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ABSTRACT

Aniline is a toxic chemical compound and one of the common pollutants found in the effluents from the
pharmaceutical, pesticide, dyestuff, petrochemicals and agrochemical industries. The aim of this study was to
investigate the sorption of aniline using Aloe Vera wastes-based activated carbon (AV-AC) from water. In this batch
study, the effects of various factors including contact time, pH, adsorbent dosage and initial aniline concentrations
were surveyed on the aniline sorption. The results illustrated that the optimum pH and contact time for the removal
of aniline by AV-AC was obtained at 3 and 60 min, respectively. The decrease of pH had a significant influence on
the increasing aniline adsorption. Fitting the experimental data to various kinetics and isotherms models showed
that the experimental data were better descripted by pseudo-second order and Freundlich models, respectively.
Because of low-cost, eco-friendly, non-toxicity and high sorption capacity, this sorbent can be used as a very
effective option to removal of aniline from aqueous media.
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INTRODUCTION

Water pollution due to industrialization, urbanieatand increasing of population is one of the intgat problems
in the world especially in developing countriesZ].,Aniline is an important chemical compound, gfhhas widely
use in the production of pesticides, dyestuffsprib, plastics and paints [3, 4]. It is toxic, damgys and persistent
to biological and chemical degradation and its g@mes in water environment even in very low congditns can
be harmful to human as well as aquatic life [5]ilée is an oily and colorless liquid. This chenlicampound has
a highly acrid poison, unpleasant odor of rotteh find has a burning taste [6-8]. Different treatinmeethods such
as photocatalysis, biodegradation, advanced opidatnd adsorption are commonly used to removenanitiom
wastewaters. Among these technologies, adsorptioceps has been proven to be effective in sepgratiwide
variety of organic pollutants from aqueous media9B This method is one of the best treatmentrizgédtives of
pollutants such as aniline from water and wastewdiecause it is possible to recover of the adsurlaad
adsorbate [4, 10]. Adsorption on the surface oivattd carbon because of simple operation and bagption
capacity is the most commonly used for eliminatdrioxic pollutants, but it is expensive and hasddcovery [2,
11, 12]. Therefore, studies on the production éfvated carbon from agricultural wastes becaus¢satheap, non-
toxicity and eco-friendly characteristics have gaimotice worldwide [13]. In addition to activatedrbon, use of
some adsorbents such as lignin multi-walled camemotubes [5], graphitic carbon nitride [14], psavdust [4],
Cr-bentonite [15], grafted acrylic acid [8], Sploadi carbon [7] have been reported for the sorpdibaniline from
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aqueous solution. The Aloe Vera is a plant thatumgrain the warm tropical areas such as India, Uni¢ate,
Mexico, Australia, Africa, South America and Irafihe Aloe Vera wastes are by-products of the agricail
industries that are used in the manufacture ofex lsubstance and drugs [16]. In this study, Aleeaivastes were
used as a low-cost adsorbent to manufacture ofsdet carbon for the removal of aniline from wafére influence
of parameters such as contact time, pH, adsorlesatgg and initial concentrations of aniline weraleated on the
sorption.

MATERIALS AND METHODS

2.1. Materials

The Aloe Vera wastes used in this study were cmtbérom suburban farms of Ahvaz and Dezfull, IrAniline

(with purity greater than 99.5%),,80,, NaOH were purchased from Merck Co (Germany). $tnecture and
general characteristics of aniline are presentélthlsle 1. The solution pH was adjusted by addidig\NOH,SO, and
NaOH via a pH meter (50-pp-sartorious model). Alttee other chemical used in this study were of\aital pure
grade. The stock solution 1 g/L (1000 mg/L) of esxeilwas prepared in distilled water and the worlsotutions
were made by dilution of the stock solution. Anitabshaker (Behdad-Rotomix Model) at 200 rpm wasdufor
mixing the solution.

Table 1. General characteristics of the aniline

Characteristic Aniline
Structure

< >—NH2
Scientific nam Aminohenzen
Chemical formul C:H:NH-
Moaolecular weiaht (a/mao | 93 17
Calor tvne Calorlest
Annearanc Liauid
A (nm) 26(

2.2. Characterization and analysis

Elemental analysis of samples Aloe Vera wastesebastivated carbon (AV-AC) was conducted using aakles
Elemental Analyzer (Jobin-Yvon Ultima ICP-AES). Tharface morphology of the activated carbon beford
after the aniline sorption was characterized bgansing electron microscope (SEM, Jeol Model Jsi88).3The
concentration of aniline in the solution was meaduasit wavelength of maximum absorption (260 nmpabyJV-
Vis spectrophotometer (PG Instrument Limited Model)

2.3. Preparation of adsorbent

Aloe Vera wastes were thoroughly washed with deediwater to remove the impurities and dried iroaen at
150 °C for 24 h. Then, the dried wastes were cridtyea Thomas-Wiley laboratory mill and sieved.tiel sizes
in the range of 300-600 um were carbonized in adoe at 550 °C for 20 min and activated carbon agsn
crushed and sieved (mesh no=40) for the adsorptipariments.

