nature of
sorption process (physical or chemical), a plot of In ge versus &” enabled the determination of the
values of D-R isotherms parameters (Table 2). The values of the mean free energy of sorption E
calculated with eq.(6) indicates that the process follows a chemical sorption. The values of
correlation coefficients higher than 0.99 show that the experimental data were more suitable to the
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Table 2: Adsorption Isotherm constants for CV onto Chitin

Adsorption Parameters 293 K 313 K 323 K
Langmuir isotherm constant
G (Mg/ g) 37.03 20 18.86
K. (L/ mg) 0.385 0.038 0.165
R2 0.988 0.99 0.99
Freundlich isotherm constant
Kr (mg/ g) 11.22 1.318 3.16
Ng 2.61 1.515 1.85
R? 0.90 0.89 0.90
TemkKin constants
K+ (L/ mg) 2.9 1.5 2.9
B 304 1083 720
R? 0.92 0.93 0.93
D-R constants
Om (Mg /9) 71 20 45
K (molJ) 0.068 0.085 0.089
ED(RKJ  mol) 14.7 11.8 11.2
5 0.96 0.97 0.96
R DR

Langmuir model of monolayer coverage of chitin with the dye. This may be due to homogeneous
distribution of active sites on the material, since the Langmuir model assumes that the surface is
homogenous. This model is also based on monolayer, form and finite adsorption site assumptions. It
is also noted in Table 2 that the monolayer adsorption capacity gm (37.03mg/g) is significantly

important: this adsorbent exhibit high sorption capacities toward cationic dye at lower temperature
[40, 41].

R?=0,9936

Ce"qe {ah)

Figure 5: Langmuir isotherm for adsorption of CV onto chitin

Values of the monolayer adsorption capacity obtained in this work was compared with other results
reported in literature and are given in Table 3.
Table 3: Adsorption capacities of chitin for different cationic dyes

Adsorbent Adsorbate Adsorption Reference
Capacity
Chitin Malachite green 35.7(mg/qg) [32]
Hydrogels
Chitin Gentian Violet 57.1(mg/qg) [56]
Chitin Crystal Violet 31.6(mg/qg) [7]
Chitin Reactive yellow 2 38(mg/qg) [45]
Chitin modified by Synthetic reactive dye 59-124(mg/g) [55]
sodium hydroxide waste water
Our study Crystal violet 37.5(mg/qg)
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3.4 Adsorption kinetics. The kinetics of adsorption of Crystal violet onto chitin derived from
shrimp shell was investigated using three different kinetic models, pseudo-first-order, pseudo-
second-order, and intraparticle diffusion models. A series of contact time experiments were
conducted out at constant temperature (room temperature) with three different initial dye
concentrations (250, 150, 75mg/L). The straight line plots of 1/q; against 1/t for the pseudo- first
order reaction and t/g; against t for the pseudo- second order reaction of the adsorption Crystal violet
onto chitin have been investigated to obtain the rate parameters. The ki, ko, Qe , g% and correlation
coefficients R;? and R,? of Crystal violet under different conditions were calculated from these plots
and are given in Table 4 [42]. As shown from Table 4, the data shows a good compliance with the
pseudo — second order kinetic model suggesting that chemisorption might be the rate limiting step
that controlled the adsorption process [43].
Table 4: Kinetic parameters for Crystal violet adsorption onto chitin at different concentrations

Initial Dye Concentration
Kinetic Parameters 250(mg/L) 150(mg/L) 75(mg/L)
Pseudo-first order
ki(min™) 0.005 0.003 0.005
ge (Mg/ 9) 57.5 34.6 16.6
2 0.90 0.89 0.88
R
1
Pseudo-second order
ko(g/ mg.min) 4.7 x10™ 5.7 x10™ 5.8 x107
ge (Mg/ g) 93.4 56.2 11.9
2 0.98 0.98 0.99
R
2
Intraparticle Diffusion
K, (mg min®*/g) 6.0 3.05 0.72
C 30 35 1.8
R? 0.99 0.98 0.99

According to Fig. 6, a plot of g; versus t“2 should be a straight line when adsorption mechanism

follows the intraparticle diffusion process. Values of K,, C and R? are listed in Table 4, from which
it will be seen that the Kinetics of the dye sorption on the sorbent follows this model with correlation
coefficient higher than 0.988 for all the three experiments carried out with 250, 150, 75mg of
sorbent. As shown from Table 4, the values of K, generally increased with the increase in dye
concentration, which shows that the adsorption rate is governed by the diffusion of the dye within
the pores of the adsorbent [44]. The intercept of the plot reflects the thickness of the boundary layer.

