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ARTICLE INFO ABSTRACT

Am‘c{e history: Platinum (Pt) is a rare precious metal that is a strategic commodity for industries in many countries. The demand
Received 22 September 2012 for Pt has more than doubled in the last 30 years due to its role in the catalytic conversion of CO, hydrocarbons
Accepted 18 January 2014 and NOy in modern automobiles. To explore for new Pt deposits, process ores and deal with ecotoxicological

Available online 24 January 2014 effects of Pt mining and usage, the fundamental processes and pathways of Pt dispersion and re-concentration

in surface environments need to be understood. Hence, the aim of this review is to develop a synergistic

llfleﬂfggls' model for the cycling of Pt in Earth surface environments. This is achieved by integrating the geological/
Cycling (biogeo)chemical literature, which focuses on naturally occurring Pt mobility around ore deposits, with the
Geochemistry environmental/ecotoxicological literature dealing with anthropogenic Pt dispersion. In Pt deposits, Pt occurs as
Mobility sulfide-, telluride- and arsenide, native metal and alloyed to other PGEs and iron (Fe). Increased mining and utiliza-
Geobiology tion of Pt combined with the burning of fossil fuels have led to the dispersion of Pt-containing nano- and micro-
Anthropogenic particles. Hence, soils and sediments in industrialized areas, urban environments and along major roads are now
commonly Pt enriched. Platinum minerals, nuggets and anthropogenic particles are transformed by physical and
(bio)geochemical processes. Complexation of Pt ions with chloride, thiosulfate, ammonium, cyanide, low- and
high molecular weight organic acids (LMWOAs and HMWOAs) and siderophores can facilitate Pt mobilization.
Iron-oxides, clays, organic matter and (micro)biota are known to sequester Pt-complexes and -particles. Microbes
and plants are capable of bioaccumulating and reductively precipitating mobile Pt complexes. Bioaccumulation
can lead to toxic effects on plants and animals, including humans. (Bio)mineralization in organic matter-rich sedi-
ments can lead to the formation of secondary Pt particles and -grains. Ultimately, Pt is enriched in oceanic sediments,
where Pt is commonly concentrated in manganese (Mn) oxides. When these sediments are subducted, Pt re-enters
the magmatic cycle. In conclusion, this review demonstrates that geological, geochemical as well as biological and
most recently anthropological processes are strongly interlinked in driving the cycling of Pt in surface environments.
Crown Copyright © 2014 Published by Elsevier B.V. All rights reserved.
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1. Introduction

Platinum is one of the rarest elements in the Earth's crust (Fig. 1;
Wedepohl, 1995). It is one of six platinum group elements (PGEs),
which also include osmium (Os), iridium (Ir), palladium (Pd), rutheni-
um (Ru), and rhodium (Rh). PGEs are highly sought after because
of their unique physical and chemical properties (Macdonald, 1987).
Platinum is a non-reactive refractory metal with high boiling- and
melting-points, which makes it resistant to oxidation and corrosion
(Bond, 1991). Hence, Pt compounds are commonly used as catalysts in
(de)hydrogenation-, dehalogenation-, isomerisation- and oxidation re-
actions (Bond, 1991). Currently, the most important use of Pt is in auto-
mobile catalytic converter units (Fig. 2). But Pt is also required as
catalyst in fuel cells, the production of petroleum and other petrochem-
icals from crude oil, and the oxidation of ammonia (Fig. 2C). In addition,
Pt is used in resistance thermometers and thermocouples, glassmaking,
jewelry, dentistry, prosthetics and anticancer drugs (Brenan, 2008).
Because of these widespread industrial uses and its rarity, Pt has

Fig. 1. Optical micrographs of Pt nuggets. (A) Cubic primary nugget from the Kondyer
Massif, Siberia, Russia; (B) subhedral surface transformed placer nugget from Platina
Deep Lead, Fifield, New South Wales, Australia.

Panel A is after Cook (2011); image J. Budd.

become a strategic commodity for many countries, e.g., the USA, China
and the Euro-zone countries (Fig. 2; Koek et al., 2010; Mudd, 2012).
The Republic of South Africa and the Russian Federation control
more than 95.9% of the 80,000 t known PGE reserves (Fig. 2B; Koek
et al., 2010). With their large deposits in the Bushveld Complex and
Norilsk they also account for more than 90% of the annual global pro-
duction (Mudd, 2012). Production in other countries is limited to the
mining of smaller deposits including placers, refining of Pt from
Ni-rich secondary lateritic deposits and recycling of Pt from industrial
wastes (Mungall and Naldrett, 2008; Mudd, 2010). To break the South

2200
2000 — A
— Platinum
- — Gold
N
o
[m)]
7]
=)
[
L2
a
0 | | | |
Jan Jan Jan Jan Jan  Aug
1990 1995 2000 2005 2010 2012
‘B
8 : .
B Russian supply e i
7 | M Secondary supply N B Ak
— [ Other mine production ~ I
N 61 | 0 South African mine production A I I I |
= st SRR LA bt
z TLEBEERET
= u T
g 4
& 3
2
1
]
TTTTTTTTTTITTITTTTITTITT I T T T T T TTITITITTTTTI
1976 78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 2012
8 C —
s B Other
_— 6 | |0 Dentistry
N [ Petrochemistry
(=] . B
s S | I Electronics B
— 4l A Jewelry H
£ 0 Auto industry i
c 4 46
@ 3F i i
= |
s , il
1
OFrTrT T T

NESENESENESENENENENENE
90 92 94 96 98 00 02 04 06 08 10 2012
ime [a]

0 —

TTTTTTTI
1976 78 80 82 84 86 8

=1
3
)

Fig. 2. Economics of Pt. (A) Comparison of Pt and Au prices from 1990 to August 2012;
world production (B) and demand of Pt by industry (C) since 1976.
After Butler (2012) and CPM-Group (2012).
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