JID: JTICE

[m5G;October 8, 2016;9:8]

Journal of the Taiwan Institute of Chemical Engineers 000 (2016) 1-9

Contents lists available at ScienceDirect

the TaiWan Ipstitiiie]
of Chenicall ENGineers:

Journal of the Taiwan Institute of Chemical Engineers

journal homepage: www.elsevier.com/locate/jtice

Low-cost sorbent for the removal of aniline and methyl orange from
liquid-phase: Aloe Vera leaves wastes

Yusef Omidi Khaniabadi?, Rouhollah Heydari®, Heshmatollah Nourmoradi©,
Hesam Basiri¢, Hassan Basiri®*

2 Health Care System of Karoon, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

b Razi Herbal Medicines Research Center, Lorestan University of Medical Sciences, PO. Box 68149-89468, Khorramabad, Iran

¢ Biotechnology and Medical Plants Research Center, Ilam University of Medical Sciences, Ilam, Iran

d Department of Environmental Health Engineering, School of Health, Ilam University of Medical Sciences, llam, Iran

¢ Department of Chemistry, Damghan Branch Islamic Azad University, Damghan, Iran

fDepartment of Environmental Health Engineering, School of Health, Lorestan University of Medical Sciences, Khorramabad, Iran

ARTICLE INFO ABSTRACT

Article history:

Received 17 June 2016
Revised 14 September 2016
Accepted 22 September 2016
Available online xxx

In this study, Aloe Vera leaves wastes-based sulfuric acid modified activated carbon (AV-SAC) was ap-
plied for the sorption of aniline as a health-toxic substance and methyl orange (MO) as a anionic dye
from aqueous phase. The batch sorption system was used to assess the effect of different parameters in-
cluding contact time, pH, adsorbent dosage, and adsorbate contents on the adsorption. The equilibrium
was obtained at contact time of 60 min for both the adsorbates. The pH of 3 had a significant influence

Keywords: on the uptake capacities of aniline and MO from aqueous media. Fitting the experimental data to differ-
Adsorption ent kinetics and isotherms models indicated that the experimental data were well fitted by the pseudo-
Aloe Vera leaves wastes second-order kinetic and Freundlich isotherm models, respectively. The maximum monolayer adsorption
Aniline capacities were acquired 185.18 and 196.07 mg/g for aniline and MO, respectively. Due to its low-cost and
i‘(’:igg’cl orange high uptake capacity, AV-SAC can be considered as one of the effective sorbents for wastewater treatment

contains of aniline and MO.

© 2016 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction

Water pollution due to irregular discharge of many organic and
inorganic pollutants by various industries wastewater is one of
the most important envitonmental concerns in the current cen-
tury, especially in the developing countries [1,2]. Aniline is one
of the most important of these contaminants that widely found
in wastewater from the pesticides, dyestuffs, paints, rubbers, phar-
maceutical, and plastics industries [3-5]. It is very toxic and re-
sistant to biodegradation compounds and also is harmful for hu-
man health [5-7]. U.S. Environmental Protection Agency (USEPA)
has listed aniline as one of the priority contaminant [5]. Methyl
orange (MO) or acid orange 52 is a water-soluble anionic dye
that is widely used in textile, paper manufacturing, printing, food,
and pharmaceutical industries [8]. It is regarded as an allergy-
substance after contacting by skin, which causes shin eczema.
Therefore, because of its toxic structure, its removal from aque-
ous media is very important [9]. Many treatment techniques in-
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cluding photodecomposition, ion-exchange, electrolysis, membrane
processes, photocatalyst, oxidation, biodegradation, and adsorption
have been performed for the treatment of these compounds from
polluted waters. Among these approaches, adsorption is an effec-
tive method due to its high efficiency, simplicity, and flexibility
[10-12]. In general, adsorption is known as one of the best tech-
niques for the separation and remove of various organic and in-
organic impurities from wastewater [13,14]. This method do not
generate harmful by-products and it is possible to regeneration of
both the adsorbent and adsorbate [15,16]. One challenge faced by
sorption technologies is the finding new adsorbents that effectively
remove the organo-pollutants [3,17]. Due to high sorption capacity
and high surface area, adsorption on the surface of activated car-
bon is generally used for the removal of toxic contaminants, but
it is high-cost and difficult to regeneration [18,19]. Thus, several
researches have been conducted for the production an activated
carbon from available local agricultural wastes which are cheaper
and have eco-friendly properties [20]. In addition to activated car-
bon, application of some non-conventional sorbents like lignin [3],
graphitic carbon nitride [10], pine sawdust [21], Cr-bentonite [22],
grafted acrylic acid [23], spherical carbon [24], organo-clay [25],
Fe304-activated carbon [26], Moroccan clays [27], LDHs [28], tree
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Table 1

