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Abstract

Nanocomposites composed of mixed iron and aluminium oxide (Fe,03—Al,03), have been synthesized by hydrothermal method, and
further used as adsorbent for the adsorptive decolorization of Congo red dye from an aqueous system. The as-prepared nanomaterials
were sintered at 500 °C and 1000 °C, to obtain pure Fe;O3-Al,03 mixed composites. The XRD studies confirmed the formation of pure
and crystalline FFOOH-AIOOH (as-prepared), y-Fe,03;—Al1,05 at 500 °C and o-Fe,03—Al,03 phases at 1000 °C. The morphology and
size of the obtained nanocomposites were characterized by SEM and TEM. Effects of pH, contact time, initial concentration of
adsorbate have been studied. The optimum pH for maximum removal of Congo red in all the three phases of nanocomposites was found
to be 7. The maximum removal capacity was 498 mg/g for y-Fe,03;—Al,05 phases. Among the three different adsorbents, y-Fe,03;—Al,03
shows complete removal within 15 min of contact time.
© 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Composites where nanoscale inclusions are imbedded
within matrix of a material have attracted increasing
research attention in recent years. Nanocomposites refer
to materials consisting of at least two phases with one
dispersed in another that is called matrix and thus forms a
three dimensional network [1]. Nanocomposites exhibit
properties different from that of the bulk material. A small
inclusion of nano sized particle produces a great change in
the properties [2]. As the nano-scale morphology plays an
important role in achieving desired macroscopic proper-
ties, it is important to characterize the interaction of the
nanoscale samples with the intrinsically immiscible phases
[3]. Nanocomposite with fine uniform domains is challen-
ging because we need to control both the micro structural
length scales as well as the elemental distributions. Now-a-
days, researchers are much more interested in mixed metal
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oxide nanoparticle because of its broad class of catalytic,
electronic, magnetic properties and also for its heteroge-
neous catalysis [4]. Recently, Dong et al., have synthesized
iron oxide and alumina nanocomposite (Fe,O3-Al,03)
with a unique structure, which shows a remarkable
catalytic performance in Fischer—Tropsch synthesis [5].
These nanoparticles often exhibit superior properties and
performance; it is because of its large specific surface area.
Among various metal oxides the oxides of aluminium (Al)
and iron (Fe) have large advantages because of their low
cost, extensive availability, thermal stability and remark-
able adsorption capacity [6,7]. Violante et al. have studied
on the adsorption of heavy metal ions on mixed Fe-Al
oxides in absence or presence of increasing concentrations
of oxalate or tartrate [8]. Ground water and surface water
pollution is a serious problem due to its high toxicity for
the presence of dyes and organic waste. Among them
Congo red dye is an important source of water pollution
and a known human carcinogen. Congo red dye is a
benzidine-based azo dye with a complex chemical structure
and is highly soluble in aqueous solution. It is generated
from textiles, printing and dyeing, paper, rubber, plastics

0272-8842/$ - see front matter © 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

http://dx.doi.org/10.1016/j.ceramint.2012.12.052


www.elsevier.com/locate/ceramint
dx.doi.org/10.1016/j.ceramint.2012.12.052
www.elsevier.com/locate/ceramint
dx.doi.org/10.1016/j.ceramint.2012.12.052
dx.doi.org/10.1016/j.ceramint.2012.12.052
dx.doi.org/10.1016/j.ceramint.2012.12.052
mailto:garud31@yahoo.com
mailto:garud@nitrkl.ac.in

5444 A. Mahapatra et al. | Ceramics International 39 (2013) 5443-5451

industries etc [9]. Therefore, it is very important to remove
the remaining Congo red before it mixed up with any
water resource. Structural stability of Congo red is the
major challenge for its removal from wastewater treatment
[10]. Different process have been used to remove Congo
red from colored effluents but among all, adsorption has
been recognized as the most popular treatment process due
to its simplicity, high efficiency, easy recovery and the
reusability of the adsorbent [11-13]. Similarly, Gong et al.,
studied the removal of cationic dyes from aqueous solution
using magnetic multi-wall composite carbon nanotube as
adsorbent. Adsorption characteristics of the nanocompo-
site adsorbent were examined using methylene blue, neu-
tral red and brilliant cresyl blue as adsorbates [14].

