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BATCH ADSORPTION OF OFLOXACIN ONTO ACTIVATED CARBON DERIVED 2 

FROM EGGSHELLS. 3 

Abstract : 4 

The aim of this study is to investigate the potential of eggshells as a precursor for activated carbon in the removal of 5 

ofloxacin from aqueous media. The dried eggshells were ground, and particle size separation was used to retain 6 

particles with diameters between 1 and 2  mm. This ground material was activated with 30% orthophosphoric 7 

acid at a ratio of 0.5 and then calcined at 600 °C in an oven for 1 hour. Characterisation tests were carried out to 8 

determine the iodine index, specific surface area, surface functions and pHzpc. During the adsorptiontests, the 9 

residual concentrations of ofloxacin were monitored using a high-performance liquid chromatograph (HPLC). The 10 

contact time, mass of activated carbon, pH and initial concentration of the pollutant were varied for the removal of 11 

ofloxacin. The adsorption kinetics were modelled. The results reveal that the prepared activated carbon has an iodine 12 

index of 450.85 mg/g and a specific surface area of 5.29 m²/g, and is predominantly mesoporous. It is basic in 13 

nature, with a pHpzc value of 7.4. The adsorption of ofloxacin is optimal (65.75%) at a pH of 6, a carbon mass of 8 14 

g, an initial concentration of 20 mg/L, and a contact time of 90 minutes. The pseudo-second-order model and the 15 

Langmuir and Dubinin-Radushkevich isotherm models are suitable for describing the adsorption process. 16 

Keywords:- Adsorption, Ofloxacin, Activated carbon; Eggshells 17 
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Introduction:-20 

The pollution of water resources caused by human activities has become an issue to which the whole world now 21 

attaches great importance. The growing presence of pharmaceutical residues in aquatic ecosystems has become a 22 

major environmental concern (Bound and Voulvoulis, 2005). Among the substances present in the aquatic 23 

environment are fluoroquinolones, which belong to a class of antibiotics of significant concern as they are the most 24 

widely produced and used. These antibiotics are widely used in aquaculture, agriculture, and human and veterinary 25 

medicine (Guo et al., 2013). Ofloxacin, an antibiotic from the fluoroquinolone family, is frequently detected in 26 

hospital and urban effluents due to its incomplete metabolism by the human body (Kummerer, 2009). Its presence 27 

contributes to acute and chronic toxicity towards aquatic microflora as well as the emergence of resistant bacteria. 28 

Ofloxacin, as a broad-spectrum antibacterial agent, is increasingly used in the treatment and prevention of various 29 

diseases (Garcia et al., 2019). Given that its persistence in the environment can cause adverse effects on aquatic 30 

ecosystems and human health, ofloxacin has attracted increasing attention (Leipert et al., 2018). It is therefore 31 

necessary to develop effective treatment options to reduce the release of these pollutants into the environment. 32 

Conventional treatment processes have been tested for the removal of pharmaceutical residues, such as Fenton 33 

oxidation (Gupta and Garg, 2018), Photo-Fenton oxidation (Giri and Golder, 2015), photochemical degradation (Guo 34 

et al., 2013), ozonation (Liu et al., 2012) and adsorption (Shi et al., 2013). In response to this challenge, adsorption is 35 

widely recognised as a technique of choice due to its high efficiency, ease of implementation and ability to treat highly 36 

diluted solutions (Ahmad et al., 2014). Activated carbon is widely used as an adsorbent due to its large surface area, 37 

micro/mesoporous nature and high adsorption capacity, without producing toxic or pharmacologically active 38 

compounds (Rivera et al., 2013). However, the high cost of commercial activated carbon is prompting current research 39 

to turn towards alternative and renewable precursors. The recovery of waste materials such as eggshells forms part of a 40 

circular economy approach. It is within this context that this study is situated, the objective of which is to test the 41 

efficacy of activated carbon prepared from eggshells for the adsorption of ofloxacin in an aqueous medium. 42 

