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Strontium substituted CoAl,O, nanoparticles were prepared using a microwave
combustion technique using L-alanine as a fuel. The following techniques were used to
test the synthesized samples such as XRD, HR-SEM, EDX, DRS, FT-IR and VSM
respectively.. Surface morphology showed nanosized crystalline grains agglomerated with
flake-like and nano-sized pores are fused grain boundaries. The band gap was calculated
using Kubelka-Munk (K-M) function and it is reduced from 3.32 to 3.18 eV. The Ft-IR
bands ranging from 560 to 1100 cm™ are caused by the cubic structure of Sr** doped
CoAl,O, nanoparticles(NPs). The bi-functional NPs CoAl,04/SrO (x = 0.5) exhibited
excellent catalytic performance and better conversion efficiency (conversion 98% and
selectivity 95%) for glycerol.
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1. Introduction

In recent years, semiconductor materials have great deal of attention in the fields of nano-
science and nanotechnology due to their exceptional optical, electrical, thermal, and magnetic
properties. Metal oxides have recently used in photocatalytic degradation [1], optical sensors [2],
energy storage, resistive memory chips [3,4] and super capacitors [5] and so on. Cobalt aluminate
is thought to be a good choice for sensor applications because of its diffusion is good, surface
acidity is low, thermal resistance is increased, improved mechanical resistance, thermal stability,
and hydrophobicity is enhanced [6]. Because of these materials has mechanical [7], electric [8, 9]
and optical properties, [10] it makes suitable to use as energy carriers, catalytic [11], nano-
pigments [12] and hyperthermia application [13]. The divalent metal ion (Co>") is represented by
the tetrahedral A-site, whereas the trivalent metal ion (AI’") is represented by the octahedral B-site
[6]. The cobalt aluminate structure was selected because of its, excellent structural, optical,
morphological and magnetic properties.

* Corresponding author: anipsg09@gmail.com
https://doi.org/10.15251/DJNB.2023.183.915


https://chalcogen.ro/index.php/journals/digest-journal-of-nanomaterials-and-biostructures
https://chalcogen.ro/index.php/journals/digest-journal-of-nanomaterials-and-biostructures?id=602amp;catid=8
https://doi.org/10.15251/DJNB.2023.183.915

916

Throughout the reported work, all aluminates of spinel metals, nanomaterial of cobalt
aluminate is well known semiconducting material with a wide band gap values (3.5 to 3.9 eV) [14,
15]. CoAl,O,, an exceptional inorganic with a regular spinel structure, has outstanding, magnetic,
electrical, and optical properties [16, 17]. As a catalyst, cobalt aluminate is used for various
reaction at high-temperature [18,19] and also in optical property applications [20, 21]. Due to high
magnetic activity of cobalt aluminate with cubic spinel form in order to promising candidate for
photo-catalysts [8]. The “magnetic (M), optical (O), electrical (E), and structural (S) properties”
for their host material, and also for the chemical structure of the host material, can all be improved
by doping strontium ions into the matrix. The addition of strontium ions is changing the host
material's entire structure (from standard spinel to reverse spinel) and improves its magnetic
properties. [21, 22]. Strontium doped metal aluminates, in particular, used in various applications
such as gas sensor device, large storing device and spintronic device [22]. The percentage of Sr**
ions in zinc aluminate affects the magnetic properties of Co-Sr spinel aluminates in particular. Co-
Sr aluminates have a higher resistivity, initial permeability, and magnetic saturation, making them
a better candidate for inductors, electrical MEMS switches, and microwave systems [23],
converters, aerial cores [24,25] and devices in memory applications [26, 27]. Cobalt aluminates
spinel can be made in a variety of forms, including solid-state reaction [28], hydrothermal [29],
microwave combustion [30, 31] and reverse miscelle surfactant applications [32]. The high
efficiency, ultra-fine and unalloyed fine particles using microwave combustion technique is a
simple and appealing process for synthesizing cobalt aluminate at nanoscale. Propylene glycol,
urea and citric acid are commonly used for fuels in the combustion technique to synthesis cobalt
aluminates [33]. Despite many available cobalt aluminates nanoparticles, the combination of
cobalt aluminates (metal precursors) with L-alanine used as a fuel is not reported in the past.

