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Abstract. The pollution of water resources by hazardous contaminants is a major obstacle to the pro-
vision of safe and potable water worldwide. Cost-effective, innovative, renewable, and environmen-
tally friendly technologies are essential for wastewater treatment. In the current work, the potential of
using raw date palm petiole (DPP) for the removal of Bezaktiv Marine S-BL (SBL) dye is investigated
under a wide range of experimental conditions in batch mode. Experimental results show that the re-
moval of SBL dye by DPP is highly dependent on contact time, initial pH, initial dye concentration, and
temperature. The removal of SBL dye is relatively rapid where the equilibrium state is reached within
a contact time of 120 min. Moreover, the biosorbent exhibits high stability in SBL adsorption ability
over a wide pH range (4–12). Furthermore, the SBL dye adsorption increases with increase in initial
concentration. The maximum adsorption capacity of the SBL dye on DPP is evaluated to be 110 mg/g,
which is much higher than numerous other materials. In addition, a thermodynamic study indicates
that the adsorption of SBL dye by DPP is a feasible exothermic and spontaneous process.

The findings of the present study indicate that untreated DPP wastes can be considered effective
materials for the treatment of textile dyes in wastewater in general and SBL in particular.
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1. Introduction

The rapid eutrophication of aquatic ecosystems
driven by the collective impacts of population

∗Corresponding author

growth, urbanization, and contemporary agricul-
tural methods has become a major concern world-
wide [1]. The frequent release of large amounts of
colored wastewater into natural streams exacerbates
the situation, causing negative impacts on both the
environment and human health [2]. This type of
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wastewater is typically generated by industries that
use dyes to achieve the desired coloration of their
products. They include several sectors such as food,
paper, rubber, textiles, plastics, and so on [3,4]. Cur-
rently, the utilization of dyes is witnessing a signifi-
cant surge, with approximately 10,000 different dyes
in existence and an annual production exceeding
0.7 million metric tons [5]. The release of synthetic
dyes into natural streams elevates water toxicity,
raises chemical oxygen demand levels, and dimin-
ishes light penetration, thereby obstructing photo-
synthetic processes [6]. As a result, the presence of
dyes in natural streams can have severe ecological
consequences [7,8]. At the same time, access to high-
quality water is limited, and it is considered a valu-
able resource that has to be absolutely protected [9].
Therefore, it has become increasingly essential to
treat wastewater and remove pollutants, ensuring
their safe disposal, and prevent the contamination of
natural water bodies [10].

Furthermore, the swift advancement of society
has led to the production of large amounts of low-
value materials considered worthless. These mate-
rials are often regarded as waste, and their disposal
has become a significant challenge [11]. Addition-
ally, some materials found in nature have little to
no practical use. In this context, various industrial
and agricultural wastes have been tested as biosor-
bents for dye removal from effluents, such as cof-
fee grounds [8], date palm petiole (DPP) [12], palm
fronds [13], date stones [14,15], sugar-extracted spent
biomass [16], apricot stones [17], rice husk [18], olive
stones [19], banana peel [20], hazelnut shell [21]. . . ,
and so on.

Dyes persist in water for extended periods and
are challenging to be treated because of their low
biodegradability [22]. Conventional wastewater
treatment technologies, including chemical precipi-
tation [23], electrochemical oxidation [24], coagula-
tion [25], membrane filtration [26], ion exchange [27],
photocatalysis process [28] reverse osmosis [29], and
liquid extraction [30], are often impractical for large-
scale industrial applications [31]. Moreover, these
technologies have numerous drawbacks, including
the generation of toxic byproducts, low effectiveness,
high energy consumption, and the use of expensive
reagents [32,33].

The adsorption process is considered one of
the most cost-effective and eco-friendly physico-

chemical techniques for dye removal from wastewa-
ter [34,35]. It entails transferring dyes from the water
phase to the surface of a solid adsorbent. Compared
to other methods, adsorption offers several advan-
tages. For instance, it is a straightforward process
that does not necessitate specialized equipment
or substantial energy input [36]. Moreover, it can
achieve high removal efficiency without generating
toxic byproducts. Additionally, it can utilize a range
of low-cost and easily accessible adsorbents, in-
cluding activated carbon, clay minerals, agricultural
waste, and biosorbents, making it a sustainable and
environmentally friendly option [2].