In the present study, iron oxide—alumina mixed nano-
composite was prepared by hydrothermal method and
their adsorption characteristic for the removal of Congo
red dye from aqueous solution was studied. The synthe-
sized mixed oxy-hydroxide sample was sintered at different
temperatures to obtain mixed oxides nanocomposites. The
adsorption experiments such as effect of contact time, pH,
adsorbent dose and initial concentration variation were
explored in batch experiments. The adsorption isotherm
and kinetic studies were also carried out to elucidate the
adsorption mechanism. A comparative study for maximum
removal capacity of using different mixed oxide nanocom-
posite adsorbents was also reported here.

2. Experimental section
2.1. Materials

Ferrous sulphate (FeSO,4 - 7H>O) and Aluminium nitrate
(Al (NO3);-9H,0) of analytical grade with purity 99.0%
was obtained from Merck, India. Both NaOH pellets and
NH; solution were also obtained from Merck, India. All
chemicals were used without further purifications. Double
distilled water was used throughout the experiments for
preparation and dilution of the solutions.

2.2. Synthesis of Fe;03-Al,O3 nanocomposites

In this work, Fe,O3-Al,0; nanocomposites were pre-
pared by hydrothermal method. The Al (NO3);-9H,0 and
FeSO, - 7TH,O0 salts were taken in a molar ratio of 1:1 and
were mixed in 50 mL distilled water. Then the mixed
solution was stirred vigorously. At the same time, a mixed
precipitant was prepared by adding 25 mL of 2M NH;
solution into 25 mL of NaOH solution so as to maintain a
ratio of 1:1. The mixed precipitant was added drop wise to
above mixture solution with vigorous stirring. Simulta-
neously, the pH of the solution was measured using pH
meter. At pH 5.6 green precipitate was formed. The
formation of precipitate in the whole mixture solution
was transferred into a 100 mL Teflon cupped pressure pot.
The pressure pot was sealed and kept in an electric oven at
180 °C for 6 h. After that the pressure pot was cooled at

room temperature and the resultant product was centri-
fuged, washed with deionised water several times and dried
at 50 °C for 5-6 h followed by grinding. The obtained deep
yellow powder was further calcined at 500 °C and 1000 °C,
to form mixed Fe,O3—Al,0O3 nanocomposite.

2.3. Characterization

The surface morphology of iron oxide-alumina mixed
nanocomposite was characterized by using a SEM JEOL
JSM- 5300 and was operated at 15 kV. In order to increase the
conductivity of the samples, they were gold coated using a
JEOL FRC 1200 fine coater before taking SEM. The powder
X-ray diffraction patterns were obtained on a Pan analytical
X-ray diffractometer (PW1830) using Cu K, (A=1.541A)
radiation. A JEOL 200 HRTEM was used to characterize the
iron oxide—alumina mixed nanocomposite materials and was
operated at 200 kV. The mixed nanocomposites were dis-
persed in ethanol and then a drop of the above dispersion was
taken on a carbon coated copper grid (300 meshes) for HR-
TEM imaging. A digital pH meter (Satorius Model PB-11)
combined with glass electrode was used for all experiments.
A Shimadzu UV-visible spectrophotometer (Shimadzu-2450)
was used for adsorption study of Congo red dye.

2.4. Adsorption experiments for Congo red dye by batch
process

The un sintered and sintered mixed iron oxide—alumina
nanocomposites samples were used as adsorbent for
removal of organic dye pollutants. The adsorption study
was carried out by taking 100 mg of powder samples into
10mL of Congo red (C;H»»NgOgS>Na,) solution
(100 mg/L) under stirring condition. The adsorption study
was carried out with change in different parameters viz.
change in time, pH, and initial concentration of Congo
red. After appropriate time of stirring, the solution was
filtered using whatman-40 filter paper, and finally analyzed
by UV-visible spectrophotometer.

