
1. Introduction
Undoubtedly, discharging untreated wastewater or 
aqueous solutions containing chemical pollutants into 
the environment poses significant risks, potentially 
harming human health[1] and causing adverse 
environmental effects[2]. The presence of organic 
pollutants in the environment can lead to a reduction in 
dissolved oxygen levels in water[3]. Thus, removing 
these organic pollutants from aqueous solutions 

becomes crucial before their release. Our focus in water 
treatment is to tackle this issue using cost-effective 
and straightforward methods, such as activated 
carbon adsorption. This method is highly effective 
in eliminating organic substances from aqueous 
solutions[4], the methyl orange (MO, anionic dye, 
offering the additional benefit of reusing agricultural 
waste and safeguarding the environment from 
pollutants. Notably, Morocco generates a substantial 
volume of agricultural residues annually, including 
olive stones[5], date seeds[6], and Argan husks[7], 
which can pose challenges related to aesthetics 
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A B  S  T R A C T
This study aims to valorize three agricultural-food (agri-food) wastes: 
Argan husks, dates seeds, and olive stones collected from various 
regions of Morocco to produce three types of activated carbons 
(ACah),(ACds) and (ACos) respectively. These activated carbons 
were used to compare their effectiveness in removing methyl orange, 
an organic pollutant in aqueous solutions. The precursor materials 
were carbonized at a temperature of T=900°C for 2 hours and 
subsequently chemically activated using phosphoric acid (H3PO4) in 
a weight ratio of 1:2. The obtained samples were characterized by 
Fourier-transform infrared spectroscopy (FTIR), scanning electron 
microscopy (SEM), and BET-analysis to determine the specific 
surface area. The analysis revealed that (ACah) displayed a rough 
surface with more pores and O-H chemical bonds, indicating its 
superior adsorption properties. This finding corresponds to the BET-
specific surface areas obtained, which were 476 m²g-1 for ACah, 
441 m²g-1 for ACds, and 362 m²g-1 for ACos. In all methyl orange 
adsorption experiments (10 mg L-1), 60 mg of each activated carbon 
was used for 30 minutes, resulting in removal efficiencies of 93.87% 
for ACah, 91.83% for ACds, and 89.79% for ACos. The examination 
of adsorption kinetics and isotherm analysis demonstrated a strong 
alignment of the adsorption data with both the pseudo-second-order 
and Langmuir models across various materials.
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and environmental impact. Dyes, particularly MO 
(methyl orange), are commonly utilized materials 
in the food, pharmaceutical, printing, and textile 
industries[8]. Although not extremely toxic, this dye 
can still have adverse effects on the environment and 
human health, causing symptoms like an increased 
heart rate, diarrhea, and imparting an unpleasant 
color and odor to water bodies[9]. Additionally, it 
obstructs sunlight, crucial for photosynthesis[10]. 
Therefore, before releasing solutions containing 
MO molecules into the environment, treatment is 
necessary. We aim to achieve this by producing 
three distinct types of activated carbons: ACah, 
ACds, and ACos; from Argan husks, date seeds, 
and olive stones, respectively. Subsequently, we will 
assess their efficacy in removing the methyl orange 
molecule from an aqueous solution. This study serves 
a dual purpose: firstly, it involves the valorization of 
Argan shells, and secondly, it evaluates the capacity 
to eliminate the MO dye.

2. Materials and Methods 
2.1. Materials
The biomass derived from agricultural waste 
illustrated in Figure 1 originates from different 
regions across Morocco. Olive pits were 
specifically sourced from the olive mill situated 
in the Settat region, whereas date seeds and argan 

shells were collected in the Sidi Ifni province. 
Methyl orange (C.I. No: 13025)[11] was employed 
as the adsorbate in all experiments. Phosphoric 
acid (H3PO4, molar mass:97.9952 g mol-1)[12] 
was utilized at a concentration of 1 mol L-1, and all 
procedures were conducted using distilled water.

