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INTRODUCTION

The wastewater contains a variety of compounds organic
matter and toxic substances harmful to fish and other aquatic
organisms [1,2]. Various dyes used in textile industry cause
serious problems, because of their stability and low biode-
gradability [3,4] and there elimination has been the subject
of much attention in recent years, not only because of their
toxicity, but mainly because of their detection problems [5-8].
Various physico-chemical and biological processes have been
investigated to remove the dyes in wastewater [9,10]. Among
the methods, removal of dyes by adsorption is regarded as one
of the competitive methods because of high efficiency, econo-
mic feasibility and simplicity of design/operation [11-13]. The
activated carbon is the most widely used for the removal of
dyes and effluent treatment textile, because activated carbons
are prepared from natural materials such as wood or coal, which
are expensive [14-16]. Recently, low cost and easily available
other agricultural based materials such as wheat shells, banana
pith, maize cob [17,18], pistachio shells [19,20], date stones
[21], date pits [22], seed stone [23], coir pith [24], rice husk
[25,26], bagasse [27], straw [28], seeds waste [29], apricot
stone [30], almond barks, coffee seeds, tea waste, rice husk
etc. [31,32] have been used as a source of the production of
activated carbon for the removal of the textile dye effluents.
In this study we have utilized the globe artichoke leaves (GAL)
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as an adsorbent to remove the basic dyes auramine-O (Au-O)
in an aqueous solution. The equilibrium analyzes were conduc-
ted to understand the sorption processes.

EXPERIMENTAL

Adsorbate: The basic dye used is auramine-O(C17H22ClN3)
solution. 1000 mg/L was prepared and from which dilutions
were performed.

Adsorbent preparation: Globe artichoke leaves used for
this study were obtained from Relizane, Algiers. The globe
artichoke leaves were washed with distilled water, dried at
85 °C for 24 h and milled. 20 g of powder was mixed with 1 L
of 0.1 M NaOH. The mixture is washed several times with
distilled water until the pH became neutral. The sample was
thereafter dried in an electric oven for 24 h at 95 °C and then
kept in desiccators for use after crushing; the mean diameter
of our samples is 620 µm.

Characterization of adsorbent: The surface area of the
adsorbent was determined by the test at task (NF EN 933-9).
The moisture content was determined according to standard
method. Bulk density was determined using the method of
Okieimen et al. [33]. The pH is determined according to (NF
V 05-108, 1970) by immersing a 1 g sample in 100 mL of
distilled water and stirring and heating for 1 h. The dosage of
the surface features was performed by Boehm titration method



[6] to determine the quantities of the lactone function, phenolic,
carboxylic and basic on fibers of activated artichoke.

In order to identify the main chemical functions present
at the surface of the powdered globe artichoke leaves, infrared
analysis was performed with a Fourier transform spectrometer
JASCO Model 40100 for plotting spectra between 4000 and
400 cm-1. The powder biomass microstructure was charac-
terized by observation with a scanning electron microscope
PHILIPS ESEMXL 30 tungsten filament coupled with a comp-
lete system of microanalysis EDSX.

Batch adsorption test: The adsorption experiments were
carried out in a static reactor by introducing 0.1 g of adsorbent
in 100 mL of a solution containing various amounts of auramine-
O with intermittent stirring.

At the end of adsorption, the solutions were centrifuged
and then subjected to quantitative analyses. For the kinetic and
equilibrium studies, desired quantity of GAL is contacted with
100 mL of Au-O solutions in Erlenmeyer flasks. The flasks are
placed on a rotary shaker at 250 rpm and the samples are taken
at regular time intervals and centrifuged at 3000 rpm for 10 min.
The Au-O contents in the supernatant was measured spectro-
photometrically on Perkin Elmer UV-visible spectrophotometer
model 550S at the λmax value, which is 434 nm for auramine-O.
The amount of auramine-O and the adsorption percentage were
calculated using the following equations [34]:

qe = V (C0 – Ce)/m (1)

R (%) = (C0 – Ce)/C0 × 100 (2)

where, qe (mg/g) is the amount adsorbed per gram of adsorbent;
Ce (mg/L) is the equilibrium concentration of auramine-O, C0

(mg/L) is the initial concentration of adsorbate; V (L) is volume
of solution and m (g) is mass of adsorbent used.

Due to the inherent bias resulting from linearization of
the isotherm and kinetic models, the non-linear regression root
mean square error (RMSE) test is employed as criterion for
the quality of fitting [13].
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where, qi (exp) (mg/g) is the experimental value of uptake, qie

(cal) the calculated value of uptake using a model (mg/g) and
n the number of observations in the experiment (the number
of data points). The small the RMSE values, better the curve
fitting [13].

