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Abstract

This paper presents the technological characterization results of two iron ore
samples. The aim of this study was define the iron oxi-hydroxides occurrence and
their associations to the gangue minerals for establishment of the appropriate
grinding conditions for further mineral processing, considering products with SiO;
grades below 5%. For Ore 1 (higher Fe content), lump ore and coarse sinter feed can
be obtained just by particle size analysis; however, fine sinter feed and pellet feed
can be obtained, at the same comminution, after mineral separations to achieve the
required specification. For Ore 2, the liberation of iron oxi-hydroxides occurs below
0.15 mm, so only pellet feed would be attained.
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ESTUDOS DE CARACTERIZAGAO TECNOLOGICA EM AMOSTRAS
MINERALIZADAS A FERRO

Resumo

Este trabalho apresenta os resultados da caracterizagdo tecnolégica de duas
amostras mineralizadas a ferro. O objetivo deste estudo foi avaliar a forma de
ocorréncia dos oxi-hidroxidos de ferro e suas associagdes com a ganga contida, de
modo a estabelecer a granulagdo de moagem adequada para sua posterior
concentracido, considerando produtos com teores de SiO, inferiores a 5%. Para o
Minério 1 (mais rico), verificou-se que ha possibilidade de geracao dos produtos
granulado e sinter feed grosso simplesmente através de classificagéo
granulométrica; ja os produtos sinter feed fino e pellet feed podem ser obtidos, a
partir da mesma cominuigéo, apds separagdes minerais para atingir a especificagao
requerida. Para o Minério 2, a liberagdo dos oxi-hidréxidos de ferro ocorre somente
abaixo de 0.15 mm, sendo possivel apenas a obtencao do produto pellet feed.
Palavras-chave: minério de ferro; caracterizagcao tecnologica.
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1 INTRODUCTION

The present technological characterization study was carried out to appraise the
nature of iron oxi-hydroxides occurrence and their associations with the gangue
minerals, focusing on silicon, aluminum and phosphorus bearing minerals. The
potential products and top size milling were defined based on the mineralogical
associations and mineral separation, considering the final products specification
(SiO2 < 5%).

The studied samples, identified as Ore 1 and Ore 2, correspond to coarse iron ore
samples from Colombia; these ores are locally processed.

Through this study, it was demonstrated that the technological behavior of the
samples are very different despite the similarity on chemical and mineralogical
compositions. The experimental comprehended comminution, sieving and mineral
separation assays, followed by mineralogical studies through scanning electron
microscopy and X-ray diffraction.

2 MATERIAL AND METHODS

The laboratory procedure involved basically two distinct routes. The first one aimed
to obtain the different particle size products from the coarse fractions by comminuting
the samples bellow 38 mm (top size for lump ore). The second comprised the
detailed study of the potential products to be attained from the grinded ore, in a way

to achieve SiO, grades below 5%.

Therefore, the adopted method for each sample was based on its own mineralogical

and textural characteristics."

The following steps were defined according to the results obtained in the first activity.

The procedure adopted for Ore 1 comprised:

e crushing below 38 mm (1 %", top size for lump ore) in jaw crusher and sampling
of representative aliquots by elongated piles;

e scrubbing of the crushed material in a concrete mixer (about 3 minutes) in a 50%
solid-water slurry;

e wet size screening in the following apertures (mm): 25.4, 12.7, 6.35, 3.36, 1.19,
0.42,0.15, 0.10, 0.074, 0.044 and 0.037;

e mineral separation by heavy liquid (tetrabromoethane, 2.95 g/cm?®) in fractions
between 6.35 and 0.15 mm;

e disliming in hydrocyclone (estimated cut at 0,010 mm) of the fraction -0.037 mm,
obtaining the -0.037 mm underflow (UF) and slime (overflow; OF);

e magnetic separation of the underflow product in wet high intensity magnetic
separator (WHIMS).

