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raised the need to search for an alternative treatment approach. In this work, a batch
adsorption experiment using unmodified date palm seeds (UDPS) was conducted to
investigate the effects of contact time, pH, adsorbent dose, and initial concentration on the
removal rates of cobalt and lead from aqueous solution. Freundlich and Langmuir
isotherms, as well as the kinetics of Pseudo-First- and second-order adsorption models,
were also assessed. The results showed that equilibrium was reached at a 90-minute contact
time, achieving the highest removal efficiencies of Co*? and Pb*2 at pH 6, an adsorbent dose
of 0.5 g, and initial Co*? and Pb*? concentrations of 10 mg/L, with maximum uptake
potentials of 0.9 and 0.89 mg/g, respectively. Lead adsorption fitted slightly better to the
Freundlich isotherm than to the Langmuir isotherm, whereas Co adsorption over the
Langmuir isotherm. Regarding the kinetics of adsorption, the Pseudo-second order model
better represented Co*? and Pb*? than the Pseudo-first-order model. FTIR results illustrate
peaks at 3250 cm™ and 3413 cm™ for Co and Pb, respectively, corresponding to O=H

stretching mode on the adsorbent surfaces.
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1. Introduction

Various and vast amounts of pollutants (particularly heavy
metals) are produced daily from industrial activities [1]. In
developing countries, about 90% of industrial wastewater is
usually discharged into water systems without proper treatment
[2]. The disposal of industrial effluents into these systems poses
a high risk to human health, plants, microorganisms, and the
entire food chain, as heavy metals dissolve immediately within
the matrix and are readily available for uptake by living
organisms [3]. Some metals, such as cobalt and lead (with
concentrations above the permissible drinking water limit),
have cumulative toxic effects on the human body [4]. The main
side effects of lead are damage to the liver, kidneys, and
reproductive system, as well as brain functions and primary
cellular processes [5], while weakening heart muscles, hearing
loss, vision loss, and cognitive impairment are the adverse side
effects of cobalt [4], [6]. According to Iraqgi standards, the
maximum allowable concentrations of Pb and Co in rivers are
0.01 and 0.03 mg/L, respectively [7].

To avoid the toxic and carcinogenic effects of these non-
degradable pollutants on human bodies, they can be removed
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through chemical and physical techniques such as catalysis, ion
exchange, oxidation-reduction, chemical precipitation, and
filtration [1]. However, the application of these methods has
some limitations, such as sludge production, membrane fouling,
high energy costs, and the formation of oxidation by-products,
as well as technical and economic issues [8].

Adsorption has been a successful method for reducing
pollutants in wastewater. Still, it depends on the selection of the
adsorbent (which must have specific chemical and physical
properties, as well as environmental safety) [1]. The process
occurs when a liquid solute accumulates on the adsorbent's solid
surface, forming a molecular or atomic film of adsorbates [8].
In this approach, the molecules of the adsorbate are bound to
solid surfaces via a chemical/physical process alongside the
mass transfer process [9].

To reduce the disposal of green waste, which costs money to
discard, as well as conserve natural resources for future
generations through waste recycling (one of the sustainable
development objectives), besides the plentiful of agricultural
wastes in the environment, the use of these wastes as adsorbents
has been recently encouraged [3]. Green or eco-friendly
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materials have been proven to be efficient adsorbents because
they are low-cost, readily prepared, and environmentally
friendly, such as walnut shells, coconut tree sawdust [1], grape
seeds, lentils, wheat and rice shells, which have been assessed
for metal removal from industrial wastewater [8]. Iraq is one of
the most significant date producers in the Middle East, with
nearly 21 million date palm trees cultivated, yielding around
400,000 tons/year. Globally, millions of tons/day of date pits
are wasted due to high date consumption in different regions, as
well as their use in biodiesel production and other
environmental practices. Date palm seeds as biosorbents have
been successfully examined in removing various contaminants
from wastewater (in particular, heavy metals). Furthermore,
date seed powder can remove traces of toxic elements [2], [4].
Since large amounts of date palm seeds are discarded, they have
environmental and economic potential for wastewater treatment
[2], [10].

