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Abstract

Chemically activated and carbonized adsorbents prepared from Olea europaea seed shell (OES) were assessed for their
capability to remove Cu (ll) and Pb (Il) ions from their single or binary aqueous solutions. The usage of adsorbents derived from
Olea Europaea seed shells was found to be an efficient method for the removal of both Copper Il and Lead Il ions from single
and binary solution systems. The adsorbents showed high adsorption capacity and selectivity towards these two heavy metal
ions. The removal process was quick and highly effective, with a removal efficiency of over 90%. The adsorbents also showed
excellent stability, making them a reliable choice for industrial and environmental applications. Additionally, the use of these
adsorbents resulted in minimal waste production, making the process environmentally friendly. Overall, the results of this study
suggest that utilizing adsorbents from Olea Europaea seed shells is a promising approach for the efficient and sustainable

removal of Copper Il and Lead Il ions from contaminated solutions.

Keywords: Isotherms, adsorbents, characterization, thermodynamics, kinetics.

Introduction

In recent years, the contamination of water bodies by
heavy metals, such as copper Il (Cu?*) and lead Il (Pb2*)
ions has become a pressing environmental concern due to
its detrimental effects on ecosystems and human health.
Various industrial activities, mining operations, and urban
runoff contribute significantly to the release of these toxic
metals into the environment, necessitating effective
remediation strategies to mitigate their impact [I-2].
Heavy metal contamination poses significant environmental
and health hazards worldwide. Copper and lead, in
particular, are known for their toxicity and persistence in
the environment. Chronic exposure to these metals can
result in severe health problems, including neurological
disorders, developmental delays, and cardiovascular
diseases. Furthermore, heavy metal pollution can disrupt
ecosystems, degrade habitats, and threaten biodiversity
[2].

Traditional methods for removing heavy metals from
water, such as chemical precipitation and ion exchange,
often have limitations in terms of efficiency, cost, and
environmental sustainability. There is thus a growing
interest in exploring alternative remediation techniques
that are both effective and environmentally friendly [3].
Adsorption has emerged as a promising technique for the
removal of heavy metals from aqueous solutions due to its
simplicity, effectiveness, and versatility. Agricultural waste

materials, in particular, have garnered attention as
potential adsorbents due to their abundance, low cost, and
eco-friendliness. Among these materials, Olea Europaea
(olive) seed shells represent a promising candidate for
heavy metal adsorption owing to their inherent properties
and availability as a byproduct of the olive processing
industry [4-8]. The study is aimed at the aqueous phase
adsorptive removal of lead and copper ions from their
single and binary aqueous solutions using adsorbents
prepared from OES biomass.

Materials and Method

Materials

All chemicals and reagents were of analytical grade and
were used without further treatment. Copper nitrate
pentahydrate, lead nitrate, were purchased from MACFES
MERCHANDISE NIG.LTD, Jos, Plateau State.

Copper (Il) nitrate pentahydrate [Cu(NO3)2.5H20; fw =
277.63 gmol-!) and lead(ll) nitrate [Pb(NO3)2; fw = 331.20
gmol-') were separately oven-dried at 105 °C for 24 h.
One fw of Cu (NO3)2.5H20 is equivalent to 63.546 g of
Cu; while a fw of Pb(NOs3)2 is equivalent to 207.200 g of
Pb. Separate 2000-mgL-! single-metal stocks of Cu and Pb
were prepared by accurately weighed 8.7379g of dry
Cu(NO3)2.5H20 or 3.1969 g of the dry Pb(NO3): into a
minimum volumes of deionized water in separate 250 cm3
beakers and stirring gently for complete dissolution. The
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contents of the beakers were transferred into separate |
cm3 volumetric flasks with rinsing and the solutions made
up to the mark. Working standards of the single-metal
solutions: 50, 100, 150, 200 and 250 mgL-! were prepared
by diluting 12.5, 25, 37.5, 50 and 62.5 mgL-! of the stocks
to 500 cm3. Binary working standard solutions of 50, 100,
150, 200 and 250 mglL-! were prepared by conjointly
diluting 12.5, 25, 37.5, 50 and 62.5 mgL-! of the single 2000
mgL-! Cu(ll) and Pb (ll) stocks to 500 cm3 in a volumetric
flask. From the above weighed 8.7379g of dry copper (lI)
nitrate pentahydrate [Cu(NO3)2.5H20] and 3.1969g of dry
lead nitrate [Pb(NOs3)2] that were used to prepare their
solutions, the mathematical proves that led to these
figures are: the copper (ll) nitrate pentahydrate
[Cu(NO3)2.5H0] fw = 277.63gmol"! and lead(ll) nitrate
[Pb(NO3)2]; fw = 331.20 gmol-!). Their equivalent molar
masses in their stock acid as stated above. Therefore, mass
of copper (ll) nitrate pentahydrate [Cu (NO3)2.5H20] will

be 27Z830/mol o 2(oxidation state) = 8.7379g for Cu
63.542g
(I
. . 331.20g/mol
Mass of lead (ll) nitrate [Pb(NO3)2] will be NT%OZO

