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Abstract: The gas induced semi-solid (GISS) is a rheocasting process that produces semi-solid slurry by applying fine gas bubble
injection through a graphite diffuser. The process is developed to be used in the die casting industry. To apply the GISS process with
a die casting process, a GISS maker unit is designed and attached to a conventional die casting machine with little modifications. The
commercial parts are developed and produced by the GISS die casting process. The GISS die casting shows the feasibility to produce
industrial parts with aluminum 7075 and A356 with lower porosity than liquid die casting.
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1 Introduction

Semi-solid die casting is one of the near-net shape
manufacturing processes. Many advantages have been
reported in the last 40 years compared with conventional
die casting. For example, less gas porosity, reduced
solidification shrinkage, heat treatment ability and
reduced cycle times are some of the advantages[1—3].
There are two major routes to produce semi-solid slurry:
thixocasting and rheocasting. High materials and
production costs of thixocasting make it desirable only in
niche applications[4]. The rheocasting route, thus, has
been focused by many researchers over the last few years
because of the lower machine investment and raw
materials costs. Several rheocasting methods have been
proposed to the casting industry, including the NRC[5],
SSR[6], RDC[7], H-NCM[8], CRP[9], SEED[10] and
SLC[11] processes. The majority of the rheocasting
processes produce slurry at high solid fractions
(~0.4-0.6). Although the properties of the parts produced
using high solid fractions are better than low solid
fractions (< 0.2), the high solid fraction slurry cannot be

poured into the normal shot hole of a die casting machine.

Many modifications of the processing machine are

needed. Although semi-solid slurry at low fraction solid
has some limitations in the applications because of
oxides and contamination issue, it can provide low
porosity of products, which is enough for many
applications, especially in pressure tight market[12].

Recently, a simple and efficient process called the
gas induced semi-solid (GISS) process has been
invented[13]. The semi-solid slurry is produced by
applying fine inert gas bubble injection through a
graphite diffuser to agitate molten alloys during
solidification. The process can be applied with die
casting machines with minor modifications.

The added step occurs between the molten alloys
transfer to the shot sleeve. The graphite diffuser is
immersed to create a low solid fraction (~0.1) of
semi-solid slurry, then the slurry is poured into the shot
sleeve to produce a semi-solid casting part. Previous
experiments have confirmed improvements of
mechanical properties and reduction in gas porosity[14].

Although good results were obtained in these
experiments, they were performed in laboratory scale. To
apply in the die casting industry, it is important to
develop this process to the industrial scale and test it
with commercial parts. In this work, process description
of the GISS die casting process with commercial parts was
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reported. The microstructure and porosity were investig-
ated and the mechanical properties were also reported.

2 Gas induced semi-solid (GISS) process

Applying the knowledge that semi-solid structure
can be efficiently formed by the combination of local
rapid heat extraction and agitation[15], the GISS process
used a graphite diffuser to introduce gas bubbles into the
molten alloy just above the liquidus temperature. The
molten alloy was cooled rapidly, and a number of fine
globular grains were created just a few degrees below the
liquidus. The inert gas injected to the molten alloy has
two effects. One is to provide vigorous agitation and the
other is to provide rapid heat extraction with the aid of
the solid diffuser also. After the desired solid fraction is
achieved, the diffuser is removed. Fig.l1 shows the
schematic diagram of the GISS process.

Graphite Inject
diffuser inert gas

s

Molten

Sturry
metal

Inert gas
¢ bubbles

Fig. 1 Schematic diagram of gas induced semi-solid (GISS)

Ladle

process

3 Case studies of commercial part
development by GISS die casting
process

The GISS die casting process for industrial
development was conducted with minor modifications
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from the conventional high-pressure die casting (HPDC)
process. In the conventional HPDC process, the melt is
transferred and poured to the shot sleeve directly. For the
GISS die casting process, the GISS slurry maker was
added during the melt transferred to the shot sleeve. In
these experiments, the melt was taken from a graphite
crucible in an electric furnace by a stainless steel ladle
cup. Then, the melt was carried out by an operator to the
GISS maker station. The porous graphite rod was
immersed into the melt, and the inert gas flowed through
the graphite rod into the melt until a desired temperature
was obtained. The semi-solid slurry was created and then
poured into the shot sleeve to produce a semi-solid
casting part. Fig.2 shows the schematic diagram of the
semi-automatic GISS die casting process.

