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Abstract. In this research, super gravity field was introduced to investigate the macrosegregation behavior of
solute Cu in Al-Cu alloys in super gravity field systematically. And the macrosegregation mechanism was also
explored by well-designed experiments. When Al-Cu alloys were solidified in super gravity field, the
macrosegregation of solute Cu was generated and the solute Cu increases along the direction of super gravity
field. The macrosegregation becomes severer with the increasing gravity coefficient and the solute content.
When the Al-4.5wt%Cu alloy was solidified in super gravity field of G=800, the copper content at the bottom
position increases up to 8.48wt% and that at the up position decreases to only 2.58wt%, resulting in the positive
segregation at the bottom and the negative segregation at the top of the sample. The segregationmechanisms are
that solute-rich regions, which have a larger density than the main liquid, sediment toward the bottom of the
sample under the effect of super gravity, and at the final solidification stage, super gravity can drive the residual
solute-rich liquid to flow toward the bottom of the sample along the dendrite space (channel), which formed the
super gravity channel segregation.
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1 Introduction

As one of the external physical fields, super gravity field has
presented great advantage at the fabrication of functional-
ly graded materials [1–3], metal purification [4–6] and
recovery of valuable resources [7–9] using its great
intensification effect of relative movement [10]. A number
of researches have investigated the solidification structure
evolution of metals in super gravity field [11–15]. However,
the segregation phenomenon of solute element was also
found and it is unavoidable in centrifugal casting process. It
is well-known that segregation of solute element is one of
the major defects in castings, which can seriously
deteriorate the mechanical properties of castings. However,
the research specific to segregation behavior in super
gravity field is rather lacking.

Watanabe et al. [16] found that the copper content at
the inner surface was higher than that at the outer surface
of the casting when they studied the Al-Al2Cu FGM by
centrifugal method. They believe that the gradient copper
content is caused by the movement of a-Al crystals driven
ongbo@metall.ustb.edu.cn
by centrifugal force. However, in another research by
Yoshimi Watanabe et al. [17], they found the opposite
experimental result that the Cu content at the inner surface
was less than that at the outer surface of the hypoeutectic
Al-20wt%Cu ring when they studied the functionally
graded materials by a centrifugal in situ method. Fu et al.
[18] studied the segregation mechanism in centrifugal cast
high speed steel rolls. They found that the content of
element whose density was greater than the molten steel
(such as W and Mo) increased toward the outer surface of
the ring. In contrast, the content of element whose density
was lower than the molten steel (such as V and C)
decreased. They highlighted that atom clusters were
formed in the melt and these atom clusters have different
densities with the main melt. Under the action of
centrifugal force, the atom clusters migrated directionally,
causing the macrosegregation. However, the atom clusters
are too small in size (nanoscale), the macrosegregation
caused by the movement of the atom clusters is not
convincing although in their centrifugal field. Zhao et al.
[19] believed that solute-rich regions existed in the
solidifying melt. The solute-rich liquid migrated direction-
ally under the effect of super gravity, resulting in the
macrosegregation. Therefore, the segregation behavior of

mailto:songbo@metall.ustb.edu.cn
https://www.edpsciences.org
https://doi.org/10.1051/metal/2018025
https://www.metallurgical-research.org


Fig. 1. Schematic diagram of experimental super gravity
apparatus [4]: 1, counterpart; 2, housing; 3, thermal couple
conductive slip ring; 4, thermal insulation materials; 5, resistance
wire; 6, furnace tube; 7, furnace shell; 8, sample; 9, thermal couple;
10, conductive slip ring; 11, rotation axis; 12, rotation controller;
13, temperature controller.
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solute elements in super gravity field remains confusing and
the segregation mechanism in super gravity field is not
clear indeed. As the segregation is always macro-scale in
super gravity field and the subsequent heat treatment
process can do little improvement, the segregation caused
by super gravity is more detrimental. What can be done is
to control it as far as possible during the casting stage.
Hence, a good understanding and a systematic investiga-
tion specific to macrosegregation behavior and the
mechanism in super gravity field are urgently needed.

Given two facts that firstly, channel segregation exists
due to the shrinkage force of the volume contraction in the
solidifying castings, and secondly, the liquid flow can be
greatly intensified in super gravity field, it is considered in
the present research that super gravity can drive the
remaining liquid to flow through the dendrite space
(channel) at the final solidification stage. However, this
channel flowing behavior in super gravity (centrifugal
force) field has never been reported previously.

