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INTRODUCTION

Magnesium (Mg), which is the cation that 
is found in the human body the fourth most, is 
mainly deposited in the skeletal tissue (60–65%) 
and tissues that are sudpple and pliable (35–40%), 
and majority of it being kept in the muscle, which 
accounts for 27%. Currently, the Mg consump-
tions of 420 mg for men and 320 mg for women 
per day are advocated and recommended by the 
United States Food and Nutrition Council [1]. 
The Mg ions in excess can be sequestered in ma-
trix structures inside cells or bone marrow forms, 
or they can be distributed throughout blood flow 
mechanics. To avoid the hypomagnesaemia, this 
is usually pursued by excretion in the urine [2].

Mg is a member of the effective metals group 
with low electrochemical potential, proposing a 
vigorous propensity for oxidation [3]. For this rea-
son, pure Mg and its alloys are vulnerable to cor-
rosion in the highly conductive atmospheres like 
the aqueous solutions due to their electrochemical 
activity. The low weight and ecological friendli-
ness of Mg alloys, on the other hand, make them 
an interesting structural material selection [4]. 
Even yet, their utilization is still limited via their 
deprived ductility and strength, which makes 
them less appropriate for numerous uses [5].

Mg becomes progressively important in the 
dental, cardiovascular, and skeletal system hard 
tissue replacement uses. Metal-based implants 
can be made because Mg is biocompatible, has 
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ABSTRACT
Heat treatment is the most suitable technique for altering the microstructure and, consequently, it is possible to 
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phase decreased significantly, with the distribution occurring at the grain boundaries and with increasing the time 
of annealing, resulting in a highly saturated α-grain. The XRD validated the all material peaks of phases that are 
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was investigated through electrochemical measurements, the result was elucidated as measured along the Tafel 
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mechanical characteristics that are extremely near 
to those of human bone, and the Mg ions have an 
acceleration impact on the bone healing, as op-
posed to the usual bio alloys [6]. Consequently, 
these alloys were created to eliminate the need 
for a second surgery for removing the implants 
after healing the fracture, since they deteriorate 
beneath the natural circumstances [7].

AZ91 alloy is the most broadly used cast Mg 
alloy due to its high strength, superior corrosion 
resistance, and high castability [8]. In this alloy, 
when increasing the aluminum (Al) concentration 
in chloride, the medium has a positive influence 
on the corrosion behavior although the process 
and the effect of aluminum remain ambiguous. 
AZ91 alloy has β-phase (Mg17Al12) at the grain 
boundaries as a continuous phase and a part of a 
lamellar structure as a portion of the incomplete 
solid solution phase. Corrosion resistance in the 
Mg-Al alloys is determined by β-phase (Mg17Al12) 
distribution [9].

Since the corrosion behavior in Mg-Al alloys 
is regulated by micro-galvanic cells generated be-
tween the cathode Mg17Al12 phase and the anodic 
α-Mg matrix, and regarding this topic, the impor-
tance of the volume fraction of the Mg17Al12 phase 
cannot be overstated [10]. The β-phase function 
in the corrosive process of Mg-Al alloys has been 
the topic of a significant amount of research and 
debate in the published works. Consequently, it 
is theoretically recognized that the β-phase, de-
pending on its size and distribution, either func-
tions as an effective cathode or as a barrier against 
corrosion [11].

Nevertheless, the Mg alloys frequently pos-
sess a high rate of deterioration and a quick loss of 
mechanical strength when tested in living organ-
isms. As a result, attempts have been undertaken 
to slow down their fast degrading behavior by 
including non-toxic alloying elements, modify-
ing the surface, undergoing heat treatment, using 
an amorphous alloy, and several other strategies 
[12]. There several method to improve surface of 
AZ91 such as improving by plasma electrolytic 
oxidation [13], electro spun polymer nanocom-
posite [14], electron beam processed[15], and 
electroless coating [16].

