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Abstract:

Rare earth elements are recognized as Critical Raw Materials (CRMs) due to their wide range
of applications in the glass, steel, chemical and electronic industries. Often rare earth elements are referred to
as a single group, but in practice each element has individual technical applications. Therefore, the demand
varies for each element. Demand for rare earth elements is likely to increase in the future due to use of NdFeB
magnets, especially in vehicles with electric motors and wind turbines. This publication presents research results
aimed at finding raw material or waste that can be used to obtain neodymium at economical profit. This
publication presents tests aimed at an identification of the raw material from which neodymium can be obtained.
Research began with an identification of materials that could potentially become an economically viable source
of neodymium extraction. The following materials were selected: natural aggregates, fine-grained raw materials
of magma origin as well as coal sludge and fine-grained waste after hard coal enrichment. These raw materials
were subject to content analysis by mass spectrometry, with ionization in inductively compressed plasma (ICP-
MS).

Streszczenie:

Pierwiastki ziem rzadkich zostaty uznane w ostatnich czasach jako surowce krytyczne ze wzglgdu na ich szeroki
zakres zastosowan w przemystach: szklarskim, stalowym, chemicznym i elektronice. Czesto pierwiastki ziem
rzadkich laczone sg w jedna grupe, jednakze w praktyce kazdy pojedynczy pierwiastek posiada odrebne
zastosowania, dlatego popyt na kazdy pierwiastek jest inny. Prognozy wskazujg na prawdopodobny wzrost
zapotrzebowania na pierwiastki ziem rzadkich, co moze by¢ zwigzane miedzy innymi ze zwigkszenia stosowania
magneséw NdFeB, szczegdlnie w pojazdach hybrydowych i elektrycznych oraz turbinach wiatrowych.
W niniejszej publikacji przedstawiono badania majace na celu zidentyfikowanie surowca, z ktorego bedzie
mozna pozyska¢ neodym. Badania rozpoczgto od wskazania materiatow, ktore potencjalnie moga staé sig
ekonomicznie uzasadnionym zrodlem pozyskiwania neodymu. Wytypowane zostaty: kruszywa naturalne,
drobnoziarniste surowce pochodzenia magmowego oraz muly weglowe i drobnoziarniste odpady po
wzbogacaniu wegla kamiennego. Surowce te zostaly poddane analizie zawartosci neodymu metoda
spektrometrii mas, z jonizacja w plazmie indukcyjnie spr¢zonej (ICP-MS).

1. Introduction

A big interest in rare earth elements (REE) results from their specific and required properties. They
have a wide application in state-of-the-art technologies and industries: glass-making, steel, chemical
and electronic. In recent years rare earth elements became an object of many research and
development projects. A development of new technologies causes a systematic increase in the demand
of these elements.

One of the key elements of rare earth, used in the industry, is neodymium. This element is used for
a production of strongest permanent magnets, which are applied in electric motors of electric and
hybrid cars, in some electric energy generators, hard disks and professional playing equipment.
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Materials with a small neodymium content are used in lasers for generating laser beams of big
power and in infrared spectrum. Besides, neodymium is used in the glass making industry, also for
a production of hard disks, audio equipment as well as for conducting magnetic resonance. Due to
a development of the latest technologies forecasts indicate a probable increase in demand of
neodymium and of its price.

The biggest difficulty in obtaining rare earth elements is their small concentration in mineral
resources. Present projects of the KOMAG Preparation systems Division, connected with the subject-
matter of separating rare earth elements, are in the stage of searching appropriate materials. REE
do not occur in the nature as pure elements. Most often they occur in a form of chemical compounds
such as oxides, phosphates, silicates, carbonates and halides [1]. More than 250 minerals, among
others such as e. g. allannite, apatite, bastnasite, xenotime or monazite, are known.

The content of rare earth elements in them, expressed as oxides, can reach even up to 70-74 %[2].
The chemical compounds and minerals, mentioned before, occur as mixes in many rocks such as:
basalt, granite, gneiss, shale and silicate rocks.

