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Abstract: Metallic magnesium has been included in the list of Critical Mineral Raw Materials (CRM) for Euro-
pean Union countries since 2010. The territory of the Slovak Republic has large reserves of mineral raw materials
— magnesite and dolomite, which are the initial source of metal Mg. For technological research, the following raw
materials (based on chemical analyses of samples) were chosen: dolomite ore from the Sedlice deposit (SED-1),
Trebejov deposit (TR-1) and dolomite ore from the Kral'ovany deposit (KRA-1). The second deposit is also located
near the operation of a potential customer of laboratory results for the production of metal magnesium, OFZ a.s.

The aim of the laboratory technological research was to determine the experimental conditions for obtaining sui-
table Mg intermediates for metal magnesium preparation. For this purpose, there were performed DTA/TG and
XRD analyses to study its behaviour, total mass loss and amount of carbon dioxide after calcination process. By
optimizing the annealing tests of dolomite, products were obtained that met two conditions for its subsequent use
in the sillicothermal process, namely the molecular ratio of CaO/MgO, content of impurities and the content of
CO,. The optimization of calcination and repeated annealing pointed at the suitable conditions of dolomite raw

sample processing (temperature of 1 050 °C for 2.5 hours, or 1 100 °C for 2 hours).
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1. Introduction

The topic of the availability of some metals or raw
materials in the world, and especially in Europe, lasts for
a decade. From 2010, when the first analysis of critical
metals was prepared, further detailed analyses were
elaborated, taking into account the greater need for the
raw materials and their availability on world markets,
as well as their cost. European countries remain a major
importer of a large portion of metals and minerals, which
are inevitable for the technologies used and for products
necessary for economic growth and development. The
European Commission has published the latest version of

product for silicothermal
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* Domestic dolomite raw materials were technolo-
gically processed and characterized in detail.
* Calcinated dolomite samples exhibited changes

of mineralogical phases, thermal and structural
properties.

Highlights

* Semi products prepared by optimization of
annealing process possess the potentiality to
be a suitable material for metal magnesium
preparation.

the study of Critical Raw Materials for EU countries with
position of individual metals and raw materials regarding
the import risk and economic importance in 2015 (Report
of EC, 2015). The share of domestic production, as well
as the presence of verified, but also estimated sources of
these raw materials in the EU countries, are very small
or possibly none. For this reason, the countries of the
European Union are dependent on import of such raw
materials.

Magnesium is the eighth most abundant element
in the Earth’s crust and it is also extractable from brine
and seawater. The sources and raw materials from which
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magnesium could be produced include also camallite,
dolomite, serpentine and magnesite (Ramakrishnan &
Koltun, 2004). Magnesium has a density two-thirds that
of aluminium, one-quarter that of steel and only slightly
higher than that of many polymers (Chen et al., 2015). It is
also recycled easily compared with polymers, which makes
it environmentally friendly (Prado & Cepeda-Jimeréz,
2015). Because of the substantial magnesium resources
and the attractive magnesium products, magnesium metal
is regarded as a potentially ideal substitute for aluminum
metal- but the global annual production of magnesium
metal is only 1.8 % that of aluminum metal (Zhang et al.,
2022).

Magnesium is produced commercially either by elec-
trolysing the magnesium chloride derived from raw mate-
rials, or by using a thermal reduction process, known as the
Pidgeon process, using dolomite as the raw material. The
process was invented and developed in Canada by

carried out at the SGUDS, regional centre KoSice. Under
experimental conditions, it was possible to prepare separate
reduced crystals of metallic magnesium (Baco et al., 2016).
The aim of this work is to prepare suitable intermediates
for the Mg production by the calcination process with the
molecular ratio of CaO : MgO in the range of 1.1 to 1.5
(close to the composition of the dolomite raw materials),
with the maximum impurity content 2.5 % (R,0, + SiO,)
and CO, content below 0.3 %, otherwise the magnesium
yield drops sharply (Tomasek et al., 1997). From a mixture
of CaO + MgO oxides in the above-mentioned ratio using
ferrosilicon (FeSi75) and in the presence or absence of
a catalyst (CaF2) it is possible to prepare metallic Mg by
silicothermal reduction by condensation of its vapours
in a vacuum or in an inert atmosphere (due to its reverse
oxidation to MgO at normal pressure) (Tucek et al., 2016).

