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Min eral raw ma te ri als are an es sen tial com po nent of the global econ omy for the de vel op ment of new tech nol o gies. One such 
el e ment is rhe nium, whose unique prop er ties have led to its nu mer ous spe cial ized ap pli ca tions, par tic u larly in the aero space 
in dus try. The Zechstein cop per-bear ing shale (Kupferschiefer) for ma tion, which oc curs in Ger many and Po land, is a cru cial
rhe nium re source. In the cop per ore de posit ex ploited by KGHM Polska MiedŸ S.A., rhe nium is con cen trated sig nif i cantly in
the cop per-bear ing shales, with traces in the ad ja cent rocks. The max i mum rhe nium con tent in these shales reaches 15
ppm, with a mean con tent of 1.1 ppm. Rhe nium re sources in the min ing ar eas have been es ti mated at 700 Mg, and sim i lar
val ues should be at trib uted to the pro spec tive ar eas. In the long term, this means an ef fec tively sus tain able re source base for 
min ing rhe nium pro duc tion by KGHM Polska MiedŸ S.A. The de vel op ment of tech nol ogy for the re cov ery of rhe nium via ac -
ids flush ing smelter gases has made it pos si ble to set up ap pro pri ate in stal la tion units at the cop per smelt ers of KGHM
Polska MiedŸ S.A. and to pro duce am mo nium perrhenate and me tal lic rhe nium. Since 2006, Po land’s share in global rhe -
nium mine pro duc tion has been in creas ing sig nif i cantly, cur rently reach ing 9.5 Mg/year. For many years, the main pro ducer
of rhe nium, with mine pro duc tion of 27–30 Mg Re/year, has been Chile. We pro vide com pre hen sive data on the con cen tra -
tion of rhe nium in the de pos its cur rently ex ploited by KGHM Polska MiedŸ S.A. and in pro spec tive ar eas in a con text of global
re sources. We dis cuss: the pro duc tion of rhe nium by Eu rope’s only com pany ex tract ing this metal from its own sources; its
fur ther pros pects; the con tem po rary global mar ket and its trends; and rhe nium ap pli ca tions in the global econ omy.
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INTRODUCTION

The man age ment and use of by-prod ucts of the main pro -
duc tion pro cess play an im por tant role in the op er a tions of
global min ing com pa nies. Since the be gin ning of its par tic i pa -
tion in the met als mar ket, KGHM Polska MiedŸ S.A. has taken
ac tive steps to man age a range of el e ments hosted in cop per
ore de pos its. Given their di ver sity, some el e ments in crease the
value of the de posit, while oth ers have a neg a tive im pact on the
tech no log i cal pro cess flow and work or nat u ral en vi ron ment.
Among re cov ered el e ments, Ag is of pri mary im por tance, which 
jus ti fies the de posit’s Cu-Ag des ig na tion. Other re cov ered el e -
ments in clude Pb, Ni, Se, Au, Pt and Pd and Re. In 2022, the
out put vol umes of these el e ments were as fol lows: Ag – 1298 t,
Pb – 28.77 kt, Se – 81.71 t, nickel sul phate – 3.24 kt, Au – 762
kg, and sev eral tens of ki lo grams of plat i num. Rhe nium oc cu -
pies a par tic u lar po si tion within the re cov ered el e ments and its
out put of 9.5 t qual i fies KGHM Polska MiedŸ S.A. as a sig nif i -
cant player in the global econ omy of this metal. 

Min eral raw ma te ri als are an im por tant com po nent of the
global econ omy, es pe cially for the de vel op ment of new tech nol -
o gies. Hence the need to qual ify them as stra te gic and crit i cal to 
the econ omy. Since 2011, the Eu ro pean Com mis sion (2020)
has pub lished such lists. The lat est 2023 clas si fi ca tion cov ers
27 el e ments in clud ing nine crit i cal ones. The list of stra te gic el e -
ments for the US econ omy in cludes 50 el e ments. How ever,
rhe nium is not listed on any of these lists. In the Pol ish lit er a ture, 
the is sue of stra te gic and crit i cal el e ments has long been dis -
cussed (Smakowski, 2011; Radwanek-B¹k et al., 2018).
Among the el e ments re cov ered by KGHM Polska MiedŸ S.A.
from cop per ores, only Ag and Pt-Pd are clas si fied as crit i cal.
Re gard less of the ab sence of rhe nium from the for mal des ig na -
tion, it is an im por tant el e ment with ap pli ca tions in highly spe -
cial ised in dus tries.

Rhe nium is char ac ter ized by its unique chem i cal prop er ties. 
Its par tic u larly high melt ing point, hard ness and abra sion re sis -
tance en able spe cial ized high-tech ap pli ca tions. Rhe nium-
 nickel or tung sten-mo lyb de num al loys known as super al loys
have ex cel lent me chan i cal prop er ties at high tem per a tures and
are re sis tant to cor ro sion un der ex treme con di tions. They are
mainly used in the aero space (e.g., Boe ing, Airbus), rocket and
space in dus tries, where ~80% of rhe nium is con sumed by the
lead ing com pa nies in this field: Gen eral Elec tric, Pratt & Whit -
ney and Rolls-Royce. 

