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1. Introduction

With the continuous development of science and technology as well as the process of
industrialization, various types of drugs, dyes, and heavy metals are widely used for the treatment and
prevention of diseases (Klein et al., 2018; Allen and Nilsson, 2021; Aaddouz et al., 2023; Kumar et
al., 2025). The rapid pace of industrialization has contributed to environmental pollution, particularly
in water, a vital source of life and energy. These drugs are released by households, health centres, or
farms after use, from formulation sites, garbage dumps, or accidental spills, and are increasingly found
in the aquatic environment (Aydin and Talinli, 2013). Since the 1980s, numerous studies have been
conducted on the presence of drug residues in wastewater. This research showed the presence of traces
of several organic and inorganic compounds. For example, the presence of residues from drug products
in wastewater for several years has been a significant area of concern (Thomas, 2015). Among these
products, a considerable amount of antibiotics is used and regularly released into the atmosphere by
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pharmaceutical industries, hospitals, domestic wastewater, excretions of living beings, etc (El-
Ghenymy, 2013; Salem et al., 2015; Abuduxike and Aljunid, 2012). Ofloxacin is one of the most
widely used antibiotics in poultry and aquaculture worldwide, and its massive use poses a huge threat
to the environment (Nguyen, 2021). This is because this molecule inhibits the physiological processes
of algae's natural photochemical and antioxidant systems, reducing algal cell growth, chlorophyll
content, and photosynthesis rate. More importantly, increased ofloxacin residues in the environment
may lead to increased drug resistance (Lahouidak et al., 2019; Wang et al., 2022). In addition, ofloxacin
may cause acute toxicity to aquatic organisms at concentrations of the order of mg/L and chronic
toxicity at concentrations of the order of pg/L (Chaturvedi et al., 2021; Wang et al., 2021). It is
therefore necessary to effectively remove it from the aqueous medium.

Several methods have been used, such as biological methods (Sbardella et al., 2018)
Sonochemical (Hapeshi et al., 2010), adsorption on carbon-composites (Chunmiao et al., 2018;
Akartasse et al., 2022), and ozonation (Madehi and Tay, 2015). However, low efficiency, high cost,
and the generation of toxic by-products limit the large-scale application of these methods. On the other
hand, adsorption has proven to be an effective treatment technique in water treatment. One of the most
commonly used adsorbents, which is commercial activated carbon, is proving to be very expensive. As
an alternative, especially for underdeveloped countries like ours, research is directed towards materials
such as abundant agricultural waste that can be transformed into activated carbon, which is also
effective for water treatment. It is in this context that this study is carried out, to test the effectiveness
of an activated carbon prepared from coconut shells for the elimination of ofloxacin in solution.

2. Materials and methods
2.1 Preparation of activated carbon

The coconut shells were collected in the town of Jacqueville, located in the south of Ivory Coast,
60 km from Abidjan, from the vendors. They were air-dried in the laboratory before being crushed and
sieved to extract the fraction of particles of homogeneous sizes between 1 and 2 mm. The fraction thus
selected was washed several times with tap water and then distilled water to remove impurities, then
dried at 110 °C for 24 hours in a Memmert oven. After drying, the samples were impregnated for 24 h
in a 50 % orthophosphoric acid solution and then calcined at 500 °C for 2 h in a branded muffle furnace
Nabertherm with a heating speed of 10 °C /min. After carbonization, the activated carbon obtained
with a CAC rating is cooled and then washed several times with distilled water until the pH of the
washing water reaches a neutral level. It is dried in the oven at 110 °C for 24 hours.

2.2 Solvents and Reagents

The ofloxacin (OFL) used with 98% purity comes from the company Sigma Aldrich. Its chemical
structure is illustrated in Figure 1. The acetonitrile and formic acid used for chromatographic analyses
are of analytical or superior quality and are marketed by the companies Prolabo and Carlo Ebra,
respectively.

