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a b s t r a c t
This study aims mainly to use the soybean leaves (SL), agricultural wastes, as a new low-cost 
adsorbent for Reactive Red 195 (RR195) dye removal from aqueous solutions. The dried SL was 
chemically modified by acetic acid (AA) to improve its adsorption capacity. The adsorbent (AA-SL) 
was characterized by scanning electron microscopy (SEM) and Fourier transform infrared spectros-
copy (FTIR). The effects of operational parameters such as contact time, pH, adsorbent dose, initial 
dye concentration, and temperature were investigated in batch experiments. Adsorption kinetics, 
isotherm, and thermodynamic of AA-SL have been studied. The AA-SL structure was found to be 
irregular and porous. FTIR revealed that the surface of AA-SL was abundant in various functional 
groups. The solution pH strongly affects RR195 removal efficiency. The highest removal efficiency 
equal to 97.8% was achieved using a solution pH equal to 1 at 50°C. The removal efficiency was 
increased by increasing the solution temperature. The adsorption of RR195 was decreased from 15.32 
to 2.29 mg g–1 with increasing the adsorbent dose from 0.25 to 3 g L–1, respectively. Increasing ini-
tial dye concentration from 5 to 40 mg L–1 resulted in increasing the adsorption capacity from 2.2 
to 9.2 mg  g–1, respectively and decreasing the removal rate from 88% to 45.8%, respectively. The 
adsorption of RR195 onto AA-SL obeyed Langmuir (R2 = 0.998) and D–R (R2 = 0.967) models with a 
theoretical maximum adsorption capacity of about 12 mg g–1 at 50°C. The experimental data fitted 
very well with the pseudo-second-order kinetic (R2 = 0.991). Thermodynamic studies indicated that 
the reaction is irreversible and endothermic adsorption. AA-SL, as a low-cost material has the poten-
tial to be used as a new alternative adsorbent for the removal of RR195 dye from aqueous solutions.
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1. Introduction

Industries such as textiles, paints, leather, pulp and 
paper, and plastics generate huge quantities of wastewater, 
due to the high consumption of water used in the dyeing 
processes [1,2]. The dye is one of the most dangerous chemi-
cal compounds found in effluent industrial wastewater [3,4]. 
More than 700,000 tons per year of dyes are produced all 
over the world [5]. Its persistence in water streams causes 
serious problems to the environment and living organisms 
such as affecting photosynthetic activity in aquatic life due 

to reduced light penetration. In addition, these compounds 
are toxic and have severe health risks to human beings [6–9]. 
The three main types of dyes are anionic (reactive, direct, and 
acid dyes), cationic (basic dyes), and non-ionic (dispersed 
dyes) [10]. Reactive dyes are one of the most prevalent types 
of dyes because they have high solubility in water and are 
easily hydrolyzed into an insoluble form. However, it is 
the most problematic among other dyes because it tends to 
pass through the treatment system unaffected [11,12].

The treatment of industrial effluents wastewater con-
taining dyes is necessary before their final discharge to 
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the environment. Several physical, chemical, and biological 
methods have been used for dye removal from wastewa-
ter effluents. Biological treatment methods such as fun-
gal decolonization, microbial degradation, and microbial 
biomass adsorption are commonly used in decolorizing 
a wide range of dyes [13,14]. However, its application is 
limited because it requires a large land area and it is more 
sensitive toward any variations, and also toxic chemicals 
[15,16]. Chemical treatment methods include coagulation, 
flocculation, precipitation, electrochemical process, conven-
tional oxidation by oxidizing agents and advanced oxidation 
[17–20]. The chemical methods are very costly, need chem-
ical reagents and require disposal of accumulated sludge 
[21,22]. Physical treatment methods are widely used such 
as filtration, ion exchange and adsorption [23–26]. Among 
these methods, adsorption has vast attention due to its sim-
plicity of design, high performance and suitable in operating 
without the production of hazardous end products [27–30]. 
Activated carbon is the most commonly applied adsorbent 
for dye removal because of its rational surface area and orga-
nized pore structure but it has a high cost. Therefore, devel-
oping of new inexpensive, locally available, and effective 
adsorbents are required [28,31]. Among different sorbents, 
clay and agricultural wastes have drawn a lot of attention 
from researches due to its low cost, availability, and content 
of different functional groups that increase the adsorption 
capacity [32,33].

