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ABSTRACT  16 

Arsenic contamination of drinking water has been an increasing concern worldwide because of toxicity. In 
Côte d'Ivoire, high concentrations of arsenic are increasingly being found in the water around mining 
operations. Identifying and determining the modes of arsenic retention on geological matrices is essential 
for designing adsorption systems. In this study, the adsorption process of an aqueous arsenic solution on 
laterite, sandstone, and shale was examined. Under optimized conditions of pH, contact time, initial arsenic 
concentration, and temperature, batch adsorption isotherms were performed. Thermodynamic parameters 
such as ΔH◦, ΔS◦, and ΔG◦ were calculated. The Langmuir, Freundlich, Temkin, Elovich, and Dubinin–
Radushkevich (D–R) models were explored. Isotherms are classified as type L. The Langmuir isotherm 
was highly favorable at all temperatures with maximum monolayer capacities of 1.627 for laterite, 0.539 for 

sandstone, and 0.135 for shale. The correlation coefficient R² was closest to 1. Temkin’s binding energy 

values (22.101–67.977 KJ/mol) chemisorption is suggested, while Dubinin-Radushkevich energies below 
8 KJ/mol point to physical adsorption. Both types of adsorption appear to be involved. This study 
recommends the applicability of laterite first, followed by sandstone and shale, for removing arsenite ions 
from water. 
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1. INTRODUCTION  21 

Arsenic contamination in drinking water is a global concern, reported in countries like India, China, Taiwan, Vietnam, Chile, 22 
Argentina, Canada, Ghana, Burkina Faso, and Côte d’Ivoire. Its presence results from sedimentary and altered volcanic 23 
rocks, and geothermal waters, as well as human activities like mining, metallurgy, chemical production, and pesticide use 24 
[1] [2] [3]. Given the various harmful impacts that the presence of arsenic in water could have on human health, it is important 25 
to find less expensive treatment methods. Among existing treatment methods, adsorption stands out in developing countries 26 
due to its affordability, simplicity, and environmental friendliness [4]. To understand the mechanism, equilibrium data known 27 
as adsorption isotherms are essential. These describe interactions between arsenic ions and adsorbent surfaces and help 28 
develop remediation techniques [5] [6]. Thus, different models were tested in order to find a mathematical relationship 29 
between the concentration of the solute in the solution at equilibrium and the amount of solute adsorbed at equilibrium. The 30 
interest of using different models is crucial to obtain information concerning the maximum adsorption capacity (qm), the 31 
possible interactions between the adsorbates, the adsorption energy, as well as the adsorption mechanisms and reactions 32 
involved at the liquid-solid interface [7]. Various natural geosorbents like kaolinite, illite, muscovite, montmorillonite, clay, 33 
laterite, sandstone, and shale have shown promise. The physical and mineralogical characterisation of laterite, sandstone, 34 



 

and shale was carried out by Coulibaly et al. [8] [9] making it possible to understand the variations in performance of the 35 
three adsorbents. According to previous studies, the supports have high iron, aluminium and calcium contents and are 36 
effective for arsenic removal. These rocks are not very resistant to crushing and are available in sufficient quantities and at 37 
low cost in Côte d'Ivoire. However, studies on isotherms involving sandstone and shale remain limited. This study examines 38 
the adsorption isotherm of arsenic from water by geomaterials (laterite, sandstone, and shale) given its importance for the 39 
development of water treatment systems. The main objectives were to (i) determine the arsenic adsorption isotherms with 40 
the laterite, sandstone, and shale, (ii) assess the models that are appropriate. 41 

2. MATERIAL AND METHODS  42 

 43 

2.1 Effect of temperature  44 

In adsorption processes, temperature is a key variable for identifying the nature of the adsorption mechanism. When the 45 
mass of the adsorbent, the initial concentration, and the pH are kept constant, the rate of metal ion adsorption is governed 46 
by whether the reaction is endothermic or exothermic. If the process is endothermic, increasing the temperature improves 47 
the adsorption yield. Conversely, if the process is exothermic, a rise in temperature leads to a decrease in adsorption 48 
efficiency. Thermodynamic quantities, standard Gibbs free energy (ΔG°), standard entropy (ΔS°), and standard enthalpy 49 
(ΔH°), were determined for the adsorption of arsenic ions on various adsorbents at the studied temperatures [10]. 50 

