Al academia journal for Basic and Applied Sciences (AJBAS) volume 5/No. 5 — December 2023

Adsorption of Pb(Il) from Water by Olive Waste Cake:

Equilibrium, Isotherm and Kinetics Studies
Mohamed Sulyman®®, Ali Alzitrini?, Younes EI-Ghanoudi?, Salem Abu Zariba3
1: Department of Chemistry, Tajoura Nuclear Research Center, Tripoli-Libya
2: Ministry of Education- Tripoli-Libya
3: Department of Chemistry, The Libyan Academy, Tripoli- Libya
* Corressboinding author: mohsuly.2020@gmail.com

ABSTRACT

Today, adsorption is an effective approach for adsorption of contaminates such as heavy
metals from water using different sources of low cost agricultural wastes. In this study,
treated olive cakes with potassium carbonate (K2COs) have been used as a low cost and eco-
friendly adsorbent for the adsorptive uptake of lead Pb(Il) ions from its aqueous solution using
batch mode system. The characterization study of adsorbent was performed using Fourier
transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM) techniques. The
Influence of various important parameters such as contact time , initial ion concentrations, and
adsorbent dose, were investigated. The atomic absorption was used to analyze the remaining
metal ions concentrations. According to data obtained during the experimental section the
following results were obtained: 1) contact time of 120 min, initial Pb(Il) concentration of 150
mg/l, adsorbent dose of 0.5 g, room temperature, agitiation rate of 250 rpm, and working solution
of 50 ml; 2) The maximum adsorption capacity of treated-olive cake for Pb(ll) ions was found
to be 23.64 mg/g; 3) The adsorption equilibrium was achieved within 120 min; 4) Solution pH
was kept constant at the neutral value of pH during the whole adsorption process; 5) Total cost of
the adsorbent derived from olive-waste cake including raw material, transportation, filter paper,
chemicals (K2COs and acetone ), electricity was estimated to be 0.85 US$/kg).

Keywords: Adsorption, equilibrium, heavy metals, olive cake, batch mode, kinetics, agricultural waste.

1. Introduction

Water resources are defined as the sources which produce the water for our different types of
uses and also those sources that give the huge benefit to the life of the humans. Basically, the
function of the water resources is to overcome the desires or the requirement of the water for the
agricultural or household purposes. A clean and reliable water supply is critical for domestic use,
food and energy production, transportation, recreation, and maintenance of natural ecosystems
[1-3]. Technological advancements directed towards increase in the comfort of human life have
greatly increased industrialization and urbanization. One of the unintended consequences of this
is the generation of a large volumes of wastewater every day, containing hazardous materials that
have harmful effects to both human and aquatic life [1-6].

It was reported that million of tons of chemicals such as heavy metals, toxic sludge, solvents,
dyes, chemicals, oil, acids and alkalis, salts, surfactants, industrial wastes and etc. were
discharged into the natural water streams every year [1]. In 2014, about 2531.67 million tons of
wastewater were discharged by the mining operations in China [5]. Heavy metals (HMs) are
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among the most common pollutants in wastewater, and they are defined as metallic elements
with a density of more than 6.0 g/cm® when compared to water. Heavy metals are also toxic
substances at trace concentrations and create hazardous to the environment, due to their
accumulation through the food chain, toxic effects, highly soluble in aquatic settings, making
them easily absorbed by biological organisms [3, 6-9], which undergo transformations and have
great environmental, public health, and economic impacts [10].

There are many heavy metals have been classified as toxic pollutants in their mixed or
elemental formssuch as Lead (Pb), Chromium (Cr), Cadmium (Cd), Selenium (Se), Zinc (Zn),
Copper (Cu), Arsenic (As), Cobalt (Co), Nikel (Ni), Mercury (Hg) [6, 8, 11]. Among the sources
of release of heavy metals into the aquatic environment are oil and gas, refining ores, sludge
disposal, metal plating, plastic, pharmaceutical, storage-manusacturing battery, paper and pulp,
mining operations, electroplating, paints, alloys, pesticides and preservatives, fly ash from
incinerators, automobile industry, agricultural activities, chemical spills, printing, textile and
pigments, fuels, photographic industries and explosive manufacturing, cosmetics, stabilizer,
galvanizing, glass operations, iron and steel manufacturing units, cement plants and municipal
wastewater [7, 8, 11].

