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HE MORINGA oleifera seed (MOS) was characterized by pHzpc, Fourier transform

infrared spectroscopy (FT-IR), X-ray and scanning electron microscopy (SEM) in order
to get an insight of the surface charge, functional groups, and morphology of the biosorbent,
respectively. The MOS studies were conducted on Cd (II) with different parameters, such as
solution pH, contact time, initial concentration of the pollutant and temperature were examined.
Experimental results revealed an increase of the removal percentage of Cd (II) using coagulation
compared with adsorption technique with increases of the initial Cd (II) concentration, contact
time, pHs and temperatures. The Freundlich isotherm linear equation is better described for the
adsorption process and coagulation process for the removal of Cd (II) ions. By Comparing the
thermodynamic parameters of Cd (II) removal, such as AH, AS and AG, distinct behaviours
were observed, where adsorption process is positive values along all temperatures while
coagulation process showed negative values. According to S* value, the adsorbent system is

very high while the coagulation system is very low.
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Introduction

The challenge of contamination of natural waters
by various chemical species continues to be of
great concern worldwide especially when the
resource is becoming scarce. Heavy metals are
amongst the common pollutants detected in
several aquatic environments. The metal ions are
not bio-degradable and usually bio-accumulate in
living organisms tissues [1]. For example nickel
(Ni), copper (Cu), zinc (Zn), aluminum (Al), lead
(Pb) and Cd (1) (Cd) are by products of heavy
industries such as electro-plating, petro-chemical
processing, batteries, mining, metallurgical
process, brewery, pharmaceuticals, paper and
pulp, plastic and paint [2,3]. Several research
studies have come up with ways of minimising
the adverse effects of these heavy metal ions such
as chemical precipitation, coagulation, solvent
extraction, electrolysis, membrane separation,

and ion-exchange techniques [4]. The majority
of these methods require high initial and running
costs. In order to reduce the high investments,
rigorous research has been carried out to find
innovative and cost effective methods. Bio-
adsorption has received much attention and has
currently become an extensive area of research.
This process is very effective and versatile for the
removal of heavy metals from industrial effluents
at relatively lowest costs.

Coagulation can be considered an important
process for industrial wastewater pretreatment
since it is quite effective in the removal of
suspended solids [5]. Inorganic coagulants
and synthetic polymers such as aluminum
polychloride, aluminum sulfate, and ferric
sulfate are commonly employed [6]. This process
consists essentially in chemically and physically
destabilizing colloidal/suspended particles. Thus,
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the treatment is expected to remove impurities,
especially turbidity, toxic substances (organic
and inorganic) and colloidal organic matter
[7]. Although synthetic coagulants show good
performance in the process of destabilizing
suspended matter, and have some disadvantages
such as the production of large amounts of non-
biodegradable sludge and high levels of toxicity
[8]. Vegetable coagulants (or biocoagulants),
which are biodegradable, non-toxic, and produce
very little residual sludge [9], are an alternative to
overcome the main disadvantage of coagulation
processes (which is the use of synthetic
coagulants).

Moringa Oleifera (MO), a plant species that
belongs to the family Moringa ceae is quite
abundant in Brazil. Despite the paucity of studies
about the use of Moringa oleifera aqueous extract
(MOSAE) as a coagulant, some researchers
have found that this species is fairly effective
in the treatment of several types of wastewaters
[10]. On the other hand, considering that the
composition of MOAE includes significant
amounts of proteins, carbohydrates and lipids
and that these substances may remain in the
treated wastewater at the end of the coagulation
process, the wastewater tends to have a high
organic load [11]. Residual organic matter in
treated wastewater can be disadvantageous if
the water is to be reused, since microorganisms
develop easily in these conditions. According
to Dey et al. [12], microbial activity in recycled
wastewater from water-based paint manufacturing
processes decreases the quality and service life
of the end product. Therefore, depending on the
final destination of treated wastewater, it may
be necessary to include other methods that can
destroy or decrease residual organic matter (from
vegetable coagulant agents).

Vieira et al. [13] showed that MO seeds used
as a natural adsorbent have a strong removal
efficiency reaching up to 98% for both color and
turbidity. While Arnoldsson et al. [14] mentioned
the negligible effect of MO seeds as a coagulant on
pH, alkalinity or conductivity of water. MO seeds
have not only been studied for their coagulating
properties but also for their ability to remove
heavy metals from aqueous solutions. A study
by Nand et al. [15] showed that MO was capable
on adsorbing heavy metals more than other seed
types. The percentage of removal was 90% for
copper, 80% for lead, 60% for Cd (II) and 50%
for zinc and chromium.
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In this study, Moringa oleifera seed powder
(MOS), was used for the removal of Cd (II) by
using the adsorption technique compared for
coagulation technique from aquatic pollutants
(metal pollutant). The MOS was characterized
by pH ., FT-IR, X-ray and SEM analyses to
gain an insight of physico-chemical properties.
The experimental conditions were optimized
through batch experiments by studying different
parameters, viz. effect of contact time, solution
pH and initial concentration of the Cd (II) ions.
In addition to evaluation of four isotherm models
and various thermodynamic parameters

Experimental

Materials

Synthetic  solutions were prepared by
dissolving a desired amount of Cd (II) acetate
(g) of analytical grade in distilled water to obtain
stock solution. All the chemicals used were
of analytical grade. Distilled water was used
throughout the experiments

Source of M. Oleifera seeds

M. Olifera seeds were obtained from Al
Qalyobia governorate farms by Medicinal and
Aromatic Dept., Horticulture Res. Institute,
A.R.C., Egyptduring March, 2017. The seeds were
identified by the Horticulture Research Institute
of Egypt. Seeds de-shelled by hand grounded in
a domestic blender and sieved through 0.08mm
stainless steel sieve.

