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Variations and similarities in structural, chemical, and elemental
properties on the ashes derived from the coal
due to their combustion in open and controlled manner

Virendra Kumar Yadav1 & Govindhan Gnanamoorthy2 & Marina M. S. Cabral-Pinto3
& Javed Alam4

&

Maqusood Ahamed4
& Neha Gupta5 & Bijendra Singh6

& Nisha Choudhary7 & Gajendra Kumar Inwati8 &

Krishna Kumar Yadav5

Received: 12 November 2020 /Accepted: 11 February 2021
# The Author(s), under exclusive licence to Springer-Verlag GmbH, DE part of Springer Nature 2021

Abstract
Coal fly ash (CFA) and coal-based incense sticks ash (ISA) have several similarities and differences due to the presence of coal as
a common component in both of them. CFA are produced from the combustion of pulverized coal during electricity production in
the thermal power plants while ISA are produced from the burning of incense sticks at religious places and at houses. A typical
black colored Indian, incense sticks are mainly are comprised of coal powder or potassium nitrate, wood chip, fragrance, binder
or binding agent, and bamboo sticks. The black colored incense sticks have coal powder or charcoal as a facilitator for smoother
burning of incense sticks. The detailed investigation of CFA and ISA by X-ray fluorescence spectroscopy (XRF), electron
diffraction spectroscopy (EDS), inductively coupled plasma-atomic emission spectroscopy (ICP-AES), Fourier transform-
infrared (FTIR), X-ray diffraction (XRD), particle size analyzer (PSA), field emission scanning electron microscopy
(FESEM), and transmission electron microscopy (TEM) revealed the morphological, chemical, and elemental properties. Both
the coal based ashes comprises minerals like calcites, silicates, ferrous, alumina, and traces of Mg, Na, K, P, Ti, and numerous
toxic heavy metals as confirmed by the XRF, ICP-AES, and EDS. While, microscopy revealed the presence of well-organized
spherical shaped particles, namely cenospheres, plerospheres, and ferrospheres of size varying from 0.02 μm to 7 microns in
CFA. Whereas, ISA particles are irregular, aggregated, calcium to carbon rich whose size varies from 60 nm to 9 microns and
absence of well-organized spherical structures. The well developed and crystalline structure in CFA is due to the controlled
combustion parameter in thermal power plants during the burning of coal while incense sticks (IS) burning is under uncontrolled
manner. So, FTIR and XRD confirmed that the major portion of fly ash constitutes crystalline minerals whereas ISA have mainly
amorphous phase minerals. CFA have ferrospheres of both rough and smooth surfaced, which was absent from the ISA and
hence ferrous particles of CFA are of high magnetic strength. The detailed investigation of ashes will lead to the applications of
ashes in new fields, which will minimize the solid waste pollution in the environment.
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Introduction

Every year, a million tons of coal are extracted from mines in
India which are mainly used for the generation of electricity
by the coal-based thermal power plants (CTPPs) (Malav et al.
2020; Yadav and Fulekar 2020) while remaining is used as a
fuel, and in preparation of coal-derived material, for instance,
incense sticks paste (Ogunsona et al. 2020; Yadav et al.
2020a, 2020b). Due to such a huge amount of burning of coal
in thermal power plants (TPPs), annually, there is a generation
of million tonnes (MTs) of coal fly ash (CFA) (Kanchan et al.
2015). In the first half of the current year 2019–2020, about
406.91 MTs coal was used by the TPPs, which produced
129.09 MTs of fly ash, out of which 100.94 MTs (78.19%)
was consumedwhile remaining 28.15MTs was unused which
was dumped off in the near vicinity of the TPPs (CEA 2019).
The utilization of fly ash includes making of fly ash based
tiles, ceramics, bricks, panels, and in metallurgy (Cabral-
Pinto et al. 2020; Yadav and Pandita 2019; Sharma et al.
2015; Tavker et al. 2021). CFA are used in civil engineering
like dams construction, pavement blocks, road embankments,
fly ash construction, fly ash amended cements, land-fills,
bricks, and ceramic tiles. Nowadays, fly ash is used for the
manufacturing of kitchen panels as a substitute for granite
panels (Sharma et al. 2016; Golden Makaka 2014). Fly ash
are also used an economical adsorbents, for the wastewater
treatment (Yadav and Pandita 2019; Gupta et al. 2015). Fly
ash is also used in the manufacturing of geopolymers (Zhuang
et al. 2016) or zeolites (Gerardo et al. 2020) which finds ap-
plication in the research and industries. Besides these, fly ash
are also used in the recovery of value added minerals, ele-
ments in metallurgy, their separate structural components in
paints (Cabral-Pinto et al. 2014; Satapathy et al. 2010) and
thickening agent (Miricioiu and Niculescu 2020). While, coal
also finds application in the preparation of incense sticks paste
for the manufacturing of incense sticks or agarbatti (Yadav
et al. 2020b). The coal powder is mixed with, sawdust, Jigat
and fragrances where the role of coal powder is to facilitate the
smoother burning of incense sticks (Qin et al. 2019; Alam
et al. 2017).

India is one of the largest producer, exporter and consumer
of incense sticks in the whole world due to high demand of
incense sticks and availability of raw materials and labor
(Yadav et al. 2020c). In India, being a religious country, there
is a common practice of burning of incense sticks at most of
the religious places especially temples, mosques, and most of
the houses (Dewangan et al. 2013). Consequently, every year,
a million tonnes (MTs) of coal powder-based (which are gen-
erally black in color due to coal or charcoal) incense sticks are
lighted (Yadav et al. 2020c) that leaves behind a gray to an
earthen color residual product called incense sticks ash.
Moreover, in Hinduism ISA is considered sacred due to which
in a country like India, is always disposed of only in the river

and other water bodies. This situation gets more aggravated as
India is considered a land of religious places where every day
tons of ISA are produced and disposed of into the water bod-
ies. So, dumping of ISA into the river leads to water pollution,
by increasing the heavy metal content, water hardness and
alkalinity (Gupta et al. 2021; Yang et al. 2006). Indian incense
sticks manufactures uses calcium phthalate to minimize the
smoke in the incense sticks; consequently, ISA have compar-
atively higher calcium content than ISA of other countries
(Lin et al. 2008; Yadav et al. 2020a). Besides, this Indian
ISA also have a high amount of Mg, Na, and K alkali metals
(Yadav et al. 2020a, 2020c) due to the use of potassium nitrate
as a burning agent in white or colored incense sticks. As black
colored incense sticks use coal or charcoal powder which have
high ferrous, alumina, and silica content along with numerous
toxic heavy metals, so, all these elements are also present in
the Indian ISA.

