Glossary of Terms

DCS

Distributed Control System

ECT

Evaporative Cooling Tower

ESF

Electric Slag Furnace

ESP

Electrostatic Precipitator

WHB

Waste Heat Boiler

ID Fan

Induced Draft Fan 

First Flush
First 10mm of rainfall on site captured in a system of dedicated collection pits

WWTP

Waste Water Treatment Plant 

PLANT AND PROCESS DESCRIPTION

The PKC process consists of five key process areas:

· Concentrate Receival and Handling

· Primary Smelting Furnaces

· Secondary Smelting Furnaces

· Acid Plant

· Refinery

· Waste Water Treatment Plant

A summary of the process is described in the sections below.  Process flowsheets are presented in Appendix ???.

Concentrate Receival and Handling 

Domestic bulk concentrates are transported to the site in sealed containers and delivered to the concentrate receival area.  Imported bulk concentrates arrive at the Port Kembla Port by ship, are unloaded and then transferred to site by covered tip trucks. Both imported and domestic concentrates can be received simultaneously.

The concentrates are stored in the Bulk Concentrate Store which is designed to hold approximately 30,000 tonnes of concentrate.

Concentrate trucks enter PKC via the Darcy Road entrance.  The trucks travel via a sealed road to the concentrate receival area where they reverse into position so that they can unload into the domestic or imported concentrate receival hopper.  To minimise the potential for dust generation during the discharge process, each of the hoppers is ventilated by the Bulk Concentrate Store Baghouse.

Each load of concentrate discharged into the hoppers is weighed using load cells located under the receival hoppers. 

Each truck load of concentrates is sampled using the automatic sampling system which collects a sample using a series of spears.  The sample is then processed in the adjacent sample room to determine concentrate moisture content and provide a sample for analysis. Following the completion of sampling, the concentrate transfer conveyors are automatically initiated, and the concentrates are delivered to one or more preselected bays in the Bulk Concentrate Store.

The Bulk Concentrate Store is divided into domestic and imported concentrate storage areas.  These areas are in turn divided into small bays allowing for the segregation of concentrates with variable compositions. The domestic concentrate storage area comprises of 10 bays and the imported concentrates storage area 4 larger bays.  Concentrates are delivered to the bays using a tripper conveyor positioned above each concentrate storage area.

Concentrates are then transferred to the Blending Shed during dayshift hours, on a 7 day per week basis. The smelter provides a daily blending schedule to the loader technician at the Bulk Concentrate Store.  This determines the mix of concentrates to be loaded and transferred by covered conveyor to the Blending Shed.

In the Blending Shed bays, different types of concentrates are mixed in proportion by stacking in layers. In contrast, the imported concentrate bay is simply stacked with a single type of concentrate. 

Any other recycle material such as fume or dust (Main Baghouse and spillage) are blended in with the concentrates being fed to the Noranda feed bins to produce a “mix” with the required chemical properties.  This mix is then transferred to the Day Bins for use in the smelter.  Flux, coal and reverts are also transferred from the flux storage area to the Day Bins.

Primary Smelting Furnaces

Noranda Furnace

The Noranda Furnace is the primary smelting vessel, with concentrates, recycled materials, coal and sand added to the furnace.  Two materials are produced in the furnace, matte and slag.  Matte is a copper/sulphur material with a copper concentration of approximately 70%.  The other major elements in matte are 20% S and 5% Fe.  Slag is a high iron/silica material that is separated from the matte and removes the majority of the iron that was present in the initial concentrate.

Matte from the Noranda Furnace is transferred to the Mitsubishi Furnace via a matte tunnel and Holding Furnace.  Slag is continuously tapped from the Noranda Furnace to the Electric Slag Furnace (ESF). The main function of the ESF is to recover copper from the Noranda Furnace slag in the form of matte.  This matte is returned to the circuit while the slag is water granulated and is either reused or disposed of to landfill.

The basic operating philosophy associated with the metallurgical control of the Noranda Furnace relies on achieving stable furnace operation (heat balance & production rate) by maintaining a consistent feed mix at a fixed blowing rate with near constant bath levels. The feed rate to the Noranda Furnace is used to control matte grade via O2/Concentrate ratio.  The typical enrichment factor for the gas into the Noranda Furnace is approximately 43% O2.

Silica is added to the bath to control the slag chemistry.  The addition rate is determined from slag assays, with the target Fe/SiO2 ratio detailed below:

Target :  1.45 Fe/SiO2
Range :  1.40 – 1.50 Fe/SiO2 (ie: ±0.05)

The target matte grade during normal operation is 70% Cu.

