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Employing Microwave combustion technique and utilizing L-arginine as fuel pure Cobalt
Aluminate and Zn doped Cobalt Aluminate nanoparticles (NPs) were prepared. XRD,
DRS-UV, HRSEM and VSM techniques were used to investigate the structural, optical,
morphological, and magnetic properties. The average crystallite size is found in the range
of 15 - 24 nm. Elemental confirmation is done by aid of EDX spectra. The band gap values
of the produced samples were discovered to be between 2.57 and 2.45 eV. At room
temperature, the prepared samples showed diamagnetic magnetic characteristics, which
were corroborated by Magnetization—Field (MH) hysteresis curves.
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1. Introduction

In recent years, researchers have concentrated their efforts on semiconductor nanomaterials
due to their unique structural, optical, thermal, electrical, morphological, and magnetic
capabilities. Transition metal oxides have excelled in a range of applications, including optical
sensors, energy storage, photovoltaic, resistive memory device, capacitor, Resistive RAM and
piezoelectricity. [1-4]. Zn doped CoAl,O, nanoparticles have been found to exhibit attractive
features viz. thermal resistance, improved diffusion, hydrophobicity, low surface acidity, and
excellent mechanical resilience. These features make them ideal ideal for sensing applications [5,
6]. Due to the charge carrier and electron mobility, it is also particularly helpful for magnetic and
electrical applications [7, 8].The general formula of zinc doped cobalt aluminate nanoparticles is
AB,0, (normal spinel structure), where A denotes divalent metal ions (Zn** and Co®*) and B
denotes trivalent metal ions (AI*"), implying that divalent ions occupied tetrahedral sites and
trivalent metal ions occupied octahedral sites. Cobalt aluminate nanoparticles have been created
for a variety of applications, including sol gel, hydrothermal, co-precipitation, combustion,
chemical vapour deposition, and polymer precursors [9-16]. For example, the microwave
combustion process has several advantages, including a faster synthesis time, reduced costs, and a

“ Corresponding author: jrajabathar@ksu.edu.sa



1288

higher yield of zinc doped cobalt aluminate. The fuel/oxidizers principle is employed in propellant
chemistry, and nitrates are used as precursors and | alanine as a fuel. Metal nitrates and fuels
employed in this process include citric acid [17], hydrazine [18], glycine, urea [19] and L-arginine
[20-23]. During combustion, organic fuels alter the structural, optical, textural, and magnetic
properties of the air. The focus of this research is on pure cobalt aluminate and zinc doped cobalt
aluminate nanoparticles generated by microwave combustion, with L-arginine as a fuel.

2. Experimental Details

2.1. Synthesis

Co1ZnAlL,O4 (x = 0, 0.1, 0.3 and 0.5) nanoparticles were synthesised using zinc nitrate
(Zn(NOs), 6H,0), cobalt nitrate (Co(NO3), 6H,0), aluminium nitrate (AI(NO3); 9H,0), and L-
arginine (C¢H14N,4O5) (as fuel). All of these high-purity AR-grade compounds were acquired from
SD Fine in India and used without further purification [21].The samples were made with deionized
water that had been deionized twice. To make the homogenous solutions, the basic components
such as cobalt nitrate/zinc nitrate and aluminium nitrate were mixed together in 1:2 stoichiometric
ratios.

The mixed solution was added to the L-arginine solution, which was rapidly agitated for 1 hour.

Metal nitrates were used as oxidizers, and L-arginine was used as fuel. The oxidizer to fuel (O/F)
ratio was kept at one according to propellant chemistry law.The combined solutions were then
poured into a pair of silica crucibles. To conduct the irradiation process, both silica crucibles were
kept separately in two different domestic microwave ovens purchased from SAMSUNG, India
Limited. Both microwave ovens were set for 10 minutes at a frequency of 2.54 GHz and an output
energy of 900 Watts. Due to the influence of microwave energy, the solution decomposes through
processes such as boiling, vaporisation, and dehydration, resulting in the evolution of reaction gas.
Ignition took place during the spontaneous combustion phase, resulting in a rapid flame fluffy of
Co..4ZnAlL,O4 (x = 0, 0.1, 0.3 and 0.5) nanoparticles NPs. The resulting powder was cleaned with
ethanol and deionized water before being calcined for 120 minutes at 550°C. The powders were
created by adding various molar ratios of zinc (Zn*") to a Coy,Zn,Al,O4 nanoparticles spinel
structure with x = 0, 0.1, 0.3, and 0.5, and the samples were labelled (A), (B), (C), and (D),
accordingly.

