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Abstract: Today, the most common method for wound treatment is to use engineered wound dressings. In the
present study, a film wound dressing based on xanthan biopolymer, containing niosomal nanocarrier, was prepared
for the local release of spirulina algae extract. Niosomal nanocarriers containing the spirulina extract were prepared
using thin film hydration method. Then, a film wound dressing was produced by uniformly combining xanthan,
glycerol emollient, and niosomes containing spirulina. According to scanning electron microscopy, the
morphology of the niosomes were spherical with an average size of about 200 nm, and the percentage of drug
loading within the niosomes was 72%. Moreover, 25% of the drug was released from the structure of the film
containing niosomes within 20 days. Additionally, the wound dressing containing niosomes exhibited a 35%
weight loss within 20 days. Through cytotoxicity testing conducted within 24 hours, it was revealed that up to a

Niosome concentration of 200 pg/ml of the spirulina drug, cell viability remained higher than 80% compared to the control
sample. In summary, the results of this study indicate that the niosomal carrier within the xanthan film structure
could serve as an effective local drug delivery system for wound treatment.

https://doi.org/10.30501/jamt.2023.364845.1272

URL.: https://www.jamt.ir/article_186031.html

1. INTRODUCTION

The skin plays a pivotal role as the primary barrier,
defending the body against infections. Therefore, swift
wound repair becomes imperative following a deep skin
injury to prevent the infiltration of pathogenic
microorganisms into the body. Currently, the
predominant approach to wound treatment revolves
around the application of engineered wound dressings.
These dressings are meticulously crafted to expedite the
healing process by facilitating the local, targeted, and
sustained release of potent therapeutic compounds at the
wound site (Behvyari et al., 2021).

In this research, a wound dressing film has been
innovatively developed using xanthan biopolymer
embedded with niosomal nanocarriers for the precise
release of spirulina algae extract. The methodology
involved the extraction of spirulina, formulation of
niosomal nanocarriers containing the extract through the
thin film hydration method, and the fabrication of a film
dressing by seamlessly blending xanthan, glycerin, and
spirulina-loaded niosomes.

1. MATERIALS AND METHODS
Xanthan powder and Spirulina powder Were procured

from Kimia Pasha (Tabriz, Iran) and Spirulife (Tehran,
Iran), respectively. Sorbitan monostearate (Span 60) and
cholesterol were acquired from Sigma (Germany) while
ethanol was supplied by Merck (Germany). PBS and
glycerin were purchased from Temadkala (Tehran,

Iran). Fibroblast cells were sourced from Pasteur Cell
Bank (Tehran, Iran), and the culture medium, trypsin,
tetrazolium bromide salt, and dimethyl sulfoxide were
obtained from Merck (Germany).

The aqueous extraction of Spirulina followed the
protocol established by Choi et al. (Choi et al., 2017).
Niosomes were synthesized using the thin film
hydration method (Pando et al., 2015), and the drug
loading in the niosomal nanocarriers was quantified.
The wound dressing films were prepared in three states:
without nanocarrier and drug, containing free drug, and
with niosomal nanocarrier as well. Characterization was
conducted using a scanning electron microscope, and
the size of nanoparticles was determined. Various tests,
including the amount of drug released from the niosomal
carrier, water absorption and biodegradability levels,
release of the drug from the film in in-vitro, and
cytotoxicity, were performed.

3. RESULTS AND DISCUSSION

The morphological analysis of niosomes revealed
that the size range of nanoparticles falls between 173-
231 nm, and the drug encapsulation within the niosomal
nanocarriers system was 72%. The results from the
drug-release test revealed that after 20 days, only 50%
of the loaded drug had been released, exhibiting a
continuous behavior with a constant concentration

14. https://doi.org/10.30501/jamt.2023.364845.1272.
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profile. Moreover, the water absorption capacity of the
xanthan film was found to be 24 times its initial weight,
with a degradation rate of 47% observed until the 20th
day, indicating its effectiveness in managing wound
exudate. The drug delivery release analysis indicated
that the presence of xanthan led to a slower release of
the drug. Additionally, the double encapsulation of the
drug in both the niosome and the xanthan hydrogel
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resulted in a significant decrease in the drug release rate
and an extension of the release interval. The cell
viability test using MTT revealed a concentration-
dependent effect of spirulina on cell viability. The
survival rate exceeded 80% with the concentration of up
to 200 pg/ml. Beyond this concentration, a decrease in
cell viability was observed, which is likely attributed to
the disturbance of the cell culture medium (Figure 1).

400
ng/ml)

B MTT Assay of Spirulina

Figurel. Cell viability percentage of different drug concentrations after 24 hours

