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Post-Pandemic Challenges in Biomaterial Research at KIST: Navigating the
Path Forward

Chris Hyung-Seop Han!%"

I Center for Biomaterials, Korea Insititute of Science and Technology (KIST), Republic of Korea
2 Divison of Bio-Medical Science & Technology, KIST School, Republic of Korea

ABSTRACT: This talk will shed light on the
dynamic landscape of post-pandemic biomaterial
research at KIST, emphasizing the challenges and
opportunities that liec ahead. By addressing these
challenges head-on and fostering interdisciplinary
collaboration, KIST is poised to drive innovation
and contribute significantly to the advancement of
biomaterials that will shape the future of healthcare
in a post-pandemic world.

OVERVIEW: The global COVID-19 pandemic
has brought to light the critical importance of
advancing biomaterial research to address
emerging healthcare challenges. This abstract
explores the post-pandemic landscape of
biomaterial research at the Korea Institute of
Science and Technology (KIST) and outlines the
key challenges that researchers face in this rapidly
evolving field.

In the wake of the pandemic, biomaterial research
has taken on renewed significance, as it underpins
critical areas such as vaccine development,
diagnostic tools, and therapeutic interventions.
Rescarchers at KIST have been at the forefront of
these efforts, employing innovative strategies to
design and engineer biomaterials that can meet the
demands of the changing healthcare landscape.

This talk delves into the multifaceted challenges
that biomaterial researchers at KIST must now
address. These challenges encompass both
scientific and translational aspects, including the
need for accelerated development of adaptable
biomaterial platforms, the optimization of drug
delivery systems, and the integration of artificial
intelligence and data-driven approaches into
biomaterial design. Additionally, ethical and
regulatory considerations gain prominence as new
biomaterial solutions emerge, requiring a balance
between rapid deployment and comprehensive
safety assessment.
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Furthermore, the talk will highlight the
collaborative nature of post-pandemic biomaterial
research. With the convergence of disciplines such
as material science, biotechnology, and
nanotechnology, KIST researchers are forging
partnerships  with academia, industry, and
healthcare providers to create holistic solutions that
encompass design, synthesis, testing, and clinical
implementation.

ACKNOWLEDGEMENTS: This work was
supported by the National Research Foundation of
Korea (NRF) grant funded by the Korea
government (MSIT)
(N0.2022M3H4A1A04085301) and (No.
2021K1A3A1A74095)
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Current status of R&D and regulatory science on biodegradable metal medical d
evices in China

Yufeng Zheng! Deyuan Zhang? Xiaonong Zhang? Lei Tian*

I'School of Materials Science and Engineering, Peking University, Beijing 100871, China
* R&D Center, Biotyx Medical (Shenzhen) Co. Ltd., Shenzhen 518109, China

3 Suzhou Origin Medical Technology Co. Ltd., Jiangsu 215513, China

4 School of Stomatology, The Fourth Military Medical University, Xi’an 710032, China

In this paper, we would like to take three
examples to illustrate the R&D situation on the
medical devices using biodegradable metals.

For Mg-based biodegradable metals, Suzhou
Origin Medical Technology Co. Ltd. successfully
develops a biodegradable high-purity (99.98%)
magnesium (HP-Mg) ligation clip for general
surgery. The HP-Mg ligation clips possess

excellent  clamping  functions, effectively
avoiding haemorrhage, tissue fluid leakage, clip
loosening and slipping. The complete

degradation period was about 1 year in vivo,
preventing permanent foreign body retention.
Single-blind clinical trials involve 156 patient
cases of laparoscopic cholecystectomy. The
follow-up validates that the HP-Mg ligation clip
does not cause Mg” or H. accumulation in
major organs, pH value deviation of local
tissues, severe local and systemic inflammation
reactions, and artefacts in an imaging test. The
NMPA (China) registration submission was
received on Sep 2022 and will be approved for
registration as predicted at the end of 2023.

