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Abstract

Metal trace elements (MTE) are among the most harmful micropollutants of
natural waters. Eliminating them helps improve the quality and safety of
drinking water and protect human health. In this work, we used mango ker-
nel powder (MKP) as bioadsorbent material for removal of Cr (VI) from wa-
ter. Uv-visible spectroscopy was used to monitor and quantify Cr (VI) during
processing using the Beer-Lambert formula. Some parameters such as pH,
mango powder, mass and contact time were optimized to determine adsorp-
tion capacity and chromium removal rate. Adsorption kinetics, equilibrium,
isotherms and thermodynamic parameters such as AG", AH’, and AS’, as
well as FTIR were studied to better understand the Cr (VI) removal process
by MKP. The adsorption capacity reached 94.87 mg/g, for an optimal contact
time of 30 min at 298 K. The obtained results are in accordance with a pseu-
do-second order Freundlich adsorption isotherm model. Finally FTIR was
used to monitor the evolution of absorption bands, while Scanning Electron
Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDS) were
used to evaluate surface properties and morphology of the adsorbent.

Keywords

Adsorption, Chromium, Mango Kernel Powder, Spectroscopy Analysis,
Water Treatment

1. Introduction

Nowadays, water pollution by Metal Trace Elements (MTE) is of growing con-
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cern as it represents a major risk to human and environmental health due to
their toxicity and their non-biodegradability [1] [2]. Among the MTE, hexava-
lent and trivalent chromium are the two most stable and widespread oxidation
states of chromium in the environment. Chromium (Cr) is one of the most ab-
undant MTE on earth [3] [4]. It can be directly or indirectly induced by humans
through various activities. The modernization of cities through sanitation (se-
wage, plumbing, etc.) and industrialization (electroplating, tanning, cooling of
industrial waters, oil refining, textile dying, wood preservatives, etc.) have led to
the massive presence of chromium in ecosystems [5]. Quarrying activities (chro-
mite ores, sedimentary rocks, igneous rocks, etc.) can also be sources of conta-
mination of natural waters [6]. Chromium is rarely found in the earth’s crust as
a metal but as ionic compounds in the aquatic environment. Cr (VI) species
have higher solubility and mobility in aqueous media and is considered as the
most harmful form. It is mutagenic, carcinogenic, teratogenic and 500 times
more toxic than Cr (III) [7] [8]. In low doses, trivalent chromium is an impor-
tant micronutrient in human metabolism through its participation in carbohy-
drate and lipid synthesis [9]. Cr (III) is involved in the maintenance of glucose,
cholesterol and triglyceride levels [10]. Insufficient levels of trivalent chromium
in the body result in a decrease in insulin secretion [11]. Cr (VI) is one of the
most toxic pollutants with harmful properties for the human body, due to its
ability to cross biological membranes and its high oxidizing properties [12] [13].
Contamination with Cr (VI) causes nausea, diarrhea, poor liver and kidney
function, skin problems, respiratory problems and internal bleeding [10]. The
limit levels of chromium and its derivatives are 1 ug/L for Cr (VI) and 8 pg/L for
Cr (III) in freshwater, 8 ug/L for Cr (VI) and 5 pg/L for Cr (III) in irrigation wa-
ter [14]. According to international standards, the limit concentration of hex-
avalent chromium in drinking water is 0.05 mg/L and the standard for industrial
discharge is set to 0.1 mg/L [15] [16].

Given the risks of contamination and the increased presence of chromium in
aquatic and environmental ecosystems, a multitude of stringent analytical tech-
niques for the removal of Cr (VI) were established. Thus, a wide range of tech-
niques for the removal of Cr (VI) from aquatic environments is employed [17],
including ion exchange methods [18], electrochemical processes [19], the use of
bio-based materials [20], membrane filtration [21], adsorption [22], nanocom-
posites [23], etc. Recently, a variety of natural materials were used as adsorbents
for the removal of Cr (VI) from aqueous solutions such as Ocimum americium
kernels [24], Macadamia nuts [25], pistachio shells [26], etc. Yogeshwaran and
Priya [27] reviewed several works on the removal of Cr (VI) from various natu-
ral adsorbents. Rai et al. [28] were the first who used mango kernel for Cr (VI)
removal. In their study, they used activated carbon prepared from mango kernel
powder activated with 40% H;PO, and carbonized at 600°C for 1 hour in an in-
ert atmosphere.