Re gret ta bly, there is also wide spread use of rhe nium for mil -
i tary pur poses, where it is used as a core for anti-tank mis siles
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and for com bat air craft (e.g., F-16, F-35). The sec ond most
pop u lar rhe nium ap pli ca tion, ac count ing for ~15% of con sump -
tion, is for the pro duc tion of high-oc tane un leaded petrol;
Pt-Re-con tain ing cat a lysts im prove the ef fi ciency of re fin er ies
pro duc ing high-qual ity gas o line. Rhe nium com pounds also play 
an im por tant role in med i cine, par tic u larly in on col ogy at the
treat ment of ra dio iso tope ther apy, which re lies on the in ter ac -
tion of beta ra di a tion emit ted by the ra dio ac tive rhe nium iso tope 
186Re. Super al loys used in the nu clear power in dus try form
com po nents of clad ding in which the nu clear fuel is en cased,
and here an Nb-Re al loy is used. New-gen er a tion liq uid lith ium
re ac tors con tain ing a Mo-Re al loy are vir tu ally cor ro sion-free in
this en vi ron ment. And, W-Re al loys with ThO2 have been used
in ther mi onic en ergy con vert ers mounted on space probes and
in stru ments.

RHENIUM, ITS RESERVES 
AND IMPORTANCE

Rhe nium is one of the rar est el e ments in the Earth’s crust;
its abun dance has been es ti mated at the very low level of

0.001 ppm. There are no known rhe nium de pos its. For eco -
nomic pur poses, it is mainly ob tained as a by-prod uct of by -
-prod ucts of the pro cess ing of mo lyb de num and cop per ores.
Un til re cently, many pub li ca tions have re ported global rhe nium
re serves in these Mo and Cu de pos its as of 17 kt. Most of the
ore de pos its con tain ing rhe nium are lo cated in the west ern Cor -
dil lera of North and South Amer ica, stretch ing from Alaska to
Peru and Chile. The pres ence of rhe nium is mainly as so ci ated
with mag matic in put into por phyry de pos its of cop per, mo lyb de -
num and cop per, cop per and gold, oc ca sion ally cop per and
nickel, and ex cep tion ally mo lyb de nite. The rhe nium con tent of
por phyry de pos its is typ i cally 0.1–0.6 ppm; the ex cep tion ally
rich Mar lin mo lyb de nite de posit in Aus tra lia con tains 22 ppm Re 
(Brainard, 2023). The range of Re con tents in par tic u lar mines
and types of de pos its and, in this con text, the po si tion of the ore
de posit of KGHM Polska MiedŸ S.A. (marked as Lubin), is
shown in Fig ure 1.

The main pro ducer of rhe nium from por phyry de pos its is
Chile, ac count ing for 55% of mine pro duc tion. This type of min -
er al iza tion also oc curs in China, the USA, Peru, Mex ico, Ar me -
nia, Aus tra lia, and else where (Werner et al., 2023). The few
strat i fied de pos its are as so ci ated with a cop per-bear ing for ma -
tion in Kazakhstan and ura nium sed i ment-hosted de pos its in
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Fig. 1. Rhe nium con tent rel a tive to de posit size (Millensifer et al., 2014)
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Kazakhstan and Uzbekistan. In Eu rope, the pres ence of rhe -
nium has been found in the Zechstein Group, mainly in cop -
per-bear ing shales known as the Kupferschiefer in the Zech -
stein rocks of Ger many and Po land. Yet, rhe nium is re cov ered
only from the Cu-Ag de pos its of the Fore-Sudetic Monocline.

Rhe nium has also been found in strata con tain ing or ganic
mat ter in bi tu mi nous shales, in bi tu mi nous and lig nite coals,
and in crude oil. The con tent of this el e ment var ies widely, typ i -
cally be tween 0.3 and 1 ppm, reach ing higher val ues with in -
creased or ganic con tents. The pres ence of rhe nium in coals
and crude oil is in ter mit tent, with up to 1.3 ppm in coals and up
to 0.2 ppm in oil (Kijewski and Wirth, 2011).

Es ti mates of rhe nium re serves based on an anal y sis of
metal ore de pos its were made by Werner et al. (2023). The au -
thors re viewed 618 known de pos its host ing re sources of Cu
and Mo based on their ex plo ra tion level. They es ti mated that
these de pos its host some where be tween ~55,000 and
140,000 t of Re. These au thors car ried out a more com pre hen -
sive and de tailed anal y sis of 2018 de pos its, list ing these in the
text, of which 181 were clas si fied as por phyry-type de pos its.
They re ported rhe nium re sources of 47 kt, of which 39 kt are
hosted in por phyry de pos its. With cur rent global rhe nium con -
sump tion of ~55 t Re/year, their es ti mate in di cates suf fi ciency
to meet global long-term de mand.

Werner et al. (2023) also pro vided a use ful sum mary of rhe -
nium re sources based on the main pro duc ers, tak ing into ac -
count the cer tainty of the sources (Fig. 2). This shows that Po -
land is a main con trib u tor, rank ing just af ter Chile, the USA and

Can ada. Yet, in their as sess ment, Pol ish rhe nium re sources
were con sid ered as of low cer tainty.

Based on cur rent and pre vi ous data (Kijewski and Wirth,
2011), it ap pears that the amount of rhe nium en ter ing the tech -
no log i cal cy cle of KGHM Polska MiedŸ S.A. re mains at a high
and sta ble level in the range of 14–24 t in 1986–2010 and
some what lower (8.6–14.2 t/year) in 2011–2022. Tak ing into
ac count the bal ance re sources of cop per ore to a depth of
1200 m and the mean rhe nium con tent in the de posit of 0.6 ppm 
(Kijewski and Jarosz, 1987), po ten tial rhe nium re sources in the
KGHM Polska MiedŸ S.A. con ces sion ar eas have been es ti -
mated at over 700 t. If we con sider de pos its in the doc u mented
ar eas of Retków, G³ogów and Bytom Odrzañski, these re -
sources can be es ti mated at a sim i lar level of 700 t. The rhe -
nium-bear ing ca pac ity in these ar eas is cor rob o rated by the
most re cent re search car ried out on a cop per de posit doc u -
mented in the Nowa Sól area. This means that the Pol ish rhe -
nium re sources in the Zechstein of the Fore-Sudetic Monocline
can be re garded as be long ing to cer tain groups. 

