
AFLS2024

Contribution ID: 247 Type: not specified

Investigation of Biomimetic Coatings on Glassy
Carbon and Ti-6Al-4V Substrates: Impact of Varying

Surface Preparation Methods
Monday, 18 November 2024 12:00 (15 minutes)

Investigation of Biomimetic Coatings on Glassy Carbon and Ti-6Al-4V Substrates: Impact of Vary-
ing Surface Preparation Methods

Unaisa Dockrat1, Johan.B. Malherbe 1, Tshepo.P. Ntsoane2, Thabsile.T. Thabethe1

1Physics Department, University of Pretoria, Hatfield, South Africa.
2Physics Department, South African Nuclear Energy Corporation, Pretoria, South Africa.

Corresponding author: unaisa.dockrat@tuks.co.za

1. Introduction
Biomimetic coatings, an innovative advancement in biomedical engineering, replicate the intricate
mechanisms and superior properties observed in biological systems to enhance the performance, dura-
bility, reliability, and biocompatibility of biomedical implants [1-2]. These coatings aim to improve
implant integration with the human body, addressing the challenges of traditional coatings like ther-
mally sprayed hydroxyapatite (HAp), which can suffer from inherent residual stress, undesirable ther-
mal products, poor biocompatibility, infection risk, and inadequate tissue integration [2]. By imitating
natural biochemical processes, biomimetic coatings with better cellular adhesion, proliferation, and dif-
ferentiation [3] can be produced. This study explores biomimetic deposition on Ti-6Al-4V (Ti64) and
glassy carbon (GC) substrates, pretreated with sandblasting, plasma etching, and polishing, and then
immersed in simulated bodily fluid (SBF) for 56 days. The resulting coatings were analyzed using scan-
ning electron microscopy (SEM) for surface morphology, energy-dispersive X-ray spectroscopy (EDS)
for elemental analysis, atomic force microscopy (AFM), and X-ray diffraction (XRD) to evaluate their
structural and compositional properties.

2. Results

EDS analysis revealed higher Ca and P on coatings deposited on plasma-etched and polished GC substrates,
while sandblasted Ti64 substrates showed higher O, Ca, and P. Plasma-etched GC and sandblasted Ti64 apatite
coatings resembled thermally sprayed HAp layers on Ti64, indicating similar elemental compositions. Ti64
substrates subjected to polishing and plasma etching had lower element percentages due to pre-treatment.
SEM images showed distinct surface morphologies: GC substrates had tightly packed spherical particles
creating a rough texture, while sandblasted Ti64 substrates exhibited densely packed spherical clusters and
plasma-etched Ti64 samples had small, uneven clusters forming a porous texture. XRD confirmed coatings
on polished and plasma-etched GC and the sandblasted and plasma-etched Ti64 as hydroxyapatite with fine
grain size. XRD analysis confirmed all patterns to display distinct peaks corresponding to apatite, confirming
successful biomimetic apatite coating formation. The AFMmeasured the Young’s modulus of the coatings and
observed values within the range comparable to that of human cortical bone (17–25 GPa) [4]. These findings
highlight the success of biomimetic coatings, which indeed produce the apatite coating needed for biomate-
rial implants. Synchrotron radiation studies will also be carried out to investigate the relationships between
coating microstructure, elemental composition, and overall coating stability.
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