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Effect of aging time on discontinuous precipitates, continuous precipitates
and mechanical properties of AZ80A magnesium alloy
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Abstract: The evolution of precipitates and mechanical properties of AZ80A magnesium alloy with aging time was
studied by in situ observation with SEM, TEM and tensile testing. The results show that the continuous precipitation
(CP) phases near the reaction front (RF) are replaced by the discontinuous precipitation (DP) phases at the early aging
stage. In DP regions, the elliptical phases coarsen obviously with the increase of aging time, which results in a slightly
slow reduction of the intracrystalline hardness of DP regions. In CP regions, some small plate phases reprecipitate
simultaneously with the growth of the initial precipitates, which contributes to a slight increase in the intracrystalline
hardness in CP regions at the later aging stage. The aging hardening of DP regions is faster and stronger than that of CP
regions. However, the age strengthening of CP regions not only compensates for the overaging softening of DP regions
but also improves the strength of the alloy.
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are more commonly used because of their excellent

1 Introduction

Magnesium alloys are becoming increasingly
attractive in the transportation industry due to their
low density [1], good vibrational absorption [2],
high stiffness [3] and specific strength [4]. For
example, the Boeing 727 aircraft contains
approximately 1200 magnesium parts [5]. The
engine block, cylinder head covers and many other
parts are made of magnesium alloys in the
automotive sector [6]. Compared with other
magnesium alloys, Mg—Al series magnesium alloys

hot working performance [7], outstanding fracture
toughness [8] and relatively low cost [9]. For
instance, an AJ62 alloy engine block is used by
BMW [10]. AZ31 alloy brackets and AZ80 alloy
car wheel rims were reported in Ref. [11]. However,
for further applications, there is an urgent need to
improve its mechanical properties, especially the
strength.

As heat-treatable strengthening alloys, Mg—Al
series alloys, such as AZ31 [12], AZ61 [13],
AZ80 [14] and AZ91 [15], are strengthened by the
[-Mgi7Al» phase, which is normally precipitated
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by continuous precipitation (CP) and discontinuous
precipitation (DP) during aging [16]. CP produces a
substantial number of Widmanstitten phases, which
are asymmetricly lozenge-shaped plate phases [17],
while DP creates a large number of lamellar phases
and elliptical phases, accompanied by a small
number of intergranular phases [18]. Many studies
show that both CP and DP have an impact
on the age hardening response of Mg—Al series
alloys [19-21]. CELOTTO [20] reported that the
hardness increases when asymmetricly lozenge-
shaped precipitates extend into long laths along the
basal plane and reach the peak hardness with the
maximum length of the lath. The effect of CP was
discussed here, but that of DP was neglected. Some
researchers found that the hardness of AZ92 alloy
increases as DP is promoted when the alloy is aged
at 200 °C [21]. Here, DP has a great impact on the
age hardening response. In our previous study [14],
it was revealed that the age hardening effect of DP
is better than that of CP when the alloy is peak-
aged between 150 and 200 °C. However, the
age hardening behavior and the microstructure
evolution of DP regions have rarely been studied
together with those of CP regions. Because CP and
DP proceed separately and competitively during the
aging process [22], their age hardening behavior,
especially for their peak aged point, may be
different. Moreover, the development of different
kinds of precipitates with various morphologies
may also differ from one another. The result of
competition is critical to the age hardening response
of the alloy. Thus, synthetic analysis of the age
hardening behavior and microstructural evolution of
the CP and DP regions has directive significance for
controlling the proportions of CP and DP in the
aged alloy and improving the performance of
Mg—Al series magnesium alloys.

The present research aimed to study the age
hardening behavior of CP and DP regions by testing
their intracrystalline microhardness, and analyze
their microstructure variation over aging time by
optical microscopy, scanning electron microscopy
and transmission electron microscopy. The
relationship between the microstructure and
intracrystalline microhardness of the CP and DP
regions, as well as their contribution to the
mechanical properties of the alloy, were also
discussed.

