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Infection of a wound is one of the most important reasons delaying the recovery of
an injured tissue. In this study, chitosan-based hydrogels were loaded with different
concentrations of sodium tetrafluoroborate (NaBF,) to fabricate an antimicrobial wound
care system. Antimicrobial activity, and cytotoxicity of NaBF,, and surface morphology,
chemical bond structures and antimicrobial activity of Chitosan:NaBF ,hydrogels against
a broad spectrum of microorganisms including an antibiotic resistant specie were
investigated. NaBF, showed higher antibacterial activity for gram-positive bacteria than
gram-negative bacteria. MIC values of NaBF, were 3.906, 1.953, and 7.813 ug/uL for
every gram-negative, gram-positive, and fungal species, respectively. Direct cytotoxicity
of NaBF, on the L929 cell line was investigated by the 3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium Bromide (MTT) assay. IC,, value after 24 h incubation was
calculated as 3.2 pg/uL which is within the range of concentration with antimicrobial
activity. The antimicrobial activities of chitosan hydrogels were investigated by disc
diffusion method. Antimicrobial activity of hydrogel increased with increasing NaBF,
concentration while high molecular weight chitosan-based hydrogel did not show
antimicrobial activity. According to the results, group 1:3 (546.5mM NaBF, containing
hydrogel) was enough to achieve broad spectrum antimicrobial activity and hydrogels
prepared with this formulation can be used as a potential antimicrobial wound care

product.

1. Introduction

Microbial contamination is a great concern, especially
in terms of wound healing and biomedical implant
fouling [1,2]. Presence of harmful microorganisms in
the injured areas can cause various infections and
these infections can prolong the healing process and
may lead to tissue morbidity or sepsis depending
on the severity of the infection. Moreover, the rapid
development of antibiotic-resistant microorganisms
complicates the situation [3,4]. For this reason, many
researchers are interested in designing wound care
systems that do not allow microbial contamination while
accelerating the wound healing process. Designing a
wound care system begins with the selection of the
material. There are various polymeric materials used
as wound dressing such as cellulose, gelatin, alginate,
chitosan etc. [5-8]. Among these biopolymers, chitosan
is one of the most widely used one due to its favorable
properties such as hemostasis, biocompatibility,
biodegradability, bacteriostasis and controlled drug
release ability [9-11].

Chitosan is a linear natural polysaccharide obtained

by partial deacetylation (>40%) of chitin, the major
constituent of the exoskeleton of crustaceans, and
comprised of glucosamine and N-acetyl-glucosamine
monomers linked through B(1-4) bonds. Chitosan,
which has many uses in its pure form, offers easy
functionalization or modification by chemical and
enzymatic processing due to the existence of
hydroxyl (-OH) and amine (-NH,) functional groups
in its structure, and can be made suitable for use in
many different areas by improving its physical and
biological properties [12,13]. Chitosan, the second
most abundant natural polysaccharide after cellulose,
finds a wide range of applications in different medical
and pharmaceutical devices due to its non-toxic,
biocompatible, biodegradable and antimicrobial and
antifungal properties [14,15].

Aside of its numerous advantages, chitosan is sensitive
to water and has relatively low hardness and low
durability that limits its use. In this context, crosslinkers
are used to protect the biological properties of chitosan-
containing biomaterials, to increase their mechanical
strength and chemical stability, and to control their
water permeability, solubility and swelling properties

*Corresponding author: ziyigundogdu@atu.edu.tr
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[16]. Crosslinking can be achieved either by formation
of chemical bonds or physical crosslinking. So far,
chemicals such as glutaraldehyde, tripolyphosphate,
ethylene glycol, diglycidyl ether, diisocyanate and
genipin have been used as chemical crosslinkers for
chitosan. However, most of the synthetic cross-linkers
are cytotoxic and may reduce the biocompatibility of
the developed biomaterial. Among the chemicals,
genipin stands out with its biocompatibility and high
stability. Chitosan and genipin-containing biomaterials
are used in many important areas such as preparation
of elastic cartilage tissue material, production of carrier
materials for controlled drug release, encapsulation of
biological products and living cells, bio fabrication of
muscle and vascular wall tissues, and production of
wound dressing materials for humans and animals
[17].

Chitosan is a water insoluble polymer. In order to
induce the solubility of chitosan in water, an acidic
media is required. The amino groups of chitosan
are protonated by the acidic environment and the
protonation of the amino groups present in the
chitosan adversely affects the bonding forces between
the polysaccharide chains. By increasing chitosan
concentration or by adjusting the solution pH, gels can
be formed by precipitation of chitosan chains. Glycerol
phosphate is a basic salt that can be used as physical
crosslinker. When a basic salt is added to a chitosan
solution, pH of the solution increases by neutralizing
phosphate groups, therefore solution remains liquid
in these conditions. When temperature is increased
to 37°C, due to hydrogen bonding, hydrophobic, and
electrostatic interactions, original solution begins to be
transformed into the gel matrix. This solution remains
liquid below room temperature at pH values between
6.8 to 7.2 and turns into a gel when heated to body
temperature which can be defined as heat-induced
gelation which is very important for injectable gel
applications [18-22].

In this study, glycerol phosphate and genipin have
been used to obtain co-crosslinked chitosan hydrogels.
These two physical and chemical crosslinkers have
been used in a previous study and some advantages
have been listed as reduced gelation time, improved
mechanical properties and storage modulus due
to physical and covalent crosslinking. Even co-
crosslinked hydrogels display small pore size, and
swelling properties were similar to those physically
crosslinked ones [22].

Although chitosan is known as an antimicrobial
biopolymer the antimicrobial efficiency changes
with various factors such as type of microorganism,
molecular weight, concentration, pH, temperature,
ionic strength, reactive time etc. [23]. Therefore,
researchers have been working on enhancing the
antimicrobial property of chitosan by adding different
antimicrobial agents [24-27]. Sodium tetrafluoroborate
(NaBF,), is a water-soluble molecule and releases
high electronegative anion (BF,”) when dissociated

into ions. Microbial cell walls have ionic charges and
negatively signed ions may interact with microbial cell
walls and alter membrane integrity which could be
resulted by antimicrobial activity. To the best of the
author’s knowledge, there is no scientific study in the
literature about broad spectrum antimicrobial activity
and cytotoxicity properties of NaBF,. In this study,
the antimicrobial properties of high molecular weight
chitosan hydrogels were crosslinked by using genipin
and glycerol phosphate, and different concentrations
of NaBF, addition were investigated for a potential

4
wound care product.

2. Materials and Methods
2.1. Materials

High molecular weight chitosan was purchased from
Sigma-Aldrich (USA). The degree of deacetylation
(DD) and the molecular weight of the chitosan were
>75% and between 310-375 kDa, respectively.
Isomeric mixture of glycerol phosphate disodium salt
hydrate and acetic acid glacial, puriss. 99.8-100.5%
were purchased from Sigma-Aldrich (USA). Genipin
was purchased from Challenge Bioproducts Co.,
Ltd. (Taiwan). NaBF, was purchased from Acros
Organics (Belgium). Nutrient agar (NA), nutrient
broth (NB), potato dextrose agar (PDA), and potato
dextrose broth (PDB) were purchased from Sigma
Aldrich. Ofloxacin, nystatin, and blank discs were
purchased from Oxoid (UK). Cell culture chemicals
were purchased from Biowest (France) unless it was
stated. Microbial species used in antimicrobial activity
tests, given in Table 1, were obtained from American
Type Culture Collection (ATCC, USA). Penicillium
sp. was kindly provided by the culture collection of
Yeditepe University, Department of Genetics and
Bioengineering. L929 mouse fibroblast cell line was
also obtained from ATCC.

Table 1. Microbial species used for NaBF, and NaBF,
incorporated chitosan hydrogels antimicrobial activity tests.

Species ATCC Code
Eschericia coli 25922
Pseudomonas aeruginosa 27853
Acinetobacter baumannii 9606
Bacteria Salmonella typhi 19430
Klebsiella pneumoniae 13883
Staphylococcus aureus 29213
s/ s
Candida albicans 10231
Fungi Aspergillus niger 16404

Penicillium sp. -

2.2. Disk Diffusion Tests of NaBF,

The antimicrobial property of NaBF, was determined
by using the disk diffusion method described previously
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[28]. NaBF, solution was prepared in 500 mg/mL con-
centration by using ultrapure water. On the other hand,
100 pL of 0.5 McFarland bacterial suspension were
inoculated on the agar plate, for yeast and fungus 1
McFarland suspensions was used. NA and PDA were
used for bacterial and fungal isolates, respectively.
Blank discs were impregnated with 20 uL of NaBF, so-
lution and placed on the inoculated plates. Ofloxacin
and nystatin discs were used as positive control (PC)
for bacteria and fungus, respectively. The plates were
kept in incubators for 24 h at 36x1 °C for bacterial
strains, 48 h at 36x1 °C for yeast and 72 h for fun-
gus isolates at 27+1 °C to promote microbial growth.
Inhibition zone diameters around NaBF, doped discs
were measured to determine the antimicrobial activity.

2.3. Minimum Inhibitory Concentration of NaBF,

The MIC values were determined according to the
broth microdilution method described previously in a
previous study [29]. Microbial species given in Table 1
were inoculated on NA for bacterial strains and for PDA
of yeast and fungal species. Inoculated plates were
incubated 24 h at 36x1 °C for bacterial strains, 48 h at
36+1 °C for yeast and 72 h for fungus isolates at 27+1
°C. Fresh grown cultures were used to prepare 0.5
McFarland microbial suspensions. Bacterial and yeast
suspensions were prepared in sterile phosphate-
buffered saline (PBS) and fungal suspensions were
prepared in 0.5% (v/v) Tween 80 + PBS solution. On
the other hand, NaBF, was dissolved in sterile ultrapure
water with a concentration of 500 ug/uL in sterile test
tubes. The 96-well plates were used for MIC tests, 200
pL from the stock solutions of NaBF, prepared at the
concentration of 500 ug/uL was added into the first
well. One hundred pL sterile ultrapure water was added
to the sequential nine wells. Then, 100 pL from their
serial dilutions was transferred into nine sequential
wells. Then, 95 uL broth and 5 yL of each inoculum
were added into each well. NB were used for bacterial
species and PDB were used for fungal isolates. Two
hundred pL pure broth was added into the 11" wells
as positive control and 12" wells containing 195 L
broth and 5 pL of the inoculum was used as a negative
control. Plates were incubated in a shaker incubator
at 180 rpm at appropriate time and temperature. The
lowest concentration of NaBF, inhibits the growth of
microorganisms (MIC values), was determined using
a microplate reader with absorbance (Abs) at 600 nm
for bacteria and 530 nm for fungal isolates.

2.4. Minimum Bactericidal (MBC) and Fungicidal
(MFC) Concentration of NaBF,

MBC/MFC values were determined in accordance with
the lowest concentrations of NaBF, which showed
no microbial growth. Starting from the MIC values
to higher concentrations 100 pL suspensions were
spread on NA for bacteria, and PDA for yeast and
fungi. Inoculated plates were incubated for appropriate
time and temperature and the lowest concentrations of
NaBF, that showed no microbial growth were recorded

as MBC/MFC value [29].
2.5. Cytotoxicity of NaBF, by MTT Analysis

Cytotoxicity of NaBF, was directly determined in cell
culture medium. L929, mouse fibroblast cell line,
was used in cell culture studies. Cells were cultured
in Dulbecco's Modified Eagle Medium (DMEM) High
Glucose containing 10% (v/v) fetal bovine serum
(FBS), 1% (v/v) L-glutamine and 10 units/mL penicillin,
10 pg/mL streptomycin solution. L929 cells were
seeded as 10* cells/well on 96 well plate and cultured
at37°Cin 5% CO, atmosphere. The cells were cultured
for one day to cover the surface. The day after, the
stock solution of NaBF, was prepared in complete
cell culture medium and diluted in cell culture medium
between 100-0.098 mM. NaBF, containing cell culture
media was applied to L929 cells (n=6). Cellular
viabilities after 24 h NaBF, exposure were analyzed by
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide (MTT) analysis. Used cell culture medium
was aspirated and MTT containing culture media
without FBS was added onto the cells. The cells were
cultured in MTT containing media for 4 h at 37°C in 5%
CO, atmosphere. At the end of the incubation period,
used media was removed and formazan crystals were
dissolved in dimethyl sulfoxide (DMSO). Absorbance
values were recorded at 570 nm reference to 690 nm
with BMG Labtech, Spectrostar Nano, Germany. Cell
viability is given as % viability of control cells cultured
without NaBF,.

2.6. Hydrogel Synthesis

High molecular weight chitosan was dissolved in 100
mL 1% (v/v) aqueous acetic acid solution in ultrapure
water as 1 g/100 mL. This solution was left to mix
for 24 h until it was clear. Unsolved solid particles
were removed by centrifugation at 8000 rpm for 10
min. In order to prepare different concentrations of
Chitosan:NaBF, (Ch:NaBF,) hydrogels 10 mL of
chitosan solution were separated into beakers and
specific amounts of NaBF, was mixed with chitosan
solutions as given in Table 2.

Table 2. Hydrogel synthesis conditions.

Ch:NaBF, Chitosan NaBF, NaBF, @GP  Genipin
(wiw) (9) (@ (mM) (M) (mM)
1:.0* 0.1 0 0 0.12 1
1:1 0.1 0.1 1822 0.12 1
1:2 0.1 02 3643 0.12 1
1:3 0.1 0.3 5465 0.12 1
1.4 0.1 04 7287 012 1
1.5 0.1 05 9108 0.12 1

*Control hydrogel group without NaBF,.

Then, glycerol phosphate (GP) and genipin were added
into these solutions as crosslinkers, respectively.
Polymer-crosslinker solution kept at 37°C for one day
to complete the crosslinking process.
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2.7. Characterization of Ch:NaBF, Hydrogels

Surface morphology of freeze-dried Ch:NaBF,
hydrogels were characterized by Scanning Electron
Microscopy (SEM, FEI, Quanta 650, USA) analysis.
Samples were coated with Au-Pd for 60 seconds under
argon atmosphere using plasma sputter before SEM
imaging. The presence of specific chemical groups
in the hydrogels were analyzed by Fourier Transform
Infrared Spectroscopy (FTIR, PerkinElmer, USA) in
the 4000-400 cm™ wavenumber range.

2.8. Agar Disc Diffusion Method

Inhibition of microbial growth by Ch:NaBF, hydrogels
were tested against microorganisms given at Table
1 by using agar disc diffusion method as described
previously [30]. Briefly, 0.5 McFarland bacteria,
yeast and fungi were prepared from fresh growth
cultures. 100 pL of each microbial suspension were
inoculated on NA for bacteria, and PDA for yeast
and fungi. Ch:NaBF, hydrogels were cut out with a
cork borer (approximately 7 mm diameter hydrogels
were obtained) and placed on the inoculated agar.
Inoculated plates were incubated for appropriate
time and temperature for all microbial species and
antimicrobial activity was determined by measuring
the inhibition zone diameters.

3. Results
3.1. Antimicrobial Activity of NaBF

Antimicrobial activity tests were conducted against
seven bacteria, one yeast, and two fungi species
based on agar disk diffusion assay by measuring the
inhibition zones around NaBF, dopped disks. Zone
diameters were obtained for 20 yL of 500 mg/mL
NaBF, solution (Table 3).

Table 3. Agar disk diffusion test results of NaBF, (mm).

Microorganism Inhibition zone PC
E. coli 18 40
P. aeruginosa 16 24
S. typhi 20 36
K. pneumoniae 16 41
A. baumanni 20 10
S. aureus 15 34
MRSA 23 27
C. albicans 16 26
A. niger 14 25
Penicillium sp. 17 25

According to the disk diffusion assay NaBF, displayed
remarkable antimicrobial activity against all microbial
species tested. Although there are many studies in
the literature that indicate the antimicrobial activities
of various boron compounds [31-34], there are
few studies that mention the antimicrobial activity

of NaBF,. A study conducted by Ghammamy and
Keysan (2012) has reported that the synthesized
nano-NaBF, molecules have antibacterial activity
against S. aureus and Group B Streptococci [35].
Another study conducted by Suner et al. (2020) states
that protonated polyethyleneimine modified halloysite
nanotubes (H-PEI-HNTs) were ion exchanged with
NaBF, (NaBF,-PEI-HNTs) and antimicrobial activity
was observed against gram-negative (E. coli and P.
aeruginosa) and gram-positive (Bacillus subtilis and S.
aureus) bacteria, and also a yeast specie (C. albicans)
[36].

The lowest concentration values of NaBF, that
inhibits the visible growth of the microorganism after
overnight incubation (MIC) were determined by the
broth microdilution method. The lowest concentration
that killed the microorganism was determined by sub-
culturing the suspensions onto the agars to look for
survivors. Minimum concentration with no microbial
growth was evaluated as MBC/MFC. MIC and MBC/
MFC results are summarized in Table 4.

Table 4. MIC and MBC/MFC values of NaBF,.

. . M MBC/MF
Microorganism (ug/EL) MIC (mM) (IJ;;IJL)C
E. coli 3.906 35.6 3.906
P. aeruginosa 3.906 35.6 3.906
S. typhi 3.906 35.6 3.906
K. pneumoniae 3.906 35.6 3.906
A. baumanni 3.906 35.6 3.906
S. aureus 1.953 17.8 1.953
MRSA 1.953 17.8 15.63
C. albicans 7.813 71.2 7.813
A. niger 7.813 71.2 7.813
Penicillium sp. 7.813 71.2 7.813
MIC results showed that the antifungal and

anticandidal efficiency of NaBF, is lower with respect
to its antibacterial efficiency. Moreover, gram-positive
bacteria are more susceptible to NaBF, than gram-
negative bacteria. The MBC and MFC values were not
different from the MIC values for tested microorganisms
except MRSA. MBC was 8 times higher than its MIC
value. In literature, there are many studies investigating
the MIC values of various boron compounds, however,
to the best of author’s knowledge there has been no
study investigating the MIC values of NaBF, against
any microorganisms. Previously, MIC values of boric
acid (BA) and borax were determined by macrodilution
method against S. aureus, E. coli, and P. aeruginosa
[37]. According to the test results NaBF, was effective
against these microorganisms at 2- and 12-times
lower concentrations, compared to BA and borax,
respectively. Another study evaluated the MIC values
of BA and disodium octaborate tetrahydrate (DOT)
against 10 bacterial species. Most susceptible and
resistant species are found as P. aeruginosa and S.
aureus, respectively. MIC values of BA and DOT were
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determined as 0.385 ug/uL and 0.644 ug/uL against P,
aeruginosa, 3.09 pg/pL and 10.312 ug/uL against S.
aureus, respectively [38]. When we compare the MIC
results of NaBF, with DOT and BA, NaBF, has a higher
antibacterial effect than both BA and DOT against S.
aureus. On the other hand, bactericidal activity of BA
and DOT is higher than NaBF, against P. aeruginosa.

