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Abstract Inrecent years, cobalt ferrite nanoparticles have attracted the attention of many researchers due to
their vast industrial applications. In this regard, the current study aimed to synthesize CoFe,0O4 nanoparticles in
the presence of different amounts of honey (0, 0.5, 1, 1.5, 2, and 2.5 g) through the sol-gel auto-combustion
method. In order to investigate the microstructure as well as the structural and magnetic properties of the

Keywords:

Cobalt Ferrite,

Sol-Gel,
Coercivity,

Saturation Magnetization,

synthesized samples, XRD, DTA/TG, FTIR, FESEM, and VSM analyses were carried out. The phase analysis
confirmed that the high-purity cobalt ferrite nanoparticles were formed after the calcination process. The FTIR
results showed that the intensity of the organic bands was significantly reduced by adding honey. However, the
presence of this agent caused severe changes in the morphology of nanoparticles and also their magnetic
properties. Reducing the particle and average grain sizes of the nanoparticles by the addition of honey caused an

Honey increase in their coercivity and consequently, their magnetic parameters were enhanced to about 1580 Oe in the
sample containing 1.5 g of honey. In addition, the saturation magnetization increased in the presence of honey,
compared to the raw sample.

https://doi.org/10.30501/jamt.2023.365599.1254 URL: https://www.jamt.ir/article 168524.html
1. INTRODUCTION this study primarily aimed to synthesize CoFe,O4

The spinel cobalt ferrite (CoFe,O4) is characterized by
an inverse spinel structure where the tetrahedral sites (A-
sites), as well as half of the octahedral sites (B-sites), are
occupied with Fe3* ions. In contrast, Co?" ions are
distributed over the octahedral B-sites [1]. This ferrite is
characterized by a high coercivity (Hc), large
magnetocrystalline anisotropy, moderate saturation
magnetization (M), high chemical stability, and good
mechanical hardness [2]. Hence, these magnetic
nanoparticles are used in different applications such as
the magnetic data storage [3], ferrofluids [4], sensors
[5], catalysts [5], and biomedical applications (i.e.,
hyperthermia [6]). Among the synthesis methods, the
sol-gel auto-combustion method is one of the suitable
methods for the ferrite synthesis duo to its simpler
procedure, lower annealing temperature and time,
feasibility of the synthesis of nanoparticles with high
purity, and lower cost than those of other methods. It
should be noted that different parameters (i.e., pH [7],
calcination temperature [8], dopants [10], solvent [9],
and agents [11]) can affect these properties. It has been
already acknowledged that the presence of additional
agents would improve the properties of this ferrite. In
this regard, the effects of the presence of agarose [12],
apple cider vinegar [13], urea [14], glucose [15], and
starch [16] as the additional agents were investigated.
However, the effect of honey addition on the properties
of CoFe,04 has not been investigated yet. In this regard,

nanoparticles through the auto-combustion sol-gel
method in the presence of honey.

2. MATERIALS AND METHODS

In the present study, the initial solutions were prepared
by dissolving Fe(NO3).9H,0 and (Co(NO3)),.6H>O (in
a stoichiometric ratio of 2:1) and citric acid in deionized
water at the room temperature. Different amounts of
honey (0 (A), 0.5 (B), 1 (C), 1.5 (D), 2 (E), and 2.5 (F)
g) were added to study the effect of its presence. To
adjust the pH value at 6, NH3 solution was added. The
obtained sol was then heated at 80 °C to convert it into
a viscous brown gel. Then, to start a self-propagating
combustion process, the prepared gels were heated at
120 °C for three hours. A DTA/TG analysis (STA504,
Bahr) was used to characterize the thermal behavior of
the flaky loose powder. In the next stage, the precursors
were heated at 800 °C for three hours to calcination and
to get the pure cobalt ferrite nanoparticles. For the
structural and microstructural investigations, the XRD,
FTIR, and FESEM analyses were carried out using a
Philips diffractometer (MPD-XPET model), FE-SEM
(Mira3, TESCAN), and FT-IR spectroscopy (Thermo,
Avatar), respectively. The magnetic properties were
investigated using a VSM (Meghnatis Kavir Kashan)
test.

3. RESULTS AND DISCUSSION

(https://doi.org/10.30501/jamt.2023.365599.1254).
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The XRD patterns related to the synthesized samples
are presented in Figure 1. As observed, assigned to (2 2
0),311),(222),(400),(422),(511),and (440)
planes, the prominent peaks are observed at 26 values of
30, 35, 37, 43, 53, 57, and 63°, respectively. The close
match of the observations with the standard XRD

pattern (JCPDS Card No. 96-591-0064) confirms the
formation of a cubic spinel-type lattice of CoFe;Os. In
addition, no additional peaks were observed in these
patterns, indicating the high phase purity of the
specimens.

