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In flotation such parameters as particle size, type and dosages of frother as well as collector as reagent and hydrodynamic

parameters play a significant role. Changing them can vary the separation performance. In this study, for a more efficient

flotation of copper ore coarse particles, changes in reagents distribution strategy in a mechanical column of rougher

flotation circuit from Iranian Miduk Copper Complex have been investigated. For this aim laboratory and an industrial

experiments were carried out. The results have demonstrated that modifying the distribution strategy did not affect the

optimum particle size recovery but recovery of coarse particles is improved. Also the copper recovery/grade curve and

statistical analysis disclose that with the confidence level of 90% the average separation efficiency with modified reagent

distribution is increased by 0.76% but the grade of concentrate does not change.
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1. Introduction

Froth flotation is a separation method involving solid
particles, aqueous solution and bubbles air phases. It
is widely used for beneficiation of sulphide ores
[1-3].

Mineral particle size is an important material
parameter in flotation. During the last decades,
extensive investigations have been performed to
relate this parameter and flotation efficiency [4-11].

The type and concentration of both frother and
collector are the significant factors determining the
solid recovery and grade of the concentrate. The fine
and optimum size particles in contrast to coarse
particles need a smaller amount of collector to float
[12, 13]. However, the smaller particles offer more
surface area than coarse ones and hence most
collector is consumed by smaller particles [14]. On

the other hand in a longer induction time and higher
degree of the hydrophobic coverage on the particle
surface is needed to increase the stability of particle-
bubble aggregate [9]. Generally, for each specific
flotation system there is an optimum particle size
range for fine and coarse particles recovered [15, 16].

To increase coarse and medium particles
recovery, several methods such as split conditioning
can be considered, using high reagent dosage, and
distribution of reagent. Anthony et al. [17] and Trahar
[18] used conditioning of coarse and fine particles
independently and classification equipment to
flotation them. Ricardo ef al. [11] found out that by
increasing collector dosages (50 to 360 g/Mg) higher
P,O recoveries of coarse particle is obtained. Bravo
et al. [9] achieved also a similar result for gold
recovery. However, distribution of reagents in the
flotation bank may be a more simple variable than
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other methods used for improving the efficiency of
flotation process [14].

Mechanical and column flotation cells are two
usually used types flotation devices used for
achieving separation. The major disadvantages of the
flotation columns are the mixing in the axis of the
column, the obstruction of sprinklers and problems
raised by the column height in installations. On the
other hand mechanical cells need a high capital and
operational cost and a more demand for plant space
[19]. The series model of classical bank with a
different number of flotation cells in series in order
to avoid the pulp short circuiting exhibit a good fitting
structure to describe the operation of industrial
flotation [20]. Also, determination of flotation
performance, distribution of frother to the concentrate
and adsorption of collector to solid particles along a
bank of cells play important role [3]. But if the entire
chemical reagent, especially collector, were added
in one location at the top of the bank, the coarse
particles would be covered inadequate by the
collector, departure in the tailing of the flotation bank
because of the fine particle consumed most of the
available collector and carried away out of the bank
in the early stages of the cells of the circuit.

The aim of this work is to investigate a better
reagent addition designed for more efficient flotation
of coarse and intermediate particles of the copper ore
processed in flotation columns at Iranian Miduk
Copper Complex. Therefore, at first, the experiments
were carried out on a laboratory scale, and then, two
better distribution strategies, with situation that all
reagents added in circuit entrance (original
distribution) were selected to evaluation in full-scale
trial. Separation efficiency is examined by means of
recovery/grade curve and statistical analysis.

2. Geology

The Miduk deposit is located, 45 km northeast of
Shahr-e-Babak in the Kerman province, southeastern
Iran (Fig. 1). Like other well known porphyry Cu
deposits in the Sahand—Bazman magmatic arc zone,
the Miduk deposit is a typical porphyry Cu deposit
with respect to its ore grade and size, mineralization

style, alteration types, igneous rock features, and
overall geodynamic setting.

