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ABSTRACT: Dyes represent a serious threat to the environment when released in wastewaters.
Hence, the main objective of this work was to design and fabricate an activated carbon from
an invasive plant — Agave Americana L — capable of removing indigo carmine in aqueous solutions.
The equilibrium adsorption of indigo carmine was assessed using the Freundlich, Langmuir,
and Dubinin-Radushkevich isotherm model. The zinc chloride was used to activate the powder of
Agave at 600 °C and 900 °C. The results of this work showed that the elaborated activated carbon
had maximum adsorption of 61.72 mg/g and a specific surface area of 38 m2/g determined using
the BET method. The thermodynamic study showed that the adsorption of indigo carmine on the activated
carbon was endothermic. Therefore, the activated carbon prepared from the Agave Americana L
would be an efficient and cost-effective alternative adsorbent of indigo carmine and would have

a positive effect on the environment.
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INTRODUCTION

Indigo carmine, one of the frequently used dyes
in industries of textile, food, leathers, plastic, and paper,
was unanimously considered as one of the main pollutants
of the environment [1-5]. More specifically, Mufrettin [2]
argued that the toxicity of this dye causes skin and eye
irritation and permanent injury to the cornea and conjunctiva to

human being. Moreover, Mufrettin [2] and Lakshmi et al. [6]
revealed that indigo carmine causes problems respiratory
illnesses as coughing and shortness of breath. For these
reasons, researchers worked on developing ways of
removing this dye from wastewaters. One of the suggested
methods was adsorption [7,8]. The main adsorbent used
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was the activated carbon (AC). This material was obtained
from the conversion of some industrial by-products
in order to valorize them and to reduce some
environmental problems [9-13]. In parallel, activated
carbon was produced from invasive plants and algae [14],
and agricultural and wood wastes [15] such as sugar cane
bagasse [16], Jatoba fruit barks [17], walnut shell, hazelnut
shell, almond shell, and pistachio shell [18].

However, despite the advantages attributed to the use
of these materials as substitutes for commercial activated
carbon, they still suffer from some hindrances for their
extensive processing. The activated carbon properties
depend on the activation conditions methods, the chemical
activation, the physio-chemical activation, and the
physical activation [19,20]. Indeed, several scholars
observed that such adsorbents were operational only where
dye concentrations exceeded 200 mg/L and could only
remove 50 mg/g. In addition, it was reported that their AC
needed specific preparation and could be used only
as a targeted adsorbent. Nevertheless, to our knowledge,
nobody has investigated the Agave Americana L (Fig.1)
as a source of AC. This plant was characterized by
Mansouri et al. [21] and Bezazi et al. [22]. It was praised
for its cheap production in the Mediterranean area, its large-
sized and rigid leaves an important cellulose percentage.

For these reasons, the main objective of this study was
to explore the possibility of producing AC from Agave
Americana L to remove the Indigo Carmine (IC) dye
(Fig.2) from wastewaters. Furthermore, the study intended
to focus on the determination of the specific surface area
and the pore volume of the AC. Our ultimate objective was
to alleviate the polluting effects of wastewaters and
valorize abundant but so far useless Agave Americana L
plants and thus produce an AC at a reduced cost.

EXPERIMENTAL SECTION

Preparation of activated carbon

The dry leaves were collected from a natural plantation
of Agave Americana L in the area of Sousse, Tunisia.
The leaves were washed with distilled water and dried
for 24 h at 120 °C. After that, the leaves were crushed,;
the obtained grain size varied between 100 pm and 600 pm.
The method adopted in this preparation was the chemical
and physical activation. The detailed preparation
conditions were conducted as was reported in previous
works [15]. The Agave Americana L with a size range
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Fig. 1: A natural plantation of Agave Americana L from
the area of Sousse, Tunisia.
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Fig. 2: Chemical structure of Indigo Carmine (IC).

between 100 um and 600 um were used. The ZnCl,
was dissolved in distilled water, then impregnated into
the Agave for a ratio of chloride zinc ranging from 1 to 1.5.
The mixture was dried in an oven at 110 °C. The Agave
impregnated ZnCl, was fired in flowing dry N at a heating
rate of 10 °C/min. After activation, the products were washed
sufficiently with de-ionized water. The activation temperatures
were 600 and 900 °C at a heating rate of 10 °C/min
with an introduction of wet N for 2 hours.

