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Abstract: A new idea of homogeneity isomerism is proposed in this work to break through the single restriction that
traditional homogeneous powder metallurgy materials take refining particles as the only modification method. AA2024
alloy powders of different diameters are mixed in a certain proportion through low-energy ball milling, and then a kind
of mixed crystal material is successfully fabricated by hot pressing sintering. The results show that the grain
morphology of the traditional sample sintered with single-diameter particles tends to become irregular polygon shape,
while the grain morphology of the mixed crystal materials forms a special structure in which larger grains are coated
with smaller grains. Compared with the former, when the proportion of coarse particles is 20% (mass fraction), the
tensile strength increases by 38.8%; when the proportion of coarse particles is 50%, the elongation increases by 14%.
The mixed crystal material exhibits a mixed fracture mechanism of intergranular fracture and transgranular fracture, and
the pinning effect of the second phase on the dislocation is more obvious, so the properties of the alloy are improved
significantly. The above research provides a new idea for the preparation of high-performance homogeneous isomeric
mixed crystal materials.
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performance of 2xxx series aluminum alloys is
how to improve the strength, plasticity, toughness,
heat resistance and corrosion resistance of the
alloy [6,7]. For metal materials, how to resolve the

1 Introduction

Aluminum—magnesium and other light alloy

materials have received more and more attention
due to their excellent properties and great
development potential [1—4]. High-strength 2xxx
series aluminum alloys represented by Al-Cu—Mg
alloys are widely used in aerospace, rail transit and
other fields because of their advantages of low
density, high strength, good thermal conductivity,
and excellent corrosion resistance [5]. One of the
long-term spots of research on the comprehensive

conflict between strength and plasticity and obtain a
metal structural material with a good balance of
strength and plasticity becomes one of the effective
ways to solve the major scientific problems in this
field [8—10].

In recent years, domestic and foreign scholars
have broken the traditional design concept of “grain
refinement” on improving material performance,
and prepared some homogeneous and isomeric
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metal structure materials with cross-scale grains,
including the bimodal and multimodal grain
structure [11,12], gradient nanostructure [13],
heterogeneous lamella structure [14] and other grain
structure forms. The preparation methods of mixed
crystals mainly include one-step method and
two-step method [15]. According to the formation
mechanism of the microstructure, the one-step
method can be divided into two modes: annealing
coarsening and local grain refinement [16]. The
method of annealing coarsening is that a
homogeneous structure is prepared through severe
plastic deformation firstly [17], and then a mixed
crystal structure can be obtained through short-time
annealing. Local refinement [18] is to control the
degree of plastic deformation, so that parts of
the grains are refined to ultra-fine crystals or
nanocrystals and form a heterogeneous structure.
The two-step method is to mix powders of different
particle sizes firstly and then combine with various
forming technologies, such as spark plasma
sintering (SPS) and hot pressing sintering (HPS) to
prepare a mixed crystal structure.

WANG et al [19] prepared pure copper with
bimodal distribution structure by the method of
rolling combined with instant annealing, and its
microstructure is characterized by micron-level
coarse grains embedded in ultra-fine grains (less
than 300 nm) matrix. Its strength is as high as
430 MPa, which is slightly lower than that of
nanocrystalline pure copper, but its elongation at
break of 65% is close to that of annealed coarse-
grained copper.

ZHOU et al [20] obtained a heterogeneous
layered structure in 316L stainless steel by a
method of large deformation cold rolling and
annealing. The structure is characterized by a
layered structure composed of coarse-grained and
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Coarse particle Mixed powders

Cold pressing

nanocrystalline/nano-twinned sandwich structures,
with a yield strength of 1 GPa, a maximum
hardness of HV 530, and an elongation of 20%.

LIDDICOAT et al [21] obtained 10 nm
nanocrystals in commercial 7075 aluminum alloy
by means of high pressure torsion, and the crystals
contained subnanometer solute clusters and two
kinds of geometric intra-crystalline nanostructures.
The tensile strength of the treated alloy is close to
1 GPa while maintaining a uniform elongation of
4.85%.