The bath temperature is maintained between 1230 to 1250(C and is controlled by adjusting the O2% in the process air, adding more coal or raising the firing rate of the gas burners.  

Slag is tapped from the Noranda Furnace on a continuous basis via a water cooled taphole and water cooled copper launder system. 

Matte is tapped periodically from the Noranda Furnace (approximately once every hour) into a ladle positioned within a ventilated tunnel.  The matte handling system is used to minimise the overhead crane movement of molten matte and provide a sealed, ventilated system to capture fume from the matte ladles.

Offgases pass from the Noranda Furnace to a Waste Heat Boiler (WHB), to reduce gas temperature and recover heat.  The gas then passes through a Evaporative Cooling Tower (ECT) to further reduce the gas temperature before passing through an Electrostatic Mist Precipitator (ESP).  The ESP removes dust from the gas stream before it passes to the Acid Plant gas cleaning circuit.  Dust collected from the WHB and ECT is recycled through the process.

Electric Slag Furnace

The main function of the ESF is to recover copper from the Noranda Furnace slag. This is achieved by decreasing the viscosity of the slag by both reducing the magnetite present with carbon (from the electrodes and coke charge) and raising the slag temperature.  Due to the difference in specific gravity between matte and slag, matte particles settle to the bottom.

During normal operation slag is continuously received from the Noranda furnace and is continuously discharged from the ESF. As the slag is discharged from the ESF, it is granulated and transferred to a storage bin. Matte is tapped into ladles for transport to the Holding Furnace via the matte tunnel at approximately 8 hour intervals.

ESF temperature is maintained between 1280- 1300(C by adjusting the power to the three self baking carbon electrodes.

Offgases are drafted via a brick lined off-take flue to ensure that any carbon monoxide present in the offgas is completely combusted through to carbon dioxide.  The gas from this furnace passes to the ESF Baghouse and is then discharged via the Main Stack.

Secondary Smelting Furnaces

The layout of the Holding and MI-C Furnaces has been designed to allow for gravity transfer of both matte from the Holding Furnace and blister copper from the MI-C furnace via enclosed launders. This has eliminated the need to transfer matte and blister by launders thereby greatly reducing fugitive emissions.  The MIC process is totally enclosed, with all process gas being directed to the Acid Plant.

Holding Furnace

Matte, tapped approximately every hour from the Noranda Furnace, is transferred to the Holding Furnace in 6.3 m3 ladles via a dual matte ladle transfer car. The ladles containing approximately 27 tonnes of matte are picked up by a dedicated 60 tonne capacity overhead crane and charged to the Holding Furnace.  The matte ladle transfer system and Holding Furnace are fully enclosed inside a ventilated tunnel. 

The Holding Furnace has a maximum matte storage capacity of 100 tonnes. Under normal operation the furnace capacity is between 25-75 tonnes.

The Holding Furnace matte bath is maintained at a target bath temperature of 1250oC using a natural gas fired end wall burner.

The HF pouring rate is controlled automatically by the DCS following the switch over from manual control (matte charging completed). 

The furnace process gas passes through an afterburning chamber to complete the combustion of any unburnt gases and reduce the level of CO in the process gas.

The furnace process off-gas is passed through the main baghouse for gas cleaning and then vented through the main stack.

The furnace is also fully covered by a ventilated gas enclosure which captures fugitive emissions that may generate during the matte charging cycles. 

MIC Furnace

The Mitsubishi Converting furnace (MI-C furnace) processes copper matte, containing approximately 70% Cu, 20% S and 5% Fe, to produce blister copper through an oxidisation process.

Oxygen enriched air, limestone flux and returned MI-C slag are injected into the bath, via feed lances to provide the oxidation, fluxing and cooling control of the furnace. 

In addition other recycle materials, such as spent anodes and screened matte reverts are continually charged to the furnace through dedicated charge systems to take advantage of the excess heat available from the oxidation reaction.

Converting slag (or MI-C Slag) continuously overflows from the furnace and is granulated with water and recycled dry to the MI-C furnace or wet to the Noranda furnace. Blister copper is continuously siphoned off and laundered to one of 2 Anode Furnaces for further refining.

Control of the bath temperature is essential in ensuring optimal slag fluidity, minimising refractory wear and prolonging furnace campaign life.  The target operating temperature for the MI-C furnace slag is set at 1230oC.

