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Abstract: Three-layer 6009/7050/6009 aluminum alloy clad slab was fabricated by an innovative direct-chill casting process. To
study the response of the clad slab to plastic deformation and heat treatments, homogenization annealing, hot rolling, solution and
aging were successively performed on the as-cast 6009/7050/6009 clad samples. The results revealed that excellent metallurgical
bonding between 7050 alloy layer and 6009 alloy layer was achieved under optimal parameters. The clad ratio obviously decreased
when the annealed sample was rolled to 55% hot reduction level, and then changed slightly with further rolling. Furthermore, the
content of rodlike Zn-rich phases increased significantly in 7050 alloy layer in the homogenized clad samples after rolling at 55%,
65% and 75% hot reduction levels, and the higher level of hot reduction resulted in narrower diffusion layer. Subsequent solution and
aging significantly improved the hardness in 7050 alloy layer, interfaces and 6009 alloy layers of the rolled samples except for the

thin side for the 75% hot reduction sample.
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1 Introduction

Metal matrix composites particularly offer the
intrinsic advantages of additional properties which
benefit from the addition of dispersed particles [1],
fibers [2], or layers [3]. As described by KOCICH
et al [4], the development of new composites becomes
more and more important in materials research field.
Among them, the multilayer composite plates are of
significant interest for application in many industrial
fields, which results from their comprehensive physical,
chemical and mechanical properties [5]. Multilayer
composite materials were usually prepared by centrifugal
casting [6] and laser cladding [7]. Besides, explosive
welding was used to prepare magnesium AZ31—
aluminum 7075 composite, aluminum and copper plates
and other metal plates [8—10]. Furthermore, the similar/
dissimilar light metal sheets, Mg/Al clad and stainless
steel/aluminum sheet have been developed by diffusion
bonding [11-13]. Recently, several new forming
technologies have been applied to manufacturing clad
composites. For example, the 6xxx/5xxx/6xxx aluminum

clad sheets, 7075 Al/Mg—Gd—Y—Zr/7075 Al laminated
composite and Mg/Al laminated composite were
fabricated through rolling bonding [14—16]. Moreover,
KOCICH et al [3,4] used the rotary swaging process to
fabricate the clad composites, though the non-uniform
strain distribution through the cross-section of a swaged
rod was its potential disadvantage.

However, the above processes have the problem of
low bonding strength between different metal layers. The
direct-chill casting is an ideal method for producing
multilayer clad slab as it can solve the problem of low
bonding strength, as well as its lower cost and high
productivity. The Novelis fusion process was used to
manufacture the clad ingot [17]. SUN et al [18], IANG
etal [19] and LIU et al [20] prepared the Al—Si alloy and
Al-Mn alloy clad aluminum by direct-chill continuous
casting. What’s more, in our previous work the
6009/7050 clad ingot developed by direct-chill casting
was reported, and its characteristics evolution was also
investigated [21,22].

The three-layer 6009/7050/6009 clad slab using
6009 alloys as protective layers, would be expected
to improve the corrosion resistance of the high-strength
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7050 alloys as well as formability. In this work, the
6009/7050/6009 three-layer clad slab was produced by
an innovative direct-chill casting process. More attention
was paid to the plastic deformation and heat treatment
behaviors of the 6009/7050/6009 three-layer clad slabs,
owing to the importance in the potential use in airplane
industries of this clad slab and similar composite ingots
in commercial applications. The evolution of
microstructures, composition distribution and mechanical
properties of the as-cast clad slab after plastic
deformation and heat treatments were studied in details.