It can be seen from the above that the
preparation of the mixed crystal structure is an
effective way to improve the shaping ability and
modification of metal materials, and it is also one of
the research hot spots in recent years. In this paper,
we put forward a new concept of “homogeneity and
isomerism” and a new method based on powder
metallurgy to prepare mixed crystal structure billets.
Homogeneity refers to the same material, while
isomerism refers to the formation of different
structures in the same material. In this study,
different mixed crystal structures were prepared by
adjusting the ratio of the same alloy powders of
different diameters. And then a mixed crystal billet
with an excellent balance of strength and plasticity
was obtained, which will have an important
influence on the microstructure and properties of
subsequent formed products.

2 Experimental

2.1 Technical principle

In this study, the mixed crystal structure was
prepared by the two-step method, and the process
principle is shown in Fig. 1. At first, the two
original alloy powders of different diameters were
mixed uniformly by low-energy ball milling, and

Vacuum hot-pressing sintering
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Fig. 1 Schematic diagram of preparation process of powder mixed crystal
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then the mixed powders were pressed into a
compact by a unidirectional compression molding
method. Finally, the compact was sintered in the
vacuum hot pressing sintering furnace. Two kinds
of powders of different diameters were organically
combined together under the conditions of high
temperature and pressure, and then a kind of
homogeneous and isomeric alloy material with a
balance of strength and plasticity was prepared in
this way.

The advantage of the method lies in that the
microstructure of the mixed crystal billet can be
controlled precisely by changing the ratio of the
powders of different diameters according to the
requirements.

2.2 Experimental procedures

AA2024 alloy powders used in this study were
produced by a nitrogen atomization technique, and
the average diameters of the powders were selected
as 10 and 40 pum, respectively. The main chemical
components of the alloy powders are shown in
Table 1.

Table 1 Chemical composition of AA2024 alloy powder
(mass fraction, %)

Cu Mg Si Ti Cr Fe Mn Zn Al
4.11 1.64 0.15 0.02 0.01 0.21 0.81 0.07 Bal.

According to the mass ratio of coarse to fine
particles 0:1 (1%), 2:8 (2%), 5:5 (3%) and 8:2 (4%),
powders of different diameters were weighed in a
glove box filled with argon. And then, the planetary
ball mill was used for low-energy ball milling
mixing under the nitrogen atmosphere (220 r/min,
5 h, mass ratio of ball to material of 3:1, and the
diameter of the hard alloy steel ball of 5 mm).
Before mixing, the ball milling tank and the steel
balls should be cleaned up with alcohol to prevent
impurities. And the raw material powders should
also be taken out from the glove box and stored in
the vacuum package for later use. Then, a
d40 mm x 34 mm mixed-crystal compact was
prepared by unidirectional compression molding.
Finally, the compact was put into a steel die coated
with boron nitride (the size of the inner cavity of
the die is d40 mm x 100 mm) and sintered in a
hot pressing sintering furnace. The technological
process is shown in Fig. 2: the furnace was heated
to 570 °C at a rate of 10 °C/min under the vacuum

condition, and then kept the pressure at 25 MPa and
the temperature at 570 °C for 2h. When the
temperature of the furnace was cooled down to
room temperature, a @40 mm X 30 mm mixed
crystal billet was obtained. The sintered samples
were numbered as Alloys 1%, 2%, 3* and 4* according
to the amount of the powders with different mass
ratios.
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Fig. 2 Hot pressing sintering process

2.3 Microstructure and property characterization
The sintered sample was cold inlaid with
epoxy resin. After polishing, the sample was etched
with Keller reagent for 20 s, and its microstructure
was observed under the optical microscope (OM).
S—=300 scanning electron microscope (SEM) and
energy dispersive spectrometer (EDS) were used to
analyze the morphology of 2024 aluminum alloy
powders, the distribution of precipitated phases and
the microstructure evolution of the sintered sample.
The composition of the phases of the sintered
sample was tested and analyzed under the
X'Pert PRO X-ray diffractometer. The mechanical
properties of the sintered samples were tested by an
Instron 5569 universal tester with a strain rate of
1x107% s7! and a tensile rate of 1 mm/min. And then
the fracture morphology of the tensile samples was
observed under the scanning electron microscope.