The antibacterial activity of NaBF, for gram-positive
bacteria is better than gram-negative bacteria,
probably due to their cell wall structure. Cell wall of
a gram-positive bacteria is majorly composed of
peptidoglycan. On the other hand, a gram-negative
bacteria’s cell wall is more complex, in addition to
the peptidoglycan; polysaccharides, proteins and
phospholipids are present in the structure. The charge
of the phospholipid is negative, while the peptidoglycan
is positively charged [27,39]. When NaBF, is dissolved
in water, it dissociates into Na* and BF, ions.
Negatively charged BF, ion may interact with positively
charged peptidoglycan better than negatively charged
phospholipid. As a result of this interaction membrane
integrity may be altered and intracellular substances
leaked out. This could be the reason why MIC values
of NaBF, for gram-positive bacteria were lower than
gram-negative bacteria.

3.2. Cytotoxicity of NaBF,

Cytotoxicity of NaBF, on L929, mouse fibroblast cell
line, was determined by MTT assay and the results are
given in Figure 1.

120

100

80

60

40

Cell viability(%)

20

0
100 50 25

12,5 6,25 3,125 1,563 0,781 0,391 0,195 0,098 0
NaBF, (mM)
Figure 1. Cytotoxicity of NaBF, was determined by MTT

assay at 24 h culture (n=6).

The cells were cultured in the presence of different
concentrations of NaBF, between 0.098-100 mM for
24 h. The cell viability decreased to 70.26% upon
treatment with 12.5 mM NaBF, and further decreased
to 21.25% and 10.33% with 50 mM and 100 mM NaBF,
treatment, respectively. The IC, value of NaBF, on
L929 cells was calculated as 29.3 mM which is a very
high concentration. 29.3 mM concentration of NaBF,
corresponds to 3.2 pg/uL concentration. MIC values of
S. aureus and MRSA with 1.953 pg/pL was lower when
compared to the IC, value of L929 cell line. According
to these results, MIC values are very close to non-
toxic concentration so it can be concluded that NaBF,
can be safely used in tissue engineering studies. In
a study, cytotoxicity of NaBF, was determined with

human cervical carcinoma epithelial cells HeLa. The
half-maximal effective concentration (EC,;) value of
[BF,] ion on Hela cell line was calculated as >25 mM
without giving direct concentration [40].

There is a lack of studies investigating the cytotoxicity
of NaBF, in the literature. However, there are some
studies investigating the effect of different boron
compounds with various cell lines. In a study, IC,,
value for boric acid on U-87 MG glioblastoma cell
line was found as 17 mM, in 48 h culture period [41].
In another study, the combined effect of different
concentrations of borax in the presence of 50 ug/mL
5-Fluorouracil (5-FU) on human colorectal cancer cell
line, DLD-1 was investigated. 5-FU is a widely used,
FDA accepted chemotherapy agent for colorectal
cancer. Decreased cell viability and increased early
apoptotic cell percentage was shown in the combined
application of 5-FU and borax when compared to their
application at the same concentrations alone [42]. In
a different study, sodium pentaborate pentahydrate
(NaB) was used at 15 pug/mL concentration with 10%
(v/v) DMSO for freezing. It was concluded that NaB
protected viability of A549 cancer cells and L929 cells
after 4 freeze-thaw cycles indicating NaB may be a
good cryoprotective agent [43].

3.3. Surface Morphology of the Hydrogels

Surface morphologies of the hydrogels were
investigated by SEM analysis. Control chitosan surface
showed smooth morphology without any roughness.
In the NaBF, modified groups, increased numbers of
crystalline particles were found on the surface of the
hydrogels with increasing NaBF, concentration as it is
clearly seen from the Figure 2. NaBF, was dissolved
in the chitosan solution before gelation, so this
crystallization was triggered during the freeze-drying
application. Besides, SEM images obviously shows
that NaBF, crystals were agglomerated during freeze-
drying process.

3.4. ATR-FTIR Spectra of the Ch:NaBF, Hydrogels

The ATR-FTIR spectra of the crosslinked chitosan,
NaBF,, and Ch:NaBF, hydrogels are given in Figure
3. Peaks at 774, 520, 526 and 1332 cm™' are specific
for NaBF, and can be clearly seen in the Ch:NaBF,
hydrogel spectra. These peaks which correspond to
characteristic vibrations of NaBF, [44] were not seen
in the spectra of bare chitosan. A broad peak at 3000-
3600 cm™, -OH stretching of the hydroxyl group, was
determined for chitosan polymer. The CONH, and NH,
groups peaks specific for amide structure of chitosan
were recorded at 1651 and 1555 cm™, respectively [45].
The intensity of the peak at 1555 cm™' was increased
with increasing concentrations of NaBF, indicating the
interaction between NH, group of chitosan and NaBF,.
Sharp peak with broad range at 1055 and 1022 cm
corresponds to C-O stretching and this peak overlaps
with the peak of NaBF, at 1010 cm™ between the same
range.
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3.5. Agar Disk Diffusion Results of Ch:NaBF,
Hydrogels

Antimicrobial activities of NaBF, loaded chitosan-
based hydrogels were investigated by agar disk
diffusion method and, the ratio of the inhibition zone
to the sample diameter is given in Table 5, instead

of giving the inhibition diameter directly, since each

0 pum).

sample could not be obtained at the same diameter.
Although chitosan is known as a natural biobased
antimicrobial polymer, control groups prepared by
using high molecular weight chitosan did not show
antimicrobial activity against tested microorganisms.
The main reason for the inadequate antimicrobial
activity might be related to the molecular weight of
chitosan used in this study. Results are coherent with
the previous literature studies that support decreasing

antimicrobial activity of chitosan with increasing
Table 5. Ratio of inhibition zone diameter to hydrogel
diameter.
Ch:NaBF, a——\ *\ -
1:0 11 122 1:3 14 15 == N AN
E. coli N/A* 122 219 222 258 290 ‘ S Al
P. aeruginosa N/A 120 3.32 382 430 4.52 3 z '
S. typhi N/A N/A NA 185 288 3.60 ; N Nl
K. pneumoniae N/A 178 212 219 233 2.64 § i \ BV ™
A.baumanni N/A NA NA 167 192 216 £ I‘“\Wf—"/mﬁl{s;; o
S. aureus N/A N/A 136 184 206 2.26 %"H—”—__mmp‘
MRSA N/A 2.01 230 244 3.01 3.68 a0 bk el2 43 & V(
C. albicans NA NA NA NA 248 3.41
A. niger N/A NA NA 142 204 250 4000 3600 3200 2800 Wzatgt:wrnber(f:qg 1600 1200 800 400
Penicillium sp. N/A 160 1.61 220 251 3.27 Figure 3. ATR-FTIR spectra of NaBF, and Ch:NaBF,

*N/A: Not Available.

hydrogels.
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molecular weight [27,46,47]. As described in the
previous antimicrobial section, antimicrobial activity
could be related to the ionic charge of the biocide
itself. Chitosan with positively charged amino groups
should interact with the negatively charged cell wall
of gram-negative bacteria; however, high molecular
weight chitosan have lower pKa and less protonation
[27]. This might be the reason why control groups did
not show any antimicrobial activity.

Experimental results indicate that inhibition zones
increased as the concentration of NaBF, increased.
When we compare the antimicrobial activity among all
gram-negative species Ch:NaBF, hydrogels showed
highest antimicrobial activity towards P. aeruginosa.
Although all gram-negative bacteria, they are different
microorganisms from each other, so their susceptibility
to any antimicrobial agent may differ from each other.
The mode of action of antimicrobial agents such as
DNA/RNA inhibition, disturbing enzyme mechanisms
etc. may differ according to the type of microorganisms
[36]. In a study conducted by Zheng et al. (2003)
claimed that increasing molecular weight of chitosan is
decreasing the antibacterial activity for gram-negative
bacteria while increasing the antibacterial activity for
gram-positive bacteria by forming a film which inhibits
nutrient adsorption [47]. However, the results obtained
from this study could not be associated with the results
of the reported study.

Many researchers also used various antimicrobial
agents such as metal ions, metal nanoparticles,
antibiotics, antifungal drugs, etc. to enhance
chitosan’s antimicrobial activity [48-51]. In a study by
Venkatesan et al. (2014) chitosan-carbon nanotube
(CNT) hydrogels were developed by using different
CNT concentrations and it was observed that the
antimicrobial activity was increased with increasing
CNT concentration [46]. In the literature there is
no chitosan hydrogel prepared by using NaBF,;
however, there are some studies investigating the
synergetic effect of boron compounds with chitosan
for their potential use as wound care applications. In
a study conducted by Huang et al. (2021) chitosan-
based hydrogels were prepared by using boric acid
or Tris and calcium gluconate containing buffer
solutions [52]. According to the results both gels
demonstrated tissue repair and anti-infection effects
and they were evaluated as potential wound care
material for hydrofluoric acid burn therapy. In another
study, insufficient antimicrobial activity of chitosan
at circumneutral pH of 6.0 was enhanced by using
sodium metaborate tetrahydrate and chitosan-borate
complexes showed broad spectrum antimicrobial
activity against bacteria and fungi [53].

According to the disk diffusion results of this study
NaBF, amount used in 1:3 gels were enough to
achieve broad spectrum antimicrobial activity and hy-
drogels prepared with this formulation can be used as

an antimicrobial wound care material (Figure 4).

Figure 4. Agar disc diffusion test images of Ch:NaBF, hydrogels against a. E. coli, b. P. aeruginosa, c. S. typhi, d. K. pneu-
moniae, e. A. baumanni, f. S. aureus, g. MRSA, h. C. albicans, i. A. niger, j. Penicillium sp.

47



lyigiindogdu Z. / BORON 8(2), 41 - 50, 2023

4. Conclusion

Antimicrobial hydrogels are widely used in wound
healing applications due to their numerous advantages.
This study is focused on developing antimicrobial
chitosan-based hydrogels to be used in topical wound
care products. NaBF, was used as an active agent
to enhance the antimicrobial activity of chitosan. The
antibacterial properties of NaBF, were evaluated using
E. coli, P. aeruginosa, S. typhi, K. pneumoniae, A.
baumanni, S. aureus, MRSAwhile antifungal properties
were evaluated using C. albicans, Penicillium sp., and
A. niger. The most effective antimicrobial activity was
observed against gram-positive bacteria which are S.
aureus and MRSA with 1.953 pg/uL MIC value. The
IC,, value of NaBF, on the L929 cell line was calculated
as 3.2 pg/uL after 24 h culture. Antimicrobial capability
of the gels was directly related to the NaBF, content
in hydrogels. Especially, 1:5 (NaBF, concertation is
910.8 mM) group showed the highest antimicrobial
activity against a wide range of microorganisms while
the 1:3 (NaBF, concertation is 546.5 mM) group
was sufficient to inhibit microbial growth against all
microorganisms used in antimicrobial activity tests.
According to the results Ch:NaBF, hydrogels (1:3,
1:4, 1:5) have the strongest inhibitory effect against P.
aeruginosa in comparison to the other gram-negative
bacteria. Even though the IC, value of NaBF, on L929
cells was calculated as 29.3 mM which corresponds to
3.2 pg/uL concentration, hydrogels were loaded with
higher amount of NaBF,. The reason of this excessive
loading is due to the release profile of NaBF, from the
chitosan-based hydrogel which could be discussed in
future publication. As a result, the 1:3 sample hydrogel
contains a sufficient amount of NaBF, for preparing
an antimicrobial chitosan-based hydrogel which is
a promising candidate that can be used as topical
wound care product.
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Hybrid composites are material types obtained by combining two different composite
structures. This study focused on investigating the mechanical properties of a hybrid
composite material produced in a circular shape with aluminum sheath and metal
matrix composite core (Al-Ceramic mixture). Mechanical properties were determined by
compression, bending, and hardness tests. Ceramic reinforcement improves the basic
mechanical properties of metal matrix composites (MMC). However, some features
such as strain ability are adversely affected. It was aimed to improve such properties
by producing MMC material with sheath. AI7075 was used as the sheath material
and Al2124-B,C MMC material was used as the core material in this hybrid material.
Composite rods were produced by extruding the billets prepared by the PIT (powder in
tube) method. With this method, the core material in powder form was compressed into
Al tube materials. In the core material, three different ratios of B,C were used as 5, 10,
and 15% by volume fraction. The extrusion process was carried out at 500°C degrees
and with an extrusion rate of R=14. According to the test results, the strain ability, which

decreased with the B,C reinforcement, improved in materials produced with sheath.

1. Introduction

Composite materials are material types obtained
by combining two or more materials and have the
superior properties of these materials [1,2]. Today,
many reasons such as developing technology, energy
consumption, and material costs reveal the need for
composite materials and the studies in this field are
increasing day by day. Composite materials consist of
the matrix phase that generates the main structure and
the reinforcement phase called the secondary phase
being in the matrix [3,4]. According to the situation
of the reinforcement phase, composite materials can
be classified as fiber and particulate reinforced or
layered and hybrid composite [5,6]. Hybrid composite
materials can find a wide usage area because of
the their advantages [7]. Although hybrid composite
materials are generally in the form of sheet, they are
also produced in circular form such as bars and pipes
or other special forms [8,9,10]. Materials used on the
inside and outside of the circular hybrid composites
vary according to the requirements. Creating a new
structure by combining the properties of two different
materials or achieving different properties inside
and outside of the material is an example of these
requirements. When the general structures of circular
composites are looked;

- Copper(Cu)-aluminum(Al) material pairs to obtain
conductivity, lightness, and cost properties [11-13],

- Al-Al, steel-steel material pairs because of the
requirement of the different properties on inside and
outside of the composite material [14-16],

- Cu-conductive powder pairs to obtain superconductive
material [17],

are the most common circular metal composite
materials. In the production of these materials,
different methods are used such as extrusion, rolling,
and explosive coating [18-20]. In this study, the circular
form of Al/AI-B,C hybrid composite was studied. In this
material, while Al-B,C forms the core of the hybrid
composite material, Al forms the sheath. Aluminum has
intensive use in the fields of machinery, automotive,
and aerospace because of its high strength/density
ratio and good machinability properties [21]. At the
same time, the studies to improve the properties
of composite materials are multiplying. Ceramic
reinforced composite is one of these areas in which
aluminum is used as the matrix phase [22]. The core
of the circular hybrid composite that formed as Al-B,C,
is an MMC material and its density is reduced and
some mechanical properties are increased with B,C
reinforcement. However, its toughness, namely the
ability of plasticity, decreases.

In this study, materials were produced with a ceramic-
free sheath on their outer surfaces in order to eliminate
some of the negative results that occur with ceramic
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reinforcement in ceramic reinforced metal matrix
composite materials. The decrease in surface quality
and toughness values is the most important of these
negative results. By producing the Al-B,C composite
material with the same or a different aluminum alloy
sheath on the outside, the ceramic reinforcement will
be prevented from being on the outer surface, and
since the aluminum ratio in the material cross-section
will be high, its deformation ability will be partially
preserved. This material can be preferred in areas
where surface quality is at the forefront with its high
strength properties.

2. Materials and Methods

The production of circular hybrid rods was carried out
by the extrusion method (Figure 1). In this method,
the circular cross-section material (billet) was pushed
through a die system with high forces. The first stage
of production is the preparation of billets. They were
prepared with the powder in tube method [23]. Al-B,C
powders mixed homogeneously were compressed
into Al tubes in this method (Figure 2).

In these composite materials, the outer of the material
is called "sheath" and the inner is called "core". AI7075
alloy as sheath material, Al2124-B,C powder mixture
with an average size of 30 ym Al2124 and 20 ym
B,C as core material was used in these composites.
The dimensions of Al tubes (sheath of billet) were
presented in Figure 2 and were obtained by drilling the
rod-shaped Al7075 alloy. Al2124/B,C powder mixture
was prepared with 5%, 10%, and 15% B,C volume
fractions to be used as core material in these sheaths.
The powder mixture was mixed for 2 hours with a three-
dimensional mechanical mixer. The powder mixture
was compressed into aluminum tubes at an average
pressure of 500 kPa. The billets were extruded after
the sintering process at 500°C for 1 hour. The diameter
of billets was reduced from 30 mm to 8 mm with an
extrusion rate of R=14. In each extrusion process,
billets, extrusion sleeve and die were spray coated
with graphite. In Table 1, the material structure of 9
different billets and products was given in detail. The
outer and core diameters of circular hybrid composites
were achieved at 8 mm and 5.33 mm respectively.

Bimetal rod Punch

/
o -

Container

Figure 1. Transforming of billets into composite bars by
extrusion method.

- 20|‘_

Force

billet

(a)

Sheath
(A17075)

Core
(A12124/B,C)

(b)

Figure 2. a)”:I'he extrusion billet prodcd with powder
in tube method, b) Extrusion press and product (circular
hybrid bar).

The samples taken from the composite materials were
first mounted and then prepared for micro structural
examination. Polishing process was carried out with
600, 1200 and 2000 numbered paper grinding discs
and woven polishing cloth. In etching, a general
purpose etchant (1,5% Hydrofluoric Acid(HF)-98,5%
pure water) was used. On the other hand, bending tests
were carried out according to the ISO 7438 standard,
and the distance between the supports was determined
as 50 mm and the sample length was determined as
80 mm. The test speed was applied as 0.02 mm/sec
[24]. Compression tests were carried out according to
ASTM E9-09 standard, and compression samples were

Table 1. Technical details of nine different extrusion billets and products.

