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ABSTRACT

For the current work, almond shell was used from activated carbon via the chemical activation
with phosphoric acid (85%) by a weight rate of (1:1) to remove lead ion from contaminated water
by a batch adsorption process. Activated carbon was characterized by XRD, EDX and SEM anal-
ysis. ANN (artificial neural network) modelling was excellent to forecast and check the removal
efficiency and the impacts of operational parameters on the removal efficiency. The experimental
variables for the adsorption process were utilized as input data for a neural network to train and
calculate the output removal efficiency of lead. The activated carbon dosage was the most signifi-
cant factor in adsorbing technique. The acquired experimentation data was fixed to the absorbing
isotherms (Langmuir and Freundlich) and Freundlich model was found to be the closest to experi-
mental data. The removal kinetic modelling used the pseudo-first-order and pseudo-second-order,
the pseudo-second-order provided the best description of the kinetic demeanor. The novelty of this
work is obtained by using Almond shell in a sustainable manner by predicting the most affecting
factor on removal efficiency, which is supposed to be AC dosage, using ANN model.
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1. Introduction

Nowadays, with the sophisticated life system and to keep
up with industrial, technological, and agricultural advance-
ment, the rapid pace of this development has led to severe
problems in the ecosystem [1]. Releasing of heavy metals
into waters is due to various industry acts such as chemical
industries, electroplating, mining, batteries and other indus-
tries that have led to water pollution and a serious change in
the environment and human health cause these metals are
toxic and non-degradable [2].

Efforts are focused on developing substitutions that are
environmentally friendly for removing an extensive vari-
ety of contaminants. Various agricultural waste materials
consist of lignocellulosic fibers which are effective for the
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treatment of colored and wastewater contamination due to
their adsorptive capacity of pollutants [3].

Activated carbon is an extremely absorbent carbon mate-
rial that can be attained from agricultural waste, having
a great carbon content like cellulose. The most important
specification for these materials is the larger porosity and
larger surface area than other conventional adsorbents. On
the other hand, the features mainly depend on the materi-
al’s type, exposed temperature, and conditions of activating.
Better removal efficiency is attained via surface adjustments
of the absorbent carbon material, which can also result in
more stable adsorbents [4].

There are many other methods that could be applied
for wastewater treatment using the principle of adsorption;
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biosorption obtained during the anodic oxidation when
anodes are replaced by vegetable material (Luffa cylindrical) [5].

Lead represents a common heavy metal present
inside wastewaters that cause a lot of risk if it exceeds
the permissible limit. According to WHO (World Health
Organization), the maxi allowable lead within drinkable
waters is 0.1 mg/L [6,7].

Adsorption represents an efficient technique which
employed for removing heavy metals from wastewaters,
owing to many advantages like several low cost adsorbents,
simple, high capacity, and environmentally friendly [8-10].

In recent decades, the emphasis has been placed on the
use of agricultural materials to get activated carbon like
Almond shell due to its high availability and low prepara-
tion costs [11,12].

Adsorbent materials are able to bind heavy metal ions
through giving a couple of electrons to create complexes
along with metal ions via processes of reacting, through
chemisorption, diffusing via pores, complexing as well as
absorbing on the surface. Table 1 summarizes some from
agricultural materials studied to remove the lead out of a
number of aqueous solutions [13]

Table 1
Agricultural wastes utilized as adsorbent to remove the lead
out of aqueous solution [13]

Adsorbent material Uptake Maximum
capacity (mg/g) removal %

Activated bamboo charcoal  53.76 83.01

Almond 8.08 68

Peels of banana 2.18 85.3

Coconut 4.38 60

Coir 0.127 86.98

Okra waste 5 99

Tea waste 73 96

In northern Iraq, almond trees are cultivated in abun-
dance so there are good quantities from almond shell that
may be utilized in a beneficial way such as the production
of activated carbons. Several scholars have investigated the
use of almond husk in different methods to obtain activated
carbon and use it as a sorbent material to remove heavy
metals [14-16].

To gain the optimal purpose of any adsorption process,
a need arose to employ a high-quality representation model
that can explain process performance and how to evolve
and predict process behaviour. One of these applications
is the artificial neural network (ANN) as it has been used
as a powerful tool on a large scale to solve environmental
problems due to reliable, robust and can capable dealings
complex and non-linear systems [17,18].

As for the present study, the use of activated carbon
prepared from Almond shells will be evaluated using a
chemical activation method to remove lead (Pb) from con-
taminated water using the adsorption process. ANN is
applied to investigate experimental data for removal effi-
ciency, as well as the use of adsorption isotherms and kinetic
modelling to illustrate the procedure of removing lead
from contaminated water.