2 Experimental

2.1 Materials and ingot preparation

The experimental materials including 7050 alloy
melt and 6009 alloy melt were prepared separately by
melting the commercial pure aluminum, zinc, copper,
magnesium, manganese, crystalline Si and Al-4%Zr
master alloy at appropriate ratios in their respective pot
resistance furnaces. Fluorometric analysis was used to
measure the chemical compositions of the 6009 alloy
layer and 7050 alloy layer and the results were presented
in Table 1. The three-layer 6009/7050/6009 clad ingot
was prepared by an innovative direct-chill casting
process. Figure 1 reveals the schematic illustration of
experimental apparatus. The results demonstrated that
two same water-cooled baffles were placed in the mold
in parallel and divided the mold inside into three sections
symmetrically. The pouring process and solidification
process of the 6009/7050/6009 clad ingot resemble that
of 6009/7050 bimetal slab, mentioned in our previous
work [21]. The three-layer 6009/7050/6009 aluminum
clad slab (150 mm x 120 mm x 100 mm) was finally
obtained. The optimized experimental parameters were
gained after a battery of systematic experiments: the
pouring temperatures of 6009 melt and 7050 melt were
715 °C and 720 °C, respectively, the drawing speeds of
two water-cooled baffles were both 70 mm/min, and the
cooling water flow rates of two water-cooled baffles
were both 140 L/h.

Table 1 Chemical compositions of experimental alloys (mass
fraction, %)

Alloy Zn Cu Mg Si Fe Zr Mn Cr Al

7050 6.57 2.04 1.97 0.093 0.114 0.09 0.003 0.021 Bal.

6009 - — 041 0.792 0.134 — 0.004 0.018 Bal.
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Fig. 1 Schematic illustration of modified direct-chill casting
process: 1—Hot top; 2—Mold; 3—Water cooled baffle;
4—6009 alloy melt; 5—6009 alloy semisolid shell; 6—Heat
insulation layer; 7—7050 alloy melt; 8—7050 alloy semisolid
shell; 9—Clad slab

2.2 Plastic deformation and heat treatments

A test sample with a length of 130 mm, a width of
80 mm and a height of 50 mm, was prepared by
wire-electrode cutting technique from the as-cast
three-layer 6009/7050/6009 aluminum clad slab and the
thickness for the thin 6009 layer, 7050 layer and thick
6009 layer of the test sample was 8§, 60 and 12 mm,
respectively. In this work, the interfacial region on § mm
6009 layer side was called the interface for the thin side,
while the interfacial region on 12 mm thick 6009 layer
side was called the interface for the thick side. Figure 2
shows the heat treatment and plastic deformation
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Fig. 2 Schematic illustration of heat treatment and plastic deformation procedures of 6009/7050/6009 clad samples
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procedures of the clad test samples. The homogenization
annealing process was 460 °C for 24 h. The
homogenized 80 mm thick slab was then subjected to
subsequent hot rolling processes with a 55% hot
reduction (55% HR) at (450£10) °C, and its thickness
became 36 mm. This process was sequentially repeated
to produce 65% hot reduction (65% HR) sample and
75% hot reduction (75% HR) sample, and the
corresponding thicknesses of the clad samples were 28
and 20 mm, respectively. The 55% HR, 65% HR and
65% HR samples were then solution treated at 477 °C for
90 min, followed by 60 °C water-immersion quenching.
Subsequent artificial secondary aging treatments were
selected as 121 °C for 6 h and then 177 °C for 8 h. Six
test samples were thus acquired after solution and aging
treatments (SA): 55% HR, 65% HR, 75% HR, 55% HR+
SA, 65% HR + SA, and 75% HR + SA.

2.3 Structure observation, composition analysis and
properties test
Milling was performed on the cross section of the
as-cast clad slab to obtain the macrostructure image.

Eutectic
structure

B 7050 layer layer

Y e
- 7050 layer

Scanning electron microscope (SEM, Zeiss supra 55),
conducted in secondary electron mode operated at 15 kV,
was used to investigate the microstructure of the
test samples. To analyze the composition distribution,
electron microprobe (EPMA—1600) analysis operated at
15 kV was carried out in the interfacial regions of the
clad samples. The Vickers hardness measurements were
performed in the interfacial regions of the test samples
with a load of 50 g for 15 s. The thickness of every layer
for the clad samples was measured by a digital display
vernier caliper. The repeated number of measures for
every layer was 15 and the average value was considered
as the thickness for every layer.

