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ABSTRACT

Absorbable metals, designed for temporary biomedical implants, degrade in physiological
environments, with three primary families being magnesium, iron, and zinc alloys. Magnesium
degrades rapidly, often losing structural integrity before bone healing completes, whereas iron
degrades very slowly, maintaining excellent mechanical properties but with prolonged
persistence in the body. Zinc, emerging as a promising biodegradable metal, offers an
intermediate degradation rate and good biocompatibility. However, pure zinc has limitations
like low strength, poor hardness, and limited plasticity, making it unsuitable for direct clinical
use. Additionally, zinc’s low melting point (419.5 °C) raises concerns about creep resistance,
susceptibility to aging, and recrystallization, potentially causing device failures during storage
and use. This research explores strategies to improve zinc’s properties, focusing on alloying for
enhanced strength and surface modification to improve biocompatibility, blood compatibility,
and corrosion resistance. Future studies should aim to develop zinc alloys with optimal

mechanical properties and predictable degradation suitable for medical applications.
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1. INTRODUCTION

Recently, clinical problems associated with stress shielding and secondary surgery can be
addressed by utilizing biodegradable materials which have the ability of providing an
alternative choice to permanent materials in orthopedics (Shi et al., 2023). Many properties like
good mechanical strength, wear resistance, toughness, ductility, and formability should be
present in these materials to be attracted to use (Al-Khafaji et al., 2024; Dargusch, 2019).
Additionally, to address the minimal host response and toxicity of corrosion products that
released from many metallic elements (Al-Khafaji et al., 2024; Haleem et al., 2024; Hussein et
al., 2024; Radhi et al.,, 2023; Radhi, Kareem, et al., 2022; Radhi, Sahi, et al., 2022;
D. Zhu et al., 2019).

As a result, the biodegradable metals are the candidate to have a bulk composition composed
to an essential metallic elements. These assembled materials should metabolize easily in the
alive body by absorption or excretion and degrade at desirable time (Gu et al., 2009). Essential
biodegradable metals involve iron (Fe), zinc (Zn), and magnesium (Mg). In the previous few
years, the focus was on (Fe) and (Mg) biodegradable materials, although the success of such
metals remains restricted. For example, when magnesium-based alloys implant touch with
plenty of chloride ion in the human body environment, are corrode in the physiological medium
and losing strength before the bone tissue fully heals. Conversely, Fe-based alloys have very
slow deterioration rates and excellent mechanical characteristics in clinical applications

(Bowen et al., 2012) .
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Fig.1. The biodegradable applications for Zinc alloys (Shi et al., 2023).

Zinc is a novel kind of biodegradable metal, after magnesium and iron, due to its high

decomposition rate and biocompatibility. And because of the standard corrosion potential of

Zinc is (—0.762 VscEg) ,Zinc exhibits a lower corrosion rate than the Mg (—2.372 Vscg) and Fe

(—0.440 Vscg) (Lietal., 2018). In the human body 90% of zinc is stored in bone tissue, therefore

Zinc is a necessary element for human health since it affects how proteins and enzymes operate.

When zinc ions disintegrate from the implant, they can still integrate into the body's metabolic
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functions without causing harmful effects (Ghani Fahmi et al., 2020). Furthermore, considering
bio-safety, the recommended limits for elemental zinc are approximated at 15 mg daily (Zheng
et al., 2014). Zn-based alloy biomaterials degrade at an appropriate rate because they have a
passive layer with moderate stability, and they are easy to cast because of their low melting
temperature and chemical reactivity. Because of these characteristics, Zn-based alloys are
intriguing candidates for a new generation of BMs, particularly for usage as osteosynthesis
materials and cardiovascular stents (Bowen et al., 2015; Salih et al., 2024). Zn-based BMs are
the next generation of bone-tissue engineering materials. Fig.2 illustrates many in vivo
investigations using Zn-based compounds for possible clinical applications (Kabir et al., 2021).
However, pure zinc has insufficient mechanical properties such as low strength, hardness and
poor plasticity. Research has been conducted on cUTS (20-30 MPa), £ (0.25%), and H (37 HV)
(Kubasek et al., 2011). Furthermore, creep resistance, the relatively limited fatigue strength,
high susceptibility, and low-temperature recrystallization to the aging process of Zinc and Zinc
alloys can lead to failure of surgical instruments when keeping at room temperature as well as
during use in the human body, all them makes it unsuitable for clinical applications (Kubasek
etal., 2011; Li et al., 2018).Therefore, these challenges can be controlled by alloying pure zinc
with some appropriate elements such as silver (Ag), lithium (L1), copper (Cu), zirconium (Zr),
manganese (Mn), calcium (Ca), aluminum (Al) and other elements to produce Zn alloys divided
into binary alloy, ternary alloy and quaternary alloy. Selecting appropriate alloying elements is
essential for achieving the sufficient mechanical strength, biocompatibility and degradation