Toni et al., 2020 described the microwave combustion method to synthesize Cu;.
Zn,Fe,O4 NPs. The crystalline nature and lattice constants are calculated to be 15 to 19 nm and
8.319 to 8.400 A respectively [34]. The electrical conductivity was determined using the Kubelka-
Munk formula and was determined to be between 2.30 and 2.51eV [35]. Lahde et al., 2017
proposed a paper related to a nano-particles premised on cobalt aluminium spinel produced by
flaming thermal oxidation for different catalysts [33], the authors have also explained the catalysis
characteristics of CoAl spinel nano-particles. L-alanine is used as a fuel for the combustion
process to prepare Sr°~ doped CoAl,O, NPs. Hence, in the present study demonstrates the effects
of Sr** doping on structural, optical, and catalytic activity of CaAl,O4 by X-ray diffraction (XRD),
scanning electron microscopy (SEM) and energy dispersive X-ray analysis (EDX), diffuse
reflectance spectroscopy (DRS), Fourier transform infrared spectroscopy (FTIR) techniques. To
investigate the catalytic property of as prepared nanoparticles have studied using catalytic
oxidation of glycerol as a test reaction.

2. Experimental

2.1. Materials

Cobalt nitrate (Co(NO;),.6H,0), aluminium nitrate (AI(NOs);.9H,0), strontium nitrate
(Sr(NO;),.9H,0) and L-alanine (C;H;NO,) were analytical grade (99.9%), purchased from SD
fine-chemicals, India. All these chemicals were used as received without further purification.
Double distilled water was used during sample preparation.

2.2. Synthesis of Co,.,Sr,Al,O, nanoparticles

Metal nitrates (Cobalt/Strontium — 1 mole and Aluminum — 2 moles) were used as
precursors in addition to L-alanine as fuel for the synthesis of nanoparticles by combustion
technique. The propellant chemistry concept of fuel to oxidizer (F/O) was supposed to equal 1. An
homogeneous solution was obtain by dissolving the constituents in the desired mole ratio (1:2
mole ratio) in de-ionized water followed by stirring at room temperature for 30 min and it was
poured into a cylindrically shaped pure silica crucible and placed at the center of oven for
irradiation procedure, which is initially set to 120 min at 100 'C. The solution boiled while
delivering heat energy, vaporizing, dehydrating, and decomposing with reaction gas evolution. As
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the solution entered natural combustion, ignition occurred, resulting in the rapid development of
Co,.,S1,Al,04 (0 £x < 0.5) NPs in a flame fluffy fashion. Finally, the obtained sample was cleaned
with distilled water and ethanol before being dried for two hours at 500 °C (using muffle furnace).
COALl, COSA2, COSA3, and COSA4 are the names of the final products. The chemical reactions
involved in the formation of Co,.,.Sr,Al,O, (0 <x <0.5) NPs are as follows:

CO(NO3)2 6H20 (S)+ 2 AI(NO3)3 9H20 (S) + 2.666 C3H7N02(S) i COA1204 (S) +
10.66 Ny 1 + 8 COng) 1 +33.33 HyO( 1
)

2.3. Characterizations
The crystalline structure and phase of as-prepared cobalt aluminate NPs are characterized
using radiation of CuKwo at = 1.5406 in the range of 20° to 80° in the radiation of 28 (Model

Rigaku Ultima III). An X-ray analyzer for energy dispersive is fitted with an EIKO IB2 scanning
electron microscope for morphology and eclemental analysis characterization. The diffuse
reflectance spectrums have been obtained using a Perkin Elmer twin beam spectro-photometer in
the wavelength ranges 200-800 nm (Thermo Scientific Evolution 220). The FT-IR spectrums were
collected using a spectro-photometer from Thermo Scientific (LYZA 500).

2.4. Catalytic activity

The conversion of glycerol was carried out in a batch reactor operating under atmospheric
conditions using a two-necked round bottom (250 ml) flask equipped with reflux condenser and
temperature controller. 0.05 mole of oxidant (hydrogen peroxide) was added along with a 50 mg
of the catalyst then heated at 80 °C in acetonitrile medium for 6 h. The liquid phase products were
analyzed by Agilent 1100 gas chromatography (GC) equipped with an Abel Bonded (AB-1,
Capillary) column (30 m x 0.25 mm X 0.25 um) and FID detector. Products were identified by
using Agilent Technologies Model 7890A gas chromatography mass spectrometer (GC-MS)
coupled to a mass detector model 5975 C and HP-5MS (30 m x 250 pm % 0.25 um) column.

3. Results and discussion

3.1. X-rays diffraction analysis

Fig. 1 displays the pattern of X-ray diffraction for prepared strontium doped cobalt
aluminate NPs. It is observed that the entire diffraction pattern indicates the good crystalline
structure. The 26 values of 31.21, 36.75, 44.79, 55.53, 59.28, and 65.18 correlate to the reflection
planes of Sr doped cobalt aluminate (220), (311), (400), (422), (511), and (440). The distribution
information (JCPDS card number 82-2239) exhibiting the cubic spinel arrangement with the space
collection Fd-3m [24] corresponds exactly to all of the dispersed peaks [24]. The SrO NPs exhibit
deteriorated peaks at 20 values of 26.51, which is consistent with the Sr doped CoAl,O4 system.
Using the (311) reflection plane, Debye Scherrer's Eq. (2) was utilized to determine the average
crystallite size (L) and all calculated XRD parameters are given in Table 1.