Slag temperature control is extremely important for good steady operation.  Low bath temperatures increase the bath viscosity and lower the oxygen efficiency, which can lead to blockages in launders. Low temperature may also trap SO2  and CO2  bubbles in the bath and cause the bath to foam.

Controlling the blister melt temperature is also another critical parameter for reduced refractory wear and melt fluidity. The blister copper temperature is automatically measured every 15 minutes. The target operating blister temperature is between 1210 0C to 1230 0C.

During normal operations return spent anode and C slag is charged to absorb the excess heat generated by the matte oxidation. 

The C slag is ferrite based (CaO - Fe3O4  - Cu2O) and its composition is controlled by adjusting the CaO content.  During normal operations the composition of the C-slag is adjusted to keep the Fe/CaO slag ratio constant. 

The copper content in the MI-C slag is exponentially related to the oxygen potential in the furnace and the sulphur content in the blister copper. For efficient operation of the anode furnace oxidation cycle the target S% in blister is 0.7%. 

Silica (SiO2 ) is an impurity which has the most impact on the C furnace operation. If the SiO2 level exceeds 2% in the slag, then the slag viscosity will increase and foaming of the slag is possible.

The spent anode production rate from the Refinery is approximately 80 tpd from Monday to Friday on day and afternoon shifts.  Anode scrap pieces are loaded via the spent anode system on the MIC.

Granulated slag is picked up by a bucket elevator from a slag pit and dropped onto a vibrating screen to separate the oversize and undersized slag. Oversize slag drops into a container and is taken back to the Noranda reverts bunker for recycling to the Noranda furnace.

The screened undersized slag is transferred by a conveyor to a slag storage hopper with a storage capacity of 10 m3 or approximately 15 tonnes of slag. MI-C granulated slag can be recycled to either the MI-C or Noranda furnaces. Dry slag can be recycled to the MI-C furnace for temperature control.  

There are 5 feed lances on the MI-C Furnace. The lance system is fed by two different systems:

High pressure oxygen enriched compressed air for furnace blowing through the larger diameter outer lances

High pressure (400 kPa) pneumatic air feed system feeding limestone flux and dry MI-C slag through a smaller diameter inner lance.

The solid charge and oxygen enriched air are then mixed and fed into the melt directly via consumable stainless steel lances. 

The design blowing volume through the 5 lances is as follows: 

Process Air

13,317 Nm3/hr

Oxygen


  2,781 Nm3/hr

Oxygen enrichment
    37.5 %

The lances must always rotate to prevent them from being stuck to the roof of the furnace from accretion splash.

The blowing volume and oxygen enrichment is controlled by the DCS to maintain set values to achieve the production rate.

MI-C slag overflows from the C slag outlet and blister from an underflow through the blister siphon.  

The blister flowing out of the blister siphon is laundered by a single refractory lined launder to a receiving diverting tundish. The receiving tundish is designed to allow clay diversion dams to be installed to direct the blister to one of 2 anode furnaces for further refining.

The blister launder transfer system is fired by gas burners fitted with removable inspection covers to allow clearing of any blockages that may arise. The discharge launder sections to each anode furnace consist of water cooled copper jackets to withstand the intense heat arising from the anode furnace mouth.

Control of the furnace shell and refractory temperature is critical to ensure that the furnace integrity is maintained.   The shell is cooled through the use of water cooled copper blocks, the heart with an air system.

Furnace gases exit via an uptake and into a Waste Heat Boiler (WHB) at 1200o C to 1300o C.  The gases then pass through an Evaporative Cooling Tower and Electrostatic Precipitator before reporting to the acid plant for SO2  removal.

During normal operation of the furnace the process off-gas contain up to 25% SO2 gas concentration. The WHB cools the process gas to 650o C. The gas is then further cooled to 380O C in the ECT where water (towns or process) and atomising air are injected into the gas stream through a system of spray lances.

The gas is then passed to the ESP for further dust removal and finally to the acid plant.  An acid plant bypass damper allows for gases to be bypassed  during MI-C furnace outages.

Anode Production

The Anode Production area consists of a blister launder delivery system, 2 Anode Furnaces each of 4.2 m internal diameter and 12 m length, anode copper launder system and casting wheel.

Unrefined blister copper (98% Cu content) from the MI-C furnace is charged into the Anode Furnaces via the launders.  The blister copper produced in the MI-C furnace contains up to 0.7% sulphur and 0.2% oxygen.  If copper containing sulphur and oxygen of these levels were to be cast, bubbles of SO2 gas would form in the solid copper causing blisters or cavities.  This would weaken the anode and create an uneven surface.  Both these properties are detrimental to tankhouse operations.