3 Results and discussion

3.1 Powder morphology and composition

The comparison of the morphology of original
powders and powders mixed with different
diameters is shown in Fig. 3. And Figs. 3(a)~(d)
also exhibit the distribution of 17, 2# 3% and 4%
powders.
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Fig. 3 Comparison of morphology of Samples 17—4* mixed with different diameters (a—d), respectively, and

morphology (e) and EDS results (f) of original powders

It can be seen from Fig. 3(a) that the original
aluminum alloy powders prepared by the nitrogen
atomization technique are ellipsoidal and rod-
shaped, and the powders are in different sizes and
shapes. The smaller particles are adhered to the
surface of the larger particles to form “satellite
particle”. The morphology and the EDS results of
the original powders are shown in Fig. 3(e), which
shows the surface morphology of the original
particle and the distribution of small particles.
Smaller particles were attached to the surface of
larger particles, and some smaller particles
even had fused with larger particles and form
mountain-shaped protrusions. This is because in
the process of preparing powders by nitrogen
atomization technique, the metal liquid was broken
into countless small droplets of different sizes under
the action of impact force. The smaller metal
droplets took the lead in solidification due to their
larger surface tension and undercooling degree.
Because of their smaller diameter and fast

movement, smaller particles were adhered to the
surface of larger particles and formed smaller
“satellite particles” when they collided with larger
metal droplets. Through the energy spectrum of the
original powders, it can be seen that the element
composition of the smaller and larger powders is
basically same, and the contents of other alloying
elements such as Cu are not obvious. It is
speculated that Cu and other alloying elements are
dissolved in Al.

From Figs. 3(b)—(d), it can be seen that after
the powders of different diameters were mixed in
three different proportions, the mixed powders
produced a certain degree of plastic deformation
because of the impact of the grinding balls. The
shape of the particles became irregular, and the
larger ellipsoidal particles became flat [22]. Some
smaller particles fused together to form new
particles, and the smaller ‘“satellite particles”
basically disappeared.

Through the comparison of the distribution of
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the particle diameter in Figs. 3(a)—(d), the difference
between the powders with different mass ratios can
be more clearly seen. The average diameter of the
original powders is concentrated at around 10 pm,
but the diameter distribution curve of the mixed
powders shows different peaks. Due to the
difference between the diameters, some fine
powders can also be seen in the original coarse
powders. As the proportion of coarse powders
increases, the wave peak of the coarse powders
does not change significantly.

Figure 4 shows the XRD patterns of the
powders mixed with different mass ratios. It can be
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Fig. 4 XRD patterns of powders mixed with different
mass ratios of coarse and fine powders

seen from Sample 17 that the AA2024 alloy powder
prepared by the nitrogen atomization technique is
mainly composed of a(Al) and AIN phases, and no
diffraction peaks of other elements appear. The
XRD pattern further indicates that Cu, Mg, Mn and
other elements are almost dissolved in Al, which
also verifies the previous speculation. After
low-energy ball milling, the phases of Samples 2%,
3* and 4* do not change significantly, and there are
no new diffraction peaks. Compared with Sample 17,
the diffraction peaks of the mixed powders are
wider. The broadening of diffraction peaks is
mainly caused by the refinement of grain and the
increase of microscopic strain. In the process of
low-energy ball milling, the collision of the grinding
balls causes part of the powders to be broken and
the crystal grains are refined. There are two main
reasons for the change of microscopic strain. On the
one hand, the low-energy ball milling process
promotes the solid solution of other alloying
elements. On the other hand, the plastic
deformation of the powders during the ball milling
process will also cause the increase of microscopic
strain. Therefore, the ball milling process promotes
the refinement and homogenization of powders.

