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Biosorption is an alternative process for uptake of cationic dyes from aqueous 
solution. In the present study, the biosorption of Auramine O (AO) from 
aqueous solution was investigated by using globe artichoke leaves biosorbent. 
The different parameters as a function of contact time (0 min to 3 h), initial 
dye concentration (20 to 200 mg/L), biosorbent dose (1 to 4 g/L) were studied.  
The data were analyzed on the basis of Lagergren pseudo-first-order, pseudo-
second order, Elovich and Weber-Morris kinetic models. The results suggested 
that the pseudo-second-order model (R>0.999) was well in line with the 
adsorption data. The equilibrium data were evaluated by using Langmuir, 
Freundlich, Temkin and Dubinin-Radushkevich isotherms. According to 
Langmuir isotherm, the maximum adsorption capacity was estimated as 
344. 8 mg g-1 at 298 K. 
Thermodynamic parameters including the Gibbs free energy (ΔG°), enthalpy 
(ΔH°) and entropy (ΔS°) changes were also calculated by using Van’t Hoff 
equation. The negative enthalpy indicated that the adsorption was in 
exothermic nature. The negative values of Gibbs free energy revealed that 
adsorption was in a spontaneous nature. The calculated activation energy of 
adsorption was found to be 46.95 kJ/mol. This value indicates that the 
adsorption process was a chemisorption. 

  
 

 

 
 

INTRODUCTION* 

Dyes are water-soluble used for the coloration 
of various substrates, including paper, leather, hair, 
food, and textiles.1 The potential discharge of 
dyestuffs to the environment worldwide has been 
estimated to be of the order of magnitude of 7× 104 

tons per year.2 Release of dyes to the environment 
is often associated with industrial plants.3-5 

Based on the origin and complex molecular 
structure, dyes can be classified as anionic-direct, 
acid and reactive dyes, cationic-basic dyes and 
                                                 
* Corresponding author: l.kah@hotmail.fr 

non-ionic-disperse dyes.6,7  Basic dyes are cationic 
and they are used to dye fabrics such as wool, silk, 
nylon, and acrylics where bright dying is the prime 
consideration. It is known that majority of dyes are 
synthetic in nature and are usually composed of 
aromatic rings in their structure which makes them 
carcinogenic and mutagenic for aquatic biota.8,9 

Hence, Color removal from industry or domestic 
effluents has drawn considerable attention in the last 
few years because of its toxicity and visibility. 

Auramine O is a yellow fluorescent dye; 
soluble in water and in ethanol, it has been used to 
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stain acid-fast bacteria in sputum or in paraffin 
sections of infected tissue and as a component of 
the truant auramine-rhodamine stain for tubercle 
bacilli.10 

Chemicals similar to auramine can destroy or 
disturb the ability of the blood to carry oxygen. 
Therefore it was thought that a method to treat dye 
wastewater containing auramine O is highly 
desirable.  

Among different biological methods, bioac-
cumulation and biosorption have been shown to 
possess good potential to replace conventional 
methods for the removal of dyes. Biosorption is a 
technique that can be used for the removal of 
pollutants like metals and dyes from wastewaters. 
Agricultural waste materials are abundant and have 
been proved to be good low cost adsorbents due to 
their easy conversion to a value-added product. The 
native exchange capacity and general sorption 
characteristics of these materials derive from their 
constituents: cellulose, hemicelluloses, pectin, lignin, 
and proteins; which contain a variety of functional 
groups that can adsorb certain contaminants in 
water.11 

Globe artichoke is cultivated as well in Mediter-
ranean countries.12 The world production of globe 
artichoke in 2006 is estimated at 550.000 tonnes.13  

These results have encouraged us to continue 
exploring the potential of globe artichokes leaves 
to remove contaminants from water, such as 
cationic dyes that are usually found in wastewater. 

The objectives of this work were to use of globe 
artichoke leaves as a raw material for the 
production of an adsorbent and to study the 
capability of using this as an adsorbent for 
Auramine O (AO) removal from aqueous 
solutions. The effects of solution contact time, 
biosorbent dose and initial dye concentrations on 
AO removal efficiency were studied. 

