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Magnetic nanoparticles have gained huge importance in the last ten years. They have found tremendous applications in the field of
medicine, electronics, and environmental cleanup. The synthesis of amorphous iron oxide nanoparticles (AIONPs) is expensive
making its applications highly overpriced. This research study reports the synthesis of AIONPs from waste incense sticks ash (ISA)
in two steps. The first step is the recovery of ferrous fractions from ISA, followed by concentrated HCI treatment of magnetic
fraction along with ultrasonication. And the second step includes treatment of ferrous-rich leachate with sodium hydroxides. The
size of synthesized AIONPs varied from 40-90 nm and were highly aggregated due to the formation of large clumps. Cytotoxicity
of synthesized AIONPs was determined on a normal human lung (BEAS-2B) cell line by using an MTT assay. Data showed that
AIONPs induced cell toxicity in a dose-dependent manner. The particles were mainly spherical to rod-shaped and highly
aggregated, it was confirmed by the microscopy analysis. The Fourier transform infrared (FT-IR) and Raman spectroscopy
revealed the Fe-O, Si-O-Al as major functional groups in the AIONPs, while X-ray diffraction (XRD) revealed the amorphicity and
physical property measurement system (PPMS) revealed the magnetic strength of the synthesized AIONPs. Finally, the AIONPs
particles were applied for the remediation of Congo red dye from the wastewater by the adsorption method, and about 72%
removal was achieved after one hour. The utilization of such ISA waste, for the synthesis of value-added minerals and their
utilization for environmental cleanup, makes this whole process cost-efficient and environment-friendly.

1. Introduction in comparison to the bulk materials [1-4]. Out of all the

NPs, magnetic NPs are extensively applied in the field of
Nanoparticles (NPs) and nanotechnology have drawn the medicine [5], environmental cleanup, and research [6, 7].
attention of the whole world in the last few decades. They =~ The ferrous-based iron oxide nanoparticles (IONPs) have
are known to have remarkable phenomena at the nanoscale =~ numerous advantages over other magnetic particles (Ni,
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Co, etc.) [8]. Magnetite has both ferrous and ferric ions, and
IONPs have both crystalline and amorphous forms. This is
the reason for IONPs being widely used in both medicine
[9] and environmental remediation [10]. Among the crystal-
line and amorphous forms of iron oxide [11], the latter one
has a specific role in sensing [12], gas sorption [13], and
electrode materials [14]. An amorphous iron oxide nanopar-
ticle (AIONP) [15] has a larger surface area in comparison
to the crystalline IONPs [16]. This is because the disturbed
surface structure along with a huge number of unsaturated
bonds enhances their catalytic activity and superparamag-
netic behavior [17]. The current production of AIONPs
employs the use of iron oxide particles. These are expensive
and energy-intensive processes [18]. The synthesis of
AIONPs from ferrous rich waste material acts as a sustain-
able and reliable source of AIONPs. The waste from iron
and steel industries, iron scraps [19], coal fly ash (CFA)
[20], bauxite [21, 22] and incense sticks ash [23] have an
appreciable amount of ferrous which is already well proven
in the literature [24, 25]. Out of all these byproducts, ISA
is one of the most overlooked by-product, especially in
South Asian countries including India and Myanmar. In
India, ISA is considered sacred and is mainly disposed into
the rivers or water sources [24, 26]. Earlier Yadav
et al.,2020 [24] reported that ISA has 50-60% oxides of cal-
cium and magnesium and traces of heavy metals, which
may pollute the freshwater [24]. Besides, calcium and mag-
nesium ISA also have silica (~20%), ferrous, alumina 5-8%
each, several trace elements and numerous toxic heavy
metals like Cd, Ni, Co, Cu, As, Mo, Pb, Hg etc. [24, 27]. This
is a potential challenge to the aquatic living organism in the
aquatic systems and also to human beings. India is the
fourth-largest producer of incense sticks and the third-
largest consumer of incense sticks in the worldwide [15].
So, a huge amount of ferrous can be recovered from the
ISA from India alone, though the exact amount of ISA pro-
duction and generation is not available with Government.
Until now, very few attempts have been made to utilize
ISA for any scientific applications. An economical adsorbent
for the removal of Victoria blue dye from the aqueous solu-
tions by Jain et al., 2020 [28] is one study that has been
reported. Another one is the synthesis of IONPs by Yadav
et al., 2020 [24]. Both the authors reported that ISA is highly
porous and thus it holds a promising role as an economical
and efficient adsorbent for environmental cleanup. Yet there
is no study conducted to recover the different components of
ISA and utilize them for the synthesis of IONPs. So, to fill
this gap this research study was conducted. Though numer-
ous techniques have been applied for the synthesis of
AIONPs, but sonochemical methods have certain advan-
tages over techniques. The synthesis of AIONPs requires a
high cooling rate which can be fulfilled only by sonochem-
ical techniques. In this technique cooling rate can be
achieved up to ten million degrees per second [29-32].

