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Abstract

In this work, nano structured Cu Al Alloy particles were synthesized by a
chemical-precipitation method. The photo catalytic activities of the synthesized powders
were investigated. The characteristics of synthesized powders were studied using a
variety of techniques including X-ray diffraction, applied potential variation using Cyclic
Voltammetry, Scanning Electron Microscopy with EDAX, Fourier transform infrared
spectroscopy and ultraviolet-visible spectroscopy and Particle size Analyzer . The SEM
results showed that CuAl nanoparticless are displayed agglomerated symmetrical and
that the morphology of Cu Al alloy NPs of the single nanoparticles is flake like the flakes
are 7.1 nm to 5.7 nm in dimensions for 300°c and 700°c. The similar shape of the CVs
recorded at different scan rates indicates excellent electro chemical reversibility of the

synthesized CuAl alloy nanoparticles.
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1. Introduction

Recently oxide spinels have gained a lot of attention because of their applications
in the field of magnetic materials, pigments, catalysts, optical materials, etc. [1-3].
Among the many types of oxide spinel materials, CuAl show a high catalytic property. In
addition, copper aluminate has a high thermal stability, high mechanical resistance,
hydrophobicity and low surface acidity [4]. Conventional method to synthesize CuAl is
solid-state reaction between Al and CuO which requires high temperature (above 1000
°C) and long period of calcination. These can cause grain growth in final product. In the
recent years, wet chemical technologies have been employed to synthesize copper
aluminate with high homogeneity, low calcination temperature and fine particle size.
These methods involve sol-gel [5—7], sonochemical [4,8], reverse microemulsion [9], and
other related methods. Among these methods, chemical-precipitation process is one of the
interesting methods because of the inexpensive raw materials, a simple synthesis

procedure and commonly available apparatus [10,11].

We seek to identify the impacts of the crystallinity, morphological variations,
structural modifications, and electronic structure of nanomaterials like CuAl NPs
addressing various challenges and offering solutions across diverse fields. In this context,
our study aims to systematically investigate the effects of annealing temperature on the
structural, optical, and morphological properties of synthesized nanomaterials through the
chemical precipitation method. Employing a multidimensional characterization approach
encompassing XRD, EDAX, FTIR, UV-Vis spectroscopy, SEM, CV, and PSA, our
research endeavors to provide insights into the structural evolution, phase
transformations, chemical bonding, optical behavior, surface morphology, and particle

size distribution of the nanomaterial at different annealing temperatures.
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2. Experimental procedure

CuAl nanopowder was prepared by a chemical precipitation method using
Cu(NO3)2 3H20 (Merck), AI(NO3)3 9H20 (Merck) and NaoH (Merck) as a
precipitating agent. First, Cu(NO3)2 3H20 and AI(NO3)3 9H20 in their respective
stoichiometry (20 mmol aluminum nitrate and 10 mmol copper nitrate) were dissolved in
15 mL de-ionized water. After continuous stirring for 15 min, a transparent solution was
obtained. Then, diethylamine was added slowly to the solution until a precipitate formed.
The resultant synthesis precipitate was washed with deionized water and dried at 80 °C

for 24 h. The dried precipitate was calcined for 2 h in a furnace at different temperatures.

3. Characterization techniques

X-ray diffraction (XRD) patterns were acquired for the prepared samples using
the powder XRD technique with Cu-Ka radiation (A=1.54060 A) at 40 KV and 30 mA.
Fourier Transform Infrared (FTIR) spectra spanning the region of 4000-400 cm™ were
obtained with a Magna IR spectrometer 550 Nicolet. UV-visible spectra were recorded
using the Jasco Nicolet 670 W Japan spectrophotometer. The super capacitor properties of
the synthesized Cu Al alloy nanoparticles were determined using cyclic voltammetry (Eco
Chemie Autolab PGSTAT12 Potentiostat). Additionally, Scanning Electron Microscopy (SEM)
was employed to further investigate the detailed structure and morphology of the
prepared samples. The Particle Size Analyzer (Nano Plus Micromeritics) was utilized for

analyzing the particle size distribution.
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4. Result and discussion

4.1 UV STUDIES

Figurel shows the UV-VIS spectrum of synthesised Cu Al Alloy nanoparticles by
chemical co-precipitation method at different temperatures, it reflects the variation of %
absorbance of Cu Al Alloy function of wavelength from 200 to 800 nm. It was evident
from spectra [12] that the absorption peak of metal nanoparticles mostly lies in the UV
region of spectrum [14,15]. Though Cu nanoparticle typically shows its absorption in the
visible region [13,14] but the absorption peak of such nanoparticles lies in the UV range
owing to their oxidation behaviour. It was also observed that the absorption intensity of
alloy nanoparticle is significantly higher than Cu and Al nanoparticles. In previous

studies, Cu NPs showed SPR in an area around 562—573 nm [16-18].