The supergene and hypogene mineralization has
been proven and it inferred resources are 170
teragrams (Tg) or megatons at 0.86% Cu, 0.007%Mo,
82 ppb Au, and 1.8 ppm Ag [21]. However, resources
are known to be considerably higher than 170 Mt,
because high-grade hypogene mineralization
continues at depths extending greater than 1 km.

3. Materials

The Miduk copper lay down ore is located 132 km
North West of Sarcheshmeh mine in Kerman zone.
Geologically in a vertical section, it is divided in
oxide, sulfide and hypogen zones (Fig. 2). The cooper
has been recovered by flotation method from sulfide
rocks.

The Miduk Copper flotation circuit of the
Miduk copper mine, comprise of rougher, cleaning,
recleaning and scavenger stages, which processes 5
Tg (million tons)/year of ore. Fig. 3 depicts the
flotation circuit of Miduk Copper Complex.
Depending on ore type and operating conditions, the
total recovery of the plant varies between 83-89 %.
Fig. 4 illustrates the overall recovery and average
recovery of each stage of plant.

(a) Ore

The sulfide ore sample used in this study was
provided by the Miduk copper mine. Its mineralogical
composition and characteristics are reported in Table
1. The Cu purities range from 0.9 to 1.3 %. The
chalcocite and chalcopyrite ore types show a high
Cu grade and recovery. The ore contains chalcocite
(14.4%), chalcopyrite (5.07%), covellite (2.87%),
molybdenite (760 ppm), sphalerite (1.24%), limonite
(1.10%), hematite (0.33%) and magnetite 0.078%).
Fig. 5 shows typical Cu concentration of different
ore samples used in plat flotation. The sample used
in the experiments was crushed, ground and classified
by sieve analysis into —37 wm, +37-45 um, +45-63
um, +63-95 wm, +95-125 um and +125-180 um
fractions. Fig. 6 demonstrates weight and copper
content distribution in different particle size fractions.
The mineralogical phases present in the flotation feed
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Fig. 1: Simplified regional geotectonic map showing some major geological-structural zones of Iran and location of Miduk porphyry copper

deposit

sample and concentrate were analyzed chemically by
means of atomic absorption spectroscopy.

(b) Reagents

Reagents used for the copper rougher both in the plant
and laboratory tests were thus methylisobutyl-
carbinol (A-70) and polypropylene glycol (A-65) as
frother (8 and 18 g/Mg
Alkylthiocarbaminic acid ester and calcium alkyl
benzenesulphonate (X-231) were used as collector

respectively).

(18 g/Mg) and were added in rougher feed and mix
with two other collectors, sodium iso-butyl xanthate
(Z11) and Sodium diiso-butyl dithiophosphate (A-
3477), at a typical addition rates of 10 and 15 g/Mg
respectively. They were added 70% to rougher feed
and 30% to the sixth cell.

The pH of slurry was adjusted to 11.5 with lime
and since copper recovery may be sensitive to the
feed solid percent [22] additional water was added
to maintain the slurry percentage of solids at 28%.
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Fig. 2: Three vertical zones of deposit of Miduk copper lay down

4. Method
(a) Laboratory Flotation Tests

Laboratory flotation tests were carried out to evaluate
the response of the chalcopyrite and chalcocite
rougher flotation to a change in distribution of
reagents as flotation progresses. The flotation tests
were done in a 5-dm? capacity Denver flotation cell.
For a test a 1400 g ore sample was ground with a
known volume of water for 14.3 min in a laboratory
ball mill to produce a product with a D, of 100m.
Fig. 7 depicts obtained average particle size with time
of crushing. Next, the ground material was transferred
into flotation cell. This unit had a baffle arrangement
at bottom to avoid swirling of the slurry within the
cell and an impeller was provided for suitable mixing
of slurry. The speed was controlled by a regulator.