3 Results and discussion

3.1 Microstructure, composition and hardness of as-
cast clad
Figure 3 shows the as-cast macrostructure and
microstructures of the three-layer 6009/7050/6009 clad
slab. Figure 3(a) reveals that the clad slab is distinctly
separated by two clean interfaces into the middle 7050
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and 6009 alloy side (e) of as-cast 6009/7050/6009 clad slab at high magnification
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alloy layer and bilateral 6009 alloy layers due to the
difference between respective surface brightness after
grinding. Figures 3(b) and (c) reveal the microstructures
at the left and right interfaces of the as-cast clad slab,
respectively. Figure 3(d) shows the SEM image of the
7050 alloy layer at high magnification. The results
indicated that lamellar a(Al) + T(AlZnMgCu) eutectic
structure and plate-like Al,Cu phases were distributed at
grain boundary, while rodlike Zn-rich phases precipitated
within the grains. While, the SEM image of the 6009
alloy layer at high magnification is presented in Fig. 3(e).
It was found that two kinds of second phases precipitated
in a(Al): plate-like AlFeSi intermetallics and cluster-like
Mg,Si phases. This also demonstrated that a good
metallurgical bonding between the 7050 alloy layer and
6009 alloy layer was obtained because there were few
casting defects and no discontinuities in both left and
right interfacial regions.

Figure 4 demonstrates the composition variations of
the Zn, Mg, Cu and Si elements across the interface of
the as-cast clad slab. The contents of Mg, Zn and Cu
decreased gradually across the interface from 7050 layer
to 6009 layer while the Si element showed inverse trend.
The composition variation curves in diffusion layer and
6009 layer were smoother than that of 7050 layer,
indicating that the diffusion layer and 6009 layer
achieved more uniform elements distribution. What’s
more, the content variation of Zn was chosen to define
the diffusion layer thickness in the present study. This
average diffusion layer thickness for the three-layer
clad slab was found to be about 250 um. Furthermore,
the diffusion layer should be primary a(Al) layer that
primarily contained Zn and Mg as well as small amounts
of Cu and Si.
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Fig. 4 EPMA line analysis of elements Zn, Mg, Cu and Si in
interfacial region of as-cast 6009/7050/6009 clad slab

The Vickers hardness of the as-cast three-layer clad
material was measured across the interface, and the
results are presented in Fig. 5. It was seen that the
average hardness for 7050 layer was about HV 150,
while it was around HV 60 for the 6009 layer. The
average Vickers hardness at the interface was measured
to be nearly HV 125. Solution strengthening by diffused
atoms might result in this improved hardness at interface,
which was higher than that of the 6009 alloy layer.
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Fig. 5 Distribution of Vickers hardness across interfacial region
of as-cast 6009/7050/6009 clad slab

