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Abstract: A semisolid slurry of 7075 aluminum alloy was prepared by means of a serpentine channel process 
(SCP) and rheo-diecasting. The influences of pouring temperature during slurry preparation, the injection pressure 
and die preheat temperature on the mechanical properties and microstructure of a rheo-diecast 7075 aluminum 
alloy were investigated. The results show that the as-cast strength and elongation of the tensile samples were 
210-260 MPa and 0.2%-1.7%, respectively, with an injection pressure of 130 MPa, a pouring temperature of 
700-720 ºC, a preheat temperature of 280-350 ºC, and a plunger speed of 0.5 m·s-1. The results also show that 
the aged strength and elongation of the tensile samples were 420-453 MPa and 1.0%-1.4%, respectively, when 
the alloy solution was treated at 470 ºC for 12 h and aged at 120 ºC for 24 h. The substantial shrinkage porosity 
in the 7075 aluminum alloy tensile samples was the main cause of low elongation.
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Semisolid metal (SSM) processing was put forward 
by Flemings et al. [1] in the 1970s and has drawn 

increasing attention among researchers and industrial 
enterprises over the past four decades. The most important 
characteristic of semisolid casting technology is that the 
morphological structure of the primary solid phase in the 
microstructure is spherical. To meet this demand, a wide 
spectrum of routes and processes have been developed to 
prepare semisolid alloy slurries. Conventional preparation 
processes generally apply mechanical or electromagnetic 
stirring methods [2-7]. However, conventional preparation 
processes require specialized equipment so that they 
are complex and consume a substantial amount of 
energy, and the metal semisolid slurry or billet is more 
expensive. Recently, a controlled nucleation method 
was reported, which is straight forward, practical, and 
less expensive because of the lack of mechanical or 
electromagnetic stirring. According to this method, 
several preparation processes were developed, such 
as the New Rheocasting process [8,9], vertical pipe 
process [10], rotating duct process[11,12], Damper Cooling 

Tube process [13], wavelike sloping plate process [14,15], 
subliquidus casting process [16], cup-cast process [17], 
and self-inoculation process [18]. There is a similarity 
among these processes; that is to say, an alloy melt is 
poured through a plate or pipe without mechanical or 
electromagnetic stirring. Therefore, these preparation 
processes are straight forward and the slurry cost and 
energy consumption are low.

The serpentine channel process was proposed several 
years ago and is a new preparation method for semisolid 
alloy slurries [19]. When a sufficiently superheated liquid 
aluminum alloy is poured into a graphite or copper 
serpentine channel, the primary grains in the slurry flow 
out of the channel and are refined and form a spherical 
or degenerated dendritic structure [20-23]. Moreover, this 
method has several advantages, such as simplicity, 
straight forward preparation, ease of operation, and low 
production cost. Due to the traditional solidification 
features of a 7075 aluminum alloy, it is difficult to cast 
a complicated thin-walled casting with liquid 7075 
aluminum alloy by a traditional casting method. A 
semisolid 7075 aluminum alloy slurry was rheo-diecast 
to take advantage of the semisolid casting benefits 
and explore the possibility of rheo-diecasting with a 
semisolid 7075 aluminum alloy slurry prepared by 
means of a serpentine channel process. The tensile 
properties and microstructure of the rheo-diecast 
tensile samples were investigated.
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Fig. 1: Schematic of rheo-die casting process by means of serpentine channel process

Table 2: Technological parameters during rheo-die cast 
experiments for semi-solid 7075 aluminum alloy

1 Experimental procedure
A commercial 7075 aluminum alloy was used for the experiments, 
and its chemical compositions are listed in Table 1. The liquidus 
and solidus temperatures of the alloy are 640 ºC and 477 ºC, 
respectively, as determined by differential scanning calorimetry 
(DSC).

