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Nickel is recovered from its ores by pyrometallurgical (smelting) or
hydrometallurgical (leaching) processes. Both are energy-intensive and
environmentally unfriendly. The situation would improve if a first concentration
step can be found that is cheap and compatible with the environment. Such a
preliminary concentration step would already reduce the volume of the
throughput of the metallurgical processes, and thereby reduce their
environmental impact.
There are a number of plant species that accumulate nickel very efficiently. The
picture shows one of those nickel hyperaccumulator plants that was collected on
Cyprus.

Fig.1: Alyssum cypriacus, growing on a serpentinite tailing dump on Cyprus
The crushed rock on which this plant grows contains less than 0.3 % nickel, but
the nickel content of the plant ashes turned out to be 5%, richer than almost any
nickel ore, and extracted not from a rare nickel ore but from a common ultramafic
rock, without any human interference. In Italy it was found that the ash from
Alyssum bertolonii, growing on serpentinite soil contained even up to 11% of
nickel! In Turkey (rich in serpentinites) nickel accumulator plants on serpentinite
soils are common, and some are even allelopathic, which would be an advantage
if one wants a monoculture of nickel hyperaccumulating plants [Altinozlu et al.,
2012].
It is likely that a metallurgical process to recover the nickel from these ashes will
be cheaper and less polluting than its recovery from sulphidic or lateritic ores.
Understandably, ideas about phytomining metals were already voiced in the
nineties by the late professor Brooks and co-workers after the discovery of such
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hyperaccumulator plants, but so far never implemented on a commercial scale
[Robinson et al., 1997].
Let us try to see, in a very preliminary way, if there might be a business case for
the phytomining of nickel. Nickel prices are quite volatile, but assume that they
will be around 21.000 US$ per ton (price level beginning of 2012). Rock-types
with elevated Ni-contents around 0.3% (peridotites and serpentinites) are found
in many countries all over the world. Such rocks also form the normal host rocks
of chromite or magnesite deposits, so there are a number of tailing dumps
available, where these rocks are already mined, and are present as crushed and
milled waste material.
If 1 km2 of these rocks (either solid rock, serpentine soils or in already crushed
form) would be planted with the most suitable nickel hyperaccumulator plants for
that region, these could be harvested after one or more growing seasons. Most
Alyssum species are perennial, so they can be harvested a number of times, by
cutting them at 10 cm above ground without renewed sowing or planting.
It should be mentioned that in the long list of nickel hyperaccumulator plants,
there are several species that are even more effective as nickel collectors than
the Alyssum cypriacus that was tested.
Let us assume we can harvest 900 ton of dry plant material from one km2. After
ashing this is reduced to 90 ton, with a Ni-content of 11%, so a total of 10 ton Ni
per km2, with a gross value of 210.000 US$ per harvest.
This should be decreased by the cost of fertilizers, land use, sowing and
harvesting, as well as the cost of the metallurgical process used to recover the
nickel metal from the ashes, and increased by a modest sum for the energy
content of the dry plants.
A nickel mining company or any other organized group, like an arrangement
between a mining company and some villages around the mine (the outgrower
concept) , or as a cooperative of farmers living on ultramafic rocks carrying out
such an operation can improve its green image because its CO2 expenditure per
ton of nickel is considerably less than for the nickel metallurgy by the classical
metallurgical routes, and also less polluting. Moreover, the tailing material of
olivine/serpentine that is spread will capture CO2 [Wilson et al., 2009] by
weathering reactions of the type
Mg2SiO4 +2 CO2 + 8 H2O à 2 Mg(HCO3)(OH).2 H2O + H4SiO40
In this natural way such operations will contribute to the mitigation of climate
change [Schuiling and Krijgsman. 2006].
The proposed farming of nickel from common rock-types is extensive. In order to
show what this means with respect to traditional mining from high-grade nickel
deposits, the following simple order of magnitude calculation is presented.
Surface of land occupied by dunites or serpentinites
Nickel concentration
Thickness of soil to be used for nickel farming
Specific mass of soils on ultramafic rocks

1 million km2
0.3%
0.5 meter
2000 kg/m3

This results in an amount of 3 x 109 tons of nickel that could be farmed from
common rocks, 2000 times the annual nickel production of the world (and then,
after 2000 years, they can start farming the next 0.5 meter).
Mining companies with large tailing dumps of peridotites or serpentinites can
plant these with nickel hyperaccumulators. After some landscaping and mixing
the tailings with top soil and adding some fertilizer, they can become nickel
farmers instead of nickel miners.
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