Adsorption process is offering advantages over conventional processes such as low space
requirements for batch and continuously packed bed units, zero water pollution, absence of odor
emissions, low cost of the adsorbent, and simplicity of design and ease of operation, and
production of high-quality treated effluent in many cases and less investment in terms of both
initial cost and operational cost [12].

Agricultural products and by-products/wastes, as well as forestry residues are inexpensive
materials in comparison to the commercial AC. They have proved very efficient for pollutants
removal from water because the main components of these materials are cellulose,
hemicelluloses, and lignin which contain various functional groups like hydroxyl and carboxyl
groups. These functional groups can act as binding sites, which offer advantages of these wastes.
They can also be easily modified by one step chemical activation for improving the adsorption
capacities [13-16]. Agricultural and food production creates a great amount of wastes, and to
many, food processing is considered as a big polluter. It is estimated that about 38% of food
wastes are produced by the agri-food industry [17, 18].

A one ton of olive fruit can reportedly generate 0.35 ton of olive-cake waste. From an
industry perspective, that is a great amount of solid waste generated by the olive mill, waste that
accumulates around the processing mill of olive fruits [19]. In Libya, olive cakes are produced
from oil mills near the coast areas since suitable for the olive trees to grow, which is the biggest
agricultural wastes. Olive cake solid wastes are of nonuse, and being accumulated each year.
Sometimes, olive cakes are presented as animal feed after being mixed with minerals. According
to the survey conducted by the author on the Libyan coast from Alzawia to Zliten, which is
about 200 km, on three years period (2018, 2019 and 2020) included 25 olive mills, has pointed
out 90-98 tons of olive-waste cake are generated from one oil mill annually. The author are also
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estimated that the olive stones which is presented in the solid waste-cake is about 50-52 wt%.
Figure (1) shows the accumulated of high amount of olive-waste cake around the olive mill.
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Fig. 1: The accumulated o large amo
2. Materail and Methods
2.1. Materails

In this study, olive-waste cake was used as an alternative adsorbent for the elimination of
pollutant from its aqueous solution. Lead nitrate {Pb(NOs3)2}, from Merck was used for the
preparation of stock solution of Pb(ll) ions. Potasuim carbonate K2CO3s from Merck was used as
a chemical agent for the treatment of olive-waste cake, acetone as solvent to remove any oil from
the olive-waste cake provided from POCH, Poland, distilled water obtained from chemical
department at Nuclear research center in Tripoli.
2.2. Instrumentations

The list of instruments and tools which were used in this study are presented in Table (1).

Table 1: The list of instruments used in the present study
Instrument Manufacture/ type

¥, ] ~

unt of olive cake around the olive mill [by researcher camera].

Electronic weight balance

Sartorius, 1000+£0.0001g

Digital shaker (batch mode)

GFL 3005 model, Germany

Infrared Spectroscopy (FT-IR)

Tensor 27 Bruker, USA- at the range of 450 — 4000 cm-1

Mechanical mill Two places. Each one has three stainless steel ball, Germany
Sieve plats Ranging 0.125 - 1.0 mm

Filter paper Whatman 40, circles, 125 mm @

pH meter 740 Inolab WTW with a SenTix 20 pH model double electrode
Themogravimetric (TGA) TA instrument (SDT Q500)

X-ray fluorescence spectroscopy (XRF)

Bruker 1kw WD-XRF model S8 Tiger spectrometer

Scanning electron microscope

Quanta FEG, USA 10kV

Atomic adsorption

AA240FS (VARIAN)

2.3. Preparation of Adsorbent

In this study, olive-waste cake was used as an available and very cheap biosorbent material
for the uptake removal of lead Pb(I1) ions from their aqueous solution. The raw olive-waste cake
was obtained from oil mill process at Zliten, Libya. The biomass was washed completely with
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warm water and soap. This washing without soap was repeated three times with distilled water
followed with acetone to remove oil, impurities and other undesirable materials. After that, the
olive cake was activated chemically by being soaked in (0.5 M K2COs ) solution for 24 h. It was
subsequently washed many times with distilled water and dried at room temperature for 5 days,
and in the oven at 105°C until constant weight was reached. Finally, the dried material was
crushed and blended using a mechanical mill, and passed through the 0.1 mm sieve plate to
produce powder adsorbent material of uniform size and stored in plastic bags for further use.

2.4.  Characterization of the Adsorbent

2.4.1. Bulk Density

For bulk density, a glass cylinder 25 ml was filled to a specified volume with each material and
dried in an oven at 65 °C for 7 hr. The cylinder was tapped for few minutes to compact the
material and the bulk density estimated and presented as g/ml using the following Equation. The
procedure was similar to that used by Sulyman et al., (2018) [20].

