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a b s t r a c t
Efficient adsorbents preparation from Olea europaea leaves by simple surface modification for 
Rosaniline Base and Chrysoidine R removal from simulated water have been investigated. Separate 
impregnation of powdered leaves in H2SO4 and KOH solutions (30%) followed by pyrolysis (500°C) 
during 2 h resulted in AH30 and AK30 adsorbents. Operating parameters effecting dyes adsorption 
such as contact time, adsorbent dose, pH and temperature were studied. Equilibrium data were 
analyzed using adsorption isotherms. Treatments were found to enhance the adsorption capacity 
significantly relative to their inactivated state (INACT). Langmuir model is more representative with 
adsorptive capacities enhancements due to treatments of up to 158.73 and 357.14 mg g–1 for CRD and 
RBD dyes, respectively, by AH30 compared with 129.87 and 270.27 mg g–1 by the commercial Merck 
activated carbon used as a reference. Chemical and physico-chemical methods such as Fourier-
transform infrared spectroscopy analyses, ATG/ATD, MEB/EDS, Boehm, iodine number, methylene 
blue index and pHzpc were performed to characterize the prepared adsorbents prior to their utiliza-
tion. Adsorption mechanism was found to obey pseudo-second-order kinetic model and the sorption 
process is controlled by intra-particle diffusion. Thermodynamic analysis of both dyes confirms their 
spontaneity and exothermicity. These results showed that activated Olea europaea leaves prove to be 
very useful and efficient adsorbent in removing related toxic pollutants from textile wastewater.
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1. Introduction

Even representing a small percentage (about 3%) of water 
covering the earth, freshwater makes the development of 
water pollution worldwide so problematic. 

It was estimated by the World Water Assessment 
Programme (UNESCO-WWAP) that about 2 million ton d–1 
of sewage, industrial and agricultural waste are discharged 
into the world’s water. This waste discharge as pollutants 
leaves not only a very small portion of accessible fresh 

water but also causes the death of many organisms and 
can disrupt entire ecosystems. Pollution caused by organic 
pollutants becomes a serious problem of environmental 
degradation, which requires special attention by straight-
ening imposed environmental regulations and guidance pro-
vided by the World Health Organization (WHO) and the 
European Union [1]. Extensively used in different industries, 
dyes are organic pollutants wide in variety and toxicity that 
have been of great threat to aquatic organisms, plants and 
humans once discharged in the environment in the form of 
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colored wastewater without any prior treatment [2]. Many 
treatment alternatives for dyes-laden wastewater have been 
used including physical, chemical, biological and physico-
chemical [3–6] such as advanced oxidation, coagulation/
flocculation, reverse osmosis, nanofiltration, ion exchange, 
among others [7–10]. Although well developed, these meth-
ods are proved to be less efficient, more costly and gener-
ate huge quantity of sludge. As a process, adsorption using 
activated carbon is one of the most widely used technique 
that has gained much scientific attention in the last decades 
due to its high efficiency for organic pollutants removal from 
wastewater, simplicity to realize, less expensive and easy to 
scale-up [11–13]. 

With a highly developed porosity and an extended 
interparticulate surface area, activated carbons are the 
most commonly used adsorbents for range of pollutants 
removal including dyes from wastewater [14–16]. They 
can be manufactured from a wide variety of raw materi-
als and Agricultural by-products with high percentage of 
carbon content as a predominant qualification [17–22]. 

By being lignocellulosic materials with relatively high 
carbon content, Olea europaea leaves, a raw material abun-
dantly available locally, presenting no value and often 
presenting expensive disposal problems was chosen in this 
study as an alternative for activated carbon production. 
The organic pollutants selected to be removed from simu-
lated water were Chrysoidine R, which belongs to the azo 
dyes category is widely used to dye silk, cotton, varnish, 
printing inks, chromed leather, and cellulose-ester plastics 
[23–25]. Also used as a biological stain and as a dye in oils, 
fats, and waxes for polishes. It is sometimes used illegally 
as a food additive despite its potential toxicity causing nau-
sea, vomiting and muscle weakness [26,27], and Rosaniline 
Base, which belongs to the category of magenta dyes, an 
organic base, used to make the dye fuchsine, extensively 
used as textile dyes and for sulfur dioxide measurements 
in the atmosphere. It is toxic and is an irritant that causes 
dermatitis and conjunctivitis with prolonged skin contact 
and eye exposure, respectively. Ingestion may cause nausea, 
gastrointestinal irritation, vomiting and diarrhea [28,29].

Both dyes are toxic and are difficult to biodegrade 
because of their complex aromatic structures. Prior treatment 
of wastewater laden with these dyes is necessary before it 
is discharged into the environment using efficient low-cost 
material was the aim of this study.