 43 

Materials and Methods:- 44 

Solvents and reagents:- 45 
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The main solvents and reagents used are ofloxacin (OFL) of 98% purity, belonging to the fluoroquinolone class of 46 

therapeutic agents, supplied by Sigma Aldrich. Its chemical structure is shown in Figure (1). The acetonitrile and 47 

formic acid used for chromatographic analyses are of analytical grade or higher and are supplied by Prolabo and Carlo 48 

Erbra respectively. 49 

 50 

 51 

Figure 1: Chemical structure of OFL 52 

 53 

Preparation of activated carbon:- 54 

The eggshells, used as a precursor, were collected from egg sellers in the city of Abidjan, Côte d’Ivoire. They were 55 

washed several times with tap water and boiling water, then rinsed with distilled water to remove impurities. They 56 

were then dried at 110 °C for 24 hours in a Memmert oven. Subsequently, they were ground and sieved to extract the 57 

fraction of particles of uniform size between 1 and 2 mm. These samples were impregnated for 24 hours in a 50% 58 

orthophosphoric acid solution, dried in the oven and then calcined at 600 °C for 1 hour in a Nabertherm muffle furnace 59 

with a heating rate of 10 °C/min. The resulting carbonised material (CAO) was washed several times with distilled water 60 

until the pH of the wash water was neutral. It was dried in an oven at 110 °C for 24 hours. 61 

Characterisation of activated carbon:- 62 

Ash content (AC):- 63 

To determine this content, a porcelain crucible was preheated to 700 °C for 10 minutes and its mass was measured after 64 

cooling. The dry carbon was placed in the crucible and the assembly was heated to 700 °C for 3 hours. The mass of the 65 

assembly was determined and the ash content was calculated using the following equation: 66 

TC  (%)=
m3-m1

m2-m1

* 100                                                 (1) 67 

 68 

where: 69 

m1: Mass of the crucible (g); 70 

m2: Mass of the crucible plus charcoal (g); 71 

m3: Mass of crucible plus coal after heating (g). 72 

Surface functions:- 73 

Surface functions were quantified using the Boehm method by titration with NaOH and HCl. Basic groups are titrated as 74 

a whole, whilst acidic groups are titrated separately using bases of increasing strength. A mass of 0.4 g of activated 75 

carbon is mixed with 20 mL of one of the following acidic or basic compounds at a concentration of 0.1 M : NaHCO₃, 76 

Na₂CO₃, NaOH and HCl. The mixture is stirred for 24 hours and then filtered. A 10 mL volume of the filtrate is taken 77 

and titrated with 0.1 M NaOH or 0.1M HCl, as appropriate. The amount of basic functional groups was obtained 78 

directly from the back titration; that of the acidic groups was estimated by making the following assumptions: 79 

 The NaOH solution neutralises the carboxylic, phenolic and lactone groups; 80 

 The Na2CO3solution neutralises the carboxylic and lactone groups; 81 

 The NaHCO₃ solution neutralises the carboxylic groups. 82 

pH at the zero-charge point (pHpzc):- 83 

In accordance with the protocol proposed by Rivera et al. (2013), 0.15 g of charcoal was added to 50 mL of a 0.01 M 84 
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NaCl solution with a pH ranging from 2 to 12. The pH was adjusted using a 0.01 M HCl solution and a 0.01 M NaOH 85 

solution. The suspensions were then stirred for 24 hours at room temperature, after which the final pH (pHf) was 86 

measured. We then plot ΔpH (pHf – pHi) against the initial pH of the solution (pHi). The intersection of this curve with 87 

the x-axis gives the pH value at the zero-charge point. 88 

Elemental analysis:- 89 

This analysis was carried out using approximately 100 mg of charcoal. The main elements determined are the contents 90 

of oxygen (O), carbon (C), nitrogen (N), sulphur (S) and hydrogen (H), as well as exchangeable ions, such as calcium 91 

