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A B S T R A C T

In this study, co-precipitation synthesis of natural clay (NC) with Co3O4 nanoparticles (NPs) is carried out to elaborate the super NC@Co3O4 nanocomposites with admirable salinity confrontation, environmental stability and reusability, to eliminate heavy metal pollution such as toXic Pb(II) and Cd(II) ions. The advantages of using the NC@Co3O4 adsorbent are easy synthesis and biocompatibility. In addition, NC@Co3O4 can keep an excellent adsorption capacity by taking into account various environmental parameters such as the pH solution, NC@Co3O4 dose, adsorption process time and the initial heavy metals concentration. Furthermore, FTIR, XRD, TGA, SEM-EDS, TEM and AFM analyses were performed to confirm NC@Co3O4 nanocomposites synthesis and characterisation. The adsorption efficiencies of Pb(II) and Cd(II) ions by NC@Co3O4 nanocomposites were demonstrated to be up to 86.89% and 82.06% respectively. Regarding the adsorption from water onto the NC@Co3O4 nanocomposites, kinetics data were well fitted with PSO kinetic model, whereas a good agreement was found between the equilibrium adsorption and theoretical Langmuir isotherm model leading to maximum adsorption capacities of 55.24 and 52.91 mg/g, for Pb(II) and Cd(II) respectively. Monte Carlo (MC) simulations confirmed the spontaneous of this adsorption based on the negative values of Eads. The MC simulations were

Introduction

Industrial activities have altered the quality of freshwater (El Messaoudi et al., 2022a). Industrial wastewater contains various industrial heavy metals that are discharged into the environment [START_REF] Ahmed | CHAPTER 1:Industrial Wastewater and its ToXic Effects[END_REF]. These pollutants miXed with groundwater threaten the environment [START_REF] Aleksandra | Phytotechnologies: Importance in Remediation of Heavy Metal-Contaminated Soils[END_REF]. Therefore, the difficulty of accessing clean water day by day has greatly affected the entire world population and especially less developed countries (El Messaoudi et al., 2022b) [START_REF] Sher | Study of gas-liquid miXing in stirred vessel using electrical resistance tomography[END_REF]. The release or misuse/overuse of heavy metals that are effective in water pollution, causing hence the deterioration of the ecological balance and threatens human health [START_REF] Mishra | Heavy metal contamination: an alarming threat to environment and human health[END_REF]. Ingestion of heavy metals through drinking water can have serious effects on human health [START_REF] Emmanuel | Human health risk assessment of heavy metals in drinking water sources in three senatorial districts of Anambra State, Nigeria[END_REF]. Heavy metals can affect respiratory, circulatory and renal systems and even produce malformation in fetuses that requires precise control of their concentration, as well as efficient removal to less toXic substances [START_REF] Akther | Heavy metals as environmental risk factors for cardiovascular diseases: from the perspective of the renin angiotensin aldosterone system and oXidative stress[END_REF][START_REF] Munir | Heavy metal contamination of natural foods is a serious health issue: a review[END_REF][START_REF] Sabra | Heavy metals exposure levels and their correlation with different clinical forms of fetal growth restriction[END_REF][START_REF] Wai | Prenatal heavy metal exposure and adverse birth outcomes in Myanmar: a birth-cohort study[END_REF].