For Fe-based biodegradable metals, IBS
employs Fe-0.05%N as its backbone, with
PDLLA coatings to control not only drug
release, but also to create a local low pH
environment, in which iron may corrode fast
into soluble ions, and zinc layer between
backbone and PDLLA coatings to delay the
onset of iron corrosion as sacrificed anode. FIH
trials of coronary and pediatric pulmonary
stenoses enrolled first patient in 2018 in China
and Malaysia, while first enrollment of
peripheral artery was in 2020 in China. More
than 1100 implantations of iron bioresorbable
scaffolds were completed in China, Europe and
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USA (via compassionate use approval from
FDA) with 100% success rate. TLF was
comparable with its control Xience so far. Full
endothelialization was achieved in six months
after implantation, then scaffolded lumen
became larger and larger, which is quite
different from other DES or BRS, maybe related
to the hemosiderin movement to the adventitia.
IBS Angel™ for pediatric use has obtained its CE
MDR marking in Feb, 2023, and CE applications

of IBS™ for coronary use and IBS Titan™ for
peripheral use have been submitted.
For Zn-based biodegradable metals, a

multicenter randomized controlled trail was
designed to evaluate the efficacy, safety and
biodegradability of a novel biodegradable Zn—
Mg— Fe alloy maxillofacial osteosynthesis
system which is produced by HuaXiang
Meditech. There are seven maxillofacial surgical
centers attended this clinical trial and 150
patients with mild facial fracture were planned
to be enrolled in total. The patient was
randomly assigned to experimental group or
control group which was treated by traditional
titanium internal fixation system (Depuy
Synthes, USA ). From October 2021 till now,
there are 78 patients completed the surgery in
total, and all patients gained good bone
healing without infections. There were no
severe adverse events occurred and the
concentration of blood metal ions were stable
before and after surgery. The efficacy and
safety of Zn alloy maxillofacial osteosynthesis
system were approved, while the degradability
was still on study.
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Multicomponent zinc alloys with high mechanical performance

— challenges and solutions
M. Biedal, A. Jarzebska!, M. Wrébel!, .. Maj', . Rogal', W. Gozdur!,
S. Przybysz?, J. Skiba?
! Institute of Metallurgy and Materials Science of Polish Academy of Sciences, Krakow, Poland
2 Institute of High Pressure Physics, Polish Academy of Sciences, Warsaw, Poland

INTRODUCTION: Zinc based biodegradables
materials  attracted aftention of scientific
community thanks to their outstanding
biocorrosion property. The application of this kind
of alloys is limited by difficulties in optimization
of required mechanical, biocorrosion, and
biological properties [1-2]. The main goal is to
obtained material with good strength and plasticity
and to not deteriorate uniformity of corrosion and
biocompatibility. Thanks to alloying zinc with
magnesium and subjected to hydrostatic extrusion
high mechanical properties could be reached [3]. In
this work influence of addition of Mg, Ca and Sr
on mechanical and biocorrosion performance was
investigated.

METHODS: Quaternary, ternary and binary
alloys composed of zinc with 0.5 % wt. of
magnesium and 0.5 wt. % of calcium and 0.5 wt.
% of strontium (ZnMg, ZnMgSr, ZnMgCaSr).
were prepared by gravity casting in an argon
atmosphere followed by hot extrusion at 250 °C
and then by hydrostatic extrusion. Hydrostatic
extrusion was performed in one, two and three
passes at room and at elevated temperatures.
Microstructural characterization using SEM, TEM,
and XRD phase analysis was performed. The
mechanical properties including microhardness and
static tensile tests were examined. Corrosion
properties were analysed by using immersion tests
carried out in Hanks’ solution, under conditions
mimicking a human body (temperature = 37 °C,
pH = 7.4). Polished samples were immersed in
Hanks’ solution for 14 days. Samples were
subjected to SEM observations to investigate the
corrosive products by EDS technique. Sample
surfaces without corrosion products were
characterized to observe the evidence of uniform
degradation (arrangement of pits). The weight loss
of the samples was measured after cleaning the
surface to remove corrosion products and the
corrosion rate was calculated.

RESULTS: The microstructure of investigated
zinc alloys after hydrostatic extrusion consists of
the a-Zn grains and intermetallic phases Mg>Zni,
CaZnys and SrZnjs. Difference in microstructure
between different components addition was
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observed. It could be noticed that the largest grain
refinement was observed for quaternary alloy. Due
to that the highest pressure during extrusion caused
the highest temperature during deformation, higher
fraction of dynamically recrystallized grains was
observed for quaternary alloys extruded in one
pass. The four components alloys after one pass of
hydrostatic extrusion received also good thermal
stability up to 150°C. The highest strength was
noticed for quaternary alloy after 2 passes the
highest elongation for ternary alloy after one pass.
Quaternary alloy has the best corrosion properties
in terms of uniformity and acceptable corrosion
rate.

DISCUSSION & CONCLUSIONS: Synergy
effect of alloying and plastic deformations was
observed and analysed for complex quaternary
system. Input of each element was described on
both mechanical and corrosion study. A wide range
of behaviour was obtained with the same
composition of the material. The comparison of the
properties for different composition and process
parameters was performed and compromise
solutions were proposed.