(Ca
2+

 ), sodium (Na
+
 ), potassium (K

+
 ) and magnesium (Mg

2+
 ) ions. The samples are placed on a surface known as a 92 

pad, 12 cm in diameter. The assembly is then adjusted under the microscope so that the entire surface of the pad is 93 

covered with charcoal grains, and then passed through a Q150-RS metalliser. The data obtained are given as % by 94 

weight. 95 

Fourier Transform Infrared Spectroscopy (FTIR):- 96 

The analysis was carried out using a Nicolet iS50 FTIR Fourier transform spectrometer (ThermoFisher Scientific) 97 

coupled with a digital computer to plot the spectra, which were then processed using OMNIC software. 98 

To perform this test, 1 mg of sample is mixed with 100 mg of potassium bromide (KBr). The mixture is then 99 

compressed under a uniaxial pressure of 350 MPa and dried for 48 hours at 105°C. This type of preparation allows the 100 

most intense vibration bands of the material to be analysed, under ex situ conditions only, without detector saturation. 101 

This enabled the acquisition of FTIR spectra (transmittance % as a function of wavenumber in 
cm⁻¹

). 102 

 103 

Specific surface area and porosity:- 104 

BET specific surface area:- 105 

The specific surface area of the activated carbon was measured using a Micromeritics TRISTAR 2 instrument with 106 

nitrogen (N₂) as the gas. Using this method, nitrogen adsorption isotherms at 77 K (the boiling point of liquid nitrogen) 107 

were established. It is based on the BET model, validated at low relative pressures (0.05 ≤ P/Po ≤ 0.35). By 108 

assigning the nitrogen molecule a surface area Sp = 16.2 ×10⁻²⁰m² and using all data taken from the CNTP, the 109 

specific surface area (SBET) is given by the equation below: 110 

SBET (m
2
/g) = Sp (Vm

N

Vmolaire
) = 4,35.10

6
Vm                                  (2)         111 

Where: 112 

N: Avogadro's number (6.025 × 10²³ mol⁻¹) 113 

Vm: volume required to saturate a monolayer (m³/g) 114 

Porosity:- 115 

The study of porosity was carried out using the t-method or t-plot (Lippens et al., 1965). This involves plotting the 116 

volume of gas adsorbed per gram of solid (in cm³/g) at relative pressure P/Po against the statistical thickness t (in Å) of 117 

the layer adsorbed on the non-porous reference solid at that same relative pressure. The number of molecular layers 118 

adsorbed at pressure P on the solid is determined by calculating the ratio of the volume V of vapour adsorbed at each 119 

pressure P to the volume required for the saturation of a monolayer (Vm) calculated using the surface area equation 120 

(SBET). The thickness t is obtained by multiplying this ratio (V/Vm) by the statistical thickness of a monomolecular 121 

layer (e) according to the following relationship: 122 

t = ( V

Vm)e = 
e po

po - p
                                                             (3)                   123 

 124 

Adsorption experiments:- 125 

Parametric study:- 126 

Effect of contact time:- 127 

To study the contact time, 8 g of CAO were suspended in a 500 mL solution of OFL with a concentration C0 = 20 mg. 128 
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L-1 at a stirring speed of 250 rpm. 129 

Effect of adsorbent dose:- 130 

The effect of the adsorbent dose was studied by bringing different masses of CAO (8 g; 10 g; 12 g; 14 g and 15 g) into 131 

contact with 500 mL of OFL solution with a concentration of C0= 20 mg.L⁻¹. 132 

 133 

Effect of pH:- 134 

The effect of the initial pH of the solution was investigated by introducing 14 g of CAO into 500 mL of OFL solution at 135 

a concentration of 20 mg.L
⁻¹
. The pH of the solutions was first adjusted to the following values: 5; 6; 7; 9; 10, by 136 

adding a few drops of 0.1 M concentrated HCl or NaOH solutions. 137 

Modelling of adsorption kinetics:- 138 

The kinetic modelling of OFL adsorption was carried out using the following four models (linear form): 139 

