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Who We Are

Mineral Engineering Technical Services

22 years in Mineral Processing

Global & Local Experience

Consulting

Studies

Détailed Design

Due Diligence, Ni, U, Pb -Zn, Au, Cu, Fe, Al

Laboratory Testwork
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Introduction

> Mineralogy

> CIP was a quantum leap in technology - now mature

> Gravity gold advances

> Leaching advances

> Stripping advances

> Electrowinning advances

> General discussion
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Gold Can Be Free Milling & Refractory
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> Ores which give poor recoveries when treated with conventional
methods

> Complex sulphide ores

> Causes of refractory ores

0 Fine gold in sulphides

Insoluble gold compounds

Coating on the gold
Preg-robbing gangue minerals

Cyanide and oxygen consumers

& o ox ox

Deleterious elements Cu, Sbh, As etc
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Mineralogy
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Gold Can Be Difficult & Complex

These are at ppm levels
Free milling oxide ores straight forward

MLA (Qemscan) may tell you if the gold is associated with say
pyrite or arsenopyrite

MLA will describe the minerals and liberation has a problem with
low levels of gold

Concentration of the sample assists optical assessment. SEM.
would be necessary to describe the gold in the mineral
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QEMSCAN Or MLA & SEM
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Samples

Geometallurgy

Drill core not RC chips
Sample all ore >10%
Include mine waste 10%?

>
>
>
>

Geology - recognise ore domains
Mineralogy

Processing

Economics

Risk management

Metallurgical mapping

vV V. V VvV V V
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Flowsheet Selection
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Flowsheet Selection

> Free milling gold ores - oxide & sulphide - gravity recovery
> Transition ores

> Complex ores - cyanide, oxygen consuming or preg robbing
> Refractory - slightly or highly - roast, bacterial, POX, UFG

> QOre variability, nature of the gangue

> Comminution circuits

> Gravity

> Flotation

> Leaching

> Adsorption

> Stripping
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Gravity Gold Recovery
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Advantages Of Gravity

> Faster cash flow > Reduced carbon loading
> Higher overall recovery > Reduced locked -up goldin
circuit

> Lower unit cost
> Reduced cyanide

> Reduced CIP feed grade consumption

-~ Improved leach kinetics > Environmentally -friendly

> The late Andre Laplante usedtheterm -0r ecovery effort
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Shaking Table Mechanics

Minerals are subjected to two forces

Table motion:
0 Moves the particles across the table

> Fluid flow :
0 Moves the particles down the table
0 Effect depends upon the size and density of the particles

The net result is particles move diagonally across the deck
But also fan out along the table

Dense
Material

Light O

Material

Middli
Auslimm e
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Gravity Gold Equipment

S sge Pl
Knelson Concentrator -CD,MD,XD models

First concentrator 50 0g6 to
Spinning bowl, VG package

Requires fluidising water

Batch or semi batch

Riffled cone, motor, perforated bowl

Y Y Y Yy Yy

BCC-Batch centrifugal concentrators -
yields 0.05%

CGR-Continuous gravity concentrators -
10% -20% yield

Falcon Concentrator -C,SB,UF models
[ C300 o0g6, UF 650 o0g6
[ Spinning bowl
[ SB most common
[ Cyclone feed application
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Gravity Gold Equipment (cont)

> Kelsey Jig
0 Cylindrical spinning jig using
ragging
0 Less commonly used for gold

TAILING
CONCENTRATE

|

> Inline Pressure Jig (IPJ) s N — SRS
0 Low water consumption [N 2 )

0 Very good coarse gold

0 Stroke can be varied
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Gravity Gold Equipment (cont)

> Multi-Helix Spiral

> Low-G Horizontal Centrifuge

0 Effectively shaking tables
wrapped around a cylinder

0 Use is not widespread

> Equipment selection depends on
the results required -1PJ coarse gold,
Falcon/Knelson for fine gold

Ausiimm

AUSTRALASIAN INSTITUTE OF MINING & METALLURGY

> Mineral Processing > Engineering Design > Specialist Services > Simulation & Optimisation > Project Management > Risk Man agement > Training



AMIRA P420 Project

> Model for predicting gravity
gold recovery

> More suited to optimising
recovery for Brownfields
projects

PARKEBER CENTEE

> Requires 3 stage GRG test

> Parker Centre has an
extensive data base
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Piloting Gravity Circuits

> Rare for Greenfields projects

> Very costly and difficult to justify

> More common for Brownfields
projects
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CAPEX

> Gravity concentrator circuit
[ Approximately AU$1 million based on a 1.2 Mtpa gold project
[ For larger plants the cost is higher

> Intensive leaching
[ Between approximately AU$600,000 to AU$900,000

> The economic justification current cut point for most projects is
20% gravity gold recovery
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OPEX

> Centifugal concentrators have operating costs between $0.08
to $0.12 per tonne of new feed

> Costs include:

[ Power

[ Water

[ Spares

[ Maintenance
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Process Risks & Problems

> Testwork not based on representative samples
[ Mt McClure
[ Resolute, Southern Cross
[ Bronzewing, Granites