In their anal y sis of global rhe nium re sources, Werner et al.
(2023) also drew at ten tion to the cor re la tion of rhe nium pro duc -
tion with cop per and mo lyb de num pro duc tion vol umes. Fig ure 3
shows, over a sig nif i cantly long and rep re sen ta tive pe riod since
1983, an in crease in the pro duc tion of rhe nium and its cor re la -
tion with the main car ri ers, the ob served changes in this re la -
tion ship be ing re lated to the min ing pro duc tion of the ba sic met -
als (Mo, Cu).
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Fig. 2. Global rhe nium re sources clas si fied ac cord ing to the source qual ity scale
(Werner et al., 2023)

https://doi.org/10.1016/ j.resourpol.2023.103441
https://doi.org/10.1016/ j.resourpol.2023.103441
https://doi.org/10.1016/ j.resourpol.2023.103441


OCCURRENCE OF RHENIUM IN THE Cu-Ag
DEPOSIT OF THE FORE-SUDETIC MONOCLINE

Rhe nium is one many el e ments found in the cop per ore de -
posit, with con cen tra tions oc cur ring mainly in the cop per-bear -
ing shale ho ri zon. The ba sic ex plo ra tion of the con tent and dis -
tri bu tion of par tic u lar el e ments, in clud ing rhe nium, is pos si ble
thanks to com pre hen sive anal y ses car ried out at the de posit
log ging stage. Also, ac ces sory el e ments have been char ac ter -
ized in min er al og i cal and geo chem i cal stud ies, which con sti tute 
an other more de tailed source of in for ma tion. These stud ies
were con ducted for sci en tific and prac ti cal pur poses aimed at
full ex ploi ta tion of the de posit. They are mainly min er al og i cal in
na ture and were ini ti ated at the Jagiellonian Uni ver sity, Kraków, 
by Prof. Cz. Harañczyk, then at the AGH Uni ver sity in Kraków
by the team of Prof. M. Banaœ. These stud ies in volved the me -
chan i cal pro cess ing of ores, car ried out at the In sti tute of
Non-Fer rous Ma te ri als in Gliwice by Dr. Z. Grzebieluch, and
mainly by mgr in¿ J. Jarosz at the Re search and Ex per i men tal
De part ment in Lubin. The work con cludes with the rec og ni tion
of a set of over 100 ore min er als (Piestrzyñski, 2007) with no
rhe nium min er als be ing iden ti fied. The lat est min er al og i cal and
geo chem i cal stud ies of rhe nium are re lated to the work of the
Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute
(PIG-PIB; Mikulski et al., 2018, 2020), a doc toral the sis
(Raczyñska, 2017) and the Nowa Sól de posit doc u mented by
the Miedzi Cop per Cor po ra tion (MCC; Spe czik, 2023, pers.
comm.).

Ac cord ing to ex ist ing stud ies (Serkies, 1972; Banaœ et al.,
1979; Kijewski and Jarosz, 1987; Kucha, 1990; Kucha et al.,
1994; Piestrzyñski, 2007; Kijewski and Wirth, 2011), high and
vary ing rhe nium con tents are as so ci ated with the re duced zone 
of the cop per-bear ing for ma tion. Rhe nium at lev els of
0.02–0.148 ppm was also found in the ox i dized zone (Pie -

strzyñ ski et al., 2002). How ever, there were dis crep an cies be -
tween the re sults of the com pre hen sive anal y ses per formed
dur ing the de posit log ging stage and the sub se quent re search
based on sam ples taken from min ing ex ca va tions. Dur ing the
de posit log ging stage, sys tem atic rhe nium es ti mates in cluded
the full cop per-bear ing shale pro file as the pri mary de posit
layer. In this case, the max i mum rhe nium con tent in a sin gle
shale pro file was es ti mated at 15 ppm with a mean of 1.1 ppm
for shales from the en tire ex plored area and 0.06 ppm Re in the
bal ance de posit (Kijewski and Jarosz, 1987). On the other
hand, in di vid ual sam ples taken ran domly from shales dur ing
min ing ex ca va tion re search at an early stage of min ing op er a -
tions were found to have a high rhe nium con tent of up to
200 ppm, with the most com mon range be ing 1–30 ppm (Banaœ 
et al., 1979). These re sults as well as those from later stud ies
(Raczyñska, 2017; Mikulski et al., 2020), clearly de vi ate from
the val ues that were ob tained from the me thod i cal sam pling
car ried out dur ing the de posit log ging stage.

The anal y sis of the avail able re sults of de ter mi na tion of the
rhe nium con tent in the Fore-Sudetic Monocline cop per ore de -
posit shows: the av er age rhe nium con tent in the cop per-bear -
ing shale ore is 1.1 ppm; in the car bon ate ore 0.5 ppm; in the
sand stone ore 0.4 ppm; and in the bal ance sheet ore de posit
0.6 ppm (Kijewski and Jarosz, 1987). This means a 400–1100
fold en rich ment in rhe nium in the de posit and in di vid ual ore va ri -
et ies com pared to the av er age in the Earth’s crust.

New re sults were re ported by Raczyñska (2017) based on
the study of sam ples taken from mine work ings. She ana lysed
35 sam ples, of which 19 are Kupferschiefer ore sam ples, for
rhe nium, the ba sic el e ments of the de posit (Cu, Ag) and ac com -
pa ny ing el e ments (Mo, Ni, Co, Zn, Mn, V, Fe and Corg). The
rhe nium-re lated re sults ob tained in the Kupferschiefer ore are
at 0.98–18.78 ppm in the area de fined as Polkowice and
2.33–20.28 ppm in the Rudna area. In other ore va ri et ies, rhe -
nium was found in in di vid ual sam ples at 0.97–5.97 ppm in the
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Fig. 3. Global rhe nium pro duc tion per unit of Cu and Mo pro duc tion from 1973 to 2017
(Werner et al., 2023)
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sand stone ore and 1.47 ppm in the car bon ate ore. Based on
these re sults, Raczyñska (2017) de ter mined the cor re la tion of
in di vid ual el e ments with rhe nium: Mo-Re – 0.84; Ag-Re – 0.60;
Ni-Re – 0.54 and Fe-Re – 0.48. 

