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INTRODUCTION

Nowadays, with the huge growth of many industries, the
quality of water has been deteriorated by discharging various
toxins such as dyes, heavy metal ions and a variety of other
organic pollutants [1]. Specially, dyes are regarded as a source
of water pollution as they are frequently used in the production
of paint, paper, textiles, food, cosmetics and pigments [2]. As
a result of large-scale production and broad use, many dyes
have found their way into various water bodies [3]. One of the
most well-known cationic dyes is safranin O (SO), which is
utilized in pharmacy as a veterinary medicine. Safranin O dye
is also used as a flavouring and colouring agent in cuisine.
Safranin O is also being used to dye fabrics like cotton, wool,
silk as well as leather and paper [4]. Furthermore, due to high
water solubility of SO dye, it was found in high concentrations
in the wastewater released from various industries [5]. At excess
quantities in aquatic environments, this dye was claimed to be
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poisonous, allergic or carcinogenic [6]. As a result, elimination
of dyes from wastewater is a vital requirement for survival of
aquatic life and pollutant free water.

Several processes are used to decontaminate wastewater,
including the membrane method, adsorption method, biodegra-
dation and chemical oxidation approach [7]. Because of the
high efficiency, simplicity and cost effectiveness, the adsorp-
tion method for dye removal is frequently used [8]. Nano-
structured substances have huge surface-area-to-volume ratio
and hence they have extra advantages for effective adsorption
process with a variety of good adsorbents. Moreover, nano-
particles are also a good adsorbent for dye removal due to the
characteristic structural, optical and magnetic properties. Due
to high magnetic saturation, minimal toxicity and biocom-
patibility, superparamagnetic iron oxide (Fe3O4) nanoparticles
have emerged as a promising candidate for various applications
in modern technologies [9]. Several research groups have
reported the decontamination of the wastewater from SO dye
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by using various types of adsorbent materials [10-15].
However, SO dye removal efficiency was found less effective
with all these reported adsorbent materials. In this investigation,
a novel adsorbent material is employed that exhibits exceptional
efficacy in eliminating the SO dye from the wastewater. The
current effort includes the synthesis of iron oxide nanoparticles
with the ascorbic acid coating as a safranin adsorbent material.
Various factors impacting SO dye adsorption from aqueous
solution such as pH, contact time, initial dye concentration,
adsorbent dosage and temperature were investigated. In addi-
tion to these, the adsorption isotherm, kinetics and thermo-
dynamics studies were also carried out.

EXPERIMENTAL

All the analytical grade chemicals used in this study viz.
ferrous sulfate heptahydrate (FeSO4·7H2O, 98%), ferric chloride
hexahydrate (FeCl3·6H2O, 98%), ammonium hydroxide solution
(25%), safranin O dye and ascorbic acid were procured from
SRL (India) with no additional purification.

ABB MB-3000 FTIR spectrometer was used to record the
infrared spectra of bare and ascorbic acid coated magnetite
nanoparticles. Thermal examination of bare as well as coated
nanoparticles was carried out using a Perkin-Elmer STA-6000
thermogravimetric analyzer. A T90 PG Instrument Limited
UV-Vis spectrophotometer was used to measure the absorbance
studies. The Hitachi SU-8000 field emission scanning electron
microscope (FESEM) was used to measure the average size of
uncoated and coated nanoparticles. At room temperature, X-ray
diffraction (XRD) patterns were recorded using an X-ray source
radiation having wavelength of 1.5406 Å. Uncoated and coated
magnetic nanoparticles were synthesized using a digital over-
head stirrer (2000 rpm).

