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Abstract: The microstructure and mechanical properties at different depths of squeeze-cast, solution-treated and aged
Al-5.0Mg—3.0Zn—1.0Cu alloy were investigated. For squeeze-cast alloy, from casting surface to interior, the grain size
of a(Al) matrix and width of 7-Mgs,(AlZnCu) phase increase significantly, while the volume fraction of 7 phase
decreases. The related mechanical properties including ultimate tensile strength (UTS) and elongation decrease from
243.7 MPa and 2.3% to 217.9 MPa and 1.4%, respectively. After solution treatment at 470 °C for 36 h, T phase is
dissolved into matrix, and the grain size increases so that the UTS and elongation from surface to interior are
respectively reduced from 387.8 MPa and 18.6% to 348.9 MPa and 13.9%. After further peak-aging at 120 °C for 24 h,
numerous G.P. IT zone and #' phase precipitate in matrix. Consequently, UTS values of the surface and interior increase

to 449.5 and 421.4 MPa, while elongation values decrease to 12.5% and 8.1%, respectively.
Key words: squeeze-cast AlI-Zn—Mg—Cu alloys; solution treatment; aging; microstructures; mechanical properties

1 Introduction

In recent years, Al-Zn—Mg—Cu alloys have
drawn increasing attention due to their remarkable
advantages such as light weight, high strength, and
suitable ductility [1-3]. Compared with Al—Zn—
Mg—Cu wrought alloys by various deformation
processes, Al-Zn—Mg—Cu cast alloys present an
economically alternative way, especially in the
automotive industry. Previous studies [4—9] have
pointed out that the Al-Zn—Mg—Cu alloys prepared
by the gravity casting exhibit high tensile strength,
exceeding 450 MPa. However, the ductility of the
mentioned alloys is poor (only about 2%) due to the
coarse microstructure, micro-pores, and shrinkage
defects forming during the solidification [10,11]. To
overcome these obstacles, squeeze-casting which is

considered as a promising casting process has been
widely applied in Al-Zn—Mg—Cu alloys since the
imposed high pressure during the process refines
the microstructure and feeds the solidification
shrinkage [12—14]. HASHEMI et al [15] reported
that the squeeze-cast Al—(7.5-8)Zn—(2.5-3)Mg—
(1.4-1.6)Cu alloy led to a good combination of
strength (500 MPa) and  ductility (10%).
CHADWICK and YUE [16,17] also stated that the
mechanical properties of squeeze-cast 7010 alloys
are comparable to those of 7010 wrought alloys.

For squeeze-cast Al-Zn—Mg—Cu alloys,
different imposed pressures and cooling rates
between the casting surface and interior zones lead
to various microstructures which consequently
change the mechanical properties [18]. It was stated
by TANG et al [19] that the a(Al) grain size and
eutectic morphologies are mainly dependent on the
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casting parameters such as pouring speed and
cooling rate. For Al-Zn—Mg—Cu cast alloys,
different microstructures between the surface and
the central region may due to the different
distributions of alloying elements after the solution
treatment. The elemental distributions can affect
precipitation behavior and related mechanical
properties during aging. POURKI et al [20]
demonstrated that a higher cooling rate improves
the strength of Al—12.0Zn— 3.0Mg—2.5Cu cast alloy
under the T6 condition. Overall, the heterogeneous
microstructure leads to different mechanical
properties from the casting surface to the interior of
the squeeze-cast Al-Zn—Mg—Cu alloys. However,
the study of such complex mechanical properties of
squeeze-cast Al-Zn—Mg—Cu alloys under different
heat-treated conditions is still lacking and needs
further investigations.

In this research, Al-5.0Mg—3.0Zn—1.0Cu alloy
was produced by indirect squeeze casting and
subjected to different heat treatments. Then,
microstructure and mechanical properties of the
casting surface and central region under the
squeeze-cast, solution-treated, and aged conditions
were comprehensively investigated.

2 Experimental

The studied alloy was prepared using pure Al
(99.7%), pure Mg (99.8%), pure Zn (99.7%), and
Al-50%Cu master alloy (all compositions in this
work was in wt.% unless otherwise stated) melted
into a graphite crucible in an electric resistance
furnace at 720 °C. The melt was degassed with
0.2% C,Cls. As the melting temperature reached
660 °C, it was poured into the squeeze-casting die
which was preheated up to 200 °C. The imposed
pressure was 125 MPa during the process.
Eventually, the specimen was about 160 mm in
height and 80 mm in thickness. The chemical
composition of the alloy was determined by
inductively coupled plasma-atomic emission
spectrometry (ICP-AES) and listed in Table 1.