As, both CFA and incense sticks use coal or coal powder
directly or indirectly (Lin et al. 2008, a) so it is assumed that
both the ashes have various similarities and differences be-
tween them. But as ISA has few other ingredients also so,
the composition of both CFA and ISA varies from each other
(Thipse et al. 2002; Abdelrazek et al. 2018). As coal is formed
from organic material so, it has numerous organic compounds
that burn in the thermal power plants during burning of coal
(Aich et al. 2019). The ferrous, silica, and alumina are present
in CFA in the form of ferro-aluminosilicate (Miricioiu and
Niculescu 2020), which is also expected in the ISA but the
concentration should be low. Both the ashes have numerous
amorphous and crystalline phase minerals or materials which
form during combustion (Yadav et al. 2020b) but the coal in
TPPs burns under controlled parameters whereas incense
sticks burn under uncontrolled conditions.

From the previously reported work, it is well known that
CFA is micron-sized, spherical shaped materials having struc-
turally variable particles like cenospheres (Manocha et al.
2011; Ranjbar and Kuenzel 2017), precipitators (Sear 2001),
plerospheres (Haustein and Kuryłowicz-Cudowska 2020),
ferrospheres (Liu et al. 2020; Choudhary et al. 2020;
Menazea 2020), and carbon particles including both unburned
and soots (Salah et al. 2016). CFA particles are the assembled
products formed by the combustion, melting, and solidifica-
tion of mineral components (Assi et al. 2020). Cenospheres
and plerospheres normally dominate the morphology in finer
fractions of CFA while larger particles may be irregular which
has variable amounts of bubbles and higher contents of crys-
talline minerals (Wrona et al. 2020). Based on minerals, CFA
has both inorganic and organic phases (Fuller et al. 2018).
Among inorganic phases (crystalline and non-crystalline),
three major crystalline phases are quartz, mullite, and spinels,
and non-crystalline or amorphous aluminosilicates glass
(Prochon et al. 2020). The major minerals in CFA consist of
mullite (3Al2O3·2SiO2), quartz (SiO2), aluminum oxide
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(Al2O3), hematite (Fe2O3), lime (CaO), gypsum, and rutile
(TiO2) (Liao and Guo 2019). There are variations in the phys-
ical, chemical, and mineralogical properties of CFA depend-
ing on the mineral composition of used coal and combustion
technology (Choo et al. 2020).

While on the other hand, the major fractions of incense
sticks are composed of organic matter which gets volatilized
during the combustion of incense sticks (Yadav et al. 2020b).
The complete combustion of incense sticks produces ash up to
one-tenth of the actual weight of incense sticks. Until now,
very limited information is available in the scientific commu-
nity about incense sticks ash production, utilization, chemical
composition, and application. Indian incense sticks manufac-
turers use around 15–25% by weight charcoal or coal powder
as an additive to the incense sticks paste to facilitate the
smoother burning of incense sticks (Yadav et al. 2020a). So,
the composition of ISA is expected up to 25–50% similar to
those of CFA. But the structural components could vary as
combustion of coal is carried out in a controlled system in the
TPPs (Marjanović et al. 2020) while the burning of incense
sticks is carried out in an uncontrolled manner (Wang et al.
2006; Yadav et al. 2020b). So, there is a possibility in the
variation of oxygen, temperature, and other environmental
factors in the combustion of coal and incense sticks. The com-
bustion of coal in TPPs is relatively carried out at very high
temperature, i.e., 900–1800 °C (Bartoňová 2015), whereas the
combustion temperature of incense sticks is below 150 °C.
Moreover, ISA may also have high unburned carbon contents
due to incomplete burning at lower temperatures. Secondly, it
could also be due to the organic content in the form of fra-
grance and bamboo sticks used. So, in order to know the
detailed information about the ISA their similarities and dif-
ferences with the CFA and their parent material, i.e., coal, it is
important to thoroughly characterize both CFA and ISA re-
veal the complete chemical composition, mineralogical and
morphological properties of the incense sticks ash.

The novelty of the present research works lies in the fact
that, here we have first time the comparative and descriptive
morphological and elemental analysis of fly ash and incense
sticks ash. The study will help in opening new horizons in
their recent and emerging applications especially for recovery
of value added minerals. Moreover, the current research
works, emphasizes the prerequisite conditions for obtaining
industrially important ISA and CFA.

The major objective of the current research work is to find
out the major similarities and differences between the two
types of ashes derived from coal. Another objective of this
current research work is to represent ISA as economical and
potential waste for the recovery of value added minerals like
carbon particles, ferrous, silica, alumina and calcium andmag-
nesium oxides. Another, objective of this work is to suggest a
safe and effective method for the disposal of ISA. One final
objective of the current research work is to find out the various

factors which are responsible for providing well developed
ceramic properties to CFA and irregular and unorganized
structure to ISA.

In the present research work, CFA was collected from
Gandhinagar TPPs, Gujarat, and ISA was collected from the
local temples in Gandhinagar, Gujarat, India. Both CFA and
ISA were comprehensively characterized by X-ray fluores-
cence spectroscopy (XRF), electron diffraction spectroscopy
(EDS), inductively coupled plasma-atomic emission spectros-
copy (ICP-AES), Fourier transform infrared spectroscopy
(FTIR), X-ray diffraction (XRD), particle size analyzer
(PSA), field emission scanning electron microscopy
(FESEM), and transmission electron microscopy (TEM) for
the detailed morphological, chemical and elemental proper-
ties. The present study will help in deciding the application
of these two by-products, either in the manufacturing of com-
posite materials from them or in materials like geopolymer or
zeolites. The geopolymer binders can be used as concrete,
masonry units, and concrete material (Ahmari and Zhang
2015). Moreover, the study will also help in determining their
possible future applications in addition to safe handling and
disposal.

Materials and methods

Sample collection

The CFA sample was collected from Gandhinagar thermal
power plant where the CFA was directly collected from the
electrostatic precipitator in the sterilized plastic silos. Incense
sticks ash (ISA) was collected in a sufficient amount for 4–5
days regularly from a temple situated Gandhinagar, Gujarat,
India.

