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Abstract

The present work is concerned with the remediation MB of aqueous solution by exploring the batch electrocoagulation process EC, and
coupling the EC with biosorption on to pomegranate EC/PP and ziziphus EC/ZL. Batch experiments were conducted to investigate the
EC, EC/PP, and EC/ZL processing at different parameters, such as, current density, pH, contact time and initial dye concentrations, NaCl
concentration, distance between electrodes and biosorbents dosages for PP and ZL. The highest removal efficiency of EC (93.47%) was
obtained at a current density of 21.440 A/m2, initial dye concentration of 100 mg/l, pH of 7, the NaCl concentration of 1.5 g/l, time of 60
minutes, and inter electrode distance of 1 cm. The energy consumption of electrodes was evaluated at these operating conditions to be 1.9
KW.h/m3. The maximum removal efficiency of the coupling treatment process EC/PP of 96% under optimum operating conditions of
EC was achieved at 1500 mg of pomegranate peels, 30 min treatment time, and 1.3 KW.h/m3 of energy consumption of electrodes. From
the comparison between EC, EC/PP, and EC/ZL techniques, it can be seen that the coupling technique EC/PP is the best method for re-
moval of MB dye than EC and EC/ZL. The Langmuir isotherm fits the experimental data better than Freundlich and Temkin adsorption

isotherm for the EC process alone, EC/PP and EC/ZI processes.

Keywords: Electrocoagulation; Methylene Blue (MB); Pomegranate Peels; Ziziphus Leaves; Adsorption.

1. Introduction

One of the main problems of the society in the 21 century is envi-
ronmental pollution. The presence of chemically different dyes in
the environment has been contributed as a major part of water
pollution. Many industries are directly or indirectly discharged
wastewater into the surface water with high levels of a variety of
dyes [1].

Methylene blue dye is widely used in a number of industries such
as textile, tannery, dye manufacturing, temporary air, pharmaceu-
tical industries, and paper and pulp industries. The textile industry
is one of these activities that produce large quantities of impure
water and chemical products [2]. This contaminated substance is
toxic and can lead to serious problems and threats to human
health. Many of various dye effluents contain the chemical output,
which are toxic, carcinogenic (can cause cancer) or mutagenic
(can cause mutation) two forms of life, mainly due to carcinogens,
such as Benzedrine, naphthalene and other aromatic compounds.
Therefore, it is important to immediately dyeing wastewater be-
fore discharge into the water environment [3].

There are many methods to remove dyes from wastewater, the
most common ones are coagulation and/or flocculation, precipita-
tion, ion exchange, membrane technology, biological treatment,
advanced oxidation treatment, adsorption and electrocoagulation
techniques were used to treat organic pollutants such as dyes from
contaminated water and wastewater [4-5] Most of these approach-
es are unsuitable and insufficient due to the dyeing wastewater
contain large amount of aromatic compound structures. Adsorp-

tion has more advantages than other methods due to its simple
design and it could include a low initial investment and the re-
quired land. The adsorption process is widely used to treat indus-
trial wastewater from organic and inorganic pollutants and meet
the great interest of researchers [6-7]. A simple and efficient sew-
age treatment process is essential. The electrical process of coagu-
lation (electro-coagulation) is appears to be a reliable technology
effective. Electrocoagulation (EC) is exceptionally successful in
removing organic pollutants, including dyeing wastewater. Elec-
tro-coagulation is simple in operation and requires little space. The
sludge produced during electro-coagulation process is less as
compared to coagulation process [8].

The main objective of the current work is to use a clean and envi-
ronmentally friendly approach to remove the of Blue dye meth-
ylene from aqueous solution by coupling electrocoagulation tech-
nique with adsorption. The effect of process parameters like cur-
rent density, initial concentration of MB, time of electrolysis, the
space between electrodes, pH and concentration of NaCl were
studied. The efficiency of coupling the electrocoagulation process
with adsorption onto pomegranate peel (EC/PP) and ziziphus
leaves (EC/ZL) for remediation methylene blue dye from aqueous
solution was evaluated and compared between them.

