
INTRODUCTION

Spinels are important class of mixed-metal
oxides, which has the general chemical
composition of AB2O4. They are very important
magnetic materials because of their interesting
magnetic and electrical properties with chemical
and thermal stabilities1. The ferrite spinels have
wide application in industrial as well as re- search
areas. Among spinel compounds, manganese
spinel ferrites (MnFe2O4) have received much
research attention owing to both broad practical
applications in several important technological
fields such as ferrofluids, magnetic drug delivery
and magnetic high-density information storages.
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ABSTRACT

The manganese ferrite spinel was synthesized by co-precipitation. The nano sized
manganese ferrite characterized by X-ray diffraction (XRD), Scanning electron micrograph (SEM),
tunneling electron micrograph (TEM) and Energy dispersive X-ray (EDX) techniques. The
adsorption ability of malachite green (MG) from the aqueous solution by manganese ferrite was
investigated. It was found that pH value of 2 and contact time 30 min is favorable for adsorption of
malachite green by manganese ferrite. The adsorption process follows second-order kinetics and
Arrhenius behavior.
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The ferrite spinels also were used for degradation
of organic pollutants and dyes in wastewater
treatments2-6.

Recently, they received increased
attention for their application as negative contrast
agents (CAs) in magnetic resonance imaging (MRI).
Indeed super paramagnetic MnFe2O4 nanoparticles
were found very useful in MRI for the detection of
tumors and definition of damaged zones in local
oedemas or hemorrhages7.

Dyes and pigments are widely used,
mostly in the textiles, paper, plastics, leather, food
and cosmetic industry to color products. Most of the
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dyes are toxic and carcinogenic. Dye removal from
different industrial wastewaters is of major
environmental concern because dyes create severe
environmental problems8-11.

Malachite green is classified in the dyestuff
industry as a triarylmethane dye and also using in
pigment industry.  Malachite green also is used as
a direct dye for silk, wool, jute, and leather and to
dye cotton that has been mordanted with tannin.
Removal of Malachite green by different sorbents
was studied12-16.

The first aim of the present study is to
synthesize and characterize manganese ferrite
spinel.  Adsorption studies of malachite green dye
by manganese nano spinels is second aim of this
work.

EXPERIMENTAL

Materials and methods
All of compounds were analytical grade

and were used as received without any purification.
The all of chemicals were purchased from Merck
chemical co.

1 mmol of manganese (II) chloride and 2
mmol ferric chloride were dissolved in the distilled
water and then under vigorous magnetic-stirring at
70 °C, NH3 solution (5 %) was added drop wise to
raise the suspension pH to around 9 and the stirring
was continued for 1 h. After being cooled, the
prepared manganese ferrite was repeatedly
washed with distilled water and dried in an oven at
100 °C for 2h17.

Malachite green as a sample of pollutant
was used. Malachite green (MG) has chemical
formula C27H34N2O4S. It has molecular weight of
482.63 g mol-1. The standard solution of MG 1000 g
L-1 was prepared and subsequently whenever
necessary diluted. UV-Vis spectrophotometer 160A
Shimadzu was used for determination of
concentration of  MG. IR measurements were
performed by FTIR tensor-27 of Burker Co., using
the KBr pellet between the ranges 400 to 4000 cm-

1. The powder X–ray diffraction studies were made
on a Philips PW1840 diffractometer using Ni-filtered
Cu ká radiation and wavelength 1.54ÚA. The average

particle size and morphology of samples were
observed by SEM using a Hitachi S-3500 Scanning
Electron Microscope. All pH measurements were
carried out with an ISTEK- 720P pH meter.

Adsorption experiments were performed
at 25 ÚC in an open borosilicate glass reactor of
250 ml capacity whose temperature was regulated
by thermostat.

The MG dye solution of 1000 mg L-1 was
prepared as stock solution and subsequently
whenever necessary diluted. The initial
concentration of MG was 100 mg L 1. 0.2 g of
MnFe2O4 was added in 30 mL of MG on rotary shaker
at a constant speed of 300 rpm. Samples were
withdrawn at appropriate time intervals and
centrifuged at 1000 rpm for 5 min. Different
parameters like; contact time and pH on the sorption
capacity of MG have been studied.  pH of the dye
solutions were adjusted in the range of 2–12 with
0.1M NaOH or HCl solutions. To determine the effects
of dye concentration, the dye concentrations 50,
100 and 200 mg L-1 of MG were used. To determine
the effect of adsorbent dosage, the adsorbent
concentrations of 0.05-2 g were used. To evaluate
the adsorption thermodynamic parameters, the
effect of temperature on adsorption were carried
out. To examine the effect of temperature,
temperatures of 15-60 ÚC were used. After the
equilibrium, suspensions were filtered off and
analyzed for dye concentration.

