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ABSTRACT

In this research, the effect of the high-voltage electric pulse (HVEP) crushing on the flotation of high-sulfur iron ore concentrate in the coarse
particle fraction was studied compared to mechanical (conventional) crushing. A jaw crusher, a cone crusher, and a high-voltage electric pulse
crushing device with a voltage level of 50 kV were used to investigate the effect of mechanical and electrical crushing. The results showed that
a coarser particle product was produced with less slime in primary crushing with electric pulses compared to primary mechanical crushing. It
was due to the crushing mechanism, which is based on separating minerals with a different dielectric constant from their connection
boundaries and also encompasses a selective separation process. The effect of the mentioned method on coarser fractions led to the creation
of cracks/microcracks in particle structures that made grinding easier and faster. In investigating the effect of particle size on pyrite flotation
and desulfurization at -300 um (dso=300pm), the sulfur grade of flotation iron concentrate samples using primary crushing was 0.86% and
0.36%, respectively, and at -150 um (dso=150um) fraction, the sulfur grade was found to be 0.33% and 0.19% respectively for mechanical and
electrical methods. Also, the sulfur removal (recovery) of the sample with primary electrical crushing was 73.7% at a -300 pm fraction, almost
equal to 73.2% at the size range of -150 pm with applying the mechanical method. These results indicated the flotation possibility of coarser

particles using electrical crushing and desulfurization similarity to the samples with primary mechanical crushing in finer fractions.
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1. Introduction

Iron is one of the most common elements in the earth's crust, which
nowadays is considered for processing due to the grade decreasing of
iron ores and the increase of associated impurities such as sulfur [1]. The
steel industry needs high purity and low impurity content iron to
produce high-quality steel yet to minimize operating and maintenance
costs [2, 3]. High amounts of sulfur in the iron ore sample hurt the
process and quality of the produced iron [4]. The liberation of iron
minerals from tailings requires crushing and grinding. To increase the
quality levels of iron ore, the mineralization characteristics such as
grade, particle size, distribution of minerals in ore deposits, and gangue
minerals are essential. Also, they have a significant effect on the final
size of ore crushing. In addition, by exceeding the crushing stages,
processing and handling fine particles of iron ore samples become an
essential challenge. The reason is identified as the complexity of the
process by creating several steps in flowsheet improvement or even
using different processing methods [5]. The industry is constantly
seeking advanced ways to process complex deposits and reprocessing
tailings to meet the needs of minerals and metals in multiple sectors.
Nowadays, factories face several serious challenges, including a
significant increase in power consumption, multi-staged crushing, mass
production of slimes, a gradual decrease in the mineral's degree of
liberation, inefficiency of classification devices, and maintenance and
disposal issues. These cases have terrible consequences in energy
consumption and environmental pollution in downstream operational
units such as flotation, leaching, and filtration [6]. Generally, flotation
is used as the main optimization technique to separate and increase the
quality of iron ore [7, 81.

Flotation is a surface-selective separation method that separates
hydrophobic materials from hydrophilic ones. Different reagents can
selectively change the hydrophobicity of mineral surfaces, allowing a
wide range of separations to be achieved [9, 10]. So far, the flotation
technique has been the most common physicochemical separation
approach in the mining industry, which processes more than two billion
tons of primary and secondary resources annually. However, in any
industrial flotation process, many precious minerals are transferred to
the tailing sections as very fine and coarse particles. Therefore, coarse
particle flotation can allow mines to properly separate some of the
tailings early in the flotation circuit, significantly reducing capital and
operating costs [11, 12]. The flotation of coarse particles is desirable for
preventing excessive grinding and slime production. This, in turn,
benefits tailings processing in the downstream units. Also, it reduces the
milling process’s energy consumption and operating costs [13]. In
addition, slimes in the flotation process cause problems and reduce the
product’s efficiency, recovery, and quality.

Generally, three key factors are leading the mining industry to process
coarse particles that are: 1) the severe environmental consequences of
wet tailing dams and acid mine drainage (AMD) [14], 2) the loss of
precious coarse materials [15], and 3) very high energy consumption in
the ordinary crushing and grinding stages (2 to 4% of global electricity
consumption) with less than 2% in efficiency[16]. Over the years, much
work has been done to improve the iron ore flotation process, along with
the reagents and equipment used, but less attention has been paid to
improving the crushing process. The high voltage electric pulse (HVEP)
method for crushing ore samples has been investigated for many years.
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Despite this, HVEP has not yet been developed as a competitive size
reduction method compared to conventional mechanical crushing.
Albeit, in recent years, this method has found great interest because of
its advantages for downstream operating units [17].

