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ABSTRACT

In this study, we have synthesized iron nanoparticles with the help of an environmentally benign technique using
the extract of waste cauliflower leaves (Ca-INPs). This method of green synthesis of nanoparticles reduces the hazardous
impact chemical synthesis method as well as it also allows the use of biological waste for the synthesis that ultimately
reduces the production cost. Synthesized were used for the adsorptive removal of an anionic dye Methyl Orange (MO)
from its aqueous solution after characterizing them with scanning electron microscope (SEM) and energy dispersive
spectroscopy (EDS). The adsorption process was optimized by varying different parameters that were Ca-INPs
concentration, initial MO concentration, contact time and pH. Maximum adsorption of MO was found at 2 g/L
concentration of MO with initial MO concentration 5 mg/L. equilibrium time for adsorption was observed to be 120 min.
the adsorption process was also analyzed by the application of Langmuir and Freundlich isotherm and pseudo-first-order
and pseudo-second-order kinetic to understand the mechanism behind the adsorption of MO onto Ca-INPs. The adsorption
process was best followed by Freundlich isotherm and pseudo-second-order kinetic reaction. Maximum adsorption

capacity of Ca-INPs for MO adsorption was found to be 21.73 mg/g.
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1) INTRODUCTION

An extensive industrialization has brought the nature
under extreme threat of pollution, availability of pure
water and sustainable water treatment technology is one
of the most concerned matters these days [1]. Effluent of
industries like textile, pharmaceuticals, tanning, ceramics,
paper and pulp etc. contain a heavy of load of organic as
well as inorganic pollutants are the major source of
pollution in water bodies [2]. Artificial dyes are one of the
most common pollutant in water and it can be easily
detected as it is visible and highly undesirable [3].
According to an estimation production of synthetic dye
annually is more than 700,000 tons annually globally [4].
Release of synthetic dyes into water is a serious matter of
concern, many of these dye are reported to be potential
carcinogenic and mutagenic in nature [5]. Beside this
coloration of natural water by dyes also interrupts the
process of photosynthesis in the water system and in this
way disturbs the biological activities of a water body
additionally it also degrades the aesthetic value of the
water body [6]. Most of the synthetic dyes have complex
molecular structure especially those with aromatic rings
are stable to light, heat and natural biodegradation
process, hence they persist in water for a long period of
time [7]. Methyl Orange an acidic azo dye, frequently used
in textiles industries, laboratories and some other
commercial application. It is recalcitrant and toxic in
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nature, known of causing vomiting, cyanopsis, tissue
necrosis, increase in heart rate and shock [8].
Furthermore, removal of MO from effluent is difficult due it
protonation behavior which depends on the pH of the
medium [9]. Methods like, ion exchange, chemical
oxidation/precipitation, photocatalysis and adsorption are
some conventional techniques used for the removal of
dyes from a water stream. Adsorption is among the
sustainable technology that is acceptable due to its ease in
operation, comparatively less cost input, less required
management and high efficiency [10][11]. Although the
versatility and cost of the adsorption process greatly
depends on the adsorbent, the adsorbent should be highly
efficient, recyclable and economically feasible for the
successful enforcement of adsorption technology on a
wide level [12].

Nanoparticles have good efficiency of adsorption due to
their high surface to volume ratio, specific properties, large
number of active sites and higher recycling ability [13]. In
adsorption nanoparticles are highly effective due to their
high surface to volume ratio and their capability to get
modified by various processes for more efficiency [14].
Biological synthesis of nanoparticles using plant extract is
an economically viable technique and it also lessen the
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harmful environmental impacts of hazardous and toxic
chemicals used in conventional chemical methods. These
days’ biological waste materials (vegetable waste or
agricultural waste) are in focus for the nanoparticle
synthesis that further decrease the cost of nanoparticle
synthesis for example synthesis of silver nanoparticles
using bilberry and red currant waste [15] and sapota fruit
waste [16]. Similarly other metallic nanoparticles are also
been synthesized using bio waste like red peanut skin for
iron nanoparticles [17], onion peel for copper
nanoparticles [18] and banana corn for =zinc oxide
nanoparticles [19]. India is a subtropical country a lot of
wet organic waste is generated here on daily basis but
there are not sufficient management techniques to cope
with this mess, some portion of that waste organic matter
is used in cattle feeding but rest of the waste is dumped
here and there that create an environmental nuisance. On
the other hand this waste is now being used for adsorbent
preparation as they are rich in phytochemicals they are
extensively now explored for the nanoparticle synthesis.

