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ABSTRACT

e Ag-PTFE  nanocomposite coating  was
successfully prepared.

o The Ag-PTFE coating layer was characterized
in detail.

e The coated stainless-steel wire changed from
hydrophilic to hydrophobic.

e Microbial growth was strongly inhibited on
the coated stainless-steel wire.
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This study investigates the effect of Ag—PTFE nanocomposite coatings, prepared
by radio frequency (RF) sputtering, on the surface and antimicrobial properties of
orthodontic stainless steel archwires (SSW). The novelty lies in combining silver
(Ag) and polytetrafluoroethylene (PTFE) nanoparticles into one coating, which
has not been widely applied to orthodontics. The motivation is the need to reduce
microbial adhesion and biofilm on archwires, which contribute to enamel
demineralization, gingival disease, and infections. The problem addressed is the
lack of coatings that can simultaneously provide enhanced surface properties,
facilitate controlled silver ion release, and deliver durable antibacterial
performance. Unlike literature that mainly studied Ag or polymer coatings
separately, this work fills the gap by varying Ag and PTFE weight percentages and
assessing their combined effects on wettability, roughness, ion release, and
antimicrobial activity. Austenitic 316L stainless steel archwires (0.4 mm in
diameter and 160 mm in length) were coated using Ag and PTFE nanopowders
(30 nm). The coated SSW was characterized using field emission scanning
electron microscopy (FESEM), X-ray diffraction (XRD), and contact angle
measurements, while silver ion release was analyzed by atomic absorption
spectroscopy. Antimicrobial efficacy was tested against Streptococcus mutans and
Staphylococcus aureus. The results showed uniform coatings with distinct
hydrophobic behavior and antibacterial activity. Increasing Ag content enhanced
silver ion release and inhibition zones, while higher PTFE content increased
hydrophobicity, reducing bacterial adhesion. These findings highlight Ag—PTFE
coatings as a synergistic strategy to improve surface properties and suppress
microbial colonization, suggesting potential benefits in preventing caries and
periodontal complications.

1. Introduction

Fixed appliances are recognized for their role in promoting the accumulation and retention of plaque. Individuals undergoing
orthodontic treatment who exhibit inadequate oral hygiene are likely to present with saliva that has a higher acidity level. As a
result, these patients may experience an increased release of nickel ions, which can trigger allergic reactions [1]. White spot
lesions or carious demineralization often occur as unintended consequences of orthodontic treatment. Numerous studies have
found that orthodontic procedures can significantly elevate the chance of white spot lesions formation [2,3]. Findings from
various studies indicate that white spot lesions can advance swiftly during the initial weeks of orthodontic treatment [4].
Furthermore, the occurrence of demineralization surrounding fixed orthodontic appliances exceeds the usual rate of carious
lesion formation, as demonstrated by the initiation of enamel demineralization predominantly occurring within the initial six
months of commencing orthodontic treatment. The occurrence could reach up to 46% within a year following the bonding of

fixed appliances [5].
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Moreover, the expansion of the oral microbial community, along with notable changes in subgingival microbiomes and an
elevated level of bacterial resistance linked to fixed appliance intervention, increased the occurrence of localized gingivitis/mild
periodontitis [6]. From the initiation of orthodontic treatment, it is widely acknowledged that maintaining excellent oral hygiene
serves as a crucial preventive strategy that aids in the health and recovery of patients' gingival and periodontal tissues after
treatment. Furthermore, the prevention of lesions and cavities can be achieved through the removal of bacterial plaques utilizing
mechanical techniques, mouth rinses, and fluoride treatments [7]. Nonetheless, patient adherence is essential for the effectiveness
of this preventive approach [8]. The installation of a fixed orthodontic appliance often leads to a notable deterioration in oral
health and hygiene among patients. This decline is generally linked to the discomfort experienced during the adjustment of teeth
to their new positions, as well as the challenges in maintaining proper oral hygiene due to the presence of various irregular
surfaces. Consequently, multiple approaches have been developed to enhance implant surfaces with antibacterial properties,
aiming to inhibit or slow bacterial contamination [10,11].

