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Abstract: Several rheocasting processes are developed or applied worldwide in the metal forming industry. One of the new 
rheocasting processes is the gas induced semi-solid (GISS) process. The GISS process utilizes the principle of rapid heat extraction 
and vigorous local extraction using the injection of fine gas bubbles through a graphite diffuser. Several forming processes such as 
die casting, squeeze casting, gravity casting, and rheo-extrusion of the semi-solid slurries prepared by the GISS process have also 
been conducted. The GISS process is capable of processing various alloys including cast aluminum alloys, die casting aluminum 
alloys, wrought aluminum alloys, and zinc alloys. The GISS process is currently developed to be used commercially in the industry 
with the focus on forming semi-solid slurries containing low fractions solid (< 0.25) into parts. The research and development 
activities of the GISS process were discussed and the status of the industrial developments of this process was reported. 
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1 Introduction 
 

Semi-solid metal forming employing the 
rheocasting approach has attracted interests in recent 
years[1−3]. The needs to produce high quality parts with 
lower costs are the driving force for this attention. 
Several techniques are applied in the worldwide industry 
including the NRC[4], SLC[5], SSR[6], rheo-die 
casting[7], rapid-S[8], and several more[9]. One of the 
newer techniques that are in the research and 
development stage is the gas induced semi-solid(GISS) 
process[10−13]. This process utilizes the principle of 
rapid heat extraction and vigorous local extraction using 
the injection of fine gas bubbles through a graphite 
diffuser. Semi-solid slurries with different solid fractions 
can be obtained simply by varying the diffuser 
immersion times. 

The current focus of the GISS process is on forming 
semi-solid slurries containing low fractions solid (< 0.25) 
into parts. This allows prompt exploitation of the benefits 
of semi-solid metal in several forming processes since 

little modifications to the current machines and 
processing steps are required[14]. Previous studies have 
shown that the GISS process can be applied conveniently 
and efficiently with a die casting machine, requiring only 
minimal modifications of the process[13]. In addition, 
the process has been shown to be able to produce slurries 
of various alloys, including those with the compositions 
close to the eutectic composition[12−13].  

To demonstrate its commercial potential, it is 
important that the research and development activities of 
the GISS process shift from laboratory scale to industrial 
scale. This work aims to discuss the research and 
development activities of the GISS process that are 
carried out and to report the status of the industrial 
developments of this process. 

 
2 GISS process 
 
 Current rheocasting processes use different 
techniques to produce metal slurries. Most of them, 
however, utilize the application of agitation to a molten
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metal coupled with controlled cooling during 
solidification to achieve grain multiplication by dendrite 
fragmentation[14−16]. Examples of the processes include 
mechanical stirring[17], electromagnetic stirring[18], 
low-temperature casting[19−20], and ultrasonic 
vibrations[21−22]. These techniques use different media 
or means to apply agitation to the melt such as solid 
impellers or cylindrical rods, electromagnetic force, 
convection from fluid flow, and vibrations, 
respectively[11]. The GISS process, on the other hand, 
induces vigorous convection to the melt using fine gas 
bubbles as the medium. Various configurations may be 
used to introduce the fine gas bubbles to the melt, 
including gas injection through a nozzle or through 
porous media as presented schematically in Fig.1[23]. 
Currently, the configuration shown in Fig.1(c) is selected 
to use in the GISS machine due to its efficiency and 
simplicity. In the GISS process, the steps start by having 
a molten metal with a predetermined amount at a 
temperature about 10 to 20°C above the liquidus 
temperature. Then, the porous graphite diffuser is 
immersed, injecting fine inert gas bubbles into the melt 
for a predetermined time until the desired solid fraction 
is achieved. Consequently, the semi-solid slurry is 
formed and is ready for a further forming step. Fig.2 
shows the processing steps schematically in the GISS 
process. 
 

 
 

Fig.1 Examples of possible configurations for introducing fine 
gas bubbles to melt[23] 

 

 
Fig.2 Schematic representation of steps in GISS process 
 
3 Formation mechanism 
 

The exact mechanism for semi-solid metal structure 
formation is still unclear. However, it is well accepted 
that the globular structure is obtained when numerous 
solid grains are present at the early stages of 
solidification[24]. Then, the high density of the solid 
grains grows non-dendritically, resulting in semi-solid 
metal structure[25]. 

The likely theory that can explain how a large 
number of solid particles are formed is grain 
multiplication by dendrite fragmentation[26]. It has been 
proposed that the convection produced during the 
solidification causes dendrite arms to be detached by 
melting off or breaking off. These detached arms then act 
as secondary nuclei particles. A schematic diagram of the 
dendrite multiplication theory is shown in Fig.3.  

 

 
Fig.3 Schematic diagram of dendrite multiplication model[27]   

 
In the GISS process, convection is effectively 

achieved by the flow of a large number of very fine gas 
bubbles out of the cold diffuser surfaces into the melt. 
This vigorous convection is believed to cause grain 
multiplication, resulting in a large number of fine 
disintegrated solid particles. 