In this paper, the macrosegregation behavior of solute
Cu in the solidifying Al-Cu alloys was systematically
studied in super gravity field with varying gravity
coefficients and solute contents. And then the macro-
segregation mechanism was also investigated experimen-
tally by applying super gravity field at different solidifying
stages. In addition, the density variation of the remaining
liquid during the entire solidifying process was also
discussed.

2 Experimental procedures

2.1 Super gravity apparatus

In this work, the super gravity field can be generated by the
centrifugal rotation of the super gravity apparatus. The
schematic representation of the system is shown in Figure 1
[4]. The temperature was controlled by a program
controller, which can obtain the precision range of±3 °C
with an R-type thermocouple.

The gravity coefficient, which can evaluate the super
gravity field, is calculated as the ratio of centrifugal
acceleration to the normal-gravitational acceleration via
equation (1).

G ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
g2 þ ðv2rÞ2

q
=g ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
g2 þ ðN

2p2r

900
Þ2

s
=g; ð1Þ

where G is the gravity coefficient; v is the rotational
angular velocity, rad · s�1; N is rotating speed, r ·minute�1;
R is the distance between the rotation center and the
sample, 0.25m; g is the normal gravity acceleration,
9.8m · s�2.

2.2 Materials preparation and experiments

The Al-Cu alloys were manufactured from pure Al
(99.99wt%) and pure Cu (99.99wt%). Pure Al and specific
mass of pure Cu were put into an alumina crucible, and it
was placed in a molybdenum wire furnace to be heated to
800 °C with argon gas protection. Then the temperature
was preserved at 800 °C for 1 hour. During the holding
period, the liquid melt was stirred four times to keep the
uniform composition. After that, the molten metal was
water sprayed to acquire the base metal for super-gravity
experiments.

In the super-gravity experiment, the master alloy (48 g)
and covering slag (5 g) were put into a graphite crucible
with an inner diameter of 21mm, then placed into the
heating furnace of the super gravity apparatus to be heated
to 750 °C. After temperature holding at 750 °C for
10minutes, the temperature was controlled at a decreasing
rate of 10 °C /min. And when the temperature reached the
liquidus, the centrifugal apparatus was started to imple-
ment super-gravity treatment. When the temperature fell
to a specific temperature, which was 50 °C lower than the
solidus, assuring a complete solid sample, shut off the
centrifugal apparatus. Then the sample was water
quenched to maintain the as-cast structure. Simultaneous-
ly, we also obtained a sample in normal gravity field under
the same cooling rate, which was served as the parallel
sample. Themelt was protected from oxidation by covering
slag (a mixture of 45wt% sodium chloride and 55wt%
potassium chloride) during the experiments.

The samples obtained after super gravity treatment
were centrally sectioned longitudinally into two parts, one
of which was burnished and polished for microscope
observation. The microstructure was examined by a
scanning electron microscope-energy dispersive spectro-
scope (SEM-EDS, MLA250) at different positions in the
casting according to Figure 2 and the area fraction of the
eutectic phase was measured by Image-pro plus 6.0 soft-
ware. The mass pct values of copper at different positions
were detected on the other part of the sample by



Fig. 2. Position divisions for microstructure observation.
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inductively coupled plasma-optical emission spectrometer
(ICP-OES, OPTIMA7000DV).

3 Results

3.1 Microstructures in normal gravity and super-gravity
field

The microstructures of Al-4.5wt%Cu alloy at different
positions of the samples in normal gravity and super
gravity fields are shown in Figure 3. The EDS results in
Figure 4 illustrate that the white phase in Figure 3 is the
eutectic phase (Al2Cu+a-Al) and the gray phase is
composed of a-Al matrix, which coincides with the phase
diagram. From Figure 3(a)–(c), it can be observed that in
normal gravity field, the eutectic phase is discontinuously
net-like and presents evenly at the three positions of the
sample, which demonstrates that no macrosegregation of
solute Cu was generated in normal gravity field. While in
super gravity field of G=300, the eutectic phase at the up
area decreases and that at the bottom area increases
obviously compared with that in normal gravity field as
shown in Figure 3(d)–(f), which demonstrates that
macrosegregation of solute Cu was generated in super
gravity field with the positive segregation at the bottom
area and the negative segregation at the up area of the
sample. With gravity coefficient increasing up to G=800,
as shown in Figure 3(g)–(i), only very few eutectic phase is
distributed sporadically at the up position, while at the
bottom position, the eutectic phase is further increased,
indicating a severer macrosegregation of solute Cu.

