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Abstract: A semi-solid microstructure of ADC12 aluminum alloy containing spherical solid particles was studied. A new 
strain-induced melt activation (SIMA) process was proposed. In the treatment, chips were cut from ADC12 ingot by lathe machining 
and the plastic deformation was produced through cutting. The chips were put into a metal mold and compressed into a billet at 473 
K. The microstructures of chip and billet were studied. The effect of the isothermal treatment on the semi-solid microstructure 
evolution of ADC12 aluminum alloy prepared by the new method was analyzed. A series of heating treatments were carried out from 
823 to 838 K. The effects of heating temperature on microstructures were studied. The experimental results show the ADC12 
aluminum alloy prepared by the new method can reap homogeneous and spherical grains at 828 K. The average grain size is about 82 
μm. Also, the grain microstructure obtained by the present process is better than the traditional one. These results prove that the 
ADC12 aluminum alloy can be applied to semi-solid processing with the new SIMA method. 
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1 Introduction 
 

The semi-solid forming of metals was discovered 
near 40 years ago by SPENCER et al[1]. The 
thixocasting and rheocasting were proposed by 
FLEMINGS et al[2-3]. They are typical cases to process 
material in the semi-solid state. The strain-induced melt 
activation (SIMA) is a simple method that does not need 
expensive equipment for preparing semi-solid billets. 
SUERY and FLEMINGS[4] used this method to study 
the behavior of semi-solid Sn-Pb alloy and found a high 
degree of segregation of the liquid phase at lower rates of 
deformation. In the SIMA method, the cast materials that 
are deformed enough are recrystallized to produce fine 
grained microstructure. After being reheated in the 
semi-solid range, the grains are well globularized. This 
processing was developed by KIRKWOOD[5].  

SONG and HONG[6] studied the multi-forging 
technique in SIMA for 6061 aluminum alloy and found 
that the multi-forging was effective for grain refinement 
and grain size uniformity. HEIDARY et al[7] compared 
the effect of unidirectional compression and rolling on 
final microstructure of A356 aluminum alloy in SIMA. It 
was found that the ultimate size of spherical dendrites in 

the rolled billets was smaller than that of compressed 
ones under the same condition. GU et al[8] used the 
preparation of ZW61 semi-solid billets through equal 
channel angular extrusion as strain induced step in SIMA 
and gained better semi-solid microstructure. 

The ADC12 is a die-casting aluminum alloy of the 
Japanese trademarks and it is close to the eutectic point 
in the Al-Si binary state diagram. The two-phase region 
of liquid-solid is narrow. Although many papers have 
been published in the general area of semi-solid 
technique for aluminum, little work on ADC12 semi-solid 
alloy was carried out. ZHUANG and WANG[9] adopted 
mechanical stirring to produce ADC12 semi-solid 
aluminum alloy. KIUCHI and SUGIYAMA[10] used 
shearing-cooling-rolling(SCR) method to produce 
ADCl2 semi-solid aluminum alloy. But the 
metallographs did not show the semi-solid spherical 
particle. WANNASIN and THANABUMRUNGKUL[11] 
used the gas induced semi-solid (GISS) method to 
produce ADCl2 semi-solid aluminum alloy. According to 
the metallograph, it was found the GISS method is not 
suitable for ADC12. So far, there are not enough 
convincing evidences that the ADC12 alloy can be 
produced by semi-solid processing. From literature 
survey, it appears that none of previous investigations is  
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concerned with the semi-solid ADC12 alloy produced by 
SIMA method. 

However, traditional SIMA method used 
deformation technique, which easily caused crack and 
the uneven degree of deformation in billet. To avoid this 
problem, a new SIMA method for getting uniform and 
severe plastic deformation was adopted. The objective of 
the present work is to study the microstructure evolution 
and component distribution of ADC12 alloy using the 
new SIMA method. 

 
2 Experimental 
 

The chips were cut from an ingot of commercially 
available ADC12 aluminum alloy by lathe machining. 
The chemical composition of commercial ADC12 ingot 
is listed in Table 1. The chips were in curved shape of 
about 2.0 mm in width and 0.5 mm in thickness, which 
were used as the raw material for the experiment. Fig.1 
shows the appearance of machined chips. Firstly, the 
machined chips were filled into a metallic cylindrical 
mold of 40 mm in diameter and the mass of backfilling 
chips was 40 g. Secondly, the mold with the chips was 
heated up to 473 K and held for 20 min. Finally, the 
mold and chips were quickly removed from the furnace. 
The chips were compressed by unilateral pressing in the 
mold. The pressure and holding time were 400 MPa and 
10 s, respectively. The shape of compacted billet was 40 
mm in diameter and 15 mm in height. The melting 
temperature of ADC12 alloy started at about 815 K and 
completed at 858 K by DSC. 

 

Table 1 Chemical composition of ADC12 aluminum alloy 
(mass fraction, %) 

Si Cu Fe Zn Mg Ni Mn Al
10.78 2.30 0.14 0.0085 ≤0.3 ≤0.5 ≤0.5 Bal.

 

 
Fig.1 Appearance of machined ADC12 chips 
 

Following the pretreatment, the billets were heated at 
the predetermined temperature and held for 30 min. Heating 
rate was 15 K/min. The billets were removed from the 
furnace and rapidly quenched in water. The holding 

temperature was controlled to ± 0.5 K by PID, and the 
thermocouple embedded at the top center of the billet was 
used to ensure temperature control. Each test was repeated 
several times in the same active state to ensure 
reproducibility. After being etched with 0.5% hydrofluoric 
acid solution, the section along the vertical axis of billets 
was observed by OLYMPUS optical microscope (OM).  

