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Abstract

The presence of heavy metals in water is one of the major environmental issues. In this study, desert date seed shells were
employed as precursors for the production of activated carbon by chemical activation process using phosphoric acid (DDSSA)
and potassium hydroxide (DDSSS). The activated carbon derived desert date seed were characterized using XRD, FTIR, Raman
spectroscopy, SEM analysis and point of zero charge. The most significant variables that affect the adsorption of iron ions,
including pH, contact time, and initial concentration, have been investigated. The results of the research were successfully
assessed by Langmuir model. Interestingly, the maximum adsorption ability of Fe?* was found to be 132.25 mg/g onto DDSSA
and 126.35 mg/g onto DDSSS, this was found to be higher in comparison to the similar activated carbon obtained by other
researchers. The pseudo 2" order model was also utilized to describe the adsorption and the data showed that adsorption kinetic
of Fe?* ions onto the DDSSA and DDSSS is dominated by chemisorption. Moreover, thermodynamic parameters suggested that
DDSSA and DDSSS for Fe (I1) adsorption phenomenon were endothermic and spontaneous. Taken together the high availability,
facile production along with high performance of activated carbon from desert date seed shells make it an economically
adsorbent for Fe (1) adsorption.
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1. Introduction

One of the main potential risks to humanity is water pollu-
tion, which is a result of rapid industrialization and urbaniza-
tion. Contamination of water affects all living organisms,
communities, and aquatic ecosystems. Because it is so diffi-
cult to remove heavy metals from the water system, they are
considered to be among the most harmful of the several
aquatic pollutants [1, 2]. Heavy metals are widely used in
various industries, including leather, petrochemical, metal
plating, agriculture, municipal wastewater treatment, paper
and pulp, and other environmental fields.

Because of the possible effects on human health, the goal of
environmental study has been heavily concentrated on
wastewater from industry or municipalities. Different harmful
heavy metals, including arsenic, iron, zinc, cadmium, mercury,
silver, lead, copper, and the platinum group elements, are
present in industrial and municipal wastewater [3-5]. Dirt and
water pollution results from discharging these materials into
the ecosystem. Making up over 5.63 percent of the earth's
crust, iron is the most abundant metal among those listed
above [5].

Most common and plentiful materials have iron ions, in-
cluding those utilized in smelting processes, agrochemicals,
mining, the electronic industries, transportation, mechanical
manufacturing sector, industry units, and architecture [6, 7].
Low iron concentration can be found in all natural water
sources [8]. However, due to leaching from the pipes, the
concentration of this component may rise if drinkable water
sits in iron household pipes for an extended period of time.
Iron is essential to human health, but at excessive concentra-
tions, it can have harmful effects just like other heavy metal
ions. The World Health Organization (WHQ) advises the
maximum allowable limit of iron concentration in consuma-
ble water is 0.3 mg/L [8, 9]. Being poisonous and
non-biodegradable, an increase in the amount of this metal in
the water poses a serious threat to humankind. In fact, a con-
dition known as iron overload may develop from prolonged
use of such water with high iron concentrations [10]. Fur-
thermore, consuming too much iron in drinking water can lead
to serious health problems like diabetes, cirrhosis, hypother-
mia, heart failure, and liver damage [10-12]. It may even be
linked to many operational problems, such as laundry dis-
coloration, odor, and taste, rendering the water unfit for hu-
man use due to aesthetic concerns [8]. All of these concerns
therefore demanded immediate attention, which has moti-
vated scientists to reduce the level of Fe pollution. Numerous
remediation techniques, including ultrafiltration [13], elec-
trocoagulation [14-18], coagulation flocculation [19], and
advanced oxidation [20], and membrane separation [21] are
used for eliminating heavy metals. However, there are certain
disadvantages to these methods, including low efficiency, the
creation of secondary sludge, high running costs, and delicate
operating environments [3, 4]. The application of carbona-
ceous materials as adsorbents for the removal of heavy metals
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from wastewater has recently become a lucrative area of re-
search [22-24]. Because of its unique structure, prominent
surface area, well-developed pore volume, and significant
number of active sites for the adsorption of heavy metal ions,
activated carbon (AC) is recognized as an efficient and envi-
ronmentally benign adsorbent [25-27]. Although commercial
AC is one of the most popular adsorbents for removing heavy
metals from wastewater, its usage is occasionally restricted
because of its greater cost [3, 28]. Ultimately, peat, coal, lig-
nite, and wood are used to synthesis AC, which is costly,
highly exhaustible, and seen as an annoyance [29].

