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Abstract

Tantalum is a chemical element with important properties. It is used in industry and its numerous branches for instance in
jewelry and watchmaking products. As a result, it is not uncommon for this metal to become an object of interest for a vari-
ety of buyers. After it has been bought back from the customers, tantalum can be recycled and, as a result, its full content
can be retrieved. In economy, tantalum has become a ‘technology-critical element’ which is increasingly used in new tech-
nologies. This has led to a need to evaluate potential environmental impacts, which, in turn, requires knowledge of its con-
centration in the natural and industrial environment. This paper will present secondary sources of tantalum extraction and
recycling, which makes it possible to limit the use of this raw material from natural sources, which are in increasing exhaus-
tion. The analysis also includes the case study of the old Penouta mine, and processing of tailings from waste-rock heaps
and ponds on these area. It is located in the innermost part of the Iberian Variscan Belt in Galicia in northwest Spain where
two main formations crop out: the Viana do Bolo Series (high-grade metamorphic rocks) and the Ollo de Sapo Formation.
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1. INTRODUCTION of tantalum to form a protective oxide surface layer,
using tantalum powder, pressed into a pellet shape, as

Tantalum is used in the electronics industry to produce . “plate” of the capacitor, the oxide as the dielec-

electrolytic capacitors, which are found in every elec-  jc and an electrolytic solution or conductive solid as
tronic device, defense and space equipment. Itisused o other “plate” [4]. Tantalum is used in a variety of

in the production of chemical equipment due to its 11405 10 add high strength, ductility and a high melt-
resistance to most acids and bases. On the one hand, it ing point. When drawn into a fine wire, it’s used as a

is widely used in industry and its numerous branches  fjlament for evaporating metals such as aluminum.

and on the other hand in jewelry or watchmaking  nfore than half of tantalum’s use is for electrolytic
products [1]. As a result, it is not uncommon for this capacitors and vacuum furnace parts.

metal to become an object of interest for a variety of
buyers. After it has been bought back from the cus-
tomers, tantalum can be recycled and, as a result, its
full content can be retrieved [2].

The exceptional properties of Ta have led to a high
demand for these metal for highly specialized applica-
tions (Fig. 1). The main application as already was
mentioned is capacitors. In addition, there are super

The major use for Tantalum, as the metal powder, is in alloys or sputtering targets [5].

the production of electronic components, mainly . .
. . . Capacitors are, and are expected to remain, the largest
capacitors and some high-power resistors [3].

Tantalum electrolytic capacitors exploit the tendency single market but the increasing functionality of

4/2020 ARCHITECTURE CIVIL ENGINEERING ENVIRONMENT 79



N. Generowicz,

smartphones, and ongoing changes in capacitor size,
are the main limitations on growth of these sector
because the Ta content required for manufacturing is
decreasing in natural resources [6].
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Figure 1.

Main applications of Ta [4]

2. SECONDARY SOURCES OF TANTA-
LUM RECEIVING FROM RECYCLING

Tantalum can be extracted as a by-product of tin
smelter waste. Tantalum produced in this way is
around 14 percentage of total tantalum production
[7]. Tantalum is extracted from cassiterite placer mid-
dling using shaking tables, and magnetic and electro-
static separation methods [8, 9]. Tin smelter waste
typically contains 8 to 10 per cent tantalum oxide,
although exceptionally this may rise to 30 per cent
[10]. Low grade smelter waste can be upgraded by
electro thermic reduction yielding a synthetic con-
centrate with up to 50 per cent tantalum and niobium
[11].

Globally, it has been estimated that 10-20% of the
global Tantalum supply is produced from tin slags
and 20-30% from different types of manufacturing
and End-of-Life scrap [12]. According to the
“Tantalum-Niobium International Study Center”

Table 1.
Secondary resources of Tantalum
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(TIC) the production from secondary resources has
grown considerably between 2008 and 2012. The best
quality slags have been found in Brazil, Thailand and
Malaysia, which are most important producers of slag
based Ta. Due to reduction of tin mining, the most
interesting sources are old slag dumps [13].

