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Abstract: Semi-solid A356 aluminum alloy slurry was prepared by using serpentine channel pouring process, and the influences of 
the channel diameters and pouring temperatures on the semi-solid A356 aluminum alloy slurry were investigated. The experimental 
results show that when the channel diameter is 20 and 25 mm, respectively, and the pouring temperature is 640−680 °C, the average 
diameter of primary α(Al) grains in the prepared A356 aluminum alloy slurry is 50−75 and 55−78 μm, respectively, and the average 
shape factor of primary α(Al) grains is 0.89−0.76 and 0.86−0.72, respectively. With the decline in the pouring temperature, the 
microstructure of semi-solid A356 aluminum alloy slurry is more desirable and a serpentine channel with smaller diameter is also 
advantageous to the microstructure improvement. During the preparation of semi-solid A356 aluminum alloy slurry, a large number 
of nuclei can be produced by the chilling effect of the serpentine channel, and owing to the combined effect of the chilled nuclei 
separation and melt self-stirring, primary α(Al) nuclei can be multiplied and spheroidized finally. 
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1 Introduction 
 

Semi-solid forming of metals offers numerous 
advantages over the conventional liquid forming of 
metals, such as reduction of solidification shrinkage, 
lower processing temperature, improved mechanical 
properties and prolonged die life[1]. The key in 
semi-solid forming technology is to produce metal slurry 
with non-dendritic microstructure. A number of slurry 
preparation methods have been developed, among which 
the controlled nucleation method[2−3] has received a lot 
of attention. A controlled nucleation method does not 
need any stirring and is simple, practical and inexpensive. 
According to this theory, several practical techniques 
have been developed, including the inclined cooling 
plate[4−6], rotating duct[7], cooling chute process[8] and 
DCT-damper cooling tube method[9−10]. The liquid 
alloy is poured over an inclined plate or into a tube in 
these techniques so that the nucleation can occur during 
the liquid flow, and then the produced fine primary phase 
is spheroidized by controlling the process parameters. 

In this work, an innovative processing technique of 

semi-solid metal slurry, namely the serpentine channel 
pouring process, is introduced, and the effects of pouring 
process parameters on the microstructure of semi-solid 
A356aluminum alloy slurry are investigated. 
 
2 Experimental 
 

In the experiment, a commercial A356 aluminum 
alloy was used. Its chemical composition is Si 7.1%, Mg 
0.31%, Fe <0.20%, Mn <0.10%, Zn <0.10% and balance 
Al. Its liquidus temperature is 615 °C, and the binary 
eutectic temperature is 577 °C. 

The serpentine channel was made of graphite and 
consisted of a pouring cup, four bends and a diversion 
pipe. The melting equipment was a crucible resistance 
furnace. The collection crucible was made of stainless 
steel, and its dimension was d127 mm×250 mm. A 
Ni-Cr/Ni-Si thermocouple was used to measure the 
temperatures of the liquid aluminum alloy, the serpentine 
channel inner wall and the semi-solid slurry. The 
temperature displaying accuracy was ±1 °C. The 
schematic of the slurry preparation process is shown in 
Fig.1 and the process parameters are shown in Table 1. 
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The serpentine channel and the collection crucible were 
at room temperature (18 °C) before slurry preparation. 
 

 

Fig.1 Schematic diagram of preparing semi-solid A356 
Al-alloy slurry by serpentine channel pouring process: (a) 
Controlling superheat of A356 Al-alloy; (b) Preparing 
semi-solid A356 Al-alloy slurry; (c) Quenching slurry 

 
The metallographic specimens were cut from the 

centre of the quenched slurries and then roughly ground, 
finely ground, polished and etched with 0.5% HF 
aqueous solution finally. The metallographic specimens 
were investigated with a Neuphoto 21 optical microscope. 
The diameter of primary α(Al) grains was directly 
measured with the microscope, and the shape factor of 
primary α(Al) grains was calculated as: 
 
F=4πA/P2                                   (1) 
 
where A and P represent the area and perimeter of a grain, 
respectively. 
 
3 Results and discussion 
 
3.1 Microstructure of quenched slurry 

When the A356 aluminum alloy melts flow into the 
collection crucible from the diversion pipe, the slurry 
temperature (the measured positions are shown in Fig.1) 
varies between the liquidus and the binary eutectic 
temperature, as listed in Table 1, which indicates that the 
 

A356 aluminum alloy melts have become semi-solid 
slurries. 