High voltage electric pulse is based on applying tensile force in
crushing. The separation of minerals from their connection boundary
can effectively consume energy, achieve the appropriate degree of
liberation in higher fractions, and produce less slime during crushing
[18, 19]. One of the suggested HVEP applications is in the field of pre-
processing operations. In this technology, electrical pulses with
relatively low specific energy levels are discharged to segregate the
mineral particles from the waste, followed by sieve sizing to classify the
feed ore into high and low-grade products [20, 21]. Another advantage
of HVEP is the cracks/micro-cracks created by blasting the ore electrical
fracture channel at low energy levels, ultimately leading to energy
savings in downstream crushing processes [22].

Wang et al. studied the difference in the liberation size of minerals
resulting from mechanical and high-voltage electrical pulse crushing.
The results showed that electric crushing improves the crushing process
at the same energy levels by producing less slime and coarser particle
products and promoting the degree of liberation of the processed
minerals. In the case of degree of liberation, according to electric
crushing, the liberated minerals were in the range of +53 um. In contrast,
in conventional crushing, the liberated minerals were obtained only at -
53 um fractions [23]. Andres et al. also studied the effects of HVEP
crushing on five oxide and sulfide minerals. The results confirmed that
the degree of liberation and slime production in ores containing
hematite, platinum group metals, copper sulfides, and pentlandite was
improved. Moreover, this improvement led to more mono-mineral
particles in coarser size classifications [24].

Razavian et al. investigated the effect of the high voltage electric
pulses crusher (HVEPC) on the phosphate ore compared to
conventional crushers. Results showed that applying the high voltage
pulses at a specific energy of 3—-5 kWh/t could significantly increase and
extend the cracks and microcracks inside the rocks and consequently
lead to a decline in the Bond crushability and Abrasion indices of the
crushed samples by 10.6% and 28.1%, respectively [25, 26]. Also, Finite
Element results based on numerical simulation showed that the induced
electrical field significantly depends on the electrical properties of
minerals, the feed particle size, and the location of conductive minerals
in ores [27, 28].

According to the literature, several studies have been conducted on
electric pulse crushing. With that in mind, the effect of electric pulse
crushing on coarse particle flotation of sulfur-bearing iron samples
targeting desulfurization is still unstudied. In this research work, the
effect of electric pulse crushing on mineral liberation and slime
production is compared to mechanical crushing. Then, the affectability
tests of coarse-size flotation for desulfurization were done for sulfur-
bearing iron samples. The novelty of this research is the possibility of
the coarse particle flotation to reduce the sulfur grade and content of
iron ore by applying a high voltage electric pulse same results as the
finer particle produced in the conventional crushing method.

According to the literature, several studies have been conducted on
electric pulse crushing. With that in mind, the effect of electric pulse
crushing on coarse particle flotation of sulfur-bearing iron samples
targeting desulfurization is still unstudied. In this research work, the
effect of electric pulse crushing on mineral liberation and slime
production is compared to mechanical crushing. Then, the affectability
tests of coarse-size flotation for desulfurization were done for sulfur-
bearing iron samples. The novelty of this research is the possibility of
the coarse particle flotation to reduce the sulfur grade and content of
iron ore by applying a high voltage electric pulse same results as the
finer particle produced in the conventional crushing method.

2. Experimental

2.1 Materials

This research provided high-sulfur iron ore samples from Gol Gohar
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mining and industrial company located in Sirjan, Iran. For experimental
purposes, about 250 kg of high sulfur iron ore samples were selected
with an initial size of -2 cm and then homogenized. According to sieve
analysis, dso of the initial sample was 11.26 mm. The XRD (Figure 1) and
microscopic studies indicate that the sample mainly consisted of
magnetite and chlorite. Also, hematite, pyrite, quartz, epidote, and
pyroxene are present in the sample as secondary minerals. Microscopic
studies showed that metallic minerals form about 70% of the sample,
and the other 30% are gangue minerals (quartz, chlorite, etc.). Magnetite
is the dominant metallic mineral which owns almost 90% of metallic
minerals, and the rest is occupied with other metallic minerals. Hematite
is considered in the second place of metallic mineral in the sample with
an approximate abundance of 4-6%. Hematite is formed due to the
martitization of magnetite samples and is observed as a replacement for
magnetite. Pyrite, pyrrhotite, and goethite were also observed in the
sample (2 to 4%). Polished and thin-polished sections and ZEISS
Axioplan, two polarized light microscopes with reflected and
transmitted light, were employed for mineralogical studies. Figure 2
shows the microscopic images of the initial sample at -300+150 pm
fraction. As can be seen, there is the involvement of pyrite with
magnetite and tailings, as well as the involvement of magnetite with
tailings in this initial particle size range of the sample. The martitization
phenomena or conversion of magnetite to hematite is also observable in
this scheme.
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Figure 1. XRD pattern of the sample.

