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Keywords Abstract
Since a few decades, various types of nanomaterials differing in size, shape,
composition, morphology and structure have been synthesized by distinct
techniques and modifications. Also, they were characterized to explore their
Article History chemical, physical, electrical and magnetic insights. The synthetic route employed

has crucially effects on the properties of synthesized nanoproduct. Carbon
nanotubes (CNT) is unique, among other nanomaterials, in its ability to be doped
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by another elements or compound, to obtain the features and characteristics, as
per desired, in synthesizing nanocomposites and then implementing to a specific
application. This study was a step to synthesis a nanocomposite that consisting
hematite on the surface of CNT by wet chemical approach, which is simple, low
cost, non-toxic and accessible easily in a laboratory. Further, the synthesized

C ight @Auth
CZEI?:slgon dinf: Al(;:hor * nanoproduct was characterized by XRD, FTIR, SEM and VSM. It implies that
Danish Raza ’ CNT-Hematite found in the synthesized nanostructure with some contaminations

and it is a less ferromagnetic material in nature. At room temperature it shows
the saturation magnetization, remnant magnetization and coercivity ~ 1.2
emu/g, 0.5 emu/g and 200 Oersted respectively, in compliance to be a suitable
and contrivance candidate for lithium-ion battery or super capacitors’
applications.

1. INTRODUCTION

Metal oxide nanoparticles have been growing

was mostly used in preparing various size
nanoparticles than the Chemical Vapor

excessive importance in wide-scale applications in
sensor technology[l], light emitting devices[2],
Lithium Ion battery[3] and click catalysis[4] .The
preparation method plays a key role in
determining the particle size and shape, size
distribution, surface chemistry and therefore to be
conformed to its applications. In comparison to
other expensive ways, Wet Chemical synthesis is
simple and direct to get the desired nanoparticles
with having good control, up to an extent, over the
size, shape, phase and reaction conditions [5]. It

decomposition, Electrochemical, reverse micelle
and sol-gel techniques. Additionally, In this route,
the concentration of cations/anion and PH value
effect on the size and structure of the
nanoparticles. However, agglomeration, which can
be reduced by coating or adding dispersing agent
and the wide distribution of nanoparticles in size
make it limited in use. Nanoparticles of Au, Ag,
Pt, Pd were prepared by reduction with a suitable
stabilizing agent[6].And the capping agent has
been used as reducing agent, for instance:
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Turkevich established gold nanoparticles [7],Han
et al prepared the gold nanoparticles in the non-
aqueous medium, formamide, as reducing agent
[8]. Brust et al. obtained gold particles in the
organic solvent, thiol,as an stabilizing agent[9] and
further, Silver nanoparticles obtained by using
Silane, as capping agent[10]. For the synthesis of
metallic nanoparticles at low temperature and
inert atmosphere, alkalide and electride reagents
were used in the presence of complexing
agents[11],[12]. Bonnemann et al. reported that
stabilization of nanoparticles of colloids could be
produced by using organoaluminium compounds
that control the growth of particles and thus, it
opened the choice of using heterogeneous
catalyst[13][14]. The same author extended the
usage of organoaluminium catalyst to include
metal carbonyl decomposition route[15], and
observed that the size of nanoparticles depends
upon the temperature and the molar ratio between
the ions. Polyols acting as a stabilizer or reducing
agent produced monodispersed
nanoparticles[16].Reduction of metals at the
cathode and the dissolution of metal occurred at
the anode to attain precipitation with an addition
of a suitable stabilizer. Pd, Au and Fe
monodispersed nanoparticles which synthesized
by this electrochemical reduction[17].And it was
observed that the particle size decreased when
increased the current density in the
electrochemical Solution[18][19]. Metal oxide
nanoparticles obtained, using hydroxide and
calcinated coprecipitation, were
Ni0.5Zn0.5Fe204 and MgFe204 spinel structure
in the presence of NaOH at calcinated
temperature 300°C or above[57][58].In some cases
for a simple TiO2 binary oxide, crystalline oxide
precipitated without calcination[59] while some
other route requires calcination to occur between
50°C and 100°C[60].Influenced by surfactants, co-
surfactants, reacting phases and reaction
condition, Micro emulsion, a better way, to
produce uniform size particles, however,
remaining of surfactant and size scaling of
nanoparticles are drawbacks of this route. Sol gel
method is used to produce a large variety of metal
oxide nanoparticles from its salts under ambient
temperature and heat treatment. Nature and

concentration of solvents, reaction temperature,
PH value and aging are the crucial parameters to
control nucleation and growth. While, it is limited
to be employed for individual nanoparticles.