The date palm seed contains 23% hemicellulose, 15% lignin,
57% cellulose, 10-20% crude fibers, 7-10% oil, 5-7% protein,
5-10% moisture, 1-2% ash, 81-83% carbohydrates, and 41-48%
oleic acid. They also include total phenols and flavonoids,
which have a chelating function. Hence, their chemical
constituents qualify them as efficient absorbents [5], [6]. The
application of lignocellulosic wastes as adsorbent materials is
achieved through the interaction of the adsorbents with
functional groups, which can serve as adsorption sites for heavy
metal ions. These functional groups are common to all
lignocellulosic materials, but their numbers vary depending on
the type of material [2]. Cheap lignocellulosic waste materials
have effectively removed pollutants from wastewater due to
their high porosity and surface area, as well as their resistance
to biological degradation. Lignocellulosic materials include
three polymers: cellulose, lignin, and hemicellulose.
Lignocellulosic wastes also contain small amounts of water,
ash, carbohydrates, and organic/inorganic extracts [2].

However, there is a paucity of information regarding the
adsorption of heavy metals onto date seeds. Therefore, this
work aims to evaluate the removal of toxic metals (cobalt and
lead) from aqueous solution using date seed powder under
various experimental conditions of pH, contact time, absorbent
dose, and initial Pb and Co concentrations.

2. Materials and Methods
2.1. Preparation of Adsorbent

Seeds of date palm (DPS) were obtained from Iragi markets,
stored for a couple of weeks, and then thoroughly washed with
tap and distilled water. Seeds of date palm were dried using an
oven at 100 °C for 48 hr. The specimens were then ground and
sieved to get particle sizes ranging from 0.3 to 0.5 mm.
Afterwards, the powder was dried in an oven at 60°C for six hr.,
and then preserved in a plastic container until use. Table 1
illustrates the physicochemical properties of date palm seeds.

Table 1. Chemical and physical properties of date palm seeds

[11]

Components (%) Value
Moisture content 10
Hemicelluse 16.6
Legnin 25
Cellulose 45.8
Protein 5.6
Ash 1.15
Fat 12.7

2.2. Aqueous Solution Preparation

Co(Il) and Pb(Il) aqueous solutions were prepared by
dissolving 44 mg and 26 mg of CoCl; and PbCl,, respectively
(99% purity), in 1000 mL DI water to obtain an initial
concentration of 20 mg/L for each Co and Pb. The stock
solutions were then diluted with distilled water to the
predetermined concentrations (2, 4, 6, 8, 10, 12, 14, 16, and 18
mg/L) using the general dilution formula (C1.V1 = C2.V>) [12].

2.3. Batch Experiment

The experiment was conducted at 25°C in 250 mL flasks, with
shaking at 180 rpm using a magnetic stirrer, and a constant mass
of 0.5 g DPS per 100 mL. To find out the equilibrium time of
Co (I1) and Pb (I1) adsorption onto DPS, the experiment was
carried out in a batch mode at time intervals of 10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 110, and 120 min at a pH of 6. The effect
of pH on the adsorption of cobalt and lead onto DPS was
investigated over a pH range of 1-9. The impact of dosage was
assessed over a range of 0.1 to 0.7 g/100 mL, with a fixed
increment of 0.1 g. The influence of initial Co and Pb
concentrations on adsorption performance was also analyzed
over a range of 2-18 mg/L. Table 2 presents the constants and
variables for the experiments conducted in this work.

