
Biogenic synthesis of magnetic perlite@iron oxide composite: application as a
green support for dye removal

Mahsa Shirkhodaie, Mostafa Hossein Beyki, Farzaneh Shemirani*

School of Chemistry, University College of Science, University of Tehran, P.O. Box 14155-6455, Tehran, Iran,
Tel. +98 21 61112481; emails: M.shirkhodaie@gmail.com (M. Shirkhodaie), Hosseinbakim@gmail.com (M. Hossein Beyki),
Tel. +98 21 61112481; Fax: +98 21 66405141; emails: Shemiran@khayam.ut.ac.ir, Shemiran_farzaneh@yahoo.com (F. Shemirani)

Received 19 August 2014; Accepted 21 April 2015

ABSTRACT

This study presents a method to synthesize magnetic expanded perlite composite through a
co-precipitation method using single iron source and yellow pea as a reducing agent. The
suggested method is environment friendly, easy, and biogenic. The combination of mag-
netite nanoparticles with expanded perlite and its modification with ibuprofen resulted in a
new, cost-effective, and eco-friendly magnetic adsorbent for dye removal from contaminated
streams. The prepared composite was characterized by point of zero charge (pHzpc), X-ray
diffraction, scanning electron microscopy, vibration sample magnetometer, and Fourier
transforms infrared spectroscopy (FT-IR). The prepared adsorbent was used to remove
Direct Red-81 as a target pollutant to test the feasibility of this idea, UV–vis spectroscopy
was used to follow the adsorption process. The maximum adsorption was observed within
1 min at pH 4–6 using 30 mg of adsorbent. The experimental data were analyzed by the
Langmuir and Freundlich adsorption models. Both models provided the best correlation of
the experimental data and the maximum capacity was found to be 416.66 mg g−1 under the
optimized conditions. Desorption process of the anionic dye adsorbate was also investigated
using ethanol as an eluent, and the volume of eluent was optimized.
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1. Introduction

In view of the global concern over the problems
associated with environmental contaminants, the
utilization of remediation techniques—especially those
in which nontoxic chemicals, and renewable materials
are used—has gained quite a bit of interest [1–6].
Among various environmental remediation technolo-
gies such as filtration [7], ion exchange [8], adsorption
[9,10], chemical precipitation [11], and electrochemical

oxidation [12], adsorption has gained more attention
recently owing to its simple design, ease of operation
and handling, low-cost, as well as the capability of
being a green process [13,14]. It is worth noting that
the type of adsorbent plays an important role in the
effectiveness of this process [15]. With this in mind,
over the last few years, several attempts have been
made to develop natural, low-cost materials with a
good retention capacity as adsorbents in order to
make the adsorption method less expensive, more
effective, and a green technique. Among the reported
low-cost adsorbents, mineral materials, such as clay,
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zeolites, and siliceous minerals, have been preferen-
tially applied in adsorption studies because of their
good mechanical and chemical stability as well as
their resistance to microbiological degradation, [14,16–
19]. Perlite (PT), a naturally occurring glassy volcanic
siliceous rock with both unique physical and chemical
properties, is one of these mineral compounds, which
has attracted a great deal of attention in different
areas, especially when it is heated rapidly at 760–
1,100˚C. By being heated, it expands up to 20 times of
its original volume and forms a light white mineral. It
is chemically inert and nontoxic, and furthermore
there are different types of silanol groups and alu-
mina‘s hydrous oxide on its surface. Consequently, it
can be classified as a natural, low-cost adsorbent for
the removal of heavy metals and organic contaminants
[20–23]. There are several reports in the literature on
the application of expanded PT as an adsorbent for
the removal of such dyes as Victoria blue [24], Methyl
violet [25], Congo red [26], and Methylene blue [27].
In all these reports, dyes are adsorbed on nonmodified
expanded PT, while, by modifying it chemically, the
interactions between an adsorbent and dyes can be
enhanced. It is worth noting that the adsorption tech-
nique as a removal method would be problematic,
inasmuch as it is difficult and time-consuming to
recover the conventional adsorbents and separate
them from the solution whether by high-speed cen-
trifugation or by filters [28]. Researchers have shown
much interest in overcoming this limitation through
the use of magnetic and magnetizable adsorbents
rather than nonmagnetic ones, by means of which
separation could be done magnetically by applying an
appropriate magnetic field [29,30]. A variety of
methods have been reported in the literature to syn-
thesize magnetite nanoparticles, among which chemi-
cal precipitation, using only one iron source and
appropriate reducing agent, is attracting increasing
interest owing to its being cost-effective [31]. Nonethe-
less, using reagent grade chemicals as solvents and
reducing agents—which are expensive, toxic, and
environmentally unfriendly—in the synthesis of mag-
netic nanoparticles (MNPs) often limit its large-scale
applications. [32]. Thus, the green synthesis of such
nanoparticles, using naturally occurring reagents, not
only can reduce the costs and the toxicity of the result-
ing materials, but also can diminish the environmental
impacts of the byproducts [33–37]. However, just a
limited number of studies have been reported, where
natural materials rather than chemicals have been
used in the synthesis of Fe3O4 nanoparticles in which
soybean sprout [38], glucose [32], maltose [39], brown
seaweed [40], and various reducing sugars were
employed as natural reducing reagent [34].

