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The 7075 aluminum alloy was an important structural material in the field of aeronautics and astronautics. With the development
of this field, the requirements for its comprehensive properties were increasing. A novel casting method, the impact jet solid-liquid
compound casting, was adopted to fabricate the 3A21/7075 aluminum alloy cladding material. Retrogression and reaging (RRA)
treatment was further applied to the 3A21/7075 aluminum alloy cladding material in order to investigate the influence of RRA
on microstructure and microhardness of the 3A21/7075 aluminum alloy cladding material. Then, the electron backscattered
diffraction (EBSD) technique and the transmission electron microscope (TEM) together with the energy dispersive spectrometer
(EDS) and the hardness test were utilized to analyze the influence of RRA treatment on microstructure and hardness of the
3A21/7075 aluminum alloy cladding material. The research results showed the 3A21/7075 aluminum alloy cladding material
had better deformability. The amount of fine and dispersed phases precipitated in grains was in favor of improving the
comprehensive mechanical properties of the 3A21/7075 aluminum alloy cladding material. This research might provide data
and a theoretical approach for the engineering application of the 3A21/7075 aluminum alloy cladding material.

1. Introduction

High-strength aluminum alloy had been exploited as a mold
material for prototype, production, and blow molding appli-
cations, due to the high thermal conductivity and the conve-
nience of machinability [1]. For example, the 7075 aluminum
alloy was a typical representative and Al-Zn-Mg-Cu was the
reinforcement. The aluminum alloy contained 1%~8% Zn
and a small amount of Mg, Cr, or Cu, which was a heat-
treatable strengthened aluminum alloy [2]. After quenching
and aging, a large number of dispersive hardening phases
were precipitated to strengthen the alloy. In the 1940s, the
7075-T6 alloys with high-strength properties were developed
and subsequently used in aerospace fields such as military
aircraft. T6 treatment was the most basic heat treatment
system and can achieve high strength, but it was more prone
to SCC tendencies [3]. At present, the processing technology

of rolling aluminum alloy with wide and thick plates was still
a bottleneck problem [4]. Currently, materials capable of
producing thick aluminum alloy plates include Alcoa, Alcan
(Ravenswood rolling Plant in the United States, Isuval rolling
Plant in France), the Kaiser aluminum and chemical compa-
nies in the United States (Trey wood rolling factory), Alex
company (Koblenz rolling factory), and Russian aluminum
company in Myanmar (Kamensk Uralsky Metallurgical
Plant). The HOKOTOL alloy produced by Corus Aluminum
Wlzpodukte was a kind of high-strength aluminum alloy,
mainly applied for thick plates of aluminum alloy, and its
thickness can reach 700mm. Mic-6 aluminum alloy belongs
to precision casting aluminum heavy plate die alloy, and its
typical thickness can reach 6~100mm. The application of
this product can replace the hot-rolled plate of ingot casting,
and it can reduce the manufacturing cost of the die. The com-
position of the alloy was still under wraps. At present, only a
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few companies can produce more than 200mm thick alumi-
num alloy die rolling plates. Nowadays, in China it is difficult
to produce high-strength aluminum alloy hot-rolled plate
with a thickness over 200mm. However, the thickness of
the 7075 hot-rolled aluminum alloy was greatly limited due
to the inherent property of the rolling process.

Many mold materials had higher requirements on the
material thickness according to the requirements of prod-
ucts. The key problem was how to obtain high thermal
conductivity, high strength, and good wear resistance of
thick plate aluminum alloy materials, so it can meet the
requirement of plastic polymer processing die. It was found
that only the parting surface required high strength, while
the auxiliary part primarily played a part of supporting. In
the meanwhile, the parting surface and the auxiliary part
must be an integral material. In consequence, bimetallic
cladding materials were considered to fabricate mold mate-
rial for prototype, production, and blow molding applica-
tions. So it was conducive to solve problems of thickness
limitation to some extent.

The manufacturing technologies of bimetallic cladding
materials included explosive welding [5], roll-bonding [6],
and diffusion bonding [7]. However, these technologies had
problems such as low bonding strength, high cost, and low
efficiency. Solid-liquid compound casting [8–11] was a com-
mon compound casting of Al-M (M, metal), but it need to
wipe off oxide film on the surface of the matrix, and the
production process was relatively complex. Consequently,
researchers had developed a novel compound casting,
namely, the impact jet solid-liquid compound casting, with
no need to process the matrix. During the impact jet solid-
liquid compound casting, molten metal was poured on the
matrix’s surface at a certain angle and speed so that impact
convection heat transfer between molten metal and matrix
was applied to remove oxidation film on the matrix’s surface.
Then, it realized metallurgical bonding. Retrogression and
reaging (RRA) treatment was commonly employed to
improve microstructure, mechanical properties [12–14],
resistance to stress corrosion cracking [15–17], and resis-
tance to fatigue crack propagation [18–20] of 7XXX series
aluminum alloy.

