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Article Info. Abstract

This study investigated the effect of varying bioactive glass (BG) concentrations (8—14 g/L) on the structural,
electrochemical, and adhesive properties of coatings deposited on Ti-6Al-7Nb substrates via electrophoretic deposition
(EPD). The SEM and EDS analyses demonstrated that rising BG concentration from 8 g/L to 14 g/L enhanced the coating
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1. Introduction

The world population continues to rise and people are living longer lives, resulting in increased demand for adequate skeletal repair options [1-
3]. Metallic implants are used to replace missing or damaged hard tissues because they can give mechanical strength to load-bearing functions.
Titanium alloys, stainless steels and iron alloys, cobalt-chromium alloys, and tantalum are the most common metals used for making implants.
All metals used in implants have the good property of good biocompatibility; the human body typically does not generate adverse reactions
upon implantation [4- 6].

Although these metals possess excellent mechanical support, they are typically bioinert (can provide mechanical support without excessive
interaction in the biological environment). Consequently, surface modification (usually in the form of a bioactive coating) can enhance
biological camaraderie. These coatings can stimulate chemical interaction and/or cellular activity at the implant site, resulting in the formation
of a stable and strong bond with surrounding bone tissue. These added bioactive layers improved long-term performance of the implant and
minimized revision surgeries because of improved osseointegration/stability [7- 14].

Bioactive glasses demonstrate high reactivity in physiological conditions, making them suitable candidates for hard tissue repair [15, 16].
Bioactive glasses demonstrate high reactivity in physiological conditions, making them suitable candidates for hard tissue repair [17]. Over the
past fifty years, researchers have expanded their scope to include other glass chemistries, showing that bioactive glasses can be used as coatings
in biomedical devices [18-20]. The use of bioactive glass as a coating on metallic implants has grown significantly, based on its ability to
interact with body fluids and stimulate bone bonding and integration [21, 22].
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Nomenclature & Symbols

Ti-6A1-7Nb Titanium alloy with 6% Aluminum and 7% Niobium SEM Scanning Electron Microscope
VAY Zeta Potential EDS The Energy Dispersive Spectroscopy
HA Hydroxyapatite XRD X-ray Diffraction

CS Chitosan um Micrometer

EPD Electrophoretic Deposition mV Millivolt

Sq Root Mean Square Roughness MPa Megapascal

Sa Arithmetic Mean Roughness mm/year Millimeters per Year

ASTM American Society for Testing and Materials Q-cm? Ohm Square Centimeters

SBF Simulated Body Fluid g/L Grams per Liter

FTIR Fourier Transform Infrared Spectroscopy \Y Volt

These coatings are often considered a valuable alternative to calcium phosphate Bioactive glass coatings can be considered a preferable
alternative to calcium phosphate coatings due to their superior bioactivity in physiological conditions. Many types of bioactive glasses of various
chemistries have been studied for bioactivity, understanding bioactivity is now an emerging focus of studies for surface coatings for metallic
bone implants [18, 23, 24]. Bioactive glass coatings have shown considerable promise as better alternatives to conventional calcium phosphate
coatings as they have high chemical reactivity in physiological environments [25, 26]. Here are many procedures that can be used to apply
bioactive glass to implant surfaces, such as plasma-spraying, laser cladding, magnetron sputtering, sol-gel techniques, dip- or spin-coating, and
EPD (electrophoretic deposition). In recent years, EPD has attracted particular interest from both the academic and industrial sectors as it
enables the production of uniform, well-adhered coatings at low post-processing temperatures and also commercially inexpensive and simplistic
equipment [23, 25, 27-30]. The deposition process can be carried out using a stable colloidal suspension by selecting positively or negatively
charged bioactive glass particles, and applying an electric field, In dry EPD, the bioactive-glass suspension particles carry some kind of surface
charge, and once EPD is applied, the charged particles are directed toward the substrate under the electric field, and form a consistent coating
layer via EPD [31- 38].

This research provides a systematic optimization of the electrophoretic deposition (EPD) parameters (voltage, time and bioactive glass (BG)
concentration) for coating the Ti-6Al-7Nb substrates using a TEA-stabilized isopropanol-based suspension. This study is the first to use
triethanolamine (TEA) as a dispersion agent, which is hypothesized to improve the BG particle size uniformity within the coating suspension,
leading to an improved homogeneity of the coating. This study incorporates the controlled EPD conditions, and a thorough evaluation of the
deposition after the EPD process, to achieve high-quality, crack-free BG coatings with a strong adhesion — all of which are optimized for
biomedical uses.

