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Introduction: -

The recovery of waste, especially of agricultural origin, is an important part of its sustainable management and fits
perfectly into the circular economy process. This management is fundamental to the preservation of the environment
and human health [1]. Among the dangers threatening the environment and health, textile dyes pose a particular threat
due to the properties of these molecules [2]. Indeed, with the development of dyeing units, particularly small-scale ones,
these substances are discharged daily into surface waters via sewage networks. However, these compounds, which are
difficult to biodegrade, are known to be toxic or harmful to humans and animals [3]. Maurya et al. and Vanessa et al
[4,5] have reported that organic dyes are responsible for a number of deleterious effects on human health; some dyes
are carcinogenic, mutagenic and teratogenic, and may cause a number of ailments. The reduction, or even elimination,
of these dyes is therefore necessary- Several treatment techniques based on laboratory and industrial scales were
developed for dyes removal from wastewaters [6]. They include physico-chemical processes (adsorption, membrane
filtration, solid-liquid separation methods: precipitation, coagulation, flocculation and decantation), chemical processes
(ion exchange resins, oxidation by: oxygen, ozone, advanced oxidation processes...) and biological processes (aerobic
and anaerobic treatment) [7]. Among these technologies, adsorption offers considerable advantages in terms of
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simplicity of implementation, flexibility and the absence of harmful by-products [8]. However, commercial activated
carbon, the adsorbent par excellence for this technique, remains inaccessible, particularly for developing countries, due
to its high cost [9]. It is in this context that our work focuses on the use of chicken eggshells, abundant in Cote d'lvoire,
as activated carbon for the removal of the textile dye Acid Green 42 (AG42), an anthraquinone dye, in agueous media.

Materials and Methods:
Reagents and solvents

The Acid Green 42 (AG42) dye (Table I) of 100% purity was supplied by Cypress Diagnostics. Phosphoric acid
(H3POy), sodium hydroxide (NaOH) (99.9%), sodium chloride (NaCl) (99%), sodium carbonate (Na,COs) (99%),
sodium hydrogen carbonate (NaHCQO3), hydrochloric acid (0.1 N) (HCI), sodium thiosulfate solution (Na;S;0s3) (85-
100%) and iodine (l2) (85%) were supplied by Scharlab SL. Solutions were prepared using deionized water.

Table I: - Characteristics of Acid Green 42 textile dye [10].

Usual name Acid Green 42
Alizarin cyanine green 3GW

NaO3S.._ CHs
OH © N
: HaC =~ ~ Lz
Structure and chemical name ~ /,L &J
S 5

O H.-N:[‘;\i
A

Na0sS™ = “CHy
Molecular formula CssH26N2Na20sSs
Cas number 6425-06-5
Molecular mass 744,77 g.mol*
Solubility High solubility in water and alcohol
Purity 99,5%

Preparation of activated carbon (CAC30):

Hen eggshells, collected from markets in Abidjan (southern Cote d'lvoire), were washed in hot water and dried to
remove oil residues and impurities before being ground in a Romer Labs-type grinder, washed with distilled water and
oven-dried at 110°C for 24 hours. The crushed material was sieved using an electric sieve shaker (RETSCH-AS200).
The crushed material was cold-impregnated for 24 hours in a 30% solution of phosphoric acid (H;PO,) at a ratio of
200 g to 100 mL acid. The impregnate is then dewatered and oven-dried for 24 hours at 110°C before being calcined at
600°C in a muffle furnace (NABERTHERM) for 1 hour. After cooling, the activated carbon is washed several times
with distilled water to remove the activating agent, then dried in anoven at 110°C for 24 hours. The fraction between 1
and 2 mm was selected for the AG42 dye removal tests.

Preparation of AG42 solutions:

The AG42 stock solution of 1 g/L was prepared by dissolving 1 g of powder in 1 liter of distilled water heated to boiling
temperature (100°C). Daughter solutions for analysis were obtained by successive dilutions of the stock solution for
adsorption tests. The adsorption spectrum of the solution, measured between 400 and 800 nm, was used to determine
the molecule's maximum adsorption wavelength (578nm). A dye calibration curve was established to determine residual
concentrations during adsorption tests on the prepared carbon.