 Pseudo-first-order kinetic model: 140 

 141 

                ln(Qe − Qt) = ln Qe − k1t  (Weng and Huang, 2004)                 (4) 142 

 143 

 Pseudo-second-order kinetic model: 144 

  
t

Qt

=
1

K2Qe
2
+

1

Qe

t                                    (Horsfall and Spiff, 2004)     (5) 145 

 Elovich kinetic model: 146 

 147 

  Qt =
 1 

β  
ln t +

1

β
ln(α .β)                            (Fierro et al., 2008)                       (6) 148 

 Intraparticulate diffusion kinetic model: 149 

 150 

    Qt = kint t
1/2 

+ C                                       Omokpariola, 2021)               (7) 151 

K1 (min⁻¹ ), K2 (g/mg·min),α (mg/mg·min),β (g/mg) and Kint (mg/g min⁻¹/² ) are, respectively, the pseudo-first-order, 152 

pseudo-second-order, Elovich and intraparticle diffusion kinetic constants. 153 

Modelling of adsorption isotherms:- 154 

The study of adsorption isotherms enables the determination of the adsorption capacity of the adsorbates (OFL) on the 155 

adsorbent, as well as the type of adsorption mechanism. Three adsorption isotherm models were used in this study in 156 

their linear forms: 157 

 Langmuir: 158 

 159 

Ce

Qe

=
1

bQm

+
1

Qm

Ce                                           (Avom et al., 2001)                   (8) 160 

The separation factor RL is determined by the following relationship: 161 

 162 

 163 
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 Freundlich : Qe = KF Ce
1/n                                                         

[(Al Mardini, 2008)             (9) 164 

 165 

 Dubinin-Radushkevich : 166 

 167 

    Ln (Qe) = ln (qm) – β ε
2
                                   (Samarghandi et al., 2009)        (10) 168 

 169 

The Polanyi ε potential is determined by the following equation: 170 

 ε = R T ln (1 + 
1

Ce
)     171 

Results and discussion:- 172 

Characterisation of activated carbon:- 173 

Ash content:- 174 

Activated carbon derived from eggshells (ACE) has a very high ash content of 94.40%. This indicates that the materials 175 

have a low carbon content and are therefore rich in inorganic matter. Eggshells consist mainly of calcium carbonate, 176 

calcium oxides, magnesium and potassium (Adeyeye, 2009; Mohadi et al., 2016). 177 

 178 

Surface activity and pH at the zero-charge point (pHzpc) :- 179 

The surface functions of the CAO and the determined pHzpc are presented in Table (1). In view of these results, the 180 

CAO exhibits basic properties generally attributed to the presence of pyrone groups and ash content (Finqueneisel, 181 

1998), with an average total basicity of 4.96 meq/g compared with an average total acidity of 3.21 meq/g. 182 

Table (1): Concentrations of surface functions (meq/g) and pHzpc 183 

Function 

carboxylic                         
Function 

phénolic   
Function  

lactonic 
Total 

base 
Total 

acid             
pHzpc   Character surface 

    1.53                               1.64                   0.04                       4.96              3.21                        7.40                                basic 

According to this table, CAO consists mainly of carbon (11.33%), phosphorus (5.39%), calcium (30.78%) and oxygen 184 

(50.53%). Such results were reported by Habeeb et al. (2014). 185 

These results reveal that the activated carbon prepared consists mainly of oxygen. This suggests the presence of 186 

oxygen-containing groups, such as acidic groups. Chicken eggshells consist of more than 95% calcium carbonate. This 187 

is further confirmed by their high calcium content. The presence of phosphorus in the material could be explained by 188 

the fact that, during activation with phosphoric acid, phosphorus atoms bond with carbon atoms to form bridges 189 

between the carbon atoms, thereby creating or enlarging the pores (Nahil and Williams, 2012). 190 