Bulk density = weight of dry adsorbent (g) / final volume (ml) . ... .... (1)

2.4.2. FTIR Analysis of Adsorbent
Fourier-transform Infrared Spectroscopy (FTIR) is a widely accepted technique for the

identification of functional groups [21]. Also makes possible to investigate the interaction
between chemical substances like heavy metal ions and molecules of dyes and the active sites on
the solid surface of adsorbent [22]. Tensor 27 Bruker model of Fourier transform infrared (FTIR)
Spectroscopy, was used in this study to obtain the IR spectra of the olive cake adsorbent in the
form of raw material. Samples were analyzed in spectral range of 500-4000 cm?, with test
parameters of 2 cm™ resolution; 64 is the number of scans, and 4 mm is for spectral beam
diameter.
2.4.3. Water Uptake

The swelling test were carried out at room temperature in liquid media using disttiled water.
The system was carried out as follows: three separate samples of exactly 1.0 g of olive cake were
kept into empty tea bags, then they were soaked in disttiled water using container glasses of 100
ml. After a given time, the samples were carefully taken off the liquid. The mass of the samples
was measured during 250 min. The extent of swelling was calculated as the percentage of olive
cake mass increment after a set time immersion in the water by the following Equation [23].

Water uptake (%) = (me-mi/mi)x 100 . . .. ... .. (2)

Where: msis the wet weight of samples (g), mi is the initial dry weight of the sample (g)
2.4.4. Surface morphology of adsorbent

Scanning electron microscopy (SEM) is also an initial tool for characterizing the surface
morphology and fundamental physical properties of the adsorbents [24, 25]. The surface
morphology of olive cake sample was researched by using a Zeiss EVO 40 scanning electron
microscope (SEM), which enabled examining the phase distribution in the modified adsorbent.
The SEM power was 10 kV.
2.4.5. Thermogravimetric Analysis
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Thermal analysis (TGA) is good analysis technique to examine decomposition characteristics
of the raw material and its activated carbon [26]. However, in order to determine the remaining
amount of combustible material remaining in the sample TGA take place. For this analysis, a
fixed amount 10 mg of the sample was performed by heating the sample under nitrogen flow rate
of 100 ml/min using a furnace of a temperature range of 30-800 °C.

2.5. Preparation of Lead Pb(ll) lons Solution

Stock solution of lead Pb(Il) (1000 mg/l) was prepared by dissolving lead nitrate
{Pb(NOs)2} in few distilled water (about 100 ml) and diluting quantitatively to 1.0 L using
distilled water. Then required initial concentrations of Pb(Il) standards solutions in the range of
(50 to 250 mg/l) were prepared by adequate dilution of the stock solution with distilled water.
Three drops of concentrated nitric acid were added during the preparation of stock solution:
2.6. Batch Adsorption Process

Adsorption experiments were carried out in 250 ml beakers containing using batch mode
technique. In order to optimize the experimental conditions, the batch adsorption experiments
were performed for different important parameters such as initial concentrations of adsorbate
(50-200 mg/l), contact time (30-120 min), adsorbent mass (0.3-1.0g). At the beginning, fixed
amount of biomass (0.1g) was contacting with 50 ml of a given concentration of adsorbate for 60
min at room temperature. In each case, a parameter was varied while others were kept constant.
At the end of the adsorption time, the residual concentration of adsorbate in the solution was
analyzed by Atomic Absorption “AA” technique after separation of solid phase from the
mixture by filter paper. Each experiment was repeated three times under the same conditions and
the average results were estimated. In each case, the agitiation rate, particle size of adsorbent,
volume solution were kept constant at 250 rpm, 0.1 mm and 50 ml, respectively during the whole
adsorption process. The experiments were coducted at pH 7 as most natural water resources have
pH in the range 6-8. The adsorption capacity (qe) and adsorption effiecincy at equilibrium were
calculated from the Equation (3) and (4), respectively [20].

