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In the present study, CuO/CuFe204 nanoparticles were synthesized via a

polyacrylamide gel. Iron chloride and copper nitrate were utilized as raw

materials for the fabrication of CuO/CuFe204 nanocomposite. For the

formation of a polymeric network, acrylamide was utilized as the

monomer. The nanoparticles were characterized with XRD, FTIR, and

SEM techniques.
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XRD results revealed that as-prepared product was amorphous and CuO
Keywords: and CuFe2Os phases were formed after calcination at 800 °C.
Microstructural studies showed that the nanoparticles have a particle size
Polyacrylamide gel, distribution ranging from 60 to 120 nm. Most of the particles had a
Nanocomposite, CuO, spherical morphology. The polyacrylamide network acted as a template
CuFez04. for the formation of the nanoparticles. The lattice strain for copper ferrite
and copper oxide was calculated to be approximately 0.0020 and 0.0029,
respectively.
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Extended Abstract

Introduction

Many efforts have been made towards the
synthesis and identification of transition metal
oxide particles at the nanoscale. Metal oxide
nanocomposites have garnered significant
attention in recent years due to their unique
properties, including optical, electrical,
mechanical, photocatalytic, thermal, and
structural properties. These nanocomposites,
formed by combining two, three, or more
oxides at the nanometer scale, are used in
photovoltaic applications, solar cells, battery
materials, UV sensors, gas sensors, and fuel
cells.

Magnetic spinel ferrite materials exhibit good
chemical stability in various environments.
These materials have the formula of MFe,;Oy4, in
which M is a divalent metal ion such as cobalt,
nickel, iron, manganese, etc. Copper ferrite, as
a member of this spinel group, has been used in
many studies due to its suitable magnetic
properties, such as high magnetization.
Copper oxide (CuO) nanostructures are of great
interest because of their potential applications
in solar cells, catalysis, batteries, and sensors.
In addition, this oxide has antibacterial
properties. As an  important  p-type
semiconductor, CuO has a narrow band gap of
about 1.2-1.7 eV and can create electron-hole
species after absorbing visible light, causing
chemical reactions.
It has been reported that the method of
manufacturing has a significant effect on the
final properties of the product. So far, different
methods have been reported for the synthesis of
these oxides. For example, sol-gel, co-
precipitation, hydrothermal, solvothermal, etc.
have been reported as methods used for
manufacturing. The polyacrylamide method is
relatively new in the manufacture of these
nanoparticles, which uses a polymer template
as a substrate for construction and reaction.
In this research, a composite of copper oxide-
copper ferrite spinel was synthesized via the
polyacrylamide gel method. The produced
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composite was characterized using various
analysis methods.

Experimental procedure

Iron(Ill) chloride hexahydrate and copper
nitrate trihydrate were used as raw materials
for synthesizing the CuO/CuFe20s
nanocomposite. Acrylamide served as the
monomer for forming the polymer network,
while N, N'-methylenebisacrylamide,
ammonium persulfate,
and tetramethylethylenediamine acted as the
crosslinker, initiator, and  accelerator,
respectively.

The X-ray diffraction patterns were obtained
using a Philips PW 1710 diffractometer to
identify the phases of products calcined at
different temperatures. For studying the
chemical bonds in the samples, an ASCO6300
FTIR spectrometer was employed. Samples
were mixed with KBr powder and compressed
using a press for this analysis. Microstructural
investigations were conducted with a TESCAN
MIRA scanning electron microscope.

Results and discussion

Figure 1 shows the X-ray powder diffraction
(XRD) results of powders produced with
polyacrylamide gel calcined at different
temperatures. As observed, the uncalcined
powders exhibit no distinct peaks, confirming
the amorphous nature of the product. When the
calcination temperature increased to 400°C,
peaks corresponding to iron oxide (JCPDS No.
024-0072) and copper oxide (JCPDS No. 005-
0661) phases appeared in the patterns.
However, higher calcination temperatures led
to the disappearance of iron oxide peaks and the
formation of the CuFe,Os; phase. After
calcination at 800°C, copper ferrite (JCPDS
No. 034-0425) and copper oxide (JCPDS No.
005-0661)  became  the
components of the synthesized powders. No
peaks corresponding to unwanted phases or

predominant

impurities were observed in the XRD patterns
after calcination at 800°C, indicating the high
purity of the composite. These complete
reactions between chemical components result
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from the high-level molecular mixing of raw
materials in chemical methods.
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Figure 1. XRD patterns of samples calcined at
different temperatures.

To better understand the chemical changes
during calcination, FTIR analysis was taken
from the samples (Figure 2). A broad peak
around 3200 cm™ and a smaller peak at 1640
cm™' are likely due to stretching and bending
vibrations of O-H bonds. The presence of O-H
groups in the spectra indicates water in the
samples. After calcination, the intensity of
these peaks decreases, suggesting reduced
water content. However, their persistence post-
calcination is likely due to atmospheric water
absorption, as calcination at 800°C is sufficient
to remove all structural water from the samples.
In the as-prepared powders, the peak around
1359 cm™ corresponds to nitrate groups,
attributed to residual metal nitrate precursors.
This absorption peak disappears after
calcination, indicating the decomposition of
nitrate groups. Additionally, absorption peaks
between 900-1100 cm™ are linked to organic
bonds, signifying the polyacrylamide structure.
These peaks vanish in the spectra of the 800°C-
calcined samples, confirming the breakdown of
the polymer network after thermal treatment.
Absorption peaks below 600 cm™ are
associated with metal-oxygen bonds. These
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peaks intensify in calcined samples, indicating
the formation of CuFe:Os and CuO phases,
consistent with XRD results.

Calcined sample at 800 °C
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Figure 2. FTIR spectra of samples calcined at
different temperatures.

Conclusion

CuFe:04/CuO nanoparticles were synthesized
using the polyacrylamide gel method. The
polymeric gel acted as a temporary template for
the nanoparticles. The effect of calcination
temperature on the phase evaluation of the
synthesized powders was investigated.
Findings revealed that the synthesized samples
without thermal treatment lacked a crystalline
structure. Calcination at low temperatures
produced CuO and Fe:Os, while powders
treated at high temperatures contained CuFe20a
and CuO. Most nanoparticles exhibited a
spherical morphology with an average particle
size of approximately 90 nm.
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