Silver (Ag)-based coatings have generated significant attention due to the broad-spectrum antibacterial properties of silver
and its minimal risk of fostering bacterial resistance [12,13]. Silver nanoparticles (Ag NPs) have been utilized in dentistry to
develop antimicrobial compounds, aiming to enhance the quality of dental products and improve treatment outcomes [14]. These
materials can be incorporated into various dental care products, such as titanium coatings for dental implants, gingival
membranes for aided tissue regeneration, orthodontic adhesives, and composite and acrylic resins for direct restoration [15,16].

Due to its extensive specific surface area, Ag NPs exhibited notable inhibitory and antimicrobial effectiveness against a
broad range of pathogens, including bacteria, fungal species, and viruses, while preventing the emergence of microbial resistance.
Furthermore, it has been demonstrated that silver ions (Ag") can effectively impede the formation of biofilms [17]. Surface
proteins represent the most sensitive sites to Ag®, and any modifications to these proteins lead to bacterial disruption through
significant structural and metabolic damage. The release of Ag* can influence the permeability of membranes, leading to the
release of cytoplasm and possibly resulting in cell death [18]. The antibacterial properties of Ag NPs are coupled with the
protective and durable properties of polytetrafluoroethylene (PTFE) to create a powerful combination. The PTFE enhances the
stability and longevity of Ag NPs, preventing them from leaching or agglomerating. PTFE demonstrates remarkable chemical
stability, is non-toxic to humans, and shows high resistance to both heat and chemicals. It also exhibits outstanding hydrophobic
characteristics, along with superior anti-sticking properties, and possesses an exceptionally low coefficient of friction.
Consequently, PTFE finds extensive application in the medical field and is particularly well-suited for orthodontic devices, such
as wires [19-21].

Among the techniques employed for creating metal-polymer nanocomposites, radiofrequency magnetron sputtering (RF)
has emerged as a prevalent method for thin film deposition (from a few nanometers to several micrometers, depending on the
operational parameters such as deposition time, beam energy, etc.), utilizing solid targets as the starting material. The physical
processes involved in removing atoms from organic and inorganic targets and subsequently depositing them onto a substrate.
This process has numerous advantages over other processes, including a rapid deposition rate, outstanding uniformity across
relatively large surfaces, and remarkable conformality over substrates with varying topographies [22,23]. This study presents the
advancement of antimicrobial (Ag—PTFE) nanocomposite thin films produced through RF sputtering techniques. This study
details the morphological and compositional characteristics of Ag—PTFE nanocomposite biomaterial produced through this
method. The innovative application of nanoparticles, specifically the combination of PTFE with Ag, represents a significant
advancement in coating archwires.

2. Materials and methods

2.1 Materials
The main raw materials used in this study are shown in Table 1.

Table 1: Description of the main materials utilized in this study

NO. Material Specifications
1 316L stainless steel upper Diameter: 0.4 mm
archwires (SSW) Length: 160 mm
Company: Dentaurum, Germany.
2 Silver nano powder (Ag) Size: 30 nm

Purity: > 99.95 %
Density: 0.5 g/cm?
Company: Yujiang Chemical, China.
3 Polytetrafluoroethylene nano Size: 30 nm
powder (PTFE) Purity: > 99.95 %
Density: 2.2 g/cm?
Company: Yujiang Chemical, China.

2.2 Methods

2.2.1 Archwires preparation for RF sputtering process

SSW were ultrasonically cleaned in ethanol and then in distilled water for 10 minutes each. Archwires were then dried in a
drying furnace (HQHAOTWU, China) at 50 °C for 10 minutes and sterilized using an ultraviolet (UV) light cabinet (Analytic,
Germany) for 30 minutes to remove accumulated contaminants (Figure 1).
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Figure 1: Procedures for archwires preparation

2.2.2 Target Preparation for RF sputtering process

The RF targets were made from three different weight percentages (wt.%) of Ag and PTFE nano powders, as illustrated in
Table 2. These percentages were mixed in a tank mixer (MTI, USA) for 2 hours at 100 rpm and then pressed in a mold under
500 MPa pressure and held for 5 minutes by using a hydraulic press (Mega, PRDE (30T/50T), Spain) to produce a compact with
dimensions of 50 mm diameter and 4 mm thickness.