2. Material and methods

2.1. Materials
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License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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The methylene blue dye (MB) C,¢H;sN3SCI, that was used in this
work as an adsorbate was supplied by CDH company, (India).
Pomegranate peels were bought from the local market. Ziziphus
leaves were collected from local gardens. The iron plates used in
this study as electrodes were bought from local markets. The char-
acteristics of the iron plate analyzed by state company for inspec-
tion and engineering reabiliation (SIER) in Iraq to be as shown in
Table 1.

Table 1: Analysis of Iron Electrode Properties

Composition Wt.%

Fe 98.80

C 0.0994
Mn 0.6600
S 0.1900
Al 0.1030
Others 0.1447

2.2. Experimental
2.2.1. Preparation of MB Dye stock solution

Methylene blue, a cationic dye C;sH;sN3SCI was used as a pollu-
tant. A certain amount of NaCl was added into the MB solution as
supporting electrolyte. By adding 1gm of metheylen blue (MB)
into 1L of distilled water prepare a stock solution of MB dye. The
solution of MB with different initial concentration is prepared by
diluting the solution of the stock. The calibration curve was con-
structed using a UV spectrophotometer (Model 6310, Jenway
Company, England) at a maximum wavelength of 665nm. The
concentrations of remaining MB dye solution were measured us-
ing UV-Visible spectrophotometer.

2.2.2. Design of electrocoagulation reactor

The batch electrocoagulation cell used in this work was made of
perspex with dimensions of (120 mm x 120 mm x 180 mm). There
are eight iron plate electrodes with the same dimensions that used
as four anodes and four cathodes. The dimensions of electrodes
were (80 mm x 70 mm x 1 mm) and the total effective surface area
of anodes was 466.4 cm®. The total immersed area of each elec-
trode was 116.6 cm’. In this work, the ratio of the effective im-
mersed area to the volume of the solution was fixed at
(466.4/2016) m*/m’. This ratio was designed based on the recom-
mendations of (Brahami, et al., 2014) [9].

2.2.3. Preparation of pomegranate and Ziziphus as an adsor-
bents

Fresh pomegranate and ziziphus were used. The peels were manu-
ally separated from core pomegranate. Then, the pomegranate
peels and ziziphus leaves were washed extensively several times
with distilled water to remove dust particles, impurities and any
other stakes. They were chopped into small pieces and dried in an
oven at 60°C for 48 h. The dried pieces were crushed, ground and
sieved to obtain the desired particle size range (250-400) microm-
eter. After sieving, the resulted particles of each material were kept
in a desiccator for further use in EC experiments.

2.2.4. Batch electrocoagulation technique (EC)

The Electrocoagulation (EC) experiments were performed in a
batch mode using 1.5 liter rectangular cell. The iron electrodes
(anodes and cathodes) were polished with abrasive emery paper,
washed with diluted HCI and then rinsed several times with dis-
tilled water. The desired pH of the MB dye solution was adjusted
using diluted 1M HCI or 1M of NaOH before each run of EC.
Eight vertical electrodes (four anode and four cathode electrodes)
were used with a distance between anodes and cathodes of 1 cm.
The electrodes were electrically connected to the DC digital power
supply (type PS-305D, Dazheng, china) and operated in monopo-
lar mode.

A 1500 ml of MB dye solution at initial concentration 100 ppm
was added into EC reactor and then stirred by a magnetic stirrer at
stirring speed of 300 rpm and at 25°C. During stirring, a certain
amount of sodium chloride was added to the solution to obtain the
desired solution conductivity. The current density and initial pH of
the solution were adjusted to known values. The samples were
periodically withdrawn from an electrocoagulation cell at different
time intervals. Then, solution sample was separated by filtration
using a Millipore Membrane filter with pore size 0.45um. The
665nm wavelength of ultraviolet-visible spectrophotometer was
used to analyze the equilibrium concentrations of MB dye in the
filtrate.

2.2.5. Treatment procedure of combining EC and adsorption
process (second treatment)

Adsorption process was carried out in electrolytic cell using Pom-
egranate and ziziphus leaves as bioadsorbents. The best operating
conditions of the EC process (current density, initial concentration
of the MB dye solution, pH of MB solution, time, NaCl Dosage
and distance between electrodes) were taken and then followed by
the adsorption process (second treatment).