behavior (Chen et al., 2024).

Fig. 2. Potential clinical uses of Zn-based BMs (Kabir et al., 2021).
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2. THE AIM OF THIS REVIEW

The aim of this review is to present a comprehensive analysis of zinc-based biomaterials (BMs)
for potential biomedical applications, with a particular focus on biodegradable zinc alloys. In
order to meet the requirements of biomedical applications, this paper examines different

manufacturing processes for producing these alloys as well as methods to improve their
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mechanical qualities by alloying with appropriate elements. It also investigates surface
modification methods to enhance zinc-based BMs' corrosion resistance, blood compatibility,

and biocompatibility.

3. THE EFFECT OF ALLOYING ELEMENTS ON ZINC ALLOYS

3.1. The Zn-Mg alloy system

One alloying method that has been extensively studied for biodegradable zinc alloys is the Zn-
Mg system. Magnesium has a solubility of less than 0.1wt % in zinc at 364°C . Zn-Mg alloys
are composed of Zn primary the dendrites and a lamellar eutectic combination of Zn and
Mg>Zn11 (Mostaed et al., 2016). The homogenization decreases lamellar characteristics in the
eutectic phase, which leads to uniformity. Hot extrusion caused the process of dynamic
recrystallization (DRX), creating a microstructure with recrystallized Zn grains and Mg>Zn1;
precipitates scattered along the extrusion direction. Mg>Zni; enhanced grain structure by
creating stress concentration and particle-stimulated nucleation, which eventually saturated as
the Mg quantity increased (Robson et al., 2009). As Mg concentration increased, most Zn-Mg
alloys demonstrated lower ductility and a shift in fracture mode from ductile to cleavage due to
the increased volume of Mg>Zn11. The hard Mg>Zni1 phase created a mechanical mismatch with
the Zn matrix phase, leading to crack initiation at phase boundaries. Wang et al. used multi-
pass drawing to produce the highest tensile strength for the Zn-Mg system to date (455 + 2)
MPa (L. Wang et al., 2018).

3.2. The Zn-Ca and Zn-Sr alloys systems

The Ca and Sr are insoluble in zinc, leading to the production of CaZn13 and SrZn13 in low-
alloyed zinc. Li et al. created binary Zn-Ca, Zn-Sr, and ternary Zn-Ca-Sr alloys as new
biodegradable metals. These alloys were developed to carry out certain biological functions
throughout the bone fixation process by simultaneously release the essential nutrients Ca, Sr,
and Zn. The rolling process and extrusion improved the mechanical properties of the Zn-Ca
binary alloy to 250 MPa and 11% (UTS, elongation) and the Zn-Sr binary alloy to 260 MPa
and 20% (UTS, elongation), which were excellent to pure zinc but require improvement (G. Li
et al., 2019). The addition of Mg to binary Zn-Ca and Zn-Sr alloys did not change the phase
composition, but it reduced their ductility and strength (H. Li et al., 2015).