In this study we have used waste cauliflower leaves were
used for the synthesis of iron nanoparticles, which were
then used for the adsorptive removal of methyl orange dye
from its aqueous solution. The process of adsorption was
optimized by varying different physic-chemical
parameters, the adsorption isotherm and kinetic were also
studied.

2) MATERIALS AND METHODS

2.1 Materials

Methyl orange dye (Ci4H14N3NaOsS), Ferric chloride
anhydrous (FeCls), NaOH and other chemical used in this
study were supplied by Thermo-Fisher Scientific and all of
them were of analytical grade. Preparation stock and
working solution of MO were prepared in Millipore
deionized water. The raw material for extract preparation
that were, waste cauliflowers were collected form the local
market.

2.2 Synthesis of iron nanoparticles

Collected leaves were washed with tap water and then
with distilled water to remove all kind of impurities from
the leave then they were dried in air for 2-3 days. The
dried leaves were cut into small pieces and a 10 g of that
was and mixed in 100 mL distilled water. The mixture was
then heated on water bath at 90°C for 30 min in a beaker.
After that the mixture was cooled and filtered the liquid
part containing various phytochemicals was used for
nanoparticles synthesis. Synthesis of nanoparticles was
done by method of Lingamdinne et al. [20], with some
modification. The leaf extract was then mixed in the FeCl3
solution drop by drop, the color of the solution suddenly
started to get change in intense black which showed the
reduction of Fe*3 into Fe?. The solution was further stirred
vigorously for two hours for homogenization of particle
and then it was centrifuged at 10,000 RPM for 10 min. for
the separation of nanoparticles from the suspension, the
nanoparticle pellets were washed several times with
distilled water followed by washing with ethanol the
nanoparticles were then dried, characterized by SEM and
EDS using JSM-6490 LV, JEOL, Japan model and then used
for the adsorption of MO dye.
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2.3 Adsorption experiment of MO dye

Al the adsorption experiments were performed in the
Erlenmeyer flask. For adsorption a 50 mL aqueous
solution of MO (5 mg/L) was taken in the flask and a
known amount of synthesized iron nanoparticles was
added to it then it was shook in orbital shaker at 100 RPM
for 240 min at 25°C and pH 7, after which the flask was
taken out of the shaker and iron nanoparticles were
separated by centrifugation and residual concentration of
MO in the supernatant was determined by analyzing it
with UV-Visible spectrophotometer (Systronics 117) at
464 nm wavelength. The percentage adsorption of the dye
and it amount loaded on the unit mass of nanoparticle (qt)
was calculated by using the equation (1) and (2),
respectively:

C —C,
% Adsorpiton = x 100 (1)
i
C—C xV
Q=" 2

Where, Ci denotes initial concentration of MO (mg/L) and
Ct denotes concentration of MO after adsorption (mg/L), V
is volume of the solution treated (1) and m represents the
amount of nanoparticles used (g).

In order to find the optimum condition for the adsorption
of MO various parameters were altered and this was done
by altering one parameter at a time while keeping other
constant. The parameters which were varied were
concentration of iron nanoparticles from 0.1 g/L to 4 g/L,
concentration of MO from 2.5 mg/L to 20 mg/L, contact
time between adsorbent and adsorbate (from 5 min to 300
min), pH (4,6 and 10) and temperature (25 to 55°C).

3) RESULTS AND DISCUSSION

3.1 SEM and EDS analysis of the Ca-FeNPs

Results of the SEM and EDS analysis are shown in the Fig. 1
which represents that the synthesized iron nanoparticles
are clumped together that resulted in the enhancement of
particle size. Previous studies have documented that due
to high surface free energy nanoparticles tends to clump
together in order to neutralize that free energy. Larger size
of nanoparticle may also result due to higher
concentration of polyphenols in the cauliflower leaf extract
that are responsible for reduction and capping of
nanoparticles or due to pH alteration during synthesis of
nanoparticles [21]. The EDS image shows peaks of three
elements only Fe, Cl and O (Fig. 1c).