Indigo carmine dye

Adsorption of IC on activated carbon was studied
in the different solutions of dyes at different conditions.
Table 1 exhibits some of IC properties.

Batch experiments

The granulometry of the AC used in this study was
20 um. This study adopted batch adsorption. It was conducted
in 100 mL Erlenmeyer flasks. Each flask contained 50 mL
of IC solution. The solution pH was adjusted by adding
a solution of sodium hydroxide (0.1 N NaOH) or
Hydrochloric acid (0.1 N HCI). The amount of adsorbed
dye onto AC was determined by measuring the difference
between initial and final dye concentrations,
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Table 1: Indigo Carmine dye properties.

/ Dyestuff Indigo Carmine \
Empirical formula C16HsN2Na,0gS;
IUPAC name disodium;2-(3-hydroxy-5-sulfonato-1H-indol-2-yl)-3-oxoindole-5-sulfonate
Melting point 300 °C
Charges in aqueous solution Negative
Solubility in water at 25 °C 10 g/L
Density 1.35
\ UV max 608 nm in water /

using a spectrophotometer. The wavelength of IC
absorbance was 608 nm. All the experiments were
triplicated. The following conditions were adopted
for the experiments: an 1C concentration ranging between
20 and 200 mg/L, a contact time ranging between 2 and 45 min,
and adsorbent dosage of 40 mg, an adsorbate phase pH
ranging between 2 and 11, a temperature of 25, 35, and 45 °C
and a stirring speed of 150 rpm.

The adsorption capacity ge (mg/g) was computed
following equation (1):

\Y%
qe=(C0—Ce)V (1)
Where Co (mg/L) is the initial concentration, Ce (mg/L) is
the equilibrium concentration of IC, V is the volume of
solution (L) and M is the mass of AC (g).

Fourier Transformation InfraRed (FT-IR)

The infrared spectra were obtained by a Spectrum Two
(PerkinElmer, USA) spectrophotometer using a Pyroelectric
Deuterated Glycine Sulfate (DTGS) detector. An Attenuated
Total Reflection (ATR) attachment with a diamond crystal
was used. Measurements were performed in the 450-4000
cmt wavenumber range with a resolution of 2 cm™.

Scanning Electron Microscopy (SEM)

The microscopy observations were obtained by
Scanning Electron Microscopy (SEM) technique. A JSM-540
(JEOL LTD, Japan) was used to observe the microstructure
of the AC.

RESULTS AND DISCUSSION
Chemical composition of the Agave Americana L

The determination of the chemical composition was
conducted following ASTM standard protocols. Samples
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were first submitted to reflux extraction with ethanol/toluene
(ASTM D 1107-56) and water (ASTM 1110-56). The
chemical contents were determined using the following
methods: lignin (ASTM D 1106-56), cellulose (ASTM D
1104-56), a-cellulose (ASTM D 1103-60) and ash (ASTM D
1102-84) [23]. The Agave Americana L consisted of
cellulose, hemicellulose, lignin, pectin, and ash. The results of
chemical composition are represented in Table 2.

FT-IR analysis

The FT-IR spectrum exhibited in Fig. (3a) revealed that
the Agave Americana L was a complex lignocellulosic
material with three major constituents: cellulose,
hemicellulose, and lignin [24,25]. The 3320 cm™ strong
absorption band would be attributed to hydroxyl group
vibrations [26,27]. The band at 2917 cm™ would correspond
to the C-H stretching in cellulose and hemicelluloses [28].
The vibration at 2852 cm™* would be attributed to the C-H
stretching in lignin and waxes. The strong band at 1032 cm?
would be due to C-O, C=C, and C-C-O vibrational
stretches of the Agave Americana L cellulose,
hemicellulose, and lignin [29].

