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Today there are many reactors used in refining of primary and secondary aluminium. Continuous reactor URC-7000 
is one of them. The model of such reactor was built at 1:3 scale. The physical modelling research was conducted tak-
ing into account the flow rate of refining gas and its influence of the dispersion level. There are two nozzles introduc-
ing a gas. The carried out tests included the different flow rate of a gas through the nozzles (from 5 to 15 dm3/min). 
Additionally, the mixing characteristics were measured and discussed for different flow rate of an inert gas.  
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INTRODUCTION

Today aluminium refining, especially using blow-
ing with inert argon has become one of the main stages 
of aluminium production. During this operation the 
hydrogen in liquid metal as an impurity is removed. 
There are many technological solutions of this pro-
cess, however generally they can be divided, taking 
into account the way of operation, into the bath and 
continuous reactors [1]. 

As a refining gas chlorine and/or argon are used. The 
efficiency of applying such gases is comparable; the fi-
nal hydrogen concentration is almost at the same level. 
However, the removal of metallic impurities when us-
ing argon is very slight. Additionally, the layer of dross 
is considerably heavier. It is quite opposite when apply-
ing chlorine as a refining gas. It removes even 70% of 
impurities and the layer of dross is very light. After tak-
ing into account the harmfulness of chlorine and its 
negative impact on the environment, the argon is today 
the most popular used gas for aluminium refining [2].

Refining gas can be introduced to the liquid alumin-
ium by many different ways; by means of lances, ce-
ramic porous plugs, or the most popular rotary impel-
lers. Such equipment is very important because decides 
if the refining gas is well mixed in the liquid metal, so 
the uniform dispersion in the whole volume of the reac-
tor can be obtained. It also influences the course of the 
process and refining time [3,4]. 

One of the popular reactors used for continuous re-
fining is Polish URC-700 reactor. Such reactor is 
equipped with two chambers: refining and filtration. In 
refining chamber gas is introduced into the liquid metal 

by two ceramic porous plugs placed in the bottom of the 
reactor. Then the liquid metal is fulfilled with gas bub-
bles, which as a consequence absorb hydrogen and pick 
it up to the surface together with nonmetallic impurities. 
In this process the most important factors influencing 
the process are: time, temperature and the area of mass 
exchange. The smaller gas bubbles, the better their dis-
persion in the liquid metallic phase – area of mass ex-
change is bigger so the way of hydrogen diffusion is 
shorter [5,6].

The choice of appropriate processing parameters for 
such reactors is very important taking into account their 
correct and economical work. Because it is hard to test 
such reactors in industry, modelling research both phys-
ical and numerical is often used [7-10].

METHODOLOGY OF THE RESEARCH

The aim of the research was to determine the opti-
mal technological parameters (mainly the flow rate of 
refining gas) of the blowing aluminium by inert gas in 
the reactor URC-7000. The speed of mixing was also 
checked when the porous plugs introduced the refining 
gas into the liquid metal with different flow rate.

Research was carried out using the test stand of 
URC-7000 reactor water model – see Figure 1. Such 
model was made at the scale 1:3.

Such model is used when the simulation of hydrody-
namic conditions occurring in the liquid aluminium dur-
ing its refining needs to be obtained. The similarity of the 
model to the real URC-7000 reactor is fulfilled basing on 
the geometrical, dynamic and kinetic similarity. To deter-
mine the dynamic similarity the rule of criterial numbers 
equality in the model and real object was applied. Kinetic 
similarity was determined by means of scale method, in 
which the modified Froude`s number was used [11]. 
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The carried out research was divided into two stag-
es. First stage was based on measuring the change of 
modelling agent conductivity after introducing tracer 
into the system. As a tracer 5 % water solution of NaCl 
(150 g) was used. Such tracer was introduced near the 
inlet through 5 s (impulse signal input function). The 
variation of tracer concentration was registered continu-
ously in the chosen measurement points (see Figure 2) 
by means of conductometers. The conducted measure-
ments enable to determine the distribution of tracer con-
centration changes in the chosen points of the reactor 
working zones.