Synthesis of Fe3O4 and AA-Fe3O4 nanoparticles: The
co-precipitation method was used for preparation of the naked
and coated magnetite nanoparticles. A 50 mL ferrous sulphate
solution was mixed with 50 mL ferric chloride solution in a
1:2 molar ratio at first. The resulting solution was heated to 85
ºC in an inert gas environment by vigorously swirling it for
nearly 0.5 h. A 20 mL of ammonia solution was added to the
resultant mixture till pH value raised to 10. A change in colour
from brown to black confirmed the formation of Fe3O4 nano-
particles [16]. After that 2.6 g ascorbic acid dissolved in water
(50 mL) was promptly added to this solution and agitated for
additional 1 h. The AA-Fe3O4 nanoparticles were separated from
the solution using an external magnetic field and washed with
deionized water. After drying in a vacuum oven, the surface-
modified magnetic nanoparticles were analyzed using XRD,
FTIR, FESEM and TGA techniques.

Preparation of safranin O (SO) dye solution: A 50 ppm
of stock solution of safranin O dye was prepared. In the visible
range, the maximum absorption peak for safranin O was found
at 520 nm. The concentration of solution was varied between
10 and 50 ppm. At 520 nm, the absorbance was measured for
different concentrations. A standard curve was obtained by plot-
ting the graph of absorbance versus safranin O dye concen-
tration at the highest wavelength. A linear plot with a good co-
efficient of determination (R2 = 0.997) was achieved (Fig. 1).
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Fig. 1. Standard curve for determination of safranin O dye concentration

Batch adsorption studies: To analyze the efficiency of
synthesized ascorbic acid coated magnetite nanoparticles (AA-
MNPs) in removing SO dye, a series of batch experiments were
conducted. After stirring the dye containing nanoparticles
sample for a definite interval of time, aliquots were taken and
sonicated for 5 min to conduct the measurements. The studies
were carried out by varying the initial SO dye concentrations
(10-50 ppm), pH (3-7) and nanoparticles doses (5-30 mg). A
0.1 M HCl and 0.1 M NaOH were used to alter the pH of solu-
tion. A UV-vis spectrophotometer was used to examine the
supernatant. The removal percentage of SO dye by AA-MNPs
was determined by using eqn. 1:

o e

o

C C
R (%) 100

C

−= × (1)

where Co (ppm) = the initial concentration of dye; Ce (ppm) =
the SO dye concentration at equilibrium state. The capacity of
adsorption of the AA-MNPs was obtained by using eqn. 2:
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t
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m
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where qt = adsorption capacity of AA-MNPs at a time interval
t in mg/g; Co (ppm) and Ct (ppm) are the initial SO dye concen-
tration and SO dye concentration at time interval t, sequentially.
V = volume of SO dye used (L) and m = mass of AA-MNPs
used (g) [17-20].

RESULTS AND DISCUSSION

Characterization of Fe3O4 and AA-Fe3O4 nanoparticles

Infrared studies: The presence of an ascorbic acid (AA)
coating on the surface of a magnetite nanoparticle is confirmed
by comparing the pure ascorbic acid, Fe3O4 nanoparticles and
AA coated Fe3O4 nanoparticles IR spectra (Fig. 2). In the IR
spectrum of pure ascorbic acid, the peaks at ~3526-3215 cm-1

may be assigned to the stretching vibrations of -OH groups of
the ascorbic acid. The stretching vibrations of carbonyl group
of five-membered lactone ring corresponds to a distinctive absor-
ption peak at 1755 cm-1 in the infrared spectrum of pure ascorbic
acid. This low value of carbonyl group of five membered
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Fig. 2. FTIR spectra of bare magnetic nanoparticles (BMNPs), ascorbic
acid coated magnetic nanoparticles (AA-MNPs) and pure ascorbic
acid (AA)