For Ore 2, the following procedure was applied:

e crushing below 38 mm (1 7%, top size for lump ore) in jaw crusher and sampling
of representative aliquots by elongated piles;

e evaluation to obtain the different particle size products from the comminution at
-38 mm (same procedure previously described);

e evaluation to obtain from the coarse sinter feed, through comminution of a new
aliquot at -3.36 mm (roll mill, where a liberated quartz portion is evident), disliming
of grinded material in hydrocyclone (splitting in around 0,010 mm), wet size
screening of the dislimed material in 1.19 mm, 0.42 mm, 0.15 mm and 0.037 mm.
Each fraction size was submitted to a magnetic separation by a RE roll magnetic
separator for the fractions above 0.42 mm and by Frantz magnetic separator
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(barrier model) for the fractions between 0.42 and 0.037 mm; WHIMS was
performed for -0.037 mm underflow (UF).

e evaluation of atained equivalent pellet feed product, considering grinding below
0.15 mm of a new aliquot (estimated liberation size according to the previous step
results) followed by disliming in hydrocyclone and wet size screening of the
underflow in 0.074 and 0.037 mm. Heavy liquid separation (tetrabromoethane,
2.95 g/cm®) were carried for the fractions above 0.037 mm and also -0.037 mm
underflow as well as magnetic separations for the fractions between 0.15 and
0.037 mm by Frantz magnetic separator (barrier model) and in WHIMS for -0.037
mm underflow (UF).

3 RESULTS
3.1 Chemical Composition

The chemical composition of the studied samples is shown in Table 1.

Table 1. Chemical composition of the studied samples (assayed grades)

Grades % (w/w) Ore 1 Ore 2
Fe 59.4 51.9
SiO, 2.86 10.6
Al,O; 0.88 3.82
P 0.09 0.06
Mn 2.84 0.76
TiO, 0.04 0.19
CaO 0.05 1.1
MgO 0.04 0.37
Na,O 0.05 0.13
K,0O 0.12 0.72
LOI 10.3 8.26

3.2 Ore1

The summary of particle size analysis for comminution at -38 mm is shown in
Table 2.

Table 2. Summary of particle size analysis by product classes, Ore 1
Fraction % Weight Grades % (w/w) Distribution in assay (%)
(mm) retain. accum.| Fe SiO, AlLO; P Mn LOI Fe SiO, ALO; P Mn

Size Product

Lump Ore -38.0+6.35 | 686 686 | 61.0 140 029 010 253 102|712 310 224 657 629
Coarse Sinter | -6.35+1.19 | 10.3 789 | 596 147 035 010 286 992|104 49 40 102 107
Fine Sinter F. | -1.19+0.15 | 7.4 86.3 | 548 870 046 010 326 979 | 69 208 3.8 7.2 8.8
Pellet Feed -0.15+0.037 | 4.7 91.0 | 550 743 063 0.10 315 102 | 44 113 33 438 5.4
-0.037 mm UF | -0.037 UF 4.5 955 | 57.0 491 1.01 0.13 336 824 | 44 71 5.1 57 55

OF OF 4.5 100.0 | 368 17.0 120 0.14 412 109 | 28 250 613 6.5 6.8

Calc. Head 100.0 588 3.10 0.89 0.10 276 10.1 {100.0 100.0 100.0 100.0 100.0

The comparison between the chemical composition of feed and sink products for the
fine sinter feed, pellet feed and -0.037 mm UF, is shown in Table 3.
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Table 3. Comparison between the feed and the sink products in heavy liquid separations, Ore 1

Fraction Product| % Weight Grades % (w/w) Distr. assay (%) Dist. sample (%)
assay sample| Fe SiO, Al,0, P Mn Lol Fe SiO, Fe SiO,
Fine Sinter Feed sink 92.3 68 | 59.0 174 065 0.11 349 109 | 998 18.6 6.9 3.9
feed | 1000 74 | 545 865 0.71 010 325 10.3 |100.0 100.0 6.9 20.8
Pellet Feed sink 94.0 44 | 580 239 058 011 331 109 | 996 30.8 44 35
feed |100.0 47 | 547 730 0.70 011 3.14 10.6 |100.0 100.0 44 11.3
sink 93.0 42 | 591 198 0.83 013 347 839 | 96.3 374 42 2.7
-0.037 mm UF
feed | 100.0 45 | 570 491 1.01 013 336 8.24 |100.0 100.0 4.4 71

The mineralogical composition (estimated values) of Ore 1, by particle size fraction,
is shown in Table 4.

