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Abstract: The microstructures and mechanical properties of Al-8.3Zn-3.3Cu-2.2Mg alloys prepared via hot extrusion and liquid

forging methods were investigated. Results show that based on DEFORM simulation analysis, the optimal hot extrusion parameters

are determined as ingot initial temperature of 380 °C and extrusion speed of 3 mm/s. The hot-extruded aluminum alloy after T6 heat
treatment presents superior mechanical properties with yield strength of 519.6 MPa, ultimate tensile strength of 582.1 MPa, and

elongation of 11.0%. Compared with the properties of gravity-cast and liquid-forged alloys, the yield strength of hot-extruded alloy
increases by 30.8% and 4.9%, and the ultimate tensile strength improves by 43.5% and 10.2%, respectively. The significant

improvement in tensile strength of the hot-extruded alloys is attributed to the elimination of casting defects and the refinement of

matrix grain and eutectic phases. In addition, the hot-extruded alloy demonstrates superior plasticity compared with the liquid-forged

alloy. This is because severe plastic deformation occurs during hot extrusion, which effectively breaks and disperses the eutectic

phases, facilitating the dissolution and precipitation of the second phases and inhibiting the microcrack initiation.
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Al-Zn-Cu-Mg series high-strength aluminum alloys are
renowned for their exceptional mechanical properties,
including low density, high toughness, and high specific
strength, which are extensively used in the aerospace and
transportation industries as a promising lightweight material.
These alloys are commonly employed in the applications of
aircraft fuselage skins, frames, wings, heat exchangers, and
automobile engine components' .
The manufacturing process of Al-Zn-Cu-Mg

typically includes several steps, such as composition design,

alloys

casting, homogenization, forming, solution treatment, and
aging. The total solute content and the ratios of main alloying
elements (Zn, Mg, and Cu) significantly influence the mechan-
ical properties of the Al-Zn-Cu-Mg alloys™. Increasing the
main alloying element content can enhance the solid solution
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strengthening and precipitation strengthening after heat
treatment (HT) “®. Shin et al” reported that increasing the
fraction of hard phases with high Zn content can improve the
hardness and strength of Al-Zn-based alloys. Similarly, Shu et
al"” demonstrated that higher Mg and Cu contents can lead to
larger volume fraction of matrix precipitates after aging
treatment, resulting in higher strength and hardness.
Consequently, adding more main alloying elements through
conventional casting methods to prepare ultra-high strength
Al-Zn-Cu-Mg alloys research  hotspot™"’.
However, increasing the content of alloying elements often
results in the formation of coarse eutectic phases in the as-cast
alloy“z 13]

into aluminum matrix, which accelerates the initiation and
14]

becomes the

. These coarse eutectic phases can hardly dissolve

propagation of intergranular crack during deformation!
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Although conventional casting is effective and can meet the
industrial standards, it introduces severe thermal gradients
into the ingot, leading to the formation of casting defects,
especially hot tears, and cold cracks'”. As a result, the as-cast
Al-Zn-Cu-Mg alloy exhibits undesirable tensile strength and
low elongation (EL). Hot working processes, including liquid
forging, hot rolling, and hot extrusion, are effective methods
refinement of as-cast

for microstructure alloys and

optimization of mechanical properties. Liquid forging
increases the cooling rate of solidification, which enhances
the nucleation rate and results in a significant refinement
in the grain size of aluminum matrix and the second

phases!"®'”

. Additionally, plastic deformation through hot
working can eliminate casting defects, refine grains and
the second phases, and effectively enhances the strength of
Al-Zn-Cu-Mg alloys™®.

The hot working processes for aluminum alloys may vary
due to their different element composition. In this research,
the gravity-cast Al-8.3Zn-3.3Cu-2.2Mg alloy underwent
various hot working processes to optimize alloy structures and
to enhance mechanical properties. The influence of these hot
working methods on the microstructures and mechanical
properties of the alloy was investigated.