Various methods are used to treat heavy metal ions in water, including membrane separation [START_REF] Sunil | Al-Ti2O6 a miXed metal oXide based composite membrane: a unique membrane for removal of heavy metals[END_REF][START_REF] Al-Atta | Supercritical water oXidation of phenol and process enhancement with in situ formed Fe2O3 nano catalyst[END_REF], electrocoagulation [START_REF] Doggaz | Removal of heavy metals by electrocoagulation from hydrogenocarbonatecontaining waters: compared cases of divalent iron and zinc cations[END_REF], electrochemical precipitation [START_REF] Tran | Electrochemical treatment of heavy metal-containing wastewater with the removal of COD and heavy metal ions[END_REF] and adsorption [START_REF] Ge | Tunable amine-functionalized silsesquioXane-based hybrid networks for efficient removal of heavy metal ions and selective adsorption of anionic dyes[END_REF]. The adsorption method attracts attention among these methods because it is economical, easy, efficient and can be stretched and modified according to the situation (El Messaoudi et al., 2021). Further, using this method, the adsorbent selection is dependent on several parameters related to its toXicity, regeneration, availability and cost (El Messaoudi et al., 2022c). Among the natural adsorbents, clays such as kaolinite [START_REF] Won | An experimental study of cotransport of heavy metals with kaolinite colloids[END_REF], bentonite [START_REF] Niu | Preparation of sulphate aluminate cement amended bentonite and its use in heavy metal adsorption[END_REF], montmorillonite [START_REF] Ahmad | l-methionine montmorillonite encapsulated guar gum-gpolyacrylonitrile copolymer hybrid nanocomposite for removal of heavy metals[END_REF], dolomite [START_REF] Susianti | Characterization and experimental evaluation of cow dung biochar dolomite for heavy metal immobilization in solid waste from silica sand purification[END_REF] and quartz [START_REF] Gharbia | EXperimental and numerical study for the adsorption behavior of Cu(II) and Mn(II) in quartz sand[END_REF] have been used to treat heavy metals in wastewater due to their costeffectiveness and high removal capacity. The adsorption performance of clay results from its high ion exchange capacities, chemical stabilities, abundances and high surface areas [START_REF] Lazaratou | The role of clays, clay minerals and clay-based materials for nitrate removal from water systems: a review[END_REF].

Nowadays, nanomaterials valorization, such as the use as adsorbents of nanocomposites that are currently being studied is becoming more and more interesting for scientific researchers due to their low toXicity and their small size [START_REF] Glasgow | Continuous synthesis of iron oXide (Fe3O4) nanoparticles via thermal decomposition[END_REF]. Therefore, natural clay (NC) is considered to be one of the most promising candidates to prepare nanocomposites. Thus upon the co-precipitation of Co3O4 in NC matriX, the morphological structure of NC can be significantly affected, generating hence highly efficient adsorbent [START_REF] Hashemian | Adsorption of cobalt(II) from aqueous solutions by Fe3O4/bentonite nanocomposite[END_REF]. Similar nanocomposites such as NC@Fe3O4 were found to be excellent adsor-nanocomposites surface.

Materials and methods

Synthesis of NC@Co3O4 nanocomposites

Co3O4 NPs were synthesised by dissolving Co (NO3)2⋅6H2O (0.759 g) in an aqueous solution (100 mL). The Co3O4 NPs were prepared according to Eq. (1), followed by magnetic separation. The resulting sample was washed successively with distilled water and C2H5OH, then finally dried at 70 • C. NC@Co3O4 was elaborated according to the Massart co-precipitation process [START_REF] Liu | Preparation, surface functionalization and application of Fe3O4 magnetic nanoparticles[END_REF]. Briefly, 1 g of Co3O4 NPs and 2 g of natural clay in aqueous solutions (100 mL total volume) were miXed at 70 • C for 6 h.

3Co (NO3)2 + 6 NH4OH → Co3O4 + 6 NH4NO3
(1)

Characterisation of nanocomposites

The NC@Co3O4 nanocomposites morphology was assessed by Scanning Electron Microscopy (SEM) [START_REF] Rehman | Cellulose acetate based sustainable nanostructured membranes for environmental remediation[END_REF]and Energy-Dispersive X-ray (EDX) spectroscopy (SEM-EDS, JEOL JSM IT-100) [START_REF] Ahmad | Polyvinyl alcohol and aminated cellulose nanocrystal membranes with improved interfacial compatibility for environmental applications[END_REF] [START_REF] Iftikhar | Bioinspired engineered nickel nanoparticles with multifunctional attributes for reproductive toXicity[END_REF], Fourier Transform Infra Red (FTIR, Iraffinity 1 S Shimadzu) [START_REF] Azhar | Cellulose acetatepolyvinyl alcohol blend hemodialysis membranes integrated with dialysis performance and high biocompatibility[END_REF], X-Ray Diffraction (XRD, Bruker D8) [START_REF] Khalid | Functional bioinspired nanocomposites for anticancer activity with generation of reactive oXygen species[END_REF], Thermogravimetric Analyzer (TGA, Shimadzu DTG-60/60), Transmission Electron Micro-scopy (TEM, JEM2100F) and Atomic Force Microscopy (AFM, Bruker Multimode 8).