lactone may be justified on account of presence of double bond
between α and β carbon atoms, which contribute to conjugation.
Also, a band at 1656 cm-1 in the IR spectrum of ascorbic acid
may be due to C=C stretching vibrations. During surface funct-
ionalization of Fe3O4 nanoparticles with ascorbic acid, in aqueous
solution ascorbic acid get oxidized. In the IR spectrum of AA-
Fe3O4 nanoparticles, the disappearance of the carbonyl band
and appearance of a new adsorption band at 1620 cm-1 after
coating showed that the O atom of carbonyl group of lactone
ring has coordinated to the Fe2+and Fe3+ of iron oxide nano-
particles. The significant difference in the locations of distinct
bands of coated and pure ascorbic acid provides the proof for
the coating of ascorbic acid on the surface of Fe3O4 NPs. Further-
more, a common peak around 600 cm-1 is observed in the infrared
spectra of bare Fe3O4 and AA-Fe3O4 nanoparticles, which is
due to the Fe-O vibrations.

X-ray diffraction (XRD) studies: The crystallite sizes
of the prepared nanoparticles were investigated using an X-ray
diffractometer. The XRD patterns of Fe3O4 and AA-Fe3O4 nano-
particles were recorded (Fig. 3). The Debye-Scherrer equation
was used to calculate the mean crystallite size of the nano-
particles:

0.9
d

cos

λ=
β θ (3)

where d is the mean crystallite size, θ is the Bragg angle, λ is
the X-ray source wavelength in nm and β represents the full
width at half maximum (FWHM) of the most intense peak
[21,22]. Using the Scherrer’s equation and FWHM of the maxi-
mum intense peak, the average crystallite sizes for bare Fe3O4

and ascorbic acid coated Fe3O4 nanoparticles were found to be
11.79 and 17.11 nm, respectively. The crystallite size of Fe3O4

and ascorbic acid coated magnetite nanoparticles obtained by
the Debye-Scherrer equation was found to be close to the
FESEM analysis results. Due to this, the size (in nm) of bare
and coated MNPs was confirmed by both XRD studies and
FESEM studies simultaneously.
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Fig. 3. XRD patterns of bare magnetic nanoparticles (BMNPs) and ascorbic
acid coated magnetic nanoparticles (AA-MNPs)

FESEM studies: The surface morphology of uncoated
Fe3O4 and ascorbic acid coated Fe3O4 (AA-Fe3O4) nanoparticles
were studied using FESEM technique (Fig. 4). The average
particle size of bare nanoparticles was found to be 15.91 nm
from the FESEM image of the nanoparticles. Whereas, the mean
size of the coated nanoparticles was found to be 21.13 nm from
the FESEM studies. The increase in size of ascorbic acid coated
nanoparticles confirmed that surface of Fe3O4 nanoparticles
were coated by ascorbic acid.

Thermal studies: The TGA curves of bare and ascorbic
acid coated magnetite nanoparticles displayed several degrada-
tion stages of the same at different temperatures (Fig. 5). At
first stage, both uncoated and coated sample showed a weight
loss at ~100 ºC, which may be due to the removal of the
adsorbed moisture from these samples. Above 100 ºC, weight
loss of around 25% was reflected by TGA curve of ascorbic
acid coated magnetite nanoparticles, which may be justified
on the basis of degradation of coating i.e. ascorbic acid from
the surface of Fe3O4 nanoparticles. These observations of thermal
studies also led to the conclusion of successful coating of
ascorbic acid on surface of magnetite nanoparticles.

Vibrating sample magnetometer (VSM) study: Magnetic
properties of synthesized magnetite nanoparticles were carried
out using VSM study. The magnetic hysteresis curves of Fe3O4

nanoparticles and AA-Fe3O4 nanoparticles were obtained at
300 K (Fig. 6). The superparamagnetic behaviour of both Fe3O4

nanoparticles and AA-Fe3O4 nanoparticles was confirmed by
hysteresis loops. At 300 K, Fe3O4 nanoparticles exhibited a
saturation magnetization (Ms) value of 59.76 emu/g while AA-
Fe3O4 NPs showed an Ms of 44.85 emu/g. These results are
the reflection of successful coating of non-magnetic material
on surface of magnetite nanoparticles due to which Ms value
of AA-Fe3O4 nanoparticles was found to be low as compared
to Ms value of bare Fe3O4 nanoparticles. The decrease in the
value of Ms was due to an electron exchange between the Fe
atomic surface and the coating material [23]. However, the
results showed that after coating the Fe3O4 nanoparticles with
ascorbic acid, there was no significant drop in Ms for the nano-
particles, showing that the coating had no effect on the super-
paramagnetic behaviour of Fe3O4 nanoparticles.
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Fig. 5. TGA curve of bare magnetic nanoparticles (BMNPs) and ascorbic
acid coated magnetic nanoparticles (AA-MNPs)