Characterization of the activated carbon obtained
lodine value: The iodine value was determined using the experimental protocol proposed by Rager and al [11]. A 0.2
g mass of activated carbon was brought into contact with 20 mL of a 0.02 N iodine solution, then shaken for 5 min.
After filtration, 10 mL of the filtrate is withdrawn and titrated with sodium thiosulfate solution (Na,S,0s) until
discoloration. From the equation for the reaction of iodine with sodium thiosulfate, we deduce the expression for the
amount of iodine adsorbed by the activated carbon. The iodine value expressed in mg/g is given by relationship 1.
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CnXVn )y M1, xV.aqs

C
Iodine value (%) = [ 2L — 1)

where Co and Cn are the initial concentration of iodine (mol.L™%) and that of the sodium thiosulfate solution (mol.L™),
respectively; Vn, VI, and Vabs are the volumes of the sodium thiosulfate solution at equivalence (mL) and that of the
iodine solution dosed (10mL), respectively; Ml,is the molecular weight of iodine (254 g/mol) and m the mass of
activated carbon (g).

Surface functions:

Measurements are carried out using the Boehm method [12] described by Khalfaoui and al [13] as follows: 1g of dry
activated carbon is brought into contact with 50 mL each of 0.1 N aqueous solutions of NaOH, Na,CO3, NaHCO3and
HCI. Each solution is stirred for 24 hours to ensure that as many surface groups as possible have reacted. After filtration,
10 mL of each solution is assayed acid-base. The basic solutions are assayed with 0.1 M hydrochloric acid and the acid
solution with 0.1 N sodium hydroxide.

Zero charge pH (pHzc):

ThepHzcisdeterminedusingthetechniquereportedby Kifuani and al [14]. The pH derivative method involves placing 50
mL of 0.01 M NaCl solutions in closed vials and adjusting the pH of each (2, 4, 6, 8, 10 and 12) by adding 0.1 M NaOH
or HC1 solution. 0.15 g of activated carbon is then added to each flask. The suspensions are kept under agitation at
room temperature for 24h, after which the final pH is determined. The pHzc is the point at which the curve pHfinal
versus pHinitial intercepts the line pHfinal= pHinitial.

BET specific surface area:

The method proposed by Brunauer, Emmet and Teller is based on the adsorption of nitrogen at a temperature of 77K
on activated carbon, enabling its specific surface area to be determined [15]. The BET equation used in practice in its
linear form is given by relation 2.

( (P/Po) >= RN CEN IS )

Qaas(1-p)/  QmC ~ QmC " Po

Where Q is the quantity adsorbed at pressure P, Qm the quantity of gas required to cover 1g of adsorbent with a single
layer of gas and C the BET.

(P/Po)
The plot of QRas(1P[P0)

allow us to determine the constants Q,, = ﬁ andC=1+ % .the specific surface area Sger is calculated from equation
3.

(C

as, a function of P/Po is a straight line with slope a = €D and y intercept b = — which
QmC QmC

Sger=oNQ @)

Where P is the partial pressure, Pyis the saturation vapour pressure of the adsorbate at the temperature of measurement,
o is the surface area occupied by a vapour molecule (at T=77K, the surface area of a nitrogen molecule is 6 = 16.2 A?
=16.2 102 m?) and N is Avogadro's number (6.025.10%° mol?).

t-plot method:

The t-plot method, used in conjunction with the BET method, can be used to determine the value of the microporous
surface of carbon [10]. Thus, from the number of molecular layers adsorbed at pressure P on the solid given by the ratio
between the volume V of vapor adsorbed at each pressure P and the value Vm of the monolayer volume calculated by
the BET equation, the thickness was determined with e as the statistical thickness of amino-molecular layer by relation
4.

\% Po
t= V—me =e (Po—p) (4)
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Elemental composition

Following the protocol of Habeeb et al [16], 100 mg of charcoal were used for these analyses. The main elements
determined were oxygen (O), carbon (C) and hydrogen (H) content, as well as exchangeable ions such as calcium
(Ca?), sodium (Na*), potassium (K*) and magnesium (Mg?*). The samples were deposited on a surface called a plot,
12 cm in diameter. After placement on the pad, the sample sare metallized with at hinlayer of gold using the Q150-RS
metallizer. This step makes the charcoal layer conductive and prevents the sample from igniting during analysis. The
analys is was carried out at PETROCI's analys is and research center in Abidjan.The equipment used is a FEG Supra
VP Zeiss scanning electron microscope (SEM) coupled to an EDS (Energy Diffusion Spectrometry) X-ray micro
analyzer. It provides information on sample chemical composition and pore morphology.