CoFe04 =
F A 2 3 A
- |
=: _,E-"__.M..,_.Jx.,..._ﬁ-‘ll‘n,.m_____ A e\ A
=
.;' D A l_, A . ! A
|
E C A A — A
B A A — -
A A .‘ ; A ; h
20 30 40 50 60 70

20 (deg.)

Figure 1. XRD patterns related to the samples (synthesized in the presence of various amounts of honey)

The magnetic parameters of the samples were
extracted from the M—H hysteresis curves and values of
M, M,, and H. and then summarized in Table 1.
According to this table, the H; and M; vary in the range
of 820-1580 Oe and 65.5-75.8 emu/g, respectively,
confirming the hard-magnetic character of the particles.
The M changes from 65.5 emu/g in the honey-free
sample to 75.8 emu/g in sample C. However, this
magnetic parameter decreases significantly with further

addition of honey. The change in M; results from the
weakening of AB-exchange interactions (cation
distribution), where A and B correspond to the Co?* and
Fe’" cations, respectively.

On the contrary, the coercivity increases from 820.5
Oe (in the honey-free sample) to 1579.4 Oe (for sample
D). However, this magnetic parameter decreases with
further addition of honey due to the alteration in the
average crystallite/grain size.

Table 1. Magnetic properties of the synthesized samples

Sample code M; (emu/g) M: (emu/g) He (Oe)
A 65.54 33.97 820.47
69.46 24.44 609.35

C 75.80 37.69 1156.42

D 68.42 36.97 1579.41

E 72.78 38.00 1410.87

F 70.10 42.12 1310.98

4. CONCLUSION

In this study, the effect of the addition of honey on the
structural and magnetic properties of the cobalt ferrite
nanoparticles synthesized through the sol-gel auto-
combustion methods was investigated. The phase
analysis confirmed the synthesis of these nanoparticles
without any impurities. The  microstructural
observations revealed that the average particle size
decreased followedby adding this agent. The results
indicated that the natural honey acted as the fuel and/or
reducing agent. The initial molecular matrix for Co*"
and Fe*" ions can be provided by the hydroxyl and
amines groups present in the honey. In addition, the
presence of honey contributes to an increase in M and
H, from 65.54 emu/g and 820.47 Oe (in the honey-free

sample) up to 68.42 emu/g and 1579.41 Oe (in the
sample containing 1.5 g honey), respectively.
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Abstract  In this paper, two-dimensional organic-inorganic hybrid structures with the general formulas of
(BA),Pbl, and (PEA),Pbl; as the luminescent materials are experimentally investigated. The luminosity
properties of the these organic-inorganic hybrid structures are also examined in the absence and presence of
coating with thin layers of gold and platinum of 20 nm in thickness at different temperatures ranging from the
room temperature to about 106 K under excitation by a light source with the wavelength of approximately 400
nm. According to the observations, illumination in the case of the (BA),Pbl, structure at 120 K can be enhanced
by 12.9 times the illumination at room temperature. In addition, illumination in the case of the (PEA),Pbl,
structure coated with a 20 nm thick platinum layer at 173 K can be enhanced 12.2 times the illumination at room
temperature. These results suggest that two-dimensional organic-inorganic hybrid structures (especially
(BA),Pbls and (PEA),Pbl, structures) can be useful for the design of novel electronics and optoelectronics

devices.
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1. INTRODUCTION

Organolead-halide-perovskites ~ are  the  most
promising next-generation solar cell materials owing to
their superior properties such as broad spectral
absorption range, high absorption coefficient, high
carrier mobility, long diffusion length, and relatively
longcarrier lifetime, to name a few [1]. However, up to
now, the instability of the Organolead-halide-
perovskites against moisture, heat, and ultraviolet
exposure have remained the major obstacles in the
commercialization of this technology [2]. To date,
remarkable efforts have been made to improve the weak
stability of devices made of perovskite materials [3].
One of the effective strategies for the stability
enhancement with regard to the ambient environment is
that of lowering the dimensionality of the perovskites
from the 3D to 2D [4]. For this purpose, replacing the
widely used methylammonium cation with long-chain
organic cations in the perovskite crystal is an effective
method to enhance the intrinsic stability of the
perovskite materials. The general formula for the 2D
layered perovskite materials is (RNH3)2An 1MnXsn:1,
where RNH; is a primary aliphatic or aromatic
alkylammonium cation, A a monovalent organic cation,
M a divalent metal, and X a halide anion. It should be
noted that Phenethylamine (PEA) was first used as a
large-chain organic cation to improve the device
stability. Layered perovskites possess a system of

multiple quantum wells in which the organic cations and
inorganic layers act as the barriers and wells,
respectively. Typically, in contrast to the metal halide,
the organic cation has a low dielectric constant. More
importantly, confining the halide perovskites in a 2D
geometry provides opportunities to further tune the band
gap, transport properties, charge carrier dynamics,
chemical stability, etc. [5]. The current study introduced
anovel 2D Layered Organic-Inorganic hybrids as a very
promising emitter with good efficiency and excellent
photostability to be used as luminophore. First,
(C4sHyoNH3),Pbls and (CsHs(CH2)oNH3),Pbly, as the 2D
layered hybrids, were synthesized through a facile
solvothermal method (abbreviated as (BA).Pbls and
(PEA),Pbly). Then, the plasmonic effect of gold and
platinum nanoparticles on the luminosity enhancement
of 2D layered hybrids was evaluated, and the
relationship between the enhancement factor and
temereture reduction was studied.

