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OverviewOverview
!! Development ofDevelopment of Austpac’sAustpac’s technologiestechnologies
!! The technologiesThe technologies

!! ERMS RoastingERMS Roasting
!! LTR RoastingLTR Roasting
!! ERMS SR processERMS SR process

!! ERMS SR roastERMS SR roast
!! IlmeniteIlmenite leachingleaching
!! EARS HCL acid regenerationEARS HCL acid regeneration

!! Benefits and applications Benefits and applications 
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HistoryHistory

!! 1994 1994 -- PresentPresent

!! 1988 1988 -- Westport, New ZealandWestport, New Zealand
!! 1990 1990 -- ERMS Roast (Patented)ERMS Roast (Patented)
!! 1992 1992 -- EARSEARS HClHCl Regeneration (Patented)Regeneration (Patented)

!! Refined SR process (roasting, leaching, acid regeneration)Refined SR process (roasting, leaching, acid regeneration)
!! Evaluated potential SR projects Evaluated potential SR projects –– India, Murray Basin, India, Murray Basin, 

othersothers
!! Developed LTR fluid bed roasting knowDeveloped LTR fluid bed roasting know--howhow
!! Technologies now being commercializedTechnologies now being commercialized
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Newcastle Pilot PlantNewcastle Pilot Plant
!! Fluid Bed RoastingFluid Bed Roasting
!! Magnetic SeparationMagnetic Separation
!! Bulk LeachingBulk Leaching
!! Fluid Bed Fluid Bed CalcinationCalcination
!! F.B. AgglomerationF.B. Agglomeration
!! Acid RegenerationAcid Regeneration

Over 75 different types ofOver 75 different types of ilmeniteilmenite
successfully testedsuccessfully tested
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AUSTPAC’S  TechnologiesAUSTPAC’S  Technologies
&  Know&  Know--HowHow

!! ERMSERMS(1)(1) –– high temp high temp magnetisingmagnetising roast (>750roast (>750ººC)C)((FBFB))

!! LTR       LTR       –– low temp low temp magnetisingmagnetising roast (<650roast (<650°°C)C)((FBFB))

!! ERMS SR roastERMS SR roast –– high temp oxidation/reduction high temp oxidation/reduction 
(<995(<995°°CC))((FBFB))

!! HClHCl leaching leaching –– batchbatch((FBFB)), continuous, continuous(2)(2) leach vesselsleach vessels
!! EARSEARS(1)(1) –– regeneration ofregeneration of HClHCl from Fe chloridefrom Fe chloride((FBFB))

!! ERMSERMS(1)(1) –– high temp high temp magnetisingmagnetising roast (>750roast (>750ººC)C)((FBFB))

!! LTR       LTR       –– low temp low temp magnetisingmagnetising roast (<650roast (<650°°C)C)((FBFB))

!! ERMS SR roastERMS SR roast –– high temp oxidation/reduction high temp oxidation/reduction 
(<995(<995°°CC))((FBFB))

!! HClHCl leaching leaching –– batchbatch((FBFB)), continuous, continuous(2)(2) leach vesselsleach vessels
!! EARSEARS(1)(1) –– regeneration ofregeneration of HClHCl from Fe chloridefrom Fe chloride((FBFB))

(FB)(FB)Fluid bed process, Fluid bed process, (1)(1)Patented, Patented, (2)(2)Patent pendingPatent pending
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Fluid Bed  RoastingFluid Bed  Roasting

Ilmenite

Air

750 to 
1000°C

Cooled 
Ilmenite 

(~80°C)

Off-gases

(coal, gas or oil)
Fuel



The  ERMS  RoastingThe  ERMS  Roasting
ProcessProcess
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ERMS  RoastingERMS  Roasting

!! “High temperature” roast:  750“High temperature” roast:  750--950950ººC, 30C, 30--60 min60 min
!! ERMS controls the OERMS controls the O22 potential in the fluid bedpotential in the fluid bed
!! Forms a skin of FeForms a skin of Fe33OO44 (magnetite) (magnetite) –– L.I. L.I. magmag. sep.. sep.
!! Effective on fresh and weatheredEffective on fresh and weathered ilmenitesilmenites
!! HighHigh ilmeniteilmenite recovery recovery –– generally >95%generally >95%
!! TiOTiO22 inin ilmeniteilmenite is is ““rutilizedrutilized””, thus insoluble in , thus insoluble in 

acid acid –– only suitable for slag or chloride processonly suitable for slag or chloride process
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ERMS  RoastERMS  Roast
IlmeniteIlmenite feed (WHIMS Mags)feed (WHIMS Mags)