4. CONCLUSION

In this study, a xanthan film incorporating niosomal
nanocarriers loaded with spirulina was synthesized with
the aim of promoting wound healing through controlled
release. In vivo tests were conducted to assess its
characteristics. The test results confirmed that the
samples exhibited promising elasticity and flexibility.
Notably, the swelling rate of the xanthan film surpassed
those of both the xanthan film with the drug and the
niosomal system. In contrast, the degradability
percentage was lower than that of the other two samples.
Importantly, no burst release was observed from the
niosome system. Furthermore, up to the concentration of
200 pg/ml, the spirulina extract showed no toxic effects.
These findings indicate the potential of the synthesized
xanthan film with niosomal nanocarriers loaded with
spirulina for wound healing applications, showcasing its
controlled release properties and biocompatibility in in-
vivo conditions.
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Abstract: The microstructure of new cobalt-nickel-based superalloys contains y" precipitates. Withdrawal rate
and temperature gradient are two important parameters affecting the formation of defects such as segregation,
microporosity, and eutectic zones. This research discusses the impacts of the withdrawal rate on these defects.
To this end, Bridgman furnace was used for directional growth of the samples under a vacuum at the withdrawal
rates of 1.5, 3, and 6 mm/min. Upon increasing the speed of the withdrawal rate mold, segregation of the elements
is reduced due to the shorter diffusion time. Co and W elements tend to segregate in the dendritic core while Al,
Ti, and Ta tend to segregate in the inter-dendritic regions. Throughout the study, the size of microporosity
decreased from 14.3 to 9.5 um while increasing the withdrawal rate from 1.5 up to 6 mm/min. This decrease in
the size of micropores resulted from the lack of melt feeding in the inter-dendritic areas. Moreover, the size of
the eutectic zones decreased from 14.6 to 8.9 um upon increasing the withdrawal rate from 1.5 up to 6 mm/min,
mainly due to the smaller melt pools in the final stage of solidification.

URL.: https://www.jamt.ir/article_184326.html

1.INTRODUCTION

The microstructure of new cobalt-based superalloys
shares similarity with that of the nickel-based
superalloys and contains y' phase distributed in vy
austenite matrix. The y' phase is an intermetallic ordered
phase with an L1, lattice of AsB stoichiometry, where
A-sites occupy the {1/2,1/2,0} face-centered positions,
and B-sites occupy the {0,0,0} corner positions. Here, y'
precipitates include the chemical composition of
Cos(Al, M), where M can be tantalum, tungsten,
titanium, niobium, etc. The dissolution temperature,
volume fraction, precipitate strength, and lattice
mismatch parameter of y* depend on the chemical
composition of this phase (Pandey et al., 2019).
Superalloys gained widespread use in aircraft engines
and industrial gas turbines owing to their excellent
properties, good microstructural stability at high
temperatures, and high resistance to oxidation and
corrosion (Zhou et al., 2020).

Lian et al. (Lian et al., 2022) investigated the
segregation coefficients of elements in the solidification
microstructures of Co-Ni base superalloy single crystals
with different withdrawal rates. The research results
confirmed an almost uniform distribution of Co and Ni
in the dendritic core and inter dendritic areas. The
segregation coefficients of W and Cr elements are higher
than one, indicating their tendency to separate in the
dendrite core. On the contrary, the segregation
coefficients of Ti, Ta, and Al elements are less than,

indicating their distribution in the inter-dendritic
regions. The segregation of these elements increases
with an increase in their withdrawal rates, as per the
relation (AT/GV), where the diffusion time depends on
the diffusion of elements at lower withdrawal rates. To
be specific, a shorter diffusion time increases the
likelihood of the segregation of alloy elements. Porosity
is inherent in most cast parts that results in shrinkage
caused by the local decrease in melt volume fraction
during solidification. Throughout the directional
solidification process, as the mold moves, melt
confinement occurs in the inter-dendritic areas. The
solidification and shrinking of the melt in these areas
cannot compensate for the decrease in volume, hence
creation of small holes in these areas. This type of
shrinkage hole is one of the most common defects in
directional solidification superalloys (Anton et al.
1985). Due to the formation of eutectic y/y” in the last
stage of solidification, nucleation sites and growth space
are limited by the solidifying dendrites. An increase in
the withdrawal rate creates a finer dendritic structure and
consequently, smaller eutectic regions. The eutectic
volume fraction depends on the remaining melt after the
formation of the dendritic arms. At higher rates, the
amount of eutectic decreases, hence more uniform
distribution in the structure (Liu et al., 2010).

The purpose of this research is to investigate the
effect of the withdrawal rate on the segregation rate of
elements, micro-porosity, and eutectic zones. While
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previous articles have explored the impact of the
withdrawal rate on the size of eutectic zones and
microporosity in new cobalt-nickel-based single crystal
superalloys, no research has yet addressed the
directional solidification of new cobalt-nickel-based
superalloys.

2. MATERIALS AND METHODS

This study utilized a cobalt-nickel-based superalloy
with the chemical composition given in Table 1.
Alloying and casting of the primary ingot were
conducted in a VIM furnace under a vacuum of 10-3
mbar. The directional solidification process was carried
out in a laboratory Bridgman furnace under vacuum
inside a cylindrical aluminum mold on a copper cooling
plate cooled by a water jet system. The withdrawal rates
of the samples were obtained as 1/5, 3, and 6 mm/min.
The diameter and length of the samples are 14 mm and
200 mm, respectively. Followed by casting, the samples
were cut longitudinally and transversely to examine
their structure. In order to study the microstructure, the
samples were polished and etched in 10 mL HCI:1 mL
HNO3:10 mL H202 solution. The microstructure was
examined using Olympus optical microscope and FE-
SEM VEGA3 TESCAN microscopy equipped with
EDS analysis.

Table 1. The nominal composition of the new cobalt-nickel
superalloy used in this research (wt%).