General characteristics and chemical structures of aniline and methyl orange.

Generic name Scientific name  Chemical formula

Chemical structure

My (g/mol) Amax (D)

Aniline Aminobenzene CgHsNH,

Methyl orange

93.13 260
NH,
Acid orange 52 Cy4H14N3NaOsS CHs
NaO;$: N=—N N
\CH3

327.23 415

bark powder [29], metal-organic frameworks [9], chitosan [12],
bottom ash [30], surfactant modified montmorillonite [31], etc.
have been evaluated for the removal of aniline and MO from aque-
ous solutions. Aloe Vera is a tropical plant that widely grows in
the warm areas such as United State, India, Australia, Africa, Mex-
ico, South America, and Iran. The Aloe Vera leaves wastes are by-
products of the agricultural and pharmaceutical industries that are
applied to produce latex and drug substances [2]. In this work,
activated carbon prepared from the Aloe Vera leaves wastes was
modified by sulfuric acid and then used as a low-cost adsorbent
for the sorption of aniline and MO from synthesized wastewater.
The influences of various factors including contact time, pH, sor-
bent dosage and initial concentration of pollutants were evaluated
and optimized on the adsorption.

2. Materials and methods
2.1. Materials

Aloe Vera leaves wastes were collected from suburban farms of
Dezful and Ahvaz (cities of Khuzestan Province, Iran). The chem-
ical substances including aniline (with purity greater than 99.5%),
methyl orange, sulfuric acid and sodium hydroxide were purchased
from Merck Co (Germany). Table 1 shows the characteristics and
chemical structures of aniline and MO. The pH of solutions was
adjusted with diluted and concentrated sulfuric acid and sodium
hydroxide solutions using a digital pH-meter (50-pp-sartorious
model). The stock solutions of aniline and MO (1000 mg/l) were
prepared in distilled water and the working concentrations were
also obtained with dilution of the stock solutions. The suspensions
containing adsorbent and adsorbate were mixed using an orbital
shaker (Behdad-Rotomix model, Iran) at 200 rpm.

2.2. Preparation of adsorbent

After separation the gel of Aloe Vera leaves, the remaining
waste was carefully washed with deionized water to remove im-
purities and dried in an electrical oven at 150 °C for 24 h. Then, the
dried leaves waste was crushed by a laboratory mill to obtain the
particle size in the range of 300-600 um. After that, particles were
carbonized in a furnace at 550 °C for 20 min. The carbonized sam-
ple was transferred into 500 ml sulfuric acid solution (0.1 N) for
12 h. The suspension was filtered and the modified samples were
washed several times with deionized water. Finally, the modified
activated carbon was dried in an electrical oven at 105 °C for 12 h.
The modified activated carbon-based Aloe Vera leaves waste (AV-
SAC) was crushed and then sieved to have a uniform particle size
of 40-mesh for the adsorption experiments.