This circumstance has led numerous researchers to inves-
tigate less expensive carbonaceous based materials for the
production of activated carbon from biomass derived from
cellulose, lignin, and hemicelluloses [30-32]. Indeed, agri-
culture waste disposal being widely accessible including
walnut shell [33], wood sawdust [34], coconut shell [25],
cotton cakes [28], lemon peel [35], pecan shell [11], corn cob
[6], xhanthoceras sorbifolia [29], jatropha shell [36] and, rice
husk [37], etc. have been examined.

Every year, garbage from desert date seed shells appears all
over the planet. These waste byproducts directly contribute to
pollution in the environment. Therefore, it is crucial to con-
vert agricultural wastes, namely the shell of desert date seeds,
into sustainable carbon-based materials in order to reduce
pollution in the environment. Furthermore, it can stimulate the
economy by efficiently converting these natural resources into
a few highly valuable byproducts. In this present work, the
AC was synthetized from desert date seed shell which was
used to employed to remove iron from aqueous solutions.

AC with a large surface area and a strong ability to adsorb
metal ions can be produced by HsPO, or KOH activation of
several lignocellulosic compounds [6, 11, 24]. Therefore, the
aim of this work is: (i) to assess the potential production of
AC from desert date seed shells with phosphoric acid activa-
tion and potassium hydroxide; (ii) to determine the properties
of the as synthesized AC; (iii) to investigate the ability of the
activated carbon to absorb iron (I1) present in aqueous solu-
tions.

2. Material and Methods

2.1. Preparation of Adsorbents

Several carbonaceous materials can be chemically or
physically activated to create activated carbon. The physical
activation was accomplished in an inert atmosphere at tem-
peratures between 800<C and 1100<C [39]. Contrary to
physical activation, the chemical activation required low
temperature and higher product yield includes single stage
that needs the impregnation of the precursor using activating
agent like ZnCl, NHs;, KOH, and H3PO, [23, 25, 32].

The desert date seed shell collected from Ka&é farth nord


http://www.sciencepg.com/journal/wjac

World Journal of Applied Chemistry

http://www.sciencepg.com/journal/wjac

region of Cameroon and dried at 45<C in the oven after
washing with distilled water [38]. After drying, the samples
were crushed and sieved (1 mm), a part is subjected to
chemical phosphoric acid (DDSSA) and potassium hydroxide
(DDSSS) activations. The beast powders were impregnated
with a phosphoric acid and soda solution at room temperature.
They were then rinsed with distilled water at a neutral pH and
dried using constant weight at 40-50<C and 105<C, respec-
tively.

2.2. Preparation of Fe?* Solution

Iron is positively charged heavy metal whose density ex-
ceeds 5 g/mL. The stock solution of Fe?*, 1000 mg/L, was
prepared from iron (1) sulfate salt heptahydrate FeSO,.7H,0.

2.3. Adsorbent Characterization

It is able to ascertain the residual humidity of our materials
through the water content, while the dry matter gives information
on the actual mass of material brought into contact with the so-
lution. As for the ash tenor, it allows to know the mineral, inert
and unusable portion of the desert date seed shell.

The relative measure of an adsorbent's porosity is the lo-
dine Index. It gauges the amount of micropores that tiny
molecules can enter and pass through; it was identified by the
method used by Faouzia et al. [18].

The functional groups contained in the materials were
identified using the Fourier Transform Infra-Red technique.
The ball was created by mixing potassium bromide with a
pattern, and it was scanned in the 400-4000 cm™
wave-number range. The DDSSA and DDSSS were charac-
terized using field emission scanning electron microscopy
(FE-SEM) to determine their structure and morphology. Carl
Zeiss Supra 55VP microscope equipped with an accelerating
voltage of 0.1-30 kV was used for this purpose.