3.2 Plastic deformation and heat treatments
3.2.1 Clad ratio variations of homogenized clad during
hot rolling

CHAUDHARI and ACOFF [23] reported that
during hot rolling, the thickness ratio or clad ratio of
constituent layers was a function of the mechanical
properties of the constituent layers, rolling parameters
and initial thickness ratio of these layers. In the present
study, clad ratio was defined as the ratio of the 6009
layer thickness to the total sample thickness. Figure 6
displays the variation of the clad ratio and the thickness
of 6009 layer in the clad slab after hot rolling process. It
could be seen that the thickness of 6009 layer on both the
thin side and the thick side decreased with the reduction
of the sample thickness. When the sample was rolled
from 80 to 36 mm sample, significant decrease occurred
in the clad ratio on both thin side and thick side. The
variations of the clad ratio on the thin side and thick side
in the samples after rolling indicated that the thickness
reductions of the 6009 layer and 7050 layer were
inhomogeneous during the rolling processes. One thing
to worth mentioning is that the resistance to plastic flow
of 7050 alloy should be larger than that of 6009 alloy
when the rolling temperature is 450 °C, so the softer
6009 layers accommodates a greater proportion of the
plastic strain than 7050 layer during rolling. Therefore,
the clad ratios on both thin side and thick side are
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reduced during hot rolling to 36 mm sample. However,
the clad ratios on both the thin side and the thick side of
the sample showed a slight increase with the further
reduction of the sample thickness to 28 mm. This
improved clad ratio might be attributed to work
hardening, making the resistance to plastic flow of 6009
layer increased and larger than that of 7050 layer. In
addition, when the sample continued to be rolled to
20 mm, the clad ratio on the thick side kept increasing
but the inverse trend occurred for that of the thin side.
The plastic deformation at 450 °C was a competitive
process of work hardening and dynamic softening such
as dynamic recovery or dynamic recrystallization. At the
beginning of plastic deformation, the increased
dislocation density leads to the increase of the resistance
to plastic flow in 6009 layer and 7050 layer, and the
resistance to plastic flow in 6009 layer should increase
faster than that in 7050 layer according to the above
analysis. DENG et al [24] described that as the
deformation proceeded, the dynamic softening such as
dynamic recovery or dynamic recrystallization might
occur, which could offset or partially offset the effect of
work hardening, and then the resistance to plastic flow
remained unchanged or fell to some extent. It could be
calculated from Fig. 6 that the 6009 layer on the thin side
suffered from a greater thickness reduction (91.2%) than
that of the thick side (87.4%). This greater thickness
reduction might more easily induce the occurrence of
dynamic recovery or dynamic recrystallization in 6009
layer at the same deformation temperature, which
resulted in the rapid decrease of the resistance to plastic
flow in the 6009 layer on the thin side of the clad. This
was why the clad ratio on the thin side showed decreased
trend again when the sample continued to be rolled to
20 mm, as presented in Fig. 6.
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Fig. 6 Variation of clad ratio and 6009 clad layer thickness on

thin side and thick side in homogenized 6009/7050/6009 clad

slab after rolling process (Sample 1: As-cast, 80 mm; Sample 2:

55% HR, 36 mm; Sample 3: 65% HR, 28 mm; Sample 4: 75%

HR, 20 mm)

3.2.2 Microstructures of homogenized clad after hot
rolling

The microstructures along the deformation direction
of the homogenized 6009/7050/6009 clad samples after
rolling to 36 mm (55% HR) are presented in Fig. 7. The
microstructures in the interfacial region on the thin side
and the thick side of the 6009/7050/6009 clad samples
are respectively shown in Figs. 7(a) and (b). The results
revealed that the two interfaces were still distinct and the
three-layer structures in as-cast state were maintained
after successive homogenization annealing and hot
rolling processes. It could be seen from Fig. 7(a) that
obvious plastic deformation along the rolling direction
occurred in both 7050 layer and 6009 layer. For 7050
layer, most of the precipitated phases at the grain
boundary in as-cast state were fragmented and parts of
them were dissolved. Moreover, the fiber-like structures
were formed in both 7050 layer and 6009 layer, and the
a(Al) grains and precipitated phase particle structures
were stretched along the deformation direction. As
shown in Fig. 7(b), most of the precipitated phases fade
away in both 7050 and 6009 layers on the thick side of
the homogenized clad after rolling. Figures 7(c) and (d)
show the SEM images of 7050 layer on the thin side and
the thick side respectively of the homogenized clad after
rolling at high magnification. The results revealed that
most of the a(Al) + T(AlZnMgCu) eutectic structure and
AlLCu phases were fragmented and dissolved. The
residual phases at the grain boundary were mainly
nubbly Al,Cu phases. Furthermore, the amount of the
residual AlL,Cu phases on the thin side (Fig. 7(c)) was
greater than that on thick side (Fig. 7(d)). In addition, the
content of rodlike Zn-rich phases precipitated within the
grains in 7050 layer increased markedly, compared with
that of the as-cast state. The SEM images of 6009 layer
on the thin side and the thick side of the homogenized
clad after rolling at high magnification are respectively
shown in Figs. 7(e) and (f). The results suggested that the
amount of Mg,Si phases showed distinct increase and the
AlFeSi phases cracked into finer needle-like particles.
Figures 7(g) and (h) present the SEM images of the
interfaces on the thin side and the thick side at high
magnification, respectively. After rolling, the needle-
like phases and globular phases precipitated at the
interfaces of the 6009/7050/6009 clad sample. EPMA
measurements suggest the composition of plate-like
phases is 75.836% Al and 24.089% Si, while the EDS
analysis shows that the composition of globular phases is
67.81% Al and 31.89% Si. These results indicated that
the needle-like phases and globular phases precipitated at
the interfaces were all AlSi intermetallics.
3.2.3 Microstructures of rolled clad after solution and