Dr L. M. Pidgeon, in the early 1940s (Mehrabi et
al., 2012), where a plant for magnesium produc-
tion based on the ferrosilicon process was built to
produce magnesium at the rate of ~4 500 kg per

SED-1

annum (or 10,000 b per year) (Ramakrishnan
& Koltun, 2004). The thermal reduction method
is based on the chemical reduction between cal-
cined dolomite (CaO - MgO) and ferrosilicon
(Si-Fe) at high temperature (1 100—1 250 °C) and
high vacuum (1.33—13.3 Pa) (Zhang et al., 2022).

The territory of the Slovak Republic has large
reserves of mineral raw materials — magnesite

Counts

and dolomite, which are the initial source of
metal Mg. The supplies of these raw materials
in Slovakia are immense in comparison to other
European countries.

The dolomites in Slovakia occur in several
Middle and Upper Triassic formations thick up
to several 100 meters, or forming intercalations,
interbeds, lenses in beds irregularly alternating
with surrounding limestones. They are present in
numerous geological units, their cover sequences and
tectonic nappes. The most significant are the Middle- and
Upper-Triassic dolomites of the Hronic unit, bearing the
important dolomite deposits in the Cho¢ nappe of the
Strazovské vrchy Mts. (Fig. 1).

There are known some experimental works on
magnesium metal production from raw magnesite
(Tomasek & Spetuch, 1995; Tomasek et al., 1997). There
were even considerations on running its production in the
Slovak Magnesite Works in JelSava (Immer, 1998). The
positive results of the production of intermediate products
from dolomites and magnesites have been obtained
recently. The own laboratory experiment of the production
of metallic magnesium by the silicothermal method was
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Fig. 1. Significant dolomite deposits in individual geological units of the
Western Carpathians. Yellow pentagon and designations in bold in location
indicate the deposits with reserves stated in the Balance of Reserves in
Reserved Deposits with the state to 1. 1. 2018.

2. Materials and Methods
2.1. Raw materials

For experimental purposes, dolomite ores from
the Sedlice (SED-1), Trebejov (TR-1) and Kralovany
(KRA-1) deposites were chosen as raw materials. Bulk
samples of dolomites were freely air-dried and subjected to
preparatory work — crushing in three stages in jaw crushers
and sorting on sieves of different sizes: + 8.0; 4.0 — 8.0;
2.0 —4.0; 1.0 — 2.0; —1.0 mm; whereas all samples, or the
grain fractions prepared from them were subsequently
homogenized and quartered. From each raw sample after
these works and from the grain size classes, individual
homogeneous parts were prepared for further laboratory
processing, including their grain size characteristics.



Dankova, Z. et al.: Laboratory technological research of magnesium intermediates preparation from the dolomites raw materials suitable
for magnesium metal production

2.2. X-ray diffraction analyses

Qualitative mineralogical analysis of input samples
was carried out by the X-ray diffraction (XRD) meth-
od on the BRUKER D2 Phaser device: CuKa radiation,
monochromatic Ni filter, accelerating voltage of the X-ray
radiation generator 30 kV, current intensity 10 mA, range
of detected angles 5 — 70° 2theta, step 0.01°, time 0.3 sec/
step. Processing and evaluation of measured data were re-
alized using the software DIFFRAC.EVA V3.1. Measure-
ment, equipped with the PDF-2/2013 database.

2.3. Differential thermal analyses/Ther-
mogravimetric analyses (DTA/TG)

NETZSCH STA 449 F3 Jupiter derivatograph
(NETZSCH Geritebau Gmbh., Selb, Germany)
equipped with a Std SiC furnace and an Autovac
MF Cs rotary pump was used for thermal DTA/

The mineralogical analysis of the SED-1 dolomi-
te sample pointed to the high purity of the raw material,
without the detection of any impurities. Two significant
endothermic decreases can be observed from the DTA
curve, where at a temperature of 793 °C, CO, is released
from MgCO, dolomite molecules and the corresponding
weight loss represents 20.04 % of the sample weight. At
a higher temperature, 852 °C, CO, is released from CaCO,
molecules and this decomposition corresponds to a mass
loss of 25.78 %. The total weight loss in the temperature
range of 700 — 900 °C is 45.82 % and corresponds to the
decomposition of dolomite (Fig. 3).

