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Researchers and clinicians have directed most efforts towards rehabilitating partially or 

completely edentulous patients to provide them with functionality and self-esteem. The 

objective of this work was to create two distinct kinds of nano composites employing 

two different kinds of polycrystalline zirconia reinforcing materials. First strengthened 

using sol-gel-synthesized zinc oxide nanoparticles. Secondly, precipitated amorphous 

silica nanoparticles. To develop the composite material, (3 mol. Y2O3) was mixed with 

zirconia to stabilize it in the tetragonal phase with homogeneous distribution, The ZnO 

NPs and SiO2 NPs were then added in varied weight rates. To yield 3 mol.Y2O3-ZrO2-

ZnONPs and 3 mol.Y2O3-ZrO2-SiO2NPs nano composites samples of 10 mm diameter, 

uniaxial pressing was applied in a metal-die cylinder at a pressure of 5 tons. The obtained 

samples were then sintered in air in an electrically controlled furnace for 2 hrs at a 

temperature of 1400℃, while the heating and cooling rates were 5℃/min. Density, 

porosity, and Vickers micro hardness were used to evaluate the physical and mechanical 

properties of the obtained samples. XRD and FE-SEM were applied to analyze the 

produced samples. The results showed that there was an increase in micro hardness 

recorded for both reinforcement groups after applying zinc oxide NPs and silica NPs. 

Further improvement in densification can also be emphasized. Our study demonstrates 

that using nanotechnology to improve clinical performance represents a potential strategy 

and promising approach to enhance all-ceramic restorations. 
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1. INTRODUCTION

The field of science has recently paid close attention to 

studies on nanoparticles because of their size-dependently 

attractive properties at the nano scale [1, 2]. The design, 

evaluation, production, and use of materials, devices, and 

systems at the nano scale level (1–100 nm) constitute the 

cutting-edge fields of science known as nanotechnology [3]. 

Nanotechnology is an outstanding representation of new 

science, as it provides designed nanomaterials with the 

possibility to produce materials with much better effectiveness 

[4]. Nano dentistry is a new branch of dentistry that uses 

nanostructured materials for pain relief, the diagnosis, 

treatment, and prevention of oral and dental illnesses, as well 

as for maintaining and enhancing dental health [5]. The use of 

nanotechnology to manufacture dental materials with 

improved features and antibacterial properties is a 

revolutionary concept [6]. Nanostructures with medical and 

cosmetic applications in dental implants and maxillofacial 

surgery are also known to accelerate the healing process and 

enhance skeletal integrity. Medical nanomaterials are also 

used in the manufacture of toothpaste to reduce sensitivity. 

Despite the importance of medical Nano applications, there are 

some potential drawbacks to their use, such as the toxic 

properties of some Nano composites, such as carbon 

nanotubes, which have a toxic effect on cells, which can cause 

an increase in oxidative stress and gene-toxicity. In addition, 

the development of resistance to nanomaterial's as 

antimicrobial agents is a source of concern [7]. 

Dental products in the cavity of the mouth are subjected to 

exceptionally significant mechanical loading stresses, in 

addition to the complicated and constantly changing biological 

nature found in the oral media [8]. Ceramics are the most often 

utilized materials in the sector of restorative dentistry due to 

their aesthetically pleasing excellence and biocompatibility [9]. 

Ceramics fused to metal served as the preferred restorative 

material for tooth-and implant-supported fixed restorations in 

the past [10]. Then all-ceramic restorations were created as a 

result of efforts to enhance the aesthetic qualities of these 

materials, either by using a single monolithic block or a 

ceramic core and veneer. Feld spathic porcelain was the first 

to be developed, and while it has good aesthetic qualities due 

to the high amount of vitreous phase in its structure, it can 

occasionally be mechanically unreliable [11]. Industry has 

experienced a wide range of materials applied for ceramic 

restoration purposes; however, zirconia is mostly favorable 

[12, 13], mainly due to the high capacity of transformation 

toughening which assists in preventing cracks development 
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through the improvement of material capability of resisting 

localized fracture. It naturally occurs in three arrangements 

based on temperature; these are the monoclinic (at 25-1170℃), 

tetragonal (at 1170-2370℃), and cubic (at 2370℃-melting 

point) [14, 15]. At room temperature, Zirconia in t-form offers 

the best mechanical characteristics of the three forms, while 

stabilized oxides, for example, CaO, MgO, and Y2O3, are 

utilized to stabilize it in this form [12, 16]. According to 

several studies, Zirconia is more difficult to attach to tooth 

tissues than ceramic materials based on silica [17, 18]. This is 

because zirconia, unlike materials made of glass, has a 

polycrystalline structure that makes it very resistant to various 

surface treatments [19]. In addition, one primary problems 

with zirconia are that it is opacity and the unnatural white tint 

[20]. 

Recently, zinc oxide become a viable alternative and is 

frequently combined with other biomaterials to provide a 

variety of benefits, including corrosion resistance, 

cytocompatibility, and antimicrobial properties [21, 22]. ZnO 

possesses the most extensive family of nanostructures of any 

material, both in terms of structure and characteristics. 

Numerous ZnO nanostructures with various morphologies, 

including nano rods, nanotubes, and nano spheres, have been 

discovered [23]. Three different ZnO crystalline structures 

have been identified: "hexagonal wurtzite", "cubic zinc-

blende" and the infrequently seen "cubic rock-salt" structure. 

Under normal circumstances, the wurtzite structure has the 

highest thermodynamic stability. The zinc blend is meta-stable. 

Despite the fact that cubic rock-salt is often only stable at very 

high pressures (2 GPa) [24]. Furthermore, the second-biggest 

application of zinc oxide is in ceramic materials [25]. In an 

effort to limit the possibility of dental implants failing and 

enhance the osteointegration process, chemical adjustments 

have been performed on the surfaces of dental implants with 

antimicrobials (ZnO NPs). After 5 and 10 days of covering the 

implant outer layer surface using ZnO NPs, the underneath 

osteoblast cells exhibited increased "proliferation", They also 

had antibacterial effects against Staphylococcus aureus. These 

features are beneficial in promoting the growth of bone and 

preventing infection at the implant location [26]. It was 

discovered that ZnO NPs included in toothpaste caused 

dentinal tubule blockage. These can also be used as stabilizers 

in toothpaste because they not only prevent dentin from 

demineralizing but also have stronger antimicrobial effects 

[27]. 

According to studies, dentin treated with ZnO NPs has a 

higher capacity to cause dentinal tubule occlusion, making it a 

useful treatment for dentinal hypersensitivity [28]. Dentin 

treated with ZnO NPs had higher amounts of proteoglycans, 

which serve as bonding (adhesive) agents that exist between 

the hydroxyapatite crystals and the "collagen network", 

enhancing dentine-mineralization [29]. According to evidence, 

doping is an effective approach for enhancing the 

physicochemical characteristics of zinc oxide [30, 31]. Doping 

zinc oxide enhances stability toward dissolution and improves 

the surface area-to-volume ratio [32]. 