Langmuir, Freundlich, Temkin and Dubinin-
Radushkevich (D-R) isotherms were employed to 
quantify the adsorption equilibrium. The results 
were analyzed on the basis of Lagergren pseudo-
first-order, pseudo-second-order kinetic, Elovich 
and Weber-Morris intraparticle diffusion model. 
Further the thermodynamic parameters (ΔG°, ΔH°, 
ΔS°) were also determined. 

EXPERIMENTAL 

1. Materials and methods 

1.1. Adsorbent 
Globe artichoke leaves (GAL) used as biosorbent in this 

study was collected in April (2012). They were washed 
repeatedly with deionized water to remove the adhering dirt 

and soluble impurities, dried at 85 °C for 24h and then 
crushed. The dried biosorbent was ground in a mortar to a 
very fine powder and sieved through a 620 µm mesh copper 
sieve. The powdered biosorbent was stored in glass bottles 
prior to use. 

The globe artichoke leaves (GAL) were modified as 
follows: 20 g of GAL was soaked in 1000 mL of 0.1 M NaOH 
solution at 25 °C. Excess of NaOH was removed by rinsing 
with deionized water until a neutral pH was attained. By 
dissolving AO in deionized water, the dye containing stock 
solution (20 mg/L) was obtained. The other required 
concentrations (20 to 200 mg/L) were prepared by diluting the 
stock solution of AO. Fresh dilutions were used for each 
experiment.  

1.2. Adsorbate 
The textile dye, basic yellow (cationic dye), was obtained 

from SACHIM, Tizi-Ouzou, Algeria. Its chemical structure is 
shown in Figure 1 and their properties are represented in Table 1.  

 

 
Fig. 1 – Chemical structure of Auramine O. 

 
Table 1 

Properties of the Auramine O 

Brute formula C17H22ClN3 
Name Basic Yellow 2 
Molecular weight 303.84 
Relative Density  > 1 
Wave number 370. 432 nm 
CAS Registry Number 2465-27-2 
Refractive Index n20

D 1.56 (Predicted) 
Color Index Number 41000 
Maximum wavelength (lmax), nm 434 

 
Stock solutions were prepared by dissolving accurately 

weighed samples of Globe artichoke leaves in distilled water 
to give a concentration of 1000 mg/L and diluted with distilled 
water when necessary. 

The FTIR spectrum of GAL was achieved by Fourier 
Spectrophotometer Spectrum type JASCO 40100 one in the 
range of 400-4000 cm-1. A scanning electron microscope 
(SEM) was used to characterize the samples for the 
microstructure information using a tungsten filament PHILIPS 
ESEMXL scanning electron microscope coupled to a complete 
EDSX microanalysis system. 

KINETIC STUDIES 

The experiments were conducted in 250 mL 
Erlenmeyer flasks containing 100 mL of dye 
solutions. The effect of biosorbent dosage on AO 
biosorption was investigated using biosorbent 
sampling ranging from 1 to 4 g/L. To determine 
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the effect of initial dye concentration of AO, the 
concentration of dye ranging from 20 to 200 mg/L 
was prepared and used. The experiments were 
performed under shaking speed of 250 rpm at 25°C 
for 180 min. AO biosorption equilibrium over a 
concentration range of 20, 40, 60, 80, 100, 120 and 
200 mg/L was modeled by using the Freundlich, 
Langmuir, Temkin and Dubinin-Radushkevich 
models. Kinetic and thermodynamic parameters for 
the biosorption process were evaluated. After the 
biosorption process, the solution was decanted for 
5 min and supernatants were analyzed for 
remaining dye concentration using a 
spectrophotometer (434 nm) (Shimadzu UV-
160A). The amount of biosorbed AO (qt) was 
calculated as follows: 

  0( – ) /e eq C C V m=  (1) 

where qt is the amount of AO adsorbed per gram of 
adsorbent (mg/g). C0 and Ce are the initial and 
 

equilibrium dye concentrations (mg/L), V is the 
volume of the dye solution (L) and m is the 
adsorbent mass (g).  

