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a b s t r a c t
One of the principal tasks of modern industry is wastewater reuse. For this purpose, biosorbent are 
widely used; they are lignocellulosic-rich, sustainable material, low-cost and environmentally friendly 
materials. This study investigated the removal of a textile dye Bemacid Red (BR) using Casuarina 
equisetifolia needles (CEN) based on adsorption experiments. The biosorbent was characterized by 
the Fourier-transform infrared spectrum, scanning electron microscopy with energy-dispersive 
X-ray and pHpzc. The kinetic, thermodynamic, and isotherms adsorption studies, also the effects of 
analytical parameters were investigated. The removal is fast and efficient; its efficiency exceeds 94%. 
The yield of BR removal increased with an increase in CEN dosage, initial dye concentration and 
ionic strength, but decreased with an increase in pH. The Sips model was selected as the most suited 
model to explain the BR adsorption onto CEN. The maximum adsorption capacity (Qm) is 9.50 mg·g–1 
according to monolayer adsorption. The BR adsorption was best described by pseudo-second- 
order kinetics. Thermodynamics studies showed that the adsorption system was spontaneous 
(ΔG = –1,276.35 J·mol–1) and exothermic (ΔH = –11,074.24 J·mol–1). The CEN makes it a suitable adsor-
bent for practical application and it can be exploited for the development of purification and extraction.
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1. Introduction

The dyes industry is a source of revenue for many 
countries in the world. With the advancement of society 
and technology, dyes are used in different industries like: 
pharmaceuticals, textiles, cosmetics, dyestuffs, food, etc [1]. 
The dyes are hazardous and very dangerous pollutants for 
the environment, especially after discharging into water 
sources without adequate and proper treatment, leading 

to environmental issues and serious threats to human life 
[2]. Textile industry is one of the most water-consuming 
industries that produce a large amount of colored waste, 
which is harmful to the environment. Since very little fresh 
water is available for human use (less than 3.5%), wastewa-
ter recycling and reuse technologies for the textile indus-
try are essential. Many microorganisms are affected by the 
high toxicity of various pigments, which inhibit the growth 
of various animals in the aquatic ecosystem and reduce 
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the penetration of light into aquatic environments, inhibit 
photosynthesis and cause human toxicity to the kidneys, 
brain, and central nervous system while causing allergic, 
hemorrhagic, and carcinogenic effects. The dyeing process 
includes more than 100,000 synthetic dyes and many pig-
ments that require large volumes of water. The washing 
step result in losses of the fixed dyes around 30%–70% and 
produce high volumes of contaminated effluents contain-
ing several dyes, which can be treated by several physi-
cal and chemical approaches [3]. The textile dye Bemacid 
Red (BR) is one of the most used textile dyes, mainly 
applied in the paper, textile, cosmetic, leather, plastic and 
pharmaceutical industries, etc [4].

Recently, adsorption has been the most commonly used 
technique to remove dyes from textile effluents due to 
advantages such as high efficiency, easy availability, sim-
plicity and ease of processing as compared to other pro-
cesses such as coagulation, membrane filtration, advanced 
oxidation, electro-chemical degradation, adsorption, Fenton 
process, photocatalytic degradation, phytoremediation, etc 
[5,6]. Therefore, low-cost, environmentally friendly and 
effective materials (so-called: biosorbents) such as: biochar 
[7], Azolla pinnata [8], different types of clay [9] are being 
developed.

Casuarina equisetifolia needles “CEN” is a widespread 
and evergreen tree, commonly known as ironwood, whis-
tling pine, bulk oak and beefwood and it always grows in 
the coastal area. CEN is a nitrogen-fixing plant and has 
antimicrobial properties, contains tannins, triterpenes and 
proline, also various phytochemicals present in the plant 
include; ellagic acid, Gallic acid, quercetin, catechin [10]. It 
has been largely cultivated for coastal landscaping, agricul-
tural promotion, as an ornamental shade tree and as fire-
wood, or being planted as a wind-break [11]. The needles 
in the form of a decoction are used as a lotion for swelling 
and are also used in the treatment of coughs and ulcers. 
Seeds are antispasmodic, anthelmintic and antidiabetic. The 
phenolic compounds of the bark and needles have shown 
considerable antioxidant activity. Bark has activities like 
stomach ache, astringency, diarrhea, nervous disorders 
and dysentery. Extracts from the aerial parts and stem are 
reported to have angiotensin-converting enzyme inhibi-
tion activity. The extracts of leaves have anticancer prop-
erties and extracts from the fruit, stem and leaves have 
antimicrobial activity [11]. The dried CEN as high-avail-
ability biomass had been used in previous studies as an  
adsorbent [12–15].