The natural water systems are heavily polluted with sev-
eral textile dyes which are very harmful to the environment
due to their toxigenic and carcinogenic properties [33]. One
such diazo textile dye is Congo red (CR) which are the most
widely textile dye. It is used to dye cotton [34], paper [35],
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calico printing [36], and most commonly in stain histologi-
cal laboratories [37, 38]. It is one of the most commonly
used dyes for the visualization of amyloid fibers [39]. There
are several reports where it has been found that even at very
low concentration of CR dye it may affect the fertility of the
organisms. For instance, Hernandez et al., 2016 [40] shown
that even small concentration of CR dye may lead to infertil-
ity in the cladoceran Ceriodaphnia dubia [40]. Similarly, side
effects of CR dye was also reported by Rani et al., 2017 [40,
41] in the aquatic system and suggested its removal by coco-
nut shell as an adsorbent. So, there is an immediate require-
ment to remove such pollutants from our natural resources
by a cost-effective technique. These pollutants can be reme-
diated by the AIONPs by a simple adsorption technique
making it much economical. The adsorbents used in the
process are acquired from the waste material making it more
utilizable. Though the ISA has shown high efficiency for the
remediation of dyes, the exact component of ISA that played
a major role in the adsorption process is still unknown.

The present research work focuses on the recovery of
ferrous fractions from ISA, and the synthesis of highly pure
AIONPs from the ferrous fractions by ultrasonication
method. Further, synthesized IONPs were analyzed by ana-
Iytical instruments for the confirmation of the formation of
IONPs. Finally, the synthesized AIONPs were utilized for
the removal of CR dye from the aqueous solutions at room
temperature (RT). Such, practice will suggest an economical
and alternative source of iron-based industries. Moreover,
the AIONPs will be used as an effective nano adsorbent for
the remediation of azo dye or acidic dye i.e. CR from the
wastewater or environmental systems, under normal condi-
tions. Finally, such type of work will suggest an alternative
method for the safe disposal of ISA.

2. Materials and Methods

2.1. Chemical and Reagents. MTT [3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide], was procured from
Sigma-Aldrich (St. Louis, Missouri, United States). Dulbec-
co’s modified Eagle’s medium (DMEM), antibiotics and fetal
bovine serum (FBS) procured from [Gibco, USA].

Incense sticks, Incense sticks ash (ISA), Conc. HCI
(RENKEM), Sodium hydroxide pellets (Himedia, India),
Congo red dye grains (Molychem, India), 100 ml round bot-
tom flask, Glass beaker (100 ml), Conical flask (250 ml), Petri
plate, ethanol (Molychem, India) and distilled water.

2.2. Collection of ISA. Initially, the collection of ISA was
done from the Temples situated in Sector, 30, Gandhinagar,
Gujarat, India, in a plastic container. It is one of the major
temples and produces a significant amount of ISA but their
source was unknown as it has residues from various types
of incense sticks, like coal powder-based black, coloured or,
potassium nitrate-based white-coloured. So, further, black
coloured incense sticks were purchased from the nearby
market area (Gandhinagar, Gujarat, India) for carrying the
experiments. The black colour combustible part was sepa-
rated from the bamboo sticks. The obtained black coloured
fraction was then powdered by using a grinder. The ground
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fine powder was then placed in a quartz crucible and placed
in a muffle furnace (MF). The black-coloured fraction was
combusted in the MF by gradually increasing the tempera-
ture at 10°C per five minutes and finally raised to 400°C
for 6 hours. Finally, the incense sticks ash was weighed and
stored in a container for future applications.

2.3. Recovery of Magnetic Fractions from ISA. About 50
grams of ISA was taken in a plastic beaker, and 200 ml of
double distilled water was poured to obtain a slurry. Further,
a strong neodymium magnet was subjected to this slurry.
This led to the collection of the ferrous fractions. The col-
lected ferrous fractions were then detached from the magnet
and oven-dried at 60°C for overnight. The ferrous fraction
was weighed on a weighing balance.

