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Abstract

This paper aims to assess the efficiency of graphite impellers type A and B, investigated in the study of an
aluminum refinement process using a physical model of the foundry degassing unit. This model operates in
the laboratories of the Environmental Research Department of the Institute of Technology and Business in
Ceské Budgjovice. For this purpose, a series of experiments were performed for each impeller type with
different process parameters. The efficiency was evaluated based on oxygen concentration in water reached
after 180 s of the refining process. Impeller A was found to achieve lower oxygen concentrations in water after
180 s and was therefore considered to be more efficient. The conclusions will be further verified under
operating conditions of the Die-casting Division of MOTOR JIKOV Slévarna (Foundry) a.s.
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1. INTRODUCTION

Aluminum alloys contain numerous impurities that affect the properties of finished castings. In particular,
hydrogen and non-metal inclusions should be mentioned among these phases. Hydrogen is characterised by
a very negative impact on aluminum casting properties. Moisture contained in raw materials of the charge and
other materials that come in contact with the molten mass is usually the source of hydrogen [1].

Thanks to its high affinity to oxygen, aluminum reacts with moisture; "
elementary hydrogen is thereby released and becomes dissolved in the :
metal [1]. The adverse effect of hydrogen is caused by its different
solubility in the liquid and solid phase. This is demonstrated by
temperature dependence of hydrogen solubility in aluminum and its
alloys illustrated in Figure 1. As can be seen, hydrogen solubility in the
liquid phase is relatively high. However, as the temperature decreases, :
its solubility is considerably reduced. A similar trend can also be E Sold
observedin the case of hydrogen solubility in aluminum alloys [2]. In the I
process of solidification, hydrogen becomes separated from the metal 001 L Ll

and its atoms bond to form gaseous H2 molecules which results in casting Temperature (degrees C)
porosity [3].
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Figure 1 Hydrogen solubility in
At a specific temperature, hydrogen solubility also depends on its partial molten aluminum [1, 5]
pressure in the surrounding atmosphere. This dependence is described

by theSieverts law, the principle of which is used in molten aluminum degassing [1, 4]. In practice, this means
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that dissolved hydrogen diffuses into the bubbles of a refining gas and is transported in the gas outside the
molten aluminum.

This principle is used by the FDU (Foundry Degassing Unit, see Figure 2) refining system [6] whose scheme
is illustrated in Figure 3. The system is composed of a graphite impeller and a hollow shaft used to introduce
an inert gas into the molten mass. Usually, a baffle is added to these components. The impeller disperses inert
gas into small bubbles and ensures their uniform distribution throughout the refining pan. Generally, the smaller
the bubble sizes, the larger the overall specific surface of the phase interface between the bubble and the
molten mass through which hydrogen diffuses into the inert gas [5,6]. Additionally, smaller bubbles have a
longer retention time in the molten mass, thereby providing more time for hydrogen diffusion into the bubble
[7]. Moreover, the impeller induces turbulent flow which supports the hydrogen removal kinetics [4].

Baffle Inert gas inlet

Shaft

Impeller
head

Figure 2 Foundry Degassing Unit (FDU) during melt Figure 3 Principle of refinement
processing for die casting process by the FDU unit [6]

Hydrogen removal efficiency is affected by many factors including the alloy type, melting temperature, initial
hydrogen content in the molten mass, type and amount of the refining gas, but also the FDU unit parameters
such as the impeller rotation frequency, the working height, etc. [7-11]. However, the shape of the impeller
itself also has a significant impact on degassing efficiency as previously demonstrated by a number of studies,
e.g. [12-15].

The objective of this study was to compare refining efficiency of molten aluminum at the FDU unit using two
graphite impellers of different geometries. The research was performed using physical modelling at
laboratories of the Environmental Research Department of the Institute of Technology and Business in Ceské
Budéjovice. The purpose of physical modelling was to sufficiently simulate the given process in order to assess
its intensity and subsequently, to apply the learned information in operating conditions. For this purpose,
experiments were performed using two impeller types, A and B, and degassing intensity was monitored. An
appropriate impeller type for testing in operating conditions will be recommended based on the results.

2. DESCRIPTION OF PHYSICAL MODEL AND EXPERIMENTAL METHODOLOGY

A physical model of the refining system was constructed for the purpose of physical modelling of aluminum
alloy degassing (see Figure 4). The physical model was constructed according to the FDU unit used at
MOTOR JIKOV Slévarna (Foundry) a.s. Essential components of the system include a plexiglass vessel
(refining pan model), graphite impeller, baffle and optic probes to measure oxygen concentration in water. The
impeller is propelled by an electric motor with speed regulation. In order to respect geometric conformity of the
model and the work, the model vessel was manufactured in the 1:1 ratio with respect to the operating pan.
The tested impellers and the baffle (see Figure 5) are standard components used in operating conditions.
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Figure 4 lllustration of the physical model, components layout
and base dimensions of the model assembly
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Figure 5 Impeller design

The principle of physical modelling was aimed at capturing molten mass degassing intensity and analysing
how the harmful gas content decreases with various parameter values under laboratory conditions. For this
purpose, it was necessary to choose appropriate media that would preserve dynamic similarity between the
model and the actual work. Therefore, molten aluminum was replaced with water and the hydrogen to be
removed was replaced with oxygen. To give a better idea, basic characteristics of molten aluminum and model
media are presented in Table 1.