Us ing ar chi val bore hole core sam ples, as part of the work of 
the PIG-PIB, Mikulski et al. (2018, 2020) car ried out min er al og i -
cal and geo chem i cal tests on 71 sam ples from the Polkowice,
Sieroszowice and Rudna min ing ar eas. The re sults con firmed
the rhe nium con tent in the range be tween 0.05 to 68.7 ppm and 
an arith me tic mean of 5.8 ppm. Un for tu nately, these chem i cal
anal y ses were mainly con cerned with Kupferschiefer ore and
did not in clude rhe nium de ter mi na tion in the base ore min er als
(chalcocite, digenite, djurleite, chal co py rite, bornite), which
does not bring us any closer to iden ti fy ing the sources of this el -
e ment. The most in tensely min er al ized in ter vals usu ally oc cur
above the roof part of the Weissliegend sand stone within the
layer de fined as cop per-bear ing clay-or ganic shale. Ac cord ing
to these au thors, the re sults showed no cor re la tion with mo lyb -
de num (Mo-Re – 0.36) and a much stron ger cor re la tion with
cop per (Cu-Re – 0.55) and bis muth (Bi-Re – 0.76). Cu-Re cor -
re la tions of 0.70 were also re ported in an ear lier pa per by
Serkies (1972). 

A sep a rate and poorly ex plored is sue is the pres ence of rhe -
nium in ore min er als in clud ing the mo lyb de num min er als mo lyb -
de nite and castaingite. The first stud ies of this re la tion ship
(Banaœ et al., 1979) iden ti fied rhe nium in mo lyb de nite at up to
115 ppm, as well as in the other min er als: chal co py rite (up to 0.6
ppm) and py rite (up to 0.3 ppm). Later stud ies by Kucha (1990;
Kucha et al., 1994) in di cated that mo lyb de num phases, mainly
castaingite, are the main rhe nium car rier in the de posit with a
mean Mo/Re ra tio of 70:1. Other min eral phases, (K, Cu)Mo2S4

and (Pb, Cu)Mo2S2), ap peared to con tain 0.18–0.43% Re
(Kucha, 2007). An orig i nal line of re search is the search for
sources of rhe nium in ore min er als us ing MLA mi cros copy. Fo -
cus ing on mo lyb de num min er als, Raczyñska (2017) iden ti fied
only one min eral with a high Mo con tent (62.95 ppm), 2.83 um in
size with a rhe nium con tent of 1.47 ppm.

The most re cent min er al og i cal and geo chem i cal work, which
also deals with rhe nium from the cop per ore mine area, was car -
ried out by Fo³tyn et al. (2022). This LA-ICP-MS re search
showed sulphides (chalcocite, djurleite, bornite, chal co py rite,
covel lite, sphalerite, py rite) in se lected sam ples and a Re con tent 
be low the de tec tion limit. How ever, the au thors found no ta ble ex -
cep tions where Cu-S sulphides ap pear to be pref er en tial for the
pres ence of rhe nium. Mas sive djurleite and chalcocite from the
two car bon ate rock sam ples showed a me dian of 0.67 µg/g Re
(up to 3.86 µg/g Re), and in the sam ple where the djurleite from
the shale was ad ja cent to the ‘red spots’, a me dian of 0.3 µg/g
(up to 0.9 µg/g) was re corded. Fo³tyn et al. (2022) con cluded that
ei ther the struc ture of the djurleite may be fa vour able for re-in cor -
po ra tion, or the pro cesses re spon si ble for djurleite for ma tion
may also be re lated to Re en rich ment.

A par tic u larly valu able source of in for ma tion for the as sess -
ment of rhe nium pros pects in new de pos its lo cated in the north -
ern part of the Fore-Sudetic Monocline is the re sults ob tained in 
the Nowa Sól de posit by the MCC group. In this area, rhe nium
was ana lysed for in 85 sam ples from 14 bore holes. In ad di tion,
four bore holes were drilled in other ar eas, giv ing a to tal of 110
sam ples with vary ing rhe nium con tents in the orebody: car bon -
ate, shale and sand stone ores. In cop per-bear ing shales, rhe -
nium pres ence is com mon and ranges from 0.18 to 8.70 ppm
Re, with ex cep tion ally higher con tents ex ceed ing 15 ppm. Car -
bon ate rocks ad ja cent to the shale are char ac ter ized by rhe -
nium con tents with traces of up to 1.54 ppm in only a few sam -
ples. In the Weissliegend sand stones, rhe nium was ob served
at lev els of 0.04–0.4 ppm with in di vid ual cases reach ing 1.83

and 2.23 ppm (S. Speczik, 2023, pers. comm.). These re sults
cor rob o rate the rhe nium-bear ing ca pac ity of the shale layer of
cop per ore de pos its in the Fore-Sudetic Monocline.