At present Poland does not possess its own recognized raw materials resources which could
constitute an economical source of obtaining REE. Their occurrence, in a form of poor deposits,
is reduced to the region of Szklarska Por¢ba, the Sudeten Mountains, somewhere Biatystok way and
sand on the Baltic Sea beaches. The waste heaps from the phosphogypsum industry and ashes from the
power plants burning and co-burning coal are rare earth elements. These wastes can be an essential
source of regaining rare earth elements.

The objective of research work, undertaken by KOMAG, consisted in testing of selected groups of
materials which, subject to proper separation process, will be a source of obtaining neodymium.
The work in this scope included: obtaining of materials and their preparation for tests, tests of REE
content using mass spectrometry which ionization in inductively compressed plasma (ICP-MS) and an
analysis of obtained results.

Different materials were used for tests. The resources from sedimentary deposits were used: raw
material from sand deposit, and fine-grained fall through the classifier sieves for washing aggregates.
Besides, the test incorporated coal sludge and fine-grained waste after the coal enrichment. The
resources from magma deposits: fine-grained granite aggregate and fine-grained basalt aggregate were
used as well. In the further part of this article the most important sources of getting minerals,
containing REE, are presented.

2. Sources of gaining rare earth elements

Neodymium, as well as other REE, do not occur in a pure form in the nature. It can only be found
as a component of minerals, presented below. So far more than 250 minerals, containing REE,
have been recognized, however at present an exploitation of deposits containing only some minerals,
among others such as: bastnasite, monazite, xenotime and laterite clay (China) [1, 2] is economic
in a commercial scale. Neodymium occurs in the earth’s crust in the amount of 38 ppm [3].

The biggest producers of REE raw materials mainly exploit seams of three types of original ores:
bastnasite (USA, China), monazite (Brazil, India, Malaysia, Sri Lanka, Thailand) and laterite clay
(China). Besides, the REE are obtained as co-products during an exploitation of seams of xenotime
or loparite ores as well as apatite and phosphorite ores (Russia), uranium ores (USA), iron ores
(Bayan Obo, China) and ilmenite with monazite ores (Australia) [2].

Bastnasite is a fluorocarbonate of the chemical formula (Ce, La, Y)COg3F. It occurs in pegmatites,
granites and metamorphic rocks in the zones, where a contact metamorphism plays a dominating role
[4]. The cerium element is replaced by lanthanum, yttrium or other light rare earth elements.
Bastnasite usually co-occurs with other minerals such as allannite, fluocerite and others containing
REE [5].

Monazite is a phosphate mineral of the chemical formula (Ce, La, Nd, Th)(PO,). It usually occurs
in a form of grains of small sizes as an accessory mineral in magnetic rocks or metamorphic ores such
as granite, pegmatite, basalt, shale and gneiss [6, 7, 8, 9]. Monazite grains are resistant to an impact of
the atmosphere. Bed-rocks are subject to weathering and to erosion which cause a transport of
monazite grains and their accumulation in valleys of rivers and streams. Accumulations of grains of
a certain size form a chipping seam which can be exploited for obtaining heavy elements, including
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rare earth elements and thorium [10]. A general chemical formula of monazite shows
an exchangeability of cerium, lanthanum, neodymium and thorium in the mineral structure.

Deposits of laterite clay, containing rare earth elements, are generated in the result of weathering of
magmatic rocks (usually granite), which contain compounds of rare earth elements. Due to weathering
rocks are subject to a decomposition — among others a ionization of the compounds of rare earth
elements occurs. Then the rare earth elements are adsorbed by clay minerals [11]. Laterite clays are
a very important source of heavy rare earth elements (HREE). Due to their nature clays require
a physical beneficiation only to a small extent or to no extent at all. They are directly processed with
use of hydrometallurgical methods due to a big content of rare earth elements [12].

