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Summary
Problem of bubble mineralization, representing the most important fl otation stage and resulting in measurable outcomes described 
by fl otation concentrate yield, is of a key importance research problem from practical point of view. Most of publication in the litera-
ture refer to the global study on the impact of selected factors (size of the bubbles, the particle coverage ratio with fl otation reagents, 
hydrophobic properties of particles) on the results of fl otation. A decisive role in this process is played by dispersive properties of the 
gas phase, which is the main factor aff ecting the results of upgrading process, defi ning the operation conditions of the fl otation ma-
chine or the degree of aeration of fl otation pulp. Th e paper presents the results of the assessment of the infl uence of selected physical 
parameters on the size of air bubbles generated in the working chamber of pneumatic-mechanical type of  fl otation machine. Th e 
variables, directly related to the size and the way the dispersion of air bubbles, were the dispensed amount of air and the number 
of rotor’s rotation at fi xed physicochemical conditions. Th ese parameters were determined in order to characterize the dispersion of 
air in the two-phase liquid-gas. Th e study was carried out on the unique device, with using video recording techniques and image 
analysis.

Keywords: fl otation, bubbles dispersion, bubble size population

Introduction
The results of the fl otation process course are de-
termined by a number of factors of a random char-
acter, like: collision of single particle with air bub-
ble, adhesion of particle to the surface of bubble 
and detachment process. Due to the random nature 
of these factors it is only possible to talk about the 
probability of occurrence of a specifi c event, af-
fecting the speed of the process course and thus a 
constant speed of fl otation process (Brożek et al., 
2003).  Many models, linking the speed of fl otation 
course with the phenomena occurring in the fl ota-
tion cell and conditioning it from the physical and 
physicochemical factors affecting the fl otation, can 
be found in literature. Therefore investigations over 
the impact of various factors on the kinetics of fl o-
tation are equivalent to study the impact of these 
factors on the value of fl otation speed. Indeed, this 
volume is of a macroscopic character and should 
contain any information about the qualitative and 
quantitative infl uence of the parameters investi-
gated on the upgrading process (Yoon and Luttrell 
1989, Varbanov et al. 1993, Yoon and Mao 1996, 
Brożek et al. 2003, Brożek 2010, Saramak et al. 
2012). Based on heuristic considerations and full 

stochastic model, it is possible to specify the val-
ues infl uencing the constant of fl otation speed of 
the fi rst order, to estimate the intensity of subpro-
cesses of adhesion and detachment in specifi c phys-
icochemical and hydrodynamic conditions in the 
fl otation cell (Brożek and Młynarczykowska 2005, 
2006, 2010, 2012).  

From a practical point of view the most import-
ant stage of fl otation is the process of mineralization 
of air bubbles, it is therefore an important research 
problem. In the literature, most of investigations re-
fer to the study over the impact of selected factors 
(size of the bubbles, the degree of covering the par-
ticle surface with fl otation reagents, hydrophobic 
properties of particles) on the results of fl otation. 
There are relatively few works based on heuristic 
analysis of basic phenomena occurring in fl otation, 
and more precisely, during the process of bubble 
mineralization.

Crucial role in this process play dispersive 
properties of the gas phase, which is a key factor 
affecting the upgrading process results, specifying 
the operation manner of fl otation machine or the 
degree of aeration of fl otation pulp. The character-
istics of the gas phase in a fl otation chamber con-
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sists of: the volume and distribution of air bubbles 
generated in the fl otation cell, the volume of gas 
fl owing through the cross-sectional areas of the 
chamber per unit time (Jg [m/s]), the volumetric 
concentration of gas in the fl otation cell (εg [%]) 
and the stream of surface bubble fl owing through 
the cross-sectional area of the fl otation chamber per 
unit time (Sb [1/s]).

Bearing in mind that the process of the air bub-
ble mineralization, that is a formation of stable ag-
gregates of fl otation, is a necessary condition for 
the occurrence of fl otation process, the properties 
of the gas phase are of essential importance in this 
process.

The above considerations are the basis for em-
pirical verifi cation of  characteristics of the gas 
phase in the fl otation process at variable physi-
cochemical and hydrodynamic conditions in the 
working chamber of fl otation machine. 

The article presents the results of the assess-
ment of the infl uence of selected physical param-
eters on the size of air bubbles generated in the 
chamber of pneumatic-mechanical type of fl otation 
machine. The dispensed amount of air and number 
of rotations of the rotor at fi xed physicochemical 
conditions, were the variables directly related to 
the size and the way of air bubble dispersion. The 
study was limited to the execution of direct mea-
surements only in designated sectors of the working 

chamber due to its symmetrical structure. The ex-
periment was carried out on a unique testing device 
utilizing visual techniques of image recording and 
analyzing, allowing for counting the population of 
generated air bubbles together with simultaneous 
analysis of indicated size parameters, like: Feret’s 
diameter, circumference, surface area of the object. 
The above parameters were determined to char-
acterize the dispersion of air in the two-phase liq-
uid-gas system.

