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Abstract: In addition to many materials, silver vanadate (AgVO3) has gained interest due to its
antimicrobial properties, which opens up the potential for use as an antibacterial agent for biomedical
applications. This work aimed to study the effect of AgVOj3 addition on the structural and mor-
phological properties of a developed dental porcelain (DP) prepared from natural raw materials.
AgVOs3 nanowires, prepared by the coprecipitation method, were added in different amounts (1,
3, and 5 wt.%) to a DP mass with the initial composition of 80 wt.% feldspar, 15 wt.% quartz, and
5 wt.% kaolin, obtained by sintering the mixture at 1300 °C. The structural and morphological prop-
erties of AgVO3 and DP were investigated by X-ray powder diffraction (XRPD), Fourier transform
infrared spectroscopy (FTIR), scanning electron microscopy/energy-dispersive X-ray spectroscopy
(SEM/EDS), and transmission electron microscopy (TEM). The results showed the formation of
x-AgVO3 nanowires coated with semispherical metallic silver nanoparticles. Moreover, x-AgVO;
additions do not influence the structural and morphological properties of DP, with the presence of Ag
and V clearly identified in the DP with the x-AgVO3 addition. Our findings highlight the potential
of this novel material for use in various dental applications. Future studies need to establish the
antibacterial properties of the prepared dental material.

Keywords: biomaterials; silver vanadate nanowires; dental porcelain; structural properties; morphological
properties

1. Introduction

The use of biomaterials is crucial in modern medicine, as they could be applied in
restoring function and promoting healing after illness or injury. Biomaterials can either be
natural or synthetic, and are utilized to reinforce, improve, or substitute damaged biological
tissue or functions [1,2]. Today, the field of biomaterials has been greatly influenced by
advances in many areas of biotechnology and science [3]. Biomaterials, which are utilized in
the field of biomedical engineering, encompass a broad spectrum of substances, including
metals (such as titanium or stainless steel), ceramics (such as alumina or zirconia), plastics
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(such as polyethylene or polymethyl methacrylate), glass, living cells, and tissue. These
constituent materials are versatile and can be processed and manipulated into various intri-
cate forms, including molded components, machined parts, specialized coatings, advanced
fibers, thin films, foams with specific properties, and textiles designed for biomedical
applications. The applications of these biomaterials are diverse, serving in the development
and production of a wide range of biomedical products and devices [1]. Examples of
such products include but are not limited to artificial heart valves, sophisticated hip joint
replacements, biocompatible dental implants, and innovative contact lenses [4].

Ceramics are frequently used as biomaterials in dentistry, especially as dental restora-
tive materials such as crowns, bridges, and false teeth. The materials used for this purpose
are referred to as bioceramics [5]. Bioceramics can be defined as inorganic, non-metallic,
and biocompatible materials characterized by their chemical stability, non-corrosiveness,
and favorable interaction with organic tissues [6]. This category includes zirconia and
alumina, coatings and composites, hydroxyapatite and resorbable calcium phosphates, and
bioactive and radiotherapy glasses [7]. The clinical use of bioceramics in dentistry started
in the late eighteenth century with the use of porcelain in crowns [8].

Dental porcelain distinguishes itself from traditional ceramics primarily due to its fir-
ing methods, making it more appropriate for dental restorations [9]. Along with enhanced
aesthetic qualities such as color, intensity, and translucency, dental porcelain materials also
offer remarkable biocompatibility and longevity as their primary benefits [10]. Dental porce-
lain is a mixture of kaolin, feldspar, and quartz [11], and refers to a specific compositional
range of ceramic materials obtained by mixing the raw materials in an appropriate propor-
tion and fired at a high temperature [12-15]. Kaolin, a hydrated aluminum silicate, with
kaolinite (Al,O3-25i0,-2H,0) as the main constituent, serves as a binding agent. Quartz
(510,) remains unchanged during the firing process, contributing to the material’s strength.
The feldspars present are mixtures of sodium aluminosilicate (65i0,-Al,O3-NayO), com-
monly referred to as albite, and potassium aluminosilicate (65i0,-Al,O3-K,0) [15]. The
earliest attempts to enhance dental porcelain involved the incorporation of strengthening
oxide particles, like aluminum oxide and zirconium oxide, in the base porcelain. Re-
cently, due to advancements in computer-aided design and manufacturing (CAD/CAM)
technology and the introduction of glass-infiltrated ceramics, it has become possible to
use pure alumina and PSZ (partially stabilized zirconia) [16]. Dental porcelain powders
could also be mixed with additional metal oxides such as MgO, ZnO, AgVOs, etc., which
bring antibacterial properties, resistance to thermal shock, and could offer a wide range of
colors [14].