Table 4. Mineralogical composition by particle size fraction, Ore 1

Fraction % Weight Minerals % (w/w)

(mm) retained Fe oxi-hdrx.  Mn oxides quartz clay min. apatite others
-38.0+25.4 274 93 4 1 tr 1 1
-25.4+12.7 31.2 92 4 1 tr 1 1
-12.7+6.35 9.9 93 4 1 tr 1 1
-6.35+3.36 5.4 90 5 1 tr 1 3
-3.36+1.19 4.9 91 5 2 tr 1 2
-1.19+0.42 4.0 88 5 5 tr 1 1
-0.42+0.15 3.4 80 5 12 tr 1 1
-0.15+0.10 1.3 81 5 11 1 1 2
-0.10+0.074 0.8 84 5 7 1 1 3

-0.074+0.044 1.7 87 5 6 tr 1 1
-0.044+0.037 0.9 86 5 5 tr 1 3
-0.037 UF 45 88 5 5 1 1 tr
OF 4.5 45 7 6 39 1 tr
Calculated Head 100.0 89 4 3 2 1 1

Obs: tr = trace (<0.5%), others = chromite, Al-phosphates, sphalerite.

The main characteristics related to the present minerals, such as mineral
associations, porosity and cristallinity of the iron oxi-hydroxydes, may be seen on
Figures 1 and 2 (SEM images).

! _ -14+35%3

3mm

Spectrum Grades % (w/w) by EDS analysis
Fe SiO, Mn CaO MgO
22 60.4 0.44
23 67.0
24 61.4
25 42.6 3.50 1.90
26 46.9 1.95 0.36
27 55.3 0.65 0.83
28 56.5 113
29 51.2 5.26
30 62.3 0.69

Figure 1. Ore 1, fraction -1.19+0.42 mm. Free iron oxi-hydroxides showing high porosity. Manganese

oxide is also observed (24).
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Grades % (w/w) by EDS analysis

Seectrum | £ sio, ALO, P Mn

149 55.8 1.58 0.59

150 63.4 1.21 0.32 0.56

151 56.5 2.16 0.56

152 56.6 1.52 0.73

153 46.4 2.26 0.68 0.21 0.45

154 49.6 2.49 0.59 0.27

155 43.3 2.19 1.15

156 61.3 1.35 0.44

157 57.3 1.63 0.42

' — 100pm — ! -150+200# 3
Figure 2. Ore 1, fraction -0.10+0.074 mm. Free iron oxi-hydroxides or in microcrystalline
aggregations; they show varied grades of Mn (0 to 0.7%) and SiO, (1.2 to 2.5%). Traces of Al,O;
(0.6-1.2%) and/or P (0.2-0.3%) are also observed.

3.3 Ore2

The summary of particle size analysis for comminution at -38 mm is shown in table 5.

Table 5. Summary of particle size analysis by product classes, Ore 2
Size product % Weight Grades % (w/w) Distribution in assay (%)
retain. accum.| Fe SiO, Al,O; P Mn TiO, CaO LOI Fe SiO,; AlLO; P Mn

Lump Ore 62.2 622 550 792 236 005 074 .. 088 10.1|66.9 450 374 524 620
Coarse S.Feed | 183 80.5 | 522 942 336 0.06 071 0.16 129 9.90 | 186 157 157 189 175
Fine S. Feed 7.5 88.0 [49.0 126 4.15 0.07 0.76 021 141 107 | 7.2 8.7 8.0 9.0 7.8

Pellet Feed 2.7 90.7 | 427 18.7 518 012 094 053 178 108 | 23 46 3.6 5.8 3.4

-0.037 mm 9.3 100.0|278 30.7 150 0.08 0.74 0.73 099 829 | 50 260 354 139 093
Calculated Head | 100.0 512 109 392 005 074 .. 1.03 9.96 |100.0 100.0 100.0 100.0 100.0
Assayed Head 519 106 382 006 0.76 0.19 1.11 8.26

In opposition of Ore 1, Ore 2 didn’t present any class of product that achieves the
chemical specification regarding SiO, grade (<5%), in this comminution situation.
Macroscopic observations of the fractions above 3.36 mm on a stereoscopic
microscope indicated that silica occur intimately associated to iron oxi-hydroxides in
locked particles. Therefore, the mineral separation assays aiming at the removal of
silica bearing minerals didn’t work in these fractions, as illustrated on Figures 3 and
4. Textural analysis indicated that silica separation should be carried out just below
3.36 mm (Figures 5 and 6).