2.2 Energetic Aspect of Adsorption  51 

 52 

Any variation or transformation within a system is generally associated with a change in free energy. For an adsorption 53 
reaction involving molecules on a surface, the change in Gibbs free energy can be expressed by the following equation (1):  54 

G =   ΔH − 𝑇ΔS                                              (1) 55 
Were:  56 
G is the Gibbs adsorption energy, made up of two key components: an entropic term (ΔS) that reflects changes and 57 
molecular rearrangements in the liquid phase and on the adsorbent surface, an enthalpic term (ΔH) that represents the 58 

interaction energies between the adsorbed molecules and the adsorbing surface. G (KJ.mol-1) corresponds to the energy 59 
variation at constant pressure and determines the feasibility of the reaction. A thermodynamic system always tends to evolve 60 
spontaneously toward a lower energy state. Thus, for a reaction to occur spontaneously, G must be negative [10]. 61 
The thermodynamic relationship (1) combined with the Van’t Hoff equation yields   (Δ𝐺 = −RT ln 𝐾𝑑) gives equation (2) : 62 
 63 

ln Kd =
ΔS

Rg
−

ΔH

Rg
∗  

1

T
                                                (2) 64 

Where : 65 
Kd : is the sorption distribution constant ; 66 
Rg : is the ideal gas constant (8.314 J/mol·K);  67 
T : is the temperature (K). 68 

Generally, adsorption is accompanied by a thermal process, which can be endothermic (ΔH > 0), favored at higher 69 
temperatures and exothermic (ΔH < 0), where higher temperatures reduce adsorption performance. The value of adsorption 70 
enthalpy ΔH is crucial for distinguishing between physisorption, typically characterized by free energy values ranging from 71 
5 to 40 kJ/mol and chemisorption, with energy values ranging from 40 to 120 kJ/mol [11]. 72 

 73 

2.3 Collection and preparation of supports 74 

The laterite samples were taken at Sinematialy (9° 35'' N and 5° 23' O) in the north of Côte d'Ivoire. The shale was collected 75 
in the Toumodi region in central Côte d'Ivoire (6° 39' 15'' N and 4° 58' 33'' O) at the Lomo nord site and the sandstone in 76 
southern Côte d'Ivoire, in the Akouedo locality (5° 21' 07'' N and 3° 56' 30'' O). The materials were crushed separately, 77 
washed and then dried for 24 h and reduced using a Retsch RS 100 crusher. The crushed material was sieved using Saulas 78 
sieves (NF.X 11.501). Fractions with a particle size of less than 250 µm were selected for batch testing. The sieving process 79 
reduced the coarse particles and therefore the impurities. 80 

 81 

2.4 Adsorption Isotherms 82 

 83 
Batch adsorption experiments were conducted at three different temperatures: 20 °C, 30 °C, and 40 °C.  As (III) stock 84 
solution (1000mg/L) was prepared by dissolving reagent grade As(III) oxid of 99.5% purified into deonized water. The 85 
volume of the solution was made up to 1L in a standard flask. The workind solution containing arsenic were prepared by 86 
dissolving appropriate amount of arsenic from stock solutions in well water [12]. For each temperature, the initial 87 
concentration of arsenic (III) in water was varied from 1 to 54.7 mg/L. A fixed volume of 40 mL was used, and each solution 88 
was mixed with the optimal mass of adsorbent materials, laterite: 2 g, sandstone 3 g, and shale: 5.8 g [12].  89 



 

After 24 hours of agitation, the filtrates were analyzed, and the amount of arsenic adsorbed was calculated using the 90 
following equation : 91 

qe =
(C0−Ce) ∗ V

m
                                                                  (3) 92 

 Where: 93 
qₑ : adsorption capacity at equilibrium (mg/g) ; 94 
Cₑ : arsenic concentration at equilibrium (mg/L) ; 95 

C₀ : initial arsenic concentration (mg/L) ; 96 
m : mass of adsorbent (g) ; 97 
V : volume of solution (L). 98 