However, in our study, mango kernel powder (MKP) was used directly as a

bioadsorbent to removal Cr (VI) from aqueous media at the optimum pH. The
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use of MKP is intended to offer an alternative that is less costly and less energetic
than other conventional adsorbent materials such as activated carbon and
sludge. In addition, mango is abundantly present in nature, and its application
in the elimination of chromium does not require tedious treatment. Uv-visible
spectrophotometry allowed to follow the absorbance of Cr (VI) then to quantify
and evaluate its removal rate using Beer-Lambert law. The influence of pH, ad-
sorbent mass, initial concentration of chromium, contact time, some thermody-

namic parameters and kinetic evolution of Cr (VI) removal were also studied.

2. Materials and Methods
2.1. Chemical

To carry out this study, we used potassium dichromate (K,Cr,O7, 99.7% m/m) as
precursor for chromium ions, concentrated sulfuric acid (H,SO,, 98% m/v) and
sodium hydroxide (NaOH, 98.8% m/m) were used to adjust the pH of the me-
dium. These chemicals were purchased from Sigma Aldrich and used as re-
ceived. Distilled water was used for the preparation of solutions. The bioadsor-
bent used in this study was mango kernel collected in Thies area (Senegal) and

reduced to powder using an artisan mill.

2.2. Apparatus

In this study, we used beakers, a 250 mL volumetric flask and a stirrer coupled to
a hot plate. Analysis was performed using a UV-visible absorption spectropho-
tometer (Thermo Scientific GENESYS 10S series, France) for absorbance mea-
surements and for quantification. Adsorbent characterization was monitored
using a Fourier transform infrared spectrophotometer (FTIR) (PerkinElmer,
France), 8.300 - 350 cm™, resolution 0.4 cm™) to follow the evolution of absorp-
tion bands and occupied sites, energy dispersive X-ray spectroscopy (EDS) and
scanning electron microscopes (SEM) (from Bruker Nano GmbH Berlin, Ger-
many) to study surface morphology before and after contact between Cr (VI)
and MKP.

2.3. Analytical Procedures

2.3.1. Adsorbate Preparation

Synthetic solution (100 mg/L) of potassium dichromate was prepared by dis-
solving a 25 mg mass in 250 mL of distilled water stabilized in optimal pH to
promote the formation of Cr (VI). Working solutions were prepared in the
range 10 - 100 mg/L by dilution and their absorbance was measured by UV-visible
spectrophotometry at a wavelength of 350 nm, corresponding to the most re-

solved absorption band.

2.3.2. Optimization of Analytical Procedure
Some analytical parameters such as adsorbent mass, pH and contact time were
optimized. Different masses of MKP (20 mg to 50 mg) were used to determine

the optimal mass of adsorbent and the pH was varied from 1 to 10. The contact
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time between adsorbent and chromium was varied in 5-minute intervals, from 5
to 30 minutes. Finally, the effect of the initial chromium concentration ranging
from 10 - 100 mg/L was studied under an optimal pH that favors Cr (VI) forma-
tion. After stirring, the solutions were left to rest before being filtered and their
absorbance were measured. Also, calculations were done for the determination
of the percentage removal of Cr (VI) ions (%R), the adsorption capacities at time

t (g, mg/g) and at equilibrium (¢g. mg/g) using the Equations (1)-(3) [29] [30].