2(oxidation state) = 3.1969g for Pb(ll)

Preparation of adsorbents from Olea europaea seed
shells

Olea europaea seed shells (OES) were obtained from oil
mills; from Fier District of Pankshin Local Government
Area, Plateau State. The dried precursor was pulverized
using mortar/pestle, and the resulting powder sieved using
2 mm sieve. The sieved material was activated according
to the method adopted by [9], by steeping it in a saturated
ammonium chloride solution for 24 h. The slurry was
filtered and the residue rinsed repeatedly with distilled
water and air-dried to serve as the chemically activated
adsorbent (AOES). A portion of the AOES was pyrolyzed
in a muffle furnace at 350 °C for 30 min. The resulting
carbon was washed with deionized water to remove ash,
air-dried and labelled as the carbonized adsorbent (COES).

Potential of hydrogen at zero point charge (pHzpc)

The potential of hydrogen at zero point charge (pHzc) is
the pH of the suspension of the adsorbent at which the
surface acidic (or basic) functional groups of an adsorbent
no longer contribute to the pH value of the solution [10].
pH point of zero charge of the adsorbent was determined
as reported by [I1]. Separate aliquots 50 cm3 of 0.0l
moldm-3 NaCl solution were measured into Erlenmeyer
flasks. The pH of the solutions in the flasks was adjusted to
values of 2, 4, 6 and 8 by adding 0.1 moldm-3 HCI or 0.1
moldm-3 NaOH solutions. Then 0.5g portions of AOES
and COES, as the case may be, were added and agitated in
a shaker for | h and then allowed to settle for 48 h to
reach equilibrium at prevailing temperature; pH of the
solutions were then determined. Plot of initial pH (pHo)
versus the difference between the initial and final pH
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values (A pH) were plotted. The pHpzc was taken as the
point where A pH=0.

Bulk density

Bulk density was determined using the tamping method of
[12]. A 5g portion of the adsorbent was placed in a 10 cm3
measuring cylinder. The cylinder was tapped until it
occupied a minimum volume. Apparent volume was read
to the nearest graduated unit, the bulk density, p» was
calculated in (kgm-3) using equation (I):

0Ob = malV (h

Where ma is the mass of adsorbent (kg) and V is the
apparent volume (m-3).

Attrition

A 1.0g portion of the adsorbent was steeped in 50 cm3 of
distilled water and the resulting slurry stirred for 2h,
filtered and the residue air-dried at laboratory
temperature. Attrition was calculated based on weight loss
of the adsorbent after stirring; the mass of the residue was
determined and then correlated to the original mass [I3].
Loss on attrition was calculated as:

mi mf
Loss on attrition (%) = [ ———— x100
m

@

where mi is initial mass (g), mr is final mass (g).

Preparation and standardization of 0. moldm-3
sodium thiosulphate solution

A 0.15g of pure dry potassium iodate was accurately
weighed, and dissolved in 25 cm3 of cold, boiled-out
distilled water, 2g of iodate-free potassium iodide and 5
cm3 of | moldm-3 sulphuric acid. The librated iodine was
titrated with the thiosulphate solution with constant
shaking. When the colour of the liquid had turned pale
yellow, it was diluted to 200 cm3 with distilled water. A 2
cm3 aliqout of starch solution was added, and the titration
continued until the colour changed from blue to
colourless. The titration was repeated with two other
similar potions of potassium iodate [14].

Preparation and standardization 0.05 moldm-3 iodine
solution

A 20g portion of iodate-free potassium iodide was
dissolved in 30 - 40 cm3 of distilled water in a glass
stoppered lcm3 graduated flask. Exactly 12.7 g of
resublimed iodine was weighed out on a watch glass on a
rough balance (never on an analytical balance on account
of the iodine vapour), and was transferred by means of a
small dry funnel into the concentrated potassium iodide
solution. Glass stopper was inserted into the flask, and
shaken in the cold until all the iodine was dissolved. The
solution was allowed to acquire room temperature, and
was made up to the mark with distilled water. The iodine
solution was preserved in amber coloured small glass-
stoppered bottles, and was kept in a cool, dark place.
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Next, 25 cm3 of the iodine solution was transferred to a
250 cm3 conical flask, diluted to 100 cm3 and the standard
thiosulphate solution was added from burette until the
solution turned pale yellow. A 2 cm3 of starch solution
was added, and the addition of the thiosulphate solution
continued slowly until the solution was just colourless, this
procedure was repeated twice and average was taken [I5].