In the second stage the visualization research was 
conducted. Such research enables to determine the level 
of gas bubbles dispersion in the liquid metal for the 
tested cases. 

Table 1 shows the variants of different flow rate of 
the refining gas introduced by ceramic porous plugs 
(nozzle 1 or 2).  

RESULTS OF RESEARCH

– Analysis of mixing curves

Figure 3 presents the chosen results of conductivity 
research after introduction of tracer to modelling agent 
for case A, C and E for all three sensors (concentration 
versus the time). 

Table 1  The variants of flow rate of refining gas and water 

used in the modelling research 

Case
Flow rate / dm3∙min-1

argon water

A
Nozzle 1 5

11

Nozzle 2 5

B
Nozzle 1 10
Nozzle 2 10

C
Nozzle 1 15
Nozzle 2 15

D
Nozzle 1 5
Nozzle 2 10

E
Nozzle 1 10
Nozzle 2 5

F
Nozzle 1 5
Nozzle 2 15

G
Nozzle 1 15
Nozzle 2 5

H
Nozzle 1 10
Nozzle 2 15

I
Nozzle 1 15
Nozzle 2 10

Analyzing the curves presented in Figure 3, particu-
larly in the range from 0 to 50 s, the considerable differ-
ence can be seen between single curves corresponding 
to the place of sensor fixing. The course of curves sug-
gests that the flow in the studied object is complex and 
differentiated. In the place of fixing the sensor No 1 for 
all studied cases the highest point is observed (the high-
est value of tracer concentration). Its maximal value de-
pends on the studied case. That means in the region of 
fixing sensor No 1 the bypass flow can occur.

For the sensor No 3 some leaps of conductivity are 
observed – such turbulences can be explained by the 
place of its fixing (on the outlet from the reactor), so 
there is incorrect contact with the modelling agent. This 
is why the measurement coming from this sensor was 
neglected in the next stage of analysis. 

To obtain dimensionless characteristics they had to be 
calculated according to [12]. For the accurate presenta-
tion of the curves, the axes of time were limited to 50 s. 
Analyzing the obtained curves the considerable differ-
ence between them can be seen.  Time of tracer moving 
to the sensor No 2 (see Figure 4) is much longer than to 
the sensor No 1. The considerably lower peak of maxi-
mal concentration for the sensor No 2 can be also seen. 

It is a result of sensor fixing and also the structure of 
the flow and it is also connected with the processing 
parameters of the research, so mainly the flow rate of 
refining gas.

Figure 1  a) The test stand used for modelling research b) with 
the description

Figure 2  The places of: tracer introduction and 
conductometers sensor fixed
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D; for this case also the highest point is seen. For Case 
C (flow rate of gas through both nozzles is 15 dm3∙min-1) 
time of tracer moving to the sensor is the longest. For 
Case F such time is comparable however there is almost 
no peak of maximal concentration. 

Analyzing the curves obtained for the sensor No 2 
the shortest time of tracer moving to the sensor and the 
highest point of maximal tracer concentration is ob-
served for Case B.

For some studied cases, among others Case B (see 
Figure 4b), the occurring of the backing circulation es-
pecially in the area of the sensor can be clearly seen 
(renewed increase of tracer concentration). That means, 
that in the studied cases there is not enough mixing 
(tracer distribution) in the whole object. 

The longest time of tracer coming to the sensor is 
observed for the Case G, whereas in Case F and H there 
is no clear peak.