Instrumentation

The pH of the solution was determined
using a HANNA instruments pH meter (pH 209
models, Portugal). The surface morphology was
studied using a Jeol (Tokyo, Japan) JSM 5600 LV.
Oxford instruments 6587 EDX micro-analysis
detector EDX micro-analysis was made to obtain
information on the elemental composition of
the sample (Egypt Nanotechnology Center,
Cairo University, Shaikh Zayed Campus, B3). A
micromeritics (Novatouch LX2, Quanta chrome
Instruments, Boynton Beach, Florida, USA
(Egypt Nanotechnology Center, Cairo University,
Shaikh Zayed Campus, B3 instrument) was used
for Brunau-Emmett-Teller (BET) analysis to
determine surface area, total pore volume, and
average pore size of moringa seed powder. In
a BET surface area analysis, a dry sample was
evacuated of all gas and cooled to 77 K using
liquid nitrogen.
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Adsorption experiments

The batch experiment was carried out by
sieved powered seeds and weighing 0.666 g.
A desired amount of the metal ion solution was
added and the mixture was shaken in a mechanical
shaker at 100 rpm for a definite period of time
until equilibrium was reached and then centrifuge
for about 3-5 min. The supernatant solution was
analyzed with atomic spectroscopy. The desired
pH was adjusted by adding negligible volumes
of 0.01 and/or 0.1 mol/L HCI or NaOH solution.
The amount of adsorbate adsorbed per unit weight
of adsorbent (g, (mg/g)) was calculated by the
following equation:

(GG
¢~ Vo v
Where w is the mass of adsorbent, V is the
volume of suspension, C, (ppm) and C, (ppm)
are the initial and equilibrium concentrations of

adsorbates.

Coagulation experiments

One gram of MOS powder was added to
100ml distilled water and stirred 200 rpm for 15
minutes using magnetic stirrer to create active
constituents to prepare stoke solution of 1% W/v.
All coagulation experiments were carried out in
the 100 ml transparent bottles, and the samples
were left undisturbed on a flat surface for 72 h to
allow for the complete settlement of MOS and the
large Cd(II) aggregates. The pH was adjusted by
adding negligible volume of 0.1 or 0.01 M HCl
and/or NaOH. HCI and NaOH did not affect the
coagulation of Cd (II) on MOS with varied pH.
The effects of contact time, pH and coagulation
temperature on Cd (II) coagulation were
investigated. The residual concentration of Cd (II)
in supernatant was separated by centrifugation
at 1000 rpm for 10 min measured by AAS
spectrophotometer. The coagulation of Cd (II) in
synthetic water systems was carried out to study
the behavior of Cd (II) under natural aqueous
solutions. The Cd (II) removal percentage was
calculated using Eq. (2):

The removal percentage yield (R %) = C“(;Ce QN () ———— 0

0

Each experimental data point is obtained as the

average value of triplicate parallel samples (the
resulting error bars (within £5%) are provided).

Adsorption isotherm of the Cd (Il) ions.
Freundlich Adsorption Isotherm:
The Freundlich isotherm [16] is derived by
assuming a heterogeneous surface with a non-

uniform distribution of heat of sorption over the
surface. It can be stated in the linear form as
follows:

Ing, =hf +h, 0)

Where K, (mg g') and n are isotherm
constants indicate the capacity and intensity of the
adsorption, respectively.

Langmuir Adsorption Isotherm
The Langmuir equation [17] is represented in
the linear form as follows:

G 1 G

4

de  KiOmax  Omax

Where Ceis the equilibrium concentration
of adsorbate ¢ (ppm), is the amount of soluted
sorbate at equilibrium (mg/g), K; is the
Langmuir adsorption constant (L mmol™) and

Qinax is the theoretical maximum adsorption
capacity (mg/g). Langmuir plots (5= vs.c.)
for adsorption of metal ions onto resins at different
temperatures.

For the Langmuir isotherm model, a
dimensionless constant (R;). commonly known
as separation factor or equilibrium parameter can
be used to describe the favorability of adsorption
on the polymer surface by:

!
LTI

()

Where Cy is the initial metal ions concentration
and K; is the Langmuir equilibrium constant.

The Temkin Isotherm
The Temkin isotherm [18] has been used in the
following form:

G = (};—T) lnAp+ (;—T) InC, )
7 T

Where #r = (5). #ris  the  Temkin
constant (J/mol) related to adsorption heat, T
is the absolute temperature (K). R is the gas
constant (8.314 J/mol K), and A4 is the Temkin
isotherm constant (L/g). (B,) and (A,) can be
calculated from the slopes (b;) and intercepts
(byIn Ay) oftheplotof g, vs. |p¢,.

Dubinin—Radushkevich isotherm model
The linear form of Dubinin and RadushKevich
isotherm equation [19] can be expressed as:

lng, =ln(Xp_g) - e’ @
Where Xp-r is the theoretical monolayer
saturation capacity (mmol g™'), is the Dubinin—

Radushkevich model constant (mol® J™2). € is the
polanyi potential and is equal to
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c=Th(1+] 8
C&

where R, T and C, represent the gas constant
(8.314 J/mol K), absolute temperature (K) and
adsorbate equilibrium concentration (mmol/L),
respectively.

The Xp_r and B can be calculated from the
slopes (—B) and In X, _x intercepts of the plot
of (tng.) vs. (g2?) at different temperatures
for metal ions onto the resins.

The value of Ep_p is related to the sorption
mean free energy (KJ/mol). The relationship is
expressed as:

1

]

0

e

Adsorption thermodynamics.