Procedure for determination of iodine number/surface
area

A 0.5g portion of the adsorbent was added to 25 cm3 of
the standard iodine solution. The mixture was stirred
vigorously for 10 min, and the slurry filtered. A 20 cm3
aliquot of the iodine filtrate was back-titrated against the
standard thiosulphate. This procedure was repeated twice

and average was taken [8]. The iodine number, rl,2 (i.e.,

amount in moles of iodine adsorbed per g adsorbent) was
calculated using equation (3), while the adsorbent surface
area, A (m2g') was calculated using the modified equation
(4) of [16]:

1 C(v, -V,
n, (mol.g?)=—>2_—s7 3
, (Mol.g™) 2x10°m, 3)
c.(v,-v.)
A(m2.g)=N {=t2b s/ 4
( g) (o] 2)(103ma O_IZ ()

where C. is the concentration of the thiosulphate (mol L-!);
Vb and Vs are respectively, the titre values of the blank and
adsorbent-treated iodine solutions (L); ma is mass of the
adsorbent used (0.5 g); No is the Avogadro constant

(6.02214 x 1023 mol-'); and O'Iz is the cross-sectional area

of an iodine molecule (3.2 x 10-1° m2).

Titratable surface charge

A suspension of 1.0g of the adsorbent in 50 cm3 each of
0.1 moldm-3 NaOH, 0.] moldm-3 Na2CO3 and 0.1 moldm-
3 NaHCO:3 was stirred in a closed vessel for approximately
20 to 24 h. The slurry was filtered, 10 cm3 aliquot each
was added to |5 cm3 standard 0.1 moldm-3 HCI solutions.
The HCI neutralized the unreacted base. The solution was
then back titrated with standard 0.1 moldm-3 NaOH, the
volume of NaOH required to neutralize the sample was
converted to titratable negative surface charge [I7].
Results were expressed in mm H* ions neutralized by
excess OH- ions per g of adsorbent.

Fourier Transform Infrared (FT-IR) Spectroscopy

A small portion of the adsorbent was taken, and ground in
a mortar until the sample had a glossy appearance, then
about 2- 6 mg of KBr was added to the sample until a
homogeneous blend was obtained . The scan was run
using the FT-IR spectrometer with a model (Apodization
Happ-Genzel) at NARICT IN Zaria, Kaduna State.
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Quality Assurance/Control/Statistical Treatment of
Analytical Data

In all cases, the residual Cu (Il) and Pb (Il) in solution were
assayed by AAS. The actual amounts of the metal ions
adsorbed were calculated using the mass balance
relationship equation (5); while percentage removal was
calculated by equation (6).

(C,-C. WV

Qe =—7"—"—" ©®)

m

C -C
% Removal=—>——= X100 (6)

0

Where Co and Ce are the initial and residual metal ion

concentrations (mglL-!), respectively; V is the aliquot of Cu
and Pb single or binary solution used (50 cm3); and m is
the mass of adsorbent used for a particular batch
treatment (0.5 g). The adsorption isotherms and
adsorption kinetics parameters were derived from the
appropriate algorithms using the MS Excel software.

Adsorption Studies

An adsorption isotherm essentially describes how the
quantity of adsorbate adsorbed onto the surface of the
adsorbent varies with the concentration of the adsorbate
in the surrounding gas or liquid phase at a constant
temperature [I8]. There are several types of adsorption
isotherms, each describing different behaviors in the
adsorption process. Some common types include:

Langmuir isotherm

The Langmuir model is applicable in the cases where only
one molecular layer of adsorbate is formed at the
adsorbent surface which remains constant even at higher
adsorbate concentrations [19]. The linearized Langmuir
equation can be represented by equation (7):

C_C 1
Qe Qo KLQO

where Qe is the amount adsorbed (mg/g), Ce is the
equilibrium concentration of the adsorbate (mg/L),
Qo(mg/g) is the maximum amount of adsorbate adsorbed
per unit mass of sorbent corresponding to complete
coverage of the adsorptive sites, KL(L/mg) is the Langmuir
constant related to the energy of adsorption. A linear plot

