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Summary: Hybrid nanomaterials with different sizes, shapes, compositions, and morphology have 

gained importance for numerous physicochemical, electrical and magnetic acumens. Multi-Walled 

Carbon nanotubes (MWCNTs) can be decorated with various metals to produce nanohybrids to 

attain desired features for leading high-tech applications. The presented research work comprises a 

cost- effective wet chemical method to fabricate Hematite based (α-Fe2O3- MWCNTs) nanohybrids. 

Physicochemical characteristics were studied by XRD, FTIR, SEM and VSM, and EDX, 

respectively. Results showed well-decorated hematite nanocrystals (size ~ 26nm) on the surface of 

MWCNTs. Magnetic behaviors exhibited a ferromagnetic material with saturation and remnant 

magnetization and coercivity of ~ 1.2 emu/g, 0.5 emu/g and 200 Oersted respectively, which makes 

it a suitable contender in advanced energy storage devices. 
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Introduction 

 

Metal oxide nanoparticles are of undue 

importance in wide-scale sensor fabrications[1, 2], 

nanogenerator devices[3], Lithium-Ion batteries[4] 

and major catalysis activities[3], respectively. The 

preparation methods play a key role in the 

obtainment of specific particle size; shape and for 

explicit surface chemistry and engineering 
applications. Wet Chemical techniques are the facile 

route to attain desired nanoparticles with good 

control over size, shape, and phase in comparison to 

other techniques[5].  

 

Hematite(α-Fe2O3), the most abundant and 

stable polymorph of iron oxide on Earth crust[1, 3], 

has wide application at micro and nanoscale in 

saleable and industrial applications due to nontoxic, 

low cost, corrosion resistance and environmentally 

friendly behaviors[4-6]. Resistance and 

environmental compatibility[4-6]. 
 

Carbon nanotubes (CNTs) exhibit a high 

aspect ratio[7], with a well-developed mesoporous 

structure[8-10] that contributes to superior behaviors 

when nanohybrids of Metal-CNTs are tailored [11, 

12]. Nanohybrids connect the power of 

nanotechnology[13] and engineered targeting to 

enable improved and non-invasive wide spectrum 

applications. CNTs have proved excellent 

electrochemical and magnetic outturn in hybrids with 

nano-sized Fe2O3 due to synergetic partnership 
among them [14] synthesized a CNT-Fe2O3 carbon 

composite and demonstrated a capacitance of 787.5 F 

g-1 with high cyclic stability[15]. 

 

The goal of presented study is to investigate 

a cost-effective fabrication method of hematite– 

MWCNTs nanohybrids, largely due to the higher 

stability of hematite over other polymorphs of iron 

oxide [16], and high-tech applications. The designed 

method can be used to make a wide range of 

sophisticated materials with well-controlled 
structures for a variety of applications in bulk, such 

as optical and electronic 

biomaterials, materials, sensing, catalysis, coating, 

and energy storage devices[17]. 

 

Experimental 

 

Experimental Materials 

 

All of the chemicals utilized were of the 

highest quality. Sigma–Aldrich provided nitric acid, 

iron nitrate [Fe(NO3)39H2O), hydrochloric acid, 
ammonium hydroxide, and sodium hydroxide. Merck 

provided the lead nitrate (Germany). The MWCNTs 

employed in this work are 92 percent pure, with an 

exterior diameter of 30–50 nm, an interior diameter 

of 5–10 nm, and a length of 10–20 mm (Chengdu 

Organic Chemicals, China). 

 

Experimental Method 

 

Primarily, MWCNT was surface activated to 

establish oxygen bridge in between components of 
Hematite and MWCNT nanohybrids. Calculated 

amount of raw MWCNT was added to the reaction 

vessel of 1 M solution of concentrated nitric acid 

(HNO3) for 6(six) hours contact time at a temperature 

condition of 60 o C. Activated MWCNT was washed 
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and filtered by deionized water until the pH becomes 

neutral.; dried at 100 ° C, finally. 

 

In the next stage, a calculated amount of 

Iron nitrate nonahydrate Fe (NO3)3.9H2O was 
mechanically stirred at high speed for one hour under 

the nitrogen environment. 1:2 ratio of ammonium 

hydroxide was added dropwise in iron precursor to 

attain supersaturated conditions. Later, nitrogen 

bubbled water was poured into the reaction vessel 

and stirred for ten min to complete reaction. Finally, 

calculated amount of surface-activated MWCNT was 

added to the reaction vessel and stirred at high speed 

under the nitrogen environment for one hour.  