Several researchers have investigated the use of
various agricultural products and byproducts for re-
moving dyes from solutions [37–39]. Residues, of-
ten consisting of lignocellulosic materials, possess
a natural ability to adsorb waste chemicals such as
dyes and cations from water. This capability arises
from Coulombic interactions between the substrates,
facilitating physical absorption [40]. These materi-
als are renewable agricultural wastes that are abun-
dantly available at little to no cost [40]. However,
most of the recent studies have tried to physico-
chemically modify these materials in order to im-
prove their structural, textural, and surface chem-
istry properties and therefore their ability in remov-
ing dyes from aqueous [41–43] solutions.

In the open literature, there are few studies on the
use of DPP material for the preparation of activated
carbons [44–46]. These reports have focused on us-
ing such materials as adsorbents with minimal pro-
cessing (washing, drying, grinding), thereby reduc-
ing production costs not only by utilizing inexpensive
raw materials but also by eliminating energy costs as-
sociated with thermal treatments. As far as the au-
thors are aware, there is no work that has employed
DPP without further thermal treatment as an adsor-
bent.

The authors believe that the current work will pro-
vide new insights into the utilization of raw waste
materials for treating wastewater. The clear advan-
tage of this method, compared to others, is its low
cost and eco-friendly aspect.

This study represents another contribution to our
ongoing research on the removal of water contami-
nants using untreated agricultural byproducts with-
out any chemical treatment of the adsorbent. Thus,
it aims to assess the efficiency of DPP in removing
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Bezaktiv Marine S-BL (SBL) dye from textile efflu-
ent. The interaction between the adsorbent and
the adsorbate was assessed through an optimiza-
tion process, considering factors affecting adsorption
such as adsorbent dose, pH, contact time, and ini-
tial concentration. Furthermore, adsorption kinet-
ics and isotherms were comprehensively investigated
through the use of common models.

2. Materials and methods

2.1. Biosorbent preparation

Date palm petioles were collected from local farms
in Adrar (Algeria). The biomaterial was subjected to
several wash cycles with hot distilled water to remove
dust and subsequently air-dried for two weeks. Then,
the dried sample underwent grinding and sieving to
produce particles within the diameter range of 250–
500 µm. This fraction of DPP was utilized in subse-
quent experiments and processing.

The point of zero charge (pHPZC) of the DPP was
determined using the pH drift method [35]. A se-
ries of flasks containing 25 mL of a 0.1 mol·L−1 KNO3
aqueous solution at pH values of 2, 4, 6, 8, 10, and
12 were prepared. The initial pH (pHi) was adjusted
using 0.1 mol·L−1 KOH or HNO3 aqueous solutions.
Next, 10 mg of DPP was added to each sample. The
dispersions were stirred for 24 h at room tempera-
ture, and the final pH (pHf) of the solution was mea-
sured and plotted against pHi. The pHPZC was deter-
mined from the plot of pHf = f(pHi), where the pH at
which the curve intersects the bisector of the axes is
taken as the pHPZC of the carbon.

2.2. Adsorption studies

A stock solution of SBL at a concentration of
500 mg/L was prepared by dissolving 500 mg of
SBL in 1 L of distilled water and diluted as required
to obtain the desired concentrations.

Batch adsorption experiments were carried out in
250 mL Erlenmeyer flasks, which were agitated on a
shaker at 350 rpm for a specified contact time. The
suspensions were subsequently filtered, and the re-
maining concentrations of SBL in the supernatant
solutions were determined using a Cary 60 Series
spectrophotometer. Absorbance calibration curves
were recorded against the concentration of the SBL

solution at a maximum wavelength of 599 nm. The
selected parameter ranges, including initial SBL con-
centration, adsorbent concentration, and pH, were
based on literature reports on SBL adsorption using
other agricultural residues, facilitating a comparison
of adsorption performance.