Figure 2 shows the microstructures of these 
quenched slurries. The shape factor and the grain 
diameter of the primary α(Al) grains are listed in Table 1. 
In the experiments, two serpentine channels with 
diameters of 20 and 25 mm were used. When the liquid 
A356 aluminum alloy is poured at 680 °C, the primary 
α(Al) grains are mainly spherical and near-spherical ones 
with a small amount of rosette, as shown in Figs.2(a) and 
(b). The shape factor and the grain diameter of primary 
α(Al) grains are 0.76, 0.72 and 75, 78 μm, respectively. 
When the liquid A356 aluminum alloy is poured at 660 
°C, the primary α(Al) grains are still spherical and 
near-spherical ones with a slight amount of rosette, as 
shown in Figs.2 (c) and (d). The shape factor of primary 
α(Al) grains increases to 0.86 and 0.82, respectively, and 
the grain diameter is reduced to 55 and 60 μm, 
respectively. When the liquid A356 aluminum alloy is 
poured at 640 °C, most primary α(Al) grains are 
spherical, as shown in Figs.2(e) and (f). The shape factor 
and the grain diameter of the primary α(Al) grains reach 
0.89, 0.86 and 50, 55 μm, respectively. The results show 
that if both the pouring temperature and channel 
diameter are reasonable, excellent semi-solid A356 
aluminum alloy slurry can be produced by serpentine 
channel pouring process. 

 
3.2 Influence of pouring temperature on slurry 

microstructure 
Based on different preparation processes, the 

influence of pouring temperature on the microstructure 
of semi-solid alloy slurry was investigated[11−13]. In 
order to further understand the formation of spherical 
primary α(Al) grains during the serpentine channel 
pouring process, the influence of pouring temperature on 
the microstructure of the semi-solid A356 aluminum 
alloy slurry was discussed. 

As shown in Fig.2, when the serpentine channel has 
the same diameter, the primary α(Al) grains become 
more spherical and finer with decreasing pouring 
temperature. It is generally believed that the lower the 
superheat of the alloy melt is, the shorter the time needed 
for the liquid alloy to reach the liquidus temperature.  

Table 1 Processing parameters and characteristic size of semi-solid slurries 

Specimen No. 
Channel 

diameter/mm 
Pouring 

temperature/°C 
Pouring 
time/s 

Temperature of
slurry/°C 

Mass of 
slurry/kg 

Shape 
factor 

Grain 
diameter/μm

1 20 680 10 610 3.5 0.76 75 
2 25 680 9 611 3.5 0.72 78 
3 20 660 10 607 3.5 0.86 55 
4 25 660 9 608 3.5 0.82 60 
5 20 640 10 605 3.5 0.89 50 
6 25 640 9 606 3.5 0.86 55 



CHEN Zheng-zhou, et al/Trans. Nonferrous Met. Soc. China 21(2011) 985−990 

 

987

 

 

Fig.2 Microstructures of quenched semi-solid A356 aluminum alloy slurries prepared by serpentine channel pouring process under 
conditions of different channel diameters and pouring temperatures: (a) 20 mm, 680 °C; (b) 25 mm, 680 °C; (c) 20 mm, 660 °C; (d) 
25 mm, 660 °C; (e ) 20 mm, 640 °C; (f) 25 mm, 640 °C 
 
Therefore, the alloy melt in the serpentine channel has 
more time to nucleate by the chilling effect of the 
serpentine channel and can produce more primary α(Al) 
nuclei. Many studies showed that sufficient primary α(Al) 
nuclei in the semi-solid metal slurry is the necessary 
condition for the primary α(Al) nuclei to further 
spheroidize and prevent from growing too large[14]. 

Comparing the microstructure of A356 alloy poured 
at 680 °C with that poured at 660 °C, it is seen that the 
grain diameter and shape factor of the primary α(Al) 
grains vary a little sharply. However, when the pouring 
temperature changes from 660 to 640 °C, the relevant 
variation is somewhat gentle, as shown in Fig.3. It 
indicates that this variation may have certain relationship 
with the temperature rise rate of the serpentine channel 

inner wall. The measured position for the serpentine 
channel temperature is shown in Fig.1. Figure 4 shows 
the curves of temperature of the serpentine channel inner 
wall vs the pouring time. It can be seen that the 
temperature rise rate of the serpentine channel inner wall 
increases with increasing pouring temperature. If the 
channel diameter is 20 mm and the pouring temperatures 
are 680, 660 and 640 °C, respectively, the temperature 
rise rates of the serpentine channel inner wall are 13.4, 
9.6 and 8.4 °C/s, respectively, as shown in Table 2. The 
change of the temperature rise rate is 3.8 °C/s when the 
pouring temperature changes from 680 to 660 °C. 
However, the change of the temperature rise rate is   
1.2 °C/s in the case that the pouring temperature changes 
from 660 to 640 °C. 
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Fig.3 Curves of pouring temperature vs grain diameter (a) and shape factor (b) 
 

 
Fig.4 Curves of channel wall temperature vs pouring time with different channel diameters: (a) 20 mm; (b) 25 mm 
 
Table 2 Temperature rise rate and ultimate temperature of 
serpentine channel inner wall 

Specimen 
No. 

