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Abstract

Lithium is the lightest metal in the periodic table of elements, whose world reserves in the available
deposits are estimated to be 20Mt, and in the Czech Republic Li makes up about 1% of the world reserves as the
residual element in Sn-W ore mineralization. Significant reserves of Li are also represented in waste from the
former mining and processing of Sn-W ores in the Krusné hory region, containing about 0.2% Li. The world
consumption of lithium is estimated 6 kt/year and a gradual increase is expected, as well as an increase of the
price. With regard to the fact that the consumption of Li in the Czech Republic is covered by the import, it would
be suitable to eliminate this dependence to some extent and utilize the Czech resources of Li for production. At
the beginning, the easiest method seems to be utilization of the present waste piles from the gravity processing of
Sn-W ores in the estimated amount of 3.5 Mt in the former deposit of Cinovec. This paper is devoted to the
possibilities of extracting Li-concentrates from raw materials.

Abstrakt

Lithium je nejleh¢im kovem periodické soustavy prvki, jehoz svétové zasoby v dostupnych loziscich se
odhaduji na 20Mt, piicemz v Ceské republice tvoii Li jako doprovodny prvek Sn-W zrudnéni piiblizng 1%
svétovych zasob. Nezanedbatelné¢ zasoby Li predstavuji také odpady z pfedchozi tézby a upravy Sn-W rud
v oblasti Kru$nohofi, obsahujici zhruba 0,2% Li. Svétova spotieba lithia se odhaduje na 6kt ro¢né a ocekava se,
stejné jako u ceny, jeji postupny vzrist. Vzhledem k tomu, Ze spotfeba Li v Ceské republice se kryje dovozem
,bylo by vhodné alespon castecné omezit tuto zavislost a vyuzit eské zdroje Li pro jeho vyrobu. Jako
nejschidnéjsi se v pocatcich jevi vyuziti stavajicich odvald odpadd z gravitaéni upravy Sn-W rud
v odhadovaném mnozstvi 3,5 Mt na byvalém lozisku Cinovec.
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Introduction

From a chemical point of view, lithium, rubidium and cesium are elements classified in the group of
alkali metals. Due to their affinity to oxygen, they do not occur free in weighable amounts, but only as
compounds. Lithium is the lightest metal in the periodic table of elements, whose world reserves in available
deposits are estimated at 20Mt. The world consumption of lithium is more than 6kt a year and a gradual increase
is expected. The most important areas of lithium consumption include in particular the production of light alloys
for the automotive and aerospace industries as well as certain cosmetic technologies. Another significant
utilization of lithium and its compounds is in electronics and electrotechnics. The largest volume of consumption
of lithium and its compounds is represented by glass-making and ceramics applications for the production of
materials with higher resistance to heat shock and with minimum thermal expansion [1,7, 8]. The world’s largest
producers of lithium include Chile with a yearly output of about 5,300 t (in the year 2000), together with
Argentina, China and Russia. The prices of lithium on the world market have been skyrocketing since the 1980s
of the last century when they almost tripled between 1980 (about USD 15/pound) and 1998 (about USD
45/pound). At present, the price of Li on the world market is approximately EU 95/50g (Li 99% granules), the
price of Rb and Cs is even higher (Cs 99.8% EU 67/g; Rb 99.75% EU 104/g) [1, 4, 5]. Cesium and rubidium,
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due to their high affinity to oxygen are used as ‘gas absorbent’ in electric and photoelectric light sources and as
the catalytic agents during the hydrogenation of organic compounds. Thanks to their easy ionization and high
weight, Cs and Rb ions can be used in future as propellants in ion motors [7]. At present, the world’s largest
producer of Rb and Cs is Canada [5].

Geology and mineralogy

Among the minerals important for the extraction of lithium, and therefore also Rb and Cs, the most
important is lithium mica, classified in the group of sheet silicates. These include in particular spodumene,
lepidolite, amblygonite, petalite and zinnwaldite. Selected properties of Li minerals are listed in Table No 1. Li
minerals can be found in deposits of pegmatite, pneumatolytic and hydrothermal types. The latter type also
includes deposits of zinnwaldite in the Czech Republic, linked to deposits of Sn-W ores around Cinovec and
Krupka [3]. Balance deposits of these ores in the Czech Republic are estimated to be more than 53 Mt with the
balance content of Li ranging between 0.208% to 0.286%, in some cases even up to 1.26% Li. The latter
location, with estimated deposits of 26 Mt is also suitable for opencast mining. If we assess the lithium clark and
occurrence of Li minerals in the Czech Republic, the total non-balance deposits in the three locations (Krupka,
Cinovec and Krasno) make up about 53 Mt of ore with a content of 0.37 —1.26% Li. From this point of view, the
Krusné Hory ore represents a unique location worldwide, in which the deposits of lithium linked to Sn-W ore
mineralization constitute almost 1% of the world’s deposits [1].