3.3. The Zn-Mn alloy system

At 400 °C, the alloying ingredient Mn is approximately 1% soluble in zinc (Yue et al.,
2017).Sun et al. investigated Zn-Mn binary alloys and detected the MnZni3 phase when the
amount of Mn was greater than 0.4 wt%. At 0.2 wt% Mn, a single phase structure was noticed

(Sunetal.,2017). In contrast to Mg, Mn has a significant influence on the mechanical properties
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of extruded Zn-based alloys. Adding a small amount of Mn improved UTS and elongation in
Zn-Mn alloys. Increasing concentration of Mn led to reduced UTS and improved elongation by
more than 70%. The twinning process may improve strength in zinc alloys with low Mn levels
but reduces as Mn amount increases (Sun et al., 2017).

3.4. The Zn-Ge alloy system

A novel zinc alloy, Zn-Ge, was created in 2018 for biodegradable uses (Tong et al., 2018). The
addition of Ge produced a gray, short rod-like eutectic phase along the grain boundaries of zinc.
Ge considerably enhanced grain refinement in zinc alloy, which strengthened the matrix. Hot
rolling the Zn-5 wt% Ge alloy produced better mechanical properties and a more homogeneous
microstructure (Tong et al., 2018).

3.5. The Zn-Li alloy system

Li's solubility in Zn is around 0.1 wt%, which is equivalent to 1 at%. At 403 °C, a eutectic
reaction occurs, producing in B-LiZn4, which then forms to a-LiZn4 at 65 °C. The majority of
research indicates that Zn-Li alloys that have a low Li concentration are formed of a-LiZn4 and
Zinc at room temperature. Zhao et al. identified missing diffraction peaks for Zn-2, 4, and 6%
Li in the present database, as well as differences between experimental and recorded LiZn4
lattice characteristics (Zhao et al., 2017). Zn-Li alloy had exceptional mechanical features, with
yield strengths exceeding (200) MPa. According to Dai et al. (2019), this is due to the pinning
action of nano-LiZn4 precipitates. The Zn-0.5 wt% Li formulation demonstrated exceptional
UTS (364.9)MPa and 22% elongation (Dai et al., 2019).

Zn-Mg, Zn-Mg-Cu, Zn-Mg- N\ Zn-Al, Zn-Al-Mg, Zn-Al-Li,
WC, Zn-Mg-Ca, Zn-Mg-Sr, Al Zn-Al-Cu, Zn-Al-Cu-Li, Zn-
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Fig. 2. The most common Zn alloying elements include Mg, Al, Cu, Li, Mn, Ag, Fe, Sr, V, Cr, Zr,
and Ge. They may create a binary alloy, ternary alloy as well as quaternary alloy with zinc
(Chen et al., 2024).

In present review, the Authors try to illustrate most the surface modifications that carried out
for zinc alloys in order to enhance its biocompatibility and improve mechanical and
biodegradation properties for usage it in the medical applications.

Research in biodegradable zinc-based materials (BMs) for biomedical applications has
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expanded significantly due to their potential to address issues associated with traditional,
permanent implants. Unlike implants that require removal, biodegradable materials gradually
dissolve, reducing the need for secondary surgeries and allowing the body to heal naturally over
time. Zinc-based materials, in particular, offer an ideal balance of degradation rate and
biocompatibility compared to magnesium- and iron-based BMs, making them promising
candidates for biomedical devices such as cardiovascular stents.

Numerous investigations have examined the features and alterations of zinc alloys to improve
their corrosion resistance, mechanical qualities, and biocompatibility. For example , (Kubasek
et al., 2011) examined Zn-Mg alloys of up to 3 weight percent magnesium and compared their
properties to those of Zn-Al-Cu and Mg alloys. Zn-Mg alloys with a magnesium concentration
of around 1 weight percent were found by the investigation using techniques including scanning
electron microscopy (SEM) and tensile testing had a maximum elongation and strength of 150
MPa and 2%, respectively, and a reduced rate of corrosion in comparison to magnesium-based
alloys. Likewise, when Gong et al. (2015) used a hot extrusion technique on a Zn-1Mg alloy,
they discovered that the process decreased both corrosion rates and grain size, with the latter
dropping by 57%. This alloy demonstrated improved biodegradation uniformity and
biocompatibility, making it suitable for load-bearing applications.