Samples Sheath Core D°"("enf;nB1i)"et Di"ﬁf‘; ?ni;let Dou(:1ert';;a od Di'("rer‘l'rﬁ;)d
1 AI7075 30 - 8 -
2 AI7075 Al2124 30 20 8 2,66
3 Al7075  AI2124-B,C(5%) 30 20 8 2,66
4 Al7075  AI2124-B,C(10%) 30 20 8 2,66
5 Al7075  AI2124-B,C(15%) 30 20 8 2,66
6 Al2124 30 - 8 -
7 A12124-B C(5%) 30 - 8 ;
8 Al2124-B,C(10%) 30 - 8 -
9 Al2124-B,C(15%) 30 - 8 -
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prepared as 16 mm length by taking L/D=2. The tests
were carried out at speeds of 0.02 mm/s [25]. Also,
hardness measurements were carried out separately
in the sheath and core regions at the cross section
perpendicular to the material axis In the tests carried
out with the Vickers microhardness measurement
method for 5 seconds at 100 g load, at least 3 healthy
measurements were obtained at appropriate intervals
and the hardness values were determined by taking
the average of them. The densities of the materials
were measured according to the Archimedes principle
[26]. For this, Presica precision balance (with precision
of 0,0001 g) and density measurement kit were used.

3. Results and Discussion

When the sheath-core boundaries of hybrid circular
composites were examined with a micro-scale, it was
observed that the sheath and core were very well
bonded to each other, and there was no separation or
gap in the boundaries (Figure 3). It was seen that B,C
distribution was homogeneous in B,C reinforced core
(Figure 3b, c, d). In addition, it was observed that the
linearity disappeared at the sheath-core boundary with
increasing in the B,C ratio in the core material. The
increase in the bond strength between sheath-core
could be attributed to the fact that the sheath and core
materials crossed each other’s boundaries (Figure 3c,
d).

The bending test is used to specify the mechanical
properties of materials under loads that force them
to bend. In this test, a bending force is applied
to the middle of the material placed between two
supports and the material is deformed. As a result
of this experiment, values such as bending moment,
bending strength, modulus of elasticity, and bending
displacement can be calculated [27]. According to the
bending tests, first of all, the bending strengths of the

+ Al2124 B4C(10%)
Core

aluminum materials used in this study were compared
with each other. The AI7075 rod was produced by
extrusion from a rod product with a diameter of 30
mm. Al2124 rod was produced by extruding of billets
obtained by compressing the Al2124 powder used
in MMC production. According to the bending test
graphics, Al2124 has lower bending strength and strain
rate than AI7075 (Figure 4a). When the material was
layered as Al7075-Al2124, although the deformation
did not increase, a significant increase in bending
strength was achieved.
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Figure 4. a) Bending stress-displacement (0-8) curves of
AlI7075 and Al2124 rods and Al7075/A12124 circular com-
posite, b) Changing of 0-5 curves with B,C ratio in circular
composites.

; Al2124 B4C(15%)
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Figure 3. Optical microsc&pe irﬁags heath-cre boundry in hybﬁd cérﬁposﬂlte“mé‘ eria]s, a) I‘70 5-Al2124 sheath-
core boundary, b) Al7075-Al2124/B,C (5%) sheath-core boundary, c) Al7075-Al2124/B,C (10%) sheath- core boundary, d)

Al7075-AI2124/B,C (15%) sheath-core boundary.
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In ceramic reinforced composites, the strength values
of the materials can be improved considerably by opti-
mum adjustment of the reinforcement ratio. However,
high ceramic ratios increase the brittleness of the ma-
terial as well as decrease the strength values [28]. As
can be seen in Figure 4b, the material with B,C ratio
of 5% provided superiority in terms of yield strength
compared to Al2124, while the material rapidly loosed
its strength and deformability with an increase in this
ratio to 15%. The poor wettability between Al and B,C
is also an important factor in this situation [29,30].

When the rods containing B,C of 5%, 10%, and 15%
were turned into hybrid composites with Al 7075 sheath,
significant changes occurred in their mechanical
properties, with an increase of approximately
25%, 45%, and 90% in yield and breaking points,
respectively. In other words, the bending strengths of
MMCs could be improved with the hybrid composite
structure. And this improvement rate increased with
increasing in B,C ratio (Figure 5a, b, c, d).

The analysis of the bending samples reveals that
the fracture cross-sections were shaped in different
structures depending on the bending rate and the
bending ability of the material. AI7075 was the material
that have the most strain, and it showed a brittle
fracture surface because of its structure (Figure 6a).
On the other hand, Al2124 displayed multiple fractures
with a smooth surface because of its ductility (Figure
6a). The fracture surface in Al2124-B,C composites
was quite rough and brittle because of the separation
that occurred at the B,C-Al grain interfaces (Figure
6b). The limited bending deformation observed in
Al2124-B,C composites reinforced B,C of 5% was
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almost never observed in composites containing 10%
and 15% B,C, and their fracture types were quite
similar to the type of brittle fracture encountered in
tensile tests (Figure 6b). The fracture behavior of the
materials changed with the Al7075 sheath. In Al7075-
Al2124 material, the bending deformation of both
layers decreased (Figure 6a). In Al7075/AI2124-B,C
sheathed composites, the AlI7075 sheath increased
the bending strength and the bending strain rates of
the composites significantly (Figure 6¢). In the bending
tests, the punch forces to separate the interfaces of
sheathed composites because of the application type.
However, no separation was observed between the
sheath and core in the tests of the AlI7075/A12124-B,C
composites.

According to the compression test results, the
yield strengths of the materials increased with the
increase of B,C ratio in Al2124-B,C composites, but
the compression strength and strain rate decreased
(Figure 7b). It was observed that Al7075 material was
better than Al2124 in terms of strength values (Figure
7a). The yield strength of the composites, which was
produced in Al7075/Al2124 form with sheath, reached
the AlI7075. In the circular hybrid composite materials,
the yield strengths increased in each one. However,
these hybrid composite materials lost some of their
strain rates compared to the MMC ones. In terms of
compression strength, the hybrid composite materials
containing 5% B,C was very close to the unsheathed
one. However, hybrid composites containing 10% and
15% B,C exceeded the unsheathed form of these
materials in terms of compression strength. The tensile
strengths of hybrid composites were above those of
unsheathed ones (Figure 7c, d, e).
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Figure 5. Changing of bending stress-displacement (0-8) curves in a) unsheathed and sheathed composites containing 5%
B,C, b) unsheathed and sheathed composites containing 10% B,C, c) unsheathed and sheathed composites containing
15% B,C, d) changing of bending strength of sheathed and unsheathed composites.
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Figure 6. The fracture types of materials subjected to bending test, a) Al7075, Al7075-Al2124 and Al2124, b) Al2124-B,C
(5%), Al2124-B,C (10%) and Al2124-B,C (15%). c) AI7075-AI2124-B,C (5%), AlI7075-Al2124-B,C (10%) and Al7075-Al2124
(15%).
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According to the fracture types seen in the compression
samples [31], an evaluation can be made on the
deformation ability of the materials (Figure 8).

@ 1
1

(b) ()

Figure 8. Fracture types seen at compression tests a)
Failure by barreling, b) Brittle fracture, c) Semi-brittle
fracture.

From the observation of the fracture structures of
the compression test specimens, it was noticed that
Al2124 and AI2124-B,C (5%) materials showed
semi-brittle fracture behavior (Figure 9a). AI7075 is a
popular aluminum alloy with high strength and brittle
structure. Therefore, the fracture behavior of Al7075
and Al7075 sheathed composites was in the brittle type
(Figure 9b). In Al2124-B,C composites, the semi-brittle
fracture type turned into brittle fracture with increasing
in B,C ratio from 5% to 10% and 15% (Figure 9c).
Also, the fracture behavior of materials and o-€ curves
were compatible with each other.

Figure 9. Fracture behavior of materials subjected to comp-
ression test, a) Semi-brittle fracture behavior of Al2124 and
Al2124-B,C (5%), b) Brittle fracture behavior of Al7075,
Al7075-Al2124, Al7075-A12124-B,C (5%), AI7075-Al2124-
B,C (10%) and Al7075-Al2124 (15%), c) Fracture behavior
of Al2124-B,C (5%), Al2124-B,C (10%) and Al2124-B,C
(15%).

Aluminum, MM composite, and laminated composite
bars were subjected to tests after the extrusion
process and any heat treatment did not apply to
them after extrusion. When the hardness tests of
these materials were examined, it was seen that
Al7075 had a higher hardness value than Al2124 and
A2124-B,C composites because of its alloy structure
(Figure 10b). In AI2124-B,C composites, the hardness
values of MM composites increased with increasing
in B,C ratio (Figure 10a) [32]. In the hardness tests

performed on hybrid composite materials, the
hardness values of the sheath and core material were
different from unsheathed materials. The sheath and
core hardness of AlI7075-Al2124 material were slightly
higher than other hybrid composites. In Al7075-
Al2124/B,C composites, the hardness of sheath and
core increased with the increase in the B,C ratio in
the core material (Figure 10b). When the density of
the materials was examined, the density decreased
with B,C reinforcement and with increasing the B,C
ratio [33]. In materials that became hybrid composite
with Al7075 sheath, the densities increased slightly
compared to MMC materials (Figure 10c).
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Figure 10. a) Changing of hardness values of Al7075,
Al2124 and Al2124-B,C materials, b) Sheath-core hardness
changing of sheath-core materials in hybrid composites, c)
Density changing in Al2124-B,C and Al7075-Al2124/B,C
composites depending on the B,C ratio.

4. Conclusions

According to the bending and compression tests
of metal matrix composites (MMC) and hybrid
composites;

- The composite materials produced in Al7075/AI2124
form had better strength values under bending loads
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compared to Al2124.

- While the B,C ratio was 5% in Al2124/B,C MMC
materials, it was found that the bending strength
increased and the strain rate decreased compared to
Al2124. With the increase of the B,C ratio to 10% and
15%, both strength values and strain rates decreased
rapidly.

- The bending strength and strain ability of circular
hybrid composites increased considerably compared
to unsheathed ones, and the highest increase occurred
in composite material containing 15% B,C.

- With the increase of the B4C ratio in MM composites,
the yield strength values of the materials increased, but
the compression strength and strain rate decreased.

- It was observed that the AI7075 material was better
than Al2124 in compression strength values. The
yield strengths of the composite materials produced
in Al7075/AI2124 form approached to the strength of
the AI7075.

- The yield strengths of the hybrid composite materials
increased in each form. Hybrid composite materials
loosed some of their strain rates compared to
unsheathed ones. In the compression strength, the
hybrid material containing 5% B,C was very close
to the unsheathed one. However, the compression
strength of hybrid composites containing 10% and
15% B,C exceeded unsheathed ones.

- Microstructurally, the materials were examined to
see the sheath-core boundary region. Microstructure
images showed that AI7075 and Al2124 alloys fully
bonded with each other and a gapless boundary region
was formed. From these images, it was determined
that the B,C dispersion in the core region is generally
homogeneous.

- Hardness tests shown that the hardness of the
Al7075 sheath material is higher than the Al2124 core
matrix material. In addition to this, it was observed that
the hardness of the core region increased with the B,C
reinforcement and the increasing of the reinforcement
ratio. The density value of the core material, whose
density decreased with the B,C reinforcement and
increasing the reinforcement ratio, continued to
decrease with the AI7075 sheath. However, the
density decrease in these materials was more limited
compared to the unsheathed material.
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Bu calismada ilk kez kahve c¢ekirdegi atigindan (kahve telvesinden) elde edilen aktif
karbon kullanilarak CuMoB/AC katalizéri sentezlenmistir. Burada en iyi katalitik
performanslarini belilemek amaciyla; Cu:Mo orani, Metal/AC orani, optimum NaOH
orani, katalizér miktari, en uygun NH,BH, orani ve farkli sicakliklarda yapilan deneyler
sonucunda da reaksiyon kinetigi ¢ikarilarak reaksiyonun derecesinin n. dereceden (0.9)
oldugu ve aktivasyon enerjisinin de 34,89 kJ/mol oldugu belirlenmistir. Ayni zamanda
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In this study, CuMoB/AC catalyst was synthesized for the first time by using activated
carbon obtained from coffee bean waste (coffee grounds). In order to determine the best
catalytic performances; Cu:Mo ratio, Metal/AC ratio, optimum NaOH ratio, catalyst amount,
optimum NH,BH, ratio and reaction kinetics were determined as a result of experiments
performed at different temperatures. It was determined that the degree of the reaction was
n. degree (0.9) and the activation energy was 34.89 kJ/mol. At the same time, the catalyst
was determined using SEM-EDS, XRD advanced analytical methods to determine the
characterization.

1. Giris (Introduction)

yenilenebilir enerji kaynaklari gibi ¢esitli bol dnculerden
uretilebilir. Hidrojen gesitli enerji kaynaklarindan uretilir,

Son yillarda artan enerji krizi ile birlikte fosil yakitlarin
cevreye verdigi zararlar g6z o6nune alindiginda
temiz ve yenilenebilir enerjinin dnemi glinden gine
artmaktadir [1-3]. Bu baglamda temiz ve yenilenebilir
enerjiler arasinda hidrojen, en iyi alternatif enerji
tasiyicilarindan biri olarak kabul edilmektedir. Hidrojen
evrende en bol bulunan elementtir. Ancak yerytzinde
kendi basina bulunmadigi halde baska kaynaklardan
uretilmesi gerekecektir. Bu nedenle hidrojen bir eneriji
tasiyicisi olarak kabul edilir. Dogal gaz, kdmdir, su ve

depolanir, tasinir ve endustrilerde kullanilir. Hidrojen,
yakit hdcreleri kullanilarak tekrar faydall enerjiye
donustirdlebilir [4-9]. Hidrojen kaynaklari arasinda
da son zamanlarda bor hidrirler 6ne c¢ikmaktadir.
Son zamanlarda amonyak boran (AB) gelecek vaat
eden bir hidrojen kaynagi olarak kabul edilmistir
[10-15]. Bunun en o6nemli ozelliklerden bazilari;
hidrojen igeriginin agdirikca %19,6 olmasi, toksik
olmamasi ve ayni zamanda oda sicakliginda kararli
olmasi nedeniyle O6ne ¢ikmaktadir. Borhidrirlerden
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sodyum borhidrlr ile ilgili birgok galisma yapilmasina
karsin amonyak boran ile ilgili pek fazla bir ¢calisma
mevcut degildir [16]. Amanyok boranin hidroliziyle
oda sicakhginda hidrojen Uretim hizi yliksek ve ucuz
katalizérler gelistirmek oldukca 6énemlidir [15,17-25].

Literatirde  yapilan calismalara bakildiginda
genellikle Rh, Pd, Pt gibi degerli metallerle katalizorler
gelistirilerek galismalar yapilmistir [15,21-24]. Ancak,
bu degerli metallerin ekonomik acidan maliyetleri
bakimindan kullanimlari sinirli  oldugundan ucuz,
kullanigli ve aktiviteleri bu degerli metallere yakin
katalizérlerin gelistiriimesi gerekmektedir. Bunlardan
bazilar Ni, Co, Cu, Cr, Mo gibi metallerden olusan
katalizorlerdir [5,26-31]. Bu metallerden Co-B, Ni-
B, Co-Cu-B, Co-Cr-B gibi ucuz kullanish ve katalitik
aktiviteleri ylksek katalizorler sentezlenerek bunlarin
amonyak boran ile hidrolizindeki hidrojen Uretimleri
incelenmistir. Bununla birlikte son yillarda katalizérdeki
partikillerin  homojen dagilmasini saglamak igin
destek malzemesi kullaniimaktadir. Bu sayede hem
katalizériin ylzey alani artar hem de katalizériin
katalitik aktivitesini artirarak hidrojen Uretim hizini
artirir. Destek malzemeleri arasinda; Karbon nanotlp
(CNT), Aliminyum oksit (ALO,), aktif karbon (AC),
grafen (G), polimer yapili malzemeler (Eupergit), metal
organik yapili (MOF) ve Karbon kuantum noktalari
(CQD) gibi malzemeler kullaniimaktadir [5,16,32-36].
Bununla birlikte metallere desteklerin eklenmesi ile
ekonomik agidan daha ucuz ve kullanisli olur [37].

Bu calismada ilk kez kahve ¢ekirdegi atigindan elde
edilen aktif karbon kullanilarak CuMoB/AC katalizoru
sentezlenmistir. Burada katalizérlin yapisina eklenen
Molibdenin (Mo), katalizériin amonyak boran ile
hidrolizinden elde edilen hidrojen Uretimini arttirdigi
belirlenmistir. Burada en iyi katalitik performanslarini
belirlemek amaciyla; Cu:Mo orani, Metal/AC orani,
optimum NaOH orani, katalizér miktari, en uygun
NH.BH, orani ve farkl sicakliklarda yapilan deneyler
sonucundadareaksiyonkinetigi¢ikarilarak reaksiyonun
derecesi ve aktivasyon enerjisi belirlenmigtir. Ayni
zamanda katalizérin karakterizasyonu igin XRD, SEM
gibi ileri teknikler kullaniimigtir.

2. Malzemeler ve Yontemler (Materials and Methods)
2.1. Kataliz6r Sentezi (Catalyst Synthesis)

Kahve telvesinden iki kademeli H,PO, aktiflestiricisi
kullanilarak kimyasal aktivasyon yontemiyle aktif
karbon  sentezlenmistir.  impragnasyon  orani;
70°C impragnasyon(6n islem) sicakhg, 3 saat
impragnasyon suresi, 400°C aktivasyon sicakligi
ve 30 dk aktivasyon suresi parametreleri varliginda
incelenmis ve impragnasyon oraninin iyot sayisi ile
belirlenmistir. On iglem sicakhidi ise; 8 impragnasyon
orani, 3 saat impragnasyon suresi, 400°C aktivasyon
sicakligi ve 30 dk aktivasyon slresi parametreleri
varlidinda incelenmis ve 6n islem sicakhiginin iyot
sayisl ile degisimi belirlenmistir. Elde edilen aktif
karbon alinarak deneylerde kullaniimak Uzere farkh

oranlarda emdirme yontemiyle metaller eklenmistir.