2 Experimental

The material employed in the present work
was an AZ80A magnesium alloy with chemical
composition (wt.%) of 8.06 Al, 0.62 Zn, 0.23 Mn,
and balanced Mg. The as-received material was a
forged billet with a diameter of 730 mm and a
length of 110 mm. The forged billet was obtained
after 3 passes of forging on a semi-continuous ingot
with a diameter of 300 mm and a length of 650 mm.
Before forging, casting ingots were homogenized at
410 °C for 24 h. Specimens for the hardness test
with a size of 8 mm x 10 mm x 2 mm were cut
from the forged billet, and specimens for the tensile
test were fabricated to a gauge length of 25 mm, a
gauge width of 10 mm and a thickness of 2 mm.
Then, those specimens were solid solution treated at
420 °C for 2 h, followed by water cooling and
subsequent aging at 175 °C for different time.

Tensile experiments were carried out on an
MTS810 tensile test machine. Hardness was tested
on an HVS 1000S Vickers hardness machine with
a load of 4.98 N and loading time of 15s. For
intracrystalline hardness tests, 100 points were
tested under a load of 0.245 N. The ordinal number
of the point and the corresponding hardness values
were recorded first, and then those located at the
grain boundaries were discarded and those in the
CP or DP regions were classified by optical
microscopy. Finally, both the average hardness
values of CP and DP regions were obtained.

Optical microscopy (OM), scanning electron
microscopy (SEM, SIRION200) and transmission
electron microscopy (TEM, Tecnai G2 20 ST,
200kV) were used to investigate the micro-
structures. Specimens for in situ SEM observation
were mechanically polished and marked with a
Vickers hardness machine at the beginning. Then,
they were solid solution treated and aged at 175 °C.
Before the first SEM observation, the specimens
were electrolytically polished. After further aging,
the specimens were lightly mechanically polished
again to remove the oxide layer. Finally, they were
etched with a solution composed of 0.5 vol.% nitric
acid and 99.5 vol.% alcohol before the second SEM
observation. Other samples for OM and SEM
observation were etched with the same solution.
Thin foils for TEM observation were prepared by
the ion beam thinning technique. The fractions of
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DP and CP regions were calculated with IPP
(Image-Pro Plus) software from at least 5 OM
pictures.

3 Results

3.1 Age hardening behavior

The effect of aging time on hardness and
fraction of DP regions of the AZ80A magnesium
alloy aged at 175 °C is shown in Fig. 1. At the
beginning of aging, the hardness of the alloy
increases rapidly. After 28 h, it continues to grow
at a decreasing rate and reaches a peak value of
HV 859 at 106 h. During the following aging
time, even after 328 h, the alloy does not show any
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Fig. 1 Age hardening behavior of AZ80A magnesium

alloy aged at 175 °C

obvious overaging characteristics. Meanwhile,
Fig. 1 also shows the variation in the fraction of DP
regions with a similar pattern over aging time. The
fraction of DP regions increases quickly at first and
then stops increasing when it reaches the maximum
value at 53 h. This implies that DP regions play
an important role in age hardening behavior with
respect to microstructure.

3.2 Microstructures

The optical microstructures of the AZS0A
magnesium alloys aged at 175 °C for different time
are shown in Fig. 2. The average grain size of the
solution heat-treated alloy is approximately 80 um,
as shown in Fig. 2(a). Figure 2(b) shows that DP
regions appear at the original grain boundaries
(OGB) at the beginning of aging. DP regions grow
and extend into the grain interior (original
matrix/CP region) with increasing aging time, as
shown in Figs. 2(b—d). However, the size of DP
regions has no obvious change with increasing
aging time from 53 to 328 h, as shown in
Figs. 2(d—f), suggesting that DP regions have
stopped growing since 53 h. The development of
DP regions is clearly seen in the OM microstructure,
but many details of DP and CP cannot be well
observed. To understand the age hardening behavior
of the CP and DP regions, SEM and TEM
microstructure investigations were performed.

