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Metal Laminates (FMLs) fabricated by aluminum and carbon fibers/epoxy composites was investigated. To this
end, first, the FMLs with various configurations of carbon fibers (0°/0°/0°/0°, 90°/90°/90°/90°, +30°/-30°/
-30°/430°, and 0°/90°/90°/0°) were fabricated and put into oven under the thermal cycling conditions with 0, 1,
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10, 30, 50, 70, and 90 cycles. For each thermal cycle, the samples were put into the oven for 15 min to increase
their temperature from the ambient temperature to 100 °C. Then, the temperature was kept constant for five
minutes. Next, FMLs were extracted from the oven to reduce their temprature by the ambient temperature for 15
min. Then, the impact behavior of these samples was investigated based on Charpy impact test, and the related
mechanisms were characterized by macrostructural and microstructural methods. The obtained results confirmed
that followed by the thermal cycling on the unidirectional samples (0°/0°/0°/0° and 90°/90°/90°/90°), the absorbed
energy capability was considerably improved. To be specific, the maximum improvement values in these
configurations were obtained as 21.4 and 19.4 %, respectively. It was also found that by changing the
configurations, the enhancement and reduction of the absorbed energy capability were transferred in the higher
thermal cycles. The microstructural investigations revealed that after thermal cycles, the fracture behavior was
altered, and the adhesion between carbon fibers and epoxy matrix was deteriorated.

https://doi.org/10.30501/jamt.2022.342826.1225 URL: https://www.jamt.ir/article 157476.html

1. INTRODUCTION

Fiber Metal Laminates (FMLs) are known as hybrid
structures which have the metal and composite features
at the same time. According to the applied research
studies in this particular area, a majority of the research
studies characterized the mechanical properties of a
variety of FMLs. In addition, they developed these
features though different methods such as surface
modification of the metal layers, addition of different
nanoparticles, use of the new braided fibers like 3D glass
fibers, etc., to name a few [1]. It should be mentioned
that most of these research studies were carried out in a
specific environment condition (25 °C and low
humidity). However, like other structures, the FMLs
may be exposed to different environments like sea
water, high temperature, cryogenic conditions, etc. [2].

From this viewpoint and to the best of the authors’
knowledge, no study has been conducted on subjecting
carbon fibers-epoxy/aluminum FML (with the trade
name of CARALL) to the thermal cycling condition to
evaluate their impact features yet. In this regard, the
current study aimed to subject the CARALL structures
with the configurations of 0°/0°/0°/0°, 90°/90°/90°/90°,
+30°/-30°/-30°/+30°, and 0°/90°/90°/0° to the thermal
cycling conditions and then evaluate the effect of these

cyclings on their impact features.

2. MATERIALS AND METHODS

In this work, the FMLs with the configuration of 2/1
(sandwiched composite by aluminum layer) were
fabricated. The composite core was the unidirectional
carbon fibers/epoxy composites, and the skin layers
were the 2024 T3 aluminum sheet. The configurations
of the carbon fibers into the composite core were
0°/0°/0°/0°, 90°/90°/90°/90°, +30°/-30°/-30°/+30° and
0°/90°/90°/0°. The Charpy impact samples were
prepared and then put in the oven to run the 1, 10, 30,
50, 70 and 90 thermal cycles. For each thermal cycle,
the samples were put in the oven for 15 min to increase
the temperature from the ambient temperature up to
100 °C. Then, the temperature of the samples was kept
constant for five minutes. Finally, FMLs were extracted
from the oven to reduce their temprature by the ambient
temperature for 15 min.

3. RESULTS AND DISCUSSION

The impact energy of the untreated 0°/0°/0°/0° FML
was about 182 kJ/m?2. Once the number of thermal cycles
reached 30 in this sample, its impact energy increased

Please cite this article as: Askari, M., Javadi, M., Eslami-Farsani, R., Geranmayeh, A. R., "The effect of thermal cycles on the impact performance
of carbon fibers-epoxy/aluminum fibers metal laminates", Journal of Advanced Materials and Technologies (JAMT), Vol. 11, No. 3, (2022), 1-

14. (https://doi.org/10.30501/jamt.2022.342826.1225).