2.4. Batch adsorption experiments
The batch adsorption experiments were carried@determine the effect of parameters such as cotitae (0-90
min), pH (3-11), adsorbent dosage (1-5 g/L) antiahaniline concentrations (20-100 mg/L) on thepsion of
aniline by AV-AC from agueous solutions. The expernts conditions and runs in this study are preskint Table
2. All of the adsorption experiments were condu@etbom temperature (25 °C). The solutions weitategl (200
rpm) with 100 mL aniline solution in a 250 ml Erteayer flask. After agitation, the suspensions vittered and
the concentrations of aniline in clear solutiongevmeasured. The experiments were done in dupdicatd the
mean values were considered. The sorption capafcAY-AC was calculated by Eq. (1):

_ (CO B Ce)v 1
Qe =——— €))
Where; q is the adsorption capacity of adsorbent (mg/g),a@d G are the initial and equilibrium adsorbate
concentration (mg/L), V is the volume of the sadat(L) and m is the mass of adsorbent (g) [17].
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Table 2. The experiments conditions and runs in tisi study

Expriment Run Aniline Conc. (mg/L) | Adsorbent Dose ¢/L) | pH | Contact Time (min) | Temp (°C)
Effect of contact time 50 2 4 0-90 25
Effect of solution pH 50 2 3-11 60 25
Effect of sorbent dose 50 1-5 3 60 25
Effect of aniline conc 20-100 1 3 60 25

RESULTS AND DISCUSSION

3.1. Characterizations of sorbent

Chemical compositions of AV-AC were determined dhe results showed that C, O, Ca, K and Mg constitu
92.7% of the total weight (wt. %). Other minor cayupds were included Na (5.92%) and Cl (1.35%). Fita) and

(b) illustrates the surface morphology of sorbesfobe and after the sorption of aniline. As seeRiq 1 (a), before
the sorption, the surface morphology of activatatbon has uneven cavities and fine open poresestutface of

the adsorbent that is clearly identifiable. A higlegular structure for the activated carbon cansben after
adsorption of aniline in Fig. 1 (b). Many orderlgdadeveloped pores can be seen in this figure, wkimws a

smoother surface due to the sorption of anilin® éin¢ surface of activated carbon.

3.2. Effect of contact time

The adsorption data versus contact time for thakgof aniline from aqueous solution by AV-AC andicated in
Fig. 1 (a). The equilibrium reached at contact twh@bout 60 min (g5.93 mg/g) and then gradually reached to a
fixed state during the remaining time up to 90 nmks. seen, a fast initial adsorption was occurreddoiline
molecules at the beginning the process. The fastkapof the aniline molecules at the beginninghef adsorption
time can be due to the availability of large nunsbafrthe vacant sites of the adsorbent surfacke@dsorbate and
with increasing contact time these vacant siteswaturated by aniline. Therefore, the contact @0 min was
selected for the subsequent experiments. Lin ef2@ll1) reported that the equilibrium time for therption of
aniline by lignin grafted acrylic acid was obtain@d60 min [8]. Al-Johani et el. (2011) demonstrhtbat aniline
sorption using multi-walled carbon nanotubes fraqueous solution reached to a equilibrium stateoatact time
of 3 h [5].

3.2.1. Kinetics study

Kinetic models are useful for describe the adsorptinechanism of aniline onto the adsorbent. In #higly,
experimental data of the aniline sorption were(itby pseudo-first order and pseudo-second ordeti&imodels to
attain the better understand of the adsorptionga®icThe pseudo-first order kinetic model [18-20] be expressed

by Eq. (2):

1n(qe - qt) =Inqge — kgt 2)

Where; ¢ and q (mg/g) are the amounts of aniline adsorbed onteA&Y at the equilibrium and at any time t,
respectively. K (1/min) is the rate constant of the pseudo-firsieo kinetic. K and gare obtained from linear plot

of Ing. — g, against time (min), which were determined from #hepe and intercept of the linearized curve,
respectively [20].