The potential of old tin slags and other waste areas
has also been studied in Europe. Table 1 lists some
of the identified sources. Based on the available
information, potential tailings and slags can be
found in Spain, Portugal, France, and UK (Tin belt
reaching through these countries), but also in
Germany and Czech Republic. Tantalum can also be
found in waste from uranium mining, which usually
contains radioactive thorium. Very little public data
could be found available about the characteristics
and Ta potential of the European mine waste areas
[5, 12, 14].

In addition to mine waste areas, Ta can be found also
from municipal waste landfills, industrial landfills
(such as landfills of WEEE recycling companies) and
from incineration slags [15]. It has been estimated
that about 5% of WEEE ends up to municipal land-
fills or incineration plants [16]. Because Ta contain-
ing components are mainly used in high-tech elec-
tronics, such as portable electronics, it is likely, that
the Ta concentrations in MSW landfills and slags are
very low [17]. Other potential sources are scrap from
manufacturing of Ta powders and ingots as well as
manufacturing of Ta containing products as well as
end-of-life scrap containing Ta. The most important
applications of Ta are capacitors and other electronic
components, different Ta containing alloys and hard
metal, where small percentage of Ta can be used in
addition of W [6, 18]. Although for example the
largest capacitor manufacturers are situated in USA
and Asia, based on Eurostat Prodcom statistics there
is still considerable manufacture of Ta containing
products in Europe [19]. These means that both man-
ufacturing and end-of-life is available in Europe. The
different waste tantalum sources are listed in Tab. 1.

Material type Size of source Location/Owner Comments Physical P rop.ertles - Chem}cal properties
particle size — main component
Municipal landfills | Estimated Ta con- | In countries where | Low concentrations | Soiled small elec- | Capacitors and
MSW  containing | centration in MSW | the share of landfill-  mixed into large | tronic devices or  other electronic
WEEE [17] about 1 mg/kg ing has been signifi- | amounts of MSW. | their components components mixed
which is lower than | cant in  2000’s/ = Very little informa- in large amounts of
the average concen- =~ Municipalities tion and no data MSW and materials
tration of Ta about Ta concentra- used for daily cover

(2.4 mg/kg) in tion found.

earths crust.
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Disposal areas of
incineration slags.
MSW incinerations
slags [2]

About 61 000 t/d
slags produced in
EU, most of the Ta
in the incinerator
feed ends up to bot-
tom ash

EU countries/
Municipalities,
energy producers,
etc.

Low concentra-
tions, contains
other metals, very
little information
from Europe

Mostly in > 2mm
particles

Estimated 3-5 mg
Ta/kg

Industrial landfills
containing  waste
from WEEE pro-

In several EU
countries/Recycling
companies

Mostly crushed
materials, particle
sizes from very fine

mine

cessing [17] Not applicable to over 10 cm, may Not applicable
contain also speci-
mens that are not
crushed
Mine waste [9] Not available Echassieres, France Not applicable Not applicable
Mine waste [10] Closed pegmatite Hagenforf, Germany Not applicable Not applicable

Tin mining
residues tantalite
Albite-,
Amblygonite-,
Arsenopyrite-,
Beryl- Cassterite-,
Columbite-,
Muscovite-,
Pyrite-,

Quatrz [12]

Not known, surface
storage areas

Vieiros Canadelo,
Porto Region,
Portugal

Closed tin mining
area

Not applicable

Ta concentrations not
available

Tailings and waste
from tin mining [9]

Tailings 5Mt and
waste dump 6.8 Mt

Penouta,
Spain/Aprovecha
mineto Mineiro

Closed tin mining
area, tailings and
waste studied for
recovery of Ta

Not applicable

Tailings 48 g/t; waste
dump 27 g/t

Mine waste and
tailings [9]

Not known

Bessa, Portugal

Not applicable

not applicable

Slag [22]

About 1 000 t of
radioactive slag from
Nb production
Larger amounts of
light waste Apatite-
Calcite-Mica,
deposited to the sea