The composition of dolomite sample TR-1 is also
characterized by high purity, with minimal participation
of quartz admixture. DTA analysis of the sample has
a characteristic curve for dolomite with two significant

TG analysis. Measurements were made under the SED-1

following conditions: heating range: 24 — 1 000
°C, heating rate 10 °C - min', reference mate-

rial: powdered Al O,, crucibles: ceramic Al O,,

furnace atmosphere: N,, N, circulation: 20 ml . Rt
min~ €
>
3
2.4. Annealing tests A N e
Annealing tests of dolomite fractions were KRA1

carried out in an electric laboratory furnace
ELOP-1200/15 at temperatures of 1 000 °C and
1 050 °C with a holding time of 0.5; 1; 2 and 2.5

B .

I n N T

hours. 20

Input samples of raw materials and
processed intermediates/products were sub-
jected to chemical analysis using the Rontgen-
fluorescence energodispersion spectrometer
(XRF) X-LAB 2000, Spectro in the
Geoanalytical laboratories of the SGUDS in
Spisska Nova Ves.

mite).

3. Results

3.1. Mineralogical and thermic analyses of
raw dolomites

Dolomite raw materials were characterized by
high purity, in the case of the SED-1 sample, the
presence of the monomineral phase of dolomite
was confirmed. In addition to a high proportion
of dolomite, sample TR-1 also contained an
accessory proportion of quartz and sample
KRA-1 accessory proportion of calcite (Fig. 2).

Dolomite is a mineral with a calcite super-
structure, formed by both magnesite and calcite
molecules, CaMg(CO,),. During thermal decom-
position, MgCO, molecules are less stable and
release CO, earlier than the CaCO, compound.

DTA (uV/mg)

30 40 50 60
2 Theta (degree)

Fig. 2. XRD analyses of raw samples SED-1, TR-1 and KRA-1 (* — dolo-
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Fig. 3. DTA/TG analysis of raw sample SED-1.
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analyses of separated grain size classes are

0.8
- 100 shown in Tab. 1.
06 % 3.2. Results of annealing tests of dolomite
- = raw materials
E’ 04 80 2 Separated grain size fractions of the tested
?:; 9 dolomite ores were evaluated after annealing
s % tests in terms of annealing loss (Tab. 2).
Qo2 > From the Tab. 2 it can be observed that
for the SED-1 sample, the required thermal
60 decomposition (above 98 %) occurs in the
- l coarse-grained fraction (4 — 8 mm) at both
865°C | 0 temperatures, regardless of the annealing time.
ool On the contrary, the fraction below 1 mm is
' 200 300 400 500 600 700 800 900 the most stable and the required dolomite
Temperature (°C) decomposition occurs after annealing at
. ) 1 050 °C for more than 2 hours. For this sample,
Fig. 4. DTA/TG analysis of raw sample TR-1. . . .
annealing of grain fractions above 1 mm was
effective at the temperature of 1 050 °C with
100 a holding time of minimal 0.5 hours.
1es5 Forsample TR-1, only annealing of fractions
1 over 2 mm at the temperature of 1 050 °C with
1 %0 a duration of over 2 hours was effective. On the
5 8 =  contrary, the sample KRA-1 reached required
§ 180 2 decomposition for all studied grain fractions at
= 1 & both temperatures.
< | s /g’: After initial annealing tests, optimization
o 70 &  of the process was carried out. Individual
165 fractions of all samples were combined and
T e annealed at temperatures of 1 050 °C for 2.5
| hours and 1 100 °C for 1 hour. The products
02 I . 55 after annealing and chemical analysis were
N R T S S S s Lk evaluated with regard to the required conditions

200 300 400 500 600

Temperature (°C)

700 800

Fig. 5. DTA/TG analysis of raw sample KRA-1.

endothermic reactions at temperatures of 788 °C and
865 °C. The total weight loss represents 45.85 %, while
the release of CO, from the decomposition of MgCO,
of dolomite molecules corresponds to 20.11%, the CO,
coming from the decomposition of CaCO, is 25.74 % of
the sample weight (Fig. 4).

For the sample KRA-1 two endothermic decreases
were observed at temperatures of 786 °C and 867 °C cor-
responding to weight loss 0f 20.32 % and 25.91 %, respec-
tively (Fig. 5).