 

The solution obtained was washed, 

centrifuged with distilled water and ethanol (3 X 10 
ml) times, respectively. The obtained product was left 

overnight in the ethanol environment to control the 

diffusion-based growth of Iron hydroxide nuclei. 

Furnace treatment was performed at 500 o C for 15 

min to achieve well developed nanocrystals of 

Hematite decorated on MWCNTs.  
 

Results and Discussion 
 

X-Ray Diffraction (XRD) analysis 
 

The synthesized nanohybrid samples were 

characterized by XRD for their crystallinity, phase, 

and composition. Fig. 1 shows the XRD analysis of 
the synthesized composite using an XRD 

diffractometer (XPERTPRO) with Cu K having a 

wavelength (= 1.5416 A°) and operating at 30 mA 

and 40K volt, with vertical lines representing 

Reference Data Indexed (COD: 901-2231) and 

(COD:101-1241) for MWCNT and Hematite, 

respectively. 

 

The produced composite could be indexed 

for MWCNT or Hematite, and the XRD spectra 

revealed multiple peaks, indicating a nanohybrid[18] 

at peaks at 26°, 44.5°, and 77° theta [16]. The 
cylindrical and Multi-walled nature of graphene 

sheets with an interlayer spacing of 0.31 nm, 0.21 

nm, and 0.122 nm, confirmed CNT existence [19] 

(P4132, ICDD: 391346), while remaining peaks at 41°, 

37°, 64°, 72°, and 77° theta values correspond to 

0.232 nm, 0.212 nm (P4132, ICDD: 391346). The 

average crystallite size was calculated by Debye– 

Scherer Equation, which in this case was 0.455 nm 

using the Debye– Scherer formula D=0.9λ / βCosθ, 

where ‘λ’ is the wavelength (0.154 nm), ‘β’ is the 

angular line width at half maximum intensity in 
radians, and ‘θ’ is the Bragg's angle. The parameters 

obtained with 2θ and intensity from XRD are listed in 

 
Fig. 1: XRD diffractogram of 

Hematite – MWCNT. 
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Table-1 below. 

 

 

Fig. 1: XRD diffractogram of Hematite – MWCNT. 
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Table-1: Presenting different values obtained by XRD analysis. 
2𝜽 

(degree) 

FWHW 

(radian) 

D Spacing 

(nm) 

Intensity 

(%) 

Wavelength 

𝝀(A°) 
Crystal Size D(nm) Average Crystal Size (nm) 

38.39708 0.0051 0.234440 15.28 1.54 28.485 

26.233 
44.57388 0.0060 0.203282 80.32 1.54 24.919 

64.91269 0.0103 0.143655 11.47 1.54 24.919 

72.64859 0.0051 0.130148 100.00 1.54 33.389 

 

The anisotropic crystallite size was 

determined by the width of the peaks in the 

diffraction spectra, which includes sharp and wide 

peaks, demonstrating heterogeneous crystallite sizes 

in the synthesized nanohybrid. The strong peaks at 

37.3°, 43.5°, 73.5°, and 76.6° are due to most 

crystalline crystals, whereas less ordered crystals can 

be found at 24.5°, 43.4°, and 64° [20]. The resulting 
peaks were pushed toward higher 2 values, indicating 

that the interlayer spacing is narrower than the 

hematite reference peaks [16]. Some peaks are 

missing, implying that impurity phases were present 

in the composite at some point throughout the 

preparation process.[21]. 

 

 

Fourier-transform infrared spectroscopy (FTIR) 

Analysis 

 

The composite's FTIR spectrum is displayed 

in  

Fig. 02. The transmittance peaks are 3918, 

3878, 3838, 3752, 3687, 3473, 3416, 2828, 2851, 

2092, 1636, 629, 475, and 421 cm-1, respectively, 
according to the spectra. Table-2 shows the group 

frequencies attributed to their respective functional 

groupings. 

 

Table-2: Showing different FTIR peaks. 
Group frequency (cm-1) Functional group/ions 

405-565 Fe (II)-O stretching 

705-575 Fe (II)-O stretching 

1695-1595 CNT 

2105-1705 Metal Carbonyl Transition 

2945-2865 Methylene C-H symmetric stretching   

2935-2915 Methylene C-H antisymmetric stretching 

3575–3205  H-bonded OH stretching 
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Fig. 02: FTIR peaks of nanohybrid showing presence of Iron and CNTs. 
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Fig. 03: SEM image captured at 500 nm and 27000 magnification. 
 

