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Dressing iron from the primary ores is the hot topic all the way. In our study, one primary magnetite iron ore 
was selected to analyze the chemical composition properties, and micro-sturctures of the mineerals. The 
results show that magnetite is the main iron mineral taking up 25.1% of total, the Fe content in the lattice is 
64.45%. Qualified iron ore concentrate would be obtained by using weak magnetic separation and 
desulfurization. However, the tiny magnetite may form complex dust particle, cloudiness or latticed structure 
and the close intergrowth with ilmenite, pyrrhotite and gangue minerals would not be fully separated even 
using fine milling which may definitely affect the grade of iron ore concentrate. 

1. Introduction 

Magnetite is the main objective mineral to recycle Fe, magnetite generally has two basic types, high-sulfur and 
low sulfur (Deng et al., 2012; Shang et al., 2015; Chokshi et al., 2016). Mostly, the low-sulfur magnetite has 
been widely used due to its high grade, the ores could be transport and sell to the market (Valverde et al., 
2009; Bodrov and Trotsan, 2014; Dwari et al., 2014). Usually, magnetic separation technique is conducted for 
the low-sulfur magnetite beneficiation (Arol and Aydogan, 2004; Yavuz et al., 2006). However, the low-sulfur 
magnetite resources become exhausted after many years exploitation, more attention needs to be paid on 
high-sulfur magnetite (Zhang et al., 2015). But for high-sulfur magnetite, because pyrrhotite is the main 
mineral containing sulfur in the ores, the traditional magnetic separation method is not effective to separate 
iron and sulfur (Zvegintsev and Yakubailik, 1998; Liu et al., 2013; Lv et al., 2018). Some studies reported that 
sulfur could be eliminated through burning method, while the result is not satisfactory, there are still about 1% 
residual sulfur in the ores after burning, and the mine environment would be polluted as well (Vladimir et al., 
2006). The flotation could be another mehtod for desulfuration. Now many projects show good results for high-
sulfur magnetite ore when removing sulfur (Buswell and Nicol, 2002; Miller et al., 2005; Arvidson et al., 2013). 
In this study, one high-sulfur iron ore is selected for the process mineralogical study including chemical 
composition, the occurrence state of the main minerals and the disseminated grain size. The analysis on the 
factors influencing beneficiation effect would be discussed in this study in order to provide the reference for 
the further beneficiation design.  

2. Chemical composition of the ores 

The multielement analysis and chemical phase analysis of iron are shown in Tables 1 and 2. As shown, Fe is 
the main element could be recycled during beneficiation with a grade at 22.96%; the value of TFe/FeO is 1.45, 
which indicates a low oxidation level. The alkaline coefficient (CaO+MgO)/(SiO2+Al2O3) is 1.33. In order to 
enrich the iron minerals, the gangue minerals need to be eliminated are SiO2, Al2O3, CaO and MgO, with the 
total amount at 38.99%. The detrimental impurities have a low content, but sulfur content can reach up to 
3.00%, which shows the typical characteristics of sulfur-rich ores, therefore, the desulfurization operation 
needs to be conducted during ore processing for the purpose of obtaining good quality of iron ore concentrate. 
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The iron occurrence state in the ores appears in two main types: one occurs in magnetite, with a distribution 
rate at 63.2%, this is the biggest theoretical recycle value of Fe in iron mineral when adopting only weak 
magnetic separation technique; the other is the Fe in sulfide with a distribution rate at 21.78%. According to 
the chemical composition characteristics, the ores could be considered as low-phosphorous, sulfur-rich 
primary low grade magnetite. 

Table 1: Chemical compositiion of the ores (%) 

Composition TFe FeO Fe2O3 TiO2 SiO2 Al2O3 CaO MgO 
Content 22.96 15.82 15.24 2.02 11.57 5.19 5.80 16.43 
Composition MnO Na2O K2O P S C TFe/FeO Alkaline coefficient 
Content 0.32 0.26 0.42 0.032 3.00 1.65 1.45  1.33  

Table 2: Chemical phase analysis results of iron in the ores (%) 

Iron Phase Magnetite Limonite (hematite) Ilmenite Carbonate Sulfide Silicate Total 
Content 14.51 0.85 0.83 0.11 5.00 1.66 22.96 
Distribution rate 63.20 3.70 3.61 0.48 21.78 7.23 100.00 

3. The mineral content 

The analysis results, getting from lens-belowed identification, X-ray diffraction, and scanning electron 
microscope, show that the main metallic minerals in the ores are magnetite, minor pyrrhotite and slight 
ilmenite. The gangue minerals are mainly feldspar, biotite, serpentine, calcite and minor quartz, hornblende, 
pyroxene and chlorite. The trace minerals are pyrite, spinel, sphene, talc, flogopite, sericite, zoisite, anatase 
etc. The weight contents of the main minerals are shown in Table 3. 

