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Abstract

The paper describes the use of physical modelling to study the degassing of aluminum melts in the refining
ladle by inert gas blowing. The technology of blowing inert gas into the ladle through a rotating impeller is the
most common method in operating conditions to reduce the unwanted phases content in molten aluminum,
e.g. hydrogen. The high efficiency of this process is related to the creation of fine bubbles with a high interphase
surface, their equal distribution into the whole volume of the refining ladle and with relatively long period of its
effect in the melt. The presented paper is focused on the evaluation of laboratory experiments obtained using
the physical modelling method; special attention is focused on the assessment of relevant parameters for the
degassing process - flow rate of inert gas, rotary impeller speeds and impeller variant.
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1. INTRODUCTION

Optimisation of the degassing process is difficult under operating conditions. Therefore, in laboratory
conditions, so-called modelling is used, where the original work is replaced by the model. The technology of
modelling is divided to two basic methods. In numerical modelling, the process is replaced by
a mathematical model formed of a system of partial differential equations. In the case of physical modelling,
there is a method, in which the real system is replaced by a tangible physical model, which is as close as
possible to the behaviour of the real system. In this method, both the work and the model have the same
physical substance. One of the advantages of physical modelling is the possibility of visual monitoring and
evaluating of the process under review. The results achieved on the model can predict the real system
behaviour. The combination of physical and numerical modelling is an optimal model research variant [1].

2, EXPERIMENTAL CONDITIONS

Physical modelling of degassing the aluminum melt by inert gas blowing is quite widely used [2]. In the case
of physical modelling, the aluminum melt is substituted by water. The water is used due to its low cost, good
availability and especially because it has similar physical properties as liquid aluminum. A comparison of the
basic parameters of aluminum and water is shown in Table 1.

Laboratory experiments were conducted in accordance with the theory of similarity between the model and the
work, based on the identity of Froude’s criterion. It is necessary to observe in particular geometrical similarity
of the work and its model, and dynamic similarity of fluid flow in work and its model.

Table 1 Comparison of basic physical parameters of the aluminum melt and water [1]

Parameter Symbol Unit Aluminum Water
Melting temperature T K 1023 293
Density p kg-m3 2345 998.5
Dynamic viscosity n kg-m'-s’! 0.00120 0.00101
Kinematic viscosity % m?-s™" 0.51-10° 1.012-10°
Surface tension o N-m-" 0.680 0.072
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Experiments investigating degassing the metal melt with inert gas in refining ladle were performed in the
Laboratory of Physical and Numerical Modelling at the Department of Metallurgy and Foundry, FMT
(Faculty of Materials Science and Technology), VSB - TU Ostrava. The physical model was made of organic
glass (plexiglass) at a 1:1 geometric scale for a pilot plant of warm refining ladle model. Also, two graphite
baffles for suppressing excessive surface ripple and vortex formation were included in the physical modelling.
Figure 1 shows a physical model assembly and Figure 2 shows two variants of the impellers used.

Figure 1 Physical model assembly: refining ladle, Figure 2 Detail of the impeller head for physical
impeller, 2x baffles and measuring probes modelling: variant J8 (left), variant F2A

The change of the impeller immersion was solved by a hydraulically controlled platform on which physical
model of the ladle was placed. Rotary impeller speeds (revolutions per minute; rpm) were resolved by using
an asynchronous motor, powered through an inverter. Mass flowmeters and needle valves were used to
measure and regulate the flow of gases (oxygen and argon).

The decrease of hydrogen content in the aluminum melt during inert gas refining was simulated in the physical
model by a decrease in the dissolved oxygen content in the model liquid (water). Before each experiment,
water was saturated with gaseous oxygen to the value of 23 ppm (23 mg O2-I'! of water) through the rotating
impeller. The actual experiment was started with exact rotary impeller speed and flow rate of argon. For oxygen
content measuring, two optical fluorescence probes were used, each of them was placed in two different
positions of the ladle model. Figure 3 shows the basic dimensional data of the physical model, including the
location of the measuring probes.
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Figure 3 Basic dimensional data of physical model
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3. EXPERIMENTS AND THEIR EVALUATION

The main aim of physical modelling was to achieve insight into the effect of relevant parameters
(see Table 2) on the removal of dissolved oxygen during refining. The research concentrated on rotary impeller
speeds, inert gas flow and impeller variant.

Table 2 Overview of the experiments performed

Variant of impeller J8 J8 J8 F2A

250 250

. 350 350 350 350

Rotary impeller speeds (rpm) 500 500 500 500
650 650 650

Flow rate of Ar (NI'min") 5.0 10.0 15.0 10.0

The results of individual experiments were evaluated and processed into graphs, which characterise the time
dependence of the course of the reduction of oxygen concentration during refining with inert gas. Due to the
relatively small volume and high processability to homogenize the bath, the data from both probes
(A1 - upper probe, A2 - lower probe) was almost identical. It can be therefore stated that the decrease in
oxygen concentration has the same character in both parts, the lower and upper part of the refining ladle.
Therefore, data from the lower probe A2 were used for evaluation.

