

















In 1979, the difficulties caused by terrain obstacles on the ocean floor, such
as blocks, steps, cliffs and potholes, convinced French engineers to give more
freedom to the bottom collector. They worked on the concept of a free-shuttle
mining system consisting of a series of independent vehicles that would dive
on their own to the ocean floor. Reaching the bottom, they would dump
ballast to position themselves carefully and would start to collect the nodules.
Powered by lead batteries, they would crawl on caterpillar tracks, adjusting
their weight by the release of ballast. After loading 250 tonnes of nodules,
they would drop additional ballast and start their ascent to the surface.
There, they would be dragged to a floating port. Unfortunately, it was found
during the feasibility study that the system would be too expensive, because
the 1,200-t weight of the shuttles far exceeded their 250-t loading capacity.
The problems lay in the weak performance of available buoyant materials

and/or the high ratio of weight to energy in the lead batteries.

Hydraulic systems now seem to have the greatest potential. Such a system was
conceptualized in 1988 by the French GEMONOD (Groupement pour la
mise au point des moyens nécessaires a 'exploitation des nodules). It consist-
ed of: a semi-submersible surface platform, catamaran type; a 4,800-m rigid
steel pipe string, and a flexible hose, 600 m long and with a 38-centimetre
internal diameter, connecting the bottom of the pipe string to a dredge on

the seabed. This hose would form an arc, allowing the dredge to deviate from

the route followed by the surface platform so as to avoid obstacles.

The self-propelled dredge would be 18 m long, 15 m wide and 5 m high,
weighing 330-t for a 78-t buoyancy. Crawling on the bottom, it would collect
nodules and condition them for pumping through the flexible hose.

Ore carriers would transport the nodules from mining ship to port, where
the processing plant would be located. The nodules would be transferred, into
and out of the carrier’s hold, as thick slurry, pumped through a flexible

hose. At the processing site the slurry would be stored in ponds.

India is currently developing a mining vehicle that it plans to test in
2007-08. The Director of the National Institute of Ocean Technology told a
workshop organized in 2001 by the International Seabed Authority that his
organization had already tested a prototype at 410 m and planned a further
test at 6,000 m in 2002. The device, 3 m wide, would crawl over the seabed
on plastic tracks. A pick-up device in front would gather the nodules, which
would be lifted by a conveyor belt into a crusher. The system was designed to
vibrate so that silt would not be carried into the crusher. The crushed
nodules would pass into a flexible hose 10 cm in diameter, through which
they would be pumped up to a vessel at the surface. A second umbilical
connection would carry power and communications cables. Though tethered
to the surface vessel, the crawler would move about independently on the
seabed. Its developers describe this system as more friendly to the environ-

ment than earlier ones.

Scientists preparing to remove sediment samples from a multiple corer
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A polymetallic nodule and its cross section




PROCESSING TECHNOLOGIES

Many processes have been investigated to treat polymetallic nodules.
Initially the extraction of only three metals was considered: nickel, copper
and cobalt. After 1978, manganese was added to increase total revenue and

reduce the amount of waste. The technologies are of two types: hydrometal-
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lurgy, in which the metals are leached from the nodules by acid (hydrochlo-

ric or sulphuric) or basic (ammonia) reagents, and smelting, in which the

hydroxides are reduced (stripped of oxygen) and the melted metals separated

by gravity. Three examples are outlined below.

Cuprion Process

The Cuprion process was developed by Kennecott. The nodules are ground
to a fine slurry, which is reduced by carbon monoxide in an agitated tank at
low temperature, in the presence of ammonia. The copper, nickel and cobalt
are made soluble by counter-current decanting in a series of thickeners.

The nickel and copper are then extracted by liquid ion exchange combined
with electrowinning (separation by electrolysis), and the cobalt is removed
by sulphide precipitation. However, recovery of manganese from the

ferromanganese residue was found to be difficult.

Sulphuric Leaching

This process was proposed by Fuerstenau in 1973, and later considerably
improved in studies by the French Commissariat 4 ’Energie Atomique.

The metals in the crushed nodules are dissolved by sulphuric acid at 180°
Celsius and a pressure of 1,200 kilopascals. Bivalent manganese ions, formed
by pre-reduction of some of the nodules with sulphuric gas, are introduced
into an autoclave (steam-pressured heating chamber) to increase the recovery
of cobalt. Copper, nickel and cobalt are precipitated from the resulting
solution using hydrogen sulphide. The copper sulphide is roasted to give an

oxide concentrate, while the nickel-cobalt concentrate is kept as a sulphide.

At the refinery, the copper oxide concentrate is leached by sulphuric acid
and the metal extracted by electrowinning. The nickel-cobalt sulphide
concentrate is melted in chlorine and water. After elimination of the iron
and zinc, the two remaining metals are separated by ion-exchange solvents.
The cobalt is produced as a chloride to be sent to a cobalt refinery and the
nickel is extracted by electrolysis. The ferromanganese residue is smelted
after drying and calcination in an electric furnace, where the phosphorus is

eliminated along with part of the iron.

Smelting

Several companies have studied the application of classical nickel and
copper smelting processes to the treatment of polymetallic nodules.

After drying and calcination in a rotary kiln, the nodules are introduced
into a submerged electric-arc furnace for reduction. A manganese-rich slag
and an iron-nickel-copper-cobalt alloy are produced. The alloy is refined in a
converter, where oxidation removes most of the remaining manganese and

iron. Then, by adding sulphur, a nickel-copper-cobalt matte is obtained.

The matte can be treated by several methods used in the nickel industry.
For example, it may be ground before selective leaching with chlorine.
After elimination of the sulphur from the copper solution, the nickel is
extracted by ion exchange and electrolysis. The iron and zinc in the nickel-
cobalt solution are eliminated before ion-exchange extraction of the cobalt

and nickel.

The hot manganese-rich slag is fed directly to an electric-arc furnace, where
the phosphorus and residual heavy metals (nickel, copper and cobalt) are
eliminated, along with much of the iron, to produce a ferro-silico-

manganese alloy.
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