Fourier Transform Infrared Spectroscopy (FTIR) :- 191 

Figure (2) shows the spectra obtained by infrared spectroscopy of both raw coal (COB) and 30% activated coal (CAO 192 

30%), measured between 650 and 4,000 cm
⁻¹
. The COB spectrum is dominated by narrow, intense bands, typical of the 193 

vibrations of carbonate groups at 1792.1, 1393.0, 871.5 and 712.3 cm⁻¹. These are characteristic bands of calcium 194 

carbonate (CaCO₃) (Farcas and Touzé, 2001). The band observed at 1792.1 cm
−1 

corresponds to stretching vibrations 195 

often attributed to a specific combination band in carbonates (Brečević and Nielsen, 1990). The very intense band at 196 

1393.0 cm
−1 

is the main signature of the asymmetric C−O stretching vibration of the carbonate group (Skoog et al., 197 

2018). The narrow bands at 871.5 cm
−1 

and 712.3 cm
−1

 are attributed respectively to out-of-plane and in-plane 198 

deformation of the carbonate group, confirming the mineral structure (Pilecki et al., 2019). 199 

The spectrum of 30% CAO shows almost complete overlap with the COB spectrum. Consequently, no significant 200 

variation in intensity, nor disappearance of the observed bands or appearance of new bands, is observed in the COB 201 

spectrum. 202 

These results show that activation has no major impact on the surface functional groups of CAO. The involvement of 203 

functional groups in the adsorption of OFL is similar between COB and activated CAO, and governed by other factors 204 
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such as porosity. 205 

 206 

Figure 2 : FTIR transmission spectra of the samples 207 

Specific surface area and porosity:- 208 

Figure (3) shows the N₂ adsorption-desorption isotherms at 77 K for CAO. According to the IUPAC classification of 209 

adsorption-desorption isotherm curves, the curves obtained are of type IV, indicating that adsorption occurs in several 210 

stages, a characteristic of mesoporous materials. The presence of a hysteresis loop between the adsorption and 211 

desorption curves confirms the mesoporous structure, which allows for physical adsorption at the surface. The nitrogen 212 

(N₂) adsorption isotherms also provide information on the pore volume. These results show that the pore volume 213 

obtained by nitrogen adsorption is predominantly mesoporous. It has a specific surface area of 5.429 m
2
/g and a pore 214 

volume of 0.030 cm³/g. This can be attributed to the dominant mineral composition of eggshells, consisting mainly of 215 

calcium carbonate, which determines the mechanisms of thermal decomposition and porosity creation during 216 

activation. Although the specific surface area of these materials is generally lower, their more open porosity can 217 

facilitate the diffusion of the adsorbate to the internal active sites. 218 

 219 

 220 

Figure 3: Adsorption and desorption isotherms of N₂ on CAO 50% 221 

 222 
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 223 

Table 3. Specific surface area and pore properties of the carbon 224 

Specific surface area (m
²
/g)  BET 5.429 

Pore volume (cm
³
/g) Single-point adsorption 0.03 

Microporous volume (cm
³
/g)  t-Plot 0.001 

Mesopore volume (cm³/g) BJH adsorption 

BJH desorption 
0.029 

 225 

Adsorption tests:- 226 

Effect of contact time:- 227 

Figure (4) shows the evolution of the adsorption rate of ofloxacin on CAO as a function of time. This curve can be 228 

divided into three parts. Adsorption is rapid during the first twenty minutes, with an adsorption rate of 30%. This rapid 229 

increase in the adsorption rate of OFL on CAO could be explained by the presence of a large number of available sites 230 

on the adsorbent. However, it could also be linked to the physicochemical characteristics of the material and, in 231 

particular, to the nature of its porosity (Aboua, 2013). The second, slower phase is observed from 20 min to 90 min, 232 

corresponding to 48.54% removal. The slow adsorption phase observed is thought to be due to internal mass transfer 233 

within the adsorbent. This generally corresponds to a diffusion phenomenon within the internal porosity of the 234 

adsorbent (Creangã, 2007). The number of free sites decreases over time, thereby causing a slowdown in adsorption. 235 