Fig. 2 OM images of alloy aged at 175 °C for different time: (a) 0 h; (b) 6 h; (c) 28 h; (d) 53 h; (e) 106 h; (f) 328 h
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3.2.1 Microstructures at beginning of aging

Figures 3(a) and (b) show the SEM
microstructures of the alloy aged for 6 h. Small
cellular structures, a typical structure of DP,
originate from the grain boundaries. They grow
either on one side to form a so-called “single seam”
morphology or develop alternately on both sides of
the boundary in an “S” morphology [23], as shown
in Figs. 3(a) and (b), respectively.

Figures 3(c—e) show the TEM microstructures
of the alloy aged for 6 h. At the beginning of aging,
precipitates nucleate in the grain interior/original
matrix and at original grain boundary (OGB). Small
precipitates in the grain interior exhibit a lozenge
shape in view of the [0001], zone axis, which are
typical Widmanstitten structures of CP, as shown in
Fig. 3(c). However, the intergranular phases at the
OGB, which belong to DP precipitates [17], are
much larger than those in the grain interior, as
shown in Fig. 3(d). Accompanied by the growth of
precipitates, the OGB bends into the matrix of
grains on both sides, leading to an “S”-shaped grain
boundary, as shown in Fig. 3(e). As a result, two
small cellular structures form on the two sides. This
is known as the “S” type nucleation of DP [18].
Here, the migrating OGB acts as a reaction front

(RF) of cellular structures [23]. The intergranular
phases are left at the position where the OGB stays
before and makes up a stationary boundary between
CP regions and cellular structures. It is called static
boundary (SB) in this article. Both RF and SB are
the boundaries of cellular structures.

3.2.2 Variation of microstructures in DP regions

The SEM images of the alloys aged for
different time are shown in Fig. 4. When the alloy is
aged from 28 to 53 h, in situ observation reveals
that the RF at 28 h (RF28) migrates toward the
original matrix region/CP region and reaches the
position of RF53, as shown in Figs. 4(a) and (b).
The small precipitates that have already formed in
CP regions between RF28 and RF53 disappear and
are replaced by elliptical phases or lamellar phases.
As a result, the cellular structure grows up. When
the alloy is further aged from 53 to 78 h, RF53
almost overlaps with RF78, as shown in Figs. 4(c)
and (d), indicating that the RF stops migrating at
53 h.

After 53 h, the cellular structure no longer
grows because the RF stops migrating, while the
situation of the precipitates in DP regions is
different. The precipitates at OGBs and SBs
(marked with blue arrows) are mainly granular, also

Fig. 3 SEM (a, b) and TEM (c—e) images of precipitates in AZ80A magnesium alloy aged for 6 h: (a, b, ) Small
cellular structure with single seam morphology (a) and “S”-shaped morphology (b, ¢); (c¢) Small lozenge shape plate

phases; (d) Intergranular phase
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known as intergranular phases, and they grow
continuously with increasing aging time, as shown
in Figs. 4(d—1).

The precipitates in cellular structures are
mainly lamellar phases and elliptical phases. The
length direction of the lamellar phases and the long
axis of the elliptical phases, as marked with
blue double-arrow lines in Figs. 5(a) and (b),
respectively, are randomly distributed in the a-Mg
matrix, which is consistent with the research of LIU
et al [24].

Figure 6 shows the high-magnification SEM
images of lamellar phases in DP regions. With
increasing aging time, no obvious coarsening
occurs in the lamellar phases.

