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Abstract. The effect of aging temperature on the microstructure, mechanical properties, and 
biodegradation behavior of an AZ91 magnesium alloy intended specifically for biomedical implants was 
thoroughly investigated in this in-depth study. A detailed series of aging treatments were meticulously 
conducted at various temperatures including 125 °C, 150 °C, 175 °C, 200 °C, 225 °C and 250 °C for a 
duration of precisely 24 hours for each individual condition. The extensive microstructural analyses 
revealed significant grain size growth along with a marked and noticeable increase in the volume fraction 
of the β-Mg17Al12 phase as the aging temperature was raised progressively. A comprehensive analysis of 
the mechanical properties indicated that the specimen which was aged at 175 °C exhibited the highest 
levels of hardness and yield strength, which can be attributed directly to the precipitation of the β phase 
during the aging process. Furthermore, the biodegradation evaluations demonstrated that the in-vitro 
corrosion rate experienced a noteworthy decrease up to the critical aging temperature of 175 °C, after 
which it increased significantly as further elevation of the aging temperature occurred. These findings 
clearly underscore the critical influence of aging temperature on the performance characteristics of the 
AZ91 alloy, particularly in relation to its overall suitability and efficacy for various biomedical 
applications, emphasizing the need for careful consideration of aging conditions in the development of 
AZ91 magnesium alloy. 
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1 Introduction 
Bones fractures happen to a number of people every 
year because of accidents or long-term health 
problems. Most of these breaks are too complicated to 
be fixed without surgery, so metal parts have to remove 
put in during surgery. In conventional osteo synthesis 
and osteotomy, metal implants, such as screws and 
plates, are utilized to heal the bone before being 
removed. This is of the utmost importance when 
working with young, developing patients. Permanent 
metal implantation are often removed between the first 
and second year after surgery. Metals, on the other 
hand, have proven to be efficient fixation device and 
implant materials, as well as materials for the 
regeneration or repair of hard-tissue injuries. Due to 
their superior fracture toughness and mechanical 
strength, they are favored for applications that required 
load-bearing capacity. Cobalt-chromium alloys, 
Titanium, and Stainless steel (316L) are utilized 
extensively due to their superior corrosion resistance 
and long service lives. Permanent metallic implants, 

however, have numerous drawbacks, the most 
significant of which is a lack of compatibility between 
native bone and metallic alloy. Corrosion and wear 
continue to be an issue with permanent body 
implantation. Cobalt, chromium, and other hazardous 
metal ions were released into the body, which 
decreased biocompatibility. When implants remain in 
the body for an extended period of time, they can 
create a persistent inflammatory response, leading to 
physical irritation and the generation of toxic 
compounds that ultimately endanger health.  
Due to these concerns, scientists are actively focusing 
on biodegradable materials, If a biodegradable implant 
is utilized to treat a fractured bone, it will not be 
necessary to remove it after healing tissue.  
Magnesium and its alloys such as AZ91 have received 
much attention in biomedical applications due to their 
attractive properties, they exhibit excellent 
biodegradable, biocompatibility and lightness. They 
also possess an elastic modulus, compressive strength, 
and density that are comparable to those of human 
bones.  
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Although magnesium is a potential candidate for 
implant application, due to its rapid degradation in the 
physiological environment, there are still some 
challenges to using it as biocompatible implants, 
various techniques such as microstructure modification 
and coating are utilized to moderate the degradation 
rate of magnesium alloys. Therefore, efforts are being 
made to conduct more extensive research to produce 
magnesium implants with acceptable corrosion 
resistance. In this literature review, an overview of the 
history of research on the corrosion behavior, 
biodegradability, microstructure deformation 
mechanisms, crystallographic texture in magnesium 
alloys with a focus on AZ91 Mg alloy, is provided. In 
addition, the necessity of improving the properties of 
AZ91 Mg alloy by the two methods of improving 
microstructure and coating.  
The possibilities to use magnesium as biodegradable 
orthopedic devices have been studied since the 
beginning of the 1900s because of the expected 
economic contribution to be made in this field. The 
most interesting aspect of magnesium is its possibility 
to dissolve in the human body, avoiding the necessity 
to remove the implant after the fracture consolidation. 
Unfortunately, magnesium is highly reactive in human 
body fluids, with corrosion rates of >30–40 mm/year. 
Actually there are not enough commercially available 
magnesium devices, but research is highly 
concentrated on their development.    
The alloys AZ91 and AZ31 are two common types of 
Mg-Al-Zn. The addition of Aluminum not only 
modifies the mechanical characteristics, yet, it also 
reduces resistance to corrosion in comparison to pure 
magnesium .Corrosion resistance in SBF reduces when 
Al concentration rises in the Mg-Zn-Al system due to 
the production of Mg17Al12 phase, which often 
precipitates near grain boundaries. Human blood serum 
typically contains between 2.1 and 4.8 μg/L of Al.  
A homogenous microstructure with little or no 
intermetallic phase is useful for corrosion resistance. 
Thus, among the several solutions to tackle the demerit 
in AZ91 Mg alloy is carrying out a surface 
modification with the aim is to explain how a specific 
heat treatment, known as Homogenization Heat 