%R :ﬁxloo (1)
0

g =0 =Ce oy (2)
m

Y (3)
m

where G is the initial chromium concentration (mg/L); C, the chromium con-
centration at time ¢ (mg/L); C. the chromium concentration at equilibrium
(mg/L); Vis the volume of the bulk solution (L) and 2 the mass of the adsorbent
(8)-

2.3.3. Study of Kinetic Parameters

After determining the optimal experimental conditions such as the initial con-
centration of Cr (VI) ions in the solution, the adsorbent mass, pH and stirring
time, we studied the kinetic parameters. The use of first-order and second-order
kinetic models [21] [31] represented by Equations (4) and (5), respectively, al-

lowed us to plot time ¢as a function of log(g. — g and time as a function of #/g.

In(q, —a,)=In(g,)—kt (4)
1 1 t
- (5)
a ka q,

where g.and g, (mg/g) are the quantities of Cr (VI) adsorbed at equilibrium and
at time £ (h), respectively, and 4 (h™) and 4 (g/mg/h) are the first and second

order kinetic rate constants.

2.3.4. Study of Isothermal Adsorption

The ionic distribution on the surface of the adsorbent at equilibrium for a given
temperature is materialized by the study of the adsorption isotherm using em-
pirical formulas. The linear isotherm models of Langmuir, Freundlich and Tem-

kin [16] [32] [33] were used in the study and are represented by the following

equations:
Langmuir: —% = L +& (6)
qe quL qm
Freundlich: logg, =logk; + 1 logC, (7)
n
Temkin: g, = T)t—Tln (aC,) (8)
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where g. (mg/g) and C, (mg/L) represent the adsorption capacity and aqueous
phase concentration of the adsorbate at equilibrium respectively; ¢, (mg/g) and
k. (L/mg) correspond to the monolayer capacity and Langmuir equilibrium re-
lated to the free energy of adsorption; the constants & (L/mg) and 1/n represent
the capacity and intensity of Freundlich adsorption; a, (L/g) and b, (kJ/mol) are
Temkin’s isothermal constants; R is the universal gas constant (8.314 J/K/mol)

and T'is the temperature in Kelvin.

2.3.5. Study of Thermodynamic Parameters
The study of these parameters was carried out in a temperature range of 298 to
328 K and the thermodynamic variables such as the Gibbs free energy are given

by the following relations:

c
k, =— 9
S 9)

AG® = —RT Ink, (10)

Ink, =45°_AH (11)

R RT

where 4. is the equilibrium adsorption constant, C. and C,s (mg/L) represent the
equilibrium and Cr (VI) concentrations adsorbed by the adsorbent respectively,
R is the universal gas constant (8.3145 J/mol/K) and 7is the temperature in Kel-

vin.

3. Results and Discussions
3.1. Influence of Some Parameters on Cr (VI)

3.1.1. Effect of Initial Chromium Concentration and Absorbent Dose
When the initial chromium concentration varied between 10 - 100 mg/L and
MKP fixed at 45 mg under 25 min contact time, we noted that an increasing in
adsorption capacity from 0.55 mg/g to a limit corresponding to the maximum
adsorption capacity (22.51 mg/g), which could correspond to a saturation of all
available fixation sites (Figure 1(a)). In addition, the percentage of chromium
removal decreased from 94.87% to 45% as the initial chromium concentration
increased (Figure 1(a)). These results give information on the concentration at
which all sites are occupied and the excess amount of chromium remaining in
the solution. The maximum adsorption capacity was obtained with a initial
chromium concentration of 80 mg/L, so this value was used as the optimal solute
(adsorbent) concentration for the following studies. This concentration is well
above OMVS standards. According to the World Health Organization (WHO),
the maximum permissible level of Cr (VI) in drinking water is 50 pg/L [15] [16]
[34]. However, if we look at the variation in the mass of adsorbent, Figure 1(b)
shows that the adsorption capacity decreases from 151 to 8 mg/g while, at the
same time, the percentage of chromium ion removal increases from 93% to
97.4%.
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Figure 1. (A) Evolution of percentage of chromium removal (R) and (e) adsorption ca-
pacity (ge) vs. chromium initial concentration (a), vs. mass MKP (b).