RESULTS AND DISCUSSION

FTIR: Infrared spectra of the artichoke leaves before and
after activation are almost identical. The IR spectra of artichoke
leaves before activation are almost identical (Fig. 1). Localized
at 3366.94 cm-1 peak corresponds to OH group. While the
bands at 2926.59–2333.55 cm-1 reflect C-H bonds and CH2,
respectively, component of hemi-cellulose and cellulose [35] is
over.

The band at 2109.83 cm-1 is due to the OH bond by intra-
molecular hydrogen bonding. The absorption at 1740.51 cm-1

band can be attributed to the carbonyl group (>C=O) stretching
vibration of the bond in the lignin carboxylic acid or ester
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Fig. 1. FTIR spectra of activated globe artichoke leaves

group C=O in the hemicellulose [36]. The band at 1637.4 cm-1

corresponds to C=O amide adsorption. The absorption at 1428
cm-1 is associated with the symmetrical bending of CH2 present
in cellulose [37]. The two peaks observed at 1388.94 and 1332
cm-1 are attributed to the bending vibration of CO and CH
groups of polysaccharides aromatic ring [38]. The absorption
peak centered at 1257.55 cm-1 is due to the C-O bond stretching
vibration of the acetyl group in lignin [39]. Both bands 1062.23
and 1040.93 cm-1 may be associated, respectively, with the
CO stretching modes of hydroxyl groups and the cellulose
ether [35].

Scanning electron microscopy analysis: Fig. 2 shows
the microstructure of artichoke leaves activated grain (Fig. 2A)
and activated dye loaded (Fig. 2B).

(a)

(b)

Fig. 2. SEM pictures of the biomass: Magnification × 1000 (a) activated
biomass (NaOH 0.1 N) (b) activated biomass with dye
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SEM pictures display morphology of GAL samples before
and after the adsorption process. Fig. 2 showed that the
GAL has numerous pores are the accessible sorption sites for
dye uptake. That can allow a good diffusion of the dye and
increase the number of accessible sites [40,41]. Fig. 2B showed
that the pores are clogged after adsorption of Au-O on the
support.

The results of physico-chemical analysis were represented
in Table-1.

TABLE-1 
CHARACTERISTICS OF ACTIVATED GLOBE 

ARTICHOKE LEAVES WITH NaOH 

Parameters Values 

Humidity (%) 
Density (g/cm3) 
pH 
Ash content (%) 
Area surface (m2/g) 
Lactone groups (mmol/g) 
Phenolic groups (mmol/g) 
Carboxylic groups (mmol/g) 
Total acidity (mmol/g) 
Total basicity (mmol/g) 

0.3 ± 0.001 
0.32 ± 0.002 
7.15 ± 0.001 
0.936 ± 0.001 
722.64 ± 0.34 

2.3 
3,85 
3.7 
9.85 
2.82 

 
Kinetic adsorption: The modeling of the adsorption

kinetics of the Au-O is tested by two models:
Pseudo-first-order [42]:

ln (qe-qt) = ln qe – k1/2.303t (3)

where qe and qt are the quantities (mg g-1) of the adsorbed Au-O
at equilibrium at time t respectively and k1 is the adsorption
rate constant (mL min-1). The constants of the model are deter-
mined graphically by plotting [ln (qe-qt)] as a function of t.

Pseudo-second-order [43]:

t/qt = 1/k2(qe)2 + t/qe (4)

where k2 (g mg-1 min-1) is the adsorption rate constant. The
constants (k2 and qe) are also determined graphically by plotting
(t/qt) as a function of t.

The rate constants, predicted uptakes and the correlation
coefficients for AGAL are summarized in Table-2. For the pseudo-
second order kinetic, the experimental data approximate
linearity.

TABLE-2 
KINETIC PARAMETERS FOR ADSORPTION OF Au-O IONS 

ONTO ACTIVATED GLOBE ARTICHOKE LEAVES WITH NaOH 
 Model 

Pseudo-first order Pseudo-second order 
 qe  

(mg g–1) 
K1 (g mg–1 

min–1) 

K2 (g  
mg–1  

min–1) 

qe (mg 
g–1) 

h (mg  
g–1 min–1) 

 1.181 0.0011 14.92 18.41 22.7 
R2 0.1488 0.9997 

RMSE 5.289 0.647 

 
This was evidenced by the high values of qe and correlation

coefficients. Therefore, the pseudo-second order model is appli-
cable to this system. The correlation coefficient and qe, cal of
the pseudo-second order kinetic model are in good agreement
with the experimental results (Table-2).