This study aims to develop a new low-cost adsorbent 
from soybean leaves (SL), agricultural wastes, for the removal 
of Reactive Red 195 (RR195) dye from industrial wastewater. 
In addition, investigate the effect of operational parameters 
such as contact time, adsorbent dose, dye concentration, 
pH, and temperature onto the adsorption performance. 
Moreover, Isotherms, kinetic and thermodynamic models of 
adsorption are determined for the used adsorbent.

2. Materials and methods

2.1. Chemicals

RR195 dye is supplied by OH YOUNG INDUSTRIAL CO. 
LTD., (South Korea) and has been used without further puri-
fication. The chemical structure of the RR195 dye is shown in 
Fig. 1. NaOH and HCl (1 M) were used for pH adjustment. 
Acetic acid (AA) (purity 99.9%) was used for adsorbent 
modification. All of the chemicals used in the experiments 
were of analytical grade.

2.2. AA-SL preparation

Dried SL, agricultural wastes, were collected from a farm 
in Dakahlia Governorate, Egypt. The obtained leaves were 
cut into small pieces of 3 cm length and washed several times 
with distilled water to remove dust and impurities, and then 
dried in an oven at 105°C for 24  h. The dried leaves were 
ground and sieved with 100 mesh sieve.

The sieved soybean materials were chemically modified 
by AA. 20.0 g of SL was weighed, immersed in 200 ml of a 
solution containing 0.6 M of AA, and stirred at 500 rpm for 
30 min at 20°C then the temperature was raised to 120°C for 
90 min. After cooling, the obtained products were washed 

with distilled water to remove any excess AA. AA-SL were 
dried at 105°C until constant weight achieved and placed in a 
desiccator for further use.

2.3. AA-SL characterization

The Fourier transform infrared spectroscopy (FTIR) of the 
AA-SL was carried out using an FTIR spectroscopy (Thermo 
Scientific Nicolet IS10, USA) to identify the functional groups 
on the surface of AA-SL adsorbent. Infrared spectra were 
recorded in the range of 400–4,000  cm–1. The surface struc-
ture of the AA-SL was observed using a scanning electron 
microscopy (SEM) (JEOL JSM-6510LV, Japan).

2.4. Solution preparation

RR195 dye was used to prepare a solution with different 
concentrations. By dissolving RR195 dye in distilled water, 
the dye-containing stock solution (500  mg  L–1) was devel-
oped. The desired concentrations of dye were prepared by 
diluting the stock solution. A spectrophotometer (Shimadzu 
UV-visible, 1601PC, Japan) was used to measure the dye 
concentration at a wavelength of 540 nm using a standard 
calibration curve.

2.5. Batch adsorption experiments

Batch adsorption experiments were conducted in 100 mL 
beakers to study the effect of operational parameters such 
as contact time (0–120 min), adsorbent dose (0.25–3 g L–1), 
initial dye concentration (5–60 mg L–1), pH (1–6), and tem-
perature (25°C–50°C). The solution was stirred in a mag-
netic stirrer at 200 rpm until equilibrium was reached. The 
initial pH values of the solution were adjusted with HCl or 
NaOH using a pH meter. The solution after adsorption was 
centrifuged for 20 min at 3,000 rpm and supernatants were 
analyzed for remaining dye concentration using a spectro-
photometer. The adsorption amount qe (mg g–1) and removal 
efficiency of RR195 at equilibrium was calculated as follows:
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where qe (mg  g–1) is the dye adsorption capacity, C0 and 
Ct (mg  L–1) are the initial dye concentration and dye 

Fig. 1. Chemical structure of reactive red 195 dye.
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concentration at time t, respectively, V (L) is the solution 
volume, and w (g) is the adsorbent weight.