AGA42 textile dye removal tests
In order to determine the optimum conditions for using the activated carbon obtained, the influence of certain parameters
was studied, notably contact time, carbon dose, pH of the AG42 solution, initial concentration and solution temperature.

Influence of contact time:
To study the influence of contact time on adsorption kinetics, a 10 g mass of CAC30 is brought into contact with 1 L
of AG42 at a concentration of 100 mg/L.

Influence of activated carbon dose:
The optimum mass of CAC30 is determined by contacting different masses of carbon (10 g/L, 20 g/L, 30 g/L, 40 g/L
and 50 g/L) with 1 L of 100 mg/L solution.

Influence of AG42 solution pH:

100 mg/L solutions of AG42 at different pH levels were prepared. The pH was adjusted to the desired value using
hydrochloric acid solutions or 0.1 N sodium hydroxide. In an Erlenmeyer flask, the carbon dose was brought into contact
with 1 L of the 100 mg/L colored solution. pH values range from 2 to 10 (2; 4; 6; 8; 10).

Influence of AG42 solution concentration:
To determine the influence of residue concentration on adsorption, the optimum dose of CAC30 is contacted with
different concentrations of AG42 (25, 50, 100, 150 and 200 mg/L) at room temperature.

Influence of AG42 solution temperature:

To determine the influence of temperature on dye adsorption, the optimum dose of CAC30 is brought into contact with
1 L of dye of optimum concentration in an Erlenmeyer flask. The flask is tightly sealed and placed in a thermostated
bath at various temperatures (30°C, 35°C, 40°C, 45°C and 50°C).

Determination of adsorption rate:

Solutions are stirred on a magnetic stirrer at 300 rpm for 3 hours. Samples are taken at intervals, and the suspensions
obtained after centrifugation are analyzed for residual concentrations using a Visible Spectrophotometer. The setests
are used to determine the adsorption rate and quantity of AG42.

_(Ci-Cp)

T ci

Adsorptionrate(%) x 100 (5)

Qt=(Ci—Ct) XxV/m (6)
Modeling the adsorption kinetics and isotherm of AG42 on CAC30 kinetic models used to describe adsorption in
static mode. Static-mode adsorption data for AG42 on CAC30 were analyzed on the basis of three kinetic models
widely used in the literature: the pseudo-first-order, pseudo-second-order and intra-particle diffusion models. The
models are expressed respectively by the following equations:

In (Qe— Qt) = InQe — kit ©)
Q:is the amount of AG42 adsorbed (mg/g) at time t, Qe is the equilibrium adsorption capacity, and k1 is the rate

constant (minL).
1 1 1

Qt  KQ3t | Qe

®)

296



ISSN: 2320-5407 Int. J. Adv. Res. 12(09), 293-307

K, is the second-order rate constant (g/min.mg).
Q=K xt*>+C )

Ki is the intra-particle diffusion constant (mg.g.hour?9), C, a constant (mg.g™* ) and Qt, the amount of AG42 fixed by
the adsorbent at time t (mg.g™ ).
The three equations were used to determine the kinetic parameters of the three models.

Mathematical models used to describe adsorption isotherms

Numerous theoretical models have been developed to describe adsorption isotherms. However, we are interested in
three models commonly used to describe the adsorption isotherm on activated carbon. These are the Langmuir,
Freundlich and Temkin models. These models are represented respectively by the following equations:

_ QmbCe
Q. = 1+bC, (10)

Qe is the quantity of adsorbate fixed at equilibrium by the adsorbent (mg.g™), Ce is the residual concentration at
equilibrium (mg.L 1), Qm is the maximum saturation quantity of the adsorbent (mg.g? ) and b is the thermodynamic
constant of the adsorption equilibrium (L.mg™*).