2. MATERIALS AND METHODS

2D layered organic-inorganic hybrids precursor with
different organic cations ((C4HoNH;3),Pbly and
(C6¢Hs(CH2)2NH3),Pbls) were prepared using solution
chemistry method. Generally, the synthesis process has
two steps: synthesis of the ammonium salts and
preparation of the organic-inorganic hybrid solution. To
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be specific, C4HoNH;l was first prepared by the reaction
of Butylamine (C4sHoNH,, 99.5 %, Sigma Aldrich) with
a stoichiometric amount of hydroiodic (HI, 57 %,
Merck) - aqueous solution in a chilled glass bottle at
0 °C to remove the reaction heat. In this step, the
C4HoNH;I ammonium salt is mixed with lead halide
Pbl, in the stoichiometric amount 6:1. All materials
were used without any further purification. Each product
was kept for 24 h at room temperature on a watch glass.
Once the reactions ware complete, the products were
dried in a vacuum box at 70 °C for 4 h. Other 2D layered
organic-inorganic hybrids, (CsHs(CH,),NH3),Pbls were
synthesized using a similar process as that for
(C4H9NH3),Pbly, except  for  Phenethylamine
(CsHs(CH»)2NH2, 99 %, Sigma Aldrich) was used as the
organic cation instead of Butylamine.

In the next step, a thin luminescent film was fabricated
by dispersing the 2D layered organic-inorganic hybrids
as the fluorophore in a Dimethyl sulfoxide (DMSO,
Merck,). Followed by the evaporation of the solvent, a
thin layer was deposited on a 35 x 15 mm glass substrate
using the doctor blade technique. Next, layers of gold
and platinum with the thickness of 20 nm were created
by sputtering on the thin layers of 2D organic-inorganic
hybrid materials studied in this research. Moreover,
temperature-dependent photoluminescence spectra are
obtained using a 400 nm laser diode, and a fiber
spectrometer model Aurora 4000 is used for spectra

detection. To cool down the hybrid and control its
temperature, liqud nitrogen is used.

3. RESULTS AND DISCUSSION

Figure 1 compares the typical X-Ray Diffraction
(XRD) patterns of (C4HgNH3),Pbl4 and
(C6¢Hs(CH2):NH3),Pbls  hybrids  (abbreviated as
(BA),Pbly and (PEA),Pbls). The plate-like ‘layered’
organic-inorganic hybrids were confirmed, by the XRD
pattern, to be a 2D layered hybrid that was formed due
to the incorporation of the BA or PEA cations into the
precursor solutions. The crystal structure of the obtained
2D hybrids was also investigated, and the peaks were
attributed to the scattering from (002), (004), (006),
(008), (0010), and (0012) crystal planes of the 2D
layered Organic-Inorganic hybrids [6].

The SEM micrographs of the (BA),Pbls 2D layered
organic-inorganic hybrids are illustrated in Figure 2,
showing a relatively uniform shape and size distribution
of the nanoparticles. The nanoparticles exhibit both
small mean size of 15.

Figure 3 shows the temperature-dependent PL spectra
from 173 K to 298 K of the (PEA),Pbls organic-
inorganic hybrids coated with a thin layer of platinum
with the thickness of 20 nm.

Followed by reducing the temperature from the room
temperature to 173 K, the amount of photoluminescence
increase reached the significant amount of 12.2 times.

(006)

Intensity (a.u}

(008)

A (BA)z PbI 4
—B _(PEA),PbI,

35 40 45 50

26 (degrees)

Figure 1. X-Ray diffraction pattern of (A): (BA)2Pbl4, and (B): (PEA)2Pbl4
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Figure 2. SEM image of (BA)2Pbls nanoparticles
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Figure 3. Temperature-dependent PL spectra of the (PEA)2Pbls coated with 20 nm platinum