3.2. Chemical analyses

The separated and homogenized fractions of dolomite
raw materials were subjected to chemical analysis for
further laboratory processing. The results of chemical

74

LY for calcined dolomite. The preparation of the

product from the dolomite raw material into
the mixture for the batch for the silicothermal
production of Mg consists in the preparation
of calcined dolomite (CaO . MgO) so that the molecular
ratio of CaO : MgO is in the range of 1.1 to 1.5 : 1, the
content of impurities together with SiO, is below 2.5 %
and a maximum CO, content of 0.3 % (Blahtt et al., 1994).
Products from input ore samples SED-1, TR-1 and
KRA-1, annealed at both selected temperatures, met two
of the three conditions, namely the molecular ratio of
CaO: MgO and the content of impurities below 2.5 %.
The SED-1 sample after the optimized annealing process
showed a CO, content of 0.37 % (for t = 1 050 °C) and
0.44 % (for t = 1 100 °C), the TR-1 sample had contents
of 0.33 % and 0.51 %, and KRA-1 0.40 and 0.44 %,
respectively (Tab. 3).
The samples after calcination (1 050 °C/2.5 hours)
were characterized by the X-ray diffraction and DTA/TG
analyses with the aim to describe the structural changes
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Tab. 2
Annealing loss depending on grain fractions. temperature and heating period for dolomite samples SED-1. TR-1
and KRA-1
Sample SED-1 (Sedlice)
Temperature 1000 °C 1050 °C
Time 05h 1.0h 20h 25h | 05h 1.0h 20h 25h
Fraction [mm] Annealing loss [%)]
4-8 46.85 46.89 47.15 46.90 47.16 47.09 47.24 4710
2-4 46.72 46.92 47.08 46.79 46.91 46.97 47.20 47.10
1-2 46.70 46.75 46.99 46.92 46.96 46.96 47.10 47.01
Below 1 46.30 46.34 46.69 46.46 46.66 46.73 46.89 46.84
Theoretical dolomite decomposition to loss by annealing [%]
4-8 98.16 98.24 98.78 98.26 98.81 98.66 98.97 98.68
2-4 97.88 98.30 98.64 98.03 98.28 98.41 98.89 98.68
1-2 97.84 97.95 98.45 98.30 98.39 98.39 98.68 98.49
Below 1 97.00 97.09 97.82 97.34 97.76 97.90 98.24 98.14
Sample TR-1 (Trebejov)
Temperature 1000 °C 1050 °C
Time 05h 1.0h 20h 25h | 05h 1.0h 20h 25h
Fraction [mm] Annealing loss [%]
4-8 46.31 46.32 46.71 46.66 46.48 46.56 46.79 46.91
2-4 46.24 46.38 46.55 46.67 46.47 46.47 46.73 46.88
1-2 46.10 46.19 46.32 46.44 46.27 46.40 46.69 46.73
Below 1 45.75 45.80 46.07 46.17 4587 46.09 46.55 46.59
Theoretical dolomite decomposition to loss by annealing [%]
4-8 97.02 97.05 97.86 97.76 97.38 97.55 98.03 98.28
2-4 96.88 97.17 97.53 97.78 97.36 97.36 97.90 98.22
1-2 96.58 96.77 97.05 97.30 96.94 97.21 97.82 97.90
Below 1 95.85 95.96 96.52 96.73 96.10 96.56 97.53 97.61
Sample KRA-1 (Kralovany)
Temperature 1000 °C 1050 °C
Time 05h 1.0h 20h 25h 05h 1.0h 20h 25h
Fraction [mm] Annealing loss [%]
4-8 47.36 47.35 47.38 47.33 47.36 47.47 4747 47.40
2-4 47.29 47.30 47.30 47.26 47.30 47.41 47.37 47.34
1-2 47.19 47.30 47.31 47.22 47.28 47.33 47.37 47.29
Below 1 46.94 47.08 47.04 47.00 47.01 47.21 47.16 47.11
Theoretical dolomite decomposition to loss by annealing [%]
4-8 99.22 99.20 99.27 99.16 99.22 99.46 99.46 99.31
2-4 99.08 99.10 99.10 99.02 99.10 99.33 99.25 99.18
1-2 98.87 99.10 99.12 98.93 99.06 99.16 99.25 99.08
Below 1 98.34 98.64 98.55 98.47 98.49 98.91 98.81 98.70
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and changes of their thermal properties. The do-
lomite sample SED-1 after calcination showed
two endothermic peaks on the DTA curve.
Smaller one at a temperature of about 453 °C and
more expressive at a temperature of 819 °C. The
total weight loss for the SED-1 sample was 30 %
(Fig. 6). A small endothermic peak at a tempera-
ture of 452 °C, probably corresponding to bru-
cite MgOH, (thermal reaction of brucite appear
at 350 — 450 °C), and a more expressive one at a
temperature of 821 °C, corresponding to calcite,
were also observed for the TR-1 sample. The to-
tal weight loss was about 28 % (Fig. 7). For the
sample KRA-1 the first endothermic peak was
appeared at about temperature 374 °C and the
second one at 835 °C (Fig. 8). The total weight
loss was 33 %. Difference between the theoret-
ical weight loss and the mas loss on TG curve
is not significant, is up to 1,5 % which can by
caused by measurement or instrument deviation.
The weight losses for samples TR-1, SED-1 and
KRA-1 remained approximately constant.

