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ABSTRACT 

PILOT-PLANT Ev ALUATION OF MANGANESE 

REMOVAL AND COBALT PURIFICATION BY 

SOL VENT EXTRACTION 
Angus Feather, Kathryn C Sole and David B Dreisingerl 

Mintek, Randburg, South Africa 
lToe University of British Columbia, Vancouver, Canada 

A process flowsheet for the recovery of copper and cobalt from the Kakanda tailings in the Democratic Republic of Congo has 
been developed. Pilot-scale evaluations of the two solvent-extraction systems for processing a bleed stream from the copper

recovery circuit are discussed. The bulk of the manganese is removed from the copper raffinate bleed with minimal (less than 
0.5%) cobalt loss by extraction with di(2-ethylhexyl)phosphoric acid. The cobalt is then upgraded and separated from 
magnesium by extraction with Cyanex 272. Cobalt recovery in excess of 99% is achieved, and a concentrated cobalt electrolyte 

suitable for the electrowinning of high-purity cathode is produced. 
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INTRODUCTION 

The electrowinning (EW) of cobalt requires a manganese concentration of at least 2 g/dm3 in 
the electrolyte to minimise the oxidation of Co(II) to Co(III) at the anode. Excessive manganese levels 
can, however, be problematical as unstable Mn(III) formed at the anode disproportionates to Mn(II) and 
Mn(IV), the latter precipitates as manganese dioxide sludge which needs to be removed from the cell. 
The removal of manganese from cobalt-containing solutions is usually accomplished by sulphide 
precipitation. I Alternatively, the removal of the bulk of any manganese in solution by a solvent
extraction (SX) route may offer benefits in terms of both cost and ease of operation. 

Magnesium concentrations of greater than 10 g/dm3 in a cobalt electrolyte adversely affect 
current efficiency and may cause pitting of the cathode. Phosphinic acid extractants can successfully be 
used to separate cobalt from high concentrations of magnesium. 

Manganese removal and the subsequent purification of a cobalt-bearing acidic sulphate liquor 
by solvent extraction has been evaluated in a continuous operation during an integrated pilot-plant 
campaign carried out to assess the technical feasibility of a proposed process to recover copper and 
cobalt from the Kakanda tailings dump material in the Democratic Republic of Congo. 

PROCESS DESCRIPTION 

Tailings Leach 
Residue ._J 

Copper 
EW 

Copper 

Iron removal 

Manganese 
sx 

Cobalt 
EW 

Cobalt 

Residue 
Loaded strip liquor (to waste) 

Cobalt 
sx 

Electrolyte 
purification 

Impurities 

Figure 1. Proposed flowsheet for the recovery of copper and cobalt cathode from Kakanda tailings 
dump material. 
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The flowsheet proposed for the treatment of the Kakanda tailings is shown in Figure 1. Copper is 
recovered in a conventional leach-SX-EW circuit. Cobalt is then recovered from a bleed from the raffmate 
of the copper SX circuit. After treatment for iron removal, this stream contains approximately 1.3 g/dm3 Mn, 
3 g/dm3 Co, and 12 g/dm3 

Mg. The bulk of the manganese is removed by solvent extraction with di(2-
ethylhexyl)phosphoric acid (D2EPHA). Cobalt is then upgraded and separated from magnesium by extraction 
with Cyanex 272. The cobalt-rich loaded strip liquor is purified by ion exchange (IX), and the cobalt 
recovered as high-purity metal cathode. Process details and results of the integrated pilot campaign are 
published elsewhere.2 

PILOT-PLANT EQUIPMENT AND PROCEDURES 

Conventional mixer-settler units, each with a mixer volume of 500 cm3 and settling area of256 cm2
, 

were operated in a countercurrent configuration. Solutions were pumped into the plant using peristaltic 
pumps. As necessary, stages were operated with an internal recycle to maintain aqueous phase continuity in 
the mixers. The pH was adjusted as required by Pill-controlled addition of dilute NaOH into the mixers. To 
simulate full-scale operational conditions, the extraction stages of the manganese circuit were maintained at 
40C by circulating hot water through stainless-steel heat exchangers in the settlers. The initial start-up 
conditions were selected based on results of laboratory-scale testwork combined with flowsheet simulation 
modelling using Aspen software. 

Each SX circuit was operated continuously for a total running time of 450 h, and treated 1.6 m3 of 
the copper SX raffinate bleed solution. All aqueous and organic streams were sampled once per 8-hour shift, 
and analysed by inductively coupled plasma emission spectroscopy. 