2.2. Synthesis of activated carbons
A batch of collected waste was cleansed using 
distilled water to eliminate impurities and then dried 
at 120°C for 12 hours in an oven. This resultant 
material underwent a drying, grinding, and sieving 
process through a sieve with five micrometer pores 
to yield the untreated raw materials in a powdered 
state. Subsequently, the carbonization step took 
place in an oven (PROTERM-PLF 120/6) at 900°C 
for two hours. The chemical activation process was 
carried out by mixing the powder with phosphoric 
acid, maintaining a weight ratio of 1:2. Following 
this, distilled water was added to the mixture, 
reaching a volume of 50 ml while being stirred for 
10 minutes. The samples were then left for overnight 
drying at 120°C and subjected to washing, using 
demineralized water along with sodium hydroxide 
until neutralization was achieved to delete any 
remaining residual amounts of acid H3PO4. Finally, 
the activated carbons underwent filtration and 
further drying at 120°C for 12 hours.
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Fig. 1. The three precursors and their activated carbons
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2.3. Characterizations of Activated carbons
The physical and chemical properties of the 
materials utilized are crucial in understanding 
adsorption behaviors. Fourier transform infrared 
spectroscopy is one of the most important tools 
for this purpose because it allows for a qualitative 
examination of the surface functional groups of 
ACah, ACds, and ACos. The FTIR analysis was 
carried out using a TENSOR 27 type spectrometer 
(Bruker Company, Germany) for three samples 
obtained by mixing 100 mg of potassium bromide 
with 1 mg of each activated carbon, the data 
was recorded in the 4000-500 cm-1 range plot IR 
spectra. Scanning Electron Microscopy (SEM) 
of three activated carbons has been performed 
with an Energy Dispersive Spectrometer using 
a Philips XL 30FEG with a secondary electron 
detector (SE) and an electron acceleration voltage 
of 20 kV. Also, our activated carbons’ BET surface 
area was ascertained by N2 adsorption-desorption 
measurements using an automated Micromeritics 
system running at 77 K.

2.4. Adsorption Procedure
MO-dye, also recognized as Sodium-4-(4-
dimethylamino phenyl diazenyl), represents an 
anionic dye[13] (C14H14N3SO3Na) dissolved in 
distilled water for its preparation. The reason behind 
its absorption of light within the visible spectrum 
lies in the dye molecule’s extensive conjugated system. 
Its absorption spectrum demonstrates a peak at λmax = 
465 nm, as determined by a UV-Vis spectrophotometer 
(UV-1800, Bejing Rayleigh Co. Ltd). This particular 
wavelength corresponds to the color that complements 
yellow-orange, thus justifying the name “methyl 

orange.” The optimized three-dimensional structure 
depicted in Figure 2 was obtained via the Gaussian 
program. Equation (1) is utilized to compute the 
adsorption percentage (R%) of methyl orange, using 
the initial absorbance value A0 and the final absorbance 
value A1 [14] The quantity qe (mg/g) of methyl orange 
adsorbed onto the treated material can be determined 
using Equation (2)[15]. The methyl orange concentration 
was determined by the UV-Vis spectrophotometer and 
the relationship between absorbance for the methyl 
orange is illustrated in Figure 3.

                 (Eq.1)

                         (Eq. 2) 

The variables included in this equation are as follows: 
C₀ denotes the initial concentration of MO-dye (mg L-1)
Cₑ stands for the equilibrium concentration of the MO-dye (mg L-1)
V represents the volume of the solution (L)
M denotes the mass of the adsorbent (g)