Table 3: The weight contents of the main minerals (%) 

Mineral Magnetite Pyrrhotite Ilmenite 
Biotite Chlorite 
Serpentine 

Calcite 
Quartz 
Feldspar 

Hornblende 
Pyroxene 

Others 

Content 25.1 8.3 1.9 30.5 14.3 14.0 4.9 1.0 

4. The occurrence state of the main minerals 

The widely distributed magnetite is the main objective mineral which could be enriched during beneficiation. 
They always appear in idiomorphic-hypidiomorphic granular texture, and partly in irregular texture. The three 
occurrence states of magnetite are as follows: one is closely mosaic with ilmenite, and some ilmenite lamella 
could also be observed inner the magnetite (Figure 1). 

 

Figure 1: Granular ilmenite (Il) distributes and fills along the edge and inter-particle of magnetite (M)  

The second type is the intergrowth with pyrrhotite. Part of pyrrhotite shows in dust particle form due to the 
metasomatism, which results in the difficult identification on the boundary of magnetite and pyrrhotite even 
under microscope (Figure 2). 
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Figure 2: Magnetite (M) intergrows with pyrrhotite (Ph), partly in cloudiness structure G-gangue 

The third type is the magnetite unevenly distributes in the gangue as tiny dust particle, spiderweb and 
featheriness structure, the particle size ranges between 0.005 and 0.05mm, part of it are even tiny (Figure 3). 

 

Figure 3: Dust-particled magnetite (M) intergrows with cloudiness gangue (G) Bright color- pyrrhotite 

 

Figure 4: Irregular pyrrhotite (Ph) fills and replaces in the interparticle space of Ilmenite (Il) M-magnetite, G-
gangue 

The ratio of the above three types magnetite is 30:20:50. The disseminated relationship of magnetite is 
relatively complicated and it widely distributed with tiny particle size and closely embedded with pyrrhotite. 
Therefore, it is of great difficulty to obtain high grade iron ore concentrate. 
Ilmenite occurs in two main states (granular and lamella) with a ratio of 80:20. The granular ilmenite is the 
main objected mineral when recycling Ti during mineral beneficiation. The three occurrence states are as 
follows: (1) distributes and fills along the edge and inter-particle of magnetite, the boundary are regular and 
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straight, the particle size is in the range of 0.04~0.2mm (Figure 1); (2) intergrows with pyrrhotite, granular 
ilmenite distributes in pyrrhotite matrix in some region in residual form, the particle size ranges between 0.01 
and 0.2mm (Figure 4). (3) occurs in worklike or irregular granular structure and unevenly distributes in the 
gangue in sparse-scattered form, the particle size is generally 0.005~0.3mm (Figure 5). The ratio of three 
occurrence states ilmenite is 40:45:15. Most ilmenite has tiny particle size and closely intergrows with 
magnetite, pyrrhotite, therefore, the recycle Ti from ilmenite is of little value. 

 

Figure 5: Micro-fine wormlike ilmenite (Il) embedded in the gangue (G)  

Ilmenite lamella is the product of solid separation, and always caught in latticed form within magnetite, the 
width of the lamella is generally in the range of 0.01~0.04mm (Figure 6). However, the lamalla is easy to go to 
iron ore concentrate with magnetite, there is no value to recycle it independently. 