aging
The typical microstructures of the rolled 6009/7050/
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Fig. 7 Secondary electron SEM images of interfacial region on thin side (a) and thick side (b) of homogenized 6009/7050/6009 clad
samples after rolling to 36 mm (55% HR); SEM images of 7050 layer (c), 6009 layer (e) and interface (g) on thin side at high
magnification; and SEM images of 7050 layer (d), 6009 layer (f) and interface (h) on thick side at high magnification

6009 clad samples (75% HR) after subsequent solution
and aging are presented in Fig. 8. It could be seen from
Figs. 8(a) and (b) that the interfaces on the thin side and
the thick side of the sample were still clear after solution
and aging, and the lamellar structures in as-cast and
rolled states were maintained. Figures 8(c) and (d)
suggested that the Zn-rich phases in 7050 layer were
dissolved and disappeared after solution and aging, and
the residual phases were only Al,Cu phases. As shown in
Figs. 8(e)—(h), no obvious changes could be found in the
6009 layers and interfaces of the clad sample after

solution and aging compared to the rolled state.
3.2.4 Composition analysis of rolled clad after solution
and aging

Figure 9(a) shows the diffusion layer thickness
variations during the as-casting, hot rolling, and
subsequent solution and aging of the 6009/7050/6009
clad samples. For the homogenized samples after rolling,
the lower data points indicated the diffusion layer
thickness values on the thin side of the clad samples,
while the upper data points reflected the diffusion layer
thickness on the thick side. With the clad sample rolled
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Fig. 8 Secondary electron SEM images of interfacial on thin side (a) and thick side (b) of rolled 6009/7050/6009 clad samples
(75% HR) after solution and aging; SEM images of 7050 layer (c), 6009 layer (e) and interface (g) on thin side at high magnification;
and SEM images of 7050 layer (d), 6009 layer (f) and interface (h) on thick side at high magnification

to 20 mm (75% HR), the diffusion layer thickness on the
thin side and the thick side decreased to 160 and 190 pm,
respectively. The significant diffusion layer thickness
increase was observed for both thin side and thick side of
the rolled samples after subsequent solution and aging.
Furthermore, the diffusion layer thickness in the aged
samples fell with the reduction of the clad sample
thickness. Line scan of elements using EPMA was
performed in order to characterize the distribution of Zn,

Cu, Mg and Si elements across the bonding interface.
The typical elements distributions in the interfacial
region on the thin side and the thick side of the aged clad
samples are presented in Figs. 9(b) and (c), respectively.
More flat profiles suggested that compared to as-cast
state, the Zn, Mg, Cu and Si elements in the interfacial
regions received more uniform distributions after
successive homogenization annealing, rolling, solution
and aging.



