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Abstract: Magnesium alloys have attracted increasing attention in recent years as 

promising bioresorbable materials for medical implants due to their excellent 

biocompatibility, mechanical properties comparable to bone tissue, and the ability to 

completely dissolve in the body. However, the high corrosion rate under physiological 

conditions limits their clinical application. One of the most effective ways to regulate 

the corrosion behavior of magnesium bioimplants is heat treatment, which allows 

modifying their microstructure, phase composition, and distribution of alloying 

elements. This review article analyzes the effect of various heat treatment modes - 

annealing, quenching, artificial and natural aging, as well as their combinations - on 

the corrosion resistance of magnesium bioimplants. The review covers alloys of the 

Mg–Ca, Mg–Zn, Mg–RE, and Mg–Sr systems, which are most commonly used in 

biomedicine. Data on changes in the microstructure, interphase boundaries, as well as 

the morphology and distribution of intermetallic phases responsible for localized 

corrosion are provided. Particular attention is paid to the relationship between 

structural changes after heat treatment and the degradation rate in a simulated 

bioenvironment. Modern methods for assessing corrosion resistance (electrochemical 

impedance spectroscopy, potentiodynamic polarization, weight loss method) are also 

considered and technological prospects for integrating heat treatment into the 

production of new-generation bioimplants are discussed. The article emphasizes the 

importance of an integrated approach to optimizing the properties of magnesium alloys 

through heat treatment to improve their clinical efficacy and safety.  

 

1. Introduction 

 Magnesium alloys are considered to be some of the most promising materials for creating 

bioresorbable implants due to their ability to gradually dissolve in the body, reducing the need for 

repeated surgeries to remove the implant (Shalomeev et al., 2024). At the same time, the density of 

magnesium (1.74 - 2 g/cm³) and elastic modulus (41–45 GPa) are close to human bone tissue, which 

reduces the risk of stress resorption (Tsakiris et al., 2021). However, one of the key disadvantages of 

magnesium alloys remains their high corrosive activity under physiological conditions.  

 Corrosion of magnesium alloys in a biological environment is accompanied by the formation of 

hydrogen and an increase in pH, which can cause inflammatory reactions and uncontrolled 

degradation of the material (Raja et al., 2025). The corrosion rate depends on many factors: alloy 

composition, the presence of interphase compounds, the density and morphology of the oxide film, as 
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well as microstructural parameters (Amirmatova et al., 2025), (Vashi, 2025) Corrosion of magnesium 

in a physiological environment is a complex electrochemical process involving an anodic reaction of 

magnesium dissolution and a cathodic reaction of water reduction with hydrogen evolution. As a 

result of these processes, magnesium hydroxide Mg(OH)₂ is formed on the surface, which 

temporarily passivates the metal. However, this passivation film is easily dissolved in the presence of 

chloride ions, typical of biological fluids such as blood plasma and physiological solutions. At the 

initial stages of degradation of magnesium implants, a porous oxide film is formed on their surface, 

which is unable to effectively prevent further dissolution of the material (Zerankeshi et al., 2022). 

The corrosion rate under such conditions depends on many factors: the thickness and density of the 

protective film, its self-healing capacity, and the presence of microdefects and inhomogeneities on 

the surface. When the protective layer is destroyed, anodic and cathodic areas arise, which 

contributes to the development of local — pitting — corrosion, accelerating the degradation of the 

implant. Particularly dangerous in this regard are intermetallic phases such as Mg₂Ca, MgZn or 

Mg₁₇Al₁₂, which have a higher electrode potential than the main Mg matrix and therefore act as 

cathodic inclusions initiating galvanic corrosion (Fang et al., 2011), (Atrens et al., 2011). Thus, the 

morphology, distribution and chemical composition of these phases directly determine the 

localization and intensity of corrosion processes. To increase the durability of magnesium 

bioimplants, it is necessary not only to improve the composition of the alloys, but also to control their 

microstructure - primarily through optimal heat treatment, which allows minimizing galvanic effects 

and improving the uniformity of corrosion. 