Characterization of the activated carbon

Fig. 3 shows the FT-IR spectra of the Agave Americana
L and the corresponding AC. After the activation procedure
and the thermal degradation, several bands located in the
spectrum of the Agave Americana L disappeared (Fig. 3b).
Indeed, the combination of high temperature and
the presence of the activating agent caused the partial and/or
the complete destruction of many functional groups.
For instance, the disappearance and/or the sharp intensity
decrease of bands at the 2600-3600 cm™ range would
indicate the removal of hydroxyl groups from the material
structure after the activation process [30].
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Table 2: Chemical composition of the Agave Americana L.
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Fig. 3: FT-IR spectra of the Agave Americana L (a) and Agave Americana L based activated carbon (b).

The high temperature together with the activating agent
broke many bonds thus leading to partial and/or complete
destruction of most surface functional groups. The C-H
out-of-plane bending in benzene derivatives was commonly
found on the surface of various activated carbons. In line
with Sahraei et al. [1] and Ahmed et al. [31], this study
revealed a significant sharp decrease in the band intensities
in the bandwidths of 1700-3500 cm™ as the hydroxyl
group disappeared

SEM analysis of activated carbon

Scanning electron microscopy (SEM) images of crushed
Agave Americana L fibers and ZnCly-activated carbon
(AC900) and (AC600) are shown in Fig. 4. The comparison
of these images shows that the thermal and chemical
modification significantly changed the morphology of
the Agave Americana L powder surface. Indeed, the raw
powder surface seemed planar, without any pores (Fig. 4a).
However, the AC surface seemed to have many porous
structures (Fig. 4b) and (Fig. 4c), indicating that cavities were
developed during the chemical activation. Indeed,
Pezoti Junior et al. [32] and Deng et al. [33] explained that
the pore structure was related to the evaporation of the
activating reagent ZnCl. during the activation process.

Characterization of specific surface area and pore
volume of activated carbon

Table 3 shows Agave Americana L AC adsorption
capacity. The Brunauer Emmett Teller (BET) surface areas
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Fig. 4: (a) SEM images of crushed Agave Americana L fibers,
(b) Activated carbon (AC900), (c) Activated carbon (AC600).
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Table 3: Surface area and pore volume of AC600 and AC900.

4 Surface area AC600 AC900 Unit
Single point surface area at p/p°® = 0.194135232 129.797 185.020 m2/g
BET(*) Surface Area 128.056 183.040 m2/g
Pore Volume
Single point adsorption total pore volume of pores less than 7.022 A diameter at p/p® = 0.000955028 0.0223 0.0523 cm3/g
BJH(**)= Adsorption cumulative volume of pores between 17.000 A and 3000.000 A diameter 0.04878 0.0753 cm3/g
\ BJH(**) Desorption cumulative volume of pores between 17.000 A and 3000.000 A diameter 0.04183 0.07118 cm3/g /
(*) BET: Brunauer Emmett Teller; (**) BJH: Barrett Joyner Halenda
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Fig. 5: Determination of pHpzc of AC prepared from the Agave
Americana L.

of AC at 600 °C and AC at 900 °C were 128 and 183 m?/g,
respectively. The Barrett Joyner Halenda (BJH) method
revealed that the total pore volumes for AC600 and AC900
were 0.075 and 0.049 cm3g, respectively. Therefore,
the nitrogen adsorption/desorption isotherms and pore
volume measurement would represent clear evidence that
AC600 and AC900 have porous structures. Furthermore,
this finding would prove that the surface area sorption
capacity was enhanced.

Determination of pHpzc

As was already reported by [6,34], pH point of zero
charge measurements pHy is defined as the pH of an
aqueous solution in which the AC exists under neutral
electrical potential. As can be seen in Fig. 5, the pHpzc
was equal to 9. When pH is less than pHp,c, the AC surface
is positively charged and the removal of anions is favored.
However, if pH is greater than pHy., the surface
is negatively charged and uptake of cations by the sorbent
is favored [29].
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Fig. 6: Effect of pH on adsorption of IC on the AC 600 and
AC900 (T = 25 °C, Co= 50 mg/L, Contact time = 20 min).