Figure 7(a) shows that the elliptical phases are

small and dense at 28 h. However, they gradually
become coarser with increasing aging time, as
shown in Figs. 7(b—d) and Fig. 4(f) especially for
those marked with red arrows.
3.2.3 Variation of microstructures in CP regions

It is also found in Figs. 4(e) and (f) that most
of the precipitates in one CP region/original
matrix grain are uniform but display different
morphologies in different CP regions/original
matrix grains, such as large bamboo leaf-like
precipitates and needle-like precipitates. Figure 8
shows the high magnification SEM images of the
needle-like precipitates. The precipitates are
elongated with increasing aging time and do not
stop until 106 h, as shown in Figs. 8(a—c). Its cross-
section coarsens at 328 h, as shown in Fig. 8(d).
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The TEM images of precipitates in the CP
regions are shown in Fig. 9. In view of the [0001]n
zone axis, most precipitates exhibit asymmetric
lozenge shapes (bamboo-leaf shape), and a few
precipitates are irregularly hexagon-shaped (marked
with red arrows), as shown in Figs. 9(a—c).
Figures 9(d—f) show from the [IOTO]m zone axis
that the majority of precipitates are thin and long
needle-like phases with the length direction parallel
to the (0001), basal plane, and only a few lath
phases (marked with red arrows) are perpendicular
to the (0001)n, basal plane. In addition, a few bulky
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phases (marked with blue arrows) are rectangularly
shaped, and their length directions are parallel to
the basal plane, as shown in Figs. 9(a, d). This
indicates that the precipitates in CP regions can be
divided into three types: many thin plate phases
with a wide asymmetric lozenge shape on the basal
plane, a small number of lath phases with irregular
hexagonal cross-sections, and a few bulky phases
with rectangular shapes. This explains why most
precipitates in one CP region are uniform but
display different morphologies in different CP
regions.
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The plate and lath phases are reported in many
articles [17-20], but the bulky phases are seldom
reported. Figure 10(a) shows that a bulky phase
with a short rectangular shape coexists with some
thin plate phases, and the bulky phase is several
times thicker than the plate phases. The HRTEM
image of the bulky phase, as shown in Fig. 10(b),
reveals that the [1120] a-Mg orientation is parallel
to the [111] f-Mgi7Ali; and that the angle between
[0001] a-Mg and [110] p-Mgi7Al2 is 1.28°.

Small plate precipitates grow fast in length,
width and thickness with increasing aging time, as
shown in Figs. 9(a—c) and (d—f). Detailed data are
measured from the TEM images and displayed in
Table 1. At 28 h, the length, width and thickness
reach 204.6, 84.2 and 23.0 nm, respectively.
Subsequently, the plate phases grow slowly in
length and thickness but still fast in width, as shown
in Figs. 9(b, e). However, after aging for 328 h, the
plate phases only grow in thickness, as shown in
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Fig. 10 TEM image of rectangular bulky phase (a) and its HRTEM image with a-Mg matrix along [1120] a-Mg/[111]

ﬁ-Mgl 7A112 direction (b)
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Table 1 General dimensions of plate phases at different

aging time
Aging Average Average Average
time/h length, L/nm  width, W/nm thickness, 7/nm
28 204.6+82.5 84.2+22.6 23.0£13.5
106 242.6+42.2 170.8+28.4 26.5+8.6
328 235.0+£37.3 167.0+£32.1 32.4+15.8

Fig. 8(d) and Figs. 9(c, f). Meanwhile, the amplified
region in Fig. 9(f) shows a few tiny plate phases
that have not been found before. In addition,
apparent coarsening of the lath phases on the cross-
section occurs when the aging time increases from
106 to 328 h. Evidently, the precipitation process of
CP is much slower than that of DP.

3.3 Mechanical properties

The intracrystalline hardness in the DP and CP
regions over aging time is shown in Fig. 11. With
increasing aging time, the intracrystalline hardness
of CP regions increases quickly at the beginning of
the aging process and then slows down after 28 h,
which is consistent with the hardness of the alloy
described before. After 106 h, the intracrystalline
hardness of the CP regions maintains a further
flattened increasing trend. Different from the CP
region, the hardness of the DP region maintains a

very slow downward trend during the aging process.