This study is to evaluate the low-cost adsorbent CEN for 
BR dye removal from water. The kinetic, thermodynamic, 
isotherms batch adsorption experiment under various con-
ditions studies and effects of analytical parameters were 
investigated. The adsorption process was then modeled 
using isotherm and kinetics models to predict the adsorp-
tion process. The physical and chemical characteristics of 
the CEN including pHpzc and functional groups were deter-
mined. Adsorption isotherms were undertaken at 292 K to 
study the effects of solution: pHi, ionic strength, temperature, 
time, stirring speed, adsorbent mass, initial dye concentra-
tion and particle size. Based on the modeling of the exper-
imental data a mechanism of interaction between BR and 
CEN was proposed.

2. Methods

2.1. Chemicals and instrumentations

The BR dye (λmax = 508 nm, C24H20O6S2N4NaCl, 
M = 583 g·mol–1, 98% purity) was obtained from the textile 
industry (SOITEX Tlemcen, Algeria) (Fig. 1). The initial pH 
was adjusted by using HNO3 (69%) (AnalaR Normapur, 
VWR International, France) or NaOH (from CARLO ERBA 
Reagents, France) and measured pH with (Adwa AD1030 
pH-meter model, Szeged, Hungary). The point of zero charge 
(pHpzc) of the adsorbent was determined by the salt addition 
method using KNO3 solution (0.1 mol·L–1). Three different 
salts were used for the ionic strength effect: potassium nitrate 
KNO3 (from Sigma-Aldrich, St-Quentin, France), sodium chlo-
ride NaCl (from Prolabo, Paris, France) and sodium sulfate 
Na2SO4 (from Sigma-Aldrich, St-Quentin, France). Magnetic 
stirrer (IKA-Werke magnetic stirrers with heating RT 10 P, 
Staufen, Germany) was used in extraction experiments, the 
BR dye concentration was determined at a wavelength of 
508 nm using UV-Visible spectrophotometer SPECORD  210 
plus (Analytik Jena, Jena, Germany) according to calibration 
curve obtained at the same conditions. The functional groups 
of the CEN were determined using Fourier-transform infra-
red spectroscopy (PerkinElmer Version 10.4.00, Waltham, 
Massachusetts, USA). The morphological analysis of adsor-
bent was carried out by HITACHI-SEM (TM1000, Hitachi 
Technologies, Pleasanton CA, USA) scanning electron 
microscope. The sample was coated with 15 nm gold and 
then analyzed under the microscope at an accelerating volt-
age of 20 kV. Centrifuge (SIGMA model 2-6, Goettingen, 
Germany) was used to accelerate the phase separation. 
Distilled water was used throughout experimental studies.

2.2. Adsorbent and dye preparation

The CEN was collected from Tlemcen region (Northwest 
of Algeria), it was first washed with distilled water to remove 
any dust particles, dried in an oven at 333 K for 24 h (until 
a constant weight was achieved), dried needles ware then 
blended and sieved to different sizes using laboratory sieve 
shaker (Orto Alresa). Fig. 2 shows the CEN grains used in this 
study. BR solution was prepared by dissolving an appropri-
ate amount of BR powder in distilled water; the diluted solu-
tions were prepared by suitable dilution of the stock solution.

2.3. Dye adsorption

The adsorption efficiency of the prepared adsorbent 
CEN was studied using an anionic BR dye. The studied 
adsorption parameters included initial pH from 2 to 9, 
adsorbent dose (m) from 0.001 to 0.100 g, adsorption time 

 

Fig. 1. Chemical structure of Bemacid Red dye.
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from 2 to 300 min, initial dye concentration (C0) from 5 to 
100 ppm and adsorption temperature from 292 to 338 K. 
The adsorbent was put into 10 mL of dye solutions and the 
mixture was then agitated at 300 rpm for an equilibrium 
time. The effect of ionic strength was studied using three 
different salts: KNO3, NaCl and Na2SO4 (0.1 to 2.5 mol·L–1). 
The removal yield and adsorption capacity (amount of dye 
adsorbed per weight of adsorbent) at time, were evaluated 
using Eqs. (1) and (2), respectively [16]:
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where Q is the adsorption capacity (mg·g–1), C0 and Ce are 
respectively the initial and equilibrium concentrations of 
BR dye (ppm), V is the volume of the BR solution (L) and 
m is the weight of adsorbent (g).

