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Abstract

Batch adsorption behavior of Malachite green(M@)rfraqueous solution by using Odina Wodier barkaarb
(OWC) was investigated as a function of parametech as initial MG concentration, adsorbent dosg, p
contact time and temperature. The freundlich angrtauir adsorption models were applied to desctitee t
equilibrium. The thermodynamic parameters such@% AH® andAS ° were calculated to know the nature of
adsorption, these values indicate that the adsorpgirocess is favourable. The pseudo-first-ordseugdo-
second-order, elovich and intraparticle diffusioodels were used to describe the kinetic paraméekbeshigh
correlation coefficienty) was found in pseudo-second-order and intrapardiffusion models.
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1. Introduction

Malachite green (MG) is water soluble basic triphemethane dye. It dissociate into anion and coldure
cations. The electrostatic attraction builds upMeetn the coloured cations and acidic groups ofliadifpres
lead to form salt and develop the colour fade ughenfabrics. The structural studies will give tea about
the adsorption mechanism involved with these dike.structure of malachite green is given below.

It is used as an antifungal, anti-bacterial, anti-garasitical therapeutic agent in aquacultureg animal
husbandry. It is also used as a direct dye for, sithol, jute and leather. MG causes detrimentaadéf on
liver, gill, kidney, intestine and gonads of aqoatrganisms. Contact of malachite green with skinses
irritation with redness and pain. Intermediate pidd after degradation of MG are also reported éo b
carcinogenic [1]. Therefore, the use of malachiteg in aquaculture was banned in many countridgen/it
was inhaled or ingested by human, it may causition to the gastrointestinal tract and even cafe
However, MG in fishes, animal milk and other foadsts still detected due to illegal use of MG [8hich is
create the health hazards against human being.

The most commonly used to remove tbges are coagulation, electrocoagulation, flotatichemical
oxidation, filtration, ion-exchange, ozonation, nieane separation, aerobic and anaerobic microbial
degradation. However, all such methods suffer frone or other limitations, and none of them were
successfully removing the color from wastewater.

Adsorption on activated carbons has been provdre teery effective in removing dyes from aqueous
solutions. However, activated carbon is still cdeséd to be expensive and current research iséocon the
development of low-cost adsorbents for this purpbssv-cost adsorbents include natural, agricultuaaid
industrial by-product wastes. Previously the graaste [4], jackfruit peel [5] chitosan/oil palm g&f}, durian
peel [7], papaya seeds [8] and rattan sawdustp@m ash and [10], pomelo (Citrus grandigel [11],
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sunflower seed hull12], oil palm trunk fibre[13], and rice straw-derived charcddM], Firmiana simplex
wood fiber[15], Seaweed Enteromorplgg], Sulphuric acid treated marble power (SATMP)[17]s&aw nut
Bark[18], acid activated Nirgudi leaf powder[1¥ugarcane bagasse [20],Pandanus carbon[21], Hdrill
verticillata [22],Annona squmosa seed activateth@arf23], Surface of wool fiber[24]banana pseudo-stem
fibers[25], chemically modified silica gel [26]Terminalia catappa linn carbon (TCC)[27hnd borassus
bark carbon [28].The objectives of our investigativere to investigate the potential of usirdjra wodier
bark carbon (OWCs a low-cost adsorbent to remove malachite greemaqueous solutions, to model the
equilibrium and kinetics of the adsorption process.

\

| "

Chemical structure of malachite green

2.Material and Methods

2.1 Adsorbate

Basic dye used in this study is Malachite greercimased from S.d fine chemicals. MG has moleculandda
CsoHsoN4Og. The dye stock solution was prepared by dissolaicgurate of weight dye in distilled water to the
concentration of 1 g/L. The experimental solutiarese obtained by diluting the dye stock solutiomdaturate
proportions to needed initial concentrations.