4. CONCLUSION

This research investigates the photoluminescence of
the two-dimensional organic-inorganic hybrid materials
(BA),Pbl4 and (PEA),Pbl,s with and without coating by
thin layers of gold and platinum with the thickness of 20
nm in the temperature range of room temperature to
lower temperatures. According to the observations, the
highest level of photoluminescence enhancement in
both structures was achieved at low temperature by
coating with a thin layer of platinum with the thickness
of 20 nm.
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Paper History: Abstract  The primary objective of the current research is to produce polymeric nanofibers of chitosan and
Received: 2022-12-27 polyvinyl alcohol containing chicory plant extract and then evaluate their antibacterial effects. As remarked by
l;ey lse.(ti. mAreVlsed df-o;)nz: 32%213;;1'15 numerous published articles, the chicory plant proved to be able to modulate the activity and growth of bacteria.

cientific Accepted: o For this reason, chicory plant extract was added to the fiber precursor in the amounts of 1, 2, and 3 %. Finally,

Keywords: the morphology and antibacterial properties of the resultant nanofibers were investigated. The results from Field
Electrospinning, Emission Scanning Electron Microscope (FESEM) confirmed the formation of uniform fibers whose diameters
Nanofibers, decreased from 144 nm to 95 nm with an increase in the amount of the extract in the sample. In addition, Energy
Chitosan, Dispersive X-ray (EDX) and X-map analyses confirmed the presence of elements of carbon, oxygen, nitrogen,
Chicory, chlorine, potassium, sodium, and copper in the precursor of the fibers containing the extract and their uniform

Antibacterial distribution. In this study, Fourier Transform Infrared Spectroscopy (FT-IR) helped identify the functional

groups and chemical bonds in the synthesized nanofibers. According to the Ultraviolet-Visible thermometry
(UV-VIS) results, one emission in the ultraviolet region with the wavelength of 263 nm and two emissions in
the ultraviolet and visible regions with the wavelengths of 263 nm and 372 nm were observed in the absorption
spectrum of nanofibers without and with the extract, respectively. examination of the antibacterial properties in
the present study confirmed that upon increasing the amount of the extract in the sample, the antibacterial effect
of the electrospun nanofibers would be intensified in exposure to both Escherichia coli and Staphylococcus
aureus.
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1. INTRODUCTION nature at different rate of 1, 2, and 3 %. After that, the
characteristics and morphology of the resulting
nanofibers and their antibacterial properties will be

discussed and evaluated in laboratory conditions.

Given the potential role of wound dressings,
biocompatible and mostly biodegradable polymer
nanofibrous dressings have attracted many researchers’
attention with regard to the infection reduction and

wound healing process acceleration [1, 2]. In the last 2. MATERIALS AND METHODS

decade, such dressings have gained a significant
potential to locally transfer the antibiotics and
antibacterial agents in the wound region in order to
control the probable infections [3]. In this regard, with
the unfortunate and destructive evolution of antibiotic-
resistant bacteria, replacement of the antibiotic delivery
systems with antibacterial nanofiber wound dressings
has been widely studied in recent years [4, 5]. Followed
by mentioning the nanofiber production methods and
confirming the superiority of the electrospinning
method in the present research, we took advantage of the
mentioned potential of nanofibers and focused on the
electrospinning of polymeric nanofibers of polyvinyl
alcohol and chitosan 0.5, 1 and 2 %. In the following,
the alcoholic extract of chicory root was added to the
fiber precursor as an antibacterial agent derived from

Chitosan solution was prepared by adding 0.2 grams
of the aforementioned polymer powder in 10 ml of 2 %
acetic acid for 24 hours at room temperature under the
rotation of a magnetic stirrer. In addition, polyvinyl
alcohol solution was prepared by dissolving 1.5 grams
of this polymer powder in 21 ml of deionized water at
80 °C for three hours on a magnetic stirrer. Then, two
solutions containing chitosan and polyvinyl alcohol
within the ratio range of 20-80 were prepared for 18
hours at room temperature on a magnetic stirrer. Then
the chicory plant root extract was added in different
amounts of 1, 2, and 3 % to the chitosan/polyvinyl
alcohol solution and finally, it was put under a magnetic
stirrer for one hour at room temperature. The prepared
solutions were electrospun at the voltage of 16 kV, flow
rate of 0.1 ml/h, and distance of 12 cm (the distance

Please cite this article as: Hedayati Tabari, F., Hamidinezhad, H., Karimian, M., Nazifi, E., "Synthesis and characterization of chitosan/poly (vinyl
alcohol) polymer nanofibers containing chicory extract by electrospun method and evaluation of its antibacterial properties", Journal of Advanced
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between the tip of the needle and collecting plate). Then,
the resulting fibers were collected from the collecting
plate. Finally, the antibacterial properties of the
synthetic materials were measured by disk diffusion
method.