> Presence of galena and tramp iron for tabling
> Poor planning and/or execution of the testwork
> Poor interpretation of the results

> Insufficient bleed of re -circulating load

> Incompatible feed
[ Too coarse
[ Toodense
[ Too many flakes
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Trends With Gravity Gold

> Transition from batch to continuous operation

> Gradual replacement of inefficient equipment

> Increased capacities all machines

> Increased mass recovery from <1% to >10%

> Recovering gold as a by -product

> Use of intensive leaching to process concentrates
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Examples Of Installatlons

> | PJO0s at Bal |l ar at
[ >300 installed worldwide

> |PJs at Pirquitas mine
Argentina

> Kelsey Jigs, Barrick Granny
Smith, WA
I 2byJ1800 jigs
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Examples Of Installations (cont)

Gravity

> Falcons-Sadiola, Mali Concentrators
[ 2bySB5200-6.9 &14.8 increase Fa € Sariee
recovery on oxide and sulphide <
ore
~ Falcons -Telfer, WA Clicke o

[ 8by SB5200

Falcon SB Series

> Falcons -Kansanshi Copper,
Zambia
[ 4bySB5200

Click for more

Falcon UF Series

> Falcons -Sekisovskoye,
Kazakhstan
[ 1byC2000
[ Overall increase 5% recovery
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Knelson XD70 at Paracuta
mine Brazil

Knelson- Kinross, Alaska
[ 1byXD70
[ 1 by CS6000 Acacia reactor

Knelson-Vasgok, Kazakhstan
[ 2byXD70
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Example Installations

increased ¢

Two-piece feed tube

Deflector pad with replaceable nozzle

Replaceable Delrirf

sile discharge nozdles

e wearskirt

Wear resistant polyurethane
Replaceable Linarex®

discharge wear cone

Stainless steel rotor with
detachable shaft

Sure fit hub seal design
Wiater cavity drain plugs for
easy flushing of contaminants

Secure concentrate discharge

Patented multi-port hub

sotprint requires less

Semi-Continuous Knelson Concentrator
Extended Duty (XD) Series

Continuous Variable Discharge Operation
— Feed Tube

__Taiings Launder

Secondary
Concentratng Rng
Primary
Concentratng Ring

Air Supply s

Fuidization Water

g Concentrate Launders

Tangs Discharge

~—~_Concentrate Discharge

~——— Shutdown (Maintenance)
Launder
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Intensive Leaching
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Flowsheet Acacia Reactor

Reactio
Vessel

Reaction
Vessel
Discharge
Pump

/i -

Reagents

v

-

b T

L Solution
'X & Heater

Leach
Feed
Tank

Electrowinning
Cell

Electrowinning
Feed Tank

‘_
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In Line Leach Reactor

30012002
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Developments

Ble ]

Continuous ILR — High * GEKKO * GEKKO

Tonnage Treatment Option

Stop Talls Pump

CONCENTRATING ON THE FUTURE, NOW

> Automation

> Modular Supply
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Cyanide Leaching
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Cyanide Leaching

Sodium cyanide : - used for leaching gold and silver from their ores:

2Au+4NaCN+0, +2H,0- 2Nag Au(CN),|+2NaOH+H.,0,

Preg Robbing - kerosene passivation

Lead Nitrate, Oxygen Sparging to maximise kinetics
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Oxygen Sparging
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Cyanide Soluble Copper & Nickel

pH-Potential Diagram for the copper-cyanide-water system
2.0
Cu2+
=~ CuO
1.0 -
uf 00 =~ _

-1.0 1
[Cu] = 10 M
[CN] =103 M

-2.0

0.0 4.0 8.0 12.0 16.0
pH
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Other Advances

> CIL not CIP

> Silver ores

> Complex sulphides

> Kemix screens

> Pump cells

> Cyanide DETOX
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Bacteria Leaching

> Common bacteria Thiooxidans Ferrooxidans

> Bioleaching performed on: -

[ Gold/Copper

[ Zinc

[ Uranium
[ Nickel

[ Cobalt
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BacTech / Mintek

BacTech/Mintek
This involves bio-leaching of coneentrates
secondary sulphides with J’
mesophiles at 36 -40°C, and Fine Grinding
moderate and extreme
thermophiles for chalcopyrite at TR ——
45-40°C and 70°C respectively P F
Raffinate
Ultra-fine grinding assists greatl L—’ Neutraisation
g g g y Li tone

with the process

To taflﬁ Solid/liquid Separation

The process usually occurs in a

slightly acidic environment Solvent Extraction »
The BacTech process has been Electrowinning
applied to a 500 kg/day plant in l

Mexico Conper
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> Chemistry ok, fast kinetics,
recovery 96%-+

> Stable waste products -
arsenates

> Materials of construction
problematic

> Operability - difficult

> History- poor

> Future- very promising
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Albion

Developed by Flowsheet - Albion Process
MIM (now

XSTRATA)

