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ABSTRACT

Purpose: The most popular method of aluminium refining is blowing of refining gas through the liquid metal.
The way the refining gas is introduced to the liquid metal significantly influences the time and course of
degassing process. Rotary impellers seem to be the best solution, especially taking into account reaching good
level of gas dispersion in the liquid aluminium. However, the construction of impellers also influences the
obtained gas dispersion in liquid metal, especially considering the processing parameters such as flow rate of
refining gas and rotary impeller speed.

Design/methodology/approach: To observe the phenomena occurring during the aluminium refining process
physical modelling was applied. Test stand for such modelling was built at 1:1 scale with the transparent tank to
observe the level of gas dispersion in the liquid. The built model has to fulfill the rules coming from the theory
of similarity.

Findings: The choice of optimal parameters is very important to the particular type of impeller. As a result of
research the processing parameters were chosen to the appropriate type of gas dispersion. The most desirable type
of dispersion is an uniform dispersion. According to the research the best impeller seems to be impeller No 1.
Research limitations/implications: There are differences between results coming from modelling research and
industrial test. So, the further research should be conducted with a chosen impeller in industrial conditions.
Practical implications: From industrial point of view it is important to test the impeller construction and their
geometry in laboratory before industrial test. It gives some ideas how the particular impeller will behave in
industry. To control the process of aluminium refining and conducting it optimally it is really important to know
its mechanism better.

Originality/value: This paper presents original modelling research of aluminium refining process conducted
in URO-200 reactor.
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1. Introduction

Nowadays aluminium refining process is one of the
technological stages of aluminium production. It gives possibility
to remove hydrogen which causes porosity and other impurities
such as sodium, calcium, oxides, borides, carbides
[1-3]. Different kinds of refining reactors are available in
aluminium industry. They can be divided taking into account (see
Table 1):

e the type of reactor: continuous or batch reactor,

e the way the refining gas is introduced to the metal: by rotary
impellers, ceramic porous plugs or different nozzles,

e the way the metallic and nonmetallic inclusions can be
removed: flotation or applying filter.

It can be seen that the dominating reactors are the ones in
which the gas is introduced by the rotary impellers. The impellers
used in those reactors have different shapes and constructions. In
Poland URO-200 reactor is popularly used in many aluminium
foundries.

Table 1.
Refining reactors applied in aluminium industry [3-11]
Way of gas Inclusions
Reactor Type introduction removal
ACD continuous rotary impeller flotation
AFD continuous rotary impeller filter
Alcoa 469 continuous ceramic plugs filter
Alcoa 622 continuous rotary impeller flotation
Alpur continuous rotary impeller flotation
ASV batch rotary impeller flotation
DMC continuous ceramic plugs filter
DUFI continuous ceramic plugs filter
FIF-50 continuous rotary impeller flotation
FILD continuous lance with holes filter
GBF continuous rotary impeller flotation
GIFS continuous rotary impeller flotation
HD-2000 batch rotary impeller flotation
HYCAST continuous rotary impeller flotation
1-60 SIR continuous plugs flotation
Jetcleaner continuous nozzles flotation
LARS continuous rotary impeller filter
MINT continuous nozzles filter
PHD-50 batch rotary impeller flotation
RDU continuous rotary impeller flotation
Rotoxal batch rotary impeller flotation
Shizunami batch rotary impeller flotation
SNIF batch rotary impeller flotation
URO-200 batch rotary impeller flotation
URC-7000  continuous ceramic plugs filter

2. Types of dispersion

Schemes of flows and the level of gas dispersion in the liquid
aluminium were studied by many authors [12-30]. Table 2
presents some results of these studies.