2. Experimental Work

2.1. Materials

The bioactive glass material that was used and analyzed in this study was supplied by Qingdao Spring Glass Company Limited (China). The
nominal chemical composition can be determined to be 45 wt% SiO2, 24.5 wt% CaO, 24.5 wt% Na2O and 6 wt% P-Os; this corresponds to the
generally accepted chemical formulation of 45S5 Bioglass. Chitosan that was used for this study was supplied by Jinan Refine Chemical Co.,
Ltd. (China), and it has a degree of acetylation from 80% to 95%. The chitosan was used in the suspension at a concentration of 0.5 g/L (as a
natural polymeric binder) for the purposes of assisting with particle adhesion during the electrophoretic deposition process. Ethanol (Alpha
Chemika, India) was the solvent used for the dissolution of chitosan and to achieve a stable, uniform suspension. Organic compound
Triethanolamine (TEA) was supplied by Shiguang (Hebei) Supply Chain Management Co., Ltd.

2.2. Preparation and electrophoretic deposition of bioactive glass and triethanolamine coating

A coating solution was prepared by mixing isopropanol, followed by the addition of triethanolamine (TEA) (25 mL in total). TEA was used to
stabilize the suspension and enhance the dispersion of bioactive glass (BG) particles within the solvent. The components were stirred using a
magnetic stirrer for 10 minutes to ensure proper mixing. BG was then added to the solution in various concentrations (as shown in Table 1),
and the total mixture volume was adjusted to 25 mL using isopropanol. The solution underwent 2 hours of continuous mixing with a magnetic
stirrer before receiving 30 minutes of ultrasonic treatment to reach complete homogenization. After preparation, the coating process was carried
out on samples using the EPD method under various experimental conditions, with voltages of 20, 40, and 60 V, times of 2, 4, and 6 minutes,
and BG concentrations of 8, 11, and 14 g/L, as shown in Table 1.

After systematic testing, the optimal coating conditions were identified and are presented in Table 2 and Fig. 1 show the electrophoretic
deposition process for coating Ti-6Al-7NDb substrates with bioactive glass.

Table 1. Bioactive glass and triethanolamine coating conditions

Sample No. Voltage (V) Time (min) BG concentration (g/L)
1 20 2 8
2 20 4 11
3 20 6 14
4 40 2 11
5 40 4 14
6 40 6 8
7 60 2 14
8 60 4 8
9 60 6 11
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Fig. 1. The electrophoretic deposition (EPD) process for coating Ti-6Al-7Nb substrates with bioactive glass (BG)

Table 2. Optimal EPD coating parameters using BG concentrations at constant time and voltage

Sample No. Time (min) Voltage (V) BG concentration (g/L)
1 6 60 8
2 6 60 11
3 6 60 14

2.3. Characterization and testing

The corrosion behavior of Ti6AI7NDb alloy samples was studied using a potentiostat (CHI 604E, China) in a simulated body fluid (SBF) solution.
The SBF solution composition is shown in Table 3, and all the chemicals used were of analytical grade from CDH, India. The electrochemical
tests included open circuit potential (OCP) and potentiodynamic polarization (Tafel) to assess the corrosion resistance of the samples. The best
corrosion resistance was observed in one of the samples, which was selected for further analysis. This sample was placed in SBF at 37 °C for
one month to mimic the long-term exposure to physiological conditions. After immersion, the sample was heat-treated at 400 °C for one hour
to study the effect of thermal treatment on its surface features and corrosion behavior.

The cross-cut tape test based on ASTM D3359 standard was used to evaluate the coating adhesion strength. The test evaluates substrate-coating
adhesion through a procedure that involves cutting a grid pattern in the coating before applying and removing pressure-sensitive adhesive tape.
The visual examination of the area after tape removal determines the degree of coating detachment. The adhesion rating ranges from 0B to 5B
where 5B shows no removal for excellent adhesion and 0B shows more than 65% coating removal for poor adhesion. The test offers a fast and
effective method to evaluate the integrity of coating-substrate interfaces under controlled testing conditions [39]. The Inspect F 50 FEISEM
(Eindhoven, The Netherlands) was used to study the surface morphology and coating thickness of Ti-6Al-7Nb and Ti alloy samples. The X-
ray diffraction (XRD) system (Plate Number 1, NF type) with Cu target (Ko = 1.54 A), Model XRD-6000, and X-ray tube of the same type
was used to identify the phases present in the coating layer.