REFERENCES: [1] G. Li, H. Yang, Y. Zheng,
X.-H. Chen, J.-A. Yang, D. Zhu, L. Ruan, K.
Takashima,(2019) Challenges in the use of zinc
and its alloys as biodegradable metals:
Perspective from biomechanical compatibility,
Acta Biomaterialia, Vol. 97, 2019, 23-45,

[2] J. Venezuela, M. S. Dargusch, The influence of
alloying and fabrication techniques on the
mechanical properties, biodegradability and
biocompatibility of zinc: A comprehensive review.
Acta Biomater. 87, 1-40 (2019). [3] W. Pachla,

S. Przybysz, A. Jarzebska, M. Bieda, K
Sztwiertnia, M. Kulczyk, J. Skiba (2021)
Structural and mechanical aspects of hypoeutectic
Zn—Mg binary alloys for biodegradable vascular
stent applications, Bioactive Materials, Vol. 6, 26-
44,

ACKNOWLEDGEMENTS: This work was
supported by Norwegian Financial Mechanism and
National Centre for Research and Development
(NCBR) - grant NOR/SGS/BioAbsMat/0096/2020
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Graphene nanoplatelet-reinforced zinc matrix composites for implant
applications
Y Li, H Kabir, K Munir, C Wen
School of Engineering, RMIT University, Melbourne, Victoria 3001, Australia

INTRODUCTION: Zinc-based alloys and
composites are gaining increasing interest as
promising new biodegradable implant materials
due to their appropriate biodegradation rates and
biological functionalities. However, the inadequate
mechanical strength and ductility of pure zinc have
restricted its application [1-2]. Metal matrix
composites containing suitable alloying elements
and reinforcing particulates can show the required
mechanical properties for metallic biomaterials [3].
Graphene-based  materials are  considered
promising reinforcement materials to improve the
mechanical properties, corrosion performance, and
wear resistance of metal matrix composites [4].
This study investigated zinc matrix composites
(ZMCs) reinforced with 0.1-0.4 wt.% graphene
nanoplatelet (GNP) fabricated via powder
metallurgy as potential biodegradable implant
materials.

METHODS: High-energy ball milling was used
for preparing the GNP-Zn powder mixtures and the
GNP-reinforced ZMC samples were fabricated by
sintering at 420 °C for 6 h under a high-purity Ar
atmosphere. The microstructures, mechanical
properties, and corrosion behaviours of the GNP-
reinforced ZMCs were characterized using optical
microscopy, scanning electron microscopy
combined  with energy-dispersive  X-ray
spectroscopy, Raman spectroscopy, compression
testing, and electrochemical and immersion testing
in Hanks’ balanced salt solution. The cytotoxicity
of the GNP-reinforced ZMCs was evaluated by
indirect contact method wusing the human
osteoblast-like SaOS2 cells.

RESULTS: The microstructural study revealed
that the GNP was uniformly dispersed in the ZMCs
after ball milling and sintering at 420 °C for 6 h.
The microhardness, compressive yield strength,
ultimate compressive strength, and compressive
strain of the ZMC-0.2GNP were 68.7 HV, 123
MPa, 247 MPa, and 22.9 %, respectively, with
improvements of ~ 18 %, 50 %, ~ 28 %, and ~ 15
% compared to pure Zn. The corrosion rate of the
ZMCs was lower than that of the pure Zn, and the
ZMC-0.2GNP composite exhibited the lowest
corrosion rate of 0.09 mm/y as measured by
electrochemical testing. The extract of pure Zn and
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GNP-reinforced ZMCs at a concentration < 12.5%
showed no cytotoxicity in relation to SaOS2 cells.

DISCUSSION & CONCLUSIONS: Zn matrix
composites reinforced with different contents of
GNP were fabricated using a powder metallurgical
process. High-energy ball milling was found to be
an effective technique for uniformly dispersing
GNP in Zn matrices. Microstructural studies
showed that strong interfacial bonding between the
GNP and Zn matrix was achieved without the
formation of any intermetallic carbide phases. The
GNP-reinforced Zn matrix composites showed
significantly enhanced strength via synergetic
strengthening mechanisms including load-transfer
and grain-refinement strengthening. The optimum
GNP content in the GNP-reinforced ZMCs was
found to be 0.2 wt% in terms of mechanical
strength and corrosion resistance. Higher GNP
content (0.4 wt.%) in the Zn matrices caused
agglomeration of GNP. ZMC-0.2GNP showed
good vitro biocompatibility. Overall, ZMC-
0.2GNP composite exhibited  promising
mechanical properties, satisfying corrosion rate
and biocompatibility for biodegradable load-
bearing implant applications.