1 Experiment

The raw material used in this research was the gravity-cast
Al-8.3Zn-3.3Cu-2.2Mg alloy. The chemical composition of
the gravity-cast alloy was measured by inductively coupled
plasma, and the results are presented in Table 1.

The hot extrusion process was simulated using the
commercial finite element method (FEM) software DEFORM.
Parameters, such as the initial temperature of the casting ingot
and extrusion speed, were analyzed and optimized based on
the simulation results. The initial temperature parameters for
the ingot were set as 360, 370, and 380 °C, and the extrusion
speed was set as 1, 3, and 5 mm/s. FEM simulation of the
billet and the extrusion dies was conducted using half-
symmetry boundary conditions. The extrusion dies consisting
of a punch and a container were considered as thermo-rigid
state. The minimum mesh element length was 0.98 mm,
comprising approximately 35 000 elements in total. The
punch travel distance was 68 mm with the step size of 0.33
mm. Heat exchange between workpiece and dies was included
in FEM calculations, whereas the heat transfer between the
die/extrudate and the surrounding environment was ignored.

A rod-shaped billet with dimension of @48 mmx50 mm
was cut from the casting ingot for the following hot extrusion
treatment. Fig. la presents the schematic diagram of hot
extrusion die. The extrusion dies were loaded in a servo-
hydraulic press and preheated to 380 ° C. Colloidal graphite

Table 1 Chemical composition of gravity-cast Al-8.3Zn-3.3Cu-
2.2Mg alloy (wt%)

Mg Zn Cu Other Al
222 8.33 3.26 0.96 Bal.

Liquid forging

Hot extrusion
Wa

- Punch

_ Alloy billet

Fig.1 Schematic diagrams illustrating the forming dies of hot

extrusion (a) and liquid forging (b)

was applied to the die surface as a lubricant. After homogeni-
zation treatment at 465 °C for 24 h, the rod-shaped billet was
heated to 380 °C for 6 h and then hot-extruded into a rod (@18
mm) with extrusion ratio of 7.1: 1. Subsequently, the hot-
extruded rod was water-cooled to room temperature and
straightened.

For the liquid forging process, the ingots of 2000 g were
melted at 720 °C and isothermally held in a graphite crucible
using a resistance furnace. A covering agent was added to the
melt surface, and argon gas was continuously introduced into
the resistance furnace to prevent oxidization. The C,Cl; pow-
der wrapped with Al foil was added for degassing and refine-
ment. The melt was then poured into the preheated liquid
forging dies at 150 °C and then solidified under pressure of
200 MPa for 30 s to ensure the complete solidification. The
schematic diagram of the liquid forging die is shown in Fig.1b.

Microstructures were analyzed using optical microscope
(OM) and scanning electron microscope (SEM) equipped with
energy dispersive spectrometer (EDS). Specimens for SEM
analysis were ground and polished. For OM observation,
polished specimens were etched by Keller solution (95vo0l%
H,0, 2.5vol% HNO,, 1.5vol% HCI, and 1vol% HF). Prior to
tensile tests, the specimens underwent T6 HT, which
contained solution treatment and artificial aging treatment.
Initially, the specimen was held at 465 °C for 2 h for the
solution treatment and then underwent immediate water
quenching. Subsequently, the specimen was subjected to
artificial aging by heating at 120 °C for 24 h and then air
cooling. The tensile specimen was rod-shaped with a gauge
diameter of 4 mm and a gauge length of 20 mm. Tensile tests
were conducted at room temperature using AG-Xplus me-
chanical testing machine with constant velocity of 1 mm/min.
The average value of more than 3 measurements was recorded
under different conditions. The fracture surface of tensile
specimens was also examined using SEM.

2 Results and Discussion

2.1 Simulation analysis of hot extrusion process and
microstructures of hot-extruded alloy
2.1.1 Simulation analysis of hot extrusion process

The primary aim of the simulation is to assess the
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feasibility of hot extrusion by controlling process parameters,
especially the initial temperature of ingot and the extrusion
speed. During the hot extrusion process, the heating effect
resulting from plastic deformation significantly influences the
temperature"”
reaches higher temperatures during the stable extrusion stage,

. Simulation results indicate that the ingot

emphasizing the importance of maintaining the ingot temper-
ature below 500 °C to prevent over-burning phenomenon.