Figure 1. Chemical structure of OFL
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2.3 Characterization of activated carbon
2.3.1 Fourier Transform Infrared Spectrometry (FTIR)

Infrared analysis was performed using a Fourier transform spectrophotometer (FTIR) over a
wavelength range of 400-4000 cm with a resolution of 4 cm™. A small amount of the adsorbent is
crushed with pure, dry potassium bromide (KBr). The mixture obtained is compressed under the effect
of high pressure and in a vacuum; to form a plate of parallel faces or transparent pellets, the latter is
placed in the path of the light beam. The analysis has been done.

2.3.2 Surface Functions

The total acidity and basicity of the samples are determined by titration with NaOH and HCI
using the Boehm method. A mass of activated carbon of 0.4 g shall be mixed with 20 mL of one of the
following acidic or basic compounds with a concentration of 0.1M: NaHCO3, Na,COs, NaOH and HCI.
The whole thing was agitated for 24 hours. After agitation, 10 mL of filtrate is collected and titrated
with 0.1M NaOH or 0.1M HCI as appropriate. The equivalents were calculated using the equation
below:

Ngq = NoVp — N¢Vy Eqn.1

Neq: the number of gram equivalents that reacted; NoVo: the number of gram equivalents before the
reaction; NfVo : Number of Gram Equivalents After Reaction

2.3.3 point of zero charge (pHpzc)

According to the protocol proposed by Rivera-Utrilla et al., 2013, 0.15 g of CAC was
introduced into 50 mL of a NaCl solution with a concentration of 0.01 M and a pH between 2 and 12.
The pH was adjusted using an HCI solution and a NaOH solution with a concentration of 0.01 M. The
suspensions were then stirred for 24 hours at room temperature, after which the final pH (pHf) was
measured. ApH (pHf — pHi) is then plotted as a function of the initial pH of the solution. The
intersection of this curve with the x-axis gives the pH value to the point of zero charge.

2.3.4 lodine Value

The iodine value is determined according to the standard method ASTM-D-4607 (Tra et al.,
2024). A mass of 0.5g of CAC is introduced into a beaker and to this is added 20 ml of the iodine
solution of concentration 0.05N. The whole thing is stirred for 5 minutes and then filtered. After
filtration, 10 mL of the filtrate is titrated with sodium thiosulphate with a concentration of 0.05N until
the solution is completely discoloured. The iodine value expressed in mg/g is given by the relationship
below:

o C;;I‘:“] X MI, X Vg

I,(mg/g) = - Eqn. 2

- Co and Cnrepresent respectively the initial concentration (mol.L™) of iodine and the concentration of
sodium thiosulphate solution (mol.L™);

- Vi, VI2and Vaps, are the respective volumes of the thiosulphate solution at equivalence, the volume
of the dosed iodine solution (10 mL) and the absorbed volume;

- Ml is the molecular weight of iodine (mol.L™) and m is the mass of activated carbon (g).
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2.3.5 Porosity and Specific Surface Area

2.3.5.1 Porosity

The size distribution of mesopores and macropores is calculated according to the Barret, Joyner
and Helenda method (BJH method). The BJH method is used to determine the volumes and surfaces
accumulated by pores with widths between 17 A and 3000 A (mesopores and macropores) during N
adsorption,. The presence of micropores is observed from the adsorption isotherms and the specific
surface.

2.3.5.2 Specific surface area for the BET

The test is performed on a bed of activated carbon particles at atmospheric pressure.
The adsorbed body is nitrogen mixed with helium (carrier gas). The bed of carbon contained in a glass
ampoule has previously been degassed at medium temperature (300-350°C) for 4 to 5 h under pressures
reduced by 2 mbar. Degassing makes it possible to rid the solid of impurities that would occupy the
pores. The BET equation used in practice in its linear form is:

(P/Po) 1 (C=1) P
(Qads(l - P/Po) + " Po Eqn.3

=Qm*C Qm+xC Po

Indeed, the graph obtained by the values of the first member of the BET equation as a function