The specimens were then solution-treated at
470 °C for different time ranging from 1 to 36 h and

Table 1 Chemical composition of Al—5.0Mg—3.0Zn—
1.0Cu alloy (wt.%)

Mg Zn Cu Fe Si Al
4.87 3.03 0.93 0.07 0.03 Bal.

subsequently quenched into water of 25 °C.
Afterward, the solution-treated (470 °C, 36 h) alloy
was aged at 120 °C for various time from 0 to 48 h
in the electric oil bath furnace.

Specimens for microstructural observation and
quantitative analysis were taken from both the
surface and interior zones (depth of 0, 2.0 and
4.0 mm) of the casting, as shown in Fig. 1(a). The
constituent phases were identified by a poly-
functional X-ray diffractometer (XRD) with a
Cu K, source operating at 25 kV, 50 mA, and a
scanning rate of 5 (°)/min. It should be mentioned
that these specimens were etched by Keller etchant
for 10 s to prepare the metallographic samples.
The microstructures were characterized through
Zeiss-Axio Observer Al polarized optical micro-
scope (OM). The polished samples were analyzed
by scanning electron microscopy (SEM, Phenom
XL) equipped with an energy dispersive
spectroscopy (EDS). Also, the size and volume
fraction of primary a(Al) and secondary phases of
the cast alloy under different conditions were
measured by Image-Pro Plus software. Furthermore,
a FEI-Tecnai G2 TF20 transmission electron
microscopy (TEM) operating at 200 kV was used
for the morphological observation of precipitates.
According to Fig. 1(b), the TEM samples were cut
from the end of the tensile specimen.

Vickers hardness (HV) measurements were
performed to investigate age-hardening behavior at
a load of 0.5 kg for dwell time of 10 s. The average
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Fig. 1 Schematic of different observed positions (a) and
tensile specimens (b)
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of eight hardness measurements was reported for
each condition. Tensile samples were sliced from
the casting surface and interior (depth of 0, 2.0 and
4.0 mm) and the dimension of tensile sample was
represented in Fig. 1(b). Tensile tests were carried
out at room temperature using Zwick/Roell Z020
tensile machine at a strain rate of 1.6x107* s,
Three tensile tests were performed for each
condition and the average value was taken as the
tensile result. Afterward, the fracture surface was
analyzed through the SEM.

3 Results and discussion

3.1 Microstructure and mechanical properties of
squeeze-cast alloy
Figure 2 represents the microstructure in
three different regions, as marked in Fig. 1(a).
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Accordingly, equiaxed a(Al) grains and different
strip-like intermetallics are observed. As shown in
Figs. 2(a—d), the microstructures remain unchanged
between the surface and the depth of 2.0 mm which
are composed of a(Al) grains and secondary phases.
It should be mentioned that the a(Al) grains with
both equiaxed and dendritic characteristics are
recognizable. As shown in Figs. 2(e, f), a noticeable
change of the microstructure is observed at the
depth of 4.0 mm as compared to the surface. Both
of the a(Al) grains and the secondary phases
become coarser and the primary a(Al) grains have
the equiaxed shape due to the decrease of the
cooling rate, which is in good agreement with the
report of ZUO et al [21].

Figure 3 displays the XRD patterns of the
squeeze-cast Al—5.0Mg—3.0Zn—1.0Cu alloy. It is
found that the squeeze-cast alloy is composed of

Fig. 2 Microstructures of squeeze-cast alloy at depths of 0 mm (a, b), 2.0 mm (c, d) and 4.0 mm (e, f)
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Fig. 3 XRD patterns of squeeze-cast alloy under different
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primary o(Al) and 7-Mg;(AlZnCu)s phase. In
other words, the black strip-like secondary phase
(Fig. 2) is the T phase according to the work of LI
et al [22]. Meanwhile, the white and black phases
are clearly observed in Fig. 4(a). The mapping
scanning shows that the black phase mainly
contains Al and little alloying elements of Mg, Zn
and Cu, while the white phase involves higher
amounts of the mentioned alloying elements. It
seems that the black phase is the primary a(Al)
phase in which little amounts of Mg, Zn, and Cu
have been dissolved. Furthermore, scanning
analysis of Point 1 indicates that the composition of
the white phase is 69.8% Al, 20.7% Mg, 6.9% Zn,
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Fig. 4 Microstructures of squeeze-cast alloy: (a) SEM image; (b) EDS result of Point 1; (c—f) Related elemental maps
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and 3.5% Cu (molar fraction). Thereby, it could be
deduced that the studied alloy consists of primary
a(Al) and T phases, which is in good consistency
with the XRD results in Fig. 3.