 
3 Results and discussion 
 
3.1 Microstructure of chip 

DA-SILVA et al[12] found that α (Al) phase is the 
first to solidify in the Al-Si hypoeutectic alloys. 
Therefore, in the semi-solid state, the solid particles are 
essentially α (Al). Eutectic silicon exists in the ADC12 
ingot and takes on flakes and acicular grains, as shown in 
Fig.2(a). Fig.2(b) shows the microstructure of chip. The 
fine particles of eutectic silicon disperse in the 
groundmass and align themselves in the cutting direction. 
The plastic deformation produces a high strain rate in 
chips. Because of plastic deformation the large eutectic 
silicon is broken into fine particles that spread along the 
cutting direction. The chips are compacted to billet after 
heat treatment at 473 K for 20 min. The middle section 
of billet’s microstructure is shown in Fig.2(d). The fine 
particles of eutectic silicon distribute more uniformly in 
chips. In contrast, no significant differences in size and 
orientation of eutectic silicon are observed from Figs.2(d) 
and (c). The silicon phase undergoes a morphological 
transition from coarse flakes to fine particles, with an 
obvious directivity after cutting. The large strain induced 
energy is produced in grain by cutting. 

The substructure in plastic deformation can be 
considered that the critical shear stress leads to new 
dislocation of a few atoms near the dislocation source 
through slip plane. In the crystal various barriers retard the 
movement of dislocations such as second-phase particle, 
grain boundary, and subboundary. They result in the 
dislocations interacting on each other and beget the 
crunodes of dislocation which are not easy to remove. The 
dislocations lead to the increment of deformation in 
constant motion. These dislocations in front of barriers will 
be impeded and subsequently pile up each other, resulting in 
pile-up of dislocation. The strain energy is stored in metal 
by the defects which result in unstable thermodynamic state 
of the metal. It is the immanent reason that the plastic 
deformation metal is changed by heating.  

 
3.2 Effect of heating temperature on microstructure 

Fig.3 shows the microstructures of billets at 
different temperatures after holding for 30 min. It is seen 
that, for billets heated at 818 K, Fig.3(a), the α (Al) phase 
takes on rosette-like shape and the grains merge with one 
another. Fig.3(b) shows that the α (Al) phase uniformly 
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Fig.2 Typical optical micrographs: (a) Cast piece; (b) Chips; (c) Compact chips under 400 MPa at room temperature (middle section); 
(d) Compact chips under 400 MPa after heat-treatment at 473 K for 20 min (middle section)  
 

 
Fig.3 Effect of heating temperature on microstructures (middle section): (a) 823 K; (b) 828 K; (c) 833 K; (d) 838 K 
 
grow up through the atomic diffusion and the grains take 
in the spherical shape at 828 K. After heating at 833 K, 
Fig.3(c), the shape of α (Al) phase becomes smooth and 
spherical, and the number of spherical grains markedly 
decreases in matrix. For billets heated at 838 K, the 
α (Al) phase is molten. The typical dendrites are shown 

in Fig.3(d).  
The cold deformations by mechanical work act on 

the chips, which results in the large strain induced energy 
and the increase of the number of defects such as 
dislocation and vacancy. The low-melting metal phases 
gather around the grain boundary. The low-melting metal 
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phases begin to melt and the interface energy starts to 
decrease when achieving the melting temperature. The 
fine grains enter into the larger-size ones and decline the 
interfacial area. It can be seen that with the increase of 
temperature, the α (Al) phase gradually changes from 
rosette-like to spherical, and granular shape and the 
morphology becomes better by the atomic diffusion. The 
microstructure of liquid phase increases gradually. In this 
way, the spherical grains become more and more obvious. 
With increasing temperature, the growth of α (Al) phase 
occurs and local areas start to melt.  

 
3.3 Effect of area of billet on microstructure 

Only the billets heated at 828 K for 30 min were 
analyzed, as shown in Figs.4 and 5. The micrographs in 
Fig.5 show the microstructures at different positions 
through the diameter. Three positions of billet have the 
similar roundness and number of grains. The mean 
diameters of Figs.5(a), (b) and (c) are 83, 80 and 84 μm, 
respectively. So, the mean diameter of the three positions 
are close. The degree of cold plastic deformation of chip 
goes well with others by lathe machining. There is not 
obvious impact on the cold plastic deformation of chips 
during the compressing in contrast with Figs.2(b) and (d). 
As a result, the degree of cold plastic deformation is 
similar in the billet. The strain energy of grain and 
degree of grain fragmentation are equal. The billet is 
even heated under heat conduction. So, each location of 
billet causes spheroidizing at the same time when the 
temperature arrives to semi-solid transition range. 

 

 
Fig. 4 Schematic drawing of sampling location (vertical section 

through diameter) 
 
4 Conclusions 
 

1) During cuts ingot, not only the size of eutectic 
silicon is changed, but also much strain energy is stored 
in the microstructure, which together offer a driving 
force for the spheroidizing.  

2) The semi-solid billet prepared by the new SIMA 
method is of even grain distribution. The large size and 
uniform spheroidizing semi-solid billets can be produced, 
which has an important significance for industrial 
production.  

3) When increasing the heating temperature, the 
α (Al) phase changes from rosette-like to spherical and 

 

Fig.5 Microstructures of sampling location (vertical section 
through diameter) at 828 K for 30 min 

 
granular shape, and the morphology becomes well. The 
α (Al) phase occurs and local areas start to melt with a 
rise in temperature. The ADC12 aluminum alloy 
prepared by the new method can reap homogeneous and 
spherical grains at 828 K and the average grain size is 
about 82 μm. 
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