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ABSTRACT

Fe304 magnetic nanoparticles modified with 1-Octyl-3-methylimidazolium bromide ([CsMIM]-Fe304) were used for the removal of
reactive red 141 (RR141) and reactive yellow 81 (RY81) as model azo dyes from aqueous solution. The mean size and the surface
morphology of the nanoparticles were characterized by TEM, XRD and FTIR techniques. Adsorption studies of two dyes were
performed under different experimental conditions in batch technique. The adsorption of dyes onto [CsMIM]-Fe3Os nanoparticles
was affected by the initial pH, dye concentration, adsorbent amount, contact time and temperature. Experimental results indicated
that [CsMIM]-Fe3O4 nanoparticles removed more than 98%. The maximum adsorption capacity of [CsMIM]-Fe3O4 for the Langmuir
model was 71.4 mg g! and 62.5 mg g”! for RR141 and RY8I, respectively. The isotherm evaluations revealed that the Langmuir
model attained better fits to the equilibrium data than the Freundlich model. Adsorption processes onto [CsMIM]-Fe3O4 nanoparticles
were spontaneous exothermic and endothermic for RY81 and RR141, respectively. Dyes were desorbed from nanoparticles by NaCl
solution 0.1 mol L™! at 80 and 30 °C for RR141 and RY81, respectively.
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1. INTRODUCTION

Various kind of synthetic dyes are found in the
effluents of waste water in the dyestuff textile, leather
paper and plastic industries. Dyes removed from
wastes, has been the target of great attention in the past
few years, not only because of potential toxicity of
dyes, but mainly due to visibility problems.
Unfortunately, azo dyes with aromatic structures are
comprised of recalcitrant molecules and are resistant to
aerobic digestion and are stable in oxidizing agent. In
general, the reactive dyes are the most problematic
among other dyes as they remain unaffected through
conventional treatment systems. The decolourization of
dye effluents has received increasing attention, thus
various chemical, physical and biological treatment
methods have been developed for the removal of dyes
from aqueous solution, including precipitation,
coagulation, flocculation, reverse osmosis, degradation,
anion exchanging, membrane separation and bacterial
cells application [1-3]. Adsorption has proven to be a
reliable treatment methodology due to its low capital
investment cost, simplicity of design, ease of operation
and insensitivity to toxic substances, but its application
is limited by the high price of some adsorbent and the
large amount of waste water normally involved.

Activated carbon [4-5], mesoporous carbon [6], clay
minerals [7], hydrotalcite [8], biopolymers such as
chitosan beads [9] and agricultural by products [10-11]
are among the adsorptive materials that have been
tested for the treatment of waste waters. In this regard,
much attention has recently been paid to
nanotechnology [12]. Nanomaterials have large
specific surface areas and thus a large fraction of active
sites are available for appropriate chemical interaction.
The use of synthetic iron oxides is much more
economical than commercial efficient activated carbon
in the relative ratio depending on the particular kind of
activated carbon [13].

This paper focuses on the preparation of magnetic
nanoparticles of Fe3Os modified by 1-Octyl-3-
methylimidazolium bromide (CsMIM-Fe3O4) and
characterization by Transmission electron microscopy
(TEM), X-ray diffraction (XRD), Fourier transform
infrared (FTIR) spectroscopy. Removal of reactive red
141 (RR141) and reactive yellow 81 (RY81) Table 1,
were studied as model azo dyes with different
functional groups. The effects of different experimental
conditions such as amount of [CsMIM]-Fe;O4
nanoparticles, concentrations of dyes, pH of the aqueous
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Table 1. Some characteristics of the investigated dyes.

Characteristic RR 141

RY 81

Cs52H26C12N14NagO26Ss
Reactive Red 141

Molecular formula

Color index name

Cs2H34CIoN18NagO20S6
Reactive Yellow 81

Molecular weight 1774.19 (g mol ™) 1632.18 (g mol ™)
Amax 548 (nm) 401 (nm)
Class Diazo (-N=N- bond) Diazo (-N=N- bond)
i Na0;S.
Chemical SO;Na NHza 3
structure H\NL IN,J*IN\\NI l N ]
N"k{*l NaO3S SO;Na NJ\P —cub Q_ HC
H\N \N | cl \NAN,H }_N ‘ N\¢
ol s ’
SO;3Na Na0,S SOa | 2

sample and contact times, on removal of both dyes
were  evaluated.  Adsorption  isotherms  and
thermodynamic parameters were characterized as well.

