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ABSTRACT  

This study aims to synthesize a composite with enhanced 

adsorption properties by incorporating zinc oxide into 

activated carbon derived from snail shells, chemically 

activated with zinc acetate, to reduce Yellow 145 in aqueous 

media. The composite was synthesized by converting snail 

shells into activated carbon through chemical activation. The 

reduction of Zinc oxide nanoparticles was done directly in the 

porosity of activated carbon and the material obtained were 

called ZnONPs-AC (Zinc Oxide Nanoparticles landed with 

activated carbon. The composite was characterized using pH 

zero charge point (pHZPC), iodine number, methylene blue 

number, X-ray diffraction (XRD), Fourier Transform Infrared 

Spectroscopy (FT-IR), Scanning Electron Microscopy (SEM), 

and Energy Dispersive X-ray Spectroscopy (EDX). These 

techniques confirmed the semicrystalline nature of the 

composite, with mixed micro- and mesoporosity and the 

presence of ZnONPs on its surface. Various parameters have 

been studied and show the high performance of the 

composite. The pseudo-second-order and intraparticle 

diffusion models indicated that the adsorption of Yellow 145 

occurred primarily through intra-particle diffusion within the 

pores of the activated carbon. Four isotherm models were 

studied, with the Freundlich isotherm best describing the 

adsorption mechanism. This was further supported by the 

Dubinin-Radushkevich (DRK) isotherm, indicating physical 

adsorption due to lower activation energy. 
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INTRODUCTION 

Water is a precious natural resource that is indispensable to human and plant existence. Without 

it, there can be no life, agriculture or industrial development on earth. Water is a crucial element 

that must be preserved during economic growth in order to respect the environment - indeed, it is 

one of the UN's Sustainable Development Goals (SDGs), to be achieved by 2030 [1]. With the 

proliferation of industrial activities, water has become a commodity highly exposed to pollution. 

In fact, water pollution can be defined as the modification of its physical and chemical properties 

by the introduction of a polluting element, which may originate from anthropogenic activities, 

i.e. human activities, agricultural activities and industrial activities [2]. Many industries, such as 

cosmetics, pharmaceuticals, textiles and printing, use various dyes to color and give their 

products a good appearance [3, 4]. However, when these dyes are handled, large quantities are 

released into water. Yellow 145 is carcinogenic and toxic to humans and animals [5, 6]. The 

toxicity of yellow 145 is not new. From 1895, the increase in the number of bladder cancers 

observed in textile industry workers was due to their prolonged exposure to azo dyes because 

yellow 145 is an azo dye [5]. This dye is widely used because of its low cost, making it a popular 

choice for textile dyeing. Faced with the critical situation of water pollution by dyes and the 

growing collective awareness of this issue, research in the field of depollution is progressing 

rapidly, the aim being to develop the most robust, economically feasible, easy-to-use, sustainable 

and environmentally-friendly methods of depollution. 

Several water treatment methods are available for depolluting the aqueous environment. They 

include physical treatment (screening, decantation, filtration, flotation, and adsorption); chemical 

(oxidation, ion exchange on resin, neutralization or acidification processes); physical-chemical 

(coagulation-flocculation), and biological (appropriate bacterial cultures) [7]. Among these 

methods, adsorption is one of the best alternative methods, economically attractive for 

wastewater treatment because of its convenience, ease of use, simplicity of design and 

effectiveness [8, 9]. Adsorption is a process during which pollutant molecules in an aqueous 

medium bind to the surface of a solid adsorbent material [10]. The most commonly used 

adsorbents for pollution control are: silica gel, activated alumina, activated clay, zeolite and 

activated carbon, which is the most effective due to its high adsorption capacity due to its large 

specific surface area [11]. Activated carbon can be synthesized from plant or animal biomass 
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waste such as peanut shells, sawdust, rice husks, cotton stalks, eucalyptus bark, mango kernel, 

almond shells and snail shells [12, 13]. The strongest biomasses may be able to produce efficient 

activated carbons. Among many other precursors of activated carbon, snail shell has several 

important uses, which result from its hard nature. Recent development involves its application in 

wastewater treatment due to its chemical composition; this composition includes proteins, 

carbohydrates, fats and minerals such as iron, zinc, copper. Activated carbon is prepared in 

several stages: precursor harvesting, precursor pre-treatment (washing, drying, grinding and 

sieving), activation and carbonization (thermal decomposition of carbonaceous materials, during 

which species other than carbon are eliminated) [14]. Activation consists in impregnating the 

precursor powder with an activating reagent to ensure better development of the specific surface 

area and porous structure obtained after the carbonization stage, by eliminating pore-clogging 

impurities and increasing chemical functions on the activated carbon surface [15]. However, two 

activation methods are commonly used: physical activation and chemical activation. Physical 

activation involves oxidation of the precursor at high temperature (800 to 1000°C) using weakly 

oxidizing activating agents (air, steam and carbon dioxide) for 24 to 72 hours [16]. In contrast to 

physical activation, chemical activation is carried out simultaneously with the carbonization step 

at a relatively low temperature (400 to 800°C) in the presence of chemical activating reagents 

such as phosphoric acid, sulfuric acid, potassium sulfide, zinc chloride, copper salts or potasse 

[17, 18]. 