2.6. Adsorption isotherm

The adsorption isotherm is an important approach to 
evaluate the sorption capacity of adsorbents, also, to under-
standing how the adsorbent binds and interacts with the 
adsorbate [34]. In this work, several adsorption isotherm 
models have been studied to illustrate the equilibrium nature 
of adsorption. Langmuir, Freundlich, Temkin, and D–R 
isotherm equations were used to fit the experimental data 
and the constant parameters were calculated for each model.

Langmuir isotherm model has been applied, which 
assumes monolayer sorption onto a surface with a finite 
number of identical sites [22,35]. The Langmuir theory is 
represented as shown in Eq. (3).
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where Ce is the equilibrium concentration of dye in the 
solution (mg L–1), qe is the amount of dye adsorbed at equilib-
rium (mg g–1), Qm is the theoretical maximum amount of dye 
that can be adsorbed (mg g–1), KL is the Langmuir adsorption 
constant (L mg–1).

Freundlich isotherm model assumes a heterogeneous 
adsorption surface that has unequal available sites with 
different energies of adsorption [25,35]. Freundlich adsorp-
tion isotherm can be expressed in the linear form as shown 
in Eq. (4).

log log logq K
n

Ce F e= +
1 	 (4)

where KF (L mg–1) and n are isotherm constants indicate the 
capacity of the adsorbent and intensity of the adsorption, 
respectively.

Dubinin–Radushkevich (D–R) isotherm model is usu-
ally used to express the adsorption mechanism and to esti-
mate adsorbent porosity characteristics and the apparent 
adsorption energy [24]. The linearized D–R isotherm model 
is expressed in Eq. (5).

ln lnq Q Be s= − ε2 	 (5)

where Qs is the theoretical saturation capacity (mg g–1), B is 
the D–R model constant (mol2 J–2), ε is the Polanyi potential 
and is equal to
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The mean energy of sorption, E (kJ  mol–1), is related 
to B as:

E
B

=
1
2

	 (7)

where R is the universal gas constant (8.314 J mol–1 K–1), T is 
the solution temperature (K).

The Temkin isotherm model is based on the assumption 
that the adsorption heat would decrease linearly with the 
increase of adsorbent coverage [10]. The Temkin isotherm 
has usually been applied in linear form as in the following 
equations:
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where bt is Temkin constant related to heat of sorption 
(J  mol–1), Kt is the Temkin isotherm equilibrium binding 
constant (L mg–1).

2.7. Adsorption kinetics

To investigate the adsorption mechanism of RR195 onto 
AA-SL, kinetic models such as the pseudo-first-order model, 
pseudo-second-order model, and intraparticle diffusion model 
were used to fit the experimental data.

2.7.1. Pseudo-first-order model

The nonlinear form of the pseudo-first-order model 
is given by Eq.(10) and the integrated expression of this 
equation is expressed by Eq. (11).
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where qe and qt are the amount of dye adsorbed on adsorbent 
at equilibrium and at time t, respectively (mg g–1), and k1 is 
the pseudo-first-order kinetic constant (min–1).

2.7.2. Pseudo-second-order model

The linear form of the pseudo-second-order model is 
presented in Eq. (12).

t
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where k2 (g  mg–1  min–1) is the pseudo-second-order rate 
constant.

2.7.3. Intraparticle diffusion model

The adsorption of RR195 onto AA-SL adsorbent may 
be controlled via either external film diffusion or the intra-
particle diffusion or both [32]. To identify the diffusion 
mechanism, the Intraparticle diffusion model as presented 
in Eq. (13) is used.
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q k t Ct d= +0 5. 	 (13)

where qt (mg g–1) is the adsorption capacity at time t (min), 
kd (mg g–1 min–0.5)) is the intraparticle diffusion rate constant, 
and C (mg g–1) is the intercept which represents the bound-
ary layer thickness. A larger C value confirms a greater effect 
of the boundary layer [36].