2. Materials and methods 

2.1. Materials 

Dyes used in this study were Rosaniline base (dye content 
70%) and Chrysoidine R (>98%) supplied by REACTIFS 
RAL. Table 1 shows chemical structures and character-
istics of these dyes. Stock solutions (10–2 M) were pre-
pared according to standard procedure by dissolving the 
required amount of each dye separately in distilled water. 
Working solutions of the desired concentrations were 
obtained by successive dilutions. Sulfuric acid and potas-
sium hydroxide (purchased from Sigma-Aldrich, Germany) 
of high purity were used as chemical activators for the 
preparation of activated carbon.

2.2. Adsorbent preparation

Olea europaea leaves were collected from nearby farms 
during the olive harvest (autumn), washed thoroughly 
with tap water to remove dust then with distilled water 
and dried at 70°C overnight, crushed and sieved to obtain 
powdered particles with a diameter less than 0.14 mm. 
In order to enhance their adsorptive properties, Olea 
europaea leaves were chemically treated separately by sul-
furic acid (30%) and potassium hydroxide (30%). The mix-
tures were agitated for 24 h at ambient, filtered, dried and 
then pyrolyzed at 500°C in tubular furnace (Nabertherm 
MORETHAN HEAT 30-3000°C) for 2 h (heating speed: 
10°C/min). The obtained samples were washed with hot dis-
tilled water, dried overnight and kept in desiccators before 
adsorption tests.

2.3. Adsorbents characterization

2.3.1. Surface area estimation

Usually used for their experimental simplicities as a 
relative indicator of adsorbents available surface area, iodine 
and methylene blue adsorption onto activated carbons 
can be very useful for adsorbent structure. First, the iodine 
number is quick test giving an indication of the internal sur-
face area of virgin activated carbon so it is mainly adsorbed 
in the micropores since the surface area occupied by one 
molecule is equal to 20.96 Å2 [30]. It is widely used as a qual-
ity control parameter in production and reactivation of acti-
vated carbons. It is defined as the quantity in mg of iodine 
adsorbed by 1 g of material when the iodine residual con-
centration of the filtrate is 0.02 ± 0.01 N according to ASTM 
D 4607 standard method [31], which is based on a three-point 
isotherm. A standard iodine solution (0.1 ± 0.01 N) was treated 
with three different weights of adsorbent. The sample was 
treated with 10 mL of 5% (V/V) HCl. The mixture was boiled 
for 30 s, and then cooled at room temperature. 100 mL of 0.1 N 
iodine solution was immediately added to the mixture and 
stirred for 30 s. The solution was then filtered and 50 mL of 
the filtrate was titrated with 0.1 N (0.05 mol L–1) sodium thio-
sulfate solution using thyodene (or starch) as an indicator. 
The amount of iodine adsorbed per gram of adsorbent is plot-
ted against the residual iodine concentration, using logarith-
mic axes. If the residual iodine concentration was not within 
the range (0.008–0.04 N), the procedure is repeated using 
different carbon masses for each isotherm point. A regres-
sion analysis was applied to the three points and the iodine 
number was calculated as the amount adsorbed at a residual 
iodine concentration of 0.02 N. Second, methylene blue is a 
typical dye used to calculate the accessible surface of sor-
bents to large molecules (mesopores) according to standard 
method Chemviron Carbon, (Zoning Industriel C. B-7181 
Feluy, Belgium) in which one determines the adsorption 
of the filtrate containing the residual concentration of the 
methylene blue after contact time of 30 min with the acti-
vated carbon. The available surface with methylene blue is 
calculated by the following equation [32,33]: 
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where SBM is the surface area (m2 g−1), b is maximum 
adsorption capacity (mg g−1) based on a monolayer cover-
age (determined previously from the Langmuir model), 
NA is Avogadro’s number (6.023 × 1023 mol−1), ABM is the sur-
face occupied by a molecule of methylene blue (taken as 
119 Å2 = 1.19 × 10–18 m2), and MBM is the molecular weight of 
methylene blue (319.86 g mol−1). 

2.3.2. pHzpc and Boehm titration

The zero point charge of the carbon (pHzpc) defined 
as being the pH for which there is absence of positive or 
negative charge on the activated carbon surface was deter-
mined as follows: volumes of 50 mL of 10–2 M NaCl aque-
ous solution were placed in a series of stoppered conical 
flasks. The initial pH value (pHi) of each solution was then 
adjusted between 2 and 12 by using dilute sodium hydrox-
ide or hydrochloric acid solutions and accurately noted. An 
amount of 0.15 g activated carbon was then added to each 
flask, stirred for 48 h and then the final pH (pHf) was mea-
sured for each solution. The difference between the initial and 
final pH value (∆pH = pHi–pHf) was plotted against (pHi). 

2.3.3. Surface functional groups determination

In order to identify the principle functional groups pres-
ent at the surface of adsorbents, the infra-red analysis was 
used. The IR spectra were determined using sampling in KBr 
on an IRPrestige-21, Shimadzu UVmini-1240 UV–vis spec-
trophotometer (Shimadzu Co., Ltd., Tokyo, Japan). Second, 
Boehm method was used for acidic sites quantification 
(back-titration of HCl by NaOH) and for basic sites quanti-
fication (direct titration of HCl by NaOH) [34]. In addition, 
scanning electronic microscopy observations: scanning elec-
tron microscopy (SEM) analysis was performed on HIROX 
SH-400 M SEM-EDS BRUKER  XFlash® 6 | 60 Detector 
Nano-analysis N°. 8535 (Germany) spectrometer for sample 
characterization.

