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Abstract

This paper deals with approximate physical modelling of aluminum melt degassing, performed under low-
pressure die casting conditions of aluminum castings. The modelling took place on an aquatic physical model
on a 1:1 scale to the operating conditions, constructed in the laboratories of ITB in CB. Tested parameters
were defined based on operating conditions (rotation speed and inert gas flow). Various combinations of these
parameters created 20 tested variants, including the current set of parameters used in operating conditions.
The effects of the tested parameters were determined using the results of measurement. Increasing the
rotation speed and the inert gas flow accelerates gas removal from the model liquid. It will be possible to further
use this knowledge in refining technology optimization in the low-pressure aluminum die casting.

Keywords: Physical modelling, aluminum, refinement process, FDU, low pressure die casting

1. INTRODUCTION

Aluminum alloys contain a number of impurities with negative impact on aluminum castings properties.
Regarding the relevant phases; we can mention, in particular, hydrogen and non-metallic inclusions. Humidity
contained in batch raw materials and in other materials, which come into contact with the melt, is usually the
hydrogen source [1,2]. In order to remove the impurities, a refinement process is included in the aluminum
castings production technology. Refining the aluminum melt on a FDU device (Foundry Degassing Unit) is
a standard part of the aluminum castings production. The FDU technology principle lies in blowing of inert gas
into which diffuses hydrogen from an aluminum melt [2]. The inert gas is supplied via a rotor which divides it
into tiny bubbles. Simultaneously, undesirable inclusions are removed by refining salts. The aluminum melt
refinement process on a FDU device is shown on Figure 1.
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Figure 1 Principle of the FDU device [3] Figure 2 FDU device for low-pressure die casting
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There exist many studies dealing with the aluminum melt issue [4-13]. However, the relevant issue is still
topical, since every company producing aluminum castings is characterised by specific conditions and the
research specialization has to be adjusted to the relevant conditions.

The study is a part of a research project that deals with the refining technologies research and development,
the purpose of which is to increase the quality of aluminum alloys intended for heavy duty castings,
manufactured by the MOTOR JIKOV Slévarna a.s. die casting foundry. The project subject is development
and innovation of production technology and aluminum alloys refinement [14,15]. The aluminum melt
refinement is realized through two FDU devices for high-pressure and low-pressure casting. The FDU device
for low-pressure casting is shown on Figure 2. Operating experiments and physical modelling together with
operating verification are used for complex production technologies development.

The presented paper focuses on physical modelling of refinement on a FDU device at low-pressure casting
conditions. Its goal is comparison of aluminum melt refinement on a FDU device at various settings of the
operating conditions. The research took place in the ITB in CB, Environmental research centre laboratories,
using an aquatic physical model. The physical modelling purpose was simulation of the relevant process to
such an extent when it would be possible to assess its intensity and then apply the obtained knowledge in
operating conditions. Experiments with various settings of the selected parameters which also included the
standard variant used in operating conditions were realized for this purpose. An optimized combination of the
studied parameters for testing in operating conditions will be designed on the basis of the results obtained.

2. DESCRIPTION OF PHYSICAL MODEL AND EXPERIMENTAL METHODOLOGY

An aquatic physical model of a refinement facility shown on Figure 3 has been constructed for the purposes
of an aluminum alloy degassing physical modelling. The physical model was constructed according to the FDU
facility used by the MOTOR JIKOV Slévarna a.s. The basic components of the system are a Plexiglas vessel
(a refining ladle model), a graphite rotor, a baffle and optical probes for measuring of oxygen concentration in
water. The rotor is driven by an electrical motor with speed control. In order to maintain the geometrical
similarity of the FDU facility and the model, the model vessel was manufactured on the 1:1 scale to the refining
ladle.
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Figure 3 lllustration of a physical model and base dimensions Figure 4 Impeller design
of the model assembly

The physical modelling principle was capturing of the melt degassing intensity and analysing of the harmful
gas content decrease at various parameters change at laboratory conditions. It was necessary to decide on
an appropriate methodology for this purpose, which would ensure maintaining of the FDU facility dynamical
similarity to the model. Therefore, the alloy melt was replaced by water and the removed hydrogen by oxygen.
For illustration, basic properties of the aluminum alloy and of the model media are given in Table 1.
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Table 1 Properties of molten aluminum and model media