3. Result and discussion
3.1. Structural properties

We have used hydrothermal method for preparation of
iron—aluminium oxide mixed nanocomposites powder. The
obtained powder was sintered at different temperatures
and the formation of different phases was confirmed by
XRD study. Fig. 1 shows the XRD pattern of iron oxide—
alumina mixed nanocomposites. This result revealed that
the formed materials are crystalline in nature. Fig. 1(a)
shows XRD pattern of the as prepared mixed nanocom-
posites. It is observed from the XRD data that the
hydrothermal mediated synthesis of as prepared samples
consists of mixture of boehmite (y-AIOOH) and lepido-
crocite (y-FeOOH) phases, which is confirmed from the
JCPDS Files (File n0.84-0175) and (File no. 77-0247),
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respectively. The obtained mixed oxy hydroxide phases of
iron—aluminium nanocomposite was sintered at 500 °C and
1000 °C in air for 2 h. Fig. 1(b) and (c) represent the XRD
pattern of iron oxide—alumina nanocomposites obtained
on sintering the as prepared mixed oxy-hydroxide at 500 °C
and 1000 °C, respectively. It is also observed from the XRD
data that the sintered sample contains the mixture of Iron
and Aluminum oxides. The 26 values of mixed oxides
formed after sintering the sample at 500 °C found to match
with (JCPDS File no 89-8104) and (JCPDS File no
29-0062), this result confirmed the formation of mixed
v-Fe;,05-Al,05 nanocomposites. Similarly, the formation
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Fig. 1. XRD data of (a) unsintered mixed oxy-hydroxide nanocomposite,
(b) mixed oxide sintered at 500 °C, (c¢) mixed oxide sintered at 1000 °C.

of mixed a-Fe,O3-Al,O3 phase was obtained after sintering
the as-prepared sample at 1000 °C, which was confirmed
from XRD pattern (Fig. 1(c)).

The surface morphology of Iron-Alumina oxide mixed
nanocomposites has been studied by scanning electron
microscopy method. Fig. 2 represents the SEM and EDAX
analysis of mixed nanocomposites obtained by hydrothermal
synthesis of as-prepared and sintered samples. It is observed
from the SEM images that the as-prepared samples
(Fig. 2(a)) are rod shaped and are in the size range of 100—
300 nm. It is also observed that the rod like morphology of
mixed nanocomposites is retained after sintering the as
prepared samples at higher temperature. The presence of
Fe, Al and O elements in the mixed composite were
confirmed by the EDAX spectrum (Fig. 2(d)).

In order to obtain more information about the forma-
tion, morphology and dimensions of mixed oxide nano-
composite, we have carried out the HRTEM imaging.
Fig. 3(a) shows the HRTEM micrograph of Fe,O3;—-Al,O3
mixed oxide nanocomposite sintered at 500 °C. It was
observed from the HRTEM imaging that the nanoparticle
formed were not having uniform size; instead a size range
from 100-300 nm was found. Fig. 3(b) shows the selected
area diffraction pattern of mixed oxide nanocomposites.
The corresponding diffraction rings and bright spot on the
electron diffraction pattern indicate the formation of
highly crystalline Fe,O3;—Al,03 mixed oxide nanocompo-
site, which is also consistent with XRD results.

3.2. UV-adsorption spectroscopy analysis

Fig. 4(a) shows the UV-vis absorption spectrum of
iron-alumina mixed oxide nanocomposite prepared by

4

0 2
[Full Scale 86 cts Cursor. 0.000

Fig. 2. SEM image of (a) mixed FeOOH and AIOOH nanocomposite, (b) mixed y-Fe,O3; and y-Al,O3 nanocomposite sintered at 500 °C, (c¢) mixed
a-Fe,03 and a-Al,O; sintered at 1000 °C, (d) EDAX image of mixed iron oxide and alumina nanocomposites.
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hydrothermal method and sintered at different temperatures.
Optical band gap is also. measured using UV-vis spectra
analysis. The spectral absorption coefficient, «, is defined as

o(2) = drk(2) ) 4

where k() is the spectral extinction coefficient obtained
from the absorption curve and A is the wavelength. The band
gap, E,, is obtained by fitting the experiment absorption data
with the following equation

(ahv)’ = A4 (hv—Eg)

where hv is the photon energy, o is the adsorption coefficient,
E, is the band gap, and 4 is a characteristic parameter
independent of photon energy. The value of band gap E, has
been obtained from the intercept of the extrapolated linear
part of the (ahv)* versus hv curve with the energy (hv) axis
[15,16]. The band gap for mixed oxy hydroxide nanocompo-
site is 1.9 eV, for gamma phase the band gap is 1.7 eV and
the alpha phase mixed oxide nanocomposite has band gap
value 1.95eV as shown in Fig. 4(b). The value of band gap
shows that all of the mixed oxide nanocomposites are
semiconductor in nature even after sintering at different
temperature.
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3.3. Adsorption study of Congo red by mixed
nanocomposites