Batch adsorption studies

In batch adsorption studies, the effect of operating conditions, including initial pH of the heavy metal solution (2.5-10), adsorbent dosage (0.2-4 g/L), contact time (20-200 min) and initial heavy metal concentration (50-350 mg/L) at the room temperature (25 ± 1 • C) were investigated to evaluate the performance of NC@Co3O4 to remove heavy metals from water. At the end of the adsorption reaction, adsorbent and adsorbate were separated by using a 0.22 μm filter (Millex). The concentrations of Pb(II) and Cd(II) were determined using Atomic Absorption Spectrometer (AAS; PinAAcle™ 500). Eq. ( 2) and (3) were used to calculate the equilibrium uptake qe (mg/g) and removal efficiency (%), respectively. bents to remove heavy metals and treat wastewater [START_REF] Sharma | A novel and facile green synthesis of SiO2 nanoparticles for removal of toXic water pollutants[END_REF]. Thus, nanocomposites adsorbents preparation is regarded as a

qe = (C0 -Ce) × V (2)
simple, rapid, cost-effective and eco-friendly method for creating nanostructured materials suited for heavy metals removal from wastewater [START_REF] Sebeia | Biological synthesis of copper nanoparticles, using Nerium oleander leaves extract: characterization and study of their interaction with organic dyes[END_REF].

% Removal = C0 -Cf ) × 100 (3)
This is the framework in which the present research fits, consisting of the design of a high-performance adsorbent, based on the miXture of natural clay (dolomite and quartz constituents) and Co3O4 nanoparticles that were developed by co-precipitation method. In addition, the newly prepared nanocomposite adsorbent was analysed by various techniques and then used to eliminate Pb(II)and Cd(II) ions from water. Thereafter, the experimental adsorption data were compared to theoretical kinetic and isothermal models. Furthermore, Monte Carlo (MC) simulations were carried out to elucidate the interaction occurring between the heavy metal ions and adsorbent NC@Co3O4 and to determine the adsorption energy and geometry of heavy metal-NC@Co3O4 where m(g) is the amount of NC@Co3O4, C0(mg/L) is the initial heavy metal concentration, V(L) is the volume of the solution and Cf (mg/L) is the final heavy metal concentration.

MC calculations

The interaction occurring between heavy metal ions and modelled coprecipitated surfaces of natural clay (dolomite and quartz (SiO2+ Al2O3) constituents) is studied using Monte Carlo (MC) simulations [START_REF] Zhang | Adsorption of barium(II) on montmorillonite: an EXAFS study[END_REF]. The calculations were constructed using Layer Builder in the Biovia software, both surface types were expanded using 4 4 cell units, combined and then a 35 Å vacuum layer was added to accommodate metal ions and 700 water molecules. The universal force field (UFF) was used for the simulation calculations [START_REF] Khalaf | Cellulose-based hectocycle nanopolymers: synthesis, molecular docking and adsorption of difenoconazole from aqueous medium[END_REF][START_REF] Rappé | UFF, a full periodic table force field for molecular mechanics and molecular dynamics simulations[END_REF][START_REF] Ulusoy | Zeolite 4A as a jammer of bacterial communication in Chromobacterium violaceum and Pseudomonas aeruginosa[END_REF].