The instrument employed for UV-Vis spectrometry 
utilizes a UV-Vis spectrophotometer, measuring 
absorbance across specific wavelengths [16]. 
This high-sensitivity equipment enables precise 
quantification of sample concentrations. Calibration 
curves were generated to correlate absorbance 
with concentration, ensuring accurate analyses. 
The instrument’s capabilities enhance the study’s 
capacity for investigating molecular absorption 
characteristics with increased precision.
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Fig. 2. Three-dimensional molecular model of methyl orange.  
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3. Results and discussions
3.1. FTIR-analysis 
Figure 4 displays the FTIR spectra of the three 
adsorbents. These spectra reveal unique properties 
for each material. Due to the stretching vibration 
of the hydroxyl groups produced by the O-H bond, 
ACah exhibits a distinct and broadband at about 
3405 cm-1[17]. The ACds exhibit a peak around 

1101 cm-1, which corresponds to the presence of 
C-O groups in secondary alcohol groups[18]. The 
ACos, shows a distinct peak at approximately 
1475 cm-1, indicating C-H vibrations within the 
methylene linkage. Additionally, there are peaks 
at 1051 cm-1, signifying C-O vibrations related to 
oxygen-containing groups[19].
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Fig. 3. Concentration versus absorbance (abs) for methyl orange
by the UV-Vis spectrophotometer

Fig. 4.  FTIR-spectra of ACah, ACds, and ACos adsorbents
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Figure 4 illustrates numerous peaks, indicating 
several functional groups existing on the surface of 
our adsorbents. These groups actively participate in 
the adsorption of MO, primarily due to the distinct 
O-H stretching vibration observed specifically 
on the ACah surface. This phenomenon could 
be the key reason behind the strong attraction of 
MO molecules through electrostatic forces[20]. 
Nevertheless, the presence of the C-O group on 
the surfaces of ACds and ACos can slow down the 
adsorption process. This disparity might provide an 
explanation as to why ACah functions as a more 
effective adsorbent compared to the others.

3.2. SEM analysis
The SEM images presented in Figure 5 reveal 
the structural and morphological characteristics 
of ACah, ACds, and ACos. It is clear that the 
rough texture of the ACah surface, which has 

many small-diameter pores, makes it unique. 
This porous structure provides an abundance 
of adsorption sites for the dye, making it well-
suited to the size of the MO molecule. This 
promotes the dye’s penetration into the material 
and raises the possibility of adsorption. Whereas 
ACos has a rough surface with thin layers 
and granules that may improve the physical 
adsorption of MO[21], ACds have an uneven 
surface structure with micropores. As shown in 
Table 1, the specific surface areas (SSA) of our 
adsorbents are also calculated using the BET 
analysis method. Compared to the other two 
adsorbents under study, ACah has a noticeably 
larger specific surface area, per the data in 
Table 1. The reason for the higher adsorption 
efficiency of ACah compared to the other two 
adsorbents can be better understood with the aid 
of all these observations.

Table 1. BET values for ACah, ACds, and ACos.

SSA ACah ACds ACos

BET (m2 g-1) 476 441 362

Analysis of methyl orange with activated carbon and UV-Vis            Mohamed Ennabely et al

Fig. 5. SEM-images of ACah, ACds, and ACos adsorbents
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3.3. Adsorption Studies
3.3.1.Contact time effect
Figure 5 displays the results obtained from 
experiments investigating the impact of varying 
contact time duration on the adsorption process 
aiming to determine the quantities of methyl orange 
(MO) removed from a 25 mL solution with a 
concentration of 10 mg L-1. The adsorption process 
utilized 0.06 grams of three distinct adsorbents: 
ACah, ACds, and ACos. The experiments 
encompassed contact times ranging from 5 to 30 
minutes while ensuring a constant stirring speed of 
500 rpm.
Two separate stages are shown in Figure 6. At the 
beginning of the experiment, the adsorption process 
moves rather quickly. The high accessibility of 
active empty sites on the surface of ACah, ACds, 
and ACos, could be the reason for this. But once 20 
minutes pass, there is a slower phase that is noticed. 
Because there is a tendency for these active empty 
sites to become less available for MO molecule 

binding[22] this slower phase is thought to be the 
most optimal one. We also measured the removal 
efficiency, which can reach 93.87% for ACah, 
91.83% for ACds and 89.79% for ACos. This high 
efficiency is due to the microporous structure of the 
materials. Based on these results, we can conclude 
that the activated carbon of Argan husks stands out 
as the superior adsorbent for methyl orange dye 
in comparison to the other two precursors. These 
findings align with the BET values acquired and 
listed in Table 2.