RESULTS AND DISCUSSION 

1. Characterization of prepared GAL 

1.1. Structural characterization  
by infrared spectroscopy analysis 

The infrared absorption spectra of the crude 
artichoke leaves: shown in Figure 2. 

 
1.2. Scanning Electron Microscopy (SEM) 

analysis of the prepared GAL 

Figure 3 shows the microstructure of artichoke 
leaves activated powder (3.a) and activated dye 
loaded (3.b). 

 
 

  
Fig. 2 – Infra-red spectra of the raw biomass GAL. 

 
Table 2 

Bands assigned to the surface functional groups of globe artichoke leaves 

Wave number (cm−1) Bond stretching 
Serial No. Before activation  
1 3366.94 O-H in cellulose and lignin 
2 2926.59  -CH in cellulose 
3 2333.55 -CH2 in hemicellulose 
4 2109.83 O-H Intramolecular hydrogen  
5 1740.51 C-O carboxylic acid in lignin  

C=O ester in hemicellulose 
6 1637.4 C=O Amides 
7 1431.56 -CH2 symmetric flexion in cellulose 
8 1388.94 -CH flexion 
9 1332.12 -CO aromatique ring 
10 1257.55 -CO in acetyl group of lignin 
11 1062.23 -CO stretching mode of OH 
12 1040.93 C-O cellulose ether 
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(a) (b) 

Fig. 3 – SEM images of used GAL sample: (a) Biomass activated before adsorption; (b) Biomass after adsorption process. 
 

 
Fig. 4 – Effect of biosorbent dosage on biosorption efficiency of globe artichokes leaves  

for AO (Contact time = 180 min, T=25°C, C0 = 20 mg/L, agitation=250 rpm). 
 

SEM pictures display morphology of GAL 
samples before and after the adsorption process. 
From (Figure.3.a), it is clear that GAL has numerous 
pores which are the accessible sorption sites for dye 
uptake. That can allow a good diffusion of the dye, 
and increase the number of accessible sites.14,15 
(Figure 3.b) shows that the pores are clogged after 
AO adsorption on the support. 

2. Effect of biosorbent dose 

Biosorbent dose is a significant factor considered 
as an effective dye biosorption. The influence of 
biosorbent dose on the removal of AO was studied 
using globe artichoke  leaves biosorbent in the 
range of 1 to 4 g/L and at the initial dye concentration 
of 20 mg/L. The biosorption capacities and 
removal efficiency of the GAL biosorbent were 

shown in Figure 4. The biosorption capacities of 
the GAL biosorbent decreased as the biosorbent 
dose increased from 1 to 4 g/L. Removal efficiency 
decreased from 91.63% to 89.2% as the biosorbent 
dose increased from 1 to 4 g/L. Further increases in 
biosorbent dosage reduced the maximum removal 
of AO. This can be explained by forming 
aggregates during biosorption which takes place at 
high biosorbant concentrations causing a decrease 
in the effective biosorption area.16,17  

3. Effect of contact time  

The contact time between the pollutant and the 
adsorbent is of significant importance in the 
wastewater treatment by adsorption.18,19 In physical 
adsorption most of the adsorbate species are adsorbed 
within a short interval of contact time. However, 

Adsorbent dosage (g) 
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strong chemical binding of the adsorbate with 
adsorbent requires a longer contact time for the 
attainment of equilibrium. Available adsorption 
studies in literature reveal that the uptake of 
adsorbate species is fast at the initial stages of the 
contact period, and thereafter, it becomes slower near 
the equilibrium. In between these two stages of the 
uptake, the rate of adsorption is found to be nearly 
constant. This is obvious from the fact that a large 
number of vacant surface sites are available for 
adsorption during the initial stage, and after a lapse of 
time, the remaining vacant surface sites are difficult 
to be occupied due to repulsive forces between the 
solute molecules on the solid and bulk phases.19 

The effect of contact time under different initial 
dye concentrations (20 to 200 mg/L) on the bio-
sorption of AO onto GAL biosorbent is presented in 
Figure 5. 

Auramine O showed a fast rate of biosorption 
during the first 15 min of the dye-biosorbent 
contact. The fast step is probably due to the more 
available active sites on the sorbent at initial stage. 