2.3. Characterizations and analysis

The surface morphology of original and modified activated car-
bon, before and after the sorption process, was performed and
characterized under a vacuum running by a scanning electron mi-
croscope (SEM, Jeol Model Jsm-T330) equipped through energy

dispersive X-ray Spectroscopy (EDX) system. Elemental analysis of
Aloe Vera leaves wastes-based modified activated carbon (AV-SAC)
was performed using a Heraeus Elemental Analyzer (Jobin-Yvon
Ultima ICP-AES). FTIR spectra study of the original and modified
activated carbon were also recorded by a FTIR spectrophotome-
ter (JASCO, FT/IR-6300 Japan) with Diffuse Reflectance Technique
(DRIFT) at resolution of 1cm~! in the region of 400-4000cm~!.
The concentrations of aniline and MO in the solution phases were
determined by an UV-vis spectrophotometer (PG Instrument Lim-
ited Model, UK) at maximum wavelengths of 260 nm and 415 nm,
respectively.

2.4. Determination of pHzpc

The pH at the zero point charge (pHzpc) for the Aloe Vera
leaves waste-based activated carbon (AV-AC) and the sulfuric acid-
modified activated carbon (AV-SAC) was determined by prepara-
tion 50 ml of 0.01 M NaCl solution into a series of 100 ml Erlen-
meyer flasks. The initial pH values of NaCl solution were adjusted,
as initial pH (pH;), between 2 and 12 by adding H,SO4 (0.1 M)
and NaOH (0.1 M) solutions. Then, sufficient amounts of adsorbent
were poured into each flask and the suspensions were mixed by
a mechanical shaker for 24h at 200 rpm. After this period, the
solutions pH was measured as finally pH (pHy). The pHzpc was
determined by plotting difference between pH; and pH; values
(pHzpc=pHy - pH;) versus pH;. The resulting curve with abscissa
gives the pHzpc, the point at where pH is equal to zero.

2.5. Batch adsorption study

The batch sorption system was used to identify the influence
of different parameters including contact time (0-90 min), pH (3-
11), adsorbent dosage (1-5g/l), and initial content of pollutants
(20-100 mg/1) on the sorption of aniline and MO from synthesized
wastewater. All of the adsorption experiments were carried out
at room temperature (25 °C) and agitated in 200 rpm with 100 ml
pollutant solution in 250 ml Erlenmeyer flasks. After the process,
the mixture of adsorbates and AV-SAC was filtered using fiberglass
paper. The sorption experiments were conducted in duplicates and
the average amounts were considered. The uptake capacities of the
sorbent were computed by Eq. (1):

_ (CO _mce)v (1)

Where, ge (mg/g) is the equilibrium uptake capacity of the adsor-
bates per gram AV-SAC. The parameters of Cy and C. (mg/l) are
the initial and equilibrium concentrations of the pollutants, respec-

tively. Also, V (1) is the volume of the solution and m (g) is the
adsorbent mass [2].

e

3. Results and discussion
3.1. Characterization

Fig. 1(a) and (b) show the surface morphology of the sorbent.
As it is obvious from Fig. 1(a), the original activated carbon has

Please cite this article as: Y.0. Khaniabadi et al., Low-cost sorbent for the removal of aniline and methyl orange from liquid-phase: Aloe
Vera leaves wastes, Journal of the Taiwan Institute of Chemical Engineers (2016), http://dx.doi.org/10.1016/].jtice.2016.09.025



http://dx.doi.org/10.1016/j.jtice.2016.09.025

JID: JTICE

[m5G;October 8, 2016;9:8]

Y.0. Khaniabadi et al./Journal of the Taiwan Institute of Chemical Engineers 000 (2016) 1-9 3

(b)

Fig. 1. SEM images of the sorbent ((a) before modification and (b) after modifica-
tion).

cavities with more irregular, fine open pores, uneven structure and
a relatively uniform pore size distribution. A regular structure for
the modified activated carbon is shown in Fig. 1(b). In compari-
son with Fig. 1(a), highly regular pores are seen in Fig. 1(b), which
shows a smoother surface and higher surface area. Highly regular
pores can be in relation to the sulfuric acid as an effective activa-
tor in the developing pores of the AV-AC. Regular porous structure
of the AV-SAC provided a higher surface area and subsequently the
more active sites in the sorbent surface.