2. EXPERIMENTAL

2.1. Chemicals and reagents

Analytical grades of reactive red 141, reactive yellow
81, sodium hydroxide solution (1.5 mol L),
hydrochloric acid (37 %w/w), acetone, acetic acid
(99.9 %w/w), FeCls.6H,O (96 %w/w) and
FeSO47H,O (99.9 %w/w) were purchased from
Merck. Stock solutions (1000 mg L") of RR141 and
RY81 were prepared. For treatment experiments, the
dye solutions with concentrations in the range of 40-
120 mg L' were prepared by successive dilution of the
stock solution with distilled water. The pH adjustments
were performed with HCl and NaOH solutions (0.01-
1.0 mol L™). Tonic liquid 1-octyl-3-methylimidazolium
bromide, [CsMIM][Br], was prepared according to the
procedure reported in the literature [14].

2.2. Apparatus

A double beam UV-visible Shimadzu spectrophoto-
meter equipped with a 1-cm quartz cell was used for
recording the visible spectra and absorbance
measurements. The XRD measurements were
performed on an XRD Bruker D8 Advance. The FTIR
spectra were recorded on a Shimadzu FTIR 8000
spectrometer. A transmission electron microscope
(Philips CM 10 TEM) was used for recording the TEM
images. A Metrohm 692 pH meter was used for
monitoring the pH values. A water Ultrasonicator
(sonic vcx750, USA) was used to disperse the
nanoparticles in solution and a super magnet Nd—Fe—B
(1.4 T, 10x5%2 cm) was used. All measurements were
performed at ambient temperature.

2.3 Preparation of ionic liquid-modified magnetic
nanoparticles

The nanoparticles of Fe;O4 were synthesized by mixing
ferrous sulfate and ferric chloride in NaOH solution
with constant stirring as recommended [15]. To obtain
maximum yield for magnetic nanoparticles during co-
precipitation process, the molar ratio of Fe?*/Fe’* was
about 0.5. The precipitate was heated at 80°C for 30
minutes and was sonicated for 20 minutes, then washed
three times with 50 mL distilled water.

Modification of Fe3Os nanoparticles was carried out
using ionic liquid [CsMIM][Br] under vigorous
magnetic stirring for 30 minutes at 50°C. The modified
iron oxide nanoparticles ([CsMIM]-Fe;04) were
collected by applying a magnetic field with an intensity
of 1.4 T. The [CsMIM]-Fe3O4 nanoparticles were
washed three times with distilled water with a total
volume of 150 mL. Nanoparticles and distilled water
mixture was dispersed by ultrasonicator for 10 minutes
at room temperature. Then, the [CsMIM]-Fe;04
nanoparticles were magnetically separated.

2.4. Characterization of Fe;O4 and [CsMIM]-Fe30y
The peaks positions and relative intensities observed in
XRD patterns of [CsMIM]-Fe3O4 nanoparticles and
standard Fe;O4 are shown in Fig. 1 for comparison.
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Fig. 1. XRD pattern of Fe3;04, A; and [CsMIM]-Fe304, B
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Although the magnetic nanoparticles surfaces in
[CsMIM]-Fe304 were coated with ionic liquid, analysis
of XRD patterns of FesOs and [CsMIM]-Fe;O4
indicated very distinguishable peaks for magnetite
crystal, which means that these particles have phase
stability [16-17].

The FTIR spectra of Fe;Oy, ionic liquid and [CsMIM]-
Fe304 are shown in Fig. 2A-2C. In the case of Fe3O4,
the broad absorption band at 3440 ¢cm™! indicates the
presence of surface hydroxyl groups (O—H stretching)

and the bands at low wave numbers (S 700 cm™!) are
related to vibrations of the Fe-O bonds in iron oxide.
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Fig. 2. FTIR spectra of Fe3O4, A; IL, B; and [CsMIM]-Fe30s4,
C.