Different adsorbent dosage of (500, 750, 1000, 1500 and 2000)
mg/1 of pomegranate peels and (500, 750, 1000, 1500, 2000, 2500
and 3000) mg/l of zizephus leaves were mixed with 1500 ml of
MB dye solution at certain initial concentration prior to each run.
MB dye solution at initial concentration 100 ppm was added into
the EC rectangular reactor with eight electrodes (four anodes and
four cathodes). The solution was then stirred by a magnetic stirrer
to obtain homogeneous composition of the synthetic MB dye solu-
tion and bioadsorbents. The speed of the stirrer and the tempera-
ture are fixed at 300 RPM and 25°C respectively. The desired
conductivity of the solution was obtained when adding specific
amount of sodium chloride in 1500 ml of the MB dye solution.
The current density and the initial pH of the solution were main-
tained to a known value. The samples were periodically with-
drawn from an electrocoagulation cell at different time intervals.
Then, solution sample was separated by filtration using a Milli-
pore Membrane filter with pore size 0.45um. The 665nm wave-
length of ultraviolet-visible spectrophotometer was used to ana-
lyze the equilibrium concentrations of MB dye in the filtrate.

In this work, the range of operating parameters used to remove
MB dye from synthetic solution is presented in Table 2. The best
operating conditions of the EC process for maximum removal MB
dye from synthetic solution were then selected.

Table 2: Parameters Studied in This Work

Parameters

Current Density, A/m’ (0.43-42.9)
Initial Concentration, mg/1 (50-250)
pH (2-10)
Time, min (10-90)
Space between electrodes, cm (1-3)
NaCl, g/l (0.5-2)
Biosorbents dosage (PP and Zl), g/l (0.5-3)

2.3. Power consumption

The power utilized by the reactor can be easily modeled as the
product of the current and the used potential. In reality, the poten-
tial various throughout galvanostatic reactor operation, so the
parameters must be integrated over time. Electrical energy con-
sumption and current efficiency are very important economical
parameters in the EC process. Electrical energy consumption can
be calculated by the following Eq. (1): [10]

E= U1 x*tg)/V 1)
Where E is electrical energy in kWh (m®)". U is cell voltage in

volt (V). L is applied current (A). V is volume of solution (m>). tgc
is the electrolysis time per hour.
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2.4. Adsorbents characterization

Pomegranate peels and ziziphus leaves have been characterized
using Fourier transform infrared (FTIR) spectroscopy (Model
IRTracer-100, Shimadzu Company, Japan). FTIR analysis was
performed in the range of 400-4000 cm™ to identify the surface
functional groups in the complex nature of adsorbent (pomegran-
ate peels and ziziphus leaves). The EC by-product using iron elec-
trode was characterized by X-ray diffraction to confirm the exist-
ence of the generated coagulant and Fourier transform infrared
spectroscopy (FTIR) of the sludge after treatments of MB dye
from synthetic solution.

2.5 Adsorption Isotherm

Adsorption isotherm is a curve related to the balance of dissolved
concentration on the surface of the adsorbent material, ge, to the
dissolved concentration in the liquid, C,, with which it is in con-
tact. The adsorption isotherm is also a function of the solute
amount adsorbed on the solid and the equilibrium concentration of
the solute in solution at a certain temperature. It is important to
study the equilibrium coefficient and adsorption capacity for ad-
sorbtion through the analysis of the equilibrium adsorption iso-
therms data [11]. Adsorption is an important process that describes
the interaction of adsorbents and dye ion to develop a design mod-
el for wastewater treatment.

Experimental adsorption capacities and dye concentration (adsorp-
tion isotherm) was applied extensively by the Langmuir, Freun-
dlich and Temkin models. The amount of adsorption at equilibri-
um, ge (mg/g), is given by Eq. 1 [12].

Ge == (Co— Co) b)

Where C,and C. (mg/l) are the initial and equilibrium concentra-
tion of adsorbate, respectively, V (1) is the volume of the solution,
and m (g) is the adsorbent mass. According to the general formula
(Eq. 2), the efficiency of sorption can be described by an adsorp-
tion isotherm [12].