The antibacterial qualities of silver have been recognized for centuries [17]. Lately,
silver nanoparticles (AgNPs), due to the antimicrobial properties exhibited, have attracted
considerable interest, which opens up the potential for medical applications [18-20]. It is
considered a promising compound for use in dentistry. However, their commercial use is
still in the early stages, with only a few products on the market currently incorporating
AgNPs into their composition [21]. In addition to numerous silver-based materials, which
are considered to be promising candidates for antimicrobial agents, beta-silver vanadate ([3-
AgVO3) has demonstrated significant potential as an antimicrobial agent. Its effectiveness
is particularly notable when in the form of nanorods, nanowires, or nanotubes, and stands
out due to its considerable stability and the ability to adjust its properties by modifying its
composition, size, form, crystal structure, and surface characteristics [22,23]. Holtz et al.
demonstrated that the antibacterial properties of 3-AgVOj are attributed to the release of
silver and vanadium ions by the nanomaterial upon interaction with bacteria [22]. Many re-
searchers have indicated that incorporating 3-AgVO3 into acrylic resins or dental porcelain
inhibited bacterial growth and exhibited antibacterial effects against various bacteria, such
as Streptococcus mutans, Staphylococcus aureus, and Pseudomonas aeruginosa [18,19,24-28].
Apart from the stable phase 3-AgVOs, the metastable phase x-AgVOj5 is formed instantly
below the melting point when slowly cooled or rapidly frozen [27]. Even if few studies
have been found to analyze the antibacterial activity of x-AgVO3, the research of Alves da



Crystals 2024, 14, 616

30f13

Silva Pimentel et al. has suggested its antimicrobial potential against C. albicans, exhibiting
fungicidal and fungistatic activity [29]. In addition, it was shown that «-AgVO3 microcrys-
tals are not cytotoxic against keratinocyte cells, regardless of morphological variations. This
emphasizes that this novel and safe antimicrobial compound could be used in biomedical
and dental applications [29]. However, many excellent antimicrobial agents may also cause
undesirable toxicity to animals and plants. Consequently, toxicity analyses are crucial for
the safe use of these materials in dentistry [26].

Many research groups have successfully developed nanostructured silver vanadate
decorated with silver nanoparticles (3-AgVO3), which has been extensively studied in
various dental materials. The material effectively stabilizes silver nanoparticles (AgNPs),
preventing agglomeration and ensuring the continuous release of antimicrobial silver ions.
In a recent study, Ferreira et al. analyzed the hardness, roughness, and color change of pit
and fissure sealants from two commercial brands, Fluroshield™ and Ultraseal XT™. These
sealants were enhanced with nanostructured silver vanadate nanomaterial decorated with
silver nanoparticles (3-AgVO3) at concentrations of 0%, 2.5%, and 5%, respectively [30].
Their findings demonstrated that the addition of 2.5% and 5% 3-AgVOs in pit and fis-
sure sealants induced changes in the roughness of Ultraseal XT™, while maintaining the
microhardness of both sealants. Furthermore, the Fluroshield™ underwent a color shift
within acceptable clinical limits [30]. To evaluate the mechanical and biological properties
of a denture adhesive (Ultra Corega Cream-UCCA) incorporating nanostructured silver
vanadate (AgVO3), Alvim et al. used specimens in poly(methyl methacrylate) (PMMA),
which were treated with UCCA denture adhesive, with or without AgVOj3 [31]. The study
involved the use of poly(methyl methacrylate (PMMA) specimens treated with the denture
adhesive, both with and without the addition of AgVOj [31]. Their findings revealed that
the combination of denture adhesives with AgVOj3 not only demonstrated antimicrobial
effects but also exhibited superior adhesive strength, all without causing any cytotoxic
effects. These results highlight the potential of AgVO3 to enhance denture adhesives with
implications for both oral health and overall well-being.