Table 2: Different weight percentages of RF target

Group Symbol Ag Powder (wt. %) PTFE Powder (wt. %)
A 80 20
B 70 30
C 60 40

2.2.3 RF sputtering process

The three different RF targets (A, B, and C) were mounted one by one on the cathode, and the SSWs were placed on the
anode, with their sides facing the target holder using an RF sputtering system (Barez Afarin Industry, Iran). The RF chamber
was evacuated to a specified pressure, and then argon gas (99.99% purity) was introduced into the chamber. The substrate holder
was maintained rotating during the sputtering process. The Ag—PTFE film was sputtered for 30 minutes, and all archwires were
prepared at ambient temperature. The sputtering parameters are listed in Table 3, and the RF diagram and device are shown in
Figure 2 (a and b) respectively.
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Figure 2: a) Diagram of the RF sputtering process [24], and b) RF sputtering system

1130



Mahmood S. Naser et al. Engineering and Technology Journal 43 (12) (2025) 1128-1140

Table 3: RF sputtering parameters used in this study

RF Sputtering variables Value
Power 60 W
Evacuation pressure 6x10*Pa
Target-to-substrate distance 50 mm
Gas flow rate (Argon) 20 mL/min
Sputtering time 30 min
Target composition Ag-PTFE
Substrate holder rotating speed 20 RPM

2.2.4 Artificial saliva preparation

The artificial saliva was obtained by dissolving the chemical components listed in Table 4 in 1,000 mL of distilled water
using a magnetic stirrer. Following thorough dissolution in water, the mixture underwent filtration through filter paper with 0.5
um pores to eliminate any impurities, ensuring the saliva achieved maximum purity. Ultimately, sodium hydroxide (NaOH) and
lactic acid were incorporated to fine-tune the pH level of the artificial saliva to 6.7 + 0.1 [25].

Table 4: Artificial saliva compounds [26]

Chemical Product Composition (g/L)
K2HPO4 0.22
KCl 1.19
KSCN 0.29
NaxHPOg4 0.26
NaCl 0.69
NaHCO;3 1.49
Urea 1.49

2.2.5 Statistical analysis

A descriptive statistic was used in this study for all data of contact angle testing, which were organized, categorized, and
transferred into a computerized database structure using the SPSS program, including Minimum (Min), Maximum (Max), Mean
(M), and Standard deviation (SD). and data were screened for normal distribution using the Shapiro-Wilk. These tests were used
to either accept or reject the statistical hypothesis, establishing a 95% confidence interval. Moreover, one-way ANOVA and
Tukey HSD post hoc multiple-comparison tests were used to test whether there were significant differences between the three
different weights.% coated SSW imposing an interval of confidence of 95%. The significance level was considered significant
when the P-value was less than 0.05.

3. Characterization of coating layer

3.1 X-Ray Diffraction (XRD)

X-ray diffraction was performed to determine the presence of phases and crystallographic properties of the raw materials,
the coated and uncoated SSW, using an X-ray diffractometer (Chongqing Drawell, China) with a nickel filter and a copper
generator. The speed of scanning was adjusted to 6 deg.min ', and the diffraction angle (20°) range was (10 °- 80 ©). The resulting
peaks were compared with the standard peaks for each material using the Joint Committee on Powder Diffraction Standards
(JCPDS) cards. The crystallite size (particle size) of Ag and PTFE was determined using the Scherrer formula to ensure the
nanosize of the powders used. The particle size (D) can be estimated from Equation 1 [27]:

D = 0.9A / FWHM Cos6 (1)

where: D: The size of the crystallites measured in nanometers. A: represents the wavelength associated with Cu Ko, measured at
0.15406 nm. FWHM: The full width at half maximum of the diffraction peak is measured in radians. 6: The semi-angle of
diffraction or Bragg angle (degree).