Adsorption capacity ge = (Co-Ce) X (V/M) evvniniiiiiiiiinnen. (3)
Adsorption % = (Co-Ce/ Co) x 100 ....ooiiiiiiiiiiiiiiiiieene, 4

where: Co and Ce (mg/l) are the initial and final adsorbate concentration, respectively. V is the
volume of the solution (L), M is the amount of adsorbent (g).
2.7. Isotherm Studies
The analysis and study the equilibrium data is very important in view to develop a model
equation which can accurately represent the results and could be used for the design purposes
[27, 20].

e Langmuir adsorption isotherm
Langmuir isotherm model represents the simplest in all known isotherm models for monolayer
adsorption. Langmuir isotherm model is developed by assuming that the force of interaction
between the adsorbed molecules are negligible, fixed number of accessible sites are available on
the adsorbent surface in which these sites are energetically equivalent and once an adsorbate
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molecule occupies a site, no further adsorption takes place [28, 29]. In other words, the
Longmuir presumes a specific homogeneous type of the adsorption. The linear form of the
Langmuir adsorption is given as [30]:
Celge = 1/(Qmaxb) + Ce/Omax ..ovvvvenrnnnn. (5)
where e is the adsorption capacity in the equilibrium state (mg/g), Ce is the equilibrium
concentration of dye (mg/l), gqmax is the maximum adsorption capacity corresponding to complete
monolayer adsorption (mg/g), and b is the Langmuir isotherm constant (equilibrium constant
I/mg). The slope and the intercept of linear plots of Ce/ge vs. Ce help calculate the constant
parameters of gmax (Mg/g), and b (I/mg). The affinity between the liquid phase (solution of
dyes/or heavy metal) and solid phase (adsorbent) can be predicted with the Langmuir parameter
b from the dimensionless separation factor R, Eq. 6: [30, 20].
RL=1/(1+bCo)ueverririniinaninnnn. (6)
where Co is the initial dye concentration, b is Langmuir isotherm constant. The adsorption
process as a function of R may be described as follows [20]:
RL >1 unfavorable, RL =1 linear, 0 < RL <1 favorable, and RL = 0 irreversible.

e Freundlich adsorption isotherm
Freundlich isotherm model is widely used for many years, and this is mainly applied to describe
characteristics for the hetrogeneouse surface. The model assumes that adsorption takes place on a
heterogeneous surface, and can be used for non-ideal adsorption [31]. The linear form of
Freundlich is given as [32]:

INge = I/N(InCe) + InKs......... (7)

where K, and n are Freundlich constants with “n” giving an indication of the facility with which
adsorption process takes place, Kr(L/mg) is the adsorption capacity of the adsorbents.
2.8. Adsorption Kinetics Modeling in a Batch Experiment

Adsorption kinetics is dependent on the adsorbate-adsorbent interaction and conditions,
which have been assessed for possible use in water pollution control [33]. The adsorption rate is
a influence factor for a better choice of adsorbent, where the adsorbent should have a high
adsorption efficiency and a fast adsorption rate. Existing adsorption investigation mostly used
pseudo-first-order[34, 35], and pseudo-second-order models [34, 36] to understanding the
behavior of adsorption kinetics of adsorbate by adsorbent [37]. The general Kinetic rate equation
can be written as Equation 8 [38].

dgde=Kn (Qe — Q)" .nevvennenennnnn. (8)
n =1 ----> first-order kinetics, and n =2 --- second-order kinetics
e The pseudo first-order equation of Lagergren is generally expressed as follows:
dgv/di = Ke(Qe-Qt) ..ovviriiniiiiiie, 9

Where ge and gt are the adsorption capacity at equilibrium and at time t, respectively (mg/g) and
ki1 is the rate constant of pseudo first-order adsorption (1/min). The linner form of pseudo first-
order model is obtained given by integrating Eq. 10 for the boundary conditions t = 0-t and qg: =
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0-g¢ and given by equation 11 [39, 40]. Values of ki and ge were calculated from the slope and
intercept values of the straight line of plotting log (qge-qt) versus t, respectively.

Log (ge-qt) = log (ge) — (k1/2.303) t .....(10)
e The pseudo-second order equation is generally given as follows:

dav/de = K2(Qe-0t)® ...veviveiiiiiene (11)
Where k2 is the rate constant of pseudo second-order adsorption (g/mg min). Integrating Eq. 11
yields the linearized form as shown by Eq. 12 [39].

tlgt=(Ukage? ) + (L/ge) t ooveveenennen (12)
Parameter values of k2 and ge were calculated from the slope and intercept values of the straight
line of plotting t/q: versus t.