2.2.1. Effect of time, pH, and adsorbent dose on ad-
sorption of SBL onto DPP

Adsorption kinetic experiments were performed
to assess the effect of contact time on SBL removal.
For this purpose, 50 mg of DPP was agitated in 25 mL
of SBL solution (50 mg·L−1) at 25 °C for contact times
ranging from 10 to 180 min. Aqueous solutions were
separated from the adsorbent by centrifugation. The
adsorbed amount at a given time t , Qt (mg/g), was
calculated using the following equation [36]:

Qt =V (C0 −Ct )/m (1)

where C0 is the initial concentration, Ct is the con-
centration at time t , V is the volume of the solution,
and m is the mass of DPP.

The effect of DPP dose was assessed for biosor-
bent doses varying between 0.4 and 2 g·L−1. More-
over, the effect of pH on SBL removal was examined
within the range of 2 to 12. These effects were evalu-
ated for an initial dye concentration of 50 mg/L and
at equilibrium. All tests were conducted in triplicate.

2.2.2. Equilibrium adsorption isotherms

The adsorption performance of DPP was assessed
through isotherm experiments, where 10 mg of DPP
was suspended in 25 mL of aqueous solutions con-
taining various pollutant concentrations (CSBL = 20,
40, 60, 80, 100, 120, 140, 160, 180, 200 mg/L). The sus-
pensions were stirred for 24 h at 150 rpm to ensure
equilibrium. Once equilibrium was achieved, 5 mL
aliquots were withdrawn from the suspension and
centrifuged at 8000 rpm to remove any suspended
particles. The concentrations of residual dye in the
supernatant solutions were measured using a spec-
trophotometer after appropriate dilution.

2.2.3. Thermodynamic studies

The influence of temperature on the sorption of
SBL onto DPP was examined to determine the na-
ture of the adsorption process. The adsorption tests
were conducted at four temperatures: 15 °C, 25 °C,
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35 °C, and 45 °C. The experimental results were uti-
lized to determine thermodynamic functions, specif-
ically standard enthalpy (∆H), entropy (∆S), and
free energy (∆G), calculated using Equations (2) and
(3) [37,38]:

∆G =−RT lnKd (2)

∆G =∆H −T∆S (3)

where Kd is the distribution coefficient. The Van’t
Hoff plot ln(Kd) versus 1/T was used to calculate the
values of ∆H and ∆S.

2.2.4. Adsorption models

In order to select an appropriate model for fitting
the experimental data of SBL adsorption onto DPP,
the investigation focused on analyzing the kinetic
mechanism by applying the pseudo-first-order [47],
pseudo-second-order [48], and intraparticle diffu-
sion models [49] to the experimental data. Moreover,
the experimental isothermal data were analyzed to
ascertain the distribution of the adsorbate between
the solid and liquid phases at various equilibrium
concentrations, aiming to better understand the up-
take process. Thus, the models of Freundlich [50]
and Langmuir [51] were employed to assess the dye
adsorption parameters onto DPP. With further analy-
sis of the Langmuir equation, the Langmuir isotherm
is characterized by a dimensionless separation factor
RL given by [52]:

RL = 1/(1+KLC0) (4)

The RL value indicates whether the process is spon-
taneous (0 < RL < 1), unfavorable (RL > 1), linear
(RL = 1), or irreversible (RL = 0).

3. Results and discussion

3.1. Adsorption kinetics

To determine the equilibrium time, the impact of
contact time on dye biosorption was investigated.
Figure 1 illustrates the adsorption of SBL on DPP
over time. The results show that the SBL biosorp-
tion increases with time and reaches equilibrium
after 120 min. The efficiency of the biosorbent’s
removal increases quickly in the initial stage (0–
100 min) due to the abundance of active binding sites
on the biomass [53]. During the second stage (100–
120 min), biosorption becomes less efficient and
reaches saturation. This could be attributed to the

Figure 1. Effect of contact time on removal ca-
pacity (T = 25 °C, C = 50 mg/L, V = 25 mL,
m = 50 mg).

interaction of SBL involving the functional groups lo-
cated on the biosorbent surface and intercellular ac-
cumulation [54]. Based on the findings, a shaking du-
ration of 120 min was opted for subsequent biosorp-
tion experiments.

