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ABSTRACT

Activated carbon materials were prepared from abundantly available Ipomoea Carnea stem waste. A series of
carbon samples were prepared by subjecting the carbon material to various chemical processes. These materials
accumulate superior properties and good adsorption behaviours. The adsorption capacity of selected derived
carbon sample using Ipomoea Carnea stem waste prepared by Dolomite process was much greater than the
capacities of the other carbons prepared by various processes. The adsorption of Acid Red 2 (Acid dye) and Basic
Violet 10( Basic dye) on this dolomite treated activated carbon was investigated to assess the possible use of this
adsorbent for the processing of dyeing industry wastewater. The influence of various factors such as initial dye
concentration, agitation time and Particle size on the adsor ption capacity has been studied. The percentage removal
of dye is observed to decrease with the increase in initial dye concentration..The adsorption of dye also decreases
with increase in Particle size. Kinetic data have been studied using Pseudo-first order and Pseudo-second order
equations for understanding the reaction mechanism.
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INTRODUCTION

Many reports have appeared on the developmentvwotttist activated carbon adsorbents developed fitosapmer
and readily available materials [1].Nanoporous cartmaterial with large surface area, micro porcharacter and
chemical nature of their surface have made theranpiel adsorbents for removal of heavy dyes frodusgtrial
wastewater. The adsorptive properties of activatadbon for removal of pollutants are well docureenf2].
Adsorption of hazardous soluble chemicals from ewmater in to surface of a solid adsorbent has geslia new
dimension to wastewater technology [3]. One ofrttegor challenges associated with adsorption byaietd carbon
is its cost effectiveness. This has led many warkersearch for cheaper substitutes. Crab shellpdnut hull
pellets [5], Petiolar felt-seath of palm [6], catarch [7], soyabean hull and sugar beat fibrer[8§ husk [9], spent
grain [10], de-oiled soya [11]pomoea carnea stem [12],Leuceana leucocephala shell waste [13], turmeric waste
[14] and sawdust [15] are some new adsorbents,haiéwe been tried with varying success. Moreover affinity
of carbon surface towards solute molecules mustritenced in order to increase the extent of sadserption.
Comparison of size information available for comanr activated carbon pores and solute moleculesatural
waters suggest that some fractions of solute wilbble to access finer carbon pores [16]. In tlesqmt work, we
have prepared activated carbon from Ipomoea catesa waste which is used as an adsorbent for Reitl2 and
Basic Violet 10 removal and the adsorption capamitghosen adsorbent was regulated by many infingrfactors
such as Particle size, pH and initial dye conceiotma. The kinetic adsorption data obtained weneetated to
characterize the prepared carbon sample for therptitsn of Acid Red 2 and Basic Violet 10.
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MATERIALS AND METHODS

Preparation of Adsorbent

The raw stems of Ipomoea Carne&re cut into small pieces and dried in sunlightiluthe moisture was
evaporated. The dried materials were used for teegpation of activated carbons using physical ememical

activation methods. The stem waste material wagedewith dolomite for a period of 24 hours. Thea taterial
was placed in the muffle furnace carbonized at @00he dried materials were powdered and activetedmuffle

furnace kept at 800°C for a period of 60 minuteeractivation, the carbon obtained was washet vplenty of

water, dried and sieved to desired particle size .

Preparation of Adsorbate

The textile dyes Acid Red 2 and Basic Violet 10 avebtained as research grade chemicals and wedenit®ut
purification. The stock solutions of respectiveesiyvere prepared by dissolving 1 g of dye in 10Q0ofdouble
distilled water and used for further studies bytiiilg as concentrations required.

Batch adsorption studies

All reagents used were of AR —grade (E-merk). Ddfe concentrations of dye solution of Acid Redn2l ®8asic
Violet 10 were prepared with distilled water. 50 ofileach of this dye solution of known initial c@mtration (@)
and initial pH was taken in a 100 ml screw-cap cahilask with a required amount of adsorbent aad agitated at
a speed of 200 rpm in a temperature controlledribstatic shaker bath at%0 for a specified period of time. Then
the solution was filtered and the concentrationgly# in solutions were determined before and aftigorption
using Elico UV-visible spectrophotometer. The antaefrdye adsorbed and adsorption efficiency weteutated .