Chemical composition analysis of AV-AC shows that atoms in-
cluding O, Ca, K and Mg are the main elements (92.7% of the to-
tal weight (wt%)) of the sorbent. Other minor elements were in-
volved Na (5.92%) and Cl (1.35%) [2,5]. Fig. 2(a) and (b) illustrate
the SEM-EDX spectra of the sorbent before and after modification
by sulfuric acid, respectively. As it can be seen, the original acti-
vated carbon was possessed with high concentrations of oxygen
(43.82%) and sulfur (24.07%), and low concentrations of calcium
(27.98%) and manganese (3.66%). A significant decrease in weight
percentage of oxygen (28.30%) and sulfur (17.9%), and an increase
in weight percentage of calcium (29.82%) and manganese (13.18%)

Energy-keV 3 10

Cursor=

Vert=2441 Window 0.005 - 40.955= 159,823 cnt

(a)

Energy-kev 5 1a

Cursor=

Vert=1026 Window 0.005 - 40955= 108,170 cnt

(b)

Fig. 2. SEM-EDX analytical results of (a) before and (b) after modification.

due to the modification by sulfuric acid were observed. The FTIR
spectra of the AV-SAC before and after the sorption are illustrated
in Fig. 3(a) and (b). Before the sorption, for AV-SAC, the IR bonds at
around of 478, 622, and 1156 cm~! were attributed to the stretch-
ing vibration of Si-O-Si, Si-O-M (M=Al or Mg), and Si-O groups,
respectively. The characteristic bands at 1617 cm~! is correspond-
ing to water molecules bounded to light metals of Al and Mg. The
low peak at 3237 cm~! illustrated the O-H stretching vibration. Af-
ter the uptake process (see Fig. 3(b)), the essential characteristic
peaks at the regions of 3416 to 3552 cm~!, which can be associated
with interlayer water molecules stretching vibration, were shifted
due to the uptake of pollutants onto the AV-SAC surface.

3.2. Effect of contact time

The influence of different contact times (0-90 min) on the
sorption of aniline and MO by AV-SAC in 100 ml solution (50 mg/l
for aniline and 100 mg/l for MO) and 2 g/l adsorbent was eval-
uated and the results are shown in Fig. 4(a). It is obvious that
the adsorption capacities (ge) for aniline and MO were quickly
increased over the first 60 min and then slowly increased up to
90 min. This phenomenon can be due to the availability of a large
number of positively charged free sites on the adsorbent surface
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Fig. 3. FTIR spectra of AV-SAC (a) before and (b) after the sorption.

at the beginning of the process. As the time goes forward, the
remaining free surface sites are difficult to be occupied because
of the repulsive forces between the adsorbed pollutants and the
pollutants in the liquid phase [24,32]. The sorption capacities of
AV-SAC for aniline and MO at the equilibrium time were obtained
7.62 and 36.02 mg/g, respectively. Therefore, 60 min was selected
as the optimum contact time for both the adsorbates in the
subsequent experiments.

Hu et al. indicated that the equilibrium time for the uptake of
aniline by graphitic carbon nitride was achieved during 24 h [10].
Lin et al. reported that the sorption of aniline by lignin grafted
acrylic acid reached to equilibrium in the contact time of 60 min
[23]. Al-Johani and Salam showed that aniline adsorption by multi-
walled carbon nanotubes from liquid medium reached to equilib-
rium at contact time of 3 h [3]. Zaghouane-Boudiaf et al. obtained
the equilibrium time equal to 40 min for the removal of MO by
LDHs at an initial dye concentration of 50 mg/l [28]. Umpuch and
Sakaew reported that the equilibrium was achieved after contact
time of 60 min for the removal of MO by chitosan intercalated
montmorillonite [33].