2.2 Preparation of Odina wodier bark carbon (OWC) adsorbent

Odina wodier bark were washed with distilled wated cut into small pieces (1-3 cm) and dried. The
air dried odina wodier bark were treated with C8ulphuric acid in a weight ratio of 1:1. The remgtblack
product was kept in a furnace maintained at °60@r about 12 hours followed by washing with watetil
free from excess acid and dried at 15@@;5the carbon product obtained was grinded wefin® powder (30
to 50 um size), it was used for further adsorpgaperiment. All chemical used for the experimenmts &.d
fine chemicals with high purity.

2.3 Effect of OWC adsorbent dose on the MG adsor ption.

To study the effect of OWC dose on the MG adsomptibfferent amounts of OWC carbon (5-250 mg) were
added into a 250 ml stopper glass containing aniefivolume (50ml in each-flask) of fixed initial
concentration (20mg/L) of dye solution without chagy the solution prat 30C. The flasks were placed in a
thermostatic water bath shaker and agitation peal/fdr 60 min and the dye concentrations were niedsat
equilibrium.

2.4 Effect of solution pH

In this study, the effect of pHn adsorption of MG on OWC was studied by mixings@bent dose of 25
mg/50 ml and 20 mg/L of initial dye concentratisith different pH values (3.0-10.0) at 8D The pH was
adjusted with 0.1N NaOH and 0.1N HCI solutions aemehsured by using a pH meter. Agitation was made fo
60 min at a constant speed.
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2.5 Zero point charge

The zero point charge of the carbon {pHwas measured using the pH drift method [29]. Pheof the
solution was adjusted by using 0.01M sodium hydtexor 0.01M hydrochloric acid. Nitrogen gas was
bubbled through the solution at°@5to remove the dissolved carbon dioxide. Then%@lang of the OWC
into 50 ml of the adjusted solution. After stakilion, the final pH was recorded. The graph oflfptd versus
initial pH was used to determine the zero pointrgaaf the OWC.

The pH,c of owc adsorbent is found to be 6.5.

2.6 Batch adsor ption method
The batch adsorption[30] experiments were carrigidby adding a fixed amount of adsorbent (25 mg) &
number of 250 ml stopper glass flasks containimgfinite volume (50 ml) of different initial conciations
(10, 20, 30, 40, and 50 mg/L ) of dye solutionsheitt changing pHand at temperatures 30, 40, 50 antC60
The flasks were placed in a thermostatic water Islthker and agitation was provided to reached the
equilibrium At time t=0 and equilibrium, the dye nmentration were measured by UV Visible
spectrophotometer at 617 nm. The amount of adsorpdt equilibrium, gmg/g) was calculated by the
following mass balance equation.

e: (CO Ce)v (1)

W

Where &d G (mg/L) are the liquid phase concentrations of My dt initial
and equilibrium respectively .V (L) is the volumitioe solution. W (g) is the mass of dry adsorhesgd.
The MG dye removal percentage can be calculatdollaws

C, -C
Removal percentage OC L X100 (2

Where @mg/L) is the liquid phase concentration of dyamy time.

2.7 Batch kinetic studies:
The batch kinetic [30] experiments were basicalBntical to these of adsorption equilibrium methddhe
amount of adsorption, mg/g) at time t, was calculated by

_ (Go-C)V
' W
Where @mg/L) is the liquid phase concentration of dyamy time.

(3)

3. Theory of Adsorption isotherm
To quantify the adsorption capacity of the absortfen the removal of dyes, the most commonly used
isotherm, namely freundlich and langmuir have begopted.

3.1 Freundlich isotherm.
The linear form of freundlich isotherm [31] is repented by the equation

logq, = logK, + % logC, (4)

Where g is the amount of dyes adsorbed per unit weightbhefadsorbent, (mg/L),Ks(mg/g(L/mg)) measure
of adsorption capacity and 1/n is the adsorptierisity. In general falue increases the adsorption capacity
for a given adsorbate increases. The magnitudeeoéxponent 1/n gives an indication of the favititglof
adsorption. The value of n>1 represents favoratié®mtion condition [32, 33] (or) the value of Hre lying

in the range of 1 to 10 confirms the favorable ¢towl for adsorption. The linear plot of logqgainst the
logC: (figure is given) shows that the adsorption oltegsfreundlich model.
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3.2 Langmuir isotherm
Langmuir isotherm model [34] is based on the assiamphat maximum adsorption corresponds to a atadr
monolayer of solute molecules on the adsorbenaserfThe linear form of the langmuir isotherm emunatan
be described by

C.Jq.= ! C.