Determination of Acid Red 2 and Basic Violet 10
These dyes were estimated spectrophotometricédily.amount of dye adsorbed in mg/L at time ,t waspmaed by
using the following equation.

4 - C,-C, X\ 1)

m

S

where, @ and Gare the dye concentration in mg/L initially andgaten time t, respectively, V is the volume of the
dye solution in ml and gis the weight of the activated carbon. The peagamtof removed dyes in solution was
calculated using equation. (2)

% Removal :C(é:;cxloo ()
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Adsorption dynamics

The study of adsorption dynamics describes thesaiptake rate and evidently this rate controlsrés&dence time
of adsorbate uptake at the solid-solution interfathe kinetics of adsorption on the activated cartvas analyzed
using pseudo first order Lagergren, pseudo secoer kinetic models .The conformity between experital data
and the model predicted values was expressed bgathelation coefficients. A relatively high’Ralue indicates
that the model successfully describes the kinetick/e adsorption.

The pseudo first — order equation
The pseudo first — order Lagergren equation [kr7@jenerally expressed as follows.

dg, _
dt‘ =k,(q. - ) @)

where, g and gare the adsorption capacity at equilibrium antinae t, respectively (mg, k, is the rate constant
of pseudo first —order adsorption (Irff)n After integration and applying boundary condisct =0 to t = t andg 0
to g = g, the integration form of equation (3) becomes.

log(d.) —k; (4)

log(Qe — ) = — 2 -
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The value of log (g— q) were linearly correlated with t. The plot of I¢dg. — q) Vs t should give a linear
relationship from which kand g can be determined from the slope and intercefiteplot, respectively.

The pseudo second — order equation
The pseudo second — order adsorption kinetic igiateon [18] is expressed as

d
%: (0 — )’ )

where, k is the rate constant of pseudo second order aitsoiy. mg*. min?). For the boundary conditions t = 0
tot=tand ¢ 0to q=q, the integrated form of equation (5) becomes.

N S o
q e_qt q e

Which is the integrated rate law for pseudo secenarder reaction. Equation (6) can be rearrangedbtain
equation(7), which has a linear form.

t 1

1
+—(1)
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e
If the initial adsorption rate h (mg'gnin™) is

h =k 2q e2 (8)

Then, Equations. (7) And (8) become:

t 1 1

— === ©
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The plot of (t/¢) and t of equation (7) should give a linear relaship from which gand k can be determined from
the slope and intercept of the plot, respectively.

RESULTS AND DISCUSSION

Surface characters of activated carbon

The morphology of the surface of the prepared at#iy carbon sample was examined using Scanningrdiec
Micrographs. Ipomoea Carnea Activated Carbon (ICA& many pores, small cavities and rough aredsmiitro
poreswhich were clearly found on the surface. This shtives dolomitdreatment created welldeveloped pores with
uniform distribution on the surface of the precuysberefore leading to the activated carbon watigé surface area
and porous structure.The morphological study by SElthe above adsorbesihown in the Fig. 1 revealed that it is
highly porous in nature (Yoshida et al. 1993).

Figure. 1 SEM image of ipomea Carnea stem waste
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Figure. 2 Effect of Agitation time and initial dye concentration On Acid Red 2 Adsorption
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Figure 3 Effect of particle size Variation on Psedo Second Order Plot for Acid Red 2 Adsorption
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Figure 4 Effect of particle size Variation on Pseud First Order Plot for Basic Violet 10 Adsorption