Cr W Al Ni Co

8 17/1 | 3/4 | 22/7 | 41/55

@ Mo | Nb Ta Ti
0/055 | 1/48 | 1/43 | 2/8 1/48

3. RESULTS AND DISCUSSION

Figures 1 (a and b) show the changes in the
segregation coefficients of the alloy elements with the
withdrawal rate. The segregation coefficient is defined
as the ratio of the chemical composition (weight
percentage) of the desired element in the dendritic core
to the inter-dendritic area. In this study, titanium,
tantalum, and niobium elements were separated in the
inter-dendritic regions (segregation coefficient less than
1) while tungsten was strongly distributed in the core of
the dendrite (the segregation coefficient is greater than
one). The concentration of cobalt and chromium is
higher in the dendritic core than that in the interdendritic
region. However, the segregation coefficient of cobalt is
somewhat close to unity at different rates and is much
lower than that of tungsten. The value of the segregation
coefficient of aluminum, nickel, and molybdenum
elements is also close to unity and has not changed
considerably with a change in the withdrawal rate. With
an increase in the withdrawal rate from 1.5 up to 6
mm/min, the segregation coefficients of aluminum and
molybdenum increased following a relatively uniform
trend until they reached the unit value. In other words,
the intensity of its segregation decreased, showing a
uniform distribution in the casting structure. The
segregation coefficients of titanium, tantalum, and
niobium move away from the unit value with an increase
in the withdrawal rate. In general, it seems that followed

by an increase in the rate of withdrawing, thermal
gradient, and enhanced cooling rate, an optimal
distribution of alloy elements will be achieved, with the
exception of titanium and niobium.
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Figure 1. Segregation behavior of alloy elements (I) Ni, Co,
Cr, and W; (b) Ti, Mo, Ta, Nb, and Al with withdrawal rate
in directional solidification process.

Increasing the withdrawal rate leads to a decrease in
the distance between the primary and secondary
dendritic arms. In addition, increasing the withdrawal
rate leads to an elevation in the cooling rate, as a result
of which, more heat transfer occurs that provides the
required conditions for the formation of more grains.
Given that eutectic regions are formed in the final stages
of solidification, the nucleation sites and their growth
are limited by dendrites. In fact, increasing the
withdrawal rate leads to a finer rate ranging from 1.5 to
6 mm/min while the average size of the eutectic islands
decreased from 14.6 to 8.9 um. This decrease seems to
be caused by the reduction in the distance of the
dendritic arms and consequently, in the size of the melt
pools in the final stage of solidification. However, with
an increase in withdrawal rate from 1.5 up to 6 mm/min,
the surface percentage of the eutectic islands decreased
from 2.8 to 1.2 due to the finer dendritic structure and
more eutectic nucleation sites at a high withdrawal rate.
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different withdrawal rate.

Since the volume fraction of microporosity plays a
significant role in alloy failure, microporosity in
different areas of the directional solidified samples was
examined using an optical microscope, and their average
percentage was calculated using the withdrawal rate.
These values are reported in Table 2. Followed by
increasing the withdrawal rate from 1.5 up to 6 mm/min,
the size of microporosity decreased from 14.3 t0 9.5 um.
However, increasing the withdrawal rate from 1.5 up to
3mm/min led to a decrease in the porosity percentage
from 0.26 to 0.23. Upon further increasing the
withdrawal rate, the porosity will increase up to 0.16%
in 6mm/min.

Table 2. The behavior of microporosity with withdrawal rate.

withdrawal rate (mm/min) 1/5 3 6
Porosity percentage 0/26 | 0/23 | 0/16
The number of porosity in 130 137 155
each section
Pore diameter (um) 14/3 | 12/8 | 9/5

4. CONCLUSION

Upon increasing the withdrawal rate from 1.5 up to
6 mm/min, the percentage of porosity decreases from
0.26 to 0.16. Tungsten and cobalt tend to segregate in
the dendrite core while aluminum, titanium, and
tantalum tend to segregate in the inter-dendritic areas. In
addition, the segregation coefficients of nickel,
chromium, and molybdenum are close to one. Once the
withdrawal rate increases from 1.5 up to 6 mm/min, the
average size of eutectic islands will decrease from 14.6
t0 8.9 pm.
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Abstract: Surface modification with biomolecules can overcome Graphene Oxide (GO) restrictions in
biocompatibility, cellular internalization, and drug delivery effectiveness, hence suitable for a wide range of
biomedical applications. In this study, a biocomposite (L-glutamine-functionalized magnetic graphene oxide (L-
GIn/MGO)) was prepared and used as a suitable nanoscale carrier with high drug loading capacity and excellent
release properties for 5-fuorouracil (5FU), an anticancer drug. The optimum pH for maximum drug adsorption
was determined as 4 at 293 K and as the temperature increased, the adsorption capacity decreased due to the
exothermic nature of the adsorption process. Some well-known models, including pseudo-first-order, pseudo-
second-order, and Intraparticular Diffusion (IPD), were applied to examine the kinetics of adsorption.
Additionally, the Langmuir, Freundlich, and Redlich-Peterson models were used to investigate the adsorption
isotherms. The obtained results showed that the adsorption process adhered to the Langmuir isotherm and
pseudo-second-order kinetic models. Nearly 26% of 5FU was released in the simulated stomach fluid at the pH
of 1.2 and temperature of 37 °C in the first 30 minutes while 32% of which was released in the simulated
intestinal fluid at the pH of 7.4 during the next 30 hours. The obtained results might be helpful for designing a

controllable loading and targeted 5FU drug delivery system.
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1. INTRODUCTION

Over the past two decades, a multitude of
nanomaterials with distinct dimensions, shapes, and
chemical compositions have emerged as potential
nanocarriers for therapeutic agent delivery (Shah et al.,
2022). The advent of GOs, as promising pharmaceutical
systems in targeted, local, and controlled drug delivery,
has provided a new opportunity for researchers owing to
their distinctive properties (Itoo et al., 2022).