Table 2. Parameters and constants used in the batch experiment

Parameter  Range Constants for each batch experiment (units)

(units) (increment)  Equilibrium pH  Adsorbent Initial
time dose (g) concentration
(minute) (mg/L)

Contact 10-120 (10) - 6 05 10

time

(minutes)

pH 1-9 (1) 90 - 05 10

Adsorbent  0.1-0.7 90 6 - 10

dose (g) (0.1)

Initial 2-18 (2) 90 6 0.5 -

concentrat

ion (mg/L)

Based on the preliminary experiment, adsorption reached
equilibrium at 90 min. Other parameters (adsorbent dose, pH,
and initial concentration) were selected based on the
preliminary experiment. After this step, the suspension was
filtered using What-man filter paper No.1 in for the purpose of
separating the sorbent particles from solution. A 10 mL portion
of the solution obtained was then analyzed to determine Co and
Pb concentrations, which were measured following the
analytical procedures described by Yan and Indra [13] using an
atomic absorption spectrophotometer at 510 nm and 450 nm,
respectively.
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Kinetics and isotherms of Co and Pb adsorption on DPS were
examined based on the adsorbent's optimum capacity. Data
were summarized by averaging the replicated results. Under
equilibrium conditions, the amount of metal adsorbed ge (mg/g)
was computed using equation (1) [14]:
V. (G, —=C
Qe = L") (D

m
Where:

Cin: initial concentration of metal (mg/L), Ce: concentrations
of metal at an equilibrium state (mg/L), V: volume of aqueous
solution (L), W: adsorbent weight (g).

2.4. FTIR Analysis

In this experiment, the spectra of the adsorbent biomass without
metals (before adsorption) and with loads of Co (I1) and Pb (1)
ions (after adsorption) were reported within the range of 400-
3400 cm™', using a Shimadzu spectrometer (FTIR-8400) in the
laboratory of Chemistry/ Mustansiriyah University.

2.5. Equilibrium Isotherms and Kinetics

The results of this experiment were also analyzed using the
Langmuir and the Freundlich isotherms to describe solute
adsorption [14]. An isotherm generally explains the correlation
between the adsorbate amount and the equilibrium
concentration at a constant temperature [3]. Langmuir isotherm
in equation (2) presumes mono-layer coverage, whereas the
Freundlich isotherm in equation (3) supposes multi-layer
adsorption [15].

Ce _ 1 Ce

de N KL.Qmax

(2)

dmax
1
Inge = lnkf+Hln Ce 3)

Where:

ge: amount of metal ions absorbed at an equilibrium state,
(mg/g), Ce: metal ions concentration in the aqueous solution,
(mg/L), gm: maximum concentration of metal ions in mono-
layer coverage, (mg/g), KL: Langmuir constant, L/mg), and Kf
and 1/n: relative adsorption capacity and heterogeneity factor
(adsorption intensity) respectively.

In the Langmuir isotherm, gm with KL can be computed from
the slope and intercept in Figure 1/ge and 1/Ce. Kf and 1/n in
the Freundlich isotherm can be estimated from the same
variables in the log ge vs. log Ce graph (Table 3).

The rate of adsorbate uptake onto the adsorbent during the
equilibrium time can be described by adsorption Kinetics.
Kinetics of Pseudo-first and pseudo-second order were
employed in this work to assess the adsorption rate constant.
The linearity of the plots, as indicated by the correlation
coefficient (R2) values (extremely close to unity), confirms that
the adsorption process follows one of these kinetic models.

Table 3. Langmuir and the Freundlich isotherm constants for
both Co and Pb

Metals  Isotherm constants  Langmuir  Freundlich
Pb R? 0.899 0.931
gm (Mg/g) 0.403 -
Ky (L/mg) 1.067 -
Kr - 1.024
1/n - 0.355
Co R? 0.962 0.887
gm(mg/qg) 0.384 -
Ki(L/mg) 1.138 -
Kr - 1.013
1/n - 0.409