3. RESULTS AND DISCUSSION

According to Figure 1, FESEM images of nanofibers
without and with the extract can be seen as continuous

L
SEM MAG: 35.0kx |  WD: 5.60 mm

Det: SE | sEm Bv: 150 kv
Date(m/dly): 04/26/22

Det: SE
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and regular fibers. PVA/CS, PVA/CS/Ex 1 %,
PVA/CS/Ex 2 %, and PVA/CS/Ex 3 % nanofibers have
average diameters of 144, 127, 113, and 95 nm,
respectively. Therefore, according to the results of the
FESEM images, both samples without and with the
extract consist of a continuous and almost uniform
structure in the form of fibers. The obvious difference
between the two samples is the smaller diameter of
nanofibers based on the plant extract as an antibacterial
agent compared to nanofibers without plant extract.
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Figure 1. FESEM images of nanofibers, a) PVA/CS, b) PVA/CS/Ex 1 %, ¢) PVA/CS/Ex 2 % and d) PVA/CS/Ex 3 %

According to Figure 2, the antibacterial properties of
the synthesized nanofibers with different amounts of
extract at the same concentration of chitosan were
evaluated and investigated against Escherichia coli and
Staphylococcus aureus bacteria. Table 1 confirms that

upon increasing the extract amount in the nanofibers,
their antibacterial property would also increase.
Nanofiber containing PVA/CS/Ex 3% shows the
maximum antibacterial effect against two studied
bacteria.

)

Figure 2. Images of the antibacterial properties of synthesized nanofibers containing 0, 1, 2 and 3 % extracts against two bacteria, a)
Escherichia coli and b) Staphylococcus aureus
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Table 1. The effect of the average diameter of the halo of non-growth of nanofibers against two bacteria Escherichia coli and
Staphylococcus aureus

The average microbial inhibition halo diameter size (mm)
Bacteria PVA/CS PVA/CS/Ex 1 % PVA/CS/Ex 2 % PVA/CS/Ex 3 %
E. Coli 6.5 8 10 12
S. Aureus 7 9 10.5 13
4. CONCLUSION

According to the results from the FESEM analysis,
both continuous and uniform fibers were formed in this
study, and the diameter of the fibers decreased from 144
nm to 95 nm with an increase in the extract amount in
the sample. Examination of the antibacterial property
showed that the antibacterial property of the nanofibers
also increased with an increase in the extract amount. In
fact, all the synthesized chitosan/polyvinyl alcohol
nanofibers with and without extract are more active
against the studied gram positive bacteria.
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Abstract In this study, tungsten disulfide nanostructures are synthesized on the Si/SiO, substrates by thermal
chemical vapor deposition in a three-zone furnace. For this purpose, sulfur and tungsten oxide powders are first
placed under argon gas in the first and third regions of the furnace at 220 and 1100 °C, respectively. A scanning
electron microscope is then used to evaluate the morphology of the grown layers. The images confirm the growth
of WS, hexagonal flakes. The samples are then placed in a ceramic plant in the center of a single-zone furnace
for re-annealing. The grown layers are reheated under different gases of Argon, Argon/Hydrogen, Oxygen, and
Ammonia/Water at 450 °C for 30 minutes. To evaluate the annealing effect, X-ray diffraction, Raman
spectroscopy, and Ultraviolet-Visible spectroscopy are employed. The results confirmed the effect of the
Argon/Hydrogen atmosphere on the improvement in the optical and crystalline properties of the WS, synthesized

layers.
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1. INTRODUCTION

Two-dimensional transition metal dichalcogenides
(TMDCs), first experimentally synthesized in 2010, are
expressed by the chemical formula of MX,, where M
and X represent a transition metal atom (Mo, Nb, W, Ti,
...) and a chalcogen atom (Se, S, Te), respectively.
Typically, TMDCs are characterized by a bandgap in the
range of 1 to 2.5 eV and a thickness of about 0.6-0.7 nm
[1]. Among many 2D semiconductor materials, TMDCs
are the most promising options for the development of
technologies based on the 2D materials due to their
suitable band gaps, good environmental stability, and
excellent electrical and optical properties [2-4]. One of
the remarkable features of the TMDC group members is
the conversion of the indirect band gap to a direct band
gap by decreasing the thickness of the multilayer to a
single layer. This change in the optical properties
resulted from the interaction of the adjacent layers [5].

In the monolayer structures of TMDCs, electron-hole
pairs and excitons in the layer are quite limited and
sensitive to the environment as well. Another interesting
characteristic is photon absorption in a single layer of
some TMDCs, which is indicative of an absorption
coefficient of more than 10 % [6-8].

Among these materials, WS, has remarkable
optoelectronic properties including the relatively high
electron mobility, large exciton energy, layer-dependent
band gap, strong spin-valley gap, and strong Photo-
Luminescence (PL) properties. In this study, the effect
of reannealing in different atmospheres on the optical

and crystalline properties of WS, sheet nanostructures is
investigated.