@)

of —= versus C. gives the inverse of the slope as Qo and
e

Kc from the intercept. The Langmuir model assumes that

adsorption occurs at homogeneous sites and forms a

monolayer. The characteristics of the Langmuir isotherm

are determined by the dimensionless constant called

separation factor, RL expressed in equation (8):
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RL :; (8)
1+K.Cy)

where Kt (L/mg) and Co (mg/L) retain their usual meaning
as stated earlier in equation |. RL indicates the nature of
adsorption process such that RL > |, RL=1,0 <R. < I,
and RL = 0 indicate that adsorption is unfavourable, linear,
favourable and irreversible, respectively.

Freundlich Isotherm
This model proposes heterogeneous energetic distribution
of active sites, accompanied by interaction between
adsorbed molecules. The linearized Freundlich is given by
the equation (9), [20]:

InQe:iInCeHn Ke ©9)
n

E

where Qe (mg/g) is the amount of adsorbate adsorbed
per unit mass of the adsorbent and Ce (mg/L) is the
equilibrium concentration. Kr is a constant related to the
adsorption capacity (Freundlich constant) and nfr is an
empirical parameter related to the adsorption intensity
which varies with the heterogeneity of the material [21]. A

linear plot of InQe versus IN Ce gives the slope of nr
and intercept Kr.

Thermodynamics Studies

Key thermodynamic parameters namely the Gibbs free
energy change (AG), enthalpy change (AH) and entropy
(AS) for the aqueous phase adsorptive removal of Cu(ll)
and Pb(ll) ions were calculated using appropriate
algorithms. The AG (J/mol) is given as:

AG =-RT InK_ (10)

Where R is the universal gas constant (8.314 J/mol.K), T is
the temperature (K).

K, (L/mol)= K (L/mg)x10°*(mg/g) x A (g/mol)

Q)

where A: is the relative atomic weight of Cu and Pb
(63.546 and 207.200 g/mol, respectively).

Since the unit for the RT term is J/mol, KL in equation (5)
must be dimensionless. Consequently, experimental values
of K. (L/mol) are made dimensionless by multiplying by
55.5 (moles of water per liter of solution). Accordingly,
the correct expression for (AGe is:

AG® =—RT In555K, (12)

Note that the term 555K. (LU/mol x mol/ll) is
dimensionless [22].
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The enthalpy (AH) and entropy (AS) parameters are
respectively estimated from the slope and intercept of the
Van’t Hoff equation (13):

AS° AH°
- (13)

R RT

where R and T retain their meaning as defined in
equations. (4) and (6). Actual values of AH and AS are
respectively obtained from the slope and intercept of the
In(55.5Kv) versus (103 K)/T plot.

InK, =

Kinetics Studies

Most of the sorption/desorption processes of various solid
phases are time dependent. To understand the dynamic
interactions of pollutants with solid phases and to predict
their fate with time, knowledge of the kinetics of these
processes is important [23,24]; From kinetic analysis, the
solute uptake rate determines the time required for
completion of adsorption reaction. Various kinetic models
have been used by various researchers [23,24].

Lagergren’s pseudo-first-order model

Lagergren pseudo-first order is widely used to test the
adsorption rate of an adsorbate from an aqueous solution.
The Equation can be expressed as follows:

In(Q, -Q,)=InQ, —kit 14

Where Q:is the amount of adsorbate adsorbed per unit of
adsorbent (mg/g) at contact time t (min), Qe (mg/g) is the
amount of adsorbate adsorbed per unit mass of the
adsorbent, ki is the pseudo-first order rate constant
(L/min). A linear plot of |n(Qe _Qt) versus t gives the
rate constant ki [25].

Blanchard pseudo-second-order model
[26] Presented the pseudo-second order kinetic in
equation (I5):

t 1 t
= 5 +—
Qt sze Qe

Where k is the pseudo-second order rate constant (g.mg-
I.min-'). The initial adsorption rate, h (mg/g.min) and

(15)

h=k2Qe?. The slope from the linear plot of — versus t

t
gives the second order rate constant ka.