Sove, Norway

Small quantity, due
to radioactivity will
be either transported
to a waste area or
contained

Not applicable

Containing Ta
(1.34% Ta0s), Th,

Zircon

Waste from uranium
mining [12]

not applicable

Straz, Czech republic

Not applicable

Not applicable

Mine tailings,
pegmatite-granite 12]

Cosed Be-Ta mine

Rosendal, Finland

Li-Nb-Ta

Golbejas, Salamanca

Tin and Ta mine
closed in early 1980s,
potential to start min-
ing again has been

rutile No info on con-
centration

centrate from fine
grained waste

Tin slag [22] Not know Spain studied. Waste areas Not applicable Not applicable

have been at least

partly reprocessed in

1980’s
Ta, Nb, Ti, Sn Gravity  separation
Tailings of china Columplte-tantallte, St Austell, can be used for . . .
. cassterite, ~ Nb-Ta- enrichment of Ta con- Fine particles Several locations
clay extraction [18] Cornwall

There are many methods of tantalum recycling from
waste electrical and electronic equipment (WEEE).
Acknowledged practice is mechanical separation of
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tantalum by breaking and milling [20]. Otherwise, it is
possible to burn the epoxy resin in 500-+10000°C for

1+5 hours. Oxidation is also obtained TayOs, which
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can be reduced most commonly with Na, Mg or Ca.
Tantalum capacitors can be leached e.g. in aqua
regia, concentrated HCI, NaOH or KOH [21]. The
leaching capacitors by using iron chlorides (FeClx)
tantalum chloride is obtained, which is then reduced
with Mg [22].

3. RECOVERY OF TANTALUM FROM
TAILINGS - CASE STUDY OF THE OLD
PENOUTA MINE

The Penouta Sn-Ta-Nb deposit is located in the
Central Iberian Zone, in the innermost part of the
Iberian Variscan Belt in Galicia in northwest Spain
where two main formations crop out: the Viana do
Bolo Series (high-grade metamorphic rocks) and the
Ollo de Sapo Formation, characterized by a vol-
canogenic sequence which mainly consists of augen
gneisses [23]. Fig. 2 show the areas of Penouta Mine.

The following areas may be differentiated on the old
tailings of the Penouta Mine (Fig. 2):

WATER POND

TAILINGS PON
“ROLDAN"

PLANT AND OFFICE |

e

Figure 2.
The areas of Penouta Mine [9]

* Tailings Pond 1 —“Roldan”: 4.8 Mt, average grades
of 387 ppm Sn and 48 ppm Ta (Indicated
resources),

* Tailings Pond 2 “Abeja”: 0.2 Mt, average grades of
421 ppm Sn and 26 ppm Ta (Inferred resources),

* Waste-rock heaps: 6.8 Mt, average grades of
428 ppm Sn and 27 ppm Ta (Inferred resources) [9].

The processing of tailings from waste-rock heaps and
ponds of the old Penouta mine leads to the obtaining
of tantalum and niobium minerals [24]. It should be
noted that Ta and Nb are known as rare metals
because of their scarcity in nature. Thanks to their
exceptional properties, they are elements that today
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have important applications in new technologies,
medicine, and science [25].

The biggest tantalum reserves in the world are locat-
ed in South America (40%) and also in Australia
(21%), but only 1% being found in Europe. With the
exception of small quantities of tantalite that are
obtained as a by-product from the exploitation of
kaolin in France, there is no production of primary
origin in the EU. There are only a few processors in
the EU, that is, in Estonia, Austria, Germany, and
UK (mainly secondary materials).

In Europe there are known deposits of niobium and
tantalum in Finland and Norway, but they cannot be
economically exploited using conventional processes.
There are some deposits of niobium and tantalum in
Spain that could be exploited in satisfactory econom-
ic conditions [26].

Tantalite and columbite are the main sources of tan-
talum and niobium in the Penouta mine. Thanks to
the development of new technologies and the evolu-
tion of old mineral separation techniques, it is possi-
ble to recover the metals of interest contained in
these tailings and waste-rock heaps of the former
Penouta mine [27].