2.8. Thermodynamic study

The enthalpy change (ΔH°), entropy change (ΔS°), and 
free energy change (ΔG°) of RR195 adsorption onto AA-SL 
were calculated from the following equations:
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where Ce is the equilibrium concentration of dye (mg  L–1), 
qe is the amount of dye adsorbed at equilibrium (mg  g–1), 
R is the universal gas constant (8.314  J mol–1 K–1), and T is  
the solution temperature (K).

3. Results and discussion

3.1. Adsorbent characterization

The surface morphology of AA-SL was demonstrated 
using the SEM. The SEM micrographs of AA-SL before 
and after the adsorption process are shown in Fig. 2. From 
Figs. 2a and b, the surface structures were irregular and it has 

several pores. These pores allowed a good surface for RR195 
dye to be adsorbed. In Fig. 2c, it is obviously observed that 
the surface of AA-SL adsorbent was covered with dye ions, 
indicating that RR195 dye was successfully adsorbed onto 
the surface of AA-SL.

The FTIR spectra of AA-SL before and after dye adsorp-
tion are presented in Fig. 3. The high amount and various 
functional groups are identified on the surface of AA-SL 
adsorbent as shown in Fig. 3. The bands in the range of 
520–672  cm−1 are associated with metal-oxygen and met-
al-hydroxyl vibrations [23]. The peak at 1,032 cm−1is ascribed 
to C–O primary hydroxyl stretching [24]. Also, the bands at 
1,241–1,459 cm−1 confirm the presence of C–O stretching and 
O–H bending [25]. The peaks from 1,518 to 1,543 cm−1 indi-
cate the presence of C=C groups [4]. The bands in the range 
1,650 to 1,919 cm−1 originated from C=O stretching [28]. While 
the characteristic peaks from 2,857 to 2,927 cm−1 are assigned 
to the hydrogen bond (C–H) [25]. Peaks ranging from 3,422 
to 3,928 cm–1 can be attributed to the strong band vibration 
of O–H and N–H groups [6,28].

Those functional groups of AA-SL may significantly 
contribute to the adsorption of RR195 dye. After the adsorp-
tion process, It was obvious that the various peaks are shifted 
or disappeared, indicating that the functional groups on the 
AA-SL surface were covered or interacted with RR195 [10].

Therefore, the AA-SL characterization confirms that 
AA-SL has sufficient chemical and physical characteristics to 
adsorb RR195 dye.

3.2. Effect of contact time and temperature on RR195 removal

The contact time and temperature play a significant role 
in the dye adsorption process. The effect of contact time and 

b a 

c 

Fig. 2. SEM micrographs of AA-SL(a) before adsorption at 3,000×, (b) before adsorption at 2,500×, and (c) after adsorption at 3,000×.
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temperature on the RR195 removal rate by AA-SL is illus-
trated in Fig. 4. RR195 removal rate is very fast during the 
first 30 min. From 30 to 90 min, a slight increase in removal 
rate occurs, and then reached equilibrium after 90 min of 
operation. The removal rate of RR195 was fast in the begin-
ning because there are a large number of available AA-SL 
adsorption sites. The rate of adsorption decreases afterward, 
this may be due to the slow pore diffusion of the solute ion 
into the bulk of the AA-SL [21]. As shown in Fig. 4, a higher 
removal rate of RR195 was observed at higher temperatures. 
The removal rate was increased from 82.5% at 25°C to 97.8% 
at 50°C. The increase in removal rate of RR195 by increasing 
solution temperature is either due to an increase in binding 
sites onto AA-SL or to the higher affinity of sites for dye [2].

3.3. Effect of pH on RR195 removal

The pH is one of the most important parameters 
for adsorption studies especially for dye adsorption [37]. 