There different types of gas bubbles dispersion in the liquid
metal can be seen [12,13]:
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e creating small gas geysers at the surface of the metal — see
Fig. 1 - there is a lack of dispersion, only near the rotor
relatively big gas bubbles rise up the surface,

e minimal dispersion - see Fig. 2 - single gas bubbles rise up to
the surface, dispersion can be observed only in the area of gas
bubble generation, there is a lack of dispersion in the whole
volume of the liquid (especially near side walls and below the
impeller),

e intimate dispersion - Fig. 3 - single gas bubbles rise up to the
top of reactor, gas bubbles are well mixed with the liquid,
there is lack of gas bubbles only near the side walls and in the
bottom part of the reactor, near the impeller,

e uniform dispersion - Fig. 4 - single gas bubbles rise up to the
top of reactor creating somewhere chains, gas bubbles are
well mixed with the liquid in the whole reactor, the most
desirable type of dispersion,

e creating swirls and chain flow of gas bubbles - Fig. 5 - gas
bubbles create the chains, gas bubbles are well mixed with the
liquid metal in the whole reactor, however in some parts the
level of mixing is not so good, swirls can be observed at the
surface, which can cause the hydrogen go back to the metal.

Table 2.

Results of research concerning the gas bubbles dispersion in the

liquid aluminium [13-20]
Author

Characteristics
measurement of sound spectrum in the
reactor with rotary impeller by means of
hydrophone, connecting the obtained
spectrum with the dispersion of the
refining gas
analysis of schemes of refining gas
dispersion in reactor with rotary impeller
basing on the measurement of the power
in gassed metal and observation of cavity
formation
analysis of flow patterns in water model
of aluminium refining process occurring
in the reactor with rotary impellers by
considering the radial force to the
buoyancy force that prevail near the
impeller
analysis of flow patterns in water model
of aluminium refining process occurring
in the reactor with rotary impellers by
measuring the local pressure fluctuations
at point within the gas-liquid mixture
development of non-intrusive method in
which schemes of gas dispersion are
related to characteristic parameters
derived from the pressure fluctuations
measured on the gas supply
analysis of gas flow patterns in water
model of aluminium refining process
conducted in reactor with rotary impeller
basing on measurements of power by the
rotor (ratio of the gassed power to the un-
gassed power)

Hsi and et.

Warmoeskerken
and Smith

Chen and Zhao

Walker and et.

Zhao and Chen

Chen and Zhao

Chen, Zhao,
Lacey, Gray
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3. Modelling research

Physical modelling is very often used for modelling the
process of aluminium refining by means of gas blowing [21,22].
This method allows to obtain information about the phenomena
occurring in the process in easy and inexpensive way. Test stand
for modelling the process of aluminium refining in URO-200
reactor (see Figure 6) was designed in the Institute of Nonferrous
Metals - Light Metals Division in Skawina. It was built at 1:1
scale. Research was carried out in laboratory of Metallurgy
Department at the Silesian University of Technology. Water was
used as a modelling agent, and argon 4.6 as a refining gas.

Fig. 1. Scheme of creating small geysers at the metal surface

Fig. 3. Scheme of intimate dispersion Fig. 6. Test stand used for modelling research
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The built water model has to fulfill the rules coming from the
theory of similarity [23-26].Taking into account the construction
of the reactor the following similarities have to be fulfilled:

e geometric similarity of model and real object,
e hydrodynamic similarity for the flow of liquid in the model
and real object (kinetic, dynamic and heat similarity).

In physical modelling this problem can be solved basing on
the equality of appropriate criterial numbers in the model and the
real object. The most important numbers, taking into account the
construction of the reactor used in aluminium refining process and
the hydrodynamics of liquid flow are: Euler number, Reynolds
number, Froude number and Weber number. The Euler's criteria
is very important for the flows under pressure, so it can be
negligible for the flows in the refining reactors. Table 3 presents
the value of criterial numbers for water at temperature 293 K and
aluminium at temperature 973 K.

Table 3.
Value of criterial numbers for water at temperature 293 K
and aluminium at temperature 973 K

Volume 55 Issue 2 December 2012

4. Results of the research

Figure 8 presents representative results of the research taking
into account types of dispersion previously mentioned. Table 4
shows the choice of processing parameters to the particular
dispersion type taking into consideration the type of rotary
impeller. Small gas geysers are observed for every impeller and
every flow rate of gas when there is no rotation.