Without affecting the alloy’s composition or 
physical form, heat treatment is the most efficient 
method for adjusting the microscopic organiza-
tion by improving the mechanical properties and 
the corrosion behavior[17]. By carefully modify-
ing the thermal treatment conditions, it is possible 
to achieve the optimal balance between corrosion 
resistance and mechanical strength. The aim of 
the present study is to determine the effect of 
heat treatment (annealing) at various times on the 
Mg17Al12 microstructure and corrosion behavior 
for the Mg AZ91 alloy after being exposed to 
different solutions, including the SPF, lactic, and 
Ringer solutions. The second goal of heat treat-
ment is to increase the mechanical properties.

EXPERIMENTAL PROCEDURE

Used material

The chemical analysis of the used magnesium 
alloy AZ91 was conducted used Atomic absorp-
tion spectrophotometer-AA680-Shimadzo, Japan 
in (State Company for Inspection and Engineer-
ing Rehabilitation (S.I.E.R)/Ministry of Industry 
and Minerals, Iraq) to obtain its chemical compo-
sition as given in Table 1.

Sample preparation

Samples of Mg AZ91 alloy, with a dimen-
sion of 10×10×5 mm, were cut into 3 pieces pre-
pared to be used in heat treatment. Each sample 
was then polished with 220–2000 abrasive papers 
without lubricants to minimize the effect of amor-
phous oxide formation.

Annealing treatment

In the annealing process, the samples of Mg 
AZ91 alloy were first placed in a crucible and 
then put in an electric furnace (Carbolite) at a 
temperature of 300 °C, with pumping inert argon 
gas at a rate of (1 liter per minute). These samples 
were then fixed at this temperature for different 
times (10, 20, and 30 hr) and finally cooled in-
side the furnace. The effect of annealing times on 

Table 1. Chemical composition of magnesium alloy AZ91
Mg% Al% Zn% Mn% Fe% Co% Ga% Nb% Se% Pd%

Bal. 8.97 0.58 0.32 0.01 0.003 0.006 0.002 0.001 0.003
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improving the mechanical properties of the mi-
crostructure and corrosion was determined.

Microstructural examination

For the microstructure examination of Mg 
AZ91 alloy by Scanning Electron Microscope 
and optical microscope, samples were prepared 
after grinding them by emery papers having the 
following grits: 220, 400, 600, 1000, 1200, and 
2000, respectively. After that, all samples were 
polished with cloth impregnated with fine alu-
mina to obtain a smooth surface.

Microhardness test

Mg Alloy AZ91 was subjected to a Vickers 
hardness test (ZWICK Z313 – Germany). In this 
test, the weight was 0.5 kg applied for 15 s. Each 
sample was subjected to three measurements to 
determine the average diameter.

Corrosion tests

A polarized electrochemical examination was 
approved. All corrosion tests were conducted in 
Lactic acid, Ringer and SBF Solutions by a moni-
tored device (PCI4/750, Warminster, Pennsylva-
nia, GAMRY, Inc.). At 37 °C, and scan rate of 
electrochemical tests is 1 mv/s, the reference pole 
is Ag/AgCl, whereas both the auxiliary and main 
poles are made of precious metals (Pt). A lactic 
solution was applied to the specimen. The area 
of exposure measured was 1 mm2. Prior to each 
examination, the samples were polished metallo-
graphically. Until a steady-open circuit potential 
was achieved, the samples were then submerged 
into the solution. The exposed area of the test 
specimens was about 10 mm2. Each part of data 
was averaged out based on the total surface area. 
It was calculated with the help of the Echem ana-
lyzer to unambiguously identify the test results.

X-Ray Diffraction analysis

The X-ray diffraction Shimadzu (XRD-
6000) diffractometer available in the Nanotech-
nology Center at the University of Technology 
was used to examine the phases of the modified 
Mg AZ91 alloy samples. The radius scanning is 
185 mm, C, and NF (154060 nm) radio X-rays, 
and the radius leakage is less than 2.5 Sv/h at the 
maximum output.