Laser Raman microscope (LabRam HR, Horiba) with 600
nm wavelength was used to carry out Raman measurements.
The spectra were recorded from 1000 and 3000 cm™'. X-ray
diffraction (XRD) has been utilized to ascertain the adsor-
bents' phase purity, grain size, and lattice spacing increase. It
is frequently employed in the investigation of DDSSA and
DDSSS crystal defects. The XRD patterns of all the samples
were measured using Bruker D8 Advance X-ray Diffractom-
eter with rat of 5°/min at A=1.55 A in the interval from 5 to
80<

The pHpzc plays a key function in determining the precise
charge carried by the adsorbent's surface throughout the dye
fixing process. This means that the surface's resulting charges,
both positive and negative, are equal to zero, or the medium's
pH value. For this, 0.2 g of the adsorbents was put in contact
with 50 mL of 0.01 M NaCl for pH which will be adjusted by
adding NaOH or HCI from 2 to 12 according to Mahmood
method [40]. The bottle were closed and stirred at room
temperature for 48 hours in order to raise their final pH. The
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pattern of interception of the final pH (pHf) according to the
initial pH (pHi) with bisector determines the pHpzc.

In order to determine the equilibrium pH, 1 g of the adsorbent is
dissolved in 100 mL of distilled water (pH = 5.2 £0.2), agitated
for 24 hours, then allowed to stabilize. A pH-meter (VOLT-
CRAFT) is then used to collect readings after 25 minutes.

2.4. Adsorption Experiments

The adsorption process was carried out in a batch system by
combining 0.01 g of adsorbent with 50 mL of dye solutions at
the desired concentration. The mixture was then agitated at
300 rpm for the specified duration at room temperature (25 %
2<C). Whatman filter paper was then used to filter the mixture
so that the residual iron (I1) concentration could be deter-
mined using a UV-visible spectrophotometer (RAYLEIGH).
Different mass (0.01-0.1 g), concentration (10-40 mg/L),
times (5-40 min), temperatures (298, 308, 318, and 328 K),
and pH values (3-11) were used in the experiments. The
quantity of dyes adsorbed per mg/g for DDSSA and DDSSS at
equilibrium, ge (mg/g), was expressed by equation (1) as
follows [41]:

(Ci—Ce)xV
m

qe(mg/g) = 1)

Where Co = initial concentration (mg/L), Ce = concentra-
tion at equilibrium (mg/L), V = volume used (L) and m = mass
used (9).

Langmuir Adsorption Isotherm

The Langmuir model implies that the surfaces of the car-
bonaceous is homogeneous in terms of energy and does not
take into account the interactions between the adsorbed mol-
ecules. Its equation is as follows:

Ce 1

ge  gmax

Ce _

KL.gmax (2)

Where Ce is the equilibrium concentration of the adsorbate
(mg/L); qe is the quantity of adsorbed at equilibrium (mg/g);
gmax represent the maximum adsorption capacity (mg/g) and
Ky is the Langmuir isotherm constant (L/mg).

Celge in function of Ce gives a straight line with 1/qo a
slope and 1/gmax. KL as ordinate axis. To know if the ad-
sorption is linear, irreversible and favorable or not, equilib-
rium parameter RL was calculated by equation 3:

1
RL =
1+KL.Co

®)

Where Co is the greatest initial concentration of dye (mg
LY 0 < R. < 1: favor adsorption; RL = 1: linear; RL = 0:
irreversible and when RL > 1: unfavorable.

Freundlich Adsorption Isotherm

Freundlich assumes that the adsorbent has a heterogeneous
surface and that the distribution of active sites is exponential
in relation to the adsorption energy. Its equation is represented
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as follows (4):

logqge = % log Ce + log KF (@)

Where ge represent the quantity adsorbed at equilibrium
(mg/g); Ce is the equilibrium concentration of the adsorbate
(mg/L); K is the Freundlich constant and n is the constant
related to intensity of adsorption associated with heterogene-
ity factor.

The plots of log ge against log Ce should give a linear graph
n = slope; Kris the intercept of the graph.

Temkin Adsorption Isotherm

This model takes into account the non-uniformity of the
surface and the preferential occupation of the spots that are
highly adsorbent.