Fig. 2 presents the simulation results of the extrusion
temperature fields, extrusion temperature distributions, stress
fields, and stress distributions of Al-8.3Zn-3.3Cu-2.2Mg alloy
under extrusion speed of 3 mm/s with different initial
temperatures of alloy ingots. As shown in Fig.2a, the contact
area of the extruded ingot with the die bearing reaches the
high temperature of 485 °C when the initial temperature of
alloy ingot is 360 °C. With the increase in initial temperature
of ingot to 370 and 380 °C, the corresponding temperatures in
this region rise to 491 and 494 °C, respectively (Fig.2e and
2i). The extrusion temperature distributions reveal a gradual
increase in the proportion of the relative high temperature area
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above 480 °C of the extruded ingot when the initial temper-
ature of alloy ingot increases from 360 °C to 380 °C.

Simulation results of the stress fields (Fig.2c—2d, 2g—2h,
and 2k—2I) indicate that higher equivalent stress exists in the
die bearing region (the red area at the ingot top is related to
the shape of extrusion punch and it is ignored in this
research). Stress distributions reveal a gradual decrease in the
proportion of stress of about 240 MPa in the die bearing area
when the initial temperature of ingot increases from 360 °C to
380 °C. Concurrently, the proportion of stress within 275-266
MPa decreases. In conclusion, under the extrusion speed of 3
mm/s, increasing the initial temperature of alloy ingot can
appropriately facilitate the extrusion and prevent the alloy
over-burning.

Fig. 3 illustrates the simulation results of the extrusion
temperature fields, extrusion temperature distributions, stress
fields, and stress distributions with initial temperatures of Al-
8.3Zn-3.3Cu-2.2Mg alloy ingot of 380 ° C under different
extrusion speeds. As shown in Fig.3a—3b, 3e—3f, and 3i-3j,
the extrusion speed exerts a significant influence on the
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Fig.2 Simulation results of extrusion temperature fields (a, e, i), extrusion temperature distributions (b, f, j), stress fields (c, g, k), and stress

distributions (d, h, 1) of Al-8.3Zn-3.3Cu-2.2Mg alloy under extrusion speed of 3 mm/s with different initial temperatures of alloy ingot:

(a-d) 360 °C; (eh) 370 °C; (i-1) 380 °C
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temperature distribution of extruded alloy. With the increase
in extrusion speed from 1 mm/s to 5 mm/s, the maximum
temperature on the extruded alloy increases from 419 °C to
519 °C, and the high temperature region is primarily concen-
trated at the die bearing region. This is because the heat
dissipation rate is reduced with the increase in extrusion
speed. At the extrusion speed of 5 mm/s, the temperature of
localized regions on the extruded alloy exceeds 510 ° C,
potentially leading to the over-burning during the extrusion
process. Therefore, to prevent over-burning, the extrusion
speed should be maintained below 5 mm/s when the initial
temperature of alloy ingot is 380 °C.

As shown in Fig. 3¢ — 3d, 3g — 3h, and 3k — 31, higher
equivalent stress (effective stress) also appears in the die
bearing region (the red area at the ingot top is related to the
shape of extrusion punch and it is ignored in this research).
With the increase in extrusion speed from 1 mm/s to 5 mm/s,
the maximum equivalent stress on the extruded alloy
decreases from 403 MPa to 327 MPa, accompanied by a
reduction in the proportion of high stress values. Therefore,
appropriately increasing the extrusion speed contributes to the

Temperature/°C
531 gma

enhancement of extrusion formability.