Similarly, industrial developments in certain areas, i.e. 

biomedicine [33, 34], fillers [35], catalyzers [36], and drug 

delivery systems [37], have led silica nanoparticles to be 

progressively demanded over the last decade. Silica, in general, 

can be found in two main groups, "crystalline silica" and 

"amorphous silica", the arrangement of their atoms is what 

distinguishes crystalline silica from amorphous silica [38]. 

Although both versions have the same chemical formula [39]. 

In terms of toxicity, crystalline silica NPs are more toxic than 

the amorphous type, because of the more pronounced rupture 

of organelle membranes and higher production of ROS [40]. 

Amorphous SiO2 is viewed as a very attractive possibility for 

gene carriers and imaging of molecules [41, 42]. 

In addition, silica nanoparticles have unique benefits, 

including a considerable surface area and biological 

compatibility [43], large cargo loading capacity, and 

adjustable pore size [44]. Besides, it has been employed in 

implants, catheters [45], and dietary supplements [46]. In 

particular, to our knowledge, no study has considered the 

incorporation of ZnO NPs with the 3Y-TZP system. Moreover, 

in order to rectify the problem of opacity and the unnatural 

white tint and produce highly aesthetic ceramic restoratives to 

match the surrounding natural teeth, besides overcoming the 

difficulty of zirconia attaching to tooth tissues, silica 

nanoparticles were introduced as reinforcement materials in 

polycrystalline zirconia. Therefore, in the current study, 3Y-

TZP-ZnONPs and 3Y-TZP-SiO2NPs are synthesized and 

analyzed in an effort to produce and enhance the activity of 

composite restorative materials without degrading their 

physical and mechanical properties, biocompatibility, or 

aesthetics. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

 

The primary material chosen to manufacture the specimens 

was a zirconium dioxide powder (99% purity), with a particle 

size of 80-100 μm, purchased from Shanghai Company, China. 

Yttrium dioxide purchased from Chem Supply, Australia, was 

employed as a stabilizing agent. Zinc acetate was purchased 

from Advent, Navi Mumbai, India. Sodium hydroxide 

(NaOH), obtained from BDH, England. Silicon dioxide nano 

powder (precipitated Silica) with high purity and particle size 

of 20-30nm was purchased from Hongwa international group, 

China. PVA (Mw: Approx. 115,000 Dalton) was purchased 

from Loba Chemicals Pvt. Ltd. Mumbai, India. The media and 

reagents for antibacterial applications were: Mueller-Hinton 

Agar medium, obtained from Accumix, Spain. Ethanol, 

obtained from Duksan, Korea. Deionized water, obtained from 

Pioneer Company, Korea. Nutrient broth, obtained from 

Oxoid, United Kingdom. Phosphate-buffered saline, obtained 

from OXOID (England). Crystal violet (CV) provided by 

Sigma Aldrich (USA). 

 

2.2 Preparation of zinc oxide nanoparticles via the Sol-Gel 

method 

 

 
 

Figure 1. Trial timeline for preparation of ZnO nanoparticles 
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The ZnO NPs were synthesized chemically using a liquid 

phase, as previously described [47]. Zinc acetate [Zn 

(CH3CO2)2.2H2O] was employed as an initial material, with 

sodium hydroxide [NaOH] as a solvent agent. Zinc acetate was 

dissolved in sodium hydroxide at a molar ratio of (1:85). 

Shortly after continuously stirring the resultant solution for 4 

hrs between 70 and 75℃, Whatman filter paper was then used 

for filtering. At the time of filtration, the solution was washed 

several times with ethanol to remove contaminants and 

impurities. The product that resulted was heated in an oven at 

90℃ for two hours before being ground. As shown in Figure 

1. 

 

2.3 Preparation of polyvinyl alcohol solution (The binder 

agent) 

 

For the preparation of a clear PVA solution, distilled water 

(100mL) was used to dissolve 3g of poly vinyl alcohol. The 

process lasted for 2 hrs in a magnetic stirrer. 

 

2.4 Preparation of (pure-Y2O3-ZrO2) nano composite 

specimen 

 

To stabilize the pure composite material in the tetragonal 

phase, zirconium dioxide was mixed with 3 mol. Y2O3 and the 

compact powder contained a binder of PVA (2% of the 

composite). Figure 2 shows a pure nano composite sample of 

10mm diameter. Uniaxial pressing was applied in a metal-die 

cylinder at a pressure of 5 tons. The obtained model was then 

sintered in the air in an electrically controlled furnace 

(Nabertherm, p310, Germany) for two hours at 1400℃, while 

the rates of heating and cooling were 5℃/minute. 

 

 
 

Figure 2. Digital image for synthesized samples  
Note: The pure sample is in the exact middle. Upper line samples with zinc 
oxide NPs at five different weight percentage concentrations. In the lower line, 

there are five different weight percentages of silicon dioxide NPs 

 

2.5 Preparation of (Y2O3-ZrO2-ZnO NPs) and (Y2O3-

ZrO2-SiO2 NPs) nano composite specimens 

 

In order to prepare the composite material, 3 mol. Y2O3 was 

mixed with zirconia to stable it in the tetragonal phase with 

homogenous distribution, where the compact powder 

contained a binder of PVA (2% of the composite), while the 

reinforcement was achieved using varied weight rates (0.5%, 

1%, 1.5%, 2%, and 2.5%) wt % of ZnO NPs and SiO2 NPs. To 

yield 3 mol.Y2O3-ZrO2-ZnO NPs, 3 mol.Y2O3-ZrO2-SiO2NPs, 

nanocomposites samples of 10mm diameter, uniaxial pressing 

was applied in a metal-die cylinder at a pressure of 5 tons, as 

shown in Figure 2. The obtained models were then sintered in 

the air in an electrically controlled furnace (Nabertherm-p310-

Germany) under the same expermental condition (2 hrs at 

1400℃), with the heating and cooling rate of 5℃/minute. For 

all samples, compositions of all specimens are shown in the 

Table 1. 

 

Table 1. The fundamental chemical composition of the bio-

ceramic materials utilized 

 
No. Specimen Code Basic Chemical Composition 

1 A (3) mol.Y2O3+ZrO2 

2 B1 (3) mol.Y2O3+ZrO2+0.5wt.%ZnONPs 

3 C1 (3) mol.Y2O3+ZrO2+1wt.%ZnONPs 

4 D1 (3) mol.Y2O3+ZrO2+1.5wt.%ZnONPs 

5 E1 (3) mol.Y2O3+ZrO2+2wt.%ZnONPs 

6 F1 (3) mol.Y2O3+ZrO2+2.5wt.%ZnONPs 

7 B2 (3) mol.Y2O3+ZrO2+0.5wt.%SiO2NPs 

8 C2 (3) mol.Y2O3+ZrO2+1wt.%SiO2NPs 

9 D2 (3) mol.Y2O3+ZrO2+1.5wt.%SiO2NPs 

10 E2 (3) mol.Y2O3+ZrO2+2wt.%SiO2NPs 

11 F2 (3) mol.Y2O3+ZrO2+2.5wt.%SiO2NPs 

 

2.6 The procedure of measurements bulk density, 

apparent porosity 

 

By applying the "Archimedes method" that utilizes distilled 

water, it is possible to determine the (B.D (g/cm3), A.P%) of a 

material in its solid state. Density can be calculated by dividing 

the solid’s mass in the air by its weight reduction (i.e. 

buoyancy), following its suspension in a liquid medium to 

achieve the targeted weight. Measurement was made 

according to the international standard method, as shown in 

Table 2, using the following formula as Eqs. (1) and (2), while 

a density-measuring device was (RADWAG, manufactured in 

Poland): 

 

1
.