The following situations typically employ the Temkin iso-
thermal model (5):

ge = % In (A Ce) or ge = BInA + BInC (5)

With B = RT/b,

Where ge is the quantity adsorbed at equilibrium (mg/qg),
Ce is the equilibrium concentration of the adsorbate (mg/L); T
is the temperature (K), R is the gas constant (8.314 J/mol/K),
B and A are calculated from the slope (B) and intercept (B InA)
of the plot of ge against InCe.

Dubinin-Radushkevic Adsorption Isotherm

It is based on volume filling using Polanyi's potential theory,
which postulates that the adsorbate volume is a function of the
potential of this field € and that the contacts between the adsorb-
ate and the adsorbent are established by a potential field.

The Dubinin-Redushkevich equation has the following
expression (6):

Inqe = Inqo - ﬁ 82 (6)

With g, (mg/g): quantity of Fe** adsorbed; B: relative con-
stant of the adsorption energy, g.: theoretical capacity of the
micropores, € is the potential of Polanyi (e: RTIn (1+1/Ce)).

The kinetic adsorption process was explained by the use of
intra-particle diffusion as well as pseudo-first and se-
cond-order diffusion. Lagergren has proposed this equation

:

log (qe — qt) =logqe — Ft% K1 (7)
Where K,= the rate constant (min™), ge = quantity adsorbed
on surface at equilibrium (mg/g), and gt = quantity adsorbed
on surface at time (mg/g).
Equation 8 is that of the 2" order kinetic:

t 1 1

qt  K2qe?

qe

(8)

K, (mg/g.min) = 2™ order rate constant

47

The Weber-Morris intraparticle diffusion model is deter-
mined using the following equation 9:

qt = Kt"2+C’ )

Where Kj; is the intraparticle diffusion rate constant
(mg/g.min"?) and C is the intercept.

The following Van't Hoff equations were used to calculate
thermodynamic characteristics, such as free standard energy
AG® (Kj/mol), standard enthalpy AH® (Kj/mol), and standard
entropy (AS®) (Kj/mol/K), through adsorption at three distinct
temperatures:

ArG° = —RTInKc¢ (10)
_ge
Ke=; (11)
InKc = ArS° _ ArH° (12)
R RT

Where Kc is the equilibrium constant; ge (mg/g) is the
quantity adsorbed; Ce (mg/L) represente the concentration of
solution at equilibrium; R is the gas constant (8.314 J/mol/K);
and T is the temperature (K).

3. Results and Discussion

3.1. Characterizations of Adsorbent

Figure 1 displays FE-SEM micrographs of DDSSA and
DDSSS. Compared to DDSS, DDSSA has a more porous and
highly uneven rough structure in the shape of a mound; as a
result, a higher adsorption capacity is justified by a greater
specific area [42]. The specific area of DDSS and DDSSA are
55.47 and 75.74 m2.g™", respectively.

Figure 1. FE-SEM micrographs of DDSSS and DDSSA.

Figure 2 displays the outcome of using FTIR to identify any
functional groups that may be present. The infrared spectra of
the material show two distinct peaks that represent DDSSS
and DDSSA, five comparable stretching vibration peaks, and
one deformation vibration. Due to the acidic nature of our
desert date seed shell, we first have a sweeping tape in the
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region of 3567 - 3118 cm™ assigned to the O-H (carboxyl,
phenol, or alcohol) for similar peaks. Second, the aliphatic
C-H vibration is characterized by the band seen at 2916 cm™.
Thirdly, the strip at 1731 cm™ suggests that carboxylic acids,
esters, ketones, and aldehydes have carbon atoms attached to
them. Fourth, the aromatic C=C-corresponding strip in the
1625-1521 cm™ region. The fifth and final strip is 1033 cm™,
which is supposed to represent the C-C bond, and 751 cm™,
which corresponds to the deformation shudder of an aromatic
C-H bond that is di- or tri-substituted. These findings are

AN

Mm

Intensity (a.u)

DDSSS

T T I I I T T T 1 1 1
10 15 20 25 30 35 40 45 50 55 60 65 70
20 (degree)

Transmittance

typically consistent with the literature. [43-45].