Sorption Ef ficiency, % = (C"C;Ce) * 100 3)

o

There are several models for predicting the equilibrium distribu-
tion .However, the Langmuir Isotherm Temkin Isotherm and
Freundlich Isotherm models are most commonly observed.

2.4.1. Langmuir isotherm model

The Langmuir sorption isotherm model is probably the best and
most widely applied sorption isotherm. This model quantitatively
describes the formation of a single-layer adsorbate on the outer
surface of the adsorbent, and then no further adsorption occurs.
Langmuir therefore represents the equilibrium distribution of met-
al ions between the solid and liquid phases. Langmuir isotherm is
represented in Eq. (3): [13-14]

mkiCe
qe = Imie )

1+k,C,
The above equation can be rewritten in Eq. (4) [15]:

11,11 )

de dm Amky, Ce

Where C, is the equilibrium adsorbate concentration in the solu-
tion (mg/1). q. is the equilibrium adsorbate concentration (mg/g)
on the adsorbent. K is Langmuir constants (1/g). qy, is the maxi-
mum adsorption capacity (mg/g).

2.4.2. Freundlich isotherm mode

It is a curve associated with the solute concentration on the surface
of an adsorbent, to the solute concentration in the liquid that is in
contact with it. The Freundlich isotherm can be derived assuming

a logarithmic reduction in the enthalpy of adsorption with the
increase in the fraction of occupied sites. The model and is usually
presented by the following non-linear Eq (5) [14].

1
qe = k" ©
The logarithmic form of the equation becomes:

logq. =log ks + %log Ce 7

Where k¢ is a constant describing the adsorption capacity (I/g) and
n is an empirical parameter related to the adsorption intensity. The
constants n and kywere obtained from the slope and intercept re-
spectively.

2.4.3. Temkin isotherm model

This isotherm contained in a factor that is explicitly taking into
account and intensified reactions. As is clear from the equation,
the derivation is characterized by a uniform distribution of binding
energies (up to some maximum binding energy) was carried out
by plotting the quantity sorbed ge vs. In Ce. The constants were
determined from the slope and intercept, and the model is given by
the following Eq. (7): [16]

e = et ®
RT RT

qge = Pind + [?] InCe )

B= Rb—T (10)

qe = Bin Ar + BInC, (11)

Where B = [RT/bT] is corresponding to the heat of adsorption in
(J/mol). R is the ideal gas constant (8.314)J/mol.K). T (K) is the
absolute temperature at 298K. AT is the Temkin isotherm constant
and A (l/g) is the equilibrium binding constant corresponding to
the maximum binding energy [17].

3. Results and discussion

3.1. Characterization of the adsorbents
3.1.1. FTIR

The Fourier transform infrared spectroscopy (FTIR) of the pome-
granate peels before and after treatments of MB dye from synthet-
ic solution are presented in Figures 1 and 2, respectively. The
band, at around 3429 cm-1, can be attributed to hydroxide ions
OH-1 group (carboxylic acid and phenolic). The band at around
2935 ¢cm™ can be assigned to bond C-H stretching (-CH; and
CH,). The broadband presented at about 1748 cm™ ascribes to
(C—C) stretching. The appearance of band at about 1662 cm™ is
represented the aromatic group. While the band 1442 cm’ is char-
acteristic of the bond (C-O) stretching vibrations. Stretching of
alkane primary amine can be observed in the band (C-N) at about
1064 cm™. These results are in agreement with the work of (Ah-
mad et al., 2014) [18]. The change in surface functional groups
can be ascribed to the changes performed through adsorption pro-
cess as shown in Figures 1 and 2. During the adsorption process,
some functional groups were observed. Some of the groups were
remained and the other groups were shifted.