To improve the qualities of zinc-based alloys, it has been shown that adding different alloying
components is essential. (Liu et al., 2015) used hot-rolling and hot-extrusion techniques to
improve the biocompatibility of Zn-based alloys that contained vital nutrient elements as Mg,
Ca, and Sr. According to their findings, these components greatly enhanced cytocompatibility
and hemocompatibility , satisfying the biosafety standards for clinical applications. Another
study (Dambatta et al., 2015) looked at Zn-3Mg alloys and discovered that the alloy's
mechanical integrity and corrosion resistance were enhanced by homogenization heat treatment
at 360°C for 15 hours. The tensile strength was somewhat reduced and the fracture elongation
rose from 2.3% to 8.8% as a result of the microstructure improvement. Zn-3Mg alloys are
suitable for biodegradable bone implants due to their strength and corrosion resistance.

The utility of zinc alloys can be further increased by surface modification and the addition of
metals like copper and aluminum. (Mostaed et al., 2016) investigated Zn-Mg and Zn-Al alloys
and showed that extrusion caused uniform deterioration instead of localized pitting, which is
beneficial for the controlled degradation required in medical applications. The most promising
alloy was determined to be Zn-0.5Mg due to its optimum strength-ductility ratio and strain-
hardening properties. (Tang et al., 2017) used hot extrusion to create a Zn-4Cu alloy and found

that it had superior antibacterial properties and delayed degradation. This alloy is particularly
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well-suited for applications such as vascular prosthesis because to its exceptional strength and
biocompatibility.

By adding components like manganese and silver, zinc alloys' corrosion resistance and
biocompatibility are further enhanced. In their investigation of Zn-Mn alloys, (Bagha et al.
2017) showed that manganese additions improve corrosion resistance and compressive
strength. Zn-4Mn alloys shown notable enhancements in cell adhesion and vitality, highlighting
its potential as a new biodegradable substance. A Zn-4Ag alloy was created in a different study
by (Li et al., 2018), demonstrating that silver enhanced corrosion rate and offered antibacterial
qualities. Zn-4Ag alloys may be helpful in reducing implant-related infections due to their
mechanical strength, biocompatibility, and antibacterial properties.

Multi-element alloys have also been the subject of recent developments to improve the
characteristics of zinc-based BMs. In their investigation of Zn-Ag-Zr alloys, (Watroba et al.,
2019) discovered that the simultaneous addition of Ag and Zr significantly improved the alloy's
yield strength, tensile strength, and elongation to failure.  Since electrochemical studies
demonstrated consistent corrosion rates and antibacterial tests confirmed efficacy against
common bacterial strains including Staphylococcus aureus and Escherichia coli, Zn-Ag-Zr is a
good option for biodegradable medical implants. Similarly, (Jia et al., 2020) examined Zn alloys
containing several elements, including Ca, Li, Sr and Mg. It was discovered that while Ca and
Sr improve biocompatibility and osteogenesis, which are critical for bone healing applications,
Mg and Li alloying elements improve the alloy's mechanical integrity.

Extrusion and hydrostatic extrusion are two mechanical processing methods that are crucial for
enhancing the microstructure and characteristics of zinc alloys. The mechanical properties of
Zn-Mg alloys with varying Mg concentrations were examined by (Pachla et al., 2021), who
demonstrated that hydrostatic extrusion and equal-channel angular pressing improved grain
size, strength, and elongation. This process also increased the corrosion resistance of the Zn-
1Mg and Zn-1.5Mg alloys, making them suitable for use in vascular stents.