Figure 2. Microscopic images of the initial sample (-300+150 pm).

2.2, Methods

In this study, the first step was to separate the -3.36 mm fraction of
the initial sample to investigate the effect of the type of crushing method
on the degree of liberation of sulfur-bearing minerals (mainly pyrite)
presented in the iron ore and desulfurization process, using flotation
approach. Then, the prepared samples were divided into two parts for
mechanical (conventional) and electrical crushing. In the mechanical
method, a jaw crusher and a cone crusher were applied while in the
electrical method, a high voltage electric pulse (HVEP) device was
employed at the voltage level of 50 kV. Both samples were crushed finer
than 336 mm. The crushed samples, prepared by mechanical and
electrical methods, were subjected to mineralogical studies and
chemical analysis in different fractions. As mentioned before, thin-
polished and polished sections were investigated by ZEISS Axioplan 2
polarizing light microscope with reflected and transmitted light to study
the degree of liberation in different fractions of the samples. The
microscopic particle counting method has been used to determine the
degree of liberation of minerals. In this method, liberated and involved
grains were counted, and the degree of liberation was calculated from
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the following formula:

L
df = 100
nmtn, . (0Y]

df: the degree of liberation of mineral
n;: number of liberated minerals
nz: number of involved minerals

The closed relationship between magnetite and hematite caused them
to be considered as a whole in calculating the degree of liberation. It was
the same for the sulfide minerals (pyrite and pyrrhotite).

After determining the degree of liberation of minerals, to mill down
the crushed samples finer than 300, 210, 150, 106, and 75 pm, a rod mill
was applied. A magnetic separation step was considered for preparing

V. Soltan Mohammadi et al, /Int. J. Min. & Geo-Eng. (IMGE), 57-3 (2023) 315-321 317

the samples for flotation tests. A roll low-intensity magnetic separator
was selected, and variable parameters were set to 1000 gauss for the
magnetic field, 45 rpm for roll speed, 25% for pulp density, and four
lit/min for pulp inflow rate.

2.3 HVEP Pretreatment Equipment

A high-voltage electric pulse crusher (HVEP) was used in the Iran
Mineral Processing Research Center (IMPRC) to conduct the electrical
crushing tests. The schematic diagram of this equipment is shown in
Figure 3. This device consists of two main parts: 1) the electric pulse
generation circuit and 2) the main crushing chamber. The main
crushing chamber has a conductive electrode rod made of copper, which
transmits the shock wave generated from the electric circuit to the stone
(Figure 4).

A Ol mli“ll

control panel

/ 1

EPC
chamber

Figure 3. A schematic view of the employed HVEP [28].

2.4. Flotation test

In this research, a Denver mechanical flotation cell was utilized for
the desulfurization of pyrite through reverse-flotation experiments, and
the cell was fed with the concentrate of the magnet separator. After
optimizing the type and the amount of chemical reagent by performing

the flotation tests with primary mechanical crushing, the upcoming
flotation tests were carried out under optimal conditions. According to
Figure 5, a series of experiments were performed to reduce the existing
sulfur in the iron ore concentrate. Adding 150 g/ton of hydrogen sodium
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sulfide as an activator, 100 g/ton of potassium amyl xanthate as a
collector, and 100 g/ton of methyl isobutyl carbonyl as frother were
selected. The pulp density for the experiments was adjusted to 25%, and
the pH of the pulp was kept natural (about 8). Five different fractions
with dso equal to 75, 106, 150, 210, and 300 pm of the samples were
selected for primary crushing. Both mechanical and electrical methods
were employed, and the results were accordingly compared and
discussed.

