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Abstract

In this study, nanocomposite from the lemon peel was
synthesized after precipitation nano iron oxides (LE-FesO4) by co-
precipitation method and used as an important adsorbent in the
adsorption process to remove the MB Dye from the aqueous solution
in the batch study taking into account the parameters (pH, dose, initial
concentration, and contact time). The optimum condition obtained
from the experiment appears to be pH 8, 15mg\50ml dose, 50 ppm
initial MB concentration, and 40 min contact time. Max adsorption
capacity was 80 mg/g, and the adsorption experimental data best
fitted with langmuir isotherm model indicating that the adsorption
was monolayer.
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1. INTRODUCTION

Industrial wastewater discharged into waterbody contains different pollutants like suspended solids, dissolved
solids, heavy metals, dyes, radionuclides, and other types of pollutants [1]. As mentioned, dyes are one of the
pollutants that reach water bodies from different industries that use dyes to color these products [2] such as the
textile industry [3], paper production [4], cosmetics, printing, leather tanning, food processing, plastics, rubber,
and dye manufacturing industries [5] [6]. Dyes are usually aromatic, heterocyclic compounds, some of which
are characterized as toxic and one of the important carcinogenic materials that polluted the water [7]. dyes may
cause serious environmental, ecological, and health problems [1] [8] such as skin irritation, mutagenic or
teratogenic, carcinogenic, and allergic dermatitis [9].

Methylene blue or methylthionine chloride is a heterocyclic aromatic chemical compound, the molecular
formula (C16H18CINsS, 3H20) as shown in Figure 1 [9]. It is commonly used in textile industries, and
discharging colored water cause several problems such as a threat to aquatic life because of their non-
biodegradable nature, hindering sunlight from penetrating the water bodies and thus, depriving aquatic life of
vital light-sensitive chemical reactions which may be carcinogenic [10]. Thus, effective treatment is needed.

- 1+

(H;C),N - N(CHjy),

Figure 1 The chemical structure of methylene blue

A wide range of conventional techniques was used to remove dyes from wastewater, which can be divided into
three main categories: physical, biological, and chemical methods, physical and chemical methods widely used
to remove colors are; the membrane process, oxidation, ion exchange, flocculation, coagulation, and
adsorption[11].

Adsorption is the bonding of ions and molecules or physical adherence onto the surface of the solid material,
which means the transfer of mass to the surface solid by connecting the solid with a liquid. This treatment
technology is suitable for removing methylene blue (MB) from wastewater and industrial effluents [12].
Adsorbate was the adsorbed substance (usually solution), and adsorbent is the solid surface to which adsorbate
is adsorbed [13]. The adsorption process depends on the adsorbent pores and their sizes, and is successful when
the interaction occurs between all molecules or atoms of the adsorbent and adsorbate species [14]. Adsorption
capacities and contaminants sorption rate depend on the operating conditions, such as initial pH, contact time,
shaking speed temperature, liquid flow rate, contaminants concentration, and sorbent particle size[15].

This method's favorite process is characterized by producing nontoxic by-products, offering a low initial cost,
the ability to regenerate biosorbent, the possibility of recovery, and finally completely removing dyes even from
dilute solutions [16]. At first, activated carbon was a good adsorbent because of the properties it possesses
[17][18], but because of the high cost of activated carbon, there has been a continuous search for less expensive
and more available alternatives adsorbent obtain from waste residuals like forest wastes, industrial wastes, and
municipal solid wastes [14,19],

Recently, many scientists synthesize iron nanocomposite by environmentally friendly processes from waste
materials extract such as fruit peel extract by precipitating iron nanoparticles to synthesize new composite, this
technique helps in reducing environmental world problems by reducing the amount of some agriculture waste
generated as solid waste [20, 21].
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In this study, methylene blue (MB) was removed from an aqueous solution using Lemon peel and FesO4
nanocomposites LE-FesO4 in batch experiments. LE-FesO4 was synthesized by using the co-precipitation
method. The parameter that studies in batch experiments (pH, dosage of adsorbent, initial concentration, contact

time).