In vivo studies further confirm the biocompatibility of zinc alloys. (Xiao et al., 2021) examined
Zn-0.05Mg-Ag alloys implanted in rabbits over a 24-week period, keeping an eye on
biochemical indicators and implant integrity. The findings supported the alloys' potential as
biodegradable implants by showing that serum zinc and magnesium levels gradually returned
to normal and that histology investigation demonstrated strong bone adherence and integration.
Additionally, cutting-edge alloying methods like laser additive manufacturing are being
investigated. Cerium (Ce) was added to zinc (Zn) via laser alloying (Yang et al., 2021), which

improved creep resistance, grain refinement, and tensile strength. The Zn-Ce alloy
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demonstrated its promise for bone mending applications by demonstrating strong
hemocompatibility and cytocompatibility.

The role of minor alloying elements like manganese in refining the grain structure and
enhancing mechanical properties has also been demonstrated. Manganese was introduced to a
Zn-0.2Mg alloy by (Mollaei et al., 2022), who discovered that Mn enhanced the yield and
tensile strengths as a result of grain refinement and a rise in particle volume fraction. The alloy
may be suitable for vascular stents notwithstanding the minor acceleration of corrosion caused
by the inclusion of Mn.

Surface treatments can further enhance the antibacterial properties of zinc alloys. (Xiang et al.,
2023) showed that etching zinc with nitric acid increased surface roughness, which improved
Zn ion release and inhibited the formation of biofilms. This straightforward, efficient surface
modification technology offers a special way to enhance the antibacterial qualities of materials
based on zinc for use in medicine.

Finally, in their discussion of the potential of zinc-based materials for bone regeneration and
repair, (P. Li et al., 2024) emphasized the need to close the gap between bioactivity and
biological performance. Their research highlighted the areas that require more research for
Zn-based biomaterials in regenerative medicine by demonstrating the function of zinc ions in
bone regeneration and repair.

4. METHODS OF MANUFACTURING BIODEGRADABLE ZINC ALLOYS

Casting, Conventional wrought methods, traditional powder metallurgy (PM) are the
production methods used to create Zn-based alloys.

4.1. Casting

Casting 1s the conventional manufacturing process of Zn alloys because it makes easy
customization of the alloy composition .Zinc alloys were producted by melting metal zinc with
addition elements .After that pouring liquid alloys into the mold cavity( like steel or graphite)
then allow them to solidify (Kabir et al., 2021). Following casting heat treatments including
homogenization, annealing, and quenching may be used to get rid defects such as shrinkages,
cracks and residual stresses (Chen et al., 2024). More over plastic deformation processes such
as drawing, extrusion, forging and rolling also can be used after heat treatments. To prevent
oxidation reactions and to limit porosity a controlled atmosphere must be maintained during the
casting process, gas dissolution must also be controlled. Three subgroups of the casting process
can be distinguished: sand casting, gravity casting, and squeeze casting (also known as die
casting). The most popular method of processing used to create zinc alloys is squeeze casting.

Melted metal is pushed under high pressure into the mold cavity during this
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process(Ghomashchi & Vikhrov, 2000). The process of gravity casting entails pouring molten
metal straight into the mold from the crucible (Kurnaz, 2005). Sand casting is a process that
uses disposable sand molds to make intricately shaped metal pieces.

Fig. 3. The manufacturing method of Zn alloys by casting process (Chen et al., 2024).
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Mostaed E. et. al., (2016) Four new Zn-Mg and two Zn-Al binary alloys are examined in this
study as potentially useful biodegradable substances for implant usage. The alloys were made
using the process of casting, the homogenization process and hot extrusion processes, which
were followed by 48 hours of heating to 350°C. The extruded alloys showed a slower rate of
degradation and slightly perfect corrosion resistance compared to the casting alloys, However,
all corrosion rates were around half that of a normal purity magnesium control. Zn-0.5Mg is
the most promising material for stent uses because it possesses a good combination of ductility,
strength, strain hardening exponent, and a suitable rate of mechanical integrity lost through
deterioration. Finally this research indicates that Zn alloys may be suitable for stent usage
(Mostaed et al., 2016).