In addition, the intracrystalline hardness of DP
regions is higher than that of CP regions during the
whole aging regime carried out in this experiment.
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Fig. 11 Intracrystalline hardness of precipitates in DP
and CP regions at different aging time

The tensile mechanical properties of the
AZ80A magnesium alloy are shown in Table 2. At

the beginning, the yield strength and tensile
strength of the solution heat-treated alloy are 150
and 286 MPa respectively, and the elongation
reaches 12.6%. With increasing aging time, both the
yield strength and tensile strength are obviously
improved before 106 h, and the increase in strength
tends to be flattened at 328 h, but the elongation
decreases continuously with increasing aging time.
There is no overaging phenomenon in the regime of
the aging time carried out in this experiment, and
aging for 106 h at 175 °C is relatively suitable for
the engineering application of AZ80A alloy.

Table 2 Tensile mechanical properties of AZ80A alloy at
different aging time

Aging Yield Tensile Elongation/
time/h  strength/MPa  strength/MPa %
0 15042 286+3 12.6+1.8
6 168+3 280+4 11.0+1.4
28 17942 29242 9.6+2.0
53 19243 295+3 7.7+1.2
106 213+3 324+3 6.6+1.3
328 21742 32843 5.4+£2.0

4 Discussion

4.1 Microstructure evolution
4.1.1 Microstructure evolution of DP regions

During discontinuous precipitation, the cellular
structures originate from the grain boundary with a
high misorientation angle, and then the RF of the
cellular structures migrates toward the original
matrix grains [23,25]. When the RF migrates
through a specific undecomposed region, the DP
reaction is so fast that the precipitation of this
specific region is completed immediately (including
the nucleation and growth of lamellar phases or
elliptical phases), and the intracrystalline hardness
reaches the peak value at once [18] because DP is
controlled by grain boundary diffusion and the
coefficient of boundary diffusion is much higher
than that of other diffusion methods [16].

At the early aging stage, the precipitates of the
CP region in front of RF are small and replaced by
elliptical phases or lamellar phases with the aging
time prolonging, which is different from the
coexistence of the zinc-rich precipitation phase and
lamellar phase in Ref. [26]. For the case in this
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research, it is reasonable to infer that the fine
precipitates in the CP region are transformed into
elliptical or lamellar phases. In this reaction system,
the driving force for the migration of RF is
considered to be the decrease in the system free
energy. When the precipitates in the CP region grow
with increasing aging time, the driving force
decreases due to the decrease in supersaturation of
the original matrix. Once the driving force is too
low, the RF stops migrating, and the cellular
structure stops growing.

The LSW (Lifshitz—Slyozov—Wagner) theory
can be used to describe the coarsening process of
elliptical precipitates [27,28]. The kinetic equation
for a spherical precipitate particle can be expressed
as follows [29]:

; 3:§FCV2Dt

e m

9 KT

- (D
where 7 is the average radius of the growing
particles at time ¢, ro is the radius at the beginning
of the coarsening process, I is the interfacial free
energy at the particle/matrix interface, D is the
diffusion coefficient of solute atoms in the matrix,
C. is
equilibrium with a particle of infinite radius, K is
the Boltzmann constant, 7 is the temperature of
aging heat treatment, and V', is the molar volume of
precipitates. With increasing aging time ¢, larger
particles become larger, and smaller particles
gradually disappear with the diffusion of the solute
atoms in the matrix. Thus, the number density of
particles decreases during the coarsening process.
Owing to the depleted a-Mg matrix in DP
regions [18], the volume fraction of f-Mgi;Aliz
precipitates will no longer increase. Therefore, the
edge-to-edge distance between precipitates logically
increases with the coarsening of the precipitates, as
shown in Fig. 7.