There are few studies conducted on the adsorption
of dyes by a modified magnetic expanded PT. Mag-
netic expanded perlite (MPT) has hydroxyl, Si–O–Si,
and Fe–O groups. According to the literature, the
adsorption of anionic dyes on the expanded perlite
has occurred at a specific pH due to electrostatic
interactions [41]. For improving the adsorption of
dyes, an organic agent consisting aromatic rings could
be a good choice for the modification of the MPT. In
this study, for the first time, a green approach to
synthesize Fe3O4 nanoparticles, using yellow pea pow-
der as a reductant, was employed. Ibuprofen was
selected as an organic agent in the modification pro-
cess in that it is nontoxic and cost-effective. Bonding
ibuprofen to the MPT was done through a refluxing
rout, which yielded a product with an ester group.
The synthesized composite was used as a novel
adsorbent for anionic dye removal. According to our
knowledge, there are few reports either on preparing
magnetic perlite, using biogenic route, or on chemi-
cally modifying MPT with nontoxic organic agent
such as ibuprofen. Direct Red-81 (DR-81) was selected
for this study as a test sample. The effects of various
parameters such as pH, contact time, adsorbent
dosage, and initial dye concentration were also
investigated on its removal.

2. Experimental section

2.1. Materials and instrumentation

The DR-81 which was used as a model dye was
supplied from chemistry & chemical engineering
research center of Iran. It is widely used in several
industries, and also it is azo-based. Thus, its elimina-
tion from effluent is important [42]. The stock dye
solution was prepared by dissolving an appropriate
amount of dye powder in distilled water. The pH was
adjusted using HCl or NH3. Toluene, acetone,
FeðNO3Þ3�9H2O (Merck, Darmstadt, Germany), ground
yellow pea, and ibuprofen (prepared by Arya
pharmaceutical company, Tehran, Iran) were used to
synthesize adsorbent. Expanded perlite was obtained
from Kaneh Azar Co. (Tabriz, Iran). The pH-Meter
model 781 from Metrohm (Herisau, Switzerland)
equipped with glass combination electrode was used
for the pH measurements. The adsorption studies of
the test solutions were carried out using a UV–vis
spectrophotometer model Perkin Elmer (Lambda 25).
The FT-IR study of the samples was done by Equinox
55 Bruker with ATR method over the wavelength of
400–4,000 cm�1. The scanning electron microscopy
(SEM) (model KYKY-3200. Beijing, China) was used
to investigate morphology of the composite. X-ray
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diffraction (XRD) measurements were performed
using a STADI-MP from a STONE company
(Germany) with monochromatized Cu Ka radiation.
Magnetization investigation was done using a vibra-
tion sample magnetometer (VSM) (Lake Shore Model
7400, Japan). Strong Magnet with 1.31 magnet field
was used for magnetic separation.

2.2. Preparation of perlite@Fe3O4 composite

Magnetic expanded PT composite was synthesized
via an ultrasound assisted co-precipitation method
using only one iron source and natural reducing
agent. In a typical experimental procedure, 1.5 g of
Fe NO3ð Þ3�9H2O was added into 10 ml of solution con-
taining 0.2 g of ground yellow pea. The mixture was
stirred for 1 h at 60˚C. Then, while maintaining stir-
ring, 2.5 g of expanded PT was added to the mixture.
After 30 min of stirring, 1 ml of NH3 (25%) was added
dropwise into the mixture under ultrasound radiation.
By doing so, the color of resultant mixture turned into
black which indicated the formation of magnetic
Fe3O4. The resulting mixture was heated at 80˚C for
about 1 h in ultrasound clean bath. Later, it was
cooled to a room temperature and obtained black pro-
duct was isolated by applying an external magnetic
field, washed with distilled water. Afterward, dried in
the oven at 80º for 4 h and stored for further use.