2783-0829/© 2022 The Author(s). Published by MERC.
This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.30501/jamt.2022.342826.1225
https://doi.org/10.30501/jamt.2022.342826.1225
https://en.merc.ac.ir/
https://creativecommons.org/licenses/by/4.0/
http://journals.merc.ac.ir/
http://www.jamt.ir/
mailto:mjavadi@azad.ac.ir
https://doi.org/10.30501/jamt.2022.338552.1222
https://doi.org/10.30501/jamt.2022.338552.1222
https://www.jamt.ir/article_157476.html
https://orcid.org/0000-0003-3872-8577
https://orcid.org/0000-0001-6328-1063
https://orcid.org/0000-0002-7838-6199
https://orcid.org/0000-0002-3509-6773

M. Askari et al. / Journal of Advanced Materials and Technologies (JAMT): Vol. 11, No. 3, (Autumn 2022), 1-14 2

and reached the value of 221 kJ/m? Accordingly,
performing the higher thermal cycles reduced the impact
energy until it reached the value of 151 kJ/m? after 90
thermal cycles.

The impact energy of the FML with the configuration
of 90°/90°/90°/90° before treating was 155 kJ/m?. The
maximum improvement (about 19.4 %) was observed
after 50 thermal cycles. After that, this configuration
exhibited the similar trend to that of the 0°/0°/0°/0°
configuration.

The impact strength of 0°/90°/90°/0° before treating
was 208 kJ/m?, which was 14.3 % higher than the that
of 0°/0°/0°/0° sample. In this configuration, the impact
energy firstly followed a decreasing trend and then
raised. The minimum impact energy, i.e., 123 kJ/m?, was
observed after 50 thermal cycles.

The sample with the configuration of +30°/-30°/
-30°/+30° had the highest impact energy, i.e., 234 kJ/m?,
before the thermal cycles. Performing the thermal cycles
caused that the impact energy of that had the reducing
trend and finally reached to 134 kJ/m? after the 90
thermal cycles.

Based on other research works [3, 4], the
improvement in the impact energy can be related to the
creation of secondary cross-linkage and stress relaxation
of epoxy matrix. On the contrary, the decreasing trends
can be justified by the alteration in the expansion and
contraction of the FML components as well as the
thermal decomposition of epoxy in the composite core
and interfaces of aluminum/composite. To better
understand the effect of these mechanisms, the
microstructural investigations can be taken into account.
Figures 1 and 2 show the cross-sections of the composite
core of the untreated and treated (with 90 thermal
cycles) FMLs, respectively.

As observed in Figure 1, the interface between the
carbon fibers and epoxy matrix is quite strong as a result
of which, the epoxy matrix will be completely adhered
to the carbon fibers.

SEM MAG: 1.00 kx- SEM HV: 15.0 KV i MIRA3 TESCAN
WD: 13.45 mm Det: SE
Date(m/dly): 05/07/22 | View field: 144 pm

RAZI FOUNDATION

Figure 1. The cross-section from the composite core of the
FML before treating

As shown in Figure 2, the surfaces of the carbon fibers

are smooth, and it seems that these fibers were
completely pulled out from the epoxy matrix, which is
indicative of the weak interface between the carbon
fibers and epoxy matrix.

SEM MAG: 2.00 kx I TESCAN
WD: 13.21 mm

Date(m/dly): 05/07/22 | View field: 72.2 pm RAZI FOUNDATION

Figure 2. The cross-section from the composite core of the
FML after 90 thermal cycles

4. CONCLUSION

The obtained results revealed that performing the
thermal cycling on the unidirectional samples firstly
improved the absorbed energy capability and then
declined the higher thermal cycles. The microstructural
investigations revealed that followed by performing the
thermal cycles, the fracture behavior of the FMLs would
change, and the adhesion between carbon fibers and
epoxy matrix would be deteriorated.
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1. INTRODUCTION