During the processing of tailings from waste-rock
heaps and ponds of the old Penouta mine, around 1%
of tin, tantalum, and niobium concentrate is
obtained, which is sold to international companies
that process the raw material to generate intermedi-
ate compounds that serve to produce highly specific
components. In this process 99% of mining tailings
are generated, which are mainly composed of silicate
minerals that can be reprocessed, obtaining around
70% of industrial minerals, namely quartz, mica,
feldspar, and kaolin. The aim of the overall process is
to achieve approximately 80% revalorization of min-
ing wastes [28].

The Penouta mine scheme could also be applied to
other mining deposits not only in Spain but also in
the rest of the Europe, which contain Sn associated
with various CRMs such as Ta, Nb, or W. There are
numerous ore deposits here that have been previous-
ly exploited and, as in Spain, were mostly abandoned
after the fall in metal prices. Therefore, there are
many abandoned waste-rock heaps and ponds with a
certain degree of mineralization that should follow
this example [26, 27].

The minerals consisting of these elements react to
separation by density in a similar way, which is the
principle on which the gravimetric separation per-
formed in Penouta is based. This fact is an advantage
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in replicating this model of utility in other mining
wastes, but it is also an obstacle because each deposit
has its own characteristics mineral associations. The
market situation can also define whether or not a low
grade mining waste is profitable or not at a given
moment, in addition to the regional distribution
(there are serious energy supply limitations in some
mining areas), and the political and regulatory condi-
tions in each region [27, 28].

4. CONCLUSIONS

Metals, minerals and natural materials are part of
our daily life. Raw materials, which are the most
important from an economic point of view and whose
supplies are subject to high risks, are called critical
raw materials. Critical raw materials are essential for
the functioning and integrity of many different indus-
trial ecosystems. The new industrial strategy for
Europe proposes to strengthen Europe’s open strate-
gic autonomy, warning that a transformation of
Europe leading to climate neutrality could replace
the current dependence on fossil fuels by dependence
on raw materials, a large part of which Europe
obtains abroad and for which there is increased glob-
al competition. The EU’s open strategic autonomy in
these sectors will therefore have to continue to be
based on diversified and undistorted access to global
raw material markets. At the same time, in order to
reduce dependence on external factors and environ-
mental pressures, the fundamental problem of rapid-
ly growing global demand for resources must be
addressed by reducing material consumption and re-
use before recycling [29].

Tantalum is also included in the list of critical raw
materials due to its important use in various tech-
nologies. Its primary deposits are currently depleted,
so it is important to look for secondary sources of its
occurrence as well as methods of its recovery depend-
ing on its source. The described example of the old
Penouta mine is a great case study on which the
methods of searching for tantalum can be based.
Moreover, it is also worth to focus on end-of-life
products, which are one of the best secondary sources
for recycling and recovery of tantalum. Nowadays it is
the capacitors that are the best source of this raw
material [3, 5, 6].

Access to resources and sustainability are key to the
EU’s resilience in the area of raw materials.
Achieving resource security requires action to diver-
sify supplies from both primary and secondary
sources, reduce dependency and improve resource

efficiency and closed-loop circulation, including sus-
tainable product design. This applies to all raw mate-
rials, including base metals, industrial minerals,
aggregates and biotic raw materials, but is even more
necessary for raw materials that are critical for the
EU [30]. In addition, the COVID-19 crisis has
revealed how quickly and how deeply global supply
chains can be disrupted, making it all the more nec-
essary to search for new, secondary sources.

ACKNOWLEDGMENTS

This paper is support by EIT Raw Materials,
iTARG3T (Innovative targeting & processing of
W-Sn-Ta-Li ores: towards EU’s self-supply) project,
project number 18036.

REFERENCES

[1] Nassar, N. (2017). Shifts and trends in the global
anthropogenic stocks and flows of tantalum.
Resources, Conservation & Recycling, 125, 233-250.