2.4. Synthesis and Characterization of AIONPs. About 2
grams of dried ferrous fractions were taken in a round bot-
tom flask and 20 ml of conc. H,SO, was added to it. This
was then subjected to sonication at 70°C for 60 minutes.
Once the reaction was finished, the reaction mixture was
cooled at RT. The reaction mixture was then left to attain
the RT and transferred to a Falcon tube for centrifugation
at 5000 rpm for 10 minutes. The yellowish color supernatant
was poured into a beaker while the residue was washed,
dried and stored for future analysis.

About 20 ml of yellow-coloured Fe**/Fe** rich leachate
was taken in the round bottom flask. About 8 M NaOH
aqueous solution was prepared separately and was added
dropwise to the round bottom flask. When the mixture
started to turn black to reddish-brown, further addition
of NaOH was stopped. The mixture was placed in an
ultrasonicator (Sonar, 40kHz), at 60°C for 90 minutes.
The mixture was left undisturbed for 90 minutes in the
ultrasonicator at the above reaction conditions. Once the
reaction was finished, the reaction mixture was cooled at
RT. The mixture was then centrifuged at 5000 rpm for
10 minutes. The supernatant was discarded, while washing
of precipitate was done 2-3 times with double distilled
water and ethanol separately. Finally, the precipitate was
transferred to a Petri plate and oven-dried at 80°C till
the precipitate got completely dried. The obtained
reddish-brown powder was characterized by analytical
instruments for the identification and purity of the synthe-
sized AIONPs [26]. The AIONPs were analyzed by the
Fourier- transform infrared (FTIR) using SP 65, Perkin
Elmer, (Germany) [42] and Raman spectroscopy using
Witec alpha 36007, Germany. The FT-IR analysis was car-
ried out in the infrared region of 400-4000cm™ at a reso-
lution of 2cm™, while Raman spectroscopy were carried
out by placing the AIONPs on a glass coverslip with a
laser intensity of 625nm and 750 nm. The phase identifi-
cation of the AIONPs were carried out by X-ray diffrac-
tion (XRD), using Bruker advance D-8, Focus P-XRD,
Bruker (Germany) in the range of (26 of 20-70°). The step
size was 0.02 and a time of 5 seconds per step at 40kV
voltage and a current of 30mA. The surface study and
morphological features were studied by using Field emis-
sion scanning electron microscopy (FESEM), Nova,

NANOSEM 450 (FEI, Netherlands) [42], where the dried
powder of AIONPs were placed on the carbon tape on
an aluminum stub. The elemental analysis and purity of
the AIONPs were analyzed by the attached Electron dif-
fraction spectroscopy (EDS) (Bruker) with FESEM. Trans-
mission scanning electron microscopy (TEM) of the
AIONPs were done by using FEI Model Tecnai G2 20
Twin (200kV) [USA], and magnetic property of the syn-
thesized AIONPs by Physical Property Measurement Sys-
tem (PPMS) Model, and atomic force microscopy (AFM)
using Model XE-70, Perk systems. The AIONPS were
assessed for the remediation of CR dye from the wastewa-
ter by the adsorption method.

2.5. Cells Culture and Exposure of AIONPs. Normal human
lung (BEAS-2B) cell line (CAT NO. 95102433) [Sigma-
Aldrich Chemie GmbH Eschenstrasse 5D-82024 TAUF-
KIRCHEN]. The cells were subcultured in DMEM with 10
percent FBS and 1x10*u/ml antibiotics at a 5% CO, incuba-
tor at 37°C. The cells at 80% confluence were subcultured
into 96 well plates cytotoxicity experiments.

The BEAS-2B cell lines were grown overnight before
exposure to AIONPs. The stock solution of AIONPs was
prepared in double distilled water at the rate of 1mg
AIONPs/ml DDW and diluted as per the experimental dos-
age (0-100 mg/1). Control cells were not exposed to AIONPs
and were considered as controls.

2.6. 3-(4, 5-Dimethylthiazol-2-YI)-2, 5-Diphenyltetrazolium
Bromide (MTT) Test. The mitochondrial activity was deter-
mined by the MTT test [23]. MTT solution (100 ul) was
mixed to each well in a final concentration of 0.5mg/ml
and further left for incubation for an additional 3.5h. The
formed formazan crystal was dissolved in isopropanol and
the absorbance was measured at 570 nm using BioTek Epoch
plate reader (BioTek Instruments, Winooski, VT, USA) and
Gen5 software (version 1.09).