D2EHP A was supplied by Albright & Wilson, USA, and Cyanex 272 by Cytec, Canada. Both 
circuits used C12-C13 n-paraffin (Saso!Chem, South Africa) as the aliphatic hydrocarbon diluent. 

MANGANESE SOLVENT EXTRACTION 

The composition of the feed solution to the manganese circuit is given in Table I. Mass-balance 
modelling indicated that 75% of the contained manganese would have to be removed to minimise detrimental 
effects in the cobalt EW operation. The circuit configuration is shown in Figure 2. 

Element Concentration (g/dm3
) Element Concentration (g/dm3

) 

Mn 1.25 Zn 0.05 
Co 3.2 Ca 0.6 
Fe 0.003 Al 0.02 
Cu 0.1 Mg 12.0 
Ni 0.02 pH 3.8 

Table 1. Typical composition of copper SX raffmate bleed stream after iron removal. 

Restrip liquor Strip liquor Scrub liquor Co / Mn pH control Stripped 
6 M HCI 12 g/L H2SO• 12 g/L H2SO• feed 50 g/L NaOH organic 

aL�-�........................ � ......... ? � .......... T 
S .• L d . --+ Aqueous tripped oade stnp Raffinate to
organic liquor to waste ................ .., Organic Co SX 

Figure 2. Manganese SX circuit. 
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Extraction 

Typical extraction efficiencies of the various elements in the feed solution are compared in Table 2. 
Conditions were optimised by maintaining the pH of the extraction circuit between 2.2 and 2.3, and using 
an advance volume phase ratio (0:A) of unity. Manganese extraction could be increased to better than 90% 
by increasing the phase ratio to 1.5, however cobalt losses exceeded 1% under these conditions. Copper and 
magnesium extraction also increased at higher phase ratios. 

Element Extraction(%) 
Organic loading 

Element 
Extraction Organic loading 

(g/dm3) (%) (g/dm3) 
Mn 77.0 1.0 Zn >99.9 0.06 
Co <0.5 0.04 Ca 98.0 0.6 
Fe >99.9 0.1 Al 89.4 0.04 
Cu 21.2 0.03 Mg 3.1 0.45 

Table 2. Extraction efficiencies of major elements in the manganese SX circuit. 

Scrubbing 

Co-extracted cobalt was scrubbed from the loaded organic phase with 12 g/dm3 H2S04. The 
scrubbing efficiency was optimised at approximately 80% using an O:A of 8 to 12, and controlling the pH 
at 2.2. Inclusion of the single scrubbing stage reduced the overall cobalt loss from about 1.8% to less than 
0.5%. In most instances, the cobalt concentration on the scrubbed organic phase was below the analytical 
detection limit. 

Some magnesium and copper were also scrubbed. Maximum rejection of both of these elements is 
desirable as this reduces the difficulty of downstream purification of the cobalt electrolyte. 

Stripping 

Because of site-specific constraints, dilute sulphuric acid was chosen as the stripping agent. It was 
therefore not possible to concentrate the impurities because of the calcium sulphate solubility limit. With the 
exceptions of iron and aluminium, all the elements in the scrubbed organic phase were efficiently stripped 
in two stages using 12 g/dm3 H2S04. 

Iron (ill) is extracted by D2EHP A, but is not stripped by sulphuric acid, and the organic-phase build
up eventually becomes detrimental to manganese extraction. A bleed stream of the stripped organic phase 
was treated with 6 mol/dm3 HCl in a single restrip stage. The ferric ion build-up was limited to approximately 
0.1 g/dm3 by bleeding a volume of 30% of the stripped organic phase. 

A typical organic-phase profile across the entire manganese SX circuit is shown in Figure 3. 

0.12 

0.9 

� 0.08 El 
.9 e> 
§' 0.6 .-&--Mn 

ci ---+- Mg u. 
::;; :;j 

c· ---co 0.04 °.
� 0.3 _,._Fe 

.....,_Cu 

0.0 0.00 
E3 E2 E1 SC1 S1 S2 

Stage 

Figure 3. Organic-phase profile across the manganese SX circuit. 
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COBALT SOLVENT EXTRACTION 

Cyanex 272 is commonly employed to separate cobalt and nickel.3 In this application it was used
for the more difficult separation of cobalt from magnesium. The operating philosophy was to load the 
organic phase as fully as possible with cobalt, thereby 'squeezing off' most of the co-extracted magnesium, 
and minimising the magnesium scrubbing requirements. 