Antibacterial activity test by 
zone inhibition method

Bacteria that can be categorized as either 
gram-negative or gram-positive (Ecoli and 
Staphylococcus) were tested, with samples taken 
from the Biotechnology Branch-Nanotechnology 
Center Laboratory. These bacteria were grown on 
“nutrient agar (N. agar)” and incubated for twenty 
four hr at 37°C in a temperature-controlled atmo-
sphere. They were dissolved into 50 ml of normal 
saline solution to produce a “107 FU/ml” bacte-
rial suspension, which was utilized as a control, 
and 100 ml of this solution were put on a nutrient 
agar plate for further analysis. Samples of poly-
mers, mixes, and composites were placed into the 
plates to determine the inhibition zone. Eventu-
ally, these plates were incubated for some time 
at a temperature of 37°C. The zones of inhibition 
were determined following a 24-hour incubation 
period.

RESULTS AND DISCUSSION

Microstructure examination

The heat treatment modifies the microstruc-
ture of the specimens, as evinced in Figure 1 (The 
red color represents the volumetric fraction). 
The Mg alloys with less than 10%Al from the 
AZ (aluminum and zinc) class constitute a solid 
solution of Mg-Al. The Mg17Al12 phase crystal-
lizes at the grain boundaries in the presence of 
Al concentrations greater than 1% at the ambient 
temperature. The maximum solubilization tem-
perature for the Al is 437°C, where it achieves a 
solubility of 12.6% [18]. Mg and Al are mixed 
to generate a solid solution that results in the 
formation of granular grains. From Figure 1(a), 
it can be noted that the β-phase at the α-grains’ 
margins in Mg AZ91 alloy creates a network-like 
structure, eutectic regions, where the both phases 
are present and can be observed adjacent to the 
β-phase areas. In particular, it was determined 
that the volume fraction of Mg AZ91 alloy an-
nealed for 0 hr was 17.777. From Figure 1(b), it 
can be observed that the microstructure under-
went a dramatic change after being heated for 
10 hr. The eutectic zones which were a combi-
nation of α and β regions were eliminated. After 
the heat treatment for 10 hr, the eutectic zones 
disappeared after the solubility limit was raised 
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to 300°C. Also, it is noticed in Figure 1(b), the 
Al supersaturation in some α-grains next to the 
β-phase rose to 20.175% by volume fraction. In 
addition, the microstructure after the annealing 
treatment for 20 hr revealed that the Al dissolved 
more easily and the volume fraction increased to 
31.148%. The quantity and distribution of β-phase 
were drastically altered by the heating process. 
It is interesting to see that a clear boundary ap-
peared after 10 and 20 hr of the annealing treat-
ment. This boundary, as depicted in Figure 1(b 
and c), occurred because the Al atoms diffused 
from the β-phase into the α-grains. It is seen in 
Figure 1(d) that after the annealing for 30 hr, the 
Al-rich regions of the specimen expanded, and a 
dispersed barrier formed around them. In a time 
shorter than 30 hr, the share of volume climbed to 
42.1%. It was found that several α-grain bound-
aries did not contain any β-phase. The micro-
structural results manifested that the annealing 
treatment drastically decreases the quantity and 
distribution of β-phase, leading to highly satu-
rated α-grains. Some particles from the second 

phase which were found using SEM under differ-
ent processing settings are displayed in Figure 2.

XRD analysis 

In the microstructure following the anneal-
ing at 300°C for 10, 20, and 30 hr, the volume 
and shape of the second phase after annealing 
can change significantly from the as-cast micro-
structure. Fine particles or strips of the coarse 
β-Mg17Al12 phase are dispersed along the grain 
boundaries and throughout the Mg matrix, dras-
tically reducing the total amount of this phase. 
It is believed that a second phase is precipitated 
and then dissolved during the annealing process 
of Mg alloy designated as AZ91 [19]. During the 
subsequent process of cooling, the β-Mg17Al12 
phase precipitates from the α-Mg supersatu-
rated solution and disperses as minute particles 
throughout the α-Mg matrix. After being homog-
enized, the material underwent X-ray powder dif-
fraction (XRD) pattern analysis, which elucidated 
that the Mg17Al12 phase diffraction peak was al-
most nonexistent in the substance (see Figure 3). 

