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Microstructural evaluation and mechanical
properties of 7075 aluminum alloy prepared by

controlled diffusion solidification
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Abstract: In the present work, 7075 aluminum alloy (Al-Zn-Mg-Cu) was produced by both conventional casting
(CC) and controlled diffusion solidification (CDS) methods. Each sample was subjected to different heat-treatment
conditions: as-cast, T4, and T6; and their microstructural and mechanical properties were investigated by optical
microscopy (OM), scanning electron microscopy (SEM) and X-ray diffractometry (XRD). It was found that CDS
promoted the formation of non-dendritic primary a-Al phase and reduced shrinkage porosity, thus resulting in
improved mechanical properties. In addition, the eutectic phase of the CDS samples mainly consisted of T(Al-Zn-
Mg-Cu) phase, which manifested a well-developed lamellar eutectic structure. However, in the CC samples, the
T(Al-Zn-Mg-Cu) phase was composed of rod-like eutectics. Moreover, the 6(Al,Cu) eutectic contents in the CC
samples were greater than those in the CDS samples. Each element in the CC samples had an obvious change
in the grain boundary, whereas the change in element content in the CDS samples was gradual. Therefore, the
non-dendritic morphology of the primary phase and the presence of rod-like eutectics in the matrix of the CDS
samples led to enhanced tensile strength and elongation under different heat treatment conditions.
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he 7075 aluminum alloy (Al-Zn-Mg-Cu) is widely

used in aerospace and automotive industries due to
its high strength to weight ratio and excellent ductility .
However, it does not perform well in terms of mechanical
properties due to microstructural defects, such as macro-
segregation and hot tearing . Generally, the mechanical
properties of Al alloys can be improved by grain
refinement “, which increases the capability of plastic
deformation and reduces the tendency of hot cracking in
7075 Al alloy ingot. In order to achieve near-net shaped
casting of Al alloys, different methods, such as the
addition of grain refiners ' and microalloying elements ',
electromagnetic stirring ', and ultrasonic vibration ™
have been implemented. However, grain refiners and trace
alloy elements (Ti, Zr, Sc) have limited effects on grain
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refinement in 7075 Al alloy, whereas electromagnetic
stirring and ultrasonic vibration require complicated
technologies. Hence, a new casting route is required to
improve the mechanical properties of Al alloys.
Controlled diffusion solidification (CDS) is a novel
casting method. The concept of CDS has come from
diffusion solidification (DS), which was first applied
in steel casting by Langford and Apelian " '” in 1978
and then further developed by Saha et al. "' and
Abbas et al. " In CDS, two precursor melts with
different chemical compositions and temperatures
are mixed together to obtain a resultant alloy. This
method can result in a fine and uniform primary a-Al
phase with non-dendritic morphology. Moreover, it has
a better feeding efficiency and can reduce hot tearing
and shrinkage porosity. In addition, CDS is a simple and
low-cost technology. In recent years, researchers have
employed CDS to study the formation mechanism of
the primary a-Al phase in Al-Cu wrought alloys " and
Al-Si hypereutectic alloys !'* "
reports are available on the effects of CDS on 7075

I However, very few

Al alloy. Especially, the influences of solute gradient
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and temperature gradient on eutectic phase are not discussed
elaborately in previous studies. In the present study, the liquid-
liquid mixing methods (conventional casting (CC) and CDS)
were adopted to fabricate 7075 Al alloy, and a comparison
between solute gradient and temperature gradient of the CC and
CDS samples was carried out.

1 Experiment procedures

1.1 Materials and methods

In the present experiment, two precursor melts, Al-Zn11.2-Mg5-
Cu3 (wt.%) and pure Al, were used to prepare the 7075 alloy.
According to the content of the precursor-melts, the mass ratio
of the two precursor melts should be 1:1. The temperatures of
the melts were measured by a K-type thermocouple, as shown in
Table 1.