Testing equipment
The tests were carried out in the Laboratory of In-
strumental Methods in Department of Environmen-
tal Engineering and Mineral Processing, Faculty 
of Mining and Geoengineering, AGH University 
of Science and Technology in Krakow, using the 
testing device (Fig.1) developed within the frame-
work of the research project KBN No. 4 T12A 035 
30/2009, under the leadership of the Author of  this 
paper. The testing equipment consists of: fl ota-
tion machine of pneumo-mechanical type with the 
working chamber and the automatic control system, 
vacuum pump, cylinder with compressed air, vid-
eo recording system consisting of a digital camera 
with Nikon lens, fl ash strobe DRELOSCOP 3009 
lamp, the "Luba Tube" system and control device 
with suitable software (Malysa et all, 1999a). Flo-
tation machine has the ability to automatically con-

Fig. 1. The scheme of the research
Rys. 1 Schemat stanowiska badawczego (Nyrek A., Oleksik K., 2014)
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trol the air fl ow rate, the number of rotation of the 
rotor, the rotational speed of the scraper, to main-
tain a constant level of liquid or fl otation pulp, by 
means of suitable professional software. 

The measurement methodology
The proper execution of the experiment required 
fi lling with water of fl otation machine working 
chamber with using the "Luba Tube" system, to 
which the liquid was sucked in by the vacuum 
pump working continuously during the course of 
investigations. Based on a number of preliminary 
analyses, there were determined fi nal range of oper-
ating parameters of fl otation machine like rotation 
of the rotor and fi xed air fl ow for physico-chemical 
conditions.

There were also worked out the optimal work 
parameters of the image recording system, that 
guarantee obtaining the proper quality of images 

for further analyses. Testing of the gas phase were 
carried out in distilled water, the surface tension of 
which on the border  of water-air phase was 72.75 
mN /m in temperature 20°C. Air bubbles in the 
working chamber of fl otation machine are produced 
from the gas stream. Large air bubbles fl owing from 
the pipe are broken down by a rotor blades into a 
number of smaller bubbles. The bubbles generated 
in given hydrodynamic conditions were discharged 
from the specifi ed area of fl otation cells through the 
"Luba Tube" system, and directed to the registra-
tion chamber, under observation of digital camera 
lens. Video recording the image of fl owing air bub-
bles was subject to further processing with using 
an image analysis software, to isolate a series of 
individual images and to determine the parameters 
characterizing the size of the gas bubbles.

Video recording time was 6 minutes, which 
was suffi cient to estimate the changes in the size 

Fig. 2. Elevational view of the fl otation cell with distinguished measurement sectors.
Rys. 2. Rzut pionowy komory fl otacyjnej z wyznaczonymi sektorami pomiaru.

Fig. 3. Sample image selected for analysis before and after the technical adjustment (rotor speed 1000 rpm, air fl ow rate 240 dm3/h)
Rys. 3. Wybrane próbki obrazów do analizy przed i po ustawieniach technicznych (prędkość wirnika 1000 obrotów na minutę, 

wskaźnik przepływu powietrza 240 dm3/h)
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of Feret's diameter, the surface and circumference 
of bubbles, and what constitute a reference to the 
conditions of implementation the laboratory tests 
for mineral fl otation.

Due to the symmetrical construction of the fl o-
tation cell, the sectors, indicated in Figure 2 and de-
noted as 0, A, B, C, were distinguished. A stream of 
generated air bubbles was led out from these sec-
tors. The results of ¼ of the chamber can be applied 
to the entire working area of the fl otation chamber.

Image analysis
Having obtained the registered image fl ow of air 
bubbles in a fl otation cell, single images were fi rst-
ly extracted from the fi lm. The amount of single 
frames in each sector varied from 180 to 400, but 
for standardization purposes the number of images 
to be analyzed will be limited to 200. Images with 
highest quality were then selected, however the 
technical correction of image quality was necessary 
before the fi nal image analysis, because  the soft-
ware operates on the basis of a fi xed grayscale. In 
the case of the overexposed photos, too light bub-
bles would not be included in the bubble surface 
or the overlapping bubbles could be accounted as a 
single bubble.

An adequate preparation of images is a very 
important stage of the research, as can be seen on 
the sample images (see fi gure 3a and 3b). They rep-
resent air bubble images recorded under identical 
conditions but measured in various stages of prepa-
ration for the fi nal analysis.