As (III) concentration of the filtered solutions was analysed with Optical Emission Spectrometer OPTIMA 2100 Dual View 99 
(ICP-OES 2100 DV). The adsorption equilibrium isotherm represents the amount of molecules adsorbed per unit mass of 100 
adsorbent as a function of the concentration of molecules in the liquid phase when the system is at equilibrium. The shape 101 
of the curve provides valuable information about the mechanisms involved. There are several ways to categorize adsorption 102 
equilibrium isotherms. Giles et al. [13] identified four types for adsorption of molecules in liquid phase (Fig. 1) : 103 

 Type L isotherm: Characteristic of microporous adsorbents; reflects a strong affinity between the adsorbate and the 104 
adsorbent 105 

 Type S isotherm: Corresponds to solids with heterogeneous porosity; suggests competitive adsorption involving 106 
interactions between adsorbate-adsorbate and adsorbate-adsorbent. 107 

 Type H isotherm: An extreme case of the Type L isotherm; indicates a very high affinity between the adsorbate and 108 
the adsorbent 109 

 Type C isotherm (or linear isotherm): Represents a linear distribution of solute between the solid phase and the 110 
liquid phase. 111 

 112 
Fig. 1. Main different shapes of adsorption isotherms according to Wang and Guo [7]. 113 
 114 
 115 

2.5 Modeling of Adsorption Isotherms  116 

 117 

The capacity of adsorbents to capture the different components of a mixture is the most decisive factor in the performance 118 
of most adsorption processes. To design and scale up adsorption systems, it's essential to understand the equilibrium 119 
properties between the adsorbate and the adsorbent. Adsorption isotherms, determined at a given temperature, generally 120 
characterize the amounts adsorbed at equilibrium [14]. The Langmuir, Freundlich, Temkin, Elovich, and Dubinin–121 
Radushkevich (D–R) adsorption models were used. 122 

The linear form of the Freundlich model is : ln 𝑞𝑒 = ln 𝐾𝑓 + (1
𝑛⁄ ) ln 𝐶𝑒.  123 

The slopes and intercepts of these lines make it possible to calculate the Freundlich parameters (Kf and nf). 124 
 125 

The linear form of the Langmuir model is 1 𝑞𝑒
⁄ = 1

𝑞𝑚𝑎𝑥
⁄ + 1

𝑘𝐿𝑞𝑚𝑎𝑥
⁄ 𝐶𝑒  126 

where KL is the Langmuir binding constant, Ce is the residual concentration in solution at adsorption equilibrium (mg/L), qe 127 
is the amount of adsorbate at equilibrium (mg/g), and qmax is the maximum amount adsorbed (mg/g). 128 
 129 



 

The Elovich isotherm assumes that the adsorption sites increase exponentially with adsorption, implying multilayer 130 
adsorption (Author). Its linear form is 𝑙𝑛𝑞𝑒 𝑞𝑚⁄ = 𝑙𝑛𝐾𝑒(𝑞𝑚– 𝑞𝑒 𝑞𝑚⁄ ), where q(mg/g) and Ke (L/mg) represent the adsorption 131 
capacity and the equilibrium constant [15].   132 

 133 

The Temkin model assumes that the free energy of sorption is a function of surface coverage [16]. The linear form is 𝑞𝑒 =134 

 𝑅𝑇
𝑏𝑇

⁄ ln 𝐾𝑇 + 𝑅𝑇
𝑏𝑇

⁄  ln 𝐶𝑒 where bT is a constant associated with the adsorption heat, and KT (L/mg) is the Temkin constant. 135 

 136 
The Dubinin-Radushkevich (D–R) model does not assume a homogeneous surface or constant adsorption potential. Its 137 

linear form is 𝐥𝐧q = 𝐥𝐧q𝐦 − β × 𝛆2 where β is the coefficient related to adsorption energy (mol²/J²), qm is the theoretical 138 
saturation capacity (mg/g), and ε is the Polanyi potential, related to the equilibrium concentration. 139 
 140 