Based on the above considerations, the authors adopted a
novel compound casting, namely, the impact jet solid-liquid
compound casting, to fabricate the 3A21/7075 aluminum
cladding material. The influence of RRA treatment on the
microstructure and hardness of the 3A21/7075 aluminum
alloy cladding material was investigated in details. We hope
that this research work will provide theoretical and experi-
mental data support for the 7075 aluminum alloy applied
as a mold material for prototype, production, and blow
molding applications.

2. Materials and Methods

The commercial 7075-T651 aluminum alloy hot-rolled
plates in the T651 condition were utilized as the matrix
material (abbreviated as the 7075-T651MM). The molten
3A21 aluminum alloy was chosen as the impact jet solid-
liquid compound casting material (abbreviated as the
3A21CCM). The chemical composition was shown in
Table 1. The impact jet solid-liquid compound casting tech-
nology was chosen to fabricate the 3A21/7075 cladding
material. The process diagram of the impact jet solid-liquid
compound casting is shown in Figure 1. The experiment
was divided into two stages: one was the formation of oxide
film breaking and melting layer, and the other was the
formation of coating layer. In the first stage, the oxide film
on the surface of the substrate was removed by using the
enhanced heat transfer effect and impact force of the liquid
metal impinging jet. Firstly, the high-temperature cladding
liquid metal was poured onto the surface of the metal
substrate below. The impinging jet of the liquid metal
strengthens the heat transfer and quickly heats and melts
the surface of the substrate. The oxide film on the surface

Table 1: Chemical composition of the 7075 and the 3A21 (mass fraction, %).

Material Si Fe Cu Mn Mg Cr Zn Ti Other Al

7075 0.4 0.5 1.2~2.0 0.3 2.1~2.9 0.18~0.28 5.1~6.1 0.20 0.20 Bal.

3A21 0.6 0.7 0.2 1.0~1.6 0.05 — 0.1 0.15 0.15 Bal.

Heat preservation mold

Molten 3A21 aluminum alloy
Casting ladle

Mobile platform 

7075 aluminum alloy matrix 

Metal gutter

Figure 1: Process diagram of the impact jet solid-liquid compound
casting.

Table 2: Process parameters of RRA.

Preaging Retrogression Cooling mode Reaging

120°C × 12 h 350°C × 120 s Water-cooling 120°C × 12 h
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of the substrate was easily broken and carried away by the
impact force of the liquid metal flow due to the loss of solid
support. The substrate moves horizontally at a certain speed
under the liquid flow, and the oxide film on the surface will
be destroyed when removed. In the second stage, a large
amount of heat was still transferred to the substrate during
the formation of the thicker coating. In order to reduce the
heat input during the formation of the coating, another ladle
was used to pour the low-temperature molten metal at this
stage. The melted base metal was mixed with the molten
metal of the coating and finally solidified with the unmelted
base metal. The 7075 aluminum matrix was placed on the
mobile platform and fixed with a clamping mechanism.
The motor was adopted to adjust the mobile speed of the
7075 aluminum matrix and the distance between the casting
ladle and the 7075 aluminum matrix. At the initial stage of
the impact jet solid-liquid compound casting, the molten
3A21 aluminum alloy was evenly poured from one end of
the 7075 matrix to the other end. The movement time of
the 7075 aluminum alloy matrix was delayed to achieve the
effect of preheating so the 3A21/the 7075 cladding material
could be well combined with each other. In the middle stage
of the impact jet solid-liquid compound casting, heat and
power of the 3A21 aluminum alloy during the casting pro-
cess were utilized to break through the oxidation film on
the surface of the 7075 matrix. When the 7075 matrix moved
to the tail end at a speed of 15mm/s, that is, at the end of the
impact jet solid-liquid compound casting, a melting layer
was formed on the surface of the 7075 matrix. Finally, a
metallurgical bonding between the 3A21 alloy and the
7075 matrix was formed. On the preliminary experiments,
the optimized RRA treatment was carried out on the
3A21/7075 cladding material and the process parameters
of RRA treatment was shown in Table 2.

The electron backscattered diffraction (EBSD) tech-
nique was utilized to analyze the microstructure of the
3A21/7075 cladding material. The Tecnai G2-F30 transmis-
sion electron microscope (TEM) with an energy dispersive
spectrometer (EDS) was employed to investigate phases of
the 3A21/7075 cladding material. A microhardness tester
with a load of 0.49N and holding time of 10 s was applied to
examine microhardness distribution of the 3A21/7075
cladding material.