3.2 Effect of Ca-FeNPs concentration

Concentration of nanoparticle is an essential parameter in
adsorption to be optimized as it is directly proportional to
the number of active adsorption site to bind the adsorbate.
On increasing the concentration of nanoparticles, number
of active sites also increases that facilitates more
interaction between adsorbent and adsorbate [22]. The
nanoparticle concentration was varied in the range of 0.1
g/L to 4 g/L and the results are represented in Fig. 2b on
increasing nanoparticle concentration from 0.1 to 2 g/L
the adsorption percentage increased from 50 to 80% while
the gt value of nanoparticle decreased from 3.2 to 2.2

mg/g.
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Figure 1. a), b) SEM images of Ca-INPs and c) EDS analysis of Ca-INPs
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Figure 2. a) Effect of initial MO concentration and contact time, b) effect of Ca-INPs concentration and c) effect of

temperature on MO adsorption.
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This may result due to increase in number of active sites
foe adsorption that led more adsorbate molecule to get
adsorbed on the nanoparticle surface. And on further
increasing Ca-INPs concentration upto 4 g/L the
adsorption suddenly drops that may occur due to the
agglomeration of nanoparticles in large quantity that
increase their particles size and decreased active
adsorption sites.

3.3 Effect of contact time and MO concentration

The effect of different MO concentration and varying time
contact time were studied at 25°C temperature and at pH
7. The result of the study are represented in Fig. 2a
according to which the adsorption of MO was rapid in
initial 120 minutes because the active sites were vacant in
initial time which facilitated faster uptake of dye molecules
by adsorbent, while after 120 min. almost all the active
sites get occupied hence the adsorption then get slower at
about 120 min equilibrium was reached. On the other hand
when MO concentration was increased adsorption of dye
was observed to decrease continuously. Highest
adsorption 90% was achieved at lowest MO concentration
(5 mg/L) and the lowest adsorption was achieved at
highest MO concentration (20 mg/L). This occurred
because when the concentration of MO was low there were
enough active sites for the adsorption of dye molecules
present in solution while when the concentration of the
dye was increased number of dye molecules increased in
the solution whereas, number of active sites was limited
due to fix amount of nanoparticles [23][24].

3.4 Effect of pH

pH is an essential parameter to be optimized in adsorption
as it is responsible for the charge on adsorbate and
adsorbent and governs the degree of ionization and it can
also dissociate various functional groups of adsorbent thus
it can alter the property of active sites [25]. pH study was
done at three different pH values pH 4, pH 6 and pH 10 and
results of the study are shown in the Fig. 2c It was
observed that adsorption was decreased when the pH of
solution was raised upto 10. MO in an anionic dye contains
negative charge on it, when pH of the solution increases
number of OH- ions also increases in solution these ions
competes with dye molecules, this competence between
MO molecule and hydroxyl ions results in decrease in dye
adsorption. Similar results were reported by Chaari et al,
[26] who studied adsorption of anionic dye (Acid Brown
75) onto natural clay.

3.5 Adsorption isotherms

To understand the mechanism behind the adsorption of
MO by Ca-INPs Langmuir and Freundlich adsorption
isotherm were applied to the adsorption data of MO.
Langmuir adsorption isotherm assumes monolayer
adsorption of adsorbate on homogenous active sites on the
surface of adsorbent. The linear expression of Langmuir
isotherm is given below Eq (3) [27]:

L_1 . G
g. Qob Qo

Where, Ce and ge are concentration of MO (mg/L) and
amount of MO adsorbed by Ca-INPs (mg/g) at equilibrium

(3)
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point. Qo and b are Langmuir constant that are represents
maximum adsorption capacity of Ca-INPs and adsorption
rate, respectively. Values of these parameters were
derived from the Langmuir isotherm plot between Ce/qe
and Ce (Fig. 3a) R which is a dimensionless parameter is
also derived in Langmuir isotherm. Value of Ry indicates
the favorability of the adsorption process a value greater
than one denotes unfavorable adsorption, value equal to
one and zero denotes linear and irreversible adsorption,
while a Ri value that lies between zero and one represents
favorable adsorption process. Value of RL can be
determined by following equation (4):

1
R, =
LT 1+ bC, (4)

Freundlich isotherm assumes multilayer adsorption of
adsorbate on adsorbent; it describes reversible and non-
ideal adsorption process [28]. It suggests that adsorbate
will bind on the heterogeneous active sites having
different adsorption heat and affinities [29]. Linear
equation of Freundlich isotherm is given below in Eq. (5)