Kinetics of adsorption is often used to interpret adsorption
behavior, while the actual mechanism of pollutant transfer is
omitted. The linear forms of pseudo-first- and pseudo-second-
order kinetics can be illustrated using equations (4) and (5,
respectively [8]. For the pseudo-second-order model, the
linearized form is based on solid-phase sorption and constants
(ge and K2), which were computed from the slope and intercept
of the graph t/gt vs. t.
2 =K1 (qe - qt) 0)

dq _
=

K2 (ge — qt)? (5)

Where:

ge: mass of the adsorbed metal ions at an equilibrium state/ unit
weight of adsorbent (mg/g), qt: weight of the adsorbed metal
ions at time t (mg/g), and K1 and K2: constants of adsorption
ratio for pseudo-first and pseudo-second order models,
independently (1/min).

3. Results and Discussion
3.1. Effect of Physicochemical Parameters

In adsorption, the rate of reaction and time to reach an
equilibrium status can be elucidated by representing contact
time with the percent removal of metal [3], as shown in Fig. 1.
The effect of contact time on Co (I1) and Pb (I1) adsorption was
studied at a time range of 10-120 min under experimental
conditions of initial Co and Pb concentration 10 mg/L, pH 6,
and adsorbent dose 0.5 g/ 100mL. Overall, the percentage
removal of Co was quite similar to that of Pb over the whole
experimental period. The faster removal efficiency was
observed during the first 60 min of the experiment, then slowed
between 60 and 90 min, reaching equilibrium at 90 min, with
maximum removal efficiencies of 89% and 88% for Co and Pb
ions, respectively. Robati et al. [16] investigated the removal of
Pb(I1) ions from aqueous solutions using carbon nanotubes as
adsorbents with an initial concentration of 10 mg/L and an
adsorbent dose of 0.05 g. They observed that the lead ion uptake
rate declined after 35 min of contact time, due to a decrease in
the number of available adsorption sites.
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The mechanism can be clarified as follows: the adsorption sites
were initially vacant, which encouraged Co and Pb to interact
readily with them. Thus, the concentration difference between
the solid-liquid interface and the bulk solution was high at the
beginning, resulting in higher adsorption during the first 60 min
of the experiment. Afterwards, Co and Pb accumulated in the
large pores of the adsorbent surfaces, occupying most of the
surface binding sites and thereby slowing adsorption [16].

100
80
60

40

Removal efficency %

20

0 50 100 150
time (min)

—@—Coremoval % —@—pb removal %

Figure 1. Impact of time on Co*? and Pb*? removal
performance using UDPS

sd = 25.97 and 26.28 for Co and pb respectively.

Fig. 2 shows the impact of pH on the removal of Pb*? and Co*?
ions in a batch adsorption experiment. The metals removal rate
enhanced with the rise in the pH level from 1 to 6, achieving the
highest removal rates of 86% and 90% for Co and Pb,
respectively at a pH of 6. pH has a considerable impact on the
uptake of metal ions since it determines: chemistry of the
absorbance surface charge, degree of ionization, and speciation
of adsorbate molecules [3]. Increased removal rate at acid
conditions, indicating the strong interactions of electrostatic
repulsive forces and interference of H* ions [8]. However, the
removal rates of Co and Pb dropped to 71% and 78%,
respectively, when pH increased from 6 to 9. Alkali et al [3]
stated that at low pH levels, the number of H30 ions surpassed
that of metal ions, and the adsorbent surfaces were reasonably
coated with H3O* ions, which are responsible for the low
adsorption. As pH increased up to 6, more H3O ions migrated
to adsorbent surfaces, providing availability of sites to the metal
ions, which steadily overlaid onto absorbent surfaces by
electrostatic attraction [3]. At pH values > 7.0, adsorption will
be limited due to the precipitation of insoluble Co (OH), and Pb
(OH). [8]. This was in agreement with the literature reported by
Kowanga et al. [17], who used Moringa oleifera seed powder
as an alternative adsorbent for the removal of Pb(ll) ions from
aqueous solutions. They observed that Pb removal increased
sharply from pH 2.0 to 5.5. Therefore, a pH of 5.5 was optimal
for high Pb(11) removal under their experimental conditions.
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Figure 2. Impact of pH on Co*? and Pb*? removal
performance using UDPS

sd = 23.66 and 25.59 for Co and pb respectively.

