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Ruashi refinery in the Democratic Republic of Congo processes copper and cobalt oxide
ores. The progressive depletion of oxides resources from the nearby Ruashi open mine
has led the company to source various ores from external suppliers. Consequently, ores
with a high silica content have been procured and processed, which, combined with high
acid tenors, resulted in pregnant leach solution containing 3 g/L silica. Owing to
problems caused by silica leaching, silica polymerization in the solvent extraction (SX)
circuit and high crud levels, in March 2017, the operability of the SX plant was
dramatically affected. Over 470 tons of Cu production (and 45 tons of Co) were lost as the
SX plant could not be set to run consistently in organic continuity mode by running
within designed parameters. In addition, the crud runs resulted in high transfer of
suspended solids into the electrolyte, with an impact on copper cathode quality,
illustrated by nodular copper deposition. After the incident, Ruashi increased the organic
flow by 10 to 17% above design to mitigate the crud entrainment and procedures have
been implemented so that crud is continuously removed from the SX plant.

INTRODUCTION

Ruashi Mining Company is a joint venture between Metorex (75%), which is wholly owned by
Jinchuan Group International, and the Democratic Republic of the Congo state-owned mining
company, Gécamines (25%). Ruashi plant, located in Lubumbashi, processes oxide ore containing
copper and cobalt. It produces high-purity copper cathodes and cobalt hydroxide of approximately
30% cobalt purity.

The copper beneficiation circuit includes the following steps:

e Size reduction by crushing, semi-autogenous milling, secondary ball milling in closed circuit

with hydrocyclones (75% —74 pm) and pre-leach thickening.

Acid leaching, thickening and clarification of the primary leach solution (high-grade PLS),
which contains roughly 75% of the leached copper and washing of thickener underflow by
counter-current decantation with the production of a low-grade pregnant leach solution (low-
grade PLS), which contains roughly 25% of the leached copper. The high-grade PLS tenor is 8 to

10 g/L Cu, whilst the low-grade PLS tenor is 4 to 6 g/L Cu.
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e Separate copper solvent-extraction (SX) circuits for the two PLS streams, each consisting of two
extractions, one strip and one washing stage. The raffinate stream from the high-grade SX is
recycled to leach, whilst the raffinate from the low-grade SX is sent to the cobalt recovery
circuit.

o Cobalt purification and precipitation.

o Copper electrowinning of the copper-rich electrolytes produced in the SX circuits.

The commissioning of the overall flowsheet in its ultimate configuration was completed in early 2009.
The SX section of the plant has run without major problems and has generally not been a bottleneck
in the overall process; however, due to silica and crud problems, the SX section became a bottleneck
in the overall copper production process during the last ten days of March 2017. For over four days,
control of the key parameters was lost, with unprecedented crud runs experienced, even at
significantly reduced aqueous flows. Mixer-settlers were very unstable and they could not be kept
running consistently in organic-continuous mode. Crud runs induced higher transfer of impurities
and solids from the leach solutions into the electrolyte, with a resulting impact on copper cathode
production and on physical quality of the cathode. For four days, the many attempts to control the
situation proved unsuccessful and the SX section was eventually stopped completely for three days to
remove the crud from the mixer-settlers.

To face the progressive depletion of oxides resources from the nearby Ruashi open pit mine, the
management of the company decided to source material from many external sources from the third
quarter of 2014. The leaching of high silica-bearing ores (such as those which contain chrysocolla)
creates colloidal silica, which then reports in the PLS stream to the SX circuits where the pH changes
cause the particles to gel and precipitate, forming amorphous silica particles (crud) that are then
entrained to the strip stage if not operating in organic-continuous mode (Readett and Miller, 1995).
This in, turn, causes crud build-up in the strip stage and, if it too is in aqueous-continuous mode, then
entrains high acid to the extract stage and further pH shock and subsequent precipitation of more
silica that originates from the PLS stream.

The silica contained in the aqueous phase is attracted to the organic phase because of its polar
character. Changes in pH (mainly caused by electrolyte entrainment from the strip stage to the extract
stage) can cause silica that has concentrated at the organic interface to precipitate.

Experience from uranium SX and other copper SX operations in the region indicates that a high
presence of silica in the aqueous phase also affects the rate of coalescence of organic droplets when
the emulsion is mixed in aqueous continuity (probably due to increased viscosity due to colloidal
silica). Full disengagement of the aqueous and the organic phases takes too long to complete when
the aqueous phase is contaminated by silica.