3 2

w
B D L

w w
=

−
 (1) 

 

B.D: Specimen’s bulk density. 

ρL: Density of the liquid (for water equal to 1g/cm3). 

W1: Dry specimen’s weight. 

W2: Soaked, immersed specimen’s weight. 

W3: Saturated specimen’s weight. 

 

3 1
. % 100%

3 2

w w
A P

w w

−
= 

−
 (2) 

 

A.P: Specimen’s apparent porosity. 

 

Table 2. Standard specifications 

 
Specifications 

Standard 
Specimen's Dimensions Test Type 

ASTM C373-88 
Disc (10mm diameter) - 

(4mm thickness) 
Bulk density 

ASTM C373-88  
Disc (10mm diameter) -

(4mm thickness)  

Apparent 

porosity  

ASTM C1327-99 
Disc (10mm diameter) -

(4mm thickness) 
Hardness 
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Figure 3. (A) Vickers microhardness test; (B, C and D) Digital image of diamond indenter with a square base for (B) Pure-3Y-

TZP; (C) 3Y-TZP-ZnO NPs; (D) 3Y-TZP-SiO2NPs 

 

2.7 Vickers indentation test for hardness 

 

A Vickers indenter, which comprises a diamond pyramid, 

was used for hardness determination utilizing a digital micro 

Vickers hardness tester, manufactured in China. The hardness 

measurements were carried out at a constant load of 9.8 N 

applied for 15 seconds. The testing procedure was 

accomplished as specified by ASTM with the international 

standard method, as shown in Table 2. Samples were marked 

with three points, one at the center and the other two away in 

each direction around the central point. For each specimen, 

three measurements were made and the average was 

determined. The Vickers microhardness test was done using 

an optical microscope. Using a diamond indenter with a square 

base and a 136° included angle between the opposing faces, as 

shown in Figure 3. The indenter should be applied on a smooth 

flat surface. The Vickers hardness number (HVN) in GPa was 

calculated based on the equation shown below: 

 

1.854* / 2Hv p a=  (3) 

 

where, Hv: Vickers Micro Hardness (MPa); P: Indentation 

Load (N); a: Half The Indentation Diagonal (mm); 1.854: The 

Geometrical Constant Of The Diamond Pyramid. 

 

2.8 X-Ray diffraction analysis 

 

An XRD instrument (Panalytical Company, The 

Netherlands) was employed to verify the crystalline structures 

(crystal phase and crystalline size) of the prepared samples. 

The system was equipped with copper-kα radiation at a 

wavelength (λ) of 1.5405980 angstrom (Å) which is equal to 

0.15405980 (nm), produced at 40kV and 7.5mA emission 

current. This analysis made it possible to collect the 

information required to determine the crystal structure and 

phase information of the prepared samples Pure-3Y-TZP, 3Y-

TZP-ZnONPs and 3Y-TZP-SiO2NPs after the sintering 

procedure. 

 

2.9 Field-emission scanning electron microscopy analysis 

 

FE-SEM was utilized to determine the nanoparticle's size, 

shape, and surface morphology. SEM (INSPECT f 50-FEI, 

Field Electron and Ion Company, The Netherlands) was used 

to investigate the structure of the sintered, gold-coated samples 

Pure-3Y-TZP, 3Y-TZP-ZnONPs and 3Y-TZP-SiO2NPs. 

 

2.10 Antibacterial activity 

 

The potential for antibacterial activity of the manufactured 

samples, pure-3Y-TZP, 3Y-TZP-ZnONPs, and 3Y-TZP-

SiO2NPs, was investigated against Gram-positive 

Streptococcus mutans and Gram-negative Escherichia coli 

bacterial strains utilizing an agar well-diffusion assay [48]. 

Prior to the culturing procedure, about 20 ml of Muller-Hinton 

(MH) agar medium was aseptically poured into sterile Petri 

dishes. The bacterial species were gathered from their stock 

cultures utilizing a sterile wire loop [49]. Following cultivation 

of the organisms, wells with a diameter of 6mm were drilled 

into the agar plates using a sterile tip. Into the bored wells, 

various concentrations of the samples (3Y-TZP, 3Y-TZP-

ZnONPs, and 3Y-TZP-SiO2NPs) were used. Each (0.001g) of 

the synthesized samples was weighed just before they were 

utilized for the antibacterial activity study. 10mL of de-ionized 

water was used as a dissolving factor. The wells were loaded 

with 100µL of synthesized samples using a micro-pipette tool. 

The cultured plates comprising the samples (3Y-TZP, 3Y-

TZP-SiO2NPs (1.5 wt%), 3Y-TZP-SiO2NPs (2 wt%), 3Y-

TZP-ZnO NPs (1.5 wt%), 3Y-TZP-ZnO NPs (2 wt%)) and the 

test organisms were incubated overnight at 37℃ before 

recording and measuring the average diameter of the inhibition 

zones [50]. 

 

2.11 Anti-biofilm activity 

 

The biofilm inhibitory effects of 3Y-TZP, 3Y-TZP-

ZnONPs, and 3Y-TZP-SiO2NPs were determined using the 

microtiter plate (MtP) assay method [51]. Briefly, bacterial 

strains were grown in 96-well plates at concentration 1×106 

and then treated with 1mL of 3Y-TZP, 3Y-TZP-ZnONPs, and 

3Y-TZP-SiO2NPs (at 3.1, 6.25, 12.5, 25, 50, and 100 µg/ml 

concentrations) for 24 hrs. Following the stage of incubation, 

the medium was removed and the samples were washed with 

phosphate-buffered saline (pH 7.2). Set aside to air-dry; 

thereafter, the adhered S. Mutans and E. Coli were stained with 

crystal violet dye at a concentration of 0.1%. The excess dye 

was rinsed two times with distilled water and thoroughly dried. 

To quantify biofilm growth, 0.2ml of ethanol (95%) was added 

to the CV-stained wells and incubated with shaking for 2 hrs. 

Their optical density was determined at 595nm. 

 

2.12 Statistical analysis 

 

The data were analyzed statically using the Prisma program 
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Graph Pad. Data are presented as the mean standard deviation 

of three experiments. Indicate a statistically significant 

difference at p<0.05 [52]. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Characterization of zinc oxide nanoparticles 

 

The phase purity and crystal structure of the prepared pure 

ZnO were characterized using X-ray diffraction. Figure 4 

shows the XRD patterns obtained from a ZnO NPs powder 

created by a liquid phase process. The intensity measurements 

were calculated in the range of 10.0000 <-> 80.0000 deg and 

Step Size: 0.0400 deg. using a (voltage: 40.0 kV Current: 30.0 

mA) XRD diffract meter supplied with a Cu (1.54060 Å) 

source. The produced NPs diffraction peaks at angles of 2Ɵ = 

(31. 76°, 34. 42°, 36. 25°, 47. 53°, 56. 58°, 62.84°, and 67.94°) 

are reflections from the cubic lattices of the (100), (002), (101), 

(102), (110), (103), and (112) crystal planes, respectively. 

