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Abstract

Magnesite belongs to the most significant minerals of Slovakia. According to various statistical reviews Slovakia is in 4th-6th place in
the world and its share ranges 2.25-3.63 % of total world production (Reichl et al., 2015; Brown et al., 2015).

Magnesite occurs in the belt from Lucenec to Kosice (south of central-east Slovakia) in the form of Fe-variety called breunnerite
(commonly 10-30%, but also 8-17% or 5-50% FeCO,), i.e. ferroan magnesite (Mg, , , Fe . )JCO, usually containing about 9% FeO
(Saldt and Onédkovd, 1966). As to CaO/SiO, ratio (modulus C/S >2 or < 2), the both technological magnesite types, namely limy and
silica ones occur. For this reason the research on magnesite and magnesia upgrading is focused on calcium and silica reduction. It is
also important to observe behaviour of iron in separation process.

So, the contribution deals with the magnetic separability determination of calcined magnesite ore fines from the Miitnik deposit (silica
type). The content of fines —-0.5mm can attain 25-30%. The behaviour of this material in high gradient magnetic field of separator was
studied on the basis of magnetic fractions analysis and mass yields. The product of best quality with the content of 81.91% MgO at a
mass yield of 82.77% and MgO recovery of 89.19% was won at the induction of 0.06T. An enhancement of magnetic field induction
resulted in mass yield growing, recoveries increasing of all components into magnetic product and finally, in its gradual contamina-
tion by gangue components. So, a magnetic product with the MgO content of 79.98% at a mass yield of 91.07% and MgO recovery of
95.81% was prepared at the highest induction, i.e. 0.45T. Magnetic separability analysis with regards to feed quality into separation

enables to preset the suitable induction of field to achieve the required quality of separation products.
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Introduction

The magnetic separability determination was
performed by preparation of magnetic fractions in
a dependence on induction/intensity of magnetic
field (in Cagas, 1972; Hredzak et al., 2008; 2009;
2014b; Kilin et al., 2012). This technique is simi-
lar to float-sink analysis realised in heavy liquids
where specific-gravity fractions are obtained. Thus,
the chemical analysis and mass yields of fractions
enables to assess a separability/dressability or
washability of ores and coals and on the basis of
such analyses it is possible to predict the separa-
tion products quality and their mass yields at given
conditions of beneficiation (Kozak a Cagas, 1965;
Spaldon, 1986; Lukag, 1993).

Recently, an increased attention is paid to up-
grading of calcined magnesia in magnetic field ow-
ing to intensive works on an optimisation of magne-
site ore calcination process. Consequently, several
magnesia specimens of different quality obtained

at various conditions of burning were subjected to
dry high gradient magnetic separation (DHGMS)
(Hredzak et al., 2011; 2013; 2014a).

Material and methods

The calcined magnesia fines (—0.5 mm) from
Mutnik deposit were subjected to DHGMS using
universal laboratory JONES-type electromagnetic
separator in a cassette located between its poles.
The cassette was lined by two grooved plates made
of magnetically soft iron (Hredzak et al., 2013). In
such way required induction and gradient of mag-
netic field were achieved.

The DHGMS was realised at five values of mag-
netic induction, namely 0.06; 0.11; 0.19; 0.30 and
0.45T. After separation at the lowest value of mag-
netic induction a non-magnetic product was con-
sequently separated at higher induction value as it
is schematically represented in Fig. 2. All obtained
products were weighed and analysed.

Inzynieria Mineralna — LIPIEC - GRUDZIEN <2015> JULY - DECEMBER — Journal of the Polish Mineral Engineering Society 183



Tab. 1. Magnetic fractions characteristics

Tab. 1. Charakterystyka frakcji magnetycznej

magnetw[gf?ctlon YYI[GOE €106 | MgO | LOI | Fe,O3 | MnO | CaO | Si0, | ALOs
—0.06 82.77| 66,480 | 8191 | 322| 487| 026] 278| 4.69| 0.56

0.06 | —0.11 411 | 43,624 | 7410 | 3.26| 442 023| 486| 6.19] 114
0.11 | —0.19 135| 17,552| 5555| 562| 438| 0.19| 840 1191] 3.73
0.19 | —0.30 126 | 9,124 | 4660 | 634| 385| 0.16]| 1036| 17.88| 433
030 | —0.45 158 | 4,653 | 4136| 9.10| 3.29| 0.15]| 1297] 18.11] 583
+0.45 893 | 1,467 | 35.66| 1583 | 2.42| 0.15| 22.19| 1210 227
feed 100.00 | 57,384 | 76.02 | 451 | 459| 024 493| 58| 091