Adsorbent dosage determines the amount of adsorbent required
to remove heavy metals from aqueous solutions [3]. This was
achieved in this experiment by varying the amount of adsorbent
from 0.1 to 0.7 g/100 mL for both ions under experimental
conditions of initial Co and Pb concentrations of 10 mg/L, pH
6, and a reaction time of 90 min. Fig. 3 shows the increase in %
removal of Co and Pb with increasing adsorbent dose,
approaching 90% and 89%, respectively. Similarly, data were
obtained from the literature cited by Almhana et al. [18], who
evaluated the removal of cobalt ions from synthetic wastewater
using a powder of broad bean peels, with an adsorbent dose
range similar to that used in this work. Their results showed an
increase in cobalt removal to 98% by increasing the adsorbent
amount to 0.5 ¢/100 mL, after which the adsorption
performance approached 98% and then declined, despite raising
the dose to 0.7 g/100 mL.

100
80
60
40

20

Removal efficency %

0 0.2 0.4 0.6 0.8
mass (gm)

—@—Coremoval % —@— pb removal %

Figure 3. Impact of adsorbent dose on Co*? and Pb*? removal
performance using UDPS

sd = 15.78 and 13.02 for Co and pb respectively.

In adsorption processes, the initial concentration is an important
parameter, as it provides the driving force to overcome the
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resistance to mass transfer between the aqueous and solid
phases [3]. The batch experiment was carried out at initial Co*?
and Pb*? concentrations of 2, 4, 6, 8, 10, 12, 14, 16, and 18
mg/L, a pH of 6, and an absorbent dosage of 0.5 g/100 mL for
90 min. The increased adsorption capacity to about 0.5 mg/g for
both Co and Pb ions was recorded with the rise in their initial
concentrations from 2 to 18 mg/L (Fig. 4). This could be
ascribed to the driving forces of the concentration gradient,
which overcame the mass transfer resistance into the adsorbent
surfaces [8]. However, Co and Pb removal efficiency decreased
from 98% to 81% and 97% to 82% respectively, with the rise
in the initial metal concentration from 2 to 14 mg/L Fig. 4,
reaching 45% and 44% for Co and Pb respectively at the end of
the experiment, owing to the saturation of sorption sites on the
adsorbent surfaces [8]. These results were consistent with those
of Almhana et al. [18], who investigated cobalt removal from
synthetic wastewater using a powder of broad bean peels. Under
an initial concentration ranging between 2 and 18 mg/L. When
the cobalt concentration ranged from 2 to 12 mg/L, the removal
efficiencies ranged from 99% to 91%. Conversely, the removal
efficiency declined to 45% once the cobalt concentration was
raised to 18 mg/L.

0 5 10 15
120 1
100 0.8
£ g0 =
= 06X
© oo
3 60 1S
04 o
§ 40 &
(o'
20 0.2
0 0
0 5 10 15 20

Concentration (mg/L)
—@— pb removal % —@— Co removal%
—o— ge (mg/g) for pb —&—qe (mg/g) for Co

Figure 4. Impact of initial concentration on Co*? and Pb*2
removal performance using UDPS.

sd = 0.16 and 0.13 for Co and pb respectively.

In this work, the Freundlich isotherm was slightly preferable to
Pb adsorption rather than the Langmuir isotherm, as the
determination coefficient (R?) was marginally higher in the
Freundlich isotherm than the Langmuir isotherm Fig. 5, Fig. 6,
and Table 3. Additionally, in the Freundlich model, 1/n is less
than 1, indicating favorable Pb adsorption on unmodified DPS.
However, better Co adsorption was observed from the higher
R? value of the Langmuir isotherm compared with that of the
Freundlich isotherm, indicating chemisorption. This remark
was also supported by the closeness of the theoretical values to
the experimental data, owing to the homogeneous distribution
of active sites on the adsorbent surfaces, indicating a good
mono-layer coverage, since the adsorbent that fits the
Freundlich model is multi-layer in nature [3].