The sorption data obtained from the above
study (i.e. Effect of system temperature of sorption
process) was used to calculate the thermodynamic
parameters. The calculated Gibbs free energy
change (AG), enthalpy change (AH) and entropy
change (AS) values for the sorption process of
metal ions by the three resins.

The Gibbs free energy change, (AG)(kJ/mol)
was calculated from the following equation;

4621, i

Where R is the universal gas constant (8.314 J
mol™' K™, T is the absolute temperature (K) and
K; is the distribution coefficient of the adsorbate.

The relation between (AG) (kJ mol?), (AH) (kJ
mol ™) and (AS) (kJ mol! K') can be expressed by
the following equation;

6= =155 ()

The van’t Hoff equation

A M
and B

RoAT

(1

The values AH of AS and were obtained from
—AH

the slope (T) and intercept (ﬁ) respectively,
of theplotof N Kgqvs. L \R
T

In order to further support the assertion
that physical adsorption is the predominant
mechanism, the values of the activation energy
(Eg)and sticking probability (§* ) were
estimated from the experimental data. They
were calculated using a modified Arrhenius type
equation related to surface coverage (0) [20] as
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expressed in equations:

g=q-Z ()

Where Cp and Ce are the initial and equilibrium
metal ion concentrations, respectively

§'= (1-f)em i‘r) 04

The sticking probability, S*, is a function of the
adsorbate/adsorbent system under consideration
and is dependent on the temperature of the system.

The combination of Egs. (13) and (14) gives
the equation (15):

Ce_ 3 Eu
lna—lnS teg (15)

The values of E, and S* were obtained from
the slope (%1) and intercept InS*, respectively,

C 1
of the plot of 1n =& vs. T -
Co

Results and Discussion

Characterization

Fourier  transforms  infrared  (FT-IR)
spectroscopy

It is very crucial to elucidate the functional
groups in order to understand the interaction
between the protein and the metal ion. The
Fourier Transform Infrared (FT-IR) spectra (Fig.
1) of MOS (unloaded) and metal-loaded MOS
were recorded at 4004000 cm™ range using an
FT-IR to investigate the functional groups present
on the bio-sorbent surface.

The bands in approximately 2924.8 cm'and
2854.1 cm™" were assigned to the symmetric and
asymmetric stretching of group C-H-CH, present
in fatty acids [21]. The spectra showed two strong
absorption bands at 1657.5 cm 'and 1543.7 cm™
characteristics of amide [ and Il respectively, which
confirms the structure of the protein present in
moringa seeds and in approximately 1114.4 cm™,
concerning the presence of polysaccharides [22].
Thus, in general, the FT-IR’s spectra of MOS
(showed the presence of various functional
groups that indicating their complex nature) The
peak at 1746 cm™ in the MOS spectrum shows
the carbonyl (C=O) stretching vibration of the
carboxyl groups of lignin in the MO [23]. The
broad peak in spectra at 3313.1 cm™' is indicative
of strong O-H (H-bonded) stretching [24]. It can
be observed from Fig. 1 that referring to MOS
as the substrate for adsorption, the peaks in both
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the spectra obtained before and after adsorption
displayed characteristic bands at 870.4, 789.6
and 461.8 cm™! for the raw MOS, bands at 851.2,
582.2 and 462.3 cm™! for adsorption of Cd (II)
ions (Fig. 1) which can be attributed to Si-O
stretching modes and Si-O-Si bending modes
including distortion modes associated primarily
with oxygen and silica atoms respectively [25]
and bands at 1096.9, 852.3 and 463.1 cm™ for
adsorption of Cd (II) ions.

In this work, it was observed that the Moringa
olefira seed has amide, amine, carboxylic acid,
hydroxyl and other functional groups, which
possibly confirmed the presence of most of the
necessary functionalities in the current study.
A similar type of moringa seed spectra has also
been reported by other scientists, during different
research findings [26-28].

By Comparison the FT-IR spectra of the
MOS before and after adsorption of the metal
ions revealed that, after adsorption of Cd (II), the
peaks were shifted significantly or not changed.
The shifting in the peak positions and intensity in
the spectra, after Cd (II) adsorption, signifies the
participation of those specific groups in sorption
process. So the functional groups like O-H, C-N,
N-H and C-O are possibly playing their role
in sorption phenomenon by developing some
electrostatic-forces [24] or complexation and etc.
[29] between the functional groups on bio-sorbent
surfaces and the metal ions.

In addition, there is a need to perform structural

100
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[
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c
Y
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0 5601600150020'002.’;003000 3500 4000 4500
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Fig. 1. FT-IR diffraction of Moringa oleifera seed

before (a) and after (b) Cd(II) adsorption

studies under the conditions in which protein
actually operates (i.e. generally in solution).
Thus, further investigations are necessary to study
the infrared spectra of the adsorbent protein in
aqueous solution. The change in the positions of
the groups confirmed their role in the ion binding
to the MOS surface [30,31].

XRD diffraction of Moringa oleifera seeds

A powerful tool for showing the crystalline
and amorphous region is XRD spectroscopy.
The XRD patterns of MOS, MOS-Cd systems.
Figure 2 shows the X-ray diffraction pattern of
Moringa stenopetala seed powder. According to
Abudikarim et al. [32], around 69% weight of the
seeds composed of high amount of oil and protein.
Due to the high composition of protein and oil,
the X-ray pattern showed a broad band around
20 =20° for the seed powder which is attributed
to the predominance of amorphous nature of the
material. The presence of this peak is probably
associated with diffraction of the constituent
protein surrounding the other components that
have a more amorphous or semi crystalline
nature [33]. According to Araujo etal. 2013 and
Maria et al., [34,35], the amorphous nature of the
adsorbent suggests that the adsorbate can more
easily penetrate the surface of the adsorbent, thus
favoring the adsorption process.