Xenotime is a phosphate mineral of a chemical formula YPO, and of properties similar
to monazite. The main features of xenotime are: high yttrium content (above 50%), low content of
light rare earth elements (LREE), significantly lower content of thorium than monazite [13]. Xenotime
is a rare mineral which similarly to monazite occurs as accessory mineral in veins of magmatic rocks.
A process of creating chipping deposits of xenotime develops in convergence with monazite [14].
This mineral can contain radioactive elements such as uranium or thorium and the element such as
tungsten. In some deposits the content of tungsten was detected [15].

Xenotime, monazite and bastnasite are minerals which can occur in the rocks such as granite,
basalt, pegmatite and others mentioned above. The materials, used for tests, are characterized below.

Granite is an abyssal magmatic rock of evidently crystalline structure. The rock is generated due to
a slow crystallization of magma under the Earth surface. The main minerals of granite are: orthoclase,
plagioclase, quartz and biotite. The content of rare earth elements in this rock depends on the content
of accessory minerals. A part of granite accessory minerals contains REE. They include among others:
monazite, xenotime, allannite, titanite and anatase [16, 17].

Basalt is a basic, soiled outflow (volcanic) rock of very fine-grain structure (cryptocrystalline) or
afanite, sometimes porphyry. The main minerals of this rock are: pyroxenes, plagioclase, mica,
amphibole. A presence of rare earth elements in basalt rocks is shown in many research projects
[18, 19, 20]. The presence of rare earth elements also in these rocks is connected with the content of
accessory minerals [21].

The presence of rare earth elements was detected not only in the rocks and minerals of magmatic
origin, but also in coal and in the rocks accompanying coal. The Polish coal mining industry produces
significant amounts of wastes, which are generated in the result of hard coal exploitation and
preparation. Clay minerals are an original carrier of rare earth elements in coal and coal wastes
[22, 23]. They are mainly sedimentary rocks occurring in roofs and floors as well as in interlayers of
coal seams. The rocks, accompanying coal, are treated as waste in the hard coal beneficiation process.
The following wastes can be distinguished:

e coarse-grained wastes e. g. from heavy-medium separators of grain sizes 200-20 mm,
o fine-grained wastes e. g. from jigs of grain sizes 20-0,5 mm,
o very-fine grained wastes e. g. from flotation beneficiation <1 mm.

Generated wastes contain vestigial elements including rare earth elements. A concentration of rare
earth elements in the rocks, accompanying hard coal seams, depends on a number and kind of clay
minerals due to their higher ability of ion exchange and sorptive properties [23]. The best sorptive
properties have the minerals such as montmorillonite and illite [24] due to their structure and this is
the reason why coal wastes, containing these minerals, will be a potentially better carrier of rare earth
elements (REE).

A process of separating rare earth minerals embraces preparation processes with use of the devices
characterized in the publication [25].

3. Rare earth elements on the market, demand and price of neodymium

Rare earth elements are more and more commonly used, in particular in high-tech industries, what
has a significant impact on their price. Each branch of industry has different requirements as regards
the purity, so they occur in different forms on the market. These elements are in a form of
concentrates:

e Dastnasite concentrate (60-85% REO — Rare Earth Ore, rare earth oxides),
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e monazite concentrate (55-60% REOQ),
e Xxenotime concentrate (>25% REO),
¢ bastnasite-and-monazite concentrate (30%, 60% or 71% REO).

Apart from that these elements also occur on the market as processed raw materials, having a form of:
mixed metal (98-99% of rare earth elements),

ferrocerium (74% of mixed metal),

individual elements of 96-99.9999% purity,

compounds such as carbonates, chlorides, fluorides, nitrates and others [26].

Changes in demand and price of the most desirable rare earth elements on the market, together with
a forecast for the years 2022 and 2025, are presented in Tables 1. and 2. Starting from the year 2015,
a demand for presented elements increases continuously till the year 2025, but the biggest increase
occurs in the case of neodymium and the lowest one — in the case of lanthanum and yttrium.
As regards the price a continuous increase is achieved only by neodymium and the other elements
experience increases and decreases of prices.