According to the peaks in the X-ray diffraction spectrum of the 

zinc oxide nanostructure shown in Figure 4, which correspond 

to JCPDS No. 00-036-14511, zinc oxide nano powder has a 

hexagonal wurtzite structure. 

 

 
 

Figure 4. X-ray diffraction of zinc oxide nanoparticles 

 

 
 

Figure 5. SEM images of zinc oxide nanoparticles 

 

In FE-SEM, the grain size is measured by the distances 

between the visible grain boundaries. Field Emission Scanning 

Electron Microscope (FE-SEM) of zinc oxide NPs prepared 

by a liquid phase process was displayed in Figure 5 provides 

topographical and elemental information. The FE-SEM 

analysis image was captured at different magnifications: 60 

0000x ,120 000x . The majority of the ZnO NPs are depicted 

in Figure 4 have a smooth surface, a spherical shape, and 

exhibiting particle aggregation and agglomeration. The sizes 

associated with the structures ranged from 51.05 nm to 89.85 

nm. Other studies [53] also observed results that were 

comparable. 

 

3.2 Physical properties of prepared nano composite 

specimens 

 

The density of the (3Y-TZP) matrix is impacted by the 

presence of zinc oxide NPs, resulting in higher densification 

and increasing bulk density. The bulk density percentage was 

shown to increase as the ZnO NPs concentration increased in 

specimens (D1, E1, and F1) and reached a maximum value in 

specimen (E1) due to increasing the densification process, 

resulting in an increase in density. The increase in density 

clearly indicates the inclusion of zinc oxide nanoparticles into 

the micro-grain size of ZrO2. Hence, the pores on the surface 

of the grains disappeared rather than increasing in size. Thus, 

reduced porosity and enhanced densification were the results 

of this phenomenon [54]. The densification process is regarded 

as the primary cause of increased mechanical characteristics. 

When the nanoparticle size is added, the bulk density increases 

due to the change in the structure of the specimens [55]. In 

Table 3 provides information on the bulk density, porosity of 

composite specimen's pure (3Y-TZP) and (3Y-TZP-ZnONPs) 

sintered at 1400℃ with varying weight percentages of zinc 

oxide nanoparticles. Figure 6 shows that adding 1.5 wt.%, 2 

wt.%, and 2.5 wt.% ZnO NPs to the (3Y-TZP) matrix exerts 

an effect on the density. 

 

Table 3. Measurement of the bulk density, apparent porosity 

 

No. 
Specimen 

Code 

Percentage of 

SiO2 Nano 

Fillers (%) 

Bulk Density 

(g/cm3) 

Apparent 

Porosity % 

1 A 0 5.05 4.395 

2 B2 0.5 4.773   4.35   
3 C2 1 5.162   1.183   

4 D2 1.5 5.043   0.787   

5 E2 2 5.2   1.344 

6 F2 2.5 4.832   1.86   

 

 
 

Figure 6. Results of bulk density values in response to 

adding different weight percentages of ZnO NPs 

 

As shown in Figure 7, The increase in apparent porosity in 

specimens (B1 and C1) can be attributed to the composite 

having a weak particle size distribution and poor filling of 

voids between micro-grains of ZrO2 and ZnO nanoparticles 

due to the relatively small amount of zinc oxide NPs that were 

introduced to the 3Y-TZP matrix.  

Furthermore, as the content of zinc oxide nanoparticles 

increased, the porosity percentage decreased in specimens (D1 

and E1) and reached minimum value in a specimen (E1) due 
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to denser structure development and better particle size 

distribution in the composite, which were achieved by adding 

more zinc oxide NPs, which also reduced the porosity. due to 

the filling of voids between micro grains of the (3Y-TZP) 

system. The FE-SEM pictures in Figure 8 for specimens (A) 

and (D1) show that the (3Y-TZP-ZnO NPs) composite was 

completely densified at 1400℃ due to the complete 

densification of the composite during sintering. 

 

 
 

Figure 7. Results of apparent porosity values in response to 

adding different weight percentages of ZnO NPs  

 

 
 

Figure 8. FE-SEM images (left panel; scale bar 500nm) for 

(Pure-3Y-TZP) without adding ZnO NPs and (right panel; 

scale bar 500nm) for (3Y-TZP-ZnO NPs) with 1.5wt.% ZnO 

NPs 

 

The case of (3Y-TZP-SiO2NPs) as new nano composite was 

submitted in Table 4 as bulk density, porosity data for Pure-

3Y-TZP, and 3Y-TZP-SiO2NPs composite specimens sintered 

at 1400℃ with various weight percentages of amorphous 

precipitated silica nanoparticles. The relation between bulk 

density and the used weight percentages of SiO2 NPs are 

demonstrated in Figure 9. We found that the addition of 1wt%, 

1.5wt%, and 2wt% nano-silica to the 3Y-TZP exerts an effect 

on the density, where the bulk density percentage was shown 

to increase as the SiO2NPs concentration increased in 

specimens (C2, D2, and E2), which reached a maximum value 

in specimen (E2) due to increasing the densification process, a 

result that was also reported by vast previous studies. The key 

factor increasing the mechanical properties has been 

determined to be the densification process. When 

nanoparticles are added, the specimen’s changed structural 

properties cause an increase in bulk density [56]. 

As shown in Figure 10, the apparent porosity was reduced 

as the percentage of nano silica additions increased for all 

specimens after sintering. This is due to denser structure 

development and reduced porosity of composite specimens, 

which was decreased to a minimum value in the specimen (D2) 

(0.787%). 

Table 4. Measurement of the bulk density, apparent porosity 

 

No. Code 
ZnO Nano 

Fillers (%) 

Bulk 

Density 

(g/cm3) 

Apparent 

Porosity % 

1 A 0 5.05 4.395 

2 B1 0.5 5.08 5.882 

3 C1 1 4.982 5.822 

4 D1 1.5 5.203 3.783 

5 E1 2 5.365 3.723 

6 F1 2.5 5.127 4.545 

 

 
 

Figure 9. Results of bulk density values in response to 

adding different weight percentages of SiO2NPs 

 

 
 

Figure 10. Results of apparent porosity values in response to 

adding different weight percentages of SiO2NPs 

 

Moreover, the addition of higher amounts of nano-silica has 

caused the particles to be better distributed in size. It has also 

led to a reduction in porosity as a function of the intra-micro 

grain voids belonging to the voids between 3Y-TZP systems 

being filled upon adding SiO2 at the nano-scale level. As 

sintering progresses, the porosity was decreased as density 

increased, due to particle convergence, which allows for full 

particle coalescence and causes the formation of the viscous 

flow required for densification [57]. 

Point in specimens (D1, E1, and F1) and reached a 

maximum value in the specimen (E1) due to increasing the 

densification process. These high hardness levels were also 

significantly impacted by a combination of increased density 

and decreased porosity. The addition of zinc oxide 

nanoparticles promotes the development of crystal phases, 

which results in a rise in the Vickers hardness of the 

manufactured Nano composites.  