2. MATERIAL AND METHOD

2.1. Adsorbent preparation:

To prepare lemon peel powder, lemon peel waste was collected from markets, then washed several times with
water to remove the foreign materials, and dried in an oven at 70 °C temperature for 2-3 hrs. At last, lemon
peels were grind and sieved to size (0.074mm, 0.0150mm, and 0.25mm), then used in the next experiments as
shown in Figure 2.

agricultural waste Collation, cleaning, drying Grinder. sievina. savina

Figure 2 Lemon Peel Powder Preparation Steps

To synthesize LE-FesO4adsorbent material from iron oxide (111) and lemon peel extract: First step: 509 of the
LE was added to 500ml distilled water and heated at 80 C for 20 min, after that the solution was cooled and
filtered with filter paper to use in the composite synthesis, this step showed in Figure 3 [9].

Powder LE Heating at 70 for 20min Extract after filtering

Figure 3 LE extract Preparation Steps

Second step: hydrothermal precipitation method was used by dissolving Fe(l11) and Fe(ll) salts separately in
LE extract prepared in the first step, then mixing under high magnetic agitation and raising the suspension pH
equal to 10 by adding NaOH drop by drop, after that the solution was heating at 300 °C and stirring for 1 hr,
then cooled and washed with deionized water several times and dried in the oven at T= 80 °C, Finally, the
magnetite Fe304 obtained was collected and saved to use for work as shown in Figure 4[9].
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extract lemon + iron salts T=300pH=10t=1h LE-Fe304

Figure 4 LE-FesO4 Preparation Steps

2.2. Adsorbate

Powdered MB was provided from China with characteristics shown in Table 1 MB is a cationic dye. MB
solution was prepared by dissolving a quantity of MB in a volume of distilled water and pH was adjusted by
adding acid HCI or alkaline NaOH with M = 0.1[22].

Table 1 Physical and chemical properties of methylene blue.

Properties names

description
Color Sap green
CAS number 7220-79-3
Molecular weight (g mol-1) 373.90
- 1+
N
.
Chemical structure yZ cl
(H;C)N S N(CHy),
Molecular formula C16H18CIN3S
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2.3 Batch adsorption process study.

This study adopted the batch system to examine the ability of LE-FesOs nanocomposite adsorbent
synthesized to remove MB from an aqueous solution. The parameters investigated were: pH (2-10) range,
adsorbent dosage ( 5 mg \50ml to 35 mg \50ml), initial MB solution concentration ( 10 mg/l to 100 mg/l), and
contact time (10 min to 120 min). optimization method was adopted to determine the best parameter value
giving high MB removal efficiency by LE-Fe;04 nanocomposite. All experiments were conducted at laboratory
temperature and shaking speed at 200 rpm. The remaining MB solution was measured using UV -
spectrophotometer to measure the absorbance at 665 nm wavelength. (R%) and (qe) were calculated using Eq.1
and Eq.2 [23]:

Co—Ce (CO—CE)V
R(%) = 100 =
( 0) ( Co ) 1) qe W

)
Where:

R(%): removal percentage

ge: adsorption capacity

C,: initial Adsobate concentrations (mg.L™?);

Ce: equilibrium Adsobate concentrations (mg.L™).
V: volume of Adsobate solution sample (L)

W: adsorbent weight(g).

3. RESULT AND DISCUSSION: :
3.1 Affecting Parameters

3.1.1 Effect of pH

The effect of pH different values on MB removal efficiency was shown in Figure 5. As shown, the
removal efficiency of MB increased from 74% to 92% as pH increased from 2 to 8 and after pH 8 , the removal
efficiency was approximately been constant change. This behavior belongs to the nature of MB and adsorbent
and the different surface charges between them. MB was already positive and the LE-Fe3O4 was negative above
pH 6.2 value according to pH pzc will enhance the attraction force between them and give a high chance for MB
to be adsorbed onto LE-FesO4 nanocomposite surface, therefore pH 8 was selected as the best value in the next
experiment. At MB solution pH above 8, the removal efficiency is constant and no more adsorption due to
reaching to adsorbent saturation state, and the adsorbent cannot receive MB molecules [24]
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Figure 5 Effect of pH on MB removal efficiency at (MB initial concentration = 50 mg/L, dose = 50 mg/L, and time = 2hr)