REFERENCES: 'H. Kabir, et al. (2021) Recent
research and progress of biodegradable =inc alloys
and composites for biomedical applications:
Biomechanical and biocorrosion perspectives.
Bioact Mater 6(3):836-879. ’S. Agarwal, et al
(2016) Biodegradable magnesium alloys for
orthopaedic applications: A review on corrosion,
biocompatibility, and surface modifications, Mater.
Sci. Eng. C 68:948-963. M. Shahin, et al. (2019)
Magnesium matrix nanocomposites for orthopedic
applications: A review from  mechanical,
corrosion, and biological perspectives Acta
Biomater. 96:1-19. *K. Munir, et al. (2020)
Graphene nanoplatelets-reinforced magnesium
metal matrix nanocomposites with superior
mechanical and corrosion performance for
biomedical applications J. Magnes. Alloy
8(1):269-290.

ACKNOWLEDGEMENTS: The support from
the Australian Research Council through the
Future Fellowship (FT160100252) and the
Discovery Project (DP210101862).
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Nanosized biodegradable powder fabrication by nanosecond pulsed laser
ablation for biodegradable metal applications

Seung-Hoon Um!, Carlo Paternoster!, Francesco Copes', Pascale Chevallier!,

Hyung-Seop Han*? Diego Mantovani*!

I Lab Biomaterials and Bioengineering, CRC-I, Department of Mining, Metallurgical and Materials
Engineering & CHU de Quebec Research Centre, Regenerative Medicine, Laval University,
Quebec City, QC, Canada
? Biomaterials Research Center, Biomedical Research Division, Korea Institute of Science and Technology
(KIST), 02792 Seoul, Republic of Korea

INTRODUCTION: The use of biodegradable
metals in the medical field 1is gradually
expanding [ 1]. Among these ones, Fe-Mn-C alloys
raised the interest of the scientific community for
their high mechanical strength and interesting
corrosion rate. In addition, there 1s an extreme lack
of research on the fabrication of sub-nano-sized
biodegradable metal powders, which are for
example essential for maximizing skin or cell
penetration ability [2]. and improving the
resolution of bio 3D printers [3]. In this study, we
will discuss about the fabrication and properties of
nanoscale biodegradable metal powders based on
pulsed laser process.

METHODS: A pulsed nanosecond laser (Wave
length: 1064 nm, power: 20 W, frequency: 30 kHz,
scan speed: 1000 mm/s, pulse width: 100 ns) was
used in different media (cthanol, methanol,
acetone, silicone oil, distilled water) for the
production of powders, from a biodegradable metal
alloy (Fe-12Mn-1.2C, 20 mm x 10 mm x 2 mm),
The microstructure analysis was performed with a
JEM-1230 TEM (JEOL), while the powder size
distribution analysis was studied through a Nano-
S, DLC, (Malvern). Powder morphology and
chemical composition were assessed by SEM and
EDS.

RESULTS: Biodegradable metal powders were
prepared using a pulsed laser process. The size of
the powder was adjusted from 0.5 nm to 10 pm
depending on the medium used in the laser
process, and the microscopic shape of the powder
was also modified to be either spherical or
irregular. The powder showed a range of
crystalline microstructure, depending on the
production conditions.

The powder size distribution was related to the
different used medium; in particular, several size
ranges were found even for a single medium, for
example for production in de-ionized (D.I.) water
powders showed a size of 0.5-5 nm, 1-5 pum and ~7
um.
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(a). ¥

300 nm

300 nm
Fig. 1 TEM images of powder size and shape
according to solution type acetone (a), D.W (b)
during powder fabrication process.

DISCUSSION & CONCLUSIONS: The size and
shape of the powder were adjusted according to the
type of solvent used in the process, which is based
on laser ablation parameters and relies on the effect
of the thermal energy source. It is assumed that the
differences in thermal conductivity between
solvents may account for the observed control over
the powder's size and shape. This study will be
advantageous for high-resolution 3D printing of
bio implants based on biodegradable metals, as
well as for drug research that requires the
penetration of tissues.

