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Abstract : Fly ash is usually captured from the chimneys of coal-fired thermal power plants, whereas bottom ash after firing is removed from the bottom 
of the furnace. In the past, fly ash from the chimney was generally released directly into the atmosphere, but advance pollution control equipment 
mandated in current decades now requires that can be captured instead of releasing into the atmosphere. This present study was made to separate the 
iron bearing particles from fly ash, the waste of coal fired thermal power plants and characterized by different techniques adapted for finding out the 
morphology, composition, functional group, size, band gap and electro activity. FTIR analysis of iron oxide separated from fly ash showed the frequency 
of 670.08 cm-

1
, 563.67 cm-

1
 & 465.85 cm-

1     
and revealed that the iron oxide nanoparticles in the form of maghemite. The optical direct band gap energy 

was 5.0 eV & 3.9 eV . The average crystallite size for separated iron oxide nanoparticle from fly ash was 18.13 nm. FESEM of Iron oxide nanoparticle 
separated from fly ash showed the globe shape is iron rich spheres.. In photoluminescence the intensity of the excitation peak centered on 385 nm and 
790 nm and 470 nm. The peak at 470 nm was broad and featureless.   The iron particles obtained from the fly ash can be utilized as a raw material for a 
number of iron based reactions and for the preparation of  nanoparticles.  
 
Index Items: Fly ash, iron bearing particles, FTIR, FESEM, photoluminescence  

————————————————————

1. INTRODUCTION 
In India, about 75% of the electricity is generated by coal-
based thermal power plants. Thermal power plant is one of 
the industries that produce 6.5×10

7
 tons per year of fly 

ash as a by-product. The disposal of such huge amounts 
of fly ash is a vital problem and is usually disposed in 
basins or landfills near the power plant where land gets 
polluted and degraded due to dumping of fly ash, resulting 
in the formation of dump. The dump becomes the potential 
pollutant for contamination of underground aquifer as well 
as surface water streams due to leaching of toxic heavy 
metals in fly ash as it contains many toxic trace elements 
like Si, Al, Fe, Cd, Cr, Mn, B, As, Cu, Zn, Mo, etc. Thus, 
disposal of fly ash has adverse impacts on terrestrial and 
aquatic ecosystems due to leaching of toxic substances 
from the ash into soil and groundwater (Adriano et al., 
1980). It is evident that, the iron particles collected from fly 
ash which is actually a waste material and can add up in a 
resource material. The iron particles separated from the fly 
ash can be used as a raw material for a number of 
reactions. It can be further purified and used for further 
process. It is actually an essential element that is required 
in trace amount for vital functioning of cells, tissue, in 
biological reactions and other living being. The useful 
applications of iron in living beings could be possible due to 
the variable oxidation state of iron, its tendency to co-
ordinate to oxygen, nitrogen and sulfur atoms and bind to 
additional small molecules (Virendar Kumar Yadav, 2014).  
 
 
 
 
 
 
 
 
 
 
 
 
 

The pH value of 8.8 fly ash in India was studied by Tripathi 
et al., (2004) and Gupta and Sinha, (2008) was recorded 
8.12. Organic carbon of fly ash was 1.17% (Tripathi et al., 
2004), 1.7 % (Gupta and Sinha, 2008).  The Chemical 
composition of, fly ash is 90-99% Si, Al, Fe, Ca, Mg, Na and 
with Si and Al forming the major matrix (Adriano et al., 
1980). The Fe-oxide contents of fly ash spheres influences 
the ash color which ranges from water white to yellow 
orange to deep red or brown to opaque. Ca was found to be 
the dominant cation in fly ash collected from dump sites, 
followed by Mg, Na and K (Matti et al., 1990).These 
composites may become promising for advanced materials 
to be used in the high-technology industries in the future. In 
addition these materials can reduce the cost due to usage 
of FA  (Clara et al., 2016). This present study tried in order 
to avoid fly ash as a pollutant into environment and make 
into resource material. 
  

2. MATERIALS 
Prepared 10 % of fly ash aqueous solution, by taking 10 g 
of fly ash. It was weighed and mixed with 100 ml distilled 
water. Mechanical stirring was performed for 10-15 minutes 
with the help of magnetic rod.  Iron bearing particles stuck 
to the magnetic rod. Those magnetic particles were 
collected. This process was repeated again until a sufficient 
amount of iron particles was obtained. The separated iron 
particles was washed 2-3 times with distilled water and then 
twice with acetone. Then the separated particles were dried 
in a hot air oven at 110 

0
C for 3-4 hrs. The particles were 

weighed, and noted down. Iron bearing particles were 
stored in a glass vial. And further used for characterization 
purpose.  
 