3.3.2.MO-concentration effect
Five specimens were created, each holding 25 
milliliters of MB solution at concentrations of 2, 
4, 6, 8, and 10 mg L-1, they were mixed at 500 rpm 
for 20 minutes, and 0.06 g of each adsorbent ACah, 
ACds, and ACos. were added to each sample. This 
experiment was designed to evaluate the effects of 
adsorbate concentration on the adsorption process. 
Figure 7 illustrates the results obtained.
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As the concentration rises, the rate of MO removal 
also increases, as indicated by the data presented in 
Figure 7. This implies that a significant proportion, 
if not nearly all, of the pores are nearly completely 
occupied. Among the adsorbents tested, ACah 
continues to stand out as the most effective 
adsorbent for MO dye, with a percentage difference 
of approximately 8%.

3.3.3.Effect of temperature
The study examined how altering temperatures 
between 20°C and 60°C affected the adsorption 
processes. The experimental conditions included 
consistent parameters: a fixed volume (V) of 25 
mL, an initial concentration (C) of 10 mg L-1, a pH 
maintained at 7.3, a reaction time of 20 minutes, 
agitation at 500 rpm, and an adsorbent mass of 0.06 

g, Figure 8 displays the findings obtained from 
these tests.
We observe that when the temperature rises, MO’s 
adsorption capacity on ACah, ACds, and ACos 
decreases. The adsorption process exhibits an 
exothermic nature as confirmed by these observations, 
this gives negative values for standard enthalpy 
(∆H<0)[23]. The reverse adsorption process, which 
begins at a temperature of about 30°C, is what causes 
this decrease in the adsorbed amount. It is essential 
to comprehend this phenomenon to restore activated 
carbons. The experimental data presented in the 
figure suggest that the highest adsorption occurs 
between 20 and 30°C, which corresponds to room 
temperature. We were also able to achieve a similar 
removal percentage of 80% for all three activated 
carbons at a temperature of around 50°C.

Analysis of methyl orange with activated carbon and UV-Vis            Mohamed Ennabely et al

Fig. 7. The effect of MO concentration on removal efficiency(%R)
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3.4. Adsorption isotherms
An adsorption isotherm, which generally depicts 
the adsorption capacity at equilibrium as a function 
of concentration under particular experimental 
conditions, can be used to further characterize the 
adsorption process. The obtained experimental data 
is used for this. Two of the most commonly used 
models for fitting experimental adsorption data 
are the Langmuir and Freundlich models. These 
models provide parameters that shed light on the 
mechanisms underlying the adsorption process.

3.4.1.Langmuir Isotherm 
To determine the Langmuir isotherm, a graph is 
constructed by plotting 1/qe as a function of 1/Ce, 
as depicted in Figure 9. The linear representation of 
this relationship is expressed by Equation 3. In this 
Equation, qe signifies the quantity of adsorbed dye, 
Ce represents the equilibrium concentration of the 
adsorbate, Qm indicates the maximum adsorption 
capacity observed during the reaction, and K 
denotes the Langmuir constant[24]. The plot Figure 
9 shows a straight line with q(max) and kL determined 

from the y-intercept and slope, respectively, with 
a correlation factor of 0.99 for all three materials 
confirming the validity of the Langmuir model. 