121
Pelagia Research Library



|. Arockiaraj et al Der Chemica Sinica, 2014, 5(2):118-123

Effect of pH

The pH value of the solution being an importanttoaling parameter in adsorption is mainly influedcby two

factors: (i) Distribution of the dye ionized spexi@ the solution phase and (ii) Overall chargehef adsorbent.
Therefore the interaction between dye moleculethrdadsorbent is basically a combined result ofgd®gon the
dye molecules and the surface of the adsorbentadberption behaviour of the dye on the adsoraststudied
over a wide pH range of 2 -10. It is Observed thatpH significantly affects the extent of agtmm of dye over
the adsorbent and a reduction in the amount addadie with increasing pH was observed. The mamimaptake
of the Acid Red 2 and Basic Violet 10 was obseraedH 5.0 and pH 4.0 as well as a large decreaadsarption
capacity was observed as the pH was increased ahevpKa value of Acid dye and the reverse patieas

observed for Basic dye.

Effect of Agitation time and Initial dye Concentration

The uptake of Acid dye from water by activatedrbon increases when the agitation time was véroed 10 to 160
minutes and attains equilibrium at 160 minutes when the temperature was 30°C , pH 6.5, initiado@ntration
of the dye solutions used was 20 mg/L and theragsd dosage of 50mg and 240 minutes for Basic. A& the

initial dye concentration increases from 20 mg/l6@mg/L, the amount of dye removal also increddesincrease
in adsorption of dye with increase in agitation dirmay be attributed to the increased intra partitifusion

occurring at long shaking time (Fig. 2). A similasult was observed by Rao & Bhole [20] in the reahmf

chromium using fly ash and bagasse.

Effect of particle size on kinetic rate constant ad rate parameters

For this adsorption process, adsorption experimerte carried out with fixed initial dye concentoat (20mg/L)
and pH 6.5 with different particle size viz. 75018180-250 and 250-355 pm . The analysis of the maTable 1
and 2 reveals that the influence of particle siz¢h® adsorption of both the dyes have comparatiite effect on
the pseudo first order rate constants. The talaledl2 also reveals that the influence of the darsize on pseudo
second order(Fig.3) rate constant is appreciabis. dbvious that the adsorption of dye onto theoalent is best
described by pseudo second order rate equationregtiession coefficient value which is greater td#8.

Table 1. The adsorption kinetic model rate constas for Activated Carbon ICAC with different parti cle size

Pseudo Pseudo
first order Second order

Dye Particle size K k> h
my: R omg mog R

min min

75-180 ym  0.0191 0.9722 0.0024 1.1284 0.9983
AR 2 180-250um 0.0184 0.9751 0.0010 2.123 0.9896
250-355 um  0.0209 0.9511 0.0013 1.9827 0.9873

Table 2. The adsorption kinetic model rate constas for Activated Carbon ICAC with different particl e size

Pseudo Pseudo
first order Second order
Dye Particle size K k> h
Iminl’l R®  gmg'min"' mg g‘ll R?
min

75-180 ym  0.0110 0.9823 5.6195 2.7626  0.9929
BV 10 180-250 pm 0.0122 0.9653 0.0012 1.7989 0.9948
250-355 um  0.0170 0.9752 9.5300 2.2968 0.9917

CONCLUSION

In the present study, adsorption of Acid Red 2 Badic Violet 10 on activated Ipomoea carnea catias been
investigated. The data obtained through this wonppsrt that the Ipomoea carnearbon is an effective low cost
adsorbent for the removal of these dyes from aguesmlution. The dye adsorption is dependent oniritigl
concentration and agitation time. Equilibrium ofid&®ed 2 and Basic Violet 10 adsorption reacheksatminutes
and 240 minutes respectively.

The pseudo-second order equation provided a et dtription for the sorption of Acid Red 2 andsiBaViolet 10
onto Ipomoea carnea stem waste carbon, as it hiaer lmorrelation coefficient values than pseudstfiorder
equation. Therefore, pseudo-second order was amesidhe most appropriate due to high correlatosfficient
when compared to pseudo first order equation. Ts®ration of Acid Red 2 and Basic Violet 10 onpmioea
carnea stem waste carbon gave better results.
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