The presence of magnetite nanoparticles can be
verified by appearance of two strong absorption bands
around 632 and 585 cm™! [18-19]. The Fe-O bond peak
of the bulk magnetite is observed at 570.9 cm™. In the
spectrum of ionic liquids (Fig. 2A-2C), a long
hydrocarbon chain in [CsMIM][Br] gives significantly
stronger peaks in the ranges of 2800-3100 and 1465-
1640 cm™!. In the FTIR spectrum of [CsMIM]-Fe;Os,
the significant absorption band at 2931.6 cm™! is due to
the C-H stretching. The absorption band indicates to
the C-N stretching in [CsMIM]-Fe;O4 at 1458.1 cm™.

Fig. 3A is the representative TEM image of Fe;O4
nanoparticles. The average diameter of Fe;O4
nanoparticles was about ~10 nm. However, the TEM
image (Fig. 3B) indicates that [CsMIM]-Fe3;O4 (13-15
nm) had a larger particle diameter than Fe;O4. If it is
assumed that the difference of 3-5 nm in the mean sizes
of both nanoparticles is significant, it revealed that
ionic liquid caused agglomeration of Fes3O4
nanoparticles. The ionic liquids could reduce the
surface charges of nanoparticles; a case similar to what
can be observed for colloidal particles when an inert
electrolyte is added to their aqueous solutions. The
experimental curves corresponding to the immersion
technique [20-21] were obtained for four sorbents and
are presented in Fig. 4 Suspensions of 5.5 g L™! of
individual sorbents were prepared and were put into
contact with 0.10 mol L' NaCl solutions adjusted at
different pH values. The aqueous suspensions were

«\/\Hu fﬁB J\\[V\/\F? AL

agitated for 48 hours until the equilibrium pH was
achieved.
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Fig. 3. The TEM image of Fe304, A; and [CsMIM]-Fe304, B.
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Fig. 4. Immersion technique curves of Fe3O4, A; and

[CsMIM]-Fe304, B.
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The pH value at the point of zero charge (pHp.) was
determined by plotting the difference of final and
initial pHs (ApH) versus the initial pH. As it is shown
in Fig. 4, the pHy, value for Fe3O4 and [CsMIM]-Fe;04
nanoparticles are 6.5 and 8.0, respectively, which
means that the pH of Fe3O4 has shifted from 6.5 to 8.0
after modification with ionic liquid. This confirmed the
deposition of ionic liquid onto the surface of Fe3O4 and
also revealed that [CsMIM]-FesO4 was positively
charged at pH < 8.0.

2.5. Dye removal experiments

Dye-removal ability of the synthesized [CsMIM]-Fe;04
was carried out by using batch technique for individual
dye based on a procedure described as follows.
Aliquots of 15 mL of the individual dye solutions with
initial concentrations of 40-120 mg L™! in the pH range
of 3.0-12.0, adjusted by 0.0 mole L' of HCI and
NaOH solutions were prepared and transferred into
individual beaker. A known amount of [CsMIM]-Fe;04
in the range of 5-25 mg was added to each solution and
the suspension was immediately stirred with a
magnetic stirrer for a predefined time of 5 minutes
(equilibrium time). The solid phases, containing
adsorbed dye on the surface of [CsMIM]-Fe;04
nanoparticles, were magnetically separated. The
aqueous phases were analyzed for finding the residual
dye concentration by measuring absorbance at 548 and
401 nm for RR141 and RY 81, respectively. The
percent adsorption of dye, i.e. the dye-removal
efficiency of [CsMIM]-Fe3;0s, was determined by using
the following equation:

Dye removal efficiency (%) = % x 100
0

where Cyp and Cr represent the dye concentrations (in
mg L7!) before and after adsorption, respectively. All
tests were performed in duplicate at ambient
temperature. The amount of suspension of [CsMIM]-
Fe;O4 nanoparticles after dye adsorption was
magnetically separated and mother solution was
spectrophotometrically analyzed for ionic liquid. The
results revealed that no leaching of ionic liquid had
occurred from the surface of nanoparticles.

3. RESULTS AND DISCUSSION
The efficiency of the prepared [CsMIM]-Fe;Os4 as
adsorbents for removal of RR141 and RY81 from their
individual aqueous solutions was investigated under
different experimental condition in order to find their
optimum values as discussed below.