Tron sample (300 gr)

HCI/NaOH
5 min NaHS (150 gr/ton)
5 min PAX (100 gr/ton)
1 min C,H,,0 (100 gr/ton)
Flotation
Frother Tail

product

Figure 5. Flotation flowsheet of the mineral sample.

3. Results and discussion

3.1 Comparison of HVEP and Mechanical crushing

3.11 Coarse and fine (slime) particle production

According to the sieve analysis of the crushed samples by mechanical
and electrical methods in Figure 6, only 1.7% of the electrically crushed
samples were finer than 38 ym. In comparison, 8.5% of the mechanically
crushed samples were classified as finer than 38 pm. These numbers
indicate less slime production during electrical crushing, which is
related to tensile forces and the separation of minerals from their
connection boundaries compared to mechanical crushing. In addition,
according to Figure 7, at the size range of +1000 um, the percentage of
remaining particles on the sieve in the electrically crushed sample is
higher than in the mechanically crushed one. In electrical crushing,
about 45% of the cumulative particles were coarser than the +1000 pm
fraction, which decreased to 25% for the mechanical method. Also, at -
1000 pm, the weight percentage of the produced particles by mechanical
crushing was higher than the electrical crushing method. In general,
coarser particles with low slimes were obtained in electrical crushing
compared to mechanical crushing.

For this reason, dso of the electrically and mechanically crushed
products were measured to be 2069 and 1346 pm, respectively. In electric
pulse crushing, the production of coarse-sized particles with less slime
is caused by the difference in the dielectric constant of distinct minerals
and tensile forces, which lead to the separation of minerals from their
contact boundaries. This results in a selective separation process with a
higher degree of liberation. The main mechanisms in mechanical
crushing include impact (compressive force) and abrasion (shearing
force), which leads to non-selective crushing, a lower degree of
liberation of the minerals, and more slime production.

3.12. Degree of liberation of sulfide and iron minerals

The degree of liberation of sulfide and iron-bearing minerals resulting
from mechanical and electrical crushing was gathered in Table 1. It can
be understood from Table 1 that in all size fractions, the degree of
liberation of sulfide and iron-bearing minerals in the electrical crushing
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method was higher than in mechanical crushing, which indicates a
positive sign of the effect. As mentioned before, the electrical crushing
mechanism is based on the possibility of separating minerals from their
connection boundaries. Thus, it can be inferred that the electrical
crushing mechanism causes a positive effect on the degree of liberation
of the minerals. The degree of liberation of magnetite-hematite minerals
in the range of -300+150 um was calculated to be 75% for the
mechanically crushed sample and 79% for the electrically crushed one.
In the same size fraction, the degree of liberation of sulfur-bearing
minerals (mainly pyrite) was calculated to be 52% for a mechanically
crushed sample and 60% for an electrically crushed one.

3.13. The grinding time and the grinding rate

According to the grinding time graph in Figure 8, during the first
three minutes of grinding, the dso of the sample with primary
mechanical crushing reached from 1346 to 455 pm (66% reduction in
size), while the dso of the sample with primary electrical crushing went
from 2069 to 333 pm (84% reduction in size). Therefore, on average, the
grinding rate at this time interval and size range is expressed as about
300 um per minute for the sample with primary mechanical crushing
and about 580 pm per minute for the sample with primary electrical
crushing. Nevertheless, in the seventh minute of grinding, the dso of the
sample with primary mechanical crushing reached 455 to 222 ym (about
a 52% reduction in size). In comparison, the dso of the sample with
primary electrical crushing reached 333 to 208 um (about a 37%
reduction in size). Therefore, at this time interval and size range, the
average grinding rate for the sample with primary mechanical crushing
was about 58 um per minute and 31 um per minute for the sample using
primary electrical crushing. In addition, by increasing the grinding time
along with particle size reduction, milled samples in both methods
almost became the same size. However, with 31 minutes of grinding,
both milled samples reached the size range of dsp=50 um. The results
proved that primary electrical crushing makes grinding operation much
easier and faster. The reason can be found in the effect of this crushing
on coarser fractions and the creation of cracks/microcracks. However,
due to the abrasion mechanism in the primary mechanical crushing, the
grinding rate of finer particles was higher in finer fractions.

3.14 Iron and sulfur grades

According to the investigation on the effect of the crushing method
on iron and sulfur grade in Figure 9, the trend of iron grade is almost
similar in both mechanical and electrical crushing ways for all size
fractions. The maximum iron grade was obtained at -500+150 um and
reached about 55%.