Parameter Aluminum Water Oxygen
Temperature (°C) 750 20 20
Density (kg-m-3) 2.345 998.2 1.299
Dynamic viscosity (kg:m™*-s™1) 1.200-10° 1.003-10°2 0.019-10°
Kinematic viscosity (m?s™) 0.51-:10° 1.01-10° 14.77-10°

Table 2 specifies the operating conditions of aluminum melt refinement which served as a basis for
determination of physical modelling conditions for the examined rotor type. The parameters proper and
individual experiments conditions on the FDU device physical model have been designed in cooperation with
the MOTOR JIKOV Slévarna a.s. die casting foundry technologists. Below are specified the basic parameters taken
into consideration at defining the modelled variants: rotor type, working height, baffles number, speed (rpm), inert
gas flow rate (Ar). Based on the relevant conditions laboratory experiments on a physical model were defined
and realized.

Table 2 Comparison of operating conditions with the physical model

Parameter Operating conditions Physical model
Working height of impeller (mm) 160 160
Number of baffles (pc) 1 1
Refinement time (s) 180 180
Rotation frequency (rpm) 350 325 to 400
Inert gas type (-) Nitrogen Argon
Inert gas flow rate (NI:-mint) 17 13t0 19

Within the presented research, attention was focused on specification of individual process parameters
influence on the intensity of oxygen removal from water. The rotor shown on Figure 4, which is standardly
used in operating conditions of aluminum alloys low-pressure casting, has been selected for the relevant
purpose. The rotor efficiency was verified at various setting of the parameters; therefore, experiments variants
with various rotation frequency and various inert gas flow were defined. In order to verify the relevant
parameters influence on the degasification intensity, 20 variants of experiments have been realized for every
rotor type. Their parameters are presented in Table 3.

Table 3 Settings of modelled variants (working height: 160 mm, baffles: 1 pc)

Rotation frequency

300 325 350 375
(rpm)

Argon flow rate

el 1315|117 (19|21 |13 (15|17|19|21 |13 (15|17 (19|21 ({13 |15(17|19 |21
(NI'min)

3. RESULTS AND DISCUSSION

For the purpose of illustration regarding the course, efficiency and characters of events, Figure 5 gives
examples of concentration curves measured on the FDU device physical model at the speed and gas flow rate
change according to the designed variants, specified in Table 3. The curves show clearly the degasification
course and the total refinement time. The total refinement time has been specified for the physical modelling
purposes as the time which is required for reaching the concentration of 0.5 ppm of oxygen in water.

Based on the data measured, it can be stated in general that with the increasing speed (rpm), the process of
oxygen concentration decrease in water accelerates. A similar conclusion can be noted also with regard to the
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argon flow rate. With the increasing argon flow rate, the oxygen is removed from water faster. However, there
exist exceptions in the form of variants with 375 rpm. The graphs on Figure 5 show clearly significant extension
of the total refinement time, since at a certain phase of the process when the oxygen level in water decreased
under ca 0.6 ppm, the speed of oxygen removal from water decreased. The relevant phenomenon occurrence
will be verified in operating conditions in the next stages of the research.
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Figure 5 Oxygen concentration change at various argon flow rate and various speed

Besides graphic processing of the oxygen concentration decrease course during refinement by inert gas
supplied via a rotor, video sequences and photographs were taken within the experiment course, documenting
liquid flowing and distribution of developing bubbles of blown argon for individual variants.

a) Parameters: 15 NI-min, 350 rpm

d) Parameters: 15 NI-min‘t, 400 rpm

e) Parameters: 17 NI-min‘, 400 rpm f) Parameters: 19 NI-min, 400 rpm

Figure 6 Visualization of internal flow and distribution of argon bubbles
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Figure 6 shows examples of photographs depicting the character of internal flow at the change of speed and
argon flow.

