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Abstract

Project Code :MRG5280215

Project Title :Early Stages of Globular Grain Formation in a Rheocasting Process

Investigator :Assistant Professor Dr. JessadaWannasin

Department of Mining and Materials Engineering, Faculty of Engineering

Prince of SongklaUniversity

E-mail Address :jessada.w@psu.ac.th

Project Period :March 2009 — August 2011

Semi-solid metal processing has been applied widely in the industry for many years. To
obtain the most of its potential, it is important to have a more efficient and effective semi-solid
metal formation process. Two theories are often proposed by many researchers: copious
nucleation and fragmentation. In order to understand of the formation mechanism, it is important to
study the microstructure evolution at the early stages. This research has developed an
experimental apparatus that can capture the grain structure at different times at the early stages to
understand how the semi-solid structure evolves.In this technique, semi-solid slurry is produced by
injecting fine gas bubbles into the melt through a graphite diffuser during solidification. Then, a
copper quenching mold is used to draw some semi-solid slurry into a thin channel. The semi-solid
slurry is then rapidly frozen in the channel giving the microstructure of the slurry at the desired
time. Samples of semi-solid A356 aluminum alloy are taken at different gas injection times of 1, 5,
10, 12, 15, 20, 30, 35, 40 and 45 seconds. Analysis of the microstructure suggests that the
fragmentation by remelting mechanism may be responsible for the formation of globular structure
in this rheocasting process. A studywas conducted at different graphite temperatures of 100, 200,
300 and 400°C. It was shown that with the graphite temperature of 100°C,the number of solid
particles increases.This is because with high graphite temperatures the grain formation rate was
low and the formed solid grains may be remelted more. The increase of gas pressure and cooling
level also increasedthe number of solid particles. TiB, additions resulted in the formation of smaller
particles and nearly spherical particles by increasing heterogeneous nucleation in the melt.

Keywords : semi-solid metal, rheocasting, rapid quenching method, microstructure evolution,

solid fraction
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Several aluminum parts are being used in the automotive, electronic, sporting, medical, construction

and agricultural applications. These parts are generally produced in a large quantity by the high pressure die

casting process. The process involves injecting liquid aluminum into a steel die at high pressures, Fig. 1a.

Typically, the metal stream “sprays” into the die cavity causing metal reaction and air entrapment inside the

castings, Fig. 1c. The final parts, therefore, have a structure which is full of gas bubbles and oxide inclusions,

Fig. 1b. The use of pressure die casting for structural parts is therefore restricted because the castings are

limited in strength by high internal porosity and planes of additional weakness caused by oxide films, and the

presence of these defects prevents any subsequent strength benefit from heat treatment. In addition, pressure

die casting parts typically cannot be machined, anodized, and welded because of the defects [1]. To solve

these issues, a new approach called semi-solid metal (SSM) processing has been developed and applied in the

industry.



(a) (b)

Figure 1. Schematic of a conventional high pressure die casting (a) [2], typical air bubbles under the casting

surface (b) [1], and the spraying behavior of the metal stream during filling (¢) [3].

In SSM processing, the structure of the liquid metal is modified by introducing some convection
during cooling so that the liquid metal becomes a “slurry” with the solid phase consisting of many small
grains in globular or non-dendritic shape in suspension in the liquid metal, Fig. 2b. The SSM slurry obtained
can flow homogeneously with higher viscosity than liquid metal, Fig. 2c. With the higher viscosity, less
turbulent flow is obtained during the mold filling, thereby producing high quality parts by minimizing the
entrapment of air and oxide inclusions. The higher quality consequently gives the parts higher mechanical
properties and allows the parts to be heat treated, machined, anodized, and welded. In addition to higher part
quality, the production cost of parts produced by an SSM process is lower than those produced by
conventional liquid pressure die casting because of the higher productivity and longer die life [5]. UBE

Machineries, Inc estimates the total cost saving of a 5-kg casting part to be approximately 12% [4].

} Taa i
;‘f é“;_-%‘;i‘ -
- A r

Figure 2. “Dendritic” structure of conventional die casting parts (a), semi-solid metal structure (b), and the

famous flow behavior of semi-solid metal (c) [6].



Early exploitation of the semi-solid nature of the metal has been by “thixocasting” [7]. This process
involves electromagnetically stirring the liquid metal to form fine equiaxed or rosette microstructure and
direct-chill casting into cylindrical-shaped billets. The billets are then sold to casting plants where they will
be cut into pieces, reheated to a semi-solid temperature range, and formed into parts. High quality parts with
high mechanical properties are achieved with the process. However, the costs of the aluminum billets,
reheating system, and forming machines are prohibitive. Semi-solid metal processing using the thixocasting
approach has, therefore, been very limited to niche applications where quality requirements exceed cost

concerns.

In the past 5 years, however, the interests in SSM processing has been renewed by a new approach
called “rheocasting” with a potential for a wider range of applications in die casting and lower costs. In this
process, the SSM is prepared in-house just before casting. So, the process uses normal aluminum ingots as
already used in conventional die casting, thereby eliminating the need for high-cost billets. In addition, the

equipment costs are lower than those used in thixocasting.

Today, several processes are being developed or applied [8]. These processes include the New Rheo
Casting process (NRC™), see Figure 3, the Sub Liquidus Casting (SLC™), see Figure 4, the Slurry-On-
Demand process, the Honda process, the Semi-Solid Rheocasting (SSR™), see Figure 5., and the Gas
Induced Semi-Solid Process (GISS), see Figure 6. Although these processes have good potential for

commercial applications, none of them is being widely applied in the die casting industry.

MULTIPLE GATES —=f =

_—GATE PLATE

17— METAL SUNTABLE FOR S5M PROCESSING
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Figure 3. Process description of the NRC  process. Figure 4, Process description of the SLC ~ process.

[4] (8]
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Figure 5. Process description of the SSR™ process.  Figure 6. The schematic of the Gas Induced Semi-

[9] Solid Process (GISS) [10].

The success of the semi-solid metal technology in the aluminum casting industry depends on the
success of these rheocasting processes. A successful rheocasting process needs to have the ability to
control the quality of the slurry during the production and the efficiency of the process to produce semi-
solid metal in a short time with homogeneous and globular microstructure. To achieve the microstructure
efficiently, it is important to understand how the globular microstructure is formed during the rheocasting
processes. In literature, it is well accepted that the globular microstructure is obtained when a large
number of solid grains are created during the early stages of a rheocasting process [7]. However, it is still
unclear how the large number of solid grains is formed. This research project aims to obtain the
experimental data of the microstructure evolution at the early stages of the formation using the a rapid
quenching mold previously developed in the TRF project (MRG4980110) to better understand the
formation mechanism of globular microstructure in a rheocasting process, and, consequently, to allow

better control and efficient production of semi-solid metal.

4. Yogilszaen
1) To investigate the microstructure evolution of the globular grains at the early stages of the
solidification using the rapid quenching mold technique.
2) To investigate the effects of cooling conditions, convection levels, and grain refiner levels on the
early stages of grain evolution.
3) To establish a theory of the formation mechanism of a rheocasting process using the data obtained

from the microstructure evolution.
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