Figure 5 shows the volume fraction, average
width of the 7T phase, and the size of the primary
a(Al) phase in the squeeze-cast alloy. In order to
ensure the accuracy of the statistical analysis, at
least 20 images were analyzed for each depth. By
increasing the depth from 0 to 4 mm, the volume
fraction of the T phase is reduced from 10.1% to
5.7%. By considering the reduction of cooling rate
with the depth increment, the decrease of the T
phase amount might be ascribed to the reduction of
cooling rate. Meanwhile, the amount of the primary
o(Al) phase is increased with the cooling rate
reduction. Similar relationships between the cooling
rate and the amount of primary a(Al) phase have
also been reported in the Al-Fe—Si alloys [23].
Besides, the cooling rate affects the size of the
eutectic 7 phase. As shown in Fig. 5, the average
width of the T phase is increased from 1.9 to 5.1 um
with a cooling rate decreasing. From the analysis
above, it can be noticed that the increased cooling
rate not only refines the size but also increases the
amounts of the 7 phase.
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Fig. 5 Volume fraction, width of secondary phases, and
size of primary a(Al) phase of squeeze-cast alloy with
depth of specimen

As mentioned above, the cooling rate can
affect both the size and amount of the 7 phase. In
addition, it influences the size of the primary a(Al)
phase. The average grain size of the primary a(Al)
phase at different depths of the produced cast alloy
is represented in Fig. 5. As the depth is increased
from 0 to 4 mm, the average size of the primary

o(Al) phase is increased from 35.9 to 51.4 um. This
indicates that the size of primary a(Al) decreases as
the cooling rate increases due to the increment of
the undercooling. The small size of the primary
o(Al) grains stands for the fine microstructure
formation and the uniform distribution of secondary
phases in the matrix [24].

Tensile tests of the squeeze-cast alloy at
different depths were performed and the results are
listed in Table 2. By increasing the depth from 2.0
to 4.0 mm, both UTS and elongation decrease from
24377MPa and 2.3% to 217.9 MPa and 1.4%,
respectively, while the yield strength (YS) does not
change considerably. According to the micro-
structures in Figs. 2 and 5, the size and amount of
the primary a(Al) and the distribution of the T
phase are responsible for the mechanical properties
of the squeeze-cast alloy. It can be summarized that
a higher cooling rate not only refines the primary
o(Al) and secondary T phases but also improves the
amount of the 7 phase among the grain boundaries.

Table 2 Tensile properties of squeeze-cast alloy at
different depths

Depth/mm  YS/MPa  UTS/MPa  Elongation/%
2.0 192.5+4.1 243.748.1 2.340.1
4.0 186.6£7.4 217.9£1.3 1.4£0.2

3.2 Microstructure and mechanical properties
after solution treatment

Solution treatment was employed in order to
dissolve the secondary 7 phase into the matrix. Also,
proper solution temperature is critical during the
solution treatment since a higher solution
temperature can lead to the overburning, which
undermines the mechanical properties of alloys. It
was reported that 470 °C is a suitable temperature
for Al-Zn—Mg—Cu alloys [25,26] and previous
study [19] has demonstrated that most of the
secondary phases in Al-5.0Mg—3.0Zn—1.0Cu can
be dissolved into the matrix at 470 °C for 24 h. So,
the solution treatment temperature was chosen at
470 °C.

Figures 6 and 7 show the optical micrographs
of the squeeze-cast alloy after the solution treatment
at 470 °C for different time. It should be mentioned
that the samples used for observation were cut from
the depth of 2.0 and 4.0 mm. As can be seen, the
evolutions of morphology and content of secondary
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Fig. 6 Microstructures of Al-5.0Mg—3.0Zn—1.0Cu alloy at depth of 2.0 mm in different states: (a) Squeeze-cast;
(b—1) Solution treated at 470 °C for 1 h (b), 4 h (c), 12 h (d), 24 h (e) and 36 h (f)

phases are highly dependent on the solution-treated
time. After solution treatment at 470 °C for 4 h,
the discontinuous secondary phases are clearly
recognized (Fig. 6(c) and Fig. 7(c)), while the
secondary phases disappear after being solution-
treated at 470 °C for 36 h (Figs. 6(f) and 7(f)).
Figure 8 exhibits the volume fraction of the
secondary phases at 470 °C for different solution
time. As the solution time is increased from 0 to
36 h, the volume fraction of the T phase at the depth
of 2.0 mm is reduced from 8.9% to 0.2%, and the
volume fraction at the depth of 4.0 mm is decreased
from 5.7% to 0.3%. The average grain size also
changes considerably during the solution treatment.