[2] Mancheri, N., Sprecher, B., Deetman, S., Young, S.,
Bleischwitz, R., Dong, L., Kleijn, R., & Tukker, A.
(2018). Resilience in the tantalum supply chain.
Resources, Conservation & Recycling, 129, 56-69.

[3] Filella, M. (2017). Tantalum in the environment.
Earth-Science Reviews, 173, 122-140.

[4] Chancerel, P, Marwede, M., Nilssen, N., & Lang,
K.D. (2015). Estimating the quantities of critical met-
als embedded in ICT and consumer equipment.
Resources, Conservation and Recycling, 98, 92-9.

[S] Cuesta-Lopez, S., Barros, R., Ulla-Maija, M.,
Willersinn, S., & Sheng, Y. (2016). Mapping the sec-
ondary resources in the EU (mine tailings, industrial
waste). MSP-REFRAM.

[6] Gubanova, E., Kupinets, L., Deforzh, H., Koval, V.,
& Gaska, K. (2019). Recycling of polymer waste in
the context of developing circular economy.
Architecture Civil Engineering Environment, 12(4),
99-108, DOI: 10.21307/ACEE-2019-055.

[7] Koval, V., Mikhno, 1., Hajduga, G., & Gaska, K.
(2019). Economic efficiency of biogas generation
from food product waste. E3S Web of Conferences
2019, 100, 00039.

DOI: 10.1051/e3sconf/201910000039.

[8] Zima, W., Nowak-Oclon, M., & Oclon, P. (2018).
Novel online simulation-ready models of conjugate
heat transfer in combustion chamber waterwall tubes
of supercritical power boilers. Energy, 148, 809-823.
DOI: 10.1016/j.energy.2018.01.178.

4/2020 ARCHITECTURE CIVIL ENGINEERING ENVIRONMENT 83



%]

(10]

(11]

(12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

[20]

84

N. Generowicz,

Blengini, G.A., Mathieux, F., Mancini, L., Nyberg, M.,
& Viegas, HM. (2019). Recovery of critical and other
raw materials from mining waste and landfills.
European Commission, JRC Science for Policy
Report.

Garbarino, E., Orveillon, G., Saveyn, H., Barthe, P.,, &
Ede, P. (2018). Best Available Techniques (BAT)
Reference Document for the Management of Waste
from Extractive Industries. European Commission,
JRC Science for Policy Report.

Kowalski, D., Kowalska, B., Btawucki, T., Suchorab,
P, & Gaska, K. (2019). Impact Assessment of
Distribution Network Layout on the Reliability of
Water Delivery. Water, 11, 480.

DOI: 10.3390/w11030480.

Melcher, E, Graupner, T, & Oberthiir, T. (2017).
Tantalum-(niobium-tin) mineralisation in pegmatites
and rare-metal granites of Africa. South African
Journal of Geology, 120(1),77-100.

https://passive-components.eu/Sg-handset-and-auto-
motive-electronics-demand-raises-passive-compo-
nent-revenues/ (access: 10.11.2020).

Linnen, R., Trueman, D.L., & Burt, R. (2014).
Tantalum and niobium. In G. Gunn, (Editor). Critical
Metals Handbook. John Wiley & Sons, Ltd, 361-384.

Schiitte, P, & Naher, U. (2020). Tantalum supply
from artisanal and small-scale mining: A mineral eco-
nomic evaluation of coltan production and trade
dynamics in Africa's Great Lakes region. Resources
Policy, 101896.

Ramon, H., Peeters, J., Sterkens, W., Duflou, J.,
Kellens, K., & Dewulf, W. (2020). Techno-economic
potential of recycling Tantalum containing capacitors
by automated selective dismantling. Procedia CIRP,
90, 421-425.

Olejnik, T. P. (2012). Analysis of the breakage rate
function for selected process parameters in quartzite
milling, Chemical and Process Engineering, 33(1),
117-129.