REFERENCES: 'Han, H. S., D Mantovani , et al.
(2019). Current status and outlook on the clinical
translation of biodegradable metals. Mater. Today,
23, 57-71. 2 Ghasemiyeh, P., et al. (2019).
Cyproterone acetate-loaded nanostructured lipid
carriers: effect of particle size on skin penetration
and follicular targeting. Pharm. Dev. Technol,
24(7), 812-823. 3 Zhang, J., et al. (2021). 3D
printing of silk powder by Binder Jetting
technique. Addit. Manuf., 38, 101820.

ACKNOWLEDGEMENTS: This work was
supported by NSERC-Canada-Alliance and Prima-
Quebec- partnership funds. DM holds a Canada
Research Chair Tier I (2012-2026).
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Mechanical assessment of engineered porous WE43 alloy coupons produced by
Laser Powder Bed Fusion, a control for bone reconstruction device applications.

LH Olivas-Alanis’?, S Niezgoda!, A Chmielewska!, D Cho!, T Avey!, C Rodriguez!?, A Luo*, D

Dean

1

'Department of Materials Science and Engineering, The Ohio State University, Columbus, OH.

? Escuela de Ingenieria y Ciencias, Tecnologico de Monterrey, Monterrey, Nuevo Leon, Mexico

INTRODUCTION: Magnesium (Mg) alloys are
being studied for medical device applications due to
their elastic modulus, which is significantly lower
than the standard of care alloys (e.g., Ti6Al4V).
Thus, Mg alloys are promising materials for
reducing the stress-shielding effect. In specific, the
WEA43 Mg alloy has an elastic modulus of E= 44
GPa and a typical yield strength of 172 MPa [1].
Furthermore, the application of debulking strategies
and cellular materials produced by metallic powder-
based Additive Manufacturing (AM) techniques
(e.g., Laser Powder Bed Fusion, Binder Jetting),
allow stiffness-matched of these devices [2].

METHODS: Mechanical testing coupons were 3D
printed via Laser Powder Bed Fusion in an inert
environment using Mg WE43 metallic powder.
Tensile dog bone and cylinder compression samples
were designed according to ASTM E606 and ISO
13314, respectively. These studies will determine
bulk material properties and device mode of failure.
Ongoing work employs the experimental
mechanical properties of the AM samples for use in
a Finite Element Analysis (FEA) model. The
computational validation will test the structural
stiffness of different engineered porosities under
static loading conditions, with varying levels of
apparent density and strut thickness. The stiffness
reduction and stress concentration of different pore
geometries, such as orthogonal struts and Triply
Periodic Minimally Surface (TPMS) Gyroid, shown
in Figure 1, are being studied.
Porous samples are being printed to validate the
computational model under the same experimental
loading conditions.

Figure 1. Unit cell structures for (a) orthogonal
strut (a) and (b) TPMS gyroid, employed for FEA
static analysis.

RESULTS: LPBF produced samples showed an
elastic modulus (E) of 12.59+1.48 GPa, a yield
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strength (oy) of 167.20+9.02 MPa and an Ultimate
Tensile Strength (UTS) of 194+10.89 MPa.

Computational FEA preliminary results, show the
benefits of tailoring the normalized elastic modulus
(EYE by altering the apparent density (p) (i.e.
interconnected porosity) in TPMS gyroid structures,
as seen in Figure 2. The FEA model will be
validated with experimental data from 3D-printed
WEA43 Mg samples.

1.0 .

(EVE = 1.0428{pyl 100

0.00 020 vAD 0.80 0.50 100
Apparent density. (5}, mm fmm

Figure 2. Relationship between apparent density
and normalized apparent elastic modulus in TPMS
gyroid structure.

DISCUSSION & CONCLUSIONS: Tailoring the
mechanical properties of LPBF-produced WE43
Mg components via engineered porous structures, it
is beneficial for the design of stiffness-matched
smart structures, such as orthopaedic and graft
fixation implants. We also plan to compare these
results to 3D-printed Mgl.2Zn0.5Ca0.5Mn porous
coupons. Furthermore, having information about
the initial mechanical properties of biodegradable
metallic structures, such as Mg-based, enables the
development of smart structures with time
dependant properties.

REFERENCES: ! H. Hyer et al., “High strength WE43
microlattice structures additively manufactured by laser
powder bed fusion,” Materialia (Oxf), vol. 16, p. 101067,
2021, >M. Marvi-Mashhadi, W. Ali, M. Li, C. Gonzalez,
and J. Llorca, “Simulation of corrosion and mechanical
degradation of additively manufactured Mg scaffolds in
simulated body fluid,” T Mech Behav Biomed Mater, vol.
126, p. 104881, 2022.