120 -

40 -
100 1
30 +
80
. *250 > ——313K
2 60 1 R?=0,9904 =150 o 20 - —=-323K
ATS
£ ¢ a awmsE " E ——293K
& 40 - T 10 4
20 R? = 0,0084 F
r_k—f—‘l’_'.-“"H 0+ T T T \ \

o
o

10 20 30 40 50

t1/2 C.(mgll)

Figure 6: Intraparticle diffusion of CV onto
chitin for various initial concentration

Figure 7: Adsorption isotherms of CV on chitin at
different temperatures

515



Soheir A. Khedr, Mona A. Shouman, Amina A. Attia

If the regression of the plot is linear and passes through the origin, then diffusion is the sole rate —
limiting step. However, in this study the linear plots at each concentration did not pass through the
origin. The deviation of straight lines from the origin may be due to the difference in rate of mass
transfer in the initial and final stages of adsorption. Such a deviation from the origin indicates that
the pore diffusion is only the controlling step and not the film diffusion (i.e. the linear portion of the
curves do not pass through the origin suggesting that the mechanism of Crystal violet removal on
chitin is complex and may involve a chemical reaction process) chemisorptions reaction or an
activated process was becoming predominant the rate controlling step [45, 42].

3.5 Determination of thermodynamic parameters. The study of the adsorption process with
respect to temperature can give valuable information about the free energy as well as the enthalpy
change during adsorption. The effect of temperature on the adsorption capacities was studied by
carrying out a series of experiments at 293,303 and 313 K. It was observed that the amount adsorbed
of Crystal violet onto chitin decreases with increase in temperature from 293 to 313K (Fig. 7). The
observed decrease in the adsorption of Crystal violet on chitin with increase in temperature is
indicative of the fact that the adsorption process is exothermic in nature. The increase in temperature
of the system affects the solubility and particularly the chemical potential of the adsorbate dye which
is known to be a controlling factor in the process of adsorption [46, 47]. It has been reported earlier
by several workers [48], that with the increase of temperature, the solubility of the dye also
increases, so the interaction forces between the solute and the solvent become stronger than solute
and adsorbent, consequently the solutes are more difficult to adsorb.

As depicted from Table 5 the negative values of AG° confirm the feasibility of the process and the
spontaneous nature of adsorption. The change in enthalpy, AH®, was found to be negative confirming
the exothermic nature of the adsorption. The negative value of AS° described the decrease in
randomness at the adsorbent solution interface during the adsorption of dye on chitin [49-51].

Table 5. Thermodynamic parameters for adsorption of CV onto chitin (C, = 100ppm)

Temperature(K) | AH (kJ/mol) | AS (J/mol K) | AG (kJ/mol)
293 -29.12
313 -67.97 -129.1 -25.06
323 -29.82

3.6 Characterization of the adsorbent

3.6.1 FTIR Analysis. As shown in Fig. 8, the common, large and intense bands located at 3500-
3000 cm™ can be attributed to axial OH and NH group deformation. On the other hand, the
adsorption band at nearly 3430cm™ can be assigned to the hydrogen between OH on carbon 5 of the
biopolymer structure with the carbonylacetamide, attributed to amide in the 1700cm™ region [52].

‘s000 N 3000 2000 1000 400
Wavenumber [om-1]

oootx T G

Figure 8: FTIR spectra of chitin Figure 9:SEM images of chitin
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The other adsorption at 3000- 2800 cm™ is associated to the axial carbon — hydrogen bond. The
symmetrical and asymmetrical carbon — oxygen carbon ring gives rise to the bands located at 1050
and 1200 cm™ respectively. The band observed at 1650 and 1450 cm™ correspond to N- H bending
vibrations. Finally, it is important to mention the absorptions at 1440 and 1600 cm™ that are assigned
as CH,- CH bending bands [52].

3.7 SEM, TG and BET analysis. Fig. 9 represents the scanning electron microscope (SEM) of
chitin. The SEM shows that chitin is made of several very thin sheets of material loosely bound
together with porous and heterogeneous surface structure [53]. Fig. 10 illustrates the TG- DTG curve
of chitin which represents the stages of thermal decomposition behavior of chitin. The first thermal
event represents a peak at 183.3°C coupled with weight — loss 13.27%.This thermal event was
related to the evaporation of water present in the sample. The second main thermal event for chitin
was a peak coupled with weight — loss 28.94%, when heated around 326.67°C. This is expected to be
due to the depolymerisation of chitin. In the temperature range of 326.67 to 885°C a weight loss
(18.14%) was observed which was related to the formation of volatile low molecular products and
the formation of char [54].

108
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Figure 10: TG curves of Chitin

The BET surface area, average pore volume and pore width of chitin are shown in Table 1. From the
pore size distribution data, results revealed that chitin exhibited a small amount of microporous
character in the range 5-13A, while a huge rise of its mesopore character was observed in the range
36.5A, which plays a significant role in the adsorption of Crystal violet (bulky molecule).