Table 1. Tabulation of demand of five most desirable rare earth elements
on the market over the years 2015-2025 [27]

Neodymium | Lanthanum \ Cerium \ Praseodymium \ Yttrium
Years [Mg]
2015 11647 11578 8114 4 342 2810
2019 18 452 12 627 9067 5999 3065
158% 19% 112% 138% 19%
2022 21620 13476 9677 6716 3271
1 17% 1 7% 1 7% 1 12% 1 7%
2025 23073 14382 | 10327 7168 3491
1 7% 1 7% 1 7% 1 7% 1 7%

Table 2. Tabulation of five most desirable elements of purity min. 99%
(yttrium min. 99.9999%) on the market over the years 2015-2025 [27]

Neodymium | Lanthanum | Cerium | Praseodymium | Yttrium
Years [USD/Mg] [USD/kg]
2015 68 543 6 955 6411 119 963 21
o010 | 108786 7033 | 4197 119 103 41
158% 11% | |34% 1 1% 195%
2022 123 355 6 558 3248 113 105 35
113% L7% | 1 22% 1 5% | 14%
2025 148 444 6 932 3308 119093 38
120% 1 6% 1 2% 1 5% 19%

A significant demand increase for neodymium as well as its price increase in comparison with
previous years can be caused by a use increase of magnets made of neodymium, iron and boron alloy
in the industry. Due to using these magnets in hybrid and electric cars their drives enable to achieve
the highest possible efficiency and profitability. These magnets are also used in generators of very big
off-shore wind turbines, reaching an increased efficiency in comparison with a conventional generator
with a mechanical gear. Motors, using the above mentioned magnets which enable to achieve smaller
dimensions and a smaller weight in comparison to the motors using ferrite magnets, are used in the
aviation industry as well. Advantages, resulting from using rare earth elements in technology,
contribute to their more and more frequent use in the industry, replacing other solutions.
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4. Tests of neodymium content in selected materials

Research work, undertaken at the KOMAG Institute, started from choosing materials which
potentially can contain rare earth elements. The following materials were selected: material aggregates
— sands, fine-grained raw materials of magmatic origin, coal silts and fine-grained wastes after hard
coal beneficiation. The selected raw materials were subject to an analysis of the content using the mass
spectrometry method with ionization in inductively compressed plasma (ICP-MS). The tests were
directed towards a determination of neodymium element content.

4.1. Testing material
The following materials were used for tests:
e Sand — Sand Mine 1

The Sand Mine 1 exploits a deposit, whose main mineral is back-filling sand and the accompanying
mineral is a sand-and-gravel mix. The deposit is mined with use of a dredger excavator. Then the
material is transported to the Preparation Plant, where it is subject to rinsing, classification and drying
processes. Commercial products are: construction sands, rinsed and dried sands as well as gravels.
The deposit is divided into two exploitational slopes having the material of different characteristics.
One sample of raw material from each slope was taken. The sample material was taken by KOMAG
employees.

e Sand — Mine 2

The Sand Mine 2 exploits a Quaternary deposit of a river origin. This mine conducts a deposit
exploitation from under the water surface using a sucking dredger. Then the material is transported to
the Preparation Plant using among others a wheel dewaterer, screens and a classifier. This Plant
produces aggregate of the following sizing: 16-8 mm and 8-2 mm. The material, used for tests, is the
material which passed through the bottom sieves (slot 2 mm) of the pulsatory classifier. A pulsatory
classifier is a device, in which a separation of the material, according to density, takes place.
The material is positioned in layers — at the top there are layers of the smallest density, and at the
bottom-layers of biggest density. Therefore, if the feed to the device contains grains of minerals of big
density (including minerals containing REE), these grains will leave the device through the bottom
sieves. The material samples were taken by the Mine staff.