In the last few years, significant efforts have been made to produce AgVO; with
various structures. The fabrication of specific nanostructures, including 0D, 1D, 2D, and
3D nanomaterials, has been pursued due to their unique size- and/or shape-dependent
physicochemical properties [28]. In the field of dentistry, nanostructured 3-AgVO; deco-
rated with AgNPs has emerged as a promising additive for acrylic resins to enhance dental
applications. This material possesses an excellent antimicrobial property, as the silver and
vanadium elements can act synergistically against the main pathogenic microorganisms
found in the oral cavity [22]. Ferreira et al. demonstrated that the addition of 3-AgVOs
in dental porcelain shows antimicrobial efficacy across all concentrations (2.5%, 5%, and
10%), while not affecting the Vickers microhardness [19]. In a related study, Kreve et al.
indicated that the integration of 3-AgVOj3 into a soft denture liner exhibited bactericidal
activity against P. aeruginosa, E. faecalis, and C. albicans, and simultaneously enhanced the
adhesion properties between the liner and the denture base material [32]. On the other
hand, de Oliveira et al. demonstrated that x-AgVO3 with different morphologies is subject
to geometric constraints imposed by the crystal structure and is correlated with the relative
surface energy values of each surface [33]. The study indicated that rod-shaped x-AgVOs
crystals with prevalent (011) and (001) surfaces, characterized by low surface energies,
exhibited enhanced antibacterial activity against MRSA bacteria. Finally, they concluded
that the distinct morphologies of x-AgVOj3 crystals manifest varied chemical and physi-
cal properties, thereby rendering these materials interesting in different applications [33].
Briefly, the morphological properties of the silver vanadate strongly influenced the an-
tibacterial activity of different dental materials, acting against a wide variety of bacteria
from the oral cavity. Consequently, the aim of this work was to analyze the influence of
different amounts of AgVOj3; addition on the structural and morphological properties of
a new dental porcelain prepared from natural raw materials, which could produce an
improved dental material.
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2. Materials and Methods
2.1. Silver Vanadate Synthesis

The nanostructured silver vanadate was synthesized through a precipitation reac-
tion, between silver nitrate (99.8% AgNO3; VWR Chemicals, Singapore) and ammonium
vanadate (99% NH4VO3; Thermo Scientific, Waltham, MA, USA) [22]. Firstly, 0.9736 g
of NH4VO; and 1.3569 g of AgNO3 were dissolved in 200 mL of distilled water. The
AgNO;s solution was then added, drop by drop, to the NH4VOj3; solution, while under
constant agitation at 65 °C. The obtained precipitate with yellow coloration was washed
with distilled water and absolute alcohol, filtered, and dried in a Fistreem vacuum oven for
10 h to obtain the silver vanadate powder.

2.2. Dental Porcelain Preparation

The raw materials used for porcelain preparation were quartz, feldspar, and kaolin.
The composition of the produced porcelain was 80 wt.% feldspar, 15 wt.% quartz, and
5 wt.% kaolin. The raw material mixtures were wet-milled and homogenized in a laboratory
planetary ball mill (Pulverisette 6, Fritsch, Germany) for 30 min at 250 rpm, to obtain the
typical size distribution. Afterwards, the obtained mixtures were oven-dried at 105 °C
for 12 h. After drying, the mixtures were uniaxial compacted into 2 g disc shapes using a
Carver Inc., hydraulic press (Carver Inc., Wabash, IN, USA) at a pressure of ~0.5 tons, and
subsequently sintered at 1300 °C for 1 h using an LHT 04/16 High-Temperature Furnace
(Nabertherm GmbH, Lilienthal, Germany). The sintering process maintained a constant
heating and cooling rate of 5 °C/min. Finally, the fired samples, in the form of powder,
were subjected to different analyses.