1
Ing, = anFElogCe (5)

Where, ge and Ce are amount of MO adsorbed by Ca-INPs
(mg/g) and concentration of MO in solution at equilibrium
point, respectively. Kr and n are Freundlich isotherm
constant that defines adsorption capacity of Ca-INPs and
intensity of MO adsorption, there value was derived by
plot between Inge and InCe (Fig. 3b). Values of Langmuir
and Freundlich isotherm parameters are shown in the
Table 1. On comparing data of both the isotherms, it can be
concluded that adsorption of MO was mainly govern by
Freundlich isotherm the adsorption was reversible and
occurred in multi layers.

Table.1 Values of Langmuir and Freundlich isotherm
parameters:

Isotherms Parameters Values
Qo (mg/g) 21.73
. b (L/mg) 0.145
Langmuir R. 0.0022
R2 0.931
Kr (mg/g 0.0764
Freundlich (L/mg)'/)
n 0.764
Rz 0.934

3.6 Adsorption Kinetics

Pseudo-first order and pseudo-second-order Kkinetic
models were applied to the adsorption process; it is
helpful in evaluating the mechanism behind the MO
adsorption as it gives information about the reaction
pathway of adsorption [30]. These kinetics models are
helpful in understanding the efficiency of the adsorption
process [31]. The linear equations for pseudo-first order
and pseudo-second-order kinetics are given below in Eq
(6) and Eq (7), respectively:

K.
log(q. — q¢) = logq. — (2 31)3) t (6)
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a. K.q;  q.
Where, gt and ge are amount of MO adsorbed on Ca-INPs
at time t and at equilibrium, respectively. K1 and Kz are the
pseudo-first-order and pseudo-second-order kinetic rate
constants, which were evaluated by the slop and intercept
of their respective kinetic model plots (Fig. 3c). The values
of both the kinetics parameters are listed in the table 2
which shows that the adsorption data of MO was followed
by pseudo-second-order Kinetic.

(7)

Table 2. Values of pseudo-first and pseudo-second-
order Kkinetic parameters:

Co Pseudo-first-order Pseudo-second-order
(mg/L) kinetics kinetics
a k1 q K2
¢ min- | R2 € m R2
(me/e) | U (me/g) | E/LNe

2.5 1.09 198 | 0.86 1.09 0.127 0.99
5 1.82 2.02 | 0.88 1.82 0.086 0.98
10 5.20 1.63 | 0.81 5.20 0.011 0.99
20 8.8 1.8 0.82 8.8 0.003 0.99

3.7 Intraparticle diffusion model
Weber and Morris [32] proposed an Intraparticle diffusion

model that gives insights of adsorption rate controlling
step. The linear expression for Intraparticle diffusion is
given below in Eq (8):

q: = Kt'/* + (8)
Where, Ki is the rate of Intraparticle diffusion model (mg g-
1 min -%/2) and intercept Ci defines the boundary layer
thickness effect. The result of this study is being shown in
the Fig. 3d which shows that the straight lines does not
crosses the origin (Fig. 3d) which indicates that the
Intraparticle diffusion is not the one and only rate
controlling step in MO adsorption by Ca-INPs.

4) CONCLUSION

Cauliflower leaf extract was found effective for the
synthesis of iron nanoparticles. The nanoparticles were
agglomerated as the represented by SEM images. These
nanoparticles effectively applied for the removed methyl
orange dye from the aqueous solution. The adsorption was
decreased when the initial MO concentration was
increased upto 20 mg/L. Adsorption was higher in acidic
pH which decreased in alkaline pH due to competitive
effect of negatively charged hydroxyl radicals. Freundlich
isotherm best defined the adsorption of MO with R? value
0.9346 that was more than R? value (0.9318) of Langmuir
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Figure 3. a) Plot for Langmuir isotherm, b) plot for Freundlich isotherm, c) plot for pseudo-second-order kinetic and d)

plot for Intraparticle diffusion model.
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isotherm. The adsorption process followed pseudo-
second-order kinetic with R2 value closer to one. The
adsorption of MO was also analyzed by Intraparticle

diffusion model

which concluded that Intraparticle

diffusion was not the only adsorption limiting factor.
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