Tab. 2. Recoveries of observed components into magnetic fractions ver. mass yield

Tab. 2. Uzysk sktadnikow we frakcji magnetycznej

magneﬁ]ﬁacmn Yy‘[?;i MgO | LOI | Fe0s | MnO | CaO | Si0, | ALO;
0.06 82.77| 89.19| 59.07| 8785 8751 4662 6592| 5101
0.06 | —0.11 41| 401|  297] 397] 396| 405| 432] 5.3
0.11 | —0.19 135] 099 168] 129 106 231 274| 554
0.19 | ~0.30 126]  077] 177 105 083| 264| 381| 597
0.30 | —0.45 158]  086] 319 113|096 416]| 486] 1011
T0.45 893 | 4.19| 3132| 471 568| 4022 1834 2224
foed 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

Tab. 3. Calculation of parameters for magnesium (content as MgO)
Tab. 3. Obliczone zawartosci magnezu (jako MgO)

feed into separation magnetic fractions non-magnetic fractions
. mass | content | amount | mass yield Mg content | mass yield Mg content
nfl;%:rtlglllc yield Mg Mg cumulative | cumulative Mg cumulative | cumulative Mg
> Mgyd >MgyT
[T] y[%] [Mg(%]| Mgy | Xyd | EIMgyd |57 EZyT | Mgy T 7
Y Xy
a b c d e f g h i
1 —0.06 | 82.77| 81.91 |6780.09 82.77 6780.09 81.91 100.00 7602.27 76.02
2] 0.06]|-0.11 4.11] 74.10 304.71 86.88 7084.80 81.54 17.23 822.18 47.71
3] 0.11]{-0.19 1.35] 55.55 75.14 88.24 7159.94 81.15 13.12 517.47 39.44
4| 0.19]-0.30 1.26 | 46.60 58.54 89.49 7218.48 80.66 11.77 442.33 37.59
5| 030]-045 1.58| 41.36 65.35 91.07 7283.84 79.98 10.51 383.79 36.52
6| +0.45 8.93 | 35.67 318.43| 100.00 7602.27 76.02 8.93 318.43 35.66
feed 100.00 | 76.02 | 7602.27
0,06 T
M N
0,11T
M N
0,19T
M N
0,30T
M N
045T
M N

Fig. 1. Scheme of magnetic fractions preparation
Rys. 1. Schemat przygotowania frakcji magnetycznej
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Tab. 4. Separation products quality at 0.06T
Tab. 4. Jakos¢ produktow separacji, natezenie pola 0,06T

product

v [%]

Kk 10

MgO LOI Fe;0; MnO CaO SiO, ALO;
M 82.77 66,489 81.91 3.22 4.87 0.26 2.78 4.69 0.56
N 17.23 13,641 47.71 10.72 3.24 0.18 15.26 11.65 2.59
feed 100.00 57,384 76.02 4.51 4.59 0.24 4.93 5.89 0.91
Tab. 5. Recoveries into separation products at 0.06T
Tab. 5. Uzysk produktéw przy 0,06 T
product MgO LOI Fe,0; MnO CaO SiO, Al O;
M 89.19 59.07 87.85 87.51 46.62 65.92 51.01
N 10.81 40.93 12.15 12.49 53.38 34.08 48.99
feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Tab. 6. Separation products quality at 0.11T
Tab. 6. Jako$¢ produktéw separacji, nat¢zenie pola 0,11T
product v [%] K 10 MgO LOI Fe 05 MnO CaO SiO, ALO;
M 86.88 65,407 81.54 3.22 4.85 0.25 2.87 4.76 0.59
N 13.12 4,242 39.44 13.05 2.86 0.16 18.53 13.36 3.05
feed 100.00 57,384 76.02 4.51 4.59 0.24 4.93 5.89 0.91
Tab. 7. Recoveries into separation products at 0.11T
Tab. 7. Uzysk produktéw przy 0,11 T
product MgO LOI Fe,0; MnO CaO SiO, AlLO;
M 93.19 62.04 91.81 91.47 50.67 70.25 56.14
N 6.81 37.96 8.19 8.53 49.33 29.75 43.86
feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Tab. 8. Separation products quality at 0.19T
Tab. 8. Jakos¢ produktow separacji, natezenie pola 0,19T
product v [%] Kk 10° MgO LOI Fe O3 MnO CaO Si0; AlLOs
M 88.24 64,674 81.15 3.26 4.84 0.25 2.96 4.87 0.64
N 11.77 2,712 37.59 13.91 2.69 0.15 19.69 13.52 2.97
feed 100.00 57,384 76.02 4.51 4.59 0.24 4.93 5.89 0.91
Tab. 9. Recoveries into separation products at 0.19T
Tab. 9. Uzysk produktéw przy 0,19 T
product MgO LOI Fe,0; MnO CaO Si0O, ALOs
M 94.18 63.73 93.10 92.53 52.98 72.98 61.68
N 5.82 36.27 6.90 747 47.02 27.02 38.32
feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Tab. 10. Separation products quality at 0.30T
Tab. 10. Jako$¢ produktow separacji, nat¢zenie pola 0,30T
product v [%] K 10 MgO LOI Fe,0; MnO CaO SiO; Al O;
M 89.49 63,893 80.66 3.30 4.83 0.25 3.06 5.05 0.69
N 10.51 1,946 36.52 14.81 2.55 0.15 20.81 13.00 2.80
feed 100.00 57,384 76.02 4.51 4.59 0.24 4.93 5.89 0.91
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Tab. 11. Recoveries into separation products at 0.30T