To elucidate the kinetics of the adsorption reac-
tions, focusing on order and rate constants, a ki-
netic study was undertaken. The mechanism con-
trolling SBL biosorption by DPP was explored by an-
alyzing the experimental data fitting to the pseudo-
first-order, pseudo-second-order, and intraparticle
diffusion kinetic models. The results of the kinetic
parameters are presented in Table 1 and Figure 1.
Based on the assessment of both the correlation coef-
ficients (R2) and the estimated adsorbed amounts at
equilibrium (Qe) values, it is evident that SBL adsorp-
tion onto DPP is more adequately described by the
pseudo-first-order model. This suggests that surface
adsorption interactions may be the rate-determining
step, and the adsorption capacity likely correlates
with the number of active sites available on the
biosorbent [55].

3.2. Effect of biosorbent dose

The adsorbent dose is a vital parameter that dictates
the capacity of an adsorbent for a given initial con-
centration of the adsorbate under particular oper-
ating conditions. To identify the optimal adsorbent
mass for maximum removal efficiency, the effect of
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Table 1. Adsorption kinetic model parameters

Parameters Values

Pseudo-first-order
k1 (min−1) 0.0248

Qe (mg·g−1) 13.96

R2 0.987

Pseudo-second-order
k2 (g·mg−1·min−1) 0.0013

Qe (mg·g−1) 17.66

R2 0.978

Intraparticle diffusion
Kdiff (min−1) 1.1198

C 0.5873

R2 0.913

varying the mass of DPP on the adsorption of SBL at
a constant adsorbate concentration was investigated.
The results indicated that SBL uptake increased as
the dose increased (Figure 2). Specifically, values of
the removal rate Y (%) (Y = (c1 − c f )/ct ) increased
from 26% to 96% as the adsorbent dose increased
from 10 to 50 mg/25 mL. This behavior is due to
the presence of more active adsorption sites for in-
creased doses that can react with SBL molecules. A
similar pattern was noted in a study on the removal
of methylene blue from an aqueous solution using
fruit kernels [56] and with calcium-rich biochars for
removing amoxicillin [57].

3.3. Solution pH

Solution pH plays a crucial role in adsorption pro-
cesses as it directly influences the surface charge
and the characteristics of ionic species in the ad-
sorbates [35]. The pH effect was investigated across
a range of 4 to 12, with the evolution of Qe values
shown in Figure 3. The SBL adsorption capacity
decreased as the pH increased from 4 to 6. This de-
crease in adsorption capacity can be attributed to
the surface charge of the adsorbent, which leads to
electrostatic repulsion between the adsorbent sur-
face and negatively charged adsorbate molecules.
At higher pH levels, the surface of the adsorbent be-
comes negatively charged through the deprotonation
of functional groups, thereby enhancing the attrac-
tion between the adsorbent and SBL molecules and
increasing the adsorption capacity. The observed

Figure 2. Adsorbent dose effect on biosorption
capacity (Qe; T = 25 °C, C = 50 mg/L, V =
25 mL, t = 120 min).

Figure 3. Effect of solution pH on removal ca-
pacity (Qe; T = 25 °C, C = 50 mg/L, V = 25 mL,
t = 120 min, m = 50 mg).

trend in SBL removal with changing pH can be eluci-
dated by considering the point of zero charge (pHPZC)
of the adsorbent. There is a correlation between
pHPZC (Figure 4) and biosorption capacity, which
varies with pH and aids in understanding the be-
havior of suspended biomaterials in solution [58,59].
As depicted in Figure 3, SBL removal is favorable
at pH values greater than pHPZC (5.5), where the
surface charge of the biosorbent becomes nega-
tive (pH > pHPZC). In this pH range, the positively
charged SBL molecules will be removed through elec-
trostatic interactions. Relatively similar behavior was
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Figure 4. Experimental determination of point
of zero charge.

observed for Bezaktiv Orange S-RL 150 removal by a
biochar derived from palm flower stalk waste [39].

3.4. Isotherm adsorption studies

The adsorption isotherms describe the relationship
between the amount of adsorbate adsorbed per unit
mass of the adsorbent and the concentration of
the adsorbate in an aqueous solution at equilib-
rium [60,61]. The SBL adsorption isotherm onto
DPP is presented in Figure 5. The isotherm reveals
that as the initial concentration of SBL increases, the
biosorbed quantity rises until reaching a saturation
point, indicating that all active sites on the adsor-
bent surface are occupied. This suggests homoge-
neous adsorption of SBL through ionic interactions
facilitated by the negatively charged surface of the
adsorbent [44]. The isotherm belongs to type L ac-
cording to the Giles classification, indicating strong
interaction between the adsorbed molecules and the
surfaces of the adsorbent [62].