3. Results and discussion

3.1. Characterization of adsorbent

The CEN surface morphology (Fig. 3) has shown a great 
irregularity surface and does not have large pores or cavi-
ties, which may be involved in the creation of the interac-
tion interface with the BR dye molecules. Energy-dispersive 
X-ray spectroscopy (EDX) studies were carried out to 

determine the chemical composition of adsorbents. The cor-
responding EDX spectra showed carbon and oxygen to be 
the major constituents of raw CEN. The specific surface area 
was reported to be 351 m2·g–1 [14].

Fourier-transform infrared spectroscopy (FTIR) was 
important to study the functional groups of CEN. The raw 
FTIR spectrum of CEN was represented in (Fig. 4). The broad 
absorption peak observed at 3,429 cm–1 corresponds to the 
stretching vibration of (–OH) group and (–NH) functional 
groups. The observed peak at 2,923 cm–1 may be attributed 
to alkyl (C–H) stretching vibrations. The characteristic 
(C=O) stretching is clearly seen at 1,731 cm–1 [17]. A peak 
at 1,627 cm–1 was due to carboxylate ions (–COO–), a small 
peak observed at 1,451 cm–1 was attributed to (N–H) stretch-
ing vibrations of amine group, these carboxylate and amino 
groups might be part of the proline as one of the compo-
nents of CEN as previously mentioned [18]. One other weak 
and the small peak at 1,317 cm–1 may be assigned to (C–O) 
stretching for alcohols or carboxylic acids and a stronger 
peak at 1,035 cm–1 might be attributed to (C–N) stretching of 
aliphatic amine. In the CEN spectra after treatment with BR, 
band shifts were observed at these peaks, indicating a pos-
sible involvement of these functional groups in the adsorp-
tion process. The presence of functional groups like acid, 
alcohol and amine is evident from these studies.

3.2. Determination of zero point charge (pHpzc)

Determination of the pHpzc of an adsorbent is very 
important for adsorption studies, it is the pH value in which 
the positive and negative electrical charges found on the 
surface of the adsorbent are in equilibrium, these charges 
result from the adsorption of H3O+ and OH– [19]. Below the 
pHpzc, the surface of the adsorbent is positively charged and 
at higher pH levels than the pHpzc, the surface is then nega-
tively charged [20]. According to the results (Fig. 5), the pHpzc 
value was equal to 5.0. Comparable results were found as: 
pHpzc = 4.4 (Dahri et al. [12] and Kooh et al. [14]).

3.3. Effect of adsorption parameters

3.3.1. Effect of contact time

The removal of BR dye by the CEN was examined at 
different time intervals. Based on the result shown in Fig. 6, 

 

Fig. 2. Casuarina equisetifolia needles grains.

Fig. 3. (a) Scanning electron micrograph of Casuarina equisetifolia needles (100 µm) and (b) Scanning electron micrograph (10 µm) 
and energy-dispersive X-ray spectroscopy of Casuarina equisetifolia needles.
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the yield of dye removal increases rapidly, the BR molecules 
easily gain accessibility to the sites in the first 5 min, the 
adsorption reaches 48%. The adsorption increases more 
rapidly during the initial time. This can be explained by the 
fact that a large number of active sites are available, result-
ing in the quick adsorption of BR dye onto the CEN surface. 
After that, the adsorption process becomes slower due to 
the gradual occupancy of these active sites on the adsor-
bent surface. At the later stage, these sites were reduced 
and repulsive forces may have started between the BR mol-
ecules on the CEN and aqueous phase [21,22]. At 60 min, the 
yield remains constant (Fig. 6). This may be caused by the 
fact that the active sites of adsorbent are already saturated.