16 Guang-yuan YAN, et al/Trans. Nonferrous Met. Soc. China 28(2018) 9—19

400
(a) = — HR+SA on thick side
4 — HR+SA on thin side
E_ 350} e — HR on thick side
@ v — HR on thin side
£
.2 300+
L=
3]
= 250+
=
=
v
£ 200}
(]
150k, . . .
As-cast  55% HRor 65% HR or 75% HR or
55% HR+  65% HR+  75% HR+
SA SA SA

y‘.
55 ! -
7050 layer

Disffusion
layer

0 100 200 300 400 500 600 700
Distance/um

Disffusion

6009 layer

0 100 200 300 400 500 600 700
Distance/um
Fig. 9 Diffusion layer thickness plot of 6009/7050/6009 clad
samples (a), EPMA line analysis on thin side (b) and thick side
(c) of rolled clad sample (75% HR) after solution and aging
(The distribution of Zn, Cu, Mg and Si elements and the
backscattered micrograph in interfacial region)

The diffusion layer thickness during hot rolling
depends on the competitive factors: atoms diffusion and
strain magnitude. The atoms diffusion accompanying
with hot rolling makes the diffusion layer thickness
larger while the plastic strain causes the inverse trend. If
the effect of the plastic strain was larger than that of the
atoms diffusion, the final thickness of diffusion layer
would decrease. In this work, it is noted that the effect of
the plastic strain should be larger than that of the atoms
diffusion due to the final diffusion layer thickness
decreasing after rolling on both the thin side and the
thick side. Besides, the diffusion layer thickness on the
thin side was smaller than that on the thick side of the
clad, indicating that diffusion layer on the thin side
received greater plastic strain than that on the thick side
of the clad, due to their same homogenization annealing
and rolling conditions. Furthermore, the diffusion layer
thickness after solution and aging was larger than that of
the rolled sample as a result of the occurrence of
elements diffusion across the interface during solution
and aging treatment.

3.2.5 Hardness variations of rolled clad after solution and
aging

Figure 10 demonstrates the Vickers microhardness
distributions across the interfaces on the thin side and the
thick side of the homogenization-annealing samples after
various rolling and heat treatments. The result revealed
that the as-cast layered -characteristics of the
microhardness distribution were retained. Compared to
the as-cast sample, the hardness decreased significantly
after subsequent homogenization annealing and hot
rolling to 36 mm (55% HR) on the thin side of the clad
sample, as shown in Fig. 10(a). Then, the average
hardnesses of the 7050 layer and interface, however,
increased markedly after the further rolling, but had
small change in the 6009 layer hardness of 65% HR
specimen and 75% HR specimen, in which the average
hardness of the 7050 layer and interface in 75% HR
specimen was higher than that of 65% HR specimen.
Furthermore, the solution and aging treatment raised the
hardness of the 55% HR, 65% HR and 75% HR
specimens, the hardness of both 55% HR + SA and 65%
HR + SA specimens was much higher than that of the
75% HR + SA specimen. The average hardness values of
7050 layer, interface and 6009 layer on the thin side of
65% HR+SA specimen were HV 163, HV 130 and HV
90, respectively. Figure 10(b) presents the microhardness
variations in the interfacial region on the thick side of the
clad samples. The results suggested that the hardness
values of all the homogenized samples after rolling, such
as 75% HR, 65% HR and 55% HR samples, were much
lower than that of as-cast sample. Moreover, slight
increase in average hardness occurred in 7050 layer and
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interface with the sample thickness decreasing during hot
rolling, but the average hardness of 6009 layer showed
small change. After subsequent solution and aging, the
average hardness of 7050 layer, interface and 6009 layer
increased significantly. Furthermore, there was small
difference in hardness among 75% HR, 65% HR and
55% HR samples. The average hardness of 7050 layer,
interface and 6009 layer on the thick side of 65% HR +
SA specimen were HV 155, HV 140 and HV 85,
respectively.
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Fig. 10 Microhardness distributions across interfaces on thin
side (a) and thick side (b) of 6009/7050/6009 clad samples
under various rolling and heat treatments