ACKNOWLEDGEMENTS: This research was
supported by the State of Ohio’s Third Frontier
Accelerator program and The Ohio State University
James Comprehensive Cancer Center Cancer
Engineering Center and Biomedical Device Initiative.
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Degradative response of Fe-Mn-C alloys in albumin-supplemented SBF

Quang Nguyen Cao', Abdelhakim Cherqaoui', Carlo Paternoster!, Maria Laura Gatto'>, Marcello
Cabibbo?, Paolo Mengucci®, Diego Mantovani'

I Laboratory for Biomaterials and Bioengineering, Dept. of Min-Met-Materials Engineering,
Research Center of CHU de Quebec, Division of Regenerative Medicine, Laval University, Quebec
City, QC, G1V 046, Canada, : Dept. DIISM, Universita Politecnica Delle Marche, Via Brecce
Bianche 12, 60131, Ancona, Italy; 3 Dept. SIMAU & UdR INSTM, Universita Politecnica Delle
Marche, Via Brecce Bianche 12, 60131, Ancona, Italy

INTRODUCTION: Fe-based alloys show long-
term degradation, as well as excellent mechanical
properties, close to those of standard alloys for
reparative surgery (L605 and AISI 316L). In
particular, Fe-Mn alloys can be considered as the

most promising candidates for absorbable
implants, such as cardiovascular stents and
orthopedic  prostheses. Improved mechanical

properties and corrosion rates can be obtained
designing the chemical composition of Fe-Mn
alloys [1]. Specifically, Fe-Mn-C alloys are of
great interest due to the combination of high
strength and ductility, and degradability with
limited cytotoxic effects in the human body.
However, the release of ions has to be controlled,
since their local accumulation could lead to the
occurrence of adverse biological effects [2].
Degradative behavior of different Fe—Mn alloys
has already been investigated by several authors in
a variety of pseudo-physiological solutions.
However, few studies in literature focused on the
degradative response of Fe-Mn-C alloys to
artificial biological fluids containing albumin,
present in human plasma [3]. Aim of this
experimental work is to extend the know-how on
degradative response of newly developed Fe-Mn-C
alloys to albumin-enriched SBF.

METHODS: Three different Fe-based alloys
including Fe-C (AISI 1018), Fe-5Mn-0.4C and Fe-
20Mn-1.2C were investigated in as-received
condition and after 14 days of static immersion
degradative tests in albumin-supplemented Hank’s
solution (AS-MH), phosphate-buffered saline (AS-
PBS), and sodium chloride (AS-NaCl), according
to the ASTM G31-03. Morphology, chemical
composition and microstructure of samples in as-
received condition and after immersion test were
analysed my scanning electron microscope (SEM),
energy dispersive microanalysis (EDS) and X-ray
diffraction (XRD). Corrosion rate (CR) of alloys
after immersion tests was compared.

RESULTS: Fe-C and Fe-5Mn-04C show o-Fe
(ferrite) body-centered cubic (bce) phase (ICDD 6-
696), in both as-received condition and after static
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immersion degradative tests in all albumin-
supplemented SBF. On the other hand, Fe-20Mn-
1.2C samples show y-Fe (austenite) face-centered
cubic (fcc) phase (ICDD 52-512). Sample AS-MH
also exhibits poorly crystallized Ca,P.07 — calcium
phosphate (ICDD 23 —871), as reported in Fig. 1.

e Ca,P,0, = o Fe-20Mn
gl & -
w 2 §
. - °
3 e
Lg; >
> |NaCl h
@
c |[PBS A
L
£
Hanks ® e [ ° A
As received ) ' k

) 20 30 40 50 60 70 80
20 (%)

Fig. 1: XRD patterns of Fe-20Mn-1.2C in as-
received condition and after 14 days static
immersion degradative.

Furthermore, AS-NaCl exhibits the highest CR,
regardless to the alloy composition, contrary to
AS-PBS, which enables the lowest mm/year rates
of degradation. Moreover, Fe-5Mn-0.4C has the
highest degradation rates in all three solutions.

DISCUSSION & CONCLUSIONS: Among the
different Fe-Mn-C alloys investigated, Fe-5Mn-
0.4C shows the highest degradation rate in the
albumin-enriched SBF considered in this study.
However, static immersion degradative tests
should carried out for longer time to detect their
effect on microstructure evolution.