The broad band is observed of Aluminium Oxide towards blue shift at 345.4 nm
[19,20]. A smaller absorption edge is advantageous for simpler electronic conductivity
(greater energy transformations) and consequently quicker ionic conductivity. However,
in our work, SPR was observed in the area around 255.5 nm and 421.5 nm for different
annealed temperatures 300°c and 700°c. On comparisons of the present study with
literature reveals that Cu Mg Alloy nanoparticles has led to a shift in the fundamental
optical absorption edge towards the Ultra Violet (UV) region. It was probably due to the
position of Plasmon absorption peak which depends on several factors: the particle size,

shape, type of solvent, The absorption data obtained were extrapolated to the Tauc

relation the plot of (ochv)2 versus the energy of the photons (4v), where a is the absorbance

value, h is the Plank constant, and v is the frequency of the photons.
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When the absorption data are traced by the Tauc relation, it will show one or more
straight lines these lines will intercept with the energy (4v) axis, and this intercept gives
the value of the energy gap (Eg) and it is shown in shown in figure 2.The bandgap energy
of Cu Al Alloy nanoparticle was found to be 5.82 eV, 5.88 eV for 300°c and 700°c. Further,
many authors [13-15] have calculated the bandgap of different metal nanoparticles from
their absorption spectra. Bandgap around 5.2 eV, 4.8 eV and 4.5 eV were calculated for
Cu-Al, Cu and Al nanoparticles respectively. It was evident from the absorption spectra
that the band gap of alloy particle is larger than the pure particles which are similar to our

studies.

The variation of extinction coefficient with wavelength is shown in Figure 3. The
extinction coefficient (K) is a measure of the fraction of light lost due to scattering and
absorption per unit distance of the penetration medium. The extinction coefficient is
computed in the sample during the exposure of UV spectra by using the relation between
% absorption and wavelength [21]. Extinction coefficient (K) is calculated from the formula

K= al

4w
where a is % absorption and Ais wavelength. The curve of extinction coefficient clearly
shows that scattering decreases gradually from 400 nm up to 1100 nm for constant

distance of the penetration medium.
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Figure 1b uv plot of cu al alloy at 700°c
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UV- plot of Cu Al alloy at different temperature
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Figure 1c uv plot of cu al alloy at different annealed temperature
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Figure 2 a tauc plot of cu al alloy at 300°c
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4.2 SEM STUDIES

We can see from the SEM images (Fig. 4)and zoom view that the nanostructure
of Cu Al alloy particles displayed agglomerated symmetrical and that the morphology of
Cu Al alloy NPs of the single nanoparticles is flake like the flakes are 7.1 nm to 5.7 nm
in dimensions for 300°c and 700°c this is to some extent due to the interaction between
the nanoparticles, Heat treatment resulted in agglomeration of the powder as a function
of the calcining temperature which is typical for the alloy samples. Therefore, some
degree of agglomeration at the higher calcination temperature appears unavoidable. In
many cases of Nano crystalline materials, it is observed that there is a tendency of
agglomeration among the nanoparticles [22]. These particles are fluxes, sphere and
fracture in shape which is a typical result of precipitation method. Low resolution image
of prepared copper aluminium alloy at different temperatures exhibits a clusters
morphology. High resolution SEM images shows synthesised NPS are grown highly

crystalline.

S-3400N 1604V 8.8mm

Figure 4 a depicts the SEM micrographs of sample Cu Al alloy nanoparticles for

different magnification at 300 ° C
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Figure 4b depicts the SEM micrographs of sample Cu Al alloynanoparticles for different

magnification at 700 ° C

4.3 EDAX STUDIES

Energy dispersive X-ray analysis (EDX) is performed in conjunction with SEM
or TEM. It provides the elemental details of near surface elements of a sample and the
overall positional mapping in it. Here a high energy electron beam ~ 10-20 keV is
bombarded on a sample and X-rays emitted from the sample are collected by an energy
dispersive spectrometer. The energy of the X-rays generated are characteristics of the
atomic structure of the element from which it is emitted, and hence provides the elemental
details of the sample. X-rays are generated in approximately 2 um depth of the sample
and, therefore,

EDX is generally a bulk characterization technique. The electron beam is scanned

across the sample to verify the spatial uniformity and homogeneity.
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Full scale counts: 929

800 -
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Table 1

Element

Line

OK

Al K

Cuk

Cul

Total

Net  Net Counts Weight % Atom %

Counts Error
846 +/- 71 9.46 29.33
3 +- 26 0.01 0.03
3513 +/- 123 90.52 70.64
8526 +/- 121 - -