Results and discussion

Nanocomposites characterisation

Crystallographic structure analysis

For comparison, NC and chemically synthesised Co3O4 nanocomposites were characterised using X-Ray and are presented in Fig. 1 (a). Firstly, the diffractogram of natural clay (NC) has demonstrated the presence of numerous reflections which indicate the existence of various phases. The peaks at 2θ 21.80 • , 24.12 • , 30.90 012), ( 104), ( 006), ( 110), ( 113), ( 202), ( 018), ( 116) and (211) of dolomite (JCPDS N • . 36-0426) [START_REF] Bentahar | Adsorption of methylene blue, crystal violet and Congo red from binary and ternary systems with natural clay: kinetic, isotherm, and thermodynamic[END_REF][START_REF] Qiu | Removal of Cu(II) from aqueous solutions using dolomite-palygorskite clay: performance and mechanisms[END_REF]. The reflections at 2θ = 26.6 • , 35.9 • and 50.20 • belong to the plans (101), ( 110) and (112) of silica SiO2 that is in good agreement with the standards JCPDS N • 33-1161 [START_REF] Bentahar | Adsorption of methylene blue, crystal violet and Congo red from binary and ternary systems with natural clay: kinetic, isotherm, and thermodynamic[END_REF]. In addition, the XRD patterns display also a minority phase corresponding to alumina Al2O3. Indeed, the reflections that appeared at Bragg angles of 42.40 • , 43.90 • and 56.60 • are attributed to the presence of the rhombohedral system α-Al2O3 referenced in the JCPDS file N • 71-1123 [START_REF] Mohankumar | XRD peak profile analysis of SiC reinforced Al2O3Ceramic composite synthesized by electrical resistance heating and microwave sintering: a comparison[END_REF].

In the case of the synthesised Co3O4 nanoparticles, the XRD spectrum of magnetite Co3O4 has shown several peaks at 19.07 111), ( 220), ( 311), ( 222), ( 400), ( 422), ( 511) and (531), respectively. Furthermore, it can be perfectly indexed to the cubic spinel structure (JCPDS file N • 43-1003) [START_REF] Ai | Rapid synthesis of nanocrystalline Co3O4 by a microwaveassisted combustion method[END_REF][START_REF] Zhu | Synthesis and magnetic properties of antiferromagnetic Co3O4 nanoparticles[END_REF]. From Fig. 1(a), it should be noted that the elaborated Co3O4 nanoparticles have demonstrated very broad peaks, which suggest the ultra-fine nature and small crystallite size of the particles. The phase identification by XRD spectroscopy was also achieved for the NC@Co3O4 composites. Thus, in addition to 2θ reflection of Co3O4 nanoparticles present in the NC@Co3O4 composites, XRD patterns also show the presence of all clay phase peaks that confirm successful modification of the natural clay by the Co3O4 nanoparticles.

Chemical composition analysis

Further analysis by FTIR spectroscopy was achieved for the synthesised adsorbent. Such analysis can facilitate the characterisation of materials and gives detailed information about their chemical compositions. FTIR spectra of natural clay, Co3O4 nanoparticles and NC@Co3O4 nanocomposites are presented in Fig. 1(b). The spectrum obtained for clay before modification revealed the presence of numerous characteristic bands. The peaks at 1046 cm -1 and 462 cm -1 characterise silica phase and correspond to stretching vibration of Si-O and Si-O-Si [START_REF] Bentahar | Adsorption of methylene blue, crystal violet and Congo red from binary and ternary systems with natural clay: kinetic, isotherm, and thermodynamic[END_REF]. The bands at 1436 cm -1 , 878 cm -1 and 789 cm - 1 are due to CO3 2-groups in dolomite structure [START_REF] Correia | Characterization and application of dolomite as catalytic precursor for canola and sunflower oils for biodiesel production[END_REF][START_REF] Ji | Rapid identification of dolomite using a Fourier Transform Infrared Spectrophotometer (FTIR): a fast method for identifying Heinrich events in IODP Site U1308[END_REF]. Regarding cobalt oXide Co3O4, A band observed at 838 cm -1 may characterise the vibration of CO 2 Fig. 2. SEM images and the corresponding EDS spectra of (a-c) NC and (d-f) NC@Co3O4. EDS spectra of NC@Co3O4 after adsorption of (g) Pb(II) and (h) Cd(II). 2018). The stretching vibrations of Co-O correlate to the absorption peaks observable at around 630 cm -1 , 519 cm -1 and 479 cm -1 [START_REF] Elbashar | FTIR and NIR spectroscopic analyses of Co3O4-doped sodium zinc borate glass matriX[END_REF][START_REF] Ozkaya | RefluX synthesis of Co3O4 nanoparticles and its magnetic characterization[END_REF]. The presence of such bands confirms the formation of cobalt oXide nanocrystalline spinel oXide. On the other hand, the spectra of NC@Co3O4 composites have clearly shown integration of nanoparticles into natural clay matriX. As can be seen, the intense peaks associated with silica (1073 cm -1 ) and dolomites (785 cm -1 ) are present in the spectra of composites. The spectrum of NC@Co3O4 displays bands in the range of 400-500 cm -1 that characterise Co-O vibration, and one recorded for NC@Co3O4 nanocomposites demonstrated the presence of all peaks assigned to Co-O and NO - 3 bonds. Hence, the FTIR analysis confirmed the formation of composites based on the clay material and Co3O4 nanoparticles.