Although activated carbon is a model adsorbent for wastewater treatment due to its high specific 

surface area, it has limitations due to its low reaction rate, low reusability and difficult 

regeneration [19]. With the aim of improving this treatment technique, researchers in the field 

are using nanoparticles that they incorporate into activated carbon to form composite materials, 

since nanoparticles are highly reactive and interact immediately upon injection into the polluted 

aqueous medium with the pollutant molecules, and can be applied several times without losing 

their effectiveness [20, 21]. Zinc oxide nanocomposites have already been used for the 

adsorption of several pharmaceutical compounds and many other industrial pollutants, and data 

have shown them to be highly effective adsorbents for the decontamination of aqueous media 

[22, 23]. Zinc oxide is non-toxic and easy to obtain. In addition, it is a nanoparticle whose 

structure is unaffected by climate change [24]. The high binding energy (60 M eV) of zinc oxide 

has made it a highly exploited nanoparticle by researchers, as it establishes strong chemical 
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bonds on the basic adsorbent material, activated carbon [25]. Zinc oxides have a number of 

advantages over other metal oxides such as Fe2O3, TiO2 and SiO2, not least of which is their 

stoichiometry. Zinc oxides offer various advantages over other metal oxides such as Fe2O3, TiO2, 

and SiO2, notably their unique thermal stability, chemical stability and long shelf life [26]. In this 

study, we will synthesize an activated carbon by chemical activation with zinc acetate, and 

incorporate zinc oxide nanoparticles to form a composite material to enhance its performance. 

I. Materials, reagents and protocol used 

This part consists of presenting the materials and reagents that we used for the preparation of 

activated carbon and the characterization of composite. Materials as balance, crucibles, beakers, 

a graduated pipette, a washbowl, a spatula, a graduated burette, an Erlenmeyer flask, volumetric 

flasks, magnetic stirrers (heated and unheated) and bar magnets, an oven, a grinder, a probe 

thermometer, UV-Visible absorption spectrophotometry, filter paper Whatman number 5, a pH 

meter and an oven. Reagents used include methylene blue, iodine, potassium iodide, sodium 

thiosulfate, sodium chloride, hydrochloric acid, sodium hydroxide, yellow 145, zinc oxide, zinc 

acetate. 

I.2 Methodology 

I.2.1. Preparation of activated carbon  

The snail shells were washed abundantly with distilled water in order to eliminate all traces of 

impurities, then air-dried for 05 days in order to eliminate all traces of water in the precursor.  

Once this stage was completed, the snail shells were mechanically crushed using a hammer, then 

crushed in a suitable machine. The resulting powder was mechanically sieved using a 63 µm 

diameter sieve to obtain a uniform particle size. This powder was then impregnated with zinc 

acetate hydrate (CH₃COO)₂ Zn * 2 H₂O); Then 50g of powder was brought into contact with 

200 ml of a 0.3 mol/l (CH₃COO)₂Zn * 2 H₂O solution, then the mixture was stirred 

magnetically at room temperature for 2 h, then dried in an oven at 105°C for 24 h. Our 

impregnated precursor was then calcined in an electric furnace at a maximum temperature of 

500°C, with a heating rate of 5°C/min and a residence time of 2 h at this maximum temperature 

[27]. After removal from the furnace, we used a porcelain mortar to crush the activated carbon to 
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a fine powder, then washed it with deionise water until the washing pH was neutralized.  Finally, 

our AC was oven-dried at 105°C for 24 hours, then stored for future use. 

I.2.2. Preparation of the composite activated carbon landed with zinc oxide nanoparticle 

(ZnONPs-AC) 

Our composite was synthesized by direct incorporation under magnetic stirring. To this end, we 

prepared an aqueous solution of zinc oxide at a concentration of 0.3 mol/L. 100 ml of this 

solution was brought into contact with 20 g of activated carbon, then stirred magnetically for 2h. 

We then introduced a sodium hydroxide solution at a concentration of 0.1 mol/L as a reducing 

agent, and stirred the whole mixture for 2h; after stirring, the final material was filtered, washed 

thoroughly with deionise water, then dried at 105°C in an oven for 24h and stored for future use.  