The corneal epithelium surface is the first barrier
against the external environment, and when a part of the
epithelial layer is damaged by physical, chemical,
inflammatory, autoimmune, and genetic changes, the
integrity of the underlying layers of the cornea will be
lost which in trun leads to opacity in the cornea due to
the lack of blood supply and disruption of the
spontaneous regeneration of the corneal epithelium
layer and Limbal Stem Cells (LSC). This condition may
lead to complete blindness in the patients diagnosed
with stem cell deficiency in the limbus region [1-4]. The
main objective of this research was to fabricate a
scaffold as a suitable alternative for the tissue
engineering of the corneal epithelial layer with a
nanofiber microstructure consisting of collagen and silk
fibroin as a base structure reinforced with Epidermal
Growth Factor (EGF) [5-6]. For this purpose, a three-
layer nanofiber scaffold was prepared by a combination
of electrospinning and electrospraying methods and
characterized by bioengineer and biological methods.
The obtained results showed the success in preparing a

replacement with an appropriate thickness and nanofiber
structure with mechanical and biological properties
suitable for corneal epithelium application [7-9]. This
tissue has an excellent cell viability and adhesion on the
surface of this scaffold and proper growth factor release.
Therefore, the prepared product can potentially be used
as a suitable replacement for repairing the damaged
cornea.

2. MATERIALS AND METHODS

In this research, silk fibroin from silkworm was
obtained according to the instructions given in the
previously published article [9, 10]. To this end, first,
the larvae were removed from the silkworm cocoons and
boiled in an aqueous solution of Na,COs with the salt
concentration of 0.02 M at a temperature of 80 °C for 40
minutes. Then, the fibers were boiled for tow and three
times. The samples were then washed with distilled
water for 30 minutes. The degummed silk fibers were
dried for at least 12 hours. In the next step, the
degummed fibers were dissolved in suitable dissolution
conditions in a 9.3 M LiBr aqueous solution at the

Please cite this article as: Zargar, Sh., Asefnejad, A., Azami, M., Farokhi, M., "Fabrication and characterization of collagen nanofiber/fibroin silk
scaffolds for corneal tissue engineering", Journal of Advanced Materials and Technologies (JAMT), Vol. 11, No. 3, (2022), 15-30.
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temperature 70 °C and dissolution time of three hours.
The obtained solution was dialyzed for two days in a
cellulose dialysis tube containing distilled water until
the above salt molecules were removed from the
structure and dried using a freeze dryer. The used
collagen was extracted from the Achilles tendon
according to the published research [9, 10].

3. RESULTS AND DISCUSSION

The obtained results for different types of samples
revealed that the pure collagen, aloe vera, and fibroin
samples extracted in this study were used to effectively
produce the scaffolds and ensure their chemical nature.
Electrospinning technique is known as the most
common laboratory method for producing all kinds of
polymer nanofibers. The stress-strain diagram obtained
from the mechanical properties for different types of
nanofiber scaffolds was also presented. Based on these
results, the yield stress obtained from different samples
ranged from 2.85 to 11.5 MPa, and elastic modulus from
280 MPa to 1250 MPa, indicating the composition of the
fabricated materials as well as cross-linking. The cross-
linked silk fibroin sample was characterized by the
utmost mechanical properties while the non-cross-
linked fibroin/collagen/aloe vera sample had the lowest
values. Therefore, the obtained results confirmed that
addition of collagen and aloe vera decreased the
mechanical properties while the cross-linking of each
sample up to three times increased the strength and
elastic modulus of the samples. In the final product, the
yield strength elastic modulus of the cross-linked
fibroin/collagen/aloe vera sample were about 5.3 MPa
and 625 MPa, respectively.

4. CONCLUSION

In this study, the designed scaffold was prepared for
corneal epithelial layer based on silk fibroin and
collagen containing aloe vera and vascular growth factor
as the supporting and stimulating factors for better
corneal repair. For this purpose, a three-layer nanofiber
scaffold was prepared based on a combination of
electrospinning and electrospraying methods. The
samples were then characterized using Scanning
Electron Microscopy (SEM), degradability
investigation based on weight loss, water contact angle,
growth factor release, and static-dynamic mechanical
properties. Biological behaviour such as cell attachment,
cell viability, and differentiation potential of the scaffold