The initial concentration provides an important 
driving force to overcome all mass transfer 
resistances of all molecules between the aqueous 
and solid phases. But, the equilibrium time is 
independent of initial dye ions concentration. The 
equilibrium was reached within 30 min. After this 
equilibrium period, the amount of biosorbed dye 
did not show time-dependent change. 

4. Effect of initial dye concentration 

The effect of initial concentration of AO in the 
solutions on biosorption was shown in Figure 6. 
 

Biosorption experiments were carried out at a fixed 
biosorbent dose of 1 g/L and ranging from 20 to  
200 mg/L AO concentrations for temperatures of 
25°C. 

From Figure 6, equilibrium uptake increased 
simultaneously with the increase in initial AO 
concentrations. Under the same conditions, if the 
concentration of AO in the solution was higher, the 
active sites of GAL biosorbent will be surrounded 
by more AO ions; the process of biosorption would 
carry out more sufficiently. The biosorption 
capacity increased from 12.69 mg/g for 20 mg/L to 
13.23 mg/g for 200 mg/L dye concentration. It can 
be suggested that increase in biosorption capacity 
at increasing concentrations is due to either the 
higher affinity of sites for dye or an increase in 
binding sites onto the biosorbent. Similar results 
were reported for various dye adsorptions by other 
biosorbents.20-22 

5. Effect of temperature 

Temperature has an important effect on the 
adsorption process, the rise in temperature 
adversely affects the course of the adsorption 
phenomenon.23 Figure 7 shows the effect of 
different temperatures on the removal of cationic 
dyes by the GAL. The amount of basic dye 
adsorbed decreases with increasing temperature 
from 298 K to 318 K indicating the adsorption 
process to be exothermic. 

 
 

  

 

 
 

Fig. 5 – Effect of contact time of AO (Contact time = 180 min, T = 25°C, C0 = 20 mg/L, agitation = 250 rpm). 
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Fig. 6 – Effect of initial dye concentration of AO  

(Contact time= 180 min, T=25°C, C0 = 20 mg/L, agitation=250 rpm). 

 

 
 

Fig. 7 – Effect of temperature on sorption of AO on GAL. 

 

 
Fig. 8 – Adsorption Isotherm of AO onto GAL. 
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6. Biosorption isotherms 

Analysis of equilibrium data is important for 
developing a model that can be used for the design 
of biosorption process. In the present study, two 
classical isotherm models (Langmuir and 
Freundlich), Temkin and Dubinin- Radushkevich 
were used to describe the relationship between the 
amount of AO adsorbed and its equilibrium 
concentration in solution. 

The Langmuir adsorption isotherm has been 
successfully applied to many pollutants sorption 
processes and has been the most widely used 
sorption isotherm for the sorption of a solute from 
a liquid solution.24, 25 

Langmuir isotherm equation is based on 
monolayer sorption onto a surface with finite 
number of identical sites; the model assumes 
uniform energies of adsorption onto the surface 
and no transmigration of adsorbate in the plane of 
the surface.26 The linear form of Langmuir 
isotherm is given by equation (2): 

 max max1/ (1/ )(1/ ) (1/ )e eq bq C q= +   (2) 

where, qmax and b are Langmuir constants denoting 
maximum adsorption capacity and the affinity of 
the binding sites, respectively. These constants can 
be determined from the 1/qe versus 1/Ce.23 The 
Langmuir sorption isotherm of AO is illustrated in 
Figure 9. The values of qmax and b estimated from 
the plots along with the correlation coefficients 
(R2) are presented in Table 3. The values qmax and 
b for the biosorption of AO with GAL biosorbent 
are 344.8 mg/g and 0.042 L/g, respectively. High 
correlation coefficient (R2 > 0.8518) suggests that 
the Langmuir model is applicable. The essential 
features of a Langmuir isotherm can be expressed 
in terms of a dimensionless constant separation 
factor or equilibrium parameter, RL which is 
defined by Hall et al. 27 as: 

 01/(1 )LR bC= +   (3) 

The value of RL indicates the shape of the 
isotherms to be either unfavourable (RL > 1), linear 
(RL = 1), favourable (0 < RL < 1). The RL value 
0.106 at 25°C (C0 = 20 mg/L) (Table 2). The RL 
value obtained using equation (3) for AO 
biosorption is greater than zero and less than unity 
showing favorable biosorption of AO onto the 
GAL biosorbent.  