 Heat treatment is one of the key tools for controlling the microstructure of magnesium alloys. 

Controlled heating and cooling can achieve dissolution or redistribution of intermetallic phases, grain 

refinement, and reduction of residual stresses, which leads to improved corrosion resistance. The 

purpose of this article is to systematize scientific data on the effect of heat treatment on the corrosion 

resistance of biodegradable magnesium implants. Specific types of heat treatment, their effect on the 

structure and properties of alloys are discussed below, and comparative data on various alloying 

systems and experimental conditions are provided. 

 

2. Magnesium alloys as bioresorbable implants.  

 Magnesium alloys are being actively investigated for use as vascular stents and orthopaedic 

implants, particularly when it is important to avoid subsequent surgical removal and minimise stress 

on surrounding bone. Magnesium is easily corroded under physiological conditions, allowing it to 

gradually dissolve, freeing up space for new tissue growth and sparing the patient from repeated 

surgery to remove the implant. Below we briefly review a number of magnesium alloys that are used 

or considered as biomaterials. 

 AZ31, AZ91 and AE21 alloys (magnesium with aluminum and zinc) are used as biomaterials in 

orthopaedic implants due to their improved mechanical properties, such as strength and ductility. 

They are used in particular in struts, fixation plates and screws in the treatment of fractures, where it 

is important to ensure sufficient rigidity, but at the same time to avoid stress shimming (easy bone 

failure due to high stiffness). This is facilitated by an elastic modulus close to that of bone. However, 

the presence of aluminum raises concerns about neurotoxicity and a possible link to the development 

of Alzheimer's disease, which limits their use, especially in pediatric and maxillofacial surgery. 

Failures can occur due to rapid corrosion degradation before bone regeneration is complete and the 

formation of gas cavities due to hydrogen evolution. These aspects are discussed in detail in a 2024 

Applied Sciences review (Karki et al., 2025), (Thomas et al., 2024). 
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 Mg–Ca promotes osteogenesis and bioactivity, Mg–Zn improves both corrosion and mechanical 

resistance, and the addition of Sr stimulates bone formation. Rare earth components can provide melt 

stability and strength, but their biocompatibility requires careful evaluation. These alloys are being 

developed to improve biocompatibility and control corrosion rates. In particular, Mg–Ca promotes 

osteogenesis and bioactivity, Mg–Zn improves mechanical stability and slows down corrosion, and 

the addition of strontium (Sr) stimulates bone tissue regeneration. Rare earth elements (RE) improve 

strength and microstructure stability, but require safety assessment and potential for long-term 

toxicity. These materials have been used in porous bone implants and scaffolds created using additive 

technologies to improve integration with bone tissue (Zhang et al., 2022). An innovative solution is 

amorphous (non-crystalline) alloys based on Mg, Zn and Ca — the so-called bioabsorbable metallic 

glass. These materials are highly durable, ductile and disintegrate in the body without toxic products, 

being replaced by bone tissue. However, their corrosion resistance leaves much to be desired — 

under some conditions, such an alloy disintegrates in just a few hours. 

 Mg-2.2%Nd-0.1%Zn-0.4%Zr (JDBM-2) alloy exhibits strength properties close to medical 

stainless steel with controlled degradation. It has been tested as vascular stents, showing excellent 

compatibility with endothelial cells (HUVEC), promoting rapid endothelial recovery, and 

maintaining mechanical integrity for up to six months in vivo. Such material can be used in 

biodegradable coronary stents, eliminating the need for removal (Mao et al., 2017). There are 

commercially approved biodegradable magnesium stents, such as Magmaris (DREAMS 2G) from 

BIOTRONIK. The base material, AE21, containing 2% aluminium and 1% rare earth elements, has 

demonstrated safety and efficacy in clinical trials. Initial installations showed satisfactory restoration 

of blood flow and a low complication rate. The stent gradually dissolves, reducing the risk of 

thrombosis and chronic inflammation typical of permanent metal structures. (Lui et al., 2024). 