Thermal stability analysis

NC, Co3O4 and NC@Co3O4 were analysed by TGA analysis to determine the thermal characteristics (Fig. 1(c)). The first step (20-150 • C) corresponds to water evaporation from NC [START_REF] Bentahar | H)-ones[END_REF][START_REF] Wang | Thermal behaviours of clay miXtures during brick firing: a combined study of in-situ XRD, TGA and thermal dilatometry[END_REF]. A second stage occurs between 150 • C and 650 • C with a maximum weight loss rate, this is because of the degradation of silica, dolomite and alumina of NC [START_REF] Bernal | Characterization of supplementary cementitious materials by thermal analysis[END_REF]. The third stage would correspond to the raw material undergoing a reaction of carbonation with atmospheric CO2 gas (Foroutan et al., 2019a). In Co3O4 nanoparticles, Co-O groups decomposed from 340 to 700 • C [START_REF] Massaro | Synthesis and characterization of nanomaterial based on halloysite and hectorite clay minerals covalently bridged[END_REF].

SEM-EDS analysis

SEM micrographs as well as the EDS spectra of NC and NC@Co3O4 are presented in Fig. 2. As shown in Fig. 2(a-b), NC is characterised by partially uniform morphology constituted by homogeneously dispersed microspherical grains with different sizes ranging between 1 and 5 μm [START_REF] Bentahar | Original research paper study of removal of Congo red by local[END_REF]. The corresponding EDS spectra Fig. 2(c), indicate the presence of carbon, oXygen, magnesium, aluminium, silicon and calcium that suggest that the analysed material is constituted of dolomite, silica as well as alumina [START_REF] Bentahar | Adsorption of methylene blue, crystal violet and Congo red from binary and ternary systems with natural clay: kinetic, isotherm, and thermodynamic[END_REF]. Further analyses were carried out with X-ray diffraction spectroscopy to strengthen the discussion. The SEM analysis of the modified clay has demonstrated no significant change in the morphology. It is clear that for NC@Co3O4 (Fig. 2(d-e)), the spherical geometry of clay-based material is retained with the presence of a thin layer that covers the clay surface. On the other hand, EDS spectra have clearly shown the presence of Co Fig. 2(f) which indicates the successful modification of the natural material.

The topographic and elemental analysis has also been carried out for NC@Co3O4 composites after adsorption process of lead and cadmium heavy metals Fig. 2(g-h). A slight modification in the morphology of NC@Co3O4 has been observed after the interaction with metallic ions. Moreover, the chemical analysis has clearly demonstrated the presence of not only elements originating from composites other ones resulting from the interaction with heavy metal ions. Indeed, EDS spectra indicate presence of lead and cadmium for the composites that confirms the successful integration of Pb(II) and Cd(II) into adsorbent matriX. Additionally, EDS elemental mapping is also shown in the same figure that evidenced uniform and homogenous distribution of these elements in synthesised composites. The SEM-EDS characterisation of NC@Co3O4 after adsorption has been achieved to demonstrate the capacity of these compounds to adsorb heavy metal ions. Hence, this preliminary study has allowed to better perform a detailed analysis of the adsorption process.

TEM and AFM analyses

The synthesised NC@Co3O4 nanocomposites were analysed using TEM to understand more about their structural morphology and particle size distribution. TEM images (From 5 to 10 nm), selected area electron diffraction (SAED) and the particle size distribution of NC@Co3O4 are exhibited in Fig. 3(a-d). The observed NC@Co3O4 nanocomposites for polycrystalline, validated findings and the calculated particle size distribution as 31.76 nm. Fig. 3(e-f) shows AFM images of nanoparticles in 2 and 3 dimensions with good homogeneity of grain size of NC@Co3O4, where the root-mean-square (RMS) was calculated as 50.5 nm. The morphology is correlated to alloys until a certain point with high roughness.