3. RESULTS AND DISCUSSION 141 

 142 

3.1 Adsorption Isotherms  143 

The adsorption isotherms obtained by varying the initial concentration of As at different temperatures are shown in Fig. 2. 144 
These isotherms are classified as type L, which typically indicates microporous adsorbents with strong adsorbate adsorbent 145 
affinity as reported by Coulibaly et al. [9], with a progressive saturation of adsorption sites. The curves show that arsenic 146 
adsorption isotherms on laterite, sandstone and shale have two phases. There is an initial phase between 0 and 30 mg/L, 147 
corresponding to a gradual increase in adsorption capacity in parallel with the concentration until a maximum is reached. 148 
This is followed by a second phase marked by a plateau corresponding to a state of equilibrium. Two (2) different behaviours 149 
emerge depending on the adsorbent above 30 mg/L. On laterite, the arsenic adsorption capacity decreases as the 150 
temperature rises. For a starting concentration of 45 mg/L, the quantity of arsenic adsorbed (qe) decreases from 0.867 to 151 
0.831 and then to 0.719 mg/g of material for temperatures of 20, 30 and 40°C respectively. For sandstone (B) and shale 152 
(C), no clear trend is observed at this concentration range. This decline may result from reduced stability of the bonds 153 
between active sites and arsenic as temperature rises. According to Belaid and Kacha [17], this phenomenon aligns with 154 
the Arrhenius law, suggesting that the surface reaction is exothermic, and thus, higher temperatures hinder its progress. In 155 
this case, physisorption would be the dominant mechanism. Similar observations were made by Mondal et al. [18] and Ziati 156 
et al. [19]. 157 
 158 
 159 
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 165 
 166 
  167 
Fig. 2. Adsorption isotherms of arsenic at different temperatures (20, 30, 40°C) on laterite (A), sandstone (B), and shale 168 
(C). 169 

 170 

3.2 Thermodynamic Study of Arsenic Adsorption in Aqueous Solution   171 

 172 
The plot of the natural logarithm of the sorption distribution constant (ln Kd) against 1/Temperature, shown in Fig. 3, enables 173 
determination of the enthalpy (ΔH°) (slope of the line) and the entropy (ΔS°) (y-intercept). The resulting values are presented 174 
in Table I. The negative value (–8.083 kJ/mol) of ΔH° in the case of shale indicates an exothermic process. In contrast, the 175 
values obtained for laterite and sandstone, ranging between 45.357 and 55.94 kJ/mol, indicate the endothermic nature of 176 
arsenic sorption and suggest a chemisorption mechanism [20]. Unuabonah et al. [21] and Boparai et al. [22] noted by, 177 
physical adsorption energies are below 40 kJ/mol, whereas chemical adsorption energies range from 40 to 800 kJ/mol. The 178 
value of ΔS° is negative for laterite (–0.180 kJ/mol) and sandstone (–0.154 kJ/mol). The negative entropy values (ΔS) 179 
indicate a decrease in the degree of freedom of arsenic with respect to laterite and sandstone [23]. However, the positive 180 
value for shale (0.011 kJ/mol) indicates an increase in randomness at the interface between the solid and the solution during 181 
the sorption process [8]. The isotherm being carried out at a concentration close to equilibrium could justify this result of 182 
positive ∆S for shale. Because Coulibaly [24] obtained during his work with shale a negative ∆S value before reaching 183 
equilibrium and a positive value close to equilibrium. The author therefore deduced from this that two different processes 184 
can govern the adsorption process for the same material. The ΔG° values are negative at certain temperatures for laterite 185 
and sandstone, confirming the spontaneity of the sorption process. In contrast, the ΔG° values for shale are positive across 186 
various temperatures. But, the decrease in the value of ∆G◦ from 4.59 to 4.35 with a change in temperature from 20 to 40 187 
°C suggests that a higher temperature is favorable for adsorption. Thus, if the temperature is high enough, the reaction will 188 
occur spontaneously [8]. In addition to physisorption, other mechanisms such as ligand exchange and electrostatic 189 
interactions may also be involved [6]. 190 
 191 
 192 
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 200 
 201 
Fig. 3. Variation of the adsorption constant as a function of temperatures (20, 30, 40°C) on laterite (A), sandstone (B), and 202 
shale (C). 203 
 204 
Table I: Thermodynamic data for arsenic adsorption on laterite, sandstone, and shale 205 
 206 