2. MATERIALS AND METHODS

WS, nanostructures are synthesized by Thermal
Chemical Vapor Deposition (TCVD) in a single step at
1100 °C under Argon gas. The nanostructures are
reannealed in a single-zone furnace under Ar, Ar/Ho,
NH3/H>O, and O, atmospheres at 450 °C. Scanning
Electron Microscope (FESEM) is employed to examine
the morphology of the samples and then, X-Ray
Diffraction (XRD), Raman spectroscopy, and UV-
Visible spectroscopy are used to examine the crystalline
and optical properties of the grown structures

3. RESULTS AND DISCUSSION
3.1. SEM images

In this section, a scanning electron microscope is used
to examine the morphology and shape of the obtained
tungsten sulfide nanoplates. Figure 1 shows the images
related to these nanosheets in the form of triangles and
hexagons.

3.2. XRD analysis

The crystalline structures of the grown and reannealed
samples under different environments are studied using
XRD. According to the results, the distance between the
crystalline planes for all atmospheres except for the O,

45-54. (https://doi.org/10.30501/jamt.2023.364505.1249).
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atmosphere has decreased due to an increase in the
diffraction angle according to the Bragg relationship
(n\ = 2dsin6). This phenomenon occurs as a result of a
reduction in the oxygen impurity in the structure of the

WD: 3.60 mm

SEM MAG: 2.00 kx Det: InBeam SE 20 pm

SEM HV: 15.0 kV

SEM HV: 15.0 kV
SEM MAG: 20.0 kx Det: InBeam SE 2 pm

nanoplates. To further investigate the grown layers,
diffraction angles in the range of 15-50° are analyzed.
According to the obtained results, Ar and Ar/H»
atmospheres are selected for reannealing the samples.

WD: 3.60 mm

MIRA3 TESCAN

Figure 1. FESEM images related to WSz nanosheets at two magnifications of 20 (a) and 2 pm (b)

3.3. Raman spectroscopy

The results of Raman spectroscopy confirmed a
change in the vibrational properties of the sample after
re-annealing under Ar/H, atmosphere while no
significant results were obtained in other atmospheres.

3.4. UV-Visible spectra

UV-Visible absorption spectra of the synthesized and
annealed layers under Ar/H, atmospheres are shown in
Figure 2. The bandgap values for the layers before and
after the reannealing process under the Ar/H,
atmospheres are calculated as 1.95 and 1.98 eV,
respectively, confirming the structural improvement of
the layer under heat treatment.

Annealing under
Ha/Ar exposure

Before annealing

Intensity (a.u)

After annealing

1.95eV

550 600

650 700

Wavelength (nm)

Figure 2. UV-Visible absorption spectrum of WSz sample grown and annealed in Ar/H> atmosphere

4. CONCLUSION

In this research, followed by the growth of two-
dimensional WS, nanostructures, these nanostructures
were annealed under Ar, Ar/H,, NH3/H,O, and O,.
Characterization of the samples before and after
annealing based on the XRD, UV-Visible absorption
spectroscopy, and Raman spectroscopy highlighted the
effect of the Ar/H, atmosphere on improving the crystal
and optical properties of the synthesized layers. In
addition, the XRD results revealed that the distance
between the (002) plates decreased after annealing under
Ar and Ar/H; gases, indicating an improvement in the
layered structure of WS, and reduction in the oxygen
impurity in their structure. Raman spectroscopy also

confirmed the XRD results. According to the UV-
Visible absorption spectroscopy, the band gap increased
after annealing in Ar/H,, indicating an improvement in
the structure of WS, layers under heat treatment and
confirming the XRD results.
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step solid-state reaction method. To this end, ZrTiO, (ZT) was first synthesized at 1450 °C for four hours. In the
next step, PZT was synthesized by calcination of appropriate amounts of PbO and ZT. Calcination of (PbO+ZT)
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1. INTRODUCTION

The Piezoelectric effect refers to the development of
electrical charges on the application of a mechanical
stress and vice-versa [1]. To date, PZT has been
considered one of the most widely studied and used
piezoelectric materials [2]. However, lead oxide, which
is a component of PZT, is highly toxic and due to its
volatilization, its degree of toxicity further increases at
high temperatures particularly during calcination and
sintering, thus causing serious environmental pollution.
Therefore, Researchers are looking for a way to replace
these materials with lead-free piezo materials [2]. Some
of the initially developed lead free piezo systems
function based on alkali metal-based BNT, BKT, KNN,
etc. [3-5]. PZT is a solid solution containing two
materials: (i) a lead titanate and (ii) a lead zirconate [6].
The characteristics of the PZTs were modified by
addition of different dopants to the “A” or “B” sites.
Followed by selecting a suitable composition near MPB
and suitable dopants, the PZTs of the high piezo
properties were synthesized [7]. This study developed a
simple method to prepare perovskite PZT powders via a
modified solid-state mixed oxide synthetic route without
adding PbO in excess. In this study, lead zirconate
titanate (PZT) and Nb-doped PZT (PZTN) were
synthesized through two-step solid-state reaction
method. In addition, the effect of Nb on the electrical
properties of the PZT was studied.