 MAGNEZIX® implants (based on magnesium alloys) are used in pediatrics for fracture 

stabilization, osteotomies and fixation of osteochondral defects. The study included 89 patients 

(children and adolescents), the observation lasted from 1.5 to 30 months, and showed good clinical 

effectiveness, rapid bone healing and almost complete resorption of the implant without the need for 

repeated surgical interventions (Unal et al., 2022). 

 Using ultrapure magnesium or commercially pure Mg reduces the risk of corrosion caused by 

impurities (iron, copper, etc.) and eliminates galvanic acceleration of failure. For example, adding 

zinc (up to 1%) to plain Mg–Zn wires and coating with polymers has shown promise in terms of 

osteogenesis and mechanical performance in animal models. 

 Heat treatment (annealing, quenching) can significantly increase corrosion resistance: for high-

purity Mg — twice, and for AZ31 — ten times. This effect is associated with the elimination of 

residual stresses and a more uniform distribution of secondary phases, which in the initial state often 

serve as catalysts for local corrosion. Additionally, annealing for a number of alloys promotes grain 

coarsening and a decrease in the number of galvanic microcouples, which has a positive effect on the 

durability of the implant. It is also important that controlled heat treatment allows you to adjust the 

balance between strength and biodegradation rate, which is critical for clinical use. These features 

make thermal modification one of the most promising and accessible ways to improve the 

performance properties of magnesium implant materials. 
 

3. Types of heat treatment of magnesium alloys and their effect on the microstructure 

 Heat treatment of magnesium alloys is used to control the phase composition, grain size, 

distribution and morphology of intermetallic compounds, which together affect their corrosion 
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resistance (Bakhsheshi-Rad et al., 2016). The main types of heat treatment include: annealing, 

quenching, aging (natural and artificial), homogenization and their combinations. Annealing. 

Annealing helps to reduce residual stresses, increase ductility and coarsen grains (Liu et al., 2016). 

Hot rolling of the Mg–Zn–Ca–Mn alloy at 400 °C followed by annealing played a key role in 

achieving full recrystallization and significantly improving corrosion resistance, reducing the 

corrosion rate in Hank’s solution from 0.54 to 0.19 mm/year. The annealing process was critical in 

refining the microstructure and enhancing the overall stability of the material in a physiological 

environment (Rogachev et al., 2024).  

 Quenching. Quenching is rapid cooling after heating to a temperature above the solidus line. In 

this case, the intermetallic phases do not have time to separate, creating a supersaturated solid 

solution. Such a structure is unstable, but allows subsequent aging (Hornberger et al., 2012). Rapid 

quenching in the production of Mg-based bulk metallic glasses (BMGs) prevents atomic diffusion, 

preserving a disordered, glassy structure. However, cooling rate and partial crystallization 

significantly influence their microstructure and corrosion behavior. To improve structural stability 

and reduce degradation, researchers have developed core-shell structures with a crystalline core and 

amorphous shell, which maintain their integrity over time. This approach offers a promising solution 

for enhancing the performance of Mg-based BMGs in biomedical applications (Bin et al., 2022).  

 Artificial aging. After quenching, holding at 150–200 °C is used, causing a controlled 

precipitation of strengthening phases. In Mg–Zn alloys, the aging process leads to the formation of 

dispersed MgZn₂ particles uniformly distributed in the matrix, which can improve corrosion 

homogeneity, but in some cases worsens resistance due to the appearance of cathode areas (Han et 

al., 2020). 

 Natural aging. Occurs at room temperature for several days or weeks. The effects are less 

pronounced than with artificial aging and depend on the alloy composition and storage conditions 

(Yu et al., 2013).  

 Homogenization. Used after casting of ingots to equalize the chemical composition. For 

example, homogenization of Mg–RE alloys at 500–550 °C promotes the dissolution of 

inhomogeneities and a decrease in the activity of corrosion galvanic pairs (Sun et al., 2022).  