3.3.2. pH effect on BR dye adsorption

The pH of the dye solution is an important parameter 
to be investigated and its value could greatly influence the 
adsorption since the H+ and OH– ions are adsorbed power-
fully and it affects the ionic state of both the adsorbent and 
the dye [21,23]. The results shown in Fig. 7 indicate that 

 
Fig. 4. Fourier-transform infrared spectra of Casuarina equisetifolia needles.
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Fig. 5. pH of zero point charge of the Casuarina equisetifolia 
needles (pHpzc). (mCEN = 0.1 g; V = 50 mL; [KNO3] = 0.1 mol·L–1; 
T = 292 K; time = 24 h).
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Fig. 6. Kinetic parameters for adsorption of Bemacid Red dye. 
([BR] = 50 ppm; V = 10 mL; mCEN = 0.05 g; T = 292 K; pHi = 6.8; 
Ф = 300 rpm; d = 0.2 mm).
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Fig. 7. pH effect on the adsorption of Bemacid Red dye using 
Casuarina equisetifolia needles adsorbent. ([BR] = 50 ppm; 
V = 10 mL; mCEN = 0.05 g; T = 292 K; Ф = 300 rpm; d = 0.2 mm).
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the adsorption of BR is very sensitive to changes in the ini-
tial pH of the dye solution.

The highest adsorption was observed in very acidic 
medium, the best removal yield (94%) was obtained at 
pH = 2, and the adsorption decreases with increasing pH up 
to pH = 4, and no further significant decrease was observed 
beyond pH = 5. To understand the effect of pH on the 
adsorption process, the point of zero charge (pHpzc) of CEN 
was determined at 5 ± 0.1 by the salt addition method. At pH 
below pHpzc, the CEN surface acquired positive charges and 
the higher BR dye removal in an acidic medium is mainly 
due to the electrostatic attraction between the positively 
charged surface of CEN and the BR negatively charged 
(sulfonate group SO3

–). While in the basic medium, the BR 
removal is lower, this may be due to the competition of 
OH– ions in solution with SO3

– ions in the dye surface for 
the same active sites of the adsorbent; it suggests that the 
adsorption of BR onto CEN depends mainly on ionic inter-
action. The same observations are reported by Oukebdane 
et al. [22] for BR removal, and Kooh et al. [23] for another 
anionic dye removal.

3.3.3. Effect of adsorbent dosage and adsorbent  
particle sizes

The maximum dye removal yield (65%) was obtained 
using 0.100 g, while adsorption capacity decreased and 
reached the minimum value (3.23 mg·g–1) (Fig. 8).

This was explained by the fact that with increasing dose, 
the available sites for adsorption also increased which led 
to the increase in adsorption yields, at higher adsorbent 
doses, reactive sites would be excessive to accommodate a 
given amount of dye molecules leaving most of the reac-
tive sites unoccupied and therefore decrease of adsorption 
capacity [18].

Fig. 9 shows the effect of different ranges of adsor-
bent particle sizes (<0.2 mm, 0.2–0.25 mm, 0.25–0.4, 0.4–1 
and >1 mm) on BR dye removal. The smallest particle size 
(<0.2 mm) yielded the highest yield dye removal at 60.5% 
(Qe = 6.26 mg·g–1), because it has a larger surface area to 
interact with dyes molecules compared to the bigger parti-
cle size. Thus, the removal yield decreases with increasing 

particle size [12]. The smallest particle size (<0.2 mm) was 
used for the rest of the experiment.

3.3.4. Effect of stirrer speed

Agitation is a classical parameter in adsorption phe-
nomena; generally, it affects the distribution of the solute in 
the bulk solution and the formation of the outer boundary 
film [24]. Fig. 10 shows the BR dye adsorption by CEN at 
different stirring speeds ranging from 0 (without stirring) 
to 900 rpm.

The results show that a higher adsorption capacity 
was obtained for a stirring speed of 300 rpm. This agita-
tion speed assures the diffusion of dye molecules onto the 
CEN adsorbent. For the experiment conducted without 
agitation, a significant reduction in the removal yield and 
capacity was noticed. When increasing the agitation speed 
to 300 rpm, the diffusion of dye molecules from the bulk 
liquid to the liquid boundary layer surrounding particles 
becomes higher because of the enhancement of turbulence 
and decrease of the thickness of the liquid boundary layer.

The insignificant effect of agitation for the 300–
900 rpm range can be attributed to the high turbulence 
and decreasing thickness of the liquid boundary layer 
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around the adsorbent particles causing induction of sys-
tem mobility [24].