Our composite was designated ZnONPs-AC. 

I.3 Characterization of our composite  

I.3.1 pH at the zero point of charge pHZPC 

The pH of the point of zero charge (pHZPC), is the pH for which the surface of the solid has a 

zero charge; its role is to determining the acid-basic character of a material. Adsorbent and 

pollutant chemistry in aqueous solution depends to some extent, invariably, on pH of the 

environment. Consequently, pH of the material is an important parameter taken into account in 

this study. It was determined by introducing 0.1 g of adsorbent previously dried with 20 mL of a 

decimal solution of NaCl into different Meyer flasks. pH of the solutions was adjusted between 2 

and 10 (pHi) initial pH using a pH meter (pHS-3C) using decimal solutions of NaOH and HCl, 

then stirred for 72 hours at room temperature [28]. After stirring, the resulting solutions were 

filtered and the pH of the filtrates was measured (pHf). The difference between pHi and pHf 

(ΔpHi - ΔpHf) is plotted against pHi. The point of intersection between the curve and the x-axis 

corresponds to the pH at the zero-charge point (pHZPC).   
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I.3.2 Iodine value   

The iodine value in (mg/g) is an indicator of a material's capacity to adsorb very small 

molecules. The iodine index test was carried out using the following protocol: in the 100 mL 

Erlenmeyer flask, a 0.1 g mass of our composite was brought into contact with a 20 mL volume 

of the 0.02 N normality iodine solution. The mixture was stirred at room temperature for 1 hour. 

It was then filtered through Whatman paper number 5, 10 mL of the filtrate was assayed with 

sodium thiosulfate (Na2S2O3) solution of normality 0.1 N in the presence of three drops of 

starch employment [29, 30]. The iodine value is given by the following relationship: 

Indice d’iode =  …………………………………………………………1 

C0 initial concentration of I2, Cth concentration of Na2S2O3, Vth volume of Na2S2O3 poured at 

equivalence, VI2 volume of I2 dosed, MI2 molar mass of I2, Vads adsorption volume, m ZnONPs-

AC mass of activated carbon. 

I.3.3. Methylene blue index 

The methylene blue number (MB), expressed in mg/g, represents the adsorption capacity of the 

material for medium- and large-sized molecules. To find that, the following protocol have been 

used. In a 250 mL beaker, 0.1g of composite have been mixed with 100mL of methylene blue 

solution and put under stirring for 4h [29]. After filtration, the residual MBN concentration was 

measured with a UV spectrometer at a wavelength λ = 620 nm. The Q (MB) and elimination rate 

are given by the following equations 2 and 3: 

QBM= V……………………………………………………………………………2 

(TE )= …………………………………………………………………………..3 

Where: Q (MB) is the amount of MB adsorbed ZnONPs-AC, TE is elimination rate, V is volume 

of MB solution, m is the mass of ZnONPs-AC used, Ci is initial concentration of MB solution, 

Cr is residual concentration after adsorption. 
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I.3.4. Ash content determination  

The ash content permit to determine the quantity of ash capable of blocking the pores of the 

material. In a dry crucible of mass P1 we placed 0.1 g of composite sample and weighed P2. The 

crucible was then placed in the oven at 815°C until ash was obtained. After cooling, we weighed 

P3 [29]. The ash content has been determined using the following formula: 

(C )=   ……….………………………………………………………………….4 

I.3.5. Moisture content 

The moisture content permit to determine the quantity of residual water in the material. To 

determine the moisture content, a mass of 0.1g of the composite was weighed and marked P1. 

This mass of composite was then introduced into a crucible and the whole was marked P2 and 

placed in an oven at 110°C for 3 h. After cooling to room temperature, it was weighed and 

marked P3. After cooling to room temperature, the composite was weighed and graded P3 [31]. 

The moisture content is given by the following formula. 

(H )= …………………………………………………………………………..5 

I.4 Adsorption test of ZnONPs-AC  

Adsorption tests were carried out in batch mode. 0.01g of the composite were brought into 

contact with 100 mL of a solution of yellow 145 at a concentration of 100 mg/l, under magnetic 

stirring for a specific contact time at room temperature. After stirring, the mixtures were filtered 

and the filtrates were measured using a visible UV spectrophotometer at a maximum wavelength 

of 575 nm to determine the absorbance of the measured solutions.  The quantities of pollutant 

absorbed at equilibrium (Qe) per gram of ZnONPs-AC are given by the following formula 5: 

Qe= V……………………………………………………………………………6 

Where, Qe is the quantity of yellow 145 adsorbed at equilibrium, V is the volume of the yellow 

145 solution, m is the mass of ZnONPs-AC composite used, Ci is the initial concentration of the 

yellow 145 solution, Cr is the residual concentration after adsorption. 
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I.5. Kinetics of adsorption 

The following studies determined the mechanisms as adsorption process, by pseudo-first and 

second order, intraparticle diffusion and Elovich diffusion. These mechanisms were used to 

explain the adsorption studies of yellow 145 as a function of time. The least square fit was used 

to obtain the various parameters. It has been studied and represented in table 1. 