During the pre-selection of the experimental 
material it was also included the recording time of 

each frame, for purposes of further direct results 
comparison. Quantitative and qualitative analysis 
was conducted for images recorded at time t0=1 
sec., t1=5 sec., t2=10 sec. etc, that is, for the time 
interval equal to 5 seconds. As a result of the above 
selection, 40 images of each cell were selected, 
which, after technical adjustment, were analyzed 
by means of professional software.

Experimental results analysis
Tables 1–4 show the results of measurements for 
four sectors of fl otation chamber (that is: 0, A, B, 
C). The total volume of the chamber was 1 dm3. 
Tests were carried out for variable air fl ow (Q) at 
two value levels: 24 dm3/h and 240 dm3/h at a fi xed 
speed of the rotor (ω) 1350 rpm (for the section 0) 
1000 rpm (revolutions/minute), for sections A, B, 
C, respectively. An increased speed of rotor for air 
bubble fl ow measurement in section 0 were dictated 
by the results of preliminary experiments.

A thorough analysis, presented in accordance 
with the above measurement methodology, was 
carried out for each section, at given operating 
parameters of fl otation machine. This allowed for 
determination of the quantity and quality (Feret's 
diameter, circumference, surface area), of the air 
bubbles generated in the working chamber of the 
device. In the tables, in addition to the computed 
characteristics of the gas phase in the fl otation cell, 
there were also presented statistical characteristics, 
generated by the image analysis software (mean, 
standard deviation, standard error, 95% and 99% 
confi dence interval, number of measurements, min-
imum and maximum value). 

Tab. 1. Results for the „0” sector
Tab. 1. Wyniki pomiarów dla celi pomiarowej „0” komory fl otacyjnej
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Tab. 2. Results for the „A” sector
Tab. 2. Wyniki pomiarów dla celi pomiarowej „A” komory fl otacyjnej

Tab. 3. Results for the „B” sector
Tab. 3. Wyniki pomiarów dla celi pomiarowej „B” komory fl otacyjnej

Tab. 4. Results for the „C” sector
Tab. 4. Wyniki pomiarów dla celi pomiarowej „C” komory fl otacyjnej
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The air bubble population, generated in the 
section 0, for the fl ow rate 24 dm3/h is as much as 
twice larger than for increased aeration of the fl ota-
tion chamber. Bubble sizes are small and their av-
erage size is 1.318 mm2, Feret's diameter is equal to 
1 mm, while the average circumference of the bulb 
equals 3.341 mm. The ten times larger gas fl ow at 
simultaneous increase of the rotor speed, caused in 
reduction of the air bubble population of more than 
a half, together with the increase of average values 
of the surface area, Feret's diameter and circumfer-
ence of bubbles, which eqal respectively: 5.03 mm2, 

2.303 mm and 8.256 mm. For the other sections, the 
measurements were carried out at fi xed rotor speed 
(1000 rpm) and for two levels of air fl ow rate: min-
imum - 24 dm3/h and the maximum - 240 dm3/h.

In the section A, regardless the operat-
ing parameters of the fl otation machine, the 
amount of generated air bubbles were simi-
lar. The differences can be seen in the calculat-
ed values of the average area of the air bubbles 
generated at the minimum fl ow rate of 24 
dm3/h, which equals 2.333 mm2, while the max-
imum fl ow rate is equal to 6.649 mm2, that 

Fig. 5. Value changes of bubbles Feret’s diameter for air fl ow - 24 dm3/h 
Rys. 5. Zmiany wartości średnicy Fereta  pęcherzyków powietrza dla przepływu gazu 24 dm3/h 

Fig. 4. Value changes of bubbles Feret’s diameter for air fl ow 240 dm3/h
Rys. 4. Zmiany wartości średnicy Fereta pęcherzyków powietrza dla przepływu gazu 240 dm3/h 
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isthree times larger. With an increase in air fl ow 
rate, the average value of Feret's diameter and 
circumference of air bubbles, have also increased 
(Table 2).

Analyzing the results for Section B it can be 
seen that the values, calculated for the bubbles gen-
erated at maximum fl ow rate are approximately two 
times greater than the values for fl ow rate 24 dm3/h. 
It was also confi rmed by a signifi cant difference in 
numbers of bubbles in the stream. Signifi cant dis-
crepancies can be seen in minimum and maximum 
values of the air bubbles generated at the different 
aeration of fl otation chamber: bubble surface at min-
imal aeration equals 0.176 mm, while for maximum 
aeration the minimum bubble surface is 0.454 mm. 
A similar case occurs in both the minimum and 
maximum values Feret's diameter and circumfer-
ence of the bubble.