_ CONCENTRATES = GRT{L"[')EIN -
Requires ISAMILL LEADISILVER

. . . RESIDUE
fine grinding Y RETREATMENT

LEACHING

) GOETHITETO
Atmospheric D

IMPURE SOLUTION

leach Y COPPER SULPHATE TO

- SPENT
conditions - no ELECTROLYTE PURIFICATION MARKET
CADMIUM TO

pressure- 70C MARKET

PURE SOLUTION
Y

ELECTROLYSIS
ngh recoveries ¢ CATHODE ZINC
+95%

ZINC & ALLOYS
ZINC DUST CASTING TO MARKET

Pilot plant
Brisbane
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Intec Gold Process
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Resin Adsorption
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lon Exchange

ION EXCHANGE

INSIDE A PORE IN THE STATIONARY PHASE

Sample ions enter

/ = Counter IONs ouT Mobile

phase
Counter ions additives -

competition

1. INJECTION Sample o
. - -

2. ADSORPTION: .___:: _
DISPLACEMENT OF

COUNTER IONS 3 ELUTION
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Advantages/Disadvantages Of Resins

Tk

Advantages

Not poisoned by organics  d no thermal regeneration
Unaffected by clay ores

Do not absorb calcium & reduced acid washing requirements
Improve recovery in the presence of preg -robbing ores
High selectivity resins offer advantages with Cu/Au ores

High loading capacity (100,000 g/t) and faster loading kinetics
Better abrasion resistance (5 g/t)

Reduced capital costs for small to medium operations

Yy Yy Yy Yy Yy Yy Yy Yy

Disadvantages
[ Smaller particle size 6 0.8-1.2 mm & screening more difficult

[ Strong base resins less selective for gold over base metals compared with activated
carbon

[ Resin is approximately ten times more expensive than carbon ($30,000/t)
[ Database of experience is limited
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Penjom Gold Project

Figure 1. The Penjom goldmining process.
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Figure1 courtesy of Avocet Mining
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Stripping Or Elution
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Elution d AARL, Zadra

> Elution is a reverse process to
adsorption

Caustic
Addition

> (Gold can be stripped off by
disruption of thermodynamic
equilibrium between gold in

solution and gold on the carbon

0l To/ Ol From
Heater

Elution
Pump

> Equilibrium Disruptive features: -
0 Hightemperatures
0 Lack of cations (Ca 2*, Mg?*, etc)
0 High anion concentration (CN -, OH")
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Integrated Pressure Stripping (IPS)

> IPS involves
[ Acid washing

[ Stripping
[ Electrolysis

»

3 ELUTION 1 ELUTION 2

ale
g

ELUATE / ELECTROLYTE
CONCETRATION (git)

BED VOLUMES

v
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IPS

> Advantages
[ Water quality is not a limitation

[ Higher temperatures
A Faster
A More efficient than pressure Zadra

[ The same capital cost but lower operating cost over time
[ Areduced need for reactivation
[ A safer operation as no cyanide is used
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Electrowinning
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Electrochemical Series

The electrochemical series
equilibrium E° (volts)

L¥ag + &7 Lifs) -2.032
K e + &7 Kis] -2.92
CaZ+agq + 2e- Cays) -2 BT
Matiag + - E=TE -2
MO =tag) + 227 Mg =) -2 AT
AlF g + 3e° Alfs) -1 .66
ZNZjag) + 2e° Zns) 076
Feitag + 2e° Fers) s
Pb%*ag + 2e- Pbis) -3
2H%aq + =2e° Hara) o

Cutiag + 2e° Curs) +0.34
AQ%ag) + B° Ad(s) +01 .30
Audtiag + Se- AL +1 .50
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Electrowinning

> Self sludging cells

> Stainless steel wool

Plastic
. Cathode
> Wash gold from wool using Basket Negative
HP water Bus Bar
Plastic Mild Steel
P el‘l] Wool Cathode
> Faster cashflow - smelt
Inlet Stainless Steel Woven

same day Wire Mesh Anode
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EMEW Cell

Cell efficiency drops with solution tenor

Pre concentration would make these applicable

Could be used for ILR pregnant solution

Resin EMEW combination would have
significant advantages

'@P The EMEW® Cell

End cap

Solution
Inlet/outlet

Cathode

ELECTROMETALS TECHNOLOGIES LIMITED
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EMEW Results- Ag Solutions
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ELECTROMETALS TECHNOLOGIES LIMITED
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New Uses of Old Technology

......
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Cost/Revenue

> Silver price US$16.61/ounce

> Gold price US$1093/ounce (26th March 2010)

> The refining charge is US$ 0.64/0z for both gold and silver.
> Once Ag:Au ratio >10:1 Merrill Crowe preferable

> Silver ores >50 g/t Ag, Merrill Crowe preferable

> Elution of silver not cost effective - $800-$1000/tonne to strip
carbon
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Leaching Characteristics

> Mineralogy dependent (Ag, Ag »S, etc)
> High cyanide

> High DO

> Long leach times

> Chemical reaction:
4Au, +8NaCN,, + O, +2H,0  4NaAUCN),yy +4NaOH,,

4Ag, +8NaCN, + O, +2H,0  4NaAd(CN),(y +4NaOH,
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Leach Kinetics
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