Figure 1. Microstructure of the AZ91 magnesium alloy: (a) 0 h; (b) 10 h; (c) 20 h; and (d) 30 h
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Annealing the material could result in the forma-
tion of a single-phase, supersaturated solid solu-
tion, as the results of this study reveal. 

Figure shows the XRD patterns of the sam-
ples annealed at 300°C with different time. The 
percentage of Mg–Zn intermetallic phases is 
minimal, making it difficult to identify promi-
nent peaks. However, by comparing with the 
literature, the peaks with lesser intensities were 
detected [20]. Following the heat treatment at 
300 °C, the corresponding intensities were ob-
served to have dropped, which is indicative of the 
reduced MgZn2 phase. In contrast, the Mg7Zn3 
phase is indicated by peaks. Clearly, one could 
comprehend it shows, after prolonged exposure 
to temperatures above 300 °C, a new intermetal-
lic phase (Mg7Zn3) forms in the alloy. Therefore, 
in the present study at the grain boundaries of 
specimens black patterns resembling networks 

emerged. After annealing at 300 °C and 30hr are 
believed to be made of Mg7Zn3 phase. 

The XRD pattern of AZ91 alloy demonstrates 
the presence of usual direction peaks of the α-Mg 
phase (direction peaks at 2θ = 32.6, 34.9, 37.2, 
48.5 and 58.0 JCPDS 35–0821). In addition, 
the β-Mg17Al12 phase (primary peak noticed at 
2θ = 36.1. Observation minor peaks detected at 
2θ = 40.1, 41.9 and 43.7, JCPDS 73–1148, which 
is a frequently seen intermetallic compound for 
the Mg-Al series alloys, is identified in the XRD 
pattern of AZ91 alloy. The XRD pattern of pre-
treated AZ91 specimens display characteristic 
direction peaks of the brucite phase Mg(OH)2 
(main peaks detected at 2θ = 38.0, 50.9 and 58.6, 
a minor peak at 2θ = 32.8, JCPDS 07–0239. It 
is indication that a bruited Mg(OH)2 conversion 
surface layer is deposited on the Mg alloy after 
the annealing treatment. Heat treatment effects 

Figure 2. SEM analysis of the AZ91 alloy at: (a) at 0 hr; (b) 10 hr; (c) 20 hr; and (d) at 30 hr



335

Advances in Science and Technology Research Journal 2023, 17(2), 330–341

on the crystal orientation of magnesium alloy by 
X-ray diffraction and suggested that the texture 
intensity of magnesium alloy before and after an-
nealing changed slightly

Corrosion behavior

As cast, The Mg aluminum alloys that decom-
pose have a characteristic microstructure consist-
ing of three components: The eutectic structure, 
which consists of the alternating layers of phases; 
the α-Mg phase, and the β-Mg17Al12 phase. It has 
been determined that the β-Mg17Al12 phase is 
critical for managing the corrosion resistance of 
biodegradable Mg-Al alloys; hence, it is subject-
ed to severe treatment. Micro galvanic corrosion 
cathodes can be revealed in the β-Mg17Al12 phase, 
which has a substantially higher Al concentration 
than the other phases. One of the most important 
aspects of the mechanism through which the cor-
rosion occurs is the dispersion of the β-Mg17Al12 
phase throughout the material. According to the 
research that has been conducted on corrosion 
resistance, the heat treatment has the potential to 
improve the corrosion resistance of the material 
by modifying the distribution, size, volume frac-
tion, and configuration of amorphous Mg17Al12 
precipitates. The corrosion-related behavior of 
Mg-Al alloys is greatly influenced by the frac-
tional volume and the spatial distribution of these 
precipitates [21].

The corrosion behavior of the annealed sam-
ples surfaces exposed to heating for 10, 20, and 
30 hr were carefully investigated by optical mi-
croscopy to acquire a deeper understanding of the 
impact by applying heat on the corrosion mecha-
nism. Figures 4, 5, and 6 depict the micrographs 
captured using an optical microscope.