3.2.1. Kinetics study
The sorption kinetic data are needed for the selection of the
optimum operating conditions in full-scale process [2734]. For

this purpose, the experimental data were analyzed by various
kinetic models including pseudo-first-order, pseudo-second-order,
and intra-particle diffusion. The pseudo-first-order kinetic model
can be illustrated by Eq. (2):
In(ge — q¢) =Inge — Kyt (2)
Where, g. (mg/g) and q; (mg/g) are the quantities of aniline and
MO adsorbed onto the AV-SAC at the equilibrium and a particular
time, respectively. K; (1/min) is the rate constant of the pseudo-
first-order kinetic model. K; and g, were acquired from the slope
and intercept of linear plotting In (qe—q;) versus t, respectively.
The values of calculated g, K; and correlation coefficient (R?) are
shown in Table 2. The experimental data were also studied by
pseudo-second-order kinetic model. A pseudo-second-order kinetic
equation is given as Eq. (3) [35,36]:

t 1 t

I + = 3
@ kog? e 3)

Where, q. and q; (mg/g) are the parameters that were defined
above to the pseudo-first-order kinetic model. K, (g/mgmin) is
the rate constant of the pseudo-second-order model. As shown in
Fig. 4(b), K5 and g. were acquired from the intercept and slope of
plotting t/q: versus t, respectively.
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Table 2
Parameters of pseudo-first-order and pseudo-second-order models in present study.

Adsorbate  Pseudo-first-order Pseudo-second-order

Intra-particle diffusion

ge, experimental (mg/g) K; (1/min) R?

e, experimental (mg/g)

ge, calculated (mg/g) K, (g/mg.min) R? K (mg/gmin'?) C (mg/g) R?

Aniline 213
MO 1.65

0.017
0.014

096 7.62
0.64 36.02

9.34 0.011
40 0.0055

0.99 0.561
099 0.631

2.99 0.91
30.98 0.88

—e— MO

20 - —— Aniline

0 T T T T 1
0 20 40 60 80 100

Contact time (min)

(a)

12 4

y=0.1072x+1.529
R?=0.999

e MO

+ Aniline

y =0.0254x +0.1405
R?=0.9959

2 /
0 T T T T 1

0 20 40 60 80 100
T (min)

(b)

Fig. 4. (a) Effect of contact time on the sorption capacity (aniline
concentration = 50 mg/l, MO concentration = 100 mg/l, adsorption dosage =2 g/l at
pH=7) and (b) pseudo-second-order kinetic model.

The intra-particle diffusion model can be expressed by the fol-
lowing equation:

qr = kigt'? +G (4)

Where, k;; is the rate constant of the intra-particle diffusion model
(mg/g min'/?), q; (mg/g) is the adsorbate uptake at time t (min)
and C; (mg/g) is the thickness of the boundary layer. The val-
ues of kj; and C; were estimated from the slope and intercept
of the liner regression of the plot of q; versus t!/2, respectively.
Table 2 presents the values of the intra-particle diffusion kinetic
model parameters. As listed, the amounts of C for the sorption of
MO and aniline with the sorbent were 30.98 mg/g and 2.99 mg/g,
respectively. These values demonstrated that the regression line of
this model did not pass from the zero point (figure not shown).

Therefore, it can be concluded that the intra-particle diffusion is
not the solely rate-limiting step in the sorption process.