The area fractions of eutectic phase at different
positions of samples obtained by various gravity fields
are summarized in Figure 5. In normal gravity field, the
curve is nearly horizontal, revealing that no macro-
segregation of solute Cu occurred in normal gravity field.
With the increasing gravity coefficient, the curve becomes
steeper, which indicates that the solute Cu was more
segregated toward the bottom of the sample with the
increasing super-gravity field.

Figure 6 shows the copper content at different positions
of the Al-4.5wt%Cu samples obtained in normal gravity
field and super gravity field. It can be known that the
copper content at the up, middle and bottom positions of
the sample are 4.41wt%, 4.45wt% and 4.46wt%, respec-
tively, which are almost the same, illustrating no macro-
segregation in the sample along the gravity direction in
normal gravity field.While in super gravity field of G=800,
the copper content at the up andmiddle positions decreases
to only 2.58wt% and 3.64wt%, respectively, and that at the
bottomof the sample increasesupto8.48wt%.Thevariation
of copper content is consistent with the microstructures in
Figure 4 and the area fractions in Figure 5.

3.2 Microstructures of Al-Cu alloys with varying solute
content

Aiming at studying the effect of solute Cu concentration on
the macrosegregation behavior in super-gravity field,
experiments were carried out with Al-Cu alloys containing
four varying solute Cu concentrations (the mass fraction of
Cu were 4.5, 8, 11, and 15, respectively). Figure 7 displays
the microstructures at different positions of the as-cast Al-
Cu alloys in normal gravity field. As can be found that for
each solute Cu concentration, the eutectic phase is
distributed uniformly at the three areas of the sample.
This illustrates that no macrosegregation of solute Cu was
generated for all the Al-Cu alloys in normal gravity field.
When in super-gravity field of G=800 shown in Figure 8,
with the increasing solute Cu concentration, more and
more eutectic phase is distributed toward the bottom of the
sample. Especially when Cu concentration is up to 15wt%,
the eutectic phase at the bottom of the sample occupies the
most area. This demonstrates that the macrosegregation of
solute Cu becomes severer with the increasing solute Cu
concentration in super-gravity field.

The area fraction of eutectic phase at different positions
of the samples obtained in normal gravity field and super-
gravity field is summarized in Figure 9. All the distribution
curves are horizontal in normal gravity field.While in super
gravity field, the distribution curves become steeper with
the increasing Cu concentration, illustrating that the
macrosegregation is becoming severer with the increasing
solute content, which agrees with the microstructures in
Figures 7 and 8.

The copper content at different positions of the samples
obtained in normal gravity field and super gravity field is
displayed in Figure 10. As shown in Figure 10(a) that in
normal gravity field, the copper content at the three
positions are almost the same for all the Al-Cu samples,
which is consistent with the distribution of eutectic phase
in Figure 9(a). While in super gravity field of G=800, the
copper content at the up and middle positions decreases to
2.58wt%, 4.61wt%, 7.14wt% and 8.76wt%, and that at
the bottom position increases up to 8.48wt%, 17.64wt%,
25.34wt% and 30.56wt% for Al-4.5wt%Cu, Al-8wt%Cu,
Al-11wt%Cu and Al-15wt%Cu samples, respectively,



Fig. 3. Microstructures at different positions of Al-4.5wt%Cu samples in normal gravity field and super gravity field.

Fig. 4. Energy spectrum of the samples.
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which matches with the distribution of eutectic phase in
Figure 9(b).

Simultaneously, a layered structure was found at the
bottom of the samples for Al-8wt%Cu, Al-11wt%Cu and
Al-15wt%Cu alloys after super-gravity treatment of
G=800 as shown in Figure 11 under different magnifica-
tions. It is a mixture of eutectic phase and the primary a-Al
above the interface, and is only the eutectic phase below the
interface. This indicates a more serious macrosegregation.
3.3 Microstructures in Al-8wt%Cu alloy with applying
super gravity at different solidification stages

With the purpose of exploring the macrosegregation
mechanism of solute Cu in super gravity field, experiments
were implemented with super-gravity treatment of G=800
at different solidifying stages of Al-8wt%Cu alloy on the
basis of the calculated solidification process via Thermo-
Calc software shown in Figure 12.



Fig. 5. Area fraction of eutectic phase at different positions of
the sample in normal gravity and super-gravity field.