104
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—®@—Mcchanical Crushing|

80- /-

60 —

40 -

Percent pasging (%)

20

0 — —
10 100 1000
Particle Size (pim)

Figure 7. The percentage of remaining particles on the sieve and the -38
pm fraction related to the crushed samples by mechanical and electrical
methods.
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Table 1. Comparison of degrees of liberation resulted from mechanical and electrical crushing.

Pyrite-Pyrrhotite (%) Magnetite-hematite (%) Pt Sz ()
Mechanical Crushing Electrical Crushing Mechanical Crushing Electrical Crushing
52 60 75 79 -300+150
73 76 85 89 -150+106
82 88 - - -106+75
35 electrical crushing was measured 0.86% and 0.36%, respectively. In
—®—Mechanical Crushing addition, at dso=150 um, the sulfur grade was reported to be 0.33% for
4 —8— Electrical Crushing mechanically crushed samples and 19% for electrically crushed ones.
According to the results, it can be concluded that applying the electrical
crushing method makes the flotation of coarser sulfurous iron ore
25 particles possible. In addition, the results showed the similarity of the
desulfurization with the finer particles of primary mechanical crushing.
=94 Figure 12 indicates that in the same size classes, the weight recovery of
E the floated part (containing sulfur-bearing minerals) of the electric
g crushing samples was higher than the mechanically crushed ones.
= 151 Moreover, the maximum weight recovery of the floated part in both
primary mechanical crushing and electric pulse methods was 4% and
04 5.7%, respectively, at dso=150 pm fraction.
60
54 —&— Mechanical Crushing
—®— Electrical Crushing
0 T T
100 1000
Particle Size (pm) 50 1
Figure 8. Grinding time graph related to mechanical and electrical crushing. =
2
The iron grade decreased using both crushing methods on both sides 547
of this particle size range. So, at fractions finer than 150 pm, the iron g
grade with primary electrical crushing decreased to about 40%, while in =
the case of primary mechanical crushing, it decreased to 15%. At the size
range of +500 um, the iron grade was calculated to be 47% for the 30
electrically crushed sample and 42% while using the mechanical
crushing method. Figure 10 represents the dissimilarity of sulfur grades
at -300 um fractions according to the applied crushing methods. The
sulfur grade maintained its uptrend path by employing the electrical 20 :

crushing at the mentioned fractions and reached its maximum amount
(3.3%) at -53+38 um size fraction. The sulfur grade formed a downtrend
pattern about the primary mechanical crushing and touched 0.7% as its
minimum amount at the size range of -38 um. At the +300 pm, the sulfur
grade increased with almost an increasing pattern for both crushing
methods. When the considered size fractions in primary electrical
crushing varied from -500+300 pm to +1000 pm, the sulfur grade
increased from 1.76% to 22%. The maximum sulfur grade in this
crushing method (primary electrical crushing) was achieved at -300 pm
fractions. This subject confirms a fast and selective crushing for
sulfurous minerals while employing high voltage electric pulse primary
crushing instead of primary mechanical crushing. Also, these minerals
will be classified in finer size fractions.

32, Effect of HVP on Sulfur flotation

To investigate the effect of particle size on desulfurization and pyrite
flotation, separate concentrations of low-intensity magnetic separators
with different primary crushing methods and dss=300, 210, 150, 106, and
75 pm were selected for the reverse flotation tests. In each mentioned
particle size, two types of samples were prepared, one initially for the
electrical pulse crushing method and the other for the mechanical one,
and flotation tests were carried out under the same optimum conditions.
According to Figure 11, at finer fractions (ie, ds=106 pm and ds=75
um), the grade of flotation products in both mechanical and electrical
crushing methods was almost similar. At coarser size ranges, the effect
of the crushing process on desulfurization was recognized in the grade
difference of flotation products. So, at dso = 300 pum, the sulfur grade of
iron concentrate in the flotation of samples with initial mechanical and

T T T
400 60 800

Particle Size (um)

T T
-38 200 1000
Figure 9. The effect of the crushing method on the trend of iron grade
in different size fractions.
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Parlicle Size (pm}

T
200

Figure 10. The effect of the crushing method on the trend of sulfur grade
in different size fractions.
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At the size range of +210 pm, the graph of mechanical crushing
changed its character to the downside trend compared to the electrical
crushing chart. Therefore, in the sample with primary mechanical
crushing, the minimum weight recovery (3.1%) was achieved at the size
range of dso=300 pm. Meanwhile, the weight recovery of the floated part
at dso=300 pm fraction was equal to 4.9% for the samples with primary
electrical crushing, which is higher than the maximum weight recovery
(4%) of the sample with mechanical crushing at dso=150 pm fraction. It
would be resulted from Figure 13 that in finer fractions (dss=106 pm and
dso=75 um), the amount of recovered sulfur in both electrical and
mechanical grinding methods is almost the same. Sulfur removal from
the samples at +150 pm was different for both crushing techniques.