 Combined modes. The most effective modes are those that combine quenching and aging, 

allowing a compromise to be reached between mechanical properties and corrosion resistance. Thus, 

for Mg–Zn–Ca alloys, a combination of quenching followed by aging at 200 °C for 6 hours increases 

corrosion resistance by almost 40% (Zerankeshi et al., 2022).  

 Thus, the choice of heat treatment mode should take into account not only the desired 

microstructure, but also the features of corrosion behavior in a specific biological environment. The 

next section will be devoted to a comparative analysis of the corrosion resistance of magnesium 

alloys of different systems after heat treatment. 

 

4. Mechanisms of the influence of heat treatment on corrosion resistance 

 Heat treatment has a complex effect on the microstructure of magnesium alloys, which directly 

affects their corrosion characteristics. The main mechanisms of action can be divided into several key 

areas.  

1. Grain refinement and reduction of galvanic activity. Grain refinement and reduction of galvanic 

activity Quenching and aging processes contribute to the redistribution of phases and grain 

refinement. A fine-grained structure ensures a more uniform distribution of anodic and cathodic 



Amirmatova, J. Mater. Environ. Sci., 2025, 16(9), pp. 1758-1769 1762 

 

areas, reducing galvanic activity and, as a consequence, the rate of localized corrosion (Obayi et al., 

2016). A number of studies show that a decrease in the average grain size from 30 μm to 10 μm leads 

to a decrease in the corrosion rate by 25–35% in physiological solutions (Ye et al., 2021), 

(Dobkowska et al., 2021).  

2. Dissolution of intermetallic phases. Intermetallic compounds such as Mg₂Ca or Mg₁₂Nd often act 

as cathodic sites with respect to the α-Mg matrix, accelerating corrosion (Ikeuba et al., 2024). Heat 

treatment under properly selected conditions promotes partial dissolution of these phases, reducing 

galvanic differences and slowing down the degradation process (Hort et al., 2006). For example, heat 

treatment of Mg–Nd alloys at 400 °C for 12 hours reduces the content of intermetallic phases by 

30%, which leads to an increase in corrosion resistance (Zerankeshi et al., 2022).  

3. Formation of stable oxide films. Aging and annealing processes can contribute to improving the 

characteristics of passivating oxide layers. Denser and more homogeneous oxide films protect the 

magnesium matrix from the aggressive effects of the physiological environment (Kirkland et al., 

2012). Experiments with Mg–Zn–Ca alloys show that after artificial aging, the thickness of the oxide 

film increases and a decrease in the dissolution rate in artificial plasma by 20% is observed (Yang et 

al., 2023).  

4. Minimization of residual stresses. Residual stresses arising during casting and mechanical 

processing contribute to localized corrosion. Heat treatment, especially annealing, allows for stress 

relaxation, which has a positive effect on the uniformity of degradation. Data show that the use of 

high-temperature annealing (350–400 °C) reduces residual stresses by 60–70%, reducing the 

likelihood of cracking and catastrophic failure (Vakili et al., 2024). 

5. Corrosion behavior of heat-treated alloys of binary magnesium alloy 

 Mg–Ca system. Mg–Ca alloys are among the most studied biodegradable systems due to the high 

biocompatibility of calcium. However, the presence of intermetallic phases of the Mg₂Ca type 

promotes localized corrosion along grain boundaries. Annealing of Mg–Ca alloys at 350–400 °C for 

2–6 hours leads to the dissolution or redistribution of Mg₂Ca phases, a decrease in interphase 

boundaries and an improvement in corrosion resistance. This occurs due to the fact that a decrease in 

the size and number of cathode fragments weakens localized corrosion and promotes the formation of 

a more uniform protective oxide film. After annealing, the corrosion rate in an SBF environment 

decreases by 20–30% (Sahu et al., 2022), (Makkar et al., 2018).  