Finally, the quantitative phase contents in polycrystalline materials were calculated through an iterative least-squares fitting
process using Rietveld refinement [28] for the diffraction data by the X'Pert HighScore Plus program.

3.2 Field emission scanning electron microscopy (FESEM)

The nanoparticles' morphology and distribution, as well as the coating layer thickness, were examined by field-emission
scanning electron microscopy (FESEM) (TESCAN MIRA3, France). The elemental composition and mapping of the SSW were
examined utilizing energy dispersive X-ray spectroscopy (EDX) in conjunction with FESEM.

3.3 Ion release assessment

To evaluate the amount of Ag* ions released from the coating layer, the coated SSW segments were immersed in 5 mL of
artificial saliva solution in test tubes. These tubes were closed tightly and incubated at 37 °C for 4 weeks. The total Ag"

1131



Mahmood S. Naser et al. Engineering and Technology Journal 43 (12) (2025) 1128-1140

concentrations in the saliva solution after 1, 5, 10, 15, 20, 25, and 30 days were quantified using an atomic absorption
spectrophotometer (Shimadzu AA7000, Japan).

3.4 Wettability evaluation

The assessment of wettability or hydrophobicity for both coated and uncoated samples was conducted through the application
of a static drop of distilled water, and the liquid and solid contact angles were measured with an optical contact angle meter
(SL200KS, China) by the sessile drop technique. The methodology consisted of applying one pL of distilled water onto the
surface of the sample and recording the contact angle of the water over a duration of 10 seconds, repeated three times for each
sample. The average value of the measured contact angles was then taken.

3.5 Antibacterial assay

The antibacterial activities of the coated SSWs were demonstrated against the bacterial strains Streptococcus mutans (S.
mutans) and Staphylococcus aureus (S. aureus). The agar well diffusion method was employed to examine the antimicrobial
properties of both uncoated and coated SSW. The prepared cultures were spread on petri dishes, and then the samples were
placed in the incubator. After incubation for 24 h at 37 °C, the inhibition zone size was calculated using a ruler.

4. Results and discussion

4.1 X-Ray Diffraction

Figure 3 illustrates the patterns obtained from X-ray diffraction analysis of the raw materials and coated SSW, it can be seen
that the standard peaks of stainless steel 316L in Figure 3a reference to JCPDS card No. 33-0397 for the primary austenite (y-Fe)
cubic phase with their main plane (111), (200) and (220) were present and this confirms that the primary austenitic phase is
present and of high quality [29]. The diffraction peaks of Ag nano powder in Figure 3b, this diffraction pattern revealed sharp
and well-defined peak intensities at 20 values of 37.6°, 44.0°, 64.4° and 77.3°, which corresponds to the (111), (200), (220) and
(311) planes without any noticeable amorphous background, indicating a high degree of crystallinity, estimated to be nearly
100%. Furthermore, the observed peaks correspond exclusively to the face-centered cubic (FCC) structure of metallic silver,
with no evidence of secondary phases such as silver oxides. All the peaks corresponded accurately with the standard JCPDS card
No. 04-0783 for cubic Ag NPs [30]. The crystal size of the Ag powder was estimated by applying the Scherrer equation, as
shown in Table 5, and is 31.204 nm, which falls within the nanoscale range (1~100 nm) [31]. This is in agreement with AFM
analysis as shown in Figure 4. Therefore, based on Rietveld refinement, it can be concluded that the sample is composed of a
single crystalline phase (FCC-Ag) with a purity close to 100% and exhibits excellent structural order.