3.2 Microstructure
Figure 5 shows the comparison of the micro-

\
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Fig. 5 Microstructures of samples sintered with dierent mass ratios of powders: (a) Sample 1%, (b) Sample 27

(c) Sample 3%; (d) Sample 4%
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structure of the samples sintered with different mass
fractions of powders.

It can be seen from Fig.5 that as the
proportion of coarse powders increases, the
difference in grain size was more significant. In
Fig. 5(a), the grains were uniform, and the grains
tended to become irregular polygons. While in
Figs. 5(b)—(d), most of the original particles were
fused together during the sintering and the
boundaries of particles became blurred. The smaller
unfused original particles were wrapped around the
larger particles to form a special stepped structure.

It can be seen from Fig. 3 that the shape of the
raw powders and mixed powders were obviously
different. The powders without low-energy ball
milling basically remained a round and full shape
and the diameter was uniform. When the powders
suffered a certain degree of plastic deformation, the
difference between particles became more obvious.
In order to reduce the surface energy, the grain
boundaries tended to be flat and reduced the surface
area under the condition of high temperature and
pressure. The smaller the particle diameter is, the
finer the gaps between particles will be. And the
particle rearrangement will be more difficult, so
powders of Sample 17 were compacted quickly. For
the mixed powders, due to the change of the
particle morphology and the difference in particle
size, the gaps between the particles are larger than
those of the unmixed powders. Under the action of
axial pressure during sintering, the smaller particles
entered the larger gap [23]. During the process of
movement, smaller particles were swallowed by
larger particles, and the boundaries of the fused
particles became smooth, while the other unfused
smaller particles were coated around the larger
particles to form a special structure. And then a
multi-scale crystal grain structure formed, as the
coarse and fine grain regions shown in
Figs. 5(b)—(d).

The black part between grain boundaries in
Fig. 5 was preliminarily judged to be the second
phase AlLCu [24], and Fig. 6 shows an XRD
comparison of sintered samples. The diffraction
peaks of Al,Cu can be clearly seen in Fig. 6, and as
the mass fraction of the coarse powders increases,
the diffraction peaks of Al,Cu become sharp, which
indicates that the precipitated phases become coarse
and concentrated and also confirms the previous
judgment.

e —Al
+—AlLCu

| aSample 4*

Fig. 6 XRD patterns of samples sintered with different
mass ratios of powders

3.3 SEM observation

In order to further analyze the microstructure
of the sintered samples, the sintered alloy samples
were analyzed by SEM and EDS. SEM images of
the sintered samples are shown in Fig. 7.

There are some pores between the grain
boundaries of Sample 17 in Fig. 7(a), while the
number of the pores is reduced obviously in Sample
2% 3% and 4" in Figs. 7(b)—(d), respectively. The
number of the pores is related to the original shape
of particle. Because of small difference in particle
size and shape of powders in Sample 1%, and as the
powders did not achieve complete liquid phase
when sintered at 570 °C, the fine gaps between
particles made particle rearrangement difficult and
the density of Sample 1* low. However, the mixed
powders have suffered a certain degree of
predeformation and the particle diameter varies
greatly, so different particle shapes promote the
powders to coordinate with each other, which also
facilitate the sintering process [25]. Under the
condition of external force, small particles are more
likely to enter the gaps between particles, and the
rearrangement of particles is relatively easy, which
can further form a mixed crystal structure.
Therefore, under the same sintering conditions, the
samples sintered with different mass ratios of
powders will have a higher density.

