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Abstract. The article concerns investigations over the influence of selected parameters of the flotation
process course on the values of technological indices of beneficiation process assessment. Following
parameters were under evaluation: the pulp density, pulp aeration (measured through the rotational speed of
rotor) as well as dosage of flotation reagents. Four technological indices were registered: concentrate
recovery, concentrate grade, yield of the concentrate and the tails grade. There were calculated correlation
coefficients between selected parameters of flotation process course and the values of technological indices,
along with determination of significance of these coefficient, at accepted probability level 0.95. In the next
stage of investigations there were determined mathematical models with the concentrate recovery,
concentrate grade, yield of concentrate and tails grade as the functions of pulp density, speed of the rotor
and dosage of flotation reagent. On the basis of the investigations carried out, it was appeared that the dosage
of flotation reagent was of the most significant influence on the values of technological indices of flotation
process assessment. The least significant influence, in turn, was obtained for the pulp density.

1 Introduction
Flotation is the operation commonly applied in
beneficiation of sulphide copper ores. The process is
complex and its performance depends on a certain number
of parameters, connected with both the feed material, and
the process conditions. According to the literature,
concerning the issue, following parameters are of
significant importance on the obtained values of
concentrate grade and recovery:
 pulp density,
 type and dosage of flotation reagents,
 pulp aeration,
 time and layout of flotation course,
 the grade of useful mineral liberation
 particle size of feed.
Pulp density influences the effectiveness of flotation.
Together with increasing of the pulp density a linear
increase in yields of concentrates can be observed, while
the concentrate grades are decreasing [4].
The flotation reagents type and dosage has a strong
effect on the course of flotation process. Proper analysis
of type and dosages of collector and frother can improve
the recovery of useful minerals [18]. Appropriate
selection of the reagents regimen results in increasing the
quality of flotation concentrates [9]. Results of numerous
investigations show that increasing of collector dosage
influences the higher concentrate recovery, but only to
a certain level. Further increasing of dosage has very
limited influence on improvement of flotation process
effectiveness [6, 19, 21].
*

Together with increasing of aeration, the probability
of collision of air bubble with particles of useful mineral
increases too. Probability of adhesion of the air bubble
and mineral particle depends on their volumes. Fine
particles float more easily in the presence of fine air
bubbles, while coarser particles require larger air bubbles
[1-3, 11, 17]. While the rotor speed is constant, increasing
of the air flow results with increasing the size of the
bubbles Furthermore, aeration is influenced by the rotor
speed. Increasing the rotor speed results in reduction of
air bubbles size, while their number is increased [7, 8].
Furthermore, an increase in rotational speed of rotor
results in increasing of concentrate recovery [4].
Results of various investigations [1, 2, 5, 11, 20]
shows that depending on the type of ore under
examination, the material particle size, for which the
maximum values of recovery can be obtained, is within
the size range 0,020-0,070 mm. Coarser particles might
be too heavy to be able transferred into the froth product,
while too fine particles, despite the high mineral liberation
grade, might pass into waste, which result in decreasing
the effectiveness of the flotation process course. [11, 15,
16]. It is worth mentioning that it is possible to obtain
a high recovery of fine particles in flotation circuits, when
they are designed particularly for the fines [10].
Furthermore, the mineral liberation grade is connected
with the particle size distribution of feed and it affects the
effectiveness of flotation process course. Liberation of
useful mineral is strictly related to the course of
comminution operations, the type of crushing and
grinding devices applied and the layout of comminution
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Flotation was performed in a laboratory pneumaticmechanical machine, Denver type, with 1dm3 volume, as
the rough flotation with a single fractioned flotation. Froth
products were collected after 1, 3, 5, 10 and 15 minutes.
Scheme of flotation results was presented in Figure 2.

circuit [12, 13]. Properties of feed material also plays
significant role in effectiveness of comminution process
course [14].
The article presents selected problems connected with
the course of flotation process for various values of the
selected parameters, that influence its effectiveness. The
effectiveness was measured through the obtained values
of concentrate recovery, concentrate grade, as well as tails
grade.

2 Scope of investigations

Rough flotation
Duration: 20 minutes

The aim of the paper was to test and determine optimal
parameters of flotation process course, for sulphide
copper ore. Several parameters were selected for testing:

pulp density,

rotor speed,

dosage of flotation collector.
As it was mentioned the above, only the selected
parameters were under investigation, and they were
accepted for tests on the basis of literature studies. It is
worth to underline that the material particle size was not
tested in this investigative programme. It was assumed,
and accepted, that maximum particle size for the material
in flotation tests is below 0,071 mm. The feed material
was a copper ore with following lithological composition:
carbonates 70%, sandstones 20%, shales 10%, and
average feed copper grade (α) was 1,5%. The ore was
crushed and grinded for flotation test in a two-stage
laboratory-scale comminution circuit:

O
Fractioned flotation
Duration: 15 minutes in total

O

K1

K2

K3

K4

K5

Fig. 2. Scheme of time and layout of flotation course.