2.3. Modification of magnetic composition

Magnetic expanded PT was modified by the simple
method. To do so, initially, 0.5 g of Ibuprofen was dis-
solved in 20 ml of Toluene. The mixture was added to
the 1.0 g of magnetic perlite composite which was in
the boiling flask, then about 0.1 ml of sulfuric acid
was added to it, and afterward, the mixture was
heated to reflux while stirring for 12 h. The obtained
product was separated by a magnet and washed
several times with ethanol, and then dried at the room
temperature. The preparation of composite is
illustrated in Fig. 1.

2.4. Point of zero charge (pHzpc)

The pHzpc of samples was determined by the batch
equilibration technique [23,24]. In order to do so,
10 mg of the MPT was added to 20 ml of NaCl solu-
tion (5.8 × 104 mg � L�1). The initial pH value (pHi) of
NaCl solution was adjusted from 1 to 7 by addition of
3.6 × 104 mg � L�1 of HCl and 1.7 × 104 mg � L�1 NH3.
The suspension reached equilibration at 25˚C by stir-
ring for 24 h. Finally, it was collected with external

magnetic field. The final pH value (pHf) was
measured. The pHzpc was obtained from the plot of
pHf versus pHi value. (Fig. 4(b)).

2.5. Adsorption procedure

Experiments were performed using batch equilib-
rium technique. To do so, about 30 mg of modified
composite was added to 50 ml of DR-81 solution of
known concentration. After adjustment of pH to 6.0, it
was shaken for 1 min to reach the equilibrium. At the
end of adsorption period, by applying magnetic field
the dye solution was separated from adsorbent. Then,
concentration of residual analyte was determined by
measuring the absorbance at 509.73 nm using a
UV–vis spectrophotometer.

The amount of dye adsorbed at equilibrium onto
magnetic nanocomposite, Qe mgg�1

� �
, was calculated

by following equation:

Qe ¼ ðCi � CeÞV =m (1)

where Ci and Ce mg � L�1
� �

are initial and equilibrium
liquid phase concentrations of DR-81, respectively. V
is the volume of the solution (L), and m is the weight
ðgÞ of the modified magnetic perlite composite.

3. Results and discussion

3.1. Adsorbent characterization

The SEM analysis gives a sufficient general over-
view of the surface morphology and fundamental
physical properties of the adsorbent. Fig. 2 shows
SEM images of expanded PT and modified magnetic
expanded PT. The SEM image of the expanded PT
(Fig. 2(a)) shows the glassy structure and irregular
plates with broken edge; open pores, as well as small
channels that form a thick network. These particles
are 5–100 μm in length and about 80 nm in thickness.
As it is illustrated in Fig. 2(b) and (c), the modified
magnetic expanded PT, shows better dispersity in
comparison to expanded perlite. Moreover, the parti-
cle size is less than 100 nm.

Fig. 2(d) shows XRD patterns of expanded PT and
magnetic expanded PT. It indicates that the nature of
silica in expanded PT is mainly amorphous with
irregular morphology. Comparison between XRD
pattern of expanded PT and magnetic composite
shows the effect of its magnetization. It is found that
all the reflection peaks at (1 1 1), (2 2 0), (3 1 1), (4 0 0),
(4 2 2), (5 1 1), (4 4 0) can be well indexed to the
inverse cubic spinel structure of Fe3O4 (JCPDS card
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Fig. 1. General procedure for preparation of MPT and ibuprofen modified composite.

Fig. 2. SEM images of expanded perlite (a) and MPT (b, c), XRD patterns of perlite (PT) and MPT (d).
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No. 75-1610) according to the reflection peak position
and relative intensities, which confirms that the
nanoparticle synthesized in this study are the Fe3O4.