4.2. Conventional wrought methods

Wrought techniques in metal working are methods that employ mechanical force to plastically
bend metal into the required shape. The word wrought meaning to worked that refers to
mechanical nature of the technique. Wrought techniques can be carried out by using either hot
or cold working, depending on how the working temperature and recrystallization temperature
of the metal interact with one another. Hot working occurs when the metal is plastically molded
above its recrystallization temperature. Other than that, it's cold working. The most often used
wrought processes are drawing, rolling, forging, and extrusion (J. Niu et al., 2016;Shen et al.,
2016; Tang et al., 2017; Mostaed et al., 2016) . Hot rolling is the main technique used in the
majority of research on biodegradable zinc to produce a flat profile. To minimize thickness, a

heated metal stock is passed through two rolls during the hot rolling process. To achieve a
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homogeneous composition in the pre-formed Zn, the metal is typically heated at 250-350°C for
30-180 minutes before rolling process. The thickness of the rolled product might vary from a
few millimeters to around 300 Im. Drawing or extrusion can be used to create the long,
cylindrical profile that is characteristic of a tube (Liu et al., 2015;C. Wang et al.,
2016).Extrusion is the process of pushing the metal through a die having a specific form
opening. Extrusion can be either direct or indirect.

Wang Ch. et. al., (2015) The purpose of this research was to create a new method for producing
zinc alloy micro-tube that function well for use in biodegradable vascular stent application.
Where the new Zn-0.05Mg-0.01Fe (wt%) alloy micro-tubes were manufactured in suggestion
a processing procedure by combining drilling, cold rolling, and optimal drawing. With their
dimension errors are approximately 10 pm, this process was used to produce a micro-tube with
an outer diameter of 2.5 mm and a thickness of 130 pm. The ultimate tensile strength and
ductility of the micro-tube are greater than 220 MPa20% and 20% respectively, and it has a fine
and homogenous microstructure. Moreover, Zn alloy micro-tube and stents perform excellent
in vitro when it relates to corrosion and expansion. It might be feasible to arrive at the
conclusion that the new Zn alloy micro-tube produced by the method mentioned above could
make an excellent biodegradable stent candidate (C. Wang et al., 2016).

4.3. Powder metallurgy

Powder metallurgy (PM) is a method that can be used to process of metal powders, with the
easy achievement of superior surface polish (Radhi et al., 2024). Additionally, metal powders
need to be handled and treated in an inert atmosphere due to their susceptibility to oxidation
during manufacturing. It necessitates refining the metal particles and handling them inertly.
This method of processing usually includes three phases (i) Metal powders are combined or
milled using an operations controlling agents at different speeds and times. (i1)) Compressing
metal particles with green compaction technique. (iii1) sintering to create solid materials that are
either completely dense or semi-dense (Kryst et al., n.d.)(Akhtar et al., 2018).The metal
powders are sintered at a temperature that is (0.6—0.8) times their melting temperature in a
regulated setting. It is also possible to fabricate biodegradable Zn-based alloys using this
method (Guleryuz et al., 2017). Mg-5wt.%Zn alloys were chosen by Yan Y. et. al., (2021) In
the present investigation, Mg-5wt.%Zn alloys were fabricated by powder metallurgy and used
a study. They were influenced by the usage of hot extrusion and aging processes to create
microstructures with various properties. Through in vitro degradation, cytocompatibility and
electrochemical corrosionwere used to examine their self-forming corrosion result layer in

Ringer's solution, biodegradable behavior, and corrosion process in detail. After 96 hours of
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aging, the extruded Mg-5wt.%Zn alloy exhibited superior corrosion resistance, excellent
biocompatibility for L929, and great sample integrity during immersion. The alloy's fine-grain
microstructure and consistent distribution of nano-sized second phases led to production of a
homogeneous and smooth corrosion layer at the beginning of immersion. These features helped
to facilitate the production of a smooth and uniform corrosion product layer at the start of
immersion. In chloride-containing aqueous solutions, the corrosion product layer was more
stable and easily created and repaired, protecting the matrix from additional corrosion (Hou et
al., 2019).