The effect of pH on the adsorption of Indigo Carmine
Fig. 6 shows the effect of pH on the adsorption of IC
on the AC600 and AC900 at 25 °C after a contact time of 20 min
IC amounts adsorbed per mass unit by AC600 and AC900
prepared from Agave Americana L, at 600 °C and 900 °C,
respectively. The maximum adsorption was obtained at acid pH
equal to 3. In this pH range the IC was positively charged (-H*)
and the surface of activated carbon was negatively charged.
The deprotonated groups of activated carbon were mainly
the carboxylic group (-CO-O) and phenolic (-O°). With a pH
solution equal to 3, the removal capacity of IC was expected
to increase as the adsorbent was negatively charged and dye
molecules were positively charged. As was explained by several
authors [6,24,25,29], the constant adsorption capacity of AC
for dyes was an indication that the electrostatic mechanism
was not the only mechanism for dye adsorption in this system.

The effect of contact time on the amount of the adsorbed

IC at the optimum pH
Fig. 7 shows the effect of contact time on the adsorption of
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Fig. 7: The effect of contact time on the adsorption of IC
on AC600 and AC900 (pH = 3.0, T =25 °C, Co=50 mg/L).

IC on AC600 and AC900 at 25 °C. The contact time
required for the adsorbent-adsorbate system to reach
the state of equilibrium was termed the equilibrium time.

The amount of dye adsorbed at the equilibrium time
was equal to the maximum adsorption capacity of the
adsorbent under those operating conditions. It can be seen
that most of IC adsorption on the AC600 and AC900
attained equilibrium conditions in 15 min where
the concentration of dye ions in the solution was
in dynamic balance with that at the interface [35,36].

Adsorption Kinetics

the Kinetic modeling allows the estimation of sorption
rates. Hence it may lead to suitable rate expressions
characteristic of possible reaction mechanisms. In this
context, three kinetics were tested, the pseudo-first-order
(Eq. (2)), pseudo-second equation (Eg. (3)), and Elovich
model (Eqg. (4)).

Pseudo-first order model
The pseudo-first-order equation is given by

In(g. — q;) = Inq, — kqt 2

Where ge and g are the amounts of 1C adsorbed (mg/g)
at equilibrium and time t (min), respectively, and kiis the
rate of constant adsorption (min™?). The value of k; was
calculated from the plots of In(ge-q:) in relation to t shown
in Fig. 8. k;=0.0567 and ki= 0.049 for AC600 and AC900,
respectively. The experimental q. values differed from the
calculated ones, obtained from the linear plots. This would
show that the adsorption of IC on to AC600 and AC900
was not a first-order kinetic.
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Fig. 7: The effect of contact time on the adsorption of IC
on AC600 and AC900 (pH = 3.0, T =25 °C, Co=50 mg/L).

Pseudo-second-order model
The pseudo-second-order is defined by

t 1

T=wats 3)

k203 qe

where k2 (g/mg min) is the constant rate of second-order
adsorption. The condition of applying this model is that the plot
of t/q in the function of t should show a linear relationship.
There is no need to know any parameter beforehand and ge
and k can be determined from the slope and the intersection of
the plot. In addition, this procedure is more likely to predict
the behavior over the whole range of adsorption. The linear plots
of t/q in the function of t (Fig. 9) show a good agreement between
experimental and calculated adsorption capacity values.
The correlation coefficients for the second-order kinetic model
were R?=0.9971 and R? = 0.9996 for AC600 and AC900,
respectively. These values were greater than 0.99, indicating
the applicability of the second-order and thus representing a good
model of the adsorption process of IC on AC600 and AC900.

Elovich kinetic model
The Elovich model [30] is defined by

ge = 3In(ap) + ;In(®) (@)

Where o represents the initial sorption rate (mg/g min) and
/5 represents the desorption constant (g/mg), the Elovich
coefficient o and g were calculated from the plot of ge vs
In(t) (Fig. 10). The correlation coefficients for the Elovich
kinetic model were R?=0.8127 and R?=0.8519 for AC600
and AC900, respectively. These values were less than 0.9,
indicating that the Elovich model was not applicable in the
adsorption process of IC on AC600 and AC900.
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Table 4: Comparison of the pseudo-first-order, pseudo-second-order, and Elovich models for AC600 and AC900.