The cell was equipped with a compressor
providing air and an automatic pulp level controller.
Table 2 shows the summary of these experimental
conditions. Experiments were performed in two
series, simultaneous distribution of collector and
frother (Series A) and separate distribution of
collector (Series B). The concentrate and tailing
samples were filtered, dried and weighted separately.
The recovery of copper of each flotation test was

Table 1: Characteristics of the average feed ore sample

Ore Deposit Type Wt %
Pyritic 71.12
Cu content 1.25
CuO content 0.10
Fe content 3.51
Total Metallic Minerals 9.04
Total Oxide Mineral 0.17
pH 7.1

calculated using the following equation:

M .x
f7Cu,f
————x%100 (1)

FcXcu,FC

RCu (%) =

where R, is the copper recovery, M, the mass (g) of
the flotating fraction, x.,; the Cu grade in the
concentrate, M. is the mass (g) fed into the column,
and X 18 the Cu grade in flotation feed sample.
The different distribution condition and overall results
for flotation tests are given in Table 3.
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Fig. 3: A flow sheet of flotation circuit of Miduk Copper Complex plant
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Fig. 4: The recovery of various stages in the flotation circuit of the
Miduk Copper plant

Fig. 5: Typical Cu grades in feed sample

Fig. 6: Total weight and Cu content distribution in different particle
size fraction of flotation feed sample

Fig. 7: Effect of grinding time on range average (Dy) particle size

(b) Plant Tests

When the results of laboratory tests became clear
(Table 3), two distribution 70-0-30 (Series A) and
50-0-50 (Series B) which provided the best results
in each group along with the original distribution
mode (100-0-0_, were applied in the rougher section
of Miduk copper flotation circuit and the results are
shown in Table 4.

The position of the reagent addition point is
shown in Fig. 3. The flow rate of each reagent was
adjusted by diaphragm pump by tuning swing
amplitude (mm). To appraise the effect of the reagent
distribution on the bank performance, for each reagent
distribution test, samples from different streams were
collected. Once a test with distribution was
completed, the distribution was modified and the
circuit allowed stabilizing for 1 hour. Then, in interval
of 15 min, was sampled from each different flow. All
plant tests were repeated for 2 weeks [14]. To
experiment repeatability for each distribution, four
samples of each stream to provide an average sample
were mixed together [23, 24]. The collected samples
were weighed, filtered, dried, weighed dry and
analysis chemically for cooper and other metals. The
slurry percentage of solids was calculated from the
wet and dry sample weights. The samples were also
sieved, cyclosized and the material within each size
interval assayed for cooper. These data enabled the
estimation of the cooper recovery as a function of
particle size.
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Table 2. Laboratory tests conditions
Crushing time 14.3 min by laboratory ball mil
Load of mill grinder 6.8 kg,with 5 to 25 mm ball sized
Percentage of solids within the mill 50%
Type of flotation cell Denver flotation cell of Denver, 5 lit capacity
Flotation time 30 seconds
Mixer rotation 1200 rpm
Slurry percentage of solid 28%
pH 11.6 with lime adding
Used chemical reagent Combination of X-231, A-3477, Z-11 as collection and A-65, A-70 as frother
Used feed ore sample Chalcocite, chalcopyrite ore types (Table 1)
Table 3. Experiment conditions and results of laboratory survey

Distribution of collector and frother, simultaneously Distribution of collector

(Series A) (Series B)

Distribution Cu recovery Cu grade Distribution Cu recovery Cu grade
mode (%) (%) (%) mode (%) (%) (%)
100-0-0 89.20 13.19 100-0-0 89.19 13.51
70-30-0 91.25 13.14 70-30-0 90.03 13.86
70-0-30 91.39 14.09 70-0-30 90.24 14.02
60-40-0 90.23 14.05 30-70-0 90.75 13.75
60-20-20 90.15 14.16 60-20-20 90.11 13.98
50-50-0 89.88 14.14 50-50-0 90.42 14.80
50-25-25 90.39 13.95 50-25-25 90.22 13.14
50-0-50 90.32 15.25 50-0-50 90.84 14.16
33-33-33 89.31 14.26 33-33-33 89.55 15.03
25-50-25 89.20 14.58 25-50-25 90.15 14.66
25-25-50 88.17 14.51 25-25-50 90.12 14.46

5. Results and Discussion

The obtained results for applied reagents on industrial
scale tests are given in Table 4. It shows improved
recovery and separation efficiency for 70-0-30
reagents distribution. Comparing different recovery

units showed that for the distribution of 70-0-30, the

recovery in three final units increased, while in the
early first units of circuit, perceptible difference
would not be seen in the recovery. This comparison
for concentrate grade was different. Modified
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Fig.

