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Abstract

Introduction: Bioactive glass coatings are attractive for biomedical applications due to their ability to bond with
bone and enhance biocompatibility. However, ensuring stability and corrosion resistance of metallic implants in
physiological environments remains challenging.

Methods: A bioactive glass with the composition 80Si0.—15Ca0O-5P20s was synthesized by the sol-gel method
and applied onto 316L stainless steel using dip-coating. Processing parameters such as withdrawal speed and sol
viscosity were optimized to improve coating quality and corrosion resistance. X-ray diffraction (XRD) and
scanning electron microscopy (SEM) were used to examine structure and morphology. Fourier-transform infrared
spectroscopy (FTIR) was performed after immersion in simulated body fluid (SBF) for 3 days. Corrosion
resistance was assessed using potentiodynamic polarization and electrochemical impedance spectroscopy (EIS).
Mechanical performance was evaluated through Vickers microhardness and adhesion tests.

Findings: The optimal coating, obtained at 4 cm/min withdrawal speed and low sol viscosity, showed a uniform,
crack-free, porous structure with strong adhesion. XRD confirmed its amorphous nature after heat treatment at
700 °C, essential for maintaining bioactivity. FTIR after 3 days of immersion revealed the formation of P—-O
bonds, confirming phosphate group nucleation linked to hydroxyapatite. Corrosion tests showed markedly
improved resistance compared to the bare substrate, with reduced corrosion current density and higher polarization
resistance. Surface hardness also increased from 198 HV (substrate) to 230 HV (coated).

Conclusion: Sol-gel derived bioactive glass coatings, when processed under optimized conditions, provide
improved mechanical integrity, corrosion resistance, and bioactivity in simulated body environments, highlighting

their potential for enhancing the longevity and functionality of metallic implants.

Keywords: Biocompatible Materials, Corrosion, Sol-Gel Processing, Stainless Steel, Surface Coating
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Findings and Discussion

The results revealed a strong relationship
between sol-gel processing parameters and
coating quality. Withdrawal speed and sol
viscosity  directly influenced thickness,
uniformity, and mechanical integrity.

At high withdrawal speeds (e.g., 8 cm/min),
coatings were thicker but suffered from non-
uniformity and visible cracks due to uneven
evaporation and high drying stresses. Very low
withdrawal speeds produced thinner but less
protective films. The best results were obtained
at 4 cm/min with a low-viscosity sol, which
produced a crack-free, homogeneous, porous
coating with strong adhesion to the steel
substrate.

SEM  (scanning electron  microscopy)
confirmed the porous microstructure of
optimized coatings. Such morphology is
favorable for bioactivity because it promotes
ion exchange and supports the formation of
bone-like apatite layers. The absence of cracks
and delamination further indicated that stresses
during drying and sintering were well
accommodated.

XRD (X-ray diffraction) analysis of samples
heat-treated at 700 °C showed that the coatings
retained an amorphous structure. Amorphous
bioactive glasses are generally more reactive in
simulated body fluid (SBF), allowing faster
apatite formation compared to crystalline
glasses. Preserving this structure ensures that
the coating maintains high bioactivity after
thermal treatment.

In addition, Fourier-transform infrared
spectroscopy (FTIR) was conducted after 3
days of immersion in SBF. The FTIR spectra
showed the emergence of characteristic P—O
stretching vibrations, indicating phosphate
group nucleation linked to hydroxyapatite. This
confirmed that the coating could initiate
mineralization within a short immersion time,
reinforcing its bioactive potential.

From a mechanical perspective, the coatings
displayed improved hardness compared to the
uncoated substrate. Vickers microhardness
testing revealed an average value of 230 HV for
the coated sample, versus 198 HV for bare 316L
steel. This enhancement is attributed to the
dense, interconnected glass network formed
during the sol-gel process, which improves
resistance to wear and indentation.