2. Material and techniques
2.1. Preparing activated carbon

Almond shells were utilized in this study after clean-
ing and grinding to get a particle size between 2 to 1 mm,
then almond shell mixed with a phosphoric acid solution
(H,PO,) (85%) in a weight ratio of (1:1). The carbonization
process for the mixture happened in a furnace for 3 h at
550°C. After the chemical activation, carbon was made
cool within room temperature and cleaned with (0.2 N) of
NaOH (sodium hydroxide) a number of times, after that
it was washed with deionized waters till the pH reached
6-7. Finally, drying the activated carbon that was prepared
during 3 h at 100°C.

2.2. Batch adsorption experiments

Removal of heavy metal lead ion from wastewater used
batch adsorption isotherms was investigated via the addi-
tion of 0.2, 0.4 and 0.8 g from activated carbon into 100 ml
solution with concentrations of Pb*? 5, 10 and 20 mg/l, then
mixing and placing in the stirrer for about 120 min. Five
studied variables include the initial lead concentration, pH
value of the solution adjusted between 4, 7 and 9 by the
addition of 0.2 N HCI and 0.2 N NaOH, adsorbent dos-
age, contact time studied at intervals of 20 min from 0 to
120 min, and stirring the speed that was examined at 30,60
and 90 rpm. The adsorbent was removed by Whatman fil-
ter paper before analysing the concentrations of lead via
atomic absorbing spectrophotometer. The percentage of
the removed metal ions was obtained according to Eq. (1)
and the amount of lead adsorbed onto the almond shell
activated carbon at equilibrium was measured accord-
ing to Eq. (2) as shown below: [19]

R% = % x100% 1)

0_~ey @)

where (R%) is the ratio of removal metal concentration,
C, C, and C, represent the initial at time t and equilibrium
concentration (mg/L) of lead before as well as after adsorp-
tion, g, represents the adsorbed lead quantity at equilib-
rium (mg/g), V represents the size of lead solution (L), while
M represents the amount of adsorbent (g) [19].

2.3. ANN (Artificial neural network) modelling

Artificial neural networks (ANN) are a type of uncon-
ventional modeling procedure used to study the perfor-
mance of a process without knowledge of the system, then
classifying, recognizing and predicting data were devel-
oped based on a simulation process similar to the biological
nervous system of the human brain [20]. The fundamen-
tal processing component of ANN was named neurons,
which are connected to a network by a group of weights.
The basic artificial neural network configuration involves
three layers’ kinds: the layer of input, hidden and output.
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The first layer gathers input variables, manipulates them to
the hidden layer, and the output layer provides ANN pre-
dicted response. Each layer has a number of neurons con-
nected together. A neuron gets a signal from the input or
another neuron, then processes it by weights that represent
the power of communicating between two neurons, which
are changed by the transferring task to create the output. At
that time, the output signal is broadcasted to another neuron
until reaching the network’s output [21].

The paper used the applicability of the three layer feed-
ing to forward ANN modelling by using a back broadcast
algorithm (5:10:1) by employing tansig transferring within
the concealed layer and the purelin transferring task within
the output layer to predict the removal efficiency of acti-
vated carbon out of almond shell for removal Pb(Il) ions
as shown in Fig. 1. MSE (mean square error) has been
utilized as the error task and this measures the network’s
performance [18].

2.3.1. Sensitivity analysis

Sensitivity analysis or the relative importance of ANN
modelling is used to measure the influence of any input vari-
able upon process outcomes. The sensitivity analysis was
performed on the basis of the Garson equation and relied
on a neural net weight matrix as shown in Eq. (3) [22,23].

©)

where R is the relative importance of inputs variables upon
output variables; N plus H represent the figures of input plus
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Fig. 1. ANN model architecture.

Hidden layer

hidden neurons; while W is a connecting weight; the sym-
bols 4, b, and c symbolize the layers of input, hidden, and
output; finally the symbols d, e, and n represent the neurons
of input, hidden, and output.

