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ABSTRACT

Adsorption of crystal violet (CV) in aqueous solution on commercial activated carbon (CAC) and activated carbon
obtained from Syzygium cumini seed (SCSC) have been studied comparatively. The effect of various experimental
parameters has been investigated using a batch adsorption technique to obtain information on treating effluents
from the dye industry. The extent of dye removal increased with decrease in the initial concentration of the dye and
increased with increase in contact time, amount of adsorbent used and the initial pH of the dye solution. Adsor ption
data were modeled using the Freundlich and Langmuir adsorption isotherms and first order kinetic equations. The
kinetics of adsorption was found to be first order with regard to intra-particle diffusion as rate determining step.
The adsorption capacities of dyes have been compared. The results indicate that Syzygium cumini seed carbon can
be used in wastewater treatment for the removal of colors and dyes.

Key Words: Crystal Violet (CV), commercial activated carbonA), Syzygium cumini seed carbon (SCSC),
adsorption isotherms, Kinetics of adsorption, ipédicle diffusion.

INTRODUCTION

Many industries, such as dyestuffs, textile, paguedt plastics, use dyes in order to color their petel and also
consume substantial volumes of water. As a resoloy is the first contaminant to be recognizedvaste water [1].
It's not only aesthetically displeasing but alsadsr light penetration and may in consequence rthighiological

process in water — bodies. More over, dyes itgeltaxic to some organisms and hence disturb tbsystem [2]. In
addition, the expand uses of dyes have shown ¢ma¢ ©f them and their reaction products such amatio amines
are highly carcinogenic which make the removalyasibefore disposal of the wastewater is nece§3hry

Most of the dyes are stable to photo degradatiiordegradation and oxidizing agents [4]. Some [daysor

chemical processes are used to treatment of wastewvilowever, these processes are costly and taffactively
be used to treat the wide range of dyes wastewBielogical treatment process is reported to béieffit in the
removal of suspended solids and reduction of chalnoikygen demand but is largely ineffective in reing color
from wastewater [5]. Hence investigations have bemmducted on physicochemical methods of removisigrc
from textile effluent. These studies include thee usf coagulants [6], oxidizing agents, ultra filioa,

electrochemical [7], surfactant [8], electrodiatyf®] and adsorption techniques [10]. Among sevehaimical and
physical methods, the adsorption onto activatedbararhas been found to be superior to other tecksidar
removal of dyes from aqueous in terms of methodgldig capacity for efficiently adsorbing a broamhge of
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different types of adsorbate and simplicity of desbf adsorbent [11]. Commercial activated carb®musually
derived from natural materials such as wood or eodl therefore is still considered expensive [TI2js has led to
the search for cheaper substitutes. Hence, low-aoSvated carbons based on agricultural solid egsire
investigated for a long time. Agricultural by pratsl and waste materials used for the productioactizated
carbons include plum kernels [13], cassava ped| Hagasse [15], jute fiber [16], palm tree cobg][lolive stones
[18,19], date pits [20], nutshells [21] saw dus?][2vheat shells [23] and hen feathers [24]. Rdgeneveral solid
materials have been recently used for the adsormticdbasic dyes [25-29]. In the present study,vatéid carbon
obtained fronByzygium cumini seed carbon (SCSC) is used for the removal of @lrysblet (CV).

EXPERIMENTAL SECTION

ESICO Microprocessor Photocolorimeter (model ndl2)3vas used for all absorbance measurements CoB&at
nm (\may. The optical density values are calculated beéoré after adsorption experiment. A calibratedtdigiH
meter was used for pH measurements. The commexciimiated carbon (CAC) was supplied by E.Merck,idnd
Raw materials for the preparation of SCSC, wereymed locally, washed, cut into small pieces aneddThe raw
materials were then carbonized (at 300 °C) acatéctand washed.

The materials were finally sieved to discrete p#tsizes (90,120,150,210 and 250 microns). Theytan dried at
120 °C for 5 hours in an air oven. Crystal Violapplied by BDH was used as an adsorbate. All othemicals
used in this study were reagent grade and suppyi®@DH (India). Double distilled water was used foeparing all
the solutions and reagents.

A stock solution of Crystal violet (1000 mg™)L was prepared and suitably diluted to the requiirgtal
concentrations. Adsorption experiments were caroigidof 200 RPM agitation speed (mechanical shakeolab,
India) at room temperature (30 + 1°C) under batadden[30] as per the experimental conditions detaifethe
given Table 1.