When the emulsion created in the mixer is organic-continuous, the crud in the settler, if present,
normally collects at the organic/aqueous interface, but if the mixer is running in aqueous-continuous
mode, the crud present in the settler floats within and on top of the organic phase. It then overflows
with the organic into the organic launder and goes to the next SX stage, eventually ending up in what
is called a “crud run” across the SX plant.

During the plant audit conducted with BASF, the content of dissolved silica in the leach solution was
checked and found to be relatively high (up to 3000 mg/L in the high-grade PLS). The leaching of
silica is exacerbated by high acid levels in the leach, which is caused when the volume of the
electrolyte bleed stream is too high.

The decision was taken to include a daily analysis of silica in many aqueous streams, including the

leach solutions feeding the SX plant from April 2017. Figure 1 shows the silica analysis in the high-
and low-grade PLS from April 2017 to February 2018.
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Figure 1: Silica in high-grade and low-grade pregnant leach solutions from April 2017 to February 2018.

In addition to crud formed by silica, another form of crud is formed by the crystalline solids that are
not efficiently removed from the PLS by the pinned-bed clarifier (PBC). The inefficiency of the PBC
meant that continual removal of crud from the settlers needed to be done. Ruashi purchased Crud
Forx equipment for this duty. The crud-removal operation is a labour-intensive and arduous activity
but discipline is required to ensure that it gets done. The crud-treatment equipment needs to be
maintained so that crud is not allowed to accumulate.

This paper reviews how some key parameters of the SX plant were affected, what has been carried
out to mitigate the problem, consequences and suggests recommendations.

OPERATING RESULTS

Some of the SX plant parameters reviewed were: mixers conductivities, organic flows, organic
entrainment, contamination of electrolyte and washing water, and silica concentrations.

Mixer Conductivities

A common way to monitor the continuity of the emulsion within an SX plant mixer is to use a
conductivity probe. The reading of an organic-continuous emulsion is usually very close to zero
mS/cm (indicating poor or zero conductivity). Depending on the advance organic-to-aqueous
volumetric (O/ A) ratio, the continuity of the emulsion within a mixer can be adjusted using valves on
organic or aqueous recycles. Although connecting nozzles are provided, pipes for recycling the
organic phase were not installed during the construction of the SX section of Ruashi Mining plant.
This was not such a big problem because organic-continuity was easily achieved by operating at the
designed advance O/ A ratio of 1.3. If the aqueous recycle valve is tightly closed, the mixer O/ A ratio
should ideally be close to the advance O/ A ratio. With the normal feed, Ruashi SX mixers run usually
organic-continuous, with the reading of the conductivity probes consistently well below 5 mS/cm.
Figures 2 and 3 display mixer conductivity readings from early January to the end of May 2017.

The graphs show relatively high conductivity values during the last ten days of March 2017, the
period during which the SX section of the plant was highly disturbed, especially in the high-grade SX
train. In the low-grade SX train, the washing and the stripping settlers were more affected than the
extraction settler. It was thus evident that, during that period, virtually all stages of both SX trains
were running in aqueous continuity.
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Figure 2: Mixer conductivities in high-grade solvent-extraction from January to May 2017.
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Figure 3: Mixer conductivity in low-grade solvent extraction from January to May 2017.

Organic Flows

Since 2016, new sonar technology-based flowmeters were installed on organic lines of both trains of
the SX section of Ruashi Mining plant. They work well, but, because their signal has not yet been
incorporated into the existing SCADA system, historical data for organic flows for the period of
investigation were not directly available. The historical values were back-calculated by multiplying
aqueous flows by mixer O/A ratios, which were measured daily. Figure 4 displays the calculated
organic flows from early January to the end of May 2017 for the high- and low-grade SX circuits.

The graph clearly shows the differences in average organic flows before and after the last ten days of
March 2017 in both SX circuits (55% and 40% increases in the high- and low-grade trains,
respectively). Average values from early April to the end of May 2017 were higher than designed
flows (17% and 10% higher in the high- and low-grade circuits, respectively).

Organic Entrainment in Advance Electrolyte

Figure 4 also displays organic entrainment in the mixed rich electrolyte produced in the high- and
low-grade SX from early January to the end of May 2017. Organic entrainment in the rich electrolyte
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increased sharply during the last ten days of March 2017, characterised by high instability of the SX
section of Ruashi Mining plant. There was not a significant difference in organic entrainment in the
advance electrolyte before and after the incident of March 2017, although organic flows were
significantly higher after March 2017.
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Figure 4: Organic entrainment in electrolyte and organic flows of high- and low-grade solvent extraction
from January to May 2017.