A noticeable change in the X-ray diffraction
(XRD) peak positions is observed due to the
addition of Cd (II) ions. Therefore, it is concluded
that the incorporation of the ions in the MOS

a—— MOS unloaded
2500 4 b —— MOS loaded-Cd (II)

15004

Counts

10004

e —
0 0 W N L 0 0 0 KL 0

2theta (coupled tow thefa theta) wi 1.5400

Fig. 2. XRD of Moringa oleifera seed before (a) and
after (b) Cd(II) adsorption.
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affects the amorphous surface of the MOS, thus
increasing crystalline structure. This is due to the
factthat the replacement of protons of hydroxyl and
carboxylic groups presented on the MOS surface,
thus the adsorption of these ions was partially via
ion exchange mechanism. Then, this explains the
formation of new peaks, disappearance of others
and band shifts observed on the water-soluble
protein powder after removal.

A scanning electron microscope (SEM)

Figure 3a shows SEM images of the Moringa
oleifera seeds used to analyze the morphologies
of the studied adsorbent. Figure 3a shows that
the material formed by MOS is villous. It can
be speculated that the villus plays an important
role in the adsorption process [36]. It is observed
also that, the material exhibit a heterogenecous
and relatively porous matrix. The available
spaces facilitate the adsorption process because
they provide a high internal surface area. The
same conclusion was reported by Aragjo et al.
[21]. The author also explains that this structure
facilitates the ionic adsorption processes due to
the interstices and, more importantly, the presence
of the protein component of the seed. The porous
nature of this material can also be observed in the
data obtained with the BET analysis. The results
also indicate that, there was a layer covering the
surfaces of the Moringa oleifera seed, possibly Cd
(II) (Fig. 3b). A similar type of other adsorbent
spectra has also been reported by other scientists,
during different research findings [37,38].

To further confirmation the role of the
localized elemental information of MOS, the
EDX study was determined, which presented the
important elements of the MOS adsorbent (Fig.
4a). The oxygen, nitrogen and silicon element

Fig. 3a. SEM scanning images of raw MOS.
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occurs at the surface, which are favorable for the
adsorption of heavy metal ions. The presence of C
is also associated with the high protein content in
MO seeds [39] which contributes to the efficiency
of this material in the adsorption process. Based
on the results of Fig. 4b, it can be found that the
the oxygen atoms (O) were significantly reduced
after adsorption while the Cd (II) ions peaks were
appeared. The reduction of oxygen atoms (O)
may be contribution of ion exchange reaction
with heavy metal ions Cd (II) in the adsorption
process. Consequently, it can be summarized
that the surface oxygen-containing functional
groups and other metal ions of adsorbent have a
significant role in the adsorption process.

Adsorption process

Effect of initial concentration

Effect of the initial concentration of Cd (II)
ions on adsorption capacity was studied in the
range of 236 to 662 ppm at pH ~7 using 0.666 mg
of MOS adsorbent (Fig. 5). That the adsorption
capacity increased significantly from 8.11 to
22.15 ppm as the initial Cd (II) ions concentration
increased from 236 ppmto 662 ppm. The observed
behaviour can be explained on the basis of the
availability of the active binding sites on the fixed
dosage of the adsorbent. At lower concentration,
Cd (II) ions in the solution would occupy the
sufficient binding sites and result in the higher
adsorption. However at higher concentration
saturation of the limited binding sites occurs and
more Cd (II) ions will remain unadsorbed which
results in lower adsorption [40].

The higher the initial concentration of Cd
(I), the larger was the equilibrium adsorption
capacities of Cd (II) on MOS biosorbent. (Fig.
5)The results can ascribed to the fact that initial

Fig. 3b.SEM scanning images of MOS loaded-Cd(II)
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Raw MOS
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Fig. 4a. EDX scanning images of raw MOS

Raw MOS
Element Wt % At % K-Ratio
CK 59.31 65.57 0.3586
NK 12.95 12.27 0.0138
OK 26.34 21.86 0.0353
SiK 1.01 0.08 0.0192
AlK 0.4 0.22 0.0151
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Fig. 5. Effect of the solution pH on the removal
percentage of Cd(II).

Cd (II) concentrations can provide a driving force
to overcome the mass transfer resistance of the
adsorbate. Inbaraj and Sulochana [41] observed
a similar trend and suggested that this effect is
caused by an increase in the driving force offered
by concentration gradient at higher adsorbate
concentrations. Moreover, with the increase of
initial Cd (IT) concentration, the percent removal
of the adsorbate decreases because of the presence
of more Cd(Il) ions and limited adsorption sites
on the adsorbent materials. The above discussion

MOS loaded-Cd

Al

el iy “

050 100 150 200 150 300 350 100 450 500 ke

Fig. 4b. EDX scanning images of MOS loaded-Pb(II)

MOS loaded-Cd

Element Wt % At % K-Ratio
CK 60.19 66.11 0.3754
NK 16.11 15.18 0.0170
OK 22.36 18.43 0.0282
CdK 0.34 0.28 0.0116
SiK 0.85 0.08 0.0082
AlK 0.15 0.01 0.0071
60— : : : : 2%
< 45_8_W L2
é 456 2
g L 18
g_ 454
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£ . L1g O
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é 44.84 L 10
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Fig. 6. Effect of the initial Cd(II) on the maximum
% and uptake (mg/g)Cd.

suggests that the adsorption process is highly
dependent on initial concentration.