2.4. Adsorption isotherm of lead on activated carbon

Adsorption isotherm was applied to depict the capac-
ity of adsorbent and adsorbing lead conduct on the acti-
vated carbon from the almond shell, isotherm represents
the relation amid the quantity of lead ion removed via the
adsorbents with the ion that remains inside a solution at a
constant temperature at equilibrium. In the current work,
Langmuir along with Freundlich equations had been utilized
to assess equilibrium data. These isotherms were determined
by Egs. (4)—(6) [10,24]:

&zL_,_& (4)
9. Mg, g4,
1
R =——7+— 5
bo(1+MC,) ©
1
Ing, = 1nb+;1nCe (6)

As qe represents the quantity of the lead ion absorbed
(mg/g), C, plus C, represent the initial plus equilibrium
concentrations of lead ion inside solution (mg/L), M rep-
resents the Langmuir constant (L/mg), g, represents the
maximum quantity of the adsorption (mg/g), and R, des-
ignates the isotherm kind to be irreversible its favourable
(0 < R, < 1) or unfavorable (R, > 1), b L/g represents the
adsorbent capability while a g/L represents the adsorption
intensity of the Freundlich constant. The suitable adsorption
happens when the values of a between (1 < a < 10) [10,24].
The adsorption isotherm of Pb(II) on almond shell activated
carbon was investigated with different doses of activated

Output layer

Removal
Efficiency Y
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carbon 0.2,0.4 and 0.8 g and contact time 120 min at 120 rpm
stirring speed, lead concentration 10 mg/L and pH 7.

2.5. Adsorption kinetics

The adsorbing kinetic of lead ion on activated carbon
out of almond shell has been evaluated on the solution
containing 10 mg/L of Pb(II) ion with pH 7 and 0.4 g of the
adsorbent for contact times ranging from 0 to 100 min. The
experimental data were tested by Lagergren modelling
and pseudo-second-order kinetics to label the adsorption.
The pseudo-first-order equation (Lagergren model) and
pseudo-second-order could be stated by Egs. (7) and (8)
as follows: [25,26]

k_, 7)
2.303 (

log(q, —q,)=logq, -
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Fig. 2. SEM imaging of almond shell activated carbon.
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where g, and g, represent the adsorbing ability at time ¢
and equilibrium (mg/g), k, refers to the ratio constant of
Lagergren model adsorption (I/min) and k, (g/mg min) refers
to the ratio constant of pseudo-second-order [25].

3. Discussing the results
3.1. Characterization of activated carbon from almond shell
3.1.1. SEM morphology analysing

Fig. 2 shows the SEM (scanning electron microscope)
has been utilized to examine the surface morphology of
the activated carbon from the almond shell as shown in.
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The activated carbon showed a high porosity structure
indicating that the surface areas are approximately ele-
vated with large cracks, channels, and perforations with an
average pore diameter equal to 50 pm. This large poros-
ity happens through the carbonization process of almond
shells by phosphoric acid at a great temperature (550°C),
Phosphoric acid represents a robust dehydration factor
which leads to decompose organic materials and to dis-
charge volatile matters and inhibit the formation of tar
[16,27]. It observed some tiny white substance dispersed
in activated carbon due to H,PO, residues through the car-
bonization procedure.

3.1.2. Energy-dispersive X-ray (EDX) analysing

The EDX technique can be utilized for determining
the elemental chemical structure of activated carbons [28].
EDX analysis elucidates that the activated carbon from
the Almond shell contains four elements (C, O, P and
Si) as shown in Fig. 3. The carbon content is high above
74 wt%, which denotes that the activated carbon prepa-
ration process was effective, the presence of oxygen and
phosphorus because of the usage of a phosphoric acid
solution in the carbonization procedure.

Electron Image 1

100um

Electron Image 1

Fig. 3. EDXA spectra of almond shell activated carbon.

3.1.3. X-ray diffraction (XRD)

The XRD (Model: XRD 6000 Shimadzu, Japan) was per-
formed with nickel-filtered Cu-Ka radiation (A = 0.154056 nm)
at a voltage 40 kV and a current 30 mA to determine pat-
terns of activated carbon as shown in Fig. 4. The three broad
peaks of activated carbon, corresponding to 20 = 25.5°,
20 = 43.7° and 20 = 79.4° in the spectrum, were allocated
to the 002 plane, 100 plane and 110 plane. The presence of
a wide diffracting background and the nonappearance of
a shrill peak disclose a principally amorphous construc-
tion, and these are similar to the peaks of the graphite
structure that corresponds to the data card, it is a special
feature to activate carbon (JCPDS Card no.75-1621) [29,30].

The crystal size of almond shell activated carbon
got calculated by utilizing the Scherrer Eq. (9) [31,32]

__kr
° Bcos6

©)

where L. represents the average crystallite size (nm), A is
the wavelength of the X-ray radiation (A = 0.154056 nm), K
is the Scherrer constant (K = 0.9), B is FWHM (a full-width
at half maximum) of the plane and 6 represents the Bragg
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Fig. 4. XRD of almond shell activated carbon.

angle [32]. The parameters extracted from the curve fitting
of XRD spectra and particle size are presented in Table 2.
From the table, it appears that the average pore size diam-
eter equals to 1.4 nm, it is considered to be a suitable
carbon pore size for adsorption.

