
High integrity aluminium casting in flaskless molds 

made of green sand and magnetite ore.

by

Preben N. Hansen, Niels W. Rasmussen, 

Uffe Andersen, Malene Andersen

DISA TECHNOLOGIES 

DK-2730 Herlev, Denmark

Dansk Industri Syndikat A/S 17, Herlev Hovedgade Telephone: +45 44 94 52 11
DK-2730 Herlev Telefax: +45 44 94 52 25
Denmark Telex: 35375 disam dk

TECHNOLOGIES

Cables: Disaworks 
Copenhagen 
Reg. No. 36863

95



Abstract

Green sand molding provides the most productive casting technology available with up to 

7 molds per minute. The environmental load is low due to the nontoxic clay binders and 

closed loop processing and reuse of the sand.

On this background green sand molding is a very profitable manufacturing technology 

which, presumably, is going to gain a large market share for aluminium castings in the near 

future. This prediction is supported by new promising results from casting trials at the 

DISA Research Foundry in Herlev where high integrity, high quality automotive castings 

have been produced.

This paper will concentrate on "how to do it" and the results obtained. Special attention 

will be paid to:

melt treatment to remove oxides and hydrogen

avoidance of hydrogen pick-up from the mold

gating technology to avoid mixing in of oxide films into the casting

feeding technology to ensure fully sound castings

implementation of a chili mold casting technology

Results from extensive casting experimentation supported by numerical simulations will be 

presented.
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Introduction

The future and prosperity of the foundry industry depends on its ability to meet an 

increasing demand for higher quality castings produced at lower costs. To meet this 

requirement attention will have to be given to at least the following key factors: workforce, 

process, and manufacturing. The successful foundries will have the best skilied people, 

deepest understanding of the casting process, and utilize the most productive and 

economic manufacturing equipment.

Consideration is given to green sand molding with the aim of reducing production costs. 

Especially the vertical flaskless method has proven very competitive for the production of 

both ferrous and nonferrous castings.

At the present a major effort is invested in the advancement of aluminium castings using 

green sand molding, as it is believed to be cost competitive. The task is to build a profound 

understanding of casting aluminium in green sand molds. Initial studies have been carried 

out using computer simulation [Hansen, Rasmussen, 1994]. To establish a full 

understanding of the casting process, DISA Technologies has commissioned a research 

foundry. It is the aim to investigate all aspects in the casting process, and not only the 

molding process itself. The present paper intends to describe the status of the work 

ongoing in the research facilities.
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Melt treatment to remove oxides and hydrogen

To obtain the required melt quality to produce high integrity aluminium castings it is 

necessary to remove oxides and hydrogen from the melt. This is necessary not only for 

secondary alloy qualities but also for primary qualities.

Different procedures have been tested regarding which methods to use and in which order. 

This work is still ongoing. The provisional results from these tests revealed that the 

optimum procedure depends on the alloy to be treated and if modification is needed as one 

of the steps in the melt treatment.

The influence on the mechanical properties of oxides, impurities and hydrogen in the melt 

are all related, since both oxides and impurities can act as nucleation sites for the formation 

of hydrogen gas bubbles leading to undesired porosity in the casting. Porosities can cause 

a deterioration of the mechanical properties, for which reason it is necessary not only to 

degas the melt but also to remove impurities [Sigworth, 1987], [van der Donk, 1994],

Ar has been used for degassing and different strategies have been tested. We found that 

preventing gassing was the most efficient method. The idea is to avoid hydrogen pick-up 

at any stage in the process. This means that an inert gas cover is used to foremost prevent 

hydrogen in getting in contact with the melt. A fixed lance is submerged in the melt 

through a sealed connection, keeping the furnace tight.