Katalizér hazirlamanin 2. asamasinda ise 50 ml etanol
icerisine  (X,,=M/(Cu+M)) molar cinsinden olacak
sekilde CuSO,.5H,0 ve (NH,),Mo.0O,, koyduktan sonra
¢bzinlnceye kadar farkh oranlarda karistiriimistir.
Sonrasinda farkh oranlarda AC eklenmis ve 24 saat
karistirmaya birakilmistir. 24 saat sonunda alkol
ucurularak elde edilen ¢camurumsu karisima 50 ml
saf su ilave edilerek buz banyosuna alinmis ve 0-5°C
dereceye kadar sicakhgi distrdlmastir. Daha sonra
azot ortaminda 6nceden hazirlanan NaBH, ¢ozeltisi
yavas yavas damlatiimistir. Reaksiyon sonunda elde
edilen Cu-Mo-B/AC katalizéri stzilmuUstur. Etanol ve
safsuile birkac kez yikandiktan sonra80°C'de azotgazi
ortaminda 2 saat kurutulmustur. NH,BH, hidrolizinde
kullaniimak UGzere kapal kapta muhafazaya alinmistir.

2.2. Katalizériin Karakterizasyonu (Characterization
of the Catalyst)

Elde edilen katalizor numunesi igin; SEM gortntileme,
FEI marka QUANTA FEG 250 ESEM model gevresel
taramali elektron mikroskobunda, 25 kV voltaj ve 6
spot degerlerinde ETD dedektort ile yiksek vakumda
yapilmistir. YUzey alanlari azot izotermi Uzerinden
Brunauere EmmetteTeller (BET) yontemi kullanilarak
hesaplanmis ve gbézenek boyutu dagilimlari, Barrett
Joyner Halenda (BJH) yontemine gore belirlenmistir.
Orneklerin mikro yapilarini ve bilesimlerini analiz
etmek icin gecirimli elektron mikroskobu (TEM, Tecnai
F20, Philips) ve karsilik gelen enerji dagilimli X-igini
spektroskopisi (EDX) uygulandi. X-isint kirinimi (XRD),
Cu Ka radyasyonu (0=1.54056 A) ile bir Rigaku RINT-
2000 X-isin1 kirinim élger Gzerinde gergeklestirilmistir.
Debby-Scherrer esitligi [38] kullanilarak Cu-Mo-B/AC
katalizériinUn ortalama partikil boyutu hesaplanmigtir.

3. Sonuglar ve Tartisma (Results and Discussion)

3.1. Malzeme Karakterizasyonu (Material
Characterization)

3.1.1. BET karakterizasyonu (BET characterization)

Sentezlenen CuMoB/AC katalizérin ylzey alani
Bruauner-Emmett-Teller (BET) metodu ile yaklasik
-196°C’de adsorbsiyonu ile belirlenerek hem aktif
karbonun hem de destekli katalizérin ylzey alani
belirlenmistir. Burada aktif karbonun ylzey alani 4,74
m?/g iken desteksiz CuMoB katalizoriin 33,873 m?g,
destekli CuMoB/AC katalizérin ylzey alani 13,655
m?2/g oldugu gorilmektedir. Bunun muhtemel sebebi,
elde edilen aktif karbonun gézeneklerinin mikro yapida
olmasindan dolayr CuMoB katalizériiniin buradaki
mikro gdzenekleri kapatmasindan kaynaklanmaktadir.
Destekli katalizorlerle yapilan ¢alismalarin gogunda bu
durum gézlenmektedir. Yani; bazi destek malzemeleri
uzerine Co ilave edilerek, eklenen Co partikillerinin
destek malzemesinin  gdzeneklerini  doldurarak
destek malzemesinin ylzey alanini  kigultaldagu
belirtiimektedir [39].
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3.1.2. SEM karakterizasyonu (SEM characterization)

Bu calismada Uretilmis olan katalizérin morfolojik
yapisini belirlemek amaciyla SEM analizi yapilmistir.
Sekil 1’de aktif karbon ve buna bagli olarak CuMoB/
AC Kkatalizérinin goérintast  verilmistir.  Sekilden
gorilecegi Uzere CuMoB katalizérinin aktif karbon
Uzerinde dlzensiz ve puruzli olarak dagildigini ayrica
buradaki mikro gézenekli olan aktif karbon bosluklarini
homojen olarak doldurdugu goériimektedir. Bu
goruntiler ayni zamanda yukaridaki BET sonuglarini
da destekledigi gorulmustar.

SElI  15kV x10,000 1pm

x20,000  1um

SEl  15kV

SEl  15kV

il
x20,000 1um

Sekil 1. AC aktif karbon (a ve b) ve CuMoB/AC (c ve d)
katalizérinin SEM goérintisi (SEM image of AC activated
carbon (a and b) and CuMoB/AC (c and d) catalyst).

SEl  15kvV

3.1.3. EDS karakterizasyonu (EDS characterization)

Sekil 2'de malzemelerin enerji dagilimh  X-isini
spektrumlarini  (EDX) analiz sonuglari verilmigtir.
Sekilden gorulecegi gibi ilk grafigin blylk kismini
karbon (C) elementi olusturmakta, sagdaki grafige
bakildiginda ise Cu metalinin aktif karbon ytzeyine
basariyla tutundugu gérilmektedir.
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Sekil 2. a) AC aktif karbon ve b) CuMoB/AC katalizoriniin
EDS Grafigi (EDS Graph of a) AC activated carbon and b)
CuMoB/AC catalyst).

3.1.4. XRD karakterizasyonu (XRD characterization)

Sekil 3'de, sirasiyla kahve telvesinden elde edilen
aktif karbonu AC ve aktif karbon destekli CuMoB/
AC katalizérinin XRD desenleri, Tablo1'de de XRD
verileri gosterilmistir. Burada Sekil 2a’da gorilen
206=25° bazi kirinim tepe noktalarinin yogunlugu
kahve atiginin bilesimini, gdstermektedir. Bununla
birlikte Sekil 2b’de gbrulen grafikte ise bu piklere
karsilik gelen kristal indeksler, kirinim agcilari (26),
kristal fazlarin aydinlatilmasi i¢in kullanilan JCPDS
kartlarinin numaralari asagidaki tabloda derlenmistir.
KatalizOrimuzun partikil boyutu ilgili formil (Debby-
Scherrer esitligi) ile 2 nm gibi ¢ok kigtk bir boyutta
oldugu hesaplanmisgtir.
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Tablo 1. CuMoB katalizériine ait XRD verileri. 80
Kristal Faz  Dizin No 20 JCPDS Kart No s RS A e
Cu 111 43.26 01-085-1326 g6 7 g T —lax
Cuo 111 38.96 01-072-0629 /A
MoO, 021 25.82 05-0508 g0 g Z L
CuMo 111 43.33 01-085-1326 R A

Sl AN

: 1o—§z'

(a) B 0 : ‘ ‘ : Destek‘ Mlktarl‘ (%)
] 0 10 20 30 40 50

Siddet(a.u)

(b) ]

Siddet(a.u)

20 3b 1{0 Sb éO ;0 Sb

20 (Derece)

Sekil 3. a) AC aktif karbon ve b) CuMoB/AC katalizérinin
XRD grafigi (XRD graph of a) AC activated carbon and b)

CuMoB/AC catalyst).

3.2. Deneysel Sonuglar (Experimental Results)

Bu calismada; kahve atigindan elde edilen aktif
karbon ile ilk defa destek malzemesi olarak Cu-
Mo-B katalizérinin amonyak boranin hidrolizinde
incelenmistir. Bilindigi Uzere heterojen katalizor
hazirlamada tasiyici olarak kullaniimasi distinilen bir
malzemede en énemli 6zelliklerden birisi uygulanacak
olan proseste herhangi bir aktivite géstermemesidir. Bu
baglamda énce farkh ytzdelerde Cu-Mo-B katalizoru
aktif karbon ylzeyine adsorplanarak amonyak
boran hidrolizi incelendi ve elde edilen hidrojen
hacimlerinin zamanla degisimi Sekil 4’te verilmistir.
Sekilde gorulecegi gibi AC destek malzemesi Uzerine
yuklenen metal miktari Cu-Mo-B katalizorinin
miktar1 artik¢ca hidroliz reaksiyonu daha uzun sirede
sonlanmaktadir. Sekil icinde verilen baslangig
hizlarinin metal orani grafigine bakildiginda desteksiz
katalizérin hizinin 1500 mL/dak.gr oldugu, %10 metal
varliginda ise bunun yaklasik 1700 mL/dak.gr kadar
ciktigr gorilmektedir. Daha yuiksek metal eklenmesi
durumunda hizin tekrar dustigld goézlemlenmigtir.
Bunun muhtemel sebebinin fazla metal ylklenmesiyle
g6zeneklerin kapanmasina ve aktivitesinin digsmesine
sebep oldugu dusundlmektedir. Burada optimum
metalin destek malzemesi olarak kullanilan aktif
karbona orani %10 olarak belirlenmistir [40].

Zaman (dak.)
Sekil 4. Aktif karbon destek malzemesine yliklenen farkli

CuMoB katalizériinin NH,BH, hidrolizinde incelenme-

si (30°C, Tmmol NH,BH,, %1 NaOH, 50 mg Katalizor)
(Investigation of different CuMoB catalyst loaded on activa-
ted carbon support material in NH,BH, hydrolysis).

3.2.1. NaOH etkisi (NaOH effect)

Bilindigi Uzere borhidrirlerin  katalitik  hidrolizi
incelenirken  incelenmesi  gereken  diger bir
parametrede sodyum borhidrir ¢ozeltisinin  kendi
kendine bozunmasini engelleyen c¢o6zeltideki baz
konsantrasyonudur. Bu baglamda Sekil 5'de farkli
NaOH konsantrasyonlarinin amonyak boranile hidrolizi
incelenmistir ve sekil igcinde baslangic hizlarinin NaOH
konsantrasyonu grafigi verilmistir.
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Zaman (dak.)

Sekil 5. Farkli NaOH konsantrasyonlarinin katalizére

etkisi (The effect of different NaOH concentrations on the

catalyst).

Buradan da gorilecegi gibi %0 NaOH varligindaki
baslangig hizi, 630 mL'dk.g" iken %1 NaOH varliginda
ise 1666 mL'dk.g" oldugu gorilmektedir. Burada
NaOH konsantrasyonunun artmasiyla aktivitenin
azalmasinin nedeni; ortam pH’inin artmasiyla hidroliz
reaksiyonunu engelledigi  gordlmustur.  Hidroksil
iyonlarinin dogrudan adsorpsiyonu sirasinda ¢dzeltide
mevcut olan bu katalizdrtin ylzeyine, hem hidrojen hem
de hidroksil iyonlarinin adsorpsiyonunu i¢eren iki iglevli
bir ylzey reaksiyonu beklenebilir. Muhtemelen, optimal
seviyenin Uzerinde ¢ok fazla OH konsantrasyonu bu
hidroliz reaksiyonunu olumsuz etkiler. Bu nedenle Cu-
Mo-B/AC katalizorl varliginda AB’nin hidrolizi ile elde
edilen H, dretimi icin diger parametreleri incelerken
¢Ozelti ortaminda NaOH konsantrasyonu katalizor
aktivitesinin en yuksek oldugu %1 alinacaktir.
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3.2.2. NH,BH, etkisi (NH,BH, effect)

Sekil 6'da Cu-Mo-B/AC katalizéri varhiginda farkli
(0,5 mmol, 1 mmol, 2 mmol, 3 mmol) amonyak bor
hidrir  konsantrasyonlarinda ¢ozeltilerin  hidrolizi
sonucu elde edilen hidrojen hacimlerinin zamanla
degisimi verilmistir. Sekilden gorilecegi Uzere AB
konsantrasyonu arttik¢a elde edilen hidrojen Gretiminin
dizenli bir sekilde arttigi gortlmektedir. Bunun
muhtemel sebebi; Amonyak boran hidrolizinde elde
edilen yan artnin, diger borhidrirlerde olusan yan
urtine goére daha az viskoz olmasindan kaynaklandigi
ve bunun da ylksek AB konsantrasyonlarinda hidrojen
dretim hizinin dizenli bir sekilde artmasina sebep
oldugu gorulmastar. Yani 0,5 mmol AB konsantrasyonu
varligindaki hidrojen tretim hizi 700 mL/dak.grkat iken
3 mmol AB hidrolizi varliginda ise baslangi¢ hizinin
2100 mL/dak.gr kat kadar ¢iktigi belirlenmistir [12].

—=— 0,5 mmol

—a— 1,0 mmol v
200 2,0 mmol
—=— 3,0 mmol

150 v

100- CaT

Hidrojen Hacmi (mL)

50 v A e

0 5 10 15 20 25 30 35
Zaman (dak.)

Sekil 6. Farkl NH,BH, (AB) konsantrasyonlarinin
CuMoB/AC katalizor varliginda hidrolizin incelenmesi
(Investigation of hydrolysis of different NH,BH, (AB) con-

centrations in the presence of CuMoB/AC catalyst).

3.2.3. Sicaklik etkisi (Temperature effect)

Cu-Mo-B/AC  katalizérinin  farkh  sicakliklarda
amonyak boran hidrolizine etkinligi incelenmis ve
bu amacla 30-60°C arasindaki 4 farkli sicaklikta
aciga cikan hidrojen hacimlerinin zamanla degisimi
incelenmis ve elde edilen sonuglar Sekil 7°de verilmistir.
Sekilden goraldigi gibi sicaklik artikga hidrolizin
arttigi ve hidrojen Uretim hizinin arttigr gérulmektedir.
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Sekil 7. Farkh sicakliklardaki hidrolizin incelenmesi (%1
NaOH, 1mmol AB, 50 mg Katalizor) (Investigation of
hydrolysis at different temperatures).

0 2 4 6

3.2.4. Kinetik (Kinetic)

Sekil 7'de elde edilen farkli sicakliklardaki degerler
kullanilarak n. derecede hiz esitligine uygulanmigtir.
Bu esitlige gore 1/CA™"e karsin cizilen zaman, t
grafiginde farkh sicakliklar i¢in en uygun reaksiyon
hiz derecesi, n dereceden oldugu belirlenmis ve en
uygun reaksiyon hiz mertebesi, n degeri 0,9 olarak
bulunmustur. Bu hiz mertebesi icin elde edilen
dogdrularin reagrasyon katsayilarinin 0,99'un tzerinde
olmasi secilen "n" degderinin dogrulugunu gostermesi
bakiminda énemlidir. Bu degerlerden yola ¢ikarak her
bir sicaklikta elde edilen dogru denklemlerin egiminde
bulunan reaksiyon hiz sabitleri, k degerlerinin
Arrhenius esitligine uygulanmasi ile elde edilen grafik
Sekil 8'de verilmistir.

-3,6
Ea=34.38 ki.mol ™!
-4,0
-~
£
4,4+
L]
-4,8
3,0 3,1 3,2 3,3
1/T (103)

Sekil 8. Co-Mo-B/AC aktif karbon destekli katalizriin
Arhenius grafigi (Arhenius graph of Co-Mo-B/AC activated
carbon supported catalyst).

Tablo 2'de NaBH,'in hidrolizi igin farkli Co bazl
aktif karbon destekli katalizérlerin hidrojen Gretim
hizlari ve oldugu pH’larinda aktivasyon enerijilerinin
literatlr verileriyle calismada elde edilen verilerinin
karsilastiriimasi verilmistir

Tablo 2. NaBH,’iGn hidrolizi igin farkli Co bazli aktif karbon
destekli katalizorlerin kargilagtiriimasi (Comparison of diffe-
rent Co-based activated carbon supported catalysts for the
hydrolysis of NaBH,).

Hidrojen

Katalizér Ea Sicakhk Uretim Hizi Referans
(kJ/mol)  (°C) (L.g~".min""

.catalyst)
CoBI/C 57.8 - 2.073 [41]
CoB/Kil 56.32 30 3.350 [42]
CoB/C 44,1 - - [43]
AlLO,/CoB 56.8 20 5.495 [44]
Co-Cr-B 37 - 3.400 [45]
Bu galisma 34.38 30 2.100 -

4. Sonuglar (Conclusions)

Amonyak bor hidroliz reaksiyonundan hidrojen
Uretimi icin Cu-Mo metalleri aktif karbon (izerine
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emdirilerek Cu-Mo-B/AC katalizoérii hazirlandi. Elde
edilen katalizéroriin katalitik performansi; farkh pH
cozeltilerinde, farkl katalizor miktari, farkli metal
oranlari ve farklramonyak boran konsantrasyonlarinda
karsilastirilarak  incelenmigtir,.  Cu:Mo  optimum
karisimi (97:3) oraninda elde edilen katalizér en iyi
performansi sergiledigi gériilmustiir. Ote yandan aktif
karbon Uzerine tutturulan %10 oraninda bimetalik (Cu
ve Mo), Cu-Mo/AC Kkatalizorinin NH,BH, hidrolizi
ile hidrojen Uretimi icin kullanilabilecegi sonucuna
varilabilir
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attention in the last decade. This study was carried out to investigate the effect of
hexagonal boron nitride nanoparticles (BNNPs) on Bovine Coronavirus (BCoV) and
Staphylococcus aureus (S. aureus) by different methods. First, the biological effects
of different BNNPs concentrations lower than 0.5 mg/mL were examined on HRT-18
(Human Rectal Tumor) for 5 days. Different concentrations of hBN were mixed with
BCoV in liquid, on a membrane, or directly on cells and examined for differences in
titers or replications. Moreover, Bacterial Filtration Efficiency (BFE) test of hBN powders
coated on polypropylene fabric by spray method was applied against S. aureus. The
compound was found slightly toxic on the HRT-18 cell line by live cell counting, while
no remarkable morphological difference was observed. BNNPs treatment with 0.025
or 0.3 mg/mL concentrations did not reduce the infective titer and created no inhibitory
effect on in vitro replication. The stability of the virus titer after treatment of BNNPs
coated fabric also indicated no antiviral efficiency. But hBN-applied fabric formed a
barrier of 290.3%, while non hBN-applied fabric formed a=64.6% barrier for S. aureus.
The present study demonstrates that BNNPs alone are not a good candidate for
disinfectant or drug for BCoVs, while it could be valuable to use as coated fabric in
areas needing easy sanitation, especially for S. aureus.