3.1. Effect of solution pH

Solution pH is an important parameter that affects
adsorption of dye molecules [22]. The effect of the
initial pH of the solution on the adsorption of RR141
(50 mg L") and RY81 (70 mg L"), from their
individual solutions, onto [CgMIM]-Fe;O4 nanopart-
icles (with a dosage of 10 mg) was assessed at different
pH conditions, ranging from 2.0 to 11.0 by using batch

technique. Each solution was stirred for a period of 5
minutes and the results are shown in Fig. 5.
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Fig. 5. Effect of initial pH of dye solution on removal of RR

141 (A) and RY 81(0). Experimental conditions: [CsMIM]-

Fe304 amount of 10 mg, initial concentration of RR141 (50

mg L") and RY81 (70 mg L"), stirring time of 5 minutes.

Fig. 5 shows that the initial pH of the sample solution
could significantly affect the extent of adsorption of
both dyes. Since the populations of negatively-charged
nanoparticles are expected to be increased by
increasing pH, the percent removal of dyes is firstly
increased as long as the dyes molecules are present in
their positive or neutral forms which are the case in the
pH values lower than ~ 2.0. At pH more than 2.5, the
anionic form of both dyes predominates and
electrostatic repulsions are developed between both
negatively-charged nanoparticles and dyes molecules.
The results of this experiment, Fig. 5, indicate that
there is a decrease in percent removal of each dye as
pH increases to the values more than 2.5. A color
change was observed at high pHs that could be due to
the decomposition of the dye.

Generally, the higher adsorption of dyes at lower pH
conditions could be due to the electrostatic attractions
between negatively-charged dyes anions and the
positively-charged nanoparticles, whereas at higher pH
conditions the abundance of OH™ are expected to
prevent the adsorption of the anionic forms of the dyes
[23]. Similar results have been reported for the
adsorption of other reactive dyes from aqueous
solutions [24].

It should be mentioned that the value of pHy. (6.5), as
reported [25], revealed that the deposition of ionic
liquid onto the surface of Fe;O4 produces [CsMIM]-
Fe;04 with more positive charges at pH < 8.

3.2. Effect of [CsMIM]-Fe304dosage

The effect of [CsMIM]-Fe3O4 dosage on adsorption of
RR141 and RY81, from their individual solutions, was
investigated using a batch technique by adding a
known quantity of the adsorbent, in the range of 5-25
mg, into individual beakers containing 10 mL of the
dye solution. The resulted suspensions were
immediately stirred with a magnetic stirrer for 5
minutes. After the mixing time elapsed, the
[CsMIM]FesOs nanoparticles were magnetically
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separated and the solutions were analyzed for the dye
residue. For all measurements, the initial dyes
concentrations were fixed at 50 mg L! for RR141 and
at 70 mg L™! for RY81 while the value of pH was 2.5.
Results in Fig. 6 indicate that 96% of RR141 and 95%
of RY81 were removed from their individual aqueous
solutions when an initial amount of 10 mg [CsMIM]-
Fe3;O4 was used. The percent removals of both dyes
increased with increasing [CsMIM]-Fe;O4 (up to the
amount of 10 mg) and eventually reached to the values
of 99.7% and 98.8% for RY 81 and RRI4,
respectively. Further increase in the adsorbent dosage
did not affect the removal of dyes. Hence, the optimum
amount of [CsMIM]-Fe3O4 nanoparticles for removing
50 mg L' RR 141 and 70 mg L' RY81 from their
individual aqueous solutions was found to be 10 mg.
This observation can be explained by the fact that more
adsorption sites would be available for dye molecules
at higher amount of [CsMIM]-Fe;Os. However, any
decreases in adsorption, with increasing the amount of
Fe304, could be attributed to the aggregation of
adsorption sites, leading to a decrease in surface area of
nanoparticles [26].
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Fig.6. Effect of initial amount of [CsMIM]-Fe3O4

nanoparticles on removal of RR141 (A) and RY 81 (D).
Experimental conditions: pH 2.5, initial concentration of RR
141(50 mg L") and RY81 (70 mg L"), stirring time of 5
minutes.

3.3. Effect of solution temperature

The effect of temperature on the adsorption of RR 141
(50 mg L") and RY81 (70 mg L') from their
individual solutions on 10 mg of [CsMIM]-Fe;04
nanoparticles was studied at pH 2.5 with a stirring time
of 5 minutes. A thermo shaker was used for adjusting
of temperature and shaking. Fig. 7 shows the removal
efficiencies for both dyes as a function of temperature
ranging between 293 and 343 K.