Materials

Fly ash, incense sticks ash, sieve sets, beakers

Preparation of ISA and CFA

After bringing the ISA into the laboratory, it was sieved to
eliminate the larger particles, incompletely burned materials,
and bamboo sticks. Further, it was dried in an oven at 105 °C,
overnight to remove any moisture. Then the fine incense
sticks ash was analyzed by a series of characterization tech-
niques for the detailed elemental, morphological and mineral-
ogical properties of incense sticks ash. The CFA samples were
dried in an oven in the laboratory at 105 °C for 24 h before
analysis. Figure 1 shows the physiological appearance of coal
fly ash and incense stick ash.
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Characterization of CFA and ISA

The physicochemical analysis (pH, color, carbon content) of
both CFA and ISA was done. Inductively coupled plasma-
atomic emission spectroscopy (ICP-AES) helps in the detec-
tion of trace elements in CFA in the form of the liquid sam-
ples. The total element detection in both ashes was done by
ICP-AES in a liquid form. The samples for ICP-AES were
prepared by treating both the samples by aqua-regia and
digested on a hot plate at 180 °C until complete dryness.
About 0.5 g of CFA and ISA was taken in two separate
50 ml Teflon coated crucible into which initially 10 ml of
hydrofluoric acid (HF) was added and heated until dryness,
which was followed by addition of 10 ml conc. H2SO4, 10 ml
conc. HNO3 and finally 25 ml of conc. HCl. The sample was
filtered and the analysis was done by SPECTRO ARCOS,
Analytical instruments GmbH, Germany simultaneous ICP
Spectrometer. The X-Ray Florescence spectroscopy analysis
helps in the detection of major elemental oxides and chemical
composition of both CFA and ISA. The analysis was carried
out by using Horiba, Japan makes and model no. XGT-2700
X-ray analytical microscope fitted with High purity silicon
detector (XEROPHY) X-ray tube with Rh target. For XRF
analysis, about 5–8 g of CFA and ISA were mixed thoroughly
with the barium chloride, separately and a pellet was prepared
for the identification of major elemental oxides.

The FTIR analysis was done for detecting various function-
al groups, and microcrystalline structures present in the sam-
ples. FTIR analysis was carried out by a solid pellet method,
where the CFA and ISA samples were mixed separately with
KBr powder in the ratio of 2:98. The thoroughly mixed sam-
ples were then pressed by a mechanical press machine to
obtain a pellet. Further, the FTIR measurements of both the
samples were done in the range of 400–4000 cm−1 by using a
Perkin-Elmer spectrum 6500 instrument at a resolution of 2
cm−1. XRD was done for the phase identification of various
amorphous and crystalline minerals present in the CFA and
ISA. The XRD patterns were recorded using a PHILIPS

X’PERT PRO instrument equipped X’celerometer. The
XRD patterns were recorded in the 2θ range of 20–70° with
a step size of 0.02 and a time of 5 seconds per step at 40 kV
voltage and a current of 30 mA. The particle size analyzer is
based on a laser scattering technique that provides average
particle size or hydrodynamic size, particle size distribution,
and poly dispersity index (PDI).

For particle size analysis (PSA), a pinch of both the sam-
ples was taken in a tube to which double distilled water was
added. Further, both the samples were sonicated in an
ultrasonicator (Sonar 40 kHz) for 10 min. The dispersed sam-
ples were used for the PSA measurement at room temperature
by using a Malvern Zetasizer S90 (UK). Field Emission
Scanning Electron Microscopy was carried out to reveal the
surface morphology of the CFA and ISA. Moreover it was
also used to differentiate structurally, different types of parti-
cles in both the ashes. The analysis was carried out by Carl
Zeiss (NOVA, NANOSEM) FESEM, at variable magnifica-
tion. The analysis was carried out on by spreading ISA on
double-sided carbon tape and gold sputtering was done for
10 min. The elemental composition of ISA particles was in-
vestigated by the attached Bruker made EDS analyzer.
Transmission Electron Microscopy (TEM) helped in the de-
termination of the size and shape of various particles present
in both the samples. The shape and size analysis of CFA and
ISA particles was done on TECHNAI G2 F20 S-TWIN in-
struments operated at a voltage of 200 kV. For TEM and HR-
TEM measurements, the samples were prepared by drop-
casting the particles suspended in aqueous medium on
carbon-coated copper grids. The scattering area electron dif-
fraction (SAED) pattern was also analyzed on the same grids.

Results and discussion

Both CFA and ISA are direct and indirect by-products of coal.
Coal has high organic content along with Si, Al, Fe, S, C, and
O as major elements. Most of the organic minerals present in

Fig. 1 Images of coal fly ash (a)
and incense stick ash (b)

32612 Environ Sci Pollut Res (2021) 28:32609–32625



the coal and coal powder get transformed into their respective
inorganic form during the combustion of coal (Ward 2002),
and incense sticks. So, it is expected to have Si, Al, Fe, C, S,
and O as major elements in both the types of ashes.

The color of CFA varies from grayish black to white which
depends on mainly carbon content and on CaO content. The
higher the carbon content in the CFA the darker will be its
color, while the higher the calcium oxide (CaO) content then
the shade will be white. While, the color of ISA is mainly gray
to tan color due to the high amount of carbon content (Yadav
et al. 2020b). Moreover, Indian ISA has 50% calcium oxides
due to which it is mostly in white shade.

The texture of CFA particles is smooth and consistent be-
cause the burning of coal in thermal power plant is carried out
under controlled conditions, where the molten minerals from
coal gets sufficient time for cooling of the particle and attain
specific shape, and nature. Whereas, the consistency of ISA
particles is not like CFA, as it is not fine powder, rather some
particles are in coarse size, some in fine size while few will be
large unburned incense sticks particles or residue of bamboo
sticks.

The pH of CFA varies from 7 to 9 depending on the pres-
ence of alkaline materials in coal (Palomo et al. 2014).
Alkalinity and high pH of CFA are due to the presence of
CaO, Na2O, and other alkali metals (Fernández-Jiménez
et al. 2014). Wilińska and Pacewska (2019) reported that the
pH of CFA varies from acidic to alkaline based on the content
but it is mainly alkaline due to the presence of alkali metals
that form hydroxides. Similarly, the pH of ISA is also ranges
between 7 and 9, i.e., alkaline in nature. The alkaline nature of
ISA might be due to the increased formation of calcium hy-
droxides (Ca(OH)2), magnesium hydroxides (Mg(OH)2), and
sodium hydroxides (NaOH). The increased formation of
Ca(OH)2, Mg(OH)2, and NaOH was due to the high concen-
tration of Ca, Mg, and Na in ISA (Table 1) because these
metals form their respective hydroxides when get in contact
with water. Traditionally, a typical composition of incense
sticks consists of 21% (by weight) of herbal and wood pow-
der, 35% of fragrance material, 11% of adhesive powder, and
33% of the bamboo stick (Lin et al. 2008).