were also studied. The obtained results from this
research confirmed the successful preparation of a
suitable sample with nanostructure nanofiber
characterized by engisufficient biological properties.
Therefore, the prepared product can potentially be used
as a suitable candidate to repair the damaged cornea.
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Abstract  The substrate temperature plays an important role in the mobility of carbon species as well as the
formation and growth mechanism of the amorphous carbon layers with diamond-like characteristics. The
amorphous carbon structure can be transformed into the diamond- and graphite-like structure under the effect of
substrate temperature. Given that, this study aimed to investigate the structural evolution of the diamond-like
carbon coating followed by changing the substrate temperature through the radio frequency direct ion beam
deposition. In this regard, the substrate temperature values were obtained as 80, 110, and 140 °C for the
deposition of DLC coatings. Raman and X-Ray Spectroscopy (XPS) analyzes were done to evaluate the structure
and chemical composition of the coatings. To further investigate the thickness and roughness of the applied
coatings, Atomic Force Microscopy (AFM) and Field Emission Scanning Electron Microscopy (FESEM) were
used. According to the results, the lowest roughness value of the diamond-like carbon coating surface was
obtained at the substrate temperature of 110 °C. In addition, the lowest value of Ip/Ig and the highest amount of

sp® bonding were obtained at the same substrate temperature.

https://doi.org/10.30501/jamt.2022.349543.1233

URL: https://www.jamt.ir/article 156378.html

1. INTRODUCTION

DLC is a metastable allotrope of carbon composed of
a mixture of sp>- and sp>-hybridized carbon, which is
incorporated into an amorphous matrix. Depending
upon the DLC chemical composition, two types of
layers can be identified: hydrogenated and hydrogen-
free DLC. The hydrogenated films are deposited from
the hydrocarbon sources [1, 2], or in the presence of
hydrogen gas, and this deposition process can contain up
to producing 60 % hydrogen. The factors that play key
roles in determining the structural characteristics and
properties of the DLC layers are the percentage of sp*
bonds, clustering of sp? phase, orientation and graphitic
ordering of sp? clusters, and amount of hydrogen or
other elements in the layer composition. Diamond-Like
Carbon (DLC) coatings have received notable attention
in different sectors such as aerospace, automotive, and
medical industries owing to their ideal tribological
characteristics such as high hardness, low wear rates,
low friction coefficient, and chemical inertness [1-3].
Among these, coatings created through the ion beam
deposition process enjoy unique practical advantages
such as high adhesion among the applied layers, in-situ
cleaning, control of residual stress resulting from
controlling the parameters, increased density of the

layers, control of the grain structure, and low deposition
temperatures. The structure of the diamond-like carbon
layers is affected by the coating process while
achievement of the optimal parameters through any
process is of great importance. For this reason, this study
evaluated the effect of the substrate temperature on the
structural evolutions of the diamond-like carbon coating
by the radio frequency ion beam deposition process.

2. MATERIALS AND METHODS

AAS5083 Al alloy was used as the substrate in this
study. The samples were polished using different grades
of grinding papers (from #80 to #3000) followed by
washing in an ultrasonic bath for 20 min at 40 °C and 40
kHz in acetone. For the deposition of diamond-like thin
carbon layers, the ion beam deposition process with a
radio frequency source was used. Methane gas (CH4)
with 99.99 % purity was used as the hydrocarbon
precursor for the deposition of the diamond-like carbon
coatings.

3. RESULTS AND DISCUSSION

The substrate temperature affects both mobility and
kinetic energy of carbon particles and species and