The linearized Freundlich form based on 
sorption on a heterogeneous surface28 is given 
below as equation (4): 

 log log (1/ ) loge f eq K n C= +    (4) 

where Kf and n are Freundlich constants 
characteristic of the system. Kf and 1/n are 
constants related to adsorption capacity and energy 
or intensity of adsorption, respectively. These 
constants can be determined from the linear plot of 
log qe versus log Ce. 29 The values of the 
Freundlich constants KF and 1/n are 7.06 and 1 
respectively shown in Table 3. The slope 1/n 
ranging between 0 and 1 is a measure of adsorption 
intensity or surface heterogeneous, becoming more 
heterogeneous as its value gets closer to zero.30  

The linearized Freundlich adsorption isotherm of 
AO obtained is shown in Figure 9. The values of Kf 
and n estimated from the plots along with the 
correlation coefficients (R2) are presented in  
Table 3.  

Heat of adsorption and the adsorbent–adsorbate 
interaction on adsorption isotherms were studied 
by Temkin, its equation is given as: 31 

 ln lne r eq B K B C= +  (5) 

where BT = RT/b, T is the absolute temperature  
in K, R (J/mol) the universal gas constant,  
8.314 J mol-1 K-1, and KT is the equilibrium binding 
constant (L/mg), and B is related to the heat of 
adsorption. The constants obtained for Temkin 
isotherm are shown in Table 3. 

Isotherm constants and correlation coefficient 
(R2) are also presented in Table 3. Temkin assumes 
the heat of adsorption of all the molecules in the 
layer decreases linearly with coverage due to 
adsorbent/adsorbate interactions and the adsorption 
is characterized by a uniform distribution of binding 
energies, up to a maximum binding energy.28 

Dubinin-Radushkevich isotherm32-34 is applied to 
explain the adsorption form, physical, ion exchange 
or chemical.35 It is expressed as follows: 36 

 2ln ln –e sq q= βε   (6) 

where qe is the amount of OA ions adsorbed per 
unit weight of adsorbent (mg/g), qs is the 
maximum adsorption capacity (mg/g), β is the 
activity coefficient useful in obtaining the mean 
sorption energy E (kJ/mol) and ε is the Polanyi 
potential as follows: 

 ln(1 1/ )eRT Cε = +   (7) 

The plot of ln qe vs ε 2 at different 
concentrations for AO is presented by Figure 9.d. 
The constant obtained for D–R isotherms are 
shown in Table 3. Energy related to adsorption can 
be found from the equation below: 24, 37  

 
1–
2

2
E β
=  (8) 
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The magnitude of E for the GAL adsorption 
was found 709.22 kJ mol-1 at 298K. According to 
these values adsorption in the present study is in 
the chemical nature. 

The values of the parameters of these isotherms 
and their related correlation coefficients are shown 
in Table 3, the Langmuir model yields a somewhat 

better (R2 = 0.8542), Temkin isotherm (R2 = 0.8424) 
than the Freundlich model (R2 = 0.6346) and 
Dubinin Radushkevich model (R2 = 0.7014 ). AO 
biosorption from aqueous solutions by GAL 
biosorbent was better described by Langmuir 
model in comparison to Freundlich model since it 
presents higher R2 value. 

 

 
Fig. 9 – a) Langmuir isotherms  b) Freundlich isotherms c) Temkin isotherms  

and d) Dubinin- Radushkevich isotherms obtained at 298 K. 
 