UV-Vis spectrophotometer 160 A
Shimadzu was used for determination of
concentration of MG. The percent removal of MG by
the hereby adsorbent is given by8:

% adsorption = [(C0-Ce)/C0] × 100 ...(1)

Where C0, Ce is denoted the initial and
equilibrium concentration of MG mg L-1, respectively.

RESULTS AND DISCUSSION

Characterization of nano ferrite manganese
The nanopowder of MnFe2O4 spinel was

also characterized by IR spectroscopy. The FTIR
spectra of MnFe2O4 nano particles are shown in
Fig. 1. The spectrum of the in Fig. 1 shows that there
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are two strong absorption bands at 696 and 541
cm-1 which coincide with those reported for pinel in
the literature18. The peak at 696 cm-1 is attributed to
the stretching vibration mode of M–O for the
tetrahedrally coordinated metal ions and the band
at 541 cm-1 can be assigned to the octahedrally
coordinated metal ions. The absorption broad band
at 3400-3500 cm-1 represented the stretching mode
of H2O molecules and OH groups. The absorption
band at 1600 cm-1 on spectrum referred to the
vibration of remainder H2O in the sample.

and the spinel nanoparticles consist of uniform
crystallites with an average size of 25 nm. This value
is in agreement with the XRD results. In addition,
energy dispersive X-ray (EDX) confirmed the
expected Mn to Fe ratio as well as the phase purity
of the nano powders

Fig. 1: FTIR of manganese ferrite

The XRD pattern of the MnFe2O4
 powders

is shown in Fig. 2. The pattern of the MnFe2O4

sample can be indexed to MnFe2O4 (JCPDS 74-
2403). The average crystallite sizes of MFe2O4

nanoparticles were calculated from X-ray line
broadening of the reflections of (2 2 0) and (3 1 1)
using Scherrer’s equation (Dh k l= 0.9 ë / (âcos èhkl),
where ë is the wavelength of the X-ray radiation,
Dh k l is the particle size perpendicular to the normal
line of (h k l) plane, h k l is the full width at half
maximum, èh k l is the Bragg angle of (h k l) peak19.
The average crystallite size of nano particles from
bond width at 2r=35Ú is about 20-30 nm. The values
of lattice constant are determined. The manganese
ferrite has tetragonal structure and a=8.5900,
b=8.51900, c=8.5400, a=b=g=90.

Fig. 2: XRD patterns of MnFe2O4 nano particles

Fig. 3 shows the SEM and TEM images of
MnFe2O4 spinel nanoparticles with two different
magnifications. According to SEM and TEM images,
the morphology of nanoparticles is homogeneous

Fig. 3:  a- SEM and b- TEM
images of manganese ferrite

Study of adsorption of MG onto MnFe2O4 ferrite
spinel

The effect of varying the parameters that
affect the adsorption of MG from an aqueous
solution was investigated to optimize the adsorption
process. Fig. 4 shows the adsorption of MG by
manganese ferrite in different contact times. The
result indicates that a fast adsorption process of
the dye occurred during the first few minutes and
the adsorbed amount of the dye reached its
equilibrium value very quickly. It was observed that
the equilibrium time for MG by manganese ferrite
spinel was about 30 min (Fig. 4).

pH is one of the most important factors
affecting the adsorption process. The influence of
pH on the removal of MG dye by nanospinel of
manganese ferrite was studied. To determine the
optimum pH, the pH value was changed from 2 to

Fig. 4: Effect of contact time for adsorption
 of MG (a-50 mg L-1, b-70 mg L-1 and c-100 mg

L-1) by 0.4 g of manganese ferrite
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11 with fixed initial concentration of dye (70 and
100 mg l 1) and contact time (30 min). Fig. 5 shows
the percentage of removal rate of MG by manganese
ferrite depends strongly on pH20.  Increasing pH from
2 to 7 the adsorption efficiency decreased. Maximum
MG adsorption performance was in pH 2.