(P/Po) . - . . . .
of p/p(—anls (1—P/Po)0 allows us to determine the specific surface area with the following relationship:

SBET =6 Naonm Eqn. 4

o : Surface occupied by a molecule of steam;
Na: Avogadro number (6.025.10%° mol?);
Qm: the amount of gas needed to coat 1g of adsorbent

2.4 Adsorption Experiments

Adsorption tests ofloxacin on the CAC were carried out in batch mode in a beaker at
room temperature (25 °C). Thus, a weighed quantity of CAC is introduced into the beaker containing
500 mL of solution ofloxacin at a known concentration. The whole thing was stirred and samples were
taken at regular intervals. The samples were analysed using a high-performance liquid chromatograph
(HPLC) from Schambeck SFD GmbH in order to monitor the evolution of the residual concentration
of the molecule.
Chromatographic analysis conditions: The mobile phase consisted of formic acid (45 %) and
acetonitrile (55 %). The stationary phase was a Pursuit 5 C18 column (250 mm x 4.6 mm, 5 pm) in
isocratic mode. The detection wavelength was 293 nm and the injection volume was 20 pL.

2.4.1 Effect of a few parameters on adsorption kinetics
2.4.1.1 Influence of Adsorbent Mass

The tests were carried out with different masses of CAC (1; 1.5; 2.5; 3 and 4 g) when contacted
with 500 mL of concentration OFL solution Co = 20 mg.L™.

2.4.1.2 Influence of pH
The effect of pH was studied by introducing a mass of CAC corresponding to the optimal
mass obtained with 500 mL of OFL solution of concentration Co = 20 mg.L™. The pH of the solutions
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was adjusted to the following values: 2; 4; 6; 7; 9; 11, by adding either a few drops of concentrated
HCl or 0.1 M NaOH solutions.

2.4.1.3 Influence of the initial concentration of the solution

The influence of the initial concentration of OFL on the adsorption capacity of CAC was
studied for concentrations of 10; 15; 20; 30 and 40 mg/L in the presence of the optimal CAC mass and
the optimal pH value.

2.4.2 Adsorption kinetics
Kinetic adsorption modelling of OFL was made according to the following three models
(linear form):
v" Pseudo-first-order kinetic model:

Ln(Q, —Q) =LnQ, — K, t (Lagergrenetal., 1898) Eqn.5

v Kinetic model of the pseudo-second order:

t 1 t
- = + — Ho et al., 1999 Egn. 6
q K, QZ Qe ( ) g

v Kinetic model of intraparticle diffusion:
Q= K,t'? +¢C (Annadurai et al., 2002) Eqn. 7

Ki (min), Kz (g/mg.min) and K, (mg/g.min*2) are the pseudo-first-order, pseudo-second-order and
intraparticle diffusion kinetic constants, respectively.

2.4.3 Adsorption isotherms

The study of the adsorption isotherms makes it possible to determine the adsorption capacity
of the adsorbates (OFX) on the adsorbent as well as the type of adsorption mechanism. Two models of
adsorption isotherms were used in this study in their linear forms:

e Langmuir :

C 1 C
Ce _ 4 =< (Weber et al., 1974) Eqn. 8
Qe KL Qm Qm

The separation factor RL is determined by the following relationship:

R, = 1/(1 + KLCe)

1

e Freundlich: Ln Q.= Ln Kf + nsLnC,

(Calvet et al., 1980 Egn. 9

Qe: Equilibrium adsorption capacity (mg/g);

Ce: Residual solute concentration at equilibrium (mg/L);

Qm: Maximum adsorption capacity (mg/g);

KL : Adsorption equilibrium constant for the solute/adsorbent pair (L/mg);

Krand nf : Characteristic constants of the efficiency of an adsorbent with respect to a given solute.
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3. Results and discussion
3.1 Characterization of activated carbon
3.1.1 Fourier Transform Infrared Spectrometry (FTIR)