3. Adsorption experiments

For highest adsorption capacities of Rosaniline base 
and Chrysoidine R onto considered activated carbons, the 
influence of important parameters including adsorbent dos-
age (2–16 mg L–1 range), contact time (30–360 min range), pH 
(2–12 range) and temperature (298.15, 303.15 and 313.15 K) 
were investigated. These experiments were performed by 
batch sorption in a series of capped 250 mL Erlenmeyer 
flasks. For such sorption studies, a 25 mL volume of a dye 
solution of known initial concentration prepared from 
stock solution (10–2M) by dilution was mixed with a known 
amount of adsorbent; the mixture was agitated magneti-
cally at a constant speed of 400 rpm until equilibrium had 
been reached, then centrifuged at 4,000 rpm and the super-
natant concentration determined using a Optizen 2120 UV 
spectrophotemeter, (Korea) at λmax values mentioned in 
Table 1. Solutions were diluted as required so that their 
absorbance remained within the linear calibration range 
(Beer–Lambert law). Experiments were repeated in trip-
licate and the average values were reported. Dye uptakes 
(qe) in mg g–1 were determined according to the following 
mass balance relationship:

q
C C V

me =
−( )
,

0

1 000
eq  (2)

where C0 and Ceq are the initial and the equilibrium dye 
concentration (mg L–1), V is the volume of the liquid phase 
(mL) and m is the mass of the activated carbon sample (g).

4. Results and discussion

4.1. Samples characterization

All samples were characterized prior to adsorption tests 
using different chemical and physico-chemical methods such 

Table 1
Chemical structure and characteristics of adsorbed dyes

Chrysoidine R Rosaniline Base

Structure

Molecular formula C13H15ClN4 C20H19N3HCl
Molecular weight (g mol–1) 262.73 337. 86
Color index (C.I.) 11,320 42,510
Maximum wavelength λmax (nm) 450 542
Classification Azo dye Magenta dye
CAS number 4438-16-8 632-99-5
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as Fourier-transform infrared spectroscopy (FT-IR) analyses, 
ATG/ATD, MEB/EDS, Boehm, iodine number, methylene 
blue index and pHzpc.

4.1.1. Functional groups identification by FT-IR spectroscopy

FT-IR analysis spectra of the all samples shown in 
Fig. 1 were obtained by IR Prestige-21 Shimadzu Corporation, 
(Japan) to determine the prepared AH30 and AK30 samples 
functional groups. A mixture of KBr (100 mg) and powdered 
samples (1 mg) was compressed for spectra analysis in the 
4,000–400 cm–1 range. Before activation, the spectrum of 
INACT biosorbent showed high intensity peaks around 3,609 
and 3,311 cm–1 corresponding to the stretching vibration of 
hydroxyl groups and the primary aliphatic amine, respec-
tively. Medium intensity peaks around 2,921; 1,635 and 
1,600 cm–1 characteristic of C–H stretching (alkane), C–H 
stretching (aldehyde) and C–C stretching (alkane), respec-
tively. Weak peaks are present around 2,848 cm–1 of ali-
phatic (C–H) elongation. Other weak peaks at 1,379; 
1,309; 1,105 and 1,004 cm–1 attributed to the elongation of 
(C–O) in the acid groups, alcohols, phenols, ethers and esters.

After activation with the sulfuric acid and hydroxide 
potassium followed the heat treatment, peaks between 3,600 
and 3,300 cm–1 disappear creating then new oxygenated 
groups that can significantly enhance dyes removal. Table 2 
summarizes the main functional groups as observed from 
FT-IR spectroscopy analysis.

4.1.2. pHzpc and Boehm titration 

Due to the increase of interest in the solution pH during 
adsorption processes, a common method used to indicate 

the net surface charge of the adsorbent in solution is the 
point of zero charge (pHzpc), pH for which the net surface 
charge of adsorbent is equal to zero. It is an important 
parameter for prediction of affinity between adsorbent 
and adsorbate. The adsorbent surface is considered to be 
charged positively at pH < pHzpc and negatively charged at 
pH > pHzpc. It is indicated by the intersection point of (pHfinal 
vs. pHinitial plot) and (pHfinal = pHinitial line) as shown in Fig. 2. 
It is also related to functional groups (acid or base) on the 
adsorbent surface usually determined by Boehm titration. 
As shown in Table 3, the inactivated Olea europaea leaves 
(INACT) have more acid groups (8.08 mmol g–1) than basic 
ones (6.80 mmol g–1) increasing then the density of negative 
charge on the surface which favors cationic dyes adsorption 
such as Rosaniline Base and Chrysoidine R. Acidic (H2SO4) 
and basic (KOH) treatments increase acidic groups and 
basic groups by 60% and 53%, respectively. This is consistent 
with high adsorption capacities obtained by AH30.