2.7. Statistical Analysis. All statistical analyses were per-
formed using SPSS 26.0 software (IBM). Differences were
analyzed using a one-way ANOVA test with the least signif-
icant difference test. Values of #p < 0.05 were considered sta-
tistically significant.

3. Results and Discussion

The confirmation of the formation of AIONPs was analyzed
by various sophisticated instruments. Initially, Fe was lea-
ched out by treatment with strong sulphuric acid under son-
ication. The leachate rich in Fe gets precipitates with strong
NaOH, and the IONPs gets precipitated. Such a step also
eliminates the impurities associated with the extracted fer-
rous fractions which are mainly Ca, Mg, C, Na, Al and Si.

3.1. Raman and FTIR Analysis of AIONPs. Raman spectros-
copy is an important technique for identifying the functional
groups in the sample [43]. For IONPs, Raman spectroscopy
plays an important role in phase identification. A typical
Raman spectrum is shown for the AIONPs in Figure 1.
The Raman spectrum shows two characteristic peaks for
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Ficure 3: XRD diffractograph of amorphous iron oxide
nanoparticles.

the synthesized AIONPs one at 287 cm™* while the other at
637cm’’. Both the bands are attributed to the Fe-O band
of the synthesized AIONPs. The bands in this region indi-
cate the maghemite phases of the synthesized AIONPs. Sim-
ilar results were also obtained by Yadav et al., 2020, [23, 44]
where they synthesized AIONPs by ultrasonication method

Journal of Nanomaterials

using ferrous as precursor. They have also obtained peaks
at 273 and 691cm™ [45]. Besides this, there was an extra
peak at 488 cm™. This can be due to the oxidation of sample
into maghemite because of the exposure of high-intensity
laser onto the sample [46].

A typical FTIR spectrum of AIONPs is shown in
Figure 2, where the band in the region of 450-900 cm™ are
assigned to the Fe-O bond in the samples. Besides this, it
may also be due to the presence of other metal oxide bonds
present as impurities in the samples. The band at 1630 cm™
and a broad-band near 3400cm™ is assigned to the OH
group of a H,0 molecule/or Fe(OH), present in the sample
[47], whose results are in close agreement with Yadav et al.,
2020 [48], where Fe-O bands were obtained in the range of
400-900cm™, and water molecule band at 1660 and
3428 cm™ [6, 26]. A small band near 2800 cm™ is could be
due to the adsorption of atmospheric CO, by the sample
as reported by numerous investigators in the literature [49].

3.2. Phase Identification of AIONPs by XRD. A typical XRD
pattern of AIONPs is shown in Figure 3. There is no sharp
crystalline peak in the pattern, which clearly shows that the
synthesized IONPs are amorphous in nature [6, 50]. A small
peak at 32.4 and 36.5° indicates the maghemite and magne-
tite phases in the samples which are satisfied with the results
obtained by Yadav et al., 2020 [6] by sonochemical method,
where they also got two peaks one at 34.5 and 36.8° for mag-
netite [6]. A small peak at 43° and 64° is attributed to the
calcite or carbonate phases and reflection peak of maghe-
mite, respectively [51]. Since the parent material i.e. incense
sticks ash, have calcite phases that remain associated with
extracted ferrous fractions. Expect this, no significant peak
is visible in the sample which the purity of the samples from
other phases from ISA [6].

3.3. FESEM Analysis for Morphological Investigation. The
FESEM micrographs of AIONPs is shown in Figure 4(a)-4
(d) at different resolutions. Figure 4(a)-4(b) shows that the
particles large in shape whose size is in microns, aggregated
together to form lumps. While, Figure 4(c), shows the pres-
ence of rod-shaped particles in the core of the lump, whose
size varies from 80-200 nm. Such individual rod-shaped par-
ticles are aggregated together to form spherical shaped
micron-sized particles 1-2 microns. Since here no capping
agent was used, so AIONPs are showing huge aggregation.
Moreover, the aggregation of AIONPs is also due to the
inherent property of IONPs [52]. Besides this, the particles
have depositions of numerous white-coloured small particles
over the surface. Such white small particles depositions are
clearly visible in Figure 4(d) which could be the carbon pres-
ent in the samples. Similar spherical and cuboidal shaped
AIONPs were also obtained by Yadav et al., 2020 [6] and
Ghanbari et al,, 2014 [53, 54] by the sonochemical method.
Yadav et al., 2020 [6] also reported the depositions of smaller
white colored particles on the surface of rod/cuboidal shaped
particles. Figure 4(e) exhibits the EDS spot, while Figure 4(f)
shows the EDS spectra [6] of the synthesized AIONPs which
have major spectra for O and Fe which confirms the forma-
tion of pure AIONPs. While, there are peaks for carbon
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FIGURE 4: FESEM micrographs of AIONPs (A-D), EDS spot (E) and EDS spectra and elemental Table (F).