Table 5: Particle size of Ag nano powder

2 Theta (°) FWHM (rad) Intensity (%) Size (nm)
38.3022 0.246 100 34.224
44.5023 0.246 30.07 34.926
64.5991 0.3444 19.9 27.337
77.4884 0.36 19.29 28.331
Average 31.204

On the other hand, the PTFE Pattern illustrated in Figure 3¢ exhibits distinct broad peaks centered around 18-20° (20),
indicating a semi-crystalline nature typical of PTFE, and every peak corresponded with the reference JCPDS card No. 00-045-
1594 for PTFE [32]. In PTFE nano powders, the peaks may be slightly broadened or shifted compared to those of bulk PTFE
due to size effects and an increased surface area [33]. Rietveld analysis confirmed the presence of a single crystalline phase
corresponding to hexagonal PTFE, and the degree of crystallinity was estimated to be approximately 82.5%, signifying a
dominant crystalline fraction with minor amorphous content. Furthermore, the mean crystallite size was determined employing
the Scherrer equation, utilizing data from various peaks (Table 6), yielding a value of approximately 28.722 nm, indicative of
nanoscale domain structures.

Finally, the coated Ag—PTFE SSW (Figure 3d) exhibits diffraction peaks corresponding to a thin, fully covered layer of Ag—
PTFE, with the presence of the main peak of stainless steel 316L indicating successful sputtering of Ag—PTFE on the SSW.

Table 6: Particle size of PTFE nano powder

2 Theta (°) FWHM (rad) Intensity (%) Size (nm)
18.6253 0.246 66 32.832
20.112 0.246 100 32.765
20.9553 0.3936 65.55 20.571
Average 28.722
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Figure 3: XRD pattern of a) uncoated SSW, b) Ag nano powder, ¢) PTFE nano powder, and d) Ag—PTFE coated SSW
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Figure 4: Particle size distribution from AFM of Ag nano powder

4.2 Field emission scanning electron microscopy (FESEM)

The FESEM images of the coated and uncoated SSW at various magnifications (35X, 250X, and 10KX) are shown in Figure
5 (a—f). It indicated a clear difference in the surface morphology between the uncoated control archwire segment and the Ag-
PTFE-coated one. The images of the Ag—PTFE NPs-coated SSW segments showed that the nanoparticles had a spherical shape
with a homogeneous distribution and no agglomerations.
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The EDX results (Figure 6) identified the following elements: Elements of iron (Fe), carbon (C) chromium (Cr) and nickel
(N1i) from the substrate as well as silver (Ag), fluorine (F), oxygen (O), and carbon (C) from the sputtered layer demonstrate that
the RF sputtering method creates a thin coating (436.78 nm thickness) of Ag—PTFE NPs as shown in Figure 7, which the EDX
electrons can penetrate. The decrease in important elements, such as iron (Fe), in the SSW indicates that the Ag—PTFE coating
fully covers the substrate. The carbon element detected in the substrate layer utilized for the production of 316L stainless steel
is present in minimal quantities, suggesting that the majority of the element is likely derived from the sputtered layer. Fluorine
was employed as the standard for detecting the presence of PTFE to mitigate possible inaccuracies. The EDX mapping in Figure
8 (a—c) illustrates the distributions of Ag and F within the coating layer. We notice that the distribution of Ag NPs is higher in
sample A, in contrast to the distribution of PTFE particles, which is lower. The distribution of Ag particles begins to decrease in
sample B, until it reaches sample D, where it is reversed in the PTFE particles. This is consistent with what we mentioned
previously in preparing the samples referred to in Table 2. Additionally, it can be observed that all the particles were distributed
regularly and homogeneously, free from agglomeration. These findings indicate that the Ag—PTFE layer has been effectively
plated using the RF sputtering technique.
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Figure 5: FESEM images of the SSW at different magnification powers for the
uncoated (a, b, ¢) and Ag—PTFE coated SSW (d, e, f) at 30 min
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Figure 8: EDX mapping of the FESEM sample coated at 30 min with different weight percentages of Ag and PTFE (A, B, and C)