Removal of Pb(II) and Cd(II) ions

Effect of pH

The point zero charge (PZC) is effective for obtaining essential data about electrical charges carried by nanomaterials. Fig. 4(a) shows PZC of NC@Co3O4 composites is 6.5. Hence, at pH < PZC, the surface of NC@Co3O4 is positively charged while at pH > PZC is negatively charged [START_REF] Nejadshafiee | Adsorption capacity of heavy metal ions using sultone-modified magnetic activated carbon as a bio-adsorbent[END_REF]. Fig. 4(a) also presents the pH effect (2.5-10) on the elimination of Pb(II) and Cd(II) ions by NC@Co3O4 nanocomposites. This experiment attempted 2.8 g/L of NC@Co3O4 dose at 25 1 • C. The removal increases from 20.3 to 83.07% for Pb(II) and from 22.41 to 81.04% for Cd(II) with increasing pH from 2.5 to 8.5 respectively. At pH < PZC, the removal of Pb(II) and Cd (II) decreases due to electrical repulsion forces occurring between cationic heavy metal and surface of NC@Co3O4 charged positively [START_REF] Kocaoba | Comparison of Amberlite IR 120 and dolomite's performances for removal of heavy metals[END_REF]. The same observations at pH > 8.5 can be asserted. Thus, the removal of Pb(II) and Cd (II) decreases due to electrostatic repulsion forces between OH -ions and surface of NC@Co3O4 charged negatively (El Khomri et al., 2021). Therefore, the value pH 8.5 was selected as an optimum pH to investigate the efficiency of heavy metal ions adsorption using NC@Co3O4 nanocomposites.

Eff ect of time

The influence of contact time (20-200 min) on the adsorption of lead and cadmium ions onto NC@Co3O4 nanocomposites at optimal conditions (T 25 • C and pH 8.5)), is presented in Fig. 4(b). The results demonstrate that lead and cadmium ions sorption follows two steps. Firstly, ions adsorption efficiency increased rapidly from 20 to 140 min until reaching a saturation step. This step is related to the suitable surface state and also availability of vacant active sites to recover lead and cadmium ions on the sorbent surface (Foroutan et al., 2019b). It can be seen that most of the heavy metal ion adsorption occurs in a contact time of 20 min and gradually reaches near equilibrium in 140 min. In fact, adsorption is rapidly occurring at the beginning. The obtained results demonstrate that sorption mainly took place at the surface of the sorbent NC@Co3O4 during initial stage.

Effect of adsorbent dose

Fig. 4(c) shows the influence of adsorbent dose on the adsorption of lead and cadmium ions. The Pb(II) and Cd(II) ions removal, increase from 24.87 to 87.50% and 23.42-81.61%, respectively. The uptake efficiency increases with the increase in the adsorbent dose up to 2.8 g/L for NC@Co3O4. This increase is due to the availability of the adsorption sites and the large specific surface [START_REF] Alqadami | Adsorptive removal of toXic dye using Fe3O4 TSC nanocomposite: equilibrium, kinetic, and thermodynamic studies[END_REF][START_REF] Kar | Use of keratin fiber for separation of heavy metals from water[END_REF]. However, for NC@Co3O4 doses exceeding 2.8 g/L, the amount of adsorbed metal does not increase. This could be explained by the saturation of NC@Co3O4 nanocomposites' surface (Es-said et al., 2021). 