During homogenization annealing, the dissolution
of reinforced phases such as 7(AlZnMgCu) phase was
considered as the dominating softening mechanism of
7050 alloy layer, while the dominating softening
mechanism of 6009 alloy layer might be grain
which  weakened the dislocation
reinforcement at the grain boundary, resulting in the

coarsening,

lower hardness. Furthermore, the changes of hardness
during hot rolling could be attributed to two factors. The
first factor was the total plastic strain transferred into the

individual layer, which caused an increase in the
microhardness for this clad. The second factor was the
possibility —of  softening during hot rolling.
HUMPHREYS and HARTLEY [25] reported that
increasing the imposed strain could lower the activation
energies for recovery and recrystallization. The onset of
such processes could have caused the decrease in
microhardness for this clad. In this work, the hardness of
both the 7050 layer and interface increased during rolling
process, indicating that total plastic strain could play
more role in changing hardness than softening such as
dynamic recovery and recrystallization, while the
balance action between plastic strain and softening might
result in little change in hardness of 6009 layer during
rolling. Interestingly, solution and aging could
simultaneously improve the hardness of 7050 alloy layer,
interface and 6009 alloy layer, compared to the rolled
state. The dominant strengthening mechanisms of the
7050 layer and 6009 layer were precipitation
strengthening and solution strengthening. Furthermore,
solution and aging could promote the interdiffusion of
solute elements Zn, Mg, Cu and Si at the interface, so
solution strengthening was deemed to be the primary
strengthening mechanism for the hardness improvement
at the interface after solution and aging. In addition, the
hardness of the 75% HR + SA specimen on the thin
side was much lower than that of 55% HR + SA and
65% HR + SA specimens. This lower hardness might
be attributed to the occurrence of recovery and
recrystallization during solution process because the 75%
HR + SA specimen received greater plastic strain before
solution than that of 55% HR + SA and 65% HR + SA
specimens.

4 Conclusions

1) The three-layer 6009/7050/6009 clad slab was
successfully prepared by an innovative direct-chill
process with the optimized experimental parameters.

2) The clad ratio showed obvious decrease when the
homogenized sample was rolled from 80 to 36 mm, and
then changed slightly with further rolling.

3) After successive homogenization and hot rolling
at hot reduction levels of 55%, 65% and 75%, the
content of rodlike Zn-rich phases increased significantly
in 7050 alloy layer, meanwhile the Zn-rich phases were
dissolved and disappeared after subsequent solution and
aging, and the residual phases were only Al,Cu phases.

4) With the reduction of the rolled samples, the
diffusion layer thickness on both thin side and thick side
of the clad decreased; however, a significant increase in
diffusion layer thickness could be observed after
subsequent solution and aging.
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5) Solution and aging treatments significantly
improved the hardness in 7050 alloy layer, interfaces and
6009 alloy layers of the rolled samples at every level,
except the thin side for the 75% hot reduction sample
after solution and aging.
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HIEA SR FI =2 6009/7050/6009 555
’EFWIE'JT%/%D,.“ME

Az, £ F, L&, FER, LRK
REFTORS: MERE S TR LT R FEE S S8 S R A=, KIE 116024

. R M EEA NS ITER % =2 6009/7050/6009 (&S E ER . N T HIRZE ERRK BN
ATEHHRALIRAT R, L 6009/7050/6009 H)JZRIRSE G HEATIISIIB K L. [EVAFIN B3, g gh ik
B, TEREMTESHT, 7050 54 6009 G& LI T RIFIAEEE. 0B KERESEATE TER 55%1
LR, R R RIS, (EREE PRSI RN, QERBUARE; SR KSR ST E T
TN 55%- 65%F1 T5%HIFELAC TR, HRRE A S BRI BEE R T RIAEIK, ¥ 8UEEEZREE /.
LB 5 AR R B S, BRAELE TR 75%MEE RN, =EEERKEF 7050 542 FHHEM 6009
&4 2 TR R S 25N
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