e Coal sludge — Hard Coal Mine 1

96% of commercial reserves of the Hard Coal Mine 1 contain coal of types: 34 and 35.
The Preparation Plant beneficiates hard coal in grain classes 200-20 mm and 20-0 mm. The Plant
technology includes a system of crushing and preclassification of raw coal to obtain the grain class
200-0 mm, which is then separated into grain classes 200-20 mm and 20-0 mm. In the successive step
the class 200-20 mm is beneficiated in heavy medium separators and the class 20-0 mm is beneficiated
gravitationally. Dewatering screens (class 200-20 mm) and dewatering centrifugal screens as well as
dewatering screens (class 20-0 mm) are used for dewatering beneficiation products. Desludging of
technological water is conducted with use of a radial concentrator. Coal sludge, used for tests, came
from the radial concentrator. The material samples were taken by the Mine staff.

e Coal sludge — Hard Coal Mine 2

The Mine produces coal of type 31.2. The Preparation Plant beneficiates hard coal in grain classes
200-80 mm and 80-16 mm. The Plant technology includes a system of crushing and preclassification
to obtain the grain class 200-0 mm. The obtained material, in the following step, is separated into grain
classes 200-80 mm, 80-16 mm and 20-0 mm. Classes 200-80 mm and 80-16 mm are beneficiated in
heavy medium separators, and class 20-0 mm is directed to mixes after screening class 6-0 mm.
Technological water is clarified in a radial concentrator. Desludging of technological water takes place
in radial concentrators. Dewatering of beneficiation and desludging products takes place in vibratory
screens, dewatering centrifugal sieves, sedimentation centrifuges and filtration presses. Coal sludge,
used for tests, comes from the radial concentrator. The material sample was taken by the Mine staff.
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¢ Floatation waste — Hard Coal Mine 3

This Mine produces coal type 34.2 and steam coal. The Preparation Plant beneficiates hard coal in
grain classes: 65-10 mm, 10-0 mm and 1-0 mm. The Plant technology includes crushing and
preclassification system to obtain the grain class 65-0 mm. Then the material is subject to
a classification for grain classes: 65-10 mm and class 10-0 mm. The grain class 65-10 mm is directed
to a three-product gravitational beneficiation process and class 10-0 mm is a commercial product -
steam coal. Middlings from the gravitational beneficiation process are subject to the crushing stage
and to classification to the grain size 10-0 mm, and then secondarily it is gravitationally beneficiated.
Desludging of technological water takes place in radial concentrators. Coal sludge, obtained from the
radial concentrator, is directed to flotation machines where they are beneficiated. Dewatering of
beneficiation products takes place on dewatering screens, in radial concentrators, centrifuges,
centrifugal sieves and chamber presses. The flotation waste, used for tests, comes from the chamber
press. The material sample was taken by the Mine staff.

e Flotation waste — Hard Coal Mine 4

This Mine produces hard coal of type 35.1. The Preparation Plant beneficiates hard coal in grain
classes: 150-20 mm, 20-0 mm and 0.315-0 mm. The Plant technology includes the preclassification
system to the grain sizes 150-0 mm. Then the material is subjected to the classification for grain
classes: 150-20 mm and 20-0 mm. The grain class 150-20 mm is directed to a beneficiation in heavy
medium, and class 20-0 mm is beneficiated gravitationally. Desludging of technological water takes
place in radial concentrators. In the next step flotation beneficiation of coal sludge in the scope of
grain size 0.315-0 mm is conducted. Dewatering of beneficiation products takes place on vibratory
screens, in bucket conveyors, radial concentrators and filtrating presses. The flotation waste, used for
tests, comes from the filtrating press. The material sample was collected by the Mine staff.

¢ Fine-grained basalt aggregate 2-0 mm — Basalt Mine 1

This Mine produces basalt aggregates of many graining sizes. The Mine deposit is exploited with
use of drilling-and-blasting technology. The technology includes multi-stage crushing and
classification. Fine-grained basalt aggregate 2-0 mm, used for tests, was taken by the Mine staff.

¢ Fine-grained basalt aggregate — Basalt Mine 2

This Mine produces basalt aggregates of many types of graining. The technology includes multi-
stage crushing and classification. Fine-grained basalt aggregate 2-0 mm, used for tests, was taken by
the Mine staff.