 Mg–Zn system. Magnesium-zinc alloys exhibit higher corrosion resistance compared to pure 

magnesium due to the passivating effect of Zn and the formation of MgZn₂ phases. Artificial aging at 

150–200 °C increases the dispersion of MgZn₂ phases, which reduces the corrosion rate. In a study, 

the degradation rate was reduced by 35% after optimized aging. Finely dispersed MgZn₂ particles 

slow down the propagation of microcracks and improve the barrier properties of the surface oxide 

film (Jiang et al., 2020), (Romzi et al., 2021).  

 Mg–RE systems. The addition of RE elements (yttrium, cerium, gadolinium) significantly 

improves corrosion resistance due to the formation of corrosion-resistant intermetallic phases such as 

Mg₁₂RE and Mg₃RE. Annealing and subsequent aging (200–250 °C) promote uniform phase 

distribution, grain refinement and reduction of microgalvanic activity (Xu et al., 2022). The corrosion 

rate of Mg–Gd alloys after heat treatment in SBF was reduced by almost half (Wang et al., 2023). RE 

alloying suppresses the cathodic activity of the surface and promotes the formation of a dense 
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protective oxide film rich in rare earth oxides. Mg–Sr systems. Strontium promotes increased 

biocompatibility and stimulates bone tissue growth, which makes Mg–Sr alloys interesting for 

biomedical applications (Zhao et al., 2017). Heat treatment at 350 °C leads to redistribution of 

Mg₁₇Sr₂ intermetallic phases, an increase in grain size and a decrease in the localized corrosion rate. 

Phase modification helps to reduce micro-galvanic activity, and a homogeneous microstructure 

reduces the number of zones subject to pitting corrosion (Liu et al., 2025). Table 1 is provided for a 

visual representation of the effect of various heat treatment modes on the corrosion resistance of 

biodegradable magnesium alloys.  

 

6. Effect of heat treatment on corrosion resistance of ternary magnesium alloys  

 Heat treatment is one of the key methods for modifying the structure and properties of magnesium 

alloys used in biomedical applications (Table 2). This is especially important in the development of 

ternary systems Mg–Zn–X (where X = Ca, Sr, RE, etc.), since the correct selection of temperature 

conditions can significantly improve corrosion resistance and biocompatibility. Table 2 presents a 

summary of experimental data on heat treatment of various ternary magnesium systems. Thus, in the 

case of the Mg–Zn–Ca alloy, quenching followed by aging promotes the formation of a dispersed 

phase Ca₂Mg₆Zn₃, which leads to a uniform distribution of the components and a decrease in 

microgalvanic effects. This provides improved corrosion resistance under physiological conditions 

(Cho et al., 2025).  

Table 1. Effect of heat treatment on the corrosion resistance of magnesium alloys 

Alloy 

system 

Type of heat 

treatment 

Main effect Change in corrosion 

resistance 

Source 

MgCa 

Annealing at 350°C Enlargement of grains, reduction 

of phase boundaries 

Reducing the rate of 

corrosion 

et Deng 

, 2023al. 

Artificial aging at 
200°C 

Precipitation of fine intermetallic 

particles CaMg₂ 

Increased localized 

corrosion 

 et al.,Nie 

1997 

MgZn 

Quenching 

followed by aging 

Increased homogeneity of 

structure, reduction of 

microgalvanic effects 

Improving corrosion 

resistance 

Nakanishi 

0201 et al., 

Natural aging Slow evolution of the MgZn₂ 

phase 

Minor improvement in 

corrosion resistance 

Buha et al., 

2008 

Mg-RE 

Annealing at 400°C Dissolution of rare earth phases Significant reduction in 

corrosion rate 

Wei et al., 

2017 

Artificial aging at  

250°C 

Artificial aging at 250°C Improving the barrier 

properties of the oxide 

film 

Wu et al., 

2022, Sun 

et al., 2022 

MgSr 

Quenching 

followed by aging 

Strengthening of the structure, 

redistribution of the Mg₁₇Sr₂ 

phase 

Improving corrosion 

resistance in physiological 

environments 

Nafikov et 

al., 2023 

Annealing at 300°C Partial dissolution of intermetallic 

phases 

Reduction in the rate of 

hydrogen evolution 

Bornapour 

et al., 2015 

 



Amirmatova, J. Mater. Environ. Sci., 2025, 16(9), pp. 1758-1769 1764 

 

 Annealing, on the contrary, promotes grain coarsening and dissolution of unstable phases, which 

reduces internal stresses, but does not always have a clear effect on the corrosion rate. For the Mg–

Zn–Sr system, heat treatment leads to the redistribution of Sr and Zn along the grain boundaries, 

which reduces the rate of hydrogen evolution and increases the stability of the protective oxide layer 

(Zerankeshi et al., 2022).  