RHENIUM RECOVERY IN TECHNOLOGICAL
PROCESSES

The be gin nings of rhe nium ex plo ra tion in met al lur gi cal pro -
cesses date back to 1983 when spe cial ists from the In sti tute of
Non-Fer rous Met als in Gliwice em barked on the de vel op ment
of a tech nol ogy for the re cov ery of rhe nium in the form of am -
mo nium perrhenate through pre cip i ta tion from wash ac ids
(Godycki-Æwirko and Pluciñski, 1987). Pro duc tion of this com -
pound was low and in 1985 amounted to a max i mum of 100 kg.
In the fol low ing years (un til 1995), a to tal of sev eral hun dred ki -
lo grams of am mo nium perrhenate were pro duced. The low ef fi -
ciency of this pro cess caused pro duc tion to stop. There was re -
newed in ter est in rhe nium be tween 2002 and 2005 when
KGHM Metale and the In sti tute of Non-Fer rous Met als (Chamer 
et al., 2004) launched a tar geted pro ject: ‘Im ple men ta tion of a
tech nol ogy for the re cov ery of rhe nium from wash ac ids of flash
smelt ing fur nace gases", which was com pleted with the de vel -
op ment of a new, orig i nal tech nol ogy. In brief, the pro cess is as
fol lows: first, acidic in dus trial wastes from G³ogów II Cop per
Smelter are fil tered and then passed through a spe cial unit, that
is an ion ex change col umn filled with ion ex change resin. The
re sult ing so lu tion is trans ferred to an other unit where the fi nal
prod uct, am mo nium perrhenate with 69.4% rhe nium con tent, is
pro duced. The recrystallisation pro cess makes it pos si ble to ob -
tain a high-qual ity prod uct of me tal lic rhe nium (Fig. 4).

Me tal lic rhe nium is ob tained by re duc ing am mo nium
perrhe nate with hy dro gen gas. The re sult ing rhe nium pow der is
pressed and then sintered in a hy dro gen at mo sphere to achie -
ve a den sity of 10 g/dm3.

The implemention of this tech nol ogy, which be gan in 2005,
took place in sev eral stages that led to the es tab lish ment of pro -
duc tion units at the G³ogów II, G³ogów I and Legnica Cop per
Smelt ers. The im ple men ta tion of this ef fec tive method for rhe -
nium re cov ery from wash acid al lowed a sig nif i cant amount of
am mo nium perrhenate (1690 kg) to be ob tained in 2005. There
was an ex po nen tial in crease in the out put to the level of 4048 kg 
of am mo nium perrhenate and in 2010, to 4500 kg, of which me -
tal lic rhe nium was just over 600 kg. At pres ent, the rhe nium pro -
duc tion stands at 9,000 kg/year (Ta ble 1) and in cludes the fol -
low ing prod ucts: am mo nium perrhenate, me tal lic rhe nium pow -
der and me tal lic rhe nium pel lets.

Am mo nium perrhenate con tains 69.4% Re and trace ad -
mix tures of other el e ments in clud ing Cu, Co, Mg, Mo, Ni, and
Fe at 5 ppm and oth ers such as Ag, Au, Pt, Pd, Si, and Ca at
10 ppm, as well as Hg at 1 ppm.

RHENIUM MARKET

Rhe nium pro duc tion and trade are mainly linked to the U.S.
econ omy (con sump tion, im ports), which uses up around 80% of
the world’s con sump tion of this el e ment. The data pro vided by
the U.S. Geo log i cal Sur vey show that, over the pe riod 2007 to
2019, the US im ported be tween 31.5 and 44.3 t/year while us ing
be tween 33.0 and 52.6 t Re/year for pro duc tion. There have
been sub stan tial quan ti ta tive changes over re cent years in volv -
ing a re duc tion in both im ports to 19.0 t and con sump tion in pro -
duc tion to 29.0 t in 2022 (U.S. Geo log i cal Sur vey, 2011–2022). 
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For many years now, the main pro ducer of rhe nium from
mine pro duc tion of 27–30 t Re/year has been Chile (Ta ble 1).
Other par tic i pants in the rhe nium mar ket are chang ing, and so
is the amount of rhe nium they are bring ing into the global econ -
omy. Ex am ples in clude Can ada, Rus sia and Peru, which are
not in cluded in the lists af ter 2010, while China’s pres ence in
rhe nium min ing has been no tice able since 2015. Ac cord ing to
Brainard (2023), 26–35% of avail able rhe nium is cur rently re -

cov ered from the min ing pro duc tion of Cu and Mo ores. Po land
has been a par tic i pant in the rhe nium mar ket since 2006 and
has in creased its mar ket share to its cur rent level of 9.5 t.

Werner et al. (2023) dem on strated the changes among the
rhe nium pro duc ers that took place be tween 1963 and 2021
(Fig. 5). In that pe riod, Chile is shown as a ma jor source of Re
sup ply, fol lowed by Po land and the USA, with Uzbekistan,
China and South Ko rea lower in the rank ing.
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Fig. 4. Tech nol ogy for the pro duc tion of am mo nium perrhe nate
and me tal lic rhe nium (ac cord ing to KGHM Polska MiedŸ S.A.)

T a  b l e  1

Amount in ki lo grams of rhe nium from mine pro duc tion; years: 2012–2021
(ac cord ing to the U.S. Geo log i cal Sur vey, 2011–2022)

Coun try
Year

2012 2015 2017 2019 2020 2021 2022

Chile 27 000 26 000 27 000 30 000 30 000 30 000 29 000 

USA 7 910  7 900 8 200 8 360 8 830 9 290 9 000

Poland 6 000  8 900 9 300 8 340 9 510 9 290 9 500

Uzbekistan 5 400  1 000    460    460 4 900 4 900 4 900

Kazakhstan 3 000  1 000 1 000    500    500    500    500

South Ko rea – – – 2 800 2 800 2 800 2 800

China –  2 400 2 500 2 500 2 500 2 500 2 500

Ar me nia      600    350    300   280    260    260    260

To tal 52 600 49 400 48 800 53 200 59 300 59 500 58 000 

https://doi.org/10.1016/ j.resourpol.2023.103441
https://doi.org/10.5066/P9WCYUI6
https://doi.org/10.1007/s 13563-023-00392-0


Re cy cled sources should also be con sid ered in the trad ing
of rhe nium (Fig. 6). It is es ti mated that ~25% of rhe nium is re -
cov ered from this pro cess. Re cy cling is grow ing mainly in the
USA, which in 2020 ac counted for as much as 72% of the rhe -
nium re cov ered, com pared to 13% in Ger many, 8% in France
and 7% in United King dom. Re cov ery of rhe nium from Pt-Re
cat a lysts takes place di rectly in a closed cy cle and is es ti mated
to be in the range of 4–15 t.