1. Introduction

diagnosis, and treatment [3,5]. As an antibiotic and
antiseptic, boron has also other therapeutic properties

Boron-containing compounds (BCCs) are ubiquitous  gych as anti-fungal, anti-coagulant, anti-diabetic,

in nature. It is known that boron, which is mainly used
in chemical compounds, is significant in plant nutrition
and takes place in the diets of mammals [1,2]. The
discovery and widespread research of the biological
uses of boron compounds gained attention in the
twentieth century. Although the mechanism of action
is still mostly not clarified, recent researchers reveal
the increasing role of boron in medicinal chemistry
and drug design. BCCs have broad application areas
in preventative (as an antiseptic and vector disease
control), diagnostic, and therapeutic applications [3].
BCCs can be used as biomolecules in boron neutron
capture therapy (BNCT) and in detecting biological
markers of diseases [1,4]. The high adsorption rate
of boron increases its use in drug development,

anti-hypertensive, anti-nociceptive, anti-parasitic and
antiviral [1,3-7].

On the other hand, nanotechnology has also gained
potential in biomedical applications. Nanoparticles
(NPs)are complexmolecules usedforclinical diagnosis,
treatment of diseases, and biomedical imagining,
known as nanomedicine [8]. While copper and silver
NPs demonstrated as toxic to microorganisms, boron
has been suggested as functional in host defense [8].

Boron nitride (BN) is one of those boron-containing
nanomaterials which has multiple purpose features.
BN has different polymorphisms as; cubic BN (cBN),
hexagonal BN (hBN), wurtzite BN and rhombohedral

*Corresponding author: kyesilbag@uludag.edu.tr, nay@eskisehir.edu.tr
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BN (rBN) [9]. Among them, hBN has potential and
several successes in drug carrier systems, increasing
drug or biomolecule delivery, gene delivery, biosensors,
and tissue engineering [9]. There are many studies on
the use of hBN in the form of nanotubes, nanosheets,
nanocages, and nanoparticles. While BNNPs have
many layers, nanosheets have a few layers. Typically,
lengths in one of the three dimensions of nanoparticles
have a size between 1 and 100 nm, it plays a primary
role in their longer circulation half-life, biodistribution,
and clearance [10]. Recent studies have shown that
the antibacterial activity of BN nanosheets doped
with zirconium (0.5, 1.0 mg/50uL) enhanced against
Escherichia coli (E. coli) and (Staphylococcus aureus)
S. aureus [11]. Additionallyy, hBNNPs have been
indicated high biofilm activity and inhibiting bacterial
growth for Staphylococcus pasteuri (S. pasteuri) M3,
Staphylococcus mutans (S. mutans) ATTC 25175,
S. mutans 3.3, and Candida sp. M25 agents [12].
The antimicrobial activity of BN nano flake-polymer
composite samples has been investigated against
E. coli, Pseudomonas aeruginosa, Staphylococcus
epidermidis (S. epidermidis), and S. aureus. The
results have indicated that BN nano flakes physically
interact with the bacterial cellular envelope, leading
to irreparable physical damage, and also BN can
minimize infections that may be associated with
biomedical devices [13].

Due to the impact of the SARS-CoV2 pandemic raised
in 2020, the activities of nanomaterials on viruses have
become more important. The effects of BNNPs on
viruses have not been studied yet. In this study, it was
aimed to investigate the efficacy of hexagonal boron
nitride nanoparticles on Bovine Coronavirus (BCoV),
as a model of betacoronaviruses. Also, their biological
compatibility on the Human rectal tumor (HRT-18) cell
line and bacterial filtration efficiency for determination
of bacterial permeability were studied.

2. Materials and Methods
2.1. Materials

Polypropylene (PP) non-woven fabric has an average of
100 g/m? and 0.55 mm thickness, provided from Mogul
Company (Gaziantep, Turkiye). hBN powder (99.97%
purity) was supplied from BORTEK Inc. (Eskisehir,
Tarkiye). Trimethyl methoxysilane (TMS) used as the
bonding and adherent agent were purchased from
Sigma Aldrich. ORGAL 430, the acrylic resin used as
a binder, was obtained from Organic Chemicals Ltd.
Sti. All chemicals used are of analytical purity.

2.2. Methods

2.2.1. Preparation of BNNPs and BNNPs coated
fabrics

The dispersed BNNPs were obtained through
continually stirring for 24 h in distilled water and after
that sonication process (SONICS 750) for an hour.

After the dispersion process (3.0 wt.%), a certain
amount of trimethyl methoxysilane (2 vol%) dissolved
in a suspension by stirring. The mixture was stirred
at room temperature for 2 h, followed by adding a
binder (1g/100mL). The prepared solution was filled
into pressurized spray cans and applied to fabrics.
Thermal treatment was applied at 110°C for 2 h to
form covalent bonds between the silane coupler and
nanosheets besides fixation to the fabric.

2.2.2. Characterizations

The density of hBN was calculated using the Helium
pycnometer  (Quanthachrome  Multipycnometer).
The grain size distribution was determined using
the Malvern Mastersizer Hydro G2000 grain size
measuring device. Fourier transforms infrared (FT-
IR) spectroscopy in the attenuated total reflectance
(ATR) mode (Bruker, Tensor 27) was utilized to
measure whether raw materials, fabric, and silane
grafted BNNSs were successfully coated onto the
fabric surface. The measurements were done in a
spectral range from 700 to 4000 cm™' with a resolution
of 4 cm™ and 32 scans. The data were collected and
processed using OPUS Software. The microstructure
and morphology of BNNPs, silane grafted BNNs, and
coated fabrics were identified by X-Ray diffraction
patterns (XRD, Rigaku, Miniflex 600, Japan, Cu Ka
radiation, A=0.15406 nm) and scanning electron
microscope images (SEM, ZEISS Supra 50VP).
Before observation, the samples were coated with
gold/palladium using a sputtering coater.

2.2.3. Virus, bacteria and cell line

BCoV, Mebus strain was used for testing the antiviral
activities of hBN. While the virus used had an early
passage (5p) level, the infective titer (50% tissue
culture infectivity dose, TCID,)) for the test virus
was 10%2°. The virus was obtained from our stock of
laboratory. Human Rectal Tumor (HRT-18) cell line was
used to propagate and titrate the viruses. Cells were
maintained in Dulbecco's Modified Eagles Medium
(DMEM) supplemented with heat-treated 10% fetal
calf serum (FCS), 100 Ul/mL Penicillin/Streptomycin,
and 250 pL/mL Amphotericin B solution. Cells
were incubated at 37°C, in a 5% CO, atmosphere.
S. aureus ATCC 6538 was used for the bacterial
filtration efficiency test. The bacterium was enabled
from Biotechnology Laboratory, Eskisehir Osmangazi
University, and was grown in a Brain Heart Infusion
medium. S. aureus was grown up at optimum at 37°C.

2.2.4. Preparation of BNNPs for experiments

The BNNPs were dispersed in PBS to be adjusted as
1mg/mL. The pH was not balanced during preparation.
When the measurement was made, it was determined
that the pH of the prepared solution was 7.0. To
eliminate the negative effects that may occur in cell
cultures, the compound was autoclaved at 121°C for
15 minutes. After autoclaving, the solution was rotated
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on a magnetic stirrer for 24 h to obtain a homogeneous
mixture. Just before the experiments, this mixing
process was carried out at 100°C for 10 minutes.
Then, the solution was used in the experiments when
it was cooled-down to 37°C.

2.2.5. Cell viability assay

HRT-18 cells were prepared at a concentration of
100,000 cells/mL in 24-well plates one day before the
assays. For cell viability assay, the culture fluids were
collected from morphologically healthy cells with fully
covered wells. Seven concentrations (0.5, 0.4, 0.3,
0.2, 0.1, 0.05, 0.025 mg/mL) were prepared by diluting
the BNNPs dispersed with sterile PBS and were added
to the allocated wells for each dose. The well plates
were incubated at 37°C with a 5% CO, atmosphere
for 5 days and were examined daily by inverted light
microscopy. During the test period, cells from individual
wells were collected by trypsinization and centrifuged
at 1500 rpm for 10 min. Cells were stained with trypan
blue after the cell pellet was diluted with 1mL of DMEM.
The viability rate, calculated as the percentage of living
cells to total cells, was recorded with 24 h intervals.

2.2.6. Experimental application on BCoV

2.2.6.1. Effects of BNNPs on free virus particles in
a liquid environment

Forthis experiment, equal volumes of BNNPs at different
concentrations and 100 TCID,, BCoV diluted in DMEM
were mixed in a glass tube at room temperature. Also,
an equal volume of 100 TCID,, viruses and PBS were
mixed for BNNPs-free conditions as negative (blanc)
control. This experimental design was applied for
two concentrations (0.025, 0.3 mg/mL hBN) selected
according to predetermined cell viability analyses.
However, this experiment was also carried out with
a little modification for a higher concentration whose
effect on the cell was not determined (1mg/mL). The
BNNPs/virus mixtures prepared in glass tubes were
incubated at room temperature 23+1°C for 0, 1, 2, and
6 h. During this period, the mixture was homogenized
using a vortex every hour, even before sampling. At
each represented hour, 100 pyL of suspension was
taken and used for the titration assays.

The mixture prepared in high concentration (1mg/mL)
and its negative-control tube, were incubated at room
temperature for 1 h. In order to exclude the adverse
effect of the precipitated excessive amount of BNNPs
during the microscopic examination, suspensions
were centrifuged at 1500rpm before sampling. Then,
100 pL of suspension was used for the titration assays.
The experimental setup was repeated twice for each
condition.

2.2.6.2. Effect of BNNPs on virus replication

For analyzing the antiviral activity of BNNPs on infected
cells, 24-well plates were used. Wells coated with

100,000 cells/mL were prepared 24 h before the assay.
The next day, when the cells covered almost the entire
well, cell culture fluids were removed and cells were
infected with 100 TCID,, virus suspensions. The plates
were incubated for an hour at 37°C for virus adsorption.
The inoculum was removed and monolayers were
washed with PBS. Serum-free medium containing
different pre-determined concentrations of BNNPs
(0.025, 0.3 mg/mL) was added to the cells. Cells were
daily examined for morphological changes for 5 days.
And also, titration assays were conducted to collect
samples from the relevant wells each day during this
period. The experimental setup was repeated twice.

2.2.6.3. Effect of BNNPs on serial virus passages

In this test design, the collected samples from the
previous experiment were used to identify the BNNPs
effect on the sensitivity of viral replication in recurrent
infections. For this purpose, 24-well plates were coated
with HRT-18 cells with a concentration of 100,000 cells/
mL. Cells culture media was removed and 200 pL of
each sample was inoculated on a different well without
dilution. The plates were incubated for an hour at 37°C
and the virus growth medium (DMEM without FCS)
was added. In this experiment, only a microscopic
examination was carried out. And it was investigated
whether there were cytopathogenic changes (CPE)
due to the virus replication.

2.2.6.4. Exposure of BCoV on BNNPs coated fabric

BNNPs coated fabrics were cut in 2*2 cm? sizes and
placed in petri dishes were sterilized by autoclaving at
121°C for 15 minutes prior to use. Three dishes were
used for experimental conditions.

- Petri dish A: 100 TCID,, BCoV with a volume of
200 uL was placed on the BNNPs coated fabric and
incubated at room temperature. Consecutive samples
were taken at the 2™, 8" and 24" hours after adding
the virus suspension to the fabric.

- Petri dish B: 100 TCID,, viruses with a volume of 200
pL was added to the BNNPs -free fabric and incubated
at room temperature. The sample was taken only at
the 8" hour after adding the virus suspension.

- Petri dish C: 100 TCID, virus with a volume of 200 uL
was added to an empty petri dish as control and similar
conditions are provided.

Each of the fabrics was collected from dishes at
designated times and placed in falcon tubes. After
adding 3.8 mL of DMEM to it, it was vortexed for 5
minutes, allowing the viral particles on the fabrics
to pass into the liquid phase. This obtained virus
suspension was filtered using 0.2 nm PES filters
(ISOLAB, Turkiye) and then titrated for the number of
live virus particles.
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2.2.6.5. Virus titration assay

To measure the antiviral activity of BNNPs, the TCID,
was determined for each concentration for every
sampling period of the experiments. For this purpose,
serial dilutions (10-fold) of samples were made in
DMEM. For each sampling 4 replicate wells of 96-
well tissue culture plate were used. The virus diluent
of 50 yL and an equal amount of cell suspension
(2x10° cells/mL) was added to all the test wells and
incubated at 37°C, 5% CO, atmosphere. Cells were
observed daily by an inverted light microscope and the
TCID,, per milliliter was calculated according to the
Spearman-Karber method.

2.2.7. Bacterial filtration efficiency experiment

The Bacterial Filtration Efficiency (BFE) test of hBN
powders coated on polypropylene fabric by spray
method was applied according to standards including
ISO11737-1 and TSE-EN 14683+AC. It has been made
compatible with the requirements of ASTM (American
Society of Testing and Materials) F2101. This test was
performed in a sterile cabin under aseptic conditions.
PP blank and PP-hBN fabrics were measured using
S. aureus ATCC 6538 in airflow of 14 L/min. The
bacterium suspension was applied as an aerosol
by a nebulizer on the outside of two materials. The
concentration of S. aureus was diluted as 1700-2700
cfu/ml (colony-forming unit) mentioned in the standard
procedure. BHI (Brain Heart Infusion) agar and normal
saline (NaCl, 0,9%) were used for the growing bacteria
and dilutions, respectively. The aerosol sample was
sprayed from one side (from the outside of the mask),
and the bacteria passing through the other side (to the
inside of the mask) were collected onto a petri dish.
Planted petri dishes were incubated at 37°C overnight
then the growing colonies were counted. The mean
values obtained in duplicate experiments were used to
calculate the BFE [14,15].

Positive control was a bacteria suspension that was
sprayed directly without materials onto a petri dish.
After the incubation, the colonies were counted.
Equation 1 was used for the calculation of BFE %.
1% was accepted as low limit detection, and 99% was
accepted as high limit detection [15].

Positive control (CFU) — Test Sample (CFU)
x

BFE (%) =
(%) Positive control (CFU)

100 (1)

3. Results
3.1. Characterization of Hexagonal Boron Nitride

In a previous study, the characterization of commercial
hBN powder was done and similar results were obtained
[16]. Briefly, it was determined that the density of hBN
powder used in experimental studies was 2.01 g/cm?
and the tap density of the powder was in the range
of 0.4-0.5 g/cm3. The specific surface area of the hBN

powder was measured as 22 m?/g. The average particle
size distribution of hBN was measured and D, ,, D, , and
D,, values were 0.050 ym, 0.098 ym, and 0.210 ym,
respectively. The mineralogical analysis of hBN was
determined by the x-ray method (Figure 1a) and the
sharp peaks in the diffraction pattern are characteristic
peaks of hBN with lattice parameters a=2.57A,
c=6.70A (JCPDS No: 034-0421). It was determined
that hBN was well crystallized and free of impurities.
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Figure 1. a) X-ray diffraction pattern of hBN powder, FTIR
spectrum of b) hBN powder and c) silane modified BNNPs.
SEM images of d) hBN nanoparticles and e) Fabric after
silane decorated BNNPs coating.
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FTIR technique allows the chemical composition and
bonding arrangement of the components in the powder
to be determined. To verify the purity of the BN powder,
FTIR analysis was performed (Figure 1b). The bands
detected at 774.5 cm™ with 1368 cm™ belong to the
hexagonal phase of BN. While the peak at 774.5 cm"
corresponds to B-N-B vibrations, the band at 1368
cm™ was caused by stretching vibrations of B-N. No
other bands were observed, which means that there is
no bonding on the particle surface. Its morphological
structure is shown in Figure 1d, e. The SEM image
revealed that BN particles had diameter of 50-200 nm
and thickness of 50-75 nm with a rounded shape.

3.2. Characterization of BNNPs Coated Fabric

Since silane coupling agent TMS have unique chemical
composition, they act as binders between BNNPs and
PP fabric. Figure 1c also shows the FTIR analysis of the
suspension after drying at 100°C. While 1379 cm™" and
775.8 cm™ bands show hBN characteristic binding, the
bands located at 1278.05, 1135.17, 1050.5, and 970
cm™ in the fingerprint region show that the silane agent
interacts with BN. The reason for BN characteristic
peaks shifting may be the introduction of chemical
groups of silane agents in the BN network. 1278 cm"
is possibly from C-N stretching of amines that of 1050
cm™ may be due to asymmetric stretching of Si-O-C
[17]. There are peaks found at 1130 cm™ and 970 cm™
that could be assigned to Si-O-Si [17,18].

Silane modified BNNPs coated and uncoated PP
fabrics were examined by FTIR to investigate what
chemical interaction happens at the surface of the
polymer (Figure 2). All dominant bands observed in PP
fabrics (red line) were characteristic bands showing
the isotactic structure of PP. Asymmetric stretching
vibrations of CH, and CH, groups were observed in the
spectrum corresponding to wavenumbers of 2958 and

2919 cm™, respectively. While symmetric stretching
of CH, (methyl group) was observed at 2875 cm”,
symmetrical and asymmetrical scissoring vibrations
were observed at 1458 and 1375 cm™ wavenumbers,
respectively [19,20]. As 1376 cm™ and 777 cm™ bands
show hBN characteristic bonding, the vibration bands
located at 1278.05 and 1135.17 in the fingerprint
region supports that the silane agent formed a bond
with BN. A new absorption band was found at 1731
cm™ in the treated fabric. It was probably caused by
C=0 stretching vibration. According to FTIR analysis,
silane decorated BNNPs successfully formed a barrier
film on PP fabric.

The surface morphology of the polypropylene fabric
after silan decorated BNNPs coating is shown in
Figure 1d, e. It can be said that the coating thickness is
not homogeneous depending on the spray application.
BNNPs were distributed on PP fibers and at fiber
intersections, and BNNPs were also found to penetrate
into the PP fabric.

3.3. Cytocompatibility of BNNPs to HRT-18 Cells

Biocompatibility of BNNPs in in-vitro cultures,
determined by treating HRT-18 cell line with seven
different concentrations (0.5, 0.4, 0.3, 0.2, 0.1, 0.05,
0.025 mg/mL) of the BNNPs. Cell viability rate was
analyzed over 5 days. All concentrations remained
above 50% viability during the evaluation period
(Figure 3). In all the data obtained during 5 days, it
was determined that death cell rates varied between
0.2% and 38%. On the fifth day of the treatment,
viable cell count rates for concentrations from 0.5%
to 0.025% were as follows; 91.89, 89.65, 93.5, 89,
84.4, 84.6, 90.4% for treatments and 94.4% for non-
treated cells, respectively. It was observed that the
maximum cell deaths were on the 2" day for most
concentrations and decreased in the following days.
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Also, it was determined that the BNNPs in the medium
did not have a negative effect on the cells in following
days, and even the number of cells increased at all
concentrations. In the evaluation of the 5" day, it was
observed that the rate of cell death varied between
0.9-10 percent
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Figure 3. Effects of different concentrations BNNPs on cell

viability and BCoV infectivity.