Adsorption studies: The synthesized coated magnetite
nanoparticles were used for the removal of SO dye from the
aqueous solution. The adsorption of SO dye was investigated
by using AA-Fe3O4 MNPs as an adsorbent by changing the
parameters affecting adsorption capacity such as the quantity
of adsorbent, pH, initial concentration of SO dye, contact time
and temperature.

Effect of adsorbent amount: The amount of adsorbent is
an important parameter in determining the maximum potential
for adsorption of dye on its surface. AA-Fe3O4 MNPs as an
adsorbent showed best result for elimination of SO dye from
aqueous solution when it was taken in amount of 5 mg to 30 mg
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Fig. 6. Magnetic hysteresis loops of (a) Fe3O4 nanoparticles and (b) AA-
Fe3O4 nanoparticles at 300 K

at optimal pH with fixed dye concentrations and fixed contact
duration (Fig. 7). The adsorption findings were analyzed and
it was concluded that the efficacy of removal for SO dye by
AA-Fe3O4 was increased up to 97.08% with increase in the
amount of adsorbent i.e. AA-Fe3O4 NPs, which could have been
possibly due to the availability of extra active sites, which speed
up the adsorption of SO dye molecules on the surface of the
AA-Fe3O4 NPs [18].

Effect of initial dye concentration: Keeping the amount
of adsorbent fixed, under equilibrium conditions, the effect of
change in dye concentrations in the range of 10-50 ppm was

(a)
(b)

(c)
(d)

16

14

12

10

8

6

4

2

0

10

8

6

4

2

0

F
re

q
ue

n
cy

F
re

q
ue

nc
y

10 12 14 16 18 20 22

14 16 18 20 22 24 26 28 30

Particle size (nm)

Particle size (nm)

Fig. 4. (a,b) FESEM micrograph of bare Fe3O4 nanoparticles with size distribution histogram and (c,d) FESEM micrograph of ascorbic acid
coated Fe3O4 nanoparticles with size distribution histogram
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Fig. 7. Effect of adsorbent dose on the removal efficiency of safranin O
dye

investigated on dye adsorption capability on AA-Fe3O4 NPs
giving expected results. A profile for SO dye adsorption was
analyzed with its different initial concentration (Fig. 8), where
the adsorption capacity was observed to be decreased as the
SO dye concentration was increased stepwise from 10 to 50
ppm. This observation can be explained on the basis of fact that
the number of active functional sites of adsorbent are blocked
with increase in concentration keeping fixed amount of adsor-
bent. Therefore, it is assumed that the surface could become
saturated with respect to dye. As a result, low concentration
of dye may result in improved adsorption process.
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Effect of contact time: Fig. 9 depicts the influence of
contact time on SO dye adsorption at different time intervals
(10-80 min) by keeping other parameters fixed such as SO
dye concentration (50 ppm) and AA-Fe3O4 NPs amount (30
mg). Initially, SO dye adsorption increases with time, but after
60 min, there is no further increase in SO dye adsorption, indi-
cating that 60 min is the equilibrium time. Initially, numerous
empty sites increased the adsorption because of the difference
in concentration gradient among the adsorbate and the adsor-
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Fig. 9. Adsorption efficiency of AA-Fe3O4 nanoparticles for safranin O dye
removal at different contact times

bent. Also, the SO dye molecules clumped together with increase
in duration of adsorption process, preventing its adsorption
on the surface of adsorbent [24].