Table 1: Li minerals

Tabulka 1 : Mineraly Li

Mineral Chemical formula Li content [%] Density [g/cm3]
Lepidolite KLi; sAl; 5(SiAlO0)(F,OH), 5.9 2.8-2.9
Spodumene LiAl(Si,0¢) 8.1 3.2
Ambligonite LiAI(PO4)(F,OH) 10.1 3.0-3.15
Petalite (Li,Na)(AlSi40,9) 4.9 24-246
Zinnwaldite KliFeAl(Si;Al0;,)(F,OH) 4.12 2.9-32

Deposits of Sn-W ores in Krusné Hory have been mined intensively in the past. The mined ore was
processed by gravity and flotation methods to Sn and W concentrate, and the waste after processing was dumped
into dump pits and sludge beds [9]. As a result of the mining recession in the Czech Republic, the deposit is not
mined at present, and waste with Li content remains unused, deposited in dump pits and sludge beds. According
to the available data, the amount of waste deposited in domestic sludge beds is about 3.5 Mt with an average Li
content of 0.2%, while there is about 1Mt of waste in the sludge beds in the Cinovec location after the gravity
and flotation processing of the Sn-W ores. In addition to this metal, there are significant contents of cesium and
rubidium in the waste that could also be extracted under certain conditions. At present, this waste is the easiest
available raw material in the Czech Republic for the eventual production of lithium concentrates.

Description of samples

For the experimental work, two large-volume samples of waste material were taken from the former
gravity processing of Sn-W ores in the Cinovec deposit, differing only visually in the grain composition. A part
of each sample was dried and checked in granulometric analysis. Sample 1 was sorted in screens of 0.045 mm,
0.063 mm, 0.16 mm, 0.315 mm, 0.5 mm and 0.8 mm, Sample 2 in screens of 0.16 mm, 0.315 mm, 0.5 mm and
0.8 mm. The results of the granulometric analyses are given in Tables No 2 and 3 together with the results of the
chemical analyses for the lithium content. The mineral composition of the samples was determined by the
method of X-ray diffraction. The results are given in Table 4.

Table 2: Granulometric Analysis Sample No 1

Tabulka 2: Granulometrickd analyza vzorek ¢. 1

Grain size Return Undersize |Licontent Li yield
[mm] [%o] [%ol [%o] [%o]
0-0.045 4.45 4.45 0.188 2.85
0.045-0.063 6.83 11.27 0.257 5.99
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Grain size Return Undersize |Li content Li yield
[mm] [%l] [%] [%l] [%l]
0.063-0.16 25.36 36.64 0.275 23.80
0.16-0.315 40.42 77.06 0.315 43.45
0.315-0.5 16.85 93.90 0.304 17.47
0.5-0.8 5.47 99.37 0.335 6.25
Over 0.8 0.63 100.00 0.089 0.19
Total 100.00 0.293 100.00

Table 3: Granulometric Analysis Sample No 2

Tabulka 3: Granulometrickd analyza vzorek ¢. 2

Grain size Return Undersize Li content Li yield
[mm] [%] [%o] [%l] [%]
0-0.16 2.36 2.36 0.323 2.53
0.16-0.315 7.37 9.72 0.106 2.60
0.315-0.5 16.96 26.68 0.382 21.53
0.5-0.8 42.87 69.55 0.32 45.60
Over 0.8 30.45 100.00 0.274 27.74

Total 100.00 0.301 100.00

Table 4: Mineral Composition of Samples

Tabulka 4: Mineralogické slozeni vzorkii

. Content [%]
Mineral

Sample No 1 Sample No 2
Orthoclase X 9.97+-1.86
Calcite 2.00+-0.69 X
Plagioclase Albite 3.34+-1.68 6.89+-2.01
Quartz 68.98+-2.70 61.40+-2.88
Topaz 2.79+-1.11 1.19+-1.17
Zinnwaldite 1M 22.89+-2.25 20.56+-2.34