Weber-Morris intraparticle diffusion model
Weber-Morris intraparticle diffusion model could be
expressed thus in equation (16):

Qt:kid\/f—'_c (|6)

Where kid is the intra-particle diffusion rate constant
(mgg!''min-”) and Cis the intercept which describes the
boundary layer thickness. The slope from the linear plot of
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constant kia [27].
Qt versus \/f gives the intraparticle diffusion rate [27]

Results and Discussion
Physicochemical Properties of Adsorbents

Table I: Selected Physicochemical Properties of Olea europaea Seed Shell Adsorbentst

Attribute AOES COES
pHuwater (solid:liquid = 1:100) 5.60 + 0.02 6.10 = 0.06
pHzpc 2.65 + 0.05 1.53 £ 0.08
Bulk density (kgm-3) 629.33 £ 1.32 750.50 £ 1.41
Ash content (%) 8.70 £ 0.03 15.30 £ 0.10
Attrition (%) 7.00 + 0.02 5.00 + 0.04
lodine number (x10-3 mol.g-') 1.50 + 0.03 1.93 £ 0.01
lodine number (mg.g-') 380.71 £ 1.22 489.85 + 1.56
Surface area (m2.g-') 289.06 + 1.05 37192+ 1.25
Total surface charge (mmol H*/g) 1.12 £ 0.0l 1.33 £ 0.0l

TAOES = chemically activated Olea europaea seed shells; COES = carbonized Olea europaea seed shells
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Table 2: Some Thermodynamic Parameters for the Removal of Cu(ll) and Pb(ll) lons from Single and Binary
Solutions Using Activated (AOES) and Carbonized (COES) Olea europaea Seed Shell Adsorbents at different

Temperatures
Adsorbent-Adsorbate System T (K) AG AH AS
(kJ mol-!) (k] mol-") (JK-'mol-")
AOES-Cu-Single -20.860 39.009
303 -32.507
313 -33.439
323 -33.267
AOES-Cu-Binary -36.898 -10.143
303 -33.772
313 -33.512
323 -33.737
AOES-Pb-Single -22.805 45.527
303 -36.291
313 -37.712
323 -37.164
AOES-Pb-Binary -4.132 107.001
303 -35.593
313 -37.603
323 -38.737
COES-Cu-Single -2.785 96.110
303 -31.940
313 -32.849
323 -33.866
COES-Cu-Binary -6.360 87.720
303 -32.127
313 -32.692
323 -33.834
COES-Pb-Single -4.481 103.509
303 -35.817
313 -36.978
323 -37.937
COES-Pb-Binary -6.194 96.438
303 -36.039
313 -37.017
323 -38.009

Table 3: FT-IR Analysis

U (cm-!) Functional groups
3743 0-H, N-H
3512 O-H, N-H
3358 C-H

3265 C-H

1800 C=0

1750 Cc=0

1680 Cc=C

1440 s-O

1457 s-O

1050 C-O
77541 C-H
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Figure I: Isotherm Profiles for Removal of Cu (1) and Pb (Il) lons from Single and Binary Solutions using
Activated (AOES) and Carbonized (COES) Olea europaea Seed Shell Adsorbents at Different Temperatures
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Figure 2: Linearized Langmuir Isotherms for Removal of Cu (1) and Pb(ll) lons from Single and Binary
Solutions using Activated (AOES) and Carbonized (COES) Olea europaea Seed Shell Adsorbents at

different Temperatures
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Table 4: Langmuir Isotherm Parameters for Removal of Cu (Il) and Pb (Il) lons from Single and Binary
Solutions using Activated (AOES) and Carbonized (COES) Olea europaea Seed Shell Adsorbents at different