4.4. Spark plasma sintering technique

Spark plasma sintering (SPS), often called pulsed electric current sintering (PECS), is a
relatively new sintering process. This new technology usage for fabricating materials that use
direct electrical current (DEC) to consolidate powders quickly in a very short period and at high
sintering pressures (Sharma et al., 2019). Because of the impacts of PEC and spark plasma, the
technique (SPS) successfully applies extreme pressure while rapidly heating and cooling the
powder sample in a single step that comprises compaction and sintering. Capek J.et. al., (2017)
This work used spark plasma sintering to manufacture porous zinc for implantation into
trabecular bone. The materials were characterized for their microstructure, mechanical
properties, and corrosion resistance. The prepared porous samples have a porosity of roughly
20%. The mechanical characteristics were based on pore size, initial powder particle size and
distribution. In porous Zn, corrosion rates varied from (0.6 - 0.8) mm/a according to the
distribution, pore size, and starting size of the powder particles. After the porous Zn had been
pre-incubated in simulated bodily fluid, biological extracts were obtained that had Zn
concentrations lower than the dangerous threshold for L929 cells. The results of the study show
that porous biodegradable orthopedic implants may be created with materials manufactured
from finer zinc powder (Lipov & Lipov, 2017).

5. MODIFICATION STRATEGIES SURFACE

This process enhance the biocompatibility and degradation behavior of Zn alloys by creating a
layer or many layers that differ from the matrix zinc in terms of chemical composition,
microstructure, and other characteristics. There are two types of surface modification ,first type
involves modify the material's surface properties by changing structural and chemical
composition in a close proximity to the surface and second type involves adding a coating of
substance to the raw material's surface to change its properties (Chen et al., 2024; Fahad et al.,
2023; Hussein et al., 2024). Surface modification techniques include plasma electrolytic, anodic

oxidation, chemical deposition and magnetron sputtering:
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5.1 Plasma electrolytic (PEO) or micro-arc oxidation(MAOQO) are a quickly surface treatment
method can provide bioactive coatings on the metallic surface (Du et al., 2019)(B. Niu et al.,
2016). PEO method created at high voltage and are made up of species that come from the
substrate and electrolyte in amounts determined by the discharge state. The PEO coating's
surface contains a lot of micropores, which encourages the formation of bone tissue (Kim et al.,
2019).

Sheng Y. et. al., (2019) during this work can be prepared effectively the Zn-1Mg alloy by a
porous ceramic coating by using a plasma electrolytic oxidation (PEO). Evaluations were
conducted to determine how the PEO coating affected on the corrosion resistance the Zn-1Mg
alloy and in vitro cyto-compatibility. By extending the oxidation duration from 30 to 120
seconds, it was shown that the PEO coatings' thickness could be changed from 6.7 + 0.5 microns
to 28.6 + 2 microns. The surface of ZnO and Zn,SiO4 became hydrophobic and rougher with
longer oxidation times. The protective oxide layer improved the corrosion resistance for the Zn-
IMg alloy. The Zn-1Mg coated with PEO showed improved cyto- and blood-compatibility.
The little amounts of Si** and Mg?" released during early of the degradation of the PEO coating
are primarily responsible for the improved cyto-biocompatibility (Sheng et al., 2019).

5.2 Anodic oxidation is an electrolytic method using metal or alloy components as the anode
to create an oxide coating on their surface. Anodizing does not require high voltage discharge,
in contrast to PEO.

Gilani Sh. et. al. (2016) In this study, an anodizing of zinc foil NaOH and oxalic acid
electrolytes were examined under the influence of varying electrolyte concentrations,
maintaining constant voltage and temperature. X-ray diffraction (XRD) analysis, UV-V is
diffuse reflectance spectroscopy (DRS UV-V) and Scanning electron microscopy (SEM) were
used for assessing anodized zinc plates. SEM analysis of anodized zinc plates demonstrated
that the kind and concentration of anodizing electrolyte had a major impact on the morphology
of the plates. The ZnO thin films had hexagonal wurtzite structures, as demonstrated by XRD
tests. Measurements of contact angle has indicated that the anodized film has a higher contact
angle than pure zinc foil. Based on the antibacterial studies, the parent zinc foil did not exhibit
any antibiotic action, however anodized zinc oxide is efficient against both Gram-positive and
Gram-negative bacteria (Gilani et al., 2016).