Table 2
The parameters extracted from the curve fitting of XRD spectra
and particle size

hkl 20 (deg) 1/ FWHM(rad) (B) L, (nm)

002 25.5662 100 0.114193078 1.245066
100 43.7847 25 0.117284233 1.274084
101 79.4187 10 0.107283333 1.679991

3.2. Experimental results

An experimental parametric study is carried out to
determine the efficiency of activated carbon of almond shell
in removing the lead and was compared with predictable
data from ANN. Experimental variables for the adsorp-
tion process were utilized as input data for a neural net-
work to train and calculate the output removal efficiency
of lead. With 10 hidden neurons, the values of MSE and R,
were 0.0004283 and 0.99658 respectively. Fig. 5 illustrates
the plotting of the graphical output of the neural network
output against experimental data (targets). The linear
regression affirms that the neural network modelling is a
suitable method to forecast the experimentation adsorption
data.

3.2.1. Effect of pH

The pH of the solution possesses an important influ-
ence upon the adsorption characteristics of lead onto the
Almond shell activated carbon. The influence of various pH
values 4, 7 and 9 on lead adsorption was studied accord-
ing to the following settings: The time used was 120 min,

T T T
s o 0 0
fheta-2theta (deg)

Pb(II) concentration of 10 mg/L mixed with 0.4 g of adsor-
bent, stirring speed 120 rpm and 100 ml of solution was
kept constant. Fig. 6 shows a comparison between the pre-
dicted and experimental values of removal lead with time.
It was observed that at pH 7 maximum removal 100% was
obtained due to the electrostatic attracting among the Pb(II)
cations within the solution, the negative charge surface of
the Almond shell activated carbon and the lowest percent
59% at an acidic pH of 4, the reason behind this is that acidic
pH presented the minimum uptake of the metals because
of cation competitive influences with hydronium H,O" ion,
and at pH 9 was 83.64% when pH turned out to be more
basic, the adsorbing drops when the metal hydroxides
become precipitous [10,11,33].

3.2.2. Effect of initial metal ion concentration

Different concentrations of lead 5, 10 and 20 mg/L were
used with contact time 120 min at 120 rpm stirring speed,
pH 7 and 0.4 g of the adsorbent. From Fig. 7, the maximum
removal efficiency was 100% when the lead concentra-
tion was 5 mg/L reached at 60 min and for 10 and 20 mg/L
were 100% at 100 min and 95.16% at 120 min, respectively.
It can notice that when reduced concentration of lead,
removal time decreased as well as the increased removal
of lead this is because of the opportunity to have many
active sites on the activated carbon of the almond shell.
Highly compatible were found between the experimental
data and ANN output.

3.2.3. Effect of adsorbent’s dosage

Studying the impact of adsorbent’s dose on the removal
of lead was done via changing from 0.2 to 0.8 g with the
contacting time of 120 min, under the specific conditions
(pH of 7,120 rpm stirring speed and Pb(II) concentration
of 10 mg/L). Fig. 8 illustrates that increasing of the almond
shell activated carbon dosage increased the removal per-
centage of metal ions, this is because the increasing of
the adsorbent’s surface area which led to increase the
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Fig. 6. Influence for pH values on removal efficiency of lead
adsorption onto activated carbon from almond shell vs. time
(Pb(II) concentration of 10 mg/L, stirring speed 120 rpm and dos-
age = 0.4 g). Predict and experiment results.

active site. The removal of Pb(II) attained maximum removal
at an adsorbent dosage of 0.8 g with 100% removal then
respectively, for 0.4 and 0.2 g were 96.3% and 80% at time
80 min. Fig. 8 shows the predicted values of ANN model
appear to be quite agree with the experimental values.
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Fig. 7. The influence of various Pb(Il) concentrations upon
removal efficiency by adsorption onto the activated carbon from
almond shell vs. time (stirring speed 120 rpm, pH 7 and dos-
age = 0.4 g). Predict and experiment results.

3.2.4. Effect of stirring speed

The investigation of the stirring speed influence was
done via using three speeds 30, 60, and 120 rpm under the
specified conditions lead ion concentrating of 10 mg/L, con-
tacting time 120 min with pH 7 and 0.4 g of the adsorbent.
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Fig. 8. The effect of different dosages of activated carbon from
almond shell on removal efficiency by adsorption vs. time
(stirring speed 120 rpm, pH 7,Pb(Il) concentration of 10 mg/L
and dosage = 0.4 g). Predict and experiment results.