Sulphur and oxygen are removed from blister copper by fire refining in order to produce strong and smooth anodes.  Fire refining is carried out using both air and oxygen for sulphur removal and natural gas for the removal of the excess oxygen.  The air/oxygen and natural gas are injected through the tuyeres directly into the molten bath for the oxidation and reduction stages respectively.  A natural gas or diesel burner is used to maintain the bath temperature between 1200oC – 1220oC.

At the conclusion of the reduction stage, the oxygen level in the molten copper has been reduced to between 0.07 to 0.1% and the sulphur level will be around 0.001 %.  Anode copper is then cast into anode shapes

Anode copper is cast, at a temperature of approximately 1180-1190 oC, at the casting point into solid anodes of uniform shape and thickness.  The weight of the anode is preset to suit the refinery requirements and is usually between 320-360 kg.

The positioning and layout of the anode furnaces and casting wheel has been designed to provide for the gravity transfer of blister from the MI-C furnace to the anode furnaces via launders thereby eliminating the need to transfer molten materials by ladle.

The refined copper is poured from the anode furnace down a launder system to the casting wheel.  The wheel rotates automatically and contains 24 moulds.  The target weight for the anodes is set by the refinery and is within the range of 320 to 360 kg per anode.

During every third or fourth anode cycle, slag is skimmed from the surface of the molten bath into a pre-heated, refractory-lined ladle.  The slag is allowed to cool sufficiently for a crust to form on the surface.  Once the slag is frozen, liquid copper lying underneath the slag is charged back into the furnace.

A fixed hood located above the blister charging ports of each furnace collects process off-gases from the furnaces during charging, holding and reduction stages of the anode cycle.  The off-gas is directed to an Evaporative Cooling Tower (ECT) where it is cooled to 400(C by water sprays.  The gas is then ducted to the baghouse for cleaning, before being vented to atmosphere via the main 200m stack. 

During the oxidation stage, furnace off-gases (containing about 2-3% SO2) are directed to the acid plant for treatment.  Before the gas is directed to the acid plant, permission is gained from the acid plant to switch the gas flow from the baghouse to the acid plant.  Similarly at the end of oxidation, permission is sought before switching the gas flow back to the baghouse. 

The process gases generated during the reduction stage are only partially combusted resulting in the production of carbon monoxide (CO).  Combustion is completed by mixing the process gas with ingress air from around the launders in the off-gas ducts.  This afterburning reduces the level of CO and generates heat.  The ducts leading to the ECT are lined with castable refractory to cater for the high temperatures caused by afterburning.

Acid Plant

The Acid Plant treats all process gases containing SO2 from the copper smelting plant, including the Noranda Furnace, MIC Furnace and Anode Furnaces (during the oxidation cycle). The Acid Plant operation is optimised to produce high quality sulphuric acid, while minimising SO2 emissions from the Acid Plant stack to prevent environmental incidents.

The Acid Plant area includes the following processes:

· Gas Cleaning and Cooling

· Primary Conversion

· Primary Absorption

· Final Conversion

· Final Absorption

· Product Acid Storage and Export

Gas Cleaning & Cooling

Offgases from the Noranda and ESP furnaces are cleaned in separate Electrostatic Precipitators (ESP) to remove dust and fume, before passing to the Quench Tower, which is the first stage in the gas cleaning section of the acid plant. Anode furnace offgases from the oxidation cycle are mixed with the MIC ESP offgases prior to transfer to the Quench Tower.

In the Quench Tower the combined gases are cooled adiabatically by a recirculating weak acid solution. In passing through the tower the gas is cooled from 360(C to approximately 71(C by the evaporation of water from the circulating weak acid, and residual dust and SO3 content is reduced by the scrubbing action of the falling liquor stream.  To prevent the build-up of these contaminants in the liquor stream a bleed of weak acid is taken from the circulating stream for treatment in the Waste Water Treatment Plant (WWTP).

The gases are then scrubbed with a recirculating weak acid solution in the fixed throat Gas Venturi to maximise the removal of particulates and SO3 from the gas stream.

The gases are then further cooled to approximately 39(C in the Cooling Tower by contact with a circulating weak acid solution sprayed onto the packing.  Energy is removed from the circulating weak acid solution via seawater cooled plate heat exchangers.