Treatment (HHT), is used to modify the microstructure 
of AZ91 Mg alloy by dissolving the β phase to achieve 
a more homogenous structure, thereby improving its 
corrosion resistance. 

2  Experimental Work  
This study's experimental technique is separated into 
two steps. The first division involves preparing the 
sample for heat treatments. The second category 
pertains focuses on the characterization of samples 
following heat treatment. Figure 1 shows a block 
diagram of the experimental technique.. 

 

 
Fig. 1. Block diagram of the experimental procedure. 

2.1 Materials  

 The chemical composition of magnesium AZ91 alloys 
was performed in (State Company for Inspection and 
Engineering Rehabilitation (S.I.E.R) Ministry of 
Industry and Minerals, Iraq, using chemical analysis 
(see Table 1).   

 

 

Table 1: Chemical composition of magnesium alloy AZ91  

Elements Al Zn Mn Fe 
Standard AZ91 8.5-9.5 0.45-0.9 0.17-0.40 <0.03 
Measured AZ91 8.97 0.58 0.32 0.01 

2.2 Sample Preparation  

To prepare samples, the first step is to wire cut the 
alloy AZ91 (20x10x5 mm).  Surface grinding of SiC 
papers (400, 600, 1000, 1200, and 2000) was done with 
emery papers to promote bonding with the substrate. 
After polishing with cloth, the samples are etched with 
a solution of 5ml NHO3, 3ml HCL, 3ml HF, and 190 
ml H2O. 

2.3 Heat Treatment  (Solid Solution)  

Solution treatment was performed on magnesium-
based alloys AZ91 in the Department of Production 
Engineering and Metallurgy. The samples were heated 
in a carbolite electric furnace to 500◦C using argon gas 
at 1 L/min for half hour, they were then cooled in water 
Figure 2.   
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Fig. 2. Schematic of the batch solid solution process. 

After performing the heat treatment, the artificial aging 
process was carried out at different temperatures using 
a carbolite furnace located in the Heat Treatments 
Laboratory / Department of Production Engineering 
and Metallurgy. The temperatures started from 125 ◦C 
to 250 degrees, with a difference of 25 degrees, for a 
period of half an hour, then air cooling was performed 
for the purpose of studying the effect of Aging 
temperature on properties and corrosion rate.  

3 Analysis and Evaluation  

3.1 Optical Microscopy  

An optical microscope with a digital camera type 
(MTM-1A) was used for characterizing the 
morphology of the prepared samples before and after 
aging.  
A camera with software programs was jointed to the 
computer and it has ability to exhibit and show the 
metallographic pictures and the measuring of 
dimensions. So the microstructure of all samples were 
performed and tested by the same microscope to 
characterize morphology, the tests were conducted at 
the University of Technology's, Department of 
Production Engineering and Metallurgy.    

3.2 Hardness Test  

The University-of-Technology, Department of 
Production Engineering and Metallurgy employed a 
Micro Vickers hardness equipment to measure the 
hardness of the specimens. The equation calculated the 
value of the macro Vickers hardness scale. the applied 
load of 0.2 kg, and dav is the diameter of the rhombus 
indentation's two diagonal lengths. Series 
measurements were taken on the samples' surface, 
moving from the outer to inner diameters.   

