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Abstract
The purpose of this study is to determine the appropriate method for micaceous iron ore processing and production per-
industrial application standards. After identifying the characteristics of the samples (with XRF, XRD, mineralogical ana-
lyzes), gravity and magnetic separation tests were carried out. Quartz and hematite are the main minerals of micaceous 
hematite ores. Silica grade as the major impurity varies from 10% to 68%. The total iron content of the samples also var-
ies from 15% to 62%. A jig and shaking table did not provide a good result in micaceous hematite beneficiation to achieve 
the standard of its specific applications. Gravity concentration by the spiral in the size range of -200 and -300 µm has led 
to the production of iron concentrates with a grade of 62.34% and 64.84%, respectively. The recovery values for the two 
experiments are 13.50% and 12.60%, respectively. Therefore, the spiral did not provide a good result in the micaceous iron 
ore beneficiation. High-intensity magnetic separation (1.2 T) has resulted in a product with a grade and recovery of 
65.98% and 88.35%, respectively. The experimental design utilizing the Taguchi method considering the increasing of 
grade or recovery priority indicated that for micaceous iron beneficiation with a priority of recovery increasing, the 
feeder frequency, roll speed, and adjustable gate angle should be at 6.5 Hz, 95 rpm, and 20°, respectively. However, for 
micaceous iron beneficiation with a priority of grade increasing, the feeder frequency, roll speed, and adjustable gate 
angle should be at 2.5 Hz, 135 rpm, and 60°, respectively.
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1. Introduction

Iron oxy-hydroxides play an important role in a va
riety of disciplines such as mineralogy, geology, etc. 
(Cambala et al., 2017). Micaceous iron oxide (MIO), or 
specular hematite, is an iron oxide mineral with the 
chemical formula of Fe2O3, and a gray to reddish-brown 
color (Tian et al., 2017). Micaceous hematite deposits 
are formed during the solution – deposition processes 
and in association with the oxidation and allotropism of 
magnetite (Wang et al., 2017). These reserves are found 
as lateral weathering profiles as a result of the iron su-
pergene enrichment during the Cretaceous to Tertiary 
period. In general, with the oxidation of primary reserves 
and also due to hydrothermal deposition, huge reserves 
of hematite have been formed (Guba, 1982; Villalba et 
al., 2010). During these processes, magnetite and hema-
tite are converted to each other by decreasing oxygen 
fugacity and increasing instability according to Equa-
tion 1. This reaction takes place in the superficial parts 
of the magnetite veins. In this case, the formed hematite 

minerals appear as coarse crystals and relatively short 
specularite, causing a directional fabric in the rock. Ori-
ented specularite minerals in the veins typically appear 
in the pressure shadows and margins of quartz and feld-
spar alkaline porphyroclasts (Hackspacher and PC, 
1979; Lagoeiro, 1998).

	 4Fe3O4 + O2 → 6Fe2O3� (1)

Due to the planar structure of micaceous hematite 
minerals, these minerals are used in certain industries, 
such as welding electrodes, paint and coating, brake 
pads, etc. Therefore, understanding the mineralogical 
and geochemical properties of this type of iron ore have 
been studied by various researchers (Tamboura et al., 
2013; Yang et al., 2016; Franco et al., 2016; Tanri-
verdi et al., 2018). MIOs are non-toxic, chemically in-
ert, with mica-like planar crystals, which are insoluble in 
water, organic and alkaline solvents, and slightly soluble 
in concentrated hydrochloric acid. Table 1 presents the 
physical properties of MIO. As mentioned, MIO is 
mainly used in the pigment industry as a coating as well 
as an alternative to iron powder in welding electrodes 
(Ravi et al., 2015). However, the use of MIO as a pig-
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ment to produce paints that are utilized in protecting the 
surfaces of metallic structures is more important. In this 
mineral, the pigment particles are directed in parallel 
layers on the surface and protect the surfaces against 
corrosive substances and water (Cornell and Schwert-
mann, 2003; Kalenda et al., 2004; Baena et al., 2009). 
This mineral has been successfully used in the prepara-
tion of alkyd, epoxy, polyurethane paints, and chlorine 
impregnated coatings, separate or in combination with 
other materials. According to ISO10601, the Fe2O3 con-
tent required for the application of MIO pigments is 
more than 85%. The technical specifications of MIO for 
use in coatings, pigments, and welding electrodes are 
given in Table 1. Figure 1 also shows images of MIO.