ICP-AES for detection of chemical elements

As the CFA is has a very harsh structure in which most of the
elements are present in complex bonds in the crystalline form
so the hydrofluoric acid leaches out firmly bound inert ele-
ments from the CFA particles. The qualitative analysis of
CFA indicated the presence of Ag, Al, As, B, Ba, Ca, Ce,
Cl, Co, Cr, Cu, Dy, Be, Eu, Fe, Ga, K, La, Li, Lu, Mg, Mn,
Mo, Na, Nb, Ni, P, Pb, S, Sc, Si, Sm, Sr, Th, Ti, V, Y, Yb, Zn,
and Zr (C, H, N, O, Hg, Cd).While the quantitative analysis of
the CFA sample revealed that most abundant element present
in CFA sample were silica, alumina, and iron along with C,

Cl, K, Na and S. It was noted that most of these major con-
stituents are volatile elements, which were formed due to the
high temperature and excellent burnout during the incinera-
tion process (Leelarungroj et al. 2018). The minor elements
were mainly heavy metals like Pb, Ti, and Zn. The other
elements present in very trace quantity were Ba, Cd, Co, Cr,
Cu, Mn, Ni, and Sr. Beside this, the CFA has several rare-
earth elements like Y (yttrium), Dy (dysposium), Yb, V, Er
(erbium), Ce (cerium), Sc (scandium), Sm, and Lu. Besides
this, it also has radioactive elements like thorium (Th).
Besides this, it has several toxic heavy metals like Ni, Zn,
Pb, Cd, Cr, Co, Mn, Mo, and Co. It has alkaline earth metals
(Be, Sr, Ba, Mg), alkali metals (Li, Na, and K), and metalloids
(B and Si).

ISA also has most of the elements present in the CFA
sample, except As and Hg, while Al andMgwere not detected
in the samples. The ISA consists heavy metals, like Cu, Co,
Sr, Cr, Pb, Cd, Ni, Zn, andMo (Verma et al. 2014). Among all
the heavy metals, Mn was present in the highest concentration
and Cd was present in the least concentration in the ISA liquid
sample. The dumping of such ashes onto the land or in the
water bodies may pose a potential threat for the vegetation and
aquatic organisms due to the leaching of toxic heavy metals
into the soil and water. However, the leaching of heavy metals
depends on the pH of the soil and water. The lower pH and
acidic conditions favors the leaching of most of the metals

Table 1 Concentration of elements present in CFA and ISA detected by
ICP-AES

Elements CFA (mg/ml) ISA (mg/ml)

Al 125.5 -

Fe 123.0 378

Mg 41.9 -

Mn 97.1 24.98

Cd 80.2 0.002

Co 96.9 0.305

Cr 95.3 1.771

Cu 88.6 3.602

Ni 95.2 1.284

Pb 0.9 0.156

Zn 109.0 2.825

Ca - 195.8

Mo - 0.056

Se - 0.014

Sr - 5.327

Ti - 0.120

Li - 0.259

Sb - 0.164

V - 0.378

As 1132.5 μg/l -
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from CFA and ISA while the higher pH or alkaline conditions
slows down the leaching of heavy metals (Prasad and Mondal
2008; Leelarungroj et al. 2018). Table 1 shows the concentra-
tion of elements present in ISA and CFA.

XRF: major oxides in CFA and ISA

XRF is a fast, economical, reliable non-destructive method for
the quantitative analysis of elements from Fluorine to
Uranium in their oxides forms (Misra and Mudher 2002).
The composition of major elements in the oxides form of
CFA and ISA are given in Table 2. The major elemental ox-
ides of CFA as given in Table 2 is silica (SiO2), alumina
(Al2O3), ferrous (Fe2O3), sodium dioxide (Na2O), and titani-
um dioxide (TiO2) which alone comprises 96.6% and the re-
maining 3.4% is constituted by oxides of Ca, Mg, Na, K and
P. The silica content is 56.98%, alumina 27.07%, and ferrous
oxides is 5.4%, so the total ferro aluminosilicates content is
89.4% in the CFA. Even if CaO will also be included then this
value will reach 90.4%. Besides this CFA also have CuO
(0.2%) and SrO (0.02%) as toxic heavy metal oxides. While
the major elemental oxide of ISA is calcium oxides, silica,
alumina, ferrous, potassium oxide, phosphorus oxide, and
magnesium oxide; all these major elemental oxides constitute
about 95.11% while the remaining 4.89% is constituted by
oxides of trace elements. The total FAS content in ISA is
about 29.41% while on the inclusion of CaO this value
reached 79.63% for Ca + FAS. The ISA is a complex mixture
of Ca, Si, Al, Fe, C and Mg having a heterogeneous distribu-
tion of elements on the surface. Besides this, ISA also has Na,
K, Mg, Ti, Ni, Cu, Sr, P, and S in the form of oxides in a small

amount. Besides this, ISA also has toxic heavy metal oxide,
i.e., CuO (0.87%), and SrO (0.12%). It has numerous toxic
heavy metals also, in small quantity so, it was not detected by
the XRF as it can detect only major element oxides.

The XRF analysis of both CFA and ISA revealed that
though both ashes have been derived from coal, as the CFA
is directly derived from coal so, there is a high content of FAS
in CFA, i.e., 89.4% while in ISA it was 29.41% only as in
incense sticks paste a small fraction of coal powder is added
(Ramya et al. 2013). So, the FAS content in CFA was almost
three folds than the ISA because their parent coal has majorly
these three elements only along with sulfur (Yadav and
Fulekar 2020). While in incense sticks as only a small amount
of coal powder is used so the FAS content is low.While based
on the source of coal, fly ash could be class F and class C,
where class F is derived from anthracite and bituminous
source of coal, and total FAS content is more than 75% and
CaO is less than 5%. So, the CFA belongs to class F (Yadav
and Pandita 2019), whereas Indian incense sticks use Ca
phthalate so, there is high CaO content in ISA; While the
potassium oxide content is very high in the ISA in comparison
to the CFA.