which is 12.56 percent, which remained as an impurity from
the initial sample. Besides this, the EDS spectra have minor
peaks for Si and Al ie. 1.30 and 0.56%, respectively, as an
impurity in the samples. This is so because the ferrous frac-
tions are mainly present as a complex of ferro-alumino-
silicate in the ISA. Moreover, after Ca, Si and Al are present
in the highest amount as metals in the ISA.

3.4. TEM Analysis of AIONPS. TEM images in Figure 5(a)-5
(d) of AIONPS are shown at different resolutions. Figure 5
(a) at 100 nm scale shows spherical and rod-shaped particles
of sizes below 100 nm. The spherical particles sizes are vary-
ing from 10-40 nm, while rod-shaped particle length is 30-
60nm and width 5-15nm. The spherical shaped particles
are more dominant than the rod-shaped particles. Since
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there is no capping agent and small size, adds to the aggre-
gation tendency of the AIONPs. Similar, morphology for
the amorphous IONPS was also reported by Pinkas et al.,
[55]. While Figure 5(b) at 50nm scale also shows both
spherical and rod-shaped particles. The dark colored parti-
cles are electron-rich particles, i.e. iron-rich regions whereas
bright colored particles are carbon-rich particles. The appar-

ent morphology was also agree well with the information
revealed by FESEM. While Figure 5(c) shows HRTEM
images at a 20nm scale, where the spherical particles are
more dominant in comparison to the rod-shaped particles.
Besides this, there is more, brighter area which indicates
the carbon-rich regions, which were deposited on the surface
of AIONPs in FESEM images. In Figure 5(d), HRTEM
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images at a 10 nm scale show spherical shaped particles and
brighter areas, which indicates that the region is again spher-
ical particle dominant. Besides this three is only one or two
dark rod-shaped particles which are AIONPs. The darker
areas are electron-rich while the brighter areas are carbon-
rich areas. Figure 6(e) shows the EDS spectra and elemental
table of the synthesized AIONPs. The EDS spectra clearly
show major peaks of O and Fe, which confirms the forma-
tion of IONPs. The presence of a small peak of Si and Al
indicates the only impurity in the sample as the Si and Al
was associated with the parent sample. Besides this, there
were peaks for Cu and C also, which was contributed from
the carbon-coated copper grids also, besides from the
sample.

3.5. Three Dimensional Structure of AIONPs by AFM. To
confirm the topographical features of the as-synthesized
nanoparticles, an AFM study was carried for the AIONPs
samples at RT. It is clearly observed that the crystalline solid
particles are scattered on the scanned area Figure 6. The
AIONPs is showing distorted globular structures as the sam-
ples were prepared under the co-precipitation method and
annealed at 60°C. These morphological findings are well-
matched with the TEM results as it has shown a clear dense
scattered particle in TEM micrographs.

