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Abstract: In the present study, sludge obtained from caustic industries was used as adsorbent for crystal
violet (CV) dye removal from aqueous solution. The effects of dye initial concentration, contact time,
adsorbent dosage and pH on CV adsorption onto sludge were investigated. Results showed that the
adsorption of CV was favourable at pH 6 whereas the adsorption uptake was found to increase with a
increase in initial concentration, contact time and adsorbent dosage. Experimental data were analyzed by
model equations such as Langmuir, Freundlich isotherms and it was observed that Langmuir isotherm

model was found to be best fitted in the adsor ption data.
Keywords:. Sludge, Crystal violet, pH, Adsorption isotherm.

Introduction

Aqueous effluents are well known as massive
industrial wastewater. The presence of very low
concentrations of these effluents are highly vesilaind
undesirable and potentially inhibiting photosyntee§ he
main pollution source of coloured effluents comesnt
textiles, leather, printing, laundry, tannery, rabbpainting,
etc., process€s Untreated disposal of this coloured water
into receiving water body causes damage to aqlitgiand
also severe damage to the human h€dlthRemoval of
colour from wastewater effluents is an importastiesfaced
by the textile dyeing industries. Various physiadiemical
and biological treatment techniques can be emplayed
remove dyes from wastewater. Many synthetic dyesato
easily decompose in biological treatments due éir ttoxic
effects on micro organisms, adsorption is suitalneler
field condition due to the flexibility, easy opdoat and
no/lesser sludge disposal problems, high efficiemog for
treating a large volume of effluent especially @moving
dyes from dilute solutiofs'. It is considered to be a
potential technique for the treatment of wastewatad
reclamation of water containing dyes. Activatedbcaus
with large surface area have shown high adsorption
capacities for many adsorbates containing dyesthayt are
mainly composed of less than 2nm and thus areffeattize
for large sized synthetic dyes. Furthermore, thmroercial
activated carbon has also disadvantages such aghizg,
and high cost of regeneration. Activated carborogaton
has been limited greatt§*®. Hence, alternative low-cost,
novel, locally available adsorbents are currentigdifor the
removal of textile dye effluents from aqueous sohs,
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instead of activated carbon. For instance, nattlegls such

as sepiolitt  zeolitd"**"  montmorillonité®*”! and
bentonit&*2% can be used in these aspects. In this study,
sludge is used as adsorbent to remove the cryisiat dye.
Crystal violet was used a model compound of wabaride
aromatic dyes to investigate the sorption equaibointo
sludge.

Material and Methods

A commercial dye Crystal violet, as monovalent
cationic dye (analytical reagent-grade), was pwetidrom
Merck Ltd. The chemical structure of Crystal violest
illustrated in Figure 1. All the reagents used were
analytical-reagent grade. Doubly distilled wateredisto
prepare all the solutions.
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Figure 1. Chemical structure of Crystal violet
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Adsor ption equilibrium experiments

For equilibrium studies, the batch technique was
used because of its simplicity. Solutions of 5,5®0 and
25 mg/L crystal violet, as the initial concentratiovere
treated with known amount of adsorbent. The mixdwere
agitated on shaker incubator continuously for 186, ras
the equilibrium time, at 2&. After 180 min, the suspension
was centrifuged at 4000 rpm and the filtrates veeralysed
for residual crystal violet concentration by UVibie
spectrophotometer. The amount of crystal violdake by
sludge in each flask was calculated using the rhakmce
equation.

Results and discussion
Effect of contact time and
concentration

The effect of initial dye concentration and contact
time on the adsorption rate of crystal violet ostodge is
shown in Figure 2. As shown, when the initial CVedy
concentration is increased from 5 to 25 mg/L th@amh of
CV dye adsorbed per unit weight of the sludge (gjg/at
equilibrium conditions and the constant temperatase
25°C, increased from 18.8235 to 24.3902 (25 mg/l).
Therefore, the adsorption percentage decreases ttend
extent of adsorption increase with increasing ahitiye
concentration. This is obvious from the fact thad tnitial
CV concentration provides an important driving forto
overcome all of mass transfer resistance. Furthermohe
increase of loading capacity of sludge with inchegsnitial
CV concentration may be due to higher interactietwieen
CV dye and adsorbent. For constant dosage of aglsprat
higher initial concentrations, the available adsorp sites
of adsorbent became fewer and hence the removaNof
dye depends upon the initial concentration. Theorerhof
dye by adsorption onto sludge was found to be rapithe
initial period of contact time, and then to becostev with
the increase of contact time. Fast diffusion ohw éxternal
surface was followed by fast pore diffusion intoe th
intraparticle matrix to attain rapid equilibrium.
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Figure 2: Effect of contact time on removal of crystal
violet dye using sludge

Effect of pH
The pH of the dye solution plays an important role

in the whole adsorption process. As shown in Figdir&a
consistent increase in adsorption capacity of thége was
noticed as the pH increased from 2 - 6, wheredlsdrrange

2 - 10, after 6 the adsorption amount was onlyhslyg
affected by pH. As pH of the system decreasedntimber

of negatively charged adsorbent sites decreasethand
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number of positively charged surface sites increéasdich
did not favour the adsorption of positively chargdge
cations due to electrostatic repulsion. In addijtitmwer
adsorption of crystal violet at acidic pH might dhee to the
presence of excess hbns competing with dye cations for
the available adsorption sites.
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Figure 3: Effect of pH on removal of crystal violet dye
using sludge