3. Results and Discussion
3.1. Characterization of Adsorbent
e Physical Properties
Table 2: Most physic-chemical characterization of treated olive cake

Parameter Value
Bulk density, g/ml 0.65
Moisture content, % 6.5
Ash, % 1.2
Swelling, % 200
Carbon content 50.0
Elemental analysis Hydrogen content 5.36
(%) Nitrogen content 0.70
Oxygen content 30.77

e FTIR Analysis

The FTIR spectra show the functional groups on the surface of the raw and modified
adsorbent as shown in Fig 2-a and Fig 2-b, respectively. The broad band at 3330.63 cm-1 was
due to (—OH) stretching of the hydroxyl groups [41-44]. The two bands at 2917.09 and 2850.39
cm—1 on adsorbent, were attributed to (-CH) stretch of (-CH3) and (-CH2) respectively [44, 42].
The absorbance peaks of olive cake at 1731.31 cm-1 is due to the presence of C=0 stretching of
carbonyl or most likely, a carboxylic group [41]. Furthermore, the figure indicated that the
presence of a small peak at 1650 and 1606.57 cm-1 was due to the presence of C=0 stretching of
the amide group (I); the presence of nitrogen moiety is confirmed by Elemental Analysis (N =
0.7%). Furthermore, the figure indicated the presence of a small peak at 1513.48 cm-1 due to the
presence of N-H bending types of bonds of amide (I1) [45]. The bands appeared at 1035 cm-1
and 1162 cm-1 probably assigned to C-O stretching in alcohols. Finally, Peaks at 818.56 cm-1
and down to 565.79 cm-1 may indicated that aromatic units were still present within the material.
Thus, the IR spectral study revealed that the adsorbent derived from olive cake contain mainly —
OH, C=0, and —NH functional groups which were mainly responsible for the adsorption of
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adsorbates through chemical bondings [41]. After the treatment process of the adsorbent, some
minor changes were observed at the position and intensity and a little shift of these peaks.
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Fig. 2: FTIR analysis of olive cake-based bioadsorbent (a) and treated olive cake (b).

e Thermal Analysis- TGA

Thermo-gravimetric analysis of the raw olive-waste cake was also performed by heating the
sample up to 600 °C under nitrogen flow rate of 100 ml/min through a furnace of a temperature
range of 30-800 °C. It can be observed from Figure (3.a) that there has been a very little drop in
olive cake weight of approximately a total of 6.5% between initial temperature and 200 °C which
could attribute to water elimination/desorption (moisture released) by the sample during heating
which were physically adsorbed in olive cake. The second weight loss which started around
300°C due to the decomposition of lignocellulosic structure. Beyond this point, increasing
temperature has led to a semi-sharp drop in weight to almost 65%, representing the degradation
of the main components by dehydration, decarboxylation and decarbonizations [46, 41].
Therefore, at the oven drying temperature; that was 100 -105°C, there would be neither chemical
nor structural modifications to occur by heating. Degradation of lignin and cellulose responsible
probably for the adsorption of Pb(ll) substances would be avoided. The derivative weight curve
displayed two main endothermic peaks; one sharp peak at about 300 °C attributed to the
degradation of cellulose, another peak as a shoulder at 450 °C attributed to degradation of lignin
as indicated elsewhere [41].
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Fig. 3: Thermo-gravimetric analysis of olive cake-based bioadsorbent

e SEM Analysis

Scanning electron microscope (SEM) is a useful technique to characterize the surface
morphology of adsorbent [163]. The morphological images of adsorbent after and before
treatment with K2COs are presented in Figure (4). The surface of adsorbent was irregular and
rough. The images of SEM also showed some pores on the adsorbent surfac after treatment
process figure (4-b). These conditions offered a good surface for the adsorption of pollutants
such as lead ions. Similar results were obtained for Carpinus betulus sawdust which was used for

the adsorption of basic red 46 [47].
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Fig. 4: SEM images of raw adsorbent (a), and treated adsorbent (b).
3.2. Optimization Studies for Pb(ll) lons onto Olive Cake
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Table 3: Experimental range and levels of independent process variables involved in this study.