pH effect: These findings revealed that the electrostatic
attraction played an important role in SO dye adsorption onto
AA-Fe3O4 NPs. The pH has a significant impact on the adsor-
ption of safranin dye from aqueous solutions. A 0.1 M NaOH
and 0.1 M HCl were utilized to alter the pH of SO dye solutions.
At different pH values (pH = 3-7), 30 mg of AA-Fe3O4 NPs
were added to SO dye solution (50 ppm). The rise in pH
resulted in an increase in adsorption uptake of SO dye. With
increasing pH levels, the adsorption capability of ascorbic acid
coated superparamagnetic iron oxide nanoparticles (SPIONs)
increases (Fig. 10). This data indicated that the optimal pH
for SO dye adsorption is 7. Electrostatic attraction was found
to be crucial in the safranin adsorption mechanism on AA-
Fe3O4 NPs, according to these findings.
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Fig. 10. Effect of pH on safranin O dye removal by AA-Fe3O4 nanoparticles

Thermodynamics studies: Thermodynamic study
reflected that the adsorption method for removal of SO dye on
the surface of functionalized MNPs was spontaneous [25,26].
The effect of temperature on the adsorption of 50 ppm SO dye
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on AA-Fe3O4 NPs was examined at various temperatures. The
experimental data exhibited that as the temperature of the
solution increases, the removal efficiency of dye increased as
well. This is due to the fact that as temperature increased, the
kinetic motion of dye and adsorbent molecules increased,
resulting in the better adsorption. On the basis of experimental
results, the equilibrium constant (Kc) of the adsorption study
was calculated using eqn. 4:

e
c

e

q
K

C
= (4)

where qe is the amount of dye adsorbed onto the surface of
AA-Fe3O4 NPs at equilibrium (mg/g) and Ce is the equilibrium
concentration of the SO dye in solution (ppm) [27]. The follo-
wing equations (eqns. 5 and 6) were used to calculate thermo-
dynamic parameters such as free energy change (∆Gº), enthalpy
change (∆Hº) and entropy change (∆Sº):

∆G° = –RT ln Kc (5)

c

H S
lnK

RT R

−∆ ° ∆ °= + (6)

where R represented the universal gas constant (R = 8.314 J/
mol K); T represented the absolute temperature (K) and Kc

represented the equilibrium constant [28]. The slope and
intercept of the plot between ln Kc vs. 1/T were used to deter-
mine the values of ∆Hº and ∆Sº (Table-1). The spontaneous
nature of adsorption process was reflected by negative value
of ∆Gº (Table-1). Similarly, the exothermic nature of adsorption
of dye on surface of AA-Fe3O4 NPs was established by negative
values of ∆Hº. An increase in degree of randomness at the
solid-liquid interface was confirmed by the positive value of
∆Sº. Thus, the adsorption of SO dye on surface of AA-Fe3O4

was found to be spontaneous and exothermic.

TABLE-1 
THERMODYNAMICS PARAMETERS OF  

SAFRANIN O DYE ADSORPTION ON AA-Fe3O4  
NANOPARTICLES AT DIFFERENT TEMPERATURES  

Temp. (K) ∆G° (KJ/mol) ∆H° (KJ/mol K) ∆S° (J/K mol) 
298 -5.958 -40.424 155.173 
308 -7.296   
318 -9.066   

 
Kinetic studies: For the adsorption study, kinetics is very

important since it led to determine the rate at which a particular
dye can be eliminated from an aqueous solution as well as to
get more information about the adsorption mechanism. The
pseudo 1st order and pseudo 2nd order models were used to fit
the experimentally obtained kinetic data in order to better under-
stand the process of SO dye adsorption onto the surface of
AA-Fe3O4 nanoparticles.