Temperature rise 
rate/(°C·s−1) 

Ultimate 
temperature*/°C 

1 13.4 154 

2 14.9 155 

3 9.6 118 

4 11.3 122 

5 8.4 102 

6 10.2 110 
* Ultimate temperature is temperature of serpentine channel inner wall at 
pouring end 

 
The chilling ability of the graphite channel is 

affected by its temperature. The higher the temperature 
of the graphite channel is, the weaker its chilling ability 
is. If the temperature rises faster, it is deteriorated faster. 
Based on the analysis, the former (from 660 to 680 °C) 
changes faster or more obviously, so the number of 
primary α(Al) grains in the semi-solid slurry changes 
faster as well and the changes of the grain diameter and 
shape factor are more markedly. When the channel 
diameter is 25 mm, the relevant change is also similar. 

The higher the pouring temperature is, the faster the 
temperature rise rate of the serpentine channel inner wall 
is, and the higher the ultimate temperature of the 
serpentine channel inner wall is. As a result, the chilled 
nuclei can be reduced more markedly, and thus the 
morphology and size of the primary α(Al) grains are not 
satisfactory. Relevant studies also showed that the more 
the chilled nuclei in the semi-solid slurry are, the more 
desirable the microstructures of the primary grains 
are[15−16]. 
 
3.3 Influence of channel diameter on slurry 

microstructure 
When the A356 aluminum alloy melt flows along 

the serpentine channel inner wall, copious chilled 
primary α(Al) nuclei are generated in the alloy melt layer 
contacting directly the inner wall. Then most or part of 
the chilled nuclei could separate from the inner wall and 
go into the melt because of the combined effect of alloy 
melt flowing motion and temperature fluctuation. 
Meantime, the alloy melt is continuously cooled during 
flowing, its temperature gradually decreases below the 
liquidus temperature, and most of the separating nuclei 
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could survive and become the main part of the final 
multiplied nuclei in the alloy melt. So a wealth of 
multiplied nuclei in the A356 alloy melt is the main 
requirement for the transformation of spherical grains. 
But another part of the chilled nuclei may remain on the 
inner surface of the serpentine channel and grow up, and 
a layer of thin solidified shell can form. 

It can be seen from Table 1 that when the pouring 
temperature is the same, the microstructure of the 
primary α(Al) grains is better with smaller channel 
diameter, because several advantages can be obtained as 
the channel diameter is reduced. Firstly, if the pouring 
temperature and the prepared slurry mass are the same, 
the pouring time can be longer, and the superheat and the 
latent heat of the A356 aluminum alloy can be easily 
absorbed by the channel, as a result, there will be more 
chilled nuclei. Secondly, the separating time for the 
chilled nuclei is longer and there will be more separating 
nuclei in the melt. Finally, the self-stirring effect of the 
melt in the serpentine channel is also more intense and it 
is helpful for the separating nuclei to spheroidize and 
distribute homogeneously. Based on the advantages 
mentioned, the channel diameter should be designed in a 
reasonable range. 
 
4 Conclusions 
 

1) When the channel diameter is 20 and 25 mm, and 
the pouring temperature is 640−680 °C, the average 
diameter of primary α(Al) grains in the prepared A356 
aluminum alloy slurry is 50−75 μm and 55−78 μm, 
respectively, and the average shape factor of primary 
α(Al) grains is 0.89−0.76 and 0.86−0.72, respectively. 

2) With the decreasing pouring temperature, the 
microstructure of semi-solid A356 aluminum alloy slurry 
is more desirable and a serpentine channel with smaller 
diameter is advantageous to the microstructure 
improvement. 

3) During the preparing process of semi-solid A356 
aluminum alloy slurry, a large number of nuclei can be 
produced by the chilling effect of the serpentine channel, 
and owing to the combined effect of chilled nuclei 
separating and melt self-stirring, primary α(Al) nuclei 
can be multiplied and spheroidized finally. 
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蛇形通道浇注工艺参数对半固态 A356 铝合金浆料的影响 
 

陈正周，毛卫民，吴宗闯 

 
北京科技大学 材料科学与工程学院，北京 100083 

 
摘  要：采用蛇形通道浇注技术制备半固态 A356 铝合金浆料，并研究浇注温度和通道直径对半固态 A356 铝合

金浆料的影响。结果表明：当通道直径为 20 和 25 mm、浇注温度为 640−680 ℃时，可以制备出初生相 α(Al)的半

固态浆料，其平均形状因子分别为 0.89−0.76 和 0.86−0.72、平均晶粒直径分别为 50−75 μm 和 55−78 μm。随着浇

注温度的降低，半固态 A356 铝合金浆料中初生 α(Al)晶粒的组织变得细小；较小的通道直径有利于组织的改善。

在制备半固态 A356 铝合金浆料过程中，通道内壁的激冷能够产生大量的晶核。由于晶粒游离和合金熔体自搅拌

的共同作用，初生 α(Al)晶核能够在熔体内部增殖并且球化。 

关键词：半固态；A356 铝合金；蛇形通道；初生 α(Al)  
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