¢ Fine-grained granite aggregate 2-0 mm — Granite Mine 1

This Mine produces granite aggregates of many types of graining. The technology includes multi-
stage crushing and classification. Fine-grained granite aggregate 2-0 mm, used for tests, was taken by
the Mine staff.

4.2. Preparation of materials

This stage was oriented onto obtaining representative samples of sands, coal sludges, flotation
wastes, fine-grained granite and basalt aggregates of 1 kg weight. The weight of samples was
determined by the KOMAG Laboratory of Material Engineering and Environment. Standard tools of
the Minerals Processing Laboratory were used for a preparation of samples.

The samples of sand, granite and basalt were separated with use of the Jones’s splitter. Each
material sample weighed 1 kg. The samples were put into a string bag and then they were delivered to
the laboratory.

Flotation wastes as well as coal sludges are materials of big humidity. They were placed in plastic
cuvettes; samples, which were used for a determination of the REE content in raw material, were
separated from each sludge and flotation waste. The materials were dried in the laboratory drier, which
caused a strong conglomeration of fine grains of flotation wastes and sludges into thick agglomerates,
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which afterwards were comminuted in disk mill adjusted for the smallest distance between the mill
disks.

In the following step the second part of samples of flotation wastes and coal sludges was separated.
It served for testing the REE content in the ash which was left after burning these materials. Similarly
to the previous case, the materials were placed in cuvettes, from which the samples were separated and
then they were dried in the laboratory drier and ground in the disk mill. The Standard PN-1SO
1171:2002 — Solid fuels — Determination of ash was used in the process of obtaining ash. The
laboratory muffle furnace was used for burning materials. According to the Standard mentioned above
1-2 g of material were prepared for a crucible, in total:
Hard Coal Mine 1 — about 20 g of coal sludge,
Hard Coal Mine 2 — about 24 g of coal sludge,
Hard Coal Mine 3 — about 23 g of flotation wastes,
Hard Coal Mine 4 — about 22 g of flotation wastes.

The furnace was heated to the temperature of 500°C within 60 minutes and this temperature was
kept for 30 minutes. After that time period, within the following 50 minutes the temperature inside the
furnace was increased to 815°C. In this temperature the samples were heated for 60 minutes.
Then they cooled down for a few hours. Cool samples were placed in the exsiccator. After weighing
the samples on the analytical scales the following results were obtained:

Hard Coal Mine 1 — about 6 g of ash,

Hard Coal Mine 2 —about 11 g of ash,
Hard Coal Mine 3 — about 15 g of ash,
Hard Coal Mine 4 — about 18 g of ash.

The testing material, prepared in such a way, was conveyed to the KOMAG Laboratory of Material
Engineering and Environment.

4.3. Tests of rare earth elements’ contents

Tests of REE contents were conducted in the way presented below. Laboratory samples of sand,
coal sludges, flotation wastes and ashes were tested from the point of view of dry mass.
Their mineralization was also conducted. The samples were mineralized in the closed-loop dry system,
using the microwave mineralizer. The quality of pulping the samples under testing was subject to
a visual assessment. In the result of such an approach a colourless and clean solution was obtained for
the majority of the samples. Tests of neodymium content were conducted with use of mass
spectrometry, with ionization inductively coupled plasma (ICP-MS). The results of tests are presented
in Tables 3, 4 and 5.

Table 3. Tabulation of neodymium content in aggregates

Identification of samples Nd\content
[ppm]
Sand Mine 1, top slope of deposit Sand <5
Sand Mine 1, bottom slope of deposit Sand <5
Sand Mine 2 Sand <5
Basalt Mine 1 Fine-granulated basalt 38.2
aggregate
Basalt Mine 2 Fine-granulated basalt 217
aggregate
Granite Mine 3 Fine-granulated granite 135
aggregate
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Table 4. Tabulation of neodymium content in coal sludge and ashes
after burning the sludge

Identification of samples N EelE
[Ppm]
Coal sludge 6.5
Hard Coal Mine 1
Ash after burning sludge 335
Coal sludge 11.3
Hard Coal Mine 1
Ash after burning sludge 13.8

