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Magnetite nanoparticles has immense potential for the environmental remediation of inorganic contaminants like heavy met-
als. In the present research work the commercial magnetite nanoparticles were procured, characterized and it’s efficiency was
analyzed for the removal of Pb and Cd from the aqueous solutions of fly ash using shake flask method in an incubator shaker
at room temperature. The morphological analysis was done by microscopic techniques: SEM-EDS and HRTEM which revealed
the cuboidal shaped nanoparticles of size 20–45 nm. The crystallinity and microstructure was analyzed by the XRD, Raman
and FTIR. The magnetite nanoparticles were segregate, uniform and crystalline in nature. The SEM-EDS revealed the high
purity of the sample as the EDS spectra have peaks for Fe and O only. The 20% fly ash solution have higher Pb and Cd
heavy metal concentration than others. Magnetite nanoparticles removed Pb upto 95.32% after 18 h and Cr was removed
upto 81.52% after 24 h.

Keywords: Magnetite nanoparticles, fly ash, heavy metal, remediation, adsorption.

Introduction
Fly ash is a by-product of thermal power plants which are

produced from the pulverized coal during the production of
electricity1. Fly ash is complex material made up of ferro-
alumino-silicate mineral2. The most common elements in fly
ash includes Si, Al, Fe, Ca, Mg, K and Na, Ti3. Besides, this
it fly ash have heavy load of heavy metals like Pd, Cd, Cr,
Zn, As, Hg, Ni, Cu and Co due to which it is considered as a
hazardous pollutant4. In the 21st century it has become one
of the major solid pollutant produced by industries around
the globe. The heavy metals like Hg, Cd, As are volatile at
high temperature so they are present in lesser amount in the
fly ash while Pb and Cr is present in higher concentration
which may challenge a potential threat to the living beings
nearby dumping sites5. Heavy metals including Pb and Cd
may leach out from the fly ash or dumping sites and may
contaminate the water bodies. The contamination of the water
bodies by Pb and Cr has reported several outbreaks which
has caused diseases due to contamination of ground water.
Both of these heavy metals have adverse effects on the liv-
ing beings due to their toxic nature. Both these heavy metals

have more concern and pose a serious threat to the environ-
ment6. Pb may cause numbness, liver diseases, and other
chronic diseases while Cr causes cancer as Cr6+ form is a
mutagenic and carcinogenic in nature. Cr exists in two forms
Cr4+ and Cr6+ and out of which Cr6+ is carcinogenic. So, it
become very important to convert the hexavalent form of Cr
to tetravalent which is non-toxic. The reduction of Cr can be
done by co-precipitation, coagulation, absorption, electro-
plating and adsorption. Out of all these techniques adsorp-
tion is one of the most suitable method for the heavy metal
removal whose efficiency can be enhanced by the applica-
tions of nanotechnology. Nanotechnology and nanoparticles
can play an important role all the fields of sciences7. One
such particle is magnetite nanoparticles which is magnetic
in nature and has drawn the attention of scientists around
the globe. It is being used in the magnetic ink printing8, mag-
netic storage tape and devices9, medicine and medical di-
agnosis10, gene and drug delivery11, cancer-hyperthermia12,
biosensors and for bio separation13 and waste water treat-
ment14. For all these applications it is being used as an ad-
sorbent in the nanoscale which makes it very unique and
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special due to it’s dimension, economical nature, recyclable
and recoverable due to the magnetic properties even after
many cycles. The magnetite nanoparticles can be used by
treating it with 1% NaOH solution which remove all the heavy
metals attached to the surface. They can interact specifi-
cally with the pollutants due to their unique adsorption sites
which is achieved by disordered surface regions and differ-
ent distribution pattern of reactive surface sites15. In the
present research work Pb and Cr was removed from the 20%
fly ash solution by using commercially procured magnetite
nanoparticles. The magnetite nanoparticles were character-
ized by the PSA, FTIR, HRTEM, SEM-EDS, Raman and XRD
for the detailed properties. The remediation of Pb and Cr
heavy metals was studied wrt to the contact time, where the
contact times varied from 0–24 h while the all other param-
eters like pH, rpm, temperature, dose of nanoparticles etc.
was kept constant. The batch adsorption study was carried
out by shake-flask method in an incubator shaker. An aliquot
of ~8–10 ml sample was collected after every regular time
interval of 1 h, 2 h, 4 h, 8 h, 16 h and 24 h and sample was
analyzed by ICP-AES for the concentration of Pb and Cr.