4.1.3. Mesoporous and microporous available areas

Mesoporous and microporous available areas were 
determined through a laboratory procedure reported in 
previous works [30] particularly those with small molecules. 
Due to its small surface area occupied by one molecule, 
iodine adsorption (called iodine number) onto the pre-
pared samples is a good indication of their micro-porosity 
[32] since it has been reported in the literature that 1 mg 
of iodine adsorbed is almost equal 1 m2 g–1 [35]. Values of 
iodine number and methylene blue index SBM are sum-
marized in Table 4. The inactivated sample has the lowest 
iodine number of 320.46 m2 g–1 as expected since most pores 
are initially filled with impurities. After activations, there 
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Fig. 1. FT-IR spectrum of all samples.
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are significant improvement of the iodine number for up 
to 1,150.07 and 679.04 mg g–1 by acid and base treatments, 
respectively, creating more pores in sample structures. These 
values are in accordance with the amount of dyes adsorbed. 
By being a large molecule methylene blue is used to define 
the macro-porosity available surface of activated carbons 
[36]. Values of Methylene blue index decreases from the 
inactivated leaves to the chemically treated ones, this is 
due may be to the creation of more microporous space. 

4.1.4. Sample surface morphology 

The microstructure of the produced samples was 
examined by SEM. Fig. 3 shows SEM images of the raw 
material (INACT sample), the derived activated carbons 
(AH30 and AK30) and the commercial activated carbon 
from Merck KGaA, Darmstadt, Germany (AC-Merck), in 
which there is major difference between the raw and the pre-
pared adsorbents. The surface of the raw material shown in 
Fig. 3a was fairly smooth, with almost no voids or cavities. 
However, those of AH30 and AK30 (Figs. 3b and c) activated 
carbons show that chemical followed by heat treatments pro-
duce new external surfaces with pores and cavities leading 
then to high porosity development (confirmed by iodine 
number determination: Table 4) as a result of the treatments 
by chemical reagents (H2SO4 and KOH) and evaporation 
during pyrolysis of some volatile organic components leav-
ing more empty spaces. This increase in porosity is also due 
to the elimination of some hetero-atoms present initially 
in the raw material during the heating process as show in 

Table 2
Characteristics of FT-IR wave numbers for INACT, AK30, AH30 and AC-Merck

Adsorbent Wave number (cm–1) Assignment Comments

INACT 3,609 
3,311 

2,921
2,848
1,635
1,600
1,379 
1,309 
1,105 
1,004

O–H stretching, alcohol (strong, sharp)
N–H stretching primary aliphamine, medium
O–H stretching, alcohol strong, broad
C–H stretching alkane, medium
C–H stretching aldehyde, medium
C–C stretching alkane, medium
N–H bending, amine
C–H bending, alkane, medium
C–N stretching, arom. amine strong
C=C bending, alkene
C=C bending, alkene, strong 

Free

Intermolecular bonded

Doublet
Disubstituted (cis)

Gem dimethyl

Monosubstituted
Monosubstituted

AK30 3,415 
1,639 
1,571

O–H stretching, strong band
C=C stretching, medium
C=C stretching, cyclic alkene, medium

Intermolecular bonded
Disubstituted (cis)

AH30 1,250 C–N stretching medium 
AC-Merck 3,432 

1,558 
1,063 

O–H stretching, strong, broad
N–H bending, medium
S=O stretching

Intermolecular bonded

0
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Fig. 2. pHzpc of samples used in this study.

Table 3
Boehm functional groups and pHzpc of studied samples

Functional groups (mmol g–1)

Adsorbents

INACT AH30 AK30 M-AC

Carboxylic 6.93 20.10 20.05 6.73
Lactonic 0.23 0.05 0.15 0.03
Phenolic 0.87 2.05 0.50 0.57
TotalAcid groups 8.03 22.20 20.70 7.33
TotalBasic groups 6.80 21.80 20.20 6.80
pHzpc 6.0 5.1 5.0 6.6
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the EDS spectra and the chemical composition (Figs. 3a–d). 
Same phenomena were observed for AC-Merck surface 
used in this study as a reference.