;0.8
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Fig. 1. XRD spectra of S’ doped CoAl,O, NPs.

Table 1. Crystallite size, lattice parameter and energy gap of Co;..Sr.Al,O4 (0 <x <0.5) spinel NPs.

Sample Sample Name Crystallite Size, Lattice Energy gap
code L (nm) Parameter, a (eV)
&)

COAl CoAlL,O4 14.40 8.111 3.32
COSA2 Co0.9S1¢1ALL,O4 16.10 8.114 3.28
COSA3 Co.7S193A1,0,4 18.15 8.119 3.20
COSA4 Coy.5S195A1,0,4 20.01 8.122 3.18

L, is the average crystalline size; f, is the full width at half maximum (FWHM) of the detected
diversion peak; and 6, is the diffraction angle. The diffraction peak (311) of strontium doped
cobalt aluminate has an average crystallite dimension of 14 to 20 nm. Eq. 3 was used to measure
the lattice parameter for the Co;_,Sr,Al,O4 (0 <x <0.5) NPs.

a=d, (W’ +k>+1%) 3)

where, dj, is the the miller indices are given by the equivalent interatomic spacing;

The crystal planes denote 4, k, / and a-denotes the lattice parameter. The cubic spinel
structure is described by the lattice parameter 'a', which ranges from 8.111 to 8.122 A. The
determined lattice parameter 'a' agrees well with the previously published value of 8.106 A.

3.2. SEM and EDX analysis

The surface morphology of Sr*” doped CoAl,O, NPs is studied using HR-SEM technique.
The images observed cobalt aluminate NPs which notable tendency of coalescence agglomerated,
aggregation, nano-sized porous with fused grain boundary morphology are shown in Fig. 2.
Because of the lower energy release during the combustion process, spherical morphology and
agglomerated has the Co;_Sr,Al,O4 (0 <x <0.5) NPs. Fig. 3 depicts the elemental composition of
Co0...Sr,Al,O4 (0 £ x < 0.5) NPs as evaluated by energy dispersive X-ray analysis. The peaks
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correspond to Co, Sr, Al, and O, indicating that the cobalt aluminate and strontium doped cobalt

aluminate NPs are highly substituted.

Fig. 2. HR-SEM analysis of S¥’* doped CoAlO, NPs.
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Fig. 3 EDX spectra of S¥** doped CoAl,O, NPs.
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3.3. Optical properties

The energy band gap of Sr** doped CoAl,O, NPs is persistent using spectroscopy of
diffuse reflectance in the ultraviolet visible region [33, 34]. The Tauc connection is a mathematical
proof that is used to determine the energy difference and as specified in the equation. The diffused
reflectance was converted to an absorption coefficient using the Kubelka-Munk function F(R) (4).

« = F(R) = =2 (4)

iR

F(R), is the Kubelka-Munk function and R, is the reflectance. The equation expresses the Tauc
relationship (5),

F(R)hv = A(hv - E,)" (5)

Hence, n = 2 and %, which is imply the permissibility of indirect and direct transitions,
respectively. In Fig. 4, a Tauc plot is shown among (F(R)hv)* and band gap (hv), with linear points
in the strategies extrapolated to (F(R)hv)” = 0, yielding the expected straight band gap. The direct
band gaps of strontium doped cobalt aluminate NPs were 3.56 ¢V, 3.47 ¢V, 3.42 ¢V, and 3.35 ¢V,
respectively. The reduction in optical band gap standards as increases the strontium dopant
concentration is due to the addition of new energy levels in between the energy bands [33].
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Fig. 4. (F(R)hv)’ vs band gap of Co,.,SrAl,0,(0 <x <0.5) NPs.

3.4. FT-IR analysis

The FT-IR spectrum of Co,.,Sr,Al,O4 (0 < x < 0.5) NPs formed by burning is shown in
Fig. 5. At room temperature, the FT-IR spectrum was obtained in the range 4000-400 cm™. The
wide band at 3439 cm™ is reserved for water molecule absorption via -OH stretching vibrations.
The band between 2920 and 2847 cm™ [36] regulates the C-H enlarging vibration of hydrogen-
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bonded molecules. The absorption bands at 1631 and 1435 cm™ on the particle surface are induced
by the presence of organic molecules and their coordination with amino and carboxyl groups (e.g.
COO-). The bands between 560 and 1100 cm™ are caused by the cubic structure of CoAl,O4 NPs

doped with Sr** [37].
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Fig. 5 FT-IR spectra of S¥’* doped CoAl,O, NPs.