In conclusion, increasing the initial temperature of alloy
ingot and extrusion speed can reduce the equivalent stress
during the extrusion process. However, over-high initial
temperature and over-fast extrusion speed may lead to over-
burning in the localized regions of the extruded alloy. Based
on the simulation results, the initial temperature of the ingot is
set as 380 °C and the extrusion speed is set as 3 mm/s for the
following experiment analysis.

2.1.2 Microstructures of hot-extruded alloy

Fig.4 presents OM microstructures of the hot-extruded Al-
8.3Zn-3.3Cu-2.2Mg alloy along transverse direction (TD)
before and after T6 HT. As shown in Fig.4, along TD, the as-
extruded alloy is composed of irregular polygonal matrix
grains and black second phases. Using image processing
software to calculate the average grain size and area fraction
of the second phase before and after T6 HT, it is found that the
average grain size of the matrix decreases from 47.1 pum to
45.4 pm, whereas the area fraction of the second phase
decreases by 49.6%. T6 HT barely influences the shape and
size of grains, but significantly affects the quantity and
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Fig.3 Simulation results of extrusion temperature fields (a, e, i), extrusion temperature distributions (b, f, j), stress fields (c, g, k), and stress

distributions (d, h, 1) of Al-8.3Zn-3.3Cu-2.2Mg alloy with initial temperatures of alloy ingot of 380 °C under different extrusion speeds:
(a—d) 1 mm/s; (e-h) 3 mm/s; (i-1) 5 mm/s
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50 pm

Fig.4 OM microstructures of hot-extruded Al-8.3Zn-3.3Cu-2.2Mg alloy along TD before (a—b) and after (c—d) T6 HT

distribution of the second phases. During the solution
treatment process of T6 HT, alloying elements in aluminum
alloys gradually dissolve into the alloy matrix, forming a
supersaturated solid solution. This phenomenon can be
macroscopically observed through the reduction in the second
phase content. In the subsequent aging treatment of T6 HT,
the alloying elements are precipitated from the supersaturated
solid solution to form new strengthening phases. These phases
are fine in size and uniformly distributed within the aluminum
alloy matrix, significantly enhancing the strength of the
aluminum alloy. After T6 HT, the second phases are refined
and well dispersed in the alloy matrix,
predominantly distributed at the grain boundaries, and a small
number of fine second phase particles are dispersed within the
grains.

aluminum

50 pum

50 um

Fig.5 shows SEM images and EDS analysis results of the
hot-extruded Al-8.3Zn-3.3Cu-2.2Mg alloy before T6 HT
along TD and extrusion direction (ED). Homogenization
treatment was performed on the Al-Zn-Cu-Mg alloy before
hot extrusion to control the element segregation and to
eliminate the coarse second phases”™. However, complete
dissolution of intermetallic phases forming during
solidification poses challenges”'. Consequently, the residual
second phases are further deformed and broken during hot
extrusion. As shown in Fig.5a, along TD of the extruded rod,
the gray second phases with different shapes and sizes are
widely distributed in the alloy matrix. As shown in Fig.5c, the
bright second phases are banded along ED, and they are
predominantly aggregated along the boundaries of elongated
grains. EDS element distributions indicate that these phases

BED -
E—
e i
(o
e R I — e

* - EDS"inalysEs arey -

el 2

50 um 50 um

Fig.5 SEM images with EDS point analysis results (a—d) and EDS element distributions (e—h) of hot-extruded Al-8.3Zn-3.3Cu-2.2Mg alloy
before T6 HT along TD (a—b) and along ED (c—d): (¢) Mg, (f) Al, (g) Cu, and (h) Zn
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mainly consist of Mg, Al, Cu, and Zn elements. As shown in
Fig.5d, some second phases exhibit lamellar structures in the
interior area, which is consistent with the results in Ref.[22].
EDS results in Fig. 5d further confirms the presence of
Mg(Al, Zn, Cu), eutectic.

Fig. 6 shows SEM images of the hot-extruded Al-8.3Zn-
3.3Cu-2.2Mg alloy after T6 HT. As shown in Fig.6, the second
phases are significantly refined after T6 HT with the reduction
in the number of coarse eutectic phases. However, a small
number of the second phases with high melting points remain
undissolved, and they are further identified by EDS. The
corresponding EDS analysis results are shown in Table 2.