The values of correlation coefficient of the kinetics models are
also shown in Table 2. As can be seen, the amounts of the corre-
lation coefficient for pseudo-second-order model were more than
of pseudo-first-order kinetic and intra-particle diffusion models.
Therefore, the adsorption process of aniline and MO by AV-SAC
followed from the pseudo-second-order kinetic model. Similar ki-
netic results were reported for the uptake of aniline onto other
adsorbents such as multi-walled carbon nanotubes [3], graphitic
carbon nitride [10], oxygen plasma irradiated bamboo based acti-
vated carbon [37], and Fe304 activated carbon magnetic nanopar-
ticles [26]. Zhang et al. reported that the sorption of aniline by
L-g-AA from synthetic wastewater was well described by pseudo-
second-order kinetic model [22]. Experimental data of the sorption
of MO using Kaolinite [38], chitosan intercalated montmorillonite
[33], Prosopis julifl ora [39], and HJ-PO1 resin [40] were fitted by
pseudo-second-order kinetic model. Qiu et al. presented that the
experimental data for sorption of the MO onto RH-AC were well
fitted by pseudo-second-order kinetic model [41].

3.3. Effect of pH and determination of zero point charge

The solution pH changes the surface properties of sorbent and
also the degree of ionization of adsorbates [42]. The effect of so-
lution pH (3-11) on the adsorption of aniline and MO by AV-SAC
from aqueous solution is shown in Fig. 5(a). As can be seen, the
sorption capacities of the aniline and MO were reduced with in-
crease the solution pH from 3 to 11. The maximum sorption ca-
pacities of aniline and MO with amounts of 14.47 and 46.31 mg/g
were occurred at pH 3, respectively. These results may be due to
change in the surface charges of the sorbent. The positive charges
of the adsorbent surface were increased with decrease the solution
pH, which this led to increase the sorption capacity of the sorbent
in acidic solution pH [43,44]. Thus, pH 3 was chosen as the opti-
mum for the subsequent stages.

To underestand the sorption mechanism, it is required to deter-
mine the zero point charge (pHzpc) of the adsorbent [45]. On the
other hand, pHzpc is a very important parameter to identify the
interaction of sorbent surface with adsorbate [46,47]. It has been
identified that at any pH below pHzpc, the surface charge is posi-
tive, whereas at pH higher than pHzpc, the surface charge is nega-
tive [23]. Fig. 5(b) shows the pHzpc of the Aloe Vera leaves wastes-
based activated carbon before and after modification by sulfuric
acid. As it is obvious, the pHzpc of original and AV-SAC were found
to be equal 11.3 and 5.8, respectively. Regarding pHzpc, it can be
stated that the surface of the activated carbon is de-protonated at
pH values higher than 11.3 and 5.8 for AV-AC and AV-SAC, respec-
tively. Hence, the sorption of negatively charged of aniline and MO
was hindered at pH values above pHzpc.

3.4. Effect of adsorbent dosage

The effect of adsorbent dosage (1-5g/l) on the sorption ca-
pacities of aniline and MO by AV-SAC is illustrated in Fig. 6. As
seen, the sorption capacities of the aniline and MO were quickly
decreased from 33.7 and 72.49mg/g to 5.62 and 9.8 mg/g with
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Fig. 5. (a) Effect of pH on the sorption capacity (contact time =60 min,
aniline concentration =50 mg/l, MO concentration =100 mg/l, and adsorption
dosage =2 g/1) and (b) pHzpc of the sorbent.
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Fig. 6. Effect of adsorbent dosage on the sorption capacity (contact time = 60 min,
aniline concentration = 50 mg/l, MO concentration = 100 mg/l, and solution pH = 3).
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Fig. 7. (a) Effect of initial concentration on the sorption capacity (contact
time = 60 min, adsorbent dosage =1g/l, and solution pH=3) and (b) Freundlich
isotherm model.

increase the adsorbent dosage from 1 to 5g/l, respectively. De-
creasing the sorption rate of aniline and MO in the higher dosages
of AV-SAC can be due to the less availability of the sorbent active
sites resulted from gathering and overlapping the adsorbent par-
ticles. Therefore, the adsorbent dosage of 1g/l was selected as the
optimum dosage for the next experiments.