5
b Q. ®)
Where G (mg/L) is the equilibrium concentration of the adste, g (mg/g) is the amount of adsorbate
adsorbed per unit mass of adsorbenta@d b are langmuir constants related to adsorpagacity and rate of
adsorption respectively. Qs the amount of adsorbate at complete monolayegrage (mg/g) which gives the
maximum adsorption capacity of the adsorbent afldrbg) is the Langmuir isotherm constant that tedato

the energy of adsorption (or rate of adsorptidig linear plot of specific adsorption capacrty against the

equilibrium concentration (€ (figure is given) shows that the adsorption obtys Iangmuw model. The
langmuir constant @and b were determined from the slope and interoéphe plot and are presented in
table.l. In order to find out the feasibility oftisotherm, the essential characteristics of thgrfauir isotherm
can be expressed in terms of dimensionless corstparation factor B35, 36] by the equation

R =—1 (6)

1+bC,

Where G(mg/L) is the initial concentration of adsorbatedam(L/mg) is langmuir isotherm constant. The
parameter Rindicate the nature of the adsorption isotherm.

R .>1 Unfavorable adsorption
O<R <1 Favorable adsorption
R =0 Irreversible adsorption
R=1 Linear adsorption

The R values lies between 0 to 1 indicate the procefssrimable adsorption.

3.3 Thermodynamic treatment of the adsor ption process.
Thermodynamic parameters associated with the afisoyviz standard free energy changss(), standard
enthalpy changeAH®), and standard entropy changiiS)) were calculated as follows. The free energy of
adsorption process considering the adsorption ibguiin constant I is given by the equation
AG° =-RT InK, (7)

WhereAGP is the free energy of adsorption (J/mol), T is téxmperature in kelvin and R is the universal gas
constant (8.314 J mlk™").The adsorption distribution coefficientoKfor the adsorption reaction was
determined from the slope of the plot of lg(@)against € at different temperature and extrapolating to zero
C. according to the method suggested by Khan anch$8Wj
The adsorption distribution coefficient may be egsed in terms of enthalpy changeH{) and entropy
change 4S°) as a function of temperature,

0 0
AH AS (8)
RT R
WhereAH? is the standard heat of adsorption (kJ/mol) ABdis standard entropy change (kJ/mol). The value
of AH® and AS’ can be obtained from the slope and intercept of pf InK, against 1/T. The value of
thermodynamic parameter calculated from equatiand’8 are shown in table (3).

In K,

3.4. Adsorption kinetics
The study of adsorption kinetics describes thetealptake rate and evidently this rate controlsrésédence
time of adsorbate uptake at the solid-solutionrfate. The kinetics of MG adsorption on the OWC aver
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analyzed using pseudo first-order, Pseudo secamelscglovich and intraparticle diffusion kinetic deds. The
conformity between experimental data and the kin@itbdels was expressed by the correlation coeffisi§)
value, they values close or equal to 1. A relatively higlialue indicates that the model successfully dbesri
the kinetics of MG dye adsorption.

3.4.1 .The pseudo first- order equation
The pseudo first-order equation [38] is generelgressed as follows:

dg
b= ky(q, - 9
dt 1 (qe qt ) ( )

Where: gand g are the adsorption capacity at equilibrium antihae t, respectively.
k, is the rate constant of pseudo first-order adsmmp(L min?). After integration and applying boundary
conditionst=0tot =t andgO0 to q = g the integrated from of Eq. (9) becomes:

K
lo -q )=lo -—1 t 10
o(a. - q,) =logq, 5 30: (10)