In section C, similarly as for the results obtained 
for section B, it can be seen that with the lower aer-
ation, the lower generation of air bubbles with small 
values Feret's diameter area and circumference, 
is observed.  Since the fl otation machine working 
chamber has a square cross-section, divided on 16 
symmetric parts (Fig.1.), it is possible to assess the 
impact of the measuring section position on the ob-
tained results. Results of measurements show that 
under the same operating parameters of fl otation 
machine, bubbles are larger and more numerous 
in the sections, which are located in the corner of 
the chamber. This is confi rmed by the analysis of 
the results obtained for Sections B and C, which 
have comparable population and size of air bub-
bles. In the section B at the air fl ow rate 24 dm3/h 
and 1000 rpm of rotor speed, average values are 
as follow: 2,479 mm2 of surface area, Feret's di-
ameter of 1,673 mm and a circumference of 5,64 
5mm, while for Section C average dimensions are 
larger and equal: surface area 3.251mm2, Feret's 
diameter1.844 mm and circumference of bubble: 
6.186 mm. In an analogous manner, values obtained 
for maximum air fl ow rate, are distributed.

In Figures 4 and 5 the change in the size of 
Feret's diameter for analyzed series of individual 
sections of the fl otation chamber, were presented. 
At fi xed conditions of maximum aeration of cham-
ber and maximum rotation of the rotor, the most 
bubbles reach a size from the range of 1.8-4.0 mm, 
which means that the generated bubbles are stable 
and have a stable shape close to a sphere. The larg-
est range of at a small population was obtained for 

bubbles in section “0”, which means that this sector 
of the working chamber was supplied by small por-
tion of poorly dispersed air. The results obtained for 
minimum air fl ow rate at fi xed speed of the rotor 
indicate on a dispersions of two separated groups 
of population versus the surface area of bubbles, 
which can be observed on the graph as a peak. A 
signifi cant number of micro-bubbles, with Feret's 
diameter in the range of 0.2-0.8 mm and half less of 
bubbles with Feret diameter of 1.5 to 2,1 mm, were 
generated.

It should be noted that for the stream of bub-
bles analyzed in section 0, and A, the number of 
observations was large (360 and 905, respective-
ly), which means that just this number of bubbles 
was of this dimension. The above results show 
that in the given measurement conditions, many 
microbubbles is generated, which potentially do 
not have a chance to create a permanent fl otation 
aggregates, but may be subject to a process of co-
alescence.

Summary and conclusion
1. Increasing the rotational speed of rotor results 
in reduction of air bubbles size, but at the same time 
increases their number.
2. Increasing the air fl ow rate has an effect of 
increasing the size of bubbles at the fi xed speed 
of the rotor.
3. Aeration infl uences the shape of the air bubbles. 
In the case of lower aeration the bubbles are of a 
smaller size, but they also have a more spherical 
shape, and with greater aeration ratio their dimen-
sions increase, but their shape is more irregular.

The presented experimental technique and mea-
surement methods are an excellent tool to study 
the properties of the gas phase during the fl otation 
process. It also can be used for analysis and simu-
lations of other phenomena that take place in a fl o-
tation cell with mechanical agitation, such as the 
study of the gas fl ow streams for different construc-
tion solutions.
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Analiza fazy gazu w  procesie fl otacji. Część I: Eksperymentalne określenie ilości pęcherzyków powietrza 
we fl otowniku pneumatyczno-mechanicznym

Problem mineralizacji pęcherzyków, będący najważniejszym etapem fl otacji i uzyskujący wymierne efekty widoczne przez wyda-
jność koncentratu, jest kluczowym tematem badań z praktycznego punktu widzenia. Większość publikacji na ten temat nawiązuje 
do ogólnych badań sprawdzających wpływ wybranych cech (rozmiar pęcherzyków, stosunek pokrycia cząsteczek z odczynnikami 
fl otacyjnymi, hydrofobiczne właściwości cząsteczek) na wyniki fl otacji. Decydującą rolę w  procesie odgrywają właściwości roz-
praszające w fazie gazu, które są głównym czynnikiem wpływającym na wyniki wzbogacania procesu, defi niowanie warunków 
operacyjnych maszyny fl otacyjnej oraz na stopień napowietrzenia pulpy fl otacyjnej. Artykuł przedstawia wyniki określające wpływ 
wybranych fi zycznych parametrów na rozmiar pęcherzyków powietrza, które tworzą się we włączonej komorze pneumatyczno-me-
chanicznego typu maszyny fl otacyjnej. Zmienne, które bezpośrednio powiązane są z  wielkością i  sposobem dyspersji pęcherzy-
kow powietrza, były wartościami podzielonymi na ilość powietrza oraz liczbę obrotów w wirniku przy określonych warunkach 
fi zyko-chemicznych. Parametry zostały tak określone, aby dobrze opisać właściwości dyspersji powietrza w dwóch fazach płynu 
– gazu. Badania przeprowadzono przy pomocy specjalnego urządzenia z użyciem technik nagrywania wideo oraz analizą obrazu.

Słowa kluczowe: fl otacja, dyspersja pęcherzyków, rozkład wielkości pęcherzyków