A graphite serpentine channel with 5 curves and a 25 
mm inner diameter was used to prepare the semisolid 
7075 aluminum alloy slurry, and the channel was at room 
temperature before the liquid 7075 aluminum alloy was poured. 
A nonmetallic REM ladle preheated to 400-500 ºC was used 
to collect the slurry, and the slurry was then carried into the 
chamber of the YYC180B die-casting machine and rheo-diecast 
at once, as shown in Fig. 1. The plunger speed was 0.5 m·s-1, and 
the pressure holding time was 5-6 s during rheo-diecasting. The 
hold duration of the casting in the die was 5-6 s after opening 
the die. The chamber was preheated to 300-400 ºC before rheo-
diecasting. A TESNR-81535A surface thermocouple was used to 
measure the temperatures of the chamber and the die wall, and 
the temperature displayed was accurate to ±1 ºC.

Table 1: Chemical compositions of commercial 7075 
aluminum alloy (wt.%)

Cu Mg Zn Fe Cr Si Al

1.7 2.2 5.9 0.50 0.23 0.40 Balanced

(1) Melting and temperature control  (2) Slurry preparation  (3) Rheo-die casting
1- K-type thermocouple; 2-melting crucible; 3-serpentine channel; 

4-laddle; 5-die casting machine; 6-heating rod

To investigate the effect of process parameters (pouring 
temperature for slurry preparation, injection pressure and 
preheat temperature of the die) on the tensile properties and 
microstructure of the alloy, the following values, as shown in 
Table 2, were used during the rheo-diecast experiments.

Pouring 
temperature 

(ºC)

Injection 
pressure 

(MPa)

Preheated temperature 
of die mould (ºC)

760

740 130

720 90 280-350
700 60 180-280
680 30
660

Fig. 2: Tensile samples of rheo-diecasting

The rheo-diecasting is shown in Fig. 2. The two tensile 
samples in the middle were 5 mm thick, and the two tensile 
samples on the side were 3 mm thick. The tensile samples were 
machined to a standard size by wire-electrode cutting, as shown 
in Fig. 3. The heat treatment process for tensile samples was as 
follows. They were solution treated at 470 ºC for 12 h and then Fig. 3: Standard sizes of a tensile sample (mm)
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aged at 120 ºC for 8, 16, 24 and 36 h. The tensile strength and 
elongation of the tensile samples were tested on a CMT 4105 
tensile test machine with a speed of 2 mm·min-1. A total of 3 to 6 
samples were tested for every set of process parameters.

The metallographic specimens were cut from the samples after 
tensile testing. The mean particle diameter (MPD) and average 
shape factor (ASF) of the primary α-Al grains were determined.

2 Results and discussion
2.1 Effect of pouring temperature on the 

tensile properties and microstructure of 
rheo-diecast 7075 alloy

To study the effect of pouring temperature during slurry preparation 
on the subsequent rheo-diecasting process, pouring temperatures 
of 760, 740, 720, 700, 680 and 660 ºC were used, while the 
injection pressure was 130 MPa, and the preheat temperature 
of the die was 280-350 ºC. The as-cast tensile properties of 
the corresponding tensile samples are shown in Table 3, which 
shows that the pouring temperatures had no obvious effect on 
the as-cast tensile strengths, and all the elongations were very 
low. Therefore, the proper pouring temperature range is 680-

 Table 3: As-cast tensile properties of rheo-die cast 7075 Al 
alloy under different pouring temperatures

Pouring temperature 
(ºC)

Tensile strength 
(MPa) Elongation (%)

760 225-229 0.5-1.6

740 210-221 0.7-1.5

720 212-226 0.4-1.7

700 210-225 0.2-1.6

680 211-224 0.5-1.3

660 185-210 0.8-1.4

760 ºC when considering the tensile strength.
The as-cast microstructure of the rheo-diecast 7075 aluminum 