4.3 Ion release

Previous research indicates that the antibacterial efficacy of nanosilver relies on the release of silver ions and direct
interaction with bacteria [34,35]. Research indicates that materials with increased nanosilver loading discharge more Ag* and
demonstrate a more pronounced inhibitory action [36]. Figure 9 illustrates the release of silver ions (Ag™) from the Ag—PTFE—
coated SSW as a function of immersion duration, extending to 30 days for sample A.
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Figure 9: Silver ion (Ag") released (mg/L) from the Ag—PTFE coating in 5 mL of artificial saliva
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Initially, minimal quantities of Ag" were discharged on the first day. Subsequently, the quantities of released Ag"
progressively increased, and over time, the release rates converged, becoming a relatively stable value of approximately 0.1407
mg/L after 20 days. The incremental rise in Ag" release demonstrates that the surface-exposed nanoparticles engage with saliva
and are selectively solvated, resulting in a comparatively elevated concentration being released. A further explanation could be
that smaller Ag NPs on the substrate exhibit a higher dissolution rate compared to their larger counterparts. The development of
Ag clusters impeded the discharge of Ag" after 20 days [37]. Previous research indicates that Ag NPs can release silver ions that
are capable of eliminating targeted bacterial cells [38]. It was shown that although nanosilver ions released from nanosilver-
coated orthodontic wires diminish over extended orthodontic therapy, the antibacterial activity persists through contact inhibition
[39].

4.4 Wettability

The statistical results of the contact angle, including the Min, Max, M, SD, and Shapiro-Wilk test values, are shown in Table
7. All the values of the contact angle (CA) were expressed in degrees (°). The water contact angle analysis revealed a gradual
increase as the PTFE wt.% increased (Figure 10), with a mean contact angle (CA) of 74.395° for the uncoated SSW. The coated
Ag-PTFE layer showed a noticeable influence on the hydrophobic property of sample A. However, the surface of the coated
SSW became hydrophobic in sample C, with a contact angle of 135.341° as a result of the higher PTFE content in this sample
(40%), consistent with a lower effective solid surface energy on the exposed surface. Consequently, more PTFE at the outermost
layer increases the density of fluorinated groups (—CF»/CF3) presented to the liquid, reducing ysi. (solid-liquid interfacial tension)
and raising the apparent contact angle, and this creates a smoother chemically hydrophobic outer layer [40, 41]. According to
the Shapiro-Wilk test, the P-value for all samples was more than 0.05, indicating that there is no substantial evidence that the
distribution deviates from the normal distribution at the 5% significance level.

Table 7: Statistical description of Contact angle for the bare and Ag—PTFE—coated SSW

Sample Sample N Min Max Mean SD Shapiro-Wilk test
Symbol Condition P-value
SS Bare 5 72.505 76.764 74.395 1.725 0.785
SSW
A Coated SSW 5 90.836 93.372 92.137 1.066 0.661
B Coated SSW 5 120.124 126.689 123.394 2.416 0.973
C Coated SSW 5 131.648 140.438 135.341 3.585 0.617

CAL=75.035* CAR=TLITI* CAAY=TS.038% - CAL=HL2SE* CAAR=DI 418" CAAY=S2.835% -
Bare SSW 20 %Wt. PTFE

CAL=136490 CAR=136450" CA AV=1364%0° ——
30 %Wt. PTFE

CAL=103,565° CA_R=136.705° CA_AV=123.125°

20 %Wt. PTFE

Figure 10: Contact angle measurements for the uncoated SSW and Ag—PTFE coated SSW at different weight percentages of PTFE

A one-way ANOVA demonstrated a highly significant effect of different weight percentages on the contact angle of SSW
(p =4.08 x 1077 and effect size 1* = 0.992). Post-hoc Tukey’s HSD tests showed that all groups differed significantly from each
other. Specifically, the mean contact angle increased progressively with increasing PTFE wt.%: bare SSW (74.40° + 1.73), group
A (92.14° £ 1.07), group B (123.39° £ 2.42), and group C (135.34° + 3.59). The 95% confidence intervals (CI) in Table 8 for all
pairwise comparisons did not cross zero, confirming that the observed differences between groups are statistically robust.
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Moreover, the relatively narrow confidence ranges (e.g., SS vs A: —20.75 to —14.73) indicate a high level of precision in the
estimated mean differences, consistent with the very large effect size (n?> = 0.992).