After the solution treatment for 36 h, the T phase is
dissolved into the matrix. At the depth of 2.0 mm,
the average grain size is increased to 50.1 pm and at
depth of 4.0 mm, the average grain grows to
84.2 um. So, as the solution time increases up to
470 °C, the grain size tends to coarsen. To avoid
further coarsening of grains, the optimum solution
treatment of the studied alloy is chosen to be
470 °C, 36 h.

The tensile properties of the solution-treated
alloys at the depth of 2.0 and 4.0 mm are listed in
Table 3. In general, the mechanical properties are
improved dramatically after the solution treatment.
At the depth of 2.0 mm, YS and UTS are increased
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Fig. 7 Microstructures of Al-5.0Mg—3.0Zn—1.0Cu alloy at depth of 4.0 mm in different states: (a) Squeeze-cast;
(b—1) Solution treated at 470 °C for 1 h (b), 4 h (c), 12 h (d), 24 h (e) and 36 h (f)
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Fig. 8 Volume fraction of T phase at depth of 2.0 and
4.0 mm after solution treatment at 470 °C for different
time

Table 3 Tensile properties of solution-treated alloy at
depths of 2.0 and 4.0 mm

Depth/mm  YS/MPa  UTS/MPa  Elongation/%
2.0 232.6+11.9 387.8+1.5 18.6+0.7
4.0 226.8£1.5 348.9+£10.3 13.9+1.6

respectively to 232.6 and 387.8 MPa. The
elongation to failure of the squeeze-cast alloy is
only 2.3%, while that of the solution-treated alloy is
notably improved to 18.6%. At the depth of 4.0 mm,
both YS and UTS increase to 226.8 and 348.9 MPa.
The elongation to failure of the squeeze-cast alloy
is only 1.4%, while that of the solution-treated alloy
is significantly enhanced to 13.9%.
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There are two main reasons for the
improvement of the mechanical properties after the
solution treatment including the dissolution of
the secondary phases and the solid solution
strengthening effect. On one hand, due to the
decrease in the volume fraction of the secondary
phase among the grain boundaries, the stress
concentration is relieved. Therefore, it is easier
for dislocations to move from one grain to another
instead of forming dislocation pile-ups against the
grain boundaries. Consequently, the ductility of the
alloy at the depths of 2.0 and 4.0 mm is increased
notably from to 18.6% and 13.9%, respectively,
after solution treatment. Moreover, as the alloying
elements are dissolved into the matrix in the
solution-treated  alloy, the solid solution
strengthening occurs. This effect not only resolves
the weakening of the secondary phases on the
ductility but also further increases the strength of
the alloy. As a result, both YS and the UTS of
the solution treated specimen are significantly
improved. It should be noted that the strength at the
depth of 2.0 mm is higher than that at the depth of
4.0 mm. As shown in Fig. 8, the volume fraction of
the secondary phases at the depth of 2.0 mm is also
higher than that at the depth of 4.0 mm. This means
that more alloying elements are dissolved into the

matrix for the alloy at the depth of 2.0 mm after the
solution treatment. Hence, a higher solid solution
strengthening effect is obtained leading to the alloy
with higher strength.

As presented in Fig. 9, the fracture
morphologies have obvious differences between the
squeeze-cast and solution-treated alloys. For the
squeeze-cast alloy, a river-like fracture pattern and
some cleavage traces can be found in Figs. 9(a, c),
while the fracture surface of the solution-treated
alloy is characterized by the ductile inter-granular
fracture according to Figs. 9(b, d). In this regard,
different fracture morphologies are related to the
content of secondary phases in the microstructure.
For the squeeze-cast alloy, these brittle secondary
phases along the grain boundaries cause a brittle
fracture. After the solution treatment, most of the
secondary phases are dissolved into the matrix.
During the tensile test, stress concentration is
reduced and deformation becomes more uniform.
As a result, ductile fracture occurs, which is
consistent with the improved ductility observed in
the solution-treated alloy.