Experimental
The magnetite nanoparticles was procured from Sigma

Aldrich (Germany).
Sample collection and 20% fly ash solution preparation:
Fly ash was collected from the Gandhinagar Thermal

Power Plants in the plastic silos and before preparing solu-
tion it was dried in an oven at 110ºC for 24 h. The 20% fly
ash solution was prepared by method reported by Jerzy et
al., (2006) 16.

Results and discussion
The magnetite nanoparticles were characterized by the

PSA, FTIR, HRTEM, SEM-EDS, Raman and XRD.
PSA:
The PSA was carried out at 25ºC after 10 min of sonica-

tion where the average particle size is 1192 nm and PDI is
0.478.

Raman:
The Raman spectra of magnetite nanoparticles reveals

peaks at 484, 538 cm–1 which are assigned to the vibrations

of magnetite while the other characteristic peaks are around
613 cm–1 17 and at 717 cm–1. The band at 717 cm–1 is the
strong peak of magnetite. Magnetite phase is easily discern-
ible by its main band centered on 613 cm–1 18.

Fig. 1. PSA graph of magnetite nanoparticles.

Fig. 2. Raman spectra of magnetite nanoparticles.

FTIR:

Fig. 3. FTIR spectra of magnetite nanoparticles.

As the magnetite have inverse spinel structure so it shows
band at 551 cm–1 which is attributed to Fe-O-Fe  (correspond-
ing to n(Fe-O) stretching vibration in tetrahedral site) and the
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other band around 430 cm–1 corresponding to d(Fe-O) tor-
sional vibration mode of Fe in octahedral site19. While a peak
at 2922 cm–1 is due to the absorption of atmospheric CO2.

XRD:

The SEM images reveals spherical shape of the magne-
tite nanoparticles whose size varies from 10 nm to 50 nm
and average size of the particles is 35–40 nm. The particles
are individual and non-aggregated. The SEM-EDS spectra
show major peaks for Fe and O which indicates the high
purity of the magnetite.

TEM:

Fig. 4. XRD diffractograms of magnetite nanoparticles.

The XRD graphs shows a single peak at 35º and a small
peak at 64º confirms the crystalline and spinel nature of the
magnetite nanoparticles.

SEM-EDS:

Fig. 6. EDS of magnetite nanoparticles.

Fig. 5. FESEM images of magnetite nanoparticles.

Fig. 7. TEM micrographs of magnetite nanoparticles.

Fig. 8. Pb and Cr removal by magnetite nanoparticles.

TEM revealed both spherical and cuboidal shaped par-
ticles where the cuboidal shaped particles of size 30–35 nm
more dominant then the spherical shaped particle of size
22–27 nm. The cuboidal shaped particles were not visible by
SEM.

Adsorption study:

The initial concentration of Pb and Cr was almost same
in the 20% fly ash solution. After one hour 92.88% Pb was
removed, but slight decrease at 2 h i.e. 90.65%. Again an
increase was seen 93.29% with a decrease 90.44%. But
maximum removal efficiency attained about 95.32% after 16
h and a then a decrease with final value 86.17%. The de-
crease in the efficiency of Pb removal after one hour is due
to the non-availability of free adsorption sites on the magne-
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tite. The desorption starts after reaching to the equilibrium
which was seen 8 and final 24 h 90.44% and 86.17% re-
spectively. Cr removal efficiency reached to 76.64%, at one
hour after that a slight decrease in the efficiency at 2 h and 8
h i.e. 74.09% and 71.12% respectively. This desorption is
due to the non-availability of free cationic binding sites on
the surface of magnetite nanoparticles. But increase was seen
at 4 h, 16 h and maximum at 24 h i.e. 76%, 80.04% and
81.52% respectively. As the fly ash is a source of multicom-
ponent system, i.e. having different heavy metals, which com-
petes for the limited adsorption sites along with Pb and Cr.
Initially as all the adsorption sites present on the nanoparticles
might be unoccupied, so there was adsorption and after
reaching equilibrium desorption started. After that adsorp-
tion sites were not vacant for the Pb and Cr, once reaching
to equilibrium, desorption starts to occur20. The Pb has more
adsorption capacity than the Cr in a multi-element system at
neutral pH.

Conclusion
The study revealed that the commercial magnetite

nanoparticles of spherical shaped, highly ordered, crystal-
line particles efficiently remove the fly ash Pb and Cd heavy
metals from a 20% solution. The removal efficiency of up to
92.32% was achieved for Pb after 18 h and 81.52% for Cr
after 24 h. Pure magnetite nanoparticles have potential to
detoxify the Cr from the hexavalent to tetravalent form. Mag-
netite nanoparticles of size 20–50 nm can efficiently acts as
an economical in a fly ash like solution of multi-component
system/quaternary system.
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