Table 3 

The coefficients Isotherm Parameters for AO dye adsorption onto GAL 

Parameters Value 
Langmuir Isotherm   
qmax (mg/g) 
b (L/mg) 
RL 
R2 

344.8 
0.042 
0.106 
0.8518 

Freundlich Isotherm   
n 
kF (L/mg) 
R2 

1 
7.063 
0.6346 

Temkin Isotherm  
KT (L.mg -1) 
R2 

1.104 
0.8424 

Dubinin- Radushkevich Isotherm  
E (kJ mol-1) 
R2 

709.22 
0.7014 
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7. Biosorption kinetics 

In order to investigate the mechanism of 
biosorption, different kinetic models were used to 
describe the experimental data of biosorption. The 
pseudo-first-order model is: 

 1log( – ) log –( / 2.303)e t eq q q k t=  (9) 

where qt (mg/g) is the amount of adsorbed dye on 
the biosorbent at time t and k1 (1/min) is the rate 
constant of first-order adsorption.  

A straight line of log (qe – qt) versus t suggests 
the applicability of this kinetic model. qe and k1 can 
be determined from the intercept and slope of the 
plot, respectively. Figure 10 a shows the log (qe – 
qt) versus t plots taking into account dye initial 
concentration for pseudo-first-order kinetic using 
loquat seed biosorbent in biosorption experiments. 
The rate constants k1 were calculated from the 
slope of Figure 10. It was observed that the rate 
constants k1 decreased with the increase in the 
initial dye concentration. The correlation 
coefficients (R2) are low ranging from 0.1488 to 
0.4143 (Table 4). On the other hand, the calculated 
equilibrium capacities (qe,cal) according to pseudo-
first-order rate expression are not in agreement 
with the values of experimental capacities (qe,exp) 
for solutions of the initial concentrations.  

The pseudo-second-order kinetic model has 
received considerable attention as a tool for 
quantitatively predicting the uptake of dyes from 
aqueous solutions. The pseudo second-order 
kinetic model is expressed as follows: 

 2
2/ 1/ ( ) /t e et q k q t q= +      (10) 

where k2 (g/mg min) is the rate constant of second-
order adsorption. The values of k2 and equilibrium 
adsorption capacity (qe) were calculated from the 
intercept and slope of the plot of t/qt versus t 
(Table 4). h can be determined from the slope and 
intercept of the plot, respectively. 

 2
2 ( )eh k q=     (11) 

where h is the initial sorption rate (mg/g min) (Ho 
and McKay, 1999).38 

The values of the rate constant are presented in 
Table 4 along with the correlation coefficient. 
From these results it can be observed that an 
increase in initial dye concentration caused an 
increase in the equilibrium biosorption capacity, qe 
and initial biosorption rate, but reduced the 
biosorption rate, k2. It is also observed from Table 
4 that the values for R2 in pseudo-second-order are 
0.999, which is much higher than R2 of the pseudo-

first-order values. The higher values of R2 and the 
calculated values of equilibrium sorption capacity, 
qe, which is very much in agreement with 
experimental data for all initial AO concentrations, 
confirms that the biosorption process follows a 
pseudo-second-order mechanism. Similar kinetic 
results were also found in the biosorption of AO on 
acid-treated biosorbent of brown seaweed 
Laminaria sp.39 and Aspergillus foetidus 
biosorbent and by  ZnS:Cu nanoparticles loaded on 
activated carbon.40 

The Elovich equation is mainly applicable for 
chemisorption and often valid for systems with 
heterogeneous adsorbing surfaces.15, 41 The Elovich 
model is generally expressed in its integrated  
form as: 

 (1/ ) ln( ) (1/ ) lntq t= β αβ + β     (12) 

where α is the initial adsorption rate (mg/g min) 
and the parameter β is desorption constant (g/mg). 
These coefficients are computed from the plots of 
qt versus ln t.  

When the adsorbate ions and the surface sites 
interact chemically through a second-order 
mechanism, the application of the Elovich equation 
may be more appropriate.38 Figure 10 shows a plot 
of qt versus ln t for the Elovich equation at 
different dye concentrations. Table 4 lists the 
kinetic constants obtained from the Elovich 
equation. The coefficients significantly depend on 
the amount of adsorbent with a being much more 
sensitive.38 

Most adsorption reactions take place through a 
multi step mechanism comprising: external film 
diffusion, intraparticle diffusion and interaction 
between adsorbate and active site. Since the first 
step is excluded by shaking the solution, the rate-
determining step is one of the other two steps.  

