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 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 ALTA 2010 NiALTA 2010 Ni––CoCo––Cu ConferenceCu Conference
 METHODS OF MANAGING MANGANESE METHODS OF MANAGING MANGANESE EFFECTS ON COPPPER SXEFFECTS ON COPPPER SX--EW PLANTSEW PLANTS
 GRAEME MILLERGRAEME MILLER
 Miller Metallurgical ServicesMiller Metallurgical Services
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Managing Mn Effects in Cu SXManaging Mn Effects in Cu SX
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 INTRODUCTIONINTRODUCTION
 • Little literature up to 1994
 • Miller paper of 1995 – wide coverage of causes and effects
 • CSIRO - P706 project extensive literature survey since then
 • MMS involved in 17 Mn affected SX plants in the last 15 years.
 Pretty catastrophic effects on both SX & EW operations.
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 What HappensWhat Happens
 • Major transfer of Mn ions to electrolyte
 • Generally as a result of floating crud production via polymerisable silica in PLS
 • Can also be poor entrainment control in E1 – operating in organic continuity due to solids in PLS
 • Oxidizing conditions in EW creates Mn4+
 and Mn7+
 • Mn7+ oxidizes the SX organic => polar surface active products.
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 What Happens Next What Happens Next -- SXSX
 • Surface active polar organic gather at the emulsion interface
 – Prevent mass transfer => recovery @ 50%
 – Reduce reagent capacity to transfer copper
 – Hinder phase separation => capacity @ 50%
 – Create a lot more floating crud from stable emulsions
 – Organic difficult to remove from electrolyte
 The SX plant ends up with about 25% of copper transfer capacity
 On a “good” day
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 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 What Happens Next What Happens Next -- EWEW
 • Mn4+ precipitates on anodes =>
 – partial passivation
 – MnO2 precipitates => crud in SX strip stage
 • Direct attack on anodes, changes Pb corrosion product to PbO => floats around and gets in the product
 • Faster reaction rate of Cl- conversion to Cl2
 • Organic “burn” from poor removal
 Major reduction in current efficiency and poor quality product.
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Chloride OxidationChloride Oxidation
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Chloride OxidationChloride Oxidation
 • Header bar corrosion from chlorine gas
 • High contact resistance and higher EW DC voltage.
 • Re-dissolution as chloride acids and attack on 316 SS cathodes
 • Need to surface buff cathodes almost each strip cycle
 • Increased OH&S risk to operators
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Control MeasuresControl Measures
 • Reduce the transfer of Mn to the electrolyte
 • Provide Chemical inhibition of Mn oxidation
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Reduce Mn Transfer Reduce Mn Transfer
 • Recovery of SX organic properties
 – Clay treatment; clay treatment and more clay treatment
 • Promote coalescence of aqueous from organic
 – In settler
 – Loaded organic
 • Washing / scrubbing organic
 • Manage the silica issue causing floating crud
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 In In ––Settler CoalescingSettler Coalescing
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 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Loaded Organic CoalescingLoaded Organic Coalescing
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Washing / ScrubbingWashing / Scrubbing
 • Uses slightly acidified water to wash / replace the entrained PLS in organic before stripping
 • Reduced Mn but can also reduce Fe with acid stripping from the reagent
 • Scrub solution chemistry in important control parameter for Fe:Mn management
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Manage the SilicaManage the Silica
 • Run all stage organic continuous –eliminates floating crud
 • Treat the high PLS entrainment in loaded organic – coalescing systems
 • Keep crud accumulation to a minimum by daily / continuous removal and treatment
 • Keep up daily / continuous clay treatment
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Chemical Inhibition of Mn OxidationChemical Inhibition of Mn Oxidation
 • Have enough Fe in solution to suppress the Mn oxidation from the ferric-ferrous couple in the EW (anode & cathode pairs)
 • Has significant current efficiency issues.
 • Needs 10:1 Fe:Mn ratio to be effective
 • Needs >0.5 – 1.0 g/L Fe to be effective
 • Can bubble SO2 gas into electrolyte to reduce the Eh going back to SX (short term solution used to recover from major Mn attack)
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Chemical InhibitionChemical Inhibition
 • Need to change the Fe:Mn from PLS to 10:1 in electrolyte.
 • Can be done with combination of coalescing and washing
 – Minimise total entrainment
 – Wash the Mn out with the PLS
 – Retain the chemical bound Fe on the SX organic
 – Add Fe to the electrolyte
 • Ferrous sulphate
 • Iron scrap contact
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 PrePre--emptive Controlemptive Control
 • Previous approach was to react to the occurrence of an event.
 • Leads to major interruption to production and product quality – big OPEX costs.
 • More recently using all the tools in the kit bag to indentify risk and provide methods to manage the cause and effects.