Table 1: nonlinear kinetic model used  

 

 

 

 

 

Non-linear regression has been applied by using Excel Solver Microsoft and residual root mean 

square error (RMSE) and Chi-square test (X2) are defined by Equations 3 and 4. 

RMSE=   ………………………………………….7 

X2 =   ….........................................................................................8 

I.6. Modeling of adsorption isotherms 

Forth isotherm models, Freundlich, Langmuir Tempkin, and Dubinin- Radushkevich (DRK) 

were used to evaluate the adsorption of yellow 145 on our composite material as it represents in 

table 2.  

 

 

 

Models Equations References 

 pseudo first order. 
 

[32] 

pseudo Second order 

 

[32]  

 intraparticle kinetic  [33]  

Elovich kinetic 

 

[32]  
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Table 2: Nonlinear Isotherm model used 

Isotherms Equations References 

Langmuir 

 

[34] 

Freundlich 
 

[35] 

Tempkin 

 

[35] 

Dubinin- Radushkevich  [36] 

I.7.Thermodynamic parameters linked to the adsorption process 

The study of the effect of temperature on adsorption allows us to determine thermodynamic 

parameters such as variations in enthalpy (ΔH°), standard entropy (ΔS°) and standard free energy 

(ΔG °) [37]. 

To calculate these thermodynamic parameters, we use the following equations: 

ΔG°=ΔH°-TΔS° ……………………………………………………………………………..9 

Where ΔG is the free energy (KJ/mol)), ∆H° is the enthalpy (kJ/mol), ∆S° is the entropy in 

(J/mol. K) and T is the temperature in kelvin. 

II. Results and discussion 

II.1. Instrumental characterization of our composite  

II.1.1. FTIR Analysis of our materials 

In order to relate the surface functions of the composite (ZnONPs-AC), they were described by 

FTIR spectroscopy. The figure below shows the absorption bands in the 4000 - 400 Cm-1 range 

of the Activated carbon coated of zinc oxide nanoparticles; to see all the different chemical 

functions present in our composite. This interpretation enables us to understand the interactions 

between activated carbon and zinc oxide nanoparticles (ZnONPs). We can see from Figure 1 that 

the presence of absorption bands at 706.20 cm-¹ and 873.22 cm-¹ confirms the presence of C-H 

bonds in the composite. These bands can be attributed to methyl (-CH3), methylene (-CH2-) or 



ijsrm.humanjournals.com 

Citation: Bertrand Tsouongang et al. Ijsrm.Human, 2024; Vol. 27 (5): 37-62. 

46 

methine (-CH-) groups present in the activated carbon [38]. The presence of absorption bands at 

1402.88 cm-¹ and 1791.84 cm-¹ indicates the presence of oxygenated functional groups on the 

surface of the activated carbon. These groups can be carboxyl (-COOH) and carbonyl (-C=O) 

groups, which may play an important role in the interaction between activated carbon and 

ZnONPs [39, 40]. However ,the absorption band at 1402.88 cm-¹ and 1791.84 cm-¹ could also 

correspond to the C=C stretching of the quinoid rings at the C=C stretching vibration in the 

aromatic ring, respectively. The presence of the absorption band at 2515.61 cm-¹ indicates the 

presence of hydroxyl groups (-OH) in the composite. These groups may be present on the surface 

of activated carbon and ZnONPs [41].  

 

Figure 1: FTIR of ZnONPs- AC 

II.1.2. Scanning Electronic Analysis (SEM/EDX) 

To study the morphological structure of our composite material (ZnONPs- AC), we carried out a 

scanning electron microscopy (SEM) analysis. The micrograph in Figure 2 gives us an idea of 

the textural properties of our composite. From this SEM image, we observe that the small Zinc 

Oxide nanoparticles (ZnONPs) are homogeneously dispersed on the surface of the activated 

carbon; a homogeneous dispersion of nanoparticles can improve the activity of the composite. 

We can see from this micrograph that the ZnONPs have not altered the porous structure of the 

activated carbon by clogging the pores, but rather are on the surface of the activated carbon. This 

image also confirms that our material composite has porosity of various sizes, with almost 

spherical and angular shapes.   
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Figure 2: SEM image of ZnONPs-AC 

However, to identify and quantify the elements present in our composite, we carried out a 

complementary analysis, such as energy dispersive (EDX); figure 3 below shows the EDX 

results for our composite. It revealed that our composite made with activated carbon and zinc 

oxide nanoparticles is really an assembly of the both. We can see the presence of Zinc and 

Oxygen plus carbon. Enfact, the presence of Calcium may be due to nature of snail shell.  