As a result of reflection in the graphitic structure's plane,
the XRD pattern (figure 2) revealed the diffraction peaks 26
for DDSSS and DDSSA at 25.51°and 25.01< respectively.
An important characteristic for very porous materials is the
peak at 42< which is attributed to (100), which indicates a
lesser degree of graphitization and a larger degree of disorder
[34, 46, 47]. Other researchers have already made similar
observations [45, 48].

DDSSA

— T T T T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (crn'1}

Figure 2. a) XRD and b) spectrum of DDSSA and DDSSS.

Figure 3 presents the results of the evaluation of the vibra-
tional properties of the materials using Raman Spectroscopy.
Three main peaks are observed in both materials at 1348,
1598, and 2670 cm™, which correspond to the bands D, G, and
2D, respectively. A defect or disorder in the material's carbon
is indicated by the D-band, sp=carbon hybridization is indi-
cated by the G-band, and double Raman scattering, or the
emission of two photons, is indicated by the 2D-band [49].
The degree of defect or disorder in materials is estimated
using the band intensities ratio Ip/lg. The values of ratio Ip/lg
of DDSSA (0.918) is small than that of DDSSS (0.954) indi-
cating that this AC contain less defect/disorder.

D G

- 1,/1,=0.918 DDSSA
3

s

2

‘@

c

2

= DDSSS

1,/1,=0.954
1 1 T
1000 1500 2000 2500 3000

Raman Shift (cm™)
Figure 3. Raman Spectroscopy of DDSSA and DDSSS.
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Table 1. Dry matter, moisture and ash tenor of DDSSA and DDSSS.

Adsorbents Dry Matter ~ Moisture con- Ash content
(%) tent (%) (%)

DDSSA 73.2144.90  26.7944.90 0.1340.08

DDSSS 49.1940.81 50.8140.81 0.1640.12

This table shows that DDSSA has the highest dry matter
content and the lowest moisture and ash concentrations. The
reduced ash level of both adsorbents makes them a better
choice than those acquired by Vunain et al. in 2017 [50], and
low ash content indicates a good adsorbent.

Table 2. Specific area, iodine indices, equilibrium pH and pH,,. of
DDSSA and DDSSS.

Adsor-  Specific lodine index H PHZDC
bents Area (m?/g)  (mg/g) P P
DDSSA 65.74 468.2845.38 5.6040.03 6.89
DDSSS  49.70 441.6340.00 4.8640.02 451

DDSSA has a higher specific surface value than DDSSS.
We may conclude that the porous structure of our samples has
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minimal effect on the adsorption properties based on the
values of specific surface. The valor of equilibrium pH of
DDSSA and DDSSS are acid; this is due to the way each
support has been made.

3.2. Effect of Contact Time and Initial
Concentration

In order to investigate how contact time and the initial
concentration of Fe?* affect the dye solutions' ability to re-
move Fe®*, tests were conducted at a fixed mass (0.01 g), pH
6.60 for Fe®* at varying concentrations (10-40 mg/L), and
intervals of time (5-40 minutes). It can be shown that the
amount removed augments with concentration and that the
plateau formation time is independent of concentration. Fig-
ure 4 illustrates how quickly adsorption occurs for the first 20

160

(a) T
—— L
1404 DDSSA-Fa(ll) +:u:$-.
Anmgil
1204
1004
5 .
o 80
E
© 604
(=2 P
40 ..-/
204 4/
o T T T T T T T T
] 10 15 20 25 30 35 40
t(min)

minutes of thermally treated support and the first 15 minutes
of chemically treated support with soda and acid before a
plateau forms and saturation tends to occur. This can be jus-
tified by the fact that there is initially a larger rate of adsorp-
tion because the adsorption sites are unoccupied, and later the
adsorption rate decreases because the materials' pores are
clogged and are saturated by the dissolved species. The in-
crease in the initial adsorption rate with the starting concen-
tration is attributed to the force of attraction between mole-
cules and adsorption sites, and it is greater for DDSSA
(122.25 mg/g) than for DDSSS (116.35 mg/g). Furthermore,
any resistant mass transfer between the species of aqueous
solution and the portion of the adsorbent material is strongly
forcefully supported by the initial concentration [51]. These
values are superior to those gained by Domga et al [52] 12.67
mg/g for a concentration of 60 mg/g.