Equilibrium behaviour

In the current study, [START_REF] Langmuir | The adsorption of gases on plane surfaces of glass, mica and platinum[END_REF] and Freundlich ( 1907) models (Fig. 5(c-d); Table 2) were selected to investigate the interaction occurring between lead and cadmium ions on NC@Co3O4 surface. Based on the R 2 values, the Langmuir isotherm model is more suitable for this 2023; [START_REF] Sadegh | MWCNTs-Fe3O4 nanocomposite for Hg(II) high adsorption efficiency[END_REF]. Furthermore, these results suggest that NC@Co3O4 nanocomposites have a suitable adsorption property for Z-nanoscale zero-valent iron 85.37 48.63 [START_REF] Li | Zeolite-supported nanoscale zero-valent iron: new findings on simultaneous adsorption of Cd(II), Pb (II), and As(III) in aqueous solution and soil[END_REF] heavy metal removal over other available adsorbents (Table 3). Fig. 4(d) presents the influence of concentration (50-350 mg/L) of lead and cadmium ions on the adsorption process using NC@Co3O4 nanocomposites. The adsorption capacity increased from 15.71 to 50.03 mg/g for Pb(II) and from 15.06 to 48.75 mg/g for Cd (II) when the heavy metal concentrations increase from 50 to 350 mg/L. The metal adsorbed amount increase with initial metal concentration could be due to the interaction occurring between available lead and cadmium ions and adsorbent active sites [START_REF] Foroutan | Adsorption Mercury, Cobalt, and Nickel with a Reclaimable and Magnetic Composite of hydroXyapatite/Fe 3 O 4/polydopamine[END_REF].

Adsorption modelling

Kinetic behaviour

The heavy metal adsorption kinetics were simulated using theoretical non-linear pseudo-first-order (PFO) [START_REF] Lagergren | About the theory of so-called adsorption of soluble substances[END_REF] and nonlinear pseudo-second-order (PSO) [START_REF] Ho | Sorption of dye from aqueous solution by peat[END_REF]McKay, 1998) (Rasht-bari et al., 2022). Thus, obtained experimental results after the adsorption process were fitted to the two theoretical models and the results are presented in Fig. 5(a-b). The adsorption parameters associated with these models are displayed in Table 1. When the regression coefficient (R 2 ) values for the adsorption kinetics of Pd(II) and Cd(II) ions were compared, it can be seen that adsorption fit both PSO models suggesting the involvement of physical adsorption process (Lin et al.,

Reusability of nanocomposites

Reusability is a crucial factor to provide important information on the possible use of NC@Co3O4 nanocomposites in practical applications (El Messaoudi et al., 2022d). The capability of the nanocomposites to adsorb Pb(II) and Cd(II) ions over five cycles was evaluated after each cycle (Fig. 6). The desorption of adsorbed metal ions from nanocomposites was achieved with NaOH (10 mL and 0.5 M), then the adsorbents were rewashed with ultrapure water and dried for further use. As shown in Fig. 6, the removal of lead and cadmium ions decreased after five cycles of adsorption-desorption studies (about 10%). However, the nanocomposites could be efficiently used several times for the adsorption of lead and cadmium ions.

MC investigations

The calculated adsorption energies are based on adsorbate-adsorbent interactions. The adsorption energy (Eads) as assessed by the MC simulations, was calculated using Eq. (4) [START_REF] Dagdag | Fabrication of polymer based epoXy resin as effective anti-corrosive coating for steel: computational modeling reinforced experimental studies[END_REF][START_REF] Hsissou | Novel derivative epoXy resin TGETET as a corrosion inhibition of E24 carbon steel in 1.0 M HCl solution. EXperimental and computational (DFT and MD simulations) methods[END_REF]. E Adsorbent surface/Metal , E Adsorbent surface and E Metal ion represent the total energies of adsorption system, adsorbent and metal ion respectively. Eads = EAdsorbent Surface/Metal ion -EAdsorbent Surface + EMetal ion (4)

The binding energies of Pb(II) and Cd(II) onto modelled co- Based on these results, the binding of heavy metal ions on NC@Co3O4 is spontaneous [START_REF] Jafari | Anti-corrosion behavior of two N2O4 Schiff-base ligands: experimental and theoretical studies[END_REF]. Furthermore, Fig. 8 shows the geometry of heavy metal ions on the modelled surfaces. This conclusion may also be drawn from the final geometrical pose of MC, where this is evident that metal ions are in close proXimity to the surface [START_REF] Chen | Functionalization of 4-aminothiophenol and 3-aminopropyltriethoXysilane with graphene oXide for potential dye and copper removal[END_REF][START_REF] Nairat | Cellulose polymers with β-amino ester pendant group: design, synthesis, molecular docking and application in adsorption of toXic metals from wastewater[END_REF].