REFERENCES: ! J. Fiocchi et al., Effect of
laser welding on the mechanical and
degradation behaviour of Fe-20Mn-0.6 C
bioabsorbable alloy, J. Mater. Res. Technol.
(2020). * S. Gambaro et al., Mechanical and
degradation behavior of three Fe-Mn-C alloys for
potential biomedical applications, Mater. Today
Commun. (2021). * E. Mouzou et al., In vitro
degradation behavior of Fe-20Mn-1.2 C alloy in
three different pseudo-physiological solutions,
Mater. Sci. Eng. C (2016).
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Sol-gel CaP deposition on magnesium alloy skeletal fixation devices for time-
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INTRODUCTION: Resorbable magnesium alloys
have been explored for skeletal fixation
applications in order to remove the risk of device
failure due to stress shielding, a phenomenon
associated with the current standard-of-care, inert
fixation device material, Ti-6Al-4V (aka Ti64).
Ti64 has a bulk stiffness of 116 GPa whereas most
biomedical Mg alloys have a stiffness of less than
half that value. The stiffness of cortical bone is
usually in the range of 18-25 GPa. Once resorbed,
Mg alloys that serve in the role of skeletal fixation
pose no risk of interrupting the normal loading of
the newly healed bone. However, the bone will not
heal if the Mg alloy resorbs too quickly or is not
strong enough. Different strategies to produce
devices with sufficient resistance to corrosion have
been investigated with limited success [1]. We
have explored the use of surface coatings to delay
Mg alloy degradation until surgically repaired
bone has healed. Here we present work on the
deposition of a CaP ceramic coating via a sol-gel
process on a novel magnesium alloy.

METHODS: Cast and heat-treated Mg-1.2Zn-
0.5Ca0.5Mn (wt%) cylindrical coupons, polished
with grit size up to 2000, were sonicated in
absolute ecthanol. Next, the coating procedure
involves the sequential immersion and air drying
of substrates using: 0.1 M titanium(IV) butoxide
solution in 1-1(v/v) toluene-ethanol solvent, 1—
1(v/v) toluene-cthanol solution, distilled water, a
solution of 50 wt% HA and 50 wt% B-TCP
nanoparticles dispersed in ethanol (0.9 mg/ml).
The procedure, well detailed in [2], was performed
for 5, 10, 15, 20 and 25 times to obtain different
numbers of layers (i.e., coating thickness). The
samples were cross-sectioned and analyzed
through SEM to assess the thickness and
homogeneity of the coatings and the presence of
defects. Immersion tests in Hank's balanced salt
solution at 36.5 = 1 °C were performed based on
[I, 3] and according to ASTM G31-72, in
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triplicates. The coated substrates are weighed
before and after immersion tests after removing the
corrosion products to estimate the weight loss.
Uncoated coupons of the same magnesium alloy
are used as a control.

RESULTS: Figure 1 shows an SEM image of a
coated coupon and the presence of CaP micro-
flakes typical of the deposited coating. As in our
prior work, increasing the number of layers in the
coating is expected to improve the corrosion
resistance of the coupon. Our goal is to delay the
commencement of corrosion for 3 months.

Fig. 1: SEM image of a sol-gel coated magnesium
alloy coupon.

DISCUSSION & CONCLUSIONS: The
introduction of a surface coating with varying
thickness allows modulation of the degradation
speed of the studied magnesium alloy, paving the
way to proper deployment of stiffness-matched,
resorbable skeletal fixation devices. We anticipate
titrating coating thickness will allow us to
modulate resorption so that the Mg alloy is not
exposed to body fluid, and thus degradation does
not occur, for 3 months.

REFERENCES: ' D. Cho, T. Avey, K. H. Nam,
D. Dean, and A. A. Luo. (2022) Acta Biomater.
150:442-455. > A. Chmielewska, T. MacDonald,
H. Ibrahim et al. (2020) MRS Commun. 10:467—
474.% J. Gonzalez, R. Q. Hou, E. P. S. Nidadavolu,
R. Willumeit-Romer and F. Feyerabend, (2018)
Bioact. Mater. 3:174—185.
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Microstructure, mechanical properties and corrosion behaviours of Mg and Zn
alloys manufactured by LPBF for biomedical applications
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INTRODUCTION: Biodegradable metals offer ACKNOWLEDGEMENTS: This project has
unique properties as musculoskeletal implants as received funding from the European Union’s
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which can spare the trauma-patients from a programme under grant agreement No
secondary surgery as compared to their 101047008

non-biodegradable counter parts. Three classes of
biodegradable alloys have been developed over the
years, namely Mg-, Fe- and Zn-based alloys.
Among the three, several Mg-based alloys exhibit
excellent  biocompatibility, non-toxicity and
appropriate mechanical propertiecs. The fast
degradation rate issue of Mg alloys can be
alleviated by applying plasma electrolytic
oxidation (PEO) which also results in improved
biocompatibility. Zn-based alloys, although being
the least studied materials, exhibit promising
potential due to their intermediate degradation rate
and sufficient mechanical properties.