3. Results and Discussion

Figure 2 contains the evolution of morphology and size of
grains in the interface area of the 3A21/7075 cladding mate-
rial. The grain distribution was represented with different
colors in Figure 2. The interface in the fusion zone (FZ)
between the 7075-T651MM and the 3A21CCM was distinct.
On both sides of the fusion zone, that is, in different regions
of the matrix and the casting layer, the shape and size of the
particles were obviously different. There were a large number
of equiaxed grains (grain aspect ratio close to 1 within the
visual field) and several lengthened grains (LG) in the
3A21CCM casting zone. It was the reason for the anomalous
growth grains of the 3A21 alloy in the casting layer which
had a grain boundary movement and grain rearrangement
process during the heat treatment process (RRA process).
When metal and alloy were heated at high temperatures, they
had a spontaneous tendency to move through grain bound-
ary to reduce the total grain boundary area and thus reduced
the total grain boundary energy. During the RRA process,
some grains usually swallowed up other surrounding grains
in appropriate grain boundary orientation throughmigration
of grain boundary to form some different grains from
equiaxed grains. There appeared coarsened fibrous grains
(grain aspect ratio ranging from 2 to 5 within the visual field),
along with some recrystallized grains precipitated in fibrous
grains in the 7075-T651MM region. The fraction is given in
Table 3. Three different kinds of grains included substruc-
tured grains (including equiaxed grains and fibrous grains),
recrystallized grains, and lengthened grains, which were
detected by statistics of the EBSD system. In general, grain
boundaries were divided into three types according to
their orientation angles, which were low-angle grain
boundaries (LAGBs, 2° ≤ θ ≤ 5°), high-angle grain bound-
aries (HAGBs, θ ≥ 15°), and medium-grain boundaries
(MAGBs, 5° < θ < 15°) [21, 22]. The fraction of the three
kinds of grains was 70.83%, 24.76%, and 4.41%.

7075

LG

3A21

FZ

RG

IPF coding
Z0

Aluminium
111

101001
1000 𝜇m

Figure 2: Evolution of grain morphology and size of the 3A21/7075 cladding material.

Table 3: Fraction of three kinds of grains (%).

Substructured grains Recrystallized grains Lengthened grains

70.83 24.76 4.41
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For polycrystalline materials, the misorientation angle
distribution of grain boundaries had an important influence
on the mechanical properties of the materials. Figure 3 pre-
sents the grain boundary diagram of the 3A21/7075 cladding
material, in which the blue, red, and green lines represented
HAGBs, LAGBs, and MAGBs, respectively. However, the
magnitude of grain boundary energy was a function of the
degree of misorientation, being larger for high-angle bound-
aries. Grain boundaries had more chemically reactive than
the grains as a consequence of this boundary energy. More-
over, impurity atoms are preferentially segregated along the
grain boundaries because of their higher energy state. While
brittle cracks that expanded along HAGBs need to consume
more energy, that is, HAGBs could effectively obstruct the
intergranular expansion of cracks. It can be seen from the
analysis in Figure 3 that MAGBs with different densities dis-
tributed both the internal and boundary of the 7075 matrix
grain, so it had relatively lower grain boundary energy. The

intergranular crack propagation ability can be reduced by
reducing the particle boundary energy to some extent.

Figure 4 displays the misorientation angle distribution of
grains of the 3A21/7075 cladding material. “Uncorrelated”
meant misorientations calculated from random points in
the scan (blue bar). “Random” showed the random distribu-
tion of misorientations for a purely random texture (black
line). It can be observed from Figure 4 that the misorienta-
tion angle distribution of uncorrelated grains was basically
consistent with the random curve. Then, it can be observed
as a random distribution of grain orientation. However, a
little deviation can be found between the uncorrected and
the random curve from Figure 4. A conclusion can be drawn
that a little rolling deformation texture existed on the side of
the 7075 aluminum alloy. For aluminum alloy with a thick
plate structure, many factors would affect its properties,
including recrystallization structure, residual second phase,
aging precipitated phase, and texture. The texture orientation

1000 𝜇m

Figure 3: The grain boundary diagram of the 3A21/7075 cladding material.
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Figure 4: Misorientation angle of grains of the 3A21/7075 cladding material.
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of the interfacial layer had an important effect on the grain
growth, uniform grain distribution, mechanical properties,
and corrosion resistance of the interfacial layer.

Figure 5 describes the grain Schmid factor distribution of
the 3A21/7075 cladding material. As being seen from
Figure 5, significant differences were displayed between the

3A21 alloy zone and the 7075 matrix zone. The high Schmid
factor was located at the 7075matrix zone. The Schmid factor
distribution of the 3A21/7075 cladding material ranged from
0.3 to 0.5. The average value of the Schmid factor was 0.46.
The larger value of the Schmid factor was, the larger the
resolved shear force was. The high Schmid factor zone of m
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Figure 5: The Schmid factor distribution of grains in each zone of the 3A21/7075 cladding material.
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≥ 0:45 was defined as a “soft” orientation zone in terms of
the resolved shear stress, which was higher in “soft” zone
than in the rest zones under the same applied stress [23,
24]. It contributed to grain boundary migration and grain
rotation under external force [25]. The larger value of the
Schmid factor indicated better deformability of the
3A21/7075 cladding material.