The effect of initial pH (range from 1 to 6) on the sorption of 
RR195 into AA-SL was carried out at a constant temperature 
of 25°C and initial dye concentration of 10 mg L–1 as shown 
in Fig. 5. The removal rate and adsorption capacity-achieved 
its highest values at pH equal to 1 (82.5% and 4.125 mg g–1, 
respectively) and declined sharply with further increase in 
pH and reached to zero at pH equal to 4. A similar obser-
vation has been reported in the literature, shows that reac-
tive dye biosorption decreases with increasing the pH [6]. 
This may be related to the electrostatic interactions between 
the negatively charged dye anion and the positively charged 
sorbent. With increasing pH, the number of positively 
charged sites decreases and the number of negatively 
charged sites increases [2].

3.4. Effect of AA-SL dose on RR195 removal

The effect of AA-SL dose on RR195 dye equilibrium 
adsorption and removal rate was investigated for a dye con-
centration of 10 mg L–1 and an adsorbent dose of 0.25–3 g L–1 
at pH 2 and 25°C temperature as shown in Fig. 6. The 
removal rate of RR195 increased from 38.3% to 70% with 
increasing the adsorbent dose from 0.25 to 2 g L–1, respec-
tively. The main reason for this is that a larger dose of AA-SL 
increases the surface area of adsorbent and the number of 
active binding sites [35]. However, at high AA-SL dose more 
than 2 g L–1, there is not any increase in the removal rate. 
This may be because the available number of dye molecules 
is insufficient in solution to bind with all existing active sites 
on the adsorbent which leads to surface saturation and an 
equilibrium condition as seen in Fig. 6 [11]. On the other 
hand, the adsorption capacity of RR195 was decreased from 
15.32 to 2.29 mg  g–1 with increasing the adsorbent dosage 
from 0.25 to 3  g  L–1, respectively. This could be ascribed 
to the fact that the adsorption sites remained unsaturated 
during the adsorption process [25] Another reason may be 
due to the particle interactive behavior, such as aggrega-
tion, resulted from high adsorbent dose. Such aggregation 
of AA-SL may lead to decrease in the total surface area 

Fig. 3. FTIR spectra of AA-SL before and after the adsorption process.

0 15 30 45 60 75 90 105 120 135
0

10

20

30

40

50

60

70

80

90

100

Re
m

ov
al

 ra
te

 (%
)

Time (min)

 25 oC
 35 oC
 50 oC

Fig. 4. Effect of contact time and temperature on RR195 removal 
rate (adsorbent dose = 2.0 g L–1, pH = 1, and C0 = 10 mg L–1).



317H. Mahanna, M. Samy / Desalination and Water Treatment 178 (2020) 312–321

available for adsorption and an increase in the diffusion 
path length [38].

3.5. Effect of Initial dye concentration on RR195 removal

The effect of initial concentration of RR195 (ranged from 
5 to 60 mg  L–1) on the removal efficiency and adsorption 
capacity of AA-SL was investigated at pH 1 and 2 g L–1 adsor-
bent dose as shown in Fig. 7. It is obvious that high removal 
rate of RR195 was obtained at low initial dye concentrations 
where the removal rate was decreased gradually from 88% 
at 5 mg L–1 initial dye concentration to 45.8% at 40 mg L–1 
initial dye concentration. This may be due to the shortage 
of available active sites required for the higher initial con-
centration of RR195. Similar results have been reported in 
literature [32,39]. However, increasing initial dye concentra-
tion from 5 to 40 mg L–1 resulted in increasing the adsorption 
capacity from 2.2 to 9.2 mg g–1, respectively. This increase is 
due to the decrease in resistance to the uptake of solute from 

the RR195 solution. The initial concentration provides an 
essential driving force to overcome the mass transfer resis-
tance of dye between the solid phases and aqueous [39,40].

3.6. Adsorption isotherm

The adsorption isotherm is characterized by certain 
constants that express the surface properties and the affin-
ity of AA-SL towards RR195 dye. In the present study, four 
isotherm models are analyzed to investigate the suitable 
adsorption isotherm.