Tab. 11. Uzysk produktow przy 0,30 T

product MgO LOI Fe,0; MnO CaO SiO, ALOs
M 94.95 65.49 94.16 93.37 55.62 76.80 67.65
N 5.05 34.51 5.84 6.63 44.38 23.20 32.35
feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Tab. 12. Separation products quality at 0.45T
Tab. 12. Jako$¢ produktéw separacji, natgzenie pola 0,45T
product v [%] k 10 MgO LOI Fe,O3 MnO CaO SiO, AlLO;
M 91.07 62,865 79.98 3.40 4.80 0.25 3.23 5.28 0.78
N 8.93 1,467 35.66 15.83 2.42 0.15 22.19 12.10 2.27
feed 100.00 57,384 76.02 4.51 4.59 0.24 4.93 5.89 0.91
Tab. 13. Recoveries into separation products at 0.45T
Tab. 13. Uzysk produktéw przy 0,45 T
product MgO LOI Fe;0; MnO CaO SiO, Al O3
M 95.81 68.68 95.29 94.32 59.78 81.66 77.76
N 4.19 31.32 4.71 5.68 40.22 18.34 22.24
feed 100.00 100.00 100.00 100.00 100.00 100.00 100.00

The product quality was determined as follows.
Loss on ignition (LOI) at 1000°C and SiO, content
were assayed gravimetrically. Other elements such
as Mg, Fe, Mn, Ca and Al have been determined
by atomic absorption spectroscopy using the device
VARIAN with accessories: Fast Sequential AAS
AA240FS, Zeeman AAS AA240Z with Program-
mable Sample Dispenser PSD120, Graphite Tube
Atomizer GTA120 and Vapor Generation Accesso-
ry VGA-77.

The volume magnetic susceptibility “k” mea-
sured using the Kappabridge KLY-2, Geofyzika
Brno. The following conditions were applied: a
magnetic field intensity of 300 A.m™, a field homo-
geneity of 0.2%, an operating frequency of 920 Hz
at the range of —1,999.10-6 +~ +650,000.10-6 SI unit.

Results: the quality of magnetic fractions and
recalculation to two-product separation

The results of the magnetic fractions analyses
are introduced in Tables 1 and 2. Thus, according
to a mass yield values it was shown that majority
of grains is magnetic-sensitive. As to MgO content
the best quality (magnetic) product was achieved at
0.06T. Naturally, the worst quality (non-magnetic)
product was obtained at 0.45T with the lowest MgO
content and the highest contents of CaO and SiO, as
well as the highest value of LOI (Table 1).

Itis needed to advert to the values in the first line
of Table 2. On the one hand the recoveries of MgO,
Fe,O, and MnO are little higher than mass yield and
on the other side the recoveries of CaO, SiO,, Al O,
and LOI are significantly lower. Thus, MgO, Fe O,

and MnO are predominantly bonded in magnetic
minerals conversely CaO, SiO,, AL,O, and LOI in
non-magnetic phases.

