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ABSTRACT

Removal of Malachite Green (MG) aqueous solution on Eucalyptus Globules Bark Carfi@8BC) has been
studied. The effect of various experimental paransehas been investigated using a Batch Adsorptichnique
(BAT) to obtain information on treating effluentsrfi the dye industry. The extent of dye removakased with
decrease in the initial concentration of the dyel ancreased with increase in contact time, amoudrddsorbent
used and the initial pH of the dye solution. Adsiorp data were modeled using the Freundlich anddraair
adsorption isotherms and first order kinetic equati. The kinetics of adsorption was found to b& firder with
regard to intra-particle diffusion as the rate detening step. The adsorption capacity of dye hasnbeompared
with CAC. These results indicate that EGBC is ohthe best adsorbent that can be used in wastevigtatment
for the removal of colors and dyes.

Keywords: Adsorption of Malachite Green, Batch Adsorptionhteique, Eucalyptus GlobuleBark Carbon,
adsorption isotherms, Kinetics of adsorption.

INTRODUCTION

Water pollution is a very persistent problem; théensive disposal of different toxic substance waithcontrol

constitutes a real danger. Wastewaters from thi@eerosmetics, printing, dyeing, food coloringgpger making,
etc., are polluted by dyes. Most of the dyes asblstto biological degradation. Colored waters afen

objectionable on aesthetic grounds for drinking attter agricultural purposes. Color affects thairebf water by
inhibiting sunlight penetration, thus reducing ghalynthetic action. Some dyes are carcinogenicranthgenic
[1,2].Therefore, there is a considerable need dattsuch element prior to discharge. Most of thedudyes are
stable to photo degradation, Bio-degradation anddi@rg agent [3,4].Currently, several physical aremical
processes are used to treat dye-laden wastewstengever, these processes are costly and cannatiefly be

used to treat the wide range of dye wastewater.abis®rption process is one of the efficient methodsemove
dyes from effluent [5,6].

The adsorption process has an advantage over ke otethods due to the excellent adsorption effeyjeof
activated carbon [7]. It over comes the problenthef water treatment techniques[8] by taking adwgmtaf an
adsorbent’s surface having an affinity for a patic molecular or ionic species coming onto contaith it. A
further benefit is that adsorption can be very sargnd offers sludge free operation. The evaluatibactivated
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carbon for color removal has been extensive [9] effldent treatment systems using activated catiere been
successful. Some works of low cost, non-conventiadaorbents have been carried out which inclugecaltural

solid waste, Such as Coir pith [10], Banana pitt],Joconut husk [12], Sawdust [13], Peat moss [P4&[ldy straw
[15], Nilgiri leaves[16] and industrial solid wastsuch as fly ash , coal, Red mud ,Fe (lll)/ Ch tilydroxide and
Copper ion[17]. The objective of this present stusiyto explore the feasibility of using carbonizédcalyptus
globules bark carbon (EGBC) as an adsorbent foreh®val of Malachite Green, which is most wideked in

various textile-processing industries by varyingapaeters like Initial concentration, contact tirdese variation pH
and patrticle size.

EXPERIMENTAL SECTION

Eucalyptus GlobuleBark (EGB) were collected locally, washed, driegt, into small pieces, carbonized (at 300°C)
and steam digested (at 900°C) acid treated andesladihe materials were dried at 120°C for 5 hrriraa oven
and then sieved to discrete particle sizes.

Basic Green Dye (Malachite Green, (MG)) suppligdBDH (India) was used as an adsorbate. All thesroth

chemicals used in this study were of reagent gaadieobtained commercially. Double distilled watersvemployed
for preparing all the solutions and reagents. Apison data of the replicates (with in £ 1%) werpaged.

Adsor ption Experiments:
Adsorption experiments were carried out literacythod [18],[19]. The various experimental conditicare given
in table : 1. The values of percentage removalyef ahd amount adsorbed (q in md) gvere calculated using the
following relationships:
Percentage removal =100 (G Q)/C; D)
Amount adsorbed (q) = (G- C)/m (2)

Where G and G are the initial and equilibrium (final) concenteat of dye (in mgL'), respectively and m is the
mass of adsorbent, in gL

RESULTS AND DISCUSSION

The adsorption experiments were carried out aedifit experimental conditions (Table 1) and thelte®btained
are discussed below:
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Figure -1 Effect of Initial concentration for the removal of MG onto CAC and EGBC.
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Effect of initial concentration:

The effect of initial concentration of dye on theent of removal of MG (in terms of percentage reaip on
EGBC is studied at 30 + 1°C is given in figure Hahe relevant data are given in table 1. The peace removal
decreased with the increase in initial concentratibMG. This indicates that there exists a redurcth immediate
solute (dye) adsorption, owing to the lack of aafalié active sites required for the high initial centration of MG.
Similar results have been reported in literaturéhmnextent of removal of dyes. Although, the agdon capacities
of low cost carbon (as revealed by¥lues in table 2) is less, but still it coulddmnsidered as alternatives to CAC
for the removal of dyes [20].