3.1 Tube adapter for below knee prosthesis with

aluminum 7075 alloy

Tube adapter parts were produced to prove the
concept of porosity reduction by the semi-automatic
GISS die casting process. Table 1 lists the chemical
composition of the 7075 alloy used in this study. Table 2
lists the conditions of the experiments. The low solid
fraction was created with different bubbling time of 5
and 10 s. The amount of solid fraction was analyzed by
the rapid quenching mold method[16].

Table 1 Chemical composition of aluminum 7075 alloy (mass
fraction, %)
Si Fe Cu Mn Mg /n Al
048 0.21 1.50 0.01 2.89 5.18 Bal.

Table 2 Bubbling time and solid fraction of aluminum 7075
alloy in experiments

Casting part ~ Casting  Bubbling time/s  Solid fraction
7075-L Liquid - -
7075-SF5 SSM 5 0.12
7075-SF10 SSM 10 0.20
=] S
= =]

Fig.2 Schematic diagram of semi-automatic GISS die casting process
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The sizes of the gate, runner and over flow of the
GISS die casting part (7075-SF5 and 7075-SF10) were
the same as the conventional liquid casting (7075-L).
The gate thickness used in the experiment was 3 mm.
The sample parts were prepared for porosity testing and
cross section cut to observe the microstructure in two
areas: on the top and near the gate. Fig.3 shows a tube
adapter casting part.

Fig.4 shows the cross section of an aluminum 7075
tube adapter part. Fig.5 shows the representative
microstructures in the two areas of Fig.4, from the top
(Area 1) and near the gate (Area 2). Figs.5 (a) and (b)
show the liquid die casting microstructure with fine
dendritic structure of a phase in the top and near the gate
of the part. Figs.5(c) - (f) show the microstructures of the
GISS die casting part which have larger a globular grains

Fig.3 Aluminum 7075 tube adapter casting part

(e)

Arvea 2

Fig.5 Representative microstructures of two areas in Fig.4 of tube adapter casting parts: (a), (b) Liquid casting; (c), (d) 7075-SF5; (e),

(f) 7075-SF10
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than the conventional liquid die casting part. In addition,
the microstructures of GISS die casting part with the
pouring solid fractions of 0.12 and 0.2 were quite similar.

The average porosity of 7075 tube adapter liquid
die-casting, semi-solid 7075-SF5 and 7075-SF10 are
(5.27£1.3)%,  (2.79£0.18)%  and  (2.88+0.25)%,
respectively (Fig.6). The results show that the liquid die
casting part has more porosity compared with the other
GISS die casting parts. Although the GISS die casting
parts still have porosity in the part, this may be solved
with the new gate, runner and mold design, which will be
conducted in a near future.
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Liquid casting 7075-SF5 7075-SF10

Fig.6 Porosity of 7075 tube adapter casting parts

3.2 Rotor cover parts with aluminum A356 alloy

A rotor cover was considered to be produced by the
GISS die casting process with aluminum A356 alloy.
Table 4 lists the chemical compositions of A356 alloy
used in the study. The gate thicknesses of conventional
A356 liquid die-casting and the GISS die casting are 1.5
and 4 mm, respectively. The GISS bubbling time was 5 s,
which has yielded 0.10 fraction of solid. Table 5 lists a
summary of the experimental conditions.

Table 4 Chemical composition of A356 aluminum alloy (mass

fraction, %)

Si Fe Cu Mn Mg Zn Al
690  0.09

0.04  0.01 038  0.01 Bal.