Effect of adsorbent dose

In order to study the effect of adsorbent mass on
the adsorption of crystal violet, a series of agson
experiments was carried out with different adsotben
dosages at initial dye concentration of 25 mg/lguFé 4
shows the effect of adsorbent dose on the remdwalystal
violet. Along with the increase of adsorbent dostigen 50
- 300 mg/L, the percentage of dye adsorbed inctease
Above 300 mg/L of adsorbent dose, the adsorption
equilibria of dyes were reached and the removabsabf
dyes kept almost invariable.
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Figure 4. Effect of adsorbent dose on removal of crystal
violet dye using sludge

Freundlich I sotherms

Freundlich isotherm is log ge=log Kf+1/n log Ce
Where ge is the amount of dye adsorbed per unihweif
adsorbent (mg/g), Kf is the measure of sorptioracép and
I/n is sorption intensity; Ce is equilibrium conterion of
residual dye in solution. Figure 5 shows the Frdiahd
adsorption isotherms for sludge. The straight tiature of
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the plots indicates that the process followed wds o
Freundlich adsorption type.
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Figure5: Fruendlich plot on removal of crystal violet
dyeusing dudge

Langmuir isotherm

It is represented experimentally by the expression.
P/(x/im) =1/(KK>) +P/K,
where K and K are proportionality constants, P-initial
concentration (Ceq), m amount of dye adsorbed at
equilibrium (mg/g), ge. A plot of Ce/qersus Ce will give
a straight line. The slope of this is 3/End intercept on the
y-axis will give 1/KK,. Figure 6 indicates adsorption of
dye on sludges best fit with Langmuir model and so we
infer that it followed Langmuir adsorption isotherm
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Figure 6: Langmuir plot on removal of crystal violet dye
using sludge

L agergren kinetics

Lagergren also proposed kinetics for
adsorption. According to him, if a plot of time minutes
versus log10 (ge—q) gives a straight line and it follovhe t
first order kinetics. If a plot of time in minutegrsus t/q
gives a straight line and it follows the pseudoosecorder
kinetics. Where,
ge—Maximumx/mvalue at maximum time
g —minimumx/m value at minimum time
x—amount of dye adsorbed
m—Mass of the adsorbent
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Figure 7. Pseudo second order plot on removal of crystal
violet dye using sludge
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Figure 7 indicated adsorption of dye on sludgere the
straight line, so it followed the pseudo secondeord

Instrumental analysis

a. Fourier transform infrared analysis

Fourier transform infrared (FTIR) spectroscopy
was used to determine the vibration frequency chsrig
the functional groups of chlor-alkali waste. Theecpa of
the sludge were measured within the wave numbeyera
400 - 4000 cl. As can be inferred from figure 8 a and b
the adsorption frequencies were shifted to highavewn
numbers with the adsorption of dyes on sludgemAitese
findings it is presumed that the dyes were inccajemt
within the adsorbent through interaction with thetivae
functional groups.
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Figure8.a FTIR spectrum of dudge
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Figure 8.b FTIR spectrum of sludge after adsor ption CV
dye

b. Scanning Electron Microscope analysis (SEM)

The surface morphology of sludge was examined
using scanning electron microscopy (SEM), and th
corresponding SEM micrographs obtained, beforeadted
adsorption of dyes, at an accelerating voltagé5okV
(Hitachi SE 900) at 5000x magnification are giveffigures
9 a and b. At such magnification, sludge particisowed
rough areas of surface within which micro povesre
clearly identifiable. Comparison of these miceggrs
showed that the adsorption of dyes occurmed the
surface of the sludge.
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Figure9.b SEM: micrograph of sudge after adsor ption
of CV dye

c. X-Ray Difraction analysis (XRD)

The Xray Diffraction studies of the sludge were
carried out using Rigaku Corporation, Japan, X-ray
Diffractometer 40KV / 30mA, Model D/Max ULTIMA III.
The diffraction patterns obtained, before and after
adsorption, are shown in figures 10 a and b. kvglent
from the figures that there is no appreciable cbaimgthe
spectra of adsorbent after adsorption. This magugeto the
fact that adsorption does not alter the chemicalreaof the
surface of the adsorbent. That is, the adsorptioeet in the
present case are of physical in nature. The XRBepabf
the adsorbent, before and after adsorption, suppie
adsorption process.
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Figure 10.a: XRD pattern of sludge
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Figure 10.b: XRD pattern of dudge after adsorption of
CV dye

Conclusion

In this study adsorption of crystal violet dye from
aqueous solution was investigated using sludge cambe
from caustic industries as an adsorbent. The wesdicated
that adsorption capacity of the adsorbent was densbly
affected by initial pH, contact time, and adsorbéosage.
The result also indicated that the uptake of ctygialet
took place at a pH range of 2-6. Then the adsarptib
crystal violet decreased with increasing pH. Eguilim
data fitted well in a Langmuir isotherm equatioonfirming
the monolayer sorption capacity of crystal violetmsludge
with a monolayer sorption capacity of 24.3902 mg¢25
mg/L).
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