4 Pseudo-first-order Pseudo-second-order Elovich model R
Materials
qexp qth k Rz C|th K R2 o B R2
(mg/g) | (mg/g) | (min) (mg/g) (9/mg min) (mg/g min) (9/mg)
AC600 42 4,100 0.056 0.972 46.169 0.005 0.997 52.826 0.066 0.812
AC900 62 3.193 0.049 0.955 63.694 0.015 0.999 3175.575 0.122 0.851
0.7 \,:—0!171') +£00752 65
R2=0.9971

0.6 60 1

B AC600 55 -
0.5 4

o © AC900 50 4 y = 8.1926x + 48.828
> 0.4 E" 45 | R2=0.8519
o0
0.3 1 £ 40 4
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Fig. 9: Pseudo second-order kinetic plots for adsorption of IC
on AC600 and AC900 (pH=3.0, T= 25 °C, Co=50 mg/L).

The parameters obtained for the pseudo-first-order,
pseudo-second-order models, and Elovich model for
AC600 and AC900 are presented in Table 4.

The interaction between dye and adsorbent

Fig. 11 shows the equilibrium isotherms of IC dye on
the AC600 and the AC900. This work revealed that there
was an interaction between the dye molecule and an
adsorbent molecule when the adsorption process reached
the equilibrium phase.

The adsorption isotherm was defined by two models:
Langmuir and Freundlich. The Freundlich isotherm model
assumes heterogeneous surface energies, in which the
energy term in the Langmuir equation varies as a function
of the surface coverage. The Langmuir isotherm showed
monolayer adsorption onto a surface containing a well-
defined number of adsorption sites. The correlation
coefficient R? was an important factor to compare the
applicability of the isotherm model.

The Langmuir isotherm model is given in Equation (5)

C, 5)

Where ¢ is the amount of adsorbate adsorbed per unit

Ce 1 1

de  dob qo0
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Fig. 10: Elovich model plots for adsorption of IC on AC600 and
AC900 (pH=3.0, T= 25 °C, Co=50 mg/L).

mass of adsorbate (mg/g): C. is the equilibrium
concentration of the adsorbate IC (mg/L); qoand b are
Langmuir constants related to the rate of adsorption and
adsorption capacity, respectively. Fig.12 shows Ce/Qe
plotted against C.. The graph shows a straight line with a
slope 1/qo. Therefore, it can be inferred that the adsorption
of IC on AC900 and AC600 followed the Langmuir
isotherm. The Langmuir constants ‘b’ and ‘qo’ which were
calculated from this isotherm are given in Table 5.

The experimental results revealed that the isothermal
model of Langmuir was adequate for the study of
adsorption isotherm. This model proved that the activated
carbon surfaces were homogenous. Moreover, this finding
confirms  previous results by Malik [37], and
Namasivayam and Kavitha [38] stating that there was
a monolayer cover of 1C molecules on the external surface
of the AC. The dimensionless equilibrium parameter
of the Langmuir isotherm (Ry) is defined by Eq. (6).

1
1+bCy

RL=

(6)

Where Cy is the highest dye concentration (50 mg/L)
and b was the Langmuir constant. The type of the isotherm
depends on the values of R.. Therefore, it would be
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Fig. 11: Equilibrium isotherms of IC on AC600 and AC900
(pH=3.0, T= 25 °C, contact time = 20 min).

unfavorable for (R.>1) or linear for (R.=1) or favorable
for (0<R.<1) or irreversible for (R.=0). In this study, R_
was equal to 0.166 for the adsorption of AC600 and R was
equal to 0.030 for the AC900. This value would prove that
the two solids were favorable for the adsorption of IC
under the conditions used in this study.