2. MATERIALS AND METHODS

Polycrystalline ceramic materials were obtained using
Z10,, TiO,, PbO, and Nb,Os (Merck, > 99 % purity).
First, ZT powder was synthesized followed by the solid-state
reaction between PbO and ZrOz. Then, the PZT powder was
prepared using the starting materials (ZT and PbO)
powders. Next, Nb-doped PZT (PZTN) was synthesized
through two-step solid-state reaction method. In this
research, ZrTiO4 (ZT) was first synthesized at 1450 °C
for four hours. In the next step, PZT was synthesized by
calcination of appropriate amounts of PbO and ZT. Of
note, calcination of (PbO+ZT) was performed at 850 °C.
The cylindrical pellets of the PZT and PZTN powders
were sintered at 1300 °C. The electrical properties of
both PZT and PZTN samples at 1 KHz were finally
investigated in this paper.

3. RESULTS AND DISCUSSION

The results indicated that upon increasing the amount
of Nb up to 0.05 mol % in the PZTN samples, the
piezoelectric charge coefficient (ds3), relative dielectric
constant (g;), and dissipation factor (tand) would also
increase. However, the increase in the Nb amount up to
over 0.05 caused a negative effect on its electrical
properties. The values of the mentioned electrical
properties in the 0.05Nb-doped sample were 360 pC/N,
1400, and 2.4, respectively.
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4. CONCLUSION

The suitable temperature for preparing ZT was 1450
°C. A modified two-stage mixed oxide synthetic route
was developed to prepare high purity Nb- doped PZT
powders, which is indicative of a high level of
reproducibility.
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Abstract  In this study, the density, compression, and mechanical properties of the Si;N4-SiO, composite
containing Eu,O; and SiO, additives with weight percentages of 7 wt% and 10 wt%, respectively, were studied
at different ratios of 0, 3, and 5. The composite ceramics in this study was produced by, first, preparing the
powder by mixing and milling for 12 h. Then, they were formed based on cold pressing and cold isostatic
pressing methods and finally sintered through spark plasma sintering process. The samples were incubated at
1750 °C for 15 min at the heating rate of 100 °C/min, pressure of 40 MPa, and maximum temperature under
vacuum atmosphere. After the grinding process, the particle size of the initial powder mixture was reduced by
about 19 %. The results demonstrated that after the cold isostatic pressing process, the relative density of the
samples increased up to 14.67 %. The high beta phase amount of the silicon nitride in the 7 % Eu,0; sample
confirmed the presence of sufficient amount of liquid phase during the sintering process, improvement in the
dissolution, diffusion, and precipitation mechanism, and finally an increase in the rate of phase transformation
of alpha to beta. The highest hardness of 21.61 GPa was observed in the 5 % Eu,0; sample, indicating its high
density, advancement of dissolution-diffusion mechanism, and deposition of nitride compounds in the sintering
process. In this study, due to the presence of glass phase in the Eu,O; sample, its toughness value was a
significant amount, i.e., 6.1 MPa.m'?, compared to that of the other samples.
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1. INTRODUCTION

Si3Ns ceramics are promising materials for high-
temperature applications [1]. Over years, engineering
ceramics have had extensive applications in automobile
manufacturing, coating industry, structural components,
etc. [2] owing to their beneficial properties such as
thermal resistance, high-temperature strength, good
resistance to the corrosion and high hardness, excellent
wear resistance, and low thermal expansion [3, 4].

Different sintering techniques can be used for the
expanding the Si3N4 applications. The standard
sintering techniques are pressureless sintering, hot
pressing, and spark plasma sintering [5, 6]. Spark
plasma sintering, in comparison with the other
conventional methods, enjoys some notable advantages
such as easy processing and fast sintering of high energy
precision control sintering with the ability to achieve full
condensation within a few minutes, to name a few [8, 9].
In addition, spark plasma sintering is known for its high
crystal growth and more chemical reaction in ceramics
sintering [7]. However, owing to the strong links
between Si-N, sintering of Si3Nj is problematic because
the materials become highly porous after sintering [8].

Meager densification causes heterogeneous grain
growth and subsequently forms different crystalline
sizes and shapes. Heterogeneous microstructure affects
the mechanical properties such as the fracture behavior
and reduced material life.