GO presents humerous advantages over alternative
drug delivery systems (Liu et al., 2013). Nonetheless,
surface modification of graphene and GO is imperative
through covalent or non-covalent approaches to confer
specific biological activity, enhance biocompatibility,
and stabilize their colloid suspension. To this end, a
range of polymers or small biological molecules are
employed (Daneshmoghanlou et al., 2022; Orsu &
Koyyada, 2020). L-GIn is a highly abundant water-
soluble amino acid that serves numerous functions in the
human body, encompassing wound healing, intestinal
health, reinforcement of the immune system, and muscle
and skin protein synthesis. Many tumor cells rely on
extracellular glutamine for their survival, proliferation,
and growth, given their elevated rates of protein
synthesis. Consequently, incorporation of L-Gln into the
nanocarriers is poised to notably elevate the targeting

efficiency and intracellular uptake of anticancer drugs
by tumor cells (Milas et al., 2003). The objective of this
research is to prepare a magnetic bio-nancomposite (L-
GIn/MGO) comprising GO, magnetite, and L-GIn to
load 5FU, a chemotherapy drug. Different variables that
affected the drug adsorption capacity were also
optimized. To evaluate the carrier efficacy, the drug
release behavior of SFU@L-GIN/MGO was analyzed
over a 30-hour time period in the simulated stomach and
intestinal environments.

2. MATERIALS AND METHODS
Applied chemicals were purchased from Sigma Aldrich.
To synthesize L-GIn/MGO, 0.1 g of MGO was
dispersed in 20 mL of distilled water and subjected to
ultrasonication for 120 min. Subsequently, 50 mL of L-
Gln solution (20 g/L) and 10 mL of NaOH solution (20
g/L) were introduced into the previous suspension. The
mixture was then stirred for 60 min to facilitate the
formation of an amide bond via the reaction between the
carboxylic acid of GO and the amine groups of L-Gln.
The adsorption capacity of the L-GIn/MGO for 5FU
was optimized by changing parameters, such as the pH,
initial drug concentration, temperature, contact time,
and adsorbent dosage, based on similar adsorption
studies with other nanocarrier systems
(Daneshmoghanlou et al., 2022)
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To investigate in-vitro drug release, 100 mg of 5FU-
loaded L-GIn/MGO and 2 mL of the stomach buffer at
pH 1.2 were introduced into a dialysis bag. The dialysis
bag was securely sealed and immersed in a beaker
containing 50 mL of stomach buffer at pH 1.2 and 37
°C. At predefined time points up to 30 min, 3 mL of the
solution containing 5FU was withdrawn as a sample and
immediately replaced with the same volume of fresh
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buffer solution, maintaining a constant solution volume.
After 30 min, the dialysis bag was taken out of the
solution and dropped into another beaker containing 50
mL of intestinal buffer at pH 7.4 (buffer exchange). To
quantify the amount of the released drug, the sampling
procedure was continued at specific time intervals over
30 h.
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Figure 1. (a) FT-IR spectrum, (b) XRD pattern, (c) FE-SEM image, (d) EDX line spectrum, and (e) magnetization curve of L-
GIn/MGO.

3. RESULTS AND DISCUSSION

The chemical structure of L-GIN/MGO and its
functional groups were determined through FTIR
spectroscopy (Fig. 1 (a)). The peaks observed at 587 and
630 cm™ correspond to the symmetric and asymmetric
stretching vibrations of Fe-O in FesOs magnetic
nanoparticles, respectively. Additionally, the absorption
band at 1587 cm™ is indicative of the C=0 stretching
vibration characteristic of the second type of amide,
affirming the successful bonding between the amine
groups of the L-GIn molecule and the carboxylic acid
groups of GO.

Fig. 1 (b) displays the XRD pattern of the L-
GIn/MGO nanocomposite. The Fe304 index peaks are
clearly observable at diffraction angles of 18.1°, 30.3°,
35.5°, 43.2°, 57.1°, and 7.62°. Notably, the appearance
of the (001) peak at the diffraction angle of 13.7°
indicates that the graphene structure remained intact
upon the introduction of Fe3O4 nanoparticles.

As shown in high-magnification FE-SEM image
(Fig. 1 (c)), a considerable number of FesOs semi-
spherical nanoparticles, with an average size of
approximately 30 nm, are dispersed on the surface of
GO plates.

Fig. 1 (d) presents the results of the EDX analysis for
L-GIn/MGO. The composition of this magnetic
biocomposite consists of carbon (19%), iron (52%),

oxygen (24%), and nitrogen (5%).