Fig. 3(a) shows the FT-IR spectra of magnetic
composite and modified magnetic material in the spec-
trum of magnetic expanded PT, the broad peaks around
3,000 cm�1 is indicative of existence of bonded hydro-
xyl groups and the band at 1,022 cm�1 is assigned to
the Si–O–Si. Characteristic bands from Fe–O stretching
vibrations are observed at 466–565 cm�1. Also a
spectrum of the modified sorbent is dominated by the
bands of the magnetic expanded PT. In addition, the
presence of surfactant is also observable. In this regard,
the appearance of new band at 1,665 cm�1 can be
attributed to the C=O group. Additionally, the broad
band at 2,800 can be attributed to −CH vibration. The
C–O antisymmetric stretching and C–O–C vibration at
1,164 and 1,111 cm−1 are not observable owing to the
overlapping with silicate bands.

The magnetic property of the prepared composite
was carried out using a VSM at room temperature.
Fig. 3(b) reveals that the value of saturation
magnetization is 14.73. In addition, remnant mag-
netization and coercivity are 38.51 and 0.49, respec-
tively, which are negligible and indicating that the
prepared magnetic composite has superparamagnetic
characteristic.

3.2. Effect of pH

The pH of the dye solution plays an important role
on the adsorption capacity, in that it affects both aque-
ous charge distribution and the surface binding site of
the sorbent. In this study, the influence of pH on
adsorption capacity of DR-81 onto modified magnetic
composite in the range of pH values from 1 to 10 at a
fixed dye concentration of 20 mg � L�1 and also fixed

adsorbent optimum dosage of 0.03 g, was investigated.
As it was indicated in results (Fig. 4(a)), adsorption
capacity decreased with an increase in pH from 6 to 8
then slowly decreased as pH rose from 8 to 9. The
adsorption mechanism includes not only the π–π
interactions but also electrostatic attractive force
between analyte and ibuprofen modified MPT. The
share of electrostatic interaction is higher, however.
This could be explained on the basis of zero point
charge adsorption pHZPC

� �
, which is six in this study

(Fig. 4(b)). The adsorbent surface was more positively
charged when the dye solution pH was lower than
pHZPC. In other words, it was negatively charged at
the pH greater than pHZPC. With this in mind, at pH
values above six, the negatively charged adsorbent
surface repelled the anionic dyes (DR-81). Thus, the
adsorption capacity decreases. The adsorption of
anions was favored at pH\pHZPC owing to the
development of positive charge at the surface of the
adsorbent. The maximum adsorption occurred at pH
4–6 which is counterbalanced by anionic dye and
implies that this sorbent is a very promising one for
anionic dye removal in a wide pH range.

3.3. Effect of pH on the azo dyes absorbance properties

Many azo dyes are pH-dependent; absorbance of
them may vary because of the pH variation. It is
generally due to a change in the charge on the dye
molecules or a change in the level of conjugation. In
order to investigate the effect of pH on the DR-81
dye‘s absorbance properties, the pH of the direct red
solutions (20 mg L−1) were adjusted to several pH and
their absorbance properties were determined using a
UV–vis spectrophotometer. As it can be shown form
Fig. 5(a), the maximum absorbance length of direct
red was not changed by changing pH.

Fig. 3. FT-IR spectra of magnetic perlite and modified MPT (a), VSM graph of MPT (b).
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3.4. Effect of adsorbent dosage

The effect of adsorbent dosage on the removal of
DR-81 was studied by changing the dosage of
modified adsorbent, which ranged from 0.01 to
0.06 g by keeping constant initial dye concentration
(20 mg � L�1) of 50 ml of dye solution at optimum pH
(4–6) and equilibrium time (1 min). As it could be seen
in Fig. 5(b) rapid increase in the adsorption upon
increasing adsorbent dosage is owing to higher num-
ber of adsorption site. A further increase in adsorbent
dosage from 0.03 to 0.06 g made a slight increase in
the dye removal hence, 0.03 g was selected as
optimum amount of sorbent for dye removal.

3.5. Adsorption isotherms

In order to both understand the capacity of
adsorbent and evaluate its adsorption properties it is
important to investigate adsorption isotherms which

could be helpful in designing of adsorption system,
and also could illustrate how adsorbate interacts
with adsorbent under the optimum condition. In this
study, adsorption isotherms data were analyzed
according to the Langmuir and Freundlich models.
The Langmuir model is based on the assumption that
adsorption occurs at specific homogeneous monolayer
surface containing sites with uniform energy, and
there is no interaction between adsorbate molecules.
After completion of adsorbed monolayer, saturation of
active sites occurs. Therefore, the adsorption of adsor-
bate stops, and no more interaction takes place
between the adsorbent and adsorbate molecules
[14,32,43].