 

3.3 Mechanical properties of prepared nano composite 

Specimens hardness by Vickers indentation 

 

A solid material's hardness can be interpreted as its 
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resistance to being penetrated by another harder material 

without damaging its surface. Table 5 shows the 

microhardness results for the samples sintered at 1400℃ for 2 

hrs with various weight percentages of ZnO NPs. From Figure 

11, it can be indicated that the hardness of the nanocomposites 

is enhanced with the increasing amount of ZnO NPs. There is 

a significant difference in the hardness value when zinc oxide 

NPs are added. As a result of the addition of zinc oxide NPs, 

Moreover, the effect of zinc oxide NPs on inhibiting and 

reducing cracks developing at the borders of the Vickers 

indentation is responsible for the increase in hardness. As a 

result of the addition of zinc oxide NPs, the hardness of the 

composites produced is more accurate, implying greater 

durability. The small amounts of zinc oxide nanoparticles e.g., 

1.5 wt% and 2 wt% may disperse i.e., permeate and generally 

diffuse faster in the matrix yttria-stabilized tetragonal zirconia 

polycrystalline during the sintering process at 1400°C than the 

larger amounts of zinc oxide nanoparticles for example, 2.5 

wt%. As we can see in specimen (F1) if we consider only the 

chemical interaction effect of ZnO nanoparticles, then a higher 

amount of ZnO nanoparticles would result in the opposite 

direction, i.e., a more glassy phase during the sintering process 

[58]. These results showed that ZnO NPs could increase the 

composites' hardness. The composites' densification increased 

dramatically when the ZnO NPs content rose from 0 to 2.5 

weight percent. Most likely, the presence of zinc oxide, which 

was involved in the development of the liquid phase and 

encouraged high densification, was the cause of the rise in 

densification [59]. 

 

Table 5. Measurement of Hardness by Vickers Indentation 

 
Sample Code Sample Description Hardness (MPa) 

A 3Y-TZP 1279.6 

B1 3Y-TZP-0.5wt.%ZnO NPs 1340 

C1 3Y-TZP-1wt.%ZnO NPs 1271.5 

D1 3Y-TZP-1.5wt.%ZnO NPs 1449 

E1 3Y-TZP-2wt.%ZnO NPs 1483.6 

F1 3Y-TZP-2.5wt.%ZnO NPs 1395.3 

B2 3Y-TZP - 0.5wt.%SiO2NPs 1550.6 

C2 3Y-TZP-1wt.%SiO2NPs 1367.3 

D2 3Y-TZP-1.5wt.%SiO2NPs 1511.6 

E2 3Y-TZP-2wt.%SiO2NPs 1381 

F2 3Y-TZP-2.5wt.%SiO2NPs 1686.6 

 

 
 

Figure 11. The effects of adding ZnO NPs in different 

weight rates on Vickers microhardness 

 

In the case of (3Y-TZP-SiO2NPs), Micro hardness data are 

represented in Table 5 and Figure 12. A noticeable rise in 

hardness was seen along with rising the weight of silica NPs. 

In zirconia-based composites, the incorporation of nano-size-

reinforced particles is principally responsible for the increase 

in average hardness. It is particularly important to note that 

both zirconium dioxide and silica nanoparticles are made from 

ceramic materials, which helps to avoid positional load 

limitations and deformations of the matrix throughout the 

hardness test. Also, the matrix and the reinforcement 

nanoparticles differ in their thermal expansion coefficient 

values, resulting in a more dense matrix, which causes it to 

harden [60, 61]. The hardness was at its highest point in 

specimens (B2, D2, F2) because, as soaking time increases, 

defects that degrade their mechanical properties are reduced 

during sintering, leading to full densification. 

 

 
 

Figure 12. The effects of adding SiO2 NPs in different 

weight rates on Vickers microhardness 

 

In addition, increased density and decreased porosity exert 

a substantial impact on these high hardness levels. 

Nevertheless, toughness does not necessarily improve in more 

hard surfaces, as it also profoundly impacted by factors like 

grain size and distribution, as also demonstrated in the present 

work. Also, an increase in residual surface stresses produced 

by the interaction of silica nanoparticles with the ceramic 

matrix substrate (3Y-TZP) might lead to higher hardness, 

because the reinforcement phase and ceramic substrate have 

different coefficients of thermal expansion [60]. Eventually, 

the silica NPs function as a barrier against opposing forces, 

limiting and restricting other particles' mobility as they pass 

through one another, as well as their orientation, which leads 

to a rise in hardness value. Overall, harder surfaces are 

indicators of higher resistance to the influences of wear and 

scratch. 

As presented in Figure 13, the surfaces morphology, which 

is generated due to the addition of nanomaterial. The surface 

morphology of the pure 3Y-TZP, as shown in Figure 13, was 

analyzed after undergoing 2 hrs of heat treatment at 1400℃. 

 

 
 

Figure 13. The FESEM analysis for the pure 3Y-TZP in 

different measuring scale 
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Besides, the addition of the 1.5wt% of (ZnO NPs) to the 3Y-

TZP prestented different surface morphology, such as 

sephercal nano particles, as shown in Figure 14. 

 

 
 

Figure 14. The surface morphology of the 3Y-TZP-ZnONP 

(1.5wt% of (ZnO NPs) 

 

Finally, the surface morphology of the prepared nano 

composite (3Y-TZP-SiO2NPs) specimen, 1.5wt% of 

(SiO2NPs) was presented in Figure 15 and the deference was 

very clear. 

Figure 15 demonstrate that the (3Y-TZP-SiO2NPs) 

composite was entirely densities at 1400℃ as a result of 

complete densification of the composite during sintering. 

 

 
 

Figure 15. The surface morphology of the for the prepared 

(3Y-TZP-SiO2NPs) nanocomposites specimen, 1.5wt% of 

(SiO2NPs) 

 

The reduction in particle size affects a materials mechanical 

characteristics. It is well understood that lowering the size of 

grains to the nano scale or forming a nano composite improves 

the strength of ceramic materials. As a result, when a finer 

grain size of ZnO is introduced, the hardness of the compacted 

nano powder composite increases. Because of the reduction in 

flaws that impair their mechanical characteristics during 

sintering and the manifestation of full densification, as well as 

the distribution and size of the grain sizes for the matrix and 

reinforcement phases. 

 

3.4 Structural characterization of prepared nano 

composite specimens, XRD analysis for pure-3Y-TZP, 3Y-

TZP-ZnO NPs 

 

Figure 16 shows that the main and only phase formed is 

tetragonal zirconia (t-ZrO2). The structural characterization of 

pure (3YTZP) after sintering at 1400℃ indicates the XRD 

patterns of the tetragonal ZrO2 crystal phase as compared to 

JCPDS File No. 79-1771 and ICDD 042-1164. Hence, seven 

significant peaks of t-ZrO2 were observed. Figure 16 shows 

the XRD pattern of zirconia, indicating the peaks at 

2Ɵ=31.25°, 36.01°, 51.17°, 60.57°, 63.58°, 74.66°, 82.78° that 

correspond to (300), (110), (112), (211), (202), (220), and (301) 

planes, respectively, indicating that the tetragonal phase is 

prevalent. In the case of (3Y-TZP-ZnONPs), as shown in 

Figure 17, the XRD pattern at an angle 2Ɵ, exerts twelve peaks 

at 2Ɵ(31.36°, 36.14°, 36.17°, 51.36°, 51.78°, 60.39°, 60.78°, 

63.70°, 63.88°, 74.79°, 82.63°, 82.89°), that correspond to 

(300), (110), (101), (112), (311), (211), (222), (202), (103), 

(220), (301), and (104) planes. 