All the samples are plotted on a potentio-
dynamic polarization curve in Figure 7. and the 
electrochemical parameters of as-cast in compari-
son with heat-treated alloys in different solution 
shown in Table 2.

Figure 7(a) portrays the potentiodynamic po-
larization curves of each sample in a lactic acid 
solution. The corrosion rate was determined us-
ing the Tafel slope and electrochemical test con-
ditions. The density of corrosion current (Icorr) 
decreased in all samples subjected to heat treat-
ment. Both the corrosion potential (Ecorr) and the 
corrosion current (Icorr) of the 30-hour heat-treat-
ed sample are greater than those of the untreated 
sample. Similarly, the samples taken at 0 hr ex-
hibited larger values for (Icorr). Estimations of cor-
rosion rates demonstrated that the longer anneal-
ing durations enhance the corrosion resistance of 
samples that have been heated.

The corrosion current density (Icorr) is illus-
trated to be reduced in the all heat-treated samples 
in Figure 7(b). The corrosion potential (Ecorr) of 
the 30-hr heat-treated sample is superior to that of 
the 10-hr and 20-hr samples although the (Icorr) is 
greater. The 0-hr (Icorr) was also measured due to 
the higher corrosion current density it exhibited.

The effective dynamic polarization curves 
for all samples in the Ringer’s solution are mani-
fested in Figure 7(c). As measured along the Tafel 
Slope, the corrosion current density of all heat-
treated samples was lower. This solution had the 
highest corrosive current density and corrosion 
potential after 20 hr of testing. After 0 hr, the cur-
rent density was at its maximum, but it decreased 
for 10 hr and 30 hr of testing.

The galvanic corrosion occurring due to 
the iron impurity is clearly evident in the lactic 
solution.crevice corrosion associated with the 

Figure 3. XRD patterns of the samples at: (A) 0 hr; (B) 10 hr; (C) 20 hr; and (D) 30 hr
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Figure 4. Optical microscopic micrographs showing the corroded morphologies of the 
samples of AZ91 in lactic solution: (a) 0 hr, (b) 10 hr, (c) 20 hr, and (d) 30 hr 

Figure 5. Optical microscopic micrographs showing the corroded morphologies 
of the samples AZ91 in SPF: (a) 0 hr, (b) 10 hr, (c) 20 hr, and (d) 30 hr 
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impurity in the magnesium matrix is displayed 
in the SBF solution it is develops in to pitting. 
General corrosion appears in the Ringer solution 
and develops in to pit corrosion as shown in (Fig-
ure 4, 5, and 6) formation of spherical corrosion 
morphology. The spherical corrosion morphology 
suggests formation of a hydrogen gas bubble at 
the corrosion site, as hydrogen evolution is usual-
ly associated with dissolution of magnesium ions. 
The hydrogen gas bubble separates the neighbor-
ing alloy surface from the corrosion site, with 
the impurity. Hence, the alloy surface inside the 
bubble is inhibited from corrosion. The preferen-
tial dissolution of the α-Mg matrix is facilitated 
due to the pH gradient formed at the interface of 
the hydrogen gas bubble and the alloy surface, 

thereby developing a spherical corrosion mor-
phology, with the corrosion product deposited on 
the interface [22].

Microhardness results

Figure 8 elucidates the outcomes of micro-
hardness tests conducted on all specimens sub-
jected to a variety of heat treatments. The micro-
hardness measurements from a (0 hr) sample (un-
treated) exhibit a wide distribution of variation. 
As a result of the existence of three completely 
separate regions (α, β, and α+β zones), this is the 
case. At 0 hr, the sample was measured to have a 
hardness of 73 HV0.5. After 10 hr of heat treat-
ment decrease to 66 HV0.5, it was found that the 

Figure 6. Optical microscopic micrographs showing the corroded morphologies of the 
samples AZ91 in a Ringer solution: (a) 0 hr, (b) 10 hr, (c) 20 hr, and (d) 30 hr 