The absence of a hysteresis loop, coercivity, and
remanence in Fig. 1 (e) signifies the superparamagnetic
property of the synthetic biocomposite. The magnetic
saturation of L-GIn/MGO was 27.16 emu g >

Fig. 2 displays the effect of pH on the adsorption
capacity of 5FU at an initial concentration of 20 mg/L,
contact time of 120 min, and temperature of 293 K. As
depicted, the adsorption capacity reached its highest
value (8.0 mg/g) at the pH of 4 and as the pH increased
up to 8, the amount of drug adsorption decreased.
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Figure 2. The effect of solution pH value on the adsorption
capacity of L-GIn/MGO.
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The release of the 5FU drug from S5FU@L-
GIn/MGO was examined in a simulated in-vitro
environment simulating the stomach (pH 1.2) and
intestine (pH 7.4) at 37 °C over a 30-h period. As
depicted in Fig. 3, approximately 31% of the drug was
released from the nanocarrier within the first 30 min,
displaying a rapid release profile in the stomach-
simulated environment. Subsequently, upon replacing
the stomach buffer with the intestinal buffer, about 48%
of the drug was released during the subsequent 2 h,
exhibiting a slower slope than that in the initial 0.5 h in
the intestine-simulated environment. Following 12 h
from the start of the experiment, the drug release
continued gradually, reaching 55% and eventually
stabilizing at 58%.

70

60
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40
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20
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0

Buffer changing:
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Time (h)
Figure 3. In-vitro 5FU release profile from 5-FU@ L-
GIn/MGO at pH 1.2 and 7.4 at 37 "C up to 30 h.

4. CONCLUSION

In summary, the current study aimed to prepare a
novel magnetic L-GIn/MGO bio-nanocomposite used
for loading the 5FU drug. In this research, the
electrostatic interactions, m-m electron donor and
acceptor interactions, and formation of hydrogen bonds
were identified as the contributing factors in the
adsorption of 5FU onto the synthetic biocomposite.
Approximately 31% of 5FU was released from the L-
GIn/MGO@5FU nanocarrier during the first 0.5 h in the
simulated stomach environment (pH 1.2) at 37 °C,
followed by an additional 27% release in the simulated
intestinal environment (pH 7.4) over 30 h.
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,\ijm?cr:ioaﬁng Technique (MCT), SEM results show that due to the presence of more hydroxyapatite particles on the top layer of the graded coating,
Hydroxyapatite (HA), its surface enjoys more smoothness and compactness and less porosity than the non-graded composite coating.
Ti-6Al-4V Alloy, According to the nanoindentation test results, the elastic modulus and hardness of the graded coating (modulus
Functionally Graded Coating (FGC), 36.6 + 4.7 and hardness 0.94 GPa) is higher and more uniform than the composite coating (modulus 13.3 + 8.5
Nanoindentation and hardness 0.26 GPa). As illustrated in the SEM images of the cross-section of the coatings, this happens due

to the greater porosity and roughness of the non-graded composite coating.
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1. INTRODUCTION Since in the MCT process, the coating is formed at the
ambient temperature, the problems caused by higher
temperatures such as crystal phase alteration, coating
dissolution, and reduced service life of the implants,
coating brittleness , less crystallinity, and formation of
cracks in the coatings become attenuated (Savrai &
Morozova, 2021).

The elastic modulus of implants is one of their most
important properties, and a large difference between the
elastic modulus of an implant and the host bone in
contact with it causes a phenomenon called stress
shielding and reduces the service life of the implant. The
nanoindentation test is one of the methods widely
employed by researchers in recent years to measure the
mechanical properties. This method is primarily used to
measure the hardness and elastic modulus in materials,
especially thin layers and coatings (Dey et al., 2009). Up
to now, there has been no report on the application of
nanoindentation method for measuring the mechanical
properties of the MCT produced hydroxyapatite
coatings. The main objective of this research is to
measure and compare the elastic modulus and hardness
of HA/Ti composite and graded coatings deposited by
MCT.

Due to their desirable properties, titanium alloys have
been widely used as the bone substitutes. Efforts have
been made to improve their surface properties by coating
their surface with appropriate biocompatible materials
such as hydroxyapatite (HA) and enhance their bonding
with bone and the host tissue (McEntire, Bal, Rahaman,
Chevalier, & Pezzotti, 2015). Additionally, the
development and creation of Functionally Graded
Coatings (FGCs) containing hydroxyapatite has
received notable attention in recent years. In the graded
coating, the gradual change of the composition or
structure across the coating prevents rapid changes in
the properties of the coating compared to the substrate
(Kreller et al., 2021).

One of the methods for hydroxyapatite deposition is
Mechanical Coating Technique (MCT), which is based
on the mechanical alloying process that can be used to
coat many types of materials on the metal substrates. In
this method, balls, coating material (in the form of
powder), and metal substrate are placed in a vibrating
chamber, and the repeating impacts between the balls
and surface of the substrate create a coating of powders
on it. Upon optimizing the process variables such as
frequency and amplitude of vibration, time, ball-to-
powder-weight ratio, and size of balls inside the
chamber, suitable coatings are expected to be obtained.