Please cite this article as: Mersagh Dezfuli, S., Rouholahi, S., Hosseini, S. H., Zangeneh Madar, K., Ebrahimi Fordoei, M. R., "Investigating of
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provide the conditions for subsurface penetration that
leads an increase in the formation of sp® bonds in the
structure. However, the substrate temperature can
exhibit an opposite behavior and transform the structure
into a graphite-like one. The results of the Raman
analysis for the DLC coatings with substrate
temperature variations are shown in Figure 1. According
to the results, at the substrate temperature of 110 °C, the
Ip/Ig ratio is equal to 0.62 while in the temperature range
of 80-140 °C, it has a lower value. In addition, the
position of the G peak at 110 °C is lower than that at two
other temperatures. Based on the results, it can be
concluded that at 110 °C, the amount of sp® bonds
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increased, and the structure was transformed into the
diamond-like one. In fact, the ions and atoms in the
subsurface growth exhibited a better performance at the
substrate temperature of 110 °C than that at the two other
temperatures. At the substrate temperature of 140 °C,
due to the greater mobility of the incident ions, the
particles and carbon species moved from the subsurface
positions to the higher layers, thus enhancing the
formation of sp? bonds. On the contrary, at 80 °C, due to
the lower temperature of the substrate, the ions had less
penetrating power for the subsurface growth, hence the
reduction of sp* bonds.
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Figure 1. Raman spectrum of DLC films in substrate temperature: a) 80 °C, b) 110 °C and c) 140 °C

4. CONCLUSION

In this research, the effect of the substrate temperature
on the structural evolution of diamond-like carbon
coatings through the ion beam deposition process was
investigated. The results of Raman analysis showed the
lowest Ip/Ig ratio in the diamond-like carbon coating at
the substrate temperature of 110 °C.
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Abstract In this research, Ni-Co/Gr nanocomposite coating was applied on a low carbon steel substrate
based on electrodeposition method under pulse-reverse current using watt plating solution in the presence of
saccharin with 0.05 g/L graphene. For better graphene distribution, the plating solution was sonicated. The
microstructure of the coating was examined by scanning electron microscopy, atomic force microscopy, and
X-ray diffraction, and its corrosion resistance was assessed by polarization and Electrochemical Impedance
Spectroscopy (EIS) analysis. The results showed that the coating included Ni-Co/Gr alloy with a smooth surface
morphology and contained about 26 % by weight of cobalt. Graphene reinforcing particles were co-deposited
on the surface. The average grain size of the Ni-Co/graphene composite coating was obtained as about 7 nm,
indicating the formation of a very fine-grained structure. The hardness value of the sample increased from 220
HV (microhardness of the substrate) up to 496 HV followed by nanocomposite coating application. The results
of the corrosion tests showed that the corrosion resistance of the coated sample was much higher than that of the
uncoated steel. As a result of applying this coating, the corrosion rate decreased from 0.611 mm/y to 0.0029

mm/y.
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1. INTRODUCTION

Pulse current electrodeposition method is a new
method for plating metals, alloys, and Metal Matrix
Composites (MMC). This method can guarantee more
advantages than its Direct Current (DC) counterpart.
Pulse current (PC) and Reverse Pulse Current (PRC)
methods increase the deposition rate and form a
microstructure with more uniform and granular deposits
that consequently, compared to the DC method, can
notably improve the corrosion resistance and increase
the mechanical properties. For this reason, in recent
years, PRC and PC electrodeposition methods have
received considerable academic attention [1]. For
instance, Liu et al [2], through synthesis of Co/GO
nanocomposite coating, concluded that addition of
graphene nanosheets to the cobalt matrix could affect the
morphology, phase structure, average grain size, and
corrosion and wear properties. Kumar et al. [3] produced
nickel-graphene coating by electroplating and showed
that the presence of graphene in the nickel coating by
electroplating increased the nucleation rate and
decreased the growth rate of the coating, thus decreasing

the average grain size which in turn led to the improved
performance of the coating against corrosion.

In this research, nickel-cobalt/graphene
nanocomposite coating with constant graphene
concentration was applied on a low carbon steel using
reverse pulsed current, and the microstructure, corrosion
properties and hardness of the coating were investigated
as well.

2. MATERIALS AND METHODS

A 99.9 % pure nickel sheet with dimensions of 50 mm
x 30 mm X 3 mm and a carbon steel with the cross-
section dimensions of 2 x 2 cm? were used as the anode
and cathode (substrate), respectively. Graphene powder
with an average diameter of 5 microns and specific
surface area of 300 m%g (XG sciences, grade C) was
used as the reinforcement.