160
b == 10mgiL
o] (D) DDSSSFe(l)  _aaomon
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100+
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Figure 4. Effect of contact time and concentration on adsorption capacity of Fe (1) (initial concentration of Fe (1) 10 mg/L, adsorbent dose

0.01g, pH 6.60).
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Figure 5. Effect of Adsorbent Mass on adsorption capacity of Fe (1) (initial concentration of Fe (I1) 10 mg/L, pH 6.60).

3.3. Effect of Adsorbent Mass

Figure 5 shows that, regardless of the adsorbent used, the
adsorbed amount of Fe?* decreases with increased mass
(24.94-2.25 mg/g and 25.58-2.23 mg/g for DDSSA and
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DDSSS, respectively). This is because the adsorbent's small
sites causes the adsorbent to desorb, and the unsaturation of
adsorption sites and reciprocal influence between molecules
causes this to happen [33]. Similar observations are obtained
by Wu et al. [53]. It can be concluded that DDSSS removed
more Fe (I1) than DDSSA and the optimum mass of both
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adsorbents is 0.01 g and this value was used for the rest of the
investigation.

3.4. Effect of Temperature

Figure 6 is a study of the impact of temperature. Based on
these curves, it can be assumed that the adsorption of Fe?*
onto DDSSS and DDSSA is exothermic because it drops as

50
(a)
40+ DDSSA-Fe(ll) [e—35°C
—h—45°C
—v—55C |
—~ 30+
o  —
o v v v v i v
£
320-
10+
0 T T T T T T T T
0 5 10 15 20 25 30 35 40

t (min)

the temperature rises. For example when the temperature
increases from 25 to 55<C the adsorption of Fe(ll) onto
DDSSS and DDSSA drops from 24.43 to 20.07 mg/g and
from 27.64 to 25.33 mg/g, respectively. Since a sizable por-
tion of the microspores with the same dimensions as the
molecule can only pass through these pores at specific tem-
peratures, the pore size is responsible for this drop in the
amount adsorbed [54].

50
(b) DDSSS-Fe(ll)
40 %
—a—45°C
—y—55°C
— 301
2
£
gZO-
10+
O T T T T T T T T
0 5 10 15 20 25 30 35 40

t (min)

Figure 6. Effect of temperature on adsorption capacity of Fe (I1) (initial concentration of Fe (1) 10 mg/L, adsorbent dose 0.01g, pH 6.60).

3.5. Effect of PH

Because it affects both the potential charges on the adsor-
bents' surfaces and the forms of the elements adsorbed in
solution, pH is a crucial variable to monitor during the ad-

35
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30
25
—
o 20
=
g’ pH=3
£ 154 —e—pH=5
) —A—pH=8
(=2 —w—pH=11
10
5
0 T T T T T T T T
0 5 10 15 20 25 30 35 40
t (min)

sorption process [45, 54]. As shown in figure 7, it can be show
that when the pH rises, the adsorbed quantity of Fe?* drops at
optimal pH 3 and DDSSS (32.12 mg/g) removed more Fe®* in
solution than DDSSA (27.25 mg/g). The surface of DDSSA
and DDSSS are positively charged because the pH < pHpzc.

(b) DDSSS-Fe(ll)
30
25 & . . & Y
~ 20 v - - - - -
o
(o)}
E 1]
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& —e—pH=5
10 —&—pH=8
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5
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Figure 7. Effect of pH on adsorption capacity of Fe (I1) (initial concentration of Fe (I1) 10 mg/L, adsorbent dose 0.01g).

3.6. Adsorption Isotherm

Four appropriate model isotherms Langmuir, Freundlich,
Temkin, and Dubinin-Redushkevic were utilized to quantify
the adsorbate-adsorbent interaction and the results are sum-
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marized in Table 3.

These analyses (Table 3) indicates that only Freudlich and
Temkin isothermal can only be best explained the phenome-
non of Fe** removal onto DDSSA and DDSSS adsorbent.
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Table 3. Langmuir, Freundlich, Temkin and Dubinin-Radushkevic on
adsorption capacity of Fe (II) (initial concentration of Fe (II) 10
mg/L, adsorbent dose 0.01g).