To remove oxides and impurities from the melt, cleaning and degassing with a mixed gas 

of Ar and SF6 were used together with an extensive use of fluxes. Fluxes were used partly 

to clean the melt, partly to prevent contact between the melt and the atmosphere that can 

cause hydrogen pick-up from the atmosphere [van der Donk, 1994],
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Regarding modification we found that it is more difficult to degas a melt that has been pre- 

alloyed with Sr than a melt containing Na instead of Sr. Since there may be an increase of 

hydrogen gas in the melt connected to the addition of Na [X.-G. Chen et al, 1994], [R. 

Fuoco et al, 1 994], it is necessary to degas the melt both before and afterthe addition of 

Na, the main part being done before as the time after is limited by the burn off of Na.

Avoidance of hydrogen pick-up from the green sand

One of the problems that has been claimed to exist with casting aluminium in green sand 

is the pick-up of hydrogen from the sand at the surface of the casting. This is illustrated 

at fig. 1 which shows a line of small holes close to the edge of the casting. One of the 

steps that could be taken to solve the problem is to decrease the humidity of the green 

sand. This will reduce the demand for permeability of the sand. But the humidity must not 

be too low since it may lead to poor molding capability and a decrease in cooling power. 

Solving this problem is thus an act of balance.

Working on this, we have shown that the problem is nonexisting when working with sands 

fulfilling the standard specifications for flaskless green sand molding. This is demonstrated 

at fig. 2 which shows a cut perpendicular to the surface of an AISi7Mg casting without any 

pick-up of hydrogen from the green sand.
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Figure 1. AISi7Mg0.3 casting with hydrogen pick-up from the green sand.

Figure 2. AISi7Mg0.3 casting without any hydrogen pick-up from the green sand.
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Gating Technology

The role of the gating system is to deliver high quality melt to the casting cavity, thus the 

most important feature of any gating system is to protect the melt against mixing-in of 

impurities, It is on the other hånd a simple faet that no gating system can make up for a 

poor melt quality, impurities present in the melt prior to pouring will inevitably also be 

found in the casting. For details on the consequences of oxide inclusions in aluminium 

melts the reader is referred to [Chadwick, 1994],

Gating technology is not an area where one find consensus among foundrymen, this leads 

the present authors to believe that none of the common gating methods is superior to the 

others. In the following the authors' preferred method will be described.

For the casting of aluminium the use of a system securing calm filling is favoured in order 

to avoid mixing the inevitable oxide surface layer into the melt. Therefore a design with low 

Reynolds number is to be used. Reynolds number is determined from the equation:

Re=M2S
v

where U is velocity, x characteristic distance, v kinematic viscosity.

It is obvious that x is the easiest parameter to change. Normally x is taken to be the 

hydraulic diameter, dh, of the section in question, hydraulic diameter is calculated from .

j _ 4-crosssectionOk ” .-------------
perimeter

In the case of flow between large parallel plates the characteristic distance is generally 

considered to be the spacing between the plates.
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Comparing different geometrical shapes having a 200 mm2 cross sectional area shows the 

influence on characteristic distance.

Table 1 Typical runner shapes.

It can be seen that only the 

flat rectangle has a charac­

teristic distance significantly 

smaller than that of the tube. 

Therefore to ensure a calm 

flow, a flat runner design is to 

be recommended.

Another perhaps even more important consideration is the f illing of the gating system itself. 

A serious problem to high integrity castings is the splashing in the empty gating channels 

[Campbell, 1991], At the present it is believed that the narrow walls in a flat gate best 

hinders the free fail and thus splashing of the melt. The need for reduction in melt velocity 

is not met just by applying a flat down runner. As for all systems a choke is necessary. It 

is recommended to locate the choke at the bottom of the down sprue.

The calculation of a gating system with flat channels is carried out like for a conventional 

vertical parted system [DISATechnologies, 1989]. Considering the relativeiy large surface 

to cross sectional area ratio a friction factor, m, of 0.7 compared to the common 0.8 for 

vertical runners has been found to work well.