3.6. PPMS Study for Magnetic Features of AIONPs. The
PPMS are used to reveal the magnetic features of a magnetic
material. The synthesized AIONPs from ferrous fractions of
ISA was analyzed to identify the magnetic strength. The
magnetization against the applied magnetic field (M-H)
curve of AIONPs was conducted at RT and the obtained
graph is shown in Figure 7. The applied magnetic field was
-2000 to +2000 against the emu, -1 to +1. The thin area of
the loop indicates that the particle is superparamagnetic in
nature. Since the hysteresis is disappeared quickly in the
small remanence, and coercivity (Hc), so it indicates the
absence of long term dipole-dipole interactions among the
assemblies of superparamagnetic NPs [56]. Moreover, the
obtained loop is sigmoidal in shape which is the trademark
feature of nanoparticles with a small magnetic field [57].
The saturation magnetization (Ms) reaches almost satura-
tion after reaching 0.1 value. The Ms Value of the AIONPs
is 2.25emu/g, the remnant magnetization (Mr) was
0.32 emu/g and the coercivity (Hc) was 4.5 G, which is in sat-
isfactory with the results obtained by Cheng et al., [58] and
Mamani et al., [59] for IONPs synthesized by sonochemical
and another method [26].
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3.7. Cytotoxicity. The effect of AIONPs on the cell viability of
BEAS-2B cell line for 24 h was determined by the MTT test.
The cell viability result was represented in Figure 8. AIONPs
affected the cell viability of the BEAS-2B cell line in a dose-
dependent manner but the maximum reduction of cell via-
bility was observed at 100 yg/ml NPs. (Figure 8). The cyto-
toxicity of AIONPs (2, 10, 25, 50, 75 and 100 pug/ml) was
observed 98%, 93%, 82%, 75%, 45%, and 24% for 24h in
BEAS-2B cell line (Figure 8).

3.8. Remediation Study of Congo Red Dye. Congo red dye is
very toxic for the flora and fauna, so here it was remediated
with respect to time by batch adsorption study. About 5mg
of CR was dissolved in 200 ml double distilled water as a
source of wastewater. The pH of the solution was slightly
acidic i.e. 6.5. About 2mg of AIONPs was added into the
200 ml aqueous solution of CR. The CR dye aqueous solu-

tion was in a 250 ml beaker, which was placed on a magnetic
stirrer, along with agitation at 400 rpm. Firstly, about 5ml
sample was collected at the 0 minute time interval. After
every 10 minutes of interval, an aliquot (2-3) ml was col-
lected for one hour in a glass vial. The absorbance of the
CR dye by 2mg AIONPs with respect to time was analyzed
by the UV-Vis spectrophotometer shown in Figure 9. The
percentage absorption of CR with respect to time was calcu-
lated by this formula:-

%R = 100x(A, — A,)/A, (1)

The CR removal percentage was calculated according to
equation (1), where A is the absorbance at t=0 and A, is the
absorbance at time =t. Both the observations were measured
at 497 nm. Since the Congo red dye have maximum absorp-
tion at 497 nm, so all the aliquot of the sample was analyzed
in the nearby range of 497 nm in order to find the decrease
or increase in the dye concentration.

The highest concentration of CR dye in the aqueous
solution was at 0, minutes in the initial sample, where there
was no removal percentage at that time. The conc. of the CR
dye in the samples continuously decreased as observed from
the UV analysis except at 20 minutes at which the concen-
tration slightly increased.

The removal percentage of CR dye is shown in Figure 10,
where there is 0% degradation at 0 minutes while after 10
minutes it was 27.42%, after twenty minutes it was 30.37%,
after 30 minutes it was 41.77%, after 40 minutes it was
47.25%, after 50 minutes it was 64.97% and after 60 minutes
the removal percentage reached to maximum i.e. 72.99%. So,
there was continuous, removal of CR dye or adsorption of
CR dye from the aqueous phase onto the AIONPs. Further
incubation did not result in any further absorption thus
the experiment was terminated after 60 minutes of
observation.

Sri et al, 2021 [60] synthesized AIONPs of size 80-
120nm by the chemical route and used them for the
removal of Rhodamine dye and reported efficiency of
about 96.06% within 30 min, under UV light [60]. Jain
et al, 2020 [28] wused ISA having pore volume
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FIGURE 10: Percentage removal of CR dye.

(0.0118 cm® g/l) and pore diameter (21.02nm) for the
removal of Victoria blue dye by batch adsorption method.
The average size of ISA particles was 293.2nm, which
showed maximum dye uptake up to 105.57 mg/g. They
concluded that temperature has positive effect on the
adsorption efficiency of dye by the ISA [28].