Isotherms Parameters DDSSA DDSSS
Omax (MY/g) -126.000 -334.333
Langmuir K. (L/mg) -0.031 -0.017
R=2 0.950 0.175
N 0.706 0.830
Freundlich K (mg/g) 2.217 4.307
R=2 0.984 0.905
B -54.067 -63.545
Temkin A 0.069 0.81
R= 0.999 0.999
Qo 2.210% 1.910%
(?u”:;]ig:;?a 0.0003 -0.0009
R= 0.015 0.863

3.7. Adsorption Kinetics

The characteristics of the Intraparticular scattering kinetic
model such as K;, K; and ge are calculated and listed in Table
4,

Based on the data below, it can be concluded that only the

steps—best explains the adsorption of Fe?*. This is because
the value of correlation coefficients R is greater than 0.90 and
the Fe”* diffuses to the area and interacts with the Fe** mol-
ecules in the adsorbent area.

Table 4. Pseudo-first order, pseudo-second and intra-particle diffu-
sion kinetic models obtained for Fe(Il) adsorption.

Models Parameters DDSSA DDSSS
R= 0.315 0.516
Pseu- -
do-first-order K (min™) -0.053 -0.031
ge ca (Mg/g) 0.414 0.801
R? 0.999 0.999
Pseud-second- .
order K, (mg/g. min) -0.492 -0.474
qge car (Mg/g) 24.809 25.630
R2 0.637 0.639
Intra-particle
Hep Ky(mglg. min?) 758107  2.08 10%
Diffusion
C 4.44 1009 7.52 1009

3.8. Thermodynamics Parameters

Table 5 presented a summary of the thermodynamics pa-
rameters results.

Table 5. The thermodynamics parameters for the adsorption of Fe?* by DDSSA and DDSSS.

pseudo-2"  model—whose mechanism involves two
Adsorbent ArH® (Kj/mol) ArS° (Kj/mol) R?
DDSSA -2.227 -0.0009 0.974
DDSSS -4.410 -0.008 0.915

Table 5 shows that the enthalpy parameter AH® (KJ/K. mol)
is negative. This suggests that Fe?" elimination is exothermic,
and the reaction is physical in nature and spontaneous, with all
ArG® values being negative. Regarding the values of ArS°, we
can state that there is a reduction at the DDSSA and DDSSS
interface, which results in good Fe”* organization at the ad-
sorption site level.

4. Conclusion

In order to remove Fe®* from an aqueous solution, this
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ArG° (Kj/mol)

298 308 318 328
-1.959 -1.933 -1.913 -1.937
-2.278 -2.355 -2.431 -2.508

study examined the use of inexpensive adsorbents made from
desert date seed shell enabled potassium hydroxide (DDSSS)
and phosphoric acid (DDSSA). The presence of functional
groups necessary for the removal of Fe?" by DDSSA and
DDSSS was discovered through the surface characterization
of adsorbents. SEM micrographs revealed porous structures
with distinct chemical functionalities on their surfaces based
on how they are activated. The amount adsorbed increases
with concentration and decreases with mass, temperature, and
pH, according to a study of several parameters throughout
time, including initial concentration, mass, temperature, and
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pH. The Fe®* adsorption process was better described by the
pseudo 2" order model and the Freundlich and Temkin iso-
therm than by Langmuir and Dubinin-Radushkevich. Fur-
thermore, the spontaneous, physical type, and exothermic
nature of the adsorption process was confirmed by thermo-
dynamics. The study's conclusions can be summed up as
follows: low-coast adsorbents (DDSSA and DDSSS) effec-
tively remove Fe?" contaminants. Additional dyes can be
removed from different aqueous solutions using the method-
ology described in this study.

Abbreviations

pH Potential of Hydrogen

Fe Iron

DDSSA Desert Date Seed Shell Enabled Phosphoric
Acid

DDSSS Desert Date Seed Shell Enabled Potassium
Hydroxide

SEM Scanning Electron Microscopy

XRD X-ray Diffraction

FTIR Fourier Transform Infra-Red Technique
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