Table 1: Temperature of melts

Temperature Pouring
Alloy or
before mixing temperature
Al 660 °C -
Al-11.2%2Zn-5%Mg-3%Cu 620 °C -
7075 - 637 °C

Two SG-7.5-10 electric-resistance furnaces were employed
to heat the precursor melts. The #1 electric-resistance furnace
was used to melt Al-Zn11.2-Mg5-Cu3 alloy at 720 °C. Then 1%
C,Cl,; was added into the melt for refinement. The #2 electric-
resistance furnace was utilized to melt pure Al at 760 °C.
Furthermore, pure Al (660 °C) was poured into the Al-Zn11.2-
Mg5-Cu3 alloy (620 °C), and the two melts were then mixed
quickly by stirring. When the temperature of the alloy dropped
to 637 °C, the mixed melt was poured into a permanent mold
(preheated at 200 °C) to obtain a @15 mm x 150 mm cylindrical
ingot. Figure 1 shows the controlled diffusion solidification
(CDS) casting process.

1.2 Characterization

The electrolytic corrosion experiment was performed in
an RXN-605D system for 40 s. The corrosion liquid was
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Fig. 1: Schematic illustration of CDS casting process

composed of perchloric acid and ethanol in a ratio of 1:9. The
morphologies of corroded surfaces were observed by a MEF-3
optical microscope (OM). The constitutions of the CDS and CC
samples were detected by a D/Max-2400 X-ray diffractometer
(XRD) and a FEG450 scanning electron microscope (SEM).
Tensile tests were performed in a WDW-100D testing machine
at a strain rate of 2 mm-min™'. Cylindrical tensile specimens with
a diameter of 10 mm were subjected to different heat treatment
conditions including T4 and T6 heat treatment. Both T4 and
T6 samples were heated to 470 °C and held for different times
(T4 for 20 min, 40 min, 60 min respectively and T6 for 60 min)
followed by water quenching. For T4 heat treatment, the samples
were naturally aged at room temperature for 30 days. For T6 heat
treatment, the samples were artificially aged to 120 °C, held for
12 h and finally air cooled.

2 Results

2.1 Microstructures of CC and CDS samples

It is clear from Fig. 2 that both the primary o-Al phase and the
eutectic microstructure exist in the CC and CDS samples. The
primary a-Al phase of the CC sample shows a well-developed
dendritic morphology with an average grain size of > 200 pm
[Fig. 2(a)], whereas a non-dendritic morphology with an average
grain size of < 100 pm was observed in the primary a-Al phase
of the CDS sample [Fig. 2(b)].

Figure 3 shows the SEM images of both CC and CDS
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Fig. 2: Solidification microstructure of 7075 aluminum alloy: (a) CC; (b) CDS
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samples. A large amount of shrinkage porosities was observed
in the CC sample [Fig. 3(a)]. Results calculated using the
ImagePro Plus 6.0 software indicated that the content of
shrinkage porosity in CDS sample (0.1%) is less than that in CC
sample (1.2%). The dendritic morphology of the primary a-Al
phase deteriorated the mechanical properties of the ingot and
produced considerable residual stress during the solidification
process. Moreover, the interspaces of dendrites in the CC sample
were larger than those in the CDS sample; thus, eutectics could

not completely fill all interspaces. The white sections in Fig. 3
represent eutectic phases consisted of the primary a-Al phase
and the T(Al-Zn-Mg-Cu) phase. It is noticeable from Fig. 3(a)
that the distributions and the widths of the eutectic phases were
non-uniform. In contrast, the primary a-Al phases in the CDS
sample yields a homogeneous, non-dendritic morphology with a
small amount of shrinkage porosities, thus resulting in enhanced
feeding efficiency. The distribution and the width of the eutectic
phases were found to be almost uniform.