Further experiments are planned to investi-
gate differences in the calcination behaviour of
dolomite samples, and in industrial use must be
taken into account to ensure complete calcination
according to selected temperatures.

The major mineralogical phases in all
calcinated samples were calcite and periclase
(Figs. 9 — 11). For samples SED-1 and TR-1,
expressive content of vaterite and minor content
of portlandite were also observed. In the samples
SED-1 and KRA-1 the accessory proportion of
aragonite was detected, too.

The presence of portlandite in the annealed
samples is not desirable and is probably related to
the analyzed higher content of CO,.

The samples after annealing showed a typical
calcite structure. The surface of the calcinated samples
was rougher compared to the raw samples, with significant
smaller agglomerated calcite particles (Fig. 12).

The reason of higher CO, contents in the prepared pro-
ducts could be caused by the manipulation of the samples.
The reaction of calcinated samples with airy CO, is very
fast and it can occur also during the preparation of samples
for chemical analyses. The chemical analyses were crucial
for further optimization of dolomite processing. They are
also time-consuming to process. In addition, the analyses
can be performed only in the other workplace than raw
material processing were realized. From this reason the
DTA/TG and XRD analyses presented above were made
on samples that had been freely standing for a certain time
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Fig. 7. DTA/TG analysis of calcinated sample TR-1; 1 050 °C/2.5 hours.

since calcination. On the basis of all obtained results, the
control annealing and characterization were performed
using only the DTA/TG and XRD analyses.

In order to exclude errors during the annealing process
the raw dolomite samples were first annealed at higher
temperature 1 100 °C for 2 hours. The thermogravimetric
analyses were performed immediately. Almost non weight
loss was observed for all studied samples, what pointed at
the required decomposition of CaCO, (Figs. 13 - 15).

Also a control annealing of the KRA-1 sample at
1 050 °C for 2.5 hours was repeated. The sample was
immediately characterized by X-ray diffraction measure-
ment. The analysis showed total dolomite decomposition
to required CaO and MgO compounds (Fig. 16).
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The optimization of calcination and repeated annealing
pointed at the suitable conditions of dolomite raw sam-
ple processing (temperature of 1 050 °C for 2.5 hours, or
1 100 °C for 2 hours) for magnesium metal production.
The problematic are samples processing for chemical anal-
yses, where the reaction with airy CO, should be prevented
during the samples manipulation.

4. Conclusion

The aim of the study was the initial laboratory
technological processing of selected domestic dolomite
ores and their characterization. By annealing dolomites,
according to chemical analyses, it is possible to obtain
products that meet two conditions for their subsequent
use as feedstocks in the silicothermal process for the
preparation of metallic magnesium, namely the molecular
ratio and the content of impurities. Control annealing of
raw samples and their immediate characterization using
DTA/TG and XRD pointed to the desired decomposition
of dolomite, where the CO, content in the products should
be at the required values. Furthermore, the conditions of
chemical analyses of annealed samples will be studied in
order to minimize the reaction of calcinated dolomites with
atmospheric CO,, which should be a suitable complement
to structural and thermogravimetric analyses.