Beyond this time interval, a plateau is reached, corresponding to the third phase. The plateau is thought to be due to 236 

the fact that the adsorbent-adsorbate interaction has reached equilibrium, i.e. saturation of the binding sites on the 237 

adsorbents 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

   248 

 249 

 250 

 251 

 252 

 253 

Figure 4: Effect of contact time on the adsorption of OFL, Co = 20 mg/L; V = 500 mL; pH = 6 254 

Effect of adsorbent dose:- 255 

The characteristic curve showing the effect of adsorbent dose on OFL adsorption is presented in Figure (5). The figure 256 

shows a decrease in the amount adsorbed per unit mass (0.6 to 0.45 mg/g) as the mass of the adsorbent increases (8 to 257 

15 g). This could be explained by the non-saturation of adsorption sites on the activated carbons (Patil and Shrivastava, 258 

2010). Indeed, an increase in the amount of adsorbent increases the number of available adsorption sites on its surface 259 

for a given adsorbate concentration. Thus, the mass of activated carbon increases proportionally with the number of 260 

available adsorption sites, leading to a decrease in the amount adsorbed per unit mass and consequently a higher 261 

adsorption rate of ofloxacin. According to Hameed et al. (2009) and Yang et al. (2020), excess active sites cannot be 262 

occupied by the pollutant. 263 

 264 
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Figure 5: Effect of carbon mass on OFL adsorption, Co = 20 mg/L; V = 500 mL; pH = 6 267 

Effect of solution pH:- 268 

Figure (6) illustrates the results of OFL adsorption on CAO at different solution pH values. The optimal pH ranges for 269 

OFL removal are between 5 and 6 (65.22% to 65.75%). At pH values above 6 (65.75–46.82%), a sharp drop in the 270 

adsorption rate is observed. These results could be attributed to the molecular structural characteristics of OFL and the 271 

pHpzc of CAO. Indeed, OFL is an amphoteric molecule with ionisable functional groups. It has two pKa values (pKa1= 272 

5.45 and pKa2= 6.2) and can therefore exist in three forms in aqueous solution (Bhatia et al., 2016). The pHzpc of 273 

CAO was determined to be 7.4. Thus, the surface of CAO is positively charged when the solution pH is < 7.4 and 274 

negatively charged when the pH is >7.4. In an acidic medium, OFL is predominantly in its cationic form and the 275 

surface of the carbon is positively charged. As the surface charge of the material and the molecule are identical, this 276 

could lead to electrostatic repulsion. However, despite this phenomenon, the adsorption yield is found to be high. 277 

Indeed, repulsion is often dominated by other, stronger attractive forces such as Van der Waals forces (weak attraction 278 

due to electron fluctuations) or specific interactions (hydrogen bonding, ionic interactions). Thus, when these attractive 279 

forces are sufficiently strong, they can hold the molecule at the surface, leading to a high adsorption rate. Above pH 6, 280 

the dominant form of OFL is in the anionic state, resulting in adsorbent/adsorbate electrostatic repulsions, causing a 281 

decrease in adsorption capacity. A decrease in removal efficiency at higher pH has also been reported for the adsorption 282 

of fluoroquinolone antibiotics such as ciprofloxacin onto activated carbons (Ahmed and Theydan, 2014). 283 

 284 
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Figure 6: Effect of solution pH on OFL adsorption, m = 4 g; V = 500 mL and Co = 20 mg/L 286 

Effect of initial concentration:- 287 

The results of the study on the effect of OFL concentration are presented in Figure (7). A similar trend is observed in the 288 

removal rate and the amount of OFL adsorbed. The amount adsorbed increases proportionally with the initial 289 
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concentration. Indeed, when the initial concentration increases from 10 to 40 mg/L, the adsorption capacity increases 290 

from 0.34 to 0.62 mg/g. This increase could be explained by the fact that the increase in initial concentration provides a 291 

significant driving force, which accelerates the diffusion of the molecule across the surface of the adsorbent (Dhafir et 292 

al., 2014). The curve shows a plateau from 30 mg/L onwards, indicating saturation of the number of sites. Beyond this 293 

value, there is no further significant variation. Similar results have been reported in the literature (Dbik et al., 2014). 294 