Independent variable Unit Levels

-2 -1 0 1
Adsorbent mass g 0.3 0.5 0.75 1.0
Initial concentration mg/Il 50 100 150 200
Contact time min 30 60 90 120
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e Equilibrium Optimization

Tables 4 abstracted conditions for the adsorptive uptake of Pb(ll) ions from its aqueous
solution including initial concentration of lead, contact time and adsorbent dose, respectively.
From table 4, it was clear that the Pb(ll) concentration was a crucial factor during adsorption
process, since it dictates the mass transfere resistance of the lead ion between the two phases
(liquid phase and solid phase) [48]. However, it can be clearly observed that on changing the
initial concentration of Pb(ll) solutions from 50 mg/l to 200 mg/l, the adsorption capacity
increased from 4.25 to 14.55 mg/g. This may be attributed to fact that for higher initial
concentration, more efficient utilization of sorption sites was expected due to the great driving
force of the concentration gradient in order to overcome all mass transfer resistance of HM ions
between the aqueous and solid phases [48]. While, the percentage uptak for lead Pb(Il) ions was
decreased with increase in the initial concentration. It was decreased from 85.0 % to 72.75 % as
the initial concentration increased from 50 mg/l to 200 mg/I. Besides, table 4.11 indicated that
the removal effeiciency increased with increasing agitiation time, 69.80% for the solutions
containing 200 mg/l of Pb (II) initially and then became almost stable representing the
equlibiruim point within 120 min (85.34%). However, with the same adsorbent dose and contact
time, there was a drop in the removal percentage with the increase in the initial Pb(ll)
concentration. At lower initial concentrations, sufficient adsorption sites were available for the
adsorptive uptake of lead ions. Conversely, the numbers of Pb(ll) ions at higher initial
concentrations were relatively more as compared to the available adsorption sites. In this case,
the availability of free adsorption sites dominates [28].

Table 4: Listed the adsorption capacity (mg/g) and removal efficiency (%) for Pb(ll) at different
Initial conc, (adsorbent dose 0.5¢g; contact time 120 min)

Initial conc. Removal, (%) SD Capacity mg/g SD
(mg/l) (average) (average)
50 85.0 +1.047972 4.25 +1.3194710
100 80.9 +1.141976 8.09 +1.66421170
150 77.33 +2.109731 11.6 +1.641976502
200 72.75 +0.883194 14.55 +1.075512977
* SD is the Standrade deviation

The time impact was determined in order to assess the pollutant uptake rate. The impact of
adsorbent contact time was carried out by contacting a fixed amount of adsorbent (0.5g) using
150 mg/l of Pb(ll) ions solution at an agitation rate of 250 rpm, room temperature. The efficiency
of the adsorbent was evaluated using the time intervals of 30, 60, 90 and 120 min as shown in
Table (5). A rapid uptake of Pb(Il) ions within 90 thereafter equilibrium was reached. The results
show that there was a fast adsorption at the beginning due to the available active sites being
accessible on the surface of the adsorbents and after certain time the adsorption becomes slow
because of saturation of the active sites [45].
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Table 5: Listed the adsorption capacity (mg/g) and removal efficiency (%) for Pb(Il) at different contact
time, (adsorbent dose 0.5¢; initial concentration 150 mg/l)

Contact time, Removal, (%) SD Capacity mg/g SD
(min) (average) (average)
30 69.80 +1.209256 13.02 +0.944722
60 75.55 +0.686952 15.067 +1.774210
90 83.25 +2.273881 16.754 +2.050397
120 85.34 +0.854244 17.068 +1.07519730

The impact of adsorbent mass was carried out by contacting different amounts of adsorbent (0.3g
— 1.0g) using 150 mg/l of Pb(ll) ions solution at an agitation rate of 250 rpm, room temperature,
for a period of time 120 min. Table 6 showd the variation of percentage removal versus amount
olive cake for the Pb(ll) ions. From the table it can be seen that with increase in adsorbent dose
from 0.3 to 1.0 g the percentage removal of lead ions increased sharply from 70% to about 80%
for contact time of 120 min. This can be attributed to the increase of the available adsorption
active sites on the adsorbents surface with increase in amount of olive cake [50, 49]. However, it
was seen that adsorption did not increase linearly with increase in adsorbent dose [50]. Thus the
olive cake adsorbent was kept constant at 0.5/50 ml of solution lead ions in this study. In other
site, the adsorption capacity was decreased from 23.45 mg/g to 7.75 mg/g as the adsorbent dose
increasing from 0.3 to 1.0 g for 120 min. Similar outcome was observed and reported in many
previous studies using other types of bioadsorbents derived from agricultural wastes [51-53].
Table 6: Listed the adsorption capacity (mg/g) and removal efficiency (%) for Pb(ll) at

different adsorbent dose, (initial concentration of 150; contact time 120 min)

Adsorbent Removal, (%) *SD Capacity mg/g *SD
dose, g (average) (average)
0.3 70.13 +2.059402 23.45 +2.170733
0.5 72.75 +1.273162 14.55 +1.568128
0.75 77.31 +2.067104 10.2 +2 395519
1.0 79.55 +0.951488 7.75 +1.065173