4. CONCLUSIONS

The present investigation showed that chitin extracted from the shrimp shell has appreciable
adsorption capacity for the removal of Crystal violet from aqueous solution. The adsorption process
of Crystal violet dye onto chitin was found to be dependent on the system temperature, dye solution
pH and initial dye concentration. Based on value of correlation coefficient (R?), the adsorption
experimental data was fitted for Langmuir model (monolayer adsorption capacity of 37 mg/ g at 293
K) than Freundlich, Temkin isotherm models. The value of mean free energy E, evaluated by
Dubinin — Radushkevitch suggest that the process follows a chemical sorption. isotherm models. The
negative values ofA G° andA H° suggested the studied adsorption process was spontaneous and
exothermic in nature. The adsorption kinetics was well described by the pseudo — second order
kinetic model and intraparticle diffusion mechanism.
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Abstract

		Recent developments have given positive indications that biomaterials, in their nature or modified states are effective, environmentally friendly adsorbents of pollutants. This study investigates the chitin obtained from shrimp shell as an adsorbent for Crystal violet dye removal. Effect of various physico-chemical parameters such as contact time, initial dye concentration (250- 75 mg/L), pH (2-10) and temperature (293-333K) were investigated. Experimental data were analyzed by using Langmuir, Freundlich, Temkin and Dubinin – Radushkevich adsorption models.  Equilibrium data were fitted well with the Langmuir model with maximum monolayer adsorption capacity of 37.02 mg/g. The kinetics of Crystal violet adsorption followed the pseudo-second order rate expression which suggests that intraparticle diffusion plays a significant role in the adsorption mechanism. Thermodynamic parameters, such as changes in Gibbs free energy (∆G°), enthalpy (∆H°) and entropy (∆S°) were calculated to appreciate the nature of adsorption process. The surface morphology of chitin obtained from shrimp shell was studied using FTIR, SEM, and TG - DTG. The results of this work indicate that the chitin extracted from natural materials constitutes a promising and efficient low cost adsorbent for the removal of dyes from aqueous effluents.





Keywords: adsorption, chitin, crystal violet, isotherms, kinetics study.

1. INTRODUCTION_________________________________________

The release of large quantity of dyes into water bodies by textile industries poses serious environmental problems due to persistent and recalcitrant nature of some of these dyes. The dye loss from the dyeing process to the effluent is estimated 10-50% for reactive dyes and 0-5% for basic dye one [1]. Untreated or partially treated effluents from other industries namely, paper, plastic, leather, cosmetic, food, woolen, and carpet also contributes to pollution load [2]. The discharge of highly colored wastes is not only aesthetically displeasing but it also impedes light penetration, thus upsetting biological processes within a stream. In addition, many dyestuffs are toxic to some organism and may cause direct destruction of aquatic communities and the anaerobic break down of some dyes in the sediments /or their incomplete bacterial degradation often produces toxic amines [3]. Hence, the removal of dyestuffs from such waste water is necessary [4] .Thus the removal of dyes from colored effluents particularly from textile industries is one of the major environmental concern these days [5]. In general, there are five main methods used for treatment of dye- containing effluent: adsorption, oxidation- ozonation, biological treatment, coagulation- flocculation, and membrane processes [6-7]. Most of these conventional treatment techniques are rather expensive [8-9]. But adsorption process has been found to be more effective method and least expensive for treating dye containing effluents [10-11]. Although the activated carbon [12] is most effective for adsorption of dyes, but it is quite expensive and hence there is an increasing need for equally effective and cheaper sorbents. Recently, considerable attention has been directed towards low cost, naturally occurring adsorbents. These novel adsorbents include a wide range of materials ranging from byproducts derived from agricultural, industrial and fishery wastes (Peanut skins wool, sugar cane bagasse, tea leaves, coffee powder, rice straw, chitin, etc) to microbial biomass [13].  Chitin is a white, hard, inelastic, nitrogenous polysaccharide found in the exoskeleton of all animals with an outer skeleton such as insects and crustaceans [14]. It is also found in microorganisms, e.g. in the cell walls and structural membranes of mycelia of fungi, yeast and green algae [15]. Chitin is composed of β (1(4) linked 2- acetamido-2- deoxy- β-D- glucose (N- acetylglucosamine) [16]. Chitin is an adsorbent which contains an amine group in varying proportions. These groups can lead to the adsorbent having a larger adsorption capacity for acid or anionic dyes.Chitin is structurally identical to cellulose, but it has acetamide groups (-NH COCH3) at the C- 2 positions. It has strong inter – and intra – molecular hydrogen bonds between the polymer chains and is water insoluble due to its rigid crystalline structure. Adsorption can occur by Van der Waals attraction, hydrogen bonding and coulombic attraction [17]. Chitin will display no significant attraction towards basic dyes [18]. Since chitin, also, carries one linear amino group per glucose ring, thus making electron pairs available for coordination. It behaves as a Lewis base [19] (Fig. 1). 
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Figure 1: Chemical structure of chitin

The common procedure for isolating chitin from crustacean shells involves demineralisation, deproteinisation and decoloration. Minerals in the shells are dissolved using acid while proteins are hydrolysed by alkali. The residues are decolorised using solvents and/or oxidants. Many authors [20-22] have noted that dye adsorption onto biological adsorbents occurs through various mechanisms. For example, cellulose-containing adsorbents prepare from eucalyptus bark, maize cob or bagasse pith are found to be efficient in binding basic dyes rather than acid dyes as a result of chemical and physical adsorption. Unlike cellulose, natural nitrogen-containing adsorbents such as chitin (and its derivatives) adsorb acid better than basic dyes. 