2.3. Characterization Methods

Structural and morphological characterization of the prepared silver vanadate and den-
tal porcelain was accomplished by X-ray powder diffraction (XRPD), Fourier transform in-
frared spectroscopy (FTIR), scanning electron microscopy/energy-dispersive spectroscopy
(SEM/EDS), and transmission electron microscopy (TEM) analysis.

XRPD analysis was performed to investigate the structure of the samples using a
Shimadzu XRD-6000 diffractometer (Shimadzu, Tokyo, Japan) operating at 40 kV, 30 mA,
with Ni-filter and graphite monochromatic for CuKea (A = 1.54060 A). The diffraction
patterns were recorded in the 20 range of 10-80° at a scan speed of 2° /min.

Fourier transform infrared (FTIR) absorption spectra were recorded in KBr pellets
with a Bruker Vector 22 FTIR spectrometer (Bruker, Karlsruhe, Germany). The measured
samples were in the form of KBr pellets, measured in the range of 600 to 4000 cm™1.
The background spectrum of the KBr pellets was recorded under identical instrumental
conditions and subtracted from each sample spectrum automatically. The data analysis
was realized utilizing the Spectra Analysis software.

The materials” morphology was investigated using a HD-2700 (Hitachi, Tokyo, Japan)
transmission electron microscope (TEM) equipped with a digital image recording system
and an SU8230 (Hitachi, Tokyo, Japan) scanning electron microscope (SEM). The electron
microscope was coupled with an Aztec X-Max 1160 EDX detector (Oxford Instruments,
Abingdon, UK). The SEM/EDS images were acquired using 30 kV, 10 pA. To prepare the
samples, the material was fixed with double-sided carbon tape, grounded with silver paste,
and then sputter-coated with 10 nm of gold in an Argon environment.

3. Results and Discussion
3.1. Silver Vanadate Characterization

For the structural analysis of the AgVO3; samples prepared by precipitation, they
were measured by XRPD. From the reaction of the precursors used in the preparation,
we expected a silver vanadate to form. As a result, the diffractogram was analyzed with
the PDF database (JCPDS 29-1154). A perfect match of the diffraction peaks was not
obtained. For this reason, it was simulated from the Crystallography Open Database
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(COD, 1509498.cif), the codes corresponding to silver vanadate [34]. It was found that
the simulated diffractogram perfectly overlaps the experimental diffractogram of our
sample (Figure 1). The x-AgVO3 monoclinic phase crystallizes in the C 2/c group, with
the parameters of the elementary cell a = 10.437, b = 9.897, ¢ = 5.532, « =90, 3 = 99.69, and
v = 90. The perfect concordance of the diffraction peaks of the prepared sample with the
phase from COD indicates the high purity of the obtained phase.

experimental o—-AgVO; (1)
simulated a—AgVO,- COD 1509498 (2)
3| \
© H“ | |l
= N UH\\\ LT T @)
:‘é J ‘L_J“\_,\_,A\_JJL/} Ukv) \J\M‘Jlb\j ‘M‘\#’JU‘UAU‘L_,_.,/‘ULN’U U“H‘“‘I‘JA‘\J‘JUVLNJ“J\V’M N A A
L
£
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Figure 1. XRPD powder patterns of the «-AgVO3 sample, experimental and simulated from
COD database.

The FTIR absorption spectrum of the synthesized silver vanadate nanowires is dis-
played in Figure 2.
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Figure 2. FTIR spectrum of the x-AgVO3 nanowires.