Weber and Morris (1963) described the 
intraparticle uptake of the adsorption process to be 
proportional to the half-power of time: 

 1/ 2( )t iq K t C= +     (13) 

where Ki is the intraparticle diffusion rate constant 
(mg (g min1/2)-1) and C shows the boundary layer 
thickness. According to the Weber–Morris model, 
the plot of qt versus t0.5 should be linear if 
intraparticle diffusion is involved in the 
biosorption process and if this line passes through 
the origin, then intraparticle diffusion is the rate 
controlling step. The process involves more than 
one kinetic stage. The first can be attributed to 
biosorption of dye over the biomass surface and 
hence it was the fastest biosorption stage. The 
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second ascribed to the intraparticle diffusion was 
also relatively fast. 

The third stage may be regarded as the 
diffusion through smaller pores which was 
followed by the establishment of equilibrium42. 
Figure 10 shows that the straight-line portion does 
not pass through the origin. Values of C and Ki, are 
given in Table 4 for all dye concentrations. The 
values of intraparticle diffusion rates (Ki) estimated 
from the slopes increased from 0.9353 to 3.8918 

mg/(g min0.5) for increasing initial concentrations 
from 20 to 80 mg/L of the GAL biosorbent. The 
kinetic data from pseudo-first and pseudo-second-
order adsorption kinetic models, the intraparticle 
diffusion and Elovich model are given in Table 4. 
The linear plots of t/qt versus t indicated a good 
agreement between the experimental and 
calculated qe values for different initial dye 
concentrations. 

 
Table 4 

Kinetic parameters for biosorption of AO on GAL 

Models Parameters [AO] initial  
= 20 mg/L 

[AO] initial  
= 40 mg/L 

[AO] initial  
= 80 mg/L 

Pseudo second 
order 

R2 
k2(g/mg min) 
q cal (mg/g) 
qe exp (mg/g) 
h (mg/g min) 

0.9997 
14.92 
18.41 
18.326 
22.7 

1 
0.065 
38.02 
37.877 
93.95 

0.9999 
0.0084 
75.18 
74.685 
47.47 

Pseudo first order R2 
k1 (g/mg min) 
qcal 

0.1488 
0.0011 
0.181 

0.0451 
0.0345 
0 

0.4143 
0.0158 
3.293 

Intra particular 
diffusion 

R2 
Ki(mg/gmin-1/2) 
C (mg/g) 

0.5078 
0.9353 
8.7667 

0.4879 
1.8749 
18.47 

0.5531 
3.8918 
33.571 

Elovich R2 
β (g/mg) 
α (mg/g min) 

0.8275 
0.076  
38.847 

0.7729 
0.153 
23.92 

0.7961 
0.309 
10.662 

 

 
Fig. 10 – Plots biosorption kinetic equations, a) the pseudo-first order, b) the pseudo-second-order c) the intraparticle diffusion  

d) and the Elovich equation kinetics of AO  by GAL at 298 K. 
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Table 5 

Comparison for the removal of auramine O by different adsorbents 

Adsorbent Concentrations (mg/L) Qm  
(mg/g) 

References  

Stishovite-TiO2 nanocomposite 
(NC) 

20 
 

22.00 V.Venkateswaran et al.42 

 ZnS:Cu nanoparticles loaded on 
activated carbon:  ZnS:Cu-NP-AC 

20 183.15 Arash Asfaram et al.40 

Bagasse fly ash (BFA) 10 31.17 Mall et al.45 
Activated carbon-commercial grade 
(ACC) 

10 1.51 Mall et al.45 

Activated carbon-laboratory grade 
(ACL) 

10 12.55 Mall et al.45 

Mesoporous carbon oxidised at 
100 °C (CKIT-6-APS-60) 

50 400 Joanna Goscianska et al.46 

Globe artichoke leaves 20 344.8 This study 

 
The Figures (10 c) and (10 d) show that 

Auramine O is first adsorbed on the outer surface 
so that the adsorption rate is very high. Once the 
outer surface is completely saturated, the dye 
molecule diffuses into the internal pores of the 
material, and is finally adsorbed on the inner 
surface of the adsorbent. As the dye molecules 
diffuse through the internal pores or along the pore 
surface wall into the particles, the diffusion 
resistance increases, resulting in a decrease in the 
diffusion rate.21,43 