By comparing the images in Fig. 7, it can be
easily found that the bright white 6 phases are
distributed uniformly in Samples 1%, 2%, 3% and 4%,
The size and the shape of the second phases are
different. In addition, the needle-shape S phase
(Al,CuMg) with a certain direction can also be seen
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Fig. 7 SEM images of samples sintered with different mass ratios of powders: (a) Sample 1% (b) Sample 2%, (¢) Sample

3%; (d) Sample 4*

inside the grains. The high density S phase
precipitated inside the grains will have a significant
strengthening effect on the properties of the
alloy [26]. The precipitated phases of Sample 1* in
Fig. 7(a) are mainly 6 phase (Al,Cu), and most of
the phases are continuously distributed along the
grain boundaries in dot shape. The distributions of
the precipitated phases are dense and uniform,
though a few precipitated phases still exist inside
the grains. During the sintering process of Sample
1#, the grain boundaries gradually melt as the
temperature rises. Due to the high energy at the
grain boundary, it will be easier to satisfy the
eutectic condition at the grain boundary than inside
the grain, and the Al—Cu eutectic liquid phase is
formed first. During the cooling process, the
intermetallic compound Al,Cu is precipitated from
the eutectic liquid phase at a temperature of 548 °C.
Because of the small difference of particles, the
grain boundaries tend to be straight, and the
precipitated AlCu fully fills the gaps between
particles, thus the second phases exhibit a dot-like
and continuous distribution along grain boundaries.
This kind of distribution of precipitated phases
will make the particles fail to form an effective
diffusion connection, which will greatly affect the

mechanical properties of the alloy.

It can be seen from Figs. 7(b)—(d) that the
morphologies of precipitated phase in sintered
Samples 2%, 3% and 4* are different from that of
Sample 1%. The dot-like precipitated phases become
flocculent, and the precipitated phases are mostly
distributed at the three-way intersection of grains.
As the difference in size of particles increases, the
grains are no longer blocked by the dot-like
precipitated phase, and the flocculent precipitated
phases penetrate into the inside of the particles and
strengthen the diffusion and bonding between the
particles, so that the combination between the
particles is more uniform and compact. And as the
mass fraction of coarse particles increases, the
distribution of flocculent precipitated phases
gradually becomes sparse. Because large particles
are more likely to deform under the pressure, the
pores between particles become elongated. The
high energy at the particle boundary makes the
second phases precipitate along the boundary
preferentially and fill the gaps between particles, so
the shape of the second phase becomes flocculent.
Finally, the observable grains in the same area are
reduced relatively, and the coarse precipitated
phases are sparse.
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3.4 Element distribution

In order to further analyze the composition of
the precipitated phases and the basic law of element
diffusion, the EDS results of Samples 1%, 2%, 3% and
4* are shown in Fig. 8.

From the elemental mapping images in
Figs. 8(a)—(d), it can be further confirmed that the

main component of the precipitated phases is AlCu.

The content of Mg in the energy spectrum is very
low, even no obvious Mg eclement is detected.

However, the elemental mapping of Mg and the
high-power scanning electron microscope images in
Figs. 8(a)—(d) confirm the existence of needle-like
S phase (ALL,CuMg) inside the particle. It can also
be seen from the elemental mapping in Fig. 8 that
the area of white phases in the alloy is the enriched
area of Cu, Mg and other elements, and the number
of the second phases at the grain boundary is
obviously more than that inside the grain. It can be
seen from Fig. 7 that as the mass fraction of coarse

Element  wt.% at%

Al 63.22 80.19
Cu 36.78 19.81

Total  100.00 100.00

Cu
g Cu
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Clement  wt.% at.%
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Fig. 8 Elemental mappings of samples sintered with different mass ratios of powders: (a) Sample 1%; (b) Sample 2%

(c) Sample 3%; (d) Sample 4%
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particles increases, the precipitated phases in grains
gradually increase, and the precipitated phases
inside the large grains are finer and more uniform.
This phenomenon showed that during the
sintering process, Cu and Mg elements concentrated
in the gaps between grain boundaries and caused
element segregation [27]. Some elements failed to
completely diffuse to the grain boundary, and
formed dispersedly distributed precipitated € and S
phases inside the grains. Due to the difference in
particle size, the diffusion of alloying elements in
small particles is faster than that in large particles,
and it took less time for alloying elements to diffuse
from high-concentration points inside the grain to
low-concentration grain boundary. Therefore, as the
mass fraction of coarse particles increases, the
residual second phases inside the grain become
denser.