The linear Langmuir isotherm equation can be
written as followed:

Ce=Qe ¼ Ce=Qm þ 1

QmKa

(2)

Fig. 4. Effect of pH on equilibrium adsorption capacity of DR-81 onto modified magnetic perlite (dye concentration (C0)
= 20 mg L−1, adsorbent dosage: 30 mg; contact time: 1 min) (a), zero point charge (pHZPC) of the modified MPT (b).

Fig. 5. Effect of pH on DR-81 absorbance properties (a) effect of adsorbent dosage on equilibrium adsorption capacity of
DR-81 onto modified MPT (b).
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where Ce is the equilibrium concentration (mg�L�1), Qe

is the amount adsorbed by the dye at equilibrium
(mg g�1), Qm is the maximum adsorption capacity of a
monolayer (mg g�1) and Ka is the energy of adsorption
(Langmuir constant, L mg�1). The values of Qm and Ka

were calculated from the slope and intercept of plot of
Ce=Qe

versus Ce (Fig. 6(a) and (c)). The value of the
dimensionless parameter RL which is the measure of
adsorption favorability is calculated according to Eq. (3):

RL ¼ 1= 1þ C0Kað Þ (3)

The RL value was found in the range of 0 < RL < 1
which indicated a favorable adsorption process.

Freundlich isotherm describes that adsorption
occurs on a heterogeneous surface, and hence does
not assume monolayer capacity. The adsorption occurs
at sites with different energies and the energy of
adsorption varies as a function of surface coverage
[44]. The linear form of Freundlich isotherm is
expressed as:

logQe ¼ log Kf þ 1=n logCe (4)

Kf and n are calculated from the intercept and slope
of the linear plot of log Qe vs. log Ce (Figs. 6(b)
and (d)).

Fig. 6. Langmuir and Freundlich adsorption isotherm of DR-81 onto nonmodified (a, b) and modified magnetic perlite
(c, d).
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The values of Langmuir and Freundlich constants;
as well as the correlation coefficients (R2) for both
modified and nonmodified composite are summarized
in Table 1. As it can be seen, experimental data fit
with both models as values of the correlation coeffi-
cient (R2) are close to one. The applicability of these
two isotherms to the dyes adsorption shows that both
monolayer adsorption and heterogeneous energetic
distribution of active sites on the surface of the adsor-
bent are possible. However, to determine the best-
fitting model, nonlinear chi-squared (χ2) test have been
used to evaluate isotherm model fitness. The χ2 can be
defined mathematically as:

v2 ¼
X

Qe;exp �Qe;cal

� �2
=Qe;cal

h i
(5)

where Qe,exp and Qe,cal are the experimental data and
calculated from nonlinear models [45]. According to
the results (Table 1 and Fig. 7(a) and (b)), the
Langmuir isotherm model shows better fitness.
Moreover, it was observed that the Langmuir equation
give a lower values of the chi-squared test compared
to Freundlich isotherm and suggests that the Lang-
muir model is the better model describing sorption
behavior.

Maximum adsorption capacity for nonmodified
adsorbent is 142.8 mg g−1 that increased to 416.66 for
modified composite. This reveals that the modification
process increased the efficiency of magnetic perlite for
dye removal.

Table 2 compares the adsorption capacity of
ibuprofen modified MPT with different types of adsor-
bents previously used for removal of anionic dyes. It
can be seen that adsorption capacity of anionic dyes
on this modified expanded perlite is much higher than
that of many other previously reported adsorbents.

Moreover, the adsorption process on this adsorbent is
much faster than the adsorption onto other adsorbent.
This indicates that the modified expanded perlite can
be considered as a promising adsorbent for the
removal of anionic dyes from aqueous solutions.

3.6. Kinetic models

Among several kinetic models, five of the main
models were applied to the experimental data to
determine the kinetic parameters and investigate the
mechanism of adsorption of DR-81\by magnetic
Fe3C4@perlite as an adsorbent. Kinetic measurements
were made under the optimum conditions by batch
extraction at different times. The results are summa-
rized in Table 3. The rate of the adsorptive interac-
tions can be evaluated using the linear form of
integrating the Lagergren pseudo-first-order equation,
which is the most widely used procedures for the
adsorption of solute from aqueous solution. The
boundary condition t = 0 to t = t and Qt = 0 to Qt ¼ Qt.

ln Qe �Qtð Þ ¼ lnQt � k1t (6)

where k1 is the pseudo-first-order adsorption rate
constant and Qe, Qt are the values of the amount
adsorbed per unit mass at equilibrium and at any time
t mgg�1
� �

. The values of Qe and k1 mgg�1 min�1
� �

can
be determined experimentally by plotting, ln(Qe – Qt)
versus t, as it is shown obtained plot (Fig. 8(a)) is linear
(R2 ¼ 0:97) and also there is an acceptable difference
between the experimental Qe value and that from the
Lagergren plot, which establish the first-order kinetics
[46].