Ln(Q.) = LnKg + > Ln(C,) (11)

Ce is the concentration of the AG42 solution at equilibrium (mg/L), Qe the adsorption capacity of the adsorbents at
equilibrium (mg/g), Kr and n are the Freundlich constants, indicative of adsorption capacity and intensity respectively.

LnC, = 2= by — Ln(Ky) (12)

Ky and by represent the parameters of this model. Ky is the equilibrium constant (L.mg™), by is the adsorption energy
change (J.mol?), R is the perfect gas constant (8.314J.mol*K1) and T is the absolute temperature (K).

Thermodynamic parameters:
This study determines thermodynamic parameters such as standard enthalpy (AH®), standard entropy (AS®) and
standard free enthalpy (AG®). Experimentally, these parameters are determined using equations 13, 14 and 15 [17].

AS°  AH°

Lan = R _FRT (13)
V Co-C

Kg=——— (14)

AG® = AH® - TAS® (15)

Kd is the distribution coefficient (mL.g™), R is the perfect gas constant (R=8.314 J.mol*K™) and T is the absolute
temperature (K). The values of AH® and AS® are obtained by plotting In (Kd) versus 1/T.

Results and Discussion:-

Characterization of prepared actived carbon

Elemental composition and surface topography:

Pore topography and elemental composition of CAC30 was carried out at PETROCI's Abidjan/Cote d'Ivoire Analysis
and Research Center in the SEM/EDS department. Figure 1 and Table Il show the main results.
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Figure 1: -SEM image of the CAC30 surface.

CAC30 has a very undeveloped surface with very few pores. Hen eggshells with a crystalline structure remain very
poorly developed during the impregnation and calcination stages. These results are in agreement with those of Habeeb
and al [16].

Tableau I:-Elemental composition of the activated carbons prepared (% by mass)
Elt C Mg P Ca Sc Te Pt 0 Total
CAC30 11,33 0,20 5,39 30,78 0,28 1,16 0,75 50,53 100,00

These results also show that CAC30 consists essentially of carbon (11.33%), phosphorus (5.39%), calcium (30.78%)
and oxygen (50.53%). Similar results were reported by Habeeb and al [16] in their studies. These authors reported
carbon contents ranging from 2.56 to 24.36%, oxygen from 53.99 to 65.03% and calcium from 12.48 to 39.15%.

Surface function:

The Boehm surface function assay was used to quantify the surface function al groups of CAC30. The results are
shownin Table I1l. They show at ot al acidity of 3.21 meq/g and at ot al basicity of 4.96 meq/g. The acidity is mainly
due to carboxylic functions (1.53 meg/g) and phenolic functions (1.64 meq/q).

Table I11: - Surface chemical characteristics of CAC30.
Carboxylic Phenolic Lactonic Totalacid Totalbasic Character pHzc
(meg/g) (meg/g) (meg/g) (meg/g) (meq/g)
1,53 1,64 0,04 321 4,96 Basic 7,40

CAC30 has both acidic and basic functions, suggesting that it can adsorb both anionic and cationic dyes. According to
Mezerette and Vergnet [18], the surface functions of activated carbon may originate from activation processes. They
could also be born of bonds between oxygen and the various atoms present in the precursor material: hydrogen, chlorine,
sulfur, nitrogen, etc. Several authors, including Crini and Bardot [19], support this assertion. The presence of both acidic
and basic functional groups, with basic dominance, could explain the pHzc value of 7.40.

Specific surface area and iodine value

The results of the nitrogen (N,) adsorption and desorption isotherms at 77 K, the plot of the BET equation transform
and the surface area distribution as a function of pore diameter for CAC30 are shown in Figures 2, 3, 4 and 5
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Figure 2: -Adsorption and desorption isotherms for N, on CAC30.
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Figure 3: -BET equation transform plots for CAC30.
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Figure 5: -Surface area distribution as a function of pore diameter.