The results indicate that solution temperature strongly
affected the adsorption efficiency of RYS81. For
instance, the adsorption efficiency of RY 81 was 99%
at 293 K, but it decreases to 79% at 343 K indicating to
an exothermic nature of the adsorption process.
However, in comparison with RY81, adsorption
efficiency of RR141 was 91% at 293 K; it increases to

98% at 343 K which indicates to the presence of an
endothermic nature for the RY adsorption.
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Fig. 7. Effect of temperature on removal of RR141 (A) and

RY 81 (o). Experimental conditions: pH 2.5, initial

concentration of RR 141 (50 mg L") and RY81 (70 mg L"),

stirring time of 5 minutes.
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The changes in standard free energy as well as changes
in enthalpy and entropy of adsorption were calculated
using van’t Hoff equation:

AG’ =-RTh K,
AH" N AS°
RT R

Where AS° and AH° are change in entropy and
enthalpy of adsorption, respectively. The K is the ratio
of adsorbate concentration on adsorbent at equilibrium
(qe) to the remaining adsorbate concentration in the
solution at equilibrium (C¢). The values of AH® and
AS°® were evaluated from the slope and intercept of
van’t Hoff plot (Table 2). The results indicate that the
adsorption processes for RR141 and RY81 are
endothermic and exothermic, respectively. The
negative value of AG® indicates that the adsorption
processes for both dyes are spontancous. The direct
dependency of the negative value of AG®° to
temperature indicates that the spontaneity of adsorption
is proportional to temperature. The value of AG®
obtained in this study indicates that the physisorption is
the dominating mechanism; it is well-known that the
absolute value of change in free energy for a
physisorption process is between 20 and 0 kJ mol™!
while it is in the range of 80 to 400 kJ mol™' for a
chemisorptions process [27-28]. The values of entropy
for adsorption of RR141 and RY81 were 118.8 and
—185.2 J mol™! K, respectively. The positive value of
AS° suggests randomness increasing at the
solid/solution interface during the adsorption of
RR141. Inversely, the negative value of AS® indicates a
decrease in randomness at the solid/solution interface
during the adsorption of RYS81 onto [CsMIM]-Fe;O4
nanoparticles [22,29,30].

hK, =—

3.4. Effect of contact time

The contact time (stirring time) between adsorbate and
adsorbent is one of the most important parameter that
affects the performance of adsorption processes.
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Table 2. Thermodynamic parameters of dyes-adsorption process onto [C8MIM]-Fe3O4 nanoparticles.

AGY (kJ mol™)

Dye AST (T mol ' K1) AHT (KT mol™")

293K 303K 313K 323K 333K 343K
RR141 118.8 30.4 4.4 5.5 -6.7 7.9 9.1  -103
RYS81 -185.2 -64.3 -10.0 -8.2 -6.3 -4.4 26 -1.2

The effect of contact time on the performance of
[CsMIM]-Fe304 nanoparticles for adsorption of both
dyes was investigated. A [CsMIM]-Fe;O4 amount of 10
mg and a solution pH of 2.5 were considered for
following this investigation. The initial dyes
concentrations for all tested solutions were 40 and 70
mg L' for RR141 and RYS8I, respectively. Fig. 8
shows removal efficiencies for both dyes as a function
of stirring time in the range of 5-25 minutes. The
results indicate that the adsorption processes for both
dyes started immediately upon addition of [CsMIM]-
Fe;0s. The removal efficiency for RY rapidly
increased from 98%, in the first minute of contact, to a
value of 99% after stirring time of 2 minutes where the
equilibrium condition was attained. For RR141, the
percentage of removal, obtained in the first minute of
stirring, was 95%; complete removal was attained
when the stirring was done for 4 minutes. Therefore,
the optimum contact time between sample solution and
[CsMIM]-Fe304 nanoparticles was considered to be 2
and 4 minutes for RY81 and RR141, respectively. The
rapid adsorption, at the initial contact time, is due to
the availability of fresh positively-charged surfaces of
adsorbent which led to a fast electrostatic adsorption of
the ionic dyes molecules from the solution [13]. The
presence of ionic liquid onto the surface of
nanoparticles increases both electrostatic —and
hydrophobic interactions between [CsMIM]-Fe;O4 and
dyes which consequently increases both rate of dye-
adsorption process and dye-removal efficiency. This
also shortens the contact time required for dyes to be
quantitatively removed by [CsMIM]-Fe3;Os4 [31].
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Fig. 8. Effect of stirring time on removal of RR141 (A) and
RY 81(o). Experimental conditions: [CsMIM]-Fe3O4 amount
of 10 mg, pH 2.5, initial concentration of RR 14,150 mg L)
and RY81 (70 mg L™).