 Particular attention is paid to systems alloyed with rare earth elements (RE). In Mg–Zn–RE and 

Mg–Ca–RE alloys, annealing at 400°C promotes the dissolution of RE phases and alignment of the 

structure, which significantly reduces the intensity of corrosion processes. Aging at moderate 

temperatures (about 250°C) promotes the formation of thermodynamically stable phases that increase 

the barrier properties of the oxide coating (Tariq et al., 2022), (Meng et al., 2022).  

 Thus, optimization of temperature conditions and heat treatment parameters allows for targeted 

changes in the structure of ternary magnesium alloys, ensuring an increase in their resistance to an 

aggressive biological environment. This makes such alloys promising materials for the creation of 

biodegradable implants with predictable degradation periods and high biocompatibility. 
  

 Table 2. Effect of heat treatment on corrosion resistance of ternary magnesium alloys used in biomedicine 

Alloy 

system 

Type of heat 

treatment 

Main effect Change in corrosion 

resistance 

Source 

Mg–Zn–Ca 

 

Quenching 

followed by 

aging 

Formation of finely dispersed 

phase Ca₂Mg₆Zn₃, increasing 

homogeneity 

Improving overall 

corrosion resistance 

Cho et al., 

2025 

Annealing at 

350°C 

Coarsening of grains, partial 

dissolution of intermetallic phases 

Moderate reduction in 

corrosion activity 

Zerankeshi 

et al., 2022 

Mg–Zn–Sr 

 

Artificial 

aging at 200°C 

Formation of a thermostable 

phase Mg₁₇Sr₂, stabilization of the 

structure 

Improving resistance to 

localized corrosion 

Zerankeshi 

et al., 2022 

Annealing at 

300°C 

Redistribution of Zn and Sr along 

grain boundaries 

Reduction in the rate of 

hydrogen evolution 

Wang et al., 

2023 

Mg–Zn–RE 

 

Annealing at 

400°C 

Dissolution of RE phases, 

alignment of structure 

Significant reduction in 

corrosion rate 

Tariq  et al., 

2022 

Aging at 

250°C 

Formation of stable secondary 

phases, strengthening of the 

passivation layer 

Improving barrier 

properties and stability 

in SBF 

Xu et al., 

2013 

Mg–Ca–Sr 

Hardening + 

aging 

Strengthening of the structure, 

formation of complex phosphides 

at grain boundaries 

Moderate improvement 

in corrosion resistance 

Nie et al., 

2012 

7. Promising approaches to optimizing corrosion resistance through combined heat treatment 

and alloying methods  

 The development of biodegradable magnesium alloys requires increasingly fine-tuning their 

structure, chemical composition and surface properties. That is why traditional approaches to heat 

treatment, such as annealing, quenching and aging, are now being actively supplemented by multi-

stage and hybrid methods. These methods allow for simultaneous impact on the phase composition, 

morphology of intermetallic compounds, residual stresses and characteristics of the protective oxide 
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film. This section discusses modern optimization trends that have proven themselves to be effective 

means of increasing the corrosion resistance of magnesium implants (Mhedhbi el al., 2017).  

 One of the most promising approaches is multi-stage heat treatment. For example, solution 

annealing at 400–420°C for 6 h, followed by artificial aging at 180–200°C for 8–10 h, allows for a 

more uniform distribution of intermetallic phases (e.g. MgZn₂ or Ca₂Mg₆Zn₃). This combination 

significantly reduces microgalvanic currents within the alloy, increasing its resistance to pitting 

corrosion in physiologically simulating solutions. For the Mg–Zn–Ca alloy, such treatment reduced 

the corrosion rate in SBF by 42% compared to the as-cast state (Du et al., 2021), (Moussa et al., 

2024).  