The aim of this study is to investigate the adsorption behavior of chitin obtained from shrimp shell for removal of cationic (Crystal violet) dye from aqueous solution. For that reason, the influence of some physical parameters (contact time, initial dye concentration, solution pH and temperature) were studied. Langmuir, Freundlich, Temkin and DR models were used to fit the equilibrium isotherms. The kinetics of adsorption was determined by using pseudo first order, pseudo – second order reaction and intraparticle diffusion. In addition, the equilibrium thermodynamic parameters were determined for the Crystal violet adsorption on the chitin. The influence of contact time and pH was also studied.

2. Experimental section________________________________

2.1. Materials. The raw material exoskeleton of fresh prawn for preparation of chitin was obtained from fish market. The shells and heads of fresh prawn were thoroughly and repeatedly washed in hot water for 1h then dried in an oven at 50°C and left for overnight. Various procedures have been adopted to obtain high quality chitin by removing protein, inorganic material (mainly CaCO3), pigments and lipid. Demineralization is usually carried out by treatment with HCl and deproteinization with NaOH. The shrimp shell was demineralized with 0.65M HCl solution (1:5 w/v) at ambient temperature (25-30°C) for 12 h. The residue was washed and soaked in tap water from 6 -8 h. It was then dewatered and deproteinated with 0.6 M NaOH (1:5 w/v) at ambient temperature for 24h. Then they were crushed into discrete particle size ranges between 147-300µm. Some physicochemical properties of the obtained chitin are given in Table 1.

Table 1. Characteristics of obtained chitin flakes 

		Molecular formula

		(C8H13NO5)n



		Formula weight

		~ 400 gmol-1



		BET surface area

		152.3 m2g-1



		Pore volume

		0.09



		Density

		~0.45 gml-1



		Pka

		6.1



		Color

		Light yellow



		Average pore diameter

		11.7



		Pore volume

		0.094 cm3



		Pore width

		36.2



		Particle radius

		18.1





Crystal violet is a mutagen and mitotic poison, and it is used in vast quantities for textile and paper dyeing. Numerous methods have been developed to treat Crystal violet pollution. The three most prominent are chemical bleaching, biodegradation and photodegradation. The dye used in the tests was Crystal violet which has a molecular formula C25H30 N3 Cl, Mw= 407.979k, C.I.no42555]. This cationic dye was purchased from Parloba Company (Fig. 2). An accurately weighted quantity of the dye was dissolved in double – distilled water to prepare stock solution (250 mg/L). The stock solution was used to prepare by dilution, the working solutions with desired concentrations.
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Figure 2: Chemical structure of Crystal violet


2.2 Sorption experiments. Sorption of chitin obtained from shrimp shell onto Crystal violet was carried out in batch experiments carried out at different temperatures (293, 313 and 323K). Various concentrations of the adsorbate ranging from 10 – 60 mg/L were prepared by dilution with distilled water in contact with a known weight of the adsorbent (0.15g). The initial pH was adjusted by using 0.1 M HCl or 0.1 M NaOH. The flasks were homogenized at a shaking rate of 125 rpm using Orbital Shaker Incubator GFL 3031. After equilibrium (24 hours), the solution was then filtered at different time intervals and the residual dye concentration was measured. 

Kinetic experiments were carried out by stirring a known amount of the adsorbent (1g) with 500 ml of the solution containing the dye (100 mg/L) on a magnetic stirrer equipped with temperature controller. At pre-determined time intervals, portions of the mixture were drawn by a syringe and then centrifuged. The dye concentration was then determined. This procedure has been done at three different dye concentrations (75, 150 and 250 mg/L) at constant temperature 25 °C and pH=8.

Dye concentration in solutions was determined spectrophotometrically using Shimadzu UV- visible 240IPC spectrophotometer at (= 590 nm. The amount of Crystal violet adsorbed on chitin qee (mg dye/g adsorbent) was determined as follows: 
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Where Co and Ce are the initial and equilibrium dye concentrations (mg/L), respectively, V is the volume of solution (L), and m is the chitin weight (g) in dry form.