Table 1- Effect of process parameters on the exteonf removal of MG by CAC and EGBC at 30 +1°C

Process Parameters Range Percentage Removal (%) Amount Adsorbed (ith)mg
CAC | EGBC CAC EGBC CAC EGBC
Initial Conc.(ppm) 50-500 20-200| 93.46-65.73 98.00-91.00 27.10-41.00 21.95-33.75
Contact time (min) 5-50 5-50| 72.75-92.80 93.95-07.821.00-32.70| 23.50-33.8}
Dose of adsorbent (g/L)) 1-2 3.5-4.4 82.60-93.20.28403.67| 21.86-35.30 22.95-29.70
Initial pH 2-11 2-11 | 98.70-92.80 93.25-76.20 2212578 | 32.78-23.58
Particle size () 90-250| 90-25(Q -- 93.26-99.60 -- 23.25-32.775

Adsorption I sotherms:

In order to determine the adsorption potential, gshely of sorption isotherm is essential in setgctin adsorbent
for the removal of dyes. [21].The adsorption daterevanalyzed with the help of Freundlich and Lanigmu
isotherms.

Freundlich isotherms: log q = log K + (1/n) log € ?3)
Langmuir isotherms: (CJ/q) = (1/Q.b) + (CJ/Q,) 4)

Where, k and 1/n are the measures of adsorptioacigmnd intensity of adsorption, respectivelys ghe amount
dye adsorbed per unit mass of adsorbent(inthggd G is the equilibrium concentration of dye(in mgbr ppm);

Q, and b are Langmuir constants, which are the measafrmonolayer adsorption capacity(in mpgnd surface
energy (in g [), respectively. The adsorption data were fittedthese isotherm equations by carrying out
correlation analysis and the values of slope (hd &/Q) and intercept (log K and 1/Q) were obtained. The
adsorption isotherm parameter along with the catimh coefficients is presented in table 2. Theeobsd linear
relationships are statistically significant at 98&tmfidence as evidenced by the r-values (very diosmity), which
indicate the applicability of these two adsorptisatherms and the monolayer coverage of adsorbrasdsorbent
surface [22].

Table 2. Freundlich and Langmuir parameters of adsmption isotherms for the removal of CR by various
adsorbents at 30 £1°C.

Model Parameters CAC | EGBC
Slope (1/n) 0.412| 0.396

Freundlich Isothern Intercept (log K) 0.675| 0.689
Correlation Coefficient (] 0.996 0.974

Slope (1/Q) 0.042 | 0.032

Intercept (1/Q@b) 0.285| 0.264
Langmuir Isotherm Correlation coefficient (r)) 0.989 0.938
Q, (mg/qg) 35.864| 26.789

b (g/L) 2.998 | 2.0459

R 0.049 | 0.034

Further, the essential characteristics of Langmisiotherm can be described by a separation factor
R_, which is defined by the following equation:
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R.=[1/(1+bG) )

Where, G is the initial concentration of dye (in mg™*Lor in ppm) and b is the Langmuir constant
(in g LY. The separation factor, Rindicates the shape of the isotherm and natutieeofdsorption process as given

below;

R values Nature of adsorption process
R>1 Unfavourable

R=1 Linear

O<R>1 Favourable

R =0 Irreversible

In the Present study, the computed values ofTRble 2) were found to be in the range 0-1 indiigathat the
adsorption process was favorable for this low edsbrbent.

Effect of contact time:
The effect of contact time on the amount of dyeoddisd (q, in mg §) was studied at the optimum initial

concentration of dye (Tablel). The amount of MGoabled by these carbons increased and reached tacbwalue
with the increase in contact time [23].The decrdashe removal of dye adsorbed after reachingrestamt value
(in some cases) may be due to the desorption podee increase in extent of removal of dye aftpagicular
contact time is less and hence it is fixed as th&mum contact time. The adsorbate species nornfafiys a
surface layer, which is only one molecule thiclgttis a monolayer on the surface of the adsorbent.
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Figure-2 Effect of contact time on the extent remaal of MG onto CAC and EGBC.

Kinetics of adsorption:
The kinetics of adsorption of MG by EGBC have betudied by applying various first order kinetic atians

proposed by Natarajan and Khalaf as cited by [24gergren as cited by [25] and Bhattacharya and
Venkobachar[26].

Natarajan and Khalaf equation :log@i/ C) =(k/2.303)t (6)
Lagergren’s equation log (Ge— @) = log - — [k/2.303] t )
Bhattacharya & Venkobachar equation : log[1-U (T) ] = — [k/2.303] t (8)

Where Gand G are the concentration of dye (in mg &r ppm), at time zero and at time t respectivalyand qare
the amount of dye adsorbed per unit mass of therbest (in mg @) and at time t respectively, U(T) =,(€G) /
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(G — Q), G is equilibrium dye concentration (in ppm) and kidg, are the first order adsorption rate constants (in
min®). The values of Log (C C), Log (& / g) and Log (1-U (T)) were correlated with time.