alloy, ASF and MPD of the primary α-Al grains at different 
pouring temperatures are shown in Fig. 4 and Table 4. When 
the slurry was prepared at 760 ºC, the majority of the primary 
α-Al grains in the center of the sample were rosette-like and 
large in size, and the spherical primary α-Al grains were few 
in number, as shown in Fig. 4(a). As the pouring temperature 
decreased to 740 ºC, the majority of the primary α-Al grains in 
the center of the sample were spherical, but the grain size was 
also large, as shown in Fig. 4(c). As the pouring temperature 
further decreased to 720 ºC and 700 ºC, the majority of the 
primary α-Al grains were spherical and refined, as shown in Fig. 
4(e) and (g). The morphology of the primary α-Al grains in the 
center of the samples is similar to Fig. 4(e) and (g) if the slurry 
was prepared at 680 °C and 660 °C, but the amount of slurry 
sticking on the channel increased and the channel was easily 
blocked, so the stability of slurry preparation was affected. It 
can be seen from the edge microstructure that there was liquid 
segregation on the sample surface, and this liquid segregation 
was more serious when the slurry was prepared at 760 °C. There 
were a few primary α-Al grains in the liquid segregation layers, 
as shown in Fig. 4(b), (d), (f) and (h). The liquid segregation 
on the sample surface should be related to the flowability 
during rheo-diecasting. The flowability of the primary α-Al 
grains and liquid in a 7075 aluminum alloy slurry is different, 
and the liquid moved around the primary α-Al grains under 
the filling pressure. Therefore, the liquid flowed to areas with 
a low pressure or to the free surface of the tensile sample that 
was not restricted. In addition, the slurry of the 7075 aluminum 
alloy and the surface of the die were in close contact with each 
other during rheo-diecasting; thus, the sample surface solidified 
quickly, and the contraction speed was faster than that of the 
inner area. Therefore, the volumetric contraction produced 
capillary absorption of the liquid in the inner sample area, and 

Fig. 4: Microstructures of rheo-die cast samples with different slurry preparation temperatures: (a) 760 °C, 
center; (b) 760 °C, edge; (c) 740 °C, center; (d) 740 °C, edge; (e) 720 °C, center; (f) 720 °C, edge; (g) 700 °C, 
center; (h) 700 °C, edge

(a) (b) (c) (d)

(e) (f) (g) (h)
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Table 4: ASF and MPD of primary α-Al grains in rheo-die 
cast 7075 aluminum alloy

Pouring temperature 
(°C)

ASF MPD (μm)

760 - -

740 0.51 147

720 0.69 83

700 0.70 69

the liquid was eventually absorbed on the sample surface that 
solidified and contracted previously.

As a result, the proper pouring temperature for the 
preparation of a 7075 aluminum alloy slurry is 700-720 °C, 
considering the tensile strength and microstructure, because 
the corresponding as-cast tensile strengths were higher and the 
primary α-Al grains were finer and more spherical than those 
at other pouring temperatures; in addition, the slurry sticking 
to the channel and the liquid segregation on the sample surface 
were less.

2.2 Effect of injection pressure on tensile 
properties and microstructure of rheo-
diecast 7075 alloy

To study the effect of injection pressure on the tensile properties 
of the rheo-diecast 7075 alloy, different injection pressures of 
130, 90, 60 and 30 MPa were used. The pouring temperature for 
slurry preparation was 720 ºC based on the discussion above, 
and the preheat temperature of the die was 280-350 ºC.

The tensile properties of the rheo-diecast 7075 aluminum 

Table 5: As-cast tensile properties rheo-die cast under 
different injection pressure

Injection pressure

 (MPa)

Tensile strength 

(MPa)

Elongation

 (%)

130 212-226 0.4-1.7

90 201-210 0.3-0.6

60 197-204 0.2-0.4

30 160-176 -

alloy are shown in Table 5. The tensile strengths gradually 
increased with increasing injection pressure, and the elongation 
also increased. Hence, the proper injection pressure is 130 MPa 
because the corresponding as-cast elongation was higher than at 
other pressures, and the highest value is greater than 1.0%.

Fig. 5: Microstructures of rheo-die cast tensile samples with different injection pressures: (a) 130 MPa, center; (b) 
130 MPa, edge; (c) 90 MPa, center; (d) 90 MPa, edge; (e) 60 MPa, center; (f) 60 MPa, edge

(a) (b) (c)

(d) (e) (f)