Fig. 6. The copper content at different positions of the Al-4.5wt
%Cu samples obtained in normal gravity field and super gravity
field of G=800.
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It can be found in Figure 13(a stage) and Figure 14
(i stage) that when super-gravity field was applied at the
high temperature liquid stage and the completely solid
alloy, the eutectic phase is uniformly distributed at the
three areas of the sample. This demonstrates that
macrosegregation of solute Cu cannot be generated with
super-gravity treatment at the liquid and solid alloys.

From Figure 13(b stage) through (e stage), it can be
seen thatmore andmore eutectic phase is distributed to the
bottom of the samples with prolonging the super-gravity
application. This demonstrates that the macrosegregation
of solute Cu appears when just applying super-gravity field
at the early solidifying stage and it becomes more serious
with prolonging the super-gravity application.

From Figure 14(f stage) through (h stage), it can be
found that the eutectic phase always increases with the
position approaching the bottom of the sample. However,
the difference between the up area and the bottom area is
gradually decreasing with delaying the start application of
the super-gravity. This demonstrates that macrosegrega-
tion becomes gradually lightened with shortening the
super-gravity treatment, and when the super-gravity field
was just applied at the final solidifying stage, the
macrosegregation was also generated.

Simultaneously, the layered structure, as shown in
Figure 15 under different magnifications, was also found at
the bottom of the samples when super-gravity was applied
at (e), (f), (g) and (h) stages marked in Figure 12. It is a
mixture of eutectic phase and the primary a-Al above the
interface, and is only the eutectic phase below the interface.
This stratification also indicates a very severe macro-
segregation, which is more serious than that with super
gravity treatment at the early solidifying stage.

4 Discussion

4.1 Density variations of liquid phase during solidifying
process

It has been strongly proved that the most prominent
characteristic of super-gravity field is a fact that the
relative motion between solid-liquid, gas-liquid and liquid-
liquid can be extremely promoted if there is density
contrast [10,20]. Therefore, the macrosegregation behavior
of solute Cu in super gravity field is sensitive to the density
variation of the liquid.

Figure 16 shows the calculated density variation of the
liquid phase in the entire solidifying process by Jmatpro
7.0 software. It can be seen that before the start of
solidification, the density of the liquid increases slowly with
the decreasing temperature. While with the proceeding
solidification, the density of the remaining liquid increases
rapidly as a result of the decreasing temperature and the
enrichment of solute Cu [21]. Thereinto, the enrichment of
solute Cu plays the main role in the increasing density of
liquid. This is because the solute Cu will be rapidly
enriched in the remaining liquid due to the small partition
coefficient [22,23]. The density of Cu at room temperature
(8.9 g cm�3) is much larger than that of Al (2.7 g cm�3). As
a result, the density of the remaining liquid increases
rapidly along with the solidifying process.

4.2 Gravity segregation mechanism

Researches [24–26] reported that the melt contains many
atom clusters and the number of atom clusters would
increase with the decreasing temperature of the melt. These
atom clusters have different densities with themainmelt. In
addition, references [18,24,27] also pointed out that theatom
clusters are nanoscale, for example, the mean size of Au
clusters is 4 nm [27] in theCu-Au system, the clusters is 1.35–
1.85 nm in the Cu3Au melt at 400–500K [18] and the Cu
atoms formed fcc-Cu clusters approximately 5 nm prior to
the crystallization reaction [28]. Hence, it is known that the
atom clusters in the melt are too small in size.

According to Stokes’ law [1], the motion equation of a
solid particle in the liquid can be expressed as follows:

p

6
d3ðr1 � rpÞGg� 3phd

dr

dt
¼ p

6
d3rp

d2r

dt2
; ð2Þ



Fig. 7. Microstructures at different positions of as-cast Al-Cu samples with various solute Cu content in normal gravity field.

Fig. 8. Microstructures at different positions of as-cast Al-Cu samples with various solute Cu content in super gravity field.
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Fig. 9. Area fraction of eutectic phase at different positions of the samples containing varying solute Cu in normal gravity and super-
gravity fields: (a) G=1, (b) G=800.

Fig. 10. Copper content at different positions of the samples containing varying solute Cu in normal gravity and super-gravity fields:
(a) G=1, (b) G=800.
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where rp and rl are the densities of the solid particle and the
liquid (kgm�3), h is the viscosity of the liquid (Pa s), d is the
diameter of the solid particle (m), r is the displacement of
the solid particle (m).