The values of log(ga) were linearly correlated with t. The plot of logg€;) vs t should give a linear
relationship from which kand g can be determined from slope and intercept ofothe respectively. The
parameter of pseudo- first-order are summarizedtte .4

3.4.2. The pseudo second- order equation
The pseudo second-order adsorption kinetic ratatemuis expressed as: [39, 40]

d
% =k,(q, - a,) (11)

Where k is the rate constant of pseudo second-order adsorfg mg'min™).For the boundary conditions t =
Otot=tand = 0 to g= q the integrated form of Eq.(11) becomes:

CHE (12)

(0. -a) o«

This is the integrated rate law for a pseudo seawvddr reaction. Equation (12) can be rearrangexdbtain
Eq. (13), which has a linear form:

t_ 1 .1 (13)

qt k2 qE2 qe

If the initial adsorption rate, h (mg'min™) is:
h= &’ (14)
then Egs. (13) and (14) become:

L=1+it (15)

q h q
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The plot of (t/¢) and t of Eq.(15) should give a linear relatiopsfiom which g and k can be determined
from the slope and intercept of the plot, respetyivThe pseudo-second-order rate constanth& calculated
h values, and the correlation coefficientsdre summarized in Table. 4.

3.4.3. The Elovich equation
The elovich model equation is generally expressdd i, 42]:

o _ ./
o - oer-Aa) (16)

Where; o is the initial adsorption rate (mg'gnin™), p is the desorption constant (g Mgluring any one
experiment. To simplify the elovich equation Chemd Clayton assumegt>>t and by applying boundary
conditions g= 0 att = 0 andgq; at t =t Eq. (16) becomes:

a, :%In(aﬁ)+%lnt (17)

If malachite green adsorption fits the elovich mpdeplot of gvs. In(t) should yield a linear relationship with
a slope of (I¥) and an intercept of ([@)In(ef). The elovich model parametersp, and correlation coefficient
(y) are summarized in table 4.

3.4.4. Theintraparticle diffusion model
The intraparticle diffusion model used here reter¢he theory proposed by Weber and Morris [43eldasn
the following equation for the rate constant:

g = kgt'?+C (18)
Where k is the intraparticle diffusion rate constant (mignin™?) and C is constant. If the rate limiting step is
intraparticle diffusion, the graphical represemtatof adsorbed dye ¢mg g*) depending on the square root of
the contact time {f) should yield a straight line passing throughadtigin [30]. The slope of the plot of gs
t2 will give the value of the intraparticle diffusiaoefficient(ly) and correlation coefficient) indicate the
fitness of this model. The intra- particle paréengeare summarized in table 4.

4. Results and discussion
4.1. Effect of OWC dose on MG adsorption
The effect of OWC on MG adsorption was studied agying the adsorbent concentration 5-250 mg/50om| f

the increase in surface area and availability ofenaalsorption site. The % removal of MG is greatbreases
in the range of 25-150 mg/50ml after that smallngfea occur. This is shown in Fig.1. So the optimum
adsorbent carbon doses for the experiments wereaaut using 25 mg/50 ml.

4.2. Effect of contact time

The effect of contact time were determined byngisnitial concentration of MG is 20mg/L, adbent
dose is 25mg/50ml , and pid 6.5 at 38C with different time interval such as 10,20,3054060,70 and 80
minutes are shown in figure 2. The experimentalultesindicate that the adsorption equilibrium was
established within 40 minutes. So the further expents were also carried out up to 40 minutes.
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Fig.1-Effect of adsorbent dose on the removal of maladpieen [MG]=20 mg/L; Contact time=60 min; Temp=30°
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% removal of Malachite green
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Contact time in min

Fig.2-Effect of contact time on the removal of malaclgteen [MG]=20 mg/L; Adsorbent dose=25mg/50ml; TeBRE