The knowledge obtained so far from the technological
processing of dolomites will enable the development
and testing of methods for the preparation of magnesium
intermediates for semi-operational to operational
conditions of their preparation. Given the current crisis
situation caused by the lack of critical raw materials, the
mentioned laboratory technological research is important
also from the point of view of the use of high-quality
domestic raw material resources, which can be interesting
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Fig. 16. XRD analysis of control calcination of sample KRA-1;
1 050 °C/2.5 hours.

and beneficial especially for manufacturers operating in
the Slovak Republic.
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Laboratorny technologicky vyskum pripravy medziproduktov z dolomitove;j
suroviny vhodnych na vyrobu kovového horcika

Problematika dostupnosti niektorych kovov ¢i surovin
vo svete, a najmd v Eurodpe, trva uz desatrocie. Od roku
2010, ked’ bola vypracovana prva analyza kritickych
kovov, boli
zohl'adiiujuce vacsiu spotrebu nerastnych surovin a ich
dostupnost’ na svetovych trhoch, ako aj ich cenu. Eurdpske
krajiny ostavaju vyznamnym dovozcom velkej Ccasti
kovov a nerastov, ktoré su nevyhnutné pri pouzivanych
technologidch a produktoch potrebnych na ekonomicky
rast a rozvoj. Europska komisia zverejnila najnovsiu verziu
stadie Kritické suroviny pre krajiny EU s postavenim
jednotlivych kovov a surovin z hladiska dovozného
rizika a ekonomického vyznamu v roku 2015 (Sprava
EK, 2015). Podiel domacej produkcie, ako aj pritomnost’
overenych, ale aj odhadovanych zdrojov tychto nerastnych
surovin v krajinach EU st velmi malé, pripadne Ziadne.
Preto st krajiny Europskej tnie zavislé od dovozu tychto
nerastnych surovin.

Horcik je 6smy najrozSirenejSi prvok zemskej kory
a je aj extrahovatel'ny zo sol'anky a morskej vody. Zdroje
a suroviny, z ktorych by sa hor¢ik mohol vyrabat’, zahfnaja
aj kamallit, dolomit, serpentin a magnezit (Ramakrishnan
a Koltun, 2004). Vzhl'adom na mozné surovinové zdroje
hor¢ika a moznosti jeho vyuzitia sa kovovy horéik
povazuje za potencidlne idealnu nahradu za kovovy hlinik,
ale celosvetova ro¢na produkcia kovového hor¢ika tvori
len 1,8 % produkcie hlinika (Zhang et al., 2022).

Hor¢ik elektrolyzou
chloridu hore¢natého ziskaného z nerastnych surovin,
alebo pomocou procesu tepelnej redukcie, znameho ako
Pidgeonov proces, s pouzitim dolomitovej suroviny. Tento

vypracované dalSie podrobné analyzy

sa komeréne vyraba bud
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proces vyvinul v Kanade Dr. L. M. Pidgeon zaciatkom
Styridsiatych rokov minulého storo¢ia (Mehrabi et al.,
2012). Bol tam postaveny aj zavod na vyrobu horcika
(Ramakrishnan a Koltun, 2004). Metoda tepelnej redukcie
je zalozend na chemickej redukcii medzi kalcinovanym
dolomitom (CaO . MgO) a ferosiliciom (Si-Fe) pri vysoke;j
teplote (1 100—1250 °C) a vysokom vakuu (1,33 —13,3 Pa)
(Zhang et al., 2022).

Uzemie Slovenskej republiky disponuje velkymi
zasobami nerastnych surovin — magnezity, serpentinity
a dolomity, ktoré¢ st vychodiskovym zdrojom kovového
Mg. V predchadzajucich pracach sa tieto suroviny SirSie
hodnotili a skimali z technologického hl'adiska. Ako naj-
vhodnejsie na pripravu kovového Mg sa javili dolomity
(Baco et al., 2016). Dolomity na Slovensku tvoria samo-
statné stvrstvia v strednom a vrchnom triase hrubé az
niekol’ko sto metrov alebo vystupuju ako vlozky, polohy,
SoSovky alebo telesd, nepravidelne sa prelinajice s okoli-
tymi vapencami. St zastipené vo vSetkych geologickych
jednotkach, tak v obalovych sekvenciach, ako aj v tekto-
nickych prikrovoch. Najvacsi vyznam maji stredno- az
vrchnotriasové dolomity hronika. Vyznamnejsie loziska sa
nachadzaji v cho¢skom prikrove v Strazovskych vrchoch.