So another aliquot of the head sample was grinded below 3.36 mm, followed by wet
size screening and mineral separations.
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1500 pm

Figure 3. Ore 2, fraction -6.35+3.36 mm. Details Figure 4. Ore 2, fraction -6.35+3.36 mm. Onc

e

of iron oxi-hydroxides and gangue minerals more iron oxi-hydroxides and gangue minerals
associations. associations.

1200 pm

1500 pm

Figure 5. Ore 2, fraction -3.36+1.19 mm. The Figure 6. Ore 2, fraction -3.36+1.19 mm. The
presence of quartz practically in free particles is same aspect previously observed showing free
observed in this fraction. gangue minerals.

The summary of particle size fraction analysis performed after comminution below
3.36 mm is shown in Table 6.

Table 6. Particle size analysis after comminution below 3.36 mm, Ore 2
Fraction % Weight Grades (%) Distribution in assay (%)
(mm) retain. accum.| Fe Si0;, AlLO; P Mn TiO, CaO LOI Fe SiO, ALO; P Mn

-3.36+1.19 547 547 | 545 8.08 251 005 072 013 1.05 108 |579 413 36.2 484 523
-1.19+0.42 205 752 |527 100 327 006 075 016 113 105|209 192 176 203 20.6
-0.42+0.15 7.7 829 | 5602 112 370 006 079 020 123 13|75 80 75 80 81
-0.15+0.037 4.8 877 | 505 119 291 008 081 026 137 108 | 47 54 37 73 53
-0.037 UF 7.8 955 | 449 188 549 008 080 054 103 766 | 68 137 113 114 83

OF 45 100.0 | 249 297 200 006 0.89 040 024 804 | 22 125 237 46 54
Calc. Head [ 100.0 515 107 379 006 075 019 1.06 10.4 |100.0 100.0 100.0 100.0 100.0
Assayed Head |100.0 519 106 382 006 0.76 019 111 8.26

The results of magnetic separation carried out in Ore 2, grinded below 3.36 mm, are
shown in Figure 7 as SiO, against Fe grades.
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Si02 % (wiw)

—-1.19+0.42 mm

— — -0.42+0,15 mm

=-3.36+1.19 mm

-0.15+0.037 mm

3

50

52

54

56
Fe % (w/w)

58

60

Figure 7. SiO, grades against Fe for the mineral separation products of Ore 2 grinded bellow 3.36 mm

Based on the results presented on figure 7, another aliquot of the head sample was
grinded bellow 0.15 mm to assess the possibility of obtaining pellet feed with low

silica content.

The results of particle size analysis of the ore grinded bellow 0.15 mm are shown in

Table 7.
Table 7. Particle size analysis for grinded material below 0.15 mm, Ore 2

Fraction % Weight Grades % (w/w) Distribution in assay (%)

(mm) retain. accum.| Fe SiO, AlLO; P Mn TiO, CaO LOI Fe SiO, ALO; P Mn
-0.15+0.074 181 181 |559 725 142 0.05 068 011 1.11 104|196 118 6.7 152 16.1
-0.074+0.037 194 375|557 796 152 0.06 068 0.13 107 102|209 139 7.7 189 175
-0.037 Underflow 304 679 | 547 102 160 0.06 0.69 025 0.89 857|322 279 126 311 277
Overflow 321 100.0| 439 16.0 878 0.07 092 025 0.66 8.68|27.3 463 731 349 388
Calculated Head 100.0 516 111 3.86 0.06 0.76 0.20 0.89 9.25(100.0 100.0 100.0 100.0 100.0
Assayed Head 100.0 519 106 3.82 0.06 0.76 0.19 1.11 8.26

The summary results of the heavy liquid separation

shown in Ttable 8.

for -0.15+0.037 mm fraction are

Table 8. Mineral separation results for grinded material below 0.15 mm, Ore 2

Fraction Product % Weight Grades % (w/w) Distr. assay% |Distr. sample%
(mm) assay sample| Fe SiO, Al,0; P Mn LOI Fe SiO, Fe SiO,
Total Sink 958 359 |580 497 120 006 0.70 105 | 997 63.0 | 404 16.3
-0.15+0.037 |Float 4.2 1.6 393 658 698 004 013 102 | 03 37.0 0.1 9.5
Calc. Fraction 100.0 375 |557 753 144 005 068 105 |100.0 100.0 | 405 258

The results of mineral separation, considering both heavy liquid and magnetic
separations for all fractions below 0.15 mm on Ore 2, are exposed in Table 9.
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Table 9. Mineral separation results for grinded material below 0.15 mm, Ore 2