 

 
 

Figure 16. The X-ray diffraction pattern for prepared 

(Pure3Y-TZP) nano composites specimen 

 

 
 

Figure 17. XRD for (3Y-TZP-ZnO NPs) nano composites 

specimen 1.5 wt% of (ZnO NPs) 

 

Moreover, it was demonstrated that the absence of the 

monoclinic phase and the vast majority of the peaks matched 

the (t-ZrO2) phase. This was anticipated given that the nano 

powders employed had been stabilized in the tetragonal phase 

with the 3mol. yttrium oxide. Furthermore, five new peaks 

appear after the inclusion of zinc oxide NPs in the matrix of 

ZrO2 stabilized with yttrium oxide. The revels of these five 

peaks were detected in Figure 17, at 2Ɵ=36.17°, 51.78°, 

60.78°, 63.88°, 82.89°. Corresponded to planes (101), (311), 

(222), (103) and (104), respectively. Also, according to Figure 

18, the inclusion of ZnO NPs significantly affected the 

stabilization of zirconia polymorphs, where zinc oxide 

nanoparticles play a crucial role in inhibiting the monoclinic 

structure of ZrO2 and stabilizing the tetragonal phase of ZrO2. 

Moreover, all the tetragonal zirconia (t-ZrO2) that contained 

zinc oxide nanoparticles exhibited strong and sharp peaks. and 

agreed with the characteristic peaks of hexagonal (wurtzite) 

crystalline structure as compared to the JCPDS, File No. 00-

036-14511. 

 

3.5 XRD analysis for pure-3Y-TZP, 3Y-TZP-SiO2NPs 

 

As we mentioned before, the structural analysis of pure 

(3YTZP), as seen in Figure 16, after sintering at (1400℃), 
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reveals that tetragonal zirconia (t-ZrO2) is the only phase that 

forms. (JCPDS 79-1771) and (ICDD 042-1164) were used 

respectively to identify tetragonal zirconia (t-ZrO2), and seven 

significant peaks of t-ZrO2 were seen. The XRD pattern of 

(3YTZP) is shown in Figure 16, with the peaks at 2Ɵ = (31.25°, 

36.01°, 51.17°, 60.57°, 63.58°, 74.66°, 82.78°), corresponding 

to (300), (110), (112), (211), (202), (220), and (301) planes, 

which indicate that the tetragonal phase is predominant. 

 

 
 

Figure 18. X-ray diffraction pattern for the prepared 

(3Y-TZP - SiO2NPs) 1.5wt% of (SiO2NPs) 

 

In the case of (3Y-TZP-SiO2NPs), Figure 18 shows the 

XRD pattern at an angle 2Ɵ, exerting ten peaks at 28.20°, 

31.32°, 36.02°, 51.34°, 54.49°, 60.61°, 60.80°, 63.74°, 74.75°, 

82.48°, corresponding to the (111), (300), (110), (112), (003), 

(103), (211), (202), (220), and (301) planes, respectively. As a 

result, the main phase formed is tetragonal zirconia (t-ZrO2). 

On the other hand, Figure 18 shows the three new peaks that 

appeared after adding silica nanoparticles, located at angles 

(28.20°), (54.49°), (60.61°) and corresponding to (111), (003), 

and (103) planes. The high peak centered at (60.61°) (103) is 

characteristic of the tetragonal crystalline phase, according to 

the tetragonal zirconia PDF Card No. 00-002-0733, whereas 

those small peaks at (28.20°) (111) and (54.49°) (003) are 

characteristic of the monoclinic phase, according to the JCPDS 

37-1484 card. The results presented here point to a mixture of 

majority tetragonal and minority monoclinic crystal phases, 

which is typical of zirconia materials after similar-temperature 

sintering. This was expected given that the powders employed 

had been stabilized in the tetragonal phase with 3% yttrium 

oxide. Furthermore, it can be noticed the presence of silica 

nanoparticles at 2 Ɵ = 22°, according to the PDF Card No. (00-

001-0424). 

Besides, the two tiny peaks at (28.20°) (111) and (54.49°) 

(003) are indicative of the monoclinic phase, and the peak 

(36.02°) (110) of the tetragonal crystalline phase is associated 

with the development of (Zirconium silicate) ZrSiO4 

according to the PDF Card No. 00-001-0679. As can be seen 

in Figure 18. 

 

3.6 FE-SEM analysis for pure-3Y-TZP, 3Y-TZP-ZnO NPs 

 

Several FE-SEM images of pure ZrO2-Y2O3 and ZrO2-

Y2O3-ZnONPs were compared to assess the influence of zinc 

oxide nanoparticle concentration on specimen surface 

morphology. The FE-SEM was utilized to evaluate the 

homogeneity, size, and surface morphology of nanoparticles. 

The method allows for the acquisition of information about the 

NPs' size and shape. Data for the (pure-3Y-TZP) and (3Y-

TZP-ZnO NPs) composite specimens sintered at 1400℃ for 

two hrs are shown in Figure 19. According to FE-SEM 

analysis of ZrO2-Y2O3-ZnONPs, the inclusion of zinc oxide 

considerably changed the grain size of the composite. The 

sintering temperature has a significant effect on particle size. 

The higher temperature enhanced the nano scale and provided 

more effective zinc nanoparticles before the sintering process.  

 

 
 

Figure 19. FE-SEM pictures (left panels; scale bars 500nm, 

1µm, and 3µm) for pure 3Y-TZP along with particle size 

determinations (right panels; scale bars 500nm, 1µm, and 

3µm) for 3Y-TZP-ZnONPs 

 

This could be attributed to all the ceramic oxides employed 

in the composite being refractory ceramic materials (inorganic 

compounds), where ZrO2-Y2O3 plays an important role and a 

quick-acting factor in reducing and inhibiting the grain size of 

ZnO nanoparticles. Not to mention, zinc oxide is a refractory 

metal oxide with an extremely high melting point temperature 

of 1975℃ [62]. Moreover, the higher temperature promoted 

the nano size and supplied more effective Zn atoms. On the 

other hand, the oxygen atoms of the zinc oxide compound that 

are located on the crystal lattice are in an unstable vibrational 

motion; these oxygen atoms are easier to desorb at higher 

temperatures, whereas Zr atoms are easier to capture the active 

oxygen atoms during the sintering process. In summary, there 

is a random rearrangement of particles in vibrating 
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superposition as a result of extremely high temperatures. The 

majority of the ZnO NPs are depicted in Figure 19 as having a 

smooth surface, a spherical shape, and exhibiting particle 

aggregation and agglomeration. 