Table 8: Pairwise Comparisons of Contact Angle (Tukey HSD, 95% CI)

Comparison p-value 95% CI (Lower, Upper) Significance
SSvs A <0.001 [-20.75, -14.73] Significant
SSvs B <0.001 [-52.00, -45.97] Significant
SSvs C <0.001 [-63.96, -57.93] Significant
AvsB <0.001 [-34.27, -28.24] Significant
AvsC <0.001 [-46.23, -40.20] Significant
BvsC 0.002 [-14.96, -8.93] Significant

4.5 Antimicrobial assessment

The antimicrobial activity was observed by the formation of a clear inhibition zone around each coated SSW for both
examined microbes. The inhibition zones were observed for both S. mutans and S. aureus microbial species (Figure 11 (a and
b)), respetively. The size of inhibition zones for all studied types of microorganisms is shown in Table 9.

As can be seen in Figure 11, there are inhibition zones around the different coated SSW for the two kinds of microbe
compared to the uncoated SSW, as a result of the release of a high concentration of compounds on the bacterial cell wall, which
resulted in the degradation of the cell membrane of the bacteria, thereby inhibiting bacterial growth [42]. Different sizes of
inhibition zones were noticed in Table 9, where sample A had the largest inhibition zone (10.2 mm and 12.1 mm) in both S.
mutans and S. aureus respectively compared with samples B and C, due to the higher wt.% of Ag (80%) in sample A and
consequently a higher amount of Ag* release (0.0318 mg/L) after 1 day of incubation period. This aspect can contribute to
decreasing biofilm adhesion and colonization and enhance biocompatibility [43]. On the other hand, the uncoated SSW was
unable to inhibit bacterial growth and exhibited bacterial adhesion in S. mutans and S. aureus, respectively. A coupled trend in
our data, as the PTFE wt.% increases from 20 to 40, the static water contact angle rises from 92.137° to 135.341°, confirming
enhanced hydrophobicity. Over the same composition window, the antibacterial reduction against S. mutans and S. aureus
decreases from 10.2 mm to 7.2 mm and from 12.1 mm to 9.8 mm, respectively, consistent with diminished Ag wt.% (confirmed
by mapping) and a thicker, less permeable PTFE barrier that limits Ag* release. Conversely, Ag-rich coatings show higher killing
rates but reduced contact angles (more wetting), likely due to higher surface energy and increased polar sites. The antimicrobial
results of the present study are promising in eliminating these serious medical pathogens, as it is clear that the Ag—PTFE layer
exhibits good antimicrobial activity.

(b)

Figure 11: Antimicrobial assessment for the uncoated and coated SSW at different weight percentages
of PTFE for a) S. mutans and b) S. aureus

Table 9: Inhibition zones of different coated SSW in different microbial petri dishes

Sample Inhibition Zone Size (mm) Microbial Species
SS No inhibition zone S. mutans

A 10.2

B 9.3

C 7.2

SS Bacterial adhesion S. aureus

A 12.1

B 11

C 9.8
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5. Conclusion

In this research, SSWs were successfully nanocomposite coated with Ag—PTFE at different wt.% of Ag and PTFE. The
results revealed a uniform and regular thin silver layer covering the wire surface, with no agglomeration observed in the
microscopic structure at the nanoscale. The coated SSW exhibited varying degrees of hydrophobic properties, making it
inconsistent with liquids and thus less likely to adhere to bacteria. Silver ions also dissolved appropriately, forming a protective
layer on the wire that inhibited and killed both types of bacteria. Improving hydrophobicity by increasing PTFE can reduce
antibacterial action by shielding silver sites, while higher Ag enhances antibacterial activity but lowers the contact angle. An
optimal balance is achieved at intermediate compositions, where surface design allows both properties to meet the minimum
required thresholds for the intended application.
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