The FTIR is a technique that allows to highlight certain functions such as carboxylic acids,
aliphatic chains, aromatics, etc. on the material. Specters IRTF gross CAC (CAC B) and 50% active
CAC (CAC 50 %) achieved between 650 and 4,000 cm™, are presented in the Figure 2. The CAC B
spectrum has bands at 1702.4; 1586.4 ; 1196.3 ; 877.6 and 751.3 cm™. The band at 1702.4 cm
corresponds to elongation vibrations C=0 in ketones, aldehydes, lactones or carboxyl groups (Yakut
et al., 2016). The band at 1586.4 cm™ indicates C-C elongation vibrations of the aromatic group. Has
1196.3 cm, a characteristic band is observed, vibrations of elongation of the O-H or lactone groups
(Blanco et al., 2000). The 877.6 cm™ can be assigned to the deformations of C-O-H bonds in carboxylic
acids. The band observed at 751.3 cm™ would correspond to alkenic groups, aromatic rings or benzene.

The CAC 50 % spectrum shows the appearance of two new bands and a decrease in intensity or
disappearance of those observed on the CAC B spectrum. These results are due to the activation
process. Thus, a band at 1691.8 cm-1 is observed, which could be due to the probable formation of
new bonds, such as C=0 in carbonyl groups (aldehydes or ketones). The same is true for the band at
1550.1 cm™, which corresponds to the formation of C=C bonds in benzene or aromatic groups (Vunain
et al., 2017). These results show the involvement of certain functional groups (hydroxyls, carbonyls,
carboxyls) in the adsorption of OFL to the surface of the CAC by electrostatic interaction.
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Figure 2. FT-IR spectrum in sample transmission

3.1.2 Surface Function

The surface functions of the developed CAC are presented in the Table 1. Given these results,
the CAC has a strong acidic character with an average total acidity of 3.225 MEQ/g against an average
total basicity of 1.157 meg/g. This acidity is mainly due to the carboxylic (1.817 meg/g) and lactonic
(1.0075 meqg/g) functions. The presence of both acidic and basic functions predicts the ability of CAC
to adsorb both anionic and cationic adsorbates. This can be attributed to the nature of the activating
agent, which is a strong oxidant. Thus, surface carbon atoms can be oxidized and lose electrons,
becoming positively charged. These charges are responsible for the presence of electrostatic forces of
attraction or repulsion between the solute and the adsorbent. Thus, more acidic sites indicate a higher
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number of oxygen groups, which allows for high adsorption concerning the chemical nature of the
pollutant being treated.

Table 1. Surface function concentrations (meg/g)

Function Function Function Total base Total acid Character
carboxylic phenolic lactonic surface
1.82 0.40 1.01 1.16 3.23 Acid

3.1.3 Point of zero charge (pHpzc)

The point of zero charge (pHpzc) is a critical parameter that indicates the acid-base behavior of
solids. This is the pH of the solution at which the charge of the positive surface sites equals that of the
negative sites, so the surface area of the adsorbent has a value of zero. As shown by Figure 3, the value
of the pHpzc is 2.9, indicating the acidic character on the surface of the coal. This confirms the acid as
already indicated by the results of the Boehm method, which has shown a high proportion of acidic
functions (carboxylic and lactonic). When the pH > pHpzc, the surface charge is negative; at pH <
pHpzc, it is positive. Similar results are reported in the literature (Sogbochi, 2023).

initial pH - final pH
N

0 1 3 4 5 6 7 8 9 10 11 12 13
Initial pH

Figure 3. Curve for the determination of pHpzc

3.1.4 Elemental Analysis

The results of the CAC elemental composition are presented in the Table 2.
It appears that this activated carbon consists mainly of carbon (78.57 %) and oxygen (19.05 %) with a
small proportion of hydrogen (2.23 %), nitrogen (0.15 %) and sulphur (0.15 %). Similar results are
reported in the literature (Foo et al., 2012; Hidayu et al., 2016).