Effect of the solution pH

Effect of pH variation on the %adsorption
was carried out by varying the pH in a range of
2.0-7.0. The % adsorption of Cd (II) ions there
was a slow increase in adsorption process with
increasing pH values from 2 to 3.0 i.e. 5.22%—
7.84% (Fig. 6). As the pH was raised from 3-6.0,
there was a sharp increase in adsorption process
i.e. 7.84%41.17%. Further increase in the pH

Egypt. J. Chem. 62, No. 8 (2019)
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(pH > 6.0) resulted in slow increase in adsorption
process (from 41.17 to 45.1%). This behaviour
can be explained by the surface charge of the
adsorbent, MOS, which was determined by the salt
addition method. This method affirmed that pH__
of the MOS was 6.9. Meaning thereby that the
surface of MOS is positively charged at pH < 6.9
and acquired to some extent negative charge and
attracts Cd** ions with increasing pH values. Thus
at pH 2.0, adsorption of Cd(Il) ions was low as
the surface of MOS and Cd(II) ions have positive
charge. This means functional groups (hydroxyl,
carboxylic, ester, alcoholic, carbonyl and acetyl)
or binding sites gets protonated which in turn
compete with the adsorbate ions and inhibits
binding of Cd (II) ions with MOS through ionic
repulsions. As the pH value raised from 6 to 7,
slow increase in adsorption was observed because
of the formation of soluble Cd(OH), species with
already existing CdAOH" species, suggesting that at
pH > 6 hydrogen bonding governs the adsorption
process and not electrostatic attractions as at
comparatively lower pH values [42]. Hence,
the optimum initial pH value for adsorption of
Cd* ions from aqueous solution by MOS was
determined as 7 £ 0.1, which was maintained in
the further experimental studies.

Effect of the contact time

The biosorption efficiency of Cd ( II) ions on
MOS increase along contact time, as is expected,
and takes place in two stages (Fig. 7). The first
stage in which more than 28.1% of Cd (II) retained
was achieved within 30 min and is followed by a
slower second stage which reaches equilibrium
45.1% attained in 240 min. These two stages of

biosorption can be explained by considering that
the number of active sites from biosorbent surface
is finite and that the retention of metal ions from
aqueous solution occurs gradually. Thus, in the
first stage, when the availability of biosorbent
surface is higher, the retention of Cd(Il) ions
involves the external sites and consequently
required time is higher.

With the gradual occupation of binding sites,
the Cd (II) uptake process requires the penetration
of the inner active sites, making the biosorption
process to become slower. The significantly
lower contact time for the biosorption process is
an important advantage of using MOS in heavy
metals removal, especially in continuous systems.
The low value of contact time necessary to reach
the equilibrium state sustain the hypothesis that
biosorption of Cd(II) onto MOS is probably,
controlled by electrostatic (ion exchange)
interactions between positive metal ions and
negative charged functional groups from the
biosorbent surface [43].

Adsorption isotherm

Adsorption isotherm is a relationship describes
the adsorbate distribution between the adsorbent
surface and the solution when adsorption
equilibrium is reached at a constant temperature.
It is significantly important for adsorption system,
for it can be used to compare the properties with
different adsorbents quantitatively, elucidate
the adsorption state of adsorbate on adsorbent
surface and calculate adsorption parameters such
as theoretical adsorption capacity, and adsorption
heat. Thus, adsorption isotherm usually provides
some insight in sorption mechanism, surface

The maximum removal percentage,%
N
%]
1

5}

0 50 100

time (min)

150

200 250 300

Fig. 7. Effect of the agitation time on the Cd (II) uptake
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properties and affinity of adsorbent.

The results of adsorption equilibrium of Cd(II)
on MOS biomass at 298 K are given in Fig. 8a,b.
The equilibrium data are fitted by four isotherm
models named Langmuir, Freundlich, Dubinin—
Radushkevich (D-R) and Temkin, respectively.
The wvalidity of isotherm models used in this
study is assessed by correlation coefficient (R?).
For different isotherm models, a high correlation
coefficient represents a good regression. A
correlation coefficient can be obtained from the
Origin 8.0 software.

The fitted results of all isotherm models
investigated in this study are presented in Table 1,
and the predicted curves by four isotherm models
mentioned above are also depicted in Fig. 8a,b.
Compared with Langmiur, Temkin, and D-R
isotherm models which give lower correlation
coefficients with the values of 0.76181, 0.97802
and 0.9073, respectively, the highest regression
correlation coefficients (0.99965) is observed
for Freundlich model in Table 1. Accordingly,
the adsorption of Cd(II) on MOS can be well
described by the Freundich isotherm model.
The Freundlich isotherm model allows for
several kinds of adsorption sites on the solid
surface and represents properly the adsorption
data at low and intermediate concentrations on
heterogeneous surfaces. In this study, the Cd (II)
concentration ranges from 236-662 ppm, being
consistent with the assumption of Freundlich
model. Furthermore, the MOS is a kind of macro-
porous material, which indicates the surface of
MOS is heterogeneous. The photos obtained from
Scanning Electron Microscope also show that
the surface of MOS is heterogencous. These are
the reasons why the Freundlich model can well
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Fig. 8a. Freundlich plot of Cd(II) adsorption.

describe the adsorption equilibrium data of Cd
(I) on MOS. The value of n, one of Freundlich
constants, relates to the surface heterogeneity of
adsorbent, giving an indication of how favorable
an adsorption process. When 0<1/n<1, the
adsorption is favorable; 1/n = 1, the adsorption is
homogeneous and there is no interaction among
the adsorbed species; 1/n> 1, the adsorption is
unfavorable [43]. As can be noticed in our study,
the value of 1/n is 0.959, and ranges from O to 1,
showing that the adsorption of Cd (II) on MOS
is favorable.

The predicted curves by different isotherm
models in Fig. 8a,b also show that Freundlich
model give satisfactory fits to the equilibrium
adsorption data of Cd (II) on Moringaoleifera seed,
compared to other isotherm models investigated
in this study[43].