 Temperature 
(°C) 

G (kJ/mol)    H (kJ/mol)    S (kJ/ mol-1) 

Laterite 20 -2.87  
55.94 

 
-0.180 30 0.38 

40 0.71 

sandstone 20 1 45.357 -0.154 

30 -3.258 

40 -1.962 

shale 20 4.59 -8.083 0.011 

30 4.541 

40 4.35 

 207 

 208 

3.3 Isotherm Modeling  209 

 210 
The Freundlich, Langmuir, Elovich, Dubinin–Radushkevich, and Temkin models were used to describe the adsorption 211 
isotherms. 212 
 213 
3.3.1 Freundlich Model  214 
 215 
Fig. 4 presents the Freundlich isotherm corresponding to the arsenic adsorption data on the materials. The Freundlich 216 
parameters (Kf and nf) and the correlation coefficient are summarized in Table II. For all adsorbents and temperature ranges 217 
considered, the correlation coefficients (R2) range from 0.790 to 0.979. Therefore, the experimental data can be fitted to the 218 
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Freundlich model. For all three materials, the values of n were between 1 and 4, indicating favorable adsorption [25]. The 219 
results suggest easy separation and favorable adsorption of arsenic ions on the heterogeneous surface of the adsorbents. 220 
By comparing the Kf values for laterite (0.320 to 0.519), sandstone (0.235 to 0.269), and shale (0.049 to 0.057), the 221 
adsorption capacity of arsenite ions on these geomaterials follows the order: laterite > sandstone > shale. The Freundlich 222 
exponent 1/n values were all below unity, indicating the microporous nature of the materials according to Giles et al. [13], 223 
and a reduction in available adsorption sites as solution concentration increases. The R2 values are lower than those of 224 
Tiendrébéogo et al. [26] which is 0.99. For these authors the Freundlich isotherm model was the best-fit model of the 225 
experimental data during their study arsenic adsorption on modified laterites. Therefore, As(III) removal could occur by 226 
multilayer adsorption. 227 

 228 
 229 

 230 

 231 

 232 

 233 
Fig. 4. Linear representation at different temperatures (20, 30, 40°C) according to the Freundlich model for arsenic 234 
adsorption on laterite (A), sandstone (B), and shale (C). 235 
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 236 
Table II: Parameters related to the Freundlich model 237 
 238 

Temperatures Constants  Materials  

  laterite sandstone shale 

 
20°C 
 

nf 2.203 3.028 1.639 

KF (mg/g) 0.320 0.269 0.051 

R2 0.809 0.923 0.893 

 
30°C 
 

nf 2.609 3.023 1.78 

KF (mg/g) 0.341 0.254 0.049 

R2 0.790 0.875 0.964 

 
40°C 

nf 2.553 2.612 1.937 

KF (mg/g) 0.519 0.235 0.057 

R2 0.809 0.923 0.979 

 239 

3.3.2 Langmuir Model  240 

The application of the Langmuir model to the experimental data from arsenic adsorption by laterite, sandstone, and shale 241 
is presented in Fig. 5. The parameters related to the model are summarized in Table III. The high values of the correlation 242 
coefficient (R² > 0.95) indicate a good fit of the model. The Langmuir isotherm accurately describes the adsorption of arsenite 243 
ions on all three materials. The separation or equilibrium factor (RL), ranging between 0 and 1, indicates that the isotherm 244 
is favorable [27]. As the initial concentration increases, the isotherm becomes more favorable and irreversible, the values 245 
of the separation factor approach zero. The Langmuir model provided the best fit for arsenic adsorption on all three supports. 246 
This supports the idea that adsorption occurs on a homogeneous monolayer surface without interaction between adsorbed 247 
molecules according Khanzada et al. [6]. However, the adsorption capacity is almost of the same order (0.2 - 0.827 mg/g) 248 
as that obtained by Gimenez et al. [28] during the adsorption of arsenic on hematite, magnetite and natural goethite. 249 