 

Figure 3 : image de l’EDX du composite (ZnONPs-AC) 

The percentages of these elements present in this composite are recorded in table below. 

Table 3 : Pourcentages des éléments présents dans le composite (ZnONPs-AC) 

Element Atomic % Atomic % Error Weight % Weight % Error 

C 12.4 0.4 7.0 0.2 

O 65.4 1.5 49.3 1.1 

Ca 20.7 0.2 39.0 0.4 

Zn 1.5 0.2 4.6 0.5 
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 II.1.3. X-Ray diffraction analysis 

The structural behavior of nanocomposite base of activated carbon landed with zinc oxide 

nanoparticles (ZnONPs-AC) have been determine using X-ray diffraction and reported in figure 

4. We can see at 2θ angles of 23.28°; 29.43°; 36.03°; 39.45°; 43.16°, 47.46°  respectively 

corresponding to (002), (100), (102), (101), (210), (103), (110), (200) with really represent the 

different crystalline phase of zinc oxide nanoparticles present on the surface of activated carbon. 

Enfact the activated carbon has been known as non-amorphous, so all those pics are refer to 

crystallin structure of zinc oxide nanoparticles according to the hexagonal structure of ZnONPs 

(JCPDS 010891397) [38]. 

 

Figure 4: X-Ray analysis of ZnONPs-AC 

II.2. Physical characterization of ZnONPs-AC 

The adsorption efficiency of a material is also linked to its acid-base character and the reaction 

medium in which it reacts. To determine the nature of our composite material, we carried out a 

chemical characterization to determine the pHZPC of our composite. Figure 5 below shows the 

results of this analysis. 
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Figure 5: pH at zero charge point (pHZPC) of ZnONPs-AC 

We can see from this Figure 5 that the pHZPC of our composite is 8. This means that the 

material is basic in character. However, at pH values of the yellow 145 solution below pHZPC, 

our composite will be positively charged due to the excess of H+ protons in the medium, and the 

adsorption of anionic species will be favorable due to the strong electrostatic attraction between 

adsorbent and adsorbate. On the other hand, if the pH of the yellow 145 solution is higher than 

the pHZPC, the material will be negatively charged due to deprotonation of the acid function 

present on its surface, and consequently adsorption of cationic species will be favorable because 

the adsorbent-adsorbate electrostatic attraction will be high [42]. Since reactive yellow 145 is an 

anionic dye, its adsorption is more favorable in acidic media, since in this medium the ZnONPs-

AC composite is positively charged and more apt to adsorb anionic species. 

In the other hand, immediate analyses have been made for the evaluation of the adsorption 

capacity of the nanocomposite ZnONPs-AC. Theses analysis revealed an iodine value equal to 

(IN=888.3 mg/g) with could mean that our material is microporous, as it is well above the 500 

mg/g recommended in the literature review by certain authors for activated carbons to be 

microporous for use in water purification [43]. Indeed, the high MBN elimination rate (93, 69 %) 

for a material reflects its strong capacity to adsorb medium- and large-sized molecules; this is 

almost identical to those reported in some previous work [44]. On the basis of the above, we can 

therefore conclude that ZnONPs-AC could be a suitable mesoporous material due to their 

methylene blue number of 84 mg/g and its elimination rate (93, 69 %).  

The moisture and ash content of our composite is low, below 10%. Moisture content is 4%; this 

low level implies a good material, as the pores are free of water. The ash content of our 
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composite is 3%; this implies that the pores are completely free of clogging particles [29], thus 

favouring a high adsorption capacity of ZnONPs-AC. 

II.3. Adsorption of yellow 145 on composite material 

This adsorption is discussed according to parameters such as: contact time, initial concentration, 

mass of composite, pH of solution and temperature of reaction medium. 

II.3.1. Time contact study of the adsorption of yellow 145 on ZnONPs-AC 

In order to evaluate the effect of contact time on the adsorption capacity of yellow 145 by 

ZnONPs-AC, a plot of the adsorbed quantity (Qt) of yellow 145 on prepared composite as a 

function of time was carried out. The experimental results obtained are shown as fellow. 

We can see from the figure 6A that the adsorbed quantities of yellow 145 increase with time 

until they reach a constant value characteristic of the final state of equilibrium between the 

composite and the molecules present in the yellow 145 solution. It increases from 133.179 mg/g 

to 150.05 mg/g at contact times of 5 to 120 minutes respectively. We also observe that the curve 

is subdivided into two parts; the first part corresponds to a very short phase during the first 05 

minutes when fixation is very rapid. This could be explained by the high affinity of ZnONPs-

AC to retain yellow 145 molecules by good internal diffusion through the ZnONPs-AC pores. 

