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Abstract: In the concentration plant of Hamadan, magnetite concentrate is produced by low intensity
magnetic separators (LIMS). As a result, 47% of feed sulfur was recovered in magnetite concentrate,
keeping sulfur at higher content than that is commercially desired. Mineralogical investigations revealed
that Pyrrhotite and Pyrite are the most abundant sulfur minerals, respectively. Davis Tube investigations
indicated that by decreasing magnetic field intensity and particles size, sulfur content in magnetite
concentrate could be decreased to 1.7%, which is still much more than desired. Further investigations
were performed using flotation method and based on statistical design. Modelling and analysis of design
data revealed that the dosage of collector and activator and their interaction have statistically significant
effects on the process with 95% confidence level. It was found that the optimum condition of removing
sulfur would be achieved using 1100 g/t of Potassium amyl xanthate (collector), 200 g/t of copper sulfate
(activator), 65 of g/t MIBC and 65 g/t of A65 (frothers), at pH=6 and solid percent of 45%. At the given
condition, 98% of sulfur in magnetite concentrate (2.3% sulfur) was successfully removed and the product
with 0.04% sulfur was obtained.

Keywords: Magnetite Concentrate, Sulfur, Flotation, Pyrrhotite.

INTRODUCTION

Iron concentrate should often have at least 62% Fe with minimum impurities such as silica, sulfur and
phosphor. It is recommended that sulfur content in iron concentrate must be less than 0.1% to avoid severe
process problematic while iron smelting process [1-2]. Sufficiently removal of sulfur by low intensity magnetic
separators is often impossible when Pyrrhotite mineral in the form of monoclinic lattice presents as source of
sulphur. This is due to, Pyrrhotite is a ferromagnetic mineral which is quit similar to magnetite [3-4].
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Flotation is a well-established economical approach for Pyrrhotite removal from magnetite concentrate.
However, it is well-known that Pyrrhotite has low flotation kinetics and therefore, the activation of Pyrrhotite
surface is required before the flotation. Generally, copper sulphate is used as activator in Pyrrhotite floatation
[5-8].

The objective of this study was to decrease sulfur content in Hamadan magnetite concentration plant.
Magnetic separations as well as flotation were applied to removing sulfur in the forms of Pyrrhotite and
Pyrite minerals.

MATERIALS AND METHODS

A representative sample of magnetite concentrate was collected from Hamadan iron plant. The chemical
analysis of the sample indicated that the magnetite concentrate comprise of 66% Fe and 2.3% S. Magnetite
and Pyrrhotite were detected as the main minerals of iron and sulfur, respectively. Magnetic separation tests
were performed using Davis Tube with different magnetic intensity and particles size. Flotation test were
conducted using a Denver flotation cell machine.

Results and discussion
Figure 1 presents iron and sulfur distributions in different flows of process. It was observed that 47% of
total sulfur in feed transferred to the final magnetite concentrate.

S$% 3.64 2.86 2.51 2.4 2.35
Fe% 53.25 61.53 65.76 65.9 66.12
S Distribution %| 100 64.94 52.57 50.11 47.396
Fe Distribution% 100 95.51 94.15 94.054 91.157
Rougher LIMS Cleanerl LIMS > Cleaner2 LIMS » Cleaner3 LIMS A
Feed 1: 2500 Guass 1: 1450 Guass 1: 1250 Guass 1: 1100 Guass * Final Cons
6.83 5.83 5.27 5.17
12.4 15.2 19.51 21.2
35.1 12.37 2.462 2.71
4.49 1.354 0.097 2.9
v v v ‘}
Tail Tail Tail Tail

Figure 1. Distributions of sulfur and iron in the Hamadan iron concentration plant (A representative sample was
collected from the final magnetite concentrate, as shown by Star.)

The obtained results from magnetic separation test using Davis Tube are summarized in Table 1. It is
clear that 32.7% of sulfur can be removed from the magnetite concentrate by employing magnetic intesity
of 500 Guase on paricles size of d, = 43 um. With increase of particles size and magnetic intensity, the
removal of sulfur is vanished. As a result, less than 16% of total sulfur would be removed from the magnetite
concentrate. At the best given condition in Table 1, sulfur assay decreased to 1.7% which is still much
more than desired level. It is pointed out that removing of Pyrrhotite, as main sulfur source, is practically

Table 1. The results obtained from magnetic separation using Davis Tube

No. Magnetic Intensity dso S Fe Rate of concentrarion | Reduction of Sulfur | Fe loss

(Guase) (um) | o) | (%) (C/F),% (%) (%)
1 500 90 1.94 | 68.18 95.01 18.80 1.76
2 750 90 1.96 | 68.15 95.77 17.31 1.02
3 1100 90 1.97 | 68.14 95.80 16.86 1.00
4 500 43 1.70 | 68.70 89.87 327 6.36
5 750 43 1.75 | 68.50 91.21 29.68 5.24
6 1100 43 1.80 | 68.30 92.40 26.73 4.29
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impossible using magnetic separation method.

Further investigations were made by flotation method to decrease sulfur level in the magnetite
concentrate. It was found that by decreasing pH from 8 to 6, removing of sulfur improved significantly
(Figure 2). In addition, using a mixture of MIBC and A65 frothers resulted in more sulfur reduction. Using
an statistically desing analysis it was found that more than 98% of sulfur can be removed successfully by

using 1100 g/t of PAX (Potassium Amyl Xanthate), 200 of g/t copper sulfate, 2000f g/t sodium silicate and
adjusting solid percent at 45% and pH=6.

(A 100 98.04 98.40 98.74
%% ﬁ ?f ? “ pH=06
§ zj % % % .I;HZS
E N B
LR / /
% oss % % 86.14 % 86.94
5 )
e
% 81.97 % %
27 i .
130 g/t MIBC 130 g/t A6S 65 g/t MIBC + 65
g/t A6S
®) 6 0.55 # pH=6
0.5 043 0al HpH=8
e:; 0.4
?ﬂ 0.3
2
202
0.1 0.06 0.05 0.04
0| #E e i
130 g/t MIBC 130 g/t A65 65 g/t MIBC + 65
g/t A6S

Figure 2. Effects of pH and combination of frothers on sulfur reduction, A: Sulfur reduction percent, B: sulfur grade
(using 1100 g/t of PAX, 200 g/t of copper sulfate, 200 of g/t sodium silicate, solid percent of 45%, pH=6 and d, ;=76 mic)

CONCLUSION

From current study it can be concluded that sulfur in Hamadan magnetite concentrate can not be
removed fairly using magnetic separation. In contrast, by employing flotaion approach sulfur in the form of
pyrrhotite is sucessully decreased to desired level and still to lower than that, resulting in decreasing sulfur
from 2.3% in flotaion feed to 0.04%in magnetite concentrate.
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