Table III: Parameters related to the Langmuir model. 250 

Temperatures Constants  Materials  

  laterite sandstone shale 

20 °C 
 

qmL (mg/g) 1.627 0.539 0.135 

R2 0.968 0.945 0.975 

KL (L/mg) 0.486 3.164 1.473 

RL 0.291 0.059 0.119 

30 °C 
 

qmL (mg/g) 0.645 0.309 0.114 

R2 0.947 0.984 0.981 

KL (L/mg) 0.316 12.389 1.562 

RL 0.387 0.015 0.113 

40 °C 
 

qmL (mg/g) 1.276 0.340 0.135 

R2 0.973 0.991 0.990 

KL (L/mg) 2.598 6.534 1.473 

RL 0.071 0.029 0.119 

 251 
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 257 
Fig. 5. Representation according to the Langmuir model for arsenic adsorption at different temperatures (20, 30, and 40 °C) 258 
on laterite (A), sandstone (B), and shale (C). 259 
 260 

3.3.3 Elovich Model  261 

The linearization plot based on the Elovich equation is highlighted in Fig. 6. Table IV presents the model constants and the 262 
corresponding R² values. The R² values range from 0.787 to 0.819 for laterite, 0.582 to 0.932 for sandstone, and 0.473 to 263 
0.883 for shale. Given these R² values, the adsorption data did not fit the model well. Therefore, within the studied 264 
concentration range, it is unlikely that multilayer adsorption occurs for arsenic adsorption on laterite, sandstone, and shale. 265 
 266 
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  269 

Fig. 6. Linear representation based on the Elovich equation for arsenic adsorption at different temperatures (20, 30, and 270 
40 °C) on laterite (A), sandstone (B), and shale (C). 271 

Table IV: Parameters related to the constants of the Elovich equation. 272 

 273 

Temperatures Constants  Materials  

  laterite sandstone shale 

20 °C qm E (mg/g) 2.258 3.414 5.053 

R2 0.787 0.581 0.473 

KE (L/mg) 0.084 0.089 0.008 

 
30 °C 
 

qm E (mg/g) 1.906 1.423 2.615 

R2 0.819 0.932 0.883 

KE (L/mg) 0.119 0.223 0,016 

40 °C qm E (mg/g) 1.643 1.620 2.067 

R2 0.907 0.968 0.976 

KE (L/mg) 0.316 0.145 0.027 

 274 

3.3.4 Temkin Model  275 

The constants obtained from the linear form of the Temkin model (Fig. 7) are presented in Table V. According to the table, 276 
the Temkin model does not fit the experimental results well, as the correlation coefficients are low. For laterite, the adsorption 277 
energy variation (∆bT) decreases with increasing temperature, with values of 23.988, 23.577, and 22.101 kJ/mol at 20, 30, 278 
and 40 °C, respectively. In contrast, for sandstone and shale, ∆bT shows no clear trend with temperature increase. It ranges 279 
from 23.480 to 39.092 kJ/mol for sandstone and from 58.307 to 67.977 kJ/mol for shale. These variations in adsorption 280 
energy derived from the Temkin model confirm the findings from the temperature effect analysis for sandstone and shale. 281 
Overall, the high binding energy values (bT greater than 8 kJ/mol which refers to physisorption thresholds) suggest that 282 
chemisorption may contribute to arsenic adsorption to some extent on laterite, sandstone, and shale [29]. The adsorption 283 
energy variations from the Temkin model confirm the temperature effect analysis. According to Al-Ghouti and Da'ana [30] 284 
this isotherm model is not appropriate to present complex adsorption systems including aqueous phase adsorption 285 
isotherms. 286 
 287 
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 291 
Fig. 7. Linear representation according to the Temkin model for arsenic adsorption at different temperatures (20, 30, and 292 
40 °C) on laterite (A), sandstone (B), and shale (C). 293 
 294 
Table V: Parameters related to the Temkin model. 295 
 296 