3. RESULTS AND DISCUSSION 
Iron nanoparticles separated from fly ash. The formation of 
the nanoparticles was confirmed by studying the structure 
and functional groups of the samples were characterized by 
Fourier Transform Infrared (FTIR) spectra, Ultraviolet-
visible (UV-Vis) absorption spectra, Photoluminescence 
spectra (PL), X-ray diffraction (XRD), SEM and 
Transmission electron microscopy (TEM). 
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Fig. 1 Color of the iron nanoparticles separated from fly ash

 
 

 
 

 
Fig. 2 Magnetic responses of the iron nanoparticles separated from fly ash in contact with magnet

The electrochemical performances of the products were 
investigated by Cyclic voltammetry. 
 
3.1. Color of the Nanoparticles Color of the iron 
nanoparticles separated from fly ash is black shown in the 
―Figure 1‖and magnetic property ―Figure 2‖. 
 
3.2 FTIR Studies 

The IR spectrum was taken for iron nanoparticles prepared 
by green synthesis and separated from fly ash using a 
Nicolet iS5 FT-IR instrument operating at a resolution of  
4000-400cm

-1
 in the percent transmittance mode. 

Generally, all the metals and its oxide, give the FT-IR peaks 
at lower wave number ranging from 400 to 800cm

-1  
shown 

in ―Figure 3‖.The tentative band assignment for  IR 
spectrum is shown in Table 1. 

 

 
 

Fig. 3 IR spectrum of iron bearing particles 
 
 
 
 
 
 

TABLE 1. BAND ASSIGNMENT FOR IRON 
NANOPARTICLE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Frequency ( cm
-1
) Tentative Assignment 

3677.23 O-H stretching vibration 

2922.98 
aliphatic asymmetric C-H stretching 
vibration 

2363.14 O-H stretching in carboxylic acid 

1459.57 C–C stretch (in–ring) of aromatics, 

670.08 
 
Characteristic peaks of Fe- O lattice 
vibration (Maghemite) 

563.67 

465.85 
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Fig. 4 & 5 UV-Vis spectrum of iron nanoparticle separated fromy ash 

 
3.3 UV-VISIBLE SPECTROSCOPY 
Absorption at 250 nm & 320 nm was observed  and shown 
in ―Figure 4 & 5‖ and listed in Table 2‖. 
 

TABLE 2. BAND GAP ENERGY OF IRON OXIDE 
NANOPARTICLE SEPARATED FROM FLY ASH 

Nanoparticles Band Gap Energy in eV 

Iron oxide separated 
from  

fly ash 

5.0    (λmax =250 nm)  
3.9 (320 nm) 

 
3.4  X-Ray Diffraction Studies (XRD) 
Structural parameters of iron oxide nanoparticles were 
calculated from XRD pattern. The average crystallite size 
(D) was calculated using the well-known Scherrer’s formula. 
                   Scherrer’s formula is             D = kλ / βcosθ 
                                        Particle size=0.94 ×λ /β Cosθ 
The diffraction peaks at 29.7.° , 35.3° , 37.5° , 43.1° , 47.1° 
, 53.4° , 56.9° and 62.4° can be assigned to the  (220), 

(311), (222), (400)，(331), (442), (511) and (440) crystal 

planes of Fe3O4, respectively (JCPDS Card No. 87-2334) 
shown in ―Figure 6‖. The results are shown in Table 3 
 

TABLE 3.  XRD PARAMETERS OF IRON OXIDE 
NANOPARTICLES 

 
 

 
 

Fig. 6 FTIR spectrum of Iron oxide nanoparticle 
 

 
 

Fig.  7 Photoluminescence spectrum 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2-Theta 

 
FWHM 

 
Size 

 
Plane 

29.7 
35.7 
37.5 
43.1 
47.1 
53.4 
57.5 
63.0 

 
 

0.3450 
0.2676 
0.3342 
0.7534 
0.6587 
0.7908 
0.8029 
0.8029 

24.90 

32.60 

26.24 

11.85 

13.75 

11.75 

11.80 

12.13 
 

220 
311 
222 
400 
331 
442 
511 
440 
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The average crystallite size (D) of synthesized nanoparticles is 
18.13 nm 
 
3.5 Photoluminescence Spectroscopy (PL) 
PL is due to the excitation by a light source resulting into 
emission of light. In photoluminescence, the radiative 
recombination of free carriers will result. This study at room 
temperature revealed the information about various energy 
states available between valence and conduction 
bands.Three excitation peaks were observed at 385, 470 and 
790 nm showed a better PL intensity.The intensity of the 
excitation peak centered on 385 and 790 nm and 470 nm . 
The peak at 470 nm was broad and featureless shown in 
―Figure 7‖. 
Around 385 nm region the samples was showing intense and 
sharp PL emission peak. .  In the spectrum of nanoparticle, it 
was seen that the PL emission spectrum intensity increased 
with the increase of normality of precursor. Nanoparticles 
showed a better PL intensity, the possible reason might be 
that are more orderly arranged in it.  
 