The zero point charge of the carbon (pHPZC) was measured using the pH drift method [23].The pH of the solution was adjusted by using 0.01 mol/L sodium hydroxide or hydrochloric acid. Nitrogen was bubbled through the solution at 25 °C to remove the dissolved carbon dioxide. 50 mg of the chitin was added to 50 mL of the solution. After stabilization, the final pH was recorded. The graph of final pH versus initial pH was used to determine the zero point charge of the Chitin. (Figure not shown).


2.3. Sorption isotherms. Adsorption isotherms parameters from different models provide important information on the surface properties of the adsorbent and its affinity to the adsorbate. Several isotherms models can be used to describe the equilibrium of adsorption. Four common isotherms equations were applied in the present study: Langmuir [24], Freundlich [25], Temkin [26] and Dubinin – Radushkevich [27]. Langmuir isotherm model is applied to the equilibrium sorption supposing the monolayer of sorbate on the homogeneous surface with a finite number of identical sites; the linear form the Langmuir model is represented as follows:
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Where KL is the Langmuir equilibrium constant of adsorption (L/mg), qm maximum adsorption capacity (mg/g), qe the amount adsorbed at equilibrium (mg/g), Ce equilibrium concentration (mg/L).

The Freundlich equation is an empirical relationship established upon sorption onto a heterogeneous surface, involving different sites with several adsorption energies. In the linear form Freundlich isotherm is expressed by the following equation 
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                                                                                 (3)

where KF and n are the isotherm constants of Freundlich. KF is a constant (mg/g) related to the bonding energy, 1/n (heterogeneity factor, ranging between 0 and 1) is a measure for the adsorption intensity or surface heterogeneity. A plot of ln qe versus ln Ce enables the empirical constants KF and 1/n to be determined from the intercept and slope respectively (not shown).

The Dubinin–Radushkevich isotherm was used to determine the characteristic porosity and the apparent free energy of adsorption. The DR isotherm is expressed in linear form as follows: 
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where KDR is a constant related to the mean free energy of adsorption (mol2/J), qm is the theoretical maximum adsorption capacity (mg/g), ( is the polyani potential  (J/mol), which is related to the equilibrium concentration Ce (mg/L) as follows: 

[image: image11.png]e=RTIn(1+7)




 QUOTE  


[image: image12.wmf])


1


1


(


ln


e


C


RT


+


=


e



                                                         
(5)


 The slope of the plot of ln qe versus (2 (Fig. not shown) gives KDR and the intercept yields the adsorption capacity qm. The mean free energy of adsorption (E) (KJ/mol) was calculated from the equation. 
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These parameters give information regarding the nature of the adsorption. If E is between 8 and 16 KJ mol-1 the adsorption process is chemisorptions via ion exchange. If E< 8 KJ mol-1, the process is physical in nature [7].

Temkin isotherm model predicts a uniform distribution of binding energies over the population of surface binding adsorption. Linear form of Temkin equation was expressed by:  
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where T is the absolute temperature in Kelvin, b is Temkin isotherm constant, R is the universal gas constant (8.314 J/mol), [image: image23.png]



 is a constant related to the Temkin isotherm constant (L/mg), and β is the Temkin constant related to the heat of adsorption (J/mol). A plot of qe versus lnCe enables one to determine the constants A & β. (Fig not shown).

2.4 Sorption kinetic models. The kinetic of dye adsorption on the sorbent were analyzed using pseudo first order equation [28], pseudo second order equation [29] , and intraparticle diffusion models [30] .
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where qe and qt are the amount of Crystal violet adsorbed (mg/ g) on chitin at equilibrium and at time t, respectively, k1 and k2 are the rate constant for the pseudo – first order (min -1) and pseudo –second order kinetics (g/mg.min), Kp the intraparticle diffusion rate constant (mg/gmin0.5), C the intercept for the intraparticle diffusion model (mg/g).

2.5 Thermodynamics of the sorption. The thermodynamic parameters for sorption of the Crystal violet onto chitin obtained from shrimp shell were evaluated using the Langmuir equilibrium constant, KL, which depends on temperature. The change in free energy (∆Gº), was evaluated using the following equation [31] 
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where R is the gas constant (J/mol) and T is the temperature (K). The standard enthalpy (∆Hº) and standard entropy (∆Sº) changes associated to the sorption process were calculated by eq. (12)
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For an exothermic process, (Ho is negative [32]. The enthalpy and entropy change of adsorption can be determined from the slope and intercept of the plot of ln KL versus 1/T.


 2.6 Characterization of the chitin sample. The surface morphology of chitin was examined by means of scanning electron microscopy (SEM, Joel JSM 60). The samples were dried and coated with gold before scanning. Specific surface was determined with a Quantachrome Nova Automated Gas Sorption System Report, version 1.12. The measurement is based on the application of the method of Brunauer, Emmet, and Teller (BET). The total pore volume was determined by liquid nitrogen adsorbed at a relative pressure of P/Po = 0.98 [33]. Thermogravimetric (TG) analysis was carried out using Perkin Elmer Diamond TG/ DTG thermogravimetric analyzer instrument. The resolution of this instrument is 0.02µg as a function of temperature. Runs were carried out at linear heating rate 10.00oC/min from 50 to 1000oC under high purity nitrogen. The FTIR of pure chitin was obtained by a Perkin – Elmer FTIR spectrophotometer model spectrum 1000, in the range of 4000- 400cm-1 using KBr pellets containing the prepared material. 