3.3.5. Effect of ionic strength

The effect of ionic strength is important to verify the exis-
tence of the hydrophobic–hydrophobic interaction which is 
the attraction between the non-polar groups of the adsor-
bent and the non-polar group of the dye [14]. The effect 
of ionic strength on dye adsorption was studied at pH 6.8 
(without adjustment), where both BR and CEN (pHpzc = 5.0) 
were negatively charged, using various salt combinations 
(NaCl, KNO3 and Na2SO4). When the electrostatic forces 
between the adsorbate and adsorbent surface are attrac-
tive, the adsorption capacity decreases with increasing 
ionic strength. Reversely, when the electrostatic forces are 
repulsive, the adsorption capacity increase with increas-
ing ionic strength [25]. The data on the ionic strength effect 
follows this convention and are summarized in Fig. 11.

It can be observed that an increase in ionic strength of the 
solution led to higher adsorption as compared to a solution 
without salt addition, and the variation of salt concentration 
exhibits a major effect on BR dye adsorption. However, com-
pared to the adsorption of other anionic dyes, this increase 
was stabilised at a salt concentration of 1 mol·L–1 for NaCl 
and KNO3 and 0.5 mol·L–1 for (Na2SO4) [26,27]. In the pres-
ent system, the main electrostatic interactions between the 
CEN surface and ionic compounds occur with cations, since 
the CEN surface is negative. The addition of cations allows 
the neutralization of the negative CEN sites, and the electro-
static repulsion barrier is therefore impeded and non-elec-
trostatic interactions between the neutral CEN sites and 
the dye occur. These non-electrostatic interactions include 
H-bonds with low energy or short van der Waals interac-
tions [27]. As the effluents of the textile industry have usu-
ally high salt content, this result suggests the practicality 
of using CEN in the remediation of the real situations.

3.3.6. Effect of the initial concentration

The effect of initial dye concentration was studied by 
varying concentrations from 5 to 100 ppm, which is shown 

in Fig. 12. A rapid increase in the removal yield of BR can 
be observed, and it is a function of the increase in the ini-
tial concentration. This trend gets closer to its maximal value 
in the order of 69.2% and then remains constant beyond 
the concentration 50 ppm (Qe = 6.26 mg·g–1). This is due to 
the saturation of CEN’s active sites with the dye molecules 
and thus, the adsorption process slows down and finally 
reached equilibrium [12]. However, the adsorption capacity 
increases continuously reaching a maximum of 18.21 mg·g–1 
for 100 ppm concentration value, this increase was caused 
by increasing in the number of the adsorbed dye mole-
cules and thereby increasing the mass ratio of BR molecules 
to the fixed mass of CEN.

3.3.7. Effect of temperature

Fig. 13 shows the effect of temperature on the adsorp-
tion of BR onto CEN. It was observed that the removal yield 
and adsorption capacity slightly decreases with increas-
ing temperature, indicating the exothermic nature of the 
adsorption process. An increase in temperature from 292 
to 338 K decreased the dye removal yield from 57% to 
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46% and adsorption capacity from 6.26 to 5.01 mg·g–1. This 
decrease in adsorption with increasing temperature may 
be due to the weakening of adsorptive forces between the 
active sites of CEN and BR molecules, additionally, this may 
be attributed to the escaping tendency of the BR from the 
solid phase to the bulk phase with the rise in temperature 
of the solution [24].

3.4. Equilibrium and kinetic study

The adsorption kinetics experiments for BR removal 
onto CEN adsorbent (0.05 g) have been conducted at the 
initial concentration dye of 50 ppm, in pHi = 6.8 (without 
adjustment), at 292 K, varying contact times (2–300 min). 
The discoloration can be rapidly observed during the first 
10 min, then the process continues slower, and the adsorp-
tion equilibrium occurs during 60 min. To better understand 
the adsorption kinetics behavior of BR onto the CEN adsor-
bent, the adsorption kinetics data have been considered 
using the four mentioned kinetics models (Table 1).

Where Q and Qe are the adsorption capacities at any 
time and equilibrium (mg·g–1), respectively; k1 and k2 are the 
pseudo-first-order adsorption rate constant and the pseu-
do-second-order adsorption rate constant, respectively, k3 is 
the intraparticle diffusion rate constant, and C is the inter-
cept; α (mg/(g·min)) is the constant initial adsorption rate, 
β (g·mg–1) is the Elovich model constant.