Fraction Product % Weight Grades % (w/w) Distr. assay% | Distr. sample%
(mm) assay sample | Fe SiO, AlLO; P Mn LOI Fe Sio, Fe SiO,
-0.15+0.074 | Mag* Sink 84.6 153 |59.7 3.71 0.85 0.03 0.74 105 | 90.0 447 17.6 5.3
NMag* Sink 11.5 2.1 478 119 448 0.14 042 129 | 98 19.4 1.9 23
Float 3.9 0.7 3.72 652 597 0.04 012 111 | 03 35.8 0.1 4.2
Calc. Fraction 100.0 18.1 |56.1 7.02 146 0.04 0.68 10.8 | 100.0 100.0 | 19.6 11.8
Assayed Fraction 55,9 725 1.42 0.05 0.68 104
-0.074+0.037 | Mag* Sink 81.7 159 |609 346 0.78 0.03 0.77 952 | 878 37.7 18.4 5.3
NMag* Sink 13.8 27 488 120 3.85 020 046 116| 11.9 220 25 3.1
Float 4.5 09 |410 664 7.83 0.04 015 944 | 03 40.3 0.1 5.6
Calc. Fraction 100.0 194 |56.6 749 152 0.05 0.70 9.80 | 100.0 100.0 | 20.9 13.9
Assayed Fraction 55.7 7.96 1.52 0.06 0.68 10.2
-0.037 UF Mag** Sink 48.0 146 |582 581 1.18 0.05 0.73 9.60 | 506 28.8 16.3 8.0
NMag** Sink 46.4 141 |576 650 1.41 0.07 071 957 | 485 31.2 15.6 8.7
Float 5.6 1.7 9.60 689 582 0.03 017 6.69| 1.0 40.0 0.3 111
Calc. Fraction 100.0 304 |55.2 9.67 155 0.06 0.69 9.42| 100.0 100.0 | 322 27.9
Assayed Fraction 54.7 102 1.60 0.06 0.69 8.57
Total Mag* Sink 83.1 31.2 |60.2 359 0.82 0.03 075 100 | 888 41.0 36.0 10.6
-0.15+0.037 | NMag* Sink 12.7 48 483 119 414 017 044 122| 109 208 4.4 16.3
Float 4.2 1.6 393 658 6.98 0.04 013 102 | 0.3 38.2 0.1 9.5
Calc. Fraction 100.0 375 |564 7.27 150 0.05 0.69 10.3 | 100.0 100.0 | 40.5 36.3

Obs: * Frantz magnetic separator; ** WHIMS magnetic separator

The mineralogical composition (estimated values) of Ore 2, by particle size fraction,
is shown in Table 10.

Table 10. Mineralogical composition by particle size fraction, Ore 2

Fraction % Weight Minerals % (w/w)
(mm) retained Fe oxi-hdrx. clay min. quartz calcite others
-0.15+0.074 18.1 85 5 6 2 2
-0.074+0.037 19.4 85 5 6 2 2
-0.037 Underflow 30.4 84 5 8 1 1
Overflow 32.1 63 31 5 1 tr
Calculated Head 100.0 78 13 6 1

Obs: tr = (...) unavailable information; trace (<0.5%); others = titanium oxide, manganese oxide and apatite.

The main characteristics related to the present minerals,

such as mineral

associations, porosity and crystallinity of the iron oxi-hydroxydes, may be seen on
Figures 8 to 10 (SEM images).
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Grades % (w/w) by EDS analysis
Spectrum .
Fe SiO, AlLO; Mn CaO MgO K0
179 040 449 337 485 0.80 0.80
180 54.0
181 60.5 1.49
182 52.6 3.07 044 0.37 1.5
183 573 319 1.72 0.26
184 546 3.35 1.05
185 85.7
186 211 348 28.1 6.45
187 38.8 1.94 0.64
SN 188 49.7 0.66 0.37
r 3mm ! 14+3587 - 189 497 2.51 599 044 156

Figure 8. Ore 2, fraction -1.19+0.42 mm. Common view. Iron oxi-hydroxides with high porosity, free or
locked with mica (186) and/or quartz. Minute inclusions of these two minerals are also observed into
iron oxi-hydroxides.

o
7000m ! 14+35% 2

Figure 9. Ore 2, fraction -1.19+0.42 mm. Iron oxi-hydroxides with quartz inclusions (grey regions) of
variable dimensions, achieving up to 150-200 ym

Grades % (w/w) by EDS analysis
Spectrum . .