The cross sectional area, F, of the runner prior to the choke is calculated using the local 

values of G, m, t and H from the following relationship:

shape 
200 mm3
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3100 -G

Where G is cast weight, m is friction factor, t is pouring time, H is metallostatic height.

Figure 3. Gating system utilizing flat runners.

Altering direction, for instance from the vertical down runner to a horizontal runner should 

be done using a large bending radius, and not a sharp bend, as a Sharp bend disturb the 

flow pattern and is likely to cause air aspiration, turbulence and rotation. In general one can 

say that the gating system shall treat the melt as gently as possible, this is in conflict with 

the wish to reduce melt velocity by the use of sharp bends. The only way to reduce melt 

velocity with out harming the melt seems to be letting the melt loose speed up hiil after a 

choke.
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Feeding Technology

To produce castings free of shrinkage porosity the casting design has to comply with one 

simple rule, that is directional solidification. Despite being simple to formulate, directional 

solidification is not a trivial condition to create.

Figure 4a. Temperature at end of fiiling. Colour scale is 600-700°C
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Figure 4b. Feeding criterion. White indicates no porosity. The casting 
is fully sound.

A few design rules are helpful to create a successful feeder design:

1. Attach the feederls) to the bulky part(s) of the casting.

2. Gate through the feeder, ensuring heating of the feeder and not the casting.

3. Attach more castings to the same feeder.

4. Check the design using numerical simulation.The firsttwo rules working to establish 

directional solidification, rule number three to optimize yield, and the last rule to 

avoid an expensive trial and error procedure. An example of a design made on basis 

of the four above mentioned rules is shown on fig. 4.

If possible, it is recommended to utilize numerical simulation as an integrated part of the 

casting design process. For feeder design the effect of temperature gradients created 

during mold filling can only be taken into account using simulation. For details on this 

subject in relation to green sand molds the reader is referred to for instance [Hansen, 

Rasmussen, 1994],
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New invention

Casting of aluminium components to net-shape or near net-shape by sand casting is 

probably one of the cheapest routes from the drawing table or CAD-models to real 

Products. Casting components to be used in the automotive industry have very high 

demands on the mechanical properties. In some cases it can be difficult to accomplish 

these demands with an existing green sand casting process, without a further 

development. This includes use of other mold materials than silica sand to improve the 

cooling ability of the molds. A better cooling ability will cause faster solidification and 

better mechanical properties.

Instead of using the traditional silica green sand, a chili mold technology is introduced and 

developed using ore materials like iron ore Magnetite. This technology is low cost and 

provides high quality castings with an insignificant environmental load since the materials 

are nontoxic. Furthermore, the mold material can be reused as raw ore in a biast furnace 

or cupola eliminating the need for deposition in nature or expensive and polluting 

reclamation. This new chili mold casting technology make use of crushed magnetite ore 

bound with bentonite and water like conventional silica based green sand. The molding 

ability is very good and the cooling power is comparable to permanent mold casting, see 

table 2.

106
DISA p. 12



Table 2 Comparison of the cooling power of various mould materials

Casting process Mould material DAS l//m] t, [sec.J

Permanent mold Steel 36 47

Core

Magnetite/C02 47 104

Silica/C02 56 175

Zircon/C02 43 80

DISAMATIC
Silica/clay 44 85

Magnetite/clay 38 55

ts is the solidification time, calculated from measured DAS values. All specimens are taken 

from 36 mm diameter test cylinders, cut 22 mm from cold end (opposite feeder). The 

indicated DAS values are an average of 5 readings.

Conclusion

The casting experiments at the DISA Research Foundry have shown that the combined 

optimization of melt treatment, sand properties, feeding and gating technology can lead to 

high integrity, high quality aluminium castings in green sand molding.

With the new chili mold casting technology the same cooling power can be obtained in 

flaskless molding as in permanent molding, opening up for low cost manufacturing of high 

integrity aluminium castings.
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