3.3 Microstructure and mechanical properties
after aging treatment
Figures 10(a, b) show the microstructures of

Fig. 9 Fracture morphologies of Al-5.0Mg—3.0Zn—1.0Cu alloy at depth of 2.0 mm (a, b) and 4.0 mm (c, d):

(a, ¢) Squeeze-cast; (b, d) Solution treated at 470 °C for 36 h
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Fig. 10 Microstructures (a, b) and corresponding grain size distribution of a(Al) grains (c, d) of peak-aged alloy at

different depths: (a, ¢) 2.0 mm, (b, d) 4.0 mm

the alloy after the aging treatment. Clearly, the grain
size at the depth of 2.0 mm is smaller than that at
the depth of 4.0 mm. The grain size distribution of
o(Al) grains at different positions is shown in
Figs. 10(c, d). It can be seen that the grain size is
increased from 53.9 to 87.8 um with the depth
increasing from 2.0 to 4.0 mm.

Aging treatment at 120 °C was performed on
the solution-treated alloy in order to further
improve the strength of the material. The
aging-hardening curves of the investigated alloy at
the depths of 2.0 and 4.0 mm are shown in Fig. 11.
Both hardening curves increase markedly during
the first 4 h, reaching the peak at 24 h, and then
slightly decrease after the peak-aging. This
phenomenon is related to the decomposition of the
supersaturated solid solution and the formation of
precipitates. The peak aging is attained at 120 °C
for 24 h, similar to the peak aging condition of
Al-Zn—Mg—Cu alloy in the previous study [27].

The tensile properties of the peak-aged alloy at
different depths are listed in Table 4. The average
tensile strength of 449.5 MPa and elongation to
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Fig. 11 Aging-hardening curves of Al-5.0Mg—3.0Zn—
1.0Cu alloy at depths of 2.0 and 4.0 mm aged at 120 °C

Table 4 Tensile properties of peak-aged alloy at two
different depths of 2.0 and 4.0 mm

Depth/mm  YS/MPa  UTS/MPa  Elongation/%
2.0 345.1£12.7 449.548.6 12.5+1.7
4.0 329.1£3.4 421.4+5.8 8.1+0.5
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failure of 12.5% are obtained for the depth of
2.0 mm, while the average tensile strength of
421.4 MPa and elongation of 8.1% are measured at
the of depth 4.0 mm. These results indicate that the
squeeze-cast alloy could possess a suitable
combination of tensile strength and ductility.
However, the ductility at 4.0 mm is much lower
than that at the depth of 2.0 mm.

The fracture morphologies of the peak-aged
alloy at the depths of 2.0 and 4.0 mm are exhibited
in Fig. 12. It can be seen that all fracture surfaces
show ductile fracture characteristics. As represented
in Figs. 12(c, d), many dimples are clearly observed
at the depth of 4.0 mm. However, the size and the
depth of these dimples are not as large as those at
the depth of 2.0 mm according to Figs. 12(a, b),
indicating a decrease in ductility. Therefore, the
ductility from the depth of 2.0 to 4.0 mm decreases
from 12.5% to 8.1%.

Figure 13(a, c) represent the bright-field (BF)
TEM micrographs in the (112)4, orientation of the
peak-aged alloy at the depths of 2.0 and 4.0 mm,
respectively. As shown, the precipitates have no
distinct differences along the depth, and elliptical
precipitates can be found along the (112)4
orientation. Also, Figs. 13(b, d) show the selected
area electron diffraction (SAED) patterns in (112)4
zone axes of the alloy at different depths. According

Sea s s N

Fig. 12 Fracture morphologie
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to the previous study [28-31], precipitation
sequence of Al-Zn—Mg—Cu alloy is as follows:
supersaturated solid solution (SSS) — coherent G.P.
zone — #' phase (semi-coherent precipitate) — #
phase (stable precipitate). The SAED patterns
indicate that there exist the diffraction spots of 7’
phase and GP. II zone in which the intensity of #’
phase is larger than that of the G.P. Il zone. This
means that the 7' phase is the major precipitate of
the peak-aged alloy [32]. However, a small amount
of the G.P. I zone also has significant effects on the
strengthening effect. On one hand, numerous #'
precipitate can block the dislocation motion. This is
the reason for the enhanced mechanical properties
of the peak-aged alloy. Furthermore, the existence
of the G.P. Il zone in the a(Al) matrix can mitigate
the hindrance of 7' phase, since G.P. II zone is
coherent with a(Al) matrix while the #' phase is
semi-coherent with the a(Al) matrix. Consequently,
a good combination of strength and ductility is
obtained. From the above analysis, similar
morphology and distribution of precipitates at
different depths under the peak-aging condition
indicate that different mechanical properties
observed at various depths might be attributed to
their grain size according to the Hall-Petch
relationship.