Contamination of Electrolyte and Wash Water

A major consequence of a crud run in an SX plant is high transfer of impurities by entrainment from
the impure leach solution into the advance electrolyte. This is shown in Figures 5 to 8, illustrating the
concentrations of the main impurities in the advance electrolyte and wash water from January to May
2017. The disturbance affected directly the SX plant for less than 10 days in March, but, by the end of
May, not all the impurities in the electrolyte had returned to their level before the incident of March
2017. In the case of the low-grade SX, not all stages were affected by the change of mixer continuity,
thus there is less clear evidence of the contamination of the wash water in the low-grade SX.
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Figure 5: Cobalt, iron, manganese and free acid in advance electrolyte from high-grade solvent extraction
from January to May 2017.
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Figure 6: Copper, cobalt, iron, manganese and free acid in spent wash water from high-grade solvent extraction
from January to May 2017.
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Figure 7: Cobalt, iron, manganese and free acid in advance electrolyte from low-grade solvent extraction
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Figure 8: Copper, cobalt, iron, manganese and free acid in spent wash water from low-grade solvent extraction

from January to May 2017.
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Copper Cathode Quality

Figure 9 shows the concentrations of lead, iron and sulphur in copper cathodes from early January
2017 to the end of March 2017. There is not a clear difference in the level of these impurities before
and after the incident of March 2017.
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Figure 9: Concentrations of lead, iron, and sulphur in cathodes from January to May 2017.

DISCUSSION

The presence of fine solids in PLS reporting to SX will accumulate over time in the SX settlers if the
solids are not continuously removed. In addition, the presence of silica significantly affects the phase
disengagement time of an emulsion mixed in aqueous continuity. These combined influences can
cause a catastrophic crud run across the SX plant.

In March 2017, slow phase disengagement induced by a high silica content in the leach solution
caused virtually all mixers in the SX plant to run in aqueous continuity. Crud runs were experienced,
which induced high contamination of the electrolyte via the carryover of the crud containing the PLS
in the loaded organic. The presence of higher-than-normal silica content in the PLS requires higher-
than-normal mixer O/ A ratios to enable the mixers to run consistently in organic continuity.

Because the sections of pipes for recycling organic in the mixer-settlers were not installed, it was
necessary to increase the advance O/A ratios in both SX trains to keep overall copper transfer
unchanged. This necessitated the addition of diluent to top up the organic inventory in both trains.
Organic flows were increased over designed values (17% and 10% above design in the high- and low-
grade trains, respectively).

The higher fluxes to the mixers did not significantly affect the amount of organic entrained in the
electrolyte proceeding from the SX section, but high transfer of impurities into the advance electrolyte
was noticed subsequent to the crud run experienced during the last ten days of March 2017. The
impurities in the rich electrolyte remained high for a relatively long time after the March incident. It
is difficult to establish whether the impurities in the electrolyte remained high as a consequence of
running at higher-than-design organic flows or due to insufficient electrolyte bleed.

Following the incident, the following actions were implemented:
e organic recycle pipelines were installed on all mixer-settlers in the SX section of the plant;
o the level of aqueous entrainment in the loaded organic is regularly monitored, especially at
high organic flows;
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o silica levels in the leach solution are monitored and the organic flow adapted to the minimum
O/ A ratio required to run the mixers consistently in organic continuity;

e Crud in the SX settlers is continuously removed using Crud Forx and organic recovered using
crud-treatment equipment.

CONCLUSION

The control of mixers” continuity in a SX plant can be very challenging in the presence of high
concentrations of silica in the leach solution. To get mixers to operate in organic-continuous mode is
challenging in the presence of high silica in aqueous phase. One way to keep mixers running
consistently in organic-continuous mode without reducing aqueous flows (and thus production
targets) is by increasing O/ A ratios. Ideally, the mixer O/A ratio can be increased by recycling the
required amount of organic. If the SX plant does not have organic recycles, mixer O/ A ratios can be
increased only by increasing the flow of the organic phase. This will make all stages of the SX plant
run smoothly in organic continuity, even in the presence of high silica in the leach solution, but
increasing the organic flow beyond the design limit may contribute to higher transfer of impurities
from the leach solution into the electrolyte.
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