Temperatures Constantes   Materials  

   laterite sandstone shale 

 
20 °C 
 

bT (KJ/mol)  23.988 23.480 58.307 

KT (L/mg)  1.015 1.014 1.026 

R2  0.847 0.966 0.897 

 
30 °C 
 

bT (KJ/mol)  23.577 39.816 51.436 

KT (L/mg)  1.014 1.020 1.022 

R2  0.906 0.978 0.901 

 
40 °C 

bT (KJ/mol)  22.101 39.092 67.977 

KT (L/mg)  0.813 1.019 2.349 

R2  0.898 0.989 0.938 

 297 
3.3.5 Dubinin–Radushkevich (D-R) Model  298 

Fig. 8 presents the D-R model, and the corresponding parameters are shown in Table VI. The maximum adsorption capacity 299 
(qmax D-R) increases with rising temperature for laterite. In contrast, for sandstone and shale, the model generally indicates 300 
a decrease in qmax D-R as temperature increases. The correlation coefficients at 30 and 40 °C range from 0.8 to 0.976, 301 
which are close to 1 for all three materials (laterite, sandstone, and shale). This suggests that the D-R isotherm model is 302 
not applicable across all temperature ranges. According to the model, only the isotherms at 30 and 40 °C for arsenic 303 
retention on laterite, sandstone, and shale are favorable. Additionally, at these temperatures, the mean adsorption energies 304 
are laterite 1.397 and 1.795 kJ/mol, sandstone 2.049 and 1.837 kJ/mol and shale 1.216 and 1.244 kJ/mol. The mean 305 
adsorption energy values (E) are all below the threshold of 8 kJ/mol, indicating that physisorption is likely the dominant 306 
process at these temperatures [31] [10]. 307 
In contrast, Al-Ghouti and Sweleh [32], in their study on the removal by adsorption of mercury from water by adsorbents 308 
derived from date kernels, distinguished the physical and chemical adsorption of Hg2+ ions by calculating the average free 309 
energy. 310 
 311 
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 323 
Fig. 8. Linear representation according to the Dubinin–Radushkevich (D-R) model for arsenic adsorption at different 324 
temperatures (20, 30, 40°C) on laterite (A), sandstone (B), and shale (C). 325 
 326 
Table VI: Parameters related to the Dubinin–Radushkevich model. 327 
 328 
 329 

Temperatures Constants  Materials  

  laterite sandstone shale 

20 °C 
 

qm D-R (mg/g) 0.556 0.713 0.127 

ß (mol2 /KJ-2) 0.282 0.165 0.359 

E (KJ/mol) 1.332 1.742 1.179 

R2 0.873 0.855 0.80 

30 °C 
 

qm D-R (mg/g) 0.684 0.393 0.124 

ß (mol2 /KJ-2) 0.256 0.119 0.338 

E (KJ/mol) 1.397 2.049 1.216 

R2 0.932 0.975 0.84 
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40 °C qm D-R (mg/g) 0.785 0.380 0.133 

ß (mol2 /KJ-2) 0.155 0.148 0.323 

E (KJ/mol) 1.795 1.837 1.244 

R2 0.939 0.976 0.897 

 330 
 331 

4. CONCLUSION 332 
 333 
These isotherms are classified as type L, which typically indicates microporous adsorbents with strong adsorbate adsorbent 334 
affinity. The negative values of ΔG◦ obtained with certain temperature on laterite (-2.87 kJ/mol) and sandstone (-1.962 - 335 
3.258 kJ/mol) indicated that the arsenic adsorption is spontaneous process. The negative values of ΔH◦ (-8.083 kJ/mol) on 336 
the shale represent an exothermic process and suggest a physisorption behavior. The negative values of ΔS◦ with the 337 
laterite (-0.180 kJ/mol) and sandstone (-0.154 kJ/mol) suggest that a significant change does not happen in the internal 338 
structure of adsorbent during the adsorption of As. The adsorption isotherm studies of arsenic on laterite, sandstone, and 339 
shale indicate that the Langmuir model best describes the adsorption process. The Temkin isotherm suggests that 340 
chemisorption may contribute to arsenic adsorption to some extent on all three materials. The mean adsorption energy 341 
derived from the Dubinin–Radushkevich model identifies physisorption as a key mechanism in arsenic adsorption. Overall, 342 
laterite, sandstone, and shale are low-cost adsorbents that can be effectively used for arsenic removal from water. Field 343 
application studies or pilot scale trials could be conducted for future studies. 344 
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