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Iron Ore

Almost all iron ore is used in steelmaking. The principle source of iron in mining currently is iron oxides such as hematite 
(Fe2O3) magnetite (Fe3O4), goethite and limonite. These minerals normally occur in complex association with each other 
and with the gangue minerals. Automated Mineralogy is a valuable tool for the evaluation of iron ores as it can assist in 
determining the occurrence and compositions of gangue minerals and potential problems with deleterious elements such 
as Si, Al, P and S in the final product. 

Automated Mineralogy also assists in the beneficiation process  
by giving an indication of size and inter-relationship of gangue  
and iron ore, as well as potential problematic minerals such as  
kaolinite. 

Information that can be obtained includes:

•	 Modal mineralogical composition
•	 Calculated Assay
•	 Elemental Distribution
•	 Particle and grain size distribution
•	 Particle density distribution
•	 Phase specific surface area
•	 Mineralogical association
•	 Mineral Locking
•	 Mineral Liberation expressed by particle  

composition or free surface examples

Samples containing different iron 
minerals as well as different texture 
types can be analysed on the 
Mineral Liberation Analyser (MLA) 
as illustrated in Figures 1-3.

Figure 1: Oolitic iron ore from China – BSE image shown on left; processed mineral map on right.

Figure 2: Iron ore from Western Australia – BSE image on left; processed mineral map on right.

Figure 3: Iron ore example from Canada – BSE image on left; simplified mineral maps on right 
showing magnetite, hematite and goethite.
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Hematite/Magnetite differentiation
Although magnetite and hematite are easily distinguishable 
using optical systems, it is problematic to distinguish on SEM/
EDS based systems due to their similar X-ray and BSE signal. 
However, FEI together with the University of Newfoundland 
developed a technique that enables the separation of 
hematite and magnetite by using a combination of EDS data 
and enhanced BSE imaging for the separation of hematite/
magnetite.

Examples of data obtainable
Mineral abundance and elemental distribution for Al, Fe, P and Si. 

The tables on page 4 indicate the calculated assay values and 
show the modal abundance and elemental distribution for 
Al, Fe, P and Si in an iron concentrate from India. These data 
indicate that all the P in this sample occurs in the low  
Al goethite.

Grain Size distribution

Particle or grain size data can be generated. Figure 7 shows the 
size distribution for magnetite and hematite and also tabulated 
P-values.

Figure 4: Measured BSE image, enhanced BSE contrast and classified results indicating magnetite and hematite.

Figure 5: Example of hematite/magnetite sample.

Figure 6: Lineup of particles containing hematite and magnetite.

Figure 7: Size distribution data.
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Mineral Liberation
Table 2 shows liberation and association data for a coarse size 
fraction (+150), hence the low liberation value. Association is 
expressed is terms of whether the phase of interest (hematite) 
is locked in particles with just one other phase (binary) or 
complex association of 2 or more phases (ternary +). In this 
particular example 58 % is in complex particles, but siderite is 
the main associated phase.

Conclusion
•	 Automated Mineralogy can be successfully applied to the study of 

different iron ore types
•	 It can distinguish between magnetite, hematite, goethite and 

limonite, and can differentiate iron oxide minerals from iron 
carbonate (siderite - FeCO3)

•	 Valuable information such as the occurrence of deleterious elements 
can be determined (P, Al, Si and S)

•	 Grain size estimates of the iron phases and deleterious phases can 
be made

•	 Phase association and liberation information can be obtained

The MLA offers a series of tailor-made measurement modes. 
These modes use unique combinations of high-resolution BSE 
image analysis and advanced X-ray identification techniques to 
target different analytical requirements. Whether it’s analyzing 
complex base metal ores or searching for sub-micron grains 
of gold, the MLA provides a measurement solution. DataView 
software allows for the presentation of the analysis results in 
tabular or graphical format that can also be exported to other 
software.