The shape of the curve (Figure 2) indicates that the adsorption isotherm for nitrogen on CAC30 is of type | (Langmuir
isotherm) according to the IUPAC classification. This type of isotherm suggests that the adsorbent is microporous. The
speed at which the plateau is reached is an indication of the pore size distribution, and the presence of the horizontal
plateau suggests a very low external surface area [20]. The adsorption isotherm gives access to the specific surface area,
calculated using the BET method by extrapolation from the straight line in figure 3. Pore size distribution is calculated
using the Barret, Joyner and Helenda (BJH) technique [21]. Figures 4 and 5 show the respective distribution of pore
surface and pore volume as a function of pore size. Both curves show that surface area and volume are predominantly
microporous. Nitrogen adsorption isotherms (N,) also provide information on pore area, volume and actual pore
diameter. Table IV summarizes the textural parameters of CAC30: BET surface area (Sger m?/g), microporous surface
area (m?/g), external surface area (Sext m?/g), total pore volume (Vtot cm?/g) and iodine value.

Table IV: -Porosity of CAC30.

Total surface area Sger (M2.97Y) BET 5,429
Microporous surface area (m2.g™) (t-Plot) 3,565
External surface area Sext (m2.g%) (t-Plot) 1,863
Total pore volume (cm3.g?) (t-Plot) 0,009
lodine index (mg.g™) lodometry 450,85
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BET analysis of CAC30 reveals a surface area of 5.429 m?/g, dominated by micropores (3.5659 m?/g or 65.68%). This
low surface area is due to the structure of the precursor. Since eggshells have a crystalline structure, they don't react
with phosphoric acid in the same way as lignocellulosic structures. In fact, during impregnation, a slight loss of mass
was observed, reflecting the limited development of pores [22]. These authors reported similar surfaces for the same
precursor. The iodine value of 450.85 m?/g could be due to the porous structure of chicken eggshells, which contain a
large number of micropores, according to El-Kady and al [23], each eggshell contains between 7,000 and 17,000 pores.
However, these micropores are very poorly developed during impregnation and calcination, which could explain the
low surface values.

Optimization of AG42 adsorptionon CAC30 activated carbon in static mode Study of the influence of contact time
Tests were carried out on a 1 L solution at 100 mg/L and 10 g CAC30 mass. Figure 6 shows the evolution of the
adsorption rate of AG42 on carbons as a function of time.

40 -

35 4 -

30 ~

25 4

20 ~

Adsorption rate (%)

0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180

Time in minutes

Figure 6:-Influence of contact time on AG42 adsorption.

Analysis of figure 6 reveals three parts: the first is characterized by rapid adsorption after 30 min, with removal
efficiencies rising from 0 to 25.92%. This grow this thought to be due to the availability of free adsorption sites on the
carbon surface. In these cond part, the adsorption rate increases slowly with time. The plateau at 90 min indicates
saturation of the available adsorption sites. The ultimate adsorption capacity (Qm) of coals is thus reached. This same
kinetic behavior has been reported in several studies [24, 25].

Study of the influence of adsorbent dose

Tests were carried out with carbon masses ranging from 10 to 50 g of CAC30 in 1 L of 100 mg/L solution. Figure 7
shows the evolution of the dye removal rate with the quantity of carbon introduced.
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Figure 7: - Influence of activated carbon dose on AG42 removal.

The results presented in Figure 7 show an increase in the adsorption rate with increasing carbon mass. The adsorption
rate rises from 34.81 to 74.07% when the masses are increased from 10 to 30 g respectively. From 30 g CAC30 on
wards, the adsorption rate remains virtually constant despite the increase in CAC30 mass. The increase in adsorption
rate observed with increasing charcoal mass could be attributed to the number of free sites increasing with the amount
of charcoal up to the optimum mass. Above this mass, the addition of carbon would lead to the formation of
agglomerates of carbon particles, excluding certain adsorption sites. Steric hindrance would therefore be at the root of
the reduction in total surface area and adsorption capacity. This finding is reinforced by Sakr and al [26], who argue
that low carbon concentrations make access to binding sites easier.

Study of the influence of the pH of the AG42 solution
Samples were prepared under the same operating conditions as above. The pH was adjusted to the desired value using
hydrochloric acid or sodium hydroxide. Figure 8 shows the results

120 -
<
S 100 4
2
<
x 80
c
2 60 -
2
2 40 A
<
20 A
0 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Initial pH of the solution

Figure 8: - Influence of the pH of the AG42 solution.