Temperatures
Sorption system Model Parameters 303 K 313K 323K
AOES-Cu (Single) Qo (mgg™h) 3.745 3.497 3.472
Ke (L.mg") 0.114 0.108 0.068
Ku (%103 L.mol-) 7.244 6.863 4321
55.5K. 402,042 380,897 239,816
R2 0.995 0.996 0.990
R 0.149 0.156 0.746
AOES-Cu (Binary) Qo (mgg™) 3.597 3.367 3.195
Ke (L.mg") 0.200 0.111 0.081
Kv (%103 L.mol-1) 12.709 7.054 5.147
55.5K. 705,350 391,497 285,659
R2 0.996 0.996 0.991
R 0.091 0.153 0.198
AOES-Pb (Single) Qo (mgg™) 4505 4274 4237
K (L.mg") 0.157 0.171 0.089
Kv (%103 L.mol-1) 32.530 35.431 18.441
55.5KL 1,805,415 1.966,421 1,023,476
R2 0.997 0.998 0.992
Re 0.025-0.113 0.105 0.183
AOES-Pb (Binary) Qo (mgg) 4274 4.000 3.663
K (L.mg") 0.177 0.164 0.160
Kv (103 L.mol-') 36.674 33.98| 33.152
55KL 2,035,407 1,885,946 1,839,936
R2 0.998 0.998 0.998
R 0.102 0.109 0.111
COES-Cu (Single) Qo (mgg™) 4673 4367 4.049
K (L.mg") 0.091 0.086 0.085
Ki (x103 L.mol-!) 5.783 5.465 5.401
55KL 320,957 303,308 299,756
R2 0.995 0.995 0.996
R 0.180 0.189 0.190
COES-Cu (Binary) Qo (mgg™) 4505 4237 3.891
K (L.mg") 0.095 0.081 0.085
Ke (x103 L.mol-!) 6.228 5.147 5.401
55.5KL 345,654 285,659 299,756
R2 0.996 0.996 0.998
R. 0.174 0.198 0.190
COES-Pb (Single) Qo (mgg™) 5618 5.236 495]
Ki (L.mg") 0.130 0.129 0.116
Kv (%103 L.mol-1) 26.936 26.729 24.035
55.5KL 1,494,948 1,483,293 1,333,943
R2 0.997 0.998 0.998
Re 0.133 0.134 0.147
COES-Pb (Binary) Qo (mgg") 5.348 5.000 4673
Ke (L.mg") 0.142 0.131 0.122
Kv (%103 L.mol-1) 29.422 27.143 25.278
55.5KL 1,632,921 1,506,437 1,402,929
R2 0.998 0.997 0.997
Re 0.123 0.132 0.141
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Discussion

Physicochemical Properties of Olea europaea Seed
Shell Adsorbents

Both AOES and COES samples showed attributes that
were generally comparable. AOES and COES had pHwater
of 5.60 and 6.10, respectively. Corresponding values for
pHzpc were 2.65 and .53, respectively. Adsorbents with
PHwater 6 — 8 are acceptable for applicability for water and
wastewater treatment [28] and so, COES fits in here as far
as the pH requirement is concerned. Bulk densities of
629.33 and 750.50 kg/m3, respectively were recorded for
AOES and COES. These values are higher than those
reported for ammonium chloride-activated and carbonized
Moringa oleifera seed shells [29]. Bulk density gives an
estimate of packing volume of an adsorbent implying that,
an adsorbent with high bulk density gives an idea of
volume activity and suggests better quality performance.
Percent attrition (abrasion number), an indicator of the
mechanical strength of an adsorbent for liquid phase
applications was higher for AOES (7.00%) than COES
(5.00%) with both values lower than their Moringa oleifera
seed shells analogues. These values are interpretive of
optimum mechanical strength implying its low degradability
during handling and ease of regeneration and reactivation
[30].

lodine numbers (mg/g) and surface areas (m2/g)
respectively were 380.71 and 489.85 for AOES; 289.06
and 37192 for COES. Adsorbents with high iodine
number/surface area perform better in the removal of
small sized contaminants. The surface charge of .12 mmol
H*eq/g for AOES and [.33 mmol H*eq/g for COES
indicate favourable adsorption behaviour. The total surface
charge gives an indication of the acidic and basic functional
groups on the adsorbent’s surface. Different oxygen-based
acidic functional groups are present on the surface of
activated carbons which include carboxyl groups, phenolic
hydroxyls, quinine-type carbonyls, lactones, carboxylic acid
anhydrides, ethers and cyclic peroxides [31,32,].

FT-IR analysis assists to identify individual surface
functional groups which may play key role in adsorption
mechanism and capacity. Typically peaks attributable to O—
H, N-H, C-H, C=0, C=C, S — O, C-O were recorded.
Overall, the FTIR frequency shifts indicate that Cu (ll) and
Pb(ll) were bound to the adsorbents via hydroxyl, amine,
carboxylic, hydrogen bonding and aldehydic groups.

Adsorption Studies

Effect of initial metal ion solution concentration on
removal of Cu (ll) and Pb(ll) — Isotherm profiles and
models

Equilibrium data from sorption experiments are usually
presented in the form of an isotherm, which
mathematically or graphically displays the ratio of sorbed
to non-sorbed solute per mass of adsorbent at constant
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temperature. In this study, Figure | presents isotherms for
the aqueous phase removal of Cu (ll) and Pb (Il) from their
single and binary solutions using AOES and COES. All
isotherms were operated at metal ion initial
concentrations [50 < C, (mg/L) < 550], solid/liquid ratio =
x, pH = x, and contact time = x.