Figure 5 shows the microstructures of the rheo-diecast 
samples. It can be seen from Fig. 5 (a) and (b) that the spherical 
primary α-Al grains on the sample center were distributed 
uniformly when the injection pressure was 130 MPa, but 
there was also liquid segregation on the sample edge. When 
the injection pressure was 90 MPa, the microstructures of the 
samples are similar to Fig. 5(a) and (b), as shown in Fig. 5(c) 
and (d). When the injection pressures were 60 and 30 MPa, the 
morphology of the primary α-Al grains on the sample center 
was poor, and there was also liquid segregation on the sample 
edge, as shown in Fig. 5(e) and (f). Therefore, the primary α-Al 
grains were more spherical, and the distribution of the primary 
α-Al grains was more homogeneous when the injection pressure 
was 90-130 MPa.
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2.3 Effect of preheated die temperature on 
tensile properties and microstructure of 
rheo-diecast 7075 alloy

To study the effect of the preheat temperature of the die 
on the rheo-diecast 7075 alloy, the given conditions are as 
follows. The injection pressure was 130 MPa, and the pouring 
temperature for the slurry was 720 ºC.

The tensile properties of the rheo-diecast 7075 aluminum 
alloy are shown in Table 6. In accordance with the tensile 
tests of the rheo-diecast 7075 aluminum alloy, the as-cast 
tensile properties were slightly higher when the preheated die 
temperature was in the range of 280-350 ºC, the strengths 
were between 210 MPa and 221 MPa, and the elongations 
were between 0.7% and 1.5%. The as-cast tensile properties 
were slightly lower when the preheated die temperature was 
below 280 ºC, the strengths were between 201 MPa and 218 
MPa, and the elongations were between 0.4% and 1.2%.

the surface of the samples was gray and the density was lower. 
Therefore, the preheat temperature of the die mold for 7075 
aluminum alloy rheo-diecasting should be higher than 280 ºC.

2.4 Effect of aging time on the tensile 
properties and microstructure of rheo-
diecast 7075 alloy

To compare the effect of aging time on the tensile properties 
of the rheo-diecast 7075 aluminum alloy, the conditions are as 
follows. The solution temperature was 470 ºC, solution time 
was 12 h, aging temperature was 120 ºC, pouring temperature 
for slurry making was 720 ºC, injection pressure was 130 MPa 
and reheated temperature of the die mold was 280-350 ºC.

When the aging temperature was 120 ºC, the tensile strength 
of the rheo-diecast samples first increased gradually with 
increasing aging time and then decreased after reaching the peak 
value, but the elongation had almost no variation and was very 
low, as shown in Table 7. When the aging time was 24 h, the 
strength reached the highest value of 453 MPa, and the elongation 
was also low with a maximum value of 1.4%. 

Table 7: Effect of aging time on tensile properties of 7075 
aluminum alloy rheo-die cast

Aging time 
(h)

Tensile strength 
(MPa)

Elongation 
(%)

8 330-340 0.8-1.1

16 338-357 0.7-1.2

24 420-453 1.0-1.4

32 395-410 0.9-1.3

2.5 Fracture analysis of tested tensile 
samples

Considering the tensile properties in Section 2.1 through 
Section 2.3, the as-cast tensile elongations of the rheo-diecast 
7075 aluminum alloy under the given conditions are very low. 
Therefore, it was necessary to analyze the fracture morphology 
of tensile samples. The center area of the fractured tensile 
samples appeared to have a low density and substantial 
shrinkage porosity under the given processing parameters, as 
shown in Fig. 6. It was concluded from Fig. 6 that the tensile 
fracture may be caused by the center shrinkage porosity to a 
large extent, and this may be the main cause of the very low 
elongation.

It was helpful to observe the shrinkage porosity in the 
center area of the fracture at higher magnification, as shown 
in Fig. 7. There is a large number of smooth primary α-Al 
grains in the center area of the fracture, which means that the 
shrinkage porosity formed between the primary α-Al grains 
because the low-melting-point liquid could not backfill that 
area. Therefore, substantial porosity was present in the as-
cast tensile samples. The binding force between the smooth 
primary α-Al grains decreased. Microcracks were produced in 
the weak areas between the smooth primary α-Al grains during 
the tensile test, and the microcracks gradually extended until 
fractures occurred along the smooth primary α-Al grains. It is 

Table 6: As-cast tensile properties rheo-die cast under 
different preheated temperature of die mould

Preheated temperature 
of die mould (ºC) 

Tensile strength 
(MPa)