3.4. In Vitro Microscopic Analyses

Apart from cell viability rates, cells were further
examined for morphological changes under an
inverted microscope on all the days of the sampling
period designed for the cell viability assay. No toxic
effects or morphological differences were observed
at the evaluated concentrations. However, it was
observed that the BNNPs accumulated extensively at
the cell-cell boundaries at concentrations of 20.2 mg/
mL. Especially at the concentrations of 0.4 and 0.5 mg/

@ e

=
© o

S s

(B 4

mL, accumulation of the product was at a level that
might be made it difficult to microscopically examine
the CPE development led by virus growth (Figure 4).
For this reason, in order to accurately evaluate the
morphological changes in virus infected cultures, it
was decided to study with concentrations of 0.3 mg/mL
and below in cell-related experiments.

3.5. The Effect of BNNPs on Free Virus Particles in
a Liquid Environment

In this experimental design, the inactivation activity of
BNNPs was examined by combining both BNNPs and
BCoV particles in the liquid phase and keeping them at
room temperature for whether there was a difference
in virus titer by time. Virus titer values of samples
taken at 1, 2, and 6 hours for 0.025 and 0.3 mg/mL
concentrations compared with values from untreated
BCoV determined not even a half-log difference at
either concentration or across all sampling periods
(Table 1). On the other hand, when values of 1 mg/mL
concentration were compared with BNNPs-free virus
suspension, there was also no significant difference at
all time intervals as well.

Table 1. Titer values at different time intervals of boron-tre-
ated BCoV in liquid phase.

Viral titers (Log10 TCID

50)

Sampling
hours BNNPs-free 0,025 mg 0,3 mg
BCoV BNNPs BNNPs
0. 101,75 101,75 101,5
1- 101,75 102,0 101,75
2. 101,75 101,75 101,5
6. 10078 1078 10"

3.6. The Effect of BNNPs on Virus Replication

Effect of BNNPs on BCoV replication was examined
by adding BNNPs containing medium after virus

hhe s

%

Figure 4. Microscopic images obtained from cell viability assay on the 3rd day treated with different concentrations of
BNNPs (4x magnification): a) BNNPs free cell, b) 0.025 mg/mL treated cells, ¢) 0.05 mg/mL treated cells, d) 0.1 mg/mL
treated cells, e) 0.2 mg/mL treated cells, f) 0.3 mg/mL treated cells, g) 0.4 mg/mL treated cells, h) 0.5 mg/mL treated cells.
Accumulation on the cell which limits differentiation of slightly occurred CPE effects in the culture.
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attachment. According to the mean values of the test
results, both concentrations (0.025, 0.3 mg/mL) did
not inhibit the virus replication until the 4" day of the
experiment, even an enhancer effect on virus replication
has been determined. When the titer values of BNNPs
non-treated virus were compared with the titer values
of virus grown in the presence of both concentrations
(0.025, 0.3 mg/mL) of BNNPs, it was seen that the
increase both in the 3™ day and 4™ day values were
higher than one log (Figure 3). It was observed that
the mentioned effect disappeared on the 5" day. Virus
titers (log 10) of BNNPs free, 0.025, and 0.3 mg/mL
treated virus suspensions were evaluated as 4.75, 4 .4,
and 4.8, respectively. The obtained results were very
close to each other, though shows that the treatments
are not effective on BCoV replication. Although the
experimental setup was carried out in 2 repetitions,
after the results were obtained, the titration process
was repeated for confirmation, and similar results were
obtained.

3.7. The Effect of BNNPs on Serial Virus Passages

Samples obtained from both BNNPs-treated virus
suspensions (0.025 and 0.3 mg/mL) and BNNPs
free virus suspension as a control in the previous
experiment were further passaged. This process was
repeated twice. In both replicates, it was observed that
effective virus replication could be yielded not only in
the BNNPs-free, but also BNNPs treated experiment
at both 0.025 and 0.3 mg/mL concentrations.

3.8. The Effect of Membrane Coated BNNPs Against
BCoV

To determine whether BNNPs-containing compound
inhibited the infectivity of BCoV particles when they
came together on a fabric, infective virus particles
were perfused on a BNNPs coated fabric and treated
for 24 hours. The data obtained from this combination
were compared with the infectivity of both pure virus
and virus particles suspended on the uncoated fabrics.
Results of BCoV (pure control virus) were detected as
10°%75 while BCoV titers collected over; membrane free
of BNNP at 8" hour, membrane coated with BNNPs
at 2", 8" and 24" hour were all 10*2?%. More than 1 log
(Log 10) decrease between the titers of pure BCoV and
the virus collected from the uncoated fabric. However,
the titer of virus suspensions treated with the BNNPs-
coated and uncoated fabrics were at the same level
after incubation for 2, 8, and 24 hours.

3.9. Bacterial Filtration Efficiency Analyses

S. aureus aerosol was only applied on the coated
surface. According to the using direction of the fabric,
bacteria permeability from the outside to the inside has
been tested. BFE % was calculated by using Eq.1. As
a result of the tests, it has been determined that the
PP blank sample creates a barrier of 264.6% and the
PP-hBN sample a barrier of 290.3% in the application
made from the outside to the inside. It can be said

that the hBN applied to the fabric surface protects by
reducing bacterial permeability.

4. Discussion

According to recent findings, boron containing
compounds have low toxicity for humans and animals
similar to table salt [1]. BNNPs are a unique boron
compound that have recently attracted attention in
medical practice. But their use as a medical material
is related to their properties such as size, shape, form,
and surface area [9].

Despite the fact that only limited reports are available
on the effects of BNNPs to date, there are various
studies describing the antiviral effects of BCCs [21-30].
Forinstance, proteasomal inhibitor, 0.1 uM Bortezomib
was found to inhibit Influenza A (IAV) virus at over 100-
fold (2 fold at Log 10). However, the compound was
found to be highly toxic on MDCK cells and expressed
to have no practical utility to inhibit IAV replication in
this in vitro system [31]. Horvath et al. evaluated that a
concentration of 2 pg/mL BNNT was cytotoxic for all the
cell types (lung alveoli and human embryonic kidney
cells) studied for 5 days [32]. In another study, 0.4 ug/
mL BNNPs revealed low cytotoxicity in MDCK cells
but a significant reduction with the same concentration
in normal human skin fibroblast cells on the second
day [12]. Therefore, it is possible to mention that the
toxicity values for BCCs vary in different cell lines.
Differences were associated with physical forms,
coatings, dispersion procedures of BNNP, preferred
cell types, and toxicological assays in in-vitro studies
Kivang et al. showed that BNNPs nanoparticles could
be considered as a potentially safe oral care product
up to 0.1 mg/mL concentration [12].

Comparing the previous investigations this study
presents a longer evaluation (5 days) for toxicity
by exposing HRT-18 cells to low concentrations of
BNNPs. As <20% reduction in the number of live cells
referred to as slight cytotoxic in a previous study [12],
in the present study, we determined all the tested
concentrations as slightly toxic on the HRT-18 cell line
and no remarkable difference in cell morphology was
observed. But BNNPs accumulation observed on cell
monolayer can create a negative effect on the visuality
of cell morphology or may be deterring on in-vitro
studies performed for determining the virus replications
by microscopic analyses of the cell cultures.

Nevertheless, it was preferred to study concentrations
of BNNPs, where 0.025% was the lowest concentration
tested in cytotoxicity assay and also 0.3% was the
highest concentration where the relatively low level
of BNNPs accumulation on cells was determined by
microscopic evaluations. However, according to the
results obtained from viable cell numbers for both of the
selected concentrations, the cumulative accumulation
did not lead to cell death, and the proliferation rate
seen in BNNPs-treated cells was similar to non-treated
ones.
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A dipeptide-boronic acid analog (Bortezomib/PS-
341), has a proteasome inhibitor nature, and had
shown a significant reduction of progeny Severe
fever with thrombocytopenia syndrome virus (SFTSV)
titers in infected cells [30]. Virus replication inhibition
for Hepatitis B virus as long as 6 days with a single
intravenous dose of 1 mg of bortezomib/kg was also
accomplished in vivo [29]. The protease inhibitor
effectiveness of BCCs has also expressed for Vesicular
stomatitis virus, Venezuelan equine enceph [21-28].

Recently, Cetiner et al., demonstrated the possible
suitability of BCCs as an antiviral agent against SARS-
CoV-2, by molecular docking [33]. A BCCs binding site
in the MPe region of SARS-CoV-2 was also reported
[34]. Moreover, it is clear to mention the necessity for
confirmation of the molecular docking studies by in vitro
testing of the molecule-virus interaction. Despite there
is no previous molecular docking study on compatibility
between BNNPs and BCoV, we performed a direct
treatment of BNNPs to BCoV suspension, which
resulted in no significant effect on the BCoV titer,
suggesting there is no direct antiviral effect of BNNPs.
These data show that the possibility to use of BNNPs
as a disinfectant is limited.

Interaction of BCCs with drug molecules makes the
therapeutic agents more favorable and efficient [35].
At a treatment study, the combination of bortezomib
and acyclovir, an anti-herpes drug, inhibited Herpes
Simplex infection more effectively comparing treatment
with drug alone, and also had reduced the infectivity of
acyclovir resistant HSV-1 strains [36]. In the present
study, BNNPs are tested alone (without interaction
with an antiviral drug) and no inhibitory effect on BCoV
replication presented by viral infectivity assay was
demonstrated. This result represents that BNNPs do
not limit virus growth in vitro and are not successful
drug candidates alone. But, in analogy to previous
studies [36], it is an open area to test, in the case of
combined use, the effect of BNNPs on the efficiency of
antiviral drugs which already exist in the market.

Coating the material surfaces and fabrics by an antiviral
preparation could serve as an efficient approach for
preventing from some contact infections [37]. The
efficiency of BNNPs as well as other BCCs as a fabric
coating material in various fields has already been
reported [38,39].

In the present study, hexagonal boron nitride
nanoparticles were investigated for inhibition of BCoV
with direct contact either on nanoparticle coated fabric
orin liquid form. The BNNPs concentrations of 0.3 and
0.025 mg/mL did not make changes in the virus titers
in liquid phase analyses. Despite the concentration of
1 mg/mL BNNPs was not evaluated in cell viability test,
it was included in the analyzing the inhibitory effect
by direct treatment. Similarly, no significant reduction
in virus titer was observed by using 1 mg/mL BNNPs
in liquid form. No inhibitor effect of those of tested
concentrations on BCoV replication was observed

either.

With the Covid-19 pandemic, the research on face
mask materials has increased. There are many studies
conducted with different mask materials including PP
which is the most preferred [40,41]. PP is one of the
most preferred materials for mask manufacturing
because of its rare allergen characteristics [42].
Studies on the mask materials like cotton, polyester,
nylon, and silk have shown around 5-25% bacteria
filtration efficiencies [40]. Medical masks manufactured
with different techniques including non-woven spun-
bonded and Meltblown have shown >99 % BFE [43].
The mask materials associated with spun-bonded PP
showed low filtration efficiency [41,43]. The masks
composed using one layer or less than three layers of
polypropylene spun bond have better breathability than
others, but the BFE of these masks has remained below
the threshold set by the standards [43]. Therefore,
masks manufactured with a combination of different
techniques including non-woven spun-bonded and
Meltblown have shown >99 % BFE [43]. The coated
materials have been studied and shown a positive
effect on BFE %. While the BFE of PP fabrics coated
with mangosteen extract was measured as >95% [44],
the BFE of PP coated with alginate copper (Il) was
not reported as the characteristics of viral inactivation
were reported [45]. Although no antiviral effect was
found in this article, it was evaluated that BNNP can be
used successfully in face masks, especially because it
increases bacterial filtration efficiency.

5. Conclusions

Advances in boron chemistry expanded the field
of research and the use of this element in medical
chemistry. However, there is an insufficient number
of studies on hBNNPs, especially on viruses, among
the extensive studies of boron-containing compounds.
The present study demonstrates that low dose BNNPs
alone is not a good candidate to use as a disinfectant or
drug on BCoV but coated materials have been studied
shown a positive effect on S. aureus. However, it could
be valuable to use as coated fabric in areas needing
easy sanitation. The non-cytotoxic effect obtained in
this study indicates that research evaluating the role
of BNNPs as a carrier rather than the antiviral activity
would be favorable in future work.
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Bu calismada, AZ91 magnezyum alagimi ve AZ91 alasimina agirlikga %10 hegzagonal
bor nitrir (hBN) nanopargaciklari takviye edilerek homojen kompozit malzemeler
uretilmistir. Hazirlanan tozlar, soguk presleme yontemiyle 400 MPa basingile preslenmesi
ve 590°C sicaklikta argon atmosferinde sinterlenmistir. Numunelerin mikroyapilari
taramali elektron mikroskobu (SEM) ve enerji dagilimh X-isini (EDX) analizleri ile
incelenmistir. Numunelerin 20 saniye yiikleme siresinde 5 farkl noktadan sertlik
degerleri alinmis ve bu sertlik degerlerinin ortalamasi alinarak ortalama sertlik degerleri
belirlenmistir. Asinma testleri pin-on-disk deney cihazinda farkli yik degerlerinde (5
N, 10 N ve 15 N) toplam 300 m kayma mesafesinde, 50 mm/sn kayma hizinda ve
kuru sartlarda yapilmistir. Strtinme katsayisi degerleri ile asinma sonucundaki agirhk
kayiplari incelenmistir. AZ91 kompozitinin sertlik degeri 62 HB iken hBN takviyesiyle
93 HB olarak ol¢ulmustur. Benzer sekilde, yapilan asinma deneylerinde hBN katkisiyla
asinma direnci 10 kat daha fazla bir kompozit elde edilmigtir. Ozetle, hBN katkisinin
metal matrisli malzemelerin mekanik ve tribolojik 6zelliklerini olumlu yonde etkileme
potansiyeline sahip oldugu goérilmustar.

Investigation of tribological properties of hexagonal boron nitride reinforced
AZ91 magnesium composites produced by powder metallurgy
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In this study, homogeneous composite materials were produced by supplementing AZ91
magnesium alloy and AZ91 alloy with 10% by weight hexagonal boron nitride (hBN)
nanoparticles. The prepared powders were pressed by cold pressing method with 400
MPa pressure and sintered at 590°C in argon atmosphere. Microstructures of the samples
were investigated by scanning electron microscopy (SEM) and energy dispersive X-ray
(EDX) analysis. The hardness values of the samples were taken from 5 different points
during the 20 second loading time and the average hardness values were determined by
taking the average of these hardness values. Wear tests were carried out in a pin-on-disc
test device at different load values (5 N, 10 N and 15 N) at a total sliding distance of 300
m, at a sliding speed of 50 mm/sec and in dry conditions. The friction coefficient values
and the weight losses as a result of wear were examined. The hardness value of AZ91
composite was 62 HB, while it was measured as 93 HB with hBN reinforcement. Similarly,
in the wear tests, a composite with 10 times higher wear resistance was obtained with
hBN additive. In summary, it has been observed that hBN additive has the potential to
positively affect the mechanical and tribological properties of metal matrix materials.

1. Giris (Introduction)

matrisli kompozitlere gére daha hafif olmalari, yliksek
6zgul mukavemetleri ve sertlikleri nedeniyle genis

Magnezyum (Mg) oOzellikle dusuk yogunlugu ve capta calismalarda tercih edilmektedir [1-3]. Hafif
yuksek spesifik dayanimi nedeniyle 21. ylzyilda metal kompozitler sinifinda olduklari i¢in havacilik ve
ve ilerleyen yillarda daha genis bir kullanim alani  otomobil endustrileri igin yapisal malzemeler olarak
bulmaktadir. Mg matrisli kompozitler, diger metal buyik potansiyel sunmaktadir. Mg ve alagsimlarinin
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olumlu o6zelliklerinin yaninda olumsuz o6zellikleri de
bulunmaktadir. Bunlardan en énemlisi metal matrisli
diger kompozit malzemelere goére daha Ustin
mekanik Ozellikleri saglayamamasidir. Bu sebeple
hala arastirmacilar magnezyum alasimlari Uzerinde
¢alismalari sirdirmektedir. Endustriyel uygulamalarda
hafif muhendislik malzemelerine olan talep surekli
artmaktadir. Mg ve alasimlarinin  6zelliklerinin
iyilestirilmesi i¢in uygulanan imalat ydntemlerinden
birisi de mg esasli kompozit malzeme Uretilmesidir. Mg
esasli kompozit malzeme Uretiminde magnezyumun
kristal kafes yapisi nedeniyle haddeleme ve ekstriizyon
gibi geleneksel yontemlerle sekillendirilebilirliginin
kisith  olmasi bu alasimlarin farkli yontemlerle
sekillendiriimesi konusunda calismalar yapilmasini
gerekli hale getirmistir [4,5]. Farkli Uretim yontemleri
ile bu zorluklarin Ustesinden gelmek mumkindur.
Bunun i¢in kullanilabilecek ydntemlerden biri Toz
Metalurjisi (TM) ile Gretimdir. TM yontemi partikil haline
getirilmis olan metal veya alagimlarin basing altinda
sekillendiriimesi ve ergime sicakliklarinin altindaki bir
sicaklikta tutulmasi ve birlestirilmesi esasina dayanir
[6]. TM yontemi diger geleneksel imalat ydntemlerine
gbre nispeten daha yeni bir Uretim yontemidir ve
Ureticilerin enerji ve hammadde giderlerinden buyUk
miktarda tasarruf etmesini saglar [7].