The antibacterial testing utilized the agar well diffusion method. The bacterial strains used for testing included Escherichia coli (Gram-negative)
and Staphylococcus aureus (Gram-positive) purchased from a certified microbiology laboratory culture collection. Non-frozen bacterial
suspensions were prepared from nutrient broth to obtain a 0.5 McFarland standard before inoculating nutrient agar. Coated samples were
inoculated in wells and incubated at 37 °C for 24 hours. Inhibition zones around the samples were measured in millimeters.

Table 3. Chemical composition of simulated body fluid (SBF) solution [40]

ITEM Reagent Concentration g/l
1 8.035 NaCl
2 0.355 NaHCOs3
3 0.225 KCl1
4 0.231 KoHPO4
5 0.311 MgClL.6H20
6 0.292 CaCl2
7 0.072 NazS04

3. Results and Discussion

3.1. Surface morphology of BG-coated Ti-6Al-7Nb substrates via EPD under varying BG concentrations

The SEM analysis of Ti-6Al-7Nb substrates with different bioactive glass (BG) concentrations through electrophoretic deposition (EPD)
appears in Fig. 2. The uncoated sample Fig. 2a displays a smooth surface with visible polishing marks and no particle deposition which confirms
the bare metal condition. The surface of 8 g/L BG concentration Fig. 2b shows porosity and irregular particle distribution and incomplete
coverage according to both low and high magnification images. The surface becomes more uniform and denser when the BG concentration
reaches 11 g/L Fig. 2¢ while the particle packing improves and voids decrease. The surface at 14 g/L Fig. 2d displays the most compact and
continuous coating structure because it contains densely packed particles with minimal porosity and well-integrated structures. The highest BG
concentration of 14 g/L produces the most effective coating conditions, which result in uniform and adherent layers on Ti-6Al-7Nb substrates.
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3.2. Cross-sectional SEM analysis of BG coating thickness at different concentrations

The SEM images in Fig. 3 display Ti-6Al-7Nb substrates that received different bioactive glass (BG) concentrations through the EPD method.
The measurements of coating thickness served to determine how different BG concentrations affect the deposited layer. The 8 g/L Fig. 3a
sample shows a 41.1 um-thick coating that appears thin and loosely packed. The BG concentration increase to 11 g/L Fig. 3b produces a 56.8
um thick coating with dense and continuous particle accumulation. The 14 g/l BG sample Fig. 3¢ demonstrates the thickest and most compact
coating which reaches 57.3 pm. The experimental results show that higher BG concentrations produce thicker coatings because they provide
better particle availability and improved deposition efficiency. The observed increase in thickness matches the Zeta Potential findings regarding
enhanced zeta potential and surface coverage.

s v 20,0 K
SEM A 100 ka  Datufmidny Tyer s Ao

Fig. 2. SEM images of Ti-6Al-7Nb substrates coated with bioactive glass (BG) using the electrophoretic deposition (EPD) method at different
BG concentrations: (a) uncoated substrate, (b) coated with 8 g/l BG, (c) coated with 11 g/L BG, (d) coated with 14 g/L. BG

D1 =411 pm

SEN HV: 20.0 kW L HanoLAB-MOSTH  semHv: 200 kv | Det: SE NanoLAB-mOST SEMHV:200kv | Det: SE NanoLAB-MOST|
SEM MAG: 500 X |Date({m/dly): DA/D7/25 | 100 pm SEM MAG: 500 x | Date(mid/y): 04/07/25 100 um SEMMAG: 500x | Dats(midly): 04/07/25 | 100 pm

Fig. 3. Cross-sectional SEM images showing the coating thickness of BG layers deposited on Ti-6Al-7Nb substrates at different BG
concentrations using the EPD method: (a) 8 g/L, (b) 11 g/L, (c) 14 g/L