The substrate was grinded before being placed in the
electrolyte. Then, it was washed with distilled water and
placed in 10 % hydrochloric acid for 20 seconds to be
deoxidized. Next, the sample was placed in the Watts
electrolyte  solution, and electrodeposition was
performed through the PRC method at the temperature

Please cite this article as: Akbarpour, M. R., Gharibi Asl, F., Rashedi, H., Torknik, F. S., "Evaluation of corrosion resistance of Ni-Co/Gr
nanocomposite coating applied on carbon steel substrate by electro-deposition method under pulse-reverse current", Journal of Advanced Materials
and Technologies (JAMT), Vol. 11, No. 3, (2022), 43-55. (https://doi.org/10.30501/jamt.2022.299055.1190).
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of 25 °C and pH = 3.5, current density of 7.5 A/dm?, and
speed of 400 rpm for 20 minutes on a hot plate.

For microstructural analysis, AFM test, the Field
Emission Scanning Electron Microscope (VEGA XMU-
TESCAN, FESEM), Atomic Force Microscope (ICON,
Bruker, AFM), and X-ray diffraction ((D8) advanced
Bruker) were used. To analyze the corrosion behavior, a
potentiostat-galvanostat-impedance analyzer (VSP300
Potentiostate-Galvanostat) was used. Olympus micro-
hardness tester FM-700 was also used to measure
hardness under the load of 50 g based on the Vickers
hardness testing method.
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3. RESULTS AND DISCUSSION
3.1. Microstructure analysis

In Figures 1 (a-c), Scanning Electron Microscope
(SEM) images of the nickel-cobalt/graphene composite
coating are depicted at three different magnifications.
Given the morphology depicted in these images, the Ni-
Co coating has a uniform surface. As shown in Figure 1
(d), the graphene reinforcing particles are placed in the
matrix of the coating, thus confirming the presence of
graphene sheets in the nickel-cobalt matrix.

\\

SOMMAG M0kx | SIMWV 150KV o roscanfll SEMMAG:S00K: | SEM MV 150KV MIRA3 TESCAN
2pm 500

WO5.75 mm

Figure 1. SEM images, (a to c): nickel-cobalt/graphene composite coating at three different magnifications and (d) high-
magnification SEM image of graphene sheets on the coating surface

3.2. Corrosion behavior of nanocomposite coating

Figure 2 shows the polarization potentiodynamic
curve of the uncoated and coated steel samples in the
3.5% NaCl solution. The corrosion data of the corrosion
potential (Ecor), corrosion current density (icorr),
corrosion rate, and polarization resistance were
extracted from thepolarization diagrams using Nova
software, the results of which are listed in Table 1.
According to this table, the coated steel sample enjoys a
nobler corrosion potential than the uncoated steel while
the corrosion current density of the coating decreased
from 1.2 x 105 to 1.12 x 10 The decrease in the
corrosion current density is indicative of the increase in
the corrosion resistance of the coated sample, compared
to that of the steel [4]. In addition, the corrosion rate
decreased from 0.611 to 0.0029 mm/year, which is a
very significant amount.

0.2 1

bare

0.0 — Coated

-0.2 4

041

-0.6

Potential(V vs.SCE)

-0.8 4

logi(A/cm?)
Figure 2. Potentiodynamic curves of the steel polarization

without and with nickel-cobalt composite coating

Table 1. Corrosion data obtained from polarization diagrams

Sample Icorr (A/cm?) Ecorr (v) | Corrosion rate (mm/year) Polarization resistance (€2.cm?)
Steel 2.1 %103 -0.74 4.3 %107 1.48 x 103
Coating 1.1 x10° -0.47 2.9 %103 2.62 x 10*
4. CONCLUSION 5. ACKNOWLEDGEMENT

In this research, Ni-Co/Gr nanocomposite coating was
successfully applied on the carbon steel substrate based
on electrodeposition method, under reverse pulsed
current, using Watts plating solution. The sample
hardness increased from 220 Hv (hardness of steel) up
to 496 Hv by creating a nanocomposite coating. The
corrosion resistance of the steel sample greatly increased
by applying Ni-Co/Gr nanocomposite coating.
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1. INTRODUCTION

During the past two decades, different techniques in
tissue engineering such as extracting cells from new cell
sources, synthesis of advanced biomaterials and
biocopying, and discovery of new drugs and medical
development in the field of biological structural
constructions led to the discovery of new treatment
solutions in order to repair and regenerate the damaged
tissue [1-2]. According to the conducted studies, not
only can chondrocytes maintain their phenotype after
seeding on 3D-printed scaffolds, but they significantly
enhance articular cartilage regeneration [3]. In tissue
engineering, additive manufacturing techniques were
used to achieve structures with open and regular
porosity, high structural complexity, and flexible
designs [4-5].