The moving velocity in equilibrium can be expressed as
follows:

V r ¼ d2ðrl � rpÞGg=18h: ð3Þ

Then the moving distance can be expressed as follows:

r ¼ d2ðrl � rpÞ
18h

Ggt; ð4Þ

where t is the operation time (s).
It can be known from equation (4) that the moving
velocity is in direct proportion to the gravity coefficient and
in inverse proportion to the viscosity of the melt. Under the
assumption that atom clusters composed of copper element
exist and are stable in themelt, if substituting the d=1nm,
rl=2.3� 103 kg/m3, rp=8.0� 103 kg/m3, h=1� 10�3 Pa
· s, G=1000, g=9.8N/s2, t= 10min into equation (4), the
theoretical moving distance of a Cu-atom clusters is
obtained as follows:

r ¼ ð1 � 10�9Þ2 � ð8:0 � 103 � 2:3 � 103Þ
18 � 1 � 10�3

� 1000

� 9:8 � 10 � 60

¼ 1:862 � 10�6m:



Fig. 11. Layered-structure at the bottom of the Al-8wt%Cu, Al-11wt%Cu and Al-15wt%Cu samples after super gravity treatment of
G=800 under different magnifications: (a) 40�, (b) 500�.

Fig. 12. The solid fraction change of Al-8wt%Cu alloy calculated
via Thermal-Calc software.
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Consequently, it can be known that the Cu-atom
clusters can only move 1.862mm though the gravity
coefficient is as large as 1000. This is rather a small
distance, which cannot result in severe macrosegregation
phenomenon. Besides, as the cluster size is too small, they
are also influenced by the irregular Brownian force, which
can weaken the effect of super gravity on the atom clusters.
Moreover, the result was obtained under the assumption
that the clusters were stable. However, the atom clusters
are rather unstable in the high-temperature melt actually
and they are forming and resolving all the way. So, in this
research, it is believed that the atom cluster mechanism
does not play the leading role. For the effect of solid
movement on the macrosegregation, our previous study
[11] analyzed the crystal’s moving behavior in super gravity
field: for low-concentrated Al-Cu alloys, the solid settled
down, which should result in negative segregation at the
bottom of the sample, and for high-concentrated Al-Cu
alloys, the solid floated upward, which should result in
positive segregation at the bottom of the sample. However,
according to the present experimental results, the solute
Cu always segregated toward the bottom of the sample for
all the Al-Cu alloys. This cannot be explained by the solid
movement mechanism. So, the solid movement is not the
main reason to the macrosegregation either.

Fleming [21,28] reported the classical gravity-caused
convection, meaning that liquid of variable density can be
an important cause of macrosegregation. Watanabe et al.
[16] noted that the Al and Cu rich regions in the melt will
promote the formation of chemical compositional gradient
due to the density difference in hypoeutectic Al-20wt%Cu
alloys by centrifugal casting. Further in recent years, Zhao
[19] studied the removal of low content impurities of Fe and
Si fromAl melt by super-gravity, and they determined that
Fe and Si concentrations at the ahead of solidification
would be greater than that in main liquid. The concentra-
tion difference results in a simultaneous difference in
density. Then under the action of super gravity, the Fe- and
Si-rich liquid would migrate along the direction of super
gravity, obtaining the removal of impurities. Li et al. [29]
reported that the channel segregation was substantially
attributed to the thermosolutal buoyancy force due to the
density contrast between the solute-enriched liquid and the
bulk liquid in their study about the channel segregation in
large steel ingot. To sum up, the partial concentration
difference will result in density difference of partial liquid,
which further causes the buoyancy convection under the
gravity force. In super gravity field, this buoyancy
convection can be strengthened. In terms of the present
study, as can be seen in Figure 16 that the density of the
liquid increases with the solute content. Therefore, the
partial Cu-rich liquid has a larger density than the main
melt. Under the effect of super gravity, the solute Cu-rich
liquid will settle down obviously, causing severe positive



Fig. 13. Microstructures of Al-8wt%Cu alloy at different positions of the sample obtained with applying super-gravity field at
different solidifying stages marked in Figure 12.
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segregation at the bottom of the sample. While in normal
gravity field, due to the viscosity of themelt, the solute-rich
liquid can hardly move. So there is no macrosegregation in
normal gravity field. Compared with the atom clusters, the
solute-rich regions are macroscale in size, as a result of
which, the sedimentation can be obvious. Although the
solute-rich regions are also unstable, and they are changing
in size and concentration all the way, they will sediment as
long as they appear.