3.6.1. Langmuir isotherm

A plot of Ce vs. Ce/qe for the removal of RR195 over 
AA-SL at different temperatures was developed to calcu-
late the Langmuir isotherm constants which are shown in 
Fig. 8a. The Langmuir constant Qm values were 8.54, 10.28, 
and 11.99 mg g–1 at 25°C, 35°C, and 50°C, respectively. The 
Langmuir constant KL was found to be 1.186, 1.15, and 
2.45  L mg–1 at 25°C, 35°C, and 50°C, respectively. The cor-
relation coefficients (R2) were in the range of 0.981 to 0.998 
as shown in Table 1, which indicated that the adsorption 
process follows the Langmuir isotherm model. The value of 
Qm increases with increasing temperature, which confirmed 
that the adsorption process is favored at higher temperatures.

3.6.2. Freundlich isotherm

The Freundlich adsorption isotherm constants were 
obtained from a linear plot of log Ce vs. log qe at different tem-
peratures as shown in Fig. 8b. Table 1 shows the Freundlich 
adsorption isotherm constants and correlation coefficients. 
The values of 1/n are 0.339, 0.336 and 0.266 at 25°C, 35°C, 
and 50°C, respectively. The values of 1/n were found to lie 
between zero and one for all investigated temperatures, 
which indicates that RR195 dye is favorably adsorbed by 
AA-SL adsorbent. By comparing the R2 values for Langmuir 
and Freundlich models, The Langmuir model produced 
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a better fit for the experimental data than the Freundlich 
model.

3.6.3. D–R isotherm

Fig. 8c shows the linear plot between ε2 vs. lnqe at dif-
ferent temperatures. The calculated D–R constants and mean 
free energy for adsorption are shown in Table 1. The mean 
adsorption energy was in the range of 1.479 to 3.692 kJ mol–1, 
which indicated that the adsorption process occurs physi-
cally. The D–R isotherm model fits well the experimental data 
depending on the correlation coefficient values as shown in 
Table 1.

3.6.4. Temkin isotherm

Temkin isotherm constants bt and Kt were obtained 
from the plot of lnCe vs. qe at different temperatures as seen 
in Fig. 8d. The values of the Temkin constants and cor-
relation coefficient are presented in Table 1. The obtained 
R2 values for the Temkin model are 0.816, 0.894, and 0.957 
at 25°C, 35°C, and 50°C, respectively, which indicated that 

the Temkin model fits the experimental data better than 
Freundlich model. However, the Temkin model is not as 
good as Langmuir and D–R isotherm models in fitting the 
data comparing the tabulated values of R2 in Table 1.

The results of this work confirm that different isotherm 
models can be applied to describe the adsorption of RR195 
onto AA-SL. However, Langmuir and D–R isotherm models 
are the best applicable forms.

3.7. Adsorption kinetics

3.7.1. Pseudo-first-order model

k1 is determined from the slope of the plot of log (qe – q) 
vs. time. The first-order rate constants and the correlation 
coefficient values are presented in Table 2. It was observed 
that the pseudo-first-order model fits well the experimental 
data (R2  =  0.972). Moreover, k1 value is close to the values 
of previous researches [10,28,41]. This indicates that the 
pseudo-first-order model can be applied in a suitable way to 
describe the entire process of RR195 adsorption onto AA-SL 
adsorbent.
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3.7.2. Pseudo-second-order model

From the slope and intercept of the plot of (t/qt) vs. 
time, the parameters qe and k2 could be estimated. Based on 
Table 2, a Higher correlation coefficient (R2) value of 0.991 
was obtained for the pseudo-second-order model. In addi-
tion, the calculated equilibrium adsorption capacity (qe) is 
consistent with the experimental data (qe,exp.). This confirms 
the applicability of the pseudo-second-order model to inter-
pret the experimental data.

3.7.3. Intraparticle diffusion model

The constants and R2 values are shown in Table 2 and 
these values confirm that the intraparticle diffusion process 
plays an important role in the adsorption of RR195 onto 
AA-SL adsorbent. But the obtained value of R2 for the intra-
particle diffusion model (0.900) was found to be less than that 
obtained for the other models.

Therefore, the obtained results from the kinetic models of 
the adsorption of RR195 onto AA-SL adsorbent indicated that 
the pseudo-second-order model can fit the experimental data 
better than other models.