Table 2. Elemental composition of CAC (% by weight)
Carbon (%) Oxygen (%)  Hydrogen (%) Nitrogen (%0) Sulphur (%) Total
(%)
78.57 19.05 2.23 0.15 0.15 100

3.1.5 Specific surface area and porosity

The Figure 4 presents the CAC N»/77K adsorption-desorption isotherms. According to the
IUPAC classification of adsorption-desorption isotherm curves, the curves obtained would be of type
I, reflecting a single-layer adsorption on the surface of the adsorbent. This type of isotherm is common
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in the case of activated carbons and is thought to be mainly microporous. The results show that the
prepared activated carbon is essentially microporous and mesoporous (Table 3). It has a specific
surface area of 1195 m?/g and a porous volume of 0,576 cm®/g mostly microporous (0.520 cm?/g). The
iodine value obtained (675.64 mg/g) reflects the existence of fairly large micropores on the inner
surface of the charcoal. This significant microporosity is linked to the thermal stability of the different
components of the coconut shells (lignite, cellulose and hemicellulose) and the activating agent,
contributing not only to the creation of new pores, but also to the enlargement of the pores already
present in the precursor. This wide distribution of micropores could allow a better diffusion of large
molecules within activated carbon.
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350 g
. 300
& —— Adsorption
@, 150
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= 200
E 150
'Iﬁ.
2 100
|
& =0
00.0 0.1 0,2 0.3 0.4 05 0,6 0,7 0.5 0.9 1.0
Pression relative (p/p®)
Figure 4. N2 adsorption and desorption isotherms on the CAC 50 %
Table 3. Specific surface area and porous properties of coal
Specific surface area (m?/g) BET 1195
Porous volume (cm®/g) Point adsorption 0.576
Volume microporeux (cm®/g) t-Plot 0,520
Mesoporous volume (cm”g) Adsorption BJH 0.056
BJH desorption
lodine Value (mg/g) lodometry 675.64
3.2 Adsorption Tests

3.2.1 Effect of Adsorbent Mass

The Figure 5 illustrates the results obtained. Figure 5A shows an increase in the percentage of
adsorption of OFL with increasing CAC mass. Thus, the percentage of adsorption goes from 87.42 %
to 99.62 % when the mass of adsorbent increases from 1g to 4g. These results could be explained by
the fact that the increase in the mass of coal increases the contact surface and therefore the number of
sites available for the fixation of the pollutant, thus favouring the phenomenon of adsorption (Hameed,
2010). On the other hand, a decrease in the amount adsorbed is observed with increasing mass of the
adsorbent. Indeed, when the mass of adsorbent increases from 1g to 4g, the adsorption capacity
increases from 8.74 mg/g to 2.49 mg/g. This result could be due to the non-saturation of the adsorption
sites on the CAC (Patil and Shrivastava, 2010).
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Figure 5. Effect of the coal mass on the adsorption of OFL,
Co=20mg/L; V=500mL ;pH=6

3.2.2 Effect of Solution pH

The pH of the solution is an important factor that affects adsorption and can change the surface
load of the adsorbent and OFL species. The adsorption of OFL on the CAC at different pH of the
solution is shown on the Figure 6. The results showed that the adsorption of this compound is pH-
dependent. OFL removal is improved from pH 2 to pH 6. From pH 6, there is a clear decrease in
adsorption up to pH 9 and a sharp drop for pH above 9. These results could be attributed to the
molecular structural characteristics of OFL and the pHpzc of CAC. Indeed, OFL is an amphoteric
molecule with ionizable functional groups. It has two values of pKa (pKa; = 5.45 and pKaz = 6.2) and
can therefore exist in three forms in aqueous solution (Bhatia et al., 2016). It is mainly cationic (OFL")
at pH < 6.1 and the anionic form (OFL") is the dominant species at pH > 8.28 (Zhu et al., 2019).