Table 1 Properties of molten aluminum and model media

Parameter Aluminum Water Oxygen
Temperature (°C) 750 20 20
Density (kg:m-3) 2345 998.2 1.299
Dynamic viscosity (kg'm-1-s-1) 1.200:103 1.003-103 0.019-103
Kinematic viscosity (m2-s1) 0.51-10°6 1.01-10°6 14.77-106

Table 2 presents operating conditions of the molten aluminum refining process; these conditions were used
as a basis to determine the physical modelling conditions for the studied impeller types. Based on these
conditions, laboratory experiments using the physical model were defined and carried out in order to describe
the effects of key refining process variables on molten mass degassing intensity. The actual parameters and
conditions of individual experiments using the FDU physical model were designed in cooperation with
technologists of the Die-casting Division of MOTOR JIKOV Slévarna (Foundry) a.s. Basic parameters taken into
account when defining the model variants included: impeller type, working height, number of baffles, rotation

frequency, and the inert gas (Ar) flow rate.

Table 1 Definitions of model parameters

Impeller A Impeller B
Parameter Operating Physical Operating Physical
conditions model conditions model

Working height of impeller (mm) 200 150* 150 150
Number of baffles (pc) 1 1 1 1
Refinement time (s) 180 180 180 180
Rotation frequency (rpm) 350 325 to 400 375 325 to 400
Inert gas type (xxx) Nitrogen Argon Nitrogen Argon
Inert gas flow rate (NI-min-1) 17 13to 19 15 13to 19

* Included to allow efficiency comparison with the other impeller type
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The presented research focused on describing the effect of impeller shape on degassing intensity. Two
impeller types were chosen for this purpose (see Figure 5). The efficiency of each impeller was verified under
different parameter settings, and therefore variants of experiments with different rotation frequencies and inert
gas flow rates were defined for each. In order to verify the impact of the impeller shape on degassing intensity,
16 experiment variants were carried out for each impeller type, whose parameters are presented in Table 3.

Table 3 Definitions of modelled variants — impellers A and B

Working height (mm) 150

Baffles (pc) 1

Rotation frequency (rpm) 325 350 375 400

Argon flow rate (NI-min-L) 131517 | 1913 15[ 17 |10]13[ 15|17 |10[ 13|15 17 19

3. RESULTS AND DISCUSSION

Experiments using the physical model provided time dependence of oxygen concentration decrease in water,
illustrated in Figure 6 and Figure 7. Considering the quality of the results, only selected graphs are provided
below, demonstrating the effect of changes in impeller rotation frequency and inert gas flow rate. To give an
idea, Figure 6 and Figure 7 show concentration curves measured at 350 and 400 rpm and various argon flow
rates for both impeller types. Clearly, the process of oxygen removal from water is accelerated as the flow rate
of argon increases. An increase of rotation frequency of the impeller had a similar effect, as well.
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Figure 6 Concentration curves measured on the physical model — impeller A
— change of argon flow rate and rotation frequency
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Figure 7 Concentration curves measured on the physical model — impeller B
— change of argon flow rate and rotation frequency
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The curves above were used as the basis to assess impeller efficiency. Under operating conditions, the
duration of molten aluminum refining is 180 s. Thus in accordance with operating conditions, the physical
modelling results were analysed after 180 s of degassing (as indicated in Figure 6 and Figure 7). The results
are presented in Figure 8, which shows oxygen concentration values in water after 180 s of degassing under
various conditions. As follows from the results, of the two studied impellers, impeller A shows the lowest oxygen
concentration values in water after 180 s under any combination of the defined conditions. Thus it can be
stated that impeller A provides higher degassing efficiency compared to impeller B.
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Figure 8 Comparison of measured values of oxygen concentration after 180 s of deoxygenation for impeller A and B

4. CONCLUSIONS

A physical model of the FDU refining unit was constructed for the model-based study of molten aluminum
degassing. The model was used for experiments in order to compare various types of graphite impellers in
terms of their efficiency of oxygen removal from water. The defined conclusions can be summarized as follows:

4 Experiment variants were defined for each of the impeller types A and B to determine degassing efficiency.
Impeller efficiency was mapped in a wider range of operating parameters. Impeller rotation frequency was
defined in the range of 325 to 400 rpmand argon flow rate in the range of 13 to 19 NI-min.

v Evaluation of the results revealed an impact on impeller rotation frequency and argon flow rate on
degassing efficiency. While increasing rotation frequency under constant argon flow rate, oxygen
concentrations in water achieved after 180 s of degassing were decreasing.

v The impact of argon flow rate was similar. With increased argon flow rate under constant rotation
frequency, lower oxygen concentrations in water were achieved after 180 s of degassing in the physical
model.

v In all tested parameter combinations, impeller A achieved lower oxygen concentrations in water after
180 s of degassing in the physical model. Thus it can be stated that impeller A provides a higher
degassing efficiency compared to impeller B.

In further research stages, the results will be tested and verified in the FDU operating unit at MOTOR JIKOV
Slévarna (Foundry) a.s.
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