Numerous studies have been conducted on the use of 
micaceous iron with these specific applications. Amini 
and Sarabi (2010) conducted a study to investigate the 
properties of epoxy-polyamine protective coating rein-
forced with glass flake pigment in the presence of MIO 
pigment. According to the results, the presence of MIO 
pigment along with glass flake pigment increases corro-
sion, wear resistance of the coating, and reduces the ad-
hesion and the resistance under the salt spray test condi-
tions. Kakaei et al. (2012) conducted a study on the ef-
fect of MIO on the corrosion protection behavior of 
zinc-rich aqueous silicate – based coatings. The results 
indicate that although the mentioned alternative reduced 
the cathodic protection period of steel due to the zinc-

rich coating, it led to significant anti-corrosion proper-
ties in the salt spray test. The results show that MIO can 
be used to control the activity rate of zinc-rich coatings. 
Bakhshi and Zaarei (2015) conducted a study on the 
replacement of MIO with zinc particles in terms of the 
chemical and mechanical properties of zinc-rich epoxy 
coatings. The test results showed that the replacement of 
up to 40% of formulation weight values with MIO pig-
ment reduced the reactivity of the resulting coating and 
increased the cathodic protection period by 40%. Erf-
aghi et al. (2017) conducted a study to evaluate the anti-
corrosion properties due to the presence of MIO in the 
formulation of gas transmission pipeline primers based 
on synthetic rubber. The results of electrochemical tests 
indicate improved corrosion resistance properties of 
primers containing lower percentages of MIO pigments 
compared to non-pigmented primers.

Micaceous iron extracted from the mine contains a 
variety of compounds and gangue minerals. In order to 
use the MIO in the industries listed above with the re-
quired standard characteristics, it must be subjected to 
beneficiation processes. As with other types of iron ores, 
gravity concentration methods, magnetic separation, and 
flotation processes are considered as the most commonly 
proposed and applicable processes for MIO beneficia-
tion. Various studies have been conducted in this field. 
Wang et al. (2011) conducted a study on an MIO re-
serve containing 35% Fe, using sequential processes of 

Table 1: Physical properties of MIO and technical specifications, for use in the coating and electrode industries

The physical properties of MIO
Apparent 

density (g/cm3)
Volumetric density 

(g/cm3) (DIN53466)
Loss on ignition 

(LOI) at 800°C (%)
Volatile matter 
(%) (ISO787/2)

Melting 
point (°C)

Boiling 
point (°C)Form

4.5-81.7<1<0.315001000Powder
Technical specifications of MIO for use in coating and pigment industries and welding electrodes

Fe (wt. %)Fe2O3 (wt. %)SiO2 (wt. %)Al2O3 (wt. %)LOI (wt. 
%)

Particle 
size (mm)

Density 
(g/cm3)

Thin flat 
particles 
(wt. %)

>65>85<2<2<1<0.14.8>70

Figure 1: Macroscopic (right) and microscopic - BSE photomicrograph (left) images of MIO
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high-intensity magnetic separation and reverse flotation. 
Finally, concentrates with a grade of 66.62% iron and 
weight recovery of 30.65% have been obtained. Ravi et 
al. (2015) conducted a study on an ore sample with 
52.44% iron using a shaking table and a high-intensity 
magnetic separator (HGMS); that led the Fe grade in the 
resulting concentrate to rise up to 67.80%. Vapur and 
Top (2016) produced concentrates containing 92.47% 
Fe2O3 with an efficiency of 69.91% utilizing a wet mag-
netic separator with a magnetic field strength of 0.6 T 
from an MIO sample containing 62.94% Fe2O3. Since 
pyrite particles are recovered with iron oxide in conven-
tional gravity and magnetic processing methods, the 
presence of pyrite particles in MIO ores causes problems 
in the conventional separation methods (Zheng et al., 
2017; Tanriverdi et al., 2018). In the present study, the 
application of gravity and magnetic separation methods 
in MIO ore processing has been investigated. In this re-
gard, by determining the appropriate processing method 
and also determining the optimal conditions of the rele-
vant process, MIO concentrates are produced per the 
standards of coating paints, welding electrodes, and 
brake pads.