 

Figure 6: Latticed ilmenite (Il) lamella intergrows with magnetite (M) G-gangue 

Pyrrhotite is the main sulfide in the ores, and generally, the occurrence states are as follows: one is irregular 
pyrrhotite aggregates distribute along the edge, inter-particle and crack of magnetite and ilmenite. Residual 
magnetite and ilmenite could be observed in the intensive replacement region. The particle size of pyrrhotite is 
0.02~0.5mm, some coarser one reaches up to 1.0mm (Figure 4). The second state is that the micro-tiny 
booklike, wormlike or irregular pyrrhotite aggregates unevenly embed in the gangue in sparse-scattered form, 
the cloudiness texture could be observed in some region where the pyrrhotite complicatedly intergrows with 
gangue, the particle size is generally 0.005~0.2mm (Figure 7). Pyrrhotite is metallic sulfide with strong 
magnetism, it would go into the iron ore concentrate with magnetite when using weak magnetic separation 
technique. This is the primary reason why sulfur content is high in iron ore concentrate using weak magnetic 
separation, floatation desulfurization needs to be conducted in order to obtain iron ore concentrate with low 
sulfur content. 
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Figure 7: Pyrrhotite (Ph) intergrowth with needle-like, threadiness gangue (G) forms cloudiness disseminated 
relationship 

The gaugue minerals are primarily feldspar, biotite, serpentine and calcite. Feldspar mainly closely embeds 
with other gangue minerals, some suffers chloritization and carbonatation along the edge. Calcite mostly 
occurs in irregular aggregates and replaces with chlorite, pyroxene, biotite, and hornblende to form the 
disseminated basement for metallic minerals. The high proportion of low hardness gangue minerals and 
developed cleavage in the ores would benefit for the disassociation of metallic minerals, but also may lead to 
the deteriorated separation environment during grinding process due to the argillization. 

5. The disseminated grain size of magnetite 

The grain size and the distribution characteristics of the main objective minerals exert great influence on the 
design of mineral processing flowsheet. The disseminated grain size of magnetite has been counted and the 
results are shown in Table 4. 

Table 4: Disseminated grain size of the magnetite (%) 

Fraction/μm 830~300 300~150 150~75 75~38 <38 
Distribution rate 43.1 35.7 15.1 5.2 0.9 

 
As shown, the studied magnetite ores are typical fine-micro unevenly distributed. When the grain size is 
+0.15mm, the positive calculative distribution rate of magnetite is only 78.8%. Therefore, -0.074mm grinding 
fitness should be selected in order to assure >90% magnetite occurs in monomer form. It's also worth pointing 
out that the high proportion of low hardness gangue minerals and developed cleavage in the ores would lead 
to a coarser grinding fitness during the actual operation than the one selected theoretically. 

6. The analysis on the factors influencing beneficiation effect 

The magnetite in the ores has Fe content at 64.45%, however, because some magnetite has very tine particle 
size, high dispersion degree, and complicatedly intergrowth with ilmenite, pyrrhotite and gangue minerals, 
especially some ilmenite lamella caught inner the magnetite, it is hard to fully separate magnetite with them 
even if using fine milling procedure. The low- Fe coenobium would be the main reason leading to the low 
grade iron ore concentrate and high impurities content; the strong magnetic pyrrhotite going into the iron ore 
concentrate during weak magnetic separation would result in the high sulfur content in the ore concentrate. 

7. Conclusion 

The ores are low-phosphorous, sulfur-rich primary low grade, the contents of useful element Fe and harmful 
element S are 22.96% and 3.00% respectively. The distribution rate of magnetic iron is 63.2%, and magnetite 
is the main iron mineral taking up 25.1% of total, the Fe content in the lattice is 64.45%. Qualified iron ore 
concentrate would be obtained by using weak magnetic separation and desulfurization. 
The grain size of magnetite is generally 0.03~0.3mm, and mainly distributes in gangue, a little of magnetite 
disseminates and intergrows with ilmenite and pyrrhotite. The tiny magnetite may form complex dust particle, 
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cloudiness or latticed structure and the close intergrowth with ilmenite, pyrrhotite and gangue minerals would 
not be fully separated even using fine milling which may definitely affect the grade of iron ore concentrate. 

Acknowledgement 

The author was funded by the National Natural Science Foundation of China (Project No. 51608192); the 
Open Research Fund Program of Hunan Provincial Key Laboratory of Shale Gas Resource Utilization, Hunan 
University of Science and Technology (Grant No. E21818); the Natural Science Foundation of Hunan Province 
(Grant No. 2016JJ4031); the Open Research Fund Program of Key Laboratory of Metallogenic Prediction of 
Nonferrous Metals and Geological Environmental Monitoring (Central South University), Ministry of Education 
(Project No. 2016YSJS006). 