General comparison and evaluation of all measured variants was carried out on the basis of the measured
data. Since aluminum melt refinement takes 180 s in the operating conditions, the oxygen concentration value
in water after 180 s of degasification was evaluated also in the case of physical modelling. However, the
relevant values did not serve for derivation of hydrogen content in an aluminum melt in operating conditions;
they served only for specification of trend dependencies of oxygen concentration in water on individual
parameters and for designing of those variants which will be tested in low-pressure casting conditions.

Figure 7 specifies quantitative efficiencies of individual variants for low-pressure casting according to the time
of oxygen concentration decrease after 180 s of the degasification process. The graph distinguishes variants
by color according to the speed (rpm) and, simultaneously, inside the columns it specifies the flow rate of argon
defined for the relevant experiment. To provide a better overview, the variants were arranged according to the
achieved oxygen concentrations after 180 s of the degasification process, from the lowest (the most efficient)
to the highest (the least efficient). The graphs on Figure 5 and Figure 7 show clearly that with a few
exceptions, after 180 s of the refinement process, lower oxygen concentrations were achieved at higher speed
and higher argon flow rates. The lowest oxygen concentration in water, 1.64 ppm, achieved variant (1) with
the speed of 375 rpm and argon flow rate of 21 NI-min-1. On the other hand, variant 0 with 300 rpm and argon
flow rate of 19 NI-min-t achieved the highest concentration of 4.72 ppm.
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Figure 7 Oxygen concentration in water after 180 s of the refinement process

Also the existing operation variant with the parameters 350 rpm, 17 NI-min-t was modelled within the
experiments. After 180 s, it achieved oxygen concentration of 2.33 ppm. Figure 7 then shows that it would be
possible to intensify the process by one operating parameter change. E.g., at maintaining the argon flow rate
of 17 NI'min-t and speed increase to 375 rpm, after 180 s the oxygen concentration decreases to 1.95 ppm >
variant (3). At maintaining the speed of 350 rpm and argon flow rate increase to19 NI-min-tthe achieved oxygen
concentration dropped to 2.27 ppm - variant (6). The above specified shows clearly that the speed change
has a more significant influence on the examined process than the argon flow rate change. This effect could
have a positive influence in operating conditions as well. However, it is necessary to take into account also the
negative impact of increased speed on the graphite components and on the process economy. Variants (3)
and (6) will be further recommended for testing at operating conditions.

4. CONSCLUSIONS

This article deals with physical modelling of aluminum melt refinement on a FDU device, realized in laboratory
conditions of the ITB in CB. Crucial process parameters (speed, inert gas flow rate) have been selected in
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cooperation with the operating partner; 20 variants tested on a physical model were selected on their basis.
The experiments were realized with the use of a standard graphite rotor which serves in operating conditions.
The following results can be specified on the basis of the physical modelling results:

4 With increased speed and increased inert gas flow rate, the oxygen removal from water was faster in
most of the variants. In case of variants with 375 rpm, after having achieved a certain oxygen
concentration in water, ca 0.6 ppm, further concentration decrease slowed down significantly.

v Photographs were taken which document liquid flowing and the amount and distribution of argon
bubbles in a ladle at various conditions setting.

v The operating variant (8) with 350 rpm and 17 NI-min-t, was tested within the modelling; after 180 s of
degasification, it reached 2.33 ppm of oxygen in water.

v Other variants have been selected on the basis of the operating variant (8). Changing one process
parameter achieved higher reduction of oxygen amount in water. Variant (3) worked with 375 rpm and
argon flow rate of 17 NI'min-1. In case of this variant, after 180 s of degasification oxygen concentration
achieved 1.95 ppm of oxygen. Next was variant (6) with 350 rpm and 19 NI-min-, where after 180 s of
degasification the oxygen concentration achieved 2.27 ppm.

In connection with the research related to physical modelling, operating tests will be carried out; their task will
be to confirm the conclusions obtained through the physical model. The above mentioned variants (3) and (6)
will be tested under operating conditions of low-pressure casting and, in case of good results, they will be
implemented into standard technology applied in the MOTOR JIKOV Slévarna a.s.
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