The ethyl xanthate sodium was used as a collector in
the process, and Nasfroth as a frother reagent. Twelve
flotation tests were performed in total, and Table 1.
summarizes the values of variable process parameters
under investigation. The remaining conditions of the
process were kept constant and the dosage of frother
reagent was 30 g/Mg for each flotation test.

>3mm

Table 1. Variable values of parameters for each flotation test.
Number of
flotation
test
1
2
3
4
5
6
7
8
9
10
11
12

<3mm

>0,071mm

<0,071mm

Pulp
density
[g/dm3]
1100
1100
1100
1200
1200
1200
1100
1100
1100
1200
1200
1200

Rotor
speed
[rpm]
1850
1850
1850
2450
2450
2450
2450
2450
2450
1850
1850
1850

Dosage of
collector
[g/Mg]
85
100
115
85
100
115
85
100
115
85
100
115

3 Analysis of results
For each flotation test there were determined the yields of
concentrates (γ), concentrate grades (β), flotation
recoveries (εk), as well as tail grades (ϑ). The XRF
analyzer was used for determination of copper contents in
flotation concentrates and tails. Complete results are
presented in Table 2.

Fig. 1. Scheme of comminution circuit.

The final product from comminution circuits was then
divided into 12 representative samples for flotation
process.
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Table 2. Values of selected technological indicators for copper
ore flotation.
Number of
flotation test

εk [%]

β [%]

ϑ [%]

γ[%]

1
2
3
4
5
6
7
8
9
10
11
12

81.27
86.30
86.56
80.69
84.41
87.15
81.67
84.84
84.14
83.46
87.00
88.95

10.99
9.29
7.07
10.89
8.94
7.91
10.72
8.22
7.98
9.07
7.74
5.56

0.396
0.314
0.345
0.415
0.396
0.317
0.418
0.357
0.376
0.374
0.327
0.317

17.44
24.15
31.7
19.35
27.57
29.17
21.33
27.63
28.11
22.60
29.36
39.99

Fig. 3. Flotation recoveries (εk) in relationship with various
values of rotor speed and dosage of flotation collector for pulp
density 1100g/dm3.

In the next stage of investigation there were
determined quantitative relationships among parameters
of process course and the obtained results. Suitable
models were calculated with using the multiple regression
methods.
Prior to determination of the models, there were
calculated the values of correlation coefficients between
the selected parameters of flotation process course and
values of technological indicators for flotation process run
(Table 3.). Statistically significant coefficients at accepted
probability level α = 0,05, were underlined. The results
presented in Table 3 show that the collector dosage is of
the strongest influence on values of all technological
indicators, that is: the yields of concentrates (γ),
concentrates grades (β), flotation recoveries (εk), and tail
grades (ϑ). Speed of rotor show less strong correlation,
while the pulp density has the lowest influence on values
of technological indicators.

Fig. 4. Concentrates grades (β) in relationship with various
values of rotor speed and dosage of flotation collector for pulp
density 1100g/dm3.

Table 3. Coefficients of correlation between all variables.

Pulp density
[g/dm3]
Rotor speed
[rpm]
Dosage of
collector
[g/Mg]

εk [%]

β [%]

ϑ [%]

γ[%]

0.230

-0.221

-0.135

0.252

-0.356

0.263

0.463

-0.172

0.808

-0.856

-0.683

0.843

Fig. 5. Tail grades (ϑ) in relationship with various values of rotor
speed and dosage of flotation collector for pulp density
1100g/dm3.

An influence of dosage of collector and the
rotational speed of rotor at the pulp density of 1100 g/dm3,
were presented in Figs. 3 – 6. Analysing the results it can
be noticed that increase in the dosage of collector results
in increase of flotation recovery (εk) and concentrate yield
(γ) but causes decrease of concentrate (β) and tail (ϑ)
grades

Fig. 6. Yields of concentrates (γ), in relationship with various
values of rotor speed and dosage of flotation collector for pulp
density 1100g/dm3.
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The models, linking the values of parameters of
flotation process course with the values of selected
technological indicators, were determined with using the
multiple regression method. The pulp density, rotor speed
and dosage of collector were independent variables in the
model. Separate models were calculated for the
concentrate recovery, concentrate grade, as well as tails
grade. Values statistically significant were underlined.
εk = 61,45 + 0,0115a – 0,0030b + 0,1643c

(1)

β = 24,68 – 0,0069a + 0,0014b – 0,1096c

(2)

ϑ = 0,56 – 0,0001a + 0,00006b – 0,0021c

(3)

γ = -40,35 + 0,0295a – 0,0034b + 0,4021c

(4)
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