References 

Arol A.I., Aydogan A., 2004, Recovery enhancement of magnetite fines in magnetic separation, Colloids and 
Surfaces A Physicochemical & Engineering Aspects, 232(2), 151-154, DOI: 
10.1016/j.colsurfa.2003.06.003 

Arvidson B., Klemetti M., Knuutinen T., Kuusisto M., Man Y.T., Hughes-Narborough C., 2013, Flotation of 
pyrrhotite to produce magnetite concentrates with a sulphur level below 0.05% w/w, Minerals Engineering, 
50-51(5), 4-12, DOI: 10.1016/j.mineng.2013.05.010 

Bodrov V.V., Trotsan A.I., 2014, Production of iron powder by solid-phase reduction of fine magnetite, Powder 
Metallurgy and Metal Ceramics, 53(1), 113-123, DOI: 10.1007/s11106-014-9593-3 

Buswell A.M., Nicol M.J., 2002, Some aspects of the electrochemistry of the flotation of pyrrhotite, Journal of 
Applied Electrochemistry, 32(12), 1321-1329, DOI: 10.1023/A:1022664310845 

Chokshi Y., Limaye M.A., Dutta S.K., Lodhari D.R., 2016, Mineralogical studies of low-grade iron ore from 
jharkhand–orissa region, India, Transactions of the Indian Institute of Metals, 69(1), 1-5, DOI: 
10.1007/s12666-015-0740-4 

Deng J.S., Wen S.M., Bai S.J., Xie M.F., Shen H.Y., 2012, Sulfur Content Reduction and Iron Grade 
Improvement of V-Ti Magnetite Concentrate by Combining Reverse Flotation and Magnetic Separation, 
International Conference on Energy and Environmental Protection, 524-527, 1115-1123, DOI: 
10.4028/www.scientific.net/AMR.524-527.1115  

Dwari R.K., Rao D.S., Reddy P.S.R., 2014, Mineralogical and beneficiation studies of a low grade iron ore 
sample, Journal of The Institution of Engineers (India): Series D, 95(2), 115-123, DOI: 10.1007/s40033-
014-0045-5 

Liu S.Q., Zhang M., Wang W.P., Li X.J., 2013, A combined beneficiation process to recover iron minerals from 
a finely disseminated low-grade iron ore, Advanced Materials Research, 634-638, 3273-3276, DOI: 
10.4028 /www.scientific. net/AMR.634-638.3273 

Lv X., Lv Y., Gan S., 2018, Effect of electroless nickel plating on properties of iron matrix composites, 
Chemical Engineering Transactions, 66, 37-42. DOI: 10.3303/CET1866007 

Miller J.D., Li J., Davidtz J.C., Vos F., 2005, A review of pyrrhotite flotation chemistry in the processing of pgm 
ores, Minerals Engineering, 18(8), 855-865, DOI: 10.1016/j.mineng.2005.02.011 

Shang H., Wen J.K., Wu B., Mo X.L., 2015, Study on bioleaching of sulfur in iron ore by mixed culture, 
Advanced Materials Research, 1130, 371-374, DOI: 10.4028/www.scientific.net/AMR.1130.371 

Valverde J.M., Espin M.J., Quintanilla M.A., Castellanos A., 2009, Magnetofluidization of fine magnetite 
powder, Physical Review E Statistical Nonlinear and Soft Matter Physics, 79(1), 031306, DOI: 
10.1103/PhysRevE.79.031306 

Beškoski V.P., Milić J., Mandić B., Takić M., Vrvić M.M., 2008, Removal of organically bound sulfur from oil 
shale by iron(iii)-ion generated–regenerated from pyrite by the action of acidithiobacillus ferrooxidans, 
research on a model system, Hydrometallurgy, 94(1-4), 8-13, DOI: 10.1016/j.hydromet.2008.05.015 

Yavuz C.T., Mayo J.T., Yu W.W., Prakash A., Falkner J.C., Yean S., 2006, Low-field magnetic separation of 
monodisperse Fe3O4 nanocrystals, Science, 314(5801), 964, DOI: 10.1126/science.1131475 

Zhang Y.F., Jiang X.G., Han F., 2015, Determination of sulfur in high sulfur copper magnetite by high 
frequency combustion infrared absorption method, Metallurgical Analysis, 35(6), 44-48. 

Zvegintsev A.G., Yakubailik É.K.,1998, Magnetic separation in pulsed fields with a sign-variable gradient, 
Journal of Mining Science, 34(4), 344-348, DOI: 10.1007/BF02803697 

1134




