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Who We Are  

Mineral Engineering Technical Services 

> 20 years in Mineral Processing 

> Global & Local Experience 

> Consulting 

> Studies 

> Detailed Design 

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

> Laboratory Testwork 
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Iron Ore in General  

> Iron ore is a mineral substance which will yield metallic iron (Fe) 

at a profit.    The primary forms of which are magnetite (Fe 3O4) 

and hematite (Fe 2O3).  

 

> Iron ore is the source of primary iron for the world's iron and steel 

industries. Almost all iron ore (98%) is used in steelmaking.    

 

> Iron ore is mined in about 50 countries.    Australia and Brazil 

together dominate the world's iron ore exports, each having 

about one -third of total exports.  
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Iron History  

The name "iron" comes from the 

Scandinavian "iarn".  

 

Iron has been known and used since 

prehistoric times.  

 

There is evidence that it was known more than 7000 years ago (iron 

meteorites). 

 

In China the usage of steel goes back to 2550 B.C. though iron making was 

not common place until 1500 B.C. 

Chinese metal antiquities 
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Geology of Iron Ore Deposits  

>  Banded Iron deposits (BIF) 

ð 4 parts Dales Gorge, Whaleback Shale,Joffre member, Yandicoogina shale  

>  Bedded Iron ore deposits   (BID) 

ð Where BIF has been enriched (hypogene and supergene)  

>  Marra Mamba type deposits (MMD)  

ð Old deposits, mixture of hematite and goethite, low P  

> Channel iron deposits (CID)  

ð Mesas-unique to WA -high LOI  

>  Detrital iron deposits (DID) 

ð Loose transported or cemented iron ores derived from BID  
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Introductory Geology  

The Hamersley Group; A sedimentary 

series; some metamorphic upgrade 

FMG 
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Size-commercial scale 

 

Grade-higher grade allows less material to be processed 

 

Metallurgy- ability to extract iron and contaminants 

 

Mining ïopen pit relatively cheap and preferred 

 

Prices- lump, fines, concentrates, pellets 

Economic Considerations 



j PROCESSING  PROCESS CONTROL  PRODUCT INNOVATION  TESTWORK MANAGEMENT  ENGINEERING STUDIES  OPERATIONS  TRAINING 

DSO- high grade Direct Shipping Ores-BIF- crush & screen- lump & fines  

62-65% Fe 

 

Concentrates-magnetite ores with 25% Fe, crush grind, magnetic 

separation, >60% Fe 

 

Pellets-Formed from concentrates or ground ore, mixed with a binder and 

fired in a grate kiln. Command high $ prices 

 

 

Sinter-Agglomerated product iron ore fines and coke plus limestone, 

produced in a steelworks 

Product Types 
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Iron Ore Minerals  

Name  Chemistry  

NATURAL IRON Fe 

OXIDE 

  Hematite  Fe2O3 

  Magnetite  Fe3O4 

HYDROXIDE 

  Goethite  Fe2O3. H2O 

  Limonite  Fe2O3 . nH2O 

CARBONATE 

  Siderite  FeCO 3 

SULFIDE 

  Pyrites FeS2 

SILICATES 

  Chamosite  (Fe 2+ ; Mg; Fe 3+ ) 5. Al(Si3. Al)O 10. OH.O) 8 

  Greenalite  (Fe2+, Fe3+)2-3Si2O5(OH) 4 
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Common Impurities -Contaminants  

Best iron ore  Í highest iron content  

Good iron ore  = low in lime, magnesia, alumina, silica, phosphorous  

 

Impurities    

ÅSilica      SiO2        is almost always present in iron ore.  

ÅPhosphorous        (and from coke)  

ÅAlumina    Al2O3        (and from coke)  

ÅSulfur    S 

ÅCalcium carbonate CaCO 3 

ÅManganese oxide MnO 2(especially in hematite ) 

ÅLOI-Water         Loss on Ignition (371 degrees C)  

 

Coke   

Å is a solid carbon fuel and carbon source used to melt iron ore.  

Limestone   

Å added to flux the smelted metal, and form a slag that absorbs 
much of the unwanted impurities  
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Physical Quality  

Size distribution:  

> for lump ores, the ideal is for a maximum of 15% <6.3 mm (at the point of shipping)  

> for fine ores, the ideal is for a maximum of 12% <150 micron  

> for pisolitic ore, the ideal size is 2 to 3 mm  

> for concentrate, the ideal size is around 35 microns for sintering and 40 microns for pellitising.  

  

Blast furnace (BF) lump ores and direct reduction (DR) lump ores are generally -31.5 mm +6.3 mm, 

with the latter being of high iron and low silica content.  Fine ores can be DR fines, blast furnace 

(BF) fines, sinter fines or pellet fines.  Buyers pay a premium for lump ores over fines.  The most 

desirable lump ores have the lowest proportion below 6 mm, and do not degrade from lump to 

fines between the point of shipping and arrival at the steel works.  Pellets are usually more 

resistant to attrition during transport.  