4.2. Effect of operating conditions on dyes adsorption

4.2.1. Effect of adsorbent dose

Usually used to predict the treatment cost of acti-
vated carbon per unit of dye solution, the carbon dose is 
particularly an important parameter in the sorbent–sorbate 
equilibrium determination. The dependence of Rosaniline 
Base and Chrysoidine R dyes uptakes onto the adsorbent 
dosage was studied by varying the amount of all samples 
including the inactivated one within the range of 2–16 mg L–1 
and maintaining all other parameters constant. At early 
stage of adsorption, efficiency increases, then stabilizes 
at values representing maximum % removals of 99.92, 
99.58 and 94.76 of Rosaniline Base onto AH30, AC-Merck 
and AK30, respectively, at an adsorbent dosage of 4 g L–1 

(figures not shown). However, removal efficiencies of 
99.92%, 99.24% and 97.77% of Chrysoidine R were achieved 
using AH30, AC-Merck and AK30, respectively, at 6 g L–1 
adsorbents dosage. While, lowest removal values of both 
dyes were obtained at 6 g L–1 by INACT sample as expected. 
In general, uptake increases with increasing adsorbent 
dosage. This increase in adsorption rate can be attributed 
to the availability of a greater number of adsorption sites 
due to activation leaves compared with the inactivated 
ones. By increasing adsorbent dose, particles aggregate 
resulting in lower uptakes. 

4.2.2. Effect of solution pH

Another critical parameter affecting the adsorption 
process is the external solution pH. Varying the later can 

easily modify the adsorbent surface charge as reported in 
the literature [47]. In order to determine the optimum pH 
conditions for both the dyes onto the prepared adsorbents, 
initial pH of the solution of known volume and concentra-
tion was placed in a beaker and was varied from 2 to 12 
by adding either dilute NaOH or HCl (0.1 N) solutions. 
Then a certain volume of this solution was placed in a 
flask to which a certain amount of adsorbent (dose deter-
mined previously) was added and the mixture was shaken 
then filtered and the dyes concentration was determined 
by spectrophotometry. As shown in Fig. 4, there was no 
major effect on the uptake of Chrysoidine R and Rosaniline 
Base by the AH30, where both dyes were almost entirely 
adsorbed (99.95%) at initial pH. For the remaining adsor-
bents, dye uptakes increased with increasing pH values 
until saturation. At low pH, lower adsorption capacities 
were attained due to the strong acid environment (compe-
tition between high concentrations of H+ competing with 
cationic dye molecules). While a significant increase in 
adsorption capacity was observed as pH increases. This is 
due may be to high concentration to the weak acid envi-
ronment competing with the dye molecules (cationic) for 
the available sites which favor an attraction between both 
adsorbent surface and the positively charged dye [22].

4.2.3. Effect of contact time

It was found that the percentage removal of both dyes by 
all adsorbents increases with increasing time until equilibrium 
is reached corresponding to 100 min for Chrysoidine R 
and 90 min for Rosaniline Base. Fig. 5 shows the case of 
Chrysoidine R adsorption by all the considered adsorbents 
where the saturation occurs at the above- mentioned time 
except for the case of AH30 where there is almost no time 
effect. As a consequence, subsequent adsorption experiments 

Table 4
Langmuir and Freundlich parameters for both dyes removal and porous available areas of the prepared adsorbents

Model Parameters AH30 AK30 Merck-AC INACT

Chrysoidine R

Langmuir

R2 0.99 0.99 0.99 0.99
b (mg g–1) 158.73 113.64 129.87 97.09
KL (L mg–1) 0.034 0.017 0.069 0.009
% Enhancement 63.48 17.14 33.76 //

Freundlich
R2 0.89 0.98 0.87 0.96
n 2.31 2.61 5.10 1.93
KL (mg g–1) 14.23 10.09 40.35 4.15

Rosaniline Base

Langmuir

R2 0.99 0.99 0.99 0.99
b (mg g–1) 357.14 175.44 270.27 147.06
KL (L mg–1) 0.233 0.08 0.264 0.073
% Enhancement 142.85 19.29 83.78 //

Freundlich
R2 0.76 0.96 0.84 0.91
n 3.22 2.67 3.44 2.52
KL (mg g–1) 96.53 29.37 77.15 21.67

Iodine number (mg g–1) 1,150 680 863 321
Methylene Blue index 77 81 186 89
SBM (m2 g–1) 170 184 415 197
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Fig. 3. EDX microanalyses and SEM images of (a) INACT, (b) AH30, (c) AC-Merck, and (d) AK30 samples.
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were allowed to equilibrium for time periods in excess of 
these values, which were assumed to be largely ample for 
performing all experiments. 

4.3. Adsorption isotherms

In order to analyze the adsorption data and to determine 
the adsorption capacities of the adsorbents, an equilibrium 
study was performed using single-component adsorption 
isotherms models, namely Langmuir [37] and Freundlich 
[38] at previously determined operating conditions. These 
isotherms represented by Eqs. (3) and (4) were fitted to 
experimental data to describe the adsorption of Rosaniline 
Base and Chrysoidine R dyes at the solid–liquid interface. 

4.3.1. Langmuir isotherm

Eq. (3) assumes that the adsorption process takes place 
at specific homogeneous sites within the adsorbent.

q
q bC
bCe

m=
+

eq

eq1
 (3)

where qe is the amount of solute adsorbed per unit weight 
of adsorbent (mg g–1), Ceq is the concentration of solute remain-
ing in solution at equilibrium (mg L–1), b (mg g–1) is the 
maximum adsorption capacity corresponding to complete 
monolayer coverage and KL is a constant related to the 
energy via net enthalpy. 