Examination of the influence of initial pH on adsorption of AG42 (Figure 8) shows that the rate of elimination decreases
with increasing initial solution pH. It decreases from 97.03 to 41.11% as the pH increases from 2 to 10. The high
elimination rate under acidic conditions could be explained by the interactions and availability of sites for anionic dye
binding on the surface of this activated carbon. Indeed, in acidic media, the number of positively charged active sites
intensifies, inducing astrong electrostatic attraction between thenegatively charged dye and the positively charged
surface [27]. Guendouz [28] obtained similar results when removing Cibacron Green from dry lentil biomass. The lower
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adsorption rate in alkaline media could be explained by the high concentration and mobility of OH" ions, which favours
their adsorption to the detriment of the anionic dye [29].

Study of the influence of the concentration of the AG42 solution
Experiments were carried out with varying dye concentrations (25, 50, 100, 150 and 200 mg/L). The results are shown
in Figure 9.

3 -
—_ —
(@)
> 25
E
kel 2 A
)
=
o 1,5 A
[2)
T
> ]
% 0,5 1
>
O 0 T T T T T T T 1
0 25 50 75 100 125 150 175 200
Initial AG42 concentration (mg/L)

Figure 9: - Influence of the initial concentration of the AG42 solution.

The results in Figure 9 show that the amount of dye adsorbed increases with the concentration of AG42. This could be
explained, by the ratio of then umber of active sites on the carbon surface to the number of dye molecules in solution.
Indeed, at low concentrations this ratio is high, leaving sites still unoccupied at equilibrium. These sites can be occupied
when the initial concentration increases, due to the driving force that increases with concentration, facilitating the
passage of solute from solution to the active sites. These results are in line with those obtained by several authors [30,
31, 32, 33].

Study of the influence of AG42 solution temperature

The influence of temperature was studied at the pH of the AG42 solution (6.20), immersed in a thermostated water bath
to keep the desired temperature constant. The temperatures studied were 30, 35, 40, 45 and 50°C. Figure 10 shows the
influence of temperature on dye retention capacity on CAC30.
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Figure 10:-Influence of temperature on AG42 adsorption.
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This figure shows that the amount of dye adsorbed decreases with increasing reactor temperature. This decrease in the
adsorption capacity of CAC30 could be explained by an increase in the number of collisions favoring desorption of
molecules attached to the active sites. Similar results have been reported in several works, such as that on the binding
of Congo Red (an anionic dye) to macete reed roots [34] and that of indigo carmine, or Acid Blue74, to de-oiled mustard
waste [35], and showed a slight decrease as temperature increased.

Modeling adsorption kinetics
By modeling the adsorption kinetics, we can determine the corresponding characteristic constants (Table V) and check
the correlation between experimental values and those predicted by the selected model.

TableV: -Kinetic model constants for the AG42/CAC30 system.

Adsorbent CAC30

Co (mg/L) 25 50 100 | 150 200

Qexp (mg/g) 0,73 141 | 253 | 280 2,82
Qe cal (mg/g) 0,88 0,96 2,24 1,91 2,13

Pseudo-first-order kinetics K1 -0,18 -011 -005 | -0,10 -013
R2 0,89 0,91 0,89 0,90 0,75
Qe cal (mg/g) 0,74 1,44 2,85 2,89 2,91

Pseudo-second-order kinetics  [K2 (9/mg.min) 1,19 0,16 0,017 | 0,065 0,068
R2 0,99 0,99 0,99 0,99 0,99
Qe cal (mg/g) 0,99 0,49 1,09 0,99 0,96

Intra-particle diffusion kinetics [Kint (g/mg.min) 018 0,09 020 | 018 0,17
R2 0,75 0,74 0,90 0,77 0,70

These results show that the equilibrium adsorbed quantity Qe increases with increasing initial concentration. More over,
the values of R2are very high, all equal to 0.99, and far exceed those obtained with the pseudo-first-order model. The
theoretical quantities set at equilibrium Qe are very close to the values found experimentally, in contrast to the pseudo-
first-order and intra-particle diffusion models. These last two findings indicate that the adsorption process follows the
pseudo-second-order model. Several authors have used this model to better represent adsorption kinetics on activated
carbons [36, 37, 38].