These results can be explained by the fact that with a small amount of adsor-
bent, all the active sites are completely occupied by Cr (VI) ions. The excess of
chromium in solution leads to a surface saturation of the adsorbent, resulting in
a maximum adsorption capacity. However, only the increase of the adsorbent
mass can cause an elimination of the excess of Cr (VI) ions in the solution by the
creation of new fixation sites, hence a decrease of the adsorption capacity. On
the other hand, the increase in the percentage of removal as a function of the
adsorbent mass could be explained by the high recovery power (higher adsorp-
tion capacity) of MKP. As the concentration of chromium in the solution re-
mains constant, there will be more binding sites resulting in an increase in the
amount of at a constant temperature, there will be more binding sites resulting
in an increase in the quantity of Cr (VI) ions collected by the adsorbent, thus in-
creasing the percentage of removal [35]. Thus an optimal mass of 45 mg was
found to remove up to 97% of Cr (VI) ions contained in the optimal concentra-
tion solution (Figure 1(b)).
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3.1.2. Effect of pH and Contact Time
The pH of the solution and contact time are important parameters in determi-
nation of the types of chromium formed and adsorption capacity efficiency
(Figure 2). Acidic pH (pH = 2) as can be seen in Figure 2(a) was considered to
be able to promote the formation of chromium (VI) [36]. Chromium (VI) is in
the form of HCrO;, Cr,05 or CrO:, depending on the pH value and the
concentration of the solution [37]. The HCrO, and Cr,0:" forms are mainly
available at equilibrium for pH values 0 < pH < 6 [26]. If the pH is above or
equal to 7, Cr,05" would be the predominant form in solution. This can be ex-
plain through the different pKa values for the chromate acid-base couples which
are [38].

pKa, =0.75 for H,CrO,/HCrO; and pKa,=6.4 for HCrO, /CrO; .

We have a slight increase in Cr (VI) removal rate from 97% to 99.8% for a
variation of pH between 1 and 2 (Figure 2(a)). These results show that at low
pH, the HCrO, form predominates in the solution, which increases the ad-

sorption capacity. This is due to the protonation of the adsorbent surface which
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Figure 2. Evolution curves of percentage chromium removal vs. (a) pH and adsorption
capacity vs. (b) contact time.

DOI: 10.4236/msce.2024.121007

90 Journal of Materials Science and Chemical Engineering


https://doi.org/10.4236/msce.2024.121007

A.S. Gning et al.

facilitates the electrostatic attraction between the chromium and the adsorbent
[39]. On the other hand, there is a notable decrease in the rate of chromium re-
moval until a constant value of 90% is reached at a pH of 8 (Figure 2(a)). This
phenomenon can reflect the presence of negative charges on the surface of the
adsorbent at a basic pH, which hinders the elimination of chromium. In a basic
medium, the CrO?  form is majority in solution because of the presence of
OH- resulting in electrostatic repulsion, thus causing competition between these
negative ions [40].

Furthermore, Figure 2(b) shows that the percentage of chromium removal
increases with contact time, reaching a limit value after 30 minutes. The availa-
bility of many active sites and a considerable concentration of chromium in the
solution are the reasons for this increasing rate of chromium removal. After 30
min of contact between chromium and the adsorbent, the adsorption rate be-
came constant due to the condensation of the active sites [41]. Consequently, the
optimal equilibrium time for chromium adsorption by MKP under optimal pH

conditions is 30 minutes.

3.1.3. Kinetic Study
Plots of log(g. — ¢») and of #/g vs. time are shown in Figure 3(a) and Figure
3(b), and all parameters are given in Table 1. The calculated g. value (7.505 mg/g)

1.6

1.2 4

0.8

log(q.- q,)t

y =-0.0383x + 1.8064

0.4 1 r2=0.9577

0 10 20 30 40 50
Time (min)

(a)

t/q,
o
o
N

y =0.0005x + 0.0151
r?=0.9932

0 T T T T
0 10 20 30 40 50
Time (min)

(b)

Figure 3. Curves for the pseudo-first order kinetics (a) and pseudo-second order kinetics

(b).
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Table 1. Kinetic parameters of chromium adsorption by MKP.