Laboratorny pokus vyroby kovového horéika
silikotermickou metodou sa uskutoénil aj v SGUDS,
regionalnom centre Kosice. V laboratérnych podmienkach
sa podarilo pripravit samostatné redukované krystaly
kovového horéika (Baco et al., 2016).

Cielom studie bolo prvotné laboratorne technologic-
ké spracovanie vybranych domécich dolomitovych rud
a ich charakterizacia. Na experimentalne ucely sa zvolili
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ako vstupné suroviny dolomity z lokalit Sedlice (SED-1),
Trebejov (TR-1) a Kralovany (KRA-1). Kusové neroz-
padavé vzorky dolomitov sa vol'ne presusili na vzduchu
a podrobili pripravnym pracam — zdrobiiovaniu drvenim
a triedeniu na frakcie: +8,0; 4,0 — 8,0; 2,0 — 4,0; 1,0 —2,0;
—1,0 mm. Zihacie skasky jednotlivych frakcii dolomitov sa
realizovali v elektrickej laboratdrnej peci ELOP-1200/15
pri teplote 1 000 a 1 050 °C s c¢asom vydrze 0.,5; 1; 2
a 2,5 hod. Vstupné vzorky a produkty kalcindcie boli
charakterizované pomocou chemickych, rontgeno(rtg.)di-
frakénych, diferencidlnych termickych a termogravimet-
rickych (DTA/TG) analyz.

Na zaklade rtg. analyz dolomitova vzorka zo Sedlic
(SED-1) obsahovala len mineralnu fazu dolomit, kym
vstupna vzorka z Trebejova (TR-1) akcesoricky podiel
kremeiia a vzorka z Kralovian (KRA-1) akcesoricky
podiel kalcitu.

Jednotlivé frakcie po zihacich skuskach boli vy-
hodnotené z hl'adiska straty zihanim. V pripade vzorky
SED-1 dochadzalo k pozadovanému tepelnému rozkladu
(vySe 98 %) v hrubozrnnej frakcii (4 — 8 mm) pri oboch
hodnotéach teploty, bez ohl'adu na ¢as zihania. Naopak,
frakcia mensia ako 1 mm bola najstabilnejsia. Pozadovany
rozklad dolomitu nastal az po zihani pri 1 050 °C pri vydrzi
viac ako 2 hodiny. Pri tejto vzorke bolo efektivne Zihanie
frakcii vacsich ako 1 mm pri teplote 1 050 °C s ¢asom
vydrze minimalne 0,5 hodiny.

Pri vzorke TR-1 bolo G¢inné iba zihanie frakcii vacsich
ako 2 mm pri teplote 1 050 °C s vydrzou viac ako 2 hodiny.
Naopak, vzorka KRA-1 dosiahla pozadovany rozklad pri
vsetkych Studovanych frakciach a pri oboch vybranych
hodnotéch teploty.

Po pociatocnych skuskach zihania sa vykonala
optimalizacia procesu. Jednotlivé frakcie dolomitovych
vzoriek mensich ako 8,0 mm boli zlu¢ené a zihané pri
teplote 1 050 °C s vydrzou 2,5 hodiny a 1 100 °C s vydrzou
1 hodinu. Produkty po zihani a chemickej analyze sa
vyhodnotili s ohl'adom na pozadované podmienky pre
kalcinovany dolomit do vsadzky na silikotermicku
pripravu kovového Mg.

Priprava produktu z dolomitovej suroviny do
vsadzky na silikotermicktl vyrobu Mg spoéiva v priprave
kalcinovaného dolomitu (CaO . MgO) tak, aby molekularny
pomer CaO : MgO bol v rozmedzi 1,1 az 1,5 : 1, obsah
necistot spolu s SiO, menej ako 2,5 % a obsah CO,
maximalne 0,3 % (Blahut et al., 1994).