The adsorption process exhibited that the AIONPs syn-
thesized from ISA waste could act as an efficient and eco-
nomical adsorbent for the remediation of CR dye from
wastewater. If the adsorption process continued further,
then the removal percentage might have reached 100% also.
But here we have stopped our adsorption reaction after one
hour only. Since the pH of the wastewater was slightly acidic,
so the AIONPs have positive charges on their surfaces.
While the CR dye has negative charges on their surfaces
due to its acidic nature [61, 62], so, it is being attracted to
the positively charged surface of AIONPs in the wastewater
[63, 64]. Zhang et al.,2014 [65] developed a novel chitosan/
alginate sponge using freeze dry method and employed it
for the removal of Congo red from aqueous medium. Based
on the experimental result investigators reported that 0.1 g of
adsorbent has high removal efficiency (98.97%) for Congo
red. Further, they also concluded that the adsorption of CR
dye is comparatively better in acidic conditions than the
basic conditions. Moreover, the CR dye adsorption equilib-
rium was achieved within 120 minutes of contact time.
Investigators found that by increasing the initial concentra-
tion of CR dye, more adsorption of dye takes place [63].
While, if the pH reaches alkaline then the surface of
AJONPS will have negative charges while the already nega-
tively charged dye will be repelled so the efficiency of
adsorption of CR dye by the adsorbent will be reduced
[66]. Rani et al., 2017 [41] reported the utilization of coconut
residual fiber (CRF), which is left after the extraction of
coconut oil, for the removal of CR dye from the wastewater.
The investigators concluded that the adsorption reaction
was non-spontaneous, exothermic and followed pseudo-
first order kinetics. Further, CRF as a potential biosorbent
removed CR dye with a maximum adsorption capacity of

128.94mgg " at room temperature. Lafi et al, 2018 [63]
studied the removal of CR dye from both acidic and basic
aqueous solutions and reported desorption of CR dye almost
up to 90% after 6 cycles [63]. Moreover, here the CR dye
aqueous solution was prepared in the laboratory so, when
the textile or effluent based wastewater will be used then
there will be the presence of various types of organic and
inorganic pollutants [67-69], which will compete for the
limited adsorption sites present on the surface of AIONPs
[44, 70, 71]. So, ultimately the removal efficiency of CR
dye will decrease in that situation. Since the wastewater
was heterogeneous in nature, so similar competition among
pollutants was observed [72]. Moreover, there was a higher
amount of iron requirement for the remediation purpose
in comparison to the conventional process.

4. Future Prospects of Study

Since the load for production of IONPs in the current indus-
tries are increasing to meet the supply for the nanoparticles
due to their wide applications in biomedical and environ-
mental remediation. So, the reliability of ISA like waste
material for the production of AIONPs will reduce the bur-
den on the current industries. Moreover, the product will be
much economical and at the same time, the processing of
ISA waste will reduce the solid waste and ultimately water
pollution associated with its disposal into the rivers or other
water bodies. So, such types of studies will help in providing
an economical nano-adsorbent value-added material out of
the waste. Moreover, in future, such IONPs will be used
for the remediation of heavy metals, pesticides and other
pollutants from the wastewater. Authors, further study will
involve the effect of dosage, the effect of temperature and
pH on the removal efficiency of not only CR dye but also
numerous other hazardous dyes. Moreover, further study
will also focus on the reusability of the adsorbent to reduce
the final cost of adsorption, since AIONPs could easily be
recovered by using an external magnet. In addition to this,
studies can be related to medicine especially as an
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economical drug carrier and in agriculture for sustainable
release of fertilizers to the plants. Moreover, the recovery
of calcium oxides, silica, alumina and carbon particles from
such ISA waste will open a new horizon in the field of pro-
cessing of ISA waste as to date very few studies are available
in the scientific domain. Such studies will attract the atten-
tion of scientific communities towards the ISA waste espe-
cially in Southeast Asian countries, and some of the Gulf
countries, where incense sticks or other incense products
are widely used at religious places. ISA will prove to be a
resource material for the recovery of value-added materials
in future.

5. Conclusion

Incense sticks ash is an emerging waste that was considered
an orphan for a long time due to their non-attention and no
known significance applications. The disposal of ISA into
the River or in water bodies not only leads to water pollution
but also challenges a potential threat to the living being.
Here, we have suggested recovery of ferrous fractions from
ISA which are impure due to the presence of Al, C, Ca and
Si. So, further, we have suggested a method for the synthesis
of AIONPs, of size 10-80 nm as revealed by the TEM. The
particles were spherical and rod-shaped, amorphous in
nature as confirmed by the XRD. The synthesized AIONPs
was found suitable and efficient for the removal of CR dye
from the aqueous phase at room temperature. Also, AIONPs
induced cytotoxicity on human lung cells. Such type applica-
tions of iron oxide nanoparticles synthesized from waste
material not only remediates pollution in the form of solid
waste, biological application but also act as an economical
nano adsorbent for dye removal.
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