The gravity segregation here can be also termed the
“super gravity segregation” as it is greatly intensified in
super gravity field [19], and it can be schematically shown
in Figure 17(a). The partial liquid, which is more enriched
of solute Cu, has a larger density than that of the bulk
liquid. Under the effect of super gravity, this liquid would
migrate toward the bottom of the casting, resulting in the
macrosegregation. With the decreasing temperature, more
solute Cu is enriched into liquid due to the small partition
coefficient, then more solute-rich regions are formed in the
melt and these regions are more enriched in solute.
Consequently, the macrosegregation are getting more
serious with the proceeding solidification. Similarly, with
the increasing solute content, more solute-rich regions are
also formed in the melt. Under the effect of super gravity,
more solute Cu is segregated to the bottom of the sample,
resulting in a severer macrosegregation.



Fig. 14. Microstructures of Al-8wt%Cu alloy at different positions of the sample obtained with applying super-gravity field at
different solidifying stages marked in Figure 12.

Fig. 15. The layered-structure of Al-8wt%Cu alloy at the bottom of the sample when super-gravity was applied at (e), (f), (g) and (h)
stages marked in Figure 12 under different magnifications: (a) 40�, (b) 500�.
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Fig. 16. Density change of Al-Cu alloys with different solute Cu
contents in the solidification process.

Fig. 17. Schematic diagram of gravity segregation and channel
segregation mechanisms in super gravity field.
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4.3 Channel segregation mechanism

Currently, macrosegregation is caused by three universal
reasons: the buoyancy convection of liquid with different
densities, also named gravity segregation, the movement of
grains, and the interdendritic flow of liquid, also termed the
channel segregation. In convectional casting process, the
driving force of the channel segregation is usually the
shrinkage force of the volume contraction [29] and the
channel segregation phenomenon was also found in
magnetic field [30].

In this research, macrosegregation phenomenon was
also found when only applying super gravity field at the
final solidifying stage as shown in Figure 14. Moreover,
according to the experimental results in Figures 11 and 15,
the layered structure would not appear if losing super
gravity treatment at the final solidifying stage, meaning
that the layered structure was generated at the final
solidifying stage. Considering that evidences have been
provided in our previous researches that super gravity can
promote the liquid flow in the porous media [4,6], therefore,
in the present study, it can be confirmed that the
segregation behavior at the final solidification stage was
contributed to the interdendritic flow of the residual solute-
rich liquid, which can be termed the “super gravity channel
segregation”.

The super gravity channel segregation can be schemat-
ically shown in Figure 17(b). At the final solidifying stage,
the solute-rich liquid remained at the grain boundary could
flow fast toward the bottom of the sample along the
dendrite space (channel) under the driving force of super
gravity. This is how the macrosegregation formed at the
final solidifying stage, and so does the layered structure. It
is similar to the flowing behavior of liquid in the porous
medium [31].While under normal gravity field, the residual
solute-rich liquid cannot flow through the dendrite space
(channel) due to the large residence by the complex
dendrite network.

Above all, the macrosegregation of solute Cu in Al-Cu
alloys under super gravity field is caused by the gravity
segregation at the early and middle solidifying stages and
the channel segregation at the final solidifying stage.
Channel segregation is more serious and more detrimental.
Our previous study [11] shows that super gravity can
greatly refine the solidification structure at the early
solidifying stage, so in practice, super gravity should be
applied only at the early solidifying stage in case of serious
macrosegregation.
5 Conclusions

The macrosegregation of solute Cu in Al-Cu alloys can be
generated in super gravity field. When the Al-4.5wt%Cu
alloy was solidified in super gravity field of G=800, the
content of solute Cu increases along the direction of super
gravity field with the copper content at the up position
decreasing to 2.58wt% and that increasing up to 8.48wt
%.

The macrosegregation becomes severer with the
increasing gravity coefficient and the solute content. When
in super gravity field G=800 for Al-15wt%Cu alloy, the Cu
contents at the up and bottom positions are 8.76wt% and
30.56wt%, respectively. In addition, Layered-structure at
the bottom of the Al-8wt%Cu, Al-11wt%Cu and Al-15wt%
Cu samples appeared after super gravity treatment of
G=800.

The macrosegregation mechanism in super gravity field
is that super gravity greatly strengthens the gravity
segregation and drives the residual solute-rich liquid to flow
along the dendrite channel at the final solidifying stage.

This work was supported by the National Natural Science
Foundation of China (No. 51234001). The authors would like to
sincerely thank the State Key Laboratory of Advanced
Metallurgy, University of Science and Technology Beijing for
using the super gravity apparatus.
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