 

8. Thermodynamic parameters 

To evaluate the effect of temperature on the 
biosorption of AO onto globe artichoke leaves 
biosorbent, the free energy change (ΔG°), enthalpy 
change (ΔH°) and entropy change (ΔS°) were 
determined using the following equations: 

  /d e eK Q C=                      (14) 

 – ln dG RT KΔ =    (15)

   Ln / – /( )dK S R H RT= Δ Δ      (Van’t Hoff Equation)  (16) 
 

where Qe is adsorption capacity at equilibrium 
(mg.g-1); Ce is the equilibrium concentration of 
solute in solution (mg/L); Kd is the adsorption 
equilibrium constant; R is the gas constant (8.314 
J/K.mol) and T is absolute temperature. Relation 
between ΔG°, ΔH° and ΔS° can be expressed by 
the following equations: 

 –G H T SΔ = Δ Δ               (17) 

where the values of ΔH° and ΔS° can be 
determined from the slope and intercept of the plot 
between lnKd versus 1/T (Figure 11). The values of 
ΔG°, ΔH° and ΔS° for the biosorption of AO are 
given in Table 6. The free energy of the process at 
different temperatures is negative and changes with 
the rise in temperature. This indicates that the 
biosorption process is spontaneous and 
thermodynamically favorable. The more negative 
values of ΔG° imply a greater driving force for the 
biosorption process. 

The value of ΔH° is negative, indicating that 
the biosorption reaction is exothermic. This is also 

supported by the decrease in the value of uptake 
capacity of the biosorbent with the rise in 
temperature. 

 Ln – /k Ea RT A= +  (18)                    

Negative values of the three parameters ΔH°, 
ΔG°, ΔS° system AO / GAL indicate that the 
reaction is spontaneous and exothermic and that 
the order of distribution of the dye molecules on 
the adsorbent is high compared to that in the 
solution. Furthermore, examination of the values of 
the activation energy of adsorption (46.91 kJ / mol) 
shows that it is a chemisorption.44 The negative 
ΔS° value shows that the adsorption is increased 
with the order at the solid-solution interface. It is 
also noted that ΔG° increases with increasing 
temperature of the solution for the media studied, 
this fact indicating a higher driving force resulting 
in a higher biosorption capacity at lesser 
temperatures. Which can be explained by the fact 
that adsorption becomes very difficult when the 
temperature becomes very large.40-45 
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Fig. 11 – In Kd versus 1/T plot for the adsorption of AO by GAL. 

  
Table 6 

Thermodynamic parameters for the biosorption AO on Globe Artichoke leaves 

Temperature 
(K) 

Qe 
mg/g 

∆G° 
kcal/mol 

ΔH° 
kJ/mol 

ΔS° 
kcal/mol K 

298 18.326 - 6.74 
308 16.966 - 5.39 
318 15.583 - 4.04 

- 46.97 - 0.135 

 
CONCLUSIONS 

Equilibrium, kinetic and thermodynamic studies 
of the biosorption of AO onto the globe artichoke 
leaves biosorbent revealed that the biosorbent 
could be used to remove the cationic dye from 
aqueous solution. This study showed that 
biosorbent dose, contact time, initial dye 
concentration and temperature affected the 
biosorption process. A comparison of different 
models on the overall adsorption rate showed that 
the kinetics of adsorption was better described by 
the pseudo-second order model. The equilibrium 
data were evaluated by using Langmuir, 
Freundlich, Temkin and Dubinin-Radushkevich 
isotherms. The Langmuir isotherm was found to 
provide the best correlation of the experimental 
data. Thermodynamic parameters including the 
Gibbs free energy, enthalpy and entropy changes 
indicated that the biosorption of AO onto Globe 
Artichoke leaves biosorbent was feasible, 
spontaneous and exothermic. Activation energy 
(46.95 kJ/ mol) indicates that the adsorption 
mechanism was chemisorption. 

The results revealed that globe artichoke leaves 
biosorbent could be used as biosorbent for the 
treatment of wastewater containing Auramine O. 
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