Fe SIO; AI203 T|02 K20
158 48.2 7.78 6.50 1.08
159 454 9.52 8.21 1.27
160 1.55 1.50 1.01 91.6 0.24
161 0.72 83.7
162 435 11.7 9.10 1.42

! 100|.|m ! ~14+35%3
Figure 10. Ore 2, fraction -1.19+0.42 mm. Detail of iron hydroxide and clay minerals aggregate
(158,159,162), with quartz inclusions (161) up to 25 ym and titanium oxides (160) with about 10 uym.

A comparison of the main characteristics observed for the two ore samples may be
visualized in Table 11.
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Table 11. Comparison between the main characteristics of the studied samples

Ore 1 Ore 2
Chemical composition % (w/w - assayed grades)
Fe 59.4 51.9
SiO, 2.86 10.6
AlL,O3 0.88 3.82
P 0.09 0.06
Mn 2.84 0.76
TiO, 0.04 0.19
Ca0 0.05 1.1
MgO 0.04 0.37
Na,O 0.05 0.13
K0 0.12 0.72
LOI 10.3 8.26
Mineralogical composition % (w/w)
iron oxi-hydroxides 89 78
clay minerals 2 13
quartz 3 6
manganese oxide 4 tr
apatite 1 tr
calcite 1
others 1 1
Phosphorus partition (%) +0.037 mm
iron oxi-hydroxides 44 57
apatite 56 43
Iron oxi-hydroxides characteristics
Liberation size -38.0 mm -0.15 mm
Iron recovery (%) +0.037 mm (SiO; < 5%) 93 40
-0.037 mm underflow % (w/w) 4.5 30.4
Slimes % (w/w) 4.5 32.1
Fe losses in slimes % 2.8 27

Obs: tr = trace (<0.5%); others = chromite, Al-phosphate, sphalerite (Am.1), titanium oxide (Am. 2)
4 DISCUSSION

Based on the results of chemical analysis (X-ray fluorescence) and mineralogical
analysis (X-ray diffraction and scanning electron microscopy) of the mineral
separation products, the relevant characteristics to the mineral dressing can be
established.

Ore 1 has a higher Fe grade, with 59.4% against 51.9% in Ore 2, which shows a
higher grade of SiO; (10.6%) regarding Ore 1 (2.86%). The Al,O3; grade in Ore 2
corresponds to 3.82% and in Ore 1 it is 0.88%. The P grades are 0.09 and 0.06%,
respectively for Samples 1 and 2. The Mn grade is higher in Ore 1 (2.84%) than in
Ore 2 (0.76%). Ore 2 still shows grades of 1.11% of CaO, 0.72% of K;0, 0.37% of
MgO, 0.19% of TiO, and 0.13% of NayO; in Ore 1 all these grades are situated
between 0.04 and 0.05%, in exception of K;O which is 0.12%. The loss on ignition
grade is higher in Ore 1 (10.3%) than in Ore 2 (8.26%).

Both samples present basically the same mineralogical constituents, with subtle
variations in its relative. The samples are composed essentially by iron oxi-
hydroxides (mainly goethite and in minor proportions hematite; a small quantity of
magnetite occurs in Ore 2), clay minerals (vermiculite, micas) and quartz, such as
manganese oxides, apatite, calcite and others (titanium oxide, chromite, sphalerite
and Al-phosphate).

246



3rd International Meeting on Ironmaking and 2nd International Symposium on Iron Ore

In Ore 1 a higher proportion of iron oxi-hydroxides is observed (89%, against 78% in
Ore 2) and smaller proportion of clay minerals (2% against 13% in Ore 2). Among the
iron oxi-hydroxides the hydrated phase (essentially goethite) predominates and
occurs as porous aggregates. Hematite occurs though in small proportion usually as
compact aggregates (less porous) or in preserved nucleus.

The quartz proportion in Ore 2 corresponds to 6%, while in Ore 1 it is 3%. The
content of manganese oxides in Ore 1 is 4% and traces for Ore 2; apatite is about
1% in Ore 1 and also traces in Ore 2. Calcite was observed only in Ore 2 (around
1%); other minerals like chromite, Al-phosphates, sphalerite (Ore 1) and titanium
oxide correspond to 1% in both samples.