4.3 Effect of solution pH

The solution pH is one of the most important festtrat control the adsorption of MG on the adsdrben
material. Therefore an increase in pky cause an increase or decrease in the adsomafacity. The
adsorption capacity can be attributed to the chalnfarm of MG in a solution at the specific pH anedto
different functional groups on the adsorbent swfdm examine the effect of pHon the % removal of MG
gradually decreases as the pH increases. The pié gl to 6.5 the % removal is greater than 75% #itet
suddenly decreases. This may be due the dye fomplea with anionic species. From the experimental
results, the optimum pkange for adsorption of the MG is 3.0 to 6.5 asnshim Fig.3.
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% removal of Malachite green
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Fig.3. Effect of Initial pH on the adsorption of Malaghigreen [MG]=20mg/L; Contact time=60 min;
Adsorbent dose =25mg/50ml

4.4, Adsor ption isotherms

The significance of the adsorption isotherms id¢ thay show how the adsorbate molecules are disétib
between the adsorbent and aqueous solution aileguit with different temperature. Two differenbtherm
models were used to fit the experimental data.flfdundlich and langmuir models are given in figdrand 5
and the parameters value are given in the table. 1.

logg

T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

logCe

Fig.4.Freundlich isotherm for the adsorption of &dlite green
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Fig.5-Linear Langmuir isotherm for the adsorptidmmlachite green

Table 1. Langmuir and Freundlich isotherm parameter foogatton of MG on OWC adsorbent

Temperature’C) | Langmuir paramet | Freundlich paramet
Cm b Ki n
30 63.291: | .0.227. | 14.601¢ | 2.238:
40 64.102¢ | 0.253" 16.069: | 2.348¢
50 65.789! | 0.266¢ 17.127° | 2.408¢
60 67.114: | 0.279: 18.100¢ | 2.456¢

From the table .1, it is clear that, the langnisttherm constant value indicate the adsorptapacity(Q,)
and adsorption intensity(b) slightincreases with increase in temperature . Thenéiiith isotherm
parameter indicates that the adsorption capacigally increases with temperature and the n valdieates
the adsorption is favorable process.

The langmuir isotherm can also be expressed instefna dimensionless constant separation factor. (Fhe
R, values calculated at different temperature arergin table. 2. The Rvalues lies in between 0 to 1 indicate

the adsorption process is favorable for all theahconcentration and temperature.

Table. 2.Dimensionless constant separation factg) (R

[MG]in Temperature’C)
mg/L 30 40 50 60
10 0.305¢ 0.282% 0.272¢ 0.263¢
20 0.180: 0.164, 0.157¢ 0.151"
30 0.127¢ 0.116: 0.111: 0.106¢
40 0.099( 0.089 0.085" 0.082:
50 0.080¢ 0.073: 0.069¢ 0.066¢
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4.5. Thermodynamic parameter

The thermodynamic parameters for the adsorptionga® of MG with OWC are the changes in standael fre
energy changerG°), standard enthalpy changsH®) and standard entropy changss{). The values of these
parameters were calculated using eq. (7&8) at uarinitial concentrations and are shown in Tahle .3

Table. 3 Thermodynamic parameter for the adsorption of &GOWC adsorbent

Co AGY AHP AS
30°c 40°C 5¢°C 6C°C

10 | -3921.03! | -4638.03. | -5224.36. | -5784.10° -14.809¢ | 61.955:

20 [ -3221.91 |-3514.04; | -3799.64. | -4091.01. -5.543: | 28.930:

30| -2361.97: | -2543.92. | -2715.88' | -2895.25: -3.006: | 17.721¢

40| -1318.76 | -1521.40! | -1716.34; | -1923.64; -4.768¢ | 20.090:

5C | -240.892! | -434.756! | -643.502( | -849.349 -5.921¢ | 20.325°

The adsorption data indicates th@° values were negative at all temperatures. ThetivegsG® confirm the
spontaneous nature of adsorption of MG by OWC. Magnitude of AG® suggests that adsorption is
physical adsorption process. The negative value\tét were further confirms the exothermic nature of
adsorption process. The positivaS’ showed increased randomness at the solid —solimierface during the
adsorption of MG dye on OWC adsorbent. In thisdition the adsorbed water molecules, which are
displaced by the adsorbate species, gain moreldtemmal entropy than is lost by adsorbate moleguieus
allowing the prevalence of randomness in the sygteth This was also further supported by theitees
values ofAS’, which suggest that the freedom of MG is not testricted in the adsorbent, confirming a
physical adsorption. However, the valueA& was found to be decrease as the initial conceoiraticreases
due to the decrease the randomness of MG. AGEvalue increases with increase in temperature és th
increase in enhancement of the adsorption capaicagsorbent may be due to increase or enlargeofigrare
size and/or activation of the adsorbent surface.