The Freundlich model is given by equation (7):

Ing, = Ink; + %lnCe (7

Where C. is the equilibrium concentration of
the adsorbate; ge is the amount adsorbed at equilibrium (mg/g);
n and ks are Freundlich constants; ki is the adsorption
capacity of the adsorbent and n indicates the intensity of
adsorption. ks represents the quantity of dye adsorbed
onto AC adsorbent for a unit equilibrium concentration.
When 1/n ranges between 0 and 1, the adsorption can be considered
favorable and the surface is heterogeneous [38]. The plot of
log g in the function of log Ce shown in Fig. 13 yielded
straight lines with a slope ‘1/n’. The Freundlich constants
(K¢ and 1/n) are calculated and shown in Table 5.
The values 1/n = 0.1309 for the AC600 and 1/n =0.0534
for the AC900 can be interpreted as indicators of the
existence of favorable adsorption and heterogeneous
surfaces.

The Dubinin-Radushkevich isotherm model is generally
applied to express the adsorption mechanism with Gaussian
energy distribution on a heterogeneous surface [39] and
calculated in function of Equations (8), (9), and (10).

e = qse_ﬁsz (8)
Ing, = Ings — ﬂgz 9)
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Fig. 12: Langmuir isotherm model for removal of IC by AC600
and AC900 (pH=3.0, T= 25 °C, Co=50 mg/L).

e =RTIn(1 + Ci) (10)

Where ge is the amount of adsorbate in the adsorbent
at equilibrium (mg/g), gs is the theoretical isotherm
saturation capacity (mg/g), p is the Dubinin-Radushkevich
isotherm constant (mol%kJ?), R is the gas constant
(8.314 J/mol K), T is the absolute temperature (K), and Ce
is the absorbate equilibrium concentration (mg/L).

The approach that was usually applied to distinguish
the physical and chemical adsorption was the mean free
energy, E computed according to Eqg. (11).

1
E= (11)

Figs. 14 and 15 exhibit the linear plot of Dubinin-
Radushkevich Ln(ge) in the function of (g2), of removal of
IC by AC600 and AC900, respectively. These figures
show that the mean free energy E was 0.11 kJ/mol
for AC600 adsorption and 0.79 kd/mol for AC900 adsorption,
indicating that the adsorption of IC on activated carbon
from the leaves of agave Americana L was a physisorption
process.

The parameters obtained for the Langmuir, Freundlich,
and Dubinin—Radushkevich models are presented in Table 5.
In this study, Langmuir appeared to be very consistent
because the correlation factors (R?) were the highest.
The result showed that the maximum adsorption capacity
obtained with the AC900 was better than or comparable
to those obtained with the AC600.

Thermodynamics study
The final result of this study was related to the nature
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Fig. 13: Freundlich Isotherm model for removal of IC by
AC600 and AC900 (pH=3.0, T= 25 °C, Co=50 mg/L).

1.88

1.86

y = -8E-07x + 1.8497
R?=0.9549

Ln (qe)

1.76

0 20000 40000 60000 80000 100000 120000

g2

Fig. 14: Dubinin—-Radushkevich Isotherm model for removal of
IC by AC900 (pH=3.0, T= 25 °C, Co=50 mg/L).
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Fig. 15: Dubinin—Radushkevich Isotherm model for removal of
IC by AC 600 (pH=3.0, T= 25 °C, Co=50 mg/L).

1062

Ben Nasr J. &Ghorbal A.

Vol. 40, No. 4, 2021

of the adsorption of IC on AC from the Agave Americana L.
The parameters of the thermodynamics analysis were
the free energy change AG®, enthalpy change AH®, and
entropy change AS°. The free energy change AG® is given by

AG® = —RTInK, (12)

Where AG? is the free energy change (kJ/mol); R is the
universal gas constant (8.314 J/mol K); T is the absolute
temperature (K); K. is the distribution coefficient (L/g) [29]
calculated in function of equation (13) below
K =% (13)

Ce

According to the fundamental thermodynamic
equation (14) and the van’t Hoff equation (15)

AG® = AH® — TAS°® (14)
AH® | AS°
ln(ch) = - R + R (15)

The plot of Ln(pKc) versus (1/T) makes it possible
to deduce AH® and AS° [40]. p is the water density.