Table 4: Results of plant tests

8: Comparison of flotation performance in consequent flotation units

Distribution Cu recovery Cu grade SE*?
mode (%) (%) (%)

100-0-0 85.13 18.6 82.8
50-0-50 87.28 18.32 84.4
70-0-30 88.12 17.4 85.1

a: Significant level

distribution, 50-0-50 and 70-0-30, increased the grade
in three first units but in three last, it was decreased
(Fig. 8). Fig. 9 presents the approximately same trend
of recovery and purity of copper along the rougher
circuit in all distribution. Therefore, the final
concentrate grade related to distribution 70-0-30 has
decreased (1.19 and 0.81% respectively compared
to the 100-0-0 and 50-0-50 distribution). It was
because of the cleaner circuit that has not affected
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Fig. 9: Effect of reagent distribution on recovery and grade in the
rougher circuit

Fig. 10: Cu recovery before and after modification of reagents
distribution

on quality of the final product. It could be concluded
that applying reagent distribution on separated series
of feed samples had no same effect on efficiency and
grade of samples (Figs. 10, 11). Usually coarse
fraction of particle due to a decreased dissolution
from the surface coarser mineral particles and a more

Fig. 11: Plot of Cu content before and after modify distribution

Fig. 12:Recovery of coarse copper particle (+63 mm) in plant
flotation test

Fig. 13: Cu recovery as a function of particle size

selective adsorption of reagents achieved the higher
grade, that this higher initial grade, implied a lower
occurrence of gangue in the feed ore of the flotation
process [25, 26]. Unusual increase in grade of the
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Fig. 14: Grade/recovery curves for distribution regent: Series A) 100-0-0, Series B) 70-0-30

first cell to second in three distributions reagent
strategy was related to inappropriate cell performance
at the beginning of the circuit. Slurry flow and flow
fluctuations in the input of the first cell caused froth
phase instability and slurry overflow in concentrate.
Fig. 12 shows cumulative recoveries during the
circuit. It could be concluded that the recovery after
the fifth cell takes precedence by 70-0-30 distribution
from original mode. With determination the recovery
of different particles sizes could be found that coarse
particles recovery (+100u) has increased in the
modified distribution, 70-0-30, while no improvement
in finer particle recovery observed (Fig. 13). An
increase occurred in recovery of coarse particles by
adding chemical reagent in consecutive steps. It was
related to the availability of sufficient chemical
reagent for hydrophobicity of these particles,

favouring stability of the particle-bubble aggregate.
The fine particle size (-60u) that was the optimum
particle size range in copper flotation circuit that was
independent of reagent distribution.

Statistical Analysis

Original distribution, 100-0-0, was replaced for long
time by modification, 70-0-30, which obtained the
best results in laboratory stages. 42 pair recovery/
grade data for original reagent distribution and 32
pair data after changes in the distribution of collector
(70-0-30) in plant for the same period is shown in
Fig. 14. The paired two-sample studies test was used
to analyze the data to determine the significance level
of the recovery efficiency deference between two
cases. This test was supposed to be proper since the
flotation cells for original and modified distribution
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cases were the same; in other words two samples were
dependent. Correlation coefficient for A and B data
series is 0.38 and 0.27, respectively.

It was found that the t critical (1.68 and 1.31)
was lower than the t of the test (2.56 and 1.35),
therefore; it could be concluded that correlation
coefficients with the confidence level of more than
99 and 90% were significant, thus, the regression lines
could be compared.

Comparing the space between two lines in Fig.
14 showed that with the confidence level of 85% the
average separation efficiency with modified collector
distribution were increased 0.76%.

6. Conclusions

For more efficient flotation of coarse particles of the
ore, change in reagents distribution strategy have been
investigated because the stability of the particle-
bubble aggregate need to render a higher degree of
hydrophobic coverage on the particle. Investigation
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