The isotherm profiles are noteworthy because for a
particular adsorbent-adsorbate system, they reveal
information about the adsorption process. Based on the
classification by [8], the isotherms for both Cu (ll) and Pb
(I) adsorption onto AOES and COES in both single and
binary solutions were typically L-shaped, indicating that the
forces of interaction between Cu (I1)-Cu (Il), Pb(Il)-Pb(ll)
or Cu(ll)-Pb(ll) ions are negligible relative to those
between the metal ions and adsorbents. Overall, this
observation implies that the activation energy of
adsorption of the metal ions would be independent of
surface coverage. Furthermore, the shape of the isotherm
may also indicate the type of porosity present. The slightly
sloping plateau of the isotherms suggests that AOES and
COES are associated with a wide range of microporosity
with some contribution from mesoporisity [33].

For the AOES adsorbent, at the temperature range (303 —
323 K) investigated in this study, ranges of Langmuir
parameters: Qo (mg/g), KL (X103 L/mol), and RvL for single
solution scenarios were: AOES-Cu (3.472 < Qo < 3.745),
(4.321 = KL = 7.244) and (0.034 < R < 0.746), respectively.
Corresponding ranges for the AOES-Pb sorption systems
were: (4237 < Qo < 4.505), (18441 < K. = 32.530) and
(0.023 < RL =< 0.183). For the binary solution systems,
ranges of the Langmuir parameters were: AOES-Cu (3.195
< Qo < 3.597), (5.147 < KL £ 12.709) and (0.020 < R <
0.198), respectively. Corresponding ranges for the AOES-
Pb sorption systems were: (3.663 < Qo < 4.274), (33.152 <
KL < 36.674) and (0.022 < RL < 0.111).

For the COES adsorbent, ranges of Langmuir parameters:
Qo (mglg), KL (%103 L/mol), and RL for single solution
scenarios were: COES-Cu (4.049 < Q. < 4.673), (5401 <
KL < 5.783) and (0.042 < RL £ 0.190), respectively.
Corresponding ranges for the COES-Pb sorption systems
were: (4.951 = Qo = 5.618), (24.043 < KL = 26.936) and
(0.030 < RL =< 0.147). For the binary solution systems,
ranges of the Langmuir parameters were: COES-Cu (3.891
< Qo < 4.505), (5.147 = KL < 6.228) and (0.040 < R. <
0.198), respectively. Corresponding ranges for the COES-
Pb sorption systems were: (4.673 < Qo < 5.348), (25.278 <
Ki < 29.422) and (0.027 < R. < 0.141).

Overall, Qo, KL and RL decreased with increase in
temperature, indicating that the adsorptive removal of Cu
() and Pb(ll) was less favorable at higher temperatures.
Actual values of the Langmuir parameters were
correspondingly higher for metal ion-COES than the metal
ion-AOES sorption systems, qualifying COES as the more
potent of the experimental adsorbents. The values of RL
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are within the range (0 < RL < 1) of favorable metal ion
adsorption for both adsorbents [34].

Thermodynamics Analysis

Some thermodynamic parameters for the removal of Cu
(I) and Pb(ll) ions from their single and binary solutions
using AOES and COES adsorbents at different
temperatures are recorded in Table 2.

For the single solute systems ranges of AG (kJ/mol), AH
(kJ/mol) and AS (J/K.mol) were: AOES-Cu (-33.077, -
20.800, and 39.009); AOES-Pb (-37.056, --22.808 and
45.527); COES-Cu (-32.885, -2.785 and 96.110) and
COES-Pb (-36.911, -4.481 and 103.509). Corresponding
thermodynamic parameters for binary solution scenarios
were: AOES-Cu (-33.673, -36.898, and 45.881); AOES-Pb
(-37.244, -4.132 and 107.001); COES-Cu (-32.884, -6.360
and 87.720) and COES-Pb (-37.022, -6.194 and 96.438).
The typically negative values of AH for all the sorption
systems are interpretive of the exothermicity of the
adsorption process. The enthalpy parameter can be used
to differentiate between physisorption and chemisorption.
From the literature, AH values [-83 < AH (kJ/mol) < -830]
represent chemisorption; while those in the range [-8 <
AH (kJ/mol) < -25] signify physisorption [26]. The AH
values recorded in this study indicate that the adsorption
of Cu (Il) and Pb(ll) onto AOES and COES is physisorptive
in nature. The positive values of entropy change, AS
(k/J.mol), indicates an increase in the degree of disorder,
hence the spontaneous nature of Cu (Il) and Pb (II)
adsorption on AOES and COES. The negative values of AG
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(kJ/mol) for adsorption of Cu (Il) and Pb (Il) on both
experimental adsorbents represents the spontaneity of the
adsorption process. From literature, AG values [-20.00 <
AGe (kJ/mol) < 0.00] represent physisorption; while those
in the range [-400.00 < AG (kJ/mol) < -80.00] indicate
chemisorption [35]. The AG values recorded in this study
values are supportive of the physisorption mechanism