I ntra-Particle iffusion model

The adsorbate (MG) species are most probably toatespfrom the bulk of the solution to the solidagk through
intra-particle diffusion/transport process, whishoiften rate limiting step in many adsorption peses, especially
in a rapidly stirred batch reactor. The possibitifyintra-particle diffusion was explored by usitige following
equation [27].

q=k t*+C 9)

Where gis the amount of dye adsorbed (in mb gt time t; C is the intercept angik the intra- particle diffusion
rate constant (in mg-'gmin ). The values of gvere found to be linearly correlated with valués“p the k values
are calculated and given in table 3. The resuliicate the presence of intra- particle diffusiongass as rate
determining step. The values of intercept (C) giveidea about the boundary layer thickniess the larger the
intercept, the greater is the boundary layer eff2g}.

Table 3.Kinetics and dynamics of adsorption of MG k adsorption on CAC and EGBC at 30 £1°C.

Adsorbents
CAC | EGBC
Natarajan & Khalaf equation
Correlation Coefficient (r] 0.991  0.934
10°K (min™) 4.108 | 2.815
Lagergren equation
Correlation Coefficient (r] 0.975  0.947
10°K (min™) 5.213 | 47.774
Bhattacharya and Venkobachar equation
Correlation Coefficient (r] 0.972  0.943

Parameters

10°K (min™) 4,945 | 53.714
Intra Particle diffusion Model

Kp 0.943 | 2.613
Correlation Coefficient (r] 0.967  0.940
Intercept 86.341 52.218
Log (% removal) Vs log (time)

Slope 0.042| 0.205
Intercept 1.888| 1.586

Correlation Coefficient (] 0.963  0.954

Effect of adsorbent dosage:

Figure. 3 represents the effect of dose of therbdsd EGBC on the extent removal of MG and theviaaié data are
given in table 1. The relative extent of removaMi® (in terms of q) is found and 4glLfor EGBC, which fixed as
the optimum dose of adsorbent. The amount of dgerbegd was observed to vary exponentially in acoed with

a fractional power term of the dose of adsorbens&l' where n = fraction. The plots of log (dose) vs (66
removal) are found to be linearxrl1.0). This suggests that the adsorbed specidatésoay either block the access
to the internal pores or cause particles to aggeemad thereby resulting in decrease in the avéilabf active sites
for adsorption [29].

Effect of initial pH:

The effect of initial pH of the dye solution on thmount of dye adsorbed on EGBC was studied byingiipitial

pH of dye solution and keeping the other procesarpeaters as constant. The increase in initial pHhefdye
solution increased the amount of dye solution dubsahr This result is in harmony with the literatueports [30], the
final pH of the dye (MG) solution after adsorptiaras found be increases, due to adsorption of tkie farm of
dye molecule.
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Figure -3 Effect of dose for the removal of MG ontdCAC and EGBC.

Table 4 - Effect of initial pH for removal of MG by CAC and EGBC at 30 £1°C

S.No Init|i_|a| Percentage Removal (9 D)Amo(?nn;%?f)o bed

P CAC EGBC | CAC | EGBC

1 2.0 65.89 68.00 24.55 22.9
2 3.0 73.89 73.00 26.35 25.95
3 4.0 75.40 76.33 28.23 28.95
4 5.0 78.25 80.66 31.25 32.02
5 6.0 83.58 84.66 33.56 34.71
6 7.0 87.76 86.00 36.89 36.97
7 8.0 89.56 89.66 38.56 37.2%
8 9.0 92.26 92.00 41.23 39.56
9 10 94..36 93.83 42.89 41.98
10 11 97.28 96.00 46..3% 43.24[1

Effect of particle size:

The effect of particle size of the adsorbent onekient of removal of dyes on EGBC was studied urdastant
optimum experimental conditions by varying the jatetsize. The effect of particle size variationaof adsorbent on
the extent of removal of dye, indicates that thte cd dye uptake increase with the decrease incfgasize. This is
due to the increase in the availability of surfaocea of the adsorbent with the decrease in padizée[32].
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Figure-4 Effect of particle size for the removal oMG on EGBC

CONCLUSION

The conclusions derived from the present investigatre the percentage of removal of MG increaséth w
decrease in initial concentration of dye, part&ilee of EGBC and increases in contact time, dosasbrbent and
initial pH of the dye solution. Adsorption data gbd Frendlich and Langmuir adsorption isotherms fenst order
kinetic equations. The intra-particle diffusiondee of the rate determining steps, and prepared@EGd&ild be
employed as adsorbent for the removal of dye /rdolgeneral and Malachite Green (MG) in particular
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