Please cite this article as: Jalali Bidakhavidi, M., Omidvar, H. & Zamanian, A. (2024), Third Author Name, Effect of graded coating on the
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Figure 1. SEM image of cross-section of compoaite coating

2. MATERIALS AND METHODS

Circular sheets of Ti-6Al-4V alloy of 20 and 2 mm in
diameter and thickness, respectively, were used as the
substrate. The surface of these sheets was mechanically
polished with 200, 400, and 600 sandpapers and washed
with ethanol and distilled water before being coated. The
coating materials include hydroxyapatite and titanium
powders with an average particle size of 10-50 microns.
The deposition equipment used in this research was
designed and built by the authors, inspired by previous
research projects (Zadorozhnyy et al., 2015). The
microstructure of the cross-section and thickness of the
coatings were examined using a Scanning Electron
Microscope (SEM) model MIRA3 (TE-SCAN). The
nanoindentation test was carried out to determine the
hardness and elastic modulus of the coatings. Hysitron
Inc. Triboscope nanohardness testing device equipped
with Berkovich indenter along with Triboscope 3.5 PL
software was used for this purpose.

3. RESULTS AND DISCUSSION

The SEM image of the cross-section of the composite
coating obtained from the 50% HA / 50% Ti powder
mixture in Figure 1 shows a thickness of about 8 pm and
suitable connection points at its interface with the
substrate, which is mainly due to the presence of
titanium particles. Figure 2 also illustrates the SEM
image of the cross-section of the graded coating
containing titanium and hydroxyapatite, which consists
of two layers (the first and second layers are HA%25 /
Ti%75 and HA%75 / Ti%25 powder mixtures,
respectively). On the cross-sections, titanium particles
(white color) with different sizes have a good dispersion
and hydroxyapatite particles created favorable
connections with them.

A comparison of Figures 2 and 3 shows that the top
surface of the graded coating is much smoother with less
roughness and more compression, while the composite
coating has more porosity and roughness which is due to
the presence of more titanium particles in its ingredients.

To measure the hardness and reduced elastic modulus
(Er) of the coatings, the nanoindentation test was done
based on the ISO 14577 standard on two composite and
graded coatings. The test was repeated five times on
each sample. The values of the reduced elastic modulus
in the composite coating had a very high dispersion

Figure 2. SEM image of cross-section of graded coating

(13.3 + 8.5 Gpa), and its hardness was also quite low
(0.26 GPa). However, the elastic modulus in the graded
coating had a much lower dispersion (36.6 + 4.7 GPa)
with the hardness of approximately 0.94 GPa. These
results can be justified based on the SEM images of the
cross-sectional surfaces of the coatings. In Figure 1, the
surface of the composite coating has less smoothness,
more non-uniformity, and more porosity due to the
powder composition and higher percentage of titanium
particles. Due to the lower brittleness, titanium particles
are less likely to crush during the deposition process, and
their larger dimensions create more empty spaces in the
coating. On the contrary, in the graded coating of Figure
2, the top layer is much smoother, denser, and less rough
than that in the composite coating. More crushing of
hydroxyapatite particles causes more compression and
less porosity, especially on the coating surface.
Therefore, more appropriate results have been obtained
in the nanoindentation test. The large difference
between the elastic modulus of titanium (100 GPa) and
bone (10-30 GPa), which led to some problems in the
application of implants, was taken into consideration,
and the average size of the modulus of 36.6 GPa, which
was quite close to the elastic modulus of bone, could
provide mechanical compatibility between the coating
and host tissue.

4. CONCLUSION

Composite and graded HA/Ti coatings were applied
through mechanical coating technique on the Ti-6Al-4V
substrate, and their mechanical properties were
determined using nanoindentation method. SEM images
of the cross-sectional surface of the coatings showed
more roughness and porosity in the composite coating
and yet, a smoother surface with less roughness and
more compression in the graded coating. The results of
the nanoindentation test indicated that the elastic
modulus was 36.6 and 13.3 Gpa, and the hardness was
0.94 and 0.26 Gpa in the composite and graded coatings,
respectively, due to the difference in the porosity,
compactness, and roughness of these two coatings
according to the SEM images of the cross sections of the
above coatings.
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Abstract: In this study, wollastonite nanoparticles were synthesized and calcined at different temperatures.
The resulting particles were added to a polymeric gelatin containing drug, and the gelatin/wollastonite
nanocomposite was prepared as a carrier for gentamicin drug. The structure and morphology of the prepared
particles and composites were evaluated using X-Ray Diffraction (XRD), Fourier Transform Infrared (FTIR)

Keywords: Spectroscopy, Field Emission Scanning Electron Microscopy (FESEM), and Transmission Electron Microscopy

Nanocomposite,
Wollastonite,

Drug Release,
Biodegradable Composite

(TEM). The results showed the synthesis of single-phase wollastonite nanoparticles with sizes less than 10
nanometers, which agglomerate in some regions. The drug delivery rate in phosphate buffer solution, as analyzed
by UV analysis at Amax=201 nm, indicated rapid degradation of the composite, with about 60% of the drug
delivered in the initial hours and complete delivery after 2 days. Therefore, it can be concluded that the resulting

composite is biodegradable and has the potential to be used as filler for bone defects and local drug delivery.
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1. INTRODUCTION