3.6. Catalytic activities

3.6.1. Effect sample composition

The Coy,Sr,Al,O4 (0 < x < 0.5) spinel catalyst for oxidation of glycerol was carried out
under atmospheric conditions was carried out using 50 mg catalyst at 80 °C for 6 h and final

results are shown in Fig. 6.
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Fig. 6 Effect of S’ doping fraction.



922

The results shows incrased conversion and selectivity for glycerol oxidation. The
strontium concentration ranges from x = 0.0 to 0.5, it is linearly increases the conversion from
75.6% to 98.2% and selectivity was 65.7% to 94.8% respectively. Among, all the catalyst samples,
the COSA4 is a most promising and it achieved good conversion towards glycerol. Hence, the
importance of strontium doped cobalt oxide with spinel structure was achieved.

3.6.2. Influence of the catalyst weight of the COSA4 nanoparticle

The glycerol conversion (52.4 to 99%) and selectivity (49.5% to 94.8%) get linearly
increased, on growing the catalytic stuffing from 20 to 70 mg and it is shown in Fig. 7. The
discrimination of formic acid reductions to 90.5% leading to pore blocking and reactive surface
decline on using the catalyst over 70 mg [38]. The ideal catalyst amount to attain high catalyst
activity is 50 mg, which is been discovered from the results.

Fig. 7 Effect of catalyst loading.

3.6.3. Recycling performance of COSA4 catalyst

From the investigation of the reusability (Fig. 8) of COSA4 catalyst during glycerol
conversion indicates that the catalyst was improved through purifying and washing with purified
water numerous times followed by drying at 180 * C for 2.5 h in warm air oven.

Fig. 8 Reusability studies on the COSA4 catalyst.
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Under identical condition the reprocessed catalyst is utilized for about afterward four
turns. The oxidation of glycerol (from 98.2 to 82%) and the exercising judgment of formic acid
(94.8 to 75%) slightly decrease. This decrease is probably due to bulk loss of the chemical agent
during laundry and retrieval process [40].

3.6.4. Reaction pathway

Scheme 1 shows the reaction process for converting glycerol to formic acid from an
experiment carried outwith a COSA4 spinel catalyst in an acetonitrile medium. The glycerol is
first oxidized to either glyceraldehyde or dihydroxyacetone. On further oxidation, glyceraldehyde
is transformed into glyceric and tartronic acid, and the glyceric acid undergoes rapid C—C bond
breakage to create glycolic acid and formaldehyde, which in turn forms formic acid on further
oxidation. Meanwhile, dihydroxyacetone may generate glyceraldehyde under keto-enol
tautomerism and, with further oxidation, glycolic acid, and, as previously mentioned,
formaldehyde and formic acid.

0
HO’ ’ OH
HO o O ~
. = OH %,
W glyceraldenyde glyceric acid i .
83 /
_'() 8 Cl
-10\ PN GI- =0 + HO U\
o " o - . h \/’,
glycenal /CE, “ formaldehyde OH
e HO. M, ] glycolic acid
] - o~ \n /
OH formic acid

diydroxyacetons

Scheme 1. Possible reaction pathway for catalytic oxidation of glycerol using COSA4 spinel catalyst.

4. Conclusion

The combustion approach was utilized to synthesize Co,.,Sr,Al,O, (0 <x < 0.5) NPs using
L-alanine as a fuel. Undoped CoAl,04 (COA1) and Sr** doped CoALO, (COSA2 and COSA3)
showed a single phase with cubic structure. Further doping (COSA4) led to form a bi-functional
phase of CoAl,O,/SrO nanoparticles. However, increase doping concentration, the value lattice
parameter improved from 8.112 A to 8.122 A. HR-SEM revealed the crystalline materials with
nano-porous and flake like images. EDX observation confirmed the existence of Co, Sr, Al, and O
elements. The band gap value of 3.32 eV to 3.18 eV was deduced by Co;.Sr,Al,O4 (0 <x < 0.5)
spinel NPs. FT-IR spectra showed the vibrational stretching modes corresponding to the CoAl,O,
spinel structure. Sr*” doped CoAL,O, NPs show high performance in catalyzing glycerol oxidation.
Among the different compositions, COSA4 exhibits the maximum catalytic activity for the
oxidation of glycerol to formic acid (98.2%). A reaction mechanism is proposed.
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