The FeOOH-AIOOH and Fe,Os3-Al,O; mixed nano-
composites prepared by hydrothermal synthesis method
has been used for removal of Congo red dye from aqueous
solutions. We had carried out the adsorption process by
batch experiments using 25 mL of neat and cleaned capped
glass bottles. The colour photograph of Congo red dye
molecules before and after adsorption studies using both
un-sintered (FeOOH-AIOOH) and sintered (Fe,O3—Al1,03)
mixed nanocomposite materials are shown in Fig. 5.

3.3.1. Effect of pH on adsorption of Congo red dye

The pH values of dye solutions affect the chemistry of
both the dye molecules and the adsorbent materials.
Simultaneously, the pH of dye solution plays an important
role in the whole adsorption process and also on the
adsorption capacity. Original pH of Congo red solution
(100 mg/L) 1s about 7.5. It was seen that the dye solution
changes its color from red to dark blue when pH was
adjusted in highly acidic range and becomes dark blue in
highly basic range i.e., pH 9 and above [17,18]. Therefore,

Fig. 3. HRTEM image of (a) mixed y-Fe,O3 and y-Al,O; nanocomposite sintered at 500 °C, and (b) SAED image of mixed oxide nanocomposite.
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Fig. 4. UV- analysis of (a) mixed FeOOH and AIOOH nanocomposite, mixed y-Fe,O3; and y-Al,O; nanocomposite sintered at 500 °C, mixed a-Fe,O3

and o-Al,Oj5 sintered at 1000 °C, (b) Optical property of all the samples.
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Fig. 5. UV-vis absorption spectra of Congo red solution and after being
treated by three different samples, the initial concentration of Congo red
are 100 mg/L. (a) Before adsorption, after adsorption by 0.1 gm (b) un-
sintered, (c) sintered at 500 °C and (d) sintered at 1000 °C mixed Iron
oxide and alumina nanocomposite, in 15 mins at pH 7.
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Fig. 6. Effect of pH on percentage removal of the Congo red dye.

the range of pH for Congo red adsorption was kept in the
range of 3 to 8. The pH of the solution was adjusted by
using 0.01 mol/L HCI or NaOH solutions. The graph of
Congo red adsorbed with change in pH of the solution is
shown in Fig. 6. From the figure it was observed that the
percent removal of Congo red, has no effect on the pH of
the solution and therefore we have carried out all the
adsorption experiment at neutral pH 7. It was also
observed that percentage removal of Congo red by both
sintered and un-sintered samples with different pH
have almost same values. But the sample sintered at
1000 °C showed less removal percent as compared to the
oxy-hydroxy sample and the sample sintered at 500 °C.

FeOOH-AIOOH nanocomposite shows better adsorption
as compared to a-Fe,03—Al,05, it can be explained that
there is an interaction of oxy-hydroxide group of nano-
composite with the amine functional group of Congo red
molecules, which brings out larger adsorption capacity
[19]. Zhua et al. studied that Congo red anions in acidic
and neutral solutions were easily adsorbed to Fe;O4 with
positive surface charge but at higher pH values, Congo red
anions were generally excluded away from the negatively
charged surface of adsorbent, thus decreasing in percent
removal of Congo red [20].

3.3.2. Effect of contact time on adsorption study on Congo
red dye

The effect of contact time on the adsorption of Congo
red was studied to determine the time taken by samples to
remove 100 mg/L Congo red solutions. 0.1 g of the sample
was added into a 10 mL of 100 mg/L Congo red solution.
The variation of Congo red adsorbed with time is shown in
Fig. 7. It was observed from the figure that the adsorption
of Congo red by fixed amount of y-Fe,03—Al,05 (sintered
at 500 °C) nanocomposite increases with increase in time
and the adsorption equilibrium is attained after 15 min
contact time. This is because, a large number of vacant
surface sites were available for adsorption during initial
stage. However, with a lapse of adsorption time, the
remaining vacant surface sites were difficult to be occupied
due to repulsive forces between Congo red adsorbed on the
surface of sample [20,21]. The concentration of Congo red
in the solution was measured spectrophotometrically at
498 nm. The decrease in concentration of Congo red with
time determines its adsorption onto the adsorbent surface.
It was observed that within 15 min contact time, there was
100% removal of Congo red shown by both the oxy-
hydroxide nanocomposite and the gamma mixed oxide
nanocomposites. But in case of mixed a-Fe,O3;-Al,O5 the
adsorption capacity decreases as this is associated with loss
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Fig. 7. Effect of contact time on removal of the Congo red dye.
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of water of hydration and oxy-hydroxyl group in the
crystalline structure. Thus mixed y-Fe,0s—Al,05 and oxy
hydroxide of Iron and aluminum nanocomposite showed
better adsorption as compared to a-Fe,O3;—Al,O3 mixed
nanocomposite.