Produkty zo vstupnych vzoriek zihanych pri oboch
vybranych hodnotach teploty splhali dve z troch
podmienok, a to molekularny pomer CaO : MgO a obsah
necistdt menej ako 2,5 %.
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Vzorka SED-1 po optimalizovanom zihacom procese
vykazovala obsah CO,0,37 % (pri t =1 050 °C) a 0,44 %
(pri t =1 100 °C), vzorka TR-1 obsah 0,33 a 0,51 %.
Rontgenodifrakéna analyza poukazala na pritomnost
kalcitu a periklasu, ale aj mensich podielov portlanditu,
vateritu a aragonitu v kalcinovanych vzorkach. Pritomnost’
portlanditu v produktoch po kalcinacii nie je ziaduca
a suvisi s vy$§im obsahom CO, stanovenym chemickou
analyzou.

Pri¢ina vySSieho obsahu CO, v pripravovanych
produktoch moéze byt spdsobend aj manipulaciou so
vzorkami. Reakcia kalcinovanych vzoriek so vzduSnym
CO, je vel'mi rychla a mdZe nastat’ aj pri priprave vzoriek
na chemické analyzy (mletie vzorky, priprava tablety
na prvkova rtg. analyzu). Pretoze chemické analyzy
boli klacové pre dalSie laboratorne technologické
spracovanie dolomitovych vzoriek, uvedené rtg. a DTA/
TG analyzy produktov sa realizovali az po ziskani
vysledkov z chemickych analyz, teda v dosledku ,,statia*
mohla nastat’ aj ciastocna degradacia vzoriek. Navyse,
realizacia chemickych analyz je ¢asovo naro¢na a je
mozné vykondvat ich len na pracovisku GAL SNV, teda
nie v mieste technologickej tipravy dolomitov. Vykonalo
sa teda niekol'ko d’alsich Zihacich sktsok a kontrolnych
DTA/TG merani bez chemickych analyz a na zaklade
ziskanych vysledkov sa realizovalo kontrolné Zihanie
a charakterizacia produktov len pomocou DTA/TG a rtg.
difrakénych analyz.

Aby sa vylucili chyby pocas procesu zihania s cielom
ziskat' pozadovany zihany produkt, vstupné vzorky
dolomitov so zrnitostou menej ako 8,0 mm sa najskor
2 hodiny zihali pri vysSej teplote, 1 100 °C. DTA/TG
analyzy sa uskutocnili okamzite po vychladnuti vzorky.
Pri vSetkych studovanych vzorkach sa nepozoroval takmer
ziadny ubytok hmotnosti, co poukazovalo na pozadovany
rozklad CaCO,.

Zopakovalo sa aj zihanie vzorky KRA-1 pri teplote
1 050 °C s vydrzou 2,5 hod. Okamzite po vychladnuti
bol produkt charakterizovany pomocou rtg. difrakcnej
analyzy, ktora potvrdila rozklad dolomitu na pozadované
mineralne fazy CaO a MgO.

Optimalizacia kalcinacie a opakovaného zihania overila
vhodné podmienky spracovania dolomitovej suroviny
(teplota 1 050 °C pocas 2,5 hodiny, resp. 1 100 °C pocas
2 hodin) na vyrobu kovového hor¢ika. Problematickym
sa javi spracovanie vzoriek na chemické analyzy, kde by
sa malo pri manipulécii so vzorkami zabranit’ reakcii so
vzdusnym CO,. Dalej sa teda buda $tudovat’ podmienky
pripravy zihanych vzoriek na chemické analyzy
s cielom minimalizovat’ reakciu kalcinovanych dolomitov
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s atmosférickym CO,, ktor€ sa budu kontrolovat’ a doplnia
sa vysledkami Strukturnych a termogravimetrickych ana-
lyz.

Doteraz ziskané poznatky z technologického spraco-
vania dolomitov umoznia vyvoj a testovanie metdd pri-
pravy hor¢ikovych medziproduktov v poloprevadzkovych
az prevadzkovych podmienkach ich pripravy. Vzhl'adom
na sucasnu krizovu situaciu spésobenu nedostatkom kri-
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tickych surovin je uvedeny laboratorny technologicky
vyskum délezity aj z hl'adiska vyuzivania kvalitnych do-
macich surovinovych zdrojov, ktory méze byt zaujimavy
a prinosny najmi pre vyrobcov pdsobiacich v Slovenske;j
republike.
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