Niu, B., Chen, Z., & Xu, Z. (2020). Recycling waste
tantalum capacitors to synthesize high value-added
Ta205 and polyaniline-decorated Ta2O5 photocata-
lyst by an integrated chlorination-sintering-
chemisorption process. Journal of Cleaner Production,
252, 117206, doi:
https://doi.org/10.1016/j.jclepro.2019.06.037.

Shikika, A., Sethurajan, M., Muvundja, F,
Mugumaodeha, M.C., & Gaydardzhiev, St. (2020). A
review on extractive metallurgy of tantalum and nio-
bium.  Hydrometallurgy, 198, 105496, doi:
https://doi.org/10.1016/j.hydromet.2020.105496.
Rana, A.S., Zubair, M., Danner, A., & Mechmood,
M.Q. (2021). Revisiting tantalum based nanostruc-
tures for efficient harvesting of solar radiation in
STPV  systems. Nano Energy, 80, 105520,
https://doi.org/10.1016/j.nanoen.2020.105520.

ARCHITECTURE

J.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

CIVIL ENGINEERING

Kulczycka

Lee, J., Yoon, J., Lee., Ch., Park, J., & Park, I. (2019).
Hydridation and oxidation behaviors of tantalum
hydride during milling process. International Journal
of Refractory Metals and Hard Materials, 79, 90-94,
https://doi.org/10.1016/j.ijrmhm.2018.11.011.

Micheau, C., Lejeune, M., Arrachart, G., Draye, M.,
Turgis, R., Michel, S., Legeai, S., & Rosting, S. (2019).
Recovery of tantalum from synthetic sulfuric leach
solutions by solvent extraction with phosphonate
functionalized ionic liquids. Hydrometallurgy, 189,
105107,
https://doi.org/10.1016/j.hydromet.2019.105107.

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri
=CELEX:52017DC0490

Llorens Gonzalez, T., Garcia Polonio, F, Lopez
Moro, FJ., Fernandez Fernandez, A., Sanz
Contreras, J.L., & Moro Benito, M.C. (2017). Tin-
tantalum-niobium mineralization in the Penouta
deposit (NW Spain): Textural features and mineral
chemistry to unravel the genesis and evolution of cas-
siterite and columbite group minerals in a peralumi-
nous system. Ore Geology Reviews, 81, 79-95,
https://doi.org/10.1016/j.oregeorev.2016.10.034.

http://www.phytosudoe.eu/wp-content/uploads/2016/
11/10_Strategic-Minerals_Penouta-Project_Phyto
SUDOE-workshop-2017.pdf

Pura, A., Sarbast, A.H., Hernan, A., Maite, G.V.,
Josep, O., Oriol, T, Francisco Javier, L.M.,
Bascompta, M., Llorens, T., Castro, D., & Polonio,
F.G. (2020). Liberation Characteristics of Ta—Sn Ores
from Penouta, NW Spain. Minerals, 10(6), 50.
https://doi.org/10.3390/min10060509.

Lopez, FA., Gracia-Diaz, 1., Rodriguez Largo, O.,
Gracia Polonio, F, & Llorens T. (2018). Minerals,
8(1), 20. https://doi.org/10.3390/min8010020.

Francisco, H., & Sudzki, A. (2019). Strategic Minerals
Milling Modelling of High Pressure Grinding Rolls
and Process Parameters Dependency (Thesis for the
Doctor of Philosophy Degree at the Polytechnic
University of Catalonia within the Doctoral Program
of the Natural Resources and Environment). Spain,
Manresa.

https://eur-lex.europa.eu/legal-content/PL/TXT/
HTML/?uri=CELEX:52020DC0474&from=EN

Santillan-Saldivar, J., Cimprich, A., Shaikh, N.,
Laratte, B., Young, S.B., & Sonnemann, G. (2021).
How recycling mitigates supply risks of critical raw
materials: Extension of the geopolitical supply risk
methodology applied to information and communica-
tion technologies in the European Union. Resources.
Conservation — and  Recycling, 164, 105108,
https://doi.org/10.1016/j.resconrec.2020.105108.

ENVIRONMENT 4/2020