3.8. Thermodynamic study

ΔS° and ΔH° could be obtained from the intercept and 
slope of Van’t Hoff plot of ln(qe/Ce) vs. 1/T (the plot is not 
shown) and ΔG° could be obtained from Eq. (15). The values 
of ΔH°, ΔS°, and ΔG° are presented in Table 3.

As shown in Table 3, ΔH°, ΔS°, and ΔG° were 72.9 kJ mol–1, 
250.7  J  mol–1  K–1, –1.845  kJ  mol–1 at 298.15  K, respectively. 
The values of ΔG° were negative at all investigated tempera-
tures, which indicates the spontaneous nature of adsorption 
of RR195 dye onto AA-SL [2,6]. The positive value of ΔH° 
confirms the endothermic nature of the adsorption process 
[42]. The positive value of ΔS° reflects that there is an increase 
in randomness at the solid/solution interface for the RR195 
adsorption onto AA-SL [43].

4. Conclusion

Converting agricultural wastes such as dried SL to  
a new low-cost adsorbent (AA-SL) for the removal of RR195 
dye was investigated. The AA-SL structure was found to 
be irregular and porous. FTIR analysis revealed the mech-
anism of RR195 adsorption and the number of functional 
groups on the surface of AA-SL. Contact time, tempera-
ture, pH, AA-SL dose, and initial dye concentration affect 
the adsorption process significantly. The removal rate of 
RR195 dye was increased from 82.5% to 97.8% by increas-
ing temperature from 25°C to 50°C, respectively at optimum 

Table 1
Constant parameters and correlation coefficients calculated for 
various adsorption isotherms models at different temperatures

TemperatureIsotherm equation

50°C35°C25°C
Langmuir

11.9910.288.54Qm (mg g–1)
2.4501.1501.186KL (L mg–1)
0.9980.9920.981R2

Freundlich
0.2660.3360.3391/n
5.9433.9993.228KF (L mg–1)
0.8790.8450.812R2

Dubinin–Radushkevich
3.668E-81.436E-72.2854E-7β (mol2 J–2)
10.9979.2747.874Qs (mg g–1) 
3.6921.8661.479E (kJ mol–1)
0.9670.9170.858R2

Temkin
60.5811.218.22Kt (L g–1)
1552.991334.351458.73bt (mg g–1)
1.7311.9201.699B (J mol–1)
0.9570.8940.816R2

Table 2
Kinetic parameters for the removal of RR195 onto AA-SL

Intraparticle diffusion modelPseudo-second-order kinetic modelPseudo-first-order kinetic model

R2CkdR2qk2R2qk1

0.9000.47750.45980.9915.09160.01170.9724.620.0645

Table 3
Thermodynamic parameters for the adsorption of RR195 on AA-SL

ΔG° (kJ mol–1)ΔS° (J mol–1 K–1)ΔH° (kJ mol–1)Temperature (K)

–1.845
250.772.9

298.15
–4.352308.15
–8.113323.15



H. Mahanna, M. Samy / Desalination and Water Treatment 178 (2020) 312–321320

pH 1. The adsorption of RR195 was decreased from 15.32 
to 2.29 mg g–1 with increasing the adsorbent dose from 0.25 
to 3 g L–1, respectively. Increasing initial dye concentration 
from 5 to 40 mg  L–1 resulted in increasing the adsorption 
capacity from 2.2 to 9.2 mg g–1, respectively and decreasing 
the removal rate from 88% to 45.8%, respectively. The equi-
librium data agreed well with Langmuir (R2  =  0.998) and 
D–R (R2  =  0.967) isotherm equations. The pseudo-second-
order model is the best description model (R2  =  0.991) for 
adsorption kinetics. The adsorption process is spontaneous, 
endothermic, and irreversible according to thermodynamic 
study. It can be concluded that AA-SL has the potential to 
be used as a new alternative adsorbent for the removal of 
RR195 dye from aqueous solutions due to its availability and 
its low cost.
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