METHODS: A Mg-RE (rare earth) alloy (WE43)
and ZnMgl alloy were manufactured by a Laser
Powder Bed Fusion (LPBF) process. The
as-printed alloys were sand-blasted and chemically
etched to smoothen the surface and WE43 was
protected against corrosion by PEO. The alloys
were immersed in simulated body fluid (SBF) for
different periods of time to study the corrosion
behaviours. The microstructure and corrosion
properties were carefully analysed using X-ray
microcomputed tomography, scanning electron
microscopy and electron-backscatter diffraction as
well as transmission electron microscopy. In
addition, the mechanical properties and fracture
mechanisms were determined by tensile testing of
intact specimens as well as samples at intermediate
times of degradation. Further, in-vitro and future
in-vivo tests will be performed on these alloys with
and without PEO modification to examine the
biocompatibility, cytotoxicity and cell proliferation
behaviour. These results will highlight the
mechanical properties, corrosion resistance and
biocompatibility of both Mg and Zn-based
alloy-derived printed structures manufactured by
LPBF.
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INTRODUCTION: So far, pure Zn has not been a
preferred material for producing absorbable
implants due to its insufficient mechanical
properties. Solution to this problem is the
implementation of plastic deformation processes,
often supported by alloying additions. The
application of hydrostatic extrusion has been
particularly beneficial in improving the strength of
Zn-based materials. Refined microstructure and the
presence of structural defects are the key factors
responsible for this enhancement. However, such
microstructure can also affect the corrosion and
biological behaviour of Zn-based materials. Thus,
it is crucial to investigate the microstructure and
correlate it with the properties. While methods for
study the modification of microstructural,
mechanical, and corrosion properties altered by
plastic deformation are well-established and the
results are straightforward, the literature findings
present inconsistencies in the case of biological
properties. Therefore, in this study a novel method
of diamond magnetometry was applied to support
the data about the biological performance of
absorbable Zn alloys.

METHODS: In order to study the effect of plastic
deformation on microstructure and the properties
of Zn-based materials, hydrostatically extruded
(HSE) pure Zn, Zn-Mg and Zn-Mg-Cu alloys were
compared to their hot extruded (HE) counterparts.
Microstructural characterization of the studied Zn-
based materials was carried out by using the
electron  backscattered diffraction (EBSD)
technique. Mechanical properties were assessed
based on a series of static tensile tests. Information
regarding corrosion properties were acquired by
performing immersion and electrochemical tests.
Biological studies, encompassing indirect contact
cytotoxicity assays and confocal laser scanning
microscopy (CLSM) studies, were also performed.
In order to obtain additional insight into biological
properties of the examined materials, the novel
technique of diamond magnetometry was used.
The method served as a tool enabling the analysis
of early cell response.
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RESULTS: Studies confirmed great grain
refinement caused by HSE as roughly 20 times
smaller grain size was obtained for HSE-treated
materials as compared to their HE counterparts.
Significant improvement in the mechanical
properties was also observed. The highest values of
YS = 361 MPa, UTS = 430 MPa and E = 21%
were achieved for Zn-Mg alloy after HSE. In
comparison to HE-treated materials, lower
corrosion rates were evaluated for materials
subjected to HSE. MTT assay as well as confocal
studies did not reveal any significant differences
between the HSE- and HE-treated materials.
However, diamond magnetometry indicated that
the production of free radicals was more
pronounced in cells exposed to extracts produced
from the materials after HSE.

DISCUSSION & CONCLUSIONS: Plastic
deformation via HSE caused substantial great grain
refinement, which positively affected the
mechanical properties of Zn-based materials. Such
microstructural changes improved their corrosion
resistance as well. Based on the data obtained by
using diamond magnetometry it can be stated that
plastic deformation also influenced biological
properties of the studied Zn alloys. The generation
of free radicals was more pronounced for the HSE-
treated materials, what Indicates the state of
oxidative stress, induced possibly by higher
intracellular Zn levels. However, such a tendency
was observed only during the early stages of
incubation of cells with Zn-bearing media.
Diamond magnetometry method could be
effectively used for the assessment of material
cytotoxicity.
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