16.0 - . o
14041 m e .
12.0 - Linear (Co) H
3100 1 y=2.6028x-2.2889
v 80 - R?=0.962
3 6.0 - my =24834x-2.3251
R? = 0.8986
4.0 u
2.0 -
0.0 T T T 1
0 6 8

2 Ce (mg/Lf'

Figure 5. Adsorption of Co*? (blue color) and Pb*? (red color)
on UDPS using the Langmuir isotherm

sd = 1.58 and 1.3 for Co and pb respectively.

0.40 - ¢ Co
| P ¢
0.35 - Linear (Co)
0.30 - Linear (Pb)
0 025 1 vy= 0.4096x + 0.0057
o 2 _
20.20 - R?=0.8866
°
0.15 y = 0.3554x + 0.0104
0.10 R2=0.9312
0.05
0.00 ~ T )
0.0 0.5 1.0

log Ce
5!
Figure 6. Adsorption of Co*? (blue color) and Pb*? (red color)
on UDPS using the Freundlich isotherm
, 5d = 0.26 and 0.24 for Co and Pb, respectively

The value of calculated g agreed with that of the experimental
ge Table 4, highlighting the fact that this model successfully
described the Kkinetic behavior of Pb adsorption onto
unmodified DPS, which was in agreement with Amin et al [8],
who used date palm fibers to remove lead from aqueous
solution. They concluded that a satisfactory fit of the pseudo-
second-order model for Pb and Co adsorption onto the
adsorbent supported the presumption that chemisorption is a
rate-controlling step that involves the exchange of electrons
between the adsorbate and the adsorbent [8].

Table 4, Fig. 7, and Fig.8 show that the correlated R? of the
pseudo-second-order model is a little greater than that of the
pseudo-first-order model, signifying a deep interconnection
between the adsorbent and the adsorbate, as both Co and Pb ions
are appropriately fitted into the pseudo-second-order Kinetic
model. Therefore, the pseudo-first-order model is not the best
fit for unmodified date palm seeds, as it can only describe

740



Journal of Engineering and Sustainable Development, Vol. 29, No. 06, November 2025 ISSN 2520-0917

adsorption kinetics at the initial stages and cannot fully
characterize the adsorption process [3], [19],[20].

Time (min)
0 O T T 1
(L 50 100 150
-1.0 - =-0.0394x - 0.6187
R?=0.9908 ¢ Co
= 207 C
5 .
S 30 - o L!near(Co)
o) ——Linear (Pb)
C
~ 4.0 y=-0.0433x - 0.6178
R?2=0.9819
-5.0 -
-6.0 -

Figure 7. Adsorption of Co*? (blue color) and Pb*? (red color)
on UDPS using pseudo-first-order kinetic model
sd = 1.11 and 1.37 for Co and pb respectively.

140 -
120 1  y=1.0205x + 8.9453
5100 | R? =0.9982
E y =1.017x + 9.4379
5 80 1 R? = 0.9989
£ 60 - ¢ Co
§ 40 - B Pb
——Linear (Co)
20 1 ——Linear (Pb)
0 . . .
0 50 100 150

Time (min)

Figure. 8. Adsorption of Co*? (blue color) and Pb*? (red color)
on UDPS using the pseudo-second order model

sd = 30.63 and 35.06 for Co and pb respectively.