Methods of lithionite processing

For processing lithionite, there are, in general three possible methods [10]. The first is gravity
separation based on the different densities of individual components of the processed ore. With regard to
relatively major differences in the densities of the gangue fractions (light fraction) in the monitored waste
(calcite - 271; firestone — 2.60; orthoclase-2,50; plagioclase (albite) -2.60; and the ratio of useful ore (zinnwaldite
2.9-3.2; topaz 3.5-3.6), the extraction of the heavy lithium fraction by some methods of gravity separation
(particularly on shaking tables) is possible. However, the basic prerequisite is sorting the material into equal-
falling classes [9]. Flotation methods of processing silicone minerals are another solution for their extraction.
Generally, silicates are varied with regards to flotability. The selective separation of individual silicates is very
difficult because all the minerals have very similar flotation capabilities. The conditions for the selectivity of the
silicate flotation can be created by selective activation or deactivation of the separated minerals in an acid or
alkaline environment. Reverse flotation is used relatively often, in particular in case of silicates with a layer
structure which include zinnwaldite [2,9]. In the case of zinnwaldite (contrary to other lithionites), the most
suitable method for its extraction seems to be the process of magnetic separation in some of the known types of
magnetic separators. Zinnwaldite has significant magnetic properties due to a relatively high content of iron
(12%) which enables its transformation into a magnetic product. In magnetic separation tests carried out in
laboratories of VSB-TU Ostrava in the COOK magnetic analyzer (Frantz-Isodynamic) it was discovered that
zinnwaldite is transformed into a magnetic product in a relatively broad range of magnetic induction of
3500-7200 .10* T and shows relatively strong magnetic properties. Based on the findings, basic experiments
dealing with the extraction of lithium concentrates from waste after processing and mining the Sn-W ores were
aimed toward this area.
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Magnetic separation

Based on the fact stated above, the waste samples were monitored with regard to the extraction of Li by
magnetic separation. First, both samples underwent fractional magnetic separation in the COOK magnetic
analyzer. The results of the analyses are given in Tables Nos 5 and 6.

Table 5: Fractional Magnetic Analysis, Sample No 1

Tabulka 5: Frakcni magneticka analysa, vzorek ¢. 1

Induction| Return |Licontent Li yield
[T] [%o] [%o] [%o]
-0.3 1.70 1.372 7.48

03-04 5.69 1.501 27.45
04-0.5 7.81 1.455 36.53
0.5- 0.6 2.93 1.269 11.94
0.6-0.7 2.05 1.062 7.02
0.7-0.8 1.45 0.703 3.28
+0.8 78.38 0.025 6.30
Total 100.00 0.311 100.00

Table 6: Fractional Magnetic Analysis, Sample No 2

Tabulka 6: Frakcni magneticka analyza, vzorek ¢. 2

Induction | Return |Licontent Li yield
[T] [%o] [%o] [%o]
-0.3 0.29 1.326 1.14

03-04 1.01 1.586 4.71
04-0.5 1.43 1.670 7.02
0.5- 0.6 5.15 1.644 24.77
0.6-0.7 5.88 1.639 28.20
0.7-0.8 4.52 1.461 19.32
+0.8 81.72 0.062 14.84
Total 100.00 0.341 100.00

From the results it is obvious that in both cases lithium is transformed significantly into a useful product
of processing — Li concentrate. Yet the most significant transformation of the metal happens between 0.3 to 0.7
T. This also corresponds to the achieved effectiveness of magnetic separation which is shown in Figures 1 and
2, in both cases about 70%. With reference to the results we can say that magnetic separation seems to be a
suitable method for the extraction of Li fractions from waste after mining and processing Sn-W ores, ensuring
maximum utilization of the raw material.
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Figure 1: Chart of Yield and Effectiveness, Sample No 1

Obr. 1: Graf ucinnosti a vytéznosti, vzorek ¢. 1
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Figure 2: Chart of the Yield and Effectiveness, Sample No 2

Obr. 2: Graf ucinnosti a vytéznosti, vzorek ¢. 2

Conclusion

In the experimental works aimed at the utilization of waste after the mining and processing of the Sn-W
ores for the extraction of Li, a number of tasks were carried out in the field of magnetic separation. It was stated
that magnetic separation seems to be a suitable method for processing these types of waste. By the technological
process of dry magnetic processing, an effectiveness of 70% was achieved, with an amount of Li in the useful
product that enables the further chemical production of metal lithium. Further works will be aimed at
optimization of the process with regard to the maximization of the yield and effectiveness.
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Resumé