3.3. Elemental composition analysis of BG-coated Ti-6A1-7Nb samples at varying BG concentration

Fig. 4 presents the energy-dispersive X-ray spectroscopy (EDS) results of Ti-6Al-7Nb substrates coated with three different concentrations of
bioactive glass (BG) using the electrophoretic deposition (EPD) method. All spectra confirm the successful deposition of BG through the
presence of oxygen (O), sodium (Na), silicon (Si), phosphorus (P), and calcium (Ca) in varying weight percentages. As the BG concentration
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increases from 8 g/L (Fig. 4a) to 14 g/L (Fig. 3c), the intensity of BG-related elements (especially Si and Ca) slightly increases, while the
detected titanium (Ti) signal from the substrate decreases. This suggests improved surface coverage and thicker BG coating at higher
concentrations. The (Ti) content shows a major reduction from 6.49 wt% at 8 g/L to 1.55 wt% at 14 g/L which indicates better substrate
coverage. The Si content rises from 15.95 wt% to 17.25 wt% and the Ca content rises from 13.61 wt% to 16.01 wt% because of increased BG
deposition. The SEM images on the right side of each spectrum show that the surface coverage and morphology remain consistent throughout
all concentration levels.

Element | Wt% Wt% Sigma

0 47.48 0.52
Na 14.90 0.29

. Si 15.95 0.25
H P 1.58 0.12
2 Ca 13.61 0.24

Ti

0.20

1 2 3 4 5 6 7 8 9 10 keV

(b) Element | Wt.% | Wt.% Sigma
f [¢) 47.22 0.55
Na 15.78 0.31
si 17.05 0.27
> P 1.74 0.12
z Ca 14.63 0.26
2 Ti 3.59 0.17
Total:

1 2z 3 4 5 6 7 8 9 10 keV

(C) Element | Wt.% | Wt.% Sigma
0 47.89 0.52
N Na 15.55 0.30

Si 17.25 0.26 | &
3 P 1.76 0.12
5 Ca 16.01 0.26
Y2 Ti 1.55 0.13

Total:

1 2 3 4 5 6 7 8 9 10 keV'

Fig. 4. EDS spectra, elemental composition (Wt.%), and SEM images of Ti-6Al-7Nb substrates coated with different concentrations of
bioactive glass (BG) using the EPD method: (a) 8 g/L, (b) 11 g/L, (c) 14 g/L

3.4. Zeta potential measurement of BG suspensions at different concentrations

The zeta potential measurements of bioactive glass (BG) suspensions at different concentrations (8, 11, and 14 g/L) appear in Fig. 5. The zeta
potential serves as a critical indicator for colloidal suspension stability because higher values indicate better dispersion and reduced particle
agglomeration. The zeta potential measurements at 8 g/L and 11 g/L show similar values of 11.84 mV and 11.97 mV which indicate moderate
suspension stability. The zeta potential reaches 18.47 mV when the BG concentration reaches 14 g/L. The increased repulsive forces between
particles lead to better suspension stability. The increased zeta potential at higher concentrations leads to improved particle distribution
uniformity which enhances EPD process coating quality [41, 42].

3.5. Adhesion performance of BG coatings evaluated by cross-cut tape test

Fig. 6 and Table 4 show the adhesion behavior of BG coatings on Ti-6Al-7Nb substrates using the cross-cut tape test, according to ASTM
D3359 standards. The visual observations in Fig. 6(a, b, and c) correspond to BG concentrations of 8, 11, and 14 g/L, respectively. The 8 g/L
BG Fig. 6a sample demonstrated average adhesion strength because 20% of the coating material detached during testing which placed it in the
2B classification. The 11 g/L sample Fig. 6b showed slightly lower adhesion with 25% area removal, also rated as 2B. The 14 g/L BG-coated
sample Fig. 6c displayed outstanding adhesion properties because it lost only 3% of its coating material which received a 1B classification. The
improved adhesion at elevated BG concentrations results from better coating uniformity and surface coverage and a more compact coating
structure which SEM and EDS results demonstrate [43]. The research shows that higher BG concentrations simultaneously enhance both surface
thickness and morphology and create stronger substrate-coating bonds [44].