Pseudo-second-order kinetics is based on the
adsorption capacity of solid phase. Furthermore, it is
in agreement with chemisorption being the rate-con-
trolling step and expressed as:

t=Qt ¼ 1=k2Q
2
e þ t=Qe (7)

where k2ðmgg�1 min�1Þ is the pseudo-second-order
rate constant of adsorption. The equilibrium adsorp-
tion capacity (Qe) and k2 can be found experimentally
from the slope and intercept of plot t/Qt versus t. The
pseudo-second-order plot is linear R2 = 0.97. However,
the high difference between experimental and theoreti-
cal Qe values lead to rejection of second-order kinetics
(Fig. 8(b)) [47].

The possibility of intraparticle diffusion was
explored using the intraparticle diffusion model. If the

Table 1
Langmuir and Freundlich parameters for the adsorption of
the DR-81 onto modified and nonmodified magnetic perlite

Isotherm Nonmodified Modified

RL 0.15–0.37 0.21–0.57
R2 0.98 0.99

Langmuir Ka 0.05 0.03
Qm 142.85 416.66
χ2 0.34 0.36
R2 0.95 0.99

Freundlich N 1.94 1.27
Kf 14.12 18.10
χ2 2.07 1.22
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diffusion of ions on internal surfaces of pores and
capillaries of the adsorbent is the rate-limiting step,
the adsorption can be presented by the following
equation:

Qt ¼ kpt
1=2 þ C (8)

where kp represents intraparticle diffusion rate con-
stant (mg g�1 min�1=2) and C is a constant (mg g�1

which gives information about the thickness of bound-
ary layer. The plot of Qt against t1=2 yields a straight
line passing through the origin in case of intraparticle
diffusion (Fig. 8(c)) [48], the high linearity (R2 = 0.99)
of the intraparticle diffusion plot for the adsorption of

DR-81 indicated that the intraparticle diffusion
occurred. The line did not pass through an origin,
thus it was not the only rate-limiting parameter.

The liquid film diffusion model, which explains
the role of transport of the adsorbate from the liquid
phase up to the solid phase boundary, can be
expressed as:

ln 1� Fð Þ ¼ �kfd t (9)

where F is the fractional attainment of equilibrium
(F = Qt =Qe) and kfd is the adsorption rate constant.
The plot of −ln (1�F) versus t is illustrated in
(Fig. 8(d)) [49].

Fig. 7. The theoretical model fitted with experimental data using non-modified (a) and modified (b) magnetic perlite.

Table 2
Comparison of maximum monolayer adsorption of anionic dyes onto different adsorbents and equilibrium time

Adsorbent Qm Equilibrium time (min) References

CTAB-bentonite 109.89–133.33 40 [3]
Iron based waterworks sludge 5.44–833.34 100 [14]
FeCl2/FeCl3 PT nanoparticles 20 120 [41]
Orange peel 27.32–71.43 120 [44]
Pomegranate peel activated carbon 23.87–58.14 120 [46]
Ibuprofen modified MPT 416.66 1 This work

Table 3
kinetic parameters of adsorption of DR - 81 on to adsorbent

Analyte
Pseudo-first-order Pseudo-second-order

Intraparticle
diffusion

Film liquid diffusion
Qe R2 K1 Qe R2 K2 Kp R2 R2

DR-81 31.89 0.97 2.57 42.73 0.97 42.73 30.86 0.99 0.97
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The possibility of film diffusion process was
investigated by plotting −ln (1�F) versus t. As the
curve for DR-81 exhibited linear plots with a correla-
tion coefficient value of 0.97 and nonzero intercept
(0.0751). This proved the role of film diffusion in the
adsorption of DR-81, although the nonzero intercept
limited applicability of this model.