FTIR of the ziziphus leaves before and after treatments of MB dye
from synthetic solution are presented in Figures 3 and 4, respec-
tively. FTIR spectrum after second treatment (EC/adsorption)
shows that wave length and the intensity of some peaks are shifted
or are substantially lower than those before adsorption. The band
3387 cm™ corresponding to O — H or N — Hgroups is shifted to

3417.86 cm *. The peak 2931.80 cmis attributed to C- H stretch-



3454

International Journal of Engineering & Technology

ing vibration of CH,. The band at 1732.08 cm™ is ascribed to car-
bonyl C-O groups. The peak at 1620.21 cm™* may be attributed to
C — O stretching vibration. The skeletal C-C vibrations in aro-
matic rings cause two bands at 1516.06. The peaks at 1442.75 cm’
! 1369.46 cm™, and 1319.31 cm™ in the spectrum show C- N
groups. Peaks in the range of 1000-1200 cm* can be correspond-
ed to C- O stretching. The relatively intense bands at 1099.43cm™
1072.42 cm™ 1033.85cm™ can be assigned to alcohol groups
(R- OH). The C- H out-of-plane bending in benzene derivative
vibrations causes the band at 837.11 cm™. The change in the sur-
face functional groups can be ascribed to the changes performed
through adsorption process as shown in Figures 3 and 4. During
the adsorption process some functional groups observed, some
remained and other shifted. The bands at 3387 cm™, 2931.80 cm™,
1516.06 cm™, 1442.75 cm™, 1369.46 cm™ and 837.11 cm™ are
shifted to 3417.86 cm™, 2920.23 cm™, 1558.48 cm™, 1438.90 cm’
! 1327.03 cm™ and 829.39 cm respectively [19].

The Fourier transform infrared spectroscopy (FTIR) of the iron
sludge after treatments of MB dye from synthetic solution are
presented in Figure 5. The presence of different functional groups
in sludge sample shows electrolyte interaction between flocks.
These cations play an important role for the removal of colloids
during EC experiment [34]. Wavelength of carbonyl group lies
between the regions of 1083 and 1604 cm™. The bands in the re-
gion of 1600 cm™, 447 cm™ characterize the aromatic C=C
stretching.

I I TR B U BB U I T T T T I I T R IV
4000 3500 2000 2500 2000 1750 1500 1250 1000 750 500
FTIR heasurement fem

Fig. 1: FT-IR Pomegranate Peels before Adsorption Process.
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Fig. 2: FTIR Pomegranate Peels after Adsorption Process.
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Fig. 3: FTIR Ziziphus Leaves before Adsorption Process.
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Fig. 4: FT-IR Ziziphus Leaves after Adsorption Process.

Wavelength 1624.06 cm’™', 1334.74 cm™ for Fe generated sludge
lie between the ranges of carbonyl groups which confirm the C-O-
H in plane bending. Wavelengths 3051.39 cm™, 278521 cm’
show the presence of X(OH) or hydroxyl group in the wastewater
solution which is confirmed with reported by (Ahangaran et al.,
2013) [21]. These results indicated that adsorption of MB occurred
onto iron hydroxide flocs. Also, this is confirmation with the result
obtained by XRD analysis of the composition of the iron electrode
sludge. This is confirmed the success of EC process for MB dye
removal.

T T I T T T S B B PP P i
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 s00
=1

FTIR hdeasurement 1/cm

Fig. 5: FT-IR to the Sludge of Iron Electrodes.

3.1.2 XRD Analysis of the sludge generated during EC with
FE electrodes

The EC by-product using iron electrode was characterized by X-
ray diffraction to confirm the existence of the generated coagulant.
The obtained results from Figure 4.6 demonstrated number of
peaks at 2-theta. The strong seven peaks are appeared at Figure 6
that indicated the iron oxyhydoxides PDF # 1-5732. Thus, the
indication of these results can be interpreted based to the Joint
Committee on Powder Diffraction Standards.
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3.2. Influence of current density

The results of these experiments are presented in Figure 7. It is
evident that at all current densities (0.428-42.881A/m?), the MB
dye removal efficiency to be gradually increased from time 10-90
min. At current density of 0.428 A/m?, the MB dye removal effi-
ciency was significantly affected (varied from 33 % to 63%) by
the increase in the time. Whereas, at 1.286 A/m’ and upward, the
MB dye removal efficiency were significantly increased with in-
creasing the time. This is due to the high cationic amount (Fe3") of
sacrificial electrode dissolution and (OH’) that generated into the
MB dye solution and the faster MB dye concentration decreased.
It is clearly attributed to reach equilibrium state between the gen-
erated coagulant (Fe(OH),) and MB dye (pollutant). These results
confirm the results of Sengil et al, (2009) [22].