3. Results and Discussion

3.1. XRD Analysis
The powder XRD diffractograms of the produced Co,,ZnAl,O, (x = 0, 0.1, 0.3 and 0.5)
nanoparticles nano-aluminates are shown in Fig. 1. The synthesized materials are crystalline, as
depicted by the diffractograms.
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Fig. 1. X-ray diffraction patterns of Co;..Zn,Al,O, (x =0, 0.1, 0.3 and 0.5) nanoparticles.

It shows that the prepared NPs have diffracted peaks at 31.17, 36.80, 44.72, 55.50, 59.33,
and 65.28, which are perfectly mapped with the (220), (311), (400), (422), (511), and (440)
diffraction planes, respectively, and this is further confirmed by matching the diffraction planes
with JCPDS card no 82-2239. The presence of cubic spinel structure with space group Fd-3m is
confirmed by diffracted Bragg peaks [20]. The purity of the CoAl,O4 nano-aluminates is ensured
by the absence of additional peaks. Using the (311) hkl plane, the average crystallite size (L) of the
produced CoAl,0,and Zn doped CoAI204 nano-aluminates was estimated using Debye Scherrer's

Eq. (2).

L — 0.894
[ cosé

1)

where, L- is the average crystallite size, A-is the wavelength of X-ray source (0.15406 nm), - is
the full width at half maximum (FWHM) of the diffracted peak, 6- is the angle of diffraction. For
x=0, x=0.1, x=0.3, and x = 0.5, the average crystallite size was found to be 15 nm, 18 nm, 21 nm,
and 24 nm, respectively. Using Eq. 2, the lattice parameters of undoped and Zn** doped CoAl,O,
nanoparticles were calculated.

a =y (N2 +K2 +1%) o

where, dy- the inter-atomic spacing of the miller indices, hkl -is the crystal planes, a - is the lattice
parameter.

The calculated lattice parameter 'a’ values are quite close to the previously reported values
of 8.116, 8.120, 8.126, and 8.135 for x=0, x=0.1, x=0.3, and x = 0.5, respectively [23]. Because the
ionic radius of Zn?* (0.74) is greater than that of Co®* (0.72), the lattice parameter rose linearly
with increasing Zn®* content [24, 25].

The Williamson-Hall (W-H) plot method was used to measure the effective crystallite size
(D) and lattice strain (¢).W-H equation (3) yields the effective particle size (D) and lattice strain

(e):



1290

Beost _ k | 4esing ®)
A D A

Where A is the wavelength of the source used ,B is full-width half maximum of the
diffracted peak, 0 is the diffracted angle, D is the crystallite size, k is the constant and ¢ is the
permittivity of free space. The plot is drawn between 4sin6/2 vs Bcos6/4 as shown in Fig.2. The
effective crystallite size (D) is calculated using the intercept of (k/D) on the y-axis, and the lattice
strain (g) is calculated using the slope of the plot. The effective crystallite size value For x=0,
x=0.1, x=0.3, and x = 0.5, was found to be 16 nm, 19 nm, 22 nm, and 25 nm, respectively. The
lattice strain (g) value for x=0, x=0.1, x=0.3, and x = 0.5, were deduced 0.079, 0.085, 0.090 and
0.094 respectively. The internal strain induced effective crystallite size causes a deviation in the
crystallite size obtained using the Debye-Scherrer formula. The presence of tensile strain in the
prepared samples is indicated by the presence of a positive slope (See Fig. 2) [25].
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Fig. 2. W-H plot of Co,Zn,Al,O4 (x =0, 0.1, 0.3 and 0.5) nanoparticles.

3.2 Morphology and Elemental Analysis

HR-SEM was used to examine the form and surface morphology of CoAl,O, and Zn doped
CoAl,O, nanoparticles. We observed coalescence, agglomeration, and large pore diameters in HR-
SEM images of CoAl,O4 and Zn doped CoAl,O, nanoparticles, as shown in Figures 3(a)—(d).The
presence of high volumes of gases during the combustion process caused the pore size seen in the
Zn doped CoAl,O4 nanoparticle. The existence of elements was confirmed by an energy dispersive
X-ray study on CoAl,O4 and Zn doped CoAl,O,4. The presence of components such as Co, Al, and
O in Figure 4(a) indicates the synthesis of CoAl,O, and Zn doped CoAl,O, nanoparticles. The
presence of elements such as Zn, Co, Al, and O may be seen in Figures 4(b)—(d).
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Fig. 3. (a-d) HR-SEM spectra of Co;.,Zn,Al,O4
(a=x(0)) ,(b= x(0.1),v=x( 0.3) and d= x(0.5) nanoparticles.
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Fig. 4.(a-d) EDAX spectra of Co;.,Zn,Al,O4 (x = 0 (a), 0.1(b), 0.3(c) and 0.5(d)) nanoparticles
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3.3. Bandgap Studies

The optical behaviour of CoAl,O, and Zn doped CoAl,O, nanoparticles is studied using
the UV-DRS instrument. To convert reflectance data into absorption coefficients, the Kubelka—
Munk function F(R) is used. F(R) is derived using equation (4)

®- 1R
a= F(R)=——— _
2R o=FR)=L

(4)

where, a - is the absorption coefficient, R - is reflectance data and F(R) - is Kubelka-Munk
function. As a result, the Tauc relation (equation) is used to calculate the optical band gap (Equ.