Fig. 3: SEM images of solidification microstructure of 7075 alloy: (a) CC; (b) CDS

2.2 XRD analysis

Figure 4 shows the XRD results (scanning range was from
20° to 80°) for both CC and CDS samples. It is found that both
samples are composed of primary a-Al phase, 7(MgZn,) phase,
and 6(ALCu) phase "*'". The diffraction intensity of the a-Al
phase was found to be higher than that of the other two phases,
which indicates that the primary a-Al phase is the main phase
in the matrix of 7075 Al alloy. The amounts of #(MgZn,) and
O(ALCu) phases in the CDS sample are slightly higher than
those in the CC sample. However, the 7(Al-Zn-Mg-Cu) phase
was not observed in any sample, which can be attributed to the
similar hexagonal crystal structure of 7(Al-Zn-Mg-Cu) and
n(MgZn,) phases. The atomic sizes of Al, Zn, Mg, and Cu were
measured as 0.143, 0.133, 0.160, and 0.128 nm, respectively.
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Fig. 4: XRD pattern of CC and CDS for 7075 aluminum alloy
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As the atomic sizes of Al and Cu are similar with Zn, they
easily exchanged the Zn atoms in the #(MgZn,) phase, which
is further transformed into the T(Al-Zn-Mg-Cu) phase "* ",
Hence, the XRD peak of the 7(MgZn,) phase contains the data
of both T(Al-Zn-Mg-Cu) and n(MgZn,) phases.

2.3 Segregation of solute elements

The line-scanning images of the CC and CDS samples are
shown in Fig. 5. The solute gradient at the grain boundary in
the CDS sample [Fig. 5(a)] is much smaller than that in the CC
sample [Fig. 5(b)].

The high concentrations of Zn, Mg, and Cu atoms in the
eutectic phases of both CC and CDS samples easily induce
phase segregation. In the eutectic phase, the contents of Cu
and Mg atoms are respectively the greatest and the least, and
this phenomenon is relevant to the environment-sensitive
embedding energy "

Epse = [E;- (n- 1) By - Ei] - (B - nEyp) (1)

where E; is the structural energy with solute atoms, E, is the
structural energy without solute atoms, » denotes atomicity,
E; is the matrix atomic energy, and E, is the matrix-solute
atomicity energy. Therefore, for a large value of environment-
sensitive embedding energy, more solute atoms are influenced
by the environment around them, thus, they become unstable
and diffuse to the stable environment where the environment-

21 calculated the

sensitive embedding energy is low. Liu
environment-sensitive embedding energies of Al, Zn, Mg,
and Cu atoms (Table 2). It indicates that the environment-

sensitive embedding energy of Zn atoms in the a-Al grain



Research & Development CHIN!

Vol.16 No.4 July 2019

Mn Ka1

5000
4500~
4000~
3500~
3000
e _~MgKa1_2
v 2500 ~AlKal
Culal_2
200 _Znlal 2
1500~ _~CrKat
1000~

_~MgKal_2

~AlKal
_Culal_2

_eZnlai2

-~ CrKal

Mn Kat

Fig. 5: Line scanning images: (a) CC; (b) CDS

Table 2: Environment-sensitive embedding energy of Zn,
Mg, Cu at grain boundary and in a-Al (eV) *"

Position Zn Mg Cu
At boundary 1.6452 21.9444 22.6892
In a-Al 1.1292 22.5959 23.0077

matrix is lower than that at the a-Al grain boundary, so Zn
atoms are embedded firmly in the a-Al grain matrix. The
surface-scanning result reveals that the amount of Zn atoms in
the a-Al grain matrix is the highest. Moreover, the environment-
sensitive embedding energies of Mg and Cu atoms are higher
than the Zn atoms. Hence, the Mg and Cu atoms were indicated
lower solid solubility in the a-Al grain matrix. Furthermore, the
environment-sensitive embedding energy of Cu atoms in the
o-Al grain matrix is the highest; hence, their solid solubility is

found to be the lowest.