Mg ve alagimlarinin TM ydntemiyle Uretiimesi
esnasinda ¢6zlulmesi gereken bazi temel zorluklar
bulunmaktadir. Mg ve alagimlarinin TM ile Uretimindeki
temel zorluk, Mg ve alasimlarin oksijenle reaksiyona
girmesi ¢ok kolay oldugundan tozlarin ylizeyinde
olusmasi muhtemel ince magnezyum oksit (MgO)
tabakasi, sinterlenme sirasinda difizyonu 6nlemekte,
tozlar arasinda zayif ve kirilgan tane sinirlarinin
olusmasina dolayisiyla disuk mekanik 6zelliklere
neden olmaktadir. Bu durumu &énlemek amaciyla
Mg ve alagsimlarinin toz metalurijisindeki butin
asamalari sirasinda numunelerin argon gazi akigl
ile oksitlenmeden korunmasi gerekmektedir [8-10].
Magnezyumun endustriyel anlamda genis kullanim
alani bulmasinin énudndeki diger engeller ise dusuk
dayanim  ozelligi, sekillendirilebilirligi, korozyon
ve asinma dayaniminin oldukga disuk olmasidir
[11]. Mg ve alasimlarina farkli takviyeler katilarak
uretilen kompozit malzemelerde mekanik, asinma ve
mikroyapi 6zelliklerinin geligtiriimesi Uzerine ¢alismalar
yapilmistir [2,3,12-19].

Hegzagonal bor nitrir (hBN), bor nitririin (BN) kristal
yapilarindan biridir ve genis bir sicaklik araliginda
muikemmel kati yaglama kabiliyetine sahiptir [20].
Grafit ve molibden distilfid gibi, hBN de bor ve nitrojen
atomlari arasinda gugli bir kovalent baga sahip
altigen tabaka katmanlarindan olusan katmanl bir
yaplya sahiptir. Levha katmanlari, zayif Van der Waals
kuvvetleri tarafindan bir arada tutulur. Bu yapi, kuvvet
katmanlara paralel uygulandiginda kesmeye izin verir.
Boylece beklenen sirtinme azalmasini saglar ve
¢ok verimli yaglama saglar. hBN ilavesiyle bakir ve
nikel bazli kendi kendini yaglayan kompozitlerin oda
ve yuksek sicakliklardaki tribolojik 6zellikleri Uzerine

birgok calisma yapiimistir. hBN igeren sinterlenmis
kompozitlerin temel matristen daha disuk bir stirtinme
katsayisi verdigi ve hBN takviyeli numunelerde yiiksek
sertlik degerleri bulunmustur [21-23].

Magnezyum alasimlari ve hBN takviyeli kompozitlerin
mekanik ve tribolojik ozellikleri ile ilgili daha once
yapilan galismalar bulunmaktadir. Yan ve ark., yapmis
olduklari calismada, saf magnezyum tozuna g¢inko
takviyesinin kompozit numunenin mekanik 6zelliklerini
iyilestirdigi  gérdlmastir [24]. Rashad ve ark.
calismalarinda saf magnezyum tozuna aliminyum
ve kalay takviyeli kompozitler toz metalurijisi ile
uretimi  gerceklestiriimistir.  Uretilen  numunelerin
saf magnezyum tozuna gbére aliminyum ve kalay
takviyesinin mekanik 6zellikleri iyilestirdigi goralmustur
[25]. Lingaraju ve ark., AZ91 magnezyum alasimina
TiC, B,C ve hBN takviyeleriyle nano kompozitler
Uretmistir.  Uretilen nanokompozitlerin  takviyesiz
AZ91 alasimina goére daha Ustin mekanik ve
tribolojik 6zelliklere sahip olduklari gosterilmistir [26].
Mahathanabodee ve ark., yapmis olduklari ¢alismada,
316L paslanmaz celigine hBN ve MoS, takviyeleri
eklenerek kompozit numuneler dretmistir. Uretilen
numunelerin asinma direncini artirirken sirtiinmeyi
azaltma potansiyeline sahip oldugu goérilmustur [27].

Bu g¢alismada, hBN nanopargaciklari ile takviye edilen
AZ91 magnezyum alasimli matris kompozitlerin
toz metalurijisi ydntemiyle Uretimlerinin daha &énce
yapilmadigi goéralmastir. Calismada ilk olarak hBN
nanoparcaciklari ile AZ91 magnezyum alasiminin
homojen  bir gsekilde karisimlari  yapilmigtir.
Numunelerin mikroyapisi, mikrosertligi ve 3 farkh yik
altindaki asinma deneyleri gergeklestirilmistir.

2. Malzemeler ve Yontemler (Materials and Methods)
2.1. Malzemeler (Materials)

Calismada kullanilan %99,95 saflik ve 44 um parcacik
boyutuna sahip AZ91 alasimi ve %99,85 saflik ve
65-75 nm pargacik boyutuna sahip hBN, Nanografi
(Tarkiye) firmasindan temin edilmistir. AZ91 alagsiminin
kimyasal analizi Tablo 1’de verilmistir.

Tablo 1. AZ91 alagiminin kimyasal analizi (Chemical analy-
sis of AZ91 alloy).

Element k’;f/:;k Element k‘?:'/:;k
Al 11,34 Fe 0,0214
Ag 0,0004 La <0,0010
Ca 0,0009 Mn 0,0043
Cu <0,0002 Nd <0,0020
Mg 87,24 Ni <0,0001
Zr 0,0046 Y <0,0050
Pb 0,0022 Si 0,848
Pr <0,0005 Sn 0,0046
Zn 1,301 Ti 0,0017
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2.1. Yéntemler (Methods)

2.2.1. Numunelerin iiretilmesi
samples)

(Production of

AZ91 magnezyum alasiminin hava ile temasinin
kesilmesi ve numunelerin argon gazi atmosferinde
hava ile temasi olmayan bir ortamda karistinimistir
(glove box). hBN nanoparcaciklari bir beherde 30
ml metanole eklenmis ve 30 dk slresince ultrasonik
karistiricida karistinimistir. Diger bir beherde, agirlikca
yuzde (ag. %) 90 olacak sekilde hazirlanan AZ91
tozlari eklenmis ve 30 dakika ultrasonik karistiricida
karnistinimistir. Karisim oranlarinin  belirlenmesinde
literatire gore en uygun agirlikga % oranlar baz
alinmigtir [28,29]. hBN nanopargacigi magnezyum
karisimina eklenmis ve 30 dakika daha ultrasonik
karigtiricida karigtinimistir. Tanecik boyutlari birbirine
yakin secilen tozlarin homojen bir sekilde karigimlari
tamamlanmistir.  Karistirma islemi  tamamlanan
nanopargaciklarin stzilme islemi gerceklestirilmistir.
Suzulen nanoparcaciklar havasiz ortam igerisinde
kurutulmustur. Son islem basamagi olarak kurutulma
islemi tamamlanan AZ91-hBN nanopargaciklari
tekrar bir karistirma isleminden gecirilerek manyetik
karistiricida 500 rpm’de 4 saat sureyle karistirildi [30].
Uretilen numunelerdeki ag@irlikga kullanilan numune
miktarlari ve numunelerin adlandiriimasi Tablo 2'de
gOsterilmistir.

Tablo 2. Numunelerin adlandiriimasi ve agirlikga katki mik-
tarlari (Identification of the samples and additive amounts
by weight).

AZ91 hBN
AZ91 %100 -
AZ91-hBN %90 %10
Uretimleri  tamamlanan  numunelerin  presleme
islemleri  gerceklestiriimistir.  Presleme isleminde

kaliba 400 MPa ’lik bir basing uygulanarak numuneler
olusturulmustur. Kaliba tozlarin yerlesimi esnasinda
numunelerin  kaliptan daha rahat bir gsekilde
¢ikartilabilmesi igin kalibin igerisi Zn(C,,H,.0,), (Cinko
stearat) ile yaglanmistir. TM’si Uretim parametreleri
Tablo 3’te verilmistir.

Tablo 3. TM yontemi ile Gretilen hBN takviyeli ve takviyesiz
AZ91 numunelerinin Uretim parametreleri (Production para-
meters of hBN reinforced and non-reinforced AZ91 samples
produced by powder metallurgy method).

Sinterleme
Presleme Sicakiic Si -
Basinci icakligi Ortamu uresi
(°C) (sa)
AZ91 400 MPa 590 Argon 8
AZ91-hBN 400 MPa 590 Argon 8

Preslemeiglemleritamamlanannumunelerinsinterleme
islemi azot ortaminda firinda gergeklestiriimistir.

Sinterleme sonrasindaki numunelerin gorintdleri ise
Sekil 1°de gosterilmistir.

Sekil 1. Sinterleme islemi tamamlanan numuneler
(Samples with completed sinterings).

2.2.2. Numunelerin zimparalanmasi ve parlatilmasi
(Sanding and polishing of specimens)

Uretimi, preslemesi ve sinterlenmesi tamamlanan
numunelerin mikroyapilarinin daha net bir sekilde
incelenmesi icin zimparalama islemi sirasiyla
100, 240, 400, 600, 800, 1000 ve 1200 luk SiC
zimpara kagitlari Uzerinde ve daha sonra 3 pm’lik
elmas pasta kullanilarak guha ile parlatma islemleri
gerceklestirilmistir.

2.2.3. Numunelerin mikroyapilarinin incelenmesi
(Investigation of microstructures of samples)

Uretimi, preslemesi, sinterlenmesi, zimparalanmasi ve
parlatiimasi tamamlanan numunelerin mikroyapilarinin
incelenmesi igin Zeiss EVO MA10 markali SEM cihazi
kullanilarak SEM ve EDX analizleri yapilmistir.

2.2.4. Numunelerin sertlik deneylerinin yapilmasi
(Hardness tests of samples)

Sertlik deneylerinde Rockwell-B cinsinden sertlik
degerleri incelendi. Numunelerin 5 farkli noktasindan
sertlik degerleri alindi ve bu sertlik degerlerinin
ortalamasi alinarak ortalama sertlik degerleri
belirlenmsitir. Sertlik deneyinde 1/16 in¢ batici ug
kullanilarak 100 kg yuk uygulanarak 20 sn slreyle
sertlik deneyleri yapiimigtir.

2.2.5. Numunelerin aginma deneylerinin yapil-
masi ve siirtiinme katsayilarinin belirlenmesi
(Abrasion tests of samples and determination of friction
coefficient)

Numunelerde asinma testleri, pin-on-disk aginma test
cihaziyla 3 farkli yuk altinda (5N, 10N, 15N) 50 mm/
sn kayma hizinda ve 300 metre kayma mesafesinde
gerceklestirildi. Toplam 300 metre kayma mesafesinde
50 metrede bir kompozitlerin agirlik kayiplari 105
hassasiyet degerine sahip terazide dlguldi ve oOlgllen
degerler kayit altina alinarak mesafeye goére her
numune icin agirhk kaybi grafikleri olusturulmustur.
Asinma deneylerindeki diger islem olan surtinme
katsayilarinin belirlenmesi icin her bir numune 300
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metre kayma mesafesi boyunca asindiriimis ve asinma
test cihazinda kompozitlerin slrtinme katsayisi
degerleri kayit altina alinmigtir. Kayit altina alinan
surtinme katsayi degerleri bilgisayara aktarilarak
surtinme katsayisi grafikleri ¢ikariimigtir.

3. Sonuglar ve Tartisma (Results and Discussion)
3.1. Mikroyapi (Microstructure)

Numunelerin mikroyapilarinda AZ91 matris yapi
icerisinde dagilim sergileyen takviye elemani parcacik
tayini icin SEM ve EDX analizleri yapilmistir. SEM
analizleri sonucunda alinan saf AZ91 ve hBN katkil
kompozitlerin SEM gorintileri Sekil 2'de gosterilmistir.
SEM analizlerinde hBN katki miktarinin  AZ91
magnezyum alasimi Gzerinde olustugu goérulmustr.

Kompozit numunelerin EDX analizleri sonucunda
AZ91 magnezyum alasiminin kimyasal bilesimine
benzer sonuglar alinmistir [31]. hBN takviyesiyle EDX
analizinde B ve N’nin olustugu gézlemlenmistir. EDX
analiz sonuglari Sekil 3’'te ve olusan agirlikga katki
miktarlari Tablo 4’te gdsterilmistir.

Tablo 4. EDX analiz sonuglarinda numunelerin agirlikca
katki miktarlari (Additive amounts by weight of samples in
EDX analysis results).

Numune Mg (0] Al Zn C N B
AZ91 77,21 14,09 6,37 055 1,78 - -
AZ91-hBN 69,27 12,65 6,01 0,46 2,56 2,39 6,66

cpsfeV
(a)
30
25+
20 Zn
Al
154 0 Mg
10-
- 5
5699 l I
D L

AZ91-hBN |

- - &

Sekil 2. Numunelerin mikroyapi géruntuleri (Microstructure
images of samples).

3.2. Sertlik (Hardness)
Numunelerin sertlik degerleri Rockwell-B sertliginde
bulunmustur ve bulunan degerler brinell (HB) cinsine

cevrilmistir. Yapilan sertlik deneylerinde saf AZ91
degerinin sertlik degeri literatir degerlerine benzer

Zn

Date: 12/16/2022 1:59:15 PM

Image Size: 1024 x 768 -
Mag: 500x
HV: 15.0 kV
(b) 1§ 50
404
N
30 Al
204 .
10-
5708 v ot dh
Date: 12/16/2022 5:54:36 PM 2
Image Size: 1024 x 768
Mag: 500x
HV: 15.0 kV

cpsfe 0000000000000

Sekil 3. Numunelerin EDX analiz sonuglari (EDX analysis results of samples).
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degerler ciktigi gortlmistar [30]. Sertlik deneylerinde
hBN katki miktarinin AZ91-hBN numunelerinin sertligini
daha da artirdigi goértlmusttr [31-36]. Numunelerin 5
farkli noktasindan alinan sertlik degerleri ve ortalama
sertlik deg@erleri ve bakalite alinan, mikroyapilari ve
sertlikleri incelenen kompozit numuneler Sekil 4’te
gOsterilmistir.

(a) 95 /\/
90

Al91-hBN

Sertlik (HB)
o ~ ~ o) 0
o w o wv

@

60 .’—-\./.\'
55 AZ91-hBN,,,=93HB
AZ91,,=62HB
50
1 2 3 4 5
Numune

(b)

AZ91

AZ91-hbBN

Sekil 4. a). 91 matrisli kompozitlerin sertlik degerleri,

b). Mikroyapilari ve sertlikleri incelenen numuneler (a.
Hardness values of AZ91 matrix composites, b). Samples
whose microstructures and hardness were examined).

3.3. Triboloji (Tribology)

Asinma deneylerinde 13 mm c¢apinda ve 5 mm
yuksekliginde numuneler tUzerinde gerceklestirilmigstir.
hBN katkili numunelerin agirhik kaybi miktarlarinda
saf AZ91’e gore daha iyi bir asinma direnci gosterdigi
goruldi. hBN takviyesiyle asinma direncinde olumlu
yonde etkilerin oldugu literatlir c¢alismalarinda da
goralmastir (agirhik¢a %7,5 hBN [33], agirlikga %5-10
hBN [34], agirlikca %4 hBN [35], agirlikca %10, 15, 20
hBN [36]). Bu durumun hBN nanopargaciklarinin iyi bir
yaglayici 6zelligi olmasi ve sertlik degerlerinin yiksek
olmasi asinma 0Ozelliklerini ve agsinma direncini olumlu
yonde etkiledigi distnulmektedir [35,36]. 5 N,10 N ve
15N yUk altindaki aginma agirlik kayiplari ve agsinma
deneyleri tamamlanan numunelerin son hali Sekil 5'te
gOsterilmigtir.

Kompozitlerde 3 farkli yik altinda yeni numuneler
icin toplam 300 metre kayma mesafesinde meydana
gelen surtinme katsayisindaki degisimler Sekil 6’da
gosterilmisgti. hBN katkisinin sirtiinme katsayisini
dusurdagu literatir galigmalarinda da goralmastir
[26,27,33-36]. Asinma ylzeylerine uygulanan kuvvetin
artmasiyla sudrtinme katsayisinda artis meydana
gelmigtir.

Asinma  deneyleri tamamlanan  kompozitlerin
asinma yuzeylerinin mikroyapilarinin incelenmesi
icin  SEM analizi uygulanmistir. SEM analizleri

(@) (b) ()
10 25
504~ AZ91 SN —=— Az91-hBN 5N —=— A791 5N
—e— AZ91 10N —e— AZ91-hBN 10N —e— AZ91-hBN 5N
20 *— AZ91 15N 8+ —+— AZ91-hBN 15N 20
® w ®
E E 6 4
E 304 E % 15
- Kol
g g 5
~ 20+ = 44 < 104
i o z
] i ——/__/ < 5
- /
0 T T T T T T 0 T T T T T 0 ? T T T T T
0 50 100 150 200 250 300 0 50 100 200 250 300 0 50 100 150 200 250 300
Kayma Mesafesi (m) Kayma Mesafesi (m) Kayma Mesafesi (m)
(d) (e) (f)
45 55
—— Az91 10N —=— AZ91 15N
—e— AZ91-hBN 10N —e— AZ91-hBN 15N
45+
35+
o @ 354
g 15 35
= 25+ =
2 <
N & 257
% 15 £ \
= ) 15+ 5
> .—_,__H—"/ 54 .___.___./" f ¢
0 T T T T T T 0 T T T T T
0 50 100 150 200 250 300 0 50 100 200 250 300 AZ91-hBN
Kayma Mesafesi (m) Kayma Mesafesi (m)

Sekil 5. a). AZ91, b). Z91-hBN kompozitinin 3 kuvvet altindaki agsinma agirlik kaybr miktarlari. Z91 ve AZ91-hBN kompo-
zitinin 3 kuvvet altindaki c). 5N, d). 10N, e). 15N asinma agirlik kaybi miktarlari. f). Mikroyapilari ve sertlikleri incelenen
numuneler (Wear weight loss amounts of a). AZ91, b). AZ91-hBN composite under 3 forces. Wear weight loss amounts of
AZ91 and AZ91-hBN composite under 3 forces c). 5N, d). 10N, e). 15N. f). Samples whose microstructures and hardness

were examined).
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Sekil 6. a). AZ91 ve b). AZ91-hBN numunelerinin 3 kuvvet
altindaki strtiinme katsayisi deg@erleri (a). AZ91 and b).
AZ91-hBN samples friction coefficient values under 3
forces).