3.3.3. Effect of initial concentration on adsorption study
of Congo red dye

The variation of Congo red adsorbed with concentration
of the solution is shown in Fig. 8. It was observed from this
figure that, the percent removal of Congo red onto the as
prepared FeOOH-AIOOH and y-Fe,05—Al,05; nanocom-
posites is maximum and the value remain unaltered with
increase in concentration of Congo red. It is also observed
that within very short span of contact time both cases the
adsorption attain the equilibrium value. It may be due to
Congo red can absorb onto the metal oxide surface by
coordination effect between metal ions and amine groups
at the ends of Congo red molecules [22,23]. In case of
mixed y-Fe,03—Al,05; nanocomposites possesses water of
hydration which form complexation via hydrogen bonding
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Fig. 8. Effect of initial concentration on percentage removal of the Congo
red dye.
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between the hydroxyl group and amine group of Congo
red molecule for better adsorption of dye molecules on the
surface. After sintering at higher temperatures the meta-
stable y- Fe,O3—Al,05 phase gets converted into a-Fe,O3—
Al,O5; and the removal capacity decreases as the avail-
ability of binding sites decreases as compared to that of
oxy-hydroxy form and gamma mixed oxide. Thus among
the three adsorbent materials y-Fe,O3;—-Al,O; can be
considered as the most efficient adsorbent.

We have also studied the dye removal capacity and rate of
adsorption by varying the adsorbent doses. In case of Congo
red removal onto metal oxide surfaces, electrostatic attraction
is the cause behind adsorption [24,25], but when the amount of
dye is more and the dose increases, the unsaturated bonds get
agglomerated within itself, and removal takes place. So to get
the exact value of highest removal capacity, minimum amount
of dose is taken while other experimental conditions remain
the same. Fig. 9 shows the adsorption rate by gamma mixed
oxide nanocomposite in a solution of 10 mL and 100 mg/L of
Congo red where mass of the sample is 0.002 g. Similarly the
Congo red removal percentage becomes 100%, when the mass
of adsorbent is 0.002 g where as it is less in case of adsorbent
having 0.001 g (data not attached). The results are presented in
Fig. 9. The rate of adsorption of Congo red markedly slowed
down due to small amount of porous structure. But the
adsorption capacity reached 498 mg/g for 0.002 g of adsorbent
in 60 min, with a removal percentage of 90% of Congo red.
For further confirmation we have kept the solution for
overnight after 2 h of stirring. It was observed that the solution
become clear and the deep red color adsorbent was settled
down at the bottom of the beaker. Thus, based on the above
experimental result, it is concluded that the physical adsorp-
tion is responsible for decolorization of the dye and the
oxidative degradation may also plays a secondary role in the
whole process [24].

3.3.4. Adsorption isotherm study of Congo red dye

To describe the adsorption behavior of Congo red onto the
three different phases of Iron-alumina mixed oxide nanocom-
posite, we have studied adsorption isotherms. The isotherm
studies were carried out by varying the initial concentration
of Congo red from 100 to 1000 mg/L and maintaining the
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Fig. 9. (a) Adsorption rate and (b) adsorption capacities of a solution of Congo red (100 mg/L, 10 mL) where mass of the sample were 0.002 g.
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adsorbent dosage of 0.1 g/L. An adsorption isotherm is an
invaluable curve which describes the process governing the
release or mobility of a substance from the aqueous porous
media to a solid-phase at a constant temperature and pH [20].
The amount of dye adsorbed at equilibrium ¢, (mg/g) was
calculated from the following equation:

(CO - Ce)v

de= P (1)
where C, (mg/L) is the initial dye concentration, Ce (mg/L) the
equilibrium concentration of dye solution, v (L) the volume of
dye solution, m (g) is the mass of adsorbent.