The scanning data of the primary a-Al phases and the eutectic
phases of the CC and the CDS (Fig. 7) samples are shown in
Table 3. It is discernible that the amount of Al atoms decreases
gradually from the center of the primary a-Al phases to the
eutectic phases, whereas the contents of Zn, Mg, and Cu atoms
increase gradually from the center of the primary a-Al phases
to the eutectic phases. Moreover, the contents of Zn, Mg, and
Cu atoms in the eutectic phases of the CDS sample (point D,)
are found to be higher than those in the eutectic phases of the
CC sample (point D). However, at the center of the primary
a-Al phases, the amounts of Zn, Mg, and Cu atoms in the CDS
sample (point A,) are lower than those in the CC sample (point A).
Furthermore, at the boundary of the primary a-Al phases, the
contents of Zn, Mg, and Cu atoms in the CDS sample (point C,)
are higher than those in the CC sample (point C).

Fig. 6: Point scanning images: (a) CC; (b) CDS
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Table 3: Chemical composition of each phase in CC and 2.4 Eutectic phase between CC and CDS
Ccbs samples

Mole fraction (%) Figures 7 and 8 show the surface-scanning images of the CC
and CDS samples, respectively. It is evident that the Al atoms
have a compositional fluctuation at the grain boundaries of
the primary phases. In contrast, considerable concentrations

A 94.8 39 13 0 of Mg (maximum), Zn (medium), and Cu (minimum) atoms
B 92.4 4.7 2.3 06 were observed in the eutectic phases as well as in the second

phases. The Al atoms are mainly distributed in the matrix, and
c 85.0 8.6 3.5 = the H(Al,Cu) phases are observed in the CDS sample (Fig. 8).
D 427 26.8 12.3 18.2 During the solidification of 7075 Al alloy, as the temperature

started to decrease, the S/L interface continually grew towards
A 96.2 2.8 1.0 0 the liquid phase. There were some A(AlL,Cu) phases generated
B, 925 53 18 0.4 from the CDS sample, while the §(Al,Cu) phases were barely

generated from the CC sample which can be ascribed to the
C; 82.2 10.5 3.9 3.4 strong convection during solidification of the CDS sample.
The effects of convection caused significant changes in both

D 378 216 13.2 214 the solute-concentration field and the temperature field. As
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Fig. 8: Surface scanning image of CDS
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such, more Cu atoms concentrated in the dendrite spaces of
the CDS sample. When the temperature reached 470 °C, the
eutectic reaction occurred:

L—a-Al + T(Al-Zn-Mg-Cu) )

Moreover, the T(Al-Zn-Mg-Cu) phases are easily generated
by heterogeneous nucleation, which can be seen in Fig. 7.

The T(Al-Zn-Mg-Cu) phases generally exist in the dendrite
spaces of 7 series Al alloys. When the content of Cu atoms
is low, the eutectic phases are mainly lamellar; however,
when Cu content is high, the eutectic phases are rod-like.

/ 4
Lamellar

eutectic

\ \‘\ Lamellar ".

eutectic -

.

Rod-like /

eutectic

For example, the eutectic phases of 7449 and 7056 Al alloys
are lamellar eutectics due to their low Cu contents (1.90 and
1.63, respectively), whereas the eutectic phases of 7136 and
7095 Al alloys are rod-like due to their high Cu contents (2.16
and 2.24, respectively)'”. In the present experiment, the Cu
content in 7075 Al alloy was 1.60. It is found that the eutectic
phases of the CC sample are mainly lamellar eutectics (Fig.
9), whereas the eutectic phases of the CDS specimen are rod-
like (Fig. 10). This indicates that the CDS sample possessed
more Cu contents in the eutectic phases as compared to the
CC sample.