120
O\O 100
&
c
2
.2 80
b
L
g 60 e ().428 A/m"2
IS 1286 A/M2
$ 40
% ) 144 A/m"2
5\ e 10,720 A/m"2
20
023 it 21.440 A/m"2
0 e 42 881 A/m"2
0 20 40 60 80 100
Time, min

Fig. 7: Effect of Current Density.

Table 3 shows that the increase of the currents from 0.428 A/m? to
42.881 A/m’leads to a proportional increase of energy consump-
tion from 0.01 Kwh.m’to 9.4 Kwh.m’. These results are in agree-
ment with the work of (Merzouk et al., 2009) [23].

Table 3: The Energy Consumption and Current Density for MB Dye Re-
moval from Aqueous Solution

concentration decreases the efficiency of MB dye removal. The
maximum efficiencies of MB dye removal at the initial MB dye
concentrations (150, 200 and 250) ppm varied (from 41 % to
85 %), (from 22 % to 77 %) and (from 20 % to 71 %) respectively.
This results are similar to the results of Golder et al, (2006) [38].
All cationic amounts Fe™ from sacrificial elect rode (anode) were
released into MB dye synthetic solution in the EC cell. This lead-
ing to formation of polymeric species and precipitated Fe (OH);
(as coagulant) as a result, it enhanced the MB dye remediation
from synthetic solution.
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X
2100 |
c
2
(&)
E 80 A
T}
© ]
é %0 =¢—50 mg/I|
& 10| == 100 mg/l
2 150 mg/I
o 20 - *200 mg/l
g == 250 mg/I

0 ; ; ; ;
0 20 40 60 80 100
Time, Min

Fig. 8: Effect of Initial Dye Concentration.

Table 4 shows that increasing of the MB initial concentration from
50 mg/l to 250 mg/1 leads to proportional increase of energy con-
sumption from 1.7 Kw.h/m® to 4.1 Kw.h/m”® after 90 min.

Table 4: The Energy Consumption and Initial Dye Concentration Neces-
sary to Remove MB Dye from Aqueous Solution

Initial Dye Concentration mg/l Energy Consumption Kw.h/m’

50 1.7
100 1.9
150 3.0
200 3.6
250 4.1

Current Density, A/m’ Energy Consumption, Kw.h/m’

0.428 0.01
1.286 0.048
2.144 0.22
10.72 0.8
21.44 1.9
45.88 94

3.3. Influence of MB Dye initial concentration

Figure 8 shows the results of these experiments at (best current
density =21.440 A/m2, pH=7, NaCl= 1g/l, Time= 90 mins and
D=1 cm). It can be seen that the increasing of initial MB dye

3.4. Influence of pH

From the results, shown in Figure 9, it can be seen that the effi-
ciency removal of MB dye started gradually increased from 68%
to 94 % with increasing from pH 2 to 6. Where at pH > 6, the
efficiency removal significantly decreased with increasing of pH.
This decrease in the MB dye removal efficiency in acidic and
alkaline medium is caused by an amphoteric behavior of iron spe-
cies which led to soluble monomeric hydrolysis species (Fe ™) at
acidic pH and Fe(OH), at alkaline medium. Theses soluble
coagulants have insignificant effects on the MB dye removal effi-
ciency from aqueous solution. For pH around neutrality (between
6 and 7), iron hydroxide insoluble coagulants are the primary spe-
cies, with very few amounts of soluble species which lead to a
more effective treatment. Therefore, the pH of 6 was selected as
the optimum pH of MB solution in order to obtain maximum re-
moval efficiency.
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3.5. Influence of sodium chloride concentration

The results of NaCl concentration effect on MB dye removal was
as shown in Figure 10. It is observed that MB dye removal effi-
ciency started to increase gradually with increasing the NaCl con-
centrations due to the increase in solution conductivity. The max-
imum removal efficiency of MB dye 94 % were presented at high-
er concentrations of sodium chloride 1, 1.5, and 2 g/l and beyond
70 min, respectively. While no significant affect in MB removal
efficiency with 0.5 g/l of NaCl concentration is observed. This
behavior can be attributed to the ability of chloride ions to destroy
the oxidation layer that formed on the electrodes surfaces. This
leads to improve the dissolution rate of anode electrodes and in-
crease the creation of coagulants that act as adsorbent in bulk solu-
tion. These results are aqreement with the work of (Golder et ah.,
2010) [24].