Crystals 2024, 14, 616

6 of 13

As seen from the figure, the presence of specific characteristic bands accompanied by
vibrational groups is indicated. Firstly, the bands between 3454 and 1624 cm ™! correspond
to the stretching and bending vibration of surface hydroxyl groups (-OH) and water
molecules [35]. Further, the FTIR spectrum reveals the presence of distinct bands as follows:
aband at 930 cm !, which corresponds to the symmetric stretching vibrations of VO3 and
the V=0 double bond, at 898 cm~!, a band corresponds to V=0 stretching, the broad band
around 850 cm~! linked to both the V-O stretching vibration and the stretching vibration
mode of the Ag-O-V bond [36,37], the band at 775 cm !, which could be likely assigned to
the antisymmetric stretching vibrations of VO3, and the band at 640 cm ! associated with
the symmetric and asymmetric stretching modes of V-O-V [38,39].

The morphology of the prepared x-AgVOs3 has been analyzed by SEM/EDS and TEM.
The SEM images of the prepared AgVOj3 are shown in Figure 3a—d. The SEM micrographs of
the synthesized sample revealed that the silver vanadate in the form of nanowires presented
dimensions at nanometric and micrometric scales for diameter and length, respectively.

Mean diameter = 184.102 nm
[(e) ¢

-3

Diameter (nm)

Figure 3. SEM images of x-AgVOj at different magnifications: (a) x1.00 k, (b) x5.00k, (c) x15.0k,
and (d) x50.0 k, and (e) diameter distribution histogram of nanowires from image (b).

The diameters of the nanowires of the silver vanadate were determined from the SEM
micrograph (Figure 3b) using Image] software, with the results shown in Figure 3e. A
large number of nanowires (~200) were considered to build the distribution histogram
and calculate the mean diameter. The histogram of the sample presented an asymmetric
nanowire diameter distribution with the majority situated between 50 and 150 nm. The
calculated mean diameter value was 184.102 nm.

The EDS results indicate that the sample contains only Ag, V, and O, as shown in
Figure 4a,b. Further quantitative analysis reveals that the atomic ratio of Ag/V/O is
about 1:1:3, suggesting that the sample is stoichiometric and consistent with the XRPD
results. To further evaluate the content of Ag, V, and O in the AgVOj3; sample, elemental
mapping was conducted. The elemental mapping micrographs (Figure 4c—f) confirm that
the elements are uniformly distributed in the sample, with silver, vanadium, and oxygen
showing homogeneous distribution throughout the imaged area.

The formation of nanowires was further confirmed by the TEM images (Figure 5).
As is visible from the TEM image, the surface of the nanowires is coated with metallic
semispherical silver particles that can maintain a high contact surface with microorganisms,
in agreement with the research previously reported by Ferreira et al. [19].

The prevalence of polymorphism in AgVOj is a determinant of the varied properties
for each compound. It is well known that the properties of AgVOj3 greatly depend on the
synthesis methods, crystal structure, and hierarchical morphology. Typically, x-AgVOs
and 3-AgVOs; exhibit one-dimensional morphologies and can be observed in the form of
nanowires, nanorods, or nanotubes [40].
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Figure 4. (a) SEM image at x 100 LM magnification, (b) corresponding EDS spectrum, and (¢c-f) SEM/EDS
elemental mapping of the AgVOj3; sample. In the elemental mapping images, the assignment of color for
each element is the following: yellow for Ag, red for V, and blue for O, respectively.
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0.0nm ST 200kV x40.0k SE 800nm

Figure 5. TEM images of AgVOs at (a) x350 k and (b) x40.0 k magnifications.