Fig. 10: Microstructure of eutectic phase by CDS

Figure 11 shows the changes in tensile strength [Fig. 11(a)],
yield strength [Fig. 11(b)] and elongation [Fig. 11(c)] of the
samples under different heat-treatment conditions. The average
tensile strength and yield strength of the as-cast CDS samples
(164 MPa and 127 MPa) were much higher than that of the CC
samples (122 MPa and 97 MPa). The significant improvement
in tensile strength and yield strength of the CDS samples can
be ascribed to the following reasons: (i) In the final stage of

solidification, the primary phases of the CC samples mainly
consisted of dendrites, which generated more shrinkage
porosities and lowered the feeding efficiencies of the eutectic
phases. However, the primary phases of the CDS samples
were composed of nearly sphere-like non-dendrites, which
showed excellent feeding efficiencies because of their higher
diffusivities. (ii) As compared to the CDS samples, the CC
samples generated more residual stresses during solidification.

243




CHINA FOUNDRY Research & Development

Vol.16 No.4 July 2019

== CC (a) cc
350 350 == CDS
& 300 & 300t
= =
< 250 = 250F
g’ =)
@ 200 T 200
] zz
o 150 < 150f
3 3
8 100 100}
50 50

As-cast 20 min 40 min 60 min TG

As-cast 20 min 40 min 60 min  T6

(b) cc (c)

B CDS

Elongation (%)
SN W R OO N ®©
T

As-cast 20 min 40 min 60 min  T6

Fig. 11: Tensile strength (a), yield strength (b) and elongation (c) for CDS and CC under different

heat treatment conditions

Under T4 treatment for 40 min, the CC and the CDS samples
reached the maximum tensile strengths of 205 MPa and 220
MPa, respectively. It is also worth noting that the CC and the
CDS specimens had the best tensile strengths (281 MPa and
340 MPa, respectively) and yield strengths (251 MPa and
285 MPa, respectively) under T6 heat treatment; however,
obvious reductions in their elongations (6.08% and 6.57%,
respectively) were also noticed. As the matrix produced
many second-phase particles, these precipitates inhibited
the dislocation motion and resulted in a strengthening effect
which, in turn, caused a decrease in ductility and reduced the
elongations of the samples.

Figure 12 shows the fracture morphologies of the samples
under different heat-treatment conditions. The as-cast CC
sample [Fig.12(a)] yielded many more shrinkage porosities as

compared to the CDS sample [Fig.12(b)]. Under T4 treatment
for 60 min, the fatigue fracture of the alloy exhibited a mixed-
rupture characteristic of quasi-cleavage and dimples. In
contrast, under as-cast and T6 heat treatment, the samples were
dominated by brittle fracture. Moreover, a considerable amount
of n(MgZn,) phases was generated after the aging treatment,
and these 7(MgZn,) phases inhibited the movements of
dislocations and reduced the toughness of the samples. Hence,
the T4 treatment for 60 min caused the highest elongation and
the T6 treatment yielded the best tensile strength.

The fracture surface of lamellar eutectics was almost a
smooth plane [Fig. 13(a)], whereas an unsmooth fracture
surface was obtained for rod-like eutectics [Fig. 13(b)]. In
addition, lamellar eutectics acted as crack initiation sites and
led to relatively poor tensile properties. In contrast, rod-like

Fig. 12: SEM images of tensile fracture morphology of CC and CDS under different conditions: (a) as-cast CC; (b) as-cast
CDS; (c) CC under T4 for 60 min; (d) CDS under T4 for 60 min; (e) CC under T6; (f) CDS under T6
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Fig. 13: Lamellar (a) and rod-like (b) eutectics of 7075 alloy after tensile testing

eutectic phases had excellent tensile-force resisting capacities.
Furthermore, the contents of rod-like eutectics in the CDS
samples were higher than those in the CC samples; hence, in
the initial stage of tensile testing, the CDS samples resisted the
tensile force and impeded the formation of cracks.