3.7. Desorption and reusability

In order to find the best eluent, desorption experi-
ments were performed under the optimized condition.
According to effect of pH on dye removal, the adsorp-

tion was not feasible in alkaline solution. As a result,
different solutions of NaOH (4.0 × 103, 2.0 × 104, 4.0 ×
104, and 8.0 × 104 mg L−1) were used for desorption
process. The maximum desorption, however was up
to 81%. The other candidate for this experiment; was
organic reagents. Hence, various volumes of ethanol
(2, 3, and 5 ml) were tested and better recovery results
were obtained (52.24%, 86.12%, and 95.84%, respec-
tively). Therefore, 5 ml of ethanol was selected as an
effective eluent. The regeneration of the adsorbent is a
key factor in improving process economics. Hence,
modified sorbent, was subjected to several loadings
with the sample solution and subsequent elution. The
results show that, the removal efficiency remained

Fig. 8. First-order (a), second-order (b), intraparticle diffusion (c) and liquid film diffusion (d) models for adsorption of
DR-81 onto modified MPT.
Note: (pH 4–6; dye concentration (C0) = 20 mg L−1; adsorbent dosage = 30 mg).
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constant (90–95%) after four cycles of sorption and
desorption.

3.8. Effect of competing ions

Wastewaters generally include various salts and
metal ions which exert different effect on dye removal.
Large amounts of salts cause high ionic strength.
Moreover, they can compete with dyes which may sig-
nificantly affect the dye adsorption performance of the
adsorbent [50] Therefore, the effect of co-ions on the
dye adsorption ability of prepared composite was
evaluated by adding salts and metals individually to
50 mL solution containing 20 mgL�1 of DR-81. The
method was applied under the optimized condition.
Content of DR-81 in effluent was determined using
UV–vis spectrophotometer and the removal efficiency
was calculated. The results in Table 4 showed that the
adsorption efficiency of the composite not significantly
influenced by the presence of other ions. A small
decrease was observed in adsorption yield with an
increase in the concentration of competing ions. The
maximum loss in the adsorption performance of the
composite was about 10% under the experimental
conditions studied. This may be due to the competi-
tion between dye and co-ions for the adsorptive sites
on the adsorbent surface or change in the ionic
strength of solution.

3.9. Analytical precision and detection limit

Under the optimum conditions, the relative stan-
dard deviation (RSD) of the method for DR-81 was
1.96%. It indicates that the method has good precision
for the analysis of trace DR-81 from solution. The limit
of detection was calculated by following equation:

DL ¼ 3SB = m (10)

where, SB and m were standard deviation of the blank
and the slope of the calibration graph. DL value was
found to be 0.02 ng/ml.

4. Conclusions

In summary, MPT nanocomposite was prepared
for the first time via an economic and green way
using yellow pea powder as a reducing agent. Then
it was modified with ibuprofen as a nontoxic
reagent which enhanced the adsorption properties.
The results of this study show that the prepared
composite is a promising novel adsorbent, which
was effectively used for the removal of anionic dyes
such as DR-81. The adsorption process is so fast
compared to other adsorption removal techniques,
so much so that the equilibrium adsorption was
achieved within 1 min. The effects of various operat-
ing conditions such as pH, adsorbent dosage, as
well as initial dye concentration were studied and
the optimum condition was obtained. Removal of
DR-81 as an anionic dye was pH dependent and the
maximum removal was attained at pH 4–6. The
adsorption data were fitted well with Langmuir
model. The maximum adsorption capacity based on
the Langmuir model after the modification was
enhanced from 142.85 to 416.66 mg L�1for DR-81.
Desorption of the dye carried out using 5 ml
ethanol. Thus, the ibuprofen modified magnetic
perlite found to be an effective, low-cost adsorbent
and also the presented eco-friendly method of MNP
synthesis could be an alternative to the other
synthesis routs in order to make a dye removal,
green and effective.
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Štěpánek, Perlite incorporating ϒ-Fe2O3 and α-MnO2

nanomaterials: Preparation and evaluation of a new
adsorbent for As (V) removal, Sep. Purif. Technol. 82
(2011) 93–101.

[23] M. Torab-Mostaedi, A. Ghaemi, H. Ghassabzadeh, M.
Ghannadi-Maragheh, Removal of strontium and
barium from aqueous solutions by adsorption onto
expanded perlite, Can. J. Chem. Eng. 89 (2011)
1247–1254.

[24] O. Demirba, M. Alkan, M. Doǧan, The removal of
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