The data of various kinetics models are summarized 
in Table 1. The correlation coefficient R2, is higher for the 
pseudo-second-order (>0.99) than the pseudo-first-order, 
this shows that the pseudo-second-order model is more 
appropriate to the experimental data. This is further sup-
ported by the close values between the predicted Qe values 
from pseudo-second-order model and the experimental Qe, 
whereas the pseudo-first-order predicted Qe values greatly 
deviated from experimental Qe. According to Weber and 
Morris model, the plot of Q vs. √t has to pass through the 
origin for intraparticle diffusion to be the limiting step. As 
shown in Table 1, C value was not equal to zero which indi-
cates that the line does not pass through the origin which 
suggests that intraparticle diffusion is not the limiting 
step (with the involvement of other types of interactions). 
Based on the R2 value, the Elovich equation was supe-
rior to the first-order equation and intraparticle diffusion 
model for the description of adsorption kinetics. However, 
the correlation coefficients corresponding to the pseu-
do-first-order, intraparticle diffusion and Elovich models 

are significantly lower than the pseudo-second-order, which 
means that none of these models is suitable to describe 
the adsorption of BR dye onto CEN and the adsorption 
process follows the pseudo-second-order model.

3.5. Study of adsorption isotherms

The adsorption isotherms are very important to describe 
adsorbate–adsorbent interaction [31]. To study the behavior 
of BR dye adsorption onto CEN, the Langmuir, Freundlich, 
Sips, Temkin and Dubinin–Radushkevich (D–R) isotherm 
models were applied to the experimental data at equilibrium 
state to be used for adsorption data modeling. The differ-
ent parameters of the adsorption isotherms are reported in 
Table 2.
where KL, KF, KT, KDR and KS are the adsorption constants for 
the Langmuir, Freundlich, Temkin, D–R and Sips models, 
respectively. Ce is the equilibrium dye concentration (ppm), 
Q is the adsorption capacity at different concentrations and 
Qe is the adsorption capacity at equilibrium (mg·g–1).

In the Freundlich equation “n” represents the empiri-
cal parameter that is related to the strength of the adsorp-
tion process. Constant B is related to the adsorption heat, R 
is the gas constant (8.314 J·K–1·mol–1), T denotes the absolute 
temperature in Kelvin and β gives the mean free energy of 
adsorption per molecule of the adsorbate. The 1/n is the Sips 
model exponent.

Based on R2 values, the simulation of data was realized 
with the above five isotherm models. Temkin clearly indi-
cates that this model does not fit with the experimental 
data (R2 = 0.79), the Langmuir, Freundlich and D–R models 
gave higher R2 values (0.98, 0.95, 0.98), respectively, they 
were ruled out due to the lower R2 values.

The Sips isotherm model gave the higher R2 value 
(R2 = 0.99), is thus selected as the most suited model to explain 
the BR adsorption onto CEN. Sip’s isotherm is a combination 
of both Langmuir and Freundlich expressions and is used 
for predicting heterogeneous adsorption systems; at lower 
BR concentrations, the model approaches Freundlich iso-
therm and for higher BR concentrations, it predicts a mono-
layer adsorption capacity characteristic of the Langmuir 
isotherm [33].

3.6. Thermodynamic study

The temperature effect on BR dye adsorption was studied 
by varying temperature from 292 to 338 K. It was found that 

Table 1
Kinetic models equations, parameters and correlation coefficients

Pseudo-first-order  
[28] [Eq. (3)]

Pseudo-second-order 
[28] [Eq. (4)]

Intraparticle diffusion 
[29] [Eq. (5)]

Elovich model 
[29,30] [Eq. (6)]

Equations ln lnQ Q Q K te e�� � � � 1
t
Q K Q

t
Qe e

� �
1

2
2 Q K t C� �3 Q t� � � � � �1 1

�
��

�
ln ln

Parameters

K1 = 0.003 K2 = 0.109 K3 = 0.121 b = 2.40
Qe (pred) = 1.77 Qe (pred) = 6.36 C = 4.797 α = 11569.2
Qe (exp) = 6.33 Qe (exp) = 6.33 R2 = 0.717 t0 (s) = 0.002
R2 = 0.558 R2 = 0.999 R2 = 0.905
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adsorption decreased with temperature indicating the exo-
thermic nature of the process. Thermodynamic parameters 
such as standard free energy change (ΔG°) (kJ·mol–1), entropy 
change (ΔS°) (kJ·mol–1·K–1) and enthalpy change (ΔH°) 
(kJ·mol–1) were obtained from the following relations [18]:

K
C
Cc
e

= CEN  (13)

� � �G RT K H T Sc� � � � � � �ln  (14)

lnK H
R T R

Sc � �
��

�
�

�

�
� � �

�
�

1 1  (15)

where KC is the equilibrium constant, CCEN (mg·L–1) and 
Ce (mg·L–1) are the equilibrium dye concentrations on the 
adsorbent and in the solution, respectively, T (K) denotes 
absolute temperature and R (J·mol–1·K–1) is the universal 
gas constant. The values of (ΔH°) and (ΔS°) were calculated 
from their linear plots of lnKC vs. 1/T. The values of the ther-
modynamic parameters obtained are reported in Table 3.

The negative value of ΔH suggested the adsorption pro-
cess to be exothermic in nature; it was found –11.07 kJ·mol–1. 
The value of standard change in free energy (ΔG°) was found 
to be negative at T = 292 K, indicating the process sponta-
neity. The negative values of changes in entropy (ΔS°) 

showed a decrease in randomness at the adsorbent-solution 
interface during the BR dye adsorption process on the CEN 
surface [14,22].

4. Conclusion

The study of BR dye removal onto CEN was investi-
gated. For this, we developed the adsorption technique 
that represents a practical and environmentally friendly 
approach that satisfies the requirements of green chemis-
try by eliminating the use of conventional and expensive 
adsorbents and replacing them with this low-cost adsorbent. 
The discoloration can be rapidly observed during the first 
10 min, then the process continues slower, and the adsorp-
tion equilibrium occurs during 60 min. The smallest particle 
size (<0.2 mm) gave the best dye removal yield. The effect 
of initial pH interestingly; the removal yield of BR dye was 
remarkably high at pH 2.0 where the anionic functionalities 
of CEN and BR were gradually neutralized by the excess 
H+ ions. It was observed that an increase in ionic strength 
of the solution led to higher adsorption as compared to 
the solution without salt addition, and the variation of salt 
concentration exhibits a major effect on BR dye adsorption. 
The pseudo-second-order model is a better fit for the exper-
imental data. The adsorption equilibrium data fitted well 
with the Sips isotherm model. The thermodynamic param-
eters of BR dye adsorption indicated that the adsorption is 
exothermic and spontaneous. The negative values of ΔS° 
showed a decrease in randomness at the adsorbent-solu-
tion interface during the BR dye adsorption process on the 
CEN surface. Indeed, under the experimental conditions 
used, the interactions involved in this case of adsorption 
would generally be between BR dye molecules and CEN 
surfaces via different possible interactions, mainly electro-
static attraction, ion exchange and complexation between 
BR and hydroxyl, amine and carboxyl groups. CEN used in 
this study is freely and abundantly available. It is clear that 

Table 2
Adsorption isotherms and parameters

Isotherm Equation Parameters

Langmuir [31]
1 1 1
Q K Q C QL e e e

� �  [Eq. (7)]
KL (L·mg–1) = 0.021
Qm (mg·g–1) = 9.50
R2 = 0.98

Freundlich [18] ln ln lnQ K
n

CF e� �
1 [Eq. (8)]

n = 0.99
KF (L·mg–1) = 0.29
R2 = 0.95

Temkin [18] Q B K Ce T e= ln  [Eq. (9)]
Δq (kJ·mol–1) = 372.9
KT (L·mg–1) = 0.174
R2 = 0.79

D–R [22]
ln lnQ q Km� � DR [Eq. (10)]�2

 � � �
�

�
��

�

�
��RT

Ce
ln 1 1 [Eq. (11)]

 

Qm (mg·g–1) = 7.53

KDR (mol2·kJ–2) = 10.76

R2 = 0.98

Sips [32] ln ln lnQ
Q Q n

C K
e

e s�

�

�
��

�

�
�� � �

1 [Eq. (12)]
 

n = 0.61
KS (L·mg–1) = 0.005
R2 = 0.99

Table 3
Thermodynamic parameters for Bemacid Red removal onto 
Casuarina equisetifolia needles

ΔH (J·mol–1) ΔS (J·mol–1·K–1) ΔG (J·mol–1) at T = 292 K

–11,074.24 –34.42 –1,276.35
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the features of CEN make it a suitable adsorbent for practi-
cal application and it can be exploited for the development 
of extraction and purification.
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