120

100

80

60

159

MB Dye Removal Efficienvy %

0 20 40 60 80 100
Time, Min

Fig. 10: Effect of Sodium Chloride Concentration.
3.6. Influence of inter electrode distance

Figure 11 shows the experimental results for the effect of inter
electrode distance on the MB dye removal efficiency. It can be
seen from the results, that the MB dye removal efficiency de-
creased with increasing inter electrodes spacing, electrical re-
sistance between electrodes was increased and current passed
through electrodes was decreased. The decreasing of current, lead
to lower production of hydroxyl ions. Hence, the dye removal
efficiency was decreased, agree with the work of (Dabrowski et
al., 2001) [25]. When the inter electrode spacing is increased less
attraction by electrodes is applied on generated iron polymers.
Their movement would be slower, and they tend to aggregate in
flocs, and therefore enhancing dye molecules adsorption. When
the distance is more than 1 cm dye molecule and flocs interactions
are weaker leading to the decrease of the removal efficiency. Best

efficiencies are obtained with short distance, confirm with the
results of (Khattri et al., 1999) [26]. The maximum removal effi-
ciency of 94.9% was found at 10 mm distance, whereas at 30 mm
distance, the removal efficiency was significantly decreased to
81.7% as showed in Figure 11.

_ 100 + - 3.6
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Fig. 11: The Effect of Inter Electrodes Distance.
3.7. Influence of pomegranate peels dosage

Figure 12 shows the effect of the dosage of pomegranate peels on
the MB removal efficiency. From the obtained results at all dosag-
es of pomegranate peels, it can be seen that the MB dye removal
efficiency to be gradually increased in the period between 10-90
min. The MB removal efficiency from synthetic solution at 500,
750 mg of PP dosage increased gradually to reach its maximum
after SOmin, while in the adsorbents dosages (1000, 1500,
2000mg), the removal efficiency sharply increased to reach at
40min. It is clear that, when the dosage changed from low (500mg
and 750 mg) of PP, the initial MB removal efficiency varied from
47.5 % to 93%) and from 60% to 94.7% by increasing of the time
respectively. Whereas adding high dosage at 1000mg, 1500mg and
2000 mg of PP, the MB dye removal efficiency were significantly
increased (from 62 % to 97%) , (from 76.4% to 97.6%) , (from
80 % to 99 %) respectively. A further increase in all adsorbents
dosage after 40min showed no significant affect on the removal
efficiency. This can be due to the fact that the solution was
reached equilibrium between the adsorbent and adsorbate. This
behavior can be explained by increasing the available number of
adsorption surface sites, which results in an increase in removal
efficiency of the MB dye in all adsorbents with increasing adsor-
bent dose which agrees with (Alsawalha, 2012) [27].
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Fig. 12: The Effect of Pomegranate.
3.8. Influence of ziziphus leaves dosage
Figure 13 shows the effect of ziziphus leaves dosages on MB re-