Table 4. Rates of pseudo-first and second order kinetics for

Coand Pb
Metals Kinetic Pseudo Pseudo-
parameters first order second order
Pb Qe 0.240 0.983
(mg/g)
Ki, Ko 0.0394 0.110
(1/min)
R? 0.991 0.999
Co Qe 0.241 0.980
(mg/g)
Ki, K 0.0433 0.116
(1/min)
R? 0.982 0.998

3.2. Characterizations of Adsorbent Surfaces by FTIR

FTIR spectroscopy is a key tool for identifying various
functional groups responsible for adsorption [3], [5]. In this
experiment, the spectra of the adsorbent biomass without metals
(before adsorption) and with loads of Pb(ll) and Co(ll) (after
adsorption) were reported over the range of 400-3400 cm™', as
shown in Fig. 9 and Fig. 10.

After adsorption, the broad band peaks of UDPS were located
at 3250 cm™ and 3413 cm? for Co and Pb individually,
corresponding to the O=H stretching mode of the hydroxyl
group. The hydroxyl group is usually found in glucose (an
elemental part of the cellulose structure). Similar results were
reported by Alkali et al. [3], who used modified and unmodified
date peels for the adsorption removal of Pb(ll) ions from
aqueous solution. They found the broad band peaks (relating to
the hydroxyl group), which were close to our results. Peaks
were also detected at 2935 cm™ for Co and 2922 cm?, 2847 cmr
! for Pb, characteristic of C=H, ascribed to asymmetric
stretching vibration distinctive to aliphatic and aromatic
functional groups. The other bands at 1605 cm for Co and
1642 cm* for Pb, likely due to C=0 stretching on the adsorbent
surfaces. These groups usually form strong surface complexes
with metal ions and are part of the cellulose composition [3].
The bands detected at 1451 cm for Co and 1521 cm™, 1429
cm® for Pb, were ascribed to the presence of alkanes (C=C
group), whereas those located at 1249 cm*for Co and 1367 cm
1,1234 cm* for Pb, were related to C=N (cyanide group). The
broadening and shifting of the bands that appeared at 1053 cm-
1,1022 cm?, 1083 cm for Co and 1086 cm™, 1055 cm™* for Pb,
could be linked to the existence of alcohols, esters, ethers, and
carboxylic acids [1]. However, Kowanga et al [17] worked with
a powder of Moringa oleifera seeds for the adsorptive removal
of Pb ions from an aqueous solution. They detected bands
appearing at 1057 cm™' for Pb, which is attributable to the
interconnection of Pb ions with the phosphate group.

2% Transmittance

1419.9
15350 1233.9

| 1030.3
1,100 600

3,600 3,100 2,600 2,100

Wavenumber (cm™)

Figure. 9: FTIR of Co, (b) before and (a) after adsorption

1,600
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Figure. 10: FTIR of Pb, (b) before and (a) after adsorption

4. Conclusions

This paper demonstrated the application of unmodified date
palm seeds as a sustainable adsorbent material to remove Co
and Pb from an aqueous solution, using a batch-mode
experiment under the following optimum conditions: pH 6, time
90 min, adsorbent dosage 0.5 g, and initial concentration 10
mg/L. The results were also examined using the Freundlich and
Langmuir isotherms, and Pseudo-first and second-order
Kinetics.

No significant changes in Co and Pb removal efficiencies were
observed after 90 minutes of the batch experiment, indicating
that equilibrium was achieved at 90 minutes of contact time.
The greatest Co and Pb removal was observed at pH 6,
confirming the interference of H* ions. The data on adsorbent
dose showed an increase in the Co and Pb removal rates when
the dose was raised from 0.1 to 0.5 g. Finally, Co and Pb
removal efficiencies dropped by about half when the initial
concentrations were increased from 12 to 18 mg/L.

In terms of isotherms, the Freundlich isotherm complied with
Pb experimental data (slightly better than Langmuir), whereas
Co data better fitted with the Langmuir isotherm. A better fit
with Co and Pb data was observed with the pseudo-second-
order kinetic model than with the first-order kinetic model.

The infrared spectrum significantly enhanced adsorption
efficiency via surface complexation. It also showed a diversity
of effective functional groups responsible for lead and cobalt
adsorption.
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