2.2 Microstructures of liquid-forged alloy

SEM images and EDS line scanning analysis results of the
liquid-forged Al-8.3Zn-3.3Cu-2.2Mg alloy billet before T6
HT are presented in Fig. 7. As shown in Fig. 7a, the
microstructure of liquid-forged Al-8.3Zn-3.3Cu-2.2Mg alloy
has non-dendritic grain structures, primarily consisting of
polygonal grains and short columnar grains. According to
Fig.7¢—7d, the line scanning analysis results across the grain
boundary indicate the homogeneous distribution of alloying
elements inside the grain with high concentrations of Mg, Cu,
and Zn at the grain boundary. Additionally, some lamellar
eutectic phases are distributed at the grain boundaries,
indicating the formation of Mg(Al, Zn, Cu), eutectic.
Compared with Zn element, Cu and Mg have lower solubility
in the aluminum alloy. During the solidification process of

50 um

liquid forging, Cu and Mg are more prone to precipitation at
grain boundaries, eventually forming a network of eutectic
phases after solidification. If the eutectic phases are not
sufficiently dissolved into the aluminum matrix during the
subsequent solution treatment, the contents of alloying
elements in the matrix would be reduced, further leading to
the reduction in strengthening precipitates during aging
treatment and thereby impeding the enhancement effect of HT
on the alloy strength. The GPII zone and 7" phase (Mg Zn Al)
are the main strengthening precipitates of Al-Zn-Cﬁ-Mg
alloys. The precipitation sequences in Al-Zn-Cu-Mg alloys
are as follows: supersaturated solid solution—GP zones—#'—
7 (MgZn,).

Fig.8 shows OM microstructures of Al-8.3Zn-3.3Cu-2.2Mg
alloys prepared by gravity casting and liquid forging after T6
HT. As shown in Fig. 8b, the black shrinkage cavity defects
(indicated by white arrows) can be detected in the gravity-cast
microstructure. During the final stage of solidification,
dendrites interconnect, improving the mechanical strength to a
certain extent, but the melt is still insufficient to fill the
interspace between dendrites. Moreover, thermal stresses
within the ingot may initiate microcracks™. The sizes of
matrix grain and the second phases vary greatly with the
second phases mainly distributed along the grain boundaries
and less precipitated inside the grains. Fig.8c—8d illustrate that
the liquid-forged microstructure primarily consists of rosette
and polygonal grains with uniform distribution and signifi-

10 pm

Fig.6 SEM images of hot-extruded Al-8.3Zn-3.3Cu-2.2Mg alloy after T6 HT along TD (a—b) and ED (c—d)

Table 2 EDS analysis results of points marked in Fig.6b (at%)

Point Mg Al Si Cu Zn
1 24.33 35.10 0.34 15.94 24.29
2 27.74 28.65 0.38 15.66 27.57
3 2.29 91.53 0.00 0.93 5.25

cantly reduced sizes, compared with that of the gravity-cast

microstructure. During liquid forging process, specific
pressure facilitates the global liquid feeding and plastic
deformation, promoting the elimination of most shrinkage
cavities and microcracks. The average grain size of the

aluminum alloy decreases from 74.7 um (gravity casting) to
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Fig.7 SEM images (a—c) and EDS line scanning results (d) of liquid-forged Al-8.3Zn-3.3Cu-2.2Mg alloy billet before T6 HT

100 pm

Fig.8 OM microstructures of gravity-cast (a—b) and liquid-forged (c—d) Al-8.3Zn-3.3Cu-2.2Mg alloys after T6 HT