 

3.7 FE-SEM analysis for pure-3Y-TZP, 3Y-TZP-SiO2NPs 

 

To investigate the influence of silica concentration on 

specimen surface morphologies, we contrasted FE-SEM 

images of both the pure ZrO2-Y2O3 and chemically modified 

ZrO2-Y2O3-SiO2NPs are presented. The FE-SEM was utilized 

to assess the size, surface shape, and uniformity of NPs. This 

technique enabled us to have information about the NPs 

morphology and size. Figure 20 shows data for (Pure-3Y-TZP) 

and (3Y-TZP-SiO2NPs) composite specimens sintered at 

1400℃ for 2 hrs. 

 

 
 

Figure 20. (a) The FE-SEM analysis pictures (left panel; 

scale bar 1 micrometer) along with particle size 

determination (right panel; scale bar 500 nanometer) for the 

prepared pure-3Y-TZP nanocomposites specimen 

 

 
 

Figure 20. (b) The FE-SEM analysis pictures (left panel; 

scale bar 500 nanometer) along with particle size 

determinations (right panel; scale bar 1 micrometer) for the 

prepared 3Y-TZP-SiO2 NPs nanocomposites specimen, 

1.5wt% of (SiO2 NPs) 

 

According to Figure 20(a) of pure-3Y-TZP, the darker 

zones indicate porosity near grain boundaries of ZrO2 grains 

and the brighter parts represent zirconia stabilized with 3 mole 

yttrium oxide. On the contrary, as shown in Figure 20(b),3Y-

TZP-SiO2NPs, the silica nanoparticles are dispersed uniformly 

across the ceramic structure and act as a binder material that 

flows between the zirconia grains to tighten, denser, and 

reduce the porosity. Furthermore, silica nanoparticles led to 

the forming of a "glassy phase" within the tetragonal 

polycrystalline ZrO2. The filler produced denser nanoparticles 

that dispersed properly among the ZrO2 matrix. Eventually, 

silica nanoparticles reduce free volume and strengthen the 

connection within the matrix. In this situation, the mechanical 

qualities were improved. To sum it up, Figure 20(b) 

demonstrates that the 3Y-TZP-SiO2NPs was entirely densified 

at 1400℃ as a result of the complete densification of the 

composite during sintering. 

 

3.8 Antibacterial activity 

 

The antibacterial activity results of 3Y-TZP, 3Y-TZP-

ZnONPs, and 3Y-TZP-SiO2NPs against two highly prevalent 

oral bacteria using agar well diffusion method shown in Table 

6 and Figure 21 indicated that the 3Y-TZP-ZnONPs, and 3Y-

TZP-SiO2NPs showed inhibiting activities against Gram (+) S. 

mutans and Gram (−) E.coli bacterial strains. These findings 

demonstrated the increased effects of 3Y-TZP on all tested 

bacteria after reinforcement with ZnO NPs and SiO2NPs. In 

addition, 3Y-TZP-ZnONPs, and 3Y-TZP-SiO2NPs inhibited 

both Gram-positive and Gram-negative isolates in the current 

investigation while 3Y-TZP did not reveal any antibacterial 

activity towards any of the bacterial strains. The synthesized 

3Y-TZP-ZnONPs had the greatest effect on the growth of S. 

mutans bacteria. The findings of evaluating the effect of zinc 

oxide nanoparticles demonstrated that they have a much 

stronger inhibitory effect than, silica nanoparticles against S. 

mutans. This may possibly be because S. mutans is more 

resistant to the SiO2NPs employed in this work than E. coli. 

Furthermore, the high efficacy of nanoparticles made of zinc 

oxide (ZnO), as seen in Figure 21, is due to their tiny size and 

high surface area, and this enables them to interact with the 

DNA of bacterial cells, which is another possible explanation. 

Whereas the antibacterial activity against E.coli in both 

synthesized composites 3Y-TZP-ZnONPs and 3Y-TZP-

SiO2NPs were proved by the increased diameter of the 

inhibition zones, as shown in Figure 21b. Furthermore, the 3Y-

TZP-SiO2NPs showed higher antibacterial activity against 

Gram-negative bacteria than against Gram-positive bacteria. 

This is due to variations in the molecular composition of the 

'cell walls' of these strains of bacteria. The Gram-negative 

bacteria have a layer of lipopolysaccharides (LPS) on the 

outside, with a thin (single-layered) of peptidoglycan 

underneath. Although (LPS) consist of covalently linked lipids 

and polysaccharides, they lack rigidity and strength. The 

negative charges of the lipopolysaccharides (LPS) barrier are 

attracted to the positive charges available on the nanoparticles. 

In contrast, the cell walls of Gram-positive bacteria consist 

primarily of a thick peptidoglycan (multilayered) composed of 

linear polysaccharide chains cross-linked by short peptides 

into a three-dimensional rigid structure. Due to the stiffness, 

less elastic and the expanded networking, the cell walls not 

only have fewer anchoring points for the NPs but also make 

their penetration more difficult [62]. For instance, the 

distinctive mechanisms of nanoparticles can be presented as 

follows: 

The first mechanism, the direct interaction and contact of 

NPs with the bacterial cell wall causes the breakdown of this 

wall. When zinc nanoparticles attach to the cell outer 

membrane and release antibacterial ions, particularly dual-

charged e.g. Zn+2 ions, the cell membrane becomes more 

permeable, which breaks down the cell wall and results in cell 

death. The mechanism behind the activities of NPs ions in 

suppressing microorganisms is that the positive charge on the 

NPs ions is essential to the substance's antibacterial potency 

because negatively charged microbe cell membranes 

electrostatically attract positively charged nanoparticles [63, 

64]. 
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The second mechanism, the mechanism of action of zinc 

oxide as an antibacterial agent depends on the generation of 

hydrogen peroxide [65]. It is hypothesized that after NPs enter 

the bacterial cell, they deactivate a few enzymes essential for 

the organism's metabolic activity, producing hydrogen 

peroxide (H2O2). This is due to the existence of nanoparticles 

that affect S. mutans and E. coli, this leads to the annihilation 

of cell components that include proteins, lipids, and DNA 

which inhibit bacterial growth and ultimately encourage the 

death of the bacteria. 

The third mechanism, the generation of reactive oxygen 

species (ROS) [66], is responsible for the rise in antibacterial 

activity with increasing dopant concentration. 

 The effectiveness of antibacterial against the fixed 3Y-TZP 

steadily increased as the NPs concentration rose. Furthermore, 

nanoparticles enhance the generation of (ROS), which leads to 

the destruction of bacterial cells. These raised ROS have a 

variety of impacts on bacteria, including lipid peroxidation. 

This lipid peroxidation compromises the integrity of the 

bacteria membrane. A lot of membrane leakage develops as a 

result. Additionally, as the concentration of nanoparticles rises, 

bacterial mortality is caused by the disintegration of the cell 

wall [67, 68]. 