An anal y sis of rhe nium prices over the pe riod 1993–2022
showed their sharp rise be tween 2007 and 2010, peak ing at
USD 11500/kg (Fig. 7). This was fol lowed by a sharp de cline to
USD 4400/kg in 2010 and a grad ual re duc tion in prices to USD
1750/kg in 2020. The price in crease was par tic u larly as so ci ated 
with the use of super al loys in grow ing aero space pro duc tion
and the lim ited sup ply of the metal. The econ omy’s re sponse to
ris ing price lev els has been the de vel op ment of rhe nium re cov -
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Fig. 5. Global pro duc tion of pri mary Re by coun try, 1963–2021 (Werner et al., 2023)

Fig. 6. Rhe nium pro duc tion by source (de vel oped by Roskill)
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ery through re cy cling, which has mainly taken place in the USA, 
and new tech nol o gies in the pro duc tion of super al loys. While
the first gen er a tion of super al loys con tained 3–6% rhe nium, its
suc ces sors only con tained 1.5%. These pro cesses, com bined
with the re ces sion ary phase at the time, led to rel a tively sta ble
rhe nium prices.

In the anal y sis of fac tors im pact ing rhe nium prices, spe cial
at ten tion should be paid to the grow ing pro duc tion po ten tial of
the arms in dus try (com bat air craft, anti-tank mis siles). This is
linked to the nu mer ous cur rent armed con flicts, es pe cially the
war in Ukraine, and the gen eral in crease in mili ta ri sa tion and
how this pro cess will af fect price fore casts. An other fac tor in the 
po ten tial growth of rhe nium con sump tion is the health sec tor
and the prog ress made in re cent years in this area (Global Rhe -
nium Mar ket – Fore casts from 2023–2028). In the bio med i cal
sec tor, the de vel op ment of ra dio ther apy tech nol o gies is fore -
cast to have an in creased im pact on rhe nium de mand. The cur -
rent price of this el e ment is just above US$ 2,000/kg and is on
an up ward trend.

RHENIUM IN COPPER CONCENTRATE 
AND PRODUCTION PROSPECTS

To date, the ba sic study on the oc cur rence and dis tri bu tion
of rhe nium in the cop per ore de posit doc u mented dates from
1979 to 1985. It can be found in ar chi val stud ies of ZBiPM Cu -
prum, which in cludes maps of the dis tri bu tion of in di vid ual el e -
ments in the de posit and in di vid ual lithological ore va ri et ies
(Romanowska et al., 1984). One map cov ers the dis tri bu tion of
rhe nium con tent in the Kupferschiefer. Anal y sis of the dis tri bu -
tion of rhe nium in the shale ore in di cates the pres ence of two
clearly marked zones of vary ing rhe nium con tent, which will not

fail to af fect the de vel op ment pros pects for its pro duc tion in the
long term.

The first zone, where en rich ment in rhe nium is clearly vis i -
ble, com prises the Polkowice min ing area and the cen tral and
south ern parts of the Lubin and Ma³omice min ing ar eas, the
Rudna and the Sieroszowice min ing ar eas. The ex tent of this
zone is de fined by the mean rhe nium con tent of the de posit at
1.0 ppm Re (Fig. 8). As the main re source of rhe nium is the
Kupferschiefer, and its con cen tra tion de ter mines the amount of
rhe nium en ter ing the tech no log i cal cir cuit, the main fo cus
should be on the dis tri bu tion of rhe nium in this layer. The high -
est mean rhe nium con tent in the shale (2.67 ppm) for the en tire
min ing area was found in the Polkowice min ing area; it was
much lower (1.99 ppm) in the Lubin min ing area and low est – at
1.20 ppm – in the Rudna and Sieroszowice min ing ar eas.

The clearly rhe nium-poorer sec ond zone in cludes ar eas of
deep de pos its lo cated in the north ern part: the Sieroszowice,
Rudna and G³ogów G³êboki Przemys³owy min ing ar eas, as well
as the doc u mented de posit ar eas of Bytom Odrzañski, G³ogów
and Retków. In this zone, the pres ence of el e vated rhe nium
con tents in the shales is lo cally re vealed in sep a rate patches.
The par tial ex plo ra tion car ried out to date shows ex trac tion re -
sults in these parts of the de posit with var i ously en riched con -
tents of rhe nium in the ores ex plored. This is in di cated by a
trend to wards lower rhe nium con tents in the con cen trate over
the pe riod 2003–2022. How ever, this does not af fect the ba sis
for as sess ing the rhe nium-bear ing ca pac ity of these ar eas. This 
is cor rob o rated by the most re cent stud ies of a deep cop per ore
de posit in the Nowa Sól area (MCC works) from 2023.