In this research, for the first time, composite bio-ink
based on synthetic polymer materials PCL, PLGA, and
natural polymer of alginate nanoparticles were used for
extrusion-based 3D printing in order to obtain optimal
properties for 3D-printed scaffolds.

2. MATERIALS AND METHODS

To prepare and optimize the bio-inks that are suitable
for 3D printing scaffolds, PCL was dissolved in three mi
of chloroform and mixed using a magnetic stirrer for an
hour. PLGA was added to the solution and mixed for
two hours at 35 °C to obtain a homogeneous polymer
solution. Alginate nanoparticles with the wight
percentages of 40 % and 45 % (w/w) were added as
fillers to the base polymer composition. Specifications
of the 3D-printed scaffolds are as follows: side length =
20 mm (12 strands, distance between strands 1 mm) and
total height =5 mm (25 layers, 300 um/layer). Different
inks were ejected through a nozzle with an inner
diameter of 420 um. The movement speed of the nozzle
head and the dose speed of the ink output were 1.85
mms* and 0.0099 mms?, respectively.

3. RESULTS AND DISCUSSION

Figure 1 depicts the SEM images of chondrocytes
attached to the 3D printed scaffolds on Day 7 of cell
study. Chondrocytes adhere well to the surface of
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PPA40 and PPA45 scaffolds and formed elongated cell
pike. However, the cell adhesion to the surface of the
scaffold containing 45 % alginate nanoparticles
significantly increased, compared to the scaffolds
containing 40 % alginate nanoparticles. The adhesion
and elongation of chondrocytes during the cell culture
study confirm the optimal porosity percentage and
appropriate distance between the filament size and mesh
network which allows the cells to bridge the filament,
considering that large mesh spacing and size negatively

}\d* ;
S

Ace¥ Mg Ont WO P 200 o

IW eS0T Piaflection ARD 710 1 WIWEe * SE 124 Pan Becom D

affect the cell growth [6]. According to the results
obtained from the morphological view of chondrocytes,
this level of cell attachment can be attributed to the
appropriate level of hydrophilicity of the scaffolds
which leads to the interaction between the scaffold and
cell surface and creates suitable conditions for the
formation of receptors due to the presence of
hydrophilic functional groups. The cell surface is 3D
printed in the direction of connecting chondrocyte cells
to the surface of scaffolds [6].

A } 0 '_fDM‘

Figure 1. SEM images of the adhesion and morphology of chondrocytes on 3D printed scaffolds: (a) image of scaffold surface
containing 40 % alginate nanoparticles, and (b) image of scaffold surface containing 45 % alginate nanoparticles

4. CONCLUSION

Fabrication of PCL/PLGA scaffolds containing 45 %
alginate shows the optimal water absorption and
compression modules that can be used as a bio-ink in the
3D printing of scaffolds in tissue engineering defects.
According to the findings, increasing the percentage of
alginate nanoparticles in the bio-ink would in turn
increase the percentage of porosity, surface
hydrophilicity, mechanical properties, cell viability, and
printability.
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1. INTRODUCTION