3.5. Effect of initial adsorbate concentration

The effect of various initial adsorbate concentrations (20-
100 mg/l) was investigated on the sorption of aniline and MO in
contact time of 60 min, adsorbent dosage of 1g/l, and pH 3 at
room temperature (25°C). The results of initial adsorbate con-
centration on the sorption are presented in Fig. 7(a). As shown,
with increasing the initial concentration of pollutants from 20 to
100 mg/1, the sorbent capacities of the sorbent for aniline and MO
were gradually increased. This probably due to increase in driving
force of aniline and MO molecules including Vander Waal's force to
the surface active sites of the adsorbent that happens at the higher
concentrations of the adsorbates.

3.5.1. Isotherm study
The adsorption isotherms are useful parameters to find out the
adsorbate distribution in the liquid phase onto the solid phase in
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Table 3

Parameters of Langmuir and Freundlich isotherm models obtained from this study.

Adsorbate  Langmuir isotherm Freundlich isotherm D-R isotherm
Qn (mg/g) b(g) R R, Ke(l/g) n R gm (mgfg)  E (KJ/mol)  R?
Aniline 185.18 0.003 0.91 086 033 085 099 18753 0.072 0.96
MO 196.07 0.002 069 083 015 077 099 95.20 0.133 0.95
Table 4
The comparison of adsorption capacities of aniline and MO by various adsorbents.

Adsorbent Adsorbate Equilibrium time (min)  Conc. (mg/l) pH Max. adsorption capacity (mg/g)  Ref.
Pine sawdust Aniline 80 30 6.2 1.5 [56]
Activated carbon/chitosan composite Aniline 120 50 7 22.90 [57]
PAM/SiO, Aniline 300 1000 8 52.0 [6]
Fe;04-activated carbon magnetic nanoparticles  Aniline 300 300 6 90.91 [26]
Graphitic carbon nitride Aniline 1200 30 4 719 [10]
Spherical carbon Aniline 10 40 6.5 93.59 [24]
Bamboo based activated carbon Aniline 450 300 7 104.17 [13]
Aloe Vera-activated carbon Aniline 60 100 3 106.38 [5]
Lignin grafted acrylic acid Aniline 90 500 7 127.06 [23]
AV-SAC Aniline 60 100 3 185.18 This study
Kaolinite MO 15 20 25 124 [38]
Rice husk MO 25 35 2 1.29 [58]
Egussi peeling MO 25 35 2 13.88 [58]
Na-MMT MO 60 550 3 24.0 [31]
y-Fe,03/chitosan composite
films MO - 60 3 29.41 [12]
Chitosan MO - 100 4 34.83 [59]
MgNiAl-CO5 MO 100 100 8 118.5 [28]
CTS/MMT MO 60 200 2 123.46 [33]
Zn/Al-LDO MO - 100 6 1819 [60]
AV-SAC MO 60 100 3 196.07 This study

the equilibrium state [42,48,49]. Hence, three isotherms including
Langmuir, Freundlich and Dubinin-Radushkevich (D-R) isotherm
models were investigated for this study. The Langmuir isotherm
approximates the greatest monolayer sorption on the uniform sur-
face of the solid phase [35,50,51]. The linearized form of Langmuir
isotherm is reported by the Eq. (5):

C_C 1 (5)
ge  Qn  bQn
Where, C. (mg/l) and g. (mg/g) were the initial concentration of
adsorbate and the sorption capacity of adsorbent in the equilib-
rium time, respectively. Qn (mg/g) is the maximum uptake capac-
ity and b (I/mg) is the Langmuir rate constant. Q, and b are ac-
quired from the slope and intercept of linear plotting Co/qe against
Ce, respectively [51,52].