3 Discussion

3.1 Thermodynamic condition

Baker and Cahn ' used the Gibbs free-energy variational
diagram to show how Gibbs energy changed (AG) when an
infinitesimally thin layer (out of a solid with composition
X“) with composition X; was transferred to a liquid with
composition X" (Fig. 10(a) ®”). The total decrease in Gibbs
energy can be expressed by Equation (5):

AG = (1- X% (uA" - uA") + X'(uB" - uB") 3)

where u is the chemical potential. Gibbs free energy will
decrease when the a-phase is produced. Therefore, under
steady-state solidification,

AG = (1 - X") (uAd" - uA") + X~ (uB" - uB®) + (X* - X%
(uA" - uA" - uB" + uB") (4)
The first two terms of Equation (5) define the driving force
required for the migration of the interface AG,,. The last term

of Equation (7) signifies the change in Gibbs energy (AG,),
which is used to adjust the composition from X" to X* by
exchanging 4 and B atoms between the two phases through
diffusion across the interface. Sometimes, this process is also
called trans-interface diffusion. Therefore, the total driving
force required for the phase transformation can be divided into
AG,, and AG.,.

AG, = (1-X) (ud" - pud) + X* (uB" - uB")
AG = (X" - X*) (uA" - pA" - uB" + uB")

)
(6)

It is clear from Equation (6) that AG,, is closely related
to the chemical potentials x, and u; as well as to the solute
concentration of the S/L interface, whereas AG, is associated
with the concentration gradient and the chemical potentials z,
and p.

Figure 14(b) represents the Gibbs free-energy curve of the
CDS sample. At the solid-liquid interface of the CDS sample,
both sides (a and L) had a lower solute concentration as
compared to the CC one which could be deduced from Fig.
5; hence, its X* (denoted as X*) and X" (denoted as X“) are
smaller than those of the CC sample [Fig. 14(a)]. Due to a
smaller solute gradient at the S/L interface, the CDS sample
yielded lower AG (defined as AG’) as compared to the CC
sample, thus atoms easily migrated between the solid phase
and the liquid phase; hence, the driving force required for the

Gibbs free energy

Gibbs free energy

AX®

Xi Xt Xt X8

X9 X X X Xt X8

Fig. 14: Gibbs free energy diagram: (a) CC; (b) CDS
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migration of the interface AG,, was reduced. Moreover, the
solute gradient X" -X* was reduced during the solidification of
the CDS sample, thus causing a decrease in AG,. As AG = AG,,
+ AG,, the value of AG was also decreased. This indicates that
the thin layer of the S/L interface in the CDS sample required
a much lower driving force as compared to the CC sample.
In addition, the range of AX" became wider, which made the
nucleation stable at the initial stage and generated more crystal
nucleus in the melt. Hence, it can be inferred that the primary
o-phase of the CDS sample required a low S/L interface
energy to generate small globular grains effectively.

The values of AG,, and AG, of the CDS sample are smaller than
those of the CC sample. Moreover, the negative concentration
gradient at the grain interface of the CDS sample is much smaller
than that of the CC sample. Therefore, during line scanning, the
changes in concentrations of Al, Zn, Mg, and Cu atoms in the
CDS sample were more gentle than in the CC sample.

3.2 Differences in primary a-Al phase
morphology between CC and CDS
samples

The primary a-Al phase of the CDS sample yielded a refined,

B4 whereas the primary phase of the

non-dendritic morphology
CC sample mainly consisted of dendrites. Grain morphology
is generally related to solute and temperature gradients of the
primary phase of an alloy. Figure 15 shows the schematic
diagram of the growing environment of 7075 Al subjected to CC
and CDS. The solute gradient [Fig. 15(b)] and the temperature