Lagergren’s equation, often known as the pseudo 1st order
rate equation, is given by:

1
e t e

k t
log(q q ) logq

2.303
− = − (7)

where qe is the AA-Fe3O4 NPs equilibrium adsorption capacity,
qt represents the AA-Fe3O4 NPs adsorption capacity at time t

and k1 denotes the pseudo 1st order rate constant [29]. The
pseudo 2nd order model is represented by eqn. 8 as follows:

2
t 2 e e

t 1 t

q k q q
= + (8)

where k2 is the pseudo 2nd order kinetic model’s rate constant
[30]. Table-2 showed the coefficient of determination (R2) values
for both kinetic models indicating that the pseudo 2nd order
model equation can better relate the adsorption rate of SO dye
on nanoparticles than the pseudo 1st order kinetic model equ-
ation (Fig. 11). The best match to the pseudo 2nd order kinetics
indicates that adsorption process is of the chemisorption type.

TABLE-2 
KINETIC PARAMETERS FOR THE SAFRANIN O DYE  

ADSORPTION ON AA-Fe3O4 NANOPARTICLES 

Pseudo 1st order kinetic model Pseudo 2nd order kinetic model 

R2 k1 (min-1) qe (mg/g) R2 k2 (g mg-1 
min-1) qe (mg/g) 

0.985 0.060 18.866 0.999 0.00198 22.371 
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adsorption of safranin O dye on AA-Fe3O4 nanoparticles

Adsorption isotherm study: Several isotherm models,
like Langmuir, Freundlich and Temkin, have been used to
characterize the equilibrium properties of the adsorption in
order to optimize the design of an adsorption system for SO
dye removal [31]. Fig. 12 illustrates the graphs obtained from
the Langmuir, Freundlich and Temkin isotherm models. The
Langmuir isotherm model is founded on the idea of adsorbent
surface homogeneity, which states that all adsorption sites have
the same energy and are identical. The AA-Fe3O4 nanoparticles
and dye molecule adsorption process should have the same
adsorption activation energy and result in the estab-lishment
of a monolayer on the AA-Fe3O4 nanoparticles surface. The
linear form of the Langmuir equation is as follows:

e e

e m L m

C C1

q q K q
= + (9)

where the amount of adsorbed SO dye on the adsorbent at
equilibrium (mg/g), the equilibrium concentration of dye solu-
tion (mg/L), the Langmuir constant (L/g) and the maximum
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adsorption capacity (mg/g) are represented by qe, Ce, KL and
qm, respectively [32]. The Langmuir constant is related to the
adsorption free energy. The slope and intercept of the linear
plot of Ce vs. Ce/qe were used to compute the qm value and
constant KL (Fig. 12b).

The assumption in Freundlich model was that adsorption
was found to be heterogeneous and multilayer. The Freundlich
equation has the following linear form:

e F e

1
logq logK logC

n
= + (10)

where, KF and 1/n represents the features of Freundlich
constants, KF denotes the adsorption potential of the adsorbent
and 1/n denotes the adsorption intensity [33]. According to
the experimental data, linear plot of log qe versus log Ce was
used to calculated the values for KF and 1/n (Fig. 12c).

The reduced sorption heat is assumed to be linear in Temkin
model and the binding energy distribution is uniform. It takes
indirect adsorbate-adsorbent interactions into account and
predicts a linear decrease in adsorption heat for all molecules
inside the layer as a result of these interactions. The Temkin
relationship can be expressed in linear form as follows:

e 1 2 1 eq k ln k k lnC= + (11)

where, k1 (RT/b) is the heat of adsorption, k2 is the equilibrium
binding constant in L/mg and b is the Temkin constant [34].
From linear plot of qe versus ln Ce, the values of k1 and k2 are
calculated.

The calculated parameters of the isotherm models are shown
in Table-3. The Freundlich adsorption model has a coefficient
of determination (R2) of 0.999, which was greater than the R2

values for the Langmuir and Temkin adsorption models. As a
consequence, the Freundlich model better described SO dye
adsorption, implying multilayer and heterogeneous adsorption
on surface of AA-Fe3O4 NPs.