Table 2. Electrochemical parameters obtained from the polarization curves

Parameter
Ringer solution SBF solution lactic solution

Current [mA] Potential [mV] Current [mA] Potential [mV] Current [mA] Potential [mV]

As cast AZ91 2.52823 -1034.48 0.135031 -1334.27 0.939026 -1304.5

AZ91–10hr 0.002545 -1068.02 0.020837 -1199.96 0.025694 -1264.7

AZ91–20hr 0.002122 -898.896 0.017635 -1358.36 0.013356 -1205.18

AZ91–30hr 0.273287 -929.895 0.019492 -882.704 0.012701 -1122.96
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variation present within the heat-treated samples 
significantly decreased. In addition, after 20 hr 
was reached to 65 HV0.5 and after 30 hr of heat 
treatment hardness decrease slightly reduced to 
64.5 HV0.5. One of the best ways to acquire a 
sound understanding of this topic is to investigate 
the microstructure of samples. The heat treatment 
of the samples resulted in an overall reduction in 
hardness, which was caused by a decrease in the 
hard and brittle phases (Mg17Al12) as well as the 
eutectic areas. This was a substantial contributor 

to the overall decrease in hardness, since the Mg 
AZ91 alloy exhibits both hard and soft phases 
in various regions. The hardness of the β-phase 
was greater than that of the other phases, accord-
ing to measurements [23]. It was found that the 
hardness decreased when approaching the eutec-
tic area or α-phase. Consequently, the untreated 
AZ91 showed larger hardness variations. This 
research indicates that by applying the heat, the 
β-phase and eutectic zones may be reduced, and 
the α-grains can become supersaturated. Thus, 

Figure 7. Potentiodynamic polarization curves of the specimens immersed 
by: (a) lactic, (b) SBF, and (c) Ringer’s solution.
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it can be seen from Figure 8 that the differences 
were found to be reduced following the heat treat-
ment. In addition to the extent to which a second 
phase is present, the creation of supersaturated 
grains and the alteration of the average grain size 
are also key factors in determining the final hard-
ness of material following the heat treatment. The 
formation of supersaturated grains increases the 
hardness, whereas the decrease in the second-
ary phase and the grain development reduces it. 
Due to the interaction of these three factors, the 
hardness of a material that was heated slightly 
dropped. This research shows that the supersat-
urated grains formation contributes less to the 
secondary phase and the grain expansion, hence 
reducing the hardness.

Figure 1(A) depicts that the microstructures 
of the as-cast Mg alloy are characterized by the 
uneven network structures with the serious seg-
regations, and the eutectics are distributed mainly 
along crystal boundary. After the annealing treat-
ment for 10 hr Figure 1(B), the structure of the 

as-cast Mg alloy is uniform, and the segregation 
is eliminated. Also, after the annealing treatment 
for 20 hr Figure 1(C), the majority of eutectics are 
dissolved during the annealing. In Figure 1(D), 
a portion of the quadratic phase is precipitated 
into irregular-petal distribution along the crystal 
boundary, which is accompanied by the forma-
tion of twins. And, for a long time (30 hr), the 
quadratic-phase precipitation increases, the twins 
become big, and the structure turns into a network 
distribution (Figure 1(D)). In the Mg AZ91 alloy 
during the casting process, the β-Mg17Al12 phase 
precipitates from supersaturated α-Mg, and a 
number of α phases discontinuously precipitated 
along the crystal-grain boundary as well as con-
tinuously precipitated inside the crystal grain. In 
addition, the precipitated α phase is apparently 
smaller than that of the as-cast alloy and its mor-
phological structure changes greatly. As the an-
nealing process continues, the alloy hardness in-
dicator declines significantly; under the annealing 
condition of 20–30 hr, the alloy hardness is even 

Figure 8. Effect of annealing time on hardness values for AZ91 Mg alloys

Figure 9. Images for E. coli bacteria
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lower than that of the alloy in its as-cast state. 
This is because, as the annealing process contin-
ues, the β-Mg17Al12 is soft at 20–30°C, and it has 
no pinning effect on the crystal-grain boundary, 
making the alloy possess a comparatively higher 
toughness and lower hardness.