For industrial purpose, scaling up the mass of
nanoparticles is mandatory to achieve good quality
and if increased the amount of volume, it suffers
variation in nucleation and growth rate and
thereby size of the product. To overcome the issue,
flow synthesis in low dimension preferred to
increase mass rate and time rate due to rapid
mixing and high interfacial area and thus the size
of the particle as well as the nucleation and growth
rates can be controlled via reactor dimension,
concentration, mixing and temperature[20]..

2. Materials and Methods

The MWCNT was activated by stirring with 1M
solution of HNO3 for 6 hours followed by
filtering, washing with distilled water and drying at
100 °C. The process repeated three times to get
purify MWCNT.4g of Fe (NO3)3 are stirred for
one hour under Nitrogen environment with the
addition of 8 mL of NH4OH followed by purging
N2 gas in the solution. Further, ammonium
hydroxide was added drop wise to achieve the
supersaturated solution and Nitrogen bubbled
water was also poured with high stirring for 30 min
and as a product Hematite obtained. The mixture
of 100 gm of Multi-wall CNT and 500 mg of Fe
(NO3)3.9H20 were stirred for 30 minutes in the
presence of Nitrogen environment. Having 1:10
molar ratio of NH4OH and distilled water also
added in the solution. The solution was washed
using a centrifuge with distilled water and then
alcohol three times each. Heat treatment was given
to the sample at 350°C for 30 min consequently,
nanocomposite formed.

3. Results and discussion

3.1 XRD

The XRD analysis of the synthesized composite
was performed by XRD diffractometer
(XPERTPRO) with Cu Ka having a wavelength
(A= 1.5406 A°) operated at 30 mA and 40 kvolt
and is presented in figure 4.1, where vertical lines
are shown as reference data indexed (COD:901-
2231) and (COD:101-1241) both for CNT and

https://thesesjournal.com

| Raza et al., 2026 |

Page 1109


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030

Spectrum of Engineering Sciences

ISSN (e) 3007-3138 (p) 3007-312X Volume 4, Issue 4, 2026
hematite. The synthesized composite could be
indexed either for multiwall CNT or Hematite
and also many peaks were in the XRD
200
(002) @ CONT —Hem
CNT ¢ [ematite
CNT
150 (1on (1010)
g |
5100
T (200)
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Figure 1: XRD Spectrum with CNT-Hematite Peaks

spectrum which told it is a nano hydride[21]. It
could be seen that Peaks on the 26°, 44.5°, 77°
degrees signifying the cylindrical and multi walls
nature of graphene sheets having interlayer
spacing 0.34 nm, 0.20 nm and 0.121 nm

respectively  which  confirms that CNT
existence[22] (P4132, ICDD: 391346) while
remaining peaks at 42°, 38 °,65°73°,78°

corresponding to 0.234 nm,0.213 nm,0.143 nm
and 0.130 nm ensure the presence of hexagonal

Table 1: XRD Parameters with 20 and average crystal size

hematite (P4132, ICDD: 391346). The average
crystallite size depends upon the synthetic method
employed which in the synthesized composite
found 0.457 nm by using Debye- Scherer formula
D=0.91 / BCosB where ‘A’ is the wavelength used
(0.154 nm),’B’ is the angular line width at half
maximum intensity in radians and ‘0’ is the
Bragg’s angle. From XRD the parameters obtained
with 20 and intensity are shown in table. 1

20(degree) 38.397 44573 64.912 72.648
FWHW 0.0051 0.0060 0.0103 0.0051
(radian)

D Spacing 0.2344 0.2032 0.1436 0.1301
(nm)

Intensity 15.28 80.32 11.47 100.00
(%)

Wavelength 1.54 1.54 1.54 1.54

AMA®)

Crystal Size D(nm) 28.485 24919 24919 33.389

Average Crystal Size (nm) 26.233 26.233 26.233 26.233
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The width of peaks attributes the anisotropic
crystallite size and the diffraction spectrum
consisting the sharp and wide peaks reveals
heterogeneous crystallite sizes of the prepared
nanocomposite. It is observed that the sharp peaks
at 38.4°,44.6°,72.6° and 77.7° positions are due to
most crystalline crystals while less ordered crystal
found in 25.6°,42.5° and 65° [23].