~

Surtinme Katsayisi (p)

0.14

sonucunda saf AZ91 kompozesindeki meydana
gelen asinma durumlari ile hBN katkili kompozit
numunelerde meydana gelen numuneler arasinda
belirgin bir agsinmaya karsi gosterilen direncin arttigi
gozlemlenmistir. Bu duruma hBN katkisinin sebep
oldugu duslUnudlmektedir [27-32]. AZ91 alasimina
hBN takviyesinin asinma direncini ve asinma izlerini
belirgin  sekilde etkilemistir. Asinma  kuvvetinin
artmasiyla kompozit numunelerdeki asinma izlerinin
daha net bir sekilde goérilmustir. 5 N, 10 N ve 15 N
yuk altindaki asinma ylzeylerinin 3 farkli buyuklikteki
SEM gorintileri Sekil 7°de gosterilmistir.

4. Sonuglar (Conclusions)

Calismada AZ91 magnezyum ve alasimi ve AZ91
alasimina agirhkga %10 hBN nanoparcaciklar
takviye edilerek homojen kompozit malzeme
karisimlart  yapilmistir.  Soguk presleme teknigi
ile  hazirlanan tozlarin preslenmesi ve argon
atmosferinde  sinterlemeleri gerceklestiriimistir.
Hazirlanan numunelerin mikroyapi, sertlik, kuru ortam
sartlarinda asinma ve surtinme katsayisi 6zellikleri
deneysel olarak incelenmigtir. Yapilan sentezlemeler
ve Uretimlerin sonucunda AZ91 magnezyum alasimi
ile birlesimi yapilan hBN nanoparc¢aciklarinin AZ91
alasimiyla birlestigi mikroyapi gorintileri Gzerinde
gorulmustir. Yapilan asinma deneylerinde hBN
takviyesiyle asinma sonucunda meydana gelen agirlik
kayiplarinda azalmalar meydana geldigi gértlmustur.
Bu durumun hBN nanopargaciklarinin iyi bir yaglayici
Ozelligi tasidigindan ve hBN nanoparcgaciklarinin

Date :21 Dec 2022
Time 104957

AZ91-hBN

Date :28 Dec 2022
Time :10:48:37

AZ91-hBN

20pm Date :28 Dec 2022

Time :11:42.02

Sekil 7. AZ91 ve AZ91-hBN numunelerinin 3ﬁvvet altinda-
kia)5N, b) 10 N ve c) 15 N asinma yuizeyi SEM gorintu-
leri (SEM images of AZ91 and AZ91-hBN specimens under
3 forces a) 5N, b) 10 N and c¢) 15 N wear surface).

o=
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sertlik degerlerinin  yuksek olmasinin asinma
Ozelliklerinde hBN katkisinin asinma direncini olumlu
yonde etkiledigi distnulmektedir. Yapilan sertlik
deneylerinde saf AZ91 degerinin sertlik degeri literatur
degerlerine benzer degerler ciktigi goriimustar.
Sertlik deneylerinde hBN takviyesinin sertlik degerini
belirgin sekilde arttigi goralmustdr.
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YAZAR KILAVUZU

Genel Bilgiler

* Makale bagvurusu icin Makale Kontrol Listesi, Kapak
Sayfasi, Makale Metni Dosyasi, Telif Hakki Devir Dosyasi
ve Benzerlik Oran Dosyasi olmak lzere 5 ayri formun
doldurulmasi ve sisteme yuklenmesi gerekmektedir.

» Bagvurularda iletisimde bulunulacak yazar ve diger
yazarlarin iletisim bilgileri bulunmalidir.

» Her makale, konusu ile ilgili en az iki hakeme gonderilerek
sekil, icerik, 6zglin deger, uluslararasi literatiire katkisi
bakimindan incelettirili. Hakem goruslerinde belirtilen
eksikler tamamlandiktan sonra, son baski formatina
getirilir ve yazarlardan makalenin son halinin onay! alinir.
Dergide basildigi haliyle makale iginde bulunabilecek
hatalarin sorumlulugu yazarlara aittir.

Makale Kontrol Listesi

» Makale kontrol listesi, makalenin dergi yazim kurallarina
uygunlugunun kabul edildigini gésteren formdur.

* Derginin formatina uygun olmayan veya kontrol listesi
doldurulmamis olan  basvurulan  degerlendiriimeye
alinmayacaktir.

Kapak Sayfasi

* Yazarlara ait afiliasyon, elektronik posta adresi ve ait
ORCID bilgileri kapak sayfasinda yer almalidir.

* Makaleye ait baslik, 6zet ve anahtar kelimeler kapak
sayfasinda yer almaldir.

Makale Metni Dosyasi

* Makale metninin yaziminda Yazim Kurallar’na uyulmasi
gerekmektedir.

* Makale metninde kapsayici ve bilimsel bir dil kullaniimalidir.

* Makale metni referanslar dahil arastirma makaleleri igin
14.000 kelimeyi tarama makaleleri igin ise 22.000 kelimeyi
gecmemelidir.

* Makalenin metni, Times New Roman 12 punto ile
Makale Metni Dosyasr'nin sayfa diizeni degistiriimeden
yazilmaldir.

* Makale metninin Microsoft Office Word 2010 ve Uzeri
bir kelime iglemci ile hazirlanmasi ve yazim hatalarinin
kontrol edilmesi ve dizeltiimesi gerekmektedir.

» Eger makale Turkge ise, Turkge basliklarla bire bir uyumlu
olacak sekilde olusturulmus Ingilizce basliklar parantez
icerisinde yazilmalidir.

* Makale igerisinde kullanilan kisaltma ve sembollerin
anlamlari ilk kullanildiklarinda agiklanmalidir.

* Makale metniigerisindekialtbagliklarnumaralandiriimalidir.
Numaralandirma islemleri ana bdlimler igin 1.'den
baglamali ve tiim ana baglhklar (Ozet, Tesekkirr ve
Kaynaklar ve Ekler bolumleri harig) igin devam etmelidir.
ikincil baghklar ana bélim numaralandirmasina uygun
olarak 1.1., 1.2., 1.3, ... seklinde devam etmelidir. Ugiincii
basliklar ikinci basliklara uygun olarak 1.1.1., 1.1.2.,1.1.3,,
... seklinde devam etmelidir.

Telif Hakki Devir Dosyasi

o imzali Telif Hakki Devir Dosyasl taranarak sisteme
yuklenmelidir.

+ Imzali Telif Hakki Devir Dosyasi’ni géndermeyen yazarlarin
bagvurulari degerlendirmeye alinmaz.

Benzerlik Oran Dosyasi

» Makalenin referanslar bolimi harig metni "iThenticate"
veya "Turnitin" programlari ile taranmalidir.

* Benzerlik orani raporunun PDF formatinda sisteme
yuklenmelidir.

* Benzerlik orani %15'in izerinde olmamaldir.

Revizyonlar

* Yazarlar, hakemlere cevap dosyasi hazirlamali ve sisteme
ayri bir dokiman olarak yuklemelidir.

* Hakemlere cevap dosyasi, hakem yorumlarini ve bu
yorumlara verilen cevaplari igermelidir.

* Makale metninin revizyon sonrasi glncel hali sisteme
yuklenmelidir. Makale metninde yapilan degisiklikler farkli
kirmizi renkte yazi ile belirtiimelidir.

Gizlilik Politikasi
Journal of Boron gizlilige saygr duymaktadir. Kisisel
bilgiler, sadece derginin belirtilen amaglari dogrultusunda
kullanilacak ve Gguncu kigilerle paylagiimayacaktir.




YAZIM KURALLARI

Makale Bashigi

» Makale basligi, Kapak Sayfasi ve Makale Metni icerisinde
yer almalidir.

* Makale bashgi standart kisaltmalarla birlikte en ¢ok 15
kelimeden olugmalidir.

+ Eger makale Tirkge ise, ingilizce baglikla bire bir uyumiu
olacak sekilde TUrk¢e makale baslidr da olusturulmalidir.

Ozet

» Ozet, Kapak Sayfasi igerisinde yer almalidir.

+ Ozet, 250 kelimeyi gegmemelidir.

« Standart olmayan kisaltmalar ilk kullanildiginda tam
aciklamalarindan sonra parantez igerisinde yazilmalidir.

+ Eger makale Tirkge ise, ingilizce ézetle bire bir uyumlu
olacak sekilde Turkce 6zet de olusturulmahdir.

Anahtar Kelimeler

» Anahtar kelimeler Kapak Sayfasi igerisinde yer almalidir.

» Enfazla5anahtar kelime, alfabetik siraya gore yazilmalidir.

 Kisaltmalar anahtar kelime olarak kullaniimamalidir.

+ Eger makale Tiirkge ise, Ingilizce anahtar kelimelerle bire
bir uyumlu olacak sekilde Tirkce anahtar kelimelere de
olusturulmahdir.

Giris

 Girig bolimu, Makale Metni icerisinde yer almaldir.

« llgili literatiiriin ézeti, calismanin amaci ve ézgiin degeri
ve kurulmus olan hipotezi icermelidir.

» Kaynaklar, toplu olarak ve aralikli verilmemeli (6rnek [1-
5] veya [1, 2, 3, 5, 8]), her kaynagin calismaya katkisi
irdelenmeli ve metin icerisinde belirtiimelidir.

Malzemeler ve Yontemler

* Malzemeler ve yontemler bélimu, Makale Metni icerisinde
yer almahdir.

» YUlrutilmuas olan galisma deneysel bir calisma ise deney
prosediri/metodu anlasilir bir sekilde agiklanmalidir.

» Teorik bir calisma ylrutilmuisse teorik metodu detayli bir
sekilde verilmelidir.

* Yapilan calismada kullanilan metot daha 6nce yayinlanmis
bir metot ise diger caligmaya atif yapilarak bu ¢alismanin
diger calismadan farkli belirtiimelidir.

Sonuglar ve Tartisma

» Sonuglar ve tartisma bolimua, Makale Metni igerisinde yer
almalidir.

» Elde edilen sonuglar agik ve 6z bir sekilde verilmelidir.

* Elde edilen tim sonuglar atif yapilarak literatlir ile
kargilastiriimahdir.

» Tablolar numaralandirilmalidir ve diizenlenebilir formatta
olmalidir. Eger makale Tirkge ise, tablo st yazilarinin
bire bir ingilizce gevirileri parantez igerisinde verilmelidir.

* Makale igerisindeki sekiller numaralandiriimalidir ve en
az 300 dpi ¢ozunirlikte olmahdir. Sekillerin Gzerindeki
yazilar okunabilir blyUklikte ve yazi tipinde olmahdir.
Kabul edilen sekil formatlari TIFF, JPG ve JPEG'dir. Eger
makale Tiirkge ise, sekil alt yazilarinin bire bir Ingilizce
cevirileri parantez igerisinde verilmelidir..

Sonuglar

» Sonugclar bélimu, Makale Metni igerisinde yer almalidir.

* Calismadan elde edilen ana sonugclar ve ¢ikarimlar kisa ve
0z bir sekilde verilmelidir.

» Calismaya ait gelecek perspektifleri bu bélimde verilir.

Tesekkiirler

» Tesekkurler bolimu, Makale Metni icerisinde yer almalidir.

* Calismanin gergeklesmesi icin saglanan maddi kaynaklar
ve kullanilan altyapi bu bdlimde belirtilir.

Yazar Katki Beyani

» Yazar Katki Beyani, Makale Metni icerisinde yer almalidir.

» Her yazarin katkilari belirtiimelidir.

» Katki rolleri su sekildedir: kavramsallastirma, veri analizi,
veri iyilestirme, finansman saglama, metodoloji, proje
yobnetimi, kaynak saglama, yazilim analizi, denetim,
dogrulama, gorsellestirme, orijinal taslak yazma, inceleme
yazma ve dizenleme.

Kaynaklar

» Kaynaklar, Makale Metni igerisinde yer almalidir.

» Basiimig kaynaklarin DOI ve ISBN numarasi belirtiimelidir.

« internet sitesi adresleri (URL) kaynak olarak veriimemelidir.
Ancak metin igerisinde istatistiksel bir verinin gectigi yerde
veriden sonra belirtilebilir.

» Kaynaklar listesi metin igerisinden kullaniima sirasina
uygun olarak numaralandiriimalidir.

« Kaynaklar, “APA Publication Manual, Seventh Edition”
kurallarina uygun olarak hazirlanmalidir.

+ Kaynaklar ingilizce olarak hazirlanmalidir.  Tiirkge
kaynaklarin ingilizce karsiliklari kdseli parantez icerisinde
belirtiimelidir.

» APAformati ve drneklere asagidaki baglantidan ulasilabilir.

https://apastyle.apa.org/style-grammar-guidelines/

references/examples

Ekler

» Makaledeki ekler EK A (Appendix A), EK B (Appendix B)
ve EK C (Appendix C) vb. olarak adlandiriimalidir.

* Ekler igerisindeki denklemler A1, A2, A3 vb. olarak
adlandiriimalidir, tablo ve sekiller Tablo A1, Tablo A2, Sekil
A1, Sekil A2 vb. olarak adlandiriimahdir.




AUTHOR GUIDELINE

General Information

» For article application, 5 individual files which are Article
Checklist, Cover Page, Manuscript File, Copyright
Transfer File and Similarity Ratio File, must be filled in and
uploaded to the system.

» Applications should include the contact information of the
author and other authors to be contacted.

» The article checklist and cover page in the Manuscript File
should be filled in completely.

» Each article is sent to at least two referees related to its
subject and examined in terms of format, content, novelty,
contribution to literature.

« After the deficiencies stated in the referee's comments are
completed, it is brought to the final print format and the
approval of the final version of the article is obtained from
the authors. The responsibility of errors that may be found
in the article as it is published in the journal belongs to the
authors.

Article Checklist

 Article checklist is the form that shows that the article's
compliance with the journal writing rules is accepted.

» Applications that do not comply with the journal’s format or
whose checklist is not filled will not be considered.

Cover Page

« Affiliation, e-mail address and ORCID informations
belonging to the authors must be included in the cover
page.

» *The title, abstract and keywords of the article should be
included in the cover page.

Manuscript

» Writing Rules must be followed, during writing of the
manuscript.

* Inclusive and Scientific language must be used in the
manuscript.

* Manuscript should not exceed 14,000 words for research
articles and 22,000 words for review articles, including
references.

» The manuscript should be written in Times New Roman 12
points without changing the page layout of the Manuscript
File.

* The manuscript should be prepared with a word processor
of Microsoft Office Word 2010 and above, and spelling
errors should be checked and corrected.

» Abbreviations and symbols used in the manuscript must
be explained when used fort he first time.

» Subheadings in the article should be numbered. Numbering
should start at 1 for the main section and continue for all
main headings (except the Summary, Acknowledgments
and References and Appendices sections). Secondary
titles continue as 1.1., 1.2., 1.3., ... in accordance with
the main chapter numbering. The third headings continue
as 1.1.1.,1.1.2,, 1.1.3., ... in accordance with the second
headings.

Copyright Transfer File

» Signed Copyright Transfer File should be scanned and
uploaded to the system.

» Applications of the authors who do not send the signed
Copyright Transfer File will not be evaluated.

Similarity Ratio File

* The manuscript should be scanned with "iThenticate" or
"Turnitin" programs, except for the references section.

» The similarity ratio report should be uploaded to the
system in PDF format.

+ The similarity ratio should not exceed 15%.

Revisions

» Authors must prepare an answers to the reviewers file and
upload it to the system as a separate document.

* Answers to the reviewers file must include reviewers’s
comments and their corresponding answers.

* The updated version of the manuscript after the revision
must be uploaded to the system. Changes that were made
in the manuscript must be indicated with red text.

Privacy Policy
Journal of Boron respects privacy. Any personal information
will only be used in line with the stated purposes of the
journal and will not be shared with third parties.




WRITING RULES

Title

 Title of the manuscript must be included in Cover Page
and Manuscript.

» The title of the manuscript should consist of a maximum of
15 words with standard abbreviations.

Abstract

» Abstract must be included in Cover Page.

* The abstract must not exceed 250 words.

* Non-standard abbreviations should be written in
parentheses after their full explanation, when they are
used for the first time.

Keywords

» Keywords must be included in Cover Page.

* Amaximum of 5 keywords should be written in alphabetical
order.

» Abbreviations should not be used as keywords.

Introduction

* Introduction must be included in Manuscript.

» The summary of the relevant literature, aim and novelty
of the study, and the established hypothesis should be
included.

» References should not be given in bulk and in intervals
(example [1-5] or [1, 2, 3, 5, 8]), the contribution of each
source to the study should be examined and stated in the
text.

Materials and Methods

» Materials and methods must be included in Manuscript.

« If the study carried out is an experimental study, the test
procedure/method should be clearly explained.

« If a theoretical study has been carried out, the theoretical
method should be given in detail.

« If the method used in the study is a previously published
method, the other study should be mentioned by citing.

Results and Discussion

* Results and discussion must be included in Manuscript.

» Obtained results should be given in a clear and concise
manner.

» All of the results should be compared with the literature
by citing.

» Tables should be numbered and in editable format.

» Figures in the manuscript should be numbered and have
at least 300 dpi resolution. The texts on the figures should
be in legible size and font. Accepted figure formats are
TIFF, JPG, and JPEG.

Conclusions

» Conclusions must be included in Manuscript.

* Main conclusions and inferences obtained from the study
should be given concisely.

» Future perspectives of the study are given in this section.

Acknowledgements

* Acknowledgements must be included in Manuscript.

» The financial resources provided and the infrastructure
used during the study are specified in this section..

Author Contributions

 Author contributions must be included in Manuscript.

« Contributions of each author must be stated.

» Contribution roles are as follows: conceptualization, data
analysis, data curation, funding acquisition, methodology,
project administration, sourcing, software analysis,
supervision, validation, visualization, writing original draft,
writing review and editing.

References

» References must be included in Manuscript.

* DOI and ISBN numbers of printed sources should be
specified.

* Website addresses (URLs) should not be given as a
source. However, it can be specified after the data where
statistical data is mentioned in the text.

» The list of references should be numbered according to
the order in which they are used in the text.

» References should be prepared in accordance with the
rules of “APA Publication Manual, Seventh Edition”.

» References should be prepared in English. English
equivalents of sources should be indicated in square
brackets.

» APA format and examples can be found at the link below.

https://apastyle.apa.org/style-grammar-guidelines/

references/examples

Appendices

* Appendices must be included in Manuscript.

» Appendices in the manuscript must be named as Appendix
A (Appendix A), Appendix B (Appendix B) and Appendix C
(Appendix C) etc.

» Equations in the appendices must be named as A1, A2,
A3, etc., and table and figures numberings must be named
as Table A1, Table A2, Figure A1, Figure A2 etc..
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