(Eq. 3)

3.4.2.Freundlich isotherm
The Freundlich adsorption isotherm is an empirical 
relationship describing the connection between the 
adsorbed amount (qe) and the concentration (Ce) of 
a solute adsorbed on the surface. The experimental 
findings demonstrate a direct relationship between 
the concentration and the adsorption of the adsorbate 
as illustrated in Figure 10. This relationship can 
be established by graphing the natural logarithm 
of qe against the natural logarithm of Ce and is 
represented by the linear form of the Freundlich 
Equation (4), with the constants KF indicating the 
capacity of adsorption and (n-1) representing the 
intensity of adsorption [25].

Anal. Methods Environ. Chem. J. 7 (2) (2024) 59-73

Fig. 8. The impact of temperature on the extent of removal
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(Eq. 4)

kF and n are the Freundlich constants for adsorption 
capacity and adsorption intensity, derived from 

the linear plot in Figure 10 and listed in Table 2. 
The Freundlich’s parameters, n, and KF, as well 
as the Langmuir parameters, KL and Qm, were 
determined after the previous adsorption isotherm 
analysis. These results are listed in Table 2.

Analysis of methyl orange with activated carbon and UV-Vis            Mohamed Ennabely et al

Fig. 9. Isotherm of Langmuir (a) for MO-adsorption on ACah, ACds, and ACos

Fig. 10. Isotherm of Freundlich(b) for MO-adsorption  on  ACah, ACds, and ACos
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The Langmuir equation yielded higher correlation 
coefficients (R2> 0.99) compared to other models. 
This indicates that the Langmuir equation is a 
favorable choice for fitting the experimental 
adsorption data, enabling the evaluation of the 
maximum adsorption capacities of the adsorbate on 
the three adsorbents. Figure 11 offers a comparative 
examination of the maximum adsorption capacities 
of MO dye on the three activated carbons used 
ACah, ACds, and ACos, and Langmuir’s Qmax, 
KL were determined and listed in Table 3. Within a 
half-hour of contact time, the maximum adsorption 
capacities for ACah, ACds, and ACos are recorded 
as 3.67 mg g-1, 3.27 mg g-1, and 3.19 mg g-1, 
respectively, as depicted in Figure 11. This indicates 

that, in comparison to the other two adsorbents, 
ACah demonstrates the most efficient removal of 
MO dye. To assess the performance of the material 
obtained, the adsorption capacity found in this 
study was compared with other results available in 
the literature dealing with the adsorption of methyl 
orange (Table 3). Also, many nano adsorbents such 
as activated carbon, carbon nanotubes, carbon 
quantum dots, fullerene nanoparticles, and graphene 
were used for the removal of organic material in 
different matrixes [26-29]. This comparison more 
or less confirms that agricultural waste can be 
considered a precursor to activated carbon, which 
is used effectively as an adsorbent for toxic dyes at 
low concentrations.

Anal. Methods Environ. Chem. J. 7 (2) (2024) 59-73

Table 2. Freundlich and Langmuir adsorption isotherm parameters of MO adsorbed by ACah, ACds, and ACos

Adsorbent Langmuir parameters Freundlich parameters

Qmax (mgg-1) KL (L.mg-1) R² n KF R²

AC ah 3.67 0.43 0,993 0.70 2.65 0,991

AC ds 3.27 0.44 0,991 0.67 2.54 0,981

AC os 3.19 0.37 0,991 0.67 1.95 0,980

Fig. 11. Adsorption capacities comparison of ACah, ACds, and ACos
by Langmuir model
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3.5. Adsorption kinetics
The adsorption rate of the adsorbate is described 
by kinetic studies. This aspect is crucial in 
understanding the adsorption process as it directly 
influences the duration of the adsorption process. 
This study employed the pseudo-first-order model, 
pseudo-second-order model, and intraparticle 
diffusion model to explore the kinetics of adsorption 
processes and determine the reaction order of MO 
on three activated carbons: ACah, ACds, and ACos.