There are few studies regarding the morphology of x-AgVOj3, which is a metastable
phase. Alves da Silva Pimentela et al. synthesized x-AgVO3 microcrystals using the
co-precipitation method at three different temperatures (10 °C, 20 °C, and 30 °C) [29].
Microcrystals synthetized at 10 °C showed microrods of a-AgVO3 and well-defined faces.
Increasing the temperature at 20 °C leads to a direct self-assembly of nanorods to form
urchin-like microspheres. Further, at 30 °C, the microcrystals of x-AgVO3; show pre-
dominantly urchin-like morphologies. In addition, the authors revealed that x-AgVOs
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microcrystals have antifungal activity, with the obtained MIC and MFC values demon-
strating that they are not cytotoxic against keratinocyte cells, regardless of morphological
variations on the microcrystals. However, they exhibited fungistatic and fungicidal activity
against C. albicans. Despite having different morphologies, all the microcrystals showed the
same values of MIC and MFC (3.9 pg/mL and 15.62 pug/mL, respectively) [29].

Conversely, most studies from the literature focused on 3-AgVOj3, the stable poly-
morph phase. In a comparative study, using the synthesis of 3-AgVO; nanowires by
two different methods, precipitation and hydrothermal, crystals with different shapes are
revealed [40]. Samples prepared by precipitation were constituted of particles of irregular
shape with some rodlike structures with different diameters and lengths, whereas the
sample obtained by the hydrothermal method produced samples with one-dimensional
morphology, uniform and homogeneous wirelike structures, without the presence of par-
ticles with other shapes, with a length of several tens of micrometers. Moreover, the
diameters of the nanowires were depending on the molar ratio of Ag/V used for the
preparation, 1/1 and 2:1. At a low molar ratio, the nanowires present a diameter of around
60 to 95 nm, whereas at a high molar ratio, most of the nanowires have smaller diameters,
between 45 and 70 nm. So, synthesis of 3-AgVO3; nanowires performed with a higher
Ag/V ratio produced 3-AgVOj3; nanowires with a narrow diameter distribution and fewer
aggregates [40]. In the study of Baptista et al., a monophasic, needle-shaped, and nanomet-
ric p-AgVO3 powder was successfully synthesized by a simple hydrothermal route. They
identified crystals with an average length of less than 1.5-2 pm and an acicular morphology
with a high aspect ratio of 4:1. Moreover, it has been demonstrated that incorporating
an antibacterial nanoceramic (AgVO3) into a commercial restorative dental glass—ceramic
(IPS d.SIGN) imparts antibacterial properties, requiring a minimum addition of 2 wt%
of 3-AgVOs. This nanomaterial can be readily synthesized via a simple route. Ferreira
et al. conducted a study that indicated that the introduction of 3-AgVO3 nanowires coated
with semispherical metallic silver nanoparticles, prepared via a precipitation method,
demonstrated antimicrobial efficacy across all concentrations (2.5%, 5%, and 10%) when
incorporated into dental porcelain. The study also found that this incorporation did not
affect the Vickers microhardness [19]. De Castro et al. developed nanostructured silver
vanadate with acicular morphology, featuring an average diameter of 150 nm and length
in the micrometer range, through a precipitation reaction. Their research substantiated
the antibacterial effects in inhibiting biofilm formation by major microorganisms associ-
ated with dental prostheses, utilizing PMMA acrylic resins incorporating 0-10% wt.% of
B-AgVOs [25].

3.2. Characterization of Dental Porcelain

Figure 6 shows the XRPD patterns of the dental porcelain samples after sintering at
1300 °C for 1 h. The major crystalline phase quartz (Q), which is dispersed in the vitreous
phase, was identified by XRPD in the samples. At a sintering temperature of 1300 °C, the
feldspar melted completely and its diffractogram showed a broad band associated with the
amorphous phase, as indicated in the XRPD patterns. Moreover, the quartz has transformed
from the o phase to the 3 phase, and these two phases exhibited nearly identical peaks in
the XRPD diffractograms.