Table 4. Adhesion test results of BG-coated Ti-6Al-7Nb substrate at different BG concentrations using the cross-cut tape method

Sample Percent area removed (%) Classification
8 gm/l 20 2B
11 gm/1 25 2B
14 gm/1 3 1B
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Fig. 5. Zeta potential values of bioactive glass (BG) suspensions at concentrations of 8, 11, and 14 g/L

Fig. 6. Cross-cut tape adhesion test for Ti-6Al-7Nb substrates coated with bioactive glass (BG) at different concentrations: (a) 8 g/L, (b) 11
g/L, (c) 14 g/L
3.6. Electrochemical corrosion performance of BG-coated Ti-6AI-7Nb in simulated body fluid
The electrochemical behavior of Ti-6Al-7Nb samples with different bioactive glass concentrations is shown in Fig. 7 and Table 5, through Tafel
polarization curves and extracted corrosion parameters. The uncoated base sample shows high corrosion current density and negative potential
shift indicating poor corrosion resistance. The addition of 8 g/L BG results in a moderate decrease of corrosion current to 3.154 x 1077 A and

corrosion rate to 2.740 x 10~ mmpy. The corrosion resistance improves with 11 g/L. BG coating which results in a corrosion current of 1.151
x 1077 A and a corrosion rate of 1.000 x 107> mmpy. The highest performance is achieved with 14 g/L BG which shows the lowest corrosion
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current of 5.190 x 107® A and the lowest corrosion rate of 4.509 x 10~* mmpy. The open circuit potential (OCP) becomes more positive as the
BG content increases which indicates better surface passivation. The electrochemical stability of the coating improves with increasing BG
concentration, and 14 g/L shows the best corrosion barrier performance.

Table 5. Electrochemical corrosion parameters of BG-coated Ti-6Al-7Nb samples at different BG concentrations in SBF

ITEM E corr. (volt) I corr. (Amp.) Corr. Rate (mmpy) Bc Ba OCP (volt)

8 gm/l -0.446 3.154x 107 2.740 x 1073 0.197 0.208 -0.420

11 gm/1 -0.136 1.151x 107 1.000 x 1073 0.196 0.211 -0.233

14 gm/1 -0.211 5.190 x 108 4.509 x 10 2.127 0.180 -0.156
3 Base

—— 8 gm bioglass
—— 11 gm bioglass
—— 14 gm bioglass

Potential (V)
1

o
1

A4

2

T T T T T T T
1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4

current density (Amp/cm?)

Fig. 7. Tafel polarization curves of Ti-6Al-7Nb samples coated with different concentrations of bioactive glass (BG) in simulated body fluid
(SBF)

3.7. Antibacterial performance of BG-coated Ti-6A1-7Nb substrates

The antibacterial activity of Ti-6Al-7Nb substrates coated with bioactive glass (BG) dispersed in isopropanol was evaluated using the well agar
diffusion method. The coated samples demonstrated clear inhibition zones against both Escherichia coli and Staphylococcus aureus. The
inhibition zone against E. coli reached 26 mm, while the zone against S. aureus was 23 mm, as shown in Fig. 8 (a and b). These results confirm
the antibacterial potential of BG coatings, particularly due to ionic dissolution products (e.g., Ca*", Na*, Si*") that disrupt bacterial membranes.
Compared to the uncoated Ti-6Al-7Nb samples, which exhibited larger zones (42 mm for E. coli and 37 mm for S. aureus), the coated surfaces
still maintained considerable antimicrobial effectiveness, offering a balance between bioactivity and surface protection. While the coated
samples showed antibacterial activity, the uncoated Ti-6Al-7Nb alloy exhibited slightly larger inhibition zones in some cases. This was
surprising because of the potentially positive effects from the release of metallic ions (for example, Al or Nb) from the bare alloy surface, which
can have slightly moderate antibacterial effects by disrupting bacterial membranes and metabolic processes. The properties of the coating should
serve as a physical barrier to prevent the release of ions from the substrate. Similarly, the coated surfaces required a dissolution/hydrolysis
process (release of ions) to initiate antibacterial activity, which may have influenced the size of the inhibition zone to be smaller or not as
immediate as the bare alloy. For the coated samples, after longer exposure periods, the release of ions could help maintain antibacterial
performance due to continued ion release and growth of the apatite layer.