3.5. Effect of dye concentration
The initial dye concentration is an important parameter
that can affect its adsorption process. This will

determine the concentration range of dye that could be
quantitatively adsorbed, i.e. the concentration range for
which the adsorption efficiency is high and
independent of the initial concentration of dye. To
obtain this, different concentrations of RR141 and
RY81 dyes were studied for their removal by
[CsMIM]-Fe3s0s  under  optimum  experimental
conditions. The results, in terms of removal efficiency
versus initial concentrations of dyes, are shown in Fig.
9. The results indicate that [CsMIM]-Fe;04
nanoparticles have greater capacity for adsorption of
RR141 than RY8I1.

100
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Fig. 9. Effect of initial dye concentration on removal of
RR141 (A) and RY 81 (o). Experimental conditions:
[CsMIM]-Fe30s4 amount of 10 mg, pH 2.5, initial
concentration of RR 141(50 mg L") and RY81 (70 mg L"),
stirring time of 5 minutes.

3.6. Adsorption isotherm modeling

The equilibrium relationship between the quantity of
adsorbate per unit of adsorbent (q.) and its equilibrium
solution concentration (C.) at a constant-temperature is
known as the adsorption isotherm [32]. Developing an
appropriate isotherm model for adsorption is essential
in designing and optimizing of adsorption processes
[33]. For evaluating the equilibrium adsorption of
compounds from solutions, several isotherm models
have been developed such as Langmuir [34],
Freundlich [35], Redlich-Peterson [36], Dubinin-
Radushkevich [37] and Temkin [38] models. The more
common models used to investigate the adsorption
isotherm are Langmuir and Freundlich. The amount of
a dye adsorbed onto [CsMIM]-Fe304 nanoparticles was
calculated based on the following mass balanced
equation:

_ V(Co — Ce)

m
where g, (in mg g') is the adsorption capacity (mg dye
adsorbed per gram [CsMIM]-Fe304 ), V is the volume

¢
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of the dye solution (in liter), Co and C. are the initial
and equilibrium dye concentrations (in mg L),
respectively, and m is the mass (in gram) of dry
[CsMIM]-Fe304 nanoparticles added.

The equilibrium adsorption data of RR141 and RY81
were analyzed using Langmuir and Freundlich models.
Model-fitting to equilibrium adsorption results of both
dyes were assessed based on the values of the
correlation coefficient (R?) of the linear regression plot.
The experimental data were fit with both models; the
resulting plots are shown in Fig. 10.
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Fig. 10. (A), Langmuir isotherm plots; (B), Freundlich

isotherm plots for adsorption of RR 141 (A) and RY 81(0)

onto [CsMIM]-Fe;O4 nanoparticles. Experimental conditions:

[CsMIM]-Fe3O4 amount of 10 mg, initial pH 2.5, stirring time

of 5 minute, initial dye concentration of 50-120 mg L™1).

Table 3 summarizes the models constants and the
correlation coefficients. As shown in Table 3, the R? of
the Langmuir isotherm was greater than that of the
Freundlich isotherm for the adsorption of both
investigated dyes. This indicates that the adsorptions of
RR141 and RY81 on [CgMIM]-Fes;O4 nanoparticles are
better described by the Langmuir model. This in turn
suggests that adsorption occurs as the monolayer dyes
adsorb onto the homogenous adsorbent surface. Table
3 shows that the maximum adsorption capacity for
RR141 and RY81 are 71.4 and 62.5 mg dye per gram
[CsMIM]-Fe;04, respectively. It should be mentioned
that the dye adsorption process is affected by the
properties of both dyes and adsorbent as reported [39].
The difference in adsorption removal of RR141 and
RY81 may be attributed to their chemical structures
and physical properties.