Raffmate from the manganese circuit was passed through a column of coal-based activated carbon 
to remove any dissolved D2EHPA. The pH was then raised from 2.3 to 6.0 using NaOH. A typical 
composition of the feed to the cobalt SX circuit is shown in Table 3. Some degree of dilution of the feed 
solution relative to Table 1 is evident. This results from the addition ofNaOH to the manganese SX circuit 
in the various pH-control operations, as well as dilution from the scrub liquor. The optimised configuration 
of the cobalt SX circuit is shown in Figure 4. 

Element Concentration (g/dm3) Element Concentration (g/dm3) 
Mn 0.30 Ni 0.02 
Co 2.9 Zn < 0.001 
Fe < 0.001 Ca 0.01 
Cu 0.06 Mg 10.1 

Table 3. Composition of the feed to the cobalt SX circuit. 

Strip liquor Raffinate from Mn SX pH control 
(Co EW return anolyte) (adjusted to pH 6) 25 g/L NaOH 

Stripped 
org�nic 

�------1------, 

organic 
Loaded strip 
liquor to IX 

Figure 4. Cobalt SX circuit. 
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The extraction efficiencies of the various elements are shown in Table 4. The use of five extraction 
stages limited the overall transfer of magnesium to the EW circuit, and the cobalt concentration of the 
raffmate was maintained at less than 0.005 g/dm3. The pH across the extraction bank was optimally 
controlled between 5.6 and 5.9. Lower pH values lead to deterioration in cobalt extraction efficiency, while 
maintaining a higher pH increased the co-extraction of magnesium, calcium, and nickel. 

Element Extraction(%) 
Organic loading 

Element Extraction (%) 
Organic loading 

(g/dm3) (g/dm3) 
Mn > 99.9 0.22 Zn >99.9 < 0.001 
Co >99.9 3.6 Ni 4.8 < 0.001 
Fe >99.9 0.013 Ca <0.5 < 0.001 
Cu >99.9 0.07 Mg 3.6 1.2 

Table 4. Extraction efficiencies of major elements in the cobalt SX circuit. 

Scrubbing 

Co-extracted magnesium was scrubbed with a portion of the loaded strip liquor at an O:A of 
approximately 30. A single-stage scrubbing efficiency ofup to 70% was achieved by maintaining the pH of 
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the scrub at 4.5. This allowed only 3 to 4% of the magnesium through to the EW circuit. For higher 
magnesium rejection, an extra scrubbing stage would be required. 

Stripping 

All elements in the loaded organic phase were quantitatively stripped with return anolyte from the 
cobalt EW circuit (Table 5). The pH of the loaded strip liquor was maintained at 2.5 to ensure that manganese 
( as well as minor amounts of copper and zinc) were adequately stripped. At this pH, iron is not efficiently 

removed from Cyanex 272, and gradually accumulates in the stripping section. Provision for an organic bleed 
stream for iron removal should be considered in the full-scale plant design. The loaded strip liquor was 
treated by ion exchange for the removal of trace amounts of copper and zinc, prior to cobalt recovery by 
electrowinning. 

Element Stri %) 
Mn 
Co 
Fe <0.001 < 0.001 

Cu < 0.001 0.07 
Zn 0.001 0.004 
M 6.1 6.8 

Table 5. Characteristics of the cobalt SX stripping circuit. 

A typical organic-phase profile over the cobalt SX circuit is shown in Figure 5. 
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Figure 5. Organic-phase profile across the cobalt SX circuit. 

CONCLUSIONS 

Technical viabilities of the proposed SX processes for manganese removal and cobalt purification 
from a copper-circuit bleed stream have been successfully demonstrated in an integrated pilot-plant campaign 
that treated 1.6 m3 offeed solution. 

At steady state, the manganese SX circuit achieved a manganese removal efficiency of 7 5 to 80%, 
with cobalt losses of below 0.5% in the loaded strip liquor that is sent to waste. The Co:Mn ratio was 
upgraded from 2. 5 in the feed liquor to 9. 6 in the raffinate stream. Manganese removal efficiency could be 
increased to about 90%, but at the cost of a 1 % cobalt loss. 

The optimised cobalt SX circuit achieved cobalt extraction and stripping efficiencies of better than 
99.9%, with cobalt losses to the raffinate limited to below 0.005 g/dm3

• Overall magnesium rejection of94 
to 97% was attained. A loaded strip liquor suitable for cobalt electrowinning was produced.
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