5.3 Chemical deposition is a practical successful and economical technique for creating a
bioactive layer on metallic biomaterials.

Zhu M. et. al., (2019) To enhance the pure zinc corrosion rate and cytocompatibility, a

magnesium-based coating was created on pure zinc in this study by using the simple chemical
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deposition for the first time. By using the SEM and XPS, the coating microstructure and the
composition were investigated respectively. The immersion and electrochemical tests were
used for examining the corrosion behavior. The substrate was covered in crystal particles, as
the SEM indicated. The readings of the pH and electrochemical test indicated that the
magnesium-based coating can be lower the rate of corrosion of pure zinc. An in vitro cell
adhesion test showed that the magnesium-based coating greatly improve the BMSC cells that
adhered to the samples surface. It was demonstrated that the coating made of magnesium was
thought to be a good option for coating the medical implants (M. Zhu et al., 2019).

5.4 Magnetron sputtering is a kind of physical vapor deposition (PVD) that has main
advantages such as powerful adhesion, wide coating area, flexible control, and inexpensive
equipment.

Peng F. et. al., (2021) In the present study, magnetron sputtering is utilized to deposit diamond-
like carbon (DLC) coats on zinc (Zn). Zn's hydrophobic characteristics are changed by the DLC
films at a contact angle of roughly 90°, but the surface shape of zinc remains unchanged.
Examining the DLC-coated Zn in vitro immersion and electrochemically revealed an
unexpected decrease in corrosion resistances. This could be because of galvanic corrosion
between the Zn substrate and DLC coating. Moreover, the coated and uncoated zinc samples
exhibit hemolysis ratios that are less than 1%. Since the cells cultivated in the zinc extract have
more vitality than those produced in the extract of the zinc coated with DLC, it is evident that
the DLC films decrease the cytocompatibility of zinc. The hemolysis ratio is not significantly
affected by the reduced corrosion resistance, indicating that hemolysis is not a hindrance to the
development of biological materials based on zinc. The findings show that the conventional
preventative method with DLC-coated films may not be effective everywhere and that DLC-
coated zinc actually has more little corrosion resistance and cytocompatibility (Peng et al.,
2021).

6. CONCLUSIONS AND RECOMMENDED

Biodegradable material implants are increasingly important for reducing the need for painful,
secondary surgeries required to remove or replace implants. Zinc-based biomaterials (BMs), in
particular, offer an ideal degradation rate compared to magnesium- and iron-based alternatives,
making them promising candidates for applications like biodegradable cardiovascular stents.
However, improving the mechanical properties of zinc remains a key challenge. This review
explores primary methods to enhance zinc's characteristics, specifically alloying and surface

modification. Alloying is widely regarded as an effective and straightforward approach for
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enhancing mechanical strength, while surface modification is crucial for improving
biocompatibility, corrosion resistance, and biological activity of zinc alloys.

Recent research has focused on manufacturing techniques, degradation processes, and
composition design to enhance the mechanical properties, biocompatibility, and degradation
rate of zinc alloys. Moving forward, studies should aim to further improve zinc alloys’
mechanical integrity, degradation performance, and biocompatibility. Important research
avenues include establishing a comprehensive database for zinc alloy compositions and
manufacturing processes, which would assist in the design and development of optimized zinc
alloys. Additionally, structural design considerations are essential for implant functionality,
particularly for vascular stents, where finite element analysis can address stress concentrations
during expansion, mitigating accelerated localized degradation.

Finally, the long-term mechanical stability of biodegradable zinc stents remains a critical factor.
Future research should focus on maintaining mechanical integrity during degradation and
investigate stress corrosion cracking and fatigue performance. Addressing these factors will be
essential for advancing zinc-based biomaterials as reliable, biodegradable options for medical
implants.
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