After the discovery of bioactive glasses by Hench in
1970 (Hench et al., 1971), extensive research has been
conducted on the replacement of glass and glass
ceramics as human tissue. Bioactive glasses can be
considered as one of the most important groups in
biomaterials widely used in biomedical applications
(Hench, 2006). Studies have shown that ceramic
materials based on calcium silicate, such as wollastonite
(CaSiOg3) and dicalcium silicate powder (CazSiOs), are
characterized by remarkable biological activity and
good biocompatibility. In addition, Kokubo et al.
observed the rapid formation of hydroxyapatite layers
on glass under simulated body fluid conditions (Amin et
al., 2021). Wollastonite consists of tetrahedral chains of
SiO4* with the same crystal structure as perovskite
ABO:s. This crystal is formed by covalent bonds of silica
modified with Ca?* cations. The formation of apatite on
its surface is much faster than that of other bioceramics.
This biological activity results from the formation of Si-
OH bonds on the surface when immersed in a simulated
body fluid as well as Ca* ions exchange with hydrogen
ions (Riaz et al., 2019). Despite all the bioceramics
properties such as high biocompatibility and bioactivity
as well as low fracture toughness (low ductility) and
resistance to crack propagation, their application in
biomedicine has been restricted. Gelatin is one of the
biological derivatives of collagen with numerous
biological properties. Since the majority of the organic
phase in hard tissue is made of collagen due to

inflammatory ability, biodegradability,
biocompatibility, and gelatin availability, this polymer
has found remarkable applications in drug delivery
systems. In this study, hybrids of gelatin/elastomeric
containing different amounts of bioactive glass were
prepared, and their ability to gentamicin delivery as an
effective antibiotic was investigated. This system can be
used as bone tissue filler through injectable gels which
results in delivery of certain drug.

2. MATERIALS AND METHODS
2.1. Wollastonite synthesis

In the first step, calcium nitrate tetrahydrate was
completely dissolved in deionized water and then,
ammonia (25%) was added drop by drop to the solution
to reach pH of 9. In the next step, sodium metasilicate
pentahydrate solution was added to the previous solution
and stirred at 50°C for several hours. Subsequently,
hydrothermal process was completed at 120°C for 4
hours. The product was filtered and washed several
times with distilled water. The resulting powder was
dried in an oven and calcined at 700°C and 1000°C for
2 hours.

2.2. Synthesis of Polymer Composite with Wollastonite

In order to synthesize the composite materials
containing glass nanoparticles and polymer gelatin and
investigate the effect of composite composition on their
bioactivity, different amounts of particles were added to
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the polymer solution and well mixed at 50°C for 3 hours.
Ultrasonic bath was then employed to disperse the
particles in the polymer matrix and prevent
agglomeration. Finally, each of the resulting composites
was formed as a thin film and dried at 80°C.
Gentamicin, as a common antibiotic in orthopedics,
was used as a model drug. In this research, 10 mg of the
drug was added to the composite mixture and well
mixed for a certain period of time to obtain a
homogeneous gel solution. The resulting composite
solution was allowed to dry at room temperature.
Specific amounts of the prepared composites were
placed in phosphate buffer solution at pH=7.4 and
temperature of 37°C and then, it was gently shaken. In
order to determine the amount of delivered drug at
various times, samples were taken from the buffer
solution and measured using UV-visible
spectrophotometer at the wavelength of A=201nm.

3. RESULTS AND DISCUSSION

The XRD pattern of the initial powder produced by
sol-gel method indicates an amorphous and impurity-
free glass which is consistent with the reports of other
researchers. Several peaks appear at 700 "C which are
representatives of semi-crystalline structure. Upon
increasing the calcination temperature up to 1000 °C,
sharp peaks appear in the XRD spectrum at the angles
of 21.97°, 23.24°, 25.54°, 26.99°, 30.26°, and 49.94°,
indicating the formation of crystalline phase in the
bioactive glass structure which is consistent with the
XRD pattern of wollastonite (CaSiOs) phase. The
diffraction peaks were indexed using Xpert software
according to the standard X-ray card (JCPDS:043-1460)

(Fig. 1).
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Figure 1 . XRD pattern of wollastonite bio-glass at different
heat treatment temperatures.

TEM test results given in Fig. 2 confirm the
formation of nearly spherical wollastonite particles with
the particle size of less than 30 nanometers which is
approximately consistent with the Dubey-Scherer
equation and XRD spectra. Fig. 3 presents the FTIR test
results carried out on the produced composites. Gelatin
absorption bands in the infrared spectrum are located in
the amide band region. In this study, Amide-I represents
the stretching/bending hydrogen bonds C=0 with COO,
Amide-Il the bending vibrations of N-H groups and
stretching vibrations of C-N groups, and Amide-111 the
vibrations in the C-N and N-H groups of amided (Das et

al., 2017).

The peaks attributed to Si-O and Si-O-Ca bonds in
the range of 500-1100 cm? imply the presence of
wollastonite mineral phase in the structure. The drug
release profile represents rapid delivery rate during the
initial hours, followed by a constant and continuous rate.
Approximately 60% of the drug in the composite was
released after 10 hours of immersion, and almost all
drugs were released after two days.

Figure 2. TEM images of wollastonite nanoparticle
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Figure 3. FTIR curve of gelatin/ wollastonite nanocomposite.