Table 5 Summary of experimental conditions

Test Bubbling Solid Gate
time/s fraction thickness/mm
A356 Liquid - - 1.5
A356 GISS 5 0.10 4

Fig.7 shows a rotor cover casting part, which was
produced by the GISS process. The representative
microstructure from the center of the part is shown in
Fig.8. The dendritic structure is obtained in the liquid
casting as presented in Fig.8(a). It can be seen from
Fig.8(b) that the microstructure of A356 GISS die casting
has more globular structure than the liquid casting.
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Fig.7 Aluminum A356 automotive casting part

Fig.8 Representative microstructures of die casting samples:
(a)A356 liquid; (b)A356 GISS

The average porosity data of the A356 liquid die
casting part and GISS die casting part are (2.09+£0.26)%
and (0.9+0.09)%, respectively. The results are shown in
Fig.9.
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Fig.9 Porosity data of A356 automotive part liquid and GISS
die-casting
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The gas porosity or air bubbles were also observed
by CT-SCAN testing. The three section areas of liquid
and GISS die casting parts that were analyzed by the
CT-SCAN are shown in Fig.10. Less porosity in the
A356 GISS die casting parts is confirmed by the
CT-SCAN testing, especially on the top and the bottom
sections of the parts.

A356 liquid A356 GISS

A356 GISS

A356 liquid A356 GISS

Fig.10 CT-SCAN results of liquid and GISS die casting of rotor
cover in different areas: (b), (c) Top; (d), (¢) Middle; (f), (g)
Bottom

The T6 heat treatment was also conducted to
compare the mechanical propertiecs. The solution
treatment was done at 540 °C for 8 h. Then the artificial
aging was carried out at 160 °C for 8 h.

The tensile specimens were prepared by machining
from the sides of the casting parts with the gauge length
of 16 mm and 3 mm in thickness. The specimen and the
drawing are given in Fig.11. The ultimate tensile strength
(UTS) and elongation were analyzed. The results are
presented in Fig.12.

11

38

ml.ﬂ.lﬁ

Fig.11 Tensile test specimen and drawing (Unit: mm)
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Fig.12 Ultimate tensile strength and elongation of samples

The ultimate tensile strengths in the as-cast condition
of the A356 liquid die-casting, A356 GISS die-casting are
(162.1£16.6) and (235.3+13.1) MPa, respectively. The less
porosity and gas bubbles of the GISS die casting result in
higher tensile strength than the liquid die casting parts.

The elongation of the A356 liquid die-casting and
A356 GISS die casting parts are (2.08+£0.65)% and
(10.21+2.8)%, respectively. This shows that less porosity
of the GISS die casting process also increases the
elongation significantly. The T6 heat treatment of the
A356 GISS die casting parts increased the UTS and
elongation of the sample to 293.3+7.70 MPa and
(10.21£2.80)%, respectively. The results show the
feasibility of heat treatment in A356 GISS die casting
parts.

4 Future development of GISS die casting
process

In the previous semi-automatic GISS die casting
process, the melts and the semi-solid slurry were delivered
manually by an operator. The process is not suitable for
mass production. For continuous production, the GISS
slurry maker must be integrated into the die-casting
machine. To reach this concept, the ladle cup is attached to
the die casting ladling arm. The molten alloy is ladled by
the automatic ladling arm and transferred to the GISS
slurry making station. In this station, the graphite rod will
move down while inert gas is injected through the melt
until the target solid fraction is achieved. The semi-solid
slurry is then transferred and poured into the shot sleeve to
produce a die-casting product. Fig.13 shows the schematic
diagram of the automatic GISS die casting process, which
is developed by GISSCO Co., Ltd.

5 Conclusions

1) The GISS die casting process is feasible to
produce industrial parts with aluminum 7075 and A356.
The process needs minor modifications to the
conventional die casting machine and process.
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Fig.13 Schematic diagram of automatic GISS die casting process

2) The liquid die casting parts have more porosity
than the GISS die casting part. The percentage of
porosity and CT-SCAN testing confirmed the results.

3) The automatic GISS die casting system is
developed by GISSCO Co., Ltd. in Thailand to apply
with several industrial applications.
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