1.0

I Mcchanical Crushing
{ (I Elcctrical Crushing

0.86

0.8 4

(%)
g
1

Sulfur grade

0.4 4

0.2 4

75 106 150 210 300
Particle size (pm)

Figure 11. Effect of the particle size on the sulfur grade of the flotation
product by employing electrically and mechanically crushed samples.
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5.7 —@— Mechanical Crushing|
W Flectrical Crushing
5.5
/

5.0 / 49
_ / 48 1
= / —_
54.5 .
2 43 43
5 -
o

4.0 4

3.5

3.0 T T T T T T T T T T

50 100 150 200 250 300

Particle Size (um)

Figure 12. Effect of particle size on weight recovery of flotation product
by employing electrically and mechanically crushed samples.

The maximum sulfur removal was 83.8% for the electrically crushed
samples at dso=150 pm, and the minimum sulfur removal was 44.4%
obtained by mechanical method at dsp=300 um. Meanwhile, the sulfur
removal at dsp=300 pm of the electrically crushed sample was 73.7%,
almost equal to the sulfur removal amount (73.2%) of the mechanically
crushed sample with ds=150 um. The sample with primary electrical
crushing at ds=300 pum fraction acted similarly to the mechanically
crushed method at dso=150 um. Moreover, its sulfur grade and recovery
were similar to the products at dso=75 pm, which were crushed by
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Figure 13. Effect of particle size on recovery of the flotation product by employing
electrically and mechanically crushed samples.

mechanical or electrical processes. Based on this, it can be concluded
that by using high-voltage electric pulse crushing, the flotation
possibility of coarse-sized particles and sulfur content removal is similar
to samples with primary mechanical and sometimes electrical crushing
at finer fractions. In addition, a coarse particle product with a higher
degree of liberation and less slime was obtained.

4. Conclusion

This research work studied the effect of the primary crushing
(mechanical and electric pulse) on particle sizes to investigate the
flotation possibility of coarse particle high-sulfur iron ore samples using
electric pulse crushing. The following results were made according to
the different crushing and flotation tests.

Electric pulse crushing produced a coarse particle product with less
slime compared to the mechanical (conventional) method. Moreover,
the degree of liberation of iron and sulfur-bearing minerals in electrical
crushing methods was higher than mechanical crushing in all size
fractions. These were due to the difference in the dielectric constant of
the minerals and the effect of tensile force in the size reduction using
electric pulse crushing, which led to the selective separation of minerals
from the contact boundaries. In the sample primarily crushed by electric
pulses, creating cracks/microcracks in the structure of coarse-sized
particles made them easier to mill in the initial grinding stages. Besides,
the grinding process was operated faster and much easier.

In mechanical crushing, the sulfur grade increased as particle size
increased. In electric pulse crushing, the sulfur grade decreased until the
range of -500+300 pm; after that fraction, it grew to some extent. This
subject confirmed a fast and selective crushing for sulfurous minerals
while employing high voltage electric pulse primary crushing instead of
primary mechanical crushing. These minerals were classified into finer-
size fractions.

The flotation of pyrite proved that both crushed samples, with
different methods, had similar results in desulfurization at the range of
dso=106 and 75 pm. However, the sulfur grade and its removal were
reported at 0.33% and 73.2% in mechanical crushing and 019% and
83.8% in electrical crushing, respectively, at dso=150 pm. At the dso=300
pm, the sulfur grade and removal obtained 0.86% and 44.4% in
mechanical crushing and 036% and 73.7% in the electrical method,
respectively. So, it means the primary crushing method (mechanical and
electrical) had a high effect on the flotation of samples from dso=150 pm
to coarser fractions in terms of grade difference and sulfur removal from
the iron ore concentrate. In addition, the sample with primary electric
crushing at dso=300 pum acted similarly to the sample with primary
mechanical crushing at dso=150 pm fraction.
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