100.00  100.00

Formula

Al

Cu
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Full scale counts: 1037 Base(5)
1000 [
800 +
600 -
400 -
200 -
AL DAl Al ~ “ Al+Cu
0 T T T T T T T T
1 2 3 4 5 6 T 10
keV
Table 2
Element Net Net Counts Weight % Atom % Formula
Line Counts Error
OK 605 +/- 57 4.77 16.53 (0]
Al K 103 +/- 21 0.39 0.81 Al
Cu K 5388 +/- 145 94.83 82.66 Cu
Cul 9293 +/- 121 --- ---
Total 100.00 100.00
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EDAX analysis gives qualitative as well as quantitative status of elements that may be
involved in formation of nanoparticles. Figure 1 shows elemental profile of synthesized
nanoparticle copper aluminum alloy. TABLE 1 and 2gives the true elemental composition
of the nanoparticles. The analysis revealed highest proportion of Copper (90.52%) in

nanoparticle followed by oxygen (9.46%), and aluminum(0.01%).

4.4 FTIR STUDIES

The light transmittance properties of the copper aluminum alloy NPs were studied
via FTIR as shown in figurel. FTIR, like UV-Vis, enables compounds to be identified
given that each compound exhibits distinct transmittance bands when exposed to IR light.
The FTIR spectra of the sample copper aluminum alloy prepared by chemical co
precipitation method are presented in Figure. Figure 1a and 1b shows the FTIR spectra of
the sample annealed at two different temperatures namely 300°c and 700°c. It is evident
from the figure that, the samples give rise to absorption bands in the range of 4000 to 400

-1
cm .

The broad band centered at 3462 cm ' can be attributed to the stretching
vibrations of O-H functional group. The medium intensity sharp band at 1640 cm™ can be
associated with the bending vibrations of O-H functional group. The existence of these
two bands confirms the presence of water molecules adsorbed from the environment on
the surface of the nanomaterial due to their high specific surface areas [23,24]. The sharp
and medium intensity bands at 2926.1 cm-' can be assigned to C-H stretching bonds.
These bands invariably appear in the FTIR spectra of samples and they are seldom

considered important in determining the structure [23]. The transmittance band at 1646
cm! is attributed to the C-C stretching mode. Furthermore, the large transmittance

band at 1384cm-! is ascribed to the C-H bending mode.
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The sharp peak at 1122 cm™ corresponds to C-O stretching of strong intensity of
aliphatic ether or tertiary alcohols but the absorption peaks from 814 to 571.23 cm™
suggest strong bands in the finger printing region could also be attributed to oxygen-metal

vibration which hints at the formation of metal oxides [25].
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Figure 5a. FTIR Plot of Cu Al alloy at annealed temperature 300°C
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Figure 5b. FTIR Plot of Cu Al alloy at annealed temperature 700°C
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FTIR plot of cu Al alloy
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Figure 5c. FTIR Plot of Cu Al alloy at different annealed temperatures

4.5 PSA STUDIES

Copper aluminum alloy nanoparticles samples annealed at two different
temperatures 300°c and 700°c were analyzed using particle analyzer to estimate the
particle size. Cu Al alloy nanoparticles were suspended in water and kept in ultra-
sonication for 5 min. Figure 6 shows the result of the analyzed sample. The average size
of the particle was calculated to be 919.3 d nm and 605.3 d nm for the synthesized Cu Al

alloy nanoparticles at 100% intensity at different annealed temperatures.
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Figure 6a PSA Results of Cu Al alloy nanoparticles 300°C
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Figure 6b PSA Results of Cu Al alloy nanoparticles at 700°C

4.6 XRD STUDIES

XRD spectra of copper aluminium alloy-NPs obtained from chemical co
precipitation synthesis at different annealed temperatures are shown in Figure 7. It clearly
exhibits the peaks at angles 5.6662°, 32.7952°, 37.4134°, 45.5011°, 57.6847°, 60.8563°
and 67.4496°. Which reveals the information that sharp and intense peaks indicate the
synthesized nanoparticles are crystalline in nature. The XRD peak profile analysis is done

for as-prepared and annealed copper aluminium alloy sample.
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Basically the X-ray line broadening is mainly due to three factors namely
instrumental effect, crystalline size and local lattice strain. In order to exclude the
instrumental broadening, a standard silicon X-ray powder diffraction data is recorded
under the same condition and is eliminated from the observed peak width. But the latter
two contributions cannot separate directly and hence Williamson-Hall (W-H) plots are
used. The full width at half maximum (FWHM) of all the sample is estimated using a
nonlinear curve fitting function called Gaussian, which gives the best fit for the
experimental data. As the width of the peak increases size of particle size decreases,

which resembles that present material in an orange [26,27].