Because f-Mgi7Al» precipitates are incoherent
with the o-Mg matrix and too large in size,
precipitation strengthening is generally explained
by the Orowan dislocation looping mechanism [30].
According to Orowan mechanism [31,32]:

Gb d
= —h—" 2)
2M, 1 -V 5 0
where At is the increment in critical resolved shear

stress, G is the shear modulus of the magnesium
matrix phase, b is the magnitude of the Burgers

the concentration of solute atoms in

At

vector of the dislocations, v is Poisson’s ratio, 1’ is
the effective planar interobstacle spacing, d, is the
mean planar diameter of the point obstacles, and r¢
is the core radius of dislocations. With increasing
aging time, the coarsening of elliptical precipitates
leads to an increase in the interparticle spacing A’
and ultimately a decrease in the critical resolved
shear stress Atr. Therefore, the continuous decrease
in intracrystalline hardness in DP regions is
probably attributed to the coarsening of the
elliptical phase.

4.1.2 Microstructure evolution of CP regions

After DP regions stop growing, the remaining
original matrix regions tend to develop into CP
regions. Since the CP mechanism controlled by
volume diffusion is much slower than the DP
mechanism controlled by the grain boundary
diffusion [16], the precipitation process of plate
phases in CP regions, including nucleation, growth
and coarsening, is much slower than that of lamellar
and elliptical phases in DP regions. Therefore, the
nucleation and growth of plate phases occur, but the
coarsening phenomenon is too late to appear in the
entire aging regime of this research.

The increments in the size of plate phases and
intracrystalline hardness of the CP region at
different aging stages are obtained from Table 1 and
Fig. 11, respectively. The plate phases grow very
fast before 28 h, leading to large increments in size
and the intracrystalline hardness of the CP region,
as shown in Fig. 12. The increment in width (AW)
increases at 106 h but that of the intracrystalline
hardness (AHcp) drops considerably, indicating that
the width is unrelated to the hardness. At 28 and
106 h, the increments in length (AL) and thickness
(AT) change consistently with those in AHcp. AL
stops increasing and AT increases slightly at 328 h,
but AHcp decreases continuously. However, the
variation of the increment in the narrow section area
(ASns) of the plate phases, which is determined by L
and 71, is highly consistent with that of AHcp during
the whole aging process. This suggests that the
intracrystalline hardness of the CP region depends
on the narrow section of the plate phases. It is well
known that only the basal slip of the a-Mg matrix
can be activated at room temperature [33].
Moreover, the narrow section is most effective in
hindering basal slipping because it is perpendicular
to the basal plane of the a-Mg matrix. Therefore,
it is not difficult to understand why the variation
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area ASns (e) of plate phases and that of intracrystalline hardness of CP regions AHcp (f) at aging time of 28, 106 and

328 h

of increment in the wide section area (ASws) of the
plate phases, which is parallel to the basal plane of
the a-Mg matrix and determined by length and
width, deviates from that of AHcp.

The rapid increase in the intracrystalline
hardness of the CP region before 28 h is attributed
to the nucleation of the plate phases and fast growth
in length and thickness. In addition, the rectangular
phases also work because they reach the maximum
thickness. With increasing aging time, the growth of

the plate phases in length and thickness slows
down, which leads to the retardation of age
hardening of CP regions. After 106 h, only the
thickness still increases slowly, and some new small
plate phases are formed simultaneously, which
contributes to decreasing the interparticle spacing 1’
and increasing Arz. Therefore, the intracrystalline
hardness of the CP region remains in a slightly
increasing trend rather than decreasing as that in the
DP region due to overaging.
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4.2 Comparison of age hardening effect between
DP and CP regions

It is well known that the shape and orientation
of the second phase are critical for strengthening the
matrix [34]. For magnesium alloys, only three basal
slip systems can be activated during deformation
at room temperature [33]. Theoretically, any factor
that has a negative impact on dislocation slipping is
beneficial to the reinforcement of the matrix. As the
main precipitation particles in CP regions, the
narrow section of plate phases perpendicular to the
basal plane is much smaller than the wide section
parallel to the basal plane. As a result, the hindering
effect of the particles on basal slip is weakened.
However, in DP regions, the length direction of the
lamellar phases and the long axis direction of
elliptical phases are randomly arranged as
mentioned above, which means that their largest
cross-section is also randomly distributed. This
leads to the fact that the lamellar and elliptical
phases in DP regions are more likely to hinder
dislocations on the basal plane than the plate phases
in CP regions. Therefore, the strengthening effect of
DP phase is better than that of CP phase. As a
result, the intracrystalline hardness of DP regions is
much higher than that of CP regions.