3.1.2 Effect of Adsorbent Dose

Within a range of 5-35 mg/50 ml, the effect of LE-Fe;O, dose was conducted. The relationship between the
efficiency and the LE-FesO4 dose was direct, as shown in Figure 8. When the adsorbent amount increases, the
surface area increases too, which means an increase in functional groups capable of binding MB as a result of
the increase in active sites, thus the efficiency increases. It is noticed from Figure 6 that the adsorption
efficiency increased from 86% to 92% as the adsorbent dose increased from 5 to 35 mg/50 m; reached its
maximum value at 25 g dose and remains even the dosed increased. This result may be attributed to reaching
saturation and cannot adsorb any further amount of MB [25].
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Figure 6 Effect of dose on MB removal efficiency at pH 8, the initial MB concentration 50 mg/L and contact time=2h)
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3.1.3 Effect of Initial MB Concentration

The initial concentration experiments of MB were conducted between 10-100 mg/I. It is noted from Figure 7
that the removal efficiency gradually increased from 80% to 90% with increasing the initial concentration from
10 to 50 mg/l due to the increase in concentration difference which is the driving force for adsorption. As the
initial MB concentration increased above 50 mg/l , the removal efficiency decreased and reached to 87% at 100
mg/l initial MB concentration because the amount has a fixed surface area, therefore a fixed number of active
sites to which the adsorbed MB can bind. The results indicated that the maximum adsorbent concentration was
at an initial concentration of 50 mg/l , which is the optimum initial concentration used [26].

100
° 95
3
g 90
2
&
— 85
@©
>
)
S 80
o

75

10 30 50 70 90
Initial Concentration mg/I

Figure 7 Effect of initial MB concentration on adsorption at (pH = 8, dose 15mg\50ml time = 2h)

3.1.4 Effect of contact time

The removal of MB onto LE - FesO4 with optimum conduction that results from previous experiences for pH,
dose, and initial concentration, and change the contact time as shown in Figure 8, the removal of MB was
increased from value 83% to value 93% as contact time increased from 10 min to 40 min which is (equilibrium
time). The removal was rapid at the first 30 min due to the availability of adsorbent surface active site making
the removal at the initial minutes faster, from 30 min to 2 hrs, the MB removal was approximately constant
since surface active sites filled up with MB molecules and no more site available for more adsorption thus 40
min was considered as the best time for MB removal onto LE-Fe3z04[27].
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Figure 8 Effect of contact time on CR he adsorption onto LE-Fe3O4 (at pH 8, 50 ppm initial MB concentration and 15
mg/50 mL dose).
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4. ADSORPTION EQUILIBRIUM

This study, Langmuir and Freundlich isotherms models were used to determine the nature of adsorption [28].
From Table 3 and Figure 9, it's clear that langmuir model was best fitted with experimental due to the
correlation coefficient (R?) and statistical error value this indicates that the adsorption was homogenous and
monolayer. The max adsorption capacity of MB onto LE-Fez;0, adsorbent was 80mg/g and the adsorption was
favorable 0< RL< 1[29].

y= 0;"";’;;3240125 y =2.9107x + 0.3145
= 0. 2 _
0.02 R?=0.9676
‘ 8
0.015 v 6
/ /(v
Q b 4 Q F
g 0.01 < o, =
~
- %V £
0.005 P 2
N4
0 0
01 015 02 025 03 1 12 14 16 18 2
Langmuir 1/Ce Freundlich In Ce

Figure 9 Isotherm models MB adsorption onto LE-Fe3O4

Table 3 Parameters of isotherm models for sorption of MB dye

Type of isotherm model parameters values
Qmax (mg/g) 80
b (I’/mg) (KL) 0.124131
Langmuir R2 09844
L RL 0.138889
e dm quL Ce X2 45
.
RL=% bCo SSE 114
Kf (mg/g)(I/mg)1/n 1.369
Freundlich n 0.34356
1 R2 0.9676
ane:;LnCe+Ln Kf
SSE 13.2
X2 7.71

5. KINETIC STUDY

Three kinetic models, Pseudo First Order PFO, Pseudo Second Order PSO, and Intra Particle Diffusion IPD
[30]. were implemented on experimental data at conditions pH 8 for MB, MB concentration 10ppm to 100ppm,
and 25mg/50ml LE-Fe304 dose at room temperature , Linear equation as shown in Table 4, and the three models
result shown in Figure 10 and Table 5. The kinetic data were modeled, and the adsorption trend was observed to
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obey the Pseudo-second order kinetic model, indicating the chemisorption mechanism onto LE-Fe;O4 for MB

dye studied [31].