The major differences between the elemental compositions
of CFA and ISAmight be due to the fact that CFA comes from
clay and quartz in the coal, and iron-bearing mineral-like py-
rite in the coal provides Fe2O3 content in CFA. The source of
the CaO and SO3 in CFA is calcium, mostly from calcium
carbonates and calcium sulfate in the coal. Such types of low-
lime CFA are the typical characteristic feature of Indian fly
ashes that have higher alumina, silica and lower ferrous con-
tent (Ayanda et al. 2012). This indicates the higher fusion
temperature and consequently lower chances of formation of
glass.

The CFA reactivity depends on the glass content and other
minerals phases present in it (Jóźwiak-Niedźwiedzka et al.
2018). Here the network formers (F + A + S = 87.77%) and
network modifiers (Na2O + K2O + CaO + MgO = 9.285%)
ratio are much higher and imbalanced in the CFA. The ratio of
network formers to network modifiers is 9.45, which indi-
cates the lower glass content present in the CFA
(Aughenbaugh et al. 2016). While the network formers (F
+ A + S = 29.41%) and network modifiers (Na2O + K2O +
CaO + MgO = 62.73%) ratio in ISA is much low which is
0.46% which is much lower the CFA. The ISA has a com-
paratively higher amount of both the toxic heavy metal
oxides, i.e., CuO and SrO. CuO was more than four folds
in the ISA than the CFA and SrO was 6-fold in ISA than
the CFA. Both the heavy metal oxides were present in
higher amounts in ISA than CFA even when only a small
fraction of coal powder was used in the incense sticks
paste. So, in the ISA the source of both CuO and SrO
might be other than coal. Table 2 shows the XRF analysis
of the elemental oxides present in CFA and ISA.

Table 2 Elemental
composition of CFA and
ISA by XRF

Elements CFA (%) ISA (%)

SiO2 56.98 20.36

Al2O3 27.07 4.77

Fe2O3 5.40 4.28

MgO 0.00 3.91

P2O5 1.95 3.94

CaO 1.096 49.61

K2O 1.16 8.24

TiO2 2.90 0.60

Na2O 4.25 0.97

MnO2 0.06 0.15

SO3 0.04 3.77

CuO 0.20 0.87

SrO 0.02 0.12

Total 100.67 99.99

Si/Al Ratio 2.10 4.26

F + A + S 89.45 29.41

Ca + F + A + S 90.54 79.02
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EDS analysis for elemental composition of CFA and
ISA

The EDS analysis of CFA and ISA reveals the major elements
present on their surface. The EDS spectra were obtained by
selecting an area on the sample, the beam was focused and
elemental data was acquired. Nevertheless, the predominant
elements in all the CFA particles are Al, Si, C, O, and C where
Al was mainly associated with the silicon (Ohenoja et al.
2020). The compositions of these four elements vary from
region to region of CFA particles along with the minor ele-
ments but generally, Si-Al is more prevalent on the CFA par-
ticles. The carbon indicates the unburnt carbon and soots pres-
ent in the CFA (Fuller et al. 2018); While Ca, Mg, Na, and Ti
are present in the form of oxides along with Al, Si, and Fe with
varying composition. The EDS analysis of fly CFA reveals the
chemically and elementally heterogeneous nature of the CFA,
as the elements are present unevenly on the surface of CFA
particles. The EDS of CFA revealed that about 72% of the
particle is made up of aluminosilicates. Figure 2a exhibit the
EDS spectra of CFA, which clearly show prominent peaks for
C, Si, Al, Fe, O, Mn, Mg, Ca, Na, Ti, P, and K. The highest
element present was O, Al, Si, and Fe in the CFA while Mg,
Ca, and K were present in small amount, i.e., below 1%.

While the EDS spectra of ISA in Fig. 2b show peaks for
Ca, O, Si, Al, C, Mg, and K. These elements are present
mainly in the form of oxides. Carbon is present in the highest
percent, i.e., 31.28% which is due to the bamboo sticks, fra-
grance material, and sawdust and coal powder. All these are
sources of carbon content in the ISA. The higher carbon
source is also due to the utilization of wood chips and powder
which facilitates the ignition of incense sticks. Carbon is due
to incomplete burning, soots, and PAH (polyaromatic hydro-
carbons) and PCHs (poly cyclic hydrocarbons) present in the
incense sticks. Ca was present in 21% which is due to the use
of calcium source in the incense sticks. Silica content is 3.59%
followed by traces of K, Mg and Al 1.45, 1.53, and 1.12%
respectively. The elemental composition obtained by
FESEM-EDS is justified by the XRF data of ISA.

The elemental composition detected by the EDS revealed
that both the ashes have almost the same elements, which are
given above in the table, except Fe and Ti which was present
in CFA and not detected in ISA; though both the elements
were detected by the ICP-AES and XRF. This could be be-
cause of the reason that the Fe and Ti might be unevenly
distributed on the surface of ISA particles.

The major elements in ISA were O, C, and Ca which has a
total composition of about 92.82% (wt.); while in CFA, the

Fig. 2 EDS spectra of CFA and
ISA
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major elements were O, Al, Si, and Fe. Calcium was present
much less amount in the CFA as it belongs to class F CFA
(derived from higher grades of coal) moreover incense man-
ufacturers add calcium phthalate to minimize the smoke re-
leased by the incense sticks. As the CFA has a complex mix-
ture of FAS, so it was present in a much higher amount in
CFA than the ISA. While, Ca content was almost 84 times
more in ISA than the CFA, which was due to two reasons:
firstly due to the addition of Ca phthalate in the incense sticks
paste and secondly here the CFAwas class F which have CaO
content less than 15%. Table 3 presents the elemental compo-
sitions o CFA and ISA based on EDS analysis.

XRD for phase identification

Generally, CFA particles have 60–90% amorphous while re-
maining are crystalline (Rosas-Casarez et al. 2018; Shi-Chih
and Hsiang-Sheng 1993). The various crystalline phases of
CFA are mullite with major 2θ peaks at 26.27°, and 41.12°
with d-spacing at 3.328 Å and 2.19 Å respectively. Quartz has
major 2θ peaks at 26.78°, 50.018°, and 60.86° with d spacing
at 3.32 Å, 1.82 Å. and 1.52 Å respectively. While iron oxides
like hematite have 2θ peaks at 33.53°, with d-spacing at 2.67
Å, and magnetite has 2θ peaks at 35.49° and 54.15° with d-
spacing at 2.52 Å and 1.69Å respectively (Wrona et al. 2020).
A small peak of calcite is also there at 37°, due to the small
content of CaO in class F CFA. Besides this, it also has an
amorphous glass phase, which is due to the silica, which
shows a hump from 2 theta 20° to 30° (Li et al. 2011).