99.7 1~
99.6 4
99.5 4
99.4 4
99.3 4
99.2 4
99.1 4

99 H
98.9 4
98.8 A
98.7 T T T T T T T T T T T |

Adsorption rate (%)

Figure 6. Effect of the pH of the solution on the adsorption of OFL,
m=4g;V=500mL et Co=20 mg/L

In the pH range 6.1 to 8.28, part of the molecule exists as a zwitterion (OFLz) and the rest as a neutral
molecule (OFL®). The pHpzc of CAC determined is 2.9. Thus, the surface of CAC is positively charged
when the pH of the solution < 2.9 and negatively charged for the pH > 2.9. Therefore, at pH 6, high
ionic interactions occur between the cationic OFL and the CAC surface resulting in high OFL removal.
At pH 7, where zwitterion is the dominant species of OFL in solution, a cationic state can still be
considered a major contributor to adsorption, from which an appreciable amount of OFL has been
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removed from the solution. Above pH 9, the dominant species of OFL is the anionic state providing
adsorbent/adsorbate repulsions and consequently, a significant decrease in removal efficiency
(Maheshwari et al., 2013). Other authors have reached similar results (Hassan et al., 2014; Lubna et
al., 2021).

3.2.3 Effect of the initial concentration

The results of the adsorption tests are shown in Figure 6. This figure shows that an increase in
the initial concentration leads to an increase in the removal rate of OFX. This result could be attributed
to an increase in the driving force offered by the concentration gradient at high concentrations of OFL
(Inbaraj et al., 2006 ; Hameed et al., 2007). Zabihi et al. (2010) and Pandey et al. (2010) concluded
that increasing the initial concentration of OFL results in a higher probability of collision between the
adsorbat molecules and the adsorbent active sites, higher occupancy of the active sites and thus a higher
adsorption capacity.
However, beyond the concentration of 20 mg/L, the adsorption rate decreases, indicating the
progressive saturation of the charcoal and which would be due to the presence of OFL molecules in
excess of the active sites of the adsorbent (Tan et al., 2009). Thus, the highest removal yield of OFL
obtained for the initial concentration of 20 mg/L was 99.31 % after 360 min of contact time.
With regard to the quantities adsorbed, it can be observed that an increase in the initial concentration
of OFL leads to an increase in the adsorption capacity. Indeed, when the initial concentration of the
pollutant increases from 10 to 40 mg/L, the adsorption capacity increases from 1.24 to 4.97 mg/g. The
trend line of the adsorbed amount of OFL is linear. According to Dbik et al. (2014) who obtained similar

results, linearity shows that the number of free sites remains constant during adsorption, meaning that sites are
created during this process.
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Figure 7. Effect of the initial concentration on the adsorption of OFL,
m=49;V=500mL; pH=6
3.3 Modelling of adsorption kinetics
The modelling of the experimental results of the adsorption kinetics of OFL on activated

carbon by three models, namely pseudo-first-order, pseudo-second-order and intraparticle diffusion, is
presented in the Figure 8. The Table 4 Shows the parameters of these templates.

Table 4. Constants of kinetic models
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Co (mg/L) 10 15 20 30 40

Qe (mg/g) exp 1.24 1.87 2.49 3.73 4.97
Qe (mg/qg) cal 0.85 1.89 4.33 7.19 50.38
Pseudo-first
Ky (min™) -0.000072 -0.00009 -0.000034 -0.00004 -0.00089
Order
R® 0.91 0.89 0.95 0.84 0.87
Qe (mg/qg) cal 2.38 1.90 1.28 3.44 1.23
Pseudo-second
Kz (mg.g"min™) 0.09 0.06 0.08 0.03 0.82
Order
R® 0.99 0.99 0.99 0.99 0.99
Qe (mg/qg) cal 1.50 2.06 2.79 4.08 4.92
Intraparticle L 112
diffusion Kp (mg/g.min™*) 0.0619 0.1003 0.1096 0.1854 0.2394
R? 0.76 0.84 0.88 0.98 0.94
=iy 3
o b
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Figure 8. Kinetic models: (a): pseudo-first-order, (b): pseudo-second-order,
(c): Intraparticle diffusion