The experiment data were also analyzed by pseumtmdeorder kinetic. This adsorption kinetic modah de
illustrated by the following equation:
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t 1 t

4 3)
q ka2  qe

Where; ¢ and g are similar to the pseudo-first order kinetic paeters. Also, K (g/mg. min) is the rate constant of
the pseudo-second order kinetic, End @ can be determined from the intercept and slopéjaft versus t,

respectively [21]. Fig. 2 (b) shows pseudo-secorgkiokinetic model for the sorption of aniline fromqueous
solutions by AV-AC. In addition, Table 3 also shothe parameters of pseudo-first order and pseudorseorder
kinetic models for the sorption of aniline. The lhég liner correlation coefficient (R 0.98) of the pseudo-second
order kinetic demonstrated that this kinetic mdittd the sorption data better than other kinetimdel. Lin et al.
(2011) reported that the sorption of aniline by-&4 from polluted water was excellently obeyed I tpseudo-
second-order model [8].

y=0.1351x+2.4314
R?=0.9866

0 T T T T Y 0 T T T T 1

0 20 40 60 _ 80 100 0 20 40 60 80 100
contact time (min) t (min)

Figure 2. (a) The effect of contact time on the sption capacity of aniline (sorbent dosage=2 g/L, diine concentration=50 mg/L at pH=4)
and (b) pseudo-second order kinetic model.

Table 3. Parameters of pseudo-first order and psewdsecond order models.

Pseudo-first order Pseudo-second order
Adsorbate Cle, experimental Kl R2 qe, experimental KZ Rz
(mglg) __(Wmin) (mg/g) _(gimgh) Tecaevaea(m9/0)
Aniline 2.12 0.016 0.72 5.93 0.021 7.40 0.98

3.3. Effects of solution pH and adsorbent dosage

The pH has a determine influence on the ionizatiiisgociation and surface properties of adsorli?jt [The effect
of different ranges of pH on the sorption of arliis illustrated in Fig. 3 (a). As it can be obsetyvan increasing
solution pH had a significant decreasing effectniine adsorption by AV-AC. This result may be daehange in
surface charge of aniline molecules and functigmalips of the sorbent. At the acidic pH, the fumdl groups of
sorbent became protonated. These groups are mezanboxylic groupd—CQ — OHS}, phenolic (—OH;} and
chromenic group, which the surface charge of AV-B&omes more positive charge at pH 3 and they eekan
more electrostatic attraction between sorbent aiiltha. The isoelectric point of the activated aamtfrom natural
sorbent was found to pH of 11.3. At the lower pHtlu§ point, there were positive charges onto tiigsoebent,
which it will promote reaction with aniline. Thefe€ts of different dosage of AV-AC were investighta an initial
concentration of 50 mg/L at the room temperaturé #e results are presented in Fig. 2 (b). As aleskrwith
increasing the adsorbent dosage from 1 g/L upgf5the adsorption capacity was reduced. Decrzadee uptake
capacity of aniline in higher dosage of activatatbon may be due to the unavailability of pollutamdlecules that
cannot cover all the active sites on the adsorberffce. In other words, a large number of theasearfictive sites of
the adsorbent cannot reach to saturation statglatdosages of AV-AC. Therefore, dose of 1 g/LIa# adsorbent
was selected as the optimum dosage for the nepgsta
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Figure 3. (a) The effect of pH on the sorption capaty of aniline (contact time=60 min, adsorbent dasge=2 g/L and aniline
concentration=50 mg/L) and (b) effect of the adsornt dosage on the sorption capacity of aniline (cterct time=60 min, aniline
concentration=50 mg/L and pH=3).

3.4. Effect of aniline concentration

The influence of initial concentrations of anilimeas investigated on the adsorption capacity of AQ-and the
results are illustrated in Fig. 4 (a). It can bersthat the adsorption capacity of the adsorbestrapidly increased
from 7.5 mg/g to 64.3 mg/g with increasing anilc@ncentration from 20 mg/L to 100 mg/L in the smlnt This
can be resulted from the increase in driving fataniline molecules (including van der Waals's&rto the active
sites of the adsorbent, which this state providddgher concentrations of the adsorbate [21].