Modeling adsorption isotherms

The adsorption isotherm in dicate show the molecules are distributed between the solute and the carbon surface at
equilibrium. Modeling adsorption isotherms is the first objective in any scientific investigation, since it enables us to
move from the laboratory experimental phase to that of prototype-scale design. The results of the three mathematical
model sare summarized in Table V1. They reveal isotherm model coefficients of determination ranging from 0.89 to
0.99 for the Freundlich model, from 0.94 to 0.99 for the Temkin model and 0.99 for the Langmuir model. This would
indicate that the Langmuir and Temkin models could better describe this system. However, given the values of the
correlation coefficients, all very close to unity, the Langmuir model would be the most suitable. Estevinho and al [39]
studied the elimination of pentachlorophenol by sweet almond shells in the raw state and reached the same conclusion
on the isotherm model.

TableVI: - Parameters of adsorption isotherms for AG42 on CAC30.

Langmuir constants Freundlich constants Temkin constants
Om(mglg) | b(Umg) | R2 | Kf | tn | R2 (L|/<r-nrg) bT@/mal) | R2
30°C 3,01 0,16 0,99 0,85 0,33 0,89 1,99 1889,86 0,94
35°C 2,42 0,07 0,99 0,65 0,39 0,91 0,79 2022,45 0,95
40°C 2,76 0,02 0,99 0,45 0,53 0,98 0,51 1853,60 0,99
45°C 2,14 0,01 0,99 0,33 0,64 0,99 0,40 1757,36 0,97
50°C 2,11 0,01 0,99 0,35 0,57 0,96 0,44 2471,93 0,99
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Thermodynamic parameters

The thermodynamic parameters of the adsorption process of AG42 on CAC30, the variation of the standard enthalpy
AH?®, the standard entropy AS® and the standard free enthalpy AG® were determined by implementing adsorption at five
different temperatures (30, 35, 40, 45 and 50°C). The values of the thermodynamic parameters (AG®°, AH° and AS°®)
derived from curve operation (variation of InKd as a function of 1/T) are presented in Table VII. The AG® values

calculated are negative, indicating that the adsorption process is spontaneous. The negative value of AH® reveals an
exothermic, physical process [40]. The value AS°<0 suggests a decrease in disorder at the adsorbent/solute interface
[41].

TableVII: - Thermodynamic parameters (AG°, AH® and AS°®).

AG® (KJ/mol) AH® (KJ/mol) | AS°(KJ/mol)
T°C 30°C 35°C 40°C 45°C 50°C
CAC30 -11,31 -10,21 -9,11 -8,00 -6,90 -78,19 -0,22

Conclusion:-

The aim of our work was to evaluate the possibility of using hen eggshells as a high- performance activated carbon for
the removal of the anionic dye AG 42, frequently used in textile dyeing, in particular modified acrylic fibers (nylon,
polyamide) and animal fibers (wool and silk). We chose to prepare activated carbon chemically in the presence of
phosphoric acid. Before studying the possibility of eliminating AG42 from aqueous solution, by adsorption onto the
prepared activated carbon, we determined the latter's characteristics in order to elucidate the mechanisms of the
phenomena involved. Generally speaking, the physico-chemical characteristics of the prepared activated carbon reveal
that charcoal derived from hens' eggshells has a basic character and a small specific surface area of 5.42 m?/g, dominated
by microporosity (3.56 m? /g).

Adsorption tests were used to establish the affinity between activated carbon and the dye (AG 42) in order to optimize
its removal. The influence of adsorbent dose, pH, initial concentration and temperature was studied. In the experiments,
an increase in the amount of AG42 adsorbed was observed with increasing activated carbon dose and initial dye
concentration, up to a limit value of 30 g/L. Increasing pH and temperature reduces the binding capacity of AG42 to
CAC30.

The pseudo-second-order model best describes the adsorption process of AG42 on CAC30, with coefficients of
determination R? equal to 0.99. Three isotherm models were used to describe the adsorption isotherm of AG42 on
CAC30. The results showed that adsorption on charcoal derived from hens' eggshells follows the Langmuir model,
which has coefficients of determination R?> 0.99.

The results of the thermodynamic study showed the spontancous (AG <0) and exothermic (AH < 0) nature of dye
adsorption, with a well-organized distribution of dye molecules at the adsorption sites (AS® < 0)
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