moval efficiency. It is clearly that at all dosage of ziziphus leaves,
the MB dye removal efficiency were gradually increased in the
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period of time 10-90 min. The MB removal efficiency from syn-
thetic solution at 500, 1000 and 2000 mg of ZL dosage increased
gradually up to 60 min, while in the adsorbents dosages (2500 and
3000 mg), the removal efficiency greatly increased up to 50min.
At dosages 500 mg/L, 1000 mg/L of ziziphus leaves coupling with
EC process , the MB dye removal efficiency was increased (from
38 % to 93 %), and from (48 % to 93 %) respectively with the
time. But at 2000 mg and 2500mg dosages of ziziphus leaves, the
MB removal efficiency was increased by the coupling treatment
process (from 59 % to 94 %), and (from 63 % to 94 %) respective-
ly. In addition, at 3000 mg of ziziphus leaves dosages the efficien-
cies were varied (from 66 % to 96 %). This reveals that the dye
removal increases with the increase in adsorbent dosage. These
results agree with work of (P. Sharma et al, 2010) [28]. Also, after
that the adsorption efficiency remains constant and increased
slowly even with the increase of ZL dosage due to the shortage of
MB dye concentration in the solution. Thus, the initial MB dye
concentration was kept constant for all varying dosage. This indi-
cates that the rate of free ions (Fe™) becomes constant with the
increase in the adsorbent dose. These results agree with (Finotelli
et al, 2008) [29].
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Fig. 13: Effect of Ziziphus Dosages.
3.9. Treatment appearance

Figure 14 shows the visible arrangement of MB dye in the treated
solution with batch EC cell. The best operating conditions of EC
process current density 21.440 A/m?, initial concentration of MB
dye solution 100 mg/l, pH of MB solution at 7, time 90 min, NaCl
Dosage at 1.5 g/l and distance between electrodes 1 cm were ap-
plied and then followed by adsorption process (second treatment).
These samples were taken at 10, 20, 30, 40, 50, 60, 70, 80, 90 min
from right to left respectively. This observation clearly indicates
that the color decreases slightly with increasing treatment time.

Fig. 14: Samples Taken at Each 10 Minutes of EC.

3.10. Adsorption isotherms

The experimental data for MB dye removal by EC process, EC/PP
process and EC/ZL process are correlated with the three theoreti-
cal adsorption isotherm models. Figures 15, 16 and 17 show the
adsorption isotherm curves for MB dye removal using EC process,
EC/PP process and EC/ZL process. These Figures describe the
experimental data and the theoretical data obtained from Langmi-
ur, Freundlich and Temkin isotherm. All constants and correlation
coefficients for Langmiur, Freundlich and Temkin isotherm theo-
retical model are listed in Table 5. Based on the correlation coeffi-
cient (R?) for the EC, and the coupling processes (EC/PP), and
(EC/ZL) listed in Table 4.8 for various models, it can be conclud-
ed that Langmuir isotherm give a better model description to the
experimental data than Freundlich and Temkin isotherm for MB
removal from synthetic solution.
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Fig. 15: Adsorption Isotherms of EC Process.
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Table 5: Langmuir, Freundlich and Temkin Isotherm Constants for the
MB Removal by EC Process, EC/PP Process and EC/ZL Process

Theoretical Models Adsorbents
EC EC/PP EC/Z1
Jm 17.3913 18.5185 2.5793
Langmuir Isotherm Ky  0.1252 0.1110 0.0283
R? 0.9906 0.9918 0.9873
n 1.87 1.69 3.35
Freundlich Isotherm Ky 2.5527 2.3905 0.4616
R? 0.949 0.9695 0.9428
At 1.2262 1.2151 0.4192
Temkin Isotherm br 643.1409 634.4777 4962.091
B 3.8523 3.9049 0.4993
R? 0.9678 0.9781 0.9530

4. Conclusions

This work aimed to investigate the remediation of Methylene Blue
dye (MB) from aqueous solution by eco-friendly approaches, an
electrocoagulation technique (EC) and coupling of an electro-
coagulation treatment with pomegranate peels (PP) and ziziphus
leaves (Z1) adsorption process. For batch electrocoagulation tech-
nique (EC), the maximum removal efficiency of MB dye is
93.47% obtained at optimal conditions. The optimal operating
conditions namely current density 21.440 A/m’, initial concentra-
tion of MB dye solution 100 mg/l, pH of MB solution at 7, time
60 min, NaCl dosage at 1.5 g/l and distance between electrodes 1
cm are obtained in this work.

Natural agricultural wastes namely pomegranate peels (PP) and
Ziziphus leaves (ZL) have been utilized to remove the MB dye
from aqueous solution. The addition of PP and ZL as bioadsor-
bents to an electrocoagulation process exhibited an improvement
in MB dye removal efficiency.
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