 

Table 6. Antibacterial activity of 3Y-TZP, 3Y-TZP-ZnONPs, 

and 3Y-TZP-SiO2NPs 

 
Antibacterial Analysis (Zone of Inhibition) 

Sample A B C D E F 

S. mutans 6 6 7 10 12 18 

E. coli 6 6 19 22 24 26 

 

 
(a) 

 
(b) 

 

Figure 21. Antibacterial activity of (Tested materials) against 

(a) S. mutans.; (b) E. coli.  
Note: A, control; B, 3Y-TZP; C, 3Y-TZP-SiO2NPs (1.5wt%); D, 3Y-TZP-
SiO2NPs (2wt%); E, 3Y-TZP-ZnONPs (1.5wt%); F, 3Y-TZP-ZnONPs(2wt%) 

 

3.9 Effect of prepared nanocomposites on bacterial biofilm 

by microtiter plate method 

 

At the beginning of any infection, the formation of biofilms 

is a crucial stage. The formation of microbial biofilms is 

considered a central virulence factor in localized chronic 

infections and a major threat to infections [69]. Tooth 

extraction may occasionally be required because infections 

caused by bacteria are a significant cause of dental implant 

rejection and require intensive treatment [70]. Moreover, 

bacterial colonization and biofilm formation happen minutes 

after the implantation process [71]. Additionally, peri-

implantitis is a common condition that is one of the primary 

reasons for implant loss. Biofilms building up in the tissue 

surrounding the implant are the cause of peri-implantitis, 

which results in inflammation of the peri-implant mucosa and 

the gradual degeneration of surrounding tissue [72]. 

By monitoring the crystal violet (CV) formula's bindings to 

adherent cells, the effects of 3Y-TZP, 3Y-TZP-ZnONPs, and 

3Y-TZP-SiO2NPs on biofilm formations were examined in a 

lab setting. This directly represented the formulations' 

efficaciousness in inhibiting biofilm formation. The outcome 

of the 0.1% crystal violet staining assay revealed that all the 

tested bacteria were capable of creating biofilm, and the 3Y-

TZP-based nanocomposites prevented biofilm formation. 

When treated with various concentrations of 3Y-TZP, 3Y-

TZP-ZnONPs, and 3Y-TZP-SiO2NPs, it was obvious that the 

nanocomposites simply eliminated the biofilm. Based on the 

findings, the most potent inhibitory impact was achieved for 

3Y-TZP-ZnONPs nanocomposites. 

The untreated control wells were noticed to contain an 

extremely dense biofilm, while the treated wells failed to 

produce a biofilm. Figures 22 and 23 summarize the results for 

E. Coli and S. Mutans treated with 3Y-TZP and their various 

nanocomposites at various concentrations. Within 24 hrs of the 

incubation period, Figure 22a demonstrate that the E. Coli 

cells attached to the untreated well surfaces and produced 

biofilm. The creation of these biofilms was reduced in the 

wells treated with 3Y-TZP, 3Y-TZP-ZnONPs, and 3Y-TZP-

SiO2NPs at different concentrations. Therefore, the 3Y-TZP 

and their different nanocomposites limit biofilm formation 

after the initial surface adhesion and maintain the restricted 

formation of biofilm. The capacity of 3Y-TZP, 3Y-TZP-

ZnONPs, and 3Y-TZP-SiO2NPs to eliminate the biofilm 

developed over 24 hrs by the S. Mutans strain was also 

evaluated via a visual contrast between the wells treated with 

3Y-TZP, 3Y-TZP-ZnONPs, and 3Y-TZP-SiO2NPs and those 

of the negative control (untreated wells). A noticeable drop in 

the color intensity of crystal violet was detected in wells 

treated with 3Y-TZP and their different nanocomposites at 

different concentrations, exhibiting good anti-biofilm efficacy 

towards the biofilm produced by the S. Mutans strain (Figure 

23a). 

 

 

 
 

Figure 22a. Biofilm formation in EscherichiaColi 
(1, ZrO2 Pure. 2, ZrO2+ ZnO NPs (2). 3, ZrO2+SiO2 NPs (2) reduces) 
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Figure 22b. Biofilm formation in EscherichiaColi 
(1, ZrO2 Pure. 2, ZrO2+ ZnO NPs (2). 3, ZrO2+SiO2 NPs (2) reduces.) 

 

 

 
 

Figure 23a. Biofilm formation in Streptococcus 
(1, ZrO2 Pure. 2, ZrO2+ ZnO NPs (2). 3, ZrO2+SiO2 NPs (2) reduces.) 

 

 
 

Figure 23b. Biofilm formation in Streptococcus Mutans 
(1, ZrO2 Pure. 2, ZrO2+ZnO NPs (2). 3, ZrO2+SiO2 NPs (2) reduces.) 

 

To explain these effects, several theories have been 

proposed:  

(i) These reductions were likely caused by the generation of 

ROS, which led to the rupture of the bacterial cells [72].  

(ii) The nanoparticles eliminate the creation of biofilm 

through their direct interaction with the bacterial cell wall, 

causing the breakdown of this wall and hindering the growth 

of biofilms [62, 63]. 

 

 

4. CONCLUSIONS 

 

The following conclusions can be drawn from the study's 

results: 

(1) A mixture of zirconium oxide microcrystals stabilized 

with the addition of 3 mol. of yttrium oxide and reinforcement 

with Zinc oxide and Silica Nanoparticles was found to exhibit 

excellent properties. In addition to the outstanding physical 

and mechanical properties. 

(2) X-ray diffraction analysis of the sintered specimens 

revealed that the absence of the monoclinic phase and the vast 

majority of the peaks matched the (t-ZrO2) phase. Also the 

inclusion of ZnO NPs significantly affected the stabilization 

of zirconia polymorphs, where zinc oxide nanoparticles play a 

crucial role in inhibiting the monoclinic structure of ZrO2 and 

stabilizing the tetragonal phase of ZrO2. Also, XRD results 

showed a mixture of majority (tetragonal) and minority 

(monoclinic, with just two tiny, barely noticeable peaks), 

which is typical of zirconia materials after similar-temperature 

sintering. 

(3) In FE-SEM analysis, the sintering temperature has a 

significant effect on particle size of ZnO NPs. And the 

majority of the ZnO NPs are depicted as having a smooth 

surface, a spherical shape. The silica Nanoparticles are 

dispersed uniformly across the ceramic structure and act as a 

binder material that flows between the zirconia grains. 

Furthermore, silica nanoparticles led to the forming of a 

"glassy phase" within the tetragonal polycrystalline ZrO2. And 

dispersed properly among the ZrO2 matrix. 

(4) The translucent quality of the prepared composites is a 

good match for the surrounding tissues within the oral cavity, 

and has a very high aesthetic appearance. Except for the ones 

containing 2.5wt% SiO2 NPs, which indicated a slightly 

decreased translucency and an increased opacity. 
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NOMENCLATURE 

 

NPs Nanoparticles 

3Y TZP-3mol% yttria-stabilized tetragonal zirconia 

poly crystal. 

XRD X-Ray-Diffraction 

FE-SEM Field-emission scanning electron microscopy 

ROS reactive oxygen species 

PVA Poly vinyl alcohol 

CV Crystal violet stain 

LPS lipopolysaccharides 
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