43.9 um (liquid forging). Due to the refinement of grains in
Al-8.3Zn-3.3Cu-2.2Mg alloy matrix after liquid forging, the
specific surface area of the grain boundaries increases.
Consequently, the average thickness of the eutectic network
decreases, which increases the diffusion rate of alloying
elements from the eutectic structure into the matrix. During
the solution treatment, more alloying elements dissolve into
the matrix, forming a greater number of supersaturated solid
solutions. This phenomenon promotes an increase in the

number of precipitates after aging treatment, thereby

enhancing the strength of aluminum alloy after T6 HT.
2.3 Mechanical properties

Fig.9 shows the mechanical properties of gravity-cast, hot-
extruded, and liquid-forged Al-8.3Zn-3.3Cu-2.2Mg alloys
after T6 HT. After T6 HT, the yield strength (YS), ultimate
tensile strength (UTS), and EL of the gravity-cast alloy are
397.1 MPa, 405.6 MPa, and 0.5%, respectively. YS and UTS
of the hot-extruded alloy are 519.6 and 582.1 MPa, which
increase by 30.8% and 43.5%, respectively, compared with
those of the gravity-cast alloy. YS and UTS of the liquid-
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Fig.9 Mechanical properties of gravity-cast, hot-extruded, and liquid-
forged Al-8.3Zn-3.3Cu-2.2Mg alloys after T6 HT

forged alloy are 495.3 and 528.2 MPa, which increase by
24.7% and 30.2%, respectively, compared with those of the
gravity-cast alloy. Both hot-extruded and liquid-forged alloys
exhibit significantly improved EL and tensile strength,
compared with the gravity-cast alloy. Results reveal that the
hot-extruded alloy with higher EL and tensile strength are
suitable for the industrial applications due to their better
comprehensive properties. Briefly, compared with the
properties of gravity-cast and liquid-forged alloys, YS of hot-
extruded alloy increases by 30.8% and 4.9%, and UTS
improves by 43.5% and 10.2%, respectively.

Fig. 10 shows SEM fracture morphologies of the gravity-
cast, hot-extruded, and liquid-forged Al-8.3Zn-3.3Cu-2.2Mg
alloys after T6 HT. As shown in Fig. 10a,—10a,, the fracture
morphologies of the gravity-cast alloy primarily consist of
exhibiting brittle
characteristic, which mainly results from the fracture of
dendritic arms. The fracture surface exhibits unevenly
distributed particles and large clusters of the second phases.

Some eutectic precipitates with lower melting points (AlLCu

irregular fracture platforms, fracture

»
“Undissolved

» elitectic phases
A %

and MgZn,) solidify in the final stage. These eutectic phases
are inhibited by grain growth and segregated at grain
forming a brittle
Eliminating such a

completely through HT is a great challenge.

network after
network

boundaries, eutectic

solidification®. eutectic

As shown in Fig. 10b,—10b,, the fracture morphologies of
the hot-extruded alloy primarily consist of steps, small
dimples, and tearing ridges, indicating a mixed quasi-cleavage
and dimple morphology. Dimples originate from the pullout of
banded grains with small dispersive particles detected in
dimple-near regions. More dimples existing in the fracture
morphology suggest higher plasticity. As shown in Fig.10c,—
10c,, the fracture morphologies of the liquid-forged alloy
mainly consist of lamellar tearing fractures and a few
intergranular fractures, exhibiting quasi-cleavage and brittle
fracture characteristics.

As shown in Fig.11, the gravity-cast Al-8.3Zn-3.3Cu-2.2Mg
alloy exhibits dendritic microstructure with a few casting
shrinkage cavities defects. The relatively wide eutectic phases
have a continuous distribution between the dendrites. After T6
HT, the eutectic phases are difficult to completely dissolve,
and some portions remain at the grain boundaries. During
tensile testing, casting defects easily serve as sources for
initial microcracks. stress, the coarse
undissolved resistant to plastic

Under external
eutectic phases are
deformation and tend to fracture or separate from the
aluminum matrix, initiating and propagating cracks along
grain boundaries until alloy fracture occurs, which results in
significant deterioration of the comprehensive mechanical
properties™.