Comparative studies: Table-4 provides a summary of
the highest percentage removal that was employed in this
research as well as other adsorbents that were found to be

TABLE-4 
COMPARING THE PERCENTAGE REMOVAL OF  

SAFRANIN O DYE BY THE ADSORBENT USED IN  
THIS STUDY WITH OTHER REPORTED ADSORBENTS 

Adsorbent Removal 
(%) 

Ref. 

Citrus reticulata peels 84.75 [10] 
Pineapple peels 43.30 [11] 
Lignin-g-polyacrylic acid nanoparticles 83.66 [12] 
Mesoporous silica MCM-41 91.70 [13] 
Coal fly ash 86.50 [14] 
Copper oxide nanoparticles synthesized 
from Punica granatum leaf extract 

90.45 [15] 

Activated carbon prepared from tamarind 
seeds 

55.00 [6] 

Ascorbic acid coated MNPs 97.08 This study 
 

effective in the removal of safranin O dye. It can be seen clearly
from the table that other reported adsorbent was less efficient
for removing SO dye in comparison of ascorbic acid coated
nanoparticles. As a result, AA-Fe3O4 nanoparticles have been
identified as a potential adsorbent tool in the process of the
removing safranin O dye from aqueous solution.

Conclusion

Chemical co-precipitation method was used to prepare
ascorbic acid coated iron oxide magnetite nanoparticles, which
were then characterized by FTIR, FESEM, XRD, TGA and
VSM techniques. The major goal of this work was to see how
effective these synthesized nanoparticles for removing cationic
safranin O (SO) dye from aqueous solution. Numerous para-
meters like contact time, adsorbent dosage, pH of the solution,
initial dye concentration and temperature were all examined
as the factors impacting SO dye uptake by AA-Fe3O4 nano-
particles. The elimination efficiency of SO dyes was found to
be more than 97% at the optimum conditions. Kinetics, isotherm
and thermodynamic studies helped to understand the mech-
anism of SO dye adsorption onto AA-Fe3O4 nanoparticles.
Thermodynamic coefficients confirmed the exothermic and
spontaneous nature of the adsorption process. The Freundlich

(a) (b) (c)
0.120

0.115

0.110

0.105

0.100

0.095

0.090

C
/q e

e

0 2 4 6 8 10

C  (ppm)e

2.0

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

lo
g 

q e

0.2 0.4 0.6 0.8 1.0

log Ce

90

80

70

60

50

40

30

20

10

q e

0.5 1.0 1.5 2.0 2.5

ln Ce

Y = 0.00346x + 0.08696
R  = 0.958

2
Y = 0.85499x + 1.07056

R  = 0.997
2

Y = 34.21542x – 2.7472
R  = 0.960

2

Fig. 12. (a) Langmuir isotherm model, (b) Freundlich isotherm model and (c) Temkin isotherm model

TABLE-3 
ISOTHERM PARAMETERS CALCULATED FROM DIFFERENT ISOTHERM  

MODEL FOR ADSORPTION OF SAFRANIN O DYE ON AA-Fe3O4 NANOPARTICLES 

Langmuir model Freundlich model Temkin model 

R2 qm KL R2 KF 1/n R2 k1 k2 

0.958 289.01 0.0397 0.997 11.764 0.8549 0.960 34.2154 0.9228 
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[14]
[15]
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isotherm model was found to be the best suited for reflecting
the heterogeneous multilayer adsorption on the surface of coated
nanoparticles based on the experimental data. The kinetics data
analysis revealed that the SO dye adsorption on the surface of
AA-Fe3O4 nanoparticles was pseudo 2nd order and chemical
adsorption in nature. To summarize, AA-Fe3O4 nanoparticles
were found the potential to remove harmful SO dyes from
contaminated wastewater.
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