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Introduction
Sintering is the most economic and widely used ag-

iron ore producers are moving toward developing an 

-

individual deposit to achieve long-term product consistency 

-
anced sinter quality and productivity with relatively low cost 

selected to support each other in achieving good overall met-

-

Iron ore sintering process
Process description.

-
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permeability in its upper shaft and liquid and gas permeability 

of < 6.3 mm into larger agglomerates between 5 and 50 mm, 
which possess the physical and metallurgical characteristics 

operation. The sintering process is carried out in two stages: 

and recycled ferruginous materials from downstream iron and 

by controlling the moisture content and the particle motion of the 

granulation process also facilitates the even distribution of 

on a sinter strand of continuous grate, moving continuously 

.
Firing is initiated when the green granule bed passes through 

surface of the bed. The heat generated from the combustion 

ºC. 
The downdraft suction applied to the sintering bed helps to 

discharge point of the strand. At the end of the strand, the 

onto a rotary cooler.

Key factors affecting sinter quality. Sinter quality is 

particle. At a macroscopic level, iron ore sinter ideally consists 

SiO4

sinter stronger and more reducible. 

the amount, composition and properties of this melt. Sintering 

form the initial sinter melt, which evolves during the process 

materials. Therefore, the amount, composition and properties 

components but also on the interaction between the melt and 
its surrounding coarse nucleus particles. Finally, as the sinter 

of green granules will therefore have a certain impact on the 

melt play important roles in determining sinter structure and 

Figure 1 — Macroscopic and microscopic structure of a typical pot-grate sinter particle. SFCA: 
silico-ferrite of calcium and aluminum, Mt: magnetite and G: glass (Scarlett et al., 2004).
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quality. Hence, it is important to understand how the principal 
ore characteristics affect these key parameters.  

Effect of ore chemistry on sinter quality 

oxides including hydrated oxides and oxyhydroxides and 
different amounts of gangue minerals. While the majority of 

of hematite (Fe2O3 -
siderable amount of goethite [FeO(OH)], magnetite (Fe3O4) 
and other meta-stable forms of iron oxides. Key impurities in 

2), alumina (Al2O3), sulfur 

-

ore mineralogy, its impact will be discussed in a later section 

also contain small amounts of minerals containing titanium 

and alkali and alkaline earth elements. Titanium was found to 

2 and Al2O3. 

-

the effect of the key gangue minerals on sinter structure, 
particularly the sinter bonding phase. Al2O3 was found to be 

shows the phase relationships of the Fe2O3-Al2O3 2 

low-Al2O3
2

Figure 2 — Schematic showing the key factors affecting sinter structure and resultant sinter quality. 

Figure 3 — Schematics showing: (a) the compositional plane (CF3-C4S3-CA3) for SFCA within FACS, 
and (b) the relationships of SFCA with surrounding phases at 1300oC within the CF3-C4S3-CA3 plane 
(Pownceby and Clout, 2002; Pownceby and Clout, 2003; Patrick and Pownceby, 2002). 

(a) (b)
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Figure 4 — Effects of SiO2, Al2O3 and MgO on the viscosity of a simulated initial sinter melt 
generated from an 80% Fe2O3-20% CaO system (Machida et al., 2005).

Figure 5 — Optical micrographs showing the effects of SiO2, Al2O3 and MgO on the pore structure 
of laboratory sinter (Loo and Leung, 2003). The dark areas labeled as "P" in the images are pores. 

(a)

(c)

(b)
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and the pore shape changes from well rounded to irregular, 
2O3 

2 2O3 and MgO 

2 2

2 and MgO contents require increased 

2
2 content than an ore blend with 

2

Effect of ore physical characteristics on sinter 
quality 

-

During granulation, the coarse +2 mm fraction of the iron ore 

-

Figure 6 — Effect of mean particle size of iron ore fines on 
the pressure drop measured across packed beds of green 
granules prepared at the optimum mix moisture contents. 

Figure 7 — (a) Pressure drop and mean sizes and (b) morphology of green granules formed from iron ore fines with  
different loadings of ultrafines.

(a)

(b)
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-

-

-

-

-

Figure 8 — (a) Compact Tumble Index (TI) strength (Clout and Manuel, 2003); (b) and (c) Pore structures of laboratory 
sinters fired from the -1 mm fraction of the same iron ore fines containing different loadings of ultrafine particles. 