The XRD diffraction pattern of CFA and ISA is shown in
Fig. 3b reveals that the CFA is generally a complex material
consists of alumina, silica, and iron in the forms of mullite,
quartz, magnetite, hematite, calcite, and cristobalite (Cabral-
Pinto and Ferreira da Silva 2019; Valeev et al. 2018). Mullite
phases are derived from the kaolinite minerals at a temperature
above 1000 °C (Suriyanarayanan et al. 2009).

All these formed during the combustion reaction be-
tween the quartz and other minerals phases present in the
parent coal. The hematite is formed from the pyrite ores
during the combustion of coal at temperature 400–700 °C
which is further transformed to magnetite at higher temper-
ature, i.e., 1390 °C. Figure 3b shows a typical XRD pattern
of the CFA sample.

While the XRD pattern of ISA in Fig. 3a reveals peaks for
the various crystalline and amorphous mineral phases. A small
peak at 2θ, 20.82° is due to the carbon or soot particles present
in the ISA particles in large content. A small intensity peak at
2θ, 26.68° is due to the quartz (Alehyen et al. 2017) and a
small hump at 28.24° is due to the amorphous silica. A very
strong and sharp peak at 2θ, 29.40° is due to the crystalline
phase of calcium carbonate (Shakkthivel et al. 2005) and sev-
eral small peaks at 2θ, 35.5, 39.5, 43.1, 47.5, and 48.5°. All
these peaks are related to the calcite minerals. The calcite
peaks are similar to the work done by (Pal and Gautam
2012). Two small peaks at 2θ, 33.3°, and 36.0° are due to
the iron oxide phases, which could be due to the hematite
and magnetite phase (Shoumkova 2010; Gomes and
François 2000). Both the iron oxides are crystalline in nature.

Table 3 Elemental composition of CFA and ISA by EDS

Elements Weight % (CFA) Weight% (ISA)

O 34.21 41.33

Al 12.15 1.12

Si 10.82 3.09

C 1.10 31.28

Fe 3.50 -

K 0.73 1.45

Ti 1.02 -

Mg 0.13 1.53

Ca 0.24 20.21

Total 63.91 100.00

Fig. 3 XRD diffractogram of CFA (a) and ISA (b)
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ISA particles have both amorphous and crystalline phases
where amorphous phases are due to silica while crystalline
phases are due to the calcite, magnetite, and hematite. From
the above analysis, it is found that CFA has major minerals in
the form of quartz, mullite, magnetite, and hematite (Vu et al.
2019). While the ISA has calcite, magnetite, and hematite as
the major phases where the calcite phase is most prominent
with almost 50% which was also supported by the XRF and
EDS data.

FTIR for functional group determination

The FTIR is mainly considered for the identification of func-
tional groups present in both the samples. Moreover, it is also
used for the determination of the microcrystalline nature of the
particles. Here FTIR is used for identification of the bands
corresponding to the Si-O-Si/ Al-O-Al, S-O, Fe-O, and C-O
bonds in both CFA and ISA (Jeyageetha and Kumar 2013).
Figure 4 reveals FTIR spectra of CFA where a broad band
around 3400–3000 cm−1 are attributed to the surface -OH
group of a characteristic of silanol (-Si-OH) and adsorbed
water molecule on the surface (Choo et al. 2020; Khatri and
Rani 2008). The band around 1635 cm−1 is assigned to the
bending vibration of –OH groups of water molecules. The
range from 1200 cm−1 to 500 cm−1 represents to quartz and
mullite phases of CFA (Mollah et al. 1999). The band at 1088
cm−1 is attributed to the v3 SiO4 stretching vibrations
(Benarchid et al. 2005) in silicates like quartz, cristobalite,
and amorphous silica.

The band around 902 cm−1 originates from Al-O symmet-
ric stretching vibrations from mullite and band around 562
cm−1 is attributed to Al-O-Al/Si bending vibrations (mullite).
The band at 455 cm−1 is also attributed to O-Si-O/Al-O-Al
symmetric bending vibration of quartz and silica (Fernández-
Jiménez and Palomo 2005), and in case of tectosilicates like

quartz, cristobalite, an additional band is observed at 561 cm−1

(Lee and Deventer 2002; Jaarsveld et al. 2003).
FTIR spectra of ISA exhibit a small band at 3452 cm−1

which is attributed to the -OH molecule which is either due
to adsorption of a water molecule on the surface of the particle
or due to the organic molecule in the ISA (Jeyageetha and
Kumar 2013). The band at 2863 cm−1 is attributed either due
to the presence of carbonate group in the ISA. While the band
at 2513 cm−1 is attributed to the atmospheric carbon adsorbed
on the surface of the ISA particles (Bacsik et al. 2004). A
strong and sharp band at 1448 cm−1 is due to the carbonate
group of calcium carbonate (Reig et al. 2002). While the car-
bonate bands are also at 800 cm−1 and 700 cm−1 (Shan et al.
2007). The spectrum showed vibrational bands at 1448 cm−1,
876.72 cm−1, 712.72 cm−1, and 409.891 cm−1 indicates plane
bending vibration of carbonate (Hariharan et al. 2014). A
weak band at 1010 cm−1 is due to the silicates present in the
ISA particles, which are attributed to the Si-O-Si/Si-O-Al
(Khale and Chaudhary 2007). These silicates are due to the
addition of coal powder in the incense sticks which have a
high amount of silicates in them. While the calcium carbon-
ates are due to the addition of calcium derivatives in the in-
cense sticks mixture to reduce the pollution released by the
burning of incense sticks. Table 4 gives an account of peaks
on the basis of FTIR analysis.

From the FTIR analysis, it was found that both the ashes
have silicates, aluminates, and ferrous due to the presence of
silicate bond (Si-O-Si), Si-O-Al bond, and Fe-O bonds. While
Ca-O and CO3

2− bond was more prominent in the ISA sample
which was almost negligible in the CFA (Yadav et al. 2020b).
This was because of high amount of either oxides or carbon-
ates of calcium in ISA and lower content of calcium oxide
(CaO) in CFA. ISA also has peaks for carbon compounds in
the range of 1600–1400 cm−1 which was not more prominent
in the CFA as it has low carbon content which was also evi-
denced by XRF and EDS. So, it is confirmed that both the
ashes have several groups in common, which might be com-
ing in them from their parent source, i.e., coal.