Anaerobic CoolingAnaerobic Cooling SteamSteamWaterWater

L.I. Magnetic SeparationL.I. Magnetic Separation GangueGangue
MineralsMinerals

RoastedRoasted IlmeniteIlmenite

N/MagsN/Mags

MagsMags

F.B. Dryer/PreF.B. Dryer/Pre--heaterheater

ERMS F.B. RoasterERMS F.B. Roaster
(> 750(> 750ººC)C)

FuelFuel
Solid, Liquid, GasSolid, Liquid, Gas

OffOff--gasesgases

AirAir
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ØØ 500mm 500mm 
Fluid Bed Fluid Bed 
RoasterRoaster
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ERMS Roast  ERMS Roast  -- ResultsResults

PP22OO55

AlAl22OO33

SiOSiO22

CrCr22OO33

FeFe22OO33

TiOTiO22

ComponentComponent
(%)(%)

0.090.090.250.25
0.840.843.153.15
0.980.984.664.66
0.180.181.101.10
34.234.228.528.5
63.563.554.954.9

Murray Basin (1)Murray Basin (1)
Feed       ProductFeed       Product

0.060.060.290.29
0.970.972.022.02
0.930.933.113.11
0.090.091.141.14
30.430.428.528.5
68.368.360.260.2

Murray Basin (2)Murray Basin (2)
Feed       ProductFeed       Product



The LTR RoastingThe LTR Roasting
ProcessProcess
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LTR  RoastingLTR  Roasting

!! “Low temperature” roast:  <650“Low temperature” roast:  <650ººC, 20C, 20--30 min30 min
!! ““HomogenizesHomogenizes”” iron so Fe(II):Fe(III) = 3:1iron so Fe(II):Fe(III) = 3:1
!! High intensity RE drum separationHigh intensity RE drum separation
!! Effective on fresh and weatheredEffective on fresh and weathered ilmenitesilmenites
!! HighHigh ilmeniteilmenite recovery recovery –– generally >90%generally >90%
!! TiOTiO22 inin ilmeniteilmenite is not is not rutilizedrutilized, thus soluble in , thus soluble in 

acid acid –– suitable for chloride suitable for chloride andand sulfate processsulfate process
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LTR  RoastLTR  Roast
IlmeniteIlmenite Feed (WHIMS Mags)Feed (WHIMS Mags)

RE Magnetic SeparationRE Magnetic Separation GangueGangue
MineralsMinerals

RoastedRoasted IlmeniteIlmenite

N/MagsN/Mags

MagsMags

F.B. Dryer/PreF.B. Dryer/Pre--heaterheater

FuelFuel
Solid, Liquid, GasSolid, Liquid, Gas F.B. F.B. GasifierGasifier

(900(900ººC)C)

F.B. LTRF.B. LTR
(<650(<650ººC)C)

AirAir
AnaerobicAnaerobic

CoolingCooling

SteamSteam

WaterWater

AfterAfter
burnerburner

AirAir

OffOff--gasesgases
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LTR LTR 
RoasterRoaster
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LTR  Roast  LTR  Roast  -- ResultsResults

PP22OO55

AlAl22OO33

SiOSiO22

CrCr22OO33

FeFe22OO33

TiOTiO22

ComponentComponent
(%)(%)

0.090.090.300.30
0.720.722.992.99
0.820.824.034.03
0.280.281.171.17
35.435.428.628.6
61.561.555.055.0

Murray Basin (3)Murray Basin (3)
Feed       ProductFeed       Product

0.120.120.130.13
0.840.841.171.17
0.630.630.610.61
0.240.241.301.30
34.334.331.831.8
63.063.059.159.1

Murray Basin (4)Murray Basin (4)
Feed       ProductFeed       Product



The  ERMS  SRThe  ERMS  SR
ProcessProcess
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!! Oxidation/reduction roast, >750Oxidation/reduction roast, >750ººCC
!! Enhances Enhances magmag. susceptibility of. susceptibility of ilmeniteilmenite, , 

allows ready separation from gangue mineralsallows ready separation from gangue minerals
!! ConditionsConditions ilmeniteilmenite for rapid leaching in for rapid leaching in 

hydrochloric acidhydrochloric acid
!! Renders the TiORenders the TiO22 insoluble (insoluble (rutilizedrutilized))
!! Increases the solubility of the iron and other Increases the solubility of the iron and other 

unwanted constituentsunwanted constituents

ERMS  SR ERMS  SR –– RoastingRoasting
FeOFeO/Fe/Fe22OO33.TiO.TiO22 -- ilmeniteilmenite
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ERMS  SR  RoastERMS  SR  Roast
IlmeniteIlmenite concentrateconcentrate

(WHIMS Mags)(WHIMS Mags)

Oxidation/ReductionOxidation/Reduction
RoastRoast

FuelFuel
Solid, Liquid, GasSolid, Liquid, Gas OffOff--gasesgases

to heat  recoveryto heat  recovery

Anaerobic CoolingAnaerobic CoolingWaterWater SteamSteam

RE Magnetic SeparationRE Magnetic Separation
GangueGangue
MineralsMinerals

RoastedRoasted IlmeniteIlmenite

N/MagsN/Mags

MagsMags

RE Magnetic SeparationRE Magnetic Separation
GangueGangue
MineralsMineralsN/MagsN/Mags

MagsMags
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ERMS SRERMS SR

Oxidation Oxidation --

ReductionReduction

RoastersRoasters
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Unroasted IlmeniteUnroasted Ilmenite Oxidised IlmeniteOxidised Ilmenite

ReducedReduced IlmeniteIlmenite

0.1mm
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ERMS  SR  LeachingERMS  SR  Leaching

!! Strong acid leach (25%Strong acid leach (25% HClHCl))
!! TiOTiO22 inin rutilerutile form insoluble form insoluble –– not removednot removed
!! Iron and other metallic oxide impurities form Iron and other metallic oxide impurities form 

respective chloridesrespective chlorides
!! Some silica is also removedSome silica is also removed
!! OriginalOriginal ilmeniteilmenite grain size is retainedgrain size is retained

FeOFeO.TiO.TiO22 + 2HCl = TiO+ 2HCl = TiO22 + FeCl+ FeCl22 + H+ H22OO
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ERMS  SR  LeachERMS  SR  Leach
RoastedRoasted IlmeniteIlmenite

ERMS SRERMS SR

RE MagneticRE Magnetic
SeparationSeparation

Magnetic Magnetic 
GangueGangue

LeachingLeaching
AtmosAtmos. Press.,. Press.,

25%25%HClHCl, 105°C , 105°C 
4h4h

SteamSteam

Filtration &Filtration &
WashingWashing

Drying &Drying &
CalciningCalcining

WaterWater

FuelFuel
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Leach Leach 
Vessels Vessels 
at Pilot at Pilot 
PlantPlant
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Continuous  Leach  ReactorContinuous  Leach  Reactor
(Patents pending)(Patents pending)

IlmeniteIlmenite

HClHCl

ERMS SRERMS SR

FeClFeCl22
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ERMS SyntheticERMS Synthetic RutileRutile

0.1mm
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! TiOTiO22 97.50%97.50%
!! FeFe22OO33 0.82%0.82%
!! SiOSiO22 0.77%0.77%
!! AlAl22OO33 0.13%0.13%
!! CrCr22OO33 0.02%0.02%
!! CaOCaO 0.02%0.02%
!! MgOMgO 0.01%0.01%
!! MnOMnO 0.01%0.01%
!! U+U+ThTh <<15ppm15ppm

ERMS  SRERMS  SR

3300

ERMS  SRERMS  SR
Typical Chemical Typical Chemical 

AnalysisAnalysis
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ERMS  SR  Leach  &  EARS  A.R.ERMS  SR  Leach  &  EARS  A.R.

Iron Iron 
Oxide Oxide 
PelletsPellets

EARSEARS
Acid Acid 

RegenerationRegeneration
Spent Wash Spent Wash 

LiquorLiquor

Regenerated 25%Regenerated 25% HClHCl

Spent Leach Spent Leach 
LiquorLiquor

WaterWater
VapourVapour

FuelFuel
Solid, Liquid, Solid, Liquid, 

GasGas

RoastedRoasted IlmeniteIlmenite

ERMS SRERMS SR

RE MagneticRE Magnetic
SeparationSeparation

Magnetic Magnetic 
GangueGangue

LeachingLeaching
AtmosAtmos. Press.,. Press.,

25%25%HClHCl, 105°C , 105°C 
4h4h

SteamSteam

Filtration &Filtration &
WashingWashing

Drying &Drying &
CalciningCalcining

WaterWater

FuelFuel
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EARS  Acid  RegenerationEARS  Acid  Regeneration
!! Spent leach liquor is evaporated in a fluid bed forming dry Spent leach liquor is evaporated in a fluid bed forming dry 

metal chloride pellets at metal chloride pellets at low temperaturelow temperature (~ 140°C)(~ 140°C)
!! PyrohydrolysisPyrohydrolysis takes place in a fluid bed roaster at a takes place in a fluid bed roaster at a high high 

temperature temperature (~ 800°C)(~ 800°C)
3FeCl3FeCl22 + 3H+ 3H22O + 0.5OO + 0.5O22 = 6HCl + Fe= 6HCl + Fe33OO44

!! Makes Makes superazeotropicsuperazeotropic acid (25%w/w)acid (25%w/w)

!! Can use solid, liquid or gaseous fuelsCan use solid, liquid or gaseous fuels

!! Metal (iron) oxide is discharged as hard Metal (iron) oxide is discharged as hard pellets pellets (not dust)(not dust)

!! Hydrochloric acid is recycled to leachingHydrochloric acid is recycled to leaching
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EARS  Flow  SheetEARS  Flow  Sheet

Fluid bedFluid bed
EvaporatorEvaporator

Spent Spent 
Leach Leach 
LiquorLiquor

OffOff--gasgas
ScrubbingScrubbing

Hot GasHot Gas
GeneratorGenerator

Fuel &Fuel &
AirAir

WaterWater
VapourVapour

Spent Spent 
Wash Wash 
LiquorLiquor

Metal Chloride Metal Chloride 
PelletsPellets

16%16% HClHCl

25%25% HClHCl

Fluid bedFluid bed
PyrohydrolysisPyrohydrolysis

Gas Cleaning & Gas Cleaning & 
AbsorptionAbsorption

Fuel & Fuel & 
AirAir

To LeachingTo LeachingIron OxideIron Oxide
PelletsPellets
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Metal Oxide Pellets Metal Oxide Pellets 
(Fe(Fe33OO44))

1 mm1 mm

Metal Chloride Pellets Metal Chloride Pellets 
(FeCl(FeCl22.xH.xH22O)O)

2 mm2 mm

Pelletization  Pelletization  in  the  EARS  Processin  the  EARS  Process
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PyrohydrolysisPyrohydrolysis

RoasterRoaster



HClHCl
absorption absorption 

columnscolumns



Comparative benefits of Comparative benefits of 
ERMS SRERMS SR
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Ilmenite UpgradingIlmeniteIlmenite UpgradingUpgrading

ProcessProcess IlmeniteIlmenite
FeedstockFeedstock

Impurity Impurity 
RemovalRemoval

LimitationsLimitations

TitaniaTitania SlagSlag Low TiOLow TiO22 NoneNone Power CostPower Cost

BecherBecher SRSR High TiOHigh TiO22 SomeSome MnMn Coal, Fe OxideCoal, Fe Oxide

BeniliteBenilite SRSR Wide rangeWide range Mg,Ca,U+Mg,Ca,U+ThTh Acid, Fe Oxide Acid, Fe Oxide 

ERMS SRERMS SR Wide rangeWide range MnMn,Mg,Ca,,Mg,Ca,
U+U+ThTh,V, Cr,V, Cr

NoneNone
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SR  QualitySR  QualitySR  Quality

Ultra high grade feedstock Ultra high grade feedstock 
for TiOfor TiO22 pigment pigment andand

titanium metaltitanium metal
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The  EnvironmentThe  Environment
!! SolidsSolids

!! SaleableSaleable iron oxide pelletsiron oxide pellets
!! LiquidsLiquids

!! No liquid effluents, all water recycledNo liquid effluents, all water recycled
!! GasesGases

!! Scrubbed waterScrubbed water vapourvapour (steam) (steam) 
!! Dioxins and Furans Dioxins and Furans –– not detectablenot detectable

!! EnergyEnergy
!! Waste heat used to generate electricity for the plantWaste heat used to generate electricity for the plant

!! ERMS SR is the most environmentally acceptable ERMS SR is the most environmentally acceptable 
processprocess
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Technical Advantages of
ERMS SR

Technical Advantages ofTechnical Advantages of
ERMS SRERMS SR

!! AApplicablepplicable to all grades of ilmeniteto all grades of ilmenite

!! SimpleSimple flowsheetflowsheet,, uses uses standardstandard equipmentequipment,, costcost--effectiveeffective
andand low low technology technology riskrisk..

!! Completely continuous processCompletely continuous process

!! Able to use solid, liquid or gaseous fuelsAble to use solid, liquid or gaseous fuels

!! Ultra high quality synthetic rutile productUltra high quality synthetic rutile product (>97%TiO(>97%TiO22))

!! NegligibleNegligible product particle breakdownproduct particle breakdown

!! Iron oxide saleable and in the form of easily handled pelletsIron oxide saleable and in the form of easily handled pellets
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Commercial  Advantages of
ERMS SR

Commercial  Advantages ofCommercial  Advantages of
ERMS SRERMS SR

!! Low capital Low capital and operating costsand operating costs

!! Other SR processes use batch operationsOther SR processes use batch operations

!! Valuable iron byValuable iron by--product (>95% iron oxide)product (>95% iron oxide)

!! Other SR processes produce fine iron oxide waste Other SR processes produce fine iron oxide waste 
with disposal problemswith disposal problems

!! Very Very environmentally environmentally acceptable processacceptable process



30,00030,000 tpatpa ERMS  SR  PLANTERMS  SR  PLANT

10m

High grade feedstock High grade feedstock 
for the futurefor the future