The adsorption data were fit to two different
isotherm models, namely Freundlich and Langmuir,
to characterize the adsorption of dye solutions onto
DPP biochar. These models offer a deeper under-
standing of the adsorption process, which is crucial
to evaluating or designing an adsorption system [63].
The modeling outcomes are shown in Figure 5 and
Table 2. By comparing the R2 values (Table 2),
the Langmuir model more accurately describes the
adsorption of SBL. The dimensionless equilibrium
constant (RL) values for the Langmuir isotherm were

Figure 5. Adsorption isotherms of SBL onto
DPP (T = 25 °C, m = 50 mg, V = 25 mL, t =
120 min, pH = 10).

Table 2. Adsorption isotherm model parameters

Parameters Values

Langmuir
kL 0.081

Qmax (mg·g−1) 106.17

R2 0.992

Freundlich
KF 19.25

1/n 0.314

R2 0.945

lower than 1 (0.064–0.552), indicating that the ad-
sorption process is spontaneous. Furthermore, the
parameter 1/n in the Freundlich isotherm, which
indicates the adsorption intensity of SBL dye on the
applied adsorbent, had values below unity (0.314),
suggesting that the adsorption process is favorable
and implies that significant adsorption can occur
even at high dye concentrations. The Langmuir
isotherm model was opted for assessing the maxi-
mum adsorption capacity, indicating the adsorbent’s
complete monolayer coverage. The adsorption ca-
pacity, denoted as Qmax and measuring the maxi-
mum sorption capacity at full monolayer coverage,
had a value of 106.17 mg/g.

As expected, DPP biochar exhibited a higher Qmax

value than numerous other materials reported in
the scientific literature. Palm frond biochar was
used for the removal of methylene blue from aque-
ous solutions, presenting an adsorption capacity
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Table 3. Adsorption thermodynamic parameters

Temperature
(K)

∆G
(kJ·mol−1)

∆H
(kJ·mol−1)

∆S
(J·mol−1)

288 −12.451

−80.760 −237.38298 −9.910

308 −7.682

318 −5.287

of 70.87 mg/g [13], which is lower than the value
obtained in this work. The DPP-derived activated
carbon presented a sorption capacity of 53.76 mg/g
for indigo carmine [46]. Date palm fiber had shown a
maximum removal capacity of 18.45 mg/g for Ni ion
and 16.15 mg/g for Cd ion elimination [64]. There-
fore, the DPP biochar can serve as a promising ad-
sorbent for wastewater treatment.

3.5. Thermodynamic studies

Temperature exerts a notable influence on the sorp-
tion process, which can be explained through ther-
modynamic parameters [16]. The thermodynamic
functions evaluated from the variation of distribu-
tion coefficient (Kd) in Figure 7 are listed in Table 3.
The overall ∆G values are negative, varying between
−12.451 and −5.287 kJ/mol for temperature levels of
15–45 °C, demonstrating that the biosorption pro-
cess occurred spontaneously. The negative value of
∆H (−80.76 kJ/mol) indicates the exothermic nature
of the biosorption process. This fact was confirmed
by the higher amount of dye removal observed at
lower temperatures (Figure 6). Furthermore, the neg-
ative value of ∆S (−237.38 J·mol−1·K−1) indicates de-
creased randomness at the solid/solution interface,
with no significant changes occurring in the inter-
nal structure of the adsorbent during the adsorption
process [65]. The ∆H and ∆S values of DPP–SBL are
comparable to those reported by Aichour et al. [44]
when investigating methyl orange removal by DPP-
derived biochar.

4. Conclusion

This study primarily aims to determine the feasibility
of using DPP biomass as a cost-effective adsorbent
for dye-contaminated wastewater. The sorption of
SBL dye by DPP waste reveals significant influences

Figure 6. Temperature effect on SBL removal
by DPP (C = 200 mg/L, m = 50 mg, V = 25 mL,
t = 120 min, pH = 10).