Antibacterial assessment 

The initiation of microbial colonization, per-
sistence, and concurrent infection are all the risks 
associated with the biomaterial surfaces. Due to 
the potential importance of this research in the 
medical field, an assessment of the antibacterial 
properties of composite materials was required. 
An antimicrobial agent’s mode of action for kill-
ing the bacteria can vary with the type of bacteria 
that are targeting. Using the inhibition zone strat-
egy, more about the antibacterial inhibition zone 
(N. agar method) was learned, as evinced in Fig-
ure 9. According to the results, the samples sig-
nificantly inhibited the growth of E. coli. The test 
specimens are divided into two halves: The as-
received Mg alloy AZ91 alloy and the Mg alloy 
AZ91 annealed at 300 °C for 10, 20 and 30 h [24].

The fact that the AZ91 in heat treatment in-
hibits the microorganisms better than the as-
received AZ91, and this is likely attributable to 
the chemical composition of alloy, as the high Al 
percentage (8.97) in the alloy, the absence of an-
tibacterial activity in Al, and the ease with which 
the microorganisms can proliferate on the Al sur-
faces. The amount of zinc in the alloy is 0.58%, 
whereas the amount of magnesium is 90.103%. 
Table 3 lists the results for this strategy as a per-
centage of fatalities.

Activity against bacteria exhibited by certain 
substances that release metal ions (Cu2+, Zn2+, Al+ 
… etc.) involves main unique elements, as fol-
lowing: In the first place, metal ions on the sur-
face establish strong interactions with amino and 
carboxyl groups of the bacterial membrane and 
proteins, which disables them and leads to struc-
tural alterations. Second, a bacterial membrane 
that has undergone structural changes shows a 

significant increase in permeability, preventing 
the bacteria from performing accurate monitor-
ing of the transport occurring across the plasma 
membrane. In the final stage, metal ions interact 
with the nucleic acids of bacteria, which ultimate-
ly results in the death of the cells by blocking rep-
lication [25].

CONCLUSIONS

To determine how the microstructure change 
of Mg AZ91 alloy impacts its corrosion resis-
tance, the material was heat treated at 300 °C for 
10, 20, and 30 h. The following conclusions can 
be drawn from the data. The volume and distri-
bution of the secondary phase (Mg17Al12) at the 
grain boundaries of Mg AZ91 alloy were drasti-
cally altered by heat annealing. As the annealing 
hours increase, the Mg17Al12 phase gradually de-
creases. When the homogenized Mg AZ91 alloy 
was annealed at 300°C for 10, 20, and 30 hr, the 
β-Mg17Al12 phase was greatly reduced by being 
dispersed in a line along the grain borders and 
in the α-Mg matrix as minute strips or particles. 
The Mg AZ91 alloy was homogenized during 
the annealing, and its corrosion resistance much 
improved. The average hardness of the material 
after heat treatment was comparable to that of 
untreated Mg AZ91 alloy, however, the range of 
hardness values greatly reduced. 

After the heat treatment, the supersaturated 
grains, which promoted a greater rate of corro-
sion, substantially decreased the corrosion re-
sistance. According to the findings of this study, 
the corrosion resistance of Mg AZ91 alloy can 
be improved with adequate heat treatment; nev-
ertheless, if the structure is to function in a cor-
rosive environment, the heat treatment must be 
performed with a great care.

All samples heat treated by annealing showed 
the best corrosion resistance in all solutions com-
pared to the untreated samples. The best annealing 
temperature in terms of corrosion resistance was 
obtained for heat-treated samples for 30 hours 
in lactic solution, 10 hours in SBF solution, and 
20 hours in Ringer solution. The heat treatment 
and the composite demonstrated only a poor anti-
bacterial action against the gram-negative E. coli, 
with a correspondingly limited zone of bacterial 
suppression in the 30-hr sample (2 mm).

Table 3. Percentage of killing bacteria E. coli

Sample Bacterial rate % of AZ91

As received 1

After annealing (30 h) 2
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