2. Materials and Methods

To investigate the possibility of producing concen-
trates of micaceous iron per the welding electrodes in-
dustry and coating paints’ application standards, a sam-
ple weighing 800 kg (for pilot and laboratory scale tests) 
was obtained via the bulk sampling method from the 
Gozal-Belagh Mine-Iran and sent to the laboratory for 
further testing. Guzel Bolagh mineral index with geo-
graphical coordinates of 46° 37’ to 46° 42’ E, longitude 
and 36° 24’ to 46° 31’ N, latitude, is located in the south 
of the West Azerbaijan province (Shahin-dezh city). The 
proven reserve is about 250000 tons, and the probable 
reserve is about 700000 tons. Considering that MIO in 

this area can be seen as veins or veins between magnetite 
and hematite rocks; the best method for sampling these 
veins is mass sampling. In bulk sampling, via sample 
selection and data collection, the results are determined 
by considering the error values for a large population. 
The selected sample is greatly representative of the large 
population and the findings from the sample can be gen-
eralized to the larger population with an acceptable 
amount of error.

2.1. �Physical and chemical characterization  
of the micaceous hematite ores

Objective observations indicated the presence of ores 
with different appearances in the micaceous hematite ore. 
To identify the properties of the studied micaceous hema-
tite ores from the perspective of chemical composition as 
well as the mineralogical structure, a manual sorting 
method was carried out to prepare various samples. Sub-
sequently, chemical content determination analyses were 
performed using X-ray fluorescence (XRF) on selected 
samples. Based on the results of these analyses, the iron 
content in the studied micaceous hematite ores varied 
from 15-62%. Silica is also the major impurity in the 
studied micaceous hematite ore, the grade of which var-
ied from 10-68% for different samples. In the next step, 
degree of liberation studies was conducted on a mica-
ceous hematite sample in different size fractions using a 
digital microscope with ×100 magnification capability. 
Based on the results, the degree of liberation in this sam-
ple was about 200 µm. According to microscopic images 
shown in Figure 2, it can be stated that about 90% of 
liberated particles are less than 200 µm.

Based on the results obtained from the degree of lib-
eration studies and for additional studies to identify dis-
turbing and associated gangue minerals, mineralogy 
studies (XRD) and chemical composition analysis 
(XRF) were carried out on iron oxide samples in two 
size fractions of -300 and -200 µm (it should be noted 

Figure 2: Microscopic images of MIO – size fractions of a) 200-300 µm and b) 150-200 µm (with ×100 magnification)
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that the measurement accuracy in XRF analysis is 
0.05%). The results of these analyses are presented in 
Table 2. According to Table 2, in particle size fraction 
of -200 µm, the amount of total iron content of the sam-
ple compared to the fraction of -300 µm, increased by 
about 8%. The results of X-ray diffraction (XRD) analy-
ses indicate that quartz and hematite are the major con-
stituent minerals of micaceous hematite ores; and with 
decreasing particle size, the amount of these two miner-
als increased in terms of volume percentage. Chlorite, 
calcite, muscovite, barite, and goethite are other identi-
fied phases in the deposit, the total volume percentage of 
which was less than 17%.