The most important parameters that have a significant effect on the refining process (dewatering) include the
rotary impeller speeds and the flow rate of argon fed to the impeller. From the graphs shown above
(see Figure 4), a significant effect of increased rotary impeller speeds on the oxygen content reduction process
can be demonstrated. The co-decision factor is also the flow rate of inert gas. At low flow rates of inert gas of
5 NI-min-' (see Figure 4 a), the process of reducing dissolved oxygen is slow and the oxygen concentration is
not reduced to 0 ppm. At higher flow rates of inert gas of 15 NI-min-! (see Figure 4 c) a relatively low rotary
speeds increase from 250 rpm to 350 rpm leads to an increase in the slope of the oxygen concentration curve
and hence even to a sharp time decrease. We can also assume that increasing the rotary speed above 650
rpm will no longer have a great positive effect.

The results shown above can also be interpreted as the effect of the flow rate of inert gas at constant rotary
speeds, when the flow rate of argon is influenced by 5, 10 a 15 NI-min-" at gradually increasing rotary speeds
of 350, 500 and 650 rpm (see Figure 5). Increasing the flow rate of inert gas has a very similar effect to
increasing the rotary impeller speeds. By increasing the volume of inert gas is the melt, the reaction surface
of the bubbles of the inert gas is also increased, resulting in an increase in the efficiency of the oxygen
decrease process. Another finding that we can observe in all graphs is the sharp increase in process efficiency
with a flow rate increase from 5 NI-min-! to 10 NI-min-'. Another increase of 5 NI-min-' to the final 15 NI-min-"*
no longer has the same effect and we can therefore assume that further increases will not have a significant
effect on efficiency.

The impeller variant can have a significant effect on the refining process as its shape and design can generate
a completely different degree of turbulence in the refining ladle at the same rotary speeds and volume flow.
The aim of the experimental study was to compare the variant of the J8 impeller with the previously verified
F2A impeller [3]. Figure 6 shows the comparison of results obtained with both impellers at different rotary
speeds and at a constant flow rate of inert gas of 10 NI-min-', constant distance from the bottom 100 mm and
with the use of two baffles. It can be seen from Figure 6 that the refining efficiency at the rotary speeds of 250
rpm is virtually identical for both impellers. At 350 rpm, it was found that the use of the F2A impeller leads to
an apparently faster decrease in dissolved oxygen content during refining, at 500 rpm the efficiency of both
impellers differs less.
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Figure 6 Influence of the variant of impeller: J8, F2A

During the experiments, photos of the bath behaviour inside the model were taken, from which the fluid flow
and the amount and distribution of inert gas bubbles could be evaluated. In these photos, the effect
of increasing rotary speeds ranging from 350 to 650 rpm is evident, with the more intense distribution
of bubbles throughout the refining ladle volume, as well as a higher level of bath surface ripple. For illustration,
photos are shown at rotary speeds of 350, 500 and 650 rpm and at a flow rate of inert gas of 10 NI-min-"*
(see Figure 7).

a) rotary impeller speed: 350 rpm  b) rotary impeller speed: 500 rpm  c) rotary impeller speed: 650 rpm

Figure 7 Example of the internal flow character, behaviour and distribution of the generated blown
Ar bubbles and flow rate of Ar 10 NI-min-"

The results obtained were also compared based on the time to reach the dimensionless concentration of
0.5 and 0.1 (see Figure 8 a Figure 9). The times tos and 7o.1 under which the oxygen concentration in the
bath was reduced, were compared at 50 % and 90 % respectively, in which the so-called dimensionless
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concentrations Cx = 0.5 a Cx = 0.1 are achieved. These parameters can characterise decrease of the rate of
dissolved oxygen in the bath.
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Figure 8 Comparison of the influence of the volume flow rate of argon and the impeller variant J8
rotary speed

The greatest influence on the reduction of oxygen concentration has impeller speed and volume flow rate.
From Figure 8 we can confirm the conclusions set out in the previous section, analyses of experiments.
Increasing the rotation speeds and increasing the volume flow rate of argon flow instantly reduces the oxygen

concentration, same in time Tos, and also in time To.1.

The graphs in Figure 9 show the efficiency of the F2A impeller compared to the J8 impeller. At impeller speed
of 250 rpm the efficiency is the same for both variants. When the rotary speeds are increased to
350 rpm, the F2A impeller produces better results.
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Figure 9 Comparison of the influence of the impeller variant with the volume flow rate of argon

Experiments were conducted under laboratory conditions to determine and evaluate the effect of each
parameter on the efficiency of the melt refining process. The ability to influence the efficiency of the process

was compared for individual parameters.
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The evaluation of the experiments was carried out in three phases. In the first phase, visualisation photos were
taken, where the size of bubbles and the distribution of these bubbles into the volume of the refining ladle were
studied. During the experiments, the oxygen concentration in the bath was obtained and recorded and used
in the graphs. In the last evaluation phase, the results were compared on the basis of the time of reaching a
certain concentration in the bath (in this case 0.5 and 0.1).

From the results of the physical modelling we can see that the used optical fluorescence probes allow the
correct measurement of the evolution of reduction of the oxygen content in water. Based on a series of
experiments, it was proven that the rotary impeller speeds and the volume flow rate of the refining gas have a
significant impact on the process of decreasing the oxygen content in water.
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