3. Results section_______________________________________

3.1 Effect of pH. The effect of pH on adsorption can be described on the basis of point zero charge (pHPZC), which is the point at which the net charge of the adsorbent is zero. The (pHPZC) of chitin was found to be 6.2. At pH< pHPZC , the surface becomes positively charged, concentrations of H+ were high and compete with dye cations for vacant adsorption sites causing a decrease in dye uptake. At pH> pHPZC, the adsorbed surface is negatively charged and favors the uptake of cationic dye due to the increase in electrostatic force of attraction [34].

The pH of the solution affects the surface charge of the adsorbents as well as the degree of ionization of different pollutants. The hydrogen ion and hydroxyl ions are adsorbed quite strongly and therefore the adsorption of other ions is affected by the pH of the solution. Change of pH affects the adsorptive process through dissociation of functional groups on the adsorbent surface active sites. This subsequently leads to a shift in reaction kinetics and equilibrium characteristics of adsorption process.

The influence of pH on the Crystal violet adsorption onto chitin is represented in Fig. 3. The results reveal that the adsorption of Crystal violet increase from 15% to 58% with an increase in the pH of the solution from 2.5 to 8. In acid solution, all amino group of the chitin are cationized and protonated  as well as Crystal violet (cationic dye) 

Chitin-NH3+ + H2O → H3O+ + Chitin-ÑH2      pKa= 6.6
                             (13)


Since the pKa value of chitin (Chitin_ NH3+) is in the pH range of 6.2–7, the amino groups of chitin are protonated at low pH values. Crystal violet is a cationic basic dye as denoted by the presence of the positive nitrogen ion which enters the aqueous solution ensuring that the dye has an overall positive charge, as a result, this will create a strong columbic repulsion between chitin and Crystal violet [35]. For this reason, the adsorption of Crystal violet onto chitin is low in acidic pH. However, in basic medium, the biopolymer contain functional groups (-OH, NH- C- CH3 and NH2), which could be adsorbed by the cationic dye. Also the amino groups of chitin are deprotanated so the adsorption of dye onto chitin at basic pH values is relatively high [36,37]. 
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		Figure 3: Effect of pH on adsorption of CV onto chitin

		Figure 4: Effect of initial dye concentration and contact time on chitin





3.2 Effect of dye concentration and contact time. The effect of dye concentration on the extent of adsorption as a function of time for the initial dye concentration 250, 150, 75 mg/L at pH=8 is shown in Fig. 4. Available adsorption studies in literature reveal that the uptake of adsorbate species is fast at the initial stages of the contact period, and there after it becomes slower near the equilibrium. In between these two stages of the uptake, the rate of adsorption is found to be nearly constant. This is obvious from the fact that a large number of vacant surface sites are available for adsorption during the initial stage, and after a lapse of time, the remaining vacant surface sites are difficult to be occupied due to repulsive forces between the solute molecules on the solid and bulk phases. According to Fig. 4 the equilibrium adsorption capacity of the sorbent increased with increasing initial dye concentration and the necessary time to reach equilibrium is variable according to the initial concentration of dye; about 2.5h (Co = 75mg/L), 3h (Co= 150mg/L) and 4h (Co= 250mg/L) because the initial adsorbate concentration provided an important driving force to overcome all mass transfer resistance. The increase of loading capacity of chitin with increasing initial dye concentration may also be due to higher interaction between dye and chitin. As chitin offered a finite number of surface binding sites, dye adsorption showed a saturation trend at higher initial concentration or in other words, this can be explained on the basis that chitin has amine groups dispersed on the surface and this group has a great ability to adsorb contaminants due to its Lewis base character [38,39]. 

3.3 Sorption isotherms. The equilibrium data obtained from sorption experiments of Crystal violet from solutions at different temperatures (293,313 and 323 K) onto chitin were fitted to linear Langmuir equation (eq. 11).  The values of Langmuir parameters (qm and KL) determined by plotting Ce/q versus Ce (Fig. 5) are presented in Table 2. The values of Freundlich parameters (KF and n) determined from plots of log qe versus log Ce together with the corresponding correlation coefficients (R2) are given in Table 2. The Temkin adsorption data were analyzed according to the linear form of Temkin isotherm (Eq. 13). The R2 values obtained from Temkin model were comparable to those obtained for Langmuir and Freundlich equations. To determine the nature of sorption process (physical or chemical), a plot of ln qe versus (2 enabled the determination of the values of D-R isotherms parameters (Table 2). The values of the mean free energy of sorption E calculated with eq.(6) indicates that the process follows a chemical sorption. The values of correlation coefficients higher than 0.99 show that the experimental data were more suitable to the 