The high value of correlation coefficient implies that Au-O
adsorption on globe artichoke leaves may occur through a
chemical process involving the valence forces of shared or
exchanged electrons [44].

Adsorption isotherm: The adsorption isotherm is the
relationship between the amount of an adsorbed substance at
a constant temperature and its concentration in the solution at
equilibrium. The literature describes two main models of adsor-
ption isotherms. The Langmuir isotherm and Freundlich are
the most frequently used models. In this study, the two models
are used to analyze the relationship between the amount of
dye adsorbed and its equilibrium concentration.

Langmuir isotherm: The Langmuir isotherm adsorption
assumed that the adsorption takes place on homogeneous
specific sites within the adsorbent and it has been used success-
fully for many adsorption in a monolayer process. The linea-
rized Langmuir is represented by the following equation [45]:

1/qe = 1/qmax + 1/bqmax Ce (4)

where Ce is the concentration of the adsorbent at equilibrium
(mg/L), qe is the amount of adsorbate adsorbed per unit mass
of the adsorbate (in mg/g) and Q and b are constants Langmuir.

The route of Ce/qe depending this gives a straight line of
slope 1/Q (Fig. 3), indicating that the adsorption of auramine-
O onto AGAL does follow the Langmuir isotherm. ‘b’ and q
Langmuir constants were evaluated from this isotherm and
their values are recorded in Table-3, the Langmuir equation
assumes that the surface is homogeneous. The important
characteristics of the Langmuir isotherm can be expressed by
a dimensionless parameter which is defined by RL [46], which
is defined by eqn. 5:

RL = 1/(1+ bC0) (5)
where Co is the initial concentration of the higher solute, the
constant b Langmuir adsorption (L/mg). The RL value indicates
the type of the isotherm: unfavourable (RL > 1) linear (RL =
1), favourable (0 < RL < 1) or irreversible (RL = 0). The RL

value obtained was 0.106. This confirms that the adsorbent
made from artichoke leaves is very favourable for the adsorp-
tion of auramine-O under the conditions used in this work.

Freundlich isotherm: The Freundlich isotherm is an
empirical equation used to describe heterogeneous systems.
The logarithmic form the best known of the Freundlich model
is given by the following equation [47]:
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Fig. 3. Langmuir isotherm for the adsorption of auramine-O on AGAL (0.1
g/100 mL); [Au-O] 20 mg L-1; T (298 K); Stirring (250 rpm); Stirring
time (3 h)
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TABLE-3 
LANGMUIR AND FREUNDLICH ISOTHERM  
CONSTANTS AT 298 K USING ACTIVATED  

GLOBE ARTICHOKE LEAVES AS ADSORBENT 

 Langmuir isotherm Freundlich isotherm 

q (mg/g) b (L/mg) RL kF (mg/g) 
(L/mg)1/n 

1/n 

344.8 0.042 0.106 7.063 1 
R2 0.8518 0.6346 

RMSE 22.863 104.076 

 
log qe = log KF + 1/n log Ce (6)

where KF and 1/n are constants related to the Freundlich adsor-
ption capacity and the adsorption intensity of the adsorbent,
respectively. qe is the amount adsorbed at equilibrium (mg g-1),
Ce is the equilibrium concentration of the adsorbate. The values
of KF and 1/n are calculated from the intercept and slope,
respectively and are recorded in Table-3. The logarithm of the
graph log qe versus log Ce gives a straight line (Fig. 4) with a
correlation coefficient of 0.8158.
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Fig. 4. Freundlich isotherm for the adsorption of auramine-O onto AGAL
0.1 g/100 mL; [Au-O] 20 mg L-1; T (298 K); Stirring (250 rpm);
Stirring time (3 h)

Conclusion

This study was devoted for the elimination of basic dyes
Au-O by adsorption on activated globe artichoke leaves. The
equilibrium kinetics of adsorption of Au-O on GAL was
reached after 30 min from time contact. The adsorption of
auramine-O on activated globe artichoke leaves is described
by Langmuir model satisfactorilywith higher values of cor-
relation coefficient R2 of 0.8518. Kinetics studies also showed
that the adsorption of the dye followed second-order kinetics
(R2 = 0.999). The results obtained in this work, have shown
that GAL has an important power for Au-O removal since the
ultimate adsorption capacity is 344.8 mg/g and it’s shown that
globe artichoke leaves is a promising adsorbent for the removal
of auramine-O from aqueous solutions.
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