It clears that the peaks were shifted toward higher
values of 2 8 which means that the interlayer
spacing is smaller than the reference peaks of
hematite. [24]. There are some peaks

missing which implies that impurity phases are
present in the composite at any step during its
preparation.[25].

3.2 FTIR:

The surface functional groups were found as a
contamination in the synthesized composite is
characterized by Fourier Transform Infrared (FT-
IR) spectroscopy. The FTIR spectrum of the

Table 2: Functional Groups with IR frequency ranges

composite is shown in the figure.2. The spectrum
indicates absorption peaks of 3919, 3879, 3839,
3753, 3688, 3474, 3417, 2829, 2852, 2030, 1637,
630, 476 and 422 cm-1. The group frequency
assigned to their corresponding functional group
is given in table 2.

The presence of frequency ranges between 400-
560 cm-1 implies the Fe II-O stretching bond
which in turn characterizes the hematite.[26] The
peak ranges 570 -702 cm-1 were different from
maghemite and magnetite and the group lying
between 3200-3570 acknowledged to the adsorbed
water [28Jand the band 3570 - 3200 cm-1
confirms the OH functionalized CNT which is
wideband, reflecting a large number of OH
attached to MWCNT][22]. The band between the
range 1690-1590 cm-1 were assigned to the
hexagonal Sp2 C=C bonding and also the C=O
stretching between 1700-2100 cm-1 in the
MWCNT [29].

Group frequency (cm-1) Functional group/ions

400-560 Fell-O stretching

705-570 Fell-O stretching

1690-1590 CNT

2100-1700 Transition metal carbonyl

2945-2865 Methylene (C-H) symmetric stretch
2935-2915 Methylene (C-H) antisymmetric stretch
3570-3200 Hydroxy group, H-bonded OH stretch
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Figure 2: FTIR Spectrum with various functional groups
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3.3 SEM:
The surface morphology was investigated by
Scanning electron microscope SEM at different
magnifications and scales. It sees that in the figures
3,4,5 and 6.The particles of hematite like sphere
were maintained on the surface of CNT due to the
they

hydrophobicity of CNT and are

Trm

Figure 4: SEM image at 1 um scale and 23000 magnification

polycrystalline in nature due to the wet chemical
approach and also long needlelike structures
represent the MWCNTs [30][31]. Hematite leads
to non-uniform dispersion of CNTs in the
structure and shows agglomeration in the form of

bundles [32].

Bao4
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Figure 6:SEM image at 1 um scale and 25000 magnification

3.4 VSM: comparison of Multi-Wall CNT these values of
Magnetic  properties of the  synthesized coercivity, saturation magnetization and large
nanocomposite were studied by Micro Sense Easy magnetic susceptibility were due to the decoration
VSM. The applied magnetic field was between 1.2 of hematite on the outside of CNT and are
T to-1.2 T. The observed saturation magnetization different from the super magnetic inner filled
(Ms), Remnant magnetization (Mr), coercivity (Hc) nanocomposite and the composite exhibits
for the hematite/CNT nanocomposite were ferromagnetism [32][27][33] and implying smaller
obtained 1.2 (emu/g), 0.5(emu/g) and 0.02 tesla particle size and morphology of hematite as
(200 Qersted) as shown in the figure4.7(a),(b).In a compare to the bulk iron [34].
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Figure 8: Magnified view of hysteresis loop
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4. Conclusion:

The Chemical wet approach is simple, cost
effective and reproducible. Like Hematite many
other metals could be decorated on the surface of
CNT by this convenient way. Characterization
data implies that the synthesized nanohybrid is a
suitable material to be used in the electrodes of
Lithium-ion battery and super capacitor.
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