While core sam ple anal y sis in di cates min eral-en riched zo -
nes, the tech no log i cal sam ples (feed, con cen trate) data char -
ac ter ize the mean val ues for the ex tracted ore pro duced in par -
tic u lar years and at par tic u lar ore en rich ment plants. The 1986
re sults re ported in the of fi cial pub li ca tion (Czajowski, 1987) pro -
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Fig. 7. Price of rhe nium metal and am mo nium perrhenate (source Roskill)



vided a ref er ence point for as sess ing changes in the rhe nium
con tent of the feed (1.3–2.0 ppm) and con cen trate
(8.0–10 ppm). How ever, the in for ma tion re gard ing the feed in
the fol low ing years is very scarce and only con cerns the years
1992–1996. At that time, the rhe nium con tent of the feed was
de ter mined to be: 1.0–1.6 ppm at the ZWR ore en rich ment
plant, Lubin, 1.4–2.0 ppm at ZWR Polkowice and 1.2–1.8 ppm
at ZWR Rudna.

Un for tu nately, af ter 1996, rhe nium de ter mi na tion in feeds
was dis con tin ued, which makes it dif fi cult to ex plore rhe nium
con tents in tro duced into the cir cuit in re la tion to ore va ri et ies
and min ing re gions, to as sess the level of its en rich ment and
fore cast ing pos si bil i ties. Pre vi ous work (Sobierajski et al.,
2007) showed that the pro cess ing of ores re sults in a sig nif i cant 
(4.5–8 times) en rich ment of the cop per con cen trate in rhe nium
rel a tive to the feed. Rhe nium es ti mates in the con cen trate car -
ried out since 1992 (Kijewski and Wirth, 2011) in di cated its
vary ing con tent, rang ing from 7.1–17.5 ppm at ZWR Polkowice
and 5.7–15.3 ppm at ZWR Rudna, while at ZWR Lubin it ranges 
from 2.8 to 12.3 ppm (Figs. 9 and 10). 

Based on the rhe nium con tent and the vol ume of con cen -
trate pro duced, the amount of rhe nium en ter ing the tech no log i -
cal cir cle at KGHM’s cop per smelt ers was de ter mined as po ten -
tial ma te rial for the pro duc tion of am mo nium perrhenate and
me tal lic rhe nium. This is clearly il lus trated by the ex am ple of
ZWR Lubin, where the con cen trate is pro duced ex clu sively

from ore from the Lubin and Ma³omice min ing ar eas, where ore
with sim i lar char ac ter is tics is mined. The cal cu lated amount of
rhe nium in the ZWR Lubin con cen trate was sta ble be tween
1992 and 1996, re main ing in the range of 3070–4880 kg/y.
Since 2008, the amount of rhe nium in the con cen trate has de -
creased sig nif i cantly (Ta ble 2). In this case, a cor re la tion can be 
ob served be tween the amount of rhe nium and the min ing re -
gions. In re cent years, there has been an in crease in min ing ac -
tiv i ties from the north ern part of the de posit with a def i nite pre -
dom i nance of rhe nium-di luted and rhe nium-low sand stone ore,
re sult ing in a clear re duc tion in rhe nium con tent (2.5–4.5 ppm)
in the con cen trate and con se quently a re duc tion in its amount
en ter ing the smelt ing pro cess (Ta ble 3 and Fig. 9).

ZWR Polkowice pro cesses mainly car bon ate-shale ore
from OG Sieroszowice with an in creased rhe nium con tent in the 
ore, which af fects the qual ity of the con cen trate. Fol low ing a pe -
riod of pro cess ing the sand stone ore dom i nant in the feed and
an in crease in the ex plo ra tion from the G³ogów G³êboki Prze -
mys³owy min ing area, ZWR Rudna is ap proach ing Re val ues
char ac ter is tic of car bon ate-shale ores (Fig. 9). The de pend -
ence of the rhe nium grades in the con cen trate on the qual ity of
the ore is con firmed by the 20-year av er aged Re value of, re -
spec tively: 9.6 ppm for ZWR Polkowice, 8.65 ppm for ZWR
Rudna and 4.1 ppm for ZWR Lubin.

In to tal, the larg est quan ti ties of rhe nium (be tween 18.7 and
24.4 mt/y) en tered into the cir cuit with cop per con cen trates be -
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Fig. 8. Dis tri bu tion of rhe nium in cop per-bear ing shales in KGHM Polska MiedŸ S.A. min ing ar eas



tween 1992 and 2006. In sub se quent years, the level was lower 
and re mained be tween 15.0 and 18.6 mt/y with a clear re duc -
tion to 13.79 mt in 2010. The lat est re sults cov er ing the pe riod
up to 2021 in di cate a fur ther re duc tion in the amount of rhe nium
in the cop per con cen trate (Ta ble 2), par tic u larly at ZWR Lubin.
More over, rhe nium grades are bal anced off in the con cen trate
from ZWR Polkowice and ZWR Rudna. This is in di cated by the
trans fer of a sig nif i cant pro por tion of ore ex plo ra tion from the
Rudna min ing area pro cessed at ZWR Rudna to the G³ogów

G³êboki area with a sig nif i cant pro por tion of shale ore as the
main ore car rier.

The cur rent state of knowl edge about the rhe nium in the
de posit, es pe cially from the north ern part of the Sieroszowice
and G³ogów G³êboki, raises the ques tion of how min ing of low
ex plo ra tion con fi dence rhe nium con tent ar eas can im pact the
qual ity of the ore (Fig. 1) and whether it may cause changes in
the rhe nium con tent of the con cen trate. The re sults of stud ies
of deep de pos its from the Nowa Sól area par tially an swer this

10 Piotr Kijewski and Wojciech Kaczmarek  / Geological Quarterly, 68, 40

Fig. 9. Changes in rhe nium con tent in cop per con cen trates in KGHM Polska MiedŸ S.A.
 ore en rich ment plants in the years 2003–2022

Fig. 10. Amount of rhe nium ver sus con cen trate pro duc tion in the KGHM Polska MiedŸ S.A. ore en rich ment plants



ques tion, dem on strat ing the con ti nu ity of geo log i cal con di -
tions and the rhe nium-bear ing ca pac ity of the area. Ex tend ing
the scope of anal y ses car ried out in the geo log i cal de part -
ments of the ZG Rudna and ZG Polkowice-Sieroszowice
mines to in clude the con tent of rhe nium in the level of cop -
per-bear ing shale will al le vi ate these doubts as to the po ten tial 
pro duc tion ca pac ity of this el e ment.

