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Abstract

In its introduction, this contribution deals with the usage of magnetite during the process of coal
separation in the Karvina Mine's preparation plant of the Lazy Plant. Next it deals with the evaluation of quality
of magnetite used in the preparation plant, losses of magnetite adhering to the products leaving the preparation
plant, the recovery of a diluted suspension with focus on the efficiency of magnetite separation of the diluted
suspension and the comparison of the magnetite consumption with the one in the CSM preparation plant. In
conclusions, the article presents options leading to the reduction of the magnetite consumption in the Karvina
Mine's preparation plant of the Lazy plant. For comparison, the data of the CSM Mine is stated here.

Abstrakt

Ptispévek se v uvodu zabyva pouzitim magnetitu pfi rozdruzovani t¢zného uhli na upravné Dolu Karvina,
zavodu Lazy, dale vyhodnocenim kvality magnetitu pouzivaného na Gpravng, ztratami magnetitu ulpivajiciho na
produktech odchézejicich z apravny, regeneraci ziedéné suspenze se zaméfenim na G¢innost separace magnetitu
ze zfed&né suspenze a porovnanim spotieby magnetitu s upravnou dolu CSM. V zavéru jsou uvedeny moznosti
vedouci ke snizeni spotfeby magnetitu na upravné Dolu Karvina, zavodu Lazy. Pro porovnani jsou zde uvedeny
hodnoty z Dolu CSM.
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1 INTRODUCTION

In the Karind Mine's preparation plant of the Lazy Plant, magnetite is used to treat coal. Magnetite is used
as a high density material from which together with water a dense medium is prepared. The high density material
must meet at least several conditions, such as availability, low cost, sufficient density, abrasion resistance, and
may not react with the treated raw material and may not be soluble in water as well. The dense medium must
have at least several properties such as high stability, low viscosity, wholesomeness and easy recoverability. The
dense medium suspension is used to create an environment conductive to the separation of products. The
separation is a process in which materials are separated due to their different properties, in our case their
different density. The separation in the preparation plant of the Lazy Plant takes place in a SM (Staatsmijnen)
dense medium separator (Fig. 1) and in hydrocyclones where coal, dirt band and spoil are separated from one
another. The shallow SM dense medium separator consists of a bath where a scraper conveyor is located. The
dense medium and the material being treated are fed to the bath.

Through the upper branch of the discharge end floats are washed out (the fraction of lower density than
the density of the dense medium) and through the lower branch of the discharge end sinks falling to the bottom
of the bath are discharged (the fraction of higher density than the density of the dense medium).
Dense medium cyclones are used to remove particles of smaller particle size where besides gravitational forces,
as in a SM dense medium separator, also centrifugal field forces are applied.
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The cyclone involves a tapered inlet through which the material is supplied together with the dense
medium into a short cylindrical section followed by a conical section. The conical section ends with a tapered
outlet through which the higher density fractions are discharged. In the axis of the dense medium cyclone there is
an overflow outlet on top through which the lower density fractions pass out. During the separation, particles of
the high density material adhere to the surface of the material being separated. If not removed, they can cause
the deterioration of the quality of manufactured products and an increase in the consumption (losses) of the high
density material. In order to minimize losses of the high density material (economically significant), the
separation products are rinsed off, and so the adhered high density material removed from their surface. This
way a mixture of particles of the high density material, fine particles of the material being separated and other
foreign matters and water occurs which is referred to as a diluted suspension. For further use (re-use) of the high
density material it is necessary to recapture its particles for the preparation of a new suspension. This
technological operation is called dense medium recovery. [1] In the Lazy Plant, the recovery of magnetite
particles is performed by multi-stage separation using magnetic separators. The principle of a uniflow magnetic
separator is shown in Fig. 2. The choice of a recovery method for the diluted suspension depends on the type of
the used high density material and its properties. As the high density material used by us has magnetic
properties, we could use the properties to recover the diluted suspension. Regarding the price of magnetite has
been increasing in recent years and the magnetite consumption in the Karvina Mine's preparation plant of the
Lazy Plant amounts monthly to one million crowns on average, it is necessary to check regularly the magnetite
consumption and simultaneously to seek ways to reduce it.
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Fig. 1 SM dense medium separator Fig. 2 Uniflow magnetic separator

2 PROPERTIES OF MAGNETITE USED IN THE PREPARATION PLANT OF THE
LAZY PLANT

Raw magnetite was taken from a landfill plant of the preparation plant, and then its properties were
determined in laboratories at the VSB-Technical University of Ostrava. These were the density of magnetite, its
grain-size composition, contents of magnetic particles in raw magnetite and properties of raw magnetite. The
properties were found in accordance with the industry standard 44 7233 - Evaluating high density materials and
separating suspensions.

Density of magnetite - magnetite was first dried in an oven at 105°C. The dried magnetite was screened
at a mesh size of 0.5 mm. From the undersize the magnetite density of 4524 kg.m™ was determined by
pycnometry. The density of magnetite complies with the conditions determined for high density materials.