To sum up, the characteristics of the tracer distribu-
tion allow to estimate the influence of the change of the 
processing parameters (flow rate of refining gas). They 
also give information about the structure of the flow 

Figure 3  Concentration of tracer (in studied points) as a 
function of time: a) Case A, b) Case C, c) Case E

Figure 4  Dimensionless characteristics for: 
a) sensor No 1, b) sensor No 2

Figure 4 presents the characteristics of mixing for 
the studied cases; they are in the dimensionless form for 
the purpose of direct comparison. The shorter time of 
tracer moving to the sensor No 1 is observed for Case 
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(the condition of mixing) that occurs in the studied ob-
ject. The most favourable conditions for refining pro-
cess conducted in URC-7000 reactor are for Case C. 

–˝ Determination of gas bubbles 

dispersion

Figure 5 shows the chosen measurements illustrat-
ing the gas bubbles dispersion in modelling agent in the 
whole volume of the reactor. For Case A and B the min-
imal dispersion is seen. It is characterized by the single 
gas bubbles rising up to the surface – such dispersion is 
seen only in the area of bubbles generation – there is no 
mixing in the whole reactor. For Case C, D, H and I the 
uniform dispersion is observed. The single gas bubbles 
and also bubbles chains are rising up to the top of the 
reactor. Well mixing of gas bubbles with liquid is seen, 
there is no dispersion only in the bottom part of the re-
actor (near the nozzles); swirls on the upper part of the 
reactor cause mixing in that area. For case E, G and I 
swirls are observed, which are not favourable for the 
studied process, because they can again adsorb hydro-
gen to the liquid metal.

CONCLUSIONS

Basing on the conducted research the following con-
clusions were drawn:
- Variable parameters of flow rate of refining gas in-

troduced into the model influence the process 
course. Physical modelling makes it easy to choose 
the appropriate parameters in the real process.

- Time of tracer coming to the sensor No 1 is shorter 
in Cases E, G and I; in these cases the flow rate of 
gas introduced by the nozzle 1 is higher than by the 
nozzle 2.

- When the flow rate of gas is small (in case of all 
nozzles – Case A) dispersion of gas bubbles in liquid 
is seen only in some parts of the reactor, the same 
situation is observed for Cases B, D and F.

- For Cases E, G and I swirls are occurring, which are 
not favourable to the studied process.

- The most favourable conditions of working are ob-
tained for Cases C and H taking into account the 
curves of mixing and the dispersion of gas bubbles.

Acknowledgements

To the Julii Merder for assistance in the research.

REFERENCES

[1] J.Y. Oldshue: Fluid mixing technology, Chemical Engine-
ering, McGraw-Hill Publications Co., New York (1983).

[2] L. Pietrewicz, W. Wężyk: Aluminium Conference, Zako-
pane, (1998)

[3] K.A. Carpenter, M.J. Hanagan: Light Metals, TMS, 
(2001), 1017-1020.

[4] J.A. Clumpner, J.Dore, W.L. Hoffman, Light Metals, TMS, 
(1981), 751-755.

[5] M. Saternus, Botor J.: Archives of Metallurgy and Mate-
rials, 55 (2010) 2, 463-475. 

[6] J.T. Bopp, D.V. Neff, E. Stankiewicz, Light Metals, TMS, 
(1987), 729-733.

[7] J. Pieprzyca: Metalurgija, 52 (2013) 2, 157-160.
[8] B. Panic: Metalurgija, 52 (2013) 2, 111-180.
[9] M. Saternus, J. Botor: Metalurgija, 48 (2009) 3, 175-179.
[10] M. Saternus, T. Merder, J. Pieprzyca: Metalurgija, 53 

(2014) 2, 205-208. 
[11] Internal Report: Silesian University of Technology, IMT 

Katowice (2014).
[12] C.Y. Wen, L.T. Fan: Models for flow systems and chemical 

reactions, Dekker, New York, (1975).

Note:  The responsible translator for English language is M. Kingsford, 
Katowice, Poland

Figure 5 Characteristics of dispersion 
occurring in the process of argon 
blowing through water in the 
dependence of the flow rate of refining 
gas: a) Case A, b) Case B, c) Case C, 
d) Case D, e) Case E, f ) Case F, g) Case G, 
h) Case H, i) Case I