Figure 7. Plot of lnKd versus 1/T .

of sorbent dose, initial concentration, pH, and con-
tact time on SBL removal. The dye concentration
emerged as the most crucial factor affecting both ad-
sorption capacity and color removal efficiency. The
evaluation of adsorption isotherms revealed that the
Langmuir isotherm, with a correlation coefficient
(R2) of 0.993, best fit the experimental data. Addi-
tionally, the monolayer adsorption capacity of the
dye on DPP was determined to be 106.17 mg/g. The
pseudo-first-order kinetic model, with an R2 value of
0.987, was also identified as the most suitable model
for describing the adsorption process. The results
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of kinetic, equilibrium, and thermodynamic stud-
ies supported the feasibility of utilizing DPP biomass
as an efficient adsorbent for dye removal. Utilizing
this locally sourced biomass could help alleviate the
financial burden associated with valorizing agricul-
tural byproducts for water treatment applications.
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Fasc.: Protecţia Mediului 15 (2010), pp. 709–714.

[5] D. Bhatia, N. R. Sharma, J. Singh and R. S. Kanwar, “Biolog-
ical methods for textile dye removal from wastewater: A re-
view”, Crit. Rev. Environ. Sci. Technol. 47 (2017), pp. 1836–
1876.

[6] T. Islam, M. R. Repon, T. Islam, Z. Sarwar and M. M. Rah-
man, “Impact of textile dyes on health and ecosystem: a
review of structure, causes, and potential solutions”, Envi-
ron. Sci. Pollut. Res. 30 (2023), pp. 9207–9242.

[7] A. S. Franca, L. S. Oliveira and M. E. Ferreira, “Kinetics and
equilibrium studies of methylene blue adsorption by spent
coffee grounds”, Desalination 249 (2009), pp. 267–272.

[8] H. Laksaci, B. Belhamdi, O. Khelifi, A. Khelifi and M. Trari,
“Elimination of amoxicillin by adsorption on coffee waste
based activated carbon”, J. Mol. Struct. 1274 (2023), article
no. 134500.

[9] V. G. Gude, “Desalination and water reuse to address global
water scarcity”, Rev. Environ. Sci. Bio/Technol. 16 (2017),
pp. 591–609.

[10] V. Gupta, “Application of low-cost adsorbents for dye re-
movala review”, J. Environ. Manage. 90 (2009), pp. 2313–
2342.

[11] A. Arroussi, A. Tahri, S. Kalloum, N. Abdelli and N.
Bouziane, “Valorization of lignocellulosic material from
date palm waste (Phoenix dactylefera L.) elhmira cultivar
by composting as organic fertilizer”, UPB Sci. Bull., Ser. B
84 (2022), pp. 59–72.

[12] A. M. A. Al-Haidary, F. H. Zanganah, S. R. Al-Azawi, F. I.
Khalili and A. H. Al-Dujaili, “A study on using date palm
fibers and leaf base of palm as adsorbents for Pb(II) ions
from its aqueous solution”, Water Air Soil Pollut. 214
(2011), pp. 73–82.

[13] L. Zeghoud, M. Gouamid, O. Ben Mya, A. Rebiai and M.
Saidi, “Adsorption of methylene blue dye from aqueous
solutions using two different parts of palm tree: palm frond
base and palm leaflets”, Water Air Soil Pollut. 230 (2019),
article no. 195.

[14] Z. Belala, M. Jeguirim, M. Belhachemi, F. Addoun and
G. Trouvé, “Biosorption of basic dye from aqueous solu-
tions by Date Stones and Palm-Trees Waste: Kinetic, equi-
librium and thermodynamic studies”, Desalination 271
(2011), pp. 80–87.

[15] Z. Belala, M. Jeguirim, M. Belhachemi, F. Addoun and G.
Trouvé, “Biosorption of copper from aqueous solutions by
date stones and palm-trees waste”, Environ. Chem. Lett. 9
(2011), pp. 65–69.

[16] M. S. U. Rehman, I. Kim and J.-I. Han, “Adsorption of
methylene blue dye from aqueous solution by sugar ex-
tracted spent rice biomass”, Carbohydr. Polym. 90 (2012),
pp. 1314–1322.
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