> The values of the equilibrium adsorption capacity determined theoretically by the pseudo-first-
order model are almost all very different from the experimental values. The coefficients of
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determination are between 0.87 and 0.95 and the constants of (K1) are all negative. This indicates that
the pseudo-first-order model is absolutely not appropriate to describe the Kinetics of this adsorption.
> The equilibrium adsorption capacities calculated by the pseudo-second-order model are partly
closer to the experimental values. The rate constants (Kz) are positive and range from 0.03 to 0.82. The
coefficients of determination (R?) are very close to 1 (R2 = 0.99) for all initial concentrations. These
results show that the pseudo-second-order model describes adsorption kinetics very well.

> From the results presented in Figure 8c and Table 4 for the intraparticle diffusion model, it can
be seen that the lines do not pass through the origin and the correlation coefficients are between 0.76
and 0.98. These results indicate that the diffusion of OFL into activated carbon pores is not the only
step limiting adsorption kinetics (Deng et al., 2015). This is confirmed by the presence of two straight
lines for each concentration, thus proving the existence of two steps: the first step represents the
diffusion of the outer film and through the boundary layer of the outer surface of the activated carbon.
It takes place during the first few minutes of agitation, with a high adsorption rate. The second step is
intraparticle diffusion characterized by a slowing of the adsorption rate. it is therefore the step limiting
the adsorption rate (Deng et al., 2015).

3.4 Modelling of adsorption isotherms

The adsorption isotherms of OFL on activated carbon are shown in the Figure 9.These linear
representations obtained from the experimental values of adsorption of the OFL were used to determine
the equilibrium parameters and the values of the Langmuir and Freundlich constants were calculated
by linear regression (Table 5).
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Figure 9. Modelling of the OFL adsorption isotherm on activated carbon
(a): Langmuir model; (b) : Freundlich model

Table 5. Parameters of OFL adsorption isotherms on activated carbon

Langmuir Isotherm Freundlich Isotherm
Om(mg/lg) K. (L/mg) R R? K 1/n¢ R*
41.32 0.75 0.03 0.99 16.65 0.78 0.98
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Analysis of the results in this table reveals coefficients of determination of 0.99 and 0.98
respectively for the Langmuir and Freundlich models. Based on the values of these coefficients, the
Langmuir model better describes the nature of adsorption. This suggests that the adsorption of
molecules takes place on a homogeneous monolayer surface without interactions between the adsorbed
molecules (Hameed et al., 2007).

Conclusion

The present study showed the efficacy of activated carbon prepared from coconut shells for the
removal of ofloxacin in an aqueous medium. The characterization of activated carbon revealed a
microporous and mesoporous material with a high specific surface area (1195 m#/g) and an acidic
character marked by pHpzc of 2.9, with a predominance of carboxylic and lactonic functions.
Adsorption parameters confirmed remarkable efficacy, with percentages of ofloxacin removal of more
than 99 % in 15 h. Adsorption is optimized at pH 6, with an adsorbent mass of 4 g and an initial
ofloxacin concentration of 20 mg/L. Increasing the mass of the adsorbent increases the percentage of
removal, while increasing the initial concentration of the adsorbate increases the adsorption capacity
until the sites are saturated. The study of adsorption kinetics revealed that the pseudo-second-order
model is appropriate to describe the adsorption process with a regression coefficient very high R? of
0.99. As for the adsorption isotherms, the Langmuir's model has proven to be more interesting to
describe the adsorption isotherm of the experimental data. This activated carbon from coconut shells
is a very effective and economical adsorbent for the removal of ofloxacin.
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