3.3 Corrosion Tests   

Sample corrosion behavior can be determined using 
two methods: open circuit potential (OCP) tests and 
Tafel extrapolation. The samples underwent grinding 
and polishing, while the coated samples were left 
unpolished and analyzed in SBF.  The SBF solution 
was prepared at 25ºC by adding chemical components 
with precise concentrations listed in Table 2 to 1 liter 

of distilled water and stirring with a magnetic stirrer 
for 30 minutes. The pH of the solution remained stable 
at 7.4.  
 The Department of Engineering Production and 
Metallurgy's laboratory housed a German-made 
Electrochemical System. Potentiostat software was 
used to analyze current-voltage data and calculate 
corrosion current density (icorr) and potential (Ecorr). 
Figure 3. illustrates the potentiostat system.  

 

 

 
Fig. 3. Potentiostal state system. 

4 Results and discussion  

4.1 Microstructure analysis As cast AZ91 (as-
received)  

 The overall microstructure of the as-cast AZ91 alloy is 
depicted in Fig 4. Over the microstructure, there are 
numerous dendrites. A high magnification micrograph 
showing the dendrites is shown in Fig  4. The dendritic 
is made up of eutectic α-Mg and β-Mg17Al12, which 
are the byproducts of the eutectic process, according to 
the report in literature review.  

 

 
Fig. 4. Magnesium alloys AZ91 microscopic composition (a) 
as cast and (b) solution treatment. 

An overview of the AZ91 alloy's microstructure 
following solution treatment and water quenching is 

Table 2.
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provided in Fig 5. The absence of dendrites in this 
SEM micrograph suggests that a supersaturated solid 
solution formed as a result of the Mg17Al12 
precipitates dissolving completely into the matrix. As 
Fig. 5 (a-f) illustrates, the precipitate β phase varied 
with aging temperature. During the aging treatment, 
aluminum (Al) atoms move toward grain boundaries to 
form β precipitate, which will diminish the aluminum 
concentration in α phase. The β precipitate of every 
specimen grows together with the aging temperature, 
which ranges from 125 to 250°C. 

Fig. 5. Optical micrographs showing the microstructures of 
AZ91 alloy after solid solution and aging heat treatment: (A) 
at 125 ◦C, (B) at 150◦ C, (C) at 175◦C, (D) at 200◦C, (E) at 
225◦C, and (F) at 250◦ C. 

The AZ91 alloy exhibits eutectic zones, which are a 
mixture of α and β regions, adjacent to the β-phase 
regions. These regions are represented by black arrows 
in Fig 6 a, where the volume fraction of frication at 0 
hours is 19.17%. Heat treatment for 125 ◦C resulted in 
a dramatic change in the microstructure as illustrated in 
Fig 6 a, the eutectic areas, which had a mix of α + β 
regions, were totally eliminated. These eutectic zones 
vanished after 150◦C of age treatment because the 
solubility limit had been raised. More aluminum is 
super-saturated in some α-grains next to the β-phase 
and increase in volume fraction to 20.175%, as seen in 
Fig.6 (b) by the white arrows. In addition, the 
microstructure after 175 °C age treatment demonstrates 
that aluminum is more easily dissolved and volume 
fraction increase to 49.48% Fig. 6 c. The age treatment 
had a considerable impact on the β-phase content and 
dispersion. It is interesting to note that after 200 and 
225 °C of age treatment, a distinct boundary can be 
visible Fig. 6 d, e. This boundary was produced as a 
result of the diffusion of aluminum from the β-phase 

into the α-grains. The aluminum-rich patches were 
shown to expand in the specimen that had been 
subjected to age treatment for 250°C, and the 
appearance of a dispersed barrier was seen, as shown 
by the thin black arrows in Fig. 6. (F).under 250 °C, 
the volume fraction is decrease to 28.1% .A large 
number of α-grain boundaries were found to be devoid 
of β-phase. As a consequence of the microstructural 
findings, it is obvious that heat treatment reduces the 
amount and distribution of β-phase and produces super 
saturated αgrains.  

Fig. 6. Magnesium alloys AZ91 microscopic composition: 
(A) at 125 oC, (B) at 150 oC, (C) at 175 oC, (D) at 200 oC,
(E) at 225 oC, and (F) at 250 oC.