Table 5. Tabulation of neodymium content in coal wastes and ashes
after burning the waste

er Nd content
Identification of samples
P [ppm]
Wastes from flotation <5
. beneficiation of coal
Hard Coal Mine 1 Ash after burning
. 15.2
flotation wastes
Wastes from flotation
. beneficiation of coal 7.0
Hard Coal Mine 1 -
Ash after burning
. 24.0
flotation wastes

5. Summary and direction of further research work

Tests of the material taken from the top slope and from the bottom slope of the deposit in the Sand
Mine 1 showed the contents of neodymium < 5 ppm. Similarly, the mineral taken from the bottom
sieves of the classifier (fallen through) in the Sand Mine 2 contained <5 ppm of neodymium.
The highest amount of the neodymium element, among fine-granulated basalt aggregates contained
<5 ppm of neodymium.

The highest amount of the neodymium element, among fine-granulated basalt aggregates
contained the aggregate from Basalt Mine 1 — 38.3 ppm. This content is comparable with the average
content of this element in the earth’s crust. The material from the Basalt Mine 2 contained 21.7 ppm.
Coal sludge from the Hard Coal Mine 1 contained 6.5 ppm of neodymium. The burning process of the
material led to a multiple increase of the element content, to the amount of 33.5 ppm. The content of
neodymium in the coal sludge from the Hard Coal Mine 2 before its burning was 11.3 ppm and after
burning — 13.8 ppm. Before burning the sludge from the Hard Coal Mine 1 was characterized by
a higher neodymium content, among coal sludges, and after burning the bigger content was reached by
the Hard Coal Mine 2. Therefore it can be stated that a searched element content increased by 415%
in the case of the material from the Hard Coal Mine 1 and by 22% — in the case of the material from
the Hard Coal Mine 2.

An analysis of the neodymium content in the waste from the flotation process, before burning,
from the Hard Coal Mine 3 gave the result <5 ppm. Burning of this material caused an increase in the
neodymium content in the flotation waste from the Hard Coal Mine 4, before burning, it was 7.0 ppm
and after burning — 24.0 ppm. The material from the Hard Coal Mine 4 is characterized by a bigger
neodymium content both before burning as well as after burning. An increase by 242% of the searched
element content in the wastes of the Hard Coal Mine 4 was observed.

The conducted tests enabled to draw a series of conclusions concerning a usability of the tested
materials for gaining one of the rare earth elements- neodymium. The obtained results, concerning the
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neodymium content in sand deposits can indicate lack of the searched element in the material.
Therefore, these materials are not useful for gaining neodymium. The determined neodymium contents
in granite and basalt aggregates enabled to conclude that these materials contain neodymium
compounds in small quantities, up to 38.2 ppm. A separation method, chosen correctly, will enable to
increase the neodymium content in the obtained product. Basing on the obtained results of the tested
element content in coal sludges and flotation wastes, it can be stated that the neodymium compounds
occur in them in very small quantities, up to 11.3 ppm. An incineration of coal sludges and flotation
wastes led to a concentration increase (e. g. from 6.5 ppm to 33.5 ppm). At present it cannot be
excluded that a part of the particles, containing neodymium, is lost irretrievably. A loss of a part of
these particles can happen during their burning, during their transport together with escaping gases.
These gases are collected through the exhaust hole in the muffle furnace. In the future a method,
enabling to exclude or confirm such a phenomenon, will be elaborated.

Future research work will include further analyses of the materials used in this work as well. It is
planned to conduct analyses of granulometric contents of granite and basalt aggregates. An application
of the sieves, having the following mesh sizes: 2 mm, 1 mm, 0.5 mm, 0.25 mm, 0.125 mm and 0.063
mm, will enable to gain narrow grain classes. As it can be concluded from the information presented
in the literature, it is expected to obtain a higher REE concentration in the finest-grained classes.
Then tests of rare earth elements contents in the obtained grain classes will be conducted. These tests
are indispensable for a rejection of these grain classes which have a small REE content at the very
beginning, before this material is directed to the separation process.
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