Using a rapid quenching mold, a study has shown 
the evolution of grain particles of A380 alloy at various 
time during the GISS process (Fig.4)[28]. The 
micrographs show that the microstructure consists of a 
mixture of globular, rosette, and dendrite particles at the 
early stages of the rheocasting process. These globular 
and the rosette particles are believed to be the disintegrated 
particles resulting from the dendrite fragmentation due to 
the remelting mechanism. This mechanism explains that 
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Fig.4 Microstructures of samples quenched after rheocasting 
time of 15 s (a) , 17 s (b), 20 s (c) and 90 s (d)[28] 
 
secondary or tertiary arms are detached by remelting at 
the roots due to solute enrichment and thermo-solutal 
convection near the dendrite roots[27, 29]. 

Following this mechanism, it can be explained that 
the cold graphite diffuser that is immersed in the melt 
with low superheat temperature causes numerous fine 
dendritic grains to nucleate and grow on the diffuser 
surfaces. These grains are quickly “pushed” out to the 
bulk liquid by the flow of gas bubbles. Most of these 
very fine “mother dendrite” grains will then be re-melted 
at the first few seconds of the rheocasting process since 

the bulk liquid still consists of several small pools of 
superheated liquid. Only few disintegrated particles 
survive and are left in the melt as observed at the early 
time in Figs.4(a) and (b). After the superheat temperature 
is removed from the melt, more disintegrated particles 
can survive as observed at longer times in Figs.4(c) and 
(d). These fine particles will then grow and eventually 
coarsen to yield globular structure. 

 
4 Applications of GISS process 

 
The current focus of the GISS process is on forming 

semi-solid slurries containing low fractions solid (< 0.25) 
into parts even though the GISS process can also produce 
semi-solid metal containing higher fractions solid 
(0.3−0.6). The key reason for this choice is the prompt 
exploitation of the benefits of semi-solid metal in the 
casting industry since little modifications to the current 
machines and processing steps are required for this 
approach. 

Several forming processes such as die casting, 
squeeze casting, gravity casting, and rheo-extrusion of 
the slurries prepared by the GISS process have been 
researched and developed for the past two years. In these 
forming processes, the added step is the immersion of 
graphite diffuser to inject gas bubbles for the duration of 
about 5−20 s. Semi-solid slurries containing up to 25% 
solid are then poured into shot sleeve holes, squeeze 
casting dies, sand molds, or extrusion shot holes for the 
GISS die casting, squeeze casting, sand casting, and 
rheo-extrusion, respectively. Fig.5 shows the schematic 
diagram of these GISS forming processes. 

 

 
Fig.5 Schematic diagrams of GISS forming processes: (a) GISS 
die casting; (b) GISS squeeze casting; (c) GISS rheo-extrusion; 
(d) GISS low pressure casting 
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Various commercial alloys have been produced 
using the GISS process. Examples of the alloys, shown 
in Fig.6, include cast aluminum alloys, die casting 

aluminum alloys, wrought aluminum alloys and zinc die 
casting alloys such as 356, A380, A383, 5052, 6061, 
2024, 7075, and ZAMAK-3. 

 

 

Fig.6 Microstructures of various alloys formed by GISS slurry casting processes: (a) 356; (b) A380; (c) A383; (d) 5052; (e) 6061; 
(f) 2024; (g) 7075; (h) ZAMAK-3 



J. WANNASIN, et al/Trans. Nonferrous Met. Soc. China 20(2010) s1010-s1015 s1014 

 
5 Development of industrial applications 

 
The current industrial developments of the GISS 

process mainly involve the development of the GISS 
machines. The first versions of the machines used a 
handheld graphite diffuser to perform laboratory 
experiments (Fig.7(a)). Later, a semi-automatic machine 
(Fig.7(b)) was developed allowing a better control of the 
solid fractions to be produced. However, this machine 
still required manual ladling and pouring. Currently, an 
automatic version is developed to be used with a die 
casting machine. Fig.7(c) shows the prototype machine 
tested with an 80 t die casting machine. 
 

 
Fig.7 Different versions of GISS machines: (a) Handheld; (b) 
Semi-automatic; (c) Automatic 

 
Currently, several commercial parts are being 

developed using the GISS process. Fig.8 shows some of 
these parts, which include an automotive rotor cover, a 
prosthesis tube adaptor, and a prosthesis foot adaptor. 
Other automotive and electronic applications are also 
considered. All the commercial activities are conducted 
by GISSCO, Co. Ltd.  

 
6 Summary 
 

This paper describes the gas induced semi-solid 
(GISS) process, which is developed in the industry. The 
process is currently focusing on producing low fractions 
solid for slurry casting processes. The GISS process 
requires minimal modifications to the machine and 
processing steps. It also allows the use of several currently 

 

Fig.8 Examples of parts developed using GISS slurry die 
casting process: (a) Rotor cover; (b) Foot adaptor; (c) Tube 
adaptor 

 
available alloys: both casting and wrought alloys. 
Currently, the process is developed for several 
commercial applications. 
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