Figure 6 indicates a TEM photo of the 3A21 cladding
layer. Two different kinds of phases included a bulk phase
and some sheet phase. The bulk phase was irregular in shape
(Figure 6(a)). It was calculated from EDS result that the ratio
of Al : (Fe, Mn) : Si was nearly 9 : 3 : 1. The bulk phase was
identified as Al9Fe0.84Mn2.1Si by XRD analysis according
to PDF42-1206# card [26]. The 3A21 aluminum alloy
belongs to the heat treatment cannot be strengthened alumi-
num alloy, so a small amount of second phase has little effect
on the microstructure and properties of the 3A21 aluminum
alloy. Some sheet phases were undetermined and fine with a

length of 10 nm and a width of less than 1nm; then, the tip
position tended to cause stress concentration.

Figure 7 provides TEM photos of the 7075 matrix. There
appeared three kinds of phases, namely, coarsened strip
phase precipitated at the grain boundary, some coarsened
granular phases, and amounts of fine granular phases in the
internal of the grain. The strip phase was a little coarse and
rich in Al, Zn, Mg, and Cu from the result of EDS
(Figure 7(a)), which was inferred as T phase (AlCuMgZn).
Vast fine granular phases were in the internal of the grain
(Figure 7(b)). Fine granular phases were regarded as newly
precipitated η′ (MgZn2) after RRA treatment, while some
coarsened granular phases were judged as unmelted η′
(MgZn2) from Figure 7(c). The coarsened granular phases
and HAADF image were given. The main elements included
Al, Cu, Si, Mg, and Zn. They were consistent with designed
material. It is worth noting that these fine and dispersed η′
(MgZn2) were beneficial to improve comprehensive
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Figure 7: TEM photos of the 7075 matrix.
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mechanical properties and corrosion resistance of 7055 alu-
minum alloy. The generally accepted precipitation sequences
for 7XXX series alloys were as follows: supersaturated solid
solution(SSS)⟶coherent stable GP zones⟶semicoherent
intermediate η′ (MgZn2)⟶incoherent stable η (MgZn2)
or T (AlZnMgCu). The morphology size and the degree of
coherence with the matrix would influence the property of
aluminum alloy.

Figure 8 illustrates TEM photos of the fusion zone
between the matrix and casting materials. They appeared
heterogeneous, fine granular phases, and sheet phases in
Figure 8. It brought into correspondence with Figures 6(b)
and 7(b), respectively. This zone separately and uniquely
had two kinds of phases that belonged to the 3A21 cladding
layer and the 7075 matrix, so this zone was the fusion zone.

Figure 9 depicts the microhardness test result of the
3A21/7075 cladding material. The 3A21/7075 cladding mate-
rial showed a degree of softening. It could be found from the
EBSD and TEM results that plenty of fine phases precipitated
in the inner region of the grains of the 3A21/7075. At the

same time, all fine-precipitated phases grew up to some
extent. Finally, grain growth was the dominant factor, which
was responsible for the softening phenomenon.

4. Conclusion

The 3A21/7075 aluminum alloy cladding material with good
quality was successfully prepared by the impact jet solid-
liquid compound casting method on self-developed compos-
ite equipment. The interface between cladding alloy (the
3A21) and matrix alloy (the 7075) was metallurgical bond-
ing. Three different kinds of grains included substructured
grains (including equiaxed grains and fibrous grains), recrys-
tallized grains, and lengthened grains, which were detected
by statistics of EBSD system. The fraction of three kinds of
grains was 70.83%, 24.76%, and 4.41%. Regression reaging
treatment (RRA) has a significant effect on the microstruc-
ture and properties of the 3A21/7075 aluminum alloy clad-
ding material. After RRA treatment, the matrix, which was
the 7075-T651MM, had better deformability. Both sides of

3A21CCM

7075-T651MM

100 nm

Figure 8: TEM photo of the fusion zone.
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Figure 9: Microhardness test result of the 3A21/7075 aluminum alloy cladding material.
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the 3A21 and the 7075 precipitated amount of fine phases in
grains helped to improve comprehensive mechanical prop-
erties of the 3A21/7075 aluminum alloy cladding material.
The microhardness of the transition region of the
3A21/7075 clad aluminum alloy shows an obvious gradient
distribution. However, grains of the 3A21/7075 aluminum
alloy cladding material grew up and caused a decrease in
hardness. Therefore, the next work was to further optimize
RRA treatment in order to obtain fine and dispersed phases
with no grain overgrowing.
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