It was observed that stirring speed at 120 rpm gave 100%
removal for the lead at the less mixing time of 100 min
than other speeds as shown in Fig. 9. Increasing the stir-
ring speed leads to increase in lead removal this because
the effect of stirring speed on adsorption by diffusion and
when increase turbulence, the rate of diffusion is increased
and reach equilibrium faster. Stirring the speed of 60 rpm
and 30 rpm gave 100% and 94% removal efficiency at time
120 min, the reason behind this is that with little mixing
there is a need for more contacting time to reach the equi-
librium. From Fig. 9 it can be that the predicted data from
ANN is almost close to the experimental data.
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Fig. 9. Effect of stirring speed on removal efficiency of lead
adsorption onto activated carbon from almond shell vs. time
(pH 7, Pb(II) concentration of 10 mg/L, and dosage = 0.4 g).
Predicted and experimental results.

3.3. Sensitivity analysis

Studying the influence of each variable upon the adsorb-
ing process was done using sensitivity analysis depending on
Eq. (3). Table 3 shows the relative importance of each input
variables (Pb(Il) concentration, pH, contacting time, stir-
ring speed and dosage of activated carbon). It can see that
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Table 3
The relative importance of variables that input in the adsorption
process

Input variables Relative importance %

Activated carbon 28.6
pH 222
Pb(II) concentration 21
Time 19.5
Stirring speed 8.7

activated carbon dosage was the most important among the
variables and the lowest was stirring speed.

3.4. Adsorption isotherm

Fig. 10 shows langmuir and freundlich adsorption iso-
therms of Pb(II) onto the activated carbon from the almond
shell. Table 4 presents information about the parameter
values and the correlation coefficient of isotherm models.
Correlation coefficient (R?) of frendlich was 0.981 and for
langmuir was 0.933, this is evidence that isotherm freundlich
is the best and closest to explaining the state of adsorption
which tends to be heterogeneous and multi layered. In the
current work, the value was equal to 2.3923 g/L that is greater
than 1, so spontaneous adsorption occurs in this process.

Table 4
Adsorption isotherm parameters for Pb(II) adsorption onto
the almond shell activated carbon

Adsorption isotherm Parameter ~Almond shell activated

carbon
q,(mg/g) 431
. M (L/mg) 0.928
Langmuir
R, 0.0973
R? 0.933
b (L/g) 1.954
Freundlich a(g/L) 2.3923
R? 0.981

3.5. Adsorption kinetics

Fig. 11 displays the adsorption kinetics of the lead
ion on the almond shell activated carbon and Table 5
exhibits the kinetic parameters for the two models used.
Depending on the correlating constant, pseudo-second-or-
der (R?> = 0.988) gave the best description of the kinetic
demeanour of the process when compared with the
Lagergren model (R? = 0.946), therefore the process tends
to be chemisorptions is most likely the ratio-limit step
which has control on the overall adsorbing procedure. It
was found that the pseudo-second-order modelling is the
best suitable modelling to signify the current data [34].

Generally, the electrochemical relation between AC pre-
pared from various materials and pollutants considered
to be the governing factor that control pollutants diffusion
through pores [35].
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Fig. 11. Kinetics model (a) pseudo-first-order and (b) pseudo-second-order.

Table 5
Adsorbing kinetic parameters for Pb(Il) adsorbing onto the
almond shell activated carbon

Model Parameter Almond shell
activated carbon

q, (mg/g) 3.0479
Pseudo-first-order K, (I/min) 0.039151

R? 0.946

q, (mg/g) 2.712
Pseudo-second-order K, (g/mg min) 0.009135

R? 0.988
Experimental q, (mg/g) 2.5

4. Conclusion

The current work confirmed that activated carbon made
by almond shell in weight ratio 1:1 of 85% H,PO, at 550°C
for 3 h can remove lead ion from contaminated water using
a batch adsorbing process. A three-layer feed forward ANN
modelling that applied to investigate the removing effec-
tiveness of lead gave impressive results through estimate
and predict data with MSE and R?* were 0.0004283 and
0.99658 respectively. The impact of experimental variables
employed on the adsorption process were studied by rela-
tive importance and showed that the activated carbon dose
was the most important among the others, this was proved

by using ANN model. The isotherm freundlich model
was the closest to explain the state of adsorption which
tends to be heterogeneous and multi layered. The pseu-
do-second-order gave the finest explanation of the kinetic
demeanor of the process, therefore, the process tends to be
chemisorption. The mechanism governing Pb(II) adsorp-
tion is controlled by diffusion in AC pores.
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