On the basis of values in Table 1, the recalcu-
lation of parameters for two-product separation of
every component, namely MgO, LOI, Fe O,, SiO,,
CaO, ALO,, MnO including magnetic susceptibili-
ty was carried out. The example of recalculation is
introduced in Table 3 for MgO. The following rela-
tions are valid for the values in columns and lines in
this Table: i) c =a.b. ii) al =dl, then d2 =d1 + a2,
d3 =d2 + a3, etc. iii) cl =el, thene2 =el + ¢c2, €3
=e2+c3,etc.,iv) f=e/d

Similarly, the calculations for non-magnetic
fractions were performed. On the basis of calculated
values the separability, magnetic and non-magnet-
ic fractions curves have been constructed enabling
continuous data reading (Fig.2).

Finally, the parameters of two-product separa-
tion are presented in Tables 4—13.

Conclusion

The contribution demonstrated the determina-
tion of magnetic separability of calcined magnesia
fines. Thus, behaviour of this material in magnetic
field is possible to predict in such way. The deter-
mination is very important because the content of
fines in calcined magnesia can attain of 30.7-38.2%
under 1 mm and/or 25.17-30.19% under 0.5mm.

The results of analyses showed that: (i) the
cleanest magnetic product with the highest Mg
content (81.91%) can be achieved at the lowest
magnetic induction, but also at the lowest mass
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Fig. 2. Separability curves for MgO

Rys. 2. Krzywa wzbogacalno$ci MgO

yield and Mg-recovery, (ii) a limitation of Mg
loses in non-magnetic product is possible only on
the expense of Mg content reduction (gradually to
79.98%) in magnetic product at higher values of
induction during separation, where the magnetic
product is gradually impure by gangue minerals at
growing mass yield, (iii) significant reduction of
gangue components such as CaO, SiO, and Al,O,
in magnetic product is attainable.

Chemical analyses and recoveries similar trends
of magnesium, iron and manganese point to mutu-
al bond or better said all these elements occur in

the lattice of magnesite. For this reason iron and
manganese removal is not possible to achieve using
physical technique of upgrading.
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Separacja magnetyczna kalcynowanego magnezytu w polu magnetycznym

Magnezyt jest jednym z najbardziej znaczgcych mineratow na Stowacji. Wedtug réznych przegladéw statystycznych, Stowacja jest
uwzgledniania miedzy czwartym a szostym miejscem na Swiecie w produkcji magnezytu, a jej udzialy wahajq si¢ od 2,25-3,63%
catkowitej produkcji Swiatowej (Reichl in., 2015; Brown i in., 2015).

Magnezyt wystepuje w pasie od Lucenec do Kosic (potudnie centralno-wschodniej Stowacji) w formie odmiany metalu zwanej bre-
unerytem (zazwyczaj 10-30%, lecz réwniez 8-17% lub 5-50% FeCO),) tj. ferromagnetyku (Mg, , , Fe, , ,.)CO,, zazwyczaj zawier-
ajgcego okoto 9% FeO (Saldt i Oncdkovd, 1966). Co si¢ tyczy proporcji Ca0/SiO, (zmienna C/S > 2 lub < 2), to obecne sq oba typy
technologiczne magnezytu, mianowicie wapno i krzemionka. Z tego powodu badania nad ulepszeniem magnezytu i magnezji opierajg
sig gléwnie na redukcji wapna i krzemionki. Obserwuje sig takze zachowanie zelaza w procesie separacji. Praca traktuje o okresleniu
efektywnosci separacji magnetycznej drobnych klas ziarnowych z prazonego magnezytu ze ztoza Mutnik (typ krzemionki). Zawartos¢
miatu w klasie -0,5mm moze osigga¢ 25-30%. Badania przeprowadzono w separatorze o wysokim nategzeniu pola magnetycznego.
Produkt najwyzszej jakosci zawierat 81,91% MgO przy wydajnosci masowej 82,77% , uzysk MgO w wysokosci 89,19% byt otrzymany
przy natezeniu pola magnetycznego na poziomie 0,06T. Zwigkszenie indukcji pola magnetycznego spowodowato wzrost wydajnosci
masowej, zwigkszeenie odzysku zwigzkow, niestety rowniez stopniowy wzrost zanieczyszczenia sktadnikami skaly plonnej. Zatem pro-
dukt magnetyczny zawierajgcy MgO w ilosci 79,98% przy wydajnosci masowej 91,07%, z uzyskiem MgO na poziomie 95,81% zostal
uzyskany przy najwyzszym natezeniu pola 0,45T. Analiza wlasciwosci magnetycznych surowca przeznaczonego do separacji pozwala
na wczesniejsze ustalenie odpowiedniej indukcji pola w celu otrzymania wymaganej jakosci rozdzielanych produktow.

Stowa kluczowe: wzbogacalnosé magnetyczna, kalcynowany drobnouziarniony magnetyt
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