4.6. Adsorption kinetics

The kinetics of MG dye adsorption on OWC was stddigth respect to different initial concentratidror
evaluating the adsorption kinetics of MG, the psefigt-order, the pseudo-second—order, elovich ehadd
intra -particle diffusion model were used to filetiexperimental data by using linear regressionyaisal
method. The parameters of this model are sumnthiiz&able. 4. The high correlation coefficien} yalues
indicate the fitness of the model.

From the kinetic data, the pseudo-first- order pseudo- second -order correlation coefficigfitvalue were
almost same. The.galue calculated from the pseudo first order maslééss than that of the experimental
value. But the gvalues calculated from the pseudo-second order haodenearly equal to the experimental
value. So that the adsorption of M@ OWC is to follow the pseudo—second -order kinetodel. The slight
increase in the h value with increase in tempeeatuay be due to the enlargement of pore size and/or
activation of the adsorbent surface.

The experimental data were used for elovich mdtel,initial adsorption rate), desorption constarff( and
the correlation coefficientf are calculated. From elovich model indicate ttieg initial adsorption o
increases with temperature similar to that of @higidsorption rate (h) in pseudo-second —ordettikmenodels.
But the correlation coefficieny) is less than that of pseudo second order model.

The same experimental data were used for intrdicfgadiffusion model, the intra -particle diffusiconstant
(Kig), intercept and the correlation coefficiem} ére calculated. From these data the interceptevisdicate
that the line are not passing through origin, tfigeesome other process that may affect the adsar@ut the
correlation coefficienty) value is very high, so that the intra-particl&idiion takes place along with other
process that may affect the adsorption process.
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Table.4.The kinetic parameter for the adsorption of mal@cbieen on OWC adsorbent

Co T Pseudo first Order Pseudo Second order Elovich Modle Intraparticle diffusion

cC)| % | Ki i Ge Kz ¥ h @ B ¥ Ko | v c

10 30 | 1.3120.0069| 0.9985| 17.88910.01407 0.9984| 4.502 98.64 0.4609 0.9845 0.9704 0.99D1285
40 |1.2920.0064] 0.9997| 18.45020.0143Q 0.9981| 4.866 152.3390.4729 | 0.975Q 0.9509.9923 10.975
50 [1.21§0.0048 0.9981| 18.56320.01726 0.9977| 5.948 1055.790.5907 | 0.9264 0.774®.9597 12.377
60 [1.2920.0064] 0.9997 19.1571{).01412 0.9983| 5.18¢ 172.1190.4599| 0.9794 0.9752.9947 11.500

20 30 | 1.3280.0071 0.9979 34.01311).00702 0.9983| 8.123 141.3740.2329| 0.9859 1.9189.997q 18.977
40 |1.3230.0071] 0.9994 34.4821D.0069E 0.9979| 8.278 169.4830.2362| 0.9759 1.9020.9926 19.489
50 |1.3260.0071| 0.9995| 34.965(0.00682 0.9979| 8.340 160.6880.2306 | 0.9783 1.946D.9941 19.638
60 [1.376§0.0083] 0.9873| 35.97120.0058% 0.9989( 7.577 68.45 0.1945 0.99B34 2.2|00@993 18.166

