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1. Introduction

In iron ore pelletizing plants, the
process parameters must be under rig-
orous controlled conditions in order to
maintain the process at optimized operat-
ing conditions. The industrial pelletizing
process comprises the stages of the iron
concentrate blend’s preparation, forma-
tion of green balls and ball induration
(Meyer, 1980; Kelly & Spottiswood,
1982; Qiu et al., 2003; Dwarapudi et
al., 2008). The variables involved in iron
ore concentrate blend preparation are
particle size distribution, specific surface
area, and filter cake moisture. Particle
size distribution and specific surface area
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Abstract

In iron ore pelletizing plants a range of process parameters such as particle size
distribution, specific surface area, and moisture, must be controlled to achieve opti-
mized operation conditions. Particle size distribution and specific surface area are con-
trolled during the grinding operations. Moisture, however, is controlled during filtra-
tion of the ground products. This work investigates the relationship between particle
morphology, filter cake moisture and filter capacity. The samples were taken during the
filtration tests and referred to three different blends presenting distinct mineralogical
features and similar chemical compositions in order to investigate the effects of only
the hematite surface characteristics. Six types of morphology are distinguished: granu-
lar hematite, tabular hematite, martitic hematite, polycrystalline hematite, hematite-
goethite aggregates and goethite. For each filtration test, the filter cloth product was
characterised. The characterisation analysis revealed that blends containing martitic
hematite concentration above 11.45 percent increased substantially the filter capacity.
However, it had also caused an increasing in final moisture content that reached values
around 10.0 % compared with industrial moisture specification that can vary on the
range of 8.5 t0 9.5 %.

Keywords: hematite, optical microscopy, SEM, filtration, moisture.

are controlled during the grinding stages,
whereas the cake moisture is controlled
during the filtration process. These op-
eration variables are strongly influenced
by the mineralogical features of the raw
material to be processed, which interfere
in the productivity indexes.

In grinding operations the efficiency
may be expressed by relationships in-
volving the initial and final particle size
distributions. It can also be related to the
ore blend specific surface area required
up stream. It is a very intensive energy
consuming stage being governed by the
ore blends work index. The efficiency
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of the filtration process is marked by a
relationship between the control of the
filter cake moisture and capacity. It is also
important to emphasize that the filter ef-
ficiency and cake moisture are also related
to grinding parameters, such as final par-
ticle size distribution and specific surface
area. The grinding process transforms the
coarser ore particles into grains presenting
distinct morphologies. In order to evalu-
ate the physical controls exercised by the
grinding process, the high-resolution aid
of the scanning electron microscope was
applied for microstructural characteriza-
tion (Rowland & Kjos, 1997; Prior et al.,
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1999; Mourio & Stegmiller, 1990; Santos
et al., 2005). Data about the filtration
process of iron ore are restricted to the
membrane fouling, measurement of filter
height and large particles on microfiltra-
tion of small particles (Vyas et al., 2000;

2. Materials and methods

The samples analyzed during the
filtration pilot tests refer to three iron ore
blends (blends 1, 2, and 3). The blends
show distinct mineralogical features and
similar chemical compositions; so that the
filtration response can only be related to
the morphologies effects. The blends are

Madaeni, 2000; Saleem & Krammer,
2007; Haselhuhn et al., 2012). However,
the application of optical microscopy
and electron microscopy techniques to
understand the productivity of the filtering
process has been increasing.

composed by six different ore concen-
trates. For blend composition, each one of
these products is physically and chemically
controlled in the pelletizing pilot plant.
The chemical composition of these six
concentrates designated as samples A, B,
C, D, E and F are presented in Table 1.

sample [ FeO SiO, AlLO, PO, MnO CaOo MgO | TiO, LOI
A 96.65 0.95 0.32 0.03 0.049 0.02 0.02 0.059 1.92
B 93.88 4.68 0.48 0.034 | 0.112 0.02 0.03 0.061 0.72
C 97.64 0.59 0.43 0.064 | 0.023 0.01 0.02 0.049 1.20
D 90.67 4.44 1.84 0.092 | 0.023 0.01 0.04 0.056 2.83
E 96.58 0.65 0.52 0.124 | 0.101 0.01 0.03 0.074 1.92
F 96.55 0.9 0.35 0.119 | 0.068 0.01 0.03 0.053 1.94

The mineralogical characteristics
of the samples were determined in four
size class intervals [+1]mm, [-1+0.106]
mm, [-0.106+0.045]mm and [-0.045]
mm. The morphological types described
were obtained in a scanning electron mi-
croscope (SEM) and in an optical micro-
scope (OM). For the three-dimensional
analyses, it was used SEM for carbon
coated samples. For OM, it was con-
sidered 450 grains and/or polycrystals
per grain size fraction. The relationship
between the weight and morphological
types of each grain size fraction defined
the profile of each sample. In the same
way, the three blends produced for fil-
tration tests were obtained according to
the association of weight products and
mineralogical features.