Particle size analyzer for measurement of particle size
distribution

The CFA and ISA particles were firstly dispersed in distilled
water under ultra-sonication for 15 min at 15 kHz frequency.
The prepared colloidal liquid was then taken for PSA mea-
surements and the graph shown in Fig. 5a, b. For the good
result, we have repeated this measurement two times with 1
min/cycle run. The obtained particle distribution along with
size, average size, and PDI values are shown in the graph. The
CFA particle average size was 788.8 nm, while most of the
particles were of size 800.6 nm in diameter with PDI 0.243.
While the ISA particle size was 487 nm size and PDI was
0.526 as shown in Fig. 5b. The larger size of the particlesFig. 4 FTIR spectra of CFA and ISA
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especially may be due to calcium carbonate and ferrous parti-
cles were obtained considering its hydrodynamic radius of
water molecules as solvent (dispersion medium) and thus
large size was observed. The polar molecules of the ISA and
water interact onto to the surface obeying electrostatic induced
interaction and may be due to that hydrodynamic sphere con-
sidered during particle size analysis in PSA. Here, the PDI
value indicates the fine distribution of ISA particles in the
water solvent as the PDI value is found to be 0.526.

FESEM for surface morphology

FESEM is one of the most reliable and widely used techniques
for the morphological features as well as identification and
characterization of the various particles present in both CFA
and ISA. Figure 6a shows FESEMmicrographs of CFA at 200

μm, which shows the spherical shaped particles whose sizes,
vary from 0.2 to 7 μ. While Fig. 6b shows spherical CFA
particles at 1 μm scale, where smaller particles are also more
abundant than the larger particles. There are few elongate-
elliptical aluminosilicates ash particles (Chang et al. 1999)
also in both the images which indicates that the residence time
in the high-temperature zone of the furnace was too short for
complete spheridization (Raask 1986). While Fig. 6c shows
spherical CFA particles at 1 μm scale, where the particles are
showing rectangular shaped particles, which could be deposi-
tions of aluminum in the form of mullites. While Fig. 6d also
shows spherical shaped CFA particles, at 200 nm scale, where
the particles are showing rectangular deposits on their surface.
This indicates that the matrix has formed earlier from the
molten slag and then there is the deposition of rectangular
particles on their surface during cooling and condensation
(Lee et al. 2002). Moreover, the external surface of most of
the particles are smooth in nature.

Besides this, the CFA particle also has plerospheres which is
not shown over here (Goodarzi and Sanei 2009). Plerospheres
are particles that encapsulate numerous smaller particles within
them (Sun et al. 2008). Figure 7a–d reveal the FESEM micro-
graphs of ISA, which is clearly evident that particles are highly
aggregated and present together to form lumps (Kirubakaran
and Santhoshraja 2017). The ISA particles are generally irregu-
lar in shape (Fig. 7a) whose size varies from 300 nm to several
microns. Some of the particles are stacked one above the other to
form a cylindrical shape structure (Fig. 7d).

CFA particles also have ferrous rich spherical particles
called as ferrospheres as shown in the Fig. 8a. The size of
the ferrospheres from CFA over here is 4.5–6 μ and it is
evident that the ferrospheres have either angular or spherules
depositions on their surface. These deposited particles are fer-
rous which are responsible for providing magnetic properties
to them. Therefore, the CFA particles have morphologically
different particles like cenospheres, aluminosilicate spheres,
ferrospheres, and cenospheres of variable sizes. Ferrospheres
and cenospheres are more prominent in the CFA than other
particles. Besides this, they also have solid spheres (precipita-
tor), and irregular unburned carbon (Hwang et al. 2002; Dey
and Pandey 2016). From the FESEMmicrographs and EDS, it
was revealed that the mixed ferrous-aluminosilicate content of
the fly ash grains varies in intensity and texture.

Table 4 Major FTIR assignments
of CFA and ISA 0 Nature of bands CFA ISA Minerals

(-Si-)O-H 3055 3452 -

O-H 2323.6 -

Si–O–Si Asymmetric stretching 1094 1010 -

Si–O–Si Asymmetric stretching 896.36 906, 832 -

Si-O-Al Stretching vibration 573 697 Aluminosilicates, mullites

O-Si-O band Bending vibration 447 444 Quartz

Fig. 5 Particle size distribution graph of CFA (A) and ISA (B)
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Fig. 6 FESEM micrographs of
CFA particles at lower resolution
(a–c), CFA particles at higher
resolution along with rectangular
deposits (d)

Fig. 7 FESEM micrographs of
ISA at different resolution
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Morphological analysis of CFA and ISA particles by
FESEM showed that CFA particles are mainly spherical
shaped of size 0.2 to 7 microns whereas the ISA particles were
irregularly shaped whose size was varying from 300 nm to
several microns. The regular spherical shape of CFA could be
due to the combustion of coal matters in burner under con-
trolled conditions which might have provided sufficient time
to the molten slag to take a suitable spherical shape at high
temperature. While the deposited particles are due to the de-
positions of particles on the preformed spherical particles in
CFA.

Contrary to this, in ISA, as the temperature is not as much
as that of the furnace, so the content does not reach the molten
state, so the particle rearrangement in shape is not possible.
Moreover, since ISA has high carbon content so the shape is
also irregular in ISA particles. The unburnt incense particles
had larger particle size, i.e., 1–20 microns whereas the ash of
incense sticks contained particle size of about 300 nm.

In spite of non-ferrous particles there are ferrous rich par-
ticles in both the types of ashes (Table 2) which have either
depositions of ferrous on a preformed cenospheres or alumi-
nosilicate spheres surface. Secondly, spherical shaped ferrous
particles, having even distribution of ferrous on their surface
known as smooth ferrospheres, formed from molten slag of

the coal during combustion of coal in the furnace. The ferrous
particles of CFA are spherical in shape along with angular iron
oxide particle depositions on their surface which is shown in
Fig. 8a. CFA have ferrous particles having granular or spher-
ule shaped iron oxide depositions on their surface. The ferrous
particles of CFA are mostly spherical in shape which has
either angular, granular depositions and has rough texture
while few spherical particles could be smooth-surfaced (Fig.
8a, b) and due to spherical shape such particles are called
ferrospheres (Vu et al. 2019; Yadav and Fulekar 2020).
Their size is also similar to normal fly ash particles, i.e., in
microns; while the ferrous particles of ISA are irregular
shaped, small in size, highly aggregated to form a lump as
shown in Fig. 8c, d. So, the ferrospheres of CFA are well
organized, having a high amount of ferrous particles, and
hence more magnetic in nature than the ferrous particles of
ISA. But the ISA ferrous fractions have a large amount of
carbon than the ferrous particles of CFA (Yadav et al.
2020a, 2020b).