Corrosion resistance, a critical property for
implant longevity, was evaluated using
potentiodynamic polarization and
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Extended Abstract

Introduction

Bioactive glasses have emerged as a significant
class of materials in biomedical engineering
due to their ability to bond with bone tissue and
support cellular activities. Unlike inert
materials,  bioactive glasses form a
hydroxycarbonate apatite (HCA) layer on their
surface when in contact with physiological
fluids, which is chemically and structurally
similar to the mineral phase of bone. This
capability enhances osteointegration and
accelerates healing. Among various glass
systems, the Si0-—CaO-P-:0s ternary system is
widely recognized for its excellent bioactivity
and biocompatibility. These materials not only
promote bone regeneration but can also be
tailored to achieve therapeutic effects such as
controlled ion release or antibacterial activity.
Despite these advantages, their mechanical
weakness and  brittleness  limit  bulk
applications. To overcome this, bioactive glass
has been applied as a coating on mechanically
strong metallic substrates such as titanium
alloys and stainless steels. Stainless steel 316L,
in particular, is widely used for orthopedic and
dental implants due to its favorable mechanical
properties and cost-effectiveness. However, its
bioinert nature and susceptibility to localized
corrosion in the human body necessitate
protective bioactive coatings.

The sol-gel method has proven effective for
fabricating bioactive glass coatings. Compared
to melt-quenching, the sol-gel process provides
better control over composition and
microstructure at lower processing
temperatures. Combined with dip-coating, it
offers an efficient way to produce uniform films
on metallic substrates. Nevertheless, coating
quality strongly depends on parameters such as
sol  viscosity, withdrawal speed, and
drying/heat-treatment conditions. Poor control
may lead to cracks, delamination, or poor
adhesion, limiting biological and protective
performance.

Therefore, this study aimed to develop and
optimize sol-gel derived bioactive glass
coatings on 316L stainless steel, focusing on
withdrawal speed and sol viscosity. The goal
was to obtain coatings that not only protect the
substrate against corrosion but also promote
biointegration and mechanical stability in
physiological environments.
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increased compared to uncoated steel, and
corrosion resistance was markedly improved,
as evidenced by lower Iy values, higher
polarization resistance, and favorable EIS
responses.

While these results are promising, further
research is required to evaluate long-term
stability, = biological  interactions,  and
mechanical durability under more complex and
clinically relevant conditions. Nevertheless, the
findings highlight that sol-gel derived SiO.—
CaO-P-Os glass coatings, when processed
under optimized conditions, can serve as a cost-
effective and reliable strategy for enhancing the
performance and longevity of metallic implants
in biomedical applications
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electrochemical impedance spectroscopy (EIS)
in SBF. The coated samples exhibited
significantly lower corrosion current densities
(Icorr) and higher polarization resistance (Rp)
compared to the uncoated substrate. This
indicates that the coating acted as an effective
barrier against chloride ions, which are
abundant in body fluids and responsible for
pitting corrosion in stainless steel. EIS results
further supported these findings: coated
samples showed larger capacitive arcs in
Nyquist plots, reflecting enhanced surface
protection and stability over time.

Although the coating thickness was relatively
modest (~1.91 pm), it provided -effective
mechanical reinforcement and electrochemical
protection without affecting the bulk properties
of the implant. The ability to produce such thin
yet efficient films highlights one of the key
advantages of the sol-gel/dip-coating method
for biomedical surface engineering.

Conclusion

This study demonstrated that bioactive glass
coatings can be successfully deposited on 316L
stainless steel using a sol-gel dip-coating
method. By optimizing withdrawal speed and
sol  viscosity, coatings with uniform
morphology, strong adhesion, and improved
functional properties were achieved.

The optimized coating prepared at 4 cm/min
withdrawal speed with a low-viscosity sol
exhibited a crack-free, porous structure and
retained its amorphous nature after heat
treatment at 700 °C. FTIR confirmed the
formation of P—O bonds after 3 days of
immersion in SBF, validating the initiation of
bioactive reactions and hydroxyapatite
formation. These features are beneficial for
both corrosion protection and biological
performance. In addition, surface hardness
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