Kinetic model Pseudo-first order Pseudo-second order
{exp e K Jexp K
Parameters r
(mg/g) (mg/g) (h™) (mg/g)  (g/mg/h)
values 94.87 7.505 0.938 0.958 100.00 0.027 0.993

is much lower than that experimentally obtained one (94.87 mg/g). This large
discrepancy indicates the inadequacy of the pseudo-first order kinetic model.
For the pseudo-second order kinetic model, the calculated g. value (100.0 mg/g)
is closer to the experimental value (94.87 mg/g). Thus, we can be concluded that
the chromium adsorption process follows second order kinetics. The analysis of
the table shows that the correlation coefficients (72) value obtained for the second
order are closer to unity than for that first order. These results obtained with the
second-order kinetics model, show that the concentrations of adsorbent and ad-
sorbate are involved in the rate of removal, in the rate limitation, in the diffusion
of particles and in the physico-chemical interaction between adsorbates and ad-

sorbents in aqueous medium [42].

3.1.4. Isothermal Adsorption

The adsorption isotherm of Cr (VI) ions on MKP at different temperatures was
studied (Figure 4) to understand the variation of adsorption as a function of
adsorbate concentrations in solution [43]. Indeed, for the Langmuir model, the
adsorbent surface must be absolutely homogeneous, ie. in a monolayer form
with a fixed number of adsorption sites, where adjacent adsorbates do not enter
the process [44]. In contrast, the Freundlich model obeys a heterogeneity of the
adsorbent surface favoring a multilayer formation due to the presence of adsorp-
tion sites with varying energies [45]. For Temkin’s model, a decrease in adsorp-
tion heat is linear and not logarithmic and adsorption is characterized by a uni-
form distribution of binding energy up to a certain maximum point [46]. The
results are reported in Table 2.

The adsorption constants of these models were evaluated and reported in Ta-
ble 2 with the corresponding correlation coefficients. The analysis of the results
shows that the adsorption of chromium (VI) on MKP occurs according to the
Freundlich model, which is in better agreement with the experimental data in
terms of correlation coefficient ( = 0.996), involves multilayer adsorption of Cr
ions and occurs at inhomogeneous sites [47]. These results indicate that the sys-
tem efficiently adapts through the heterogeneous Freundlich isotherm. Fur-
thermore, the parameter value for the slope of the Freundlich curve of less than
1 indicates that the MKP has a heterogeneous surface structure. Similarly, the
obtained n-value (2 = 1.3) for the adsorption of Cr (VI) confirms that the ad-
sorption is favorable [48]. Using the same Freundlich model, Fall et al. [23] ob-
tained an adsorption capacity of 91.7 mg/g of Cr (VI) by the rtGO@CNT@Fe,0;

nanocomposite for a contact time of 240 min at 298 K.
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Figure 4. Langmuir isotherm (a), Friendly isotherm (b) and Temkin isotherm (c).

Table 2. Parameters of the isothermal models of Langmuir, Freundlich and Temkin for
the removal of chromium by MKP.

Langmuir Freundlich Temkin
qm Kz Kr ar b
r 1/n r
(mg/g) (L/mg) (L/mg) (L/g) (kJ/mol)
151 0.098 0.991 11.48 1.71 0.996 0.898 80.27 0.971
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3.1.5. Thermodynamic Study

To study the thermodynamic parameters, we represented In(4.) as a function of
the equilibrium concentration (Figure 5), the slope and intercept were used to
determine the values of AH" and AS". The results are shown in Table 3. If the
temperature varies from 298 to 328 K, an increase in the quantity of adsorbed
chromium is noted. From 328 K onwards, a plateau in chromium adsorption is
observed, corresponding to the limit temperature. The negative values of AG
demonstrate that the adsorption process of Cr (VI) is spontaneous and feasible,
and that the adsorption capacity of mango is high [49]. Furthermore, the posi-
tive and high value of AH" could be due to the MKP’s strong attractive force and
an increase in adsorption capacity [36].