Table 4 Equations types of kinetic models

Kinetics model Linear equation
Pseudo-1st order In(qe — q¢) =Inge —(kqt) Eqg. 2.10
Pseudo-2nd order o4t Eq. 2.11
qt (kzq% + qe) G- <
Intra-particle diffusion qe= kigt/? + C Eg. 2.12
Table 5 shows the kinetic model parameters
Models PFO PSO IPD
K2 h Kid
Dye qecal Kl qecal g/mg R2 mg/g | L/mg c R2
mg/g Vmin mg/g min min | minl/2 mg/ g
10 1.58 343 | -0.1934 | 0.8005 1.66 0.12596 | 0.9964 | 0.35 0.8399 0.839 0.581
30 | 5.16 4.92 | -0.1118 | 0.9021 5.39 0.04643 | 0.9985 1.35 2.9808 2.980 0.6471
50 | 9.00 8.78 | -0.1117 | 0.9297 9.42 0.02532 | 0.9982 | 2.25 5.1056 5.105 0.6419
70 | 12.60 | 10.48 | -0.0891 | 0.8457 | 13.25 | 0.01598 | 0.9977 | 2.80 6.9065 6.906 0.685
MB 790 | 1548 | 14.98 | -0.0976 | 0.9702 [ 16.37 | 0.01180 | 0.9976 | 3.16 7.8979 7.897 0.6597
PFO for LE-FE,O,
1 10 30 50 70 %90
y =-0.1934x + 1.2326 ppm ppm ppm ppm ppm
Rz =0.8005
15 4
y =-0.1118x + 1.5933
— R2=0.9021
5 0]
& y=-0.1117x + 2.173
= R2 =0.9297
=15 -
- y =-0.0891x + 2.3491
R2=0.8457
-3 A1
y = -0.0976x + 2.7067
R2=0.9702
-4.5 T T T )
0 5 10 15 20
Shaking Time (min)
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PSO for LE-Fe;O,

80 - 10 p|
70 4 |y=0.1857x+0.7427| [y=0.0611x+0.3163
R2 = 0.9985 R2 = 0.9976 30p)

60
= y =0.601x+2.8676 | [y =0.1062x + 0.4454 S0P
£ 50 ; R2 = 0.9964 R2 = 0.9982
(@)]
c 404 _ P
é y = 0.0755x + 0.3568
S 3 R2=0.9977 %90 p|
)
O
20 A

10 1

0 % O : - -

40 60 80 100 120
Shaking Time (min)

IPD FOR LE-FE;O,
10 ppm
24 4|y =0.084x +0.8399 | y = 0.245x + 2.9808 | ¥ = 0.4378x + 5.1056
R2=0.581 R2=0.6471 R2=0.6419 30 ppm
50 ppm
y = 0.633x + 6.9065 | y = 0.8504x + 7.8979
S 16 R2=0.685 R?=0.659% w70 ppm
g) *90 ppm
N—r
6 4 7N
81x
0 . . . . . . . . . .
2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00  11.00 12.00
Shaking Time (t"1/2) (min)

Figure 10 kinetic model for MB onto LE-Fe304

6. CONCLUSION

The removal efficiency of Methylene blue (MB) onto LE-Fe;O4 adsorbent was studied by using four different
parameters such as the effect of contact time, the effect of dose adsorbent, the effect of initial dye concentration,
and the effect of contact time. The study showed that the highest removal efficiency was 93% at pH 8, 50mg/I
initial MB concentration, 40 min contact time, and 15 mg/50 mL, the experimental data was best fitted with
Langmuir isotherm model and the adsorption was favorable . Based on the results it was concluded that LE-
Fes0, can be used as an effective adsorbent for the removal of MB from aqueous solution.
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