4. CONCLUSION

The results of this study demonstrate that the
hydrothermal method could be used as a suitable method
for producing relatively homogeneous wollastonite
nanoparticles. According to X-Ray Diffraction (XRD)
results, the presence of pure wollastonite phase was
completely crystallized after calcination at 1000 °C
without any side phases. Different amounts of glass
nanoparticles added to gelatin polymeric matrix and
hybrid gelatin/wollastonite formation were confirmed
through the FTIR and XRD tests. Gentamicin was added
to the composite for targeted drug release evaluation.
The hydrophilic and unstable structure of gelatin led to
rapid delivery of 60% of the drug in initial hours and
gradually delivered the rest during subsequent hours.
According to the findings, the produced nanocomposite
can be used in bone tissue engineering as a bone filler
and through simultaneously delivering antibiotics, the
local infection recovery process will be accelerated.
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Abstract: Scarcity of fresh water has nowadays become a global problem and for this reason, a great deal of
attention has been given to providing fresh water with new technologies and renewable energy. The purpose of
this research is to synthesize Zeolite 13X or NaX powder using the hydrothermal method to identify the
parameters affecting the synthesis process as well as the factors affecting the moisture adsorption of the material.
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Synthesis sample (S1) had the specific surface area of 25.53 m?/gr, total pore volume of 0.38 Cm®/gr, mean pore
diameter of 60.1 nm, and water adsorption percentage of 22% of the total powder weight.
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1. INTRODUCTION

Zeolites are crystalline and hydrated
aluminosilicates of the first and second groups of alkali
and alkaline earth metals. Zeolite 13X or NaX with the
chemical formula of Na86 [(AlO2)86(Si0O2)106]1XH20
and Si/Al=1.23 has 12-ring pores with the pore size of
approximately 6-8 angstroms. This material is one of the
hydrophilic zeolites that tend to adsorb polar molecules,
especially water(Perkal & Walters, 1970; Shokroo et al.,
2016). The main objective of the current study is to
determine the values of the effective parameters of the
hydrothermal method of zeolite 13X synthesis.

2. MATERIALS AND METHODS

The raw materials used in this research are sodium
silicate (Na2SiO3z. H20), Merck, code 1056212500 (8%
Na,O, 26.5% SiO,, 65.5% H,0), sodium aluminate

(NaAlO>), Sigma Aldrich code 13404, (38% Na-O, and
62% Al»O3), sodium hydroxide (NaOH) Merck code
1064621000 (99% NaOH), and deionized water.

2.1. Selection of raw materials

Table 1 lists the information from different sources
to determine the composition ratio of raw materials and
other parameters.

2.2. Hydrothermal synthesis of zeolite 13X powder

Samples S1 and S2, whose specifications are given
in Table 1, were used for the synthesis of zeolite 13X
powder.

Table 1. Synthesis conditions of selected samples

Sample . Temperature Time
code SiO2/Al203 | Na2O/Al:0s | H20/Al203 (°C) (hr) Ref.
S1 3.43 10.39 320 90 6 (Mezni et al., 2011)
S2 35 35 150 90 15 (Zhang et al., 2013)

3. RESULTS AND DISCUSSION
3.1. Structural studies

Figure 1 shows the XRD pattern of the synthesized
S1 and S2 samples and Commercial sample, Comm.

The results obtained by the XRD pattern of S1 and
Comm show that the structure of the synthesized and
commercial sample matches that of zeolite 13X given in
references(Treacy & Higgins, 2007). The XRD pattern
of S2 confirms the formation of an amorphous structure.

Moisture Adsorption of Zeolite 13X Powder, Journal
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Figure 1. X-ray diffraction pattern image of synthesized samples S1, S2, and Comm

3-3. Surface area analysis (BET)

The results obtained from the BET analysis of the

samples are given in Table 2.

The S1 sample has a higher specific surface area than
the Comm sample mainly due to the visibility of the
smaller particles in the SEM images.

Table 2. The BET analysis results of the S1 and Comm samples

Total pore Vol. Mean hole diameter
2
Sample code Surface area(m?/gr) cmilgr Nm
Comm 13.48 0.02 8.02
S1 25.53 0.38 60.15

3-6. Comparison of moisture adsorption and
desorption

Figure 2 refers to the moisture adsorption in the
samples at different pressures.
The water desorption under different pressures
demonstrates that the S1 powder sample loses more

Water uptake %
o

0.9 0.92

P (atm)

moisture due to its larger mean pore diameter (46% vs.
32% at 0.92(atm) pressure) under the same vacuum
conditions. In sample S1, moisture absorption takes
more time due to the agglomeration of the powder.

~-Comm

0.96 0.98

Figure 2. Curves of the percentage of adsorbed moisture at different pressures for samples S1 and Comm

4. CONCLUSION

Primary compounds for the synthesis of zeolite 13X
powder through the hydrothermal method involve a
careful selection of different raw materials. For instance,
the composition of the synthesized samples, as per
references, includes
3.43Si0,.Al,03.10.39Na;0.320H,0 for (S1) and
3.5Si0,.Al1,03.3.5Na,0.150H,0 for (S2). In the STA
analysis, sample S1 demonstrated the 22% moisture

adsorption, surpassing the 20% moisture adsorption
observed in the commercial sample (Comm). Notably,
the moisture absorption at ambient temperature by
various pressures suggested that S1 exhibited a faster
desorption due to its larger mean pore diameter. This
characteristic thus makes S1 favorable for powder reuse.
Conversely, despite the agglomeration of S1 powder, it
displayed less moisture absorption within the same time
frame compared to the Comm sample. Therefore, the
suitable moisture absorption and desorption zeolite 13X
powder proved to have a high specific surface area and
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high pore volume with the presence of small
macrodimension holes (nonagglomeration).
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