Minimal dispersion is observed for the impeller No 1 and 3
for the low rotary impeller speed - 200 rpm. For the impeller No 3
it is also observed for each flow rate of refining gas when the
rotary impeller speed is 300 rpm, and additionally for the flow
rate 5 dm*/min and 350 rpm. Intimate dispersion was registered
for each impeller and all flow rates of refining gas respectively:

e for the impeller No 1 from 300 rpm, for the flow rate of
refining gas equaled 20 dm*/min even when the rotary speed
is 200 rpm,

e for the impeller No 2 when the rotary impeller speed is
between 350 rpm to 400 rpm,

e for the impeller No 3 when the rotary impeller speed is

Criterial number Water Aluminium between 300 to 350 rpm.
Reynolds 27802.0 67392.0
Froude 84.24 21.41 Table 4.
Weber 0.0029 0.0029 Character of gas bubble dispersion for the particular impeller
Flow rate Dispersion type
During the research the level of gas dispersion was observed. of3gas., G MD : D 810) S
The processing parameters were changing: dm’/min Rotary impeller speed, rppm
e flow rate of refining gas from 5 to 20 dm*/min, Impeller No 1
e rotary impeller speed from 0 to 500 rpm. 350
Three different shapes of impellers (see Figure 7) were tested. 5 0 200 300 ‘5‘88 -
2) 350
10 0 200 300 400 -
500
350
15 0 - 300 400 500
200 350
20 0 - 300 400 500
Impeller No 2
0
b) 5 0 200 igg 500 -
300
200
10 0 300 400 500 -
350
200
15 0 300 400 500 -
350
200 350
9 20 0 300 400 500 -
Impeller No 3
300 400
> 0 200 350 500 )
300 400
10 0 200 350 500 -
300
15 0 200 350 400 500
300
. . . 20 0 200 400 500
Fig. 7. a) Impeller No 1, b) impeller No 2, ¢) impeller No 3 350
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a) b) Uniform dispersion, the most desirable, can be seen for every

flow rate of refining gas for:

e impeller No 1 - when rotary impeller speed is between 350 to
500 rpm and the flow rate of refining gas is small
(5-10 dm*/min),

e impeller No 2 - when the rotary impeller speed is rather high
to 500 rpm,

e impeller No 3 - when the rotary impeller speed is between
400 to 500 rpm.

The fifth case (swirls and chain flow) was observed for the
impeller No 1 and 3 when the flow rate of refining gas is between

15 to 20 dm*/min and the rotary impeller speed is 500 rpm.

-

.|
5;.
o

5. Conclusions

) d) The obtained results show that the best results of refining gas
dispersion in the liquid metal in the URO-200 reactor can be
reached when the impeller No 1 is applied. For this impeller the
optimal parameters to obtain uniform dispersion are: rotary
impeller speed 350 rpm and flow rate of refining gas 10 dm*/min.
Figure 9 presents the view of gas bubbles generated by impeller
No 1 - it can be seen that mixing of gas bubbles with liquid is
quite good and gas bubbles are rather small. Figures 10 and 11
present view of gas dispersion in the same processing parameters
but for impellers respectively No 2 and 3. Impeller No 3 also
gives good results, whereas the mixing in case of impeller No 2 is
not satisfactory, and gas bubbles are rather big.

e) f)

Fig. 9. Gas bubbles generated by the impeller No 1 (350 rpm,
15 dm’/min)

[®

Fig. 8. Results of research: a) small gas geysers (impeller No 3,
20 dm*/min, 500 rpm), b) minimal dispersion (impeller No 1,
10 dm*/min, 200 rpm), ¢) intimate dispersion (impeller No 2,
15 dm*/min, 350 rpm), d) uniform dispersion (impeller No 1,
15 dm*/min, 350 rpm), e) uniform dispersion (impeller No 3,
15 dm’/min, 350 rpm), f) case of creating swirls and chain flow Fig. 10. Gas bubbles generated by impeller No 2 (350 rpm,
(impeller No 1, 20 dm*/min, 500 rpm) 15 dm*/min)
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Fig. 11. Gas bubbles generated by impeller No 3 (350 rpm,
15 dm’/min)

To sum up, impeller No 2 gives satisfactory results when the
rotary impeller speed is relatively high (500 rpm). For this
impeller the further research should be conducted. However,
applying this impeller is not profitable taking into account the
economic point of view. Impeller No 1 seems to be the best one.
Thus, some more research especially in the industrial condition
should be carried out to approve the choice.
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