Besides more evident porosity, Ore 2 contains calcite, clay minerals and quartz
frequently associated with iron oxi-hydroxides, as inclusions inside of the porous
aggregates. In Ore 1 this association exists at a lower level. Regarding the
phosphorus content above 0.037 mm, apatite carries 56% of the P content in Ore 1
and 43% for Ore 2; the remaining portion is essentially associated to goethite.

For Ore 1, lump and coarse sinter feed products with silica grades bellow 5% (w/w)
can be produced by comminution under 38 mm. Therefore, lump ore corresponds to
69% weight and 61% of Fe (grade in assay; 71% of total Fe in the sample) and 1.4%
of SiO,. Coarse sinter feed corresponds to 10% weight, and 60% of Fe (grade in
assay; 10% of total Fe in the sample) and 1.5% of SiO,. Mineral separation assays
indicate that further processing allow to obtain also fine sinter feed and pellet feed
products under required specifications. Fine sinter feed corresponds to 7% weight
and 59% of Fe (grade in assay; 7% of total Fe in the sample) and 1.5% of SiO,.
Pellet feed corresponds to 4% weight and 58% of Fe (grade in assay; 4% of total Fe
in the sample) and 2% of SiO,. The -0.037 mm underflow correspond to 4.5% weight
and 57% of Fe (grade in assay; 4.4% of total Fe in the sample) and 4.9% of SiO,, so
it's also suitable for the required specifications. The Fe global recovery considering
the fraction -0.037 mm underflow as a product is 97%, or 93% not considering the
utilization of this fraction.

For Ore 2, the liberation of the iron oxi-hydroxides occurs only below 0.15 mm, which
was verified after attempting to obtain coarse products. Thus the production of pellet
feed demands further mineral concentration. Considering the grinding bellow 0.15
mm, heavy liquids and magnetic separation (fraction size above 0.037 mm) allow to
attain a product presenting 31% weight with 60% of Fe (grade in assay; 36% of total
Fe in the sample) and 3.6% of SiO,. Moreover, -0.037 mm underflow represents 15%
weight with 58% of Fe (grade in assay; 4.4% of total Fe in the sample) and 5.8% of
SiOs.

5 CONCLUSIONS

The results obtained with this study indicate that, for Ore 1, lump and coarse sinter
feed products with silica grades bellow 5% (w/w) can be produced just by
comminution under 38 mm and classification; the other products (fine sinter feed and
pellet feed) have to be concentrated to achieve the required specifications.

For Ore 2, the liberation of the iron oxi-hydroxides occurs only below 0.15 mm, only
pellet feed is possible to be obtained. In this case, concentration steps must be done.
Considering the required specifications, studies of flotation and/or magnetic
separations shall be evaluated to obtain fine sinter feed and pellet feed in Ore 1 and
pellet feed in Ore 2, aiming to define a process flow sheet for the mineral dressing.
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Supposing the beneficiation of both samples mixed and aiming to maximize the Ore
2 contribution, the obtained results indicate that the production of lump ore and
coarse sinter feed is possible, with silica grades below 5%. In this case it can be
achieved just by comminuting the ore bellow 38 mm and composing them in relative
proportions of 70% of Ore 1 and 30% of Ore 2, as evidenced in Figure 11.

-
o

BLENDED ORE (70% Ore 1 + 30% Ore 2)
g .
8 Products % (w/w) Grades % (w/w)
7 - - ° Fe Sioz
— ~
2 6 - P .
3 P Final products
e 5 T T T T T T T T
° -~
Sa- - - Lump Ore 66.7 59.3 3.22
? 4 - Coarse Sinter Feed 127 564  4.91
~
: | For further processing
0 Fine Sinter Feed 7.4 53.1 9.88
0 10 20 30 40 50 60 70 80 90 100 PelletFeed 4.1 52.6 9.65
Ore 2% (wiw) -0,037 mm 9.1 40.7 17.0
— —LumpOre  ——Coarse Sinter Feed Calc. Head 100.0 56.5 5.45

Figure 11. SiO, grades for blended ore grinded bellow 38 mm (related to added proportion of Ore 2).

On the other hand, for fine sinter feed and pellet feed obtention, concentration steps
are necessary for any blending condition.
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