Conclusion

Novel nanocomposites based on natural clay and cobalt oXide nanoparticles (NC@Co3O4) were successfully elaborated via a simple and low-cost approach. Various characterisation techniques used have confirmed the successful synthesis of the NC@Co3O4 nanocomposites. Maximum adsorbed amounts of 55.24 mg/g for Pb(II) and 52.91 mg/g for Cd(II) were achieved under optimal conditions (pH 8.5, adsorbent dose 2.8 g/L, adsorption time 140 min and heavy metal concentration 150 mg/L). Furthermore, PSO kinetic and Langmuir isotherm models described well the kinetic and equilibrium adsorption of lead and -cadmium ions from water onto the NC@Co3O4 nanocomposites. A good agreement was found between the Monte Carlo simulation studies and the experimental results. The experimental findings confirmed that the metal ions (Cadmium and lead) possess considerable negative adsorption energies (spontaneous adsorption). The overall data indicated that NC@Co3O4 nanocomposites are promising candidates for wastewater treatment and environmental remediation.
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 1 Fig. 1. (a) XRD patterns (b), FTIR spectra and (c) TGA curves for NC, Co3O4 and NC@Co3O4 samples.
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 3 Fig. 3. (a-b)TEM images, (c) Corresponding SAED patterns, (d) Particle size distribution and (e-f) AFM images of NC@Co3O4 nanocomposites.
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 4 Fig. 4. Impacts of different factors at sorption of Pb(II) and Cd(II) ions from water on NC@Co3O4 nanocomposites including; (a) pH, (b) Contact time, (c) Adsorbent dosage and (d) Heavy metal concentration.
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 5 Fig. 5. Linear fittings with different models; (a) Pseudo-first-order, (b) Pseudo-second-order, (c) Langmuir and (d) Freundlich upon the adsorption of Pb(II) and Cd (II) ions from water onto NC@Co3O4 nanocomposites.
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 7 Fig. 7. Probability of adsorption energy distributions during MC simulations for Pb(II)and Cd(II) ions on modelled dolomite-Co3O4 and quartz-Co3O4 surfaces.

Fig. 8 .

 8 Fig. 8. Geometry of lowest energy poses obtained after MC for Pb(II) and Cd(II) ions on modelled surfaces of dolomite-Co3O4 and quartz-Co3O4 surfaces.precipitated surfaces of natural clay (modelled using quartz and dolomite as constituents) by Co3O4 nanoparticles surface is performed via MC calculations. This method of measuring molecular interactions uses random permutations of simulation boX species (molecules, ions). The adsorption energy for lead and cadmium ions on modelled surfaces of dolomite-Co3O4 and the quartz-Co3O4 surface is presented in Fig.7. Eads was found to be -577.1, -630.35, -706.25 and -769.65 kcal/mol for Pb(II)-dolomite-Co3O4, Pb(II)-quartz-Co3O4, Cd(II)-dolomite-Co3O4 and Cd(II)-quartz-Co3O4 respectively. Based on these results, the binding of heavy metal ions on NC@Co3O4 is spontaneous[START_REF] Jafari | Anti-corrosion behavior of two N2O4 Schiff-base ligands: experimental and theoretical studies[END_REF]. Furthermore, Fig.8shows the geometry of heavy metal ions on the modelled surfaces. This conclusion may also be drawn from the final geometrical pose of MC, where this is evident that metal ions are in close
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Table 1

 1 Adsorption kinetic models and their parameters.

	=	+

Table 2

 2 Adsorption isotherm models and their parameters.

			R	2		0.998	0.996
	Freundlich Ln qe	Ln KF	KF (mg/g)	10.885	10.682
	Ln Ce		1/nF		0.3596	0.3191
	nF		R	2		0.756	0.772
	Table 3				
	Adsorbent		Qm (mg/g)		Reference
			Pb(II)	Cd(II)
	Commercial activated carbon	20.30	27.30	Asuquo et al. (2017)
	MoS2/SH-MWCNT nanocomposites	90.00	66.60	Gusain et al. (2019)

Fig. 6. Comparison of adsorption rates by NC@Co3O4 from first use up to fifth use. 2019; Messaoudi et al., 2022). Comparison of Qm values of Pb(II) and Cd(II) by using various adsorbents.
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