The percentage removal of dye and amount adsorbgdjt) were calculated using the following relationships

Percentage removal = 100 (G CG)/C Q)
Amount adsorbed (@) = (G-C)/m (2)

Where Gand G are the initial and final equilibrium concentratiin mg L) of dye, respectively and m is the mass
of adsorbent (in g £). The error in the adsorption data are +1-2% énaval and +0.0025-0.005 mg for amount
adsorbed. The standard curve is drawn optical tleagainst concentration, the straight line is otetd. From this
line, we calculated the concentration of dye solutiefore and after adsorption experiment.

Table 1. Experimental conditions for the series addsorption experiments for the removal of CrystaViolet

Initial Contact Dose of Initial Particle
Variation Concentration time adsorbent pH size
(mg/L) (min) (g/L)
Initial
concentration
CAC 275-400 30 2 6.2 90
SCSC 10-25 30 2 6.2 90
Contact time
CAC 275 5-60 2 6.2 90
SCSC 10 5-60 2 6.2 90
Adsorbent
dCOAsg 275 30 1.4-2.6 6.2 90
scsc 10 30 1.4-2.6 6.2 90
Initial pH 3.0-
CAC 275 30 2 1'1‘9 90
SCSC 10 30 2 28.9.1 90
Particle size
SCSC 10 30 2 6.2 90-250
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RESULTS AND DISCUSSION

In all, five different sets of adsorption experirteerwere carried out by varying the following expegintal
parameters with other parameters kept constarie(igb

(i) initial concentration of Crystal Violet
(i) contact / agitation time

(iii) dose of adsorbent (CAC/SCSC)

(iv) initial pH of the dye solution

(v) particle size of SCSC

Effect of Initial Concentration
The studies on the removal of Crystal Violet by CA®& SCSC were carried out at different initial aamtration of
dye from 275 to 400 ppm (CAC) and 10 to 30 ppm(8CSC) and the other parameters are constant.

The percentage removal decreases with the incheal@ concentration (figure 1). This indicateattthere exists a
reduction in immediate solute adsorption, owinghe lack of available active sites required for ttigh initial
concentration of dye (CV). The relative increasethia percentage removal of Crystal Violet beldw tye
concentration of 275 ppm for CAC and 10 ppm for 8C&d hence, they are fixed as the optimum initial
concentrations for further adsorption experime8igilar results have been reported in literaturetten extent of
removal of dyes [31-33] and metal ions [34].

Adsorption isotherm:

The study of adsorption isotherm has been of ingmbrand significant in the waste water treatmenadsorption
technique as they provide an approximate estimaiiothe adsorption capacity of the adsorbent (TdQleThe
equilibrium data for the removal of dye on CAC at81°C were used in the Langmuir and Freundlich isotlserm

Freundlich isotherm log ¢ = log K¢ + (1/n) log ¢ ------------------=------ 3)
Langmuir isotherm CJqe. = (1/Q.b) + (Ce/ Qo) 4)

The data obtained from the adsorption experimeept® fitted into Langmuir and Freundlich isotherraspectively

by plotting &/ge and log (x/m) againstd{and log G. They are found to be linear, indicating the fotioraof mono
layer of adsorbate on the outer surface of adsodrehafter that no further adsorption takes pléigare 2 and 3).
The monolayer adsorption capacities of the adsasb@rased on Qvalues) are found to be the order of SCSC <
CAC. Further, the essential characteristics oflthegmuir isotherms can be described by a separédidor (R).
The values of separation factor_ jRndicates the shape of the isotherm and natutieeofdsorption process as given
here,

RL values Nature of the adsorption process
R >1 is Unfavorable,

R =1 is Linear

0<R >1 is Favorable and

R =0 Irreversible.

Table 2. Results and correlation analysis for thadsorption isotherm for the removal of Crystal Videt dye by CAC and

SCSC
Parameters Adsorbents
CAC SCSC
Freundlich isotherm
Slope (1/n) 0.2087 1.0
Intercept (log K) 0.77 0.11

Correlation Coefficient (r)) 0.922 | 0.9915
Langmuir isotherm

Slope (1/Q) 0.0025 | 0.0048
Intercept (1/@b) 0.0022| 0.096
Correlation Coefficient (r)) 0.98 | 0.8641
Qu(mg gY) 400 210

b(gL™) 1.1364 | 0.0496
R 0.003: | 0.668<
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In the present study, the values are found to lteamange of 0-1, indicating that the adsorptioycpss is favorable
for the adsorbent [35]. The data were given in &&bl

Effect of contact time

In these experiments, initial concentration of Cyedbn CAC and SCSC were 275and 10 ppm respectiVély.
effect of contact time (5, 10, 15, 20 .... 60 min)swavestigated at 100 mg / 50 ml sample dosage.ektent of
removal of dye by CAC and SCSC was found to in@eesached a maximum value with increase in coriaet
The contact time at which the maximum percentageowal of dye occurs is fixed as the contact timgufe 4).
The following kinetic equations were used for thas@ption of dye under the condition of first ordenetics
(figure 5, 6 and 7).