3.5.1.The pseudo-first-order model 
Equation (5) delineates the pseudo-first-order model, 

and after a straightforward mathematical integration, 
it assumes the linear form denoted by Equation (6). 
In this context, qe and qt represent the quantity of 
MO adsorbed at equilibrium and at a specific time, 
respectively, while Kf denotes the pseudo-first-order 
rate constant[33]. Kinetic is depicted in Figure 12 as 
a pseudo-first-order for the adsorption of MO onto 
activated ACah, ACds, and ACos.

            (Eq. 5)

           (Eq. 6)
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 Table 3. Comparison of adsorption capacity (mg g-1) for methyl orange onto  ACah, ACds,
and ACos with other adsorbents

 Adsorbents  qmax
)mg g-1(

Concentration
)mg L-1( pH T

)C°(
Time
)min( Ref.

AHM 15.56 50 6 30 30 ]30[
MGGP 16.94 50 3.7 25 60 ]31[
N–TiO2 14.1 21 - 20 300 ]32[
ACah 3.67 10 7 25 30 This study
ACds 3.27 10 7 25 30 This study
ACos 3.19 10 7 25 30 This study

AHM: Amino-crosslinked hypromellose 
N–TiO2: Nitrogen-doped–titanium oxide
MGGP: Multigene genetic programming 

Fig. 12. Pseudo-first order kinetic of MO-adsorption on ACah, ACds, and ACos adsorbents
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3.5.2.The pseudo-second-order kinetic model
The pseudo-second-order model is expressed by 
the differential Equation (7). Upon mathematical 
integration, Equation (8) is obtained, with K2 
representing the rate constant associated with the 
pseudo-second-order[34]. Kinetic is depicted in 
Figure 13, as the second-order for the adsorption of 
MO onto activated ACah, ACds, and ACos.

                  (Eq.7)  

               (Eq. 8)

Kinetic comparison is depicted in Figure 12 and 
Figure 13, and the pseudo-first-order and second-order 
parameters for the adsorption of MO onto activated 
ACah, ACds, and ACos are detailed in Table 4. The 
results suggest that the pseudo-second-order model 
is more suitable than the pseudo-first-order model 
for studying the adsorption kinetics of MO on the 
three activated carbons. This preference arises from 
the pseudo-second-order model’s dependence 
on a longer period, facilitating close or complete 

adsorption of the adsorbing element. Experimentally, 
the correlation between the amount of adsorbent and 
the periods is evident from the curve, with a high 
coefficient of determination (R² > 0.99).

4. Conclusions
Three carbonaceous materials such as ACah, ACds, 
and ACos adsorbents were prepared by activating 
different precursors with phosphoric acid. They 
were tested for removal of methyl orange dye in 
aqueous media. Adsorption rates reached 93.87%, 
91.83%, and 89.79% respectively. AC ah can be said 
to be the most powerful adsorbent, with a slightly 
higher rate. This is in line with the results of SEM, 
FTIR, and BET. However, the adsorption of methyl 
orange onto the three activated carbons is not solely 
attributed to the pores. It is also influenced by the 
diverse specific surface areas and the variety of 
functional groups present on the material surfaces, 
leading to electrostatic attraction forces.
The isotherm study showed that the Langmuir 
model proved to be the most appropriate, and the 
experimental results of the kinetic study corresponded 
well with the pseudo-second-order kinetic model. 
As a result, significant efficiencies were achieved 

Anal. Methods Environ. Chem. J. 7 (2) (2024) 59-73

Fig. 13.  Pseudo-second-order of MO adsorption
on ACah, ACds, and ACos adsorbents
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in the removal of a toxic and polluting dye by three 
activated carbons, with the possibility of regenerating 
them, this holds significant ecological importance.

5. List of abbreviations
AC		  Activated carbon
MO		  Methyl orange
ACOP		  Activated carbon of olive pomace
ACDP		  Activated carbon of date pits
ACAS		  Activated carbon of argan shells
FTIR		  Fourier-transform infrared
SEM		  Scanning electron microscopy
BET		  Brunauer-Emmett-Teller
R (%)		  The adsorption rate
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