It is generally accepted that the grain size

AN A
. W,

s of peak-aged alloy at different dpths: (a, b) 2.0 mm; (c, d) 4.0 m
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Fig. 13 Bright-field TEM images of precipitates viewed along (112),; zone axis (a, ¢) and corresponding selected area
electron diffraction patterns (b, d) of peak-aged alloy at different depths: (a, b) 2.0 mm; (c, d) 4.0 mm

plays an important role in determining the
mechanical properties of metals and alloys. Small
grain size has a high density of grain boundary
which can efficiently block the movement of
dislocations, giving a higher strength. Also, a small
grain size indicates a fine and uniform structure.
The internal stress during the deformation can
uniformly distribute in all grains, which increases
the ductility. Consequently, the alloy at the depth of
2.0 mm possesses better mechanical properties than
that at the depth 4.0 mm.

4 Conclusions

(1) For the squeeze-cast alloy, the micro-
structure consists of equiaxed a(Al) and secondary
T-Mgs(AlZnCu)yy phase. As the depth increases
from 0 to 4.0 mm, both grain size and the width of
the T'phase increase; however, the volume fraction
of the T'phase drops. Consequently, the related UTS
and elongation reduce from 243.7 MPa and 2.3% to
217.9 MPa and 1.4%, respectively.

(2) For solution-treated alloy, most of the T
phase is dissolved into the matrix after
solution-treatment at 470 °C for 36 h, resulting in a
remarkable increase in strength and ductility. As the
depth increases from 2.0 to 4.0 mm, the grain size
increases from 50.1 to 84.2 um. So, the UTS and
elongation reduce from 387.8 MPa and 18.6% to
348.9 MPa and 13.9%, respectively.

(3) The precipitation process strongly affects
the hardness and strength during the aging-
treatment. After the peak-aging at 120 °C for 24 h,
precipitates of the alloy are G.P. II zone and
metastable 7' phase. From the depth of 2.0 to
4.0 mm, the YS, UTS and elongation decrease from
345.1 MPa, 449.5 MPa and 12.5% to 329.1 MPa,
421.4 MPa and 8.1%, respectively. Additionally,
the different strengths along the depth are related to
the increased grain size from 53.9 to §7.8 um.
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B A A FBTASHT E$51E Al-5.0Mg—3.0Zn—1.0Cu & &1
TR LR K N RE

NRIL, ZRA, HEF, FHF,F

)i, Mahmoud EBRAHIMI, #%i#&#, T 3T

ERAGER A MORRL S TR R,
RAESHERMEEZ TR OMERIES SR EFXEGLRE, Ll 200240

1 E: W Al-5.0Mg-3.0Zn—1.0Cu & & EH#IER.

T 7 25 AN RS AL 2R3 2 g 2 P RE AR T VR P2 ) 22 4k

M, HTHFEBESES, NREFLH, oADK SRR T-Mgs(AlZnCu)y AH 198 FE 52 ¥, i
T-Mgsy(A1ZnCu)go AH AR TR 7 B0 3 R B, IX SR Ak S 3R R 5 1 A & &P 98 F M 243.7 MPa B4 5 217.9 MPa,
TR 2.3%FEKH] 1.4%. 7E 470 °C FEVALIE 36 h J5, KT AT a(ADEAAS, Ff HAR TR
B R R ST S BB R A IR, WREFIOW, S-SRI 18.6% M (KH] 13.9%, HifishE M 387.8 MPa
FA{%%] 348.9 MPa. 7F 120 °C Nt —PI 2 24 h J5, TEEMAAHTH GP 1 XH i, & &RERCEBMHTHEE
Iy HIREINE] 449.5 MPa Fil 421.4 MPa, iR S 12.5%F1 8.1%.

KPR BRI Al-Zn-Meg-Cu &4 [BAKLEE; WG BMAL; Stk
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