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 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 PrePre--emptive Controlemptive Control
 • PLS analysis from test work and operations
 • Mass balance modelling of circuit chemistry
 • SX modelling of entrainment and mass transfer
 • SX modelling of wash/scrubbing
 • Continuous monitoring of PLS and electrolyte chemistry
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 PLS Analysis and ModellingPLS Analysis and Modelling
 Electrolyte Fe:Mn ratio Calculation Electrolyte Fe:Mn ratio Calculation
 [Cu] in PLS g/L 5.20 [Cu] in PLS g/L 5.20
 SX recovery 88% SX recovery 88%
 [Fe] in PLS g/L 6.80 long term [Fe] ex leach Delta [Fe] in PLS g/L 2.92 medium term [Fe]
 [Mn] in PLS g/L 2.94 long term [Mn] ex leach Delta [Mn] in PLS g/L 0.97 medium term [Mn]
 PLS
 entr'mt
 PLS
 entr'mt
 500 1000 1500 2000 500 1000 1500 2000
 200 17.9 10.1 7.5 6.2 200 50.3 26.6 18.8 14.8
 400 10.1 6.2 4.9 4.3 400 26.6 14.8 10.9 8.9
 600 7.5 4.9 4.0 3.6 600 18.8 10.9 8.3 7.0
 800 6.2 4.3 3.6 3.3 800 14.8 8.9 7.0 6.0
 1200 4.9 3.6 3.2 3.0 1200 10.9 7.0 5.6 5.0
 1600 4.3 3.3 3.0 2.8 1600 8.9 6.0 5.0 4.5
 SX selectivity SX selectivity
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Reagent SelectionReagent Selection
 • Cu:Fe selectivity is a key driver in changing the Fe:Mn from PLS to 10:1 in electrolyte
 • Not always good to have high selectivity
 • A driver for reagent selection
 • Needs to be integrated with circuit selection
 • Driver for both reagent suppliers to offer alternate formulation with variable Cu:Fe selectivity.
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Plant DesignPlant Design
 • SX plant hardware designed specifically for Mn management
 • Efficient settlers = minimum entrainment
 – Feed distribution
 – Picket fence design
 – Easy crud extraction
 – More effective use of settler area
 – In-settler coalescing – MMS, PIP etc
 • Loaded Organic Coalescing
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Plant Design Plant Design -- SettlersSettlers
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Plant Design SettlersPlant Design Settlers
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 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Wash / Scrub StageWash / Scrub Stage
 • Efficient Mn removal – mixer design
 • Retain Fe chemically on the organic
 • Low acid level in wash water < 5 g/L
 • High copper in wash water
 • Use electrolyte as wash make up
 • Best position in circuit?
 – Before loaded organic tank/coalescer
 – After loaded organic tank/coalescer
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Wash / Scrub StageWash / Scrub Stage
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 Silica ManagementSilica Management
 • Silica – operate in organic continuous
 – Needs entrainment management equipment
 – Organic coalescers
 – Wash stage(s)
 • Needs both aqueous and organic recycles in extraction stages – use either mixer continuity
 • Provide easy to use clay treatment
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Operating ParametersOperating Parameters
 • Circuit configuration affects Fe transfer
 – 2 extract + 2 strip => highest Cu:Fe select
 – 2 extract + 1 strip => med Cu:Fe
 – Series/Parallel + 1 strip => lowest Cu:Fe
 • Plant needs to be flexible to allow changes to be made (provide all possible nozzles)
 • Can add excess extractant to raise Fe chemical transfer
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Operating ExperienceOperating Experience
 Zambia & DRC operations
 • Have generally high Co in PLS
 • Transferred with Fe & Mn via entrainment
 • Have found that even extreme LOW Fe:Mn (2:1 in some cases) does NOT cause high eH and Mn oxidation
 Why Not???
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Effect of Cobalt on EW Volts (eH)Effect of Cobalt on EW Volts (eH)
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 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 Cobalt in EW (eH Control)Cobalt in EW (eH Control)
 • Co decreases the O2 evolution over-potential at the anode
 • Higher [Co] has greater suppression
 • Changes the anode reaction to production of PbO2 that generates a lower eH.
 • Can be used to control EW eH by excess addition of Co from the Co recovery plant
 • Co is not consumed just recycled in the circuit.
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 ConclusionsConclusions
 • A larger number of events in the last 20 years
 • Much more knowledge developed on the causes of the Mn oxidative attack on the Cu SX organic
 • Change in approach from reactive to pre-emptive in plant design and operations management
 • Many new tools available for both designers and plant managers.
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 ConclusionsConclusions
 • Establishment of hierarchy of control measures inc plant design
 • Confirmation of plant configuration selection
 • Better understanding of electrolyte chemistry and interactions from Cu, Co, Cl, Fe and Mn
 • Continuous monitoring PLS & electrolyte chemistry for Mn and effects.
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
 ConclusionsConclusions
 • Manganese will not go away.
 • Like taxes it will always be with us
 • It must be heeded in the plant design
 • It must be monitored in the plant operation
 • Early action must be taken to address adverse chemistry changes
 MILLER METALLURGICAL SERVICESMILLER METALLURGICAL SERVICES
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