Fig. 8. Photographs of BG-coated Ti-6Al-7Nb samples using isopropanol suspension tested for antibacterial activity by the well agar
diffusion method:(a) inhibition zone of 26 mm against Escherichia coli, (b) inhibition zone of 23 mm against Staphylococcus aureus
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3.8. Effect of Bioglass concentration on wettability of EPD-coated surfaces

The contact angle measurements for coatings made from different bioactive glass concentrations (8, 11, and 14 g/L) appear in Table 6 and Fig.
9. The contact angle measurements show an upward trend with increasing bioglass concentration starting from 10.983° at 8 g/L and reaching
14.133° at 11 g/L before ending at 21.185° at 14 g/L. The surface becomes less water-attractive because higher BG concentrations create
roughness and particle clumps and reveal more silicate elements. The research indicates that lower BG concentrations produce better wettability
which could lead to superior biointegration performance [45].

Table 6. Contact angle values (in degrees) of EPD-coated Ti-6Al-7Nb samples prepared with different bioglass concentrations. The data
reflect the effect of BG content on surface wettability

Sample Contact angel (degree)
8 gm/l 10.983

11 gm/l 14.133

14 gm/1 21.185

25 +
sy
st
=1 4
= 20
:
2
; 15' -
=
=
=
..:E) 10 -
:E
E 5
=

0

8gm bioglass 11gm bioglass 14gm bioglass

Fig. 9. Contact angle values of coatings deposited with different bioglass concentrations (8, 11, and 14 g/L)
3.9. Elemental mapping of coated surface after immersion in simulated body fluid (SBF)

The elemental distribution maps in Fig. 10 reveal the surface composition of the coated Ti-6Al-7Nb sample after it was submerged in simulated
body fluid (SBF). The metal surface shows a Ca-P-rich layer because O (49.6 %), Ca (11.5%), Na (14.5 %), and P (4.6%) are the most abundant
elements. The presence of magnesium (2.8 %), silicon (1.6 %), and potassium (1.2 %) supports the contribution of the original bioactive glass
(BG) composition. The SBF solution contains Na, K, Mg, Ca, P, and O elements, which come from the solution that mimics human plasma ion
composition. Their presence confirms the ion exchange between the BG-coated surface and the surrounding fluid, promoting surface reactivity
and biomineralization. The increase in Ca and P especially indicates apatite nucleation, a key marker of bioactivity. The uniform elemental
distribution further implies good coating stability and strong interaction with the physiological environment.

3.10. Surface structure of BG-coated Ti-6A1-7Nb after SBF immersion

The SEM micrographs in Fig. 11 show the surface morphology of the Ti-6Al-7Nb alloy coated with 14 g/L bioactive glass (BG) after 30 days
of immersion in simulated body fluid (SBF). The low-magnification image (left) shows a dense and continuous layer covering the entire surface,
indicating effective deposition and post-immersion surface transformation. The high-magnification image (right) shows a fine, granular
structure made of nanoscale spherical particles. These features confirm the formation and growth of an apatite-like layer. The observed
morphology indicates successful ion exchange between the BG-coated surface and the SBF, resulting in the nucleation and accumulation of
calcium and phosphate ions from the solution. The uniform and compact structure suggests stable bioactivity and high surface reactivity. The
fine particles represent apatite crystallites that formed as a result of the gradual release of Na*, Ca*", and Si*" ions from the bioactive glass,
which triggered the biomimetic mineralization [46].