4.3.2. Freundlich isotherm

This model given by Eq. (4) is generally used to describe 
adsorption tests taking place on heterogeneous adsorbents 
and to define the exponential distribution of active sites 
and their energies. 

q K Ce F
n= eq

1
 (4)

where KF and n are the Freundlich constants related to 
adsorption capacity and adsorption intensity can be obtained 
from the intercept and slope of logqe vs. logCeq plot. 

The adsorption isotherms of both dyes onto the investi-
gated activated carbons at working conditions determined 
previously such as pH, solid/liquid ratio, equilibrium time 
and temperature have a typical Langmuir type-I isotherm 
according to IUPAC classification [39]. As it can be seen 
from Fig. 6 that the adsorption rate increases rapidly for 
low concentrations in solution then attenuates to reach 
a plateau (saturation sites) [40] corresponding to maxi-
mum adsorption capacity values of both dyes presented in 
Table 4 and shown in Fig. 7. 

Langmuir adsorption model is more representative 
for experimental data with R2 ≥ 0.99. It predicts an asymp-
totic approach to monolayer surface coverage of the 
adsorbents as dyes concentration approaches saturation. 
Preliminary adsorption tests using inactive leaves (INACT) 
gave encouraging results of 97.09 and 147.06 mg g–1 for 
Chrysoidine R and Rosaniline base uptakes, respectively. 
Enhancement of adsorption capacities by 63.48% and 
142.85% for Chrysoidine R and Rosaniline base, respec-
tively, were attained using AH30 against 17.14 and 19.29 
times using AK30 adsorbent compared with their inac-
tive state. Similar improvement by chemical treatments 
was reported [41]. We can conclude that AK30 and AH30 
samples compare favorably with their inactivated coun-
terparts as well as the commercial Merck activated carbon 
and other adsorbents reported in Table 5. The adsorptions 
capacities are classified as follows: [qe (INACT) < qe (AC-Merck) < qe 

(AK30) < qe (AH30)] for both dyes. 
As shown in Fig. 8, Freundlich adsorption model with 

R2 much low implies that this model is not representative 
for the experimental data. According to n values (n > 1) 
listed in Table 4, Rosaniline Base and Chrysoidine R dyes 
adsorption is thus correctly carried out for the four sam-
ples meaning that the adsorption processes are favorably 
in accordance with those reported in the literature [23,24,42]. 

(a) (b)

70.0

75.0

80.0

85.0

90.0

95.0

100.0

105.0

0 2 4 6 8 10 12

Re
m

ov
al

 (%
)

pH

AH-30, [Co = 200 mg/L]
CA-Merck, [Co = 100 mg/L]
AK-30,[ Co = 50 mg/L]
INACT, [Co = 50 mg/L]

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

0 2 4 6 8 10 12
Re

m
ov

al
 (%

)
pH

AH-30, [Co = 200 mg/L] 
CA-Merck, [Co = 200 mg/L]
AK-30, [Co = 100 mg/L]
INACT, [Co = 100 mg/L]

(a) (b)

Fig. 4. pH effect on (a) Chrysoidine R and (b) Rosaniline Base and onto the different samples.



O. Douinat et al. / Desalination and Water Treatment 210 (2021) 258–272266

4.4. Adsorption kinetics

For kinetic study, volumes of 50 mL of dye solutions of 
known concentration were introduced separately in 100 mL 
conical flasks to which an optimized amount of the pre-
pared adsorbents was added (mAH30 = 0.2 g, mAK30 = 0.2 g, mMer-

ck-AC = 0.2 g and mINACT = 0.3 g). The mixtures were stirred at 
600 rpm for different times ranging from 15 to 120 min. After 
filtering, the final concentrations corresponding to time t 
were determined by spectrophotometer and uptake (mg g–1) 
using Eq. (2).

Among the commonly used kinetic models, the pseudo- 
first-order kinetic model [43], the pseudo-second-order 
kinetic model [44] and the intra-particle diffusion model 
[45] were used to test the experimental data and to evalu-
ate the kinetic mechanism for dyes adsorption onto solid 
adsorbents. For this purpose, an optimized amount of each 
adsorbent was introduced into a 25 mL-dyes solution and 
the adsorbed amount was monitored as a function of equi-
librium contact time determined previously [46]. These 
models are summarized in Table 6 and were tested for our 
data and their validity was verified by linear equation plots 
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analysis as principal criterion, where qe and qt (mg g–1) are 
the amount of dye adsorbed at equilibrium and at time t 
(min), respectively, k1 (min–1) is the adsorption rate constant, 
t (min) is the contact time. k2 (g mg–1 min–1) is the rate con-
stant of second order equation. kint (mg g–1 min–1/2) is the intra- 
particle diffusion rate constant, and C (mg g–1) is a constant 
that gives an idea about the boundary layer thickness. 