With regard to the adsorption rate, an increase is observed up to 20 mg/L, corresponding to a 65.75% removal efficiency 295 

for OFL. Above this concentration, the adsorption rate decreases, indicating the gradual saturation of the carbon, which 296 

is thought to be due to the presence of excess OFL molecules relative to the active sites of the adsorbent (Tan et al., 297 

2009). 298 

 299 
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Figure 7: Effect of initial concentration on OFL adsorption, m = 4 g; V = 500 mL; pH = 6 301 

 302 

Modelling of adsorption kinetics:- 303 

Figure (8) presents the modelling of the experimental results for the adsorption kinetics of OFL on activated carbon. 304 
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Figure 8: Kinetic models: (a): pseudo-first order, (b): pseudo-second order, (c): Elovich, (d): intraparticle 309 

diffusion 310 

 311 

The main parameters characterising each model are summarised in Table (4). 312 

 313 

Table (4): Kinetic parameters for the adsorption of OFL onto CAO 314 

 315 

 With regard to the results of the pseudo-first-order model (Figure (8a), Table (4)), the coefficients of 316 

determination range from 0.77 to 0.97 and the constants (K1) are all negative. Furthermore, the equilibrium 317 

adsorption capacity values theoretically determined by the pseudo-first-order model are almost all very 318 

different from the experimental values. This indicates that the pseudo-first-order model is entirely unsuitable 319 

for describing the adsorption kinetics of OFL. 320 

 With regard to the pseudo-second-order model (Figure 8b, Table 4), the coefficients of determination 321 

(R²) are very close to 1 (R
2
= 0.99) for all initial concentrations. Furthermore, the equilibrium adsorption 322 

capacities calculated are close to the experimental values. The rate constants (K2) are positive and range from 323 

0.14 to 0.44. These results show that the pseudo-second-order model is more applicable to the adsorption 324 

kinetics of OFL. 325 

 As for the Elovich model (Figure 8c, Table 4), the coefficients of determination range from 0.96 to 326 

0.99. These relatively high values suggest that the surfaces of the coals are energetically heterogeneous 327 

(Rudzinski and Panczyk, 2002). The discrepancies between the theoretical and experimental adsorbed 328 

quantities (β) are very large, indicating that this model is not suitable for describing this process. 329 

Co (mg/L)                                                                 10 15 20 30 40 
Qe (mg/g) exp                                                          0.22 0.34 0.47 0.61 0.61 

Pseudo-first 

order 
Qe (mg/g) cal                     0.23                0.41               0.95                0.72 0.96 

K1 (min
-1

)                       -0.00033            -0.00030     -0.00020           -0.00025      -0.00027 
R

2
                                        0.84                0.81                  0.87                 0.97               0.77 

Pseudo-second 

order 
Qe (mg/g) cal                     0.23                 0.35              0.51                 0.62             0.63 
K2 (mg.g

-1
min

-1
)                 0.44                 0.28              0.16                 0.14             0.16 

R
2
                                        0.99                 0.99              0.99              0.99              0.99              

Elovich α (mg.g
-1

min
-1

)                      0.11                 0.14               0.09                 0.15            0.11 
β (g/mg)                                3.76                2.49              1.87                  1.34          3.76 
R

2
                                         0.98                0.96               0.98                 0.99             0.97 

Intraparticle 

diffusion 

Qe (mg/g) cal                       0.06               0.09              0.10                 0.16            0.20 
Kint 

(mg/g.min
1/2

)                