4.2 Micro Hardness

In Fig. 7, the hardness measurements of every 
specimen under various age treatment circumstances 
are displayed. A significant range of readings for the 
0h sample (untreated) may be seen in the hardness 
distribution. Three distinct regions (α, β, and α+ 
βzones) are responsible for this. 64 HV is the sample's 
hardness at 0 hours according to the measurements. the 
difference in age temperature. Following ages 125 and 
150 of heat treatment to 48–56 HV, treated samples 
were observed to be finely rising. Additionally, the age 
of heat treatment rises to 82HV after 175°C treatment. 
By examining the samples' microstructure, it is 
possible to understand this clearly. The eutectic zones 
and the reduced hard and brittle phase (Mg17Al12) 
were key factors in the heat-treated samples' decreased 
hardness. The AZ91 Mg alloy has distinct phases, both 
soft and hard, located in separate areas. Higher 
hardness was detected when the measurement was 
conducted on the β-phase. Lower hardness was 
measured when it was placed on the α-phase or eutectic 
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4.2 Micro Hardness

In Fig. 7, the hardness measurements of every 
specimen under various age treatment circumstances 
are displayed. A significant range of readings for the 
0h sample (untreated) may be seen in the hardness 
distribution. Three distinct regions (α, β, and α+
βzones) are responsible for this. 64 HV is the sample's
hardness at 0 hours according to the measurements. the
difference in age temperature. Following ages 125 and
150 of heat treatment to 48–56 HV, treated samples
were observed to be finely rising. Additionally, the age
of heat treatment rises to 82HV after 175°C treatment.
By examining the samples' microstructure, it is
possible to understand this clearly. The eutectic zones
and the reduced hard and brittle phase (Mg17Al12) 
were key factors in the heat-treated samples' decreased
hardness. The AZ91 Mg alloy has distinct phases, both
soft and hard, located in separate areas. Higher
hardness was detected when the measurement was
conducted on the β-phase. Lower hardness was
measured when it was placed on the α-phase or eutectic

area. As a result, raw AZ91 showed greater 
fluctuations in hardness. The β-phase and eutectic 
zones shrank and the α-grains became extremely 
saturated in the current investigation following age 
treatment. Accordingly, it was found that the variances 
had diminished following age treatment, as Fig. 7 
illustrates. The amount of secondary phase, the 
development of super saturated grains, and the 
variation in the average grain size are the key elements 
that affect the hardness following age treatment. 
Hardness is influenced by the amount of secondary 
phase and grain growth; hyper saturated grain 
formation enhances hardness. After the age treatment, 
the overall combined effect of these three elements 
caused hardness to somewhat diminish. This data 
suggests that the production of super-saturated grains, 
which tend to reduce hardness, contributed more to 
reduced amounts of secondary phase and grain growth.  

Fig. 7. Microhardness measurements of the samples after 
solid solution treatment. 

4.3 Mechanical properties 

A tensile test was further applied to assess the 
mechanical properties, with stress-strain curves and 
corresponding tensile parameters plotted in Fig 8. As 
compared to the as-solution treatment sample, the 
ultimate tensile strength (UTS) and yield strength (YS) 
part were 178.633 MPa and 114.645 MPa, 
respectively. After aging treatment 125 oC, the UTS 
and YS were improved significantly 123.516 MPa and 
210.989 MPa, but the fracture elongation showed a 
certain to as solution treatment. For aging treatment 
150 oC, the YS and UTS were increased to 148.521 
MPa and 245.734 MPa, respectively, while the 
elongation was maintained at a considerable level of 
14.3 %. As for aging treatment 175 oC, despite the YS 
and UTS being still higher than that of the aging 
treatment 150 oC, the elongation increased. This 
phenomenon accorded with the long-believed 
recognition that the deformability of Mg alloy was 
extremely sensitive to grain size and precipitate 
statement [7, 8]. Although aging heat treatment can 
lead to some grain growth, the formation of fine, 
coherent precipitates throughout the matrix is the 
dominant factor. These particles force dislocations to 
bypass them via Orowan looping, creating a powerful 
strengthening effect that significantly improves the 
overall mechanical properties. For aging treatment 
(200 oC) despite the YS and UTS 163.055 MPa , 

253.856 MPa, being still lower than that of the aging 
treatment 150 oC, the elongation decrease, the 
coarsened grains and precipitates at grain boundaries 
tended to deteriorate the ductility. Besides, aging 
treatment 225 oC and 250 oC despite the YS and UTS 
being still higher than that of the aging treatment 200 
oC the fine β′ phases within the grains brought about 
negligible Orowan strengthening effect, since they 
could be shared by basal dislocations during 
deformation, grains experienced recrystallization, 
resulting in grain growth and reduction of dislocation 
defects, which greatly limited the deformation ability. 
Therefore, the cracks propagated rapidly, particularly 
at the interface of precipitates, thus leading to the 
appearance of huge tear ridges and cleavage facets. 
[12].  