Table 2: Adsorption Isotherm constants for CV onto Chitin


		Adsorption Parameters

		293 K


37.03


0.385


0.988

		313 K


20


0.038

0.99

		323 K


18.86


0.165


0.99



		Langmuir isotherm constant


qm (mg/ g)


KL (L/ mg)


R2

		

		

		



		Freundlich isotherm constant


KF (mg/ g)


nF

R2

		11.22


2.61


0.90

		1.318


1.515


0.89

		3.16


1.85


0.90



		Temkin constants


KT (L/ mg)


β


R2

		2.9


304


0.92

		1.5


1083


0.93

		2.9


720


0.93



		D-R constants


qm (mg /g)


K
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		71


0.068


14.7


0.96

		20


0.085


11.8


0.97

		45


0.089


11.2


0.96





Langmuir model of monolayer coverage of chitin with the dye. This may be due to homogeneous distribution of active sites on the material, since the Langmuir model assumes that the surface is homogenous. This model is also based on monolayer, form and finite adsorption site assumptions. It is also noted in Table 2 that the monolayer adsorption capacity qm (37.03mg/g) is significantly important: this adsorbent exhibit high sorption capacities toward cationic dye at lower temperature [40, 41].
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Figure 5: Langmuir isotherm for adsorption of CV onto chitin


Values of the monolayer adsorption capacity obtained in this work was compared with other results reported in literature and are given in Table 3.


Table 3: Adsorption capacities of chitin for different cationic dyes


		Adsorbent




		Adsorbate

		Adsorption


Capacity 

		Reference



		Chitin


Hydrogels

		Malachite green

		35.7(mg/g)

		[32]



		Chitin

		Gentian Violet

		57.1(mg/g)

		[56]



		Chitin

		Crystal Violet

		31.6(mg/g)

		[7]



		Chitin

		Reactive yellow 2

		38(mg/g)

		[45]



		Chitin modified by sodium hydroxide

		Synthetic reactive dye waste water

		59-124(mg/g)

		[55]



		Our study

		Crystal violet

		37.5(mg/g)

		





3.4 Adsorption kinetics. The kinetics of adsorption of Crystal violet onto chitin derived from shrimp shell was investigated using three different kinetic models, pseudo-first-order, pseudo-second-order, and intraparticle diffusion models. A series of contact time experiments were conducted out at constant temperature (room temperature) with three different initial dye concentrations (250, 150, 75mg/L). The straight line plots of 1/qt against 1/t for the pseudo- first order reaction and t/qt against t for the pseudo- second order reaction of the adsorption Crystal violet onto chitin have been investigated to obtain the rate parameters. The k1, k2, qe , q2e and correlation coefficients R12 and R22 of Crystal violet under different conditions were calculated from these plots and are given in Table 4 [42]. As shown from Table 4, the data shows a good compliance with the pseudo – second order kinetic model suggesting that chemisorption might be the rate limiting step that controlled the adsorption process [43]. 

Table 4: Kinetic parameters for Crystal violet adsorption onto chitin at different concentrations


		

		Initial Dye Concentration



		Kinetic Parameters

		250(mg/L)

		150(mg/L)

		75(mg/L)



		Pseudo-first order


k1(min-1)


qe (mg/ g)


R
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1
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		0.005


57.5


0.90

		0.003


34.6


0.89

		0.005


16.6


0.88



		Pseudo-second order


k2(g/ mg.min)


qe (mg/ g)


R
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2
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		4.7 ×10-4

93.4


0.98

		5.7 ×10-4

56.2


0.98

		5.8 ×10-3

11.9


0.99



		Intraparticle Diffusion


Kp (mg min0.5/g)


C  


R2

		6.0


30


0.99

		3.05


35


0.98

		0.72


1.8


0.99





According to Fig. 6, a plot of qt versus t1/2 should be a straight line when adsorption mechanism follows the intraparticle diffusion process. Values of  Kp, C and R2 are listed in Table 4, from which it will be seen that the  kinetics of the dye sorption on the sorbent follows this model with correlation coefficient higher than 0.988 for all the three experiments carried out with 250, 150, 75mg of sorbent. As shown from Table 4, the values of Kp generally increased with the increase in dye concentration, which shows that the adsorption rate is governed by the diffusion of the dye within the pores of the adsorbent [44]. The intercept of the plot reflects the thickness of the boundary layer. 
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		Figure 6: Intraparticle diffusion of CV onto chitin for various initial concentration

		Figure 7: Adsorption isotherms of CV on chitin at different temperatures





If the regression of the plot is linear and passes through the origin, then diffusion is the sole rate –limiting step. However, in this study the linear plots at each concentration did not pass through the origin. The deviation of straight lines from the origin may be due to the difference in rate of mass transfer in the initial and final stages of adsorption. Such a deviation from the origin indicates that the pore diffusion is only the controlling step and not the film diffusion (i.e. the linear portion of the curves do not pass through the origin suggesting that the mechanism of Crystal violet removal on chitin is complex and may involve a chemical reaction process) chemisorptions reaction or an activated process was becoming predominant the rate controlling step [45, 42].