Adsorption Isotherms
Langmuir and Freundlich Isotherms

The Langmuir and Freundlich adsorption isotherms study were performed by varying the
initial concentration of Pb(I1l) from 50 to 200 mg/l, keeping all other conditions constant. The
linear form of the Langmuir and Freundlich adsorption are given by Equation (5) and (7),
respectively. Isotherm constants for the Langmuir and Freundlich models of Pb(Il) obtained
using olive cake are shown in Figure 5 and 6 and then listed in Table (7). Langmuir parameters
were obtained from the slope and intercept of the straight line for Pb(Il) ions adsporption by
olive cake. The olive cake adsorption data fit well to both Langmuir and Freundlich models.
Besides, the high value of correlation coefficient (R?) from the Langmuir isotherm was found to
be 0.996 for Pb(ll) indicate a good agreement between the Langmuir constants and confirm the
monolayer adsorption of metal ions by the adsorbent surface. The Langmuir constant Qmax
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representing the maximum adsorption capacity of adsorbent was estimated to be 23.64 mg/qg.
Simalir outcome has been observed for the adsorption of Pb(ll) by sawdust and neem bark
adsorbents [50-52, 54, 55], and adsorption of Pb(ll) by olive stones. The essential characteristics
of the Langmuir isotherm can be expressed in terms of a dimensionless constant separation factor
for the equilibrium parameter, R., which was used to predict whether an adsorption system was
favorable or unfavorable. The separation factor was defined by Equation (6) and the R. values
were found to be from 0.4098 to 0.01479 at initial metal concentration from 50 to 200 mg/l ,
which confirmed favorable adsorption of Pb(ll) ions onto olive cake. A similar result has been

reported in previous studies [52, 49, 56].

Table 7: Equilibrium isotherm modeling of Pb(Il) ions adsorption onto olive cake.

Eqiulibrium isothem constants

Langmuir isotherm

Freundlich isotherm

Olmax b R?

Kt

n R?

23.64 mg/g 0.0288 0.996 1.229 1.567 0.995

y=0.0423x + 1.47
R?=0.9962

Ce/qe

Ce, mg/l

Fig. 5: Langmuir isotherm plot for the adsorption of Pb(Il) onto olive cake

y = 0.6278x + 0.2065
2 =10.9952
-]
=)
=
|
Ln Ce

Fig. 6: Freundlich isotherm plot for the adsorption of Pb(ll) onto olive cake.
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3.4. Kinetic Modeling

Figurs 7 (a) and 7 (b) showed the plots of pseudo-first-order kinetic model and the
pseudo-second-order model, respectively, for the adsorptive uptake of Pb(Il) ions from its
aqueous solution onto olive cake. According to the data obtained, the results suggested that the
pseudo-frist-order model is less suitable to describe the adsorption system compared to the
pseudo-second-order model. The correlation coefficent of second-order-kinetic model (0.999)
was greater than for pseudo-first-order model (0.955). This confirmed that the rate limiting step
was chemisorption, involving valence forces through sharing or exchange of electrons between
adsorbent and adsorbate [57, 58]. The kinetic parameters of both models were listed in Table (8).
Other researchers have also observed a similar trend [52, 53].

Table 8: Illustrates Kinetic constants for the adsorption of Pb(I1) onto olive cake bioadsorbent.

Kinetic constants
Pseudo-first-order Pseudo-second-order
Qe ki r’ Qe ke r?
2.98 0.0258 0.956 18.72 0.00359 0.999

@ . (B)
/’

y=-0.0112x + 1.0393
R =0.9556 y =0.0534x + 0.793
2=0.9991

t/qt

Log(qe-qt)

, : Time, min
Time, min

Fig. 7: Pseudo-first-order reaction of adsorption Pb(l1) onto olive cake bioadsorbent (a) and "
Pseudo-second-order (b).