In fact, this period is due to the presence of a large number of free and available adsorption sites 

on the ZnONPs-AC surface during these first minutes [45]. The second part of the curve 

corresponds to a long phase between 05 and 120 minutes, during which the quantities absorbed 

increase slightly until they reach a plateau reflecting the final equilibrium state. This may be due 

to the fact that the diffusion of these pollutant molecules within the pores tends to be cancelled 

out by the saturation of the adsorption sites [45]. In view of all the above, we set the contact time 

for the rest of the experiment at 95 minutes, since from this time onwards the adsorbed quantities 

remained unchanged up to 120 minutes; these adsorbed quantities are of the order of 150.05 

mg/g with an adsorption percentage of 90.03%. 

II.3.2. Effect of equilibrium concentration 

Figure 6B shows that the adsorbed quantity of yellow 145 increases with increasing initial 

concentration without reaching equilibrium. This can be explained by the availability and non-
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saturation of adsorption sites on the surface of the material. Thus, this increase could also be 

explained by the fact that the increase in the initial concentration of the pollutant leads to the 

creation of a significant transport force for the molecules of these dyes on the surface of the 

composite, and as the quantity of molecules present on this surface increases, adsorption 

becomes more favourable [46]. So, this increase might be attributable to an increase in effective 

collisions between yellow 145 and adsorbent in solution. 

 

Figure 6A- Influence of contact time on the adsorption capacity of yellow 145 on   ZnONPs-

AC. B- Influence of the initial concentration of yellow 145 on ZnONPs-AC 

II.3.3. Influence of adsorbent mass  

The influence of the mass adsorbent was investigated and the adsorbed quantity of yellow 145 on 

ZnONPs-AC is shown in figure below. From this graph we can see that the adsorbed quantities 

of yellow 145 decrease from 368.87 mg/g to 46.55 mg/g with increasing adsorbent dose (0.01g 

to 0.1g). This observation provides a simple understanding that the number of available 

adsorption sites and the surface area of the material decreases with increasing adsorbent mass, 

resulting in a decrease in the amount of adsorbed material. This could be explained by the fact 

that as the adsorbent dose increases, the total surface area available for pollutant adsorption 

decreases, due to a phenomenon known as agglomeration of adsorbent particles at the adsorption 

sites [47]. Adsorption is therefore at its maximum when the minimum ZnONPs-AC content of 

0.01g is used, to avoid clogging the active sites with other particles of the material. 

A 

B 
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Figure 7: Influence of mass of ZnONPs-AC on the adsorption of yellow 145. 

II.3.4. Influence of pH on the retention capacity of yellow 145 

Influence of the pH have been done to know at with pH the adsorption will be maximal. We can 

see that he adsorbed quantities of yellow 145 decrease with increasing pHi; for example, at pHi= 

1 the adsorbed quantity is 156.19 mg/g and at pHi= 10 the adsorbed quantity is 51.64 mg/g. The 

results obtained therefore show that the acidic medium is more favorable to the adsorption of 

yellow 145 on the material studied than the basic medium.  This could be justified by the fact 

that at pHi of the yellow 145 solution lower than pHZPC =8 (pHsolution < pHZPC), the surface 

of our composite is positively charged and the yellow 145 negatively charged. It should be noted 

that charges of different natures generate an electrostatic attraction; this favors the adsorption of 

yellow 145 on ZnONPs-AC at low pHi values below under 8. On the other hand, the low 

adsorption capacity of yellow 145 in basic media is justified by the fact that at pHi of the yellow 

145 solution above pHZPC = 8 (pHsolution > pHZPC), the surface of the material is negatively 

charged and the yellow 145 negatively charged; this charge identity causes electrostatic 

repulsion, which hinders the adsorption of yellow 145 on ZnONPs-AC in these basic pHi ranges 

[47]. Experimental results on the influence of pH on the adsorption capacity of yellow 145 on 

ZnONPs-AC are shown in figure 8 below. 
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Figure 8: Influence of pH on the adsorption capacity of yellow 145 on ZnONPs-AC 

II.3.5. Influence of temperature on adsorption of yellow 145 to ZnONPs-AC 

Experimental results on the influence of temperature on the adsorption capacity of yellow 145 on 