gradient [Fig. 15(c)] at the primary phase surrounding the

7075 aluminum alloy are higher than in CC [Fig. 15(b") and
15(c")]. During solidification, solute atoms diffused from the
matrix of the primary phase to the S/L interface of higher solute
and temperature gradients; however, convection significantly
decreased the gradients of solute and temperature at the S/
L interface. Moreover, solute atoms were concentrated in the
dendrite arm space and easily formed a high “constitutional
supercooling” region [Fig. 15(a)]. As the concentration of
solute atoms at the dendrite tip of the CC sample was limited,
the growth rate of primary dendrites was much faster than
others, and the growing rate of the primary dendrite arm at the
dendrite tip was found to be the fastest [Fig. 15(d)]. However,
in other regions (especially at the dendrite root), the growing of
dendrites was very slow, because high element concentrations
impede the grain growth. Moreover, during solidification, a
significant amount of heat is generated at the S/L interface. If the
accumulated heat at the dendrite root is not discharged promptly,
the secondary arm will be melted and, consequently, heat
transfer will occur from the primary phase to the liquid phase. If
the liquid does not cause strong convection, heat will gather at
the S/L interface and will restrict the grain growth. In contrast,
due to lower solute concentration and heat accumulation, the
growth rate of primary dendrites at the dendrite tip was high,
thus resulting in a well-developed, dendritic morphology.
However, during CDS, the solidification environment caused
strong convection, which easily diffused the accumulated solute
atoms and heat at the S/L interface. The gradients of solute and
temperature became more uniform by convection. Thus, the
primary phase attained a near-spherical shape [Fig. 15(d")].

(b) Lf % (d) =

@. - .| . = G =| [@ =

T A [ =
" J W : ¥ 7

Fig. 15: Growing environment schematic diagram of 7075 aluminum alloy by CC and CDS

3.3 Differences in eutectic phase morphology
between CC and CDS samples

During eutectic reaction, due to the continuous decrease in
solidification temperature, eutectic phases were generated in
interspaces of the primary phase. In contrast, the solute and
the temperature gradients of the CC sample were large due
to its poor heat convection ability. Therefore, the amounts of
Zn, Mg, and Cu atoms (except for Al) in the T(Al-Zn-Mg-
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Cu) phase were lower than those in the CDS sample. The
presence of a solute concentration layer at the S/L interface
of the CC sample prevented the supply of Al atoms from the
S/L interface to the primary phase, thus the content of 7(Al-
Zn-Mg-Cu) phases in the CC samples was lower than that
in the CDS samples. Hence, the eutectic phase of the CC
sample mainly consisted of lamellar eutectics. In contrast,
during solidification, the CDS sample showed a stronger heat
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convection ability and did not create an effective “constitutional
supercooling” region. Due to high Zn, Mg, and Cu contents,
the eutectic phases of the CDS samples were composed of rod-
like eutectics. Moreover, the thin solute-concentration layer of
the CDS samples showed a gradual compositional fluctuation
at the S/L interface during solidification and impeded the
formation of cracks. Therefore, it can be inferred that the non-
dendritic primary phase and the rod-like microstructure play a
positive role in achieving improved tensile properties.

4 Conclusions

(1) The CC sample yields a well-developed dendritic
morphology with a large amount of shrinkage porosity; thus, it
easily generates dendrites from the liquid phase. However, the
primary a-Al phase of the CDS sample shows a homogeneous,
non-dendritic microstructure. The XRD analysis reveals that the
constitutions of the CC and the CDS samples were almost the
same.

(2) During the solidification of the CDS sample, due to a
much lower driving force (as compared to the CC sample),
stable primary grains were developed in every direction of the
thin S/L interface layer. Moreover, the primary o nuclei of the
CDS sample were found to be more stable at the initial stage.

(3) The average tensile strength and elongation of the as-
cast CDS sample were found to be superior to those of the
CC samples. The T4 treatment for 60 min yields the highest
elongation, whereas the T6 treatment has the best tensile strength.
The amount of shrinkage porosity in the CDS sample was
significantly reduced under different heat treatment conditions.

(4) The eutectic phases of the CC and CDS samples were
mainly composed of lamellar eutectics and rod-like eutectics,
respectively. Lamellar eutectics act as crack initiation sites
during the tensile test, thus resulting in relatively poor tensile
properties, whereas rod-like eutectics show a superior tensile
force-resisting capacity.
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