3.5. Elemental Analysis of Adsorbent

The study of elemental analysis including four elements Ca, Mg, Fe, Zr, and Pb were carried
out using X-ray fluorescence spectroscopy (XRF) according to PN EN 15309:2010. The
measurement was made in helium atmosphere. The analysis was also performed in a powder
analysis vessel on a 4um thick Prolene®film. The analysis was done for the solid phase (olive
cake adsorbent) befor and after adsorption process for lead Pb(ll) ions and the obtained results
are listed in Table (9). From the table, it is clear that the Pb(Il) was absent befor adsorption
process of lead from its aqueous solution, and showed the value of 85 mg/kg after adsorption
process. Also, the amount of Ca, Fe and Zr were highly decreased in the case of olive cake
loaded with Pb(Il). This confirmed that the Pb(l1) has been adsorbed on the adsorbent surface.
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Table 9: lllustrates elemental analysis for the adsorption of Pb(ll) onto olive cake

Before adsorption After adsorption
Element Unit Amount | Element Unit Amount
Ca % 0.38 Ca % 0.01
Mg % 0.20 Mg % Absent
Fe mg/kg 89 Fe mg/kg 86
Zr % 0.15 Zr % 0.12

Pb mg/kg Absent Pb mg/kg 85

3.6. Cost Analysis

In general, a cost comparison between commercial activated carbon which is widely used
in wastewater treatment and several inexpensive adsorbents derived from agricultural by-
products/wastes still needs a more and more attention from engineers and scientists because
not much has been conducted in this trend. Since, the global activated carbon market accounted
for $ 4.12 billion in the year of 2017 and is expected to reach $ 14.21 billion by the year of
2026 [59]. Researcher from Malaysia, Hameed and his co-workers (2008) have estimated the
cost of coconut bunch waste (CBW) accumulates in the agro-industrial yards in , and reported
that “such waste has no significant industrial and commercial uses, but becomes an issue and
contributes to serious environmental problems. Hence, the utilization of these agriculture solid
waste for wastewater treatment is most desirable. The cost of this waste as a dye sorbent is
only associated with the transport and process expenses which are approximately US$ 50/ton
whereas the average price of activated carbon used in Malaysia is US$ 1000-1100/ton. Thus
the proposed CBW sorbent is more than 20 times cheaper than activated carbon” [60].
Although the adsorption capacity of CBW may be lower than commercial activated carbons,
the adsorbent is renewable material, abundantly available and, therefore, low-cost adsorbent.
The CBW would be an economical alternative for the commercially available activated carbon
in removal of basic dye from aqueous solutions.

In this study, cost of treated olive waste-cake based adsorbent was estimated as follows: i)
cost of raw material and transportation, cost of disttiled water, cost of electricity, cost of filter
paper, and cost of chemicals such as K2COz and acetone. The cost analysis was estimated for
1.0 Kg. From the table, there was a difference between total cost of low-cost adsorbent from
one to another depending on local currency of the country against the US dollar. Results have
also observed that the cost of locally adsorbent obtained from the treated-olive cake was
cheaper than commercial activated carbon. Although the adsorption capacity of OWC may be
lower than commercial activated carbons, the adsorbent is renewable material, abundantly
available and, therefore, low-cost adsorbent. However, from the economic point of view, olive-
waste cake was efficient adsorbent and would be an economical alternative for the
commercially available activated carbon in removing toxic substances from contaminanted
water. Similar observiations have been reported for modified agrowaste based adsorbents [61]
and for activated carbon derived from gmelina aborea leaves [62].
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4. Conclussion

As expected, the application of low cost and eco-friendly adsorbents such as olive-waste cake
in treatment of wastewater have significantly proven to improve quality of unclean waters. In
order to achieve a superior and balanced treated water by the intended adsorbents, olive cake,
parameters such as contact time, initial concentration of adsorbate, and adsorbent dose, must be
considered. Based upon the experimental results of the current study, the following major
conclusion were drawn:

1- The Langmuir isotherm and pseudo-second order kinetic model fit well to Pb(ll) ions
adsorption data.
2- The maximum adsorption capacity of olive cake for Pb(ll) ions was found to be 23.64 mg/g.

3- The FTIR study revealed the involvement of hydroxyl, amino and carboxylic acid functional
group in the adsorption of Pb(ll) ions.

4- The results of this study show that olive cake can be successfully used as low cost and eco-
friendly adsorbent for the adsorption of heavy metal like lead from water streams.

5- The adsorption equilibrium was achieved within 120 min for the removal of Pb(ll) ions.

6- Solution pH was kept constant at the neutral value of pH during the whole adsorption
process. Since there were sevral adsorbents derived from agricultural, by-products/wastes
showed high adsorbent capacity at the neutral value of pH.

7- Total cost of olive cake adsorbent including raw material, transportation, filter paper,
chemicals (K2CQgs), electricity was estimated to be 0.85 US$/kg, which is very cheap
compared to the commercial AC.
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