Table 4 presents a comparison between the proposed
sorbent and other sorbents for the adsorption of both
dyes [40-43].

3.7. Desorption

For potential applications, the regeneration of an
adsorbent is important factor to be reported. Possible
desorption of RR141 and RY81 was tested by using
different solutions such as mixed methanol/acetic acid
solution (with different volume ratios of 1:1, 2:1 and
1:2), pure methanol, sodium chloride solution (0.05,
0.1 and 1.0 mol L"), sodium hydroxide solution (0.05,
0.1 and 1.0 mol L™!) and mixed sodium chloride (1.0
mol L™")/acetone (with volume ratios of 1:1, 2:1 and
1:2). The study revealed that the adsorbed RR141 and
RYS81 could be completely desorbed in the presence of
sodium chloride solutions with concentrations of 0.05
and 0.1 mol L™, respectively at 80 and 30 °C. Addition
of desorbing solution in multiple steps (3 steps as was
obtained) can improve the desorption process as
expected.

4. CONCLUSION

A novel magnetic nano-adsorbent was fabricated by
modifying the surface of Fe3;Os nanoparticles with
[CsMIM][Br]. The TEM and XRD analysis indicated
that the surface modification resulted in the
agglomeration of Fe3Os4 nanoparticles with average
diameter of ~13 nm, which did not change the structure
of Fe304. The FTIR analysis demonstrated that the
attachment of [CgMIM][Br], on the surface of Fe;04
nanoparticles, was achieved via the interaction between
the cationic part of [CsMIM][Br] and the surface
hydroxyl groups of Fe3;Os. The results obtained by
immersion technique confirmed the binding of ionic
liquid on the surface of Fe3O4 nanoparticles. It also
revealed a pH shift for the point of zero charge (pHpzc)
from 6.5 to 8.0 after surface modification. The results
of this study indicate that magnetic nanoparticles of
[CsMIM]-Fe304 have potential application in removal
of RR141 and RYS81 from wastewaters. Short contact
time, high adsorption capacity, stability and reusability
are advantages of [CsMIM]-Fe;O4 nanoparticles as
adsorbent. The adsorption of the tested dyes on the
surface of [CsMIM]-FesOs nanoparticles was
concluded to be attributed to the surface electrostatic
and/or hydrophobic interactions between dyes and
[CsMIM]-Fe3;04 nanoparticles. The time required to
achieve the adsorption equilibrium was 2 and 4
minutes for RY81 and RRI141, respectively. The
experimental data indicated that the adsorptions of both
dyes on [CgMIM]-FesOs nanoparticles are better
described by the Langmuir model. The maximum
adsorption capacity of [CsMIM]-Fe;O4 and Langmuir
adsorption constant, respectively, were 71.4 mg g~'and
0.31 L mg™! for RR141. These parameters were 62.5
mg g' and 0.5 L mg™!, respectively, for RY81. The
absolute changes of enthalpy (AH) were determined to
be 30.4 and —64.3 kJ mo™! for RR141 and RY81, in the
same order.
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Table 3. Adsorption isotherms parameters of RR 141 and RY 81 onto [CsMIM]-Fe304 nanoparticles.

Langmuir model Freundlich model

Dye (max b R? Kr n R?
RR141 71.4 0.31 0.988 21.6 1.99 0.944
RY81 62.5 0.50 0.916 14.5 1.30 0.873

Table 4. Comparisons of the proposed sorbent and other sorbents for the adsorption of both dyes.

Dye Adsorption capacity (mg g™") Contact Reference
Sorbent time
Metal hydroxide sludge RR 141 51.5(30°C) lh [40]
WBA/H20 RR 141 243 (30°C) 24h [41]
WBA/H2SO4 RR 141 29.9 (30 °C) 24 h [41]
Activated carbon RR 141 41.5 (30 °C) 24 h [41]
Chitin RR 141 133 (30°C) 6h [42]
Modified chitin RR 141 124 (30°C) 6h [42]
Spirogyra majuscula RY 81 301.2 48 h [43]
[CsMIM]-Fe304 RR 141 71.4 4 min This work

RR 81 62.5 2 min
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