In order to describe the adsorption mechanism of 
Chrysoidine R and Rosaniline Base, adsorption rate 
constants were calculated using Eqs. (5)–(7). The low val-
ues of R2 (Table 7) and the difference between qe (exp) and 
qe (calc) indicate that the pseudo-first-order model was 

not well suited for describing the adsorption of both dyes 
used in this study. On the other hand, both higher R2 val-
ues and the similarity of qe (exp) and qe (calc) indicate that 
pseudo- second-order model successfully describe the kinet-
ics of both dyes adsorption by all considered adsorbents 
as shown in Fig. 9. Weber’s intra-particle diffusion model 
expressed by Eq. (7) was also applied to the obtained data 
to elucidate the diffusion mechanism. Fig. 10 shows the lin-
ear plot of qt vs. t0.5 from which the intercept (C) reflecting 
the boundary layer effect and the intra-particle rate con-
stant (kint) values were evaluated and presented in Table 7. 
The larger is the value of C, the greater is the boundary 
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Table 5
Comparison of the adsorption capacities of various adsorbents for Chrysoidine R, and Rosaniline Base uptake

Adsorbents Pollutants qmax (mg g–1) Reference

Sawdust activated Chrysoidine R 33.33 [26]
Bottom ash Chrysoidine R 18.08 [24]
IONPs Chrysoidine R 59.10 [23]
CI Chrysoidine R 110.90 [23]
IONPs-CI Chrysoidine R 126.60 [23]
Inactivated Olea europaea leaves Chrysoidine R 97.09 This work
Merck-AC Chrysoidine R 129.87 This work
H2SO4/Olea europaea leaves Chrysoidine R 158.73 This work
Mussel shell material (CMS) Rosaniline Base 141.65 [48]
Raw Pistachio Nutshells (RPNS) Rosaniline Base 118.20 [29]
HCl-modified mash (HMM) Rosaniline Base 58.48 [41]
Iodopolyurethane (Iodo-PUP) Rosaniline Base 267.40 [49]
Inactivated Olea europaea leaves Rosaniline Base 147.06 This work
Merck-AC Rosaniline Base 270.27 This work
H2SO4/Olea europaea leaves Rosaniline Base 357.14 This work
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Table 6
Kinetic models equations used in this study

Model Equations Plots Parameters

Pseudo-first-order ln( ) lnq q q k te t e− = − ⋅1 (5) log (qe – qt) vs. t
qe: from the intercept
k1: from the slope

Pseudo-second-order
t
q k q q

t
t e e

= +
1 1

2 2
2
,

(6) t/qt vs. t
qe: from the intercept
k2: from the slope

Intra-particle diffusion q k t Ct = +int
.0 5 (7) qt vs. t0.5 C: from the intercept 

kint: from the slope

layer effect. Straight lines obtained by qt vs. t0.5 plots shown 
in Fig. 10 indicate well that the sorption processes were also 
controlled by intra-particle diffusion. 

4.5. Thermodynamic study

Thermodynamic functions such as changes in the stan-
dard free energy (∆G°), the enthalpy (∆H°) and entropy 
(∆S°) were evaluated graphically by varying the adsorp-
tion temperature in order to understand the thermodynamic 
behavior of both dyes adsorption onto the investigated adsor-
bents. These functions were calculated from the adsorption 
distribution coefficient (Kd) using the following equations:

K
q
Cd
e

e

=  (8)

lnK S
R

H
Td =

°
−

°∆ ∆  (9)

∆ ∆ ∆G RT K T S Hd° =− = °− °ln  (10)

Fig. 11 shows plots of lnKd vs. T–1 from which ΔS° and 
ΔH° are obtained from the intercept and the slope, respec-
tively. Thermodynamic function values are summarized in 
Table 8. 

Negative values of ΔG° indicate that nature of both 
dyes adsorption onto the used adsorbents at different tem-
perature is spontaneous. In all cases, the negative values 
of ΔH° are an indication that adsorption processes of both 
dyes were taken place exothermically. This exothermicity is 
due to a decrease in the residual forces on adsorbents sur-
faces, causing then a decrease in the surface energy of the 
adsorbent. Their magnitude is another indication associ-
ated with physisorption in most cases, where ΔH° < kJ mol–1 
and chemisorptions for the case of adsorption of Rosaniline 
B onto AK30, AH30 and Merck-AC where ΔH° > 40 kJ mol–1. 
The latter, has higher enthalpy of adsorption because the 
chemical bonds are much stronger. Attractive forces are 
responsible for holding the adsorbate on the adsorbent 
surface in adsorbed state. The temperature has almost 
no effect on the Rosaniline B dye adsorption by INACT. 
While the increase in temperature promotes the retention of 
the same dye by the other adsorbents studied. In contrast, 
changes in temperature affected negatively the adsorp-
tion capacities of both dyes by AH30, AK30 and AC-Merck 
adsorbents. This may be due to the nature of interactions 
dye– adsorbents. In other words, temperature increase 
promotes the diffusion of molecules across the outer 
boundary layer and the internal pores of the adsorbent par-
ticles, probably due to the decrease of the viscosity of the 
solution which can have an effect on the adsorption capacity. 
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Table 7
Kinetic parameters for the adsorption of Chrysoidine R and Rosaniline Base onto the prepared samples