Natarajan and khalaf equation © Log (G/ C) = (Kag/ 2.303) t -=---mmnmmmm- (5)
Lagergren equation . Log (g— ) = log ¢ — (kg / 2.303) t - (6)
Bhattacharya-Venkobacher equation : Log (1-U(T)) {kag/2.303) t ---  ----- @)

Where G and G are the concentration of dye (in md,Lat time zero and at time t respectively,angd qare the
amount of dye adsorbed per unit mass of the adsoftrem g') at equilibrium time and time t respectively : Y(T
(G- G) /(G- C), Gis equilibrium dye concentration (in mg‘Land kg are the first order rate constants (in min
Y. The values of log (@ C), log (a./ ¢) and log (1-U(T)) were correlated with time.

Intra — particle diffusion study
The possibility of intra — particle diffusion wasptored by using the intra-particle diffusion moges].

Where gis the amount of dye adsorbed at time t; ¢ isntercept and kis the intra-particle diffusion rate constant
(in mg g* min ™). The values of gqwere found to be linearly correlated by using efation analysis. The
applicability of this model indicates the presentatra-particle diffusion process (figure 8 and 9

Effect of adsorbent dosage

The dose of 70, 80, 90, 100, 110, 120 and 130 nd®iml was used keeping other factors as constéetektent of
removal of dye was found increase; reach an eqiuuifibvalue with increase in dosage of adsorbent [3%is due
to the increased availability of active adsorptites (figure 10).

Effect of pH

Initial p™ of solution was adjusted to 2, 3, 4, 5, 6, 7, 81®@ and 11 at optimum condition of dye concerurgti
adsorbent dosage and contract time. The incregséinéreases the amount of dye adsorbed (figureli.dgpends
upon the nature of surface functional group ofatisorbent and the nature of the dye.

Table 3. Kinetics and dynamics of adsorption of Crgtal Violet by adsorption on CAC and SCSC

Parameters Adsorbent
CAC | sCsC
Natarajan and Khalaf equation 0.900 | 0.9672

Correlation coefficient (r)

K (min™)

Lagergren equation

Correlation coefficient (r)

K (min™)

Bhattacharya and Venkobacher equation
Correlation coefficient (r)

0.2568 | 0.1478

0.989 | 0.9545
0.3239| 0.1971

- 0.988 | 0.9554
K (min™)
Intra-particle diffusion model 0.3233| 0.8565
Kp
. - 0.6705| 0.0558
ﬁ](t);il(?“ton coefficient (r) 0.919 | 0.9664
-€p 268.65| 8.89
Log time Vs log percentage removal
ﬁ]'toe?‘ée " 0.0038 | 0.0225
Correla?ion coefficient 1.992| 1.945
0.972 | 0.9425
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Effect of Particle Size

The effect of particle size of the adsorbent onakent of removal of dyes by SCSC was studied undastant
optimum experimental conditions of initial concextion of dye, contact time and dose of the adsdrbgivarying
the particle size (90, 125, 150, 210 and 250 mgyaofi the adsorbent. The effect of particle sizaddorbent on the
extent of removal of dyes indicates that the réditedye uptake increases with the decrease in paricke (figure 12).
This is due to the increase in the availabilitysofface area of the adsorbent with the decregsartitle size [38].

Figure 1: Effect of initial concentration
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Figure 3: Effect of concentration variation:

Freundlich adsoerption isotherm
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Figure 5: Effect of Contact Time Variation:

Natarajan and Khalaf equation
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Figure 6: Effect of Contact Time Variation:
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Figure T: Effect of contact time variation

Venkobachar-Bhattacharva equation
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Figure 8: Effect of Contact Time Variation:

Log (Time) Vs Log (Percentage of Removal

log percentage removal

logt

2077



M. Meenakshi Sundaramet al

J. Chem. Pharm. Res., 2012, 4(4):2070-2080

Figure 9: Effect of Contact Time Variation: Intra-Particle Diffusion model
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Figure 11: Effect of pHvariation
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CONCLUSION

The removal of dye CV by adsorption process on S@S@n adsorbent was found to decrease with irereas
initial concentration of dye, increase with increas contact time, and increase with increase seduf adsorbent

and increase with increase ifi. The present study concludes that SCSC can beassadbetter adsorbent for the
effective removal of dyes from water and waste wate
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