Six different morphologies attrib-
uted to grains were identified: granular
hematite, tabular hematite, martitic
hematite, polycrystalline hematite, he-
matite-goethite aggregates, and goethite.
The granular hematite is observed, under
SEM, as grains with irregular surfaces,
and under OM, as grains with an aspect
ratio < 2. On the other hand, the tabular
hematite consists of grains with plain to

concave surfaces, under SEM, and the
aspect ratio > 2, under OM. The martitic
hematite grains show triangular sections
derived from the topotactic transforma-
tion of magnetite to hematite. The high
porosity of the martitic hematite grains
is another evidence of the magnetite
transformation to hematite (Barbosa &
Lagoeiro, 2009; Barbosa et al., 2011).
Occasionally, the pores contain variable
amounts of the earthy-like goethite.
Goethite in its earthy variety is a very fine
material and occurs like crusts around
the martitic hematite or filling cavities
between grains in martitic hematite
(Madaeni, 2000). Polycrystalline hematite
shows tabular and granular morpholo-
gies, combining sections with broad val-
ues of aspect ratio. The coexistence of
hematite with goethite characterizes the
hematite-goethite aggregates. The grains
of granular and tabular hematite are dis-
persed in a goethitic matrix. Under OM,
the goethite grains are identified by their
shades of red and gray and irregular or
saw-shaped edges.

Different blends were prepared and
submitted to the grinding process in order
to obtain a product with specific surface
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This paper is focused on the mor-
phological feature types of the grains.
Thus, filtration pilot tests were per-
formed and the relationship between the
moisture of the cake and the productivity
was determined.

The samples A, B, C, and F are flota-
tion concentrates. Sample B was obtained
via magnetic concentration and sample
D was a screening product (P, = 8 mm).
Those typical iron ore sample concentrates
are produced in the daily industrial routine
of the pelletizing plant.

Table 1
Chemical composition of each type
of iron ore concentrate investigated.

area of 1,900 cm?/g. This condition
guarantees a product size below 0.045
mm. After grinding, each blend was
submitted to filtration in an Humboldt-
Wedag rotary disc vacuum filter, with
dimensions of, respectively, 1,300 x 230
mm as disk and central duct diameters.
The filter through put was equivalent to
2.5 t/h. Four samples (sample 1,2, 3, and
4) weighing approximately 400 kg were
collected for moisture determination and
productivity rate (t/hm?).

Three samples representing each
of the filter cake blends also had their
morphological types characterized under
SEM. In addition, the filter fabrics used
for filtering were analyzed under SEM:
two samples taken in each extreme of
the filter sector, and the third taken at
the central part. The morphologies of the
cakes and the filtering fabric features were
then related to the factors of efficiency of
the filtration process, markedly moisture
content and the productivity rate.

The determination of specific sur-
face area values was conducted with the
Fisher Scientific sub-sieve sizer model
95permeameter. The real density was
determined by a gas pycnometer, from



Quantachrome. The quantification of
the moisture was made based on the dif-
ference between the mass of the natural
sample before and after being dried in

3. Results

Results of size distribution, density,
and specific surface area of the six iron

Figure 1
Results of size
distribution of the product samples.

Table 2

Results of density and specific

surface area (standard deviation

inside brackets) of the product samples.

The ore samples A, C, E and F
consist of liberated grains iron oxide in
which the following morphological types
were recognized: sample A was charac-
terized by the predominance of totally
liberated tabular or granular hematite
grains; sample C with predominance of

Figure 2

Main mineralogical characteristics
under SEM (left) and OM (right).
Sample A with granular (Gr) and tabular
(Tb) hematite; sample B with polycrys-
talline (Pol) hematite; sample C with
tabular hematite; sample D with hemati-
te-goethite aggregates (Agr) and samples
E and F with martitic hematite (MH).

a lab for an hour at 105 °C. During the
filtration tests, the vacuum pressure was
set at 0.84 kg/cm?, the pulp density was
maintained at 2.30 kg/L, and the final
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desired moisture for the filtered cake set
between 8.5% and 9.5%. These condi-
tions are kept the same as the applied to
industrial operations.

ore concentrates are presented in Figure
1 and Table 2.