2.2. �Comminution approach for ore sample size 
reduction

According to Table 1, the MIO used in the raw mate-
rials for welding electrodes and coating paints has a par-
ticle size of less than 100 µm. For this purpose, the ore 
samples must be crushed to the desired size fraction. On 
the other hand, according to microscopic studies, a suit-
able degree of liberation for micaceous hematite is less 
than 200 µm. Therefore, after the crushing processes (by 
jaw and roller crushers), the grinding of the sample was 
carried out in a ball mill. Due to their elasticity and la-
mellar shape, micaceous hematite mineral particles face 
challenges, such as temporary deformation, absorption 
of comminution energy, and thus reduction of process 
efficiency during comminution. Therefore, to study and 
compare the wet and dry milling processes of MIO, lab-
oratory-scale comminution experiments were per-
formed, and the results were analyzed using particle size 
distribution functions. Figure 3 shows the sieve analysis 
diagrams of feed entering the mill, and milled products 
by the dry and wet method. According to the results, wet 
milling products with d80 = 100 µm were finer than dry 
milling products with d80 = 120 µm, in the same milling 
duration. Depending on the shape, the d50 of feed enter-
ing the mill was 500 µm, and all of the particles were 
less than 1000 µm. The d50 values for wet millings and 
dry millings are 38 and 41 µm, respectively. The d80 val-
ues are 100 and 120 µm for wet and dry milling meth-
ods, respectively. The particle size distribution in the wet 
milling method indicates a faster decrease in the average 
particle size (d50) than the dry one. This is due to the dif-

ference in fracture energy and the mill environment in 
wet and dry conditions. Given that, if the elastic strain 
energy is proportional to the square of strength, the en-
ergy in wet milling is approximately 20% less than in 
dry milling. The presence of water has rapidly increased 
the pulp viscosity for wet milling, where a layer of par-
ticles begins to deposit in the inner wall of the mill. As a 
result, the contact efficiency between the ball and the 
particle is significantly reduced, which reduces the fail-
ure in wet milling.

2.3. �Mineral processing tests and determination  
of optimal concentration conditions

2.3.1 Gravity separation tests

Based on chemical composition analyses and micro-
scopic studies, silica and hematite are the major constitu-
ent minerals of the studied MIO ore. Due to the differ-
ence in specific gravity between micaceous iron ore (5.2 
- 5.3) and the main tailings associated with it, namely 
silica (15.87), a series of gravity separation tests includ-
ing jig, shaking table, and spiral were performed. Separa-
tion by jig for particle size fraction larger than 2 mm and 
shaking table for size fractions of 0-0.5, 0.5-1, and 1-2 
mm did not provide the desired results in the final con-
centration of the studied MIO ore (see Table 3). How-
ever, the use of jig for pre-processing of low-grade and 
coarse-grained micaceous hematite ore (>6 mm) is rec-
ommended due to the effective separation of hematite 

Figure 3: Particle-size distribution diagrams of feed,  
wet and dry milling products

Table 2: Results of XRF and XRD analyzes of MIO sample in two size fractions of -200 and -300 µm

XRF
Size fraction (µm) SiO2 Al2O3 BaO CaO Fe(T) MgO LOI
-300 56.19 1.93 2.40 0.99 23.56 0.52 0.13
-200 51.82 0.35 0.80 0.58 31.11 0.06 1.10

XRD
Size fraction (µm) Quartz Hematite Chlorite Calcite Muscovite Barite Geothite
-300 53 29 2 2 4 4 5
-200 50 42 1 1 1 1.5 3
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from silica by jig. Spiral separation experiments were 
performed by classifying the sample into two size frac-
tions of -300 and -200 µm, and separation experiments 
on the pilot-scale were performed for each one. The size 
fractions tested were selected based on spiral efficiency 
in this range, degree of liberation studies, chemical anal-
yses, and dimensional range of raw materials required for 
specific MIO applications. In these experiments, the feed 
rate was constant and the solid pulp percentage was 15%.

sign by the Taguchi L18 array method has led to the pro-
posal of 9 experiments. The parameters and values of 
each experiment are given in Table 5.