3.5 Determination of thermodynamic parameters. The study of the adsorption process with respect to temperature can give valuable information about the free energy as well as the enthalpy change during adsorption. The effect of temperature on the adsorption capacities was studied by carrying out a series of experiments at 293,303 and 313 K. It was observed that the amount adsorbed of Crystal violet onto chitin decreases with increase in temperature from 293 to 313K (Fig. 7). The observed decrease in the adsorption of Crystal violet on chitin with increase in temperature is indicative of the fact that the adsorption process is exothermic in nature. The increase in temperature of the system affects the solubility and particularly the chemical potential of the adsorbate dye which is known to be a controlling factor in the process of adsorption [46, 47]. It has been reported earlier by several workers [48], that with the increase of temperature, the solubility of the dye also increases, so the interaction forces between the solute and the solvent become stronger than solute and adsorbent, consequently the solutes are more difficult to adsorb.

As depicted from Table 5 the negative values of (G° confirm the feasibility of the process and the spontaneous nature of adsorption. The change in enthalpy, ∆H°, was found to be negative confirming the exothermic nature of the adsorption.  The negative value of (So described the decrease in randomness at the adsorbent solution interface during the adsorption of dye on chitin [49-51].

Table 5. Thermodynamic parameters for adsorption of CV onto chitin (Co = 100ppm)


		Temperature(K)

		∆H (kJ/mol)

		∆S (J/mol K)

		∆G (kJ/mol)



		293


313


323

		-67.97

		-129.1

		-29.12


-25.06


-29.82





3.6 Characterization of the adsorbent


3.6.1 FTIR Analysis. As shown in Fig. 8, the common, large and intense bands located at 3500-3000 cm-1 can be attributed to axial OH and NH group deformation. On the other hand, the adsorption band at nearly 3430cm-1 can be assigned to the hydrogen between OH on carbon 5 of the biopolymer structure with the carbonylacetamide, attributed to amide in the 1700cm-1 region [52].
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		Figure 8: FTIR spectra of chitin

		Figure 9:SEM images of chitin





The other adsorption at 3000- 2800 cm-1 is associated to the axial carbon – hydrogen bond. The symmetrical and asymmetrical carbon – oxygen carbon ring gives rise to the bands located at 1050 and 1200 cm-1 respectively. The band observed at 1650 and 1450 cm-1 correspond to N- H bending vibrations. Finally, it is important to mention the absorptions at 1440 and 1600 cm-1 that are assigned as CH2- CH bending bands [52].


3.7 SEM, TG and BET analysis. Fig. 9 represents the scanning electron microscope (SEM) of chitin. The SEM shows that chitin is made of several very thin sheets of material loosely bound together with porous and heterogeneous surface structure [53]. Fig. 10 illustrates the TG- DTG curve of chitin which represents the stages of thermal decomposition behavior of chitin. The first thermal event represents a peak at 183.3oC coupled with weight – loss 13.27%.This thermal event was related to the evaporation of water present in the sample. The second main thermal event for chitin was a peak coupled with weight – loss 28.94%, when heated around 326.67oC. This is expected to be due to the depolymerisation of chitin. In the temperature range of 326.67 to 885oC a weight loss (18.14%) was observed which was related to the formation of volatile low molecular products and the formation of char [54]. 
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Figure 10: TG curves of Chitin


The BET surface area, average pore volume and pore width of chitin are shown in Table 1. From the pore size distribution data, results revealed that chitin exhibited a small amount of microporous character in the range 5-13Å, while a huge rise of its mesopore character was observed in the range 36.5Å, which plays a significant role in the adsorption of Crystal violet (bulky molecule).

4. Conclusions___________________________________________

The present investigation showed that chitin extracted from the shrimp shell has appreciable adsorption capacity for the removal of Crystal violet from aqueous solution. The adsorption process of Crystal violet dye onto chitin was found to be dependent on the system temperature, dye solution pH and initial dye concentration. Based on value of correlation coefficient (R2), the adsorption experimental data was fitted for Langmuir model (monolayer adsorption capacity of 37 mg/ g at 293 K) than Freundlich, Temkin isotherm models. The value of mean free energy E, evaluated by  Dubinin – Radushkevitch suggest that the process follows a chemical sorption. isotherm models. The negative values of ∆G° and ∆H° suggested the studied adsorption process was spontaneous and exothermic in nature. The adsorption kinetics was well described by the pseudo – second order kinetic model and intraparticle diffusion mechanism.
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