3.5 Mechanical properties

Several d40 mm x 2 mm discs were cut from
the sintered samples at the same position, and then
they were processed them into bone-like tensile
samples. The tensile properties of sintered samples
were tested on the Instron 5569 universal testing
machine at a strain rate of 1x107° s™! and a tensile
rate of 1 mm/min. Take the average value after 3
times of tensile test for each sample. The
comparison of the tensile strength and elongation of
the samples sintered with different mass ratios of
powders is shown in Fig. 9.

The tensile strength and elongation of the
Sample 1* with a coarse to fine powder mass ratio
of 0:1 are relatively general, with a tensile strength
of 140.3 MPa and an elongation of 8.8%. After
mixing the coarse and fine powders in a certain
proportion, the elongation value of the sintered
sample increases obviously. Sample 2* with a mass
fraction (20%) of coarse powders increases its
tensile strength by 38.9% to 194.9 MPa, and its
elongation reached 11.8%. When the mass fraction
of coarse powders reaches 50%, the tensile strength
of Sample 3* decreases to 180.3 MPa, but its
elongation further increases to 22.8%. The reason is
that the strength and plasticity of metals are the
result of the interaction of coarse and fine
grains [28]. The phenomenon in this special mixed
crystal structure with fine grains encapsulating
coarse grains is particularly evident.

The deformation mechanism of the mixed

240 24
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§D 180 | {16 §
S 160+ / =
2 144.7 ED
140.3 11, &
2 140 12 5
z i - =
S 120H . ls
100 -
80 ‘ 4
l# 2# 3# 4#
Sample No.

Fig. 9 Comparison of tensile strength and elongation of
samples sintered with different mass ratios of powders

crystal structure is caused by synergistic effect of
the soft phase composed of coarse grains and the
hard phase composed of fine grains, which is much
more complicated than the traditional uniform
structure. In the mixed crystal structure, there are
not only a difference in spatial orientation among
the grains, but also a difference in grain size, which
will lead to non-uniform distribution of stress and
strain. Firstly, elastic deformation occurs in soft and
hard phases simultaneously. Then, the soft phase
yields but the hard phase remains elastic. Finally,
both the soft phase and the hard phase proceed
to the plastic deformation stage. In the three
deformation stages of mixed crystal materials, the
soft phase bears most of the strain, which can better
coordinate the deformation of the matrix and make
the whole strain uniform. On the other hand, the
back stress strengthening caused by the interaction
of the coarse grains and fine grains greatly
improves the strain hardening ability and the
strength of the soft phase.

Therefore, the mixed crystal structure has an
excellent balance of strength and plasticity.
However, when the proportion of coarse particles
is too high, the strength of the material will
significantly decrease and the sample will break
prematurely during the tensile test. For example,
when the proportion of coarse particles further
increases to 80%, the tensile strength of Sample 4%
decreases obviously and breaks prematurely, with
an elongation of 14.6%. Though the soft phase
provides better coordinated deformation ability, it
also causes the contact area between particles to
become larger. And the crack source at the pores
will spread faster, which makes the performance of
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Sample 4* worse. In summary, when the proportion
of coarse particles is 50%, the alloy will possess a
good balance of strength and plasticity.