Separation factor (R,)

A dimensionless constant, separation factor
(R,) can be used to predict whether a sorption
system is favorable or unfavorable in batch
adsorption process. R, values between 0 and 1
represent the favorable isotherm. R, was calculated
from Langmuir isotherm based equation. The
separation factor (R,) profile of adsorption of
Cd(II) on seed of moringa oleifera is presented
in Fig. 9. The parameter, R, indicates the shape
of the isotherm and the nature of the sorption
process as given: R, > 1 = unfavorable isotherm,
R =1=linear isotherm, R, =0 =irreversible
isotherm, 0 <R, <1 = favorable isotherm. The
values of R, for Cd(II) were calculated and plotted
against initial metal ion concentration. Favorable
isotherm (Fig. 9) showed that, the sorption of
Cd (II) on the seed biomass of moringa oleifera

1664
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158
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Fig. 8b. Langmuir plot of Cd(II) adsorption.
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decreased as the initial metal ion concentration
increased from 236 to 662 ppm, indicating
that adsorption is even favorable for the higher
initial metal ion concentrations. The sorption
process was favorable for Cd (II) removal at all
concentrations investigated. From the figure it can
be noted that adsorption process is favorable on
low as well as high concentrations [44].

Surface coverage (6)

The fraction of biomass surface covered by
Cd(II) was studied using Langmuir type equation.
By plotting the surface coverage value () against
Cd(II) concentration (Fig. 10)[45].

=K, C(1-0) )

Where K, is the Langmuir adsorption coefficient,
0 the surface coverage. and C, is the initial
concentration of Cd(II).

The increase in initial Cd (II) concentration
from 236 to 662 ppm for MOS biomass increases
the surface coverage on the biomass until the
surface is nearly fully covered with a monolayer
(Fig. 10). At all concentrations, the metal
adsorption rate on biomass surface becomes
dependent on the Cd (II) concentration.

On the other hand, the A and B parameters of
the Temkin equation were calculated (Fig. 11) for
Cd (II) ions adsorption (Table 1). It was obtained
that the value of R? for Temkin model (0.97802) is
higher than calculated for the Langmuir and D-R
model (0.76181 and 0.9073, respectively). The
data of equilibrium isotherms for the system Cd
(IT) /MOS may be described also by the Temkin
model as it can be observed. In addition, the heat
of sorption process, estimated by the Temkin
isotherm model is 13.3 J/Mol.

096
095
094
093

= 092
0914

090

0.89

400 500
Cmaf)

Fig. 9. Separation factor profile.
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However, the Dubinin—Radushkevich
isotherm model (D-R) assumes a fixed volume
or ‘sorption space’ close to the sorbent surface
and determines the heterogeneity of sorption
energies within the sorption space and is applied
in the linearized form. The plot of In g, versus &
(Fig. 12) yield coefficients of determinations and
the result of X (22.79 mg/g) computed from
the slope and intercept of respective plots are
documented (Table 1). R? values (0.9073) showed
that the D-R model was relatively poor fit to the
experimental data of Cd (II) adsorption. The mean
free energy of sorption (E ) can be defined as
the free energy change when one mole of ion is
transferred from infinity in solution to the sorbent.
The E , value of this study shows a high value
(0.0129 kJ mol™"), indicating the physical nature
of the Cd (1) adsorption processes onto the resin.

Thermodynamic parameters

Table 4 shows the thermodynamic parameters
(AG®°, AH®, and AS®) obtained for the metal ions
adsorption on MOS adsorbent. The K, values
was employed in calculating the thermodynamic
parameters (Fig. 13). It was observed that the
values of enthalpy changes, AH°, were positive
for Cd (II) adsorption on MOS. The positive
values imply that the reactions were endothermic;
hence, increased solution temperature would
result in increased uptake of aqueous metal ions
[46]. However, the functional groups on the
biomass surface tend to reduce, significantly, the
energy requirement for the adsorption process.
This is seen in the decrease in the enthalpy
of the adsorption reaction. However, the AG®°
values indicated that the adsorption processes
were non-spontaneous and not feasible. The AS°®
values of the adsorptions were positive for Cd(II)
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Fig. 10. A plot of surface coverage.
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Fig. 12. The D-R plot of Cd(II) adsorption.

Freundlich Langmuir
K K C
1/n ' R Q,,, - ’ R R
(mg/g) v
(mg/g) (L/mg) mg/l
236 0.959
306 0.948
0.959 0.0765 0.99965 357.14 0.000179 0.79181
519 0.915
662 0.894
D-R Temkin
AT
B (mol¥/kJ?) qD—/R E(kJ/mol) R B, R
(mg/g) (L/min)
0.00299 22.79 0.0129 0.9073 0.0136 13.3 0.97802

adsorption on MOS. This is an indication of
increase in randomness of the Cd (II) ions at the
solid—liquid interface as the adsorption processes
preceded towards equilibrium [47].

The sticking probability, S*, is a function
of the adsorbate/adsorbent system under
consideration and dependent on the temperature
of the system. The parameter S* indicates the
measure of the potential of an adsorbate to remain
on the adsorbent indefinitely. (Table 2). The effect
of temperature on the sticking probability was
evaluated throughout the temperature range from
277 to 323 K by calculating the surface coverage
at the various temperatures (Fig. 14). Table 2 also
indicated that the values of S* <1 (0.00577) for
the MOS, hence the sticking probability of the Cd
(IT) ion onto the two adsorbent systems are very
high [20].

