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ABSTRACT

BHP has investigated a two-stage process for the direct production of ferromanganese from
high grade sand concentrates (48-53% Mn) produced from tailings at BHP's GEMCo mine.
The process consists of a fluidised bed pre-reduction first stage followed by a DC arc
smelting furnace second stage. Reducing off-gas from the smelting stage is used to pre-
reduce the MnOj concentrate to MnO in the fluid bed. The two stages have been
demonstrated separately at bench scale and coupling of the two stages is seen as the next
phase in the process development. A 200mm diameter bubbling fluidised bed has been used
for producing 500kg of MnO from GEMCo sand concentrate. The MnO sand has then been
smelted in a 100kW DC arc furnace using char and coal as reductant. Manganese recoveries
of approximately 64% to alloy have been achieved with a alloy grades of 70-77% Mn (mean
75.3% Mn). Higher manganese recoveries are believed possible with process optimisation
and scale-up.

1. INTRODUCTION

The Groote Eylandt Mining Company (GEMCo, a BHP subsidiary) produces a range of lump
and fines ores from the large pisolitic manganese ore deposit on Groote Eylandt in the Gulf of
Carpentaria in northern Australia. As part of the processing to obtain this ore, sand-sized
tailings containing significant manganese units are produced. BHP has undertaken a
programme of research to recover and utilise these manganese units. Beneficiation using
gravity separation methods has been carried out at pilot scale to produce over 3000 tonnes of
sand concentrate with a grade over 48% Mn and a nominal sizing of -0.5+1.0mm
(d,,;=0.276mm, d,,=0.201mm).

Approximately 2000 tonnes of the sand concentrate has been successfully introduced at levels
up to 30% into the feed of the sinter plant at the BHP Manganese TEMCO works in
Tasmania. Some higher grade material has also been evaluated as a potential alternative
feedstock for electrolytic manganese dioxide (EMD) production at the BHP AMCL plant in
Newcastle.

Declining traditional lump iron ore reserves during the last quarter of this century, coupled
with the cost and environmental penalties associated with agglomeration processes (eg
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sintering, pelletising, and coking), has resulted in interest being focussed on direct smelting
technologies to replace traditional ironmaking process routes. Similar pressures exist in the
ferromanganese industry and BHP Manganese Development has been examining the
feasibility of direct smelting technologies in manganese ferroalloy production. The GEMCO
sand concentrates have been targetted as a potential feedstock for any new direct smelting
technology and this paper describes work undertaken at the BHP Research Laboratories
(BHPR-NL) in Newcastle to develop such a process.

2. PROCESS OVERVIEW

The relative ease of reduction of Mn ores to MnO, and the highly reducing conditions
required for reduction of MnO to Mn alloy, would suggest a two-stage process for the
efficient direct production of ferromanganese. Carbothermic reduction is most efficiently
carried out in an electric smelting unit. The hot reducing offgas (CO, H,) can then be used to
preheat, calcine and prereduce manganese ore and fluxes in a first stage reactor. A fluidised
bed was identified as the most suitable technology for the first stage and a DC arc furnace as
the most appropriate for accepting a fine feed in the second smelting stage. The proposed
process is shown schematically in Figure 1 with the experimental results summarised in
Figure 2.

3. PREREDUCTION THERMOCHEMISTRY

3.1 Reactions

The reduction of MnO, ores to MnO is characterised by favourable kinetics in a complex
system with intermediate sub-oxides. Oxygen removal can result simply from thermal
decomposition in air: MnO, = Mn,0; (bixbyite) at temperatures above 450°C and Mn,03 =
Mn;0, (hausmannite) over 900°C. The presence of quartz in the ore restricts fluidisation
temperatures to around 900°C. This is due to the formation of molten silicates above 1000°C
by fluxing of this free silica with alkaline earth and alkali oxides from the ore.

The thermodynamic equilibrium condition for the fluidised bed reduction process has been
modelled using the CSIRO-SGTE Thermodata System CHEMIX Gibbs energy minimisation
program[1]. Under all conditions in the presence of CO and H, the equilibrium reduction
product is MnO. The reaction to MnO can proceed to completion by gaseous reduction, but
much lower oxygen potentials are required to yield manganese metal.

Iron oxides contained in the ore can be reduced from hydrated oxides or Fe,O3 (hematite) to
Fe;0, (magnetite), “FeO” (wiistite, Fe9470) or metallic iron, depending on the prevailing
(CO+H,)/(CO,+H,0) within the bed. The oxidation state of iron can impact on the reductant
stoichiometry of downstream processing and is critical in processes such as EMD production,
where ferrous oxide is required for efficient acid digestion of MnO.

Overall the reaction is exothermic and can be sustained by correctly matching the ore feed
rate, fluidising gas flow rate and the reactor heat losses. In practice, a balance must be
maintained between avoiding distributor blockages in the fluidised bed due to premature soot
generation (especially below 700°C) and liquid silicate formation, with subsequent
defluidisation, at high temperatures. Metallisation of iron oxides is only exothermic for CO
reduction, so any iron oxide reduction by H, absorbs heat.





