Mist and fine dust particulates are then removed in the Mist Precipitators.  The Mist Precipitators operate on the principle of electrically charging the mist and dust particles, which then collect on the positively charged collecting electrodes. The acid mist, including any impurities precipitated, flow down the walls of the collecting electrodes and flow out through the casing drain to the Quench Tower circuit. Gases leaving the Mist Precipitators are saturated with water vapour.

Safety Suction Seals are installed at the outlet of the Mist Precipitators to protect the units from excessive vacuum generated by the SO2 Gas Blower in the event of an upstream blockage or accidental isolation.

The clean gas, which is saturated with water vapour, is dried by contact with a circulating 96% sulphuric acid  in the Drying Tower.  The dried gas then pass from the packed section of the tower through the Drying Tower Mist Eliminator where any acid droplets entrained in the gas stream are removed.

The optimum strength of acid in the drying circuit is maintained by importing a cross-bleed of stronger acid from the 1st absorbing acid circuit under the control of the drying acid strength analyser. The net effect of the cross-bleeds of dilute and strong acids is to transfer water from the drying to the absorbing circuit.  The water transferred to the absorbing circuit reacts with sulphur trioxide (SO3) under the controlled conditions to form the sulphuric acid product.

The dried, mist-free gas from the outlet of the Drying Tower then passes to the suction side of the SO2 Gas Blower, which provides the necessary increase in pressure to force the gas through the remainder of the plant.  Control of flow/pressure is by means of the inlet guide vanes, which are adjusted by the Acid Control Technician from the DCS to maintain the gas pressure at the Quench Tower inlet at approximately atmospheric pressure. 

Primary Conversion

Gas from the SO2 Gas Blower is split into two streams for conversion, with approximately 42% of the gas passing to the Primary Converter #1 and 58% of gas passing to the Primary Converter #2 under maximum design flow conditions.

The sulphur dioxide gas passing to the Primary Converters then reacts with oxygen in the presence of the vanadium pentoxide catalyst to form sulphur trioxide as follows:

SO2 (g) + ½ O2 (g) ( SO3 (g)

The chemical reaction is exothermic and Primary Converter #1 uses a series of heat exchangers to reduce the temperature of the gas between each of the passes, ensuring optimum temperatures are maintained at all times. Primary Converter #2 employs the Hitachi-Zosen unsteady state SO2 oxidation process to control the temperature of the gas stream at the optimum temperature.  This process requires the direction in which the gas passes through the catalyst beds to be reversed periodically to maintain the required operating temperatures within the gas path.

Primary Absorption

The SO3 bearing gases from the Primary Converters are then treated in the primary absorption tower, where the SO3 present is absorbed in a strong sulphuric acid solution. After removal of the SO3 the gases pass from the packed section of the tower through a Mist Eliminator where any acid droplets or mist entrained in the gas stream are removed. The gas leaving the 1st Absorption Tower is then treated in the Final Converter.

To ensure optimum absorption of SO3 into sulphuric acid the temperature within the tower is maintained at 80(C.

Final Conversion

The gas from 1st Absorption Tower, containing residual sulphur dioxide enters the Final Converter.  The unsteady state SO2 oxidation process is also applied in the Final Converter.

A by-pass duct between the Primary Converter #2 and the inlet to the Final Converter maintains a minimum SO2 concentration in the gas fed to the Final Converter. The gas flow rate through by-pass duct is controlled automatically by the DCS monitoring the temperature at the inlet of the second catalyst bed.

Final Absorption

SO3 in the gas from the Final Converter is absorbed in strong sulphuric acid.  Residual SO2 and other gases that are not absorbed in the strong acid pass from the 2nd Absorption Tower through a duct to the 100m Acid Plant Stack and are exhausted to atmosphere.

The level in the 2AT Acid Tank increases with the absorption of SO3 in the circulating acid and by the acid bleed from 1st Absorption Tower acid circulation circuit.  In order to maintain the correct level, a bleed of product acid is taken from the discharge of the 2AT Acid Pump and is sent to storage via the Product Acid Cooler.

The product acid stream taken off the 2nd Absorption Tower acid circuit is cooled to 35(C as it passes through the Product Acid Cooler. It is then transferred to the Product Acid Tank (TA208), which has 1600t storage capacity.

Sulphuric acid is pumped from the Product Acid Tank, on a daily basis, into larger storage tanks owned by Incitec.

Seawater Cooling System

Seawater is a critical site service for use in various cooling applications. The acid plant is the major user of seawater for cooling of the weak acid, drying acid, absorbing acid and product acid streams. The SO2 Gas Blower Oil Cooler also employs seawater as the cooling medium.