Advanced ceramics have a combination of desirable
properties such as high hardness and strength, high
temperature tolerance, chemical neutrality, erosion
resistance and low density [1]. Mechanical properties of
fused silica matrix composites with reinforced zirconia
particles are usually much better than pure ceramic parts
[2, 3]. In these composites, mechanical strength and
hardness and other properties are often improved [4]. In
the SPS method, shaping and sintering are done in one
step, and due to the use of pulsed current with high
amperes, the heating rate is very high, and therefore the
overall sintering time is greatly reduced compared to the
other sintering methods. The lack of grain growth, easy
operation, no need for various additives and initial
pre-pressing, etc. are among the advantages that can be
mentioned for this method [5, 6].In this research,
stabilized fused silica-zirconia composite with high
density and uniform microstructure was prepared by
SPS method to achieve optimal mechanical properties.
In order to make the distribution of stabilized zirconia
particles uniform in the matrix of fused silica powder, it
was mixed with 5 % by weight of zirconia in a high-
energy SPEX machine, and then the powders prepared
using SPS at temperatures of 1100, 1200 and 1300 °C
with a final pressure of 30 MPa and They were sintered
with soaking time of 8 minutes and at the end their
properties were evaluated.

2. MATERIALS AND METHODS

In this research, fused silica powder with a purity of
more than 99 % with Ds, = 5.369 um and stabilized
zirconia powder with a purity of more than 99 % with
D5, = 0.2 um were used.

X-ray diffraction was used to identify the phases. The
XRD device used in this method is a Siemens model
with a copper anode, a wavelength of 1.5454 angstroms
and a step size of 0.05 degrees. Archimedes method
according to ASTM B962-13 standard was used to
measure the density of sintered samples. The bending
strength test was performed by the three-point method
according to the ASTM-C1161-13 standard on samples
with dimensions of 25 X 2 x 1.5 mm and using the STM-
20 bending strength device.

3. RESULTS AND DISCUSSION

In the samples of fused silica including YSZ, an
increase in the density of the samples is observed with
an increase in the sintering temperature. So that at a
temperature of 1100 °C, the density is equal to 95.64 %
and at a temperature of 1300 °C, it almost reaches the
theoretical density. This shows that with the increase in
temperature, the porosity is removed and the connection
between the particles is increased, and it creates a
unified structure with high density. The results show that
the samples containing YSZ have higher strength
compared to the sample without YSZ. Also, the results
show that, by increasing the temperature of the sintering
sinter from 1100 to 1200 °C, the strength increases,
which is in agreement with the results of the Archimedes

(https://doi.org/10.30501/jamt.2022.313935.1197).
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test and the X-ray diffraction pattern. However, at a
temperature of 1300 °C, due to the crystallization of
amorphous to cristobalite in fused silica, due to the
difference in the coefficients of thermal expansion of the
amorphous phase and cristobalite, this crystallization
has been accompanied by a change in volume and leads
to cracks and a decrease in flexural strength (Table 1).
Table 2 shows the fracture toughness of the samples. As
can be seen, the fracture toughness of the samples also
increased with the increase in sinter temperature. The
fused silica sample without zirconia has a fracture

toughness equal to 1.28.1 MPa. The results show that by
increasing the weight percentage of zirconia up to 5 %,
the fracture toughness increases and becomes 3.47
MPa.m'?. This increase in toughness is due to the
presence of zirconia as a reinforcement. Micstructur
evluation shows that the samples are dense and have the
least porosity. The low hardness of the fused silica
phase, compared to zirconia, causes this phase to pull
out during the polishing operation. For this reason, the
porosities on the polished surface appear larger than the
actual porosity.

Table 1. Flexural strength of sintered parts

Sample Flexural strength (MPa)
SPS-1100-FS 96.5+3.4
SPS-1100-5Y 117.75+6.2
SPS-1200-5Y 131.66 £9.5
SPS-1300-5Y 127.67 +6.9

Table 2. Fracture toughness of the samples

Sample Fracture toughness (MPa.m'% )
SPS-1100-FS 1.8+0.2
SPS-1100-5Y 3.47+0.6
SPS-1200-5Y 446+1.1
SPS-1300-5Y 4.87+1.2

4. CONCLUSION

The samples were sintered at temperatures of 1100,
1200 and 1300 °C and a final pressure of 30 MPa. The
evaluation results showed that the properties of sintered
samples sintered at a temperature of 1200 °C have better
properties than other samples. The relative density,
flexural strength, hardness and toughness of this sample
were 99.99 %, 13.40 GPa, 131 MPa and 4.46 MPa.m'?
respectively.
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