During hot extrusion, most casting defects, such as
microcracks and shrinkage cavities, are ameliorated under
heat effect and compressive stress. Gravity-cast dendritic
undergo fracture and deformation,

grains significantly

[.amellar tearing’s

Fig.10 SEM fracture morphologies of gravity-cast (a,—a,), hot-extruded (b,~b,), and liquid-forged (c,—c,) Al-8.3Zn-3.3Cu-2.2Mg alloys after T6

HT
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Fig.11 Schematic diagrams of microstructure evolution of Al-8.3Zn-3.3Cu-2.2Mg alloys prepared by different methods during T6 HT and room

temperature tensile processes

increasing the grain density. The coarse eutectic phases are
fully broken and dispersed along the extrusion direction, and
most eutectic phases dissolve into the aluminum matrix after
T6 HT. During tensile testing, uniform deformation leads to
the same deformation variable exerted on more grains,
reducing excessive local stress concentration and inhibiting
premature crack generation and development. Multiplication
and entanglement of dislocations at grain boundaries during
hot extrusion hinder the dislocation migration and microcrack
propagation. Fine eutectic phases diminish the crack initiation
probability. Sufficient dissolution of eutectic phases during the
solution treatment results in the generation of fine and
uniformly distributed precipitates during aging treatment.
Dislocations are stacked around the dispersed precipitates,
impeding further dislocation movement and crack propagation
via different mechanisms, such as dislocation shearing of
precipitates and Orowan bypassing™. In
conclusion, compared with those of the gravity-cast alloy, the
strength and plasticity of the hot-extruded alloy are
significantly improved.

During liquid forging, specific pressure is applied to the
solidified aluminum melt, eliminating the
shrinkage cavities and other casting defects, and thereby
enhancing the properties.
Additionally, this specific pressure positively influences the
elevation of liquidus temperature of the melt. The degree of

dislocation

effectively

comprehensive  mechanical

undercooling is promoted during solidification, thereby
enhancing the driving force of crystallization™.
Consequently, liquid forging plays a crucial role in the
acceleration of nucleation rate and further refinement of the
solidification structures. The grain structure of the Al-8.3Zn-
3.3Cu-2.2Mg alloy undergoes a transition from dendritic grain
to mixed structure of rosette and polygonal grain. The grain

refinement induced by liquid forging not only enhances the
strength of the alloy but also improves its plasticity. The
remaining brittle eutectic phases at grain boundaries after T6
HT serve as the fracture origin in tensile testing, resulting in
low plasticity of the liquid-forged alloy. Another contribution
factor to the low plasticity is the work hardening effect
induced by solid feeding. Alloys require more liquid and solid
feeding to accommodate the significant shrinkage in the
mushy zone during liquid forging.

3 Conclusions

1) For the gravity-cast Al-8.3Zn-3.3Cu-2.2Mg alloy, the
optimal HT parameters are initial temperature of ingot as
380 °C and extrusion speed of 3 mm/s.

2) Both hot-extruded and liquid-forged Al-8.3Zn-3.3Cu-
2.2Mg alloys demonstrate excellent tensile strength.
Particularly, the hot-extruded alloy exhibits higher tensile
strength and plasticity: YS, UTS, and EL are 519.6 MPa,
582.1 MPa, and 11.0%, respectively. Compared with those of
the gravity-cast alloy, YS and UTS of the hot-extruded alloy
increase by 30.8% and 43.5%, respectively.

3) The hot extrusion and liquid forging processes effec-
tively eliminate most casting defects and refine the grains and
coarse eutectic phases. This refinement significantly improves
the mechanical properties of HTed alloy. However, during
liquid forging, the generation of eutectic phase network poses
challenges of their complete dissolution into the alloy, thus
reducing plasticity. In contrast, the eutectic phases in the hot-
extruded alloy suffer sufficient breakage and dispersion under
severe plastic deformation, which contributes to the reduction
of microcrack initiation and the dissolution and precipitation
of the second phases during HT, ultimately enhancing the
comprehensive properties of the hot-extruded alloy.
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