Sorption activation energy

According to Arrhenius equation, activation
energy of the adsorption (E, kJmol") can
be calculated using the above equation. The
magnitude of activation energy gives an idea about
the type of adsorption which is mainly physical or
chemical. Low activation energies (<40 kJ mol™")
are characteristics for physical adsorption, while
higher activation energies (>40 kJ mol™') suggest
chemical adsorption [48]. According to activation
energy obtained for the adsorption of Cd (II)
onto the MOS was 11.6 kJ mol™ indicates that
the adsorption process is physio-sorption. The
low value of E_ suggests that the energetic barrier
against the adsorption of metal ion is easy to
overcome; therefore, adsorption process occurs
rapidly [49].

Coagulation Study

Effect of the solution pH on the coagulation
process

In order to investigate the coagulation behavior

Egypt. J. Chem. 62, No. 8 (2019)
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of Cd (II) ions on MOS, the effect of solution pH
on Cd (II) coagulation was carried out initial Cd
(IT) concentration of 306 ppm and 25°C. As shown
in Fig. 15, one can see that the removal percentage
of Cd (I) increased quickly from ~88.61% to
~91.80% with the pH increased from ~2 to ~4,
then decreased from ~91.80% to ~93.13% with
the solution pH increasing from ~4 to ~6, and then
increased from ~90.18% to ~93.54% with the
solution pH increasing from ~6 to ~7. With the
change of acid-degree, the coagulation changes
a little and maintains at a high level, which may

TABLE 2. Thermodynamic parameters.

be attributed to weakly protonation effect and
thereby increases the electrostatic attraction.
In general, the surface property of coagulant is
affected by solution pH distinctly. In addition, the
pH of MOS as a function of pH were shown in
Fig. 15. It is clear that the pH . value of MOS was
positive at 2 <pH < 6.7. Thus, one can conclude
that the high removal percentage at neutral pH is
attributed to the electrostatic attraction between
the Cd (II) negatively charged complexes and
positively charged MOS. At strongly acidic
condition, the high concentration of H" changes
the existing form of oxygen-containing functional

AG® AH’ AS® Ea
Temp. (K) S*
KJ/Mol KJ/Mol J/mol K KJ/Mol
277 15.9
298 6.9
66.2 188.4 0.00577 11.6
313 5.95
328 6.77
TABLE 3. Isotherm parameters-Coagulation-Cd.
Freundlich Langmuir
K, K,
1/n R? Q,.. (mg/g) R, R?
(mg/g) (L/mg)
0.270
1.46 1.37 0.91137 0.0114 0.222 0.4800
0.144
D-R Temkin
B qD-R KT
E(kJ/mol R?
(mol¥/kJ?) (mg/g) (kd/mol) (L/min)
0.0000832 193.1 0.0775 0.07 0.8236
TABLE 4 .Thermodynamic parameters-Coagulation-Cd.

Temp. AG® AH’ AS’ - Ea
X) KJ/Mol KJ/Mol J/mol K KJ/Mol
277 -3.7
298 -2.79 -10.6 -25.2 43 -9.9
313 -2.94

Egypt. J. Chem. 62, No. 8 (2019)
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Fig. 13. Van,t Hoff plot of Cd(II) adsorption.

groups due to protonation reactions, such as the
-OH group of MOS changes to -OH," and the
main group of MOS presents as -COOH, which
weakens the hydrogen bond, leading to the low
removal percentage [50]. At near pH_ . value, the
adsorbent surface charge changes less positive
[51].

Effect of the temperature

In order to further investigate the Cd (II)
coagulation, the Cd (II) coagualtion on MOS as
a function of solution temperature was carried
out. One can clearly see that solution temperature
effects greatly on Cd (II) coagulation from (Fig.
16). The percentage of Cd (II) coagulation on
MOS decreases from 94.5% to 93.13% with
temperature increasing from 4 °C to 25 °C,
On the other hand, in the temperature range of
25-40 °C, the coagulation percentage of Cd (II)
was relatively increased with the increase of
temperature to reach 93.17 %, suggesting that the
coagulation process of Cd (II) to the MOS surfaces
needs energy [52]. However, the coagulation
percentage keeps unchanged at T > 40 °C, which
is attributed to the strong Brownian motion [53].
With the increase of temperature, kinetic energy
of Cd (II) ions increases and the it becomes
unstable, which is unfavorable for the stability
and chemical bonding between Cd (II) and MOS
surfaces [54]. A similar result was obtained by
Wen et al., 2017 [55].

Determination of the time-concentration profiles
of Cd (1) removal

The time concentration profiles (24, 48 and
72 min) of the Cd (II) removal from the synthetic
contaminated water were monitored at different
initial Cd (IT) concentration that varied between
236, 306 and 519 ppm at the optimum coagulant
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Fig. 14. Sticking probability plot of Cd(II) adsorption

dosage obtained (i.e. 0.1665 mg). The results
obtained (Fig. 17) from this study showed that
the initial concentration greatly influenced the
values of the coagulation efficiencies obtained.
The shapes of the curves which depicted the
attainment of the optimum removal percentage
time was 24 h with the initial Cd (II) cadmium
concentration of 236 ppm, while the values of
the coagulation efficiencies obtained, at the other
different initial Cd (II) concentrations, showed
decrease very sharp with increases of the initial
Cd (II) concentrations. Furthermore, the values
of the coagulation efficiencies (%) were higher
at lower initial cadm ium Cd (II) concentrations
than at higher initial Cd (II) concentrations.
The high dependency of the values of the
coagulation efficiency of the MOS on the initial
Cd (IT) concentrations attributed to the fact that
as the removal value decreases there is increasing
concentrations of the colloidal particulates that
inhibited coagulation (i.e. the Cd (II) ions) in the
aqua matrix.