2. MATERIALS AND METHODS

Commercial a-Si3Ns powder (a-SizNg > 95 %, d50 =
0.5 pum, purity of 99.5 %, oxygen content of 0.68 %,
Luoyang info technology Co., Ltd., Henan, China) and
Si0; powder (d50 = <4 pm, purity of > 99.99 %, Iliya
Industry Co., Isfahan, Iran) were used as the raw
powders. In addition, Eu;03 powder (d50 = < 4 um,
purity of > 99. 99 %, Yunshen Industrial Co., Ltd.,
Hebei, China) was used as the sintering additive. To
fabricate the Si3N4 ceramic composite, the composition
ratios of the SizsN4, SiO,, and Eu,O3; powders that are
listed in Table 1 should be taken into account.

The high-energy planetary milling machine was
mixed with the raw materials. Nest, the raw materials
and ethanol were mixed with the SizNy balls in the
milling machine. The slurry was poured into the Teflon
cup and milled for 24 h and then dried at 80 °C for 24 h
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until all of the ethanol was evaporated. After drying, the
powder was crushed by a ceramic mortar and passed
through a 200-mesh sieve. The obtained powder was
granulated for better flowability in the mold for uniform
distribution. For the uniaxial press, a steel mold of 25
mm in diameter was used at the pressing pressure of 30
MPa.

Table 1. The composition of samples

Name Purity % Particle Size (um)

Si3N4 98 < 0/05

Si02 98 < 4>

Eu203 98 < 4>
C:HsOH 99.7 < -

PVA 99 -

3. RESULTS AND DISCUSSION

Since the mechanical properties of the engineering
ceramics strongly depend on the type of the developed
microstructure and nature of the grain boundary phases
formed during the sintering process, the microstructure

>,
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of the manufactured ceramic parts was investigated and
analyzed. The amount, distribution, grain size, and
morphology of the alpha and beta particles in the silicon
nitride-based ceramics are decisive factors in
determining the final properties of the produced parts
[9]. Figures 1 and 2 depict the SEM images of the
fracture surface and polished surface of the sintered
samples. According to the SEM images in Figure 1,
upon increasing the amount of the Eu,Oj; sintering aid,
the microstructure of the samples becomes denser and
more uniform than before, and the number of pores
decreases. Further, upon increasing the amount of the
sintering aid, an increase in the relative density and an
improvement in the compressibility behavior of the
samples can be observed.

As observed in the SEM images illustrated in Figure
2, the samples do not have a uniform microstructure, and
their microstructure contains micropores. With an
increase in the amount of the sintering aid, the phase
transformation from alpha to beta is done through the
dissolution progress, diffusion, and precipitation
mechanisms, hence formation of rod-shaped grains of
beta silicon nitride. In the 7 % Eu,O3 sample, a
completely rod-shaped microstructure can be observed.

MIRA3 TESCAN

RAZ1 FOUNDATION

RAZ1 FOUNDATION

Figure 1. SEM images of fracture surface of sintered samples, a) 0 % by weight Eu203, b) 3 % by weight Eu203, ¢) 5 % by weight
Eu203, and d) 7 % by weight Eu203
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Figure 2. SEM images of the polished surface of sintered samples, a) 0 wt % Eu203, b) 3 wt % Eu203, ¢) 5 wt % Eu203 and d) 7 wt
% Eu203 in one view

4. CONCLUSION

The particle size of the primary powder mixture, after
12 hours of the grinding process through the wet
method, became smaller by 19 %. As a result of this
particle size reduction, the particle size distribution of
the primary powders would become more uniform. In
order to obtain the desired mechanical and
microstructural properties, appropriate compressibility
behavior, and uniform distribution of the primary
powder mixture, it is necessary to granulate the silicon
nitride primary powder through an energetic milling
process. According to the observations, the dimensions
of the samples before the cold isostatic pressing process
had an average diameter of 24 mm while after the cold
isostatic pressing process, they had an average diameter
of 21.2 mm. It can be concluded that after cold isostatic
pressing in the diameter direction, all the samples
experienced an average size reduction of 11.7 %,
indicating that in the first stage (uniaxial press), the
powders were compressed only in the direction of
pressure (thickness direction) while they were
compressed in all directions, especially in the diameter
direction, in the second stage (cold isostatic press). The
results revealed a 14.67 % increase in the relative
density that corresponded to a 12 % size reduction in the
diameter direction. The high amount of silicon nitride
beta phase in the 7 % Eu,O3 confirmed the presence of
sufficient amount of the liquid phase during the sintering
process, progress of the dissolution, penetration, and

precipitation mechanisms, and finally increase in the
rate of alpha to beta phase transformation. The highest
hardness value of 21.61 GPa was obtained for the 5 %
Eu,O3 sample, indicating high condensation, progress of
dissolution-permeation mechanism, and precipitation of
the nitride compounds in sintering as well as high
amount of alpha phase. The values of the fracture
toughness (varying in the range of 4.9-6.1 MPa.m'?) of
the samples were affected by the growth of the rod-
shaped grains of beta silicon nitride and high
length/width ratio of the grains.
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