ZnONPs-AC were done and shown in figure 9 below. We can see that the adsorbed quantities of 

yellow 145 decrease with increasing temperature of the reaction medium; at T0 = 35°C, the 

adsorbed quantity is 163.60 mg/g and at T0=125°C the adsorbed quantity is 138.30 mg/g. This 

could be due to the fact that the increase in temperature made the solution of yellow 145 more 

soluble; and consequently, the more soluble a constituent is in water, the less it adsorbs to 

activated carbon [48]. In fact, as the temperature rises, ion mobility decreases and thus the 

diffusion of yellow 145 molecules into the pores of ZnONPs-AC decreases; as a result, yellow 

145 molecules have difficulty accessing the active surface sites of ZnONPs-AC [49]. In 

addition, this decrease in adsorption capacity may be due to the weakening of adsorption forces 

between the active sites on the adsorbent and the adsorbate species as a result of the destruction 

of the active sites on the adsorbent by heat [50]. The decrease in the adsorption capacity of 

yellow145 with temperature indicates that the process is exothermic, and would under these 

conditions lead to physical adsorption [51]. Thermodynamic parameters confirm this initial 

approach. Our experiments were carried out under ambient conditions (T= 35°C). 
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Figure 9: Influence of temperature on the adsorption capacity of yellow 145 on ZnONPs-AC 

II.4. kinetics studies of ZnONPs-AC 

Pseudo first, second order, Elovich and Intraparticle models were used in this work to explore 

the adsorption rate. In order to determine the appropriate kinetic model for the adsorption of 

anionic yellow 145 on ZnONPs-AC, the three kinetic models, namely pseudo-first-order, 

pseudo-second-order and intraparticle diffusion, were applied to the experimental data obtained 

during the study of the influence of contact time on the adsorption of this pollutant on our 

material. The experimental results of each kinetic model for the adsorption of yellow 145 are 

shown in figure 10 below.  

 

Figure 10: Different kinetic study of ZnONPs-AC to adsorb Yellow 45. 

The parameters of these kinetic models, together with the quantities experimentally adsorbed and 

the values of the difference ∆q (∆q=|Qe exp-Qe th)| between the theoretical (th) and 

experimental (exp) equilibrium adsorption capacities, are shown in Table 4 below. 
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Table 4: Yellow 145 adsorption kinetic model parameters on ZnONPs-AC. 

Observation of the values obtained from all these kinetic models, grouped together in Table 3 

below, enables us to conclude that the pseudo-second-order kinetic model is the only model that 

can best describe the adsorption kinetics of yellow 145 on ZnONPs-AC; This is justified by its 

good correlation coefficient (R²= 0.99), which is very close to unity compared with those of the 

other models, and by the adsorption capacity obtained theoretically (151.52 mg/g), which is very 

close to the experimental capacity (150.05 mg/g). This closeness of theoretical and experimental 

values is confirmed by the low value of the difference Δq=1.47 mg/g between these quantities, 

thus confirming the reliability of the pseudo-second-order kinetic model compared with all the 

other models studied [52, 53]. Indeed, the value of the correlation obtained on intraparticle 

kinetic show that the diffusion of particle is the imminent step rape of yellow 145 in the porosity 

of ZnONPs-AC [54].This could allow us to say that the reactions between the surface functions 

of our composite located on the grapheme planes and the molecules of this pollutant also control 

this adsorption process. 

II.5. Equilibrium study of ZnONPs-AC adsorption isotherm 

In order to better understand the mechanisms of yellow 145 adsorption on our composite, the 

linear equations of the Langmuir, Freundlich, Tempkin and Dubinin Radushkevich isotherms 

were used. The experimental results of these isotherms are shown in Figure 11 below. 

1er order 2nd Order Elovich Intraparticles 

Qe K1 R² RMSE Shi  R² RMSE K2 α β R² RMSE Shi² Kp cp rmse shi² R² 

17.24 1.238 0.98 0.23 0.01 0.99 0.24 28.15 1.011 0.57 0.86 8.24 3.1 4.26 15 25.46 0.01 0.94 
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Figure 11: Isotherms for yellow145 adsorption on ZnONPs-AC according to the Langmuir, 

Freundlich, Tempkin and Dubinin-Radushkevich models. 

The parameters for each of these isotherms are shown in Table 5 below.  