Dyes

Adsorbents

INACT AH30 AK30 AC-Merck

Rosaniline Base

Initial Concentration (mg g–1) 100 200 200 200
Pseudo-first-order
qe (exp) (mg g–1) 16.285 49.760 24.707 46.160
qe (calc) (mg g–1) 4.390 9.530 5.970 6.230
k1 (min−1) 0.066 0.114 0.031 0.042
R2 0.842 0.959 0.873 0.943
Pseudo-second-order
qe (exp) (mg g–1) 16.258 49.760 24.707 46.160
qe (calc) (mg g–1) 16.920 50.505 24.938 47.170
k2 (g min–1 mg–1) 0.025 0.017 3.216 0.449
R2 0.998 0.999 0.998 0.999
Intra-particle diffusion
qe (calc) (mg g–1) 16.285 49.760 24.707 46.16
kint (mg g–1 min–0.5) 0.784 0.909 0.739 0.849
C (mg g–1) 10.922 43.62 18.85 39.997
R2 0.699 0.803 0.884 0.989

Chrysoidine R

Initial concentration (mg g–1) 50 100 50 100
Pseudo-first-order
qe (exp) (mg g–1) 7.140 24.915 12.378 22.318
qe (calc) (mg g–1) 7.310 8.583 8.979 14.021
k1 (min−1) 0.016 0.017 0.021 0.023
R2 0.897 0.960 0.988 0.953
Pseudo-second-order
qe (exp) (mg g–1) 7.140 24.915 12.378 22.318
qe (calc) (mg g–1) 7.163 24.876 12.407 23.753
k2 (g min–1 mg–1) 0.051 0.043 0.111 0.492
R2 0.983 1.000 0.999 0.993
Intra-particle diffusion
qe (calc) (mg g–1) 7.140 24.915 12.378 22.318
kint (mg g–1 min–0.5) 0.336 0.056 0.140 1.237
C (mg g–1) 3.122 24.268 10.852 8.665
R2 0.916 0.972 0.962 0.992

Some entropy (∆S°) values are negative suggesting 
that the adsorption process involves an associative mecha-
nism and reflecting that no significant change occurs in the 
internal structures of the adsorbent during the adsorption 
process [47–50]. 

4. Conclusion

Different activation processes can be used to produce 
activated carbons from a variety of agricultural by- products. 
Among them, Olea europaea leaves, suitable raw and car-
bonaceous material were chosen in this investigation as a 
precursor for activated carbon preparation. Simultaneous 
activation was performed using impregnation of ground 
leaves separately into phosphoric acid or potassium hydrox-
ide followed by pyrolysis at 500°C. Net improvement of 

adsorptive capacities up to 158.73 and 357.14 mg g–1 for 
Chrysoidine R and Rosaniline Base dyes has been noted 
due to treatments compared with 97.09 and 147.06 mg g–1 
of the same dyes adsorbed onto inactivated leaves and the 
supplied commercial AC-Merck used as a reference under 
optimal working conditions. Langmuir adsorption model 
is more representative for the experimental data predict-
ing then an asymptotic approach to monolayer surface 
coverage of the adsorbents at saturation. Adsorption pro-
cesses of both dyes were taken place via physisorption 
associated with and spontaneity at different temperatures. 
Adsorption capacities were classified as: qe (INACT) < qe (AK30) < 
qe (AC-Merck) < qe (AH30). Enhancement for AH30 and AK30 leaves 
compared with their inactivated state as expected. Chemical 
activation is preferred over physical activation owing to the 
lower temperatures and shorter time needed for activating 
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Table 8
Thermodynamic parameters of dyes adsorption onto the prepared adsorbents

Adsorbent Pollutants R2 –∆H (kJ mol–1) ∆S (kJ mol–1 K–1) –∆G (kJ mol–1)

298 K 303 K 313 K

INACT
Rosaniline B 0.935 12.355 0.0274 20.412 20.395 20.787
Chrysoidine R 0.467 16.804 –0.0111 13.175 13.949 13.155

AH30
Rosaniline B 0.986 81.495 –0.1714 30.217 29.796 27.722
Chrysoidine R 0.964 26.370 –0.0032 25.521 25.271 25.432

AK30
Rosaniline B 0.922 46.268 –0.0822 22.009 20.976 20.667
Chrysoidine R 0.812 16.723 0.0020 17.450 17.089 17.414

AC-Merck
Rosaniline B 0.885 37.687 –0.0486 23.489 22.619 22.652
Chrysoidine R 0.590 3.375 0.0067 16.159 16.505 16.827
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material These significant adsorption capacities showed that 
the activated Olea europaea leaves can be used as an alter-
native to the commercial adsorbents in removing dyestuff 
from textile wastewater industries.
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