3.11. Elemental composition analysis of BG (14 g/L)-coated Ti-6AIl-7Nb surface after SBF immersion

The EDX spectra in Fig. 12 and Table 7 verify the elemental composition of the BG (14 g/L)-coated Ti-6A1-7Nb surface after one month of
immersion in simulated body fluid (SBF). The detected elements include oxygen (O), sodium (Na), magnesium (Mg), aluminum (Al), silicon
(Si), phosphorus (P), chlorine (Cl), potassium (K), and calcium (Ca). The presence of high-intensity peaks for Ca and P suggests the formation
of a calcium-phosphate-rich layer, confirming that an apatite had been grown onto the surface. Silicon and sodium were also present on the
surface, indicating that the contributions from the bioactive glass also aided in surface bioactivity. Cl, K, and Mg indicated these ions were
exchanged with the SBF solution which contains ions associated with simulated plasma. This supports that the surface had interacted with the
environment to incorporate ions and reprecipitate in vivo. The presence of two distinct Ca peaks and a high intensity peak for Cl indicates a
higher mineralization and activation of the surface. The consistent, well-defined elemental signals indicate a homogenous substrate coating,
which has maintained a stable interface over a long period of time, and confirms the SEM evaluation of a densely compact layer consisting of
small nanoparticles. Collectively, these results indicate the bioactive and chemically stable nature of the BG-coated surface.
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Fig. 10. EDS elemental mapping of the coated Ti-6Al-7Nb surface after immersion in simulated body flui
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Fig. 12. EDX spectra of Ti-6Al-7Nb substrate coated with 14 g/L bioactive glass (BG) after one month of immersion in simulated body fluid
(SBF)
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Table 7. Elemental analysis of the BG-coated Ti-6Al-7Nb surface after immersion in simulated body fluid (SBF) as identified by EDX

spectroscopy
Element Atomic %
(0] 49.6
Na 14.5
Mg 2.8
Al 0.0
Si 1.6
P 4.7
Cl 14.2
K 1.2
Ca 11.5

3.12. Electrochemical performance of BG-coated Ti-6Al-7Nb after SBF immersion

Electrochemical analysis of the 14 g/ BG-coated Ti-6Al-7Nb substrate after SBF immersion demonstrates a significant improvement in
corrosion protection. As noted above with the OCP curve Fig. 13a and Table 8, the increase from —0.156 V to —0.011 V following immersion
indicates improved passivation performance. The Tafel polarization results Fig. 13b show a downward shift of corrosion current density (Icorr)
from 5.190 x 107® A to 2.387 x 107® A and a reduction of the corrosion rate from 4.509 x 10 to 2.073 x 10* mmpy. The electrochemical
analysis of the 14 g/L BG-coated Ti-6Al-7Nb substrate after SBF immersion shows a significant ~54% decrease further supporting that
immersion in SBF allows for apatite growth and surface sealing.

There was a beta value increase from 0.180 to 0.213 which suggests improved anodic passivation, with the beta value conditionally invariant
at 0.197 ensuring that cathodic activity is suppressed. The improved electrochemical behaviour is attributed to the formation of a dense bioactive
apatite layer that improved the coating's effect on long-term barrier.
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Fig. 13. (a) Open circuit potential (OCP) curves and (b) Tafel polarization plots of 14 g/L. BG-coated Ti-6Al-7Nb substrate before and after
one-month immersion in simulated body fluid (SBF)

Table 8. Corrosion parameters of 14 g/L. BG-coated Ti-6Al-7Nb substrate after immersion in simulated body fluid (SBF)
ITEM E corr. (VoOIt) I corr. (Amp.) Corr. Rate (mmpy) Bc Pa OCP (volt)
BG after SBF -0.286 2.387x 108 2.073x 10 0.197 0.213 -0.011

3.13. XRD Analysis of Ti-6Al-7Nb coated with bioactive glass before and after immersion in simulated body fluid (SBF)

Fig. 14a shows the XRD patterns of the Ti-6Al-7Nb substrates pre-hydroxylated with bioactive glass (BG) with concentrations of 8, 11, and 14
g/L investigated before immersion inside simulated body fluids (SBF). The diffraction peaks were consistent with the crystalline structure of
bioactive glass (Reference code: 01-082-1109) presented clear reflections at (301) (35.5°), (220) (38.2°), (221) (40.5°), (004) (53.0°), (150)
(63.6°), (503) (70.8°), (324) (74.8°), (160) (76.7°), and (161) (78.1°) in the 20 positions. The absence of titanium peaks indicates that the BG
coating fully covered the substrate. With increasing BG concentration—most notably at 14 g/L—the peak intensity becomes sharper, suggesting
better crystallinity and greater coating thickness. The phase purity is maintained, with no evidence of unwanted secondary phases. Fig. 14b
presents the XRD profile of the coated sample after immersion in simulated body fluid (SBF). New peaks appeared indicating the formation of
Caia.92(POa4)2.35(S104)s.6s and CaSiOs, which are still consistent with Reference code: 01-082-1109. The apatite-silicate phase revealed reflections
at (080) (32.9°), (160), (381) (46.1°), and (144) (57.3°) whereas calcium silicate CaSiOs appears at (220) (75.2°) and (224) (67.1°). The unique
peak near 29° confirms apatite growth. The findings support the notion that the BG coating reacted with the surrounding fluid, allowing for the
release of ions, consequently encouraging the formation of bioactive calcium phosphate-silicate layers. This transition indicates the coating’s
bioactivity and its ability to support apatite nucleation on the surface of the implant [47, 48].
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Fig. 14. XRD patterns of Ti-6Al-7Nb substrates coated with bioactive glass at different concentrations before (a) and after (b) immersion in
SBF