The equilibrium adsorption data obtained were analyzed
using Langmuir and Freundlich isotherm models, which
are represented by the following equations, respectively:

C, 1 C.

- 2
ge  bam  qm )
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q.=K;Cl" 3)

A linear form of the Freundlich isotherm can be
obtained by taking logarithms of Eq. (3):

logg. = logKr+1ogC, 4)

where ¢,, (mg/g) and b (L/mg) are Langmuir isotherm
coefficients. The value of ¢, represents the maximum
adsorption capacity. K, (mg/g) and n are Freundlich
constants.

The Langmuir isotherm theory assumes monolayer cover-
age of adsorbate over a homogenous adsorbent surface and
so the Freundlich isotherm is used to describe the surface
heterogeneity of the sorbent [27,28]. It considers multilayer
adsorption with a heterogeneous energetic distribution of
active sites, accompanied by interactions between adsorbed
molecules. Fig. 10 shows the Langmuir and Freundlich
isotherm. Experiments on removal of Congo red dye by
mixed oxide nanocomposites. The parameters of both the
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Fig. 10. Langmuir and Freundlich isotherm as obeyed of all the three different phases of Fe,O3;-Al,0; mixed oxide nanocomposite.

Table 1
Adsorption isotherm parameter of mixed oxide nanocomposite.

Langmuir isotherm model

Freundlich isotherm model

4m(mg/g) b(L/mg) R Ki(mg/g)(L/mg)"" n R
FeOOH-AIOOH 126.58 5.696 0.793 2.4 1.85 0.976
y-Fe;05-7-ALO; 416.66 0.791 0.76 345.15 113 0.998
0-Fe,05-0-ALO; 1.422 0.061 0.968 100.34 ~0.665 0.974
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Fig. 11. Kinetic study of mixed oxide nanocomposite of three different
phases.

isotherms data are listed in Table 1. Here we observed that,
oxy-hydroxide phase obeys Freundlich isotherm more than
Langmuir isotherm. Similarly, in the case of gamma mixed
oxide nanocomposite it slightly obeys Langmuir and per-
fectly fits for Freundlich isotherm. But in case of a- Fe,O3—
AlL,O; mixed oxide nanocomposite it obeys Langmuir
isotherm.

3.3.5. Adsorption kinetics study

The applicability of the pseudo-first-order and pseudo-
second-order model was tested for the adsorption of
Congo red onto the three different phases of mixed oxide
nanocomposites. The best fit model was selected according
to the linear regression correlation coefficient, R? value.
Here from the graph Fig. 11 it is clear that only pseudo-
second -order kinetics is possible for all the three phases
mixed oxide nanocomposite. The linearized form of
pseudo-second-order rate equation is given as:

¢ 1 1
= +—1 5
g kg2 qe ©)

where k, (g.(mg/min) ) is the rate constant of the pseudo-
second order equation. The value of ¢. and k, can be
determined by the slope and intercept of the straight line of
the plot t/g, versus t, respectively. Fig. 11 shows the
sorption kinetics of Congo red onto mixed oxide nano-
composite surface obtained by batch experiments for an
initial Congo red concentration of 100 mg/L at pH 7.0.
The regression coefficient value (i.e., R*=1 approxi-
mately), in every case confirmed the adsorption obeys
pseudo-second order kinetics.

4. Conclusion

The mixed iron oxide—alumina nanocomposites have been
synthesized using hydrothermal method. Batch experiments

were performed for the removal of Congo red dye from
aqueous solution, using three different phases of mixed oxide
nanocomposite as adsorbent materials. Adsorption study was
carried out by changing different parameters such as effect of
time, pH and solution concentrations. Adsorption equilibrium
is attained within a short contact time of 15min. The
adsorption capacity was found to be 498 mg/g approximately
in case of gamma mixed oxides. The order of Congo red
adsorption was governed by pseudo-second-order kinetics.
The mixed nanocomposites obeyed Freundlich isotherm
model as compared to Langmuir isotherm. Among the
obtained nanocomposites gamma phase can act as a very
good adsorbent for the 100% removal of Congo red.
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