Fig. 8. Tensile stress–strain curves of solid solution and aged 
samples. 

4.4 Corrosion Behavior 

The general microstructure of the as-cast biodegradable 
Mg-Al alloys is composed of three elements: the β-Mg 
phase, the β-Mg17Al 12 phase, and the eutectic 
structure, which consists of alternating layers of and 
phases. The β-Mg 17 Al 12 phase has been shown to be 
significantly important in closely regulating the 
corrosion performance of the biodegradable Mg-Al 
alloys. The β-Mg 17 Al 12 phase, which has a far 
higher concentration of Al than the other phases, may 
include cathodes for micro galvanic corrosion.  The 
distribution of the β-Mg 17 Al 12 phase in the material 
is a critical component in the corrosion process. To 
increase corrosion resistance, age treatment can change 
the size, shape, volume fraction, and distribution of 
amorphous Mg 17 Al 12 precipitates. The distribution 
and volume fraction of these precipitates have a major 
impact on how the magnesium-aluminum alloys 
behave when it comes to corrosion.  
On a potentiodynamic polarization curve, all of the 
samples may be seen in Fig. 9. Table 3 lists the results 
of the electrochemical tests, including the test 
parameters derived from the table's slope and the 
corrosion rate. A smaller corrosion current density was 
found in all samples that had been heat-treated (icorr). 
Even if Ecorr (corrosion potential) is high in the 
sample heated for 10 hours, it is less than the 0 h 
sample. Similarly, the icorr values were less for 
samples taken at 20 and 30 hours. The quantity of β-
phase decreased when the heat treatment time was 
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increased in this investigation. For heat treated 
samples, the corrosion resistance was increase because 
of a lesser quantity of β-phase in the material, as 
demonstrated by corrosion studies. Super saturated α-
grains' deformed lattice had a major impact in 
promoting corrosion, according to this study. That's 
why there was a big impact on corrosion resistance 
following the heat treatment. As a result when increase 
the annealing time tend to increase the corrosion 
resistance.  
Fig. 8 illustrates how the corrosion rates of each 
specimen vary based on age and treatment status. When 
comparing age to as-cast, the corrosion rates of 
specimens at 125°C were higher among all age 
temperatures. However, because the specimen's 
microstructure was easily corroded, a rise in aging 
temperature 150 oC resultsed in the lowest corrosion 
rate. The specimens were examined under optical 
microstructure in order to fully comprehend the 
corrosion effect on age treatment specimens; the 
micrographs from this analysis are displayed in Fig. 9. 
The aging treatment causes two effects that affect the 
rate of corrosion. First, as β precipitates at the grain 
boundaries, the corrosion rate decreases. The second 
factor is the increased rate of corrosion brought on by 
the α-matrix's lower aluminum concentration. The 
whole surface of Fig. 9 a as cast exhibits a greater rate 
of corrosion. Even though the aluminum content on the 

α-Mg phase was significant at 125 oC, the natural 
protective film (oxide layer) was easily broken down 
because of the weak localized locations of residual β 
phase.  When compared to other metrics, the corrosion 
rate at 150 oC decreases with the aging process. The 
corrosion rate was moderate after 175 and 200 oC, 
compared to age treatment 225 and 250 oC owing to 
the uneven distribution of β phase precipitates and the 
aluminum concentration in the α-Mg matrix. 

Fig. 9. Polarization curves measured for AZ91 specimens in 
SBF at 37±1 oC. 