3.6 Fracture morphology and fracture mechanism

Figures 10(a) and (b) show the comparison of
tensile fracture with the mass ratio of coarse and
fine particles of 0:1 and 5:5, respectively. The
morphological characteristics of the original
powder can still be seen from Fig. 10(a). Because of
the difference in particle size, the billet is not
completely dense [29]. At 570 °C, the Al particles
are only partially liquefied, and the sintering necks
formed between the particles are small, so the
bonding between the particles is only through the
growth and diffusion connection of the sintering
necks under high temperature and pressure. The
particles are not completely fused together, so the
original powder morphology can be seen clearly. In
Fig. 10(a), there are obvious gaps between grains,
and there are a large number of dot-like precipitated
phases (AlCu) at grain boundaries. The second
phase at the gaps between grains will become the
source of fracture when the material cracks, which
is one of the important reasons for the poor
mechanical properties of Sample 1%, The fracture
morphology of Sample 3* in Fig. 10(b) shows that
although there are still gaps between the grains, the
distribution of coarse and fine grains is relatively
uniform. Smaller grains are densely distributed
around larger grains, and the white phases at grain
boundaries fully fill the gaps between the grains
and penetrate into the interior of the grains, which
makes the binding between the grains closer.

The tensile fracture of Fig. 10(a) shows that
the fracture mode of Sample 17 is peeling along the
grain gaps and exhibits intergranular fracture. On
the other hand, the tensile fracture of Sample 3*
shown in Fig. 10(b) is characterized by the
transgranular fracture in some areas, and some
traces of ravines can be observed. This is because
the precipitated phase (Al:Cu) embedded in the
grains hinders dislocation motion and improves the
alloy in tensile.

For Sample 1%, due to the concentration of the
local stress and strain near grain boundary in the
tensile deformation process, the energy at the
boundary will be several times higher than that
inside the grain, and it is difficult for the grain
to effectively accumulate dislocations and release

Pl

Fig. 10 Comparison of fracture morphologies of

samples sintered with different mass ratios of powders:
(a) Sample 1%; (b) Sample 3

them on microscale [30]. Moreover, the second
phases in Sample 1% are continuously distributed
along the grain boundaries in dot shape, and the
pinning effect on the dislocation is not obvious,
which greatly reduces the uniform deformation
ability of the material and causes the material to
peel off along the gaps between grain boundaries.
The coarse grain phase and the fine grain phase in
Sample 3* are coordinated with each other and the
strengthening effect of second phases is obvious, so
the material possesses a higher tensile strength.

Compared with Samples 2*and 3%, Sample 4*
has a better plasticity and a lower strength. Because
there exist more coarse particles in Sample 47, the
grain size of Sample 4* is larger. Although the
pinning effect makes a contribution to the’
deformability, the cracks spread faster along the
gaps because of the relatively large contact surface
between grains, which results in the fact that the
fracture of the alloy occurs prematurely.

4 Conclusions

(1) A new method on the preparation of
homogeneous isomeric materials is proposed based
on powder metallurgy. And a kind of mixed crystal
billet with an excellent balance of strength and
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plasticity is successfully prepared. By the new
method, a special structure in which larger grains
are coated with smaller grains is generated in the
sintered sample, and the sintered sample has a
higher degree of densification.

(2) AA2024 alloy samples sintered with hot
pressing have a large number of precipitated
phases. In the sample sintered with single-diameter
particles, the precipitated phases are mostly
distributed along the grain boundaries in dot shape.
And the reaction between second phases and
dislocations is limited. While in the sample sintered
with mixed powders, the shape of precipitated
phases becomes flocculent and the second phases
are embedded in the grains to hinder dislocation
motion. In addition, due to the difference in particle
size, the residual precipitates are formed inside the
large grains and enhance the performance of the
alloy.

(3) Compared with the traditional hot-
pressing sintering AA2024 alloy material, the
comprehensive performance of mixed crystal
AA2024 aluminum alloy is better. Compared with
the former, when the proportion of coarse particles
is 20%, the tensile strength reaches 194.9 MPa,
which increases by 38.9%. When the proportion is
50%, the elongation is further improved and
reaches 22.8%, increased by 14%.

(4) The fracture mechanism of the AA2024
aluminum alloy sample sintered with single-
diameter particles is mainly intergranular fracture.
The mixed crystal materials exhibit a mixed
fracture mechanism of intergranular fracture and
transgranular fracture. The difference of the fracture
mechanism also shows that the property of the
mixed crystal material is better.
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