Seawater enters the acid plant via Seawater Filters that remove any debris from the seawater that may cause fouling of the heat exchangers.

Copper Refinery

The Refinery operates a Tankhouse for the production of cathode grade copper, a Slimes Handling Plant, a Bismuth Plant and, as required, a Packaged Boiler.

Tankhouse

Commercial Cell Operation

There are 480 commercial cells in the Tankhouse. Each cell contains 52 cathodes and 53 anodes.  A current of approximately 27,000 A DC (max 33,000 A) is passed through each of the cells which are in electrical series.  The anodes, which form the positive electrode, are dissolved into the electrolyte, and the copper is plated out on the surface of SS cathode blanks, which form the negative electrode.  The impurities in the anode are either dissolved into the electrolyte and not plated, or form a solid which sinks to the bottom of the cell and is referred to as slimes.   

Copper anodes from are prepared for electrorefining using the Anode Preparation Machine (APM) which weighs the anodes and corrects their shape to enable them to be processed.  These anodes are then placed on the Anode Spacing Machine to prepare them for collection by the cranes and placement in the cells.

New anodes are loaded into cells every 21 days.  At that time, the remains of the previous anodes, the spent anode is removed from the cell and returned to the Smelter for remelting and recycling.  Over the period of three weeks, three crops of cathodes are harvested.

Electrolyte allows the current to flow between the anodes and the cathodes.  The typical composition of electrolyte is detailed in below.

Composition of commercial electrolyte
	Component
	Concentration (g/L)

	Cu
	45 ( 2

	H2SO4
	180 ( 5

	Ni
	20
max

	As
	10
max

	Bi
	0.20
max

	Sb
	0.18
max


Heat exchangers operate in the Tankhouse to maintain the electrolyte temperature.  Steam for the heat exchangers is supplied from the Smelter’s two Waste Heat Boilers (WHB).  When required the cells are covered with individual plastic sheets to minimise evaporation and heat loss.

The SS cathode blanks which have had copper plated on them for seven days are transferred to Cathode Stripping Machine (CSM) by crane.  The crane places the 52 cathodes in the CSM receiving conveyor.  The CSM then washes the cathodes, strips the copper sheets off the SS blanks, bundles the copper sheets, weighs, samples, labels and straps the final product.

The bundles of cathodes are stored on a walking beam discharge conveyor and then picked up by the cathode forklift.

SS blanks have PVC plastic edge protectors on both vertical edges.  Wax is coated on vertical and bottom edges to prevent copper being deposited in these areas.

Anodes that have been in the cell for 21 days are at the end of their useful life, with only approximately 15% of their original weight remaining.  Once the cathodes have been removed from the cell, the 52 spent anodes are transferred from the cell to the Scrap Washing Machine by the crane.  The spent anodes are washed with hot water to remove slimes and entrained electrolyte.  The cathode forklift is used to transport the spent anodes to either the MIC Furnace in the Smelter or to storage racks in the Auxiliary Building for later use.

The insoluble material from the dissolved anode collects in the bottom of the cell.  This material is known as slimes and contains approximately 5% silver and 1% gold.  After the Spent anodes are removed from cell, it is drained of electrolyte so that it can be washed out.  

The slimes slurry flows under gravity to the slimes sumps located along the centre line of the Tankhouse cellar.   From these sumps the slimes are pumped to the slimes thickener feed tank and then the slimes thickener.

Liberator Cell operation

Approximately 1‑1.5% of the copper in the anode is present as copper oxide.  Half this copper forms metallic copper in the slimes and the other half dissolves into the electrolyte, but is not plated out on the cathode.  The major reaction that causes this is:

Cu2O + H2SO4 = Cu + Cu2+ + SO42- + H2O

To control this build up of copper and impurities in electrolyte, electrowinning cells, known as liberators, are used.

There are three types of liberator cells in the Tankhouse:

· primary liberators (4 cells) for removing copper as pure electrowon copper cathode

· secondary liberators (12 cells) for removing copper and impurities as impure cathode

· tertiary liberators (18 cells) for removing impurities and the remaining copper as a sludge

Slimes handling plant

The slimes that are washed from the commercial cells in the Tankhouse are stored temporarily in a 150 m3 thickener feed tank.  This tank provides surge capacity and allows the solution to be pumped to the high rate thickener at a constant rate.

The thickened slimes slurry is pumped to a plate and frame filter.  The slurry is filtered to recover the slimes which are drummed for sale.