The Langmuir isotherm is shown by a dimensionless constant
separation factor (R;). This factor also called the equilibrium factor,
which is computed using the following equation [48]:

1

= 175G (6)

Ry
Where, C is the initial concentrations of aniline and MO. The value
of separation factor (R;) shows the adsorption condition as unfa-
vorable (R, more than 1), liner (R, equals to 1), irreversible (R,
equals to 0), and favorable (R; between 0 and 1). According to the
values of R, (R;=0.86 and 0.83 for aniline and MO, respectively),
the adsorption process of two adsorbates by AV-SAC was favorable.
The amounts of Qn, b, R? and R; for both adsorbates are listed in
Table 3.

Freundlich isotherm model is typically described for multilayer
sorption onto a heterogeneous solid surface [53]. This isotherm is
shown by Eq. (7):

Inge = Ink; + %lnCe (7)

Where, Kf (I/g) and n are the Freundlich constants and show the
capacity and intensity of the sorption process, respectively [54]. As
demonstrated in Fig. 7(b), Kr and n were determined by the inter-
cept and slope of plotting In g, against In Ce, respectively [51].

Dubinin-Radushkevich (D-R) isotherm has been used to deter-
mine the physical or chemical nature of adsorption process [24,32].
The D-R isotherm can be illustrated by Eq. (8):

Inge = Ingqy — Be? (8)

Where, g, (mg/g) is the theoretical adsorption capacity at satura-
tion state, B and ¢ are the constant related to uptake energy and
Polanyi potential, respectively. g, and B are acquired from the in-
tercept and the slop of liner plot of In g, versus &2, respectively. &
is also obtained from the Eq. (9):

¢ — RTIn (1 +Cl> 9)

Where, R and T are the universal gas constant (8.3 kj/mol K) and
the solution temperature (°K), respectively. The mean uptake en-
ergy, E (kj/mol), is determined by Eq. (10):

E-—L (10)

NeT

In D-R isotherm, the E value shows the sorption type. When E
< 8KJ/mol, 8-16 kJ/mol and E > 16 k]/mol, the physical adsorption,
chemical ion exchange and chemical adsorption are occurred, re-
spectively [24,32]. As presented in Table 3, the E values of 0.13 and
0.07 kJ/mol were acquired for the sorption of aniline and MO by
the adsorbent, respectively. Therefore, it can be concluded that the
adsorption of both the adsorbates by the sorbent was physical in
nature.

As it can be seen in Table 3, Freundlich isotherm model had
higher R? value than Langmuir isotherm model. Therefore, the
sorption data of aniline and MO onto AV-SAC were well fitted by
the Freundlich isotherm model. Zhang and Li demonstrated that
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experimental data the sorption of aniline via Hypercross-Linked
Fiber was fitted by Freundlich isotherm model [55]. Fumba et al.
illustrated that the sorption of MO onto the activated geopolymer
was well followed from Freundlich isotherm model [38].

3.6. Comparison with other studies

Table 4 illustrates the comparison of adsorption capacities of
various adsorbents for aniline and MO from liquid media. As
shown, the maximum uptake capacity (Qm, mg/g) of activated car-
bon synthesized from Aloe Vera leaves wastes in comparison with
other types of sorbents had a higher sorption capacity. Thus, this
adsorbent is an effective option for the removal of aniline and MO
from aqueous phase.

4. Conclusion

In this research, Aloe Vera leaves wastes-based activated carbon
was modified by sulfuric acid (AV-SAC) and then used as a cheap
adsorbent for the sorption of aniline and methyl orange (MO) from
aqueous media. Influential parameters such as contact time, pH,
adsorbent dosage, and initial concentration of aniline and MO were
evaluated on the sorption process. The equilibrium for both the ad-
sorbates was obtained at the contact time of 60 min. The acidic pH
had a significant effect on the sorption of aniline and MO. The up-
take of aniline and MO onto the AV-SAC surface was well described
by the pseudo-second-order kinetic and Freundlich isotherm mod-
els. The results showed that this natural adsorbent has advantages
including low-cost, eco-friendly, high-sorption capacity and non-
toxicity. Therefore, it can be considered as an effective sorbent on
the uptake of aniline and MO from aqueous solution.
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