For AC600 the free energy AG® value ranged between
-8 and -9 kJ/mol for temperatures ranging between 298 and
318 K. Similarly, for AC900, the free energy AG® value
ranged between -10 and -12 kJ/mol for temperatures
ranging between 298 and 318 K, respectively (Fig.16).
In line with Lin et al. [41], this would indicate that
the adsorption was a spontaneous physisorption process.
The positive value of enthalpy (19.30 kJ/mol) shows
that the adsorption of IC on AC900 is endothermic.
The positive value of entropy AS® (100.13 J/mol K)
would be an indicator of the random change between
the liquid and solid interface. The Thermodynamic
parameters of AC600 and AC 900 adsorption are
represented in Table 6.

Comparative study

According to the theoretical qo calculated by the
Langmuir model, AC600 and AC900 had a dye maximum
adsorption capacity compared to the results obtained with
various activated carbons prepared from different
precursors and different activation procedures, as
can be seen in Table 7.

CONCLUSIONS

This study attempted to show that the Agave
Americana L leaves would be a potential source of a very
effective AC. In addition to the chemical activation of the
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Table 5: Langumir, Freundlich and Dubinin—Radushkevich isotherms of IC adsorption on the AC600 and the AC900.

/ Langmuir model Freundlich model Dubinin — Radushkevich model \
AC
o R Kt (mg/g)
b R? 1/n R? E(kJ/mol s (mg/ R?
(mglg) (Lmg) (Limg)"" (imol |4 (mdfo)
AC600 43.66 0.10 0.16 0.99 0.13 4.19 0.87 0.11 5.47 0.97
kACQOO 61.72 0.52 0.03 0.99 0.05 5.76 0.92 0.79 6.35 0.95/

Table 7: Comparative study of maximum adsorption capacity of Indigo Carmine onto activated carbon.

/ Adsorbent Maximum adsorption capacity (mg/g) References \
AC900 61.72 This study
AC600 43.66 This study
Layered Double Hydroxide 55.5 [31]
Chitin 5.78 [42]
Chitosan 71.82 [42]
k Rice husk ash 65.90 [4] /
Table 6: Thermodynamic parameters of AC600 and AC900 adsorption.
[ Activated carbon Temperature (K) AG® (kJ/mol) AH° (kJ/mol) AS° (J/mol K) \
298 -8.151
AC600 308 -8.578 5.136 44,538
318 -9.041
298 -10.628
AC900 308 -11.446 19.303 100.133
\ 318 -12.637 /
5 Agave Americana L, this study revealed that the AC
4.8 1 made from this plant was a porous structure with
46 4 y =-2.3218x + 12.044 R
: R?=0.9681 a surface area of 38 m?/g. This AC would have
4.4 A - - .
= 42 deacoo a maximum adsorption capacity of 61.72 mg/g for IC.
S 4 This would make it a promising carbon for filtering
§ T o6ires 53571 dyes from wastewaters. In addition, after a thorough
y =-0. X + 5. . - - H
% 36 R?=0.9948 review of the existing models of the adsorption process
5 - of IC on AC600 and AC900, this study adopted
'3 . . . . . the Langmuir isotherm model. It revealed that

3.1 3.15 3.2 3.25 33 3.35 34
1/T (10-3) K

Fig. 16: Thermodynamic study for removal of 1C by AC600 and
AC900 (pH=3.0, Co=50 mg/L).

Research Article

the adsorption of IC is physisorption and endothermic
in nature. Finally, the use of the Agave Americana L
leaves to prepare the AC would be one way of
valorizing this invasive and useless plant and reducing
the cost of producing AC.
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Table 7: Comparative study of maximum adsorption capacity of Indigo Carmine onto activated carbon.

é Adsorbent Maximum adsorption capacity (mg/g) References )
AC900 61.72 This study
AC600 43.66 This study
Layered Double Hydroxide 55.5 [31]
Chitin 5.78 [42]
Chitosan 71.82 [42]
\_ Rice husk ash 65.90 [4] )
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