3. Results and Discussion

3.1. �Micaceous iron processing using gravity 
separation methods

The jig and shaking table methods did not provide the 
desired results in the concentration of micaceous hema-
tite ores from the process efficiency as well as product 
production per the standards of its specific applications, 
standpoint. Investigation of the possibility of studied 
MIO ore concentration by the spiral in two size fractions 
of -300 and -200 µm, has led to the results according to 
Table 6. The first spiral test was performed on a sample 
in the size fraction of -300µm with a total iron grade of 
23.56%. Separation by spiral for this sample were led to 
the production of concentrate, tailings, and intermediate 
products with an iron grade of 64.84%, 25.84%, and 
37.25%, respectively. The second spiral test was per-
formed on a sample in the size fraction of -200 µm with 
an iron grade of 31.11%. The iron content of the concen-
trate obtained from this experiment was 62.34%, the 
grade of the intermediate product and its tailings were 
32.32% and 17.96%, respectively. The spiral recovery of 
this size fraction increased by only about one percent 
relative to the particles in the -300 µm size fraction. The 
grade of concentrate increased with increasing particle 
size, and the recovery value decreased with increasing 
particle size. It can be said that the separation by spiral is 
also dependent on the economy and metals market con-
ditions. If only a high-grade concentrate is considered, a 
spiral may be appropriate; however, since the main pur-
pose of mineral processing is to obtain concentrates with 
a high grade and recovery, the use of spirals does not 
seem to be an efficient method and can be used as a pre-
treatment or in combination with variety of gravity 
methods.

Considering the iron, silica, and alumina grade of the 
spiral concentrates in Table 6, and comparing them with 

Table 3: Gravity separation tests for concentration MIO

Gravity separation Size fractions (mm) Scale
Shaking Table 0 -0.5, +0.5 -1, +1 -2 Lab scale
Jig +2 Lab scale
Spiral -0.2, -0.3 Pilot scale

Table 5: Parameters and levels of each magnetic separation 
experiments designed by the Taguchi method

No. Roll speed (rpm) Feeding Rate (Hz) Angle (°)
1 135 2.5 20
2 135 4.5 40
3 135 6.5 60
4 115 2.5 40
5 115 4.5 60
6 115 6.5 20
7 95 2.5 60
8 95 4.5 20
9 95 6.5 40

Table 4: Specifications and information of 1.2 T magnetic 
separator

Roll magnetic separatorDevice name
Aksa MagnetManufacturing company
DrySeparation method
1.2 TMagnetic intensity
Concentration angle, Roll speed, 
Feeding rateControllable parameters

Roll length: 200 mm
Roll thickness: 0.1-5 mm
Capacity: Depending on the type 
and specifications of the material
Roll speed: 40-400 rpm

Device specifications

2.3.2 �Magnetic separation tests and determination 
of optimal separation conditions

A dry magnetic separation method was performed on 
the studied MIO sample. To carry out preliminary stud-
ies in association with magnetic concentration, the sam-
ple was categorized into four size fractions of 1-6.35, 
0-4.75, 0-2, and 0-1 mm, and magnetic separation was 
performed on each size fraction utilizing a 1.2 T mag-
netic separator. Table 4 shows the specifications of the 
utilized magnetic separator. In all experiments, the angle 
of an adjustable gate between the concentrate and the tail 
was 60° towards the concentrate, and the roll speed was 
135 rpm. In the next step, based on the results of the ini-
tial magnetic separation experiments, to determine the 
optimal separation conditions, the experiments were de-
signed by the Taguchi method, and Minitab software 
was used for systematic analysis of the results. In con-
ducting experiments, determining variable and depend-
ent parameters and designing experiments is a key step. 
Considering the three parameters mentioned in Table 5, 
three levels for each variable based on the best possible 
condition in the maximum, minimum, and average value 
of these two levels were selected. Based on this, the de-
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the MIO application standards used in the manufacture 
of coating paint and welding electrode, it can be said that 
the spiral concentrate for -300 µm feed is a more suitable 
product from the iron grade point of view (the standard 
amount of iron is more than 65%). In both tests, the alu-
mina grade is in the optimal range (less than 2%), but the 
silica grade is much higher than the standard limit (2%). 
To investigate the effect of mineral processing in the 
production per standards, pigment-making experiments 
were performed on the feed and concentrate of the -300 
µm spiral test. For each of the feed and concentrate sam-
ples, the paint manufacturing was performed separately. 
The pigments were poured in 40 g of solvent (industrial 
alcohol) and mixed for 30 minutes to obtain the initial 
solution. Then 40 and 20 g of resin and hardener were 
added to the solution, respectively, and the solution was 
mixed again for 1-2 hours until the raw materials were 
mixed evenly and the desired color was obtained. The 
paint produced by the spiral concentrate is more uniform 
and of better quality and has a higher solubility during 
manufacturing than the paint produced by the spiral 
feed. The poor quality of the paint produced by the feed 
is due to the presence of larger amounts of silica gangue 
particles as well as fine hematite particles. In general, by 
separating with spiral, in addition to removing silica, 
fine particles are also washed and a better product can be 
produced.