Grain-size composition of magnetite - was determined by dry distribution on screens with nominal
lengths of mesh of 0.1 mm, 0.063 mm, 0.04 mm and 0.02 mm. The grain size distribution of magnetite and the
recommended range of grades used in coal preparation plants are given in Tab. 1. A graphical representation is
presented in Graph 1. It follows from the values shown in the table or in the graph that magnetite does not differ
much from the recommended particle size composition.
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Tab. 1 Particle size composition of magnetite and recommended range of grades. [2]

. . . Reality Yield according to ON 44 72 33
Grain size [mm] Magnetite weight [g] .
Magnetite yield [%] [%6]
- 0.020 1.157 4.3 30
0.020 - 0.040 14.768 55.2 20
0.040 - 0.063 6.7887 25.3 30
0,063 - 0,100 1.6778 6.3 15
+ 0.100 2.378 8.9 5
Total 26.7695 100 100
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Graph 1 Particle size composition of magnetite and recommended range of classes. [2]

Determination of contents of magnetic particles and magnetic properties of raw magnetite -
magnetic particle contents in raw magnetite was determined using the Mechanobr analyzer according to the
industry standard 44 7233 which specifies the procedure for determining magnetic components. Magnetite
contained on average 98.135 % of magnetic particles, which is a satisfactory value. The determination of
magnetic properties of raw magnetite is voluntary. The procedure is imposed by the branch standard 44 7233.
The observed average magnetic property of 0.76 is sufficient as it exceeds the value of 0.7 which is a
recommended value according to the standard.

3 LOSS OF MAGNETIC FRACTIONS ON PRODUCTS

In the coal preparation plant, products already washed were taken after separation, i.e. those free of
magnetic fractions. These were rinsed in the laboratory and the obtained mixture of slurry with remaining
magnetite was subjected to control wet separation using the Mechanobr magnetic separator at the magnetic
induction B = 0.1 T, level 2 and a voltage of 24 volts. The results are shown in Table 2. The reported losses are
acceptable. The rinsing process can be considered effective if losses are not greater than 1 kg per ton of coal
being processed, or per ton of charge. The different amounts of magnetite losses are caused by the different
particle size of products and the associated size of the surface which the magnetite particles adhere to.

GeoScience Engineering Volume LVIII (2012), No.2
http://gse.vsb.cz p. 1-6, ISSN 1802-5420


http://gse.vsb.cz/�

Tab. 2 Loss of magnetic fractions on products. [2]

Product Loss [g/t] Product Loss [g/t]
Lumpy product 24.35 Dirt band 80.86
Coal from centrifuges 40.26 Fine stone 73.48
Washed coal 189.78 Rough stone 68.21
Dirt band from centrifuges 38.70 Spoil 45.16

For comparison, measurements at the CSM Mine in 2010 under the same conditions showed higher losses
of magnetite on products of dense medium cyclones at magnetic fraction contents of 97.94 % in dry magnetite.
[3]

Losses of magnetic particles on DM HC products
Washed coal 322 g/t

Spoil 88 g/t

Losses of magnetic particles on DM HC products
Washed coal 391 g/t

Spoil 81 g/t

Losses of magnetite on DM HC products
Washed coal 328 g/t

Spoil 90 g/t

Losses of magnetite on DM HC products
Washed coal 399 g/t

Spoil 82 g/t

4 RECOVERY OF DILUTED SUSPENSION

Magnetite in the coal preparation plant of the Lazy Plant is recovered using drum magnetic separators.
In order to ensure sufficient efficiency, a three-stage separation process is used. In the first stage of recovery,
four separators are involved, in the second stage, six separators are included and in the third stage, four
separators are used. The separator is a device consisting of a drum rotating in a bath which is fed with the diluted
suspension. Non-magnetic particles are rinsed off through the opening of the environment being separated to the
next stage of recovery or to a service water tank. Magnetic particles are attracted in the magnetic field to the
drum surface, washed away from the diluted suspension into a chute area where they are rinsed off and drained
into a tank of magnetic fractions. This way obtained magnetite is used for a new application. The efficiency of
magnetic separation is shown in Table 3, and for comparison, the efficiency of magnetic separation at the CSM
Mine is given in Table 4, where the efficiency result is better than in the Lazy Plant for a lower value of
magnetic particle contents in raw magnetite.