 Particular attention is paid to combining heat treatment with severe plastic deformation (SPD) 

methods. The most widely studied method is equal channel angular pressing (ECAP), in which 

samples are subjected to repeated deformation at an angle of 90°, which allows for a radical reduction 

in grain size (to 1–2 μm) and a smooth distribution of alloying elements. Thus, ECAP followed by 

aging (150°C, 10 h) in the Mg–Gd system allowed not only to increase mechanical strength, but also 

to reduce the volume of hydrogen released during corrosion by more than 30% (Zhang et al., 2023), 

(Yang et al., 2023).  

 Localized heat treatment is another promising direction. Laser thermal modification, used, for 

example, for Mg–Zn–Sr alloys, promotes the formation of a dense, stable oxide film up to 1–1.5 μm 

thick, consisting of MgO and SrO. Such a film significantly reduces surface permeability and 

stabilizes the behavior of the material in SBF. Similarly, plasma electrolytic oxidation (PEO) allows 

to obtain multiphase coatings with nanostructured pores, reducing the rate of magnesium dissolution 

by 3-5 times compared to uncoated samples (Inoue et al., 2024). 

 In next work was used a dip-coating technique, followed by drying the coating on AZ91 at room 

temperature for 24 hours and sintering at 400 °C for 6 hours. This process resulted in a uniform, 

crack-free coating with the desired thickness. The hydroxyapatite layer demonstrated the ability to 

reduce the release rate of magnesium ions and stabilize the pH of the surrounding environment, 

which positively influenced osteoblast activity and bone tissue regeneration. However, the bonding 

strength between the coating and the substrate remained limited (Rahman et al., 2020), (Rojaee et al., 

2013). Integration of thermal and chemical-thermal treatment is also of interest.  

 Thus, the combination of heat treatment with surface fluorination promotes the formation of 

MgF₂-containing films with high adhesion and stability in chloride-containing solutions. This is 

especially effective for Mg–RE and Mg–Sr alloys, which are vulnerable to galvanic effects. Thus, the 

modern approach to modifying magnesium bioimplants does not consist in choosing one optimal 

method, but in their combination. Deep integration of heat treatment with mechanical, chemical and 

physical methods allows for targeted control of both the deep microstructure and surface properties 

of the material, which brings such alloys closer to the requirements of clinical practice. Research 

aimed at developing individualized processing modes for specific operating conditions, taking into 

account the patient's biochemistry and the anatomical zone of implantation, remains promising. 

Conclusion 

 Biodegradable magnesium alloys open up new horizons for medicine — implants that do not need 

to be removed, materials that can dissolve in the body, leaving behind not scars, but restored tissue. 

However, for these hopes to become everyday practice, it is necessary to overcome one of the main 

obstacles — the high corrosive activity of magnesium under physiological conditions.  
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 This review has shown that heat treatment is not just a technological technique, but a fine tool for 

adjusting the micro-world of the alloy. Skillfully selected temperature conditions allow not only to 

change the structure of the material, but also to significantly affect its behavior in the body: slow 

down corrosion, increase stability, reduce the risk of inflammation and accelerated destruction.  

 Particularly promising are ternary alloys such as Mg-Zn-RE and Mg-Zn-Ca, which combine high 

biocompatibility and controlled degradation. In combination with modern methods — intensive 

plastic deformation, localized heat treatment, application of bioactive coatings — the way opens to 

the creation of a new generation of implants: smart, safe, soluble and, importantly, humane. Thus, 

heat treatment is not just a stage of the technological process. It is a bridge between laboratory 

science and real care for the patient's health. We have an important task — to bring developments to 

the clinic, where they can change lives, reduce suffering and give a chance for recovery without 

unnecessary pain. 
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