3.6. Field Emission Scanning Electron Microscope 
(FESEM) 
 High Resolution Schottky emitter FE-SEM (Field Emission -
Scanning Electron Microscope) is a high resolution scanning 
electron microscope which is intended for use for 
characterization of nano-materials both conducting and non 
conducting material for investigating the microstructure and 
perform chemical analysis using Energy Dispersive X-Ray 
Spectroscopy (EDS). FESEM of Iron oxide nanoparticle 
separated from fly ash showed the globe shape is iron rich 
spheres.. Pure fly ash is globe like structure and FESEM 
revealed that the presence of Iron nanoparicles. The FESEM 
images of iron oxide nanoparticles separated from fly ash is 
shown in ―Figure 8-10‖. 
 

 

 

 
Fig. 8-10.  FESEM image of iron oxide nanoparticles 

separated from fly ash 
 

 
 

Figure 11. EDAX spectrum of iron oxide nanoparticles 
separated from fly ash 

 
3.7 Energy Dispersive X-Ray Analysis (EDAX) 
The elemental composition of iron oxide separated from fly 
ash was carried out by EDAX spectroscopy.. Figure 11.  
showed the EDAX spectrum of iron oxide nanoparticles 
separated from fly ash. Iron oxide nanoparticles separated 
from fly ash were found to have weight percentage 26.89 of C, 
59.45 of O, and 13.66 of Fe as shown in ―Figure 12‖. This 
confirmed the presence of Fe and O. 
 

 
 

Fig. 12 The percentage of elements in nanoparticles of iron 
oxide prepared from leaf extract 

 
3.8  Cyclic Voltammetry (CV) 
Cyclic voltammetry is one of the useful electroanalytical 
techniques for the study of redox behavior of electroactive 
species and used three electrode cell assemblies for study. All 
three electrodes was ultrasonically cleaned and washed with 
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double distilled water and dried at room temperature. The 
electroanalytical study was performed in the 0.01 M sulphuric 
iron nanoparticles separated from fly ash. . The Glassy 
Carbon Electrode was (GCE) used as working electrode Vs 
Ag/AgCl.  A small amount of sample was mixed with little 
water and con. HCl to make a paste. The pasty sample was 
coated on the surface of glassy carbon electrode (GCE) as a 
thin film and the cyclic voltammetric behaviour of the 
nanparticles was studied 
 

 

 
 

Fig.  13-15 Cyclic Voltammogram of iron nanoparticle 
separated from fly ash in different scan rates in  

0.01 M H2SO4 

0.02  

The voltammogram was cycled between -200 and 1000 mV in 
0.01 M sulphuric acid at  various scan rate like 0.025, 0.035 & 
0.045 V/s

 
. In this present study the voltammogram of iron 

particles separated from fly ash was exhibited that the scan 
rate increases with current means that, the nanoparticle was 
conducting shown in ―Figure 13-15‖. The shifting of peaks 
during change of scan rate means that the charge is moving.. 
The CV loops result due to the reaction between iron oxide 
and electrolyte. 
 

4. CONCLUSION 
Iron oxide nanoparticles showed black color. FTIR analysis of 
iron oxide separated from fly ash showed the frequency of 
670.08 cm-

1
, 563.67 cm-

1
 & 465.85 cm-

1     
and revealed that 

the iron oxide nanoparticles in the form of maghemite. The 
average crystallite size for separated iron oxidenanoparticle 
from fly ash was 18.13 nm. The average crystallite size (D) of 
synthesized nanoparticles is 18.13 nm obtained from X-ray 
diffraction data are consistent with the JCPDS data of iron 
oxide. The band gap energy from UV-Vis was found 5.0 eV & 
3.9 eV for iron oxide separated from fly ash. FESEM of Iron 
oxide nanoparticle separated from fly ash showed the globe 
shape is iron rich spheres.. Pure fly ash is globe like structure 
and FESEM revealed that the presence of Iron 
nanoparticles.Chemical purity and stoichiometry of the 
samples were investigated by EDAX Spectroscopy and 
confirmed the presence of Fe & O. In our present study the 
voltammogram of nanoparticles exhibited that the scan rate 
increases with current means that, the nanoparticle was 
conducting. The shifting of peaks during change of scan rate 
means that the charge is moving.. The CV loops result due to 
the reaction between iron oxide and electrolyte. Through this 

study, we made a successful effort towards the reuse of fly 
ash, which is treated as an environmental waste and pollutant.  
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