Tab. 3 Calculations of magnetic separation efficiency on separators. [2]

Indicator Concentrate Waste Intake

Contents of mag. fractions [%] 98.14 c 86.23 b 0.45 a 37.43
Yield [%] Ve 43.11 Vb 56.89 | va 100
Amount of magnetic portions [kg/10 t] C 3717.64 B 25.36 a 3743
Contents of magnetite [%] cr 87.87 br 0.45 ar 38.14
Contents of coal slurry [%] slurry ch 12.13 bb 9955 | ab 61.86
Sum 100 100 100
High density material Cr 3788.28 Br 25.84 | Ar | 3814.11
Contents of slurry slurry Ch 523.04 Bb 5662.85 | Ab | 6185.89
Sum 4311.31 5688.69 10000
Yield [%)] Fe;0, mc 99.23 mb 0.68 ma 100
Yield [%] of slurry | wc 8.46 wh 91.54 |[wa 100
Efficiency [%] 90.87 + -90.87 = 0.00
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Tab. 4 Calculations of efficiency of magnetic separation on a CSM Mine's separator in 2010

Indicator Concentrate Waste Intake
Contents of mag. fractions [%] 97.94 c 88 b 0.35 a 31.7
Yield [%] Ve 35.76 Vb 64.24 Va 100
The amount of magnetic portions [kg/10 t] C |314752| B 22.48 a 3170
Contents of magnetite [%] cr 89.85 br 0.36 ar 32.37
Contents of coal slurry [%] slurry ch 10.15 bb 99.64 ab 67.63
Sum 100 100 100
Yield [%] Fe;O, | mc 99.29 | mb 0.71 ma 100
Yield [%] of slurry [ wc 5.37 whb 94.63 | wa 100
Efficiency [%] 93.92 + -93.92 = 0

Tab. 5 Waste water

2011 Waste Charge Loss of magnetite | Loss of magnetite
water [m’] [t] [ka] [kg/t] of charge

JANUARY 46000 136300 13800 0.10
FEBRUARY 50670 147460 15201 0.10
MARCH 51570 155440 15471 0.10
APRIL 47290 183570 14187 0.08
MAY 41850 137430 12555 0.09
JUNE 43460 163419 13038 0.08
AVERAGE 46807 153937 14042 0.09
TOTAL 280840 923619 84252 0.09

5 CONCLUSIONS

The paper shows that the used magnetite is of good quality, losses of magnetite particles adhering to the
surface of products being separated are minimal and the efficiency of magnetic separation is sufficient. In
addition to technological subordination and regular inspections of the function of equipment in the preparation
plant, a reduction of the magnetite consumption can be achieved by a limited discharge of waste water.

In order to minimize the discharge of waste water, the water and slurry circuits in the preparation plant must
work well. These circuits are interconnected. The waste water discharged from the Lazy preparation plant
contains 0.3 g/l of magnetite on average. The magnetite contained in the waste water is irretrievably lost.

Table 5 presents the amount of waste water discharged from the preparation plant, the amount of
processed coal, magnetite losses in kg and the expression of losses of magnetite in the waste water in relation to
the currently processed amount of coal.
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RESUME

Magnetit slouzi jako zatézkavadlo, ze kterého se spolecné s vodou pfipravuje tézka suspenze. Divodem
pouziti suspenze je vytvofit prostiedi slouzici k rozdruzovani produkti. Rozduzovani je proces, kde dochazi na
zakladé rozdilnych vlastnosti materiald, v naSem piipadé rozdilné hustoty materiald, kjeho oddélovani.
Rozdruzovani na tipravné dolu Karvina, zavodu Lazy probihd v té¢Zkosuspeznim rozdruzovaci SM (Staatsmijnen)
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a Vv hydrocyklonech, kde jsou od sebe oddélovany uhli, proplastek a hlusina. Pfi rozdruzovani ulpivaji ¢astice
zatézkavadla na povrchu rozdruzovaného materialu. Nejsou-li odstranény, mohou zpisobit zhorSeni kvality
vyrobenych produktd a soucasné ptedstavuji spotfebu (ztraty) zatézkavadla. Za celem minimalizace ztrat
zatézkavadla (ekonomicky vyznamné) jsou produkty rozdruzovani oplachovany, a tim je zjejich povrchu
odstrafiovano ulpélé zatézkavadlo. Vznikd tim smés castic zatézkavadla, jemnych cCastic rozdruzovaného
materidlu i ostatnich pfimési a vody, kterou oznacujeme jako zfedénou suspenzi. Pro dalsi (opakované) pouziti
zatézkavadla je potiebné, Castice zatézkavdla ze ziedéné suspenze znovu ziskat pro pfipravu nové suspenze.
Pispévek se vedle popisu pouziti magnetitu na Upravné dolu Karvina, zdvodu Lazy, zabyva také oblastmi, které
vyrazné ovliviiuji mnozstvi spotieby magnetitu. Jedna se o tyto oblasti:

- vlastnosti magnetitu pouzivaného na upravné zavodu Lazy,
- ztratami magnetickych podilii na produktech,
- regeneraci ziedéné suspenze na zavodé Lazy a porovndnim regeneraci ziedéné suspenze s dolem

CSM. Piispévek se také zabyva odbérem a zpracovanim vzorkd v laboratotich VSB — TO OSTRAVA,
jejich vyhodnocenim a hledanim cest vedoucich ke sniZeni spotfeby magnetitu na dole Karvina, zavodu Lazy.
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