3.2. �Micaceous iron processing using magnetic 
separation method

Magnetic separation in the presence of a 1.2 T mag-
netic field for the three size fractions of the MIO ore 
provided the results shown in Table 7. According to the 
results, the weight percentage of the mineral recovered 
to the concentration decreased with increasing particle 
size, and consequently, the iron content increased. A 
comparison of the ratio of concentration for different 
size fractions shows that the 2 mm size fraction has the 

highest ratio of concentration value of 1.88. In addition, 
according to the results of XRF analysis, with increasing 
particle size, the amount of tailings silica grade of differ-
ent size fractions has decreased. This means that by re-
ducing the particle size, the magnetic separator has a 
better efficiency in removing silica particles. This trend 
is also observed concerning other available tailings such 
as Al2O3.

Figure 4 shows bar graphs of Fe2O3 grade and recov-
ery against particle size for magnetic separation experi-
ments. According to the figure, with an increase in parti-
cle size, the recovery is reduced and the iron grade is 
increased. Iron grade values increased with a moderate 
slope with an increase in particle size, while the reduc-
tion slope of the recovery decreased with an increase in 
size (especially between the fractions of 0-4.75 and 
1-6.35 mm). In general, according to the results of mag-
netic separation experiments with a magnetic intensity 
of 1.2 T that have been performed on different size frac-
tions of MIO, the best separation conditions occurred 
when a grade of 65.98% and recovery of 88.35% for the 
size fraction of 0-4.75 mm were selected.

Table 6: Results of spiral experiments in micaceous iron ore 
concentration for two size fractions of -200 and -300 µm

Iron 
recovery (%)

Grade (%)Feed 
particle size 
(µm) Al2O3SiO2Fe (T)

13.500.1930.7462.34-200
12.600.2332.1364.84-300

Table 7: Results of magnetic separation experiments in 
micaceous iron ore concertation for different size fractions

Iron 
recovery (%)

Grade (%)Particle size 
(mm) Al2O3SiO2Fe2O3

95.270.736.0159.770-1
94.370.6336.0160.790-2
88.350.3731.9165.980.75-4
75.250.1832.5765.801.35-6

Figure 4: Grade and recovery diagrams against particle size 
of magnetic separation in different size fractions

3.3. �Determination of the optimal conditions  
for MIO concentration by magnetic method

According to the results of the previous two sections, it 
can be stated that magnetic separation has a more appro-
priate result in MIO ore processing considering the grade 
and recovery of product. In this regard, in designing ex-
periments by the Taguchi method, an attempt has been 
made to determine the optimal operating conditions for 
MIO processing by the high-intensity magnetic method. 
Considering the three parameters of roll speed, feeder fre-
quency, and angle of the adjustable gate, and three levels 
for each variable based on the best possible condition in 
the maximum, minimum, and average values of these two 
levels were selected. Based on the results, the highest iron 
content of 40.94% was obtained in the conditions of roll 
speed of 135 rpm, feeder frequency of 6.5 Hz and the ad-
justable gate angle of 60°; while the optimal conditions 
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for obtaining the maximum value of recovery were at a 
roll speed of 95 rpm, feeder frequency of 4.5 Hz, and ad-
justable gate angle of 20°. Graphs of recovery and grade 
relationships with the levels of operational variables of 
the experiments are shown in Figure 5. According to the 
figure, by changing the levels of the roll speed and the 
adjustable gate angle parameters, a change in recovery oc-
curred with a steep slope. As the levels of both variables 
increased, the recovery value decreased by about 4%. Re-
covery of about 99% was achieved at a roll speed of 95 
rpm and an adjustable gate angle of 20°. Increasing the 
feeder frequency did not have a significant effect on the 
recovery. Regarding grade, the trend is reversed and with 
an increase in the roll speed and the adjustable gate angle, 
the grade value increased.