The electrolyte that overflows from the thickener is filtered to remove any entrained slimes and is returned to the electrolyte circuit.

Bismuth Plant

The concentrates treated at PKC contain a number of impurities that eventually find their way into the electrolyte via the anodes.  Some of these impurities, such as nickel, do not cause any quality concerns at levels up to 15‑20 g/L.  In comparison, bismuth becomes a concern at levels greater than 0.2 g/L and must be removed to maintain electrolyte, and hence, cathode quality.

Bismuth is removed from the circuit using Molecular Recognition Technology (MRT) which forms the basis of the Bismuth Plant.  This technology is based around two columns filled with a proprietary gel which has an affinity for bismuth.  Bismuth is removed from the electrolyte by pumping it through the gel and a pure bismuth sulphate product is stripped from the gel at a later stage using concentrated sulphuric acid.  The bismuth sulphate is then packaged in drums for sale.

Water Treatment Plant

The WWTP is designed to treat all of the process waste water arising on site as well as “first flush” stormwater (the first 10mm of rainfall) which is captured in a number of collection pits. The plant has been designed to produce an effluent that meets the EPA Licence requirements and is suitable for recycle as process water.

The WWTP includes the following processes:

(
Acid Waste Collection & Clarification

(
Gypsum Removal

(
Stormwater Collection 

(
Heavy Metals Precipitation

(
Sludge Dewatering

(
Softening & Process Water Recycle

(
Reagent Storage & Preparation

Acid Waste Collection & Clarification

Weak acid waste is collected in the 260m3 Acid Waste Storage Tank prior to treatment in the gypsum precipitation process. As the input flows will fluctuate, the Acid Waste Storage Tank is used as a buffer, to enable weak acid waste to be treated at a fixed flowrate (19 – 21m3/h).

Acid waste is pumped to the Clarifier where suspended solids are removed from the waste. A liquid polymer solution is added to the waste stream at the inlet of the Clarifier to assist in the settling process. The removal of suspended solids is necessary to ensure production of high quality gypsum in the gypsum precipitation stage. 

Underflow from the Clarifier is pumped to a portable tank, for subsequent transferral and treatment in the Heavy Metals Precipitation process. Clear liquor overflows from the Clarifier into the Clarifier Effluent Tank, and is then pumped to the Gypsum Formation Tanks.

Gypsum Removal

The Gypsum Formation Tanks consist of a series of three agitated tanks connected by overflow launders. Acid waste is adjusted to pH 2 by the addition of limestone slurry.  The chemical reaction that takes place during this process stage is as follows:

H2SO4 (aq) + CaCO3 (s) + H2O (l) ( CaSO4.2H2O (s) + CO2 (g)
The gypsum slurry overflows from the final Gypsum Formation Tank to the first of two Gypsum Ripening Tanks connected in series where the gypsum particles grow in size.  The gypsum slurry is then transferred by overflow launder to No.1 Thickener, where the solids settle from the slurry.  A liquid polymer solution is added to the feed launder at the inlet of the thickener to assist in the settling process. 

The underflow from No.1 Thickener is transferred to the Gypsum Slurry Tank.  A proportion of the gypsum slurry is recycled to the first and second Gypsum Formation Tanks to act as seed crystal material. The overflow from the No.1 Thickener is treated in the heavy metals precipitation stage.

Gypsum slurry is dewatered using two Centrifuges operating in parallel. The centrifuge batch operation includes two process stages – dewatering followed by washing with process water. The washing stage has been included to remove dissolved heavy metals present in the moisture retained with the cake.

After washing, the discharged cake is stored at the Gypsum Cake Bunker prior to sale.  Centrate (liquor and wash water) from the Centrifuge drains under gravity to the Waste Water Collecting Pit for subsequent treatment in the heavy metals precipitation process.

Stormwater & Groundwater Collection

The first 10mm of rainfall on site is collected in four pits, which capture runoff from different areas of the plant:

(
100m3 Storm Water Pit (West Pit) serving the Blending Shed area

(
225m3 Storm Water Pit (North Pit) serving the Darcy Rd area

(
350m3 Storm Water Pit (South Pit) serving the Smelter area

(
1250m3 Storm Water Pit (Main Pit) serving the eastern part of the plant

The total volume (1925m3) is then treated over the following three days at an average rate of 27m3/h. Stormwater is initially transferred to the 100m3 Waste Water Collecting Pit for subsequent treatment in the heavy metals precipitation process. The duty Storm Water Feed Pumps operate automatically, based on the pit levels, to empty the Storm Water Pit without exceeding a high level in the Waste Water Collecting Pit. 