Elongation 
(%)

≥280 210-221 0.7-1.5

180-280 201-218 0.4-1.2

If the preheat temperature of the die mold is higher during 
rheo-diecasting, the chilling effect of the die wall on 7075 
aluminum alloy slurry is weaker, and the flowing ability of the 
slurry is better. Thus, the tensile samples can be denser and 
filled more completely so that the tensile properties can be 
improved. If the preheat temperature of the die mold is lower, 
the chilling effect of the die wall on 7075 aluminum alloy slurry 
is stronger, and the flowability of the slurry decreases. Then, the 
tensile samples may not be as dense and completely filled, so 
that the tensile properties are worse. Moreover, the solidification 
sensitivity to the temperature of the 7075 aluminum alloy is 
very high, and the local slurry that is chilled by the die wall 
can solidify very quickly; the low-melting-point liquid is then 
unable to fill the area with contracted solid material, so the 
tensile samples easily form shrinkage porosity or hot tearing, 
and the tensile properties become worse. It was found that when 
the preheat temperature of the die mold was below 100 ºC, the 
probability for the tensile samples to form shrinkage porosity or 
hot tearing increased substantially.

After metallographic examination, it was found that the 
preheat temperature of the die mold had almost no effect on 
the microstructures of the tensile samples, and there was also 
the same liquid segregation on the sample surface. However, 
when the preheat temperature of the die mold was above 280 
ºC, the filling ability of the 7075 aluminum alloy slurry was 
better, the tensile samples and the overflow grooves were filled 
thoroughly, and the surface of the samples was light and dense. 
When the preheat temperature of the die mold was below 
280 ºC, the filling ability of the slurry decreased, the tensile 
samples and the overflow grooves were not filled thoroughly, 
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evident that the fracture along the smooth primary α-Al grains 
was the main cause for the very low elongation of the as-cast 
rheo-diecast 7075 aluminum alloy.

Figure 7 also indicates that a high pressure of 130 MPa did 
not help to transport material to the final solidification areas in 
the sample center because of the thin wall or filling distance. 
Therefore, the last low-melting-point liquid or slurry in the 
sample center solidified under no pressure or lower pressure, 
the solidification shrinkage did not obtain enough liquid 
to compensate for the shrinkage, and substantial shrinkage 
porosity occurred. The solidification phenomenon of the as-
cast tensile samples described above was reflected in the very 
low elongation.

After an effective solution and aging treatment, the majority 
of secondary phase MgZn2 dissolved, and strong precipitation 
strengthening was generated. Therefore, the tensile strength 
of the aged samples greatly increased. Many river-like tearing 
ridges and dimples were found in the fracture. However, the 
shrinkage porosity cannot be eliminated after solution and 

aging treatment, as shown in Fig. 8. Therefore, the elongation 
after aging treatment was also low, and this indirectly restricted 
a further increase of the tensile strength.

3 Conclusions
(1) The as-cast strength and elongation of the rheo-diecast 

7075 aluminum alloy are 210-260 MPa and 0.2%-1.7%, 
respectively, at an injection pressure of 130 MPa, pouring 
temperature of 700 ºC-720 ºC, preheat temperature of 280 ºC-
350 ºC and plunger speed of 0.5 m·s-1.

(2) The aged strength and elongation of the 7075 rheo-
diecast aluminum alloys are 420-453 MPa and 1.0%-1.4%, 
respectively, at a solution temperature of 470 ºC, a solution 
time of 12 h, an aging temperature of 120 ºC and an aging time 
of 24 h.

(3) The serious shrinkage porosity in the rheo-diecast 7075 
aluminum alloy tensile samples is the main cause of the very 
low resultant elongation.

Fig.7: Fracture morphology along primary α-Al grains of as-cast tensile samples: (a) 660 ºC, 
         130 MPa, 280-350 ºC; (b) 660 ºC, 130 MPa, 280-350 ºC

(a) (b)

 Fig. 6: Fracture morphology of as-cast tensile samples at low magnification: (a) 760 ºC, 
            130 MPa, 280-350 ºC; (b) 720 ºC, 60 MPa, 280-350 ºC

(a) (b)
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