0.016              0.023           0.038             0.043            0.042 

R
2
                                         0.92                 0.95             0.96                 0.93            0.83 
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 According to the results of intraparticle diffusion (Figure 8d), it can be seen that, with regard to the 330 

linearisation of the model, the straight lines do not pass through the origin. This demonstrates that diffusion 331 

within the pores of the adsorbent is not the sole mechanism controlling the adsorption kinetics, but that it 332 

coexists with one or more other adsorption mechanisms (Sousa et al., 2012). This is confirmed by the 333 

presence of two straight lines for each concentration, thus proving the existence of two stages: the first stage 334 

represents diffusion of the external film and through the boundary layer of the outer surface of the activated 335 

carbon. It occurs during the first few minutes of agitation, with a high adsorption rate. The second stage is 336 

intraparticle diffusion, characterised by a slowing of the adsorption rate. This is therefore the stage limiting 337 

the adsorption rate (Benammar, 2023). Examination of Table 4 shows that the values of the theoretical 338 

adsorbed quantities differ significantly from those obtained experimentally. The same applies to the correlation 339 

coefficients, whose values are not close to unity. The intraparticle diffusion model is therefore not suitable for 340 

describing the mechanism of OFL adsorption on CAO. 341 

Modelling of adsorption isotherms:- 342 

The adsorption isotherms of OFL on activated carbon are shown in Figure 9. 343 

 344 
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 346 
 347 

Figure 9: Modelling of the OFL adsorption isotherm on activated carbon: (a) 348 

; (b): Freundlich model; (c): Dubinin-Radushkevich model 349 

 350 

Table 5 presents the Langmuir and Freundlich constants obtained from the equations of these models. 351 

Table (5): Parameters of the OFL adsorption isotherms on activated carbon 352 

          Langmuir                                     Freundlich                 Dubinin-Radushkevich (D-R) 
Qm  

(mg/g)            
KL RL  

(L/mg)                                                                   
R

2
                KF 1/nf            R

2                       
   KDR    

(mol
2
.kJ

-2
) 

   
    

E 

 (kJ.mol-1)      
R

2
          

3,58        0,75     0,03    0,98            16,65     0,78        0,81                4. 10
-6 

                  0,35         0,97 

Analysis of the results in this table reveals coefficients of determination of 0.98, 0.81 and 0.97 respectively for the 353 

Langmuir, Freundlich and Dubinin-Radushkevich models. The value of the Langmuir separation factor (RL) is less 354 
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than 1, indicating that adsorption is highly favourable for CAO. The adsorption energies obtained from the D-R model 355 

are all below 8 kJ/mol, indicating that the adsorption process is governed by a physisorption mechanism (Maji et al., 356 

2007). Based on the R
2
values obtained, the Langmuir and Dubinin-Radushkevich models provide a better description of 357 

the nature of the adsorption. This suggests that the adsorption of molecules occurs on a homogeneous monolayer 358 

surface without interactions between the adsorbed molecules (Hameed et al., 2007). 359 

Conclusion:- 360 

This study demonstrated the effectiveness of activated carbon prepared from eggshells for the removal of ofloxacin 361 

from aqueous media. Characterisation of the activated carbon revealed a predominantly mesoporous material with a 362 

high specific surface area (5.429 m
2
/g) and a markedly basic character, with a pHpzc of 7.4. The adsorption parameters 363 

confirmed fairly good efficiency, with ofloxacin removal percentages of over 65% within 150 minutes. Adsorption is 364 

optimised at a pH of 6, with an adsorbent mass of 14 g and an initial ofloxacin concentration of 20 mg/L. The study of 365 

adsorption kinetics revealed that the pseudo-second-order model is appropriate for describing the adsorption process, 366 

with a regression coefficient 
R²

very close to 1 (R
2 

= 0.99). As for the adsorption isotherms, they are well represented by 367 

the Langmuir and Dubinin-Radushkevich models. Activated carbon derived from eggshells could be used as a means 368 

of treating water polluted by pharmaceutical residues. 369 
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