Figure 5: Dependency diagrams for a) Recovery and b) Grade with the parameters of magnetic 
separation tests

4. Conclusions

The use of micaceous iron ores in the raw materials of 
coating paints and welding electrodes is dependent upon 
processing operations and product production per the 
standards of these industries. In the first stage, it can be 
said that the use of the manual sorting method as an effec-
tive step for the initial separation of micaceous iron ore 
will be a practical preprocessing method. The gravity con-
centration of micaceous hematite by spiral, due to the 
need to crush the primary feed to dimensions less than 
300 µm and also low recovery, is not properly justified. 
By magnetic separation of micaceous hematite ores in 
coarse-grained (4.75 mm) size ranges under a high-inten-
sity magnetic field (1.2 T), products with a grade of more 
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than 65% Fe2O3 and recovery of more than 85% can be 
produced. To produce per the standards of paint and elec-
trode industries (particle size of -100 µm, total iron grade 
of more than 65%, and silica grade of less than 2%), the 
magnetic separation concentrate can be crushed to the 
separation cut-point of the studied micaceous hematite, 
i.e. 200 µm, and then re-concentrated with wet high-inten-
sity magnetic methods, and even flotation.
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Sažetak

Kartiranje liskunaste željezne rude i izrada primjenjivih industrijskih standarda

Svrha je ovoga istraživanja odrediti prikladnu metodu za oplemenjivanje liskunaste željezne rude te izrada standarda 
primjenjivih u industriji. Nakon utvrđivanja karakteristika uzoraka (s XRF, XRD, mineraloškim analizama) provedena su 
ispitivanja gravitacijskom i magnetskom separacijom. Kvarc i hematit glavni su minerali liskunastih hematitnih ruda. 
Udio silicija kao glavne nečistoće varira od 10 % do 68 %. Ukupni sadržaj željeza u uzorcima također varira od 15 % do 62 
%. Plakalica i koncentracijski stol nisu dali dobre rezultate u obogaćivanju liskunastoga hematita za postizanje standar-
da njegove specifične primjene. No, gravitacijska koncentracija spiralom veličine zrna -200 i -300 µm rezultirala je kvali-
tetom koncentrata željeza od 62,34 odnosno 64,84 %. Vrijednosti iskorištenja bile su 13,50 odnosno 12,60 %. Stoga ni 
spirala nije dala dobar rezultat u obogaćivanju liskunaste željezne rude. Visokointenzivna magnetska separacija (1,2 T) 
rezultirala je kvalitetom koncentrata od 65,98 % i iskorištenjem od 88,35 %. Eksperimentalni dizajn prema Taguchiju s 
obzirom na povećanje kvalitete ili iskorištenja pokazao je da za povećanje iskorištenja frekvencija dodavača, brzina bub-
nja i kut separacijskoga noža trebaju biti na 6,5 Hz, 95 o/min i 20 °. Međutim, za obogaćivanje liskunaste željezne rude 
s prioritetom povećanja kvalitete koncentrata frekvencija dodavača, brzina bubnja i kut separacijskoga noža trebaju biti 
2,5 Hz, 135 o/min, odnosno 60 °.

Ključne riječi:
spekularit, liskunasta željezna ruda, magnetska separacija, gravitacijska separacija, Taguchi
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