The effect of manganese ferrite dosage on
the adsorption process was studied. It is clear that
the percentage of MG removed from the aqueous
solution increased from 33% to 94% when the
manganese ferrite dose increased from 10 mg to
40 mg. The increase in the percentage of MG
removed from the aqueous solution is primarily due
to the greater number of active sites available for
adsorption as a result of the increased amount of
manganese ferrite present.

The effect of agitation rate on MG
adsorption is shown in was investigated (50-500
rpm).  As the stirring rate increased from 50 to 300
rpm, the adsorption capacity increased. The
decrease in adsorption capacity at a higher shaking
rate is probably due to the fact that more particles
are broken at 350 rpm, thereby enhancing the

Table 1: Kinetic parameters for adsorption of MG by manganese ferrite

Temperature Ea First order Second order

(°C) (kJ mol-1) R2 K1 (min-1) R2 K2 (g mg-1) min-1)

25 0.85 0.523 0.965 0.536
35 7.473 0.785 0.582 0.995 0.486
45 0.91 0.662 0.992 0.650
55 0.84 0.725 0.982 0.680

Fig. 5: Effect of pH for adsorption of MG (a-100 mg
L-1 and b-70 mg L-1) by 0.4 g of manganese ferrite

desorption process. Another explanation is that the
suspension is not homogeneous at 350 rpm20. An
agitation speed of 300 rpm was selected for the
other tests.

Adsorption kinetics
Adsorption kinetics which provides the

information about adsorption path and adsorption
mechanism could evaluate adsorption performance
of the adsorbent. Several models are available to
investigate the adsorption kinetics.
In the present study, pseudo-first-order22 and
pseudo-second-order23 kinetic models were used
to fit the experimental data. The pseudo-first-order
kinetic model was described by Lagergren and the
pseudo-second-order kinetic model based on the
assumption that the rate-limiting step of the
adsorption process was chemical sorption. The
pseudo-first-order and pseudo-second order kinetic
models might be represented by Eqs. (2) and (3):

log (qe – qt) = log qe – k1 t ...(2)

Where qe and qt are the amounts of dye
adsorbed per unite mass of the adsorbent (mg g-1)
at equilibrium and time t, respectively and k1 is the
rate constant of adsorption (min-1). When log (qe –
qt) was plotted against time, a straight line should
be obtained with a slope of k1, if the first order kinetics
is valid.

The pseudo-second order model has the following
form:

t/ qt = t/qe + 1/(k2qe
2) ...(3)

Where qe and qt represent the amount of
dye adsorbed (mg g-1) at equilibrium and at any
time.  k2 in the rate constant of the pseudo-second
order equation (g mg-1 min-1). A plot of t/q versus
time (t) would yield a line with a slope of 1/ qe and
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an intercept of 1/ (k2qe
2), if the second order model

is a suitable expression. The plot between log(qe–
qt) versus time t shows the pseudo first order model
and the plot of t/q versus time t shows the pseudo
second order model respectively. The kinetic model
with a higher correlation coefficient R2 was selected
as the most suitable one (Table 1). The results show
that adsorption kinetics of MG fitted well by pseudo-
second-order kinetic model. The values of rate
constant k are given in Table 1. The values of k
increase with the rise in temperature, which shows
endothermic nature of the adsorption process. The
activation energy Ea for adsorption was found by
using the Arrhenius equation:

ln k = -Ea / RT + C ...(4)

CONCLUSION

Manganese ferrite nanoparticles were
obtained by chemical precipitation method under
pH 9. The nanoparticles were characterized by
FTIR, XRD, TEM and SEM.

The XRD and TEM reveal that the
nanoparticles prepared by chemical precipitation
method have uniform spinel structure. The nano
manganese ferrite spinels exhibit regular
morphology with homogeneous particle size
distribution. The FTIR spectroscopy confirmed the
structure of metal oxide spinel structure. In the
present study, we demonstrated the nano
manganese ferrite spinels can act as novel
adsorbent materials for degradation of MG azo dye.
A second order model describes the adsorption
kinetic data. In summary, the nano manganese
ferrite spinels are promising candidates for the
adsorption of azo dyes from wastewaters.
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