Coagulation mechanism

Coagulants change the surface charge
properties of solids to allow the agglomeration
or enmeshment of particles into a flocculated
precipitate. The coagulation and the flocculation
of suspended particles and colloids result from
different mechanisms including electrostatic
attraction (reduction of the repulsive potential
of electrical double layers of colloids), sorption
(related to protonated amine groups), bridging
(related to polymer high molecular weight). In
some cases, the amount of protonated amine
groups added to the solution is far below the
number of charges necessary for the neutralization
of the anionic charges held by the colloids; the
removal of particles can be explained in this case

Egypt. J. Chem. 62, No. 8 (2019)
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Coagulation technique

by a combination of distinct mechanisms such as
electrostatic patch and bridging [56-58 ].

The isotherm models

The isotherm plots (Figs not shown) whereas
the equilibrium parameters are presented in Table 3.
Based on the R’ values, the coagulation process was
best described by the Freundlich model (0.91137),
followed by Langmuir (0.4800), Temkin (0.8236)
and D-R (0.75078). According to the Freundlich
model, a multi-layer of Cd (II) ions were adsorbed
onto the heterogeneous surface of MOS and
these binding sites were associated with different
coagulation energies. It was further assumed that the
stronger binding sites of MOS were first occupied.
The process unfavorably is related to the Freundlich
exponent, //n. The coagulation would be favorable

Egypt. J. Chem. 62, No. 8 (2019)

if 0<1/n<1. As observed from Table 3, Cd (II) was
unfavorably removed by MOS as //n values was >1.

Adsorption thermodynamics

The process spontaneity and feasibility were
evaluated based on thermodynamic parameters such
as the Gibbs free energy change (AG), entropy change
(AS), and enthalpy change (AH), and the results are
summarized in Table 4 (Fig not shown). The value
of AG was found to be negative for all temperatures.
The results confirmed that the removal of Cd (II)
by MOS was thermodynamically feasible and
spontaneous. Nevertheless, the coagulation process
was exothermic as supported by the negative value
of AH. The AH value was -10.6KJ/Mol, suggesting
that the nature of process was physio-sorption [59].
The negative AS value corresponded to a decrease in
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randomness at the solid-liquid interface when Cd (II)
was coagulated onto MOS.

The parameter S* indicates the measure of
the potential of coagulation to remain on the MOS
indefinitely. It can be expressed as in Table 4 (figure
not shown). The effect of temperature on the sticking
probability was evaluated throughout the temperature
range from 277 to 323 K by calculating the surface
coverage at the various temperatures. Table 4 also
indicated that the values of S*>1 (4.3) for the MOS,
hence the sticking probability of the Cd (II) ion onto
the adsorbent system are very low [20].

Sorption activation energy

According to Arrhenius equation, activation
energy of the adsorption (E, kJmol™) can be
calculated using the above equation. The magnitude
of activation energy gives an idea about the type of
adsorption which is mainly physical or chemical.
Low activation energies (<40kJmol™") are
characteristics for physical process, while higher
activation energies (>40 kJ mol™) suggest chemical
adsorption [48]. According to activation energy
obtained for the coagulation of Cd (II) onto the MOS
was -9.9kJ mol™ indicates has no obvious physical
significance, the adsorption studies of this should be
performed at much more lower solution temperatures
to obtain adsorption activation energy[49].

Comparative efficiency of Moring Oleifera seeds
toward Cd (II) removal

Herein, biomaterial of Moring Oleifera
seeds (MOS) as biosorbent and coagulant was
recommended for the removal of Cd ions in
environmental samples. The structural, chemical
and morphological analysis demonstrates that the
MOS exhibits low structural defects and villous
morphology with submicron sized pores.

This work highlights new insight into the
adsorption and coagulation properties of MOS,
which can pave the way for its application for
wastewater treatment in environmental pollution
cleanup as follow:

(1) In the coagulation process, the removal percentage
of Cd (II) is higher than of adsorption process at
the same concentrations, because an increase of
some coagulant sits in MOS as coagulant more
than of MOS as adsorbent (Fig. 18).

(2) In the coagulation process, the removal percentage
of Cd (II) is higher than of adsorption process
at the same solution pHs values. In general, the
removal percentage of Cd (II) shows an increase
with increases of the pH values. However,

increases of the removal percentage of Cd (II) in
adsorption process shows high gradual increases
while in coagulation process shows a low gradual
an increases with increases of the pH values (Fig.
19).

(3) In the coagulation process, the removal percentage
of Cd (IT) is higher than of adsorption process at
the same temperatures (Fig. 20).

(4) In the adsorption process, equilibrium (%) is
reached when the contact time is 240 min while
in coagulation process the equilibrium (%) is
reached when the contact time is 2880 min
and then decreases with increasing the contact
time (4320 min). However, the removal
percentage was higher at the coagulation
process than adsorption process at equilibrium
times (Fig. 21).

(5) The Freundlich isotherm linear equation was
better described the adsorption process and
coagulation process of the removal of Cd (II)
ions.

(6) Compared with the thermodynamic parameters
of Cd (II) removal, such as AH° values
indicate adsorption process was endothermic
while coagulation process was exothermic,
AS° values indicate adsorption process was
increased in randomness while coagulation
process decrease in randomness, and AG°
values for adsorption process were positive
values along all temperatures studied (277,
298 and 313°K) these indicate the adsorption
process was not feasible and non-spontaneous
while coagulation process were negative
values these indicate the coagulation process
was feasible and spontaneous, According to
S* values the adsorption system is very high
while the coagulation system is very low.
From positive of Ea value indicate that the
adsorption process was physical process but
from negative value of Ea the coagulation
process has no obvious physical significance.

Conclusion

Finally, this study provides fundamental
support for selecting an optimum technique in
Cd (II) treatment for practical applications, and is
important to ensure the sustainable development
of mines and environmental protection.
Furthermore, our results may be appropriate for
water treatment.
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