30 30 | 1.36(0 0.008| 0.9996 47.393#.00453 0.9976| 10.172131.442| 0.1588 | 0.9807 2.823®.9951 24.918
40 |1.364 0.008| 0.9991 46.082'9).0055£ 0.9991| 11.764124.603 0.1552| 0.9814 2.570®.9982 26.248
50 |1.357 0.008| 0.9997] 45.871/6.00606 0.9992| 12.751144.124] 0.1578| 0.9781 2.8849.9957 25.017
60 [1.353 0.008( 0.9995 0.0554 0.988M.9976( 10.661149.642 0.1569| 0.979] 2.859D.994§ 25.960

40 30 | 1.441 0.009| 16.2958 0.0564 [ 0.9890 0.9968| 9.881470.2125 0.9807( 3.78720.9954 25.652
40 |1.432 0.008| 16.2256 0.0536 | 0.9886 0.9845( 10.29§ 136.918 0.ié68 0.870§ 3.345D.9905 27.859
50 [1.419 0.008 | 0.9993 58.0046©.00322 0.9970( 10.822 90.377| 0.1186] 0.979¢4 3.78p8.9947 27.734

60 [1.413 0.008( 0.9949 58.4799.00327 0.9949( 11.178107.202 0.1227| 0.9619 3.6749.9817 28.913

50 30 |1.751 0.014| 0.9983 58.1399.00211 0.9940| 7.132f 25.193| 0.0943] 0.979p 4.7590.9947 18.898
40 |1.669 0.012| 0.9989 59.880P.00216 0.9945( 7.7399 29.654 | 0.0942| 0.979p 4.7608.9944 20.646
50 (1.631 0.011( 0.998(0 61.349D.00224 0.9951| 8.4459 35.604| 0.0944| 0.980P 4.74y2.9951 22.566
60 [1.617 0.011| 0.9998 64.5160.00206 0.9930( 8.547( 31.933| 0.0866| 0.975f 5.1882.9924 22.308

Conclusion

The adsorption of MG from aqueous solution using ©Was investigated under different experimental
conditions by batch process. The freundlich andydanr adsorption capacity was found to be linearly
increases. The thermodynamic parameters were flaubd thermodynamically favourable physical adsonpt
process. The kinetic parameters with high cormetatioefficient were pseudo-second-order and irdirgigbe
diffusion models. The % removal of MG using OWQjigsater than 90% by using 25mg/50 ml of adsorbent.
The other adsorbent such as rice husk activatdiboas 94% [44] and carbon based adsorbent is 8% [
also reported literature. The removal percentagatgr than 90% is chosen as good adsorbent .Taksre§

the present studies indicate that the OWC can h@loyed for the removal of malachite green (MGnir
agueous solution.

References
1.Srivastava, S., Sinha, R., Roy,Ayuatic Toxicology. 66(3) (2004) 319.
2. Garg, V.K., Kumar, R., Gupta, PDyes and Pigments. 62(1) (2004) 1.
3. Srivastava, S.J., Singh, N.D., Srivastava, A3ihha, RAquatic Toxicology. 31(3) (1995) 241.
4. Hameed, B. Hl.Hazard. Mater. 166(1) (2009) 233.
5. Hameed, B. HJ. Hazard. Mater 162(1) (2009) 344.

535



J. Mater. Environ. ci. 3 (3) (2012) 525-536 Vijayakumaran and Arivoali
ISSN : 2028-2508
CODEN: JMESCN

6. Hasan, M., Ahmad, A.L., Hameed, B&hem. Eng. J. 136(2-3) (2008) 164.

7. Hameed, B. H., Hakimi, HBiochem. Eng. J. 39(2) (2008) 338.

8. Hameed, B. HJ. Hazard. Mater. 162(2-3) (2009) 939.

9. Hameed, B.H., El-Khaiary, M.lJ. Hazard. Mater. 159(2-3) (2008) 574.

10. Ahmad, A.A., Hameed, B.H., Aziz, M.Hazard. Mater. 141 (2007) 70.

11. Hameed, B.H., Mahmoud, D.K., Ahmad, AQalloids Surf. A: Physicochem. Eng. Aspects.
316 (2008) 78.

12. Hameed, B.HJ. Hazard. Mater. 154 (2008) 204.

13. Hameed, B.H., El-Khaiary, M.). Hazard. Mater. 154 (2008) 237.

14. Hameed, B.H., El-Khaiary, M.J. Hazard. Mater. 153 (2008) 701.

15.Daoyong Zhang., Xiangliang Pak-, Journal of Biotechnology. 12 (4) (2009).xx.