The Cr (VI) adsorption process is spontaneous in the temperature range stu-
died. It is therefore necessary to provide more information on the effect of tem-
perature on the absorption process. For this, we calculated the inversion tem-
perature (7;) from the equation AG" = 20.287 - 0.076 7'to know the direction of
evolution of the system which is irreversible. As in equilibrium the process no
longer evolves, AG" = 0 and T, = 267 K. So for the process to be spontaneous
(AG" < 0) the temperature must be higher than the inversion temperature (7" >
T)). In conclusion, we can say that the thermodynamic study revealed that the
Cr (VI) absorption process is thermodynamically favorable only at temperatures
above 267 K.

1.8 ..

y =-2440x +9.121
1.6 T r2=0.9973

In(K,)

1.4

1.2

1

0.00295 0.00305 0.00315 0.00325 0.00335
/7

Figure 5. Thermodynamic study of the adsorption process (7'= 328 K).

Table 3. Thermodynamic parameters of Cr (VI) adsorption by MKP.

Temperature AG AH AS
(X) (kJ/mol) (kJ/mol) (kJ/K/mol)
298 -2.651
308 -3.149
20.287 0.076
318 —4.441
328 —4.881
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3.2. UV-Visible Spectroscopy Study of Cr (VI) Removal

Under optimum conditions, Uv-visible absorption is used to monitor Cr (VI)
removal. The wavelength of maximum Cr (VI) absorption is recorded after a
scan between 200 and 1000 nm. As can be seen in Figure 6, Cr (VI) presents three
absorption bands at 210, 260 and 350 nm. The two energetic bands at 210 and
260 nm are less well resolved and disappear more quickly than the large band at
350 nm. These different peaks are thought to be due to electron transfer from
the filled 2p orbitals of O* to the vacant 3d orbitals of the Cr (VI) ion. San-
chez-Hachair and Hofmann [39] attributed the last band at 350 nm to the chro-
mium form HCrO, at pH 5. Some authors have reported that at an acidic pH
(pH 2), the dominant form of Cr (VI) is HCrO,, and that at higher pH, the
other forms such as CrO; or Cr,05 are favored [28]. In another study,
Subramaniam and Selvi [50] found the same three absorption bands that they
attributed to Cr (VI) alone.

Also, we noted that the decrease of the absorbance bands (Figure 6(a)) is ac-
companied by the progressive discoloration of the solution (Graphical abstract)
shows that Cr (VI) can be totally removed in all its forms by our adsorption de-
vice based on MKP after contact time of 30 min. Indeed, the oxygen atom in
Cr,0% that acts as a ligand and due to charge transfer its one electron to chro-
mium and due to which the colored compound is formed However, to ensure
that the peaks obtained in absorption are due to Cr (VI) in its various forms and
not to its reduction to Cr (III), we used cyclic voltammetry to check the electron
exchange between Cr (VI) and the working electrode. The single reduction peak
obtained (Figure 6(b)) shows that there is no reversible redox reaction between
mango kernel powder and Cr (VI), and that Cr (VI) elimination occurs by trap-
ping and adsorption (physisorption). Thus, the three absorption bands can be
explained by the different forms of Cr (VI) in solution, such as HCrO,, CrO;
and Cr,0% .
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Figure 6. Adsorption spectra of 0.80 mg/L of Cr (VI) at different contact times with MKP (a) and Voltamo-
grams of oxidation and reduction of Cr (VI) before and after treament (b).
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3.3. Characterization of Adsorbent

3.3.1. FTIR Spectroscopy Analysis

We recorded infrared spectra before and after treatment to understand the re-
tention mechanism of Cr (VI) ion by MKP (Figure 7). The absorption peaks lo-
calized at about 3306 cm™ indicate the presence of free and intermolecular
bonded hydroxyl groups [51]. Those around 2850 - 2921 cm™ can be due to the
presence of aldehydes, carbonyls, carboxylic acids and esters on the surface and
N-H amine or amide at the waver number of 1619 cm™ [51] [52]. The peak at
1453 cm™ indicates the presence of aromatic groups, amines and hydrocarbons

on the MKP surface [53]. Comparison of Figure 7(a) and Figure 7(b) reveals

105
100
95
90
85
80
75
70
65
60
55
50
45
40
35 . .
4000 3500 3000 2500 2000 1500

Wave number (cm™')