Since 2017, the KGHM Polska MiedŸ S.A. cop per smelt ers
have also been treat ing cer tain quan ti ties of con cen trates from
other ar eas. These also con tain some rhe nium, re sult ing in
some rhe nium pro duc tion from the con cen trates pur chased.
This im pact was par tic u larly seen in 2017–2019 when a higher
level of rhe nium pro duc tion was re ported (Ta ble 1) rel a tive to
the rhe nium con tent in the con cen trate de clared by the en rich -
ment plants (Ta ble 3). Ex pe ri ence over the years has shown
the po ten tial KGHM Polska MiedŸ S.A.’s own treated ore, ir re -
spec tive of the share of pur chased con cen trates. In par tic u lar,
the vol ume of Kupferschiefer ore pro vides the ba sis for main -
tain ing rhe nium pro duc tion at sus tain able lev els. 

CONCLUSIONS

The cop per-sil ver ore de posit of the Fore-Sudetic Mono -
cline is one of the few strat i fied metal de pos its that form the ba -

sis for the min ing re cov ery of rhe nium. This metal, valu able in
many mod ern ar eas of the econ omy, is found in the ore in small
quan ti ties and is a clas sic ex am ple of re cov ery as a by-prod uct
from an other by-prod uct. Global rhe nium re serves in Cu-Mo ore 
de pos its have been es ti mated at 49 kt (Werner et al., 2023).
Cur rently, 26–35% of the rhe nium con tained in the ore ob tained 
from this type of de posit is re cov ered.

The de vel op ment of tech nol ogy for the re cov ery of rhe nium
from wash ac ids of smelter gases al lowed KGHM Polska MiedŸ
S.A. to set up ap pro pri ate fa cil i ties at the cop per smelt ers of
G³ogów I, G³ogów II and Legnica and the pro duc tion of am mo -
nium perrhenate and rhe nium metal. Since 2006, Po land’s
share in global rhe nium mine pro duc tion has been in creas ing
sig nif i cantly, mak ing Po land a sig nif i cant and sus tain able par -
tic i pant in this mar ket, sec ond to Chile and along side the USA.

Look ing ahead, the ex plo ra tion of the de posit up un til now
and the rhe nium con tent in the con cen trate in di cate a trend to -
wards di lu tion of this el e ment. Does this im ply that, as ap pears
from the map of the dis tri bu tion of rhe nium in the con ces sion ar -
eas, the parts of the de posit with the high est rhe nium-bear ing
ca pac ity have been ex tracted, and new ar eas do not guar an tee
the qual ity of the ore? This per spec tive can be tested by ex -
pand ing geo log i cal anal y ses to in clude rhe nium within on go ing
de posit ex plo ra tion. Fur ther more, new min ing ar eas dem on -
strate a fa vour able ra tio of shale-car bon ate ore to low-rhe nium
sand stone ore. Stud ies of the deep “Nowa Sól” de posit (based
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T a  b l e  2

Con tents and quan ti ties of rhe nium in cop per con cen trates

Year
ZWR Lubin con cen trate ZWR Polkowice 

con cen trate ZWR Rudna con cen trate

Con tent
of Re [ppm]

Amount
of Re [kg]

Con tent
of Re [ppm]

Amount 
of Re [kg]

Con tent
of Re [ppm]

Amount
of Re [kg]

2003 4.4 1811 13 7113  8   7374

2004 8  3614 13 7394 13 13422

2005 8   3748 10 5437 12 11559

2006 6.8 3045      8.5 4641   11.6 11038

2007 4.8 2076    11.5 5858    9.8   9144

2008 3.4 1471    10.4 5210    9.2   8575

2009 4   1892 12 6054   11.2 10657

2010 4.5 1955      9.3 4771    7.9   7060

2011 3.8 1662    8 4271    7.5    6781

2012 3.2 1327      9.1 4946    9.7   8753

2013 4.5 1884    11.2 5967    9.8   8867

2014 3.5 1460    10.6 5605    6.4   5737

2015 3.5 1547      9.1 4678    7.6   6862

2016 5.1 2276      8.7 4480    7.9   7147

2017 2.5 1087      5.9 2965     4.7    4210

2018 2.5 1109      8.8 4289    6.6   5479

2019 2.8 1277      7.1 3406    5.7   4716

2020 2.8 1278      9.4 4216    8.2    6845

2021 2.9 1307    10.1 4465 10    8483

2022 3.5 1600      7.1 3226    6.5    5482

T a  b l e  3

Amount of rhe nium in tro duced into the tech no log i cal cir cuit with the cop per con cen trate [mt]

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Rhe nium con tent [kg] in cop per con cen trate 16 298 24 430 20 744 18 724 17 078 15 256 18 603 13 787 12 713 15 026

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Rhe nium con tent [kg] in cop per con cen trate 16 718 12 801 13 087 13 902 8 262 10 877 9 399 12 340 14 255 10 308

https://doi.org/10.1016/ j.resourpol.2023.103441


on MCC in for ma tion) also con firm the en rich ment of the shale in 
rhe nium, in di cat ing the lo cal dis tri bu tion of this valu able el e -
ment. This leads to the con clu sion that KGHM Polska MiedŸ
S.A. has the po ten tial for fur ther pro duc tion of rhe nium from its
own re sources.
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