),
F(R)hv = A(hv - Ep)" ()

where n = 2 denotes the allowable direct transitions and gives the direct band gap, whereas n = %
denotes the permissible indirect transitions and gives the indirect band gap. For the zinc doped
cobalt aluminate system, a Tauc plot is shown between (F(R)hv)? vs (hv) (Fig. 5). The optical
bandgap value was calculated using extrapolation of linear points in the Tauc plot (F(R)hv)? [24].
The band gap of pure Cobalt aluminate has lately been stated to be 2.57 eV. The direct band gap
values for Zn®* doped CoAl,O, nanoparticles (x = 0.0, 0.1, 0.3, and 0.5) were determined to be
257, 2.49, 247, and 2.45 eV, respectively. Quantum confinement, sp-d exchange interaction
between localised d-electrons of Zn divalent ions and band electrons of zinc aluminate in
nanoregime resulted in a reduction in band gap energy.
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Fig. 5. (a-d) (F(R)hv)* versus hv of Co1,ZnAl,04 (x =0, 0.1, 0.3 and 0.5) nanoparticles
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Table 1. Magnetic parameters of Coy,Zn,Al,O4 (0 <x < 0.5) nanoparticles.

Sample Name Sample code H., (Oe) M;, (emu/g)
CoAl,O, (A) 260.17 0.4021
C00.9ZNng1AlLO4 (B) 110.12 0.0028
C00_7zno_3A|204 (C) 30.071 0.0033
C0g5ZNngsAlL0, (D) 140.65 0.0030

3.4. Magnetization analysis

The magnetic characteristics of Co;.ZnAl,O4 (x = 0, 0.1, 0.3 and 0.5) nanoparticles
nanoparticles are determined using VSM experiments. At room temperature, the VSM spectra
were obtained between -15 kOe and +15 kOe. Spectra generated between magnetization (M) and
applied field are shown in Fig. 6. (H). The hysteresis loop was used to collect magnetic properties
such as Hc and Mr. The cubic spinel structure of Coy.ZnAl,O, (x = 0, 0.1, 0.3 and 0.5)
nanoparticles nanoparticles was observed, with divalent (Co?/Zn®") metal ions occupying the
tetrahedral and trivalent (AI**) metal ions occupying the octahedral sites, respectively. The cationic
redistribution between the tetrahedral and octahedral sites plays an important role in tuning the
magnetic characteristics in general.

In this case, Coy.,.Zn,Al,O4 (x =0, 0.1, 0.3 and 0.5) nanoparticles nanoparticles are exhibit
diamagnetic behavior. As seen in Table. 1, it is noted that the value of coercivity (H;) of zinc
doped cobalt aluminate nanoparticles lowered upon with rise in the concentration of Zn** ions. It
is in the range from 260.17 to 30.07 Oe. The coercivity values can be tuned through various
factors like surface defect, cationic redistribution, and high anisotropy [20]. The values of
magnetic remanence (M;) are established to be 0.4021 emu/g to 0.0028 emu/g. It is mainly
impacted by crystallite size and shape of the Zn®* doped CoAl, O, nanoparticles.
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Fig. 6. (a-d) Magnetic hysteresis curves of Co,..Zn,Al,O4 (x =0, 0.1, 0.3 and 0.5) nanoparticles.

4. Conclusions

Employing Microwave combustion process we successfully synthesised Co,.,Zn,Al,O4 (X
=0, 0.1, 0.3 and 0.5) nanoparticles nanoparticles, and all made samples unveiled a cubic spinel
structure with space group Fd-3m. Furthermore, the Debye-Scherrer and W-H methods were
employed to determine the effective crystallite size, with slightly different results. The higher ionic
radius of Zn in comparison to Co causes an increase in the values of the lattice parameter from
8.116 to 8.135. With an increase in Zn®* concentration, the optical band gap values decrease from
2.57 to 2.45 eV. Vibrational stretching modes in the FT-IR spectra have been connected to the
cubic spinel structure of CoAl,O,. The produced samples displayed diamagnetic magnetic
behaviour, with Remanence (Mr) values ranging from 0.4021 emu/g to 0.0028 emu/g, according to
magnetization studies.
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