TEM: morphology of CFA and ISA

The internal morphology of CFA particles is very diverse and
complex (Fan et al. 2016; Thipse et al. 2002). The TEM

Fig. 8 FESEM of ferrous
particles of CFA (a and b) and
ISA (c and d)
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analysis of CFA reveals that the particles are spherical in
shape with varying sizes. The size of CFA particles are
500 nm to several microns, where few particles are smaller
than 200 nm while few are of 4–5 μ. Some of the CFA parti-
cles are dense black in color, spherical-shaped, rich in metallic
content, i.e., Al and Fe and devoid of carbon content as in Fig.
9a. The light-dark or brighter particles are either Si-rich or
carbonaceous particles (Chen et al. 2005) as shown in Fig.
9c and devoid of Fe or Al like electron rich elements. There
are presences of carbonaceous particles also mainly soots,
chars, and unburned carbon in the CFA, which are generally
irregular in shape and brighter in color under the TEM field.
The scattering area electron diffraction (SAED) pattern indi-
cates the crystalline nature of the CFA particles as shown in
Fig. 9d. The CFA fractions with larger particle size contained
more unburned carbon than those with finer particle size. The
unburned carbon as a porous material could have a greater
surface area than the CFA particles, contributing to increase
in specific surface area in CFA fractions with larger particles
and more unburned carbon (Zhu et al. 2013).

In Fig. 10a, b, TEMmicrographs of ISA particles reveal the
larger aggregated particles of variable sizes. The scanned area
was under the range of 1 micron to 50 nmwhich included dark
color solid particles along with light aggregated clusters

including irregular shape and sizes as ISA has involved dif-
ferent solid, semi-solids contents on it. It is predicted that the
dark larger dense particles are corresponding to high weighted
ferrous and electron-rich regions (Fig. 10a) while Fig. 10b
shown brighter color images suggesting the lightweight
carbon-rich particles along with smaller sizes as compared to
ferrous rich region. So both the light and heavyweight con-
tents of ISA particles respond differently under TEM analysis
in terms of darker and brighter aggregated particles.

For the crystalline nature of the scanned particles, the scat-
tering area electron diffraction (SAED) pattern is taken which
shown a crystalline solid diffraction pattern for the involved
contents like ferrous and calcium particles. The scattered dif-
fraction pattern indicates the polycrystalline nature of the ISA
particles (Fig. 10d) which have 0.26 nm d spacing (Zhang
2014) as shown in Fig. 10c. The TEM analyses of both CFA
and ISA revealed that CFA particles are spherical, well orga-
nized, and electron-dense means rich in metals (Assi et al.
2020). On the other hand, ISA particles are irregular shapes
and variable sizes which have dark as well as light particles
which indicate the presence of a large number of carbon par-
ticles. The brighter particles are less electron-rich particles like
carbon. While SAED pattern reveals that both the particles are
polycrystalline in nature which was also justified by the XRD.

Fig. 9 TEM images of CFA (a–c)
and SAED pattern (d)
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Conclusions

The coal collected from the thermal power plant, belonged to
class F, which has 87% FAS and less than 1% CaO. This
clearly indicates that the thermal power plant uses better grades
of coal, i.e., either bituminous or anthracite coal. The fly ash
has 47% silica, 25% alumina, and 15% ferrous, which makes
them suitable for the recovery of these value added minerals.
Further, fly ash may also be applied in the field of zeolites and
geopolymers due to their high silica to alumina ratio. In gen-
eral, CFA finds applications in ceramics, civil engineering, and
metallurgy. The XRF, ICP-AES and EDS revealed the pres-
ence of 46 elements in CFA. As, the CFA are derived from
coal so they represents their parent molecule, i.e., coal. FTIR
and XRD investigation of CFA revealed the presence of mull-
ite, quartz, amorphous glassy silica and iron oxides as crystal-
line minerals. While microscopic investigation of CFA by
FESEM and TEM revealed the presence of well organized,
spherical shaped ferrospheres, plerospheres and cenospheres
whose size was varying from 0.02 u to 7 microns.

While, on the other hand the total FAS content in ISA was
29.41% and CaO alone was 49.6%, this was due to the lesser

amount of coal powder in incense sticks. While the higher
amount of CaO in ISA is due to the utilization of calcium
phthalate in order to minimize the smoke released from in-
cense sticks. The XRF, ICP-AES, and EDS revealed the pres-
ence of almost similar elements as of CFA. While FTIR and
XRD analysis of ISA revealed the presence of silicates, cal-
cites, and iron oxides along with carbonates. There was ab-
sence of crystalline minerals from ISA, as in CFA. While,
microscopy of ISA revealed that the well-developed, spherical
structures were absent from the ISA. Instead, the ISA particles
were mainly, carbon and calcium rich, irregular whose size
was varying from 300 nm to several microns.

So, from the detailed instrumental analysis of CFA and
ISA, it was concluded that temperature plays a major role in
deciding the shape of the particles; so, CFA has obtained
better shape due to combustion at higher temperatures in com-
parison to incense sticks. Moreover, CFA has morphological-
ly, other spherical shaped particles like ferrospheres and
cenospheres and precipitators which were missing from the
ISA. Cenospheres were more prominent than the ferrospheres
in the CFA particles wherein ISA irregular carbon particles
were more dominant. Both have unburned carbon and soots,

Fig. 10 TEM micrograph of a
ferrous rich region, b carbon-Ca
rich region, c HRTEM-d spacing,
and d SAED pattern
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due to incomplete combustion of coal or incense sticks but
comparatively ISA have several folds higher amount of un-
burnt carbon due to bamboo sticks, fragrances, binder, and
wood chips. Both the ashes have several toxic heavy metals
whose direct disposal to rivers and their use as land-fills may
challenge a potential threat to the living beings due to heavy
metal leaching from them to nearby areas. Based on the CFA
composition and comprehensive analysis, it is suitable for
recovery of ferrous, silica and alumina as value added min-
erals. While ISA could be applied for the recovery of calcium
oxides or carbonates, magnesium oxides, silica, ferrous, and
carbon particles. The possible suggested applications of CFA
and ISA may act as an economical and renewable source of
value added minerals by minimizing the solid waste pollution
from the environment.
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