(a)

% Transmittance

120
110
100
90
80
70
60
50
40
30

% Transmittance

667.35
638.01
571.82

4000 3500 3000 2500 2000 1500 1000
Wave number (cm™)

(b)
Figure 7. FTIR spectrum of MKP before (a) and after (b) adsorption of Cr (VI) ions.
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the disappearance of several bands (at 2921, 2850, 1453, 1337, 1206, 1148, 1075,
998, 578, 573, 565, 558 cm™') corresponding to a total modification of the fin-
gerprint of MKP and indicating the high affinity between Cr (VI) and its func-
tional groups. The Cr (VI) elimination mechanism leads to the appearance of
new peaks at 3376 and 1626 cm™ due to stretching or deformation of the
amine/amide N-H bond. Peaks appearing at 942, 870 and 766 cm™' can be attri-
buted to deformation of the C-H group of disubstituted aromatics. We can also
confirm that these surface functional groups present in the adsorbent are in-
volved in the main absorption processes by electrostatic interaction between the
positively charged surface in acid medium due to the presence of H* ions in
aqueous solution and the anionic Cr (VI) species (HCrO,, CrO%, Cr,0%")
[54]. These multiple surface functional groups offer several binding sites for Cr
(VI) and are responsible for MKP’s high adsorption capacity.

3.3.2. SEM and EDS Characterization

The surface properties of MKP before and after contact with Cr (VI) was inves-
tigated (Figure 8). Comparison of Figure 8(a) and Figure 8(b) reveals a change
in the morphology of the KMP, testifying to the adhesion of Cr (VI) to the ad-
sorbent surface thanks to Van der Waals attraction. The EDS spectra, before
(Figure 8(c)) and after (Figure 8(d)), show the retention of Cr (VI) by the ad-
sorbent, which explains the change in morphology of the MKP surface. Another

advantage of using MKP is its ability to retain sulfur from the sulfuric acid used
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(a) and (b): SEM micrographs, (c) and (d): Energy-dispersive X-ray spectroscopy (EDS)

spectra of MKP before and after adsorption of Cr (VI) (0.8 mg/L).
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to adjust pH. In contrast to the mango kernel activated carbon used by Rai ef al.
[28], which has a highly porous structure with greater homogeneity and an av-
erage pore diameter of 38.9 um allowing easy site occupation and almost similar
FTIR spectra observed before and after Cr (VI) adsorption. However, in our
study, Figure 7 showed a profound change in the FTIR spectra before and after
treatment, with changing and disappearing of several bands. Using SEM-EDS,
other authors [28] [55] [56] have reported the change in adsorbent surface
morphology that confirms the efficient removal of Cr (VI) by adsorption.

4. Conclusion

In this study, we demonstrated the ability of mango kernel powder (MKP) to
eliminate chromium VI ions. So, we first optimized some parameters affecting
chromium adsorption such as the initial concentration, the mass of the adsor-
bent, the pH of the solution, the contact time, the kinetics and the thermody-
namics to enhance its elimination. The adsorption process of Cr (VI) on the ad-
sorbent (mango powder) is endothermic in nature at high temperature. The pos-
itive value of AS” indicates the good affinity of the mango shell powder towards
Cr (VI) ions and also shows that the disorder is high at the adsorbent/adsorbate
interface during the binding of Cr (VI) ions on the active sites. The negative
value of AG” shows that the adsorption process of Cr (VI) on our sorbent is
thermodynamically favorable to 7'> 267 K. All this makes MKP a very efficient
bioadsorbent material, from the point of view of contact time (adsorbent/absorbent)
and percentage removal of Cr (VI) ions. Compared to other sorbents, whether
bioadsorbents or synthesized sorbents, the results obtained with MKP in record

time appear new and promising for researches devoted to heavy metal removal.
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