Lithium je nejleh¢im kovem periodické soustavy prvki, jehoz svétové zasoby v dostupnych loziscich se
odhaduji na 20 Mt. Svétova spotreba lithia se pohybuje nad hranici 6 kt rocné a ocekava se jeji postupny rist.
Mezi nejvyznamnéjsi oblasti spotfeby lithia patii pfedev§im vyroba lehkych slitin pro automobilovy a letecky
primysl ,jakoz i nékteré kosmické technologie. Dalsi vyznamné uziti lithia a jeho slouCenin se nabizi
v elektronice a elektrotechnice a pro sklarské a keramické aplikace. Cesium a rubidium jsou diky velké afinité ke
kysliku pouzivany jako ,pohlcova¢ plynu“ v elektrickych a fotoelektrickych svételnych zdrojich a jako
katalyzacni Cinidlo pii hydrogenaci. V budoucnosti mohou byt ionty Cs a Rb vyuzity ve funkci propelentu
v iontovych motorech [6]. Mezi nejvétsi svétové producenty lithia patfi Chile s pfiblizn€ 5300 t ro¢ni produkce
(r.2000), dale pak Argentina,Cina a Rusko. Nejvétsim svétovym producentem Rb a Cs je v soudasné dobé
Kanada . Cena Li na svétovém trhu se pohybuje kolem hodnoty 95 Eu/50g (Li 99 % granule), cena Rb a Cs je
vSak jesté podstatné vyssi (Cs 99,8 % 67 Eu/g; Rb 99,75 % 104 Eu/g) . Mezi mineraly, dilezité pro ziskavani
lithia a potazmo i Rb a Cs patii zejména tzv. litné slidy, fazené do skupiny fylosilikati. V Ceské republice je Li,
Rb a Cs vézano na cinvaldit, vyskytujici se v loziscich Sn-W rud v oblasti Krupky a Cinovce . Po ttlumu
rudného hornictvi Ceské republiky se v soudasné dobé& loziska netézi a nevyuzité zistavaji rovnéz odpady
s obsahem Li, ulozené na odvalech a odkalistich. Podle dostupnych udaji ¢ini mnozstvi odpadt, ulozenych
v tuzemskych odkalistich, priblizné 3,5 Mt s primérnym obsahem 0,2 % Li,pfitom na odkalisti lokality Cinovec
je ulozeno cca 1Mt odpadu z gravitacni a flotacni tipravy Sn-W rud. Kromé tohoto kovu jsou v odpadech rovnéz
zajimavé obsahy cesia a rubidia, které by za urcitych okolnosti bylo rovnéz mozno ziskat. Pro experimentalni
lozisku Cinovec. V piipadé€ cinvalditu se ( na rozdil od ostatnich Li slid) jako nejvhodné&jsi metoda pro jeho
ziskani jevi proces magnetického rozdruZovdani na nékterém ze znamych typt magnetickych rozdruzovacu.
Cinvaldit diky pomérné vysokému obsahu Zeleza (12 %) vykazuje vyznamné magnetické vlastnosti, které
umoznuji jeho prevedeni do magnetického produktu. ZkousSkami magnetické separace, provadénymi
v laboratofich VSB-TU Ostrava na magnetickém analyzatoru COOK (Frantz-Isodynamic) bylo zji§téno, Ze
cinvaldit pfechazi do magnetického produktu v pomérné $irokém rozmezi magnetické indukce 3500-7200 .10 T
a vykazuje pomérné silné magnetické vlastnosti. Na zakladé téchto poznatkti byly zakladni experimenty,
provadeéné s cilem ziskavani lithnych koncentrati z odpadt po uprave a tézbé Sn-W rud zaméteny na tuto oblast.
Oba vzorky byly nejprve podrobeny frakéni magnetické separaci na magnetickém analyzatoru COOK. Vysledky
magnetické analyzy jsou uvedeny v tabulkach €. 5 a 6. Z udajti v té€chto tabulkach je ziejma vyborna magneticka
upravitelnost sledovaného materialu. Vysledky experimentalnich praci jsou vyhodnoceny graficky na obrazcich
¢.1 a 2 ve formé kiivek vytéznosti a Gi€innosti. Dosahované U¢innosti procesu magnetické separace se v obou
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ptipadech pohybuji kolem hodnoty 70 %. Z téchto vysledki je zfejmé, Ze magnetické rozdruzovani se jevi pro
ziskavani Li podili z odpadt po t&zbé a upravé Sn-W rud jako vhodna metoda, zarucujici maximalni vyuziti této
suroviny. Samoziejmé je nutno cely proces dale optimalizovat a sledovat jej rovnéz z hlediska ziskavani dal§ich
prvki, jmenovité Rb a Cs.

Recenzenti: Prof. Ing. Jifi Grygarek, CSc., Ostrava,
Prof. Ing. Jifi Novacéek, CSc., VSB-TU Ostrava.
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