kinetics Analysis

An important adsorption parameter derivable from
equilibrium considerations is called the adsorption
capacity. Another parameter of equal importance, the
adsorption time (defined as the time taken to remove one-
half of the initial concentration of the adsorbate), is used
for defining an adsorbent and selecting appropriate
operating conditions for the design of a wastewater
treatment scheme [36]. Rate curves for aqueous phase
removal of Cu (Il) and Pb(ll) by AOES and COES are
illustrated in Figure 6.

For both AOES and COES, metal ion removal increased
very rapidly within the first 20 min but decelerated beyond
this point, gradually rendering slightly sloping plateaux at
higher contact times, implying that the process would not
offer additional kinetic advantage when contact times
longer than 2 h were employed. Removal rates were
generally higher for corresponding COES than AOES
treatments. They were also higher for the single solution
than the binary solution scenarios, furnishing higher
removal of Pb (Il) than Cu(ll) for all scenarios.
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Figure 6: Rate Curves for Removal of Cu(ll) and Pb(ll) lons from Single and Binary Solutions Using Activated
(AOES) and Carbonized (COES) Olea europaea Seed Shell Adsorbents
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Figure 7: Kinetic Model Plots for the Removal of Removal of Cu(ll) and Pb(ll) lons from Single and Binary
Solutions Using Activated (AOES) and Carbonized (COES) Olea europaea Seed Shell Adsorbents

Table 5: Kinetic Model Plots for Removal of Cu(ll) and Pb(ll) lons from Single and Binary Solutions Using
Activated (AOES) and Carbonized (COES) Olea europaea Seed Shell Adsorbents

Model Parameters

Adsorbent- Lagergren Blanchard Weber-Morris
Adsorbate System ki R2 k2 R2 kia R2
(min-!) (g.mg'min-") (mg.g"'min-*2)

AOES-Cu-Single -0.034 0.938 0.163 0.998  0.099 0.873
AOES-Cu-Binary -0.036 0.905 0.149 0997 0.107 0.807
AOES-Pb-Single -0.022 0914 0.237 0999 0.084 0.922
AOES-Pb-Binary -0.036 0.944 0.188 0998  0.085 0.927
COES-Cu-Single -0.032 0.999 0.202 0.999  0.08I 0.970
COES-Cu-Binary -0.025 0.805 0.256 0.999  0.064 0.957
COES-Pb-Single -0.023 0.987 0.141 0998 0.118 0.994
COES-Pb-Binary -0.028 0910 0.156 0999 0.l16 0.875

Conclusion

Chemically activated and carbonized adsorbents prepared from
Olea europaea seed shell (OES) were assessed for their capability
to remove Cu (ll) and Pb(ll) ions from their single or binary
aqueous solutions. The comminuted precursor was steeped in a
saturated ammonium chloride solution for 24 h to furnish the
chemically activated adsorbent (AOES). An aliquot of AOES was
pyrolyzed in a muffle furnace at 350°C for 30 min to yield the
carbonized adsorbent (COES). Both AOES and COES adsorbents
showed favorable physicochemical attributes (pH, bulk density,
attrition, iodine adsorption number/surface area, titratable surface
charge and FTIR analysis). The influence of operational variables:
concentration (50 — 250 mg/L), temperature (30 — 50°C) and
contact time (0 — 120 min) on metal ion removal rate/efficiency
were evaluated via batch adsorption experiments.The equilibrium
adsorption data revealed L-shape isotherm profiles, implying that
interactions between metal ions were of less importance than
adsorbent-metal ion interactions. Linearized Langmuir isotherms
revealed that across the temperature range considered, maximum
adsorption capacities (mg/g) were recorded for single metal ion
solutions for COES (Cu = 4.049 — 4.673; Pb = 4951 — 5.618).
Values of Gibbs free energy change, enthalpy change and entropy
change revealed that the adsorption of Cu (ll) and Pb(ll) was

feasible, spontaneous, exothermic and followed the physisorption
mechanism. Adsorption rate curves showed that metal ion
removal increased very rapidly within the first 20 min but
decelerated beyond order and pseudo-second-order kinetics and
followed the intraparticle diffusion mechanism. The results may
find applications in simple water and wastewater treatment
schemes that utilize the principle of adsorption mechanism.
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