The average crystallite size (D) of the sample is calculated using Debye-Scherer’s

formula which can be given

KA

D=
BCOSO

Where K is the shape factor (0.90), A is the wavelength of Cu K, radiation (\=1.5406A), P is

the full — width at half maximum, and 6 is the diffraction angle. The average grain size of

copper aluminum alloy — NPs is found to be~10nm and 16 nm at different annealed
temperatures at 300°C, 700°C respectively.

Additionally the dislocation density(8), which represents the amount of defects in

the sample is defined as the length of dislocation lines per unit volume of the crystal and

is calculated using Williamson and small man’s formula [28] in lines/ m’

SZE

where n is approximately equal to 1 [27], D is the crystallite size. The

dislocation density (d) is found to bel x10'lines /m” and 3.906x10" lines/m’ sample
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copper aluminium alloy-NPs different annealed temperatures at 300°C, and 700°C

respectively.
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Figure 7 XRD plot of copper aluminiumalloy-NPsat different temperatures

Williamson—Hall Method of Analysis

The Scherrer equation focuses only on the effect of crystallite size in XRD peak
broadening and it cannot be considered for microstructures of the lattice, i.e., about the
intrinsic strain, which becomes developed in the Nano crystals through the point defects,
grain boundaries, triple junctions, and stacking faults [29]. One of the methods

considering the effect of strain-induced XRD peak broadening is the Williamson—Hall
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(W-H) method; also, this method provides calculation of the crystal size along with the
intrinsic strain [30,31]. According to the physical line broadening of X-ray diffraction
peak, it is a combination of size and strain. The W-H method does not confirm a 1/cos0
dependency as in the Scherrer equation but varies with tan6 in strain considerations.
This basic difference pursues a dissociation of broadening reflection and combines
small crystallite size and microstrain together. The distinguished 6 associations of
both effects of size and strain broadening in the analysis of W-H are given as

Equation

Brotal = Br + Be

where

KA
B = LCOS 8

and [ = 4C.tanf

If both contributions are present then their combined effect should be determined by
convolution. The simplification of W-H method is to assume the convolution as a simple

sum. Using the former of these then we get

KA
Biotal = m + 4C_tanb

If we multiply this equation by cosf we get:
KA .
BicosO = T + 4C, sinf

Comparing this with the standard equation for a straight line y =mx + c, we see

that by plotting B cosf versus 4sinfwe obtain the straight line with the slope Ce and the
intercept KT}\ that determines size of the crystal. Such a plot is known as a W-H plot and

shown in Figure 8a, and 8b.
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Crystal sizes by W-H plot for copper aluminium alloy-NPs sample at different

annealed temperatures are 7.02 E-11 m, and 8.30 E-11 m respectively.

The slope Ce gives the micro strain, this may be due to the lattice shrinkage and

the values are 0.4457x10> and 0.6543x10"
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Figure 8a W-H plot for copper aluminium alloy annealed at 300°c
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Figure 8b W-H plot for copper aluminium alloy annealed at 700°c

PAGE NO : 209



FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 5

4.7 CYCLIC VOLTAMMETRY

The super capacitor properties of the synthesized Cu Al alloy nanoparticles
were determined using cyclic voltammetry. The like voltammetry, were performed at
room temperature. Figure 9(a), 9(b) shows measured cyclic voltamograms (CVs)
recorded in the KOH electrolyte for the synthesized Cu Al alloy nanoparticles films at
four different scan rates ( 50 to 100mVs '). CVs provid evaluable information on
reduction oxidation (charge-discharge) behavior. Here, the capacitance was mainly
based on the redox reaction because the shape of the CVs is distinguished from the
shape of electric double-layer capacitance, which is normally close to an ideal
rectangle [21].

As the scan rate was increased, the current response, which is a measure of the
capacitance, increased. The similar shape of the CVs recorded at different scan rates
indicates excellent electro chemical reversibility of the synthesized CuAl alloy

nanoparticles.

The specific capacitance of the electrode can be calculated from the CV

curves according to the following equation.

C=————[Idv

ms(vg—vp)
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5. Conclusion

Nanosized copper aluminate particles were synthesized using a co-precipitation method.
These nanoparticles are flake like morphology and a particle size of about 605.3 d nm. The
nanoparticles were characterized by several experimental techniques. The XRD reveals the
information that sharp and intense peaks indicate the synthesized nanoparticles are crystalline in
nature. Where Cyclic Voltometer provide evaluable information on reduction oxidation (charge-
discharge) behavior. Additionally, these nanostructures exhibit promise in wastewater treatment
for heavy metal and organic pollutant removal, as well as serving as eco-friendly flame
retardants in polymer composites. Challenges in scalability, stability, and understanding
mechanisms must be addressed for broader use, motivating future research in novel synthesis

methods and application exploration.
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