Table 3: Electrochemical parameters for AZ91 with heat treatment obtained from the polarization curves 

No. of Sample Aging Temp. oC Ecorr (mV) icorr (mA/cm2) 
1 As cast -1417.1 [mV] 1.22 mA/cm² 
2 125 -1426.5 [mV] 933.22 µA/cm² 
3 150 -1485.6 [mV] 312.34 µA/cm² 
4 175 -1488.6 [mV] 657.92 µA/cm² 
5 200 -1463.5 [mV] 832.85 µA/cm² 
6 225 -1463.5 [mV] 832.85 µA/cm² 
7 250 -1404.3 [mV] 959.32 µA/cm² 
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specimen vary based on age and treatment status. When 
comparing age to as-cast, the corrosion rates of 
specimens at 125°C were higher among all age 
temperatures. However, because the specimen's 
microstructure was easily corroded, a rise in aging 
temperature 150 oC resultsed in the lowest corrosion 
rate. The specimens were examined under optical 
microstructure in order to fully comprehend the 
corrosion effect on age treatment specimens; the 
micrographs from this analysis are displayed in Fig. 9. 
The aging treatment causes two effects that affect the 
rate of corrosion. First, as β precipitates at the grain 
boundaries, the corrosion rate decreases. The second 
factor is the increased rate of corrosion brought on by 
the α-matrix's lower aluminum concentration. The 
whole surface of Fig. 9 a as cast exhibits a greater rate 
of corrosion. Even though the aluminum content on the 

α-Mg phase was significant at 125 oC, the natural 
protective film (oxide layer) was easily broken down
because of the weak localized locations of residual β
phase.  When compared to other metrics, the corrosion
rate at 150 oC decreases with the aging process. The 
corrosion rate was moderate after 175 and 200 oC,
compared to age treatment 225 and 250 oC owing to
the uneven distribution of β phase precipitates and the
aluminum concentration in the α-Mg matrix.

Fig. 9. Polarization curves measured for AZ91 specimens in 
SBF at 37±1 oC. 

Table 3: Electrochemical parameters for AZ91 with heat treatment obtained from the polarization curves 

No. of Sample Aging Temp. oC Ecorr (mV) icorr (mA/cm2)
1 As cast -1417.1 [mV] 1.22 mA/cm²
2 125 -1426.5 [mV] 933.22 µA/cm²
3 150 -1485.6 [mV] 312.34 µA/cm²
4 175 -1488.6 [mV] 657.92 µA/cm²
5 200 -1463.5 [mV] 832.85 µA/cm²
6 225 -1463.5 [mV] 832.85 µA/cm²
7 250 -1404.3 [mV] 959.32 µA/cm²

Fig. 10. Micrographs of solution and aging treatment of 
AZ91 alloy after corrosion. 

5 Conclusion 
The influence of homogenization heat treatment 
holding time on the precipitation behavior and 
mechanical properties of the AZ91 magnesium alloy 
was investigated by analyzing the microstructure, 
hardness, and tensile properties before and after aging. 
The results indicate that homogenization treatment 
plays a significant role in controlling the distribution of 
alloying elements and the subsequent precipitation 
behavior during aging. A longer homogenization 
holding time of 24 h leads to a more uniform 
distribution of Al solute atoms within the matrix, while 
insufficient homogenization conditions limit the 
diffusion distance of solute atoms and result in a less 
homogeneous microstructure. 
In the homogenized samples, the aluminum solute 
concentration was observed to be relatively higher 
around the grain boundaries and in the interdendritic 
regions compared with the α-Mg dendritic regions. 
Despite these microstructural differences, the hardness 
and tensile strength values of the samples in the 
homogenized condition were nearly identical, 
indicating that the homogenization process primarily 
influences solute distribution rather than immediate 
mechanical strengthening. 
Solution treatment of AZ91 magnesium alloy at 500 °C 
for 24 h resulted in a more uniform microstructure and 
a significant reduction in secondary phases within the 
alloy. After aging at 175 °C, aluminum was more 
readily dissolved in the matrix, leading to an increase 
in the volume fraction of precipitates to approximately 
49.48%. Increasing the aging temperature significantly 
affected the formation and dispersion of the β-phase, 

which plays a crucial role in determining the 
mechanical behavior of the alloy. 
Furthermore, the hardness values of the AZ91 alloy 
decreased after solid solution heat treatment and 
subsequent aging due to the dissolution of 
strengthening phases and microstructural changes 
during heat treatment. The heat treatment process also 
influenced the corrosion behavior of the alloy in 
simulated body fluid (SBF). Compared with the as-
received condition, the heat-treated samples exhibited 
improved corrosion resistance, with a reduced 
corrosion rate after aging treatment. 
The results demonstrate that appropriate 
homogenization and aging treatments are essential for 
controlling the microstructure, precipitation behavior, 
and corrosion resistance of AZ91 magnesium alloys. 
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