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Association between phosphorus and iron oxides in manganese ores
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abstraCt

Four manganese ore samples were subjected to sequential extractions with hydrogen peroxide and 
dithionite-citrate-bicarbonate. The first attack was meant to remove all manganese-bearing phases, 
whereas the second treatment was done to remove any residual manganese and the iron oxyhydrox-
ides. The ores and the residues of both treatments were characterized by chemical analyses, X-ray 
diffraction, optical microscopy, and Mössbauer spectroscopy. The combination of a hydrogen peroxide 
extraction followed by the well-known dithionite-citrate-bicarbonate extraction allowed to establish 
of how phosphorus is present in these ores. No correlation between phosphorus and the manganese 
phases was found in any sample. In one sample, phosphorus was found as crandalite, an aluminum 
phosphate. On the other hand, the association between phosphorus and goethite was clearly observed 
in the other samples. 
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introduCtion

Manganese ores are extensively used in industry, and over 
40 million tons are annually produced. Most of the manganese 
is used in the steel industry because this element improves sev-
eral important properties such as strength, resistance, hardness, 
etc. Manganese minerals are formed in many chemical and 
temperature conditions, and for this reason manganese ores are 
usually composed of a mixture of minerals such as pyrolusite 
(MnO2), todorokite [(Na,Ca,K)2(Mn4+,Mn3+)6O12·3(H2O)], cryp-
tomelane [K(Mn3+,Mn2+)8O16], and rhodonite [(Mn2+,Fe2+,Mg,Ca)
SiO3] (Neaman et al. 2004a). Several manganese minerals are 
amorphous or quasi-crystalline, making their identification by 
X-ray diffraction difficult. Hematite (α-Fe2O3) and goethite 
(α-FeOOH), as well as kaolinite and quartz, are the other com-
mon constituents of manganese ores. 

Phosphorus causes undesirable effects in steel. Its presence 
in high amounts in the ores can make the steel brittle, favoring 
the appearance of cracks, and hence the market price for the ore 
is strongly influenced by the phosphorus content (Cheng et al. 
1999; Sutyrin 2003). Routine concentration methods usually are 
not capable of removing phosphorus, to lower the content below 
the limit of about 0.1%. Currently, no technology exists that is 
technically and economically viable to remove phosphorus and, 
therefore, deposits presenting high amounts of this element are 
not exploited. 

The occurrence of phosphorus in iron- and manganese ores 
is still a matter of investigation. Results for synthetic samples of 
hematite and goethite showed that phosphorus, probably in the 

form of phosphate, is adsorbed onto the surface of the particles or 
occluded in micro pores. Another possibility is that it is located 
inside the structure of the oxy-hydroxides. Finally, it might be 
present as a phosphate mineral (Torrent et al.1992; Colombo 
et al. 1994; Gálvez et al. 1999). For synthetic samples, it was 
found that goethite presents a much higher sorption capacity 
than hematite, certainly because of the larger surface area and 
porosity of the goethite particles.

The best approach to identify the association between trace 
elements and a particular mineralogical phase is the use of selec-
tive dissolution methods. For iron, the well-known dithionite-
citrate-bicarbonate method is routinely used for the removal of 
amorphous and crystalline phases (Mehra and Jackson 1960; 
Torrent et al. 1987; Varadachari et al. 2006).

In the case of manganese dissolution, two methods are 
commonly used: extraction with hydrogen peroxide or with hy-
droxylamine (Neaman et al. 2004a). Iron oxides are in principle 
not removed by hydrogen peroxide, but dissolution will occur if 
magnetite is present. Any iron eventually present in the structure 
of the manganese phases will also be released. Poorly crystalline 
or amorphous iron oxides will be dissolved by hydroxylamine. 
Thus, it can be seen that both methods might not be capable 
of selectively dissolving manganese from iron, when both ele-
ments are present in a sample. However, Neaman et al. (2004b) 
studied the association between trace and rare-earth elements 
and iron and manganese in some Fe-Mn nodules and lateritic 
soils, and concluded that hydrogen peroxide and hydroxylamine 
are highly selective. Their results showed that manganese was 
almost completely dissolved without the removal of iron oxides. 
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