°C °C

(a)
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-

-

Effect of ore mineralogical characteristics on 
sinter quality 

-

-

-

-Figure 10 — Effect of primary porosity as measured by 
the moisture saturation of iron ore fines on the moisture 
content required to achieve efficient granulation. 

Figure 9 — Effect of particle shape and surface morphology on the morphology and structure of the green granules. 
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Ore mineralogy and textural relationships also determine the 
type and relative abundance of iron oxyhydroxides (for example, 
dense, vitreous goethite versus microporous, ochreous goethite) 
in an ore, which further determine the LOI components and ore 

as temperature increases, leaving behind many secondary pores 
and cracks. The primary and secondary porosity will strongly 
affect the stability of nucleus particles in contact with the gas 
and liquid phases. Therefore, the mineralogy and texture of 
ore particles also play important roles in melt formation and 
retention of nuclei. Figure 11 depicts the differences in stability 
of typical hematitic and goethitic nucleus particles in a typical 
Japanese Steel Mill (JSM) sinter matrix. Ore A is composed 

forms a moderately to highly microporous network. The mi
croplaty hematite texture in Ore A is physically denser and 
harder than would be otherwise expected from its microporous 
microstructure. This explains the low nucleus assimilation rate 
and high retention rate of nucleus particles from this ore [Fig. 
11(a)]. Ore C shows uniform texture and mineralogy typical 
of Channel Iron Deposit (CID) iron ores. The ore consists 
of concentrically zoned pisoliths of dense vitreous goethite, 
hydrohematite (whole pisoliths, pisolith layers or cores) and 

ochreous goethite. While this ore appears denser with some 
macropores but low microporosity, it consists predominantly of 
goethite, which generates large amounts of secondary porosity 

nucleus particles from Ore C are highly reactive and fully as
similated [Fig. 11(c)]. Ore B shows the typical characteristics of 
a Marra Mamba ore and contains both stable nucleus particles 

associations) and reactive nucleus particles from vitreous 
and ochreous types of goethite [Fig. 11(b)]. Release of LOI 
components also increases the gas volume generated within 
the sinter matrix creating the secondary porosity, which can 
result in a frothy texture, particularly where the melt viscosity 
is high and secondary pores are not able to consolidate. This 
can have a negative impact on sinter strength.

In addition, ore mineralogy and primary textural charac
teristics also affect the shape and size distribution of iron ore 
particles, both of which have important implications for the 
granulation characteristics, as discussed above. Ore size dis
tribution will also play an important role in the formation of 
sinter melt and sinter structure. In the same crushing circuit, 

Ore particles of different mineralogical characteristics also 

tend to have different physical characteristics and are subject 
to different breakage mechanisms when crushed. As a result, 
some ore particles, such as Ore A in Fig. 9, are found to be 
platy with angular edges (usually hard, uniform ore types, 
which tend to undergo brittle fracturing), while others, such as 
Ores B and C in Fig. 9, are often equigranular or well rounded 
(including microporous textures, which tend to undergo size 
reduction by abrasion).

Ideally, a sinter structure requires about 30% relict nuclei to 
avoid excess melting and consolidation, and ensure sinter qual
ity. Therefore, it is important when designing a sinter mixture 
to have an appropriate balance of mineralogy to maintain a 

Conclusions

nucleus stability and primary sinter melt volume and properties 
of the iron ore have important bearings on sinter quality. The 
effects of the chemical, physical and mineralogical character
istics of the iron ore on these key factors and therefore on the 
quality of the resulting sinter were discussed.

ing hydrated oxides and oxyhydroxides, different amounts of 
gangue minerals, and a varying amount of LOI components. 
Depending on their distribution within the ore and/or green 
bed, certain gangue phases such as Al2O3 and SiO2 in the 
coarse nucleus particles affect nucleus stability, although they 
may remain segregated from the matrix. The same phases 

2O3 and CaO particles, and affect 

structure formed. 

tions in size, particle shape, particle surface characteristics 
and porosity. Particle shape, size distribution and porosity play 
important roles in determining the granulating characteristics 

particles which, together with the size distribution of the iron 

and matrix forming material and therefore plays an important 
role in the formation of the primary sinter melt. 

Ore mineralogy determines the primary porosity present in 

Figure 11 — Stability of different types of nucleus particles at 1300°C in the matrix of a typical Japanese Steel Mill (JSM) 
sinter blend. Relict ore particles are presented as dense grey particles in (a) and (b).
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