Scanning Electron Microscope (SEM) 

 

At various magnifications, SEM was utilized 

to evaluate the surface morphology. and scales.  

Fig. 03 depicts hematite-like spheres 

painted on the surface of MWCNTs due to the 

hydrophobicity of CNTs, which are polycrystalline 

by nature due to the wet chemical method, and 

MWCNTs [25, 26]. Hematite causes aggregation of 

CNTs in the form of bundles and causes non-uniform 

dispersion of CNTs in the structure[26]. 

 

Energy Dispersive X-Ray (EDX) Analysis 

 

The EDX standard, as shown in  

Fig. 4, confirms the purity and composition 

of the components of the combined hematite - 

MWCNT nanohybrids; where major peaks are 
around 0.8, 6.3, and 7.1 keV, which corresponds to 

the binding energies of Fe [27]. Only the components 

of Fe, O, C, and Pt are present in nanohybrids, 

according to EDX analysis[28], and the calculated 

atomic ratio of Fe to O is near to 2: 3, which is 

consistent with hematite's stoichiometric structure. 

The major components of hematite are Fe and O, and 

the Carbon peak belongs to MWCNT, while the 

height of Pt is attributable to platinum implantation 

during sample processing. Error! Reference 

source not found. shows the EDX elemental 

microanalysis (highest %) of nanohybrids.

 

Table-3: In EDX studies, the average weight and atomic percentages of elements were discovered. 
Element Weight Average Atomic Average 

 

percentage 

 

percentage 

 C 1 (K) 66.43 

 

89.24 

 C 2 (K) 58.83 61.91 87.34 87.95 

C3 (K) 60.47 

 

87.28 

 O1 (K) 7.08 

 

7.14 

 O2 (K) 6.99 7.15 7.79 7.64 

O3 (K) 7.38 

 

7.99 

 Fe1 (L) 6.94 

 

2.01 

 Fe2 (L) 7.68 7.67 2.45 2.36 

Fe3 (L) 8.41 

 

2.61 

 Pt1 (M) 19.54 

 

1.62 

 

https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwiIwvXcof_3AhXY53cKHe63BvsYABAAGgJlZg&ae=2&ohost=www.google.com&cid=CAESauD2anvykDZu4Iz39Vv_IrKyL0QtiYVbhMM6WAVqk9W6iDfcy8GL9E1ATM3KjwEDk_3cvXfqxTgXIl5O3VzdhN7H_xgws1MPtgakkNt-i0nzjIuFQjHxHjvVxjHgqKUyDzfbysh7al6lo-s&sig=AOD64_3A-93YsKNh_bP1nRYeC-59xMEdoA&q&adurl&ved=2ahUKEwiH4e3cof_3AhXIKewKHaYRDmEQ0Qx6BAgDEAE
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Pt2 (M) 26.5 23.26 2.42 2.05 

Pt3 (M) 23.74 

 

2.11 

 Vibrating-Sample Magnetometer (VSM)  

 

The magnetic properties of the created 

nanohybrids were investigated using a Vibrating 

Sample Magnetometer VSM. The applied magnetic 

field was 1.2 T to -1.2 T. The saturation 

magnetization (Ms), remnant magnetization (Mr), 

and coercivity (Hc) of the hematite/CNT 

nanocomposite were 1.2 (emu/g), 0.5 (emu/g), and 

0.02 tesla (200 Oersted), respectively, as depicted in 

 

 

Fig 5. 

 

Higher values of coercivity, saturation 

magnetization, and large magnetic susceptibility were 

observed in comparison to multiwalled CNTs, and 

the hybrid exhibits ferromagnetism [19, 25, 26], 

inferring small particle size with the high surface 

activity of hematite in comparison to bulk iron[29]. 
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Fig. 4: EDX analysis of hematite – MWCNT nanohybrids. 

 

 
 

Fig 5: Shows the hysteresis loop and view of Nanohybrid when studied under VSM. 
 

Conclusion 

 

The presented wet method was found to be a 

cost-effective and repeatable nanohybrids synthetic 

method, which can be upgraded for a bulk production 

of metallic oxide nanohybrids. The economic 

integration of Hematite (approx. 26 nm) and 
MWCNTs; in the study will open a new door for 

modified surface morphologies that would subjugate 

the application of nanohybrids in various high-

performance applications including energy storage 

and field emission-based devices. The fabricated 

nanohybrid is a promising anode electrode material 

for new generation Lithium-ion battery cells. 
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