3.4.1. Isotherm study

Isotherm models can provide information about thietogeneity and homogeneity of the adsorbentcaidad also
present whether interaction between adsorbate @sdrizent occurred or not [22]. Two Isotherms ingigd
Langmuir and Freundlich models are usually appl@dhese purposes. In this study, the experimedatd were
analyzed by Langmuir and Freundlich isotherms itialhconcentration of 20-100 mg/L. The Langmuiotiserm

assumes that monolayer sorption occurs at bindieg svith homogenous energy levels [10, 23]. Thadrauir

isotherm is linearized using Eqg. (4):

C. C 1

4 Q' DQa ®
Where; G is the equilibrium concentration of aniline (mg/lg. is the adsorption capacity of AV-AC in the
equilibrium time (mg/g). @ (maximum adsorption capacity, mg/g) and b (thedramir constant, L/mg) are taken
from the slope and intercept of linear plots ofgg against G respectively [23]. A dimensionless constant
separation factor, Ris used in relation to Langmuir isotherm modelisTfactor called also the equilibrium
parameter [24, 25] and is defined by Eg. (5):

1

R =17%¢, ®

Where; b and gwere defined in the above for Langmuir isotherrhe Walue of R demonstrates that adsorption
system is unfavorable (R> 1), irreversible (R= 0), liner (R = 1), and favorable (0 <R<1). In this study, based
on the value of R= 0.83, the adsorption system of aniline onto AV-#@s favorable.

The Freundlich isotherm model applies for non-ideaption on heterogeneous surface of the sori2ént7]. The
Freundlich isotherm model is described by Eq. (6):

1
Inge = In k¢ + o In C, (6)

Where; g and G were presented above; (K/g) and n are constants of the isotherm andtitues the capacity and
intensity of the adsorption, respectively. The paster of K is obtained from the intercept and n is achievedhf
the slope of plotting Ingversus Ing[26, 27]. Fig. 4 (b) shows the Freundlich isotheslot for the adsorption of
aniline on the activated carbon. Table 4 also shitwparameters of Langmuir and Freundlich isotheradels in

153
www.scholar sresear chlibrary.com



Yusef Omidi Khaniabadiet al Der Pharma Chemica, 2015, 7 (11):149-155

this study. As shown, the adsorption data were dedicribed by the Freundlich isotherm. Zhang an@20iL2)
showed that the experimental data the sorptiomitiha via Hypercross-Linked Fiber were obeyed frbreundlich
isotherm model [28].

70 - 2 -
a
1.8 A b
60 -
1.6 A
50 - 1.4 - L
B 40 | J12 -
oo -2
£ A
=2 30 - 2 = 1.2305x - 0.6731
o 0.8 - y=L :
R?=0.9894
20 - 0.6
0.4 4
10 -
0.2 4
0 T T T T 1 0 T T T 1
o} 20 40 60 80 100 1.2 1.4 1.6 1.8 2
aniline concentration {mg/L) log c.

Figure 4. (a) The effect of initial aniline concenttions on the sorption capacity of aniline (contactime=60 min, adsorbent dosage=1 g/L
and pH=3) and (b) Freundlich isotherm model.

Table 4. Parameters of Langmuir and Freundlich isdterm models in this study.

Langmuir Freundlich
Adsorbate
Qm(mg/g) b(L/mg) R?® R, Ki(L/lg) n R?
Aniline 106.38 0.004 096 0.83 0.09 0.81 0.98

3.5. Comparison with other studies

In this study, the value of maximum adsorption cityaof aniline by AV-AC was obtained 106.38 mgitis value
was compared with the maximum sorption capaciti#ained from other studies (Table 5). As seenQhef the
sorbent in the present study was higher than citiyents. The sorption was also happened at veryitioe toward
other sorbent (except to spherical carbon). It lmarconcluded that the activated carbon prepared ftwe Vera
wastes (AV-AC) can be considered as a very effecnsorbent for the uptake of aniline from aquenedia.

Table 5. Comparison the maximum monolayer adsorptio capacity of aniline by various sorbents.

Adsorbent Equilibrium time (min) Max. sorption capacity (mg/g) Ref.
Pine sawdust 80 1.50 [4]
Activated carbon/chitosan composite 120 22.90 [29]
PAM/SiO2 300 52.00 [30]
Fe04,-AC magnetic nanoparticles 300 90.91 [9]
Graphitic carbon nitride 1200 93.40 [14]
Spherical carbon 10 93.59 [7]
Bamboo based activated carbon 450 104.17 [31]
Cr-bentonite 30 21.60 [15]
C-MCM 60 16.64 [32]
AV-AC 60 106.38 This study
CONCLUSION

In this batch sorption research, activated carbepared from Aloe Vera wastes (AV-AC) was used asw low-
cost sorbent for uptake of aniline from aqueousitsmis. The optimum contact time in the sorptiongass was
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obtained during 60 min. Moreover, the optimum pHswaso achieved at pH 3. The pseudo-second ordetikiand
Freundlich isotherm models described the data b#ten other isotherm and kinetic models, respebtivThe
present study concludes that AV-AC due to low-cast-toxicity and high sorption uptake toward otkerbents
can be employed as a very effective material ferémoval of aniline from agueous media.
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