The groundwater adjacent to the Refinery has been contaminated with copper and other heavy metals as a result of previous activities on the site.  The remediation process involves extracting groundwater from a series of 12 boreholes for treatment in the WWTP. Groundwater is continuously transferred to the Waste Water Collecting Pit by dedicated pneumatic piston pumps for subsequent treatment in the heavy metals precipitation process. The remediation philosophy involves treating water from the most heavily contaminated wells until a total volume of 12,500m3 has been processed or remediation criteria satisfied.

Heavy Metals Precipitation

Process waste water containing heavy metals, groundwater and stormwater is collected in the Waste Water Collection Pit. 

The waste water is then pumped to the first neutralisation tank, where the pH is adjusted to 9 by the addition of milk of lime solution (10 wt%).  Heavy metals in the solution are precipitated as metal hydroxides as follows: 

M2+ (aq) + 2(OH)- (aq)  ( M(OH)2 (s)
Where M = Cu, Zn, Fe2+, Cd etc.

The neutralised slurry is then transferred to the second neutralisation tank, where the pH is raised to <10 by further addition of milk of lime solution. Ferric sulphate solution is also added in this stage to promote the co-precipitation of arsenic and selenium. The ferric sulphate is added at a rate proportional to the total waste water flow to achieve a targeted Fe/(As+Se) ratio of greater than 5. 

The slurry is then transferred to No.2 Thickener, where the solids are separated from the slurry. A 1% liquid polymer solution is added to the feed launder at the inlet of the thickener to assist in the settling process.

A proportion of the underflow is recycled to the first neutralisation tank to act as seed crystal material. The balance of the underflow is pumped to No.2 Thickener Slurry Tank prior to filtering with the Water Treatment Sludge Filter.  Filtrate and washing water from the Water Treatment Sludge Filter are returned to the No.2 Thickener feed well.

The overflow from No.2 Thickener is either treated by softening for reuse as process water or diverted to the Process Water Release Pit for final pH adjustment prior to discharge to the main drain. The flow to the softening process is locally adjusted to meet the demand for process water. The pH in the Process Water Release Pit is controlled to 7 by the addition of a small quantity of sulphuric acid. If the pH is outside the range 6.5 – 8.5 the plant is shut down to rectify the problem.

The final effluent discharged to the main drain, before dilution, must comply with the Schedule 2 quality limits set by DUAP which are shown below.  A daily composite sample of effluent discharged is collected for analysis.

WWTP Limits

	Parameter


	90 percent limit
(mg/l)
	100 percent limit
(mg/l)

	Lead
	0.5
	1.0

	Copper
	10
	10

	Zinc
	50
	50

	Arsenic
	0.5
	1.0

	Cadmium
	0.1
	0.5

	Selenium
	0.1
	TBA

	Hexavalent Chromium
	0.5
	1.0

	Grease & Oil
	-
	10

	pH
	-
	 < 6.5, > 8.5


The underflow from the No.2 Thickener is pumped to No.2 Thickener Slurry Tank, which provides buffer capacity prior to dewatering. The slurry is initially conditioned with the addition of a liquid polymer solution in the Chemical Reactor. The conditioned sludge is then fed to the Water Treatment Sludge Filter where the sludge is dewatered and washed under a vacuum.

As the sludge dewatering equipment is located inside the bulk concentrate storage building the filter cake is discharged into a designated area and handled using the front end loader in the building.  This design has been adopted to permit rapid recycling of sludge to the Noranda Furnace by blending with concentrates. 

Process water is prepared by softening a proportion of the overflow from the No.2 Thickener. The quantity to be softened is manually controlled to meet the process water demand, with soda ash added during the transfer to the Chemical Dosing Pit prior to overflow to the Softening Pit.  In the Softening Pit, soluble calcium sulphate is precipitated as calcium carbonate sediment. The softening reaction takes place as follows:

CaSO4 (aq) + Na2CO3 (s) ( CaCO3 (s) + Na2SO4 (aq)
The treated water is then transferred to the Settling Water Pond, where the sediment settles and is collected. The calcium carbonate sediment is pumped to the Limestone Mill, while the clear water overflows to the Process Water Storage Pit. The pH of the process water is adjusted to 7 by the addition of sulphuric acid for recycle via the Process Water Feed Pump. Any excess process water overflows to the Process Water Release Pit prior to discharge to the main drain.
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