Table 5. Isotherm Parameters 

Langmuir 

Qm (mg/g) KL RL R² RMSE Shi² 

351.90277 0.35228607 0.0276025 0.856 52.783 6.876 

Freundlich 

KF 1/n R² RMSE Shi² 

97.239 0.209 0.998 28.236 12.36 

Dubinin Radushkevich 

Qm AS Bs RMSE R² Shi² 

339.679787 0.24224592 1.84672405 4.42715279 0.99672032 180.362 

Tempkin 

b (kj/mol) AT (L/T) B R² RMSE Shi² 

0.0253 3.682 122.236 0.989 12.56 2.236 

From the values recorded in Table 5, we can say that the Freundlich isotherm model best 

describes the adsorption mechanism of yellow 145 on our composite, with its correlation 

coefficient 0.99 higher than those of the other isotherm models studied. The equilibrium 

parameter RL (or separation factor) of the Langmuir model for the adsorption of yellow 145 is 

0.352, indicating that our adsorption is favorable, as RL<1 and between 0 and 1 [34]. We note 

from the Freundlich model that the value of 1/nF = 0.209 is low and the value of n is greater than 

1 , showing that the adsorption of yellow 145 on our composite is indeed favorable and physical 

[35].This result have been confirm by the less energy obtain D-K-R is better explaining the 

adsorption process by the determination of the average free energy E(kj/mol) of sorption which 
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is free energy that change when one mole of Yellow 145 is fixed on the adsorption surface. 

According to the result obtained, the adsorption of Yellow 145 is governed by physical 

adsorption since the free energy E is (1,118 KJ/mol) [49, 36].  

II.6. Thermodynamic study  

The thermodynamic study of yellow 145 is represented by the plot in figure 12, which gives us 

the value of the free enthalpy ΔH° and the entropy ΔS°, and by knowing the latter we can 

determine the free energy ΔG°. 
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Figure 12: Thermodynamic study of yellow 145 adsorption on ZnONPs-AC 

The thermodynamic parameters ΔG°, ΔH° and ΔS° relating to the adsorption of yellow 145 after 

95 minutes stirring are grouped in the following Table 6:  
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Table 6: Thermodynamic parameters ΔG°, ΔH° and ΔS° relating to the adsorption of yellow 145 

on ZnONPs-AC. 

Matériau  Températures (°K) ΔG° (KJ/mol) ΔH° (KJ/mol) ΔS° (J/mol.K) 

 

 

 

 

ZnONPs-AC 

 

308,15 -4,76  

 

 

 

-1,146 

 

 

 

 

0,0135 

318,15 -4,92 

328,15 -5,08 

338,15 -5,23 

348,15 -5,39 

358,15 -5,54 

368,15 -5,68 

378,15 -5,85 

388,15 -6,00 

398,15 -6,16 

From these results in Table 6, we observe that the free energy values ∆G° between en           -

4.76 and -6.16 KJ/mol at the different temperatures studied are all negative. This could justify 

the feasibility and spontaneity of the adsorption process of yellow 145 on ZnONPs-AC [55]. The 

negative value for ΔH°= -1.146 KJ/mol indicates an exothermic adsorption process on the 

surface of our composite, thus confirming the result of the influence of temperature, where an 

increase in the temperature of the medium adversely affects the adsorption of yellow 145 on our 

material. We note that the positive ΔS° value shows that the adsorbed molecules of yellow 145 

are not ordered at the solid-solution interface, which is one of the peculiarities of physisorption 

[56]. 

Conclusion 

The aim of this work was to synthesize a composite material with the best adsorption properties 

by incorporating zinc oxide on an activated carbon prepared by chemical activation with zinc 

chloride for yellow 145 reduction in aqueous media. 

The pHZPC = 7.93 value shows that the surface of our prepared ZnONPs-AC is much more 

basic; at this pHZPC value, adsorption of yellow 145 is favored in acidic media because in this 

medium the material is positively charged and able to adsorb anionic yellow 145. The iodine 

value (862.92 m²/g) and methylene blue elimination rate (93.69%) confirm the heterogeneity of 

ZnONPs-AC pores. The good correlation coefficient R2 = 0.99 of the pseudo-second-order 

kinetic model show that this model better describes the yellow 145 adsorption process on 
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ZnONPs-AC. The hight value of the R² on intraparticle kinetic show that the diffusion of the 

particles is the best rate of Yellow 145 in the porosity of ZnONPs-AC. In addition, the 

Freundlich model's acceptable correlation coefficient R2= 0.99 compared with those of the other 

models, it provides a better description of yellow 145 adsorption on our composite. And DRK 

show that the adsorption was determine by physical phenomenon. The thermodynamic study 

yielded negative values for the free energy ΔG°(ranging from -4.76 KJ/mol to -6.16 KJ/mol); 

this justifies the feasibility and spontaneity of the adsorption process of yellow 145 on ZnONPs-

AC; in addition, the value of the free enthalpy being also negative ΔH° (-1.146 KJ/mol) 

translates an exothermic adsorption on the surface of our composite. The positive value of ΔS° 

(0.0135 J/mol.K) shows that the adsorbed molecules of yellow 145 are not ordered at the solid-

solution interface. The ZnONPs-AC was found to be semicristaline and with a varity porosity 

such as micro and mesoporosity. 
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