4.3 Effect of DP and CP on mechanical

properties

When the AZ80A alloy is aged at 175 °C, the
hardness of the alloy increases at a decelerating rate
with increasing aging time. It increases rapidly at
first, then decelerates obviously after 53 h, and
finally reaches the peak value at 106 h, which is
followed by no apparent changes. According to the
rule of mixtures, the hardness of the alloy (H:t) can
be expressed as follows [15,16]:

Hio=forHpprtfcpHep 3)

where fpp and fcp are the area fractions of DP and
CP regions, respectively; Hpp and Hcp are the
measured hardnesses of DP and CP regions,
respectively; fopHpp and fopHcp are contributions of
CP and DP regions to the hardness of the alloy,
respectively. Figure 13 shows the contributions of
the DP and CP regions to the hardness of the alloy.
When the alloy is aged for 28 h at 175 °C, fop is
approximately 43%, as shown in Fig. 1, and the
other 57% is considered to be fcp. In this case,
forHpp < fcpHcp, i.e., the contribution of DP is

smaller than that of CP, although Hpp is higher than
Hcp, as shown in Fig. 11. At 53 h, fpp increases to
58% by replacing parts of fcp, so fopHpp increases
quickly and dominates in strengthening the alloy. At
flowing aging time, such as 106 and 328 h, fppand
fcr no longer change. fppHpp decreases slowly due
to decreasing Hpp, and fcpHcp increases because of
increasing Hcp. However, fopHpp > fcpHcep, i.€., DP
regions always play a more important role in
strengthening the alloy because fpp remains higher
than fcp and Hpp remains higher than Hcp despite
their variation with increasing aging time.
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Fig. 13 Variation in contributions of CP and DP to alloy
hardness over aging time

Even so, the increase in fcpHcp induced by
increasing Hcp not only compensates for the
decrease in fppHpp, but also makes H,y increase
between 53 and 106 h, which matches the increase
in the alloy hardness in this period. After 106 h, the
increase in Hcp further slows down. The increasing
fcpHep just compensates for the decrease in fppHpp.
As a result, the alloy shows no obvious overaging
phenomenon. Therefore, the CP regions also play a
critical role in strengthening the alloy. If some
measures are taken to accelerate the CP so that the
peak aging point of CP is reached by the time when
the DP region stops expanding, the alloy will obtain
the optimum aging reinforcement.

5 Conclusions

(1) When the AZ80A magnesium alloy is aged
at 175 °C, the precipitates in front of the RF are
replaced by new elliptical phases or lamellar phases
as the RF migrates with increasing aging time.

(2) CP is much slower than DP, leading to the
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occurrence of the overaging phenomenon in the DP
region and the absence of that in the CP region over
the whole aging regime.

(3) In DP regions, the elliptical phases coarsen
obviously with increasing aging time, which causes
the intracrystalline hardness of DP regions to
decrease.

(4) In CP regions, plate phases reach the
maximum width and length at 106 h. Their thickness
continues to increase during the subsequent aging
process and some new small plate phases are
reprecipitated, which is beneficial to a further slight
increase in the intracrystalline hardness in CP
regions.

(5) When the alloy is aged at 175 °C, DP plays
the most significant role in the age hardening
behavior of the AZ80A alloy because both the
intracrystalline hardness and fraction of DP regions
are much higher than those of CP regions. However,
CP can not only compensate for the decrease in the
strengthening effect of DP caused by overaging, but
also improve the strength of the alloy.
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