The dental porcelain samples with 0, 1, 3, and 5 wt.% AgVO; addition were further
examined by FTIR spectroscopy in the spectral region from 4000 to 600 cm~! with the
spectral data displayed in Figure 7. The band at 781 cm~! and the very intense one at
1068 cm ! are characteristic of the symmetric and asymmetric stretching vibrations of the
5i-O-5i bonds. Our results agree with the results previously reported, which identified
absorption bands ranging from 400 to 1400 cm~! associated with the quartz bending
band [41,42]. As is known, the bands between 1070 and 1120 cm™~! could be assigned to
the vibrations of the Si-O-Si bond, which appear in the spectrum of quartz, but also in
some silicates where the SiOj tetrahedral is linked together by oxygen bridges. Further, the
band around 1625 cm ! is attributed to the bending vibrational mode of the H-O-H bonds
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corresponding to the adsorbed water molecules, and the broad absorption band with the
maximum at 3455 cm ™! is attributed to the stretching vibrations of the bond O-H from the
hydroxyl groups, which are present on the surface of the material [43,44].
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Figure 6. XRPD patterns of DP with (a) 0, (b) 1, (c) 3, and (d) 5 wt% «-AgVOj3 addition, sintered at

1300 °C (Q-quartz).
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Figure 7. FTIR spectra of DP with (a) 0, (b) 1, (c) 3, and (d) 5 wt.% of x-AgVO3 addition, sintered at
1300 °C.

The SEM/EDX morphology and elemental compositions of the prepared DP crystals
are presented in Figure 8. As seen from the images, the micrographs show the formation of
crystals of different sizes and shapes. The quartz was identified as a major phase, in addition
to the amorphous phase. The main raw material used to obtain the DP was the feldspar.
The quartz crystals were added as the main source of silica with its role in promoting the
reinforcement of the ceramic structure [40]. Dental porcelain materials are characteristically
sintered by a viscous flow, formed at different temperatures. At this point, quartz grains
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remain as crystals surrounded by fusible compounds. A multiphase translucent material
is formed at room temperature, corresponding to a ceramic material with a dispersed,
crystalline phase and a continuous, amorphous phase, originating from feldspar and other
low-melting impurities in the raw materials [45]. Typical surface microstructures for quartz
grains with sharp angular features, in agreement with the XRPD data, are displayed on
the SEM images. Most importantly, the addition of AgNOj3 has no morphological effect on
the crystals. The EDS analyses confirmed the presence of both dopant Ag and V ions in
crystals, as well as other elements derived from the DP composition. The EDS detected an
increasing weight percentage of Ag, which corresponds to the increased amount of AgVO3
on the DP samples.

Electron Image 1

cps/eV

5
8
1

cps/eV
o~
2

cps/eV

Figure 8. SEM (left) and EDX (right) analysis realized for the DP samples, with (a) 0, (b) 1, (c) 3, and
(d) 5 wt.% addition of x-AgVO3 The surface of each composition was analyzed by EDX with circles
indicating the chosen area.
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Following the SEM/EDS analysis, the morphology and elemental compositions of the
prepared DP crystals are shown in Figure 8.

Considering the results of these preliminary studies, further studies are required to
clarify the effect and potential impact of x-AgVO3 addition on the antibacterial properties
of the prepared dental porcelain.

4. Conclusions

Silver-containing microcrystals have been extensively studied due to their excellent
properties, especially concerning biocompatibility relative to silver-containing nanoparti-
cles. In addition to the well-studied 3-AgVOj3, the x-AgVOj3 also demonstrates efficiency
for a range of pathogenic bacteria, making it an interesting antibacterial agent for biomed-
ical applications. In this study, nanostructured x-AgVO; was synthesized through a
precipitation reaction between AgNO3; and NH4VO3;. Further, different amounts of 1, 3,
and 5 wt.% x-AgVO3; were added to a new dental porcelain (DP) mass prepared from
natural raw materials, sintered at 1300 °C. The structural and morphological properties of
x-AgVOs3 and DP were investigated by XRPD, FTIR, and SEM/EDS. The results showed
the formation of x-AgVOs3; nanowires coated with metallic silver nanoparticles. It has been
found that the incorporation of x-AgVOj3 did not lead to a difference in the structural and
morphological properties of the prepared DP. Further studies are required to elucidate
the effectiveness of x-AgVOs as a candidate for potentially improving the antibacterial
properties of the ceramic dental material.
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