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Evaluation of Nano-Mechanical Performance in Hydroxyapatite-Selenium-
Collagen Nanocomposite Coatings on Ti6Al4V via Electrochemical Deposition
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! Department of Materials Engineering, Faculty of Engineering, Malayer University, Malayer,
Iran

2 Department of Physics, Department of Materials Science and Engineering, and Department of
Biomedical Engineering, City University of Hong Kong, Tat Chee Avenue, Kowloon, Hong Kong

Abstract

Titanium alloys like Ti6Al4V are a mainstay in medical implants, thanks to their strength and
compatibility with the human body. Still, ensuring they last in the body’s harsh environment
calls for advanced surface coatings. My research explores the nano-mechanical properties of
three coatings—hydroxyapatite (HA), HA-selenium (HA-Se), and HA-selenium-collagen (HA-
Se-Col)—applied to Ti6Al4V through electrochemical deposition. I looked at their hardness,
toughness, and adhesion, alongside their microstructural features. The HA coating, riddled with
20-25% porosity, offered decent hardness but struggled with toughness due to its brittle, open
structure, making it prone to cracking under stress. Adding selenium in HA-Se boosted hardness
by tightening the crystallite structure, though adhesion to the alloy didn’t improve much. The
standout was HA-Se-Col, where collagen worked wonders, cutting porosity to 8-10% and
creating a dense, unified coating. Collagen’s hydrogen bonds with apatite strengthened the
structure, spreading stress evenly and resisting cracks. Scanning electron microscopy revealed
HA-Se-Col’s tight, flower-like texture, which backed its mechanical strength. These findings
show how selenium and collagen team up to refine HA coatings, delivering tougher, harder, and
better-bonded surfaces for implants. By enhancing these nano-mechanical traits, HA-Se-Col
coatings pave the way for longer-lasting, body-friendly titanium implants, blending clever
material design with practical biomedical solutions.
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/ Abstract
Titanium alloy Ti6Al4V is widely used in implants, yet its long-term performance depends on durable surface coatings. This study compares the nano-
mechanical behavior of hydroxyapatite (HA), HA-selenium (HA-Se), and HA-selenium—collagen (HA-Se—Col) coatings deposited electrochemically on Ti6AI4V.
Mechanical tests and microscopy revealed that while pure HA showed moderate hardness but poor toughness due to 20-25% porosity, selenium addition refined
the crystallite structure and increased hardness. The HA-Se-Col coating stood out, showing only 8-10% porosity, enhanced adhesion, and superior toughness.
Collagen’s hydrogen bonding with apatite created a dense, crack-resistant, flower-like microstructure. These results highlight the synergistic role of selenium and
collagen in improving HA coatings, leading to stronger, tougher, and more reliable surfaces for next-generation biomedical implants 5

/ Methods

Nanostructured hydroxyapatite (HA), HA-selenium (HA-Se), and HA-selenium-collagen (HA-Se-Col) coatings were deposited on Ti6Al4V substrates via
electrochemical deposition. Titanium plates (10 x 20 x 1 mm) were polished, ultrasonically cleaned, and surface-activated using alkaline, oxalic, and hydrofluoric
treatments. The deposition bath contained calcium nitrate, diammonium hydrogen phosphate, and sodium nitrate at pH 4.5 and 37 °C, with sodium selenite (0.04 g)
added for Se incorporation. Collagen modification was achieved by immersing dried HA-Se coatings in a collagen solution.
Structural and morphological analyses were carried out using XRD, FTIR, and SEM/EDX. Surface topography, roughness, and nano-mechanical properties
dulus) were evaluated using atomic force microscopy (AFM) and nanoindentation >
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Conclusion
The incorporation of selenium into hydroxyapatite coatings markedly enhanced nano-mechanical performance by increasing hardness and elastic modulus through
improved crystallinity and interfacial bonding, while collagen addition, despite slightly reducing hardness, improved toughness, stress distribution, and bioactivity
by forming a dense, cohesive, and bio-mimetic matrix. AFM results revealed that the HA-Se-Col coating exhibited higher surface roughness (Ra = 18.8 nm),
promoting better cell adhesion and osseointegration. Overall, the synergistic effect of selenium and collagen optimized the balance between stiffness and compliance,
resulting in coatings with superior durability, mechanical adaptability, and long-term stability for biomedical implant applications.
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