16.Jayaraj, R., Chandra Mohan, M., Martin Deva PraBatilidhayathullah Khan "E-Journal. of
Chemistry. 8(2) (2011) 649.

17. Ubale, M. B., Chamargore, J. J., Bharad, IMddje, B. RE-Journal of Chemistry. 7(3) (2010) 1003.

18. Arivoli, S., Parthasarathy, S., Manju, N.née M. Alfa Universal 2 (2) (2011) 41.

19. Milind Ubale, Ratna Shelke, Jagdish BharadlapMadje .International Journal of ChemTech
Research.. 2 (4) (2010) 2046.

20. Saiful Azhar, S., Ghaniey Liew, A., Suhardy, Barizul Hafiz, K., Irfan Hatim, M.DAmerican journal
of applied sciences.2(9) (2005) xx-Xx.

21. Arivoli, S., Hema, MJ. Appl. ci. Environ. Manage. 12(1) (2008) 43.

22. RajeshkannaiR., Rajasimman, M., Rajamohan, N., SivaprakashntBJ. Environ. Res. 4 (2010) 817.

23. Santhia, T., Manonmanib, S., SmithOrbital Elec. J. Chem.. 2(2) (2010) 101.

24. Rasheed Khan, A., Hajira Tahir, Fahim Udditameed, A.J. Appl. ci. Environ. Mgt. 9 (2) (2005) 29.

25. Chattopadhyaya, M.C., Neha Gupta, Atul, Kuethay K.J. Chem. Pharm. Res. 3(1) (2011) 284.

26. Chattopadhyaya, M.C., Atul Kumar Kushwaha, Nélgta.J. Chem. Pharm. Res. 2(6) (2010) 34.

27. Venkatraman, B. R., Hema, M., NandhakumarAwyoli, S. J.Chem.Pharm. Res.3(2) (2011) 637.

28. Hema, M., Martin Deva Prasath, P., ArivoliABabian J. for Sci. and Eng. 34(2A) (2009) 31.

29.Jia, F.,Thomas, K. KLangmuir.18 (2002)470.

30. Hameed, B. Hl. of Hazard. Mater. 162 (2009) 939.

31. Freundlich, HZ. Phys. Chem. 57 (1906) 384.

32. Treybal, R.EMass transfer operations, second ed., McGraw Hill, New York (1968).

33. Ho, Y.S., McKay. GChemical Engineering Journal. 70 (1998) 115.

34. Langmuir, 1Journal of American Chemical Society, 57 (1918) 1361.

35. Ferrero, Flournal of Hazardous Materials. 142 (2007) 144.

36. McKay, G., Blair, H.S., Gardner, J.Jurnal of Applied Polymer Science. i.27 (1982) 3043.

37. Khan, A.A., Singh, R.RColloidsand Surfaces. 24 (1987) 33.

38.Langergren, Xungliga svenska Vetenskapsakademies Handlinger. 24 (1898) 1.

39. Ho, Y. S., McKay, GChemical Engineering Journal. 70 (1998) 115.

40. Ho, Y. S., McKay, GWater Research. 34 (2000) 735.

41. Chien, S.H., Clayton, W.Roil Science Society America Journal. 44 (1980) 265.

42. Sparks, D.L. Kinetics of Reaction in pure anged systems in soil physical chemistry. CRC PrBsga
Raton (1986).

43. Weber, W.J., Morris, J.Qournal of Sanitary Engineering Division. 90 (1964) 79.

44, Sharma, Y. C., Singh, B., UnThe open environmental pollution & Toxicology journal. 1 (2009) 74.

45. Mendez, A., Fernandez, F., GascoD@salination. 206 (2007) 147.

(2012)www.jmaterenvironsci.com

536