Particle Size Analysis
100 .o
it & A

o0 80 *s ,°° B
£ ¥ )
a 60 % o &° C
d o & S 0
:'? 40 2 D

& °°
< s O E

20 P,0°
< F
0
1 10 100 1000 10000
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samples Density specific surface area (cm?/g)
A 5.13 375.37 0(27.96)
B 4.96 246.66 0(34.88)
C 5.14 337.69 0(56.22)
D 4.87 387.66 (180.07)
E 5.06 523.70 00(2.76)
F 5.05 470.930(12.31)

tabular hematite grains and, samples E
and F were predominantly composed
by martitic hematite grains. Samples
B display a high content of polycrys-
talline hematite and D are recognized
by hematite grains in a goethite-rich
matrix composed by hematite-goethite
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aggregates. These aggregates observed
in samples B and D were not observed
in the other ore samples (Figure 2). The
morphological differences observed un-
der SEM were also confirmed under OM
and the results obtained for each sample
are shown in Table 3.
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Morphological types of product samples

ranular tabular martitic polycrys- hematite- .
samples ematite hematite hematite h:}rl,!g;i e aggogf’zggse goethite
A 19.96 55.77 00.97 20.67 01.49 01.14
B 07.44 23.09 04.64 55.12 08.94 00.77
C 09.08 62.72 02.88 10.00 09.75 05.57
D 03.72 31.44 02.84 22.91 35.63 03.45
E 09.33 24.64 30.90 09.14 11.87 14.12
F 11.11 20.04 39.40 07.95 10.64 10.86

The blends for pilot plant filtra-
tion tests were prepared focusing on
the varying percentage of the martitic

hematite. It is important to mention
that the chemical composition of each
one of the three blends achieved the

Blend composition for each sample (% weight)

samples blend 1 blend 2 blend 3
A 50.37 65.46 41.07
B 1211 05.10 06.93
C 13.96 00.00 00.00
D 09.20 29.45 26.69
E 04.00 00.00 00.00
F 10.36 00.00 25.30

Figure 3 displays the mineralogical
composition of the blends submitted to
filtration tests. The characterisation results
shows that granular and polycrystalline
hematite have similar proportions in the
blends. The tabular hematite in blend 3
is lower in proportion to that in blends
1 and 2. This is due to the lower propor-

50.00 -

tion of the sample A in blend 3. Blend 1 is
characterized by an intermediate amount
of martitic hematite when compared to
blends 2 and 3. The proportion of martitic
hematite in each blend occurs due the
presence of samples E and F. In regards to
the goethite, it was observed that its pro-
portion is very similar in all three blends,

25.00 4
%
- ’_I—I |j—l =

e 2 ematite-

granular tabular martitic polycrystalline . .
hematite hematite hematite hematite goethite goethite

aggregate
OBl 14.09 45.60 7.03 21.78 8.05 345
oOB2 14.54 46.95 1.71 23.09 11.92 1.80
BB3 12.52 37.97 11.45 20.44 13.43 4.19
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Table 3
Occurrences of morphological
types for each analyzed sample (%).

industry’s standards. These proportions
are presented in Table 4.

Table 4
Composition of the ore blends.

varying together with martitic hematite.
Thus, the blends can be differentiated by
their content of martitic hematite and also
by the slightly increasing in the goethite
content from blend 2 to blend 1 and to
blend 3. Although, goethite content is
lower in all blends, its content increases
due to the hematite-goethite aggregate.

Figure 3
Mineralogical features of each ore blend.



In the analysis by SEM (Figure 4)
of the cake samples of blends 1 and 2,
it is possible to observe the presence of
granular and tabular hematite together
with fine hematite grains. The martitic

Figure 4
Secondary electron images of the
retained cake and filtration fabrics.

For each sample, it was measured
the filtration rate (t/hm?) and moisture
content. The sampling results with pa-
rameters associated in the filtration test
are shown in Table 5. Blends 1 and 2
exhibit the filter rate of 1.41 and 1.23
t/hm?. Blend 3 presents the highest av-
erage filter rate, reaching 1.80 t/hm?.

Table 5
Pilot plant filtration test data.

hematite is only verified in blend 3. On
the other hand, polycrystalline hematite
and the goethite-hematite aggregates are
not identified in the retained filter cake
after the grinding and filtering processes.

Filter cake

Blend 2 Blend 1

Blend 3

Only blends 1 and 2 presented moisture
contents close to the expected values
obtained in industrial operations. The
moisture content in blend 1 was 9.49%
and blend 2 was 9.41%. However, for
blend 3 the measured moisture content
of 10.38% did not reach the industrial
specification. For those tests, the main

0 ST hee racacss

Proximal portion
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Similar results are observed for the filter
fabrics. A clear difference was found in
the filtration of the three blends. The filter
fabric impregnation by hematite grains
decreases from blend 1 to blend 3.

Filter fabric

Central portion

Distal portion

operating parameters, the pulp density,
the specific surface area, and the weight
percent below 0.045 mm, were kept un-
der controlled conditions and remained
stable. Thus, it was ensured that the dif-
ferences between tests performance could
be only attributed to the differences of the
ore morphological types.

: mois- specific

blends | samples {.;55). (tgnna::s) E\:/]?t%djgg/- tub'igr[])gr d(ef(r;ilt)y SE:E;e (Tzoizsé)
(%) (cm/g) | ™™ (%)

1 09.00 0.389 1.30 09.39 2.30 1,936 84.88

2 18.85 0.415 1.26 09.56 2.28 1,967 85.28

2 3 29.30 0.392 113 09.35 2.29 1,936 84.36
4 38.