3.14. Comparison with previous studies

Our results on HA/BG hybrid coatings show distinct performance trends when compared to published literature. In the study by Sola et al.
(2019), HA/BG coatings prepared by EPD demonstrated corrosion rates in the range of 107 to 10* mmpy after SBF immersion. In contrast,
our BG-rich coating (70% BG) achieved a significantly lower long-term corrosion rate of 9.096 x 10~ mmypy, indicating superior passivation
and surface sealing.

Similarly, Liu et al. (2021) reported zeta potential values between 10 and 15 mV for HA/BG suspensions, which were sufficient for moderate
stability. In our work, the 14 g/ BG suspension achieved a zeta potential of 18.47 mV, reflecting better dispersion stability and improved
coating uniformity.

Regarding antibacterial activity, previous studies such as Balasubramanian et al. (2020) reported inhibition zones of 18—22 mm for E. coli and
S. aureus using BG-containing coatings. Our results showed inhibition zones up to 26 mm for E. coli and 23 mm for S. aureus, demonstrating
stronger antibacterial efficacy, possibly due to the sustained ion release and synergistic effect between HA and BG phases.

The improved outcomes in our study can be attributed to optimized HA/BG ratios, controlled EPD parameters, and the use of triethanolamine
(TEA) for enhanced particle dispersion, which together contributed to superior coating quality, bioactivity, and long-term corrosion resistance
compared to existing reports.

4. Conclusion

=  The SEM analysis of Ti-6Al-7Nb coated with varying bioactive glass (BG) concentrations reveals enhanced surface morphology with
rising BG content. The uncoated substrate shows a smooth, particle-free surface. At 8 g/l BG, the coating is porous and uneven, while
11 g/L BG results in a more uniform and denser layer. The 14 g/ BG sample exhibits the most compact, continuous, and well-integrated
coating, indicating it offers the most effective surface coverage and adhesion.

=  The SEM analysis of Ti-6Al-7Nb substrates coated with bioactive glass (BG) at concentrations ranging from 8 to 14 g/L shows a steady
improvement in surface morphology. The uncoated substrate (0 g/L) displays a smooth, particle-free surface. The coating at 8 g/ BG
shows porous characteristics with uneven particle distribution and insufficient coverage. The coating becomes denser and more uniform
when the BG concentration reaches 11 g/L while voids decrease. The highest concentration of 14 g/L. BG produces a surface with a dense
uniform structure that demonstrates the best coating effectiveness and adhesion.

=  The thickness and uniformity of the coatings on Ti-6Al-7Nb substrates improved with increasing BG concentrations from 8 to 14 g/L. The
coating thickness grew from 41.1 um to 57.3 pm, and the thicker coatings became denser and more compact due to better particle
availability and enhanced deposition efficiency.

= The electrochemical corrosion resistance of Ti-6Al-7Nb substrates rises as the bioactive glass concentration increases. The uncoated alloy
shows a weak corrosion rate, while coatings with 8 g/ BG lower the corrosion current to 3.154 x 1077 A and corrosion rate to 2.740 x
107 mmpy. Further enhancement is noted at 11 g/L BG (1.151 x 1077 A, 1.000 x 10~* mmpy), with the good protection achieved at 14 g/L.
BG, which shows the lowest corrosion current (5.190 x 10® A) and rate (4.509 x 10™* mmpy). The increasingly positive open circuit
potential confirms improved surface passivation and electrochemical stability with higher BG content.

=  Ti-6Al-7Nb substrates with BG coatings displayed antibacterial performance through inhibition zones that measured 26 mm against E.
coli and 23 mm against S. aureus thereby proving their ion-based antimicrobial properties. The coated surfaces maintained better bioactivity
and protective properties than uncoated samples although they produced smaller inhibition zones.
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