 

Moisture level : 

> iron ore is sold on a dry basis, but delivered on a wet or natural basis  

> excess moisture attracts a penalty to the seller due to unwanted freight cost  

> maximum level for pisolitic ores is about 6%  

> maximum level for concentrate is about 7% to 8%.  

 

Reduction characteristics : 

> a blast furnace relies on efficient removal of oxygen from the ore in a reducing atmosphere  

> pisolites have good reduction characteristics due to their porosity  

> dense concentrates (e.g. ultra fines) have good reduction characteristics due to the large 

surface area of the many individual particles  

> lump ore is less desirable.  
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Iron Ore - Hematite  

> Hematite is iron oxide (Fe 2O3) 

 

> Pure Hematite usually contains nearly 69.9% iron  

 

> The ore deposits are found in BIF  

 

> Hematite generally occurs  

 sedimentary rocks  

 

> The most economical hematite  

 deposits are in sedimentary origin.  

 

> Can be found in Mid West Australia,  

 Pilbara Region, South Australia.  
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Hematite Crushing/Screening 
Flowsheet  

Flowsheet of iron ore crushing and screening operation of 

Hamersley Iron Pty Ltd at Paraburdoo, WA (-30mm & +6mm lumps, 

-6mm fines).  
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Tom Price High Grade Plant  

Lump Fines Ratio 
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Marra Mamba Ores  

> Goethite -hematite mineralogy (greater % goethite than 

Brockman ores)  

 

> Fe content 59 to 62%, low phosphorous, higher LOI, silica and 

alumina moderate  

 

> Ideal feed for sinter  
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Cloudbreak Crushing & Screening  
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Iron Ore - Magnetite  

> Magnetite is iron oxide (Fe 3O4)-new projects  

 

> Pure magnetite is about 72.4% iron content  

 

> It generally occurs as low grade 25 -40% iron 

 

> Requires processing to separate the  

 magnetite from siliceous host rocks.  

 

> Magnetic properties allow high grade concentrates to be 

produced  

 

> Fine powder concentrates need agglomeration into pellets before 

blast furnace and DRI plant feed  
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Magnetite Schematic Flowsheet  

ROM Feed 

Crush / HPGR 

Coarse 

Cobbing 
Reject 

Grinding 

LIMS / REMS Reject 

Flotation Reject 

WHIMS Reject 

TAILINGS Concentrate Dewatering 

Pellet firing 

Green Pellet Formation 

Transport 

to Client 
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Typical Magnetite Flowsheet 
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 Magnetite - Critical Issues  

> Silica rejection ð aim is usually below ~5%  

 

> Application of type of comminution circuit  

 

> Liberation (Grade recovery) properties of ores at a coarse 

particle size - 3.35mm???? (for coarse separation)  

 

> LIMS/REMS testwork  

 

> Davis tube results  

  P80 38 micron ????  (for silica liberation)  

 

> Concentrate Sizing and Moisture content  

 

> Suitable for pellets?  
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Hematite or Magnetite  

Significant advantages of Magnetite over Hematite:  

 

> Higher Fe content  

 

> Exothermic magnetite -to -hematite oxidation reaction hence 
quality pellets can be produced at lower firing temperature  
with less fuel and lower maintenance costs  

 

> Reduced energy costs and CO 2 emissions 

 

> Lower impurities  

 

> Manufactured consistent product  

 

> Magnetite production is prevalent in North America, China, 
& Europe  
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>  Three main distinct geological classes 
- Hematite enrichment ore   -  Hamersley range, Pilbara and Yilgarn blocks 

- Pisolitic limonite ore  -  Robe River 

- Sedimentary ore  -  Kimberly basin 
 

> 75% of the iron ore mined in WA contains >55% Fe and is hematite  
- The ore is in the BIF, where iron is prevalent (>60% Fe), and shales the minor ore (only 

30% Fe) 
 

> 20% is limonite ore with iron content up to 60%, and contains some water 
 

> 5% is massive hematite with high iron content (about 67%) 

Iron Ore In Australia Facts 
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Iron Ore Products  

> Two main groups of iron ore mined  

 

Å High grade  ð Direct shipping ore (òDSOó), generally contains  

         >60% Fe. It is used in blast furnace and only requires 

  simple preparation. It is crushed for sizing and can be 

  used either as fine ores or lump ore.  

 

Å Low grade  ð (cut -off grades in the range of 25 -30%(1) Fe.) It is  

  ground into fine particles, upgraded and subjected to 

  pretreatment  before being fed to the blast furnace. 

  The pretreatment process can be either sintering or 

  pelletising.  

(1) Adapted from http://www.pir.sa.gov.au 
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Company  Product  % Fe % SiO2 % Al2O3 %P % LOI 

RIO Pilbara  Lump  64.7 2.65 1.35 0.060 2.79 

Pilbara  Fines 63.5 3.30 1.95 0.072 3.27 

Yandi  Fines 58.5 4.20 1.36 0.044 9.87 

West Angeles  Fines 61.5 3.10 2.05 0.070 6.50 

Mesa  J 57.0 5.69 2.69 0.040 9.17 

BHPB Newman  Premium  Fines 62.2 3.60 2.05 0.082 4.70 

Yandi  Fines 58.5 5.10 1.34 0.037 8.40 

MACE Fines 61.8 3.00 1.90 0.660 4.06 

FMG HG Lump  61.1 2.80 1.30 0.050 4.50 

HG Fines 60.2 3.40 1.90 0.051 7.00 

Rocket  Fines 59.0 3.90 1.90 0.054 7.00 

A Selection Of Iron Ore Products 
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Typical Iron Ore Testplan  
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Comminution Circuit Design  
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Beneficiation  

> Why Beneficiation?  

ð OPEX saving 

ðCAPEX savings 

ðDSO resources limited  

 

> Various physical properties can be exploited 

to separate a low grade fraction including 

variation in size, hardness, density, 

radioactivity, reflectance, conductivity and 

magnetism  
 

 

Run of 

Mine 

(ROM)  

 Comminuti

on 

 

Separation 

 

Material 

Handlings 

 

Tailings 

Disposal 

 Beneficiation Flow Diagram  
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Beneficiation  

 

Beneficiation Analysis provides:  

 

> Information on the mineral 

performances  

> Potential for upgrade  
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Metallurgical Testwork  

Typical beneficiation testwork:  

 

> Coarse Cobbing  

 

> Gravity Separation  

ð Jigging  

ðHeavy media separation  

ðCentrifugal concentrator (Knelson or Falcon)  

 

> Flotation  

 

> Magnetic Separation  

ð LIMS 

ð REMS  

ð WHIMS 

ð SLon Magnetic Separation  
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Iron Ore Beneficiation  

Beneficiation methods commonly associated with iron ores 

and the percentage of ore treated by each method 1990 
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Magnetic Separation Testwork  

> The principle of magnetic separation is to separate the magnetic 

iron ore , from the non magnetic gangue materials in order to 

produce a concentrate of magnetic materials  

 

> The magnetic separation process proposed can be:  

ð Low Intensity Magnetic Separation (LIMS)   at 800; 1000 and 1200 

Gauss 

ð Rare Earth Magnetic Separation (REMS)   at 3000; 4000 and 5000 

Gauss 

ðWet High Intensity Magnetic Separation (WHIMS)  at 8,000; 10,000 

and 12,000 Gauss  
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Beneficiation Pre -concentration  
(Coarse Cobbing)  

> The core sample is controlled crushed (max size is ~5 mm)  
 

> Reject relatively barren, non -magnetic material from the 

magnetic material, at a coarse size  
 

> Test performed at two magnetic field intensities, about 1000 and 

3000 Gauss. (LIMS and REMS) 
 

> Reduce grinding CAPEX, power and cost  
 

> Reject problematic shale & clay  
 

> Highly desirable, if the ore responds  
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LIMS Test Result 
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Low Intensity Magnetic Separation  

> LIMS is used to separate naturally 

magnetic iron ore (magnetite) 

from a variety of less -magnetic 

and nonmagnetic materials.  

 

> Crushed ore not bigger than 5 

mm  

 

> Low intensity magnetic field of 

about 600 ð 1000 gauss 

 

> Using XRF analysis to assay the 

LIMS test  

 

 

http://hxjq.en.alibaba.com/product/50325246/51724266/Concentrators/Magnetic_Separator.html
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Rare Earth Drums 

> Rare Earth Drums is used to 

separate weakly magnetic iron 

ore (magnetite mixtures) from a 

variety of less -magnetic and 

nonmagnetic materials.  

 

> Crushed ore not bigger than 0.5 

- 1 mm  

 

> Medium intensity magnetic field 

of about 2000 ð 5000 gauss 

 

Rare-earth drum principle of operation  
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Davis Tube Recovery (DTR) Tests 

DTR test is used: 

> To determine magnetic separation 

characteristics of ores  

> To indicate plant concentrate and tailing 

quality  

> Conducted on selected, say 5 m, composite 

samples from the drilling program  
 

> Sample crushed, pulverized and screened at 

-45 microns (the standard industry test)  
 

> The result is compared with other tests, such 

as LIMS test 
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Davis Tube Testing  
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SATuration MAGnetisation ANalyser  

(SATMAGAN)  

> Measuring the magnetic material content of the sample by measuring the total magnetic 
moment of a sample in a saturating magnetic field  

 

> Measuring time: ~1 min  

 

> Accuracy: ±0.2% 

 

> Sample:  

ð Should be dry  

ð Can be in powder or solid samples  

ð For better accuracy, same shape and size samples are required  

 

> Uses:  

ð To measure the amount of magnetite in iron ores, concentrates and tailings  

ð To determine the quantity of iron in the pellets and sintered iron Ą as a result, better 
control in heat hardening of pellets and sintering  

Adapted from 

www.indehk.com 
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Wet High Intensity Magnetic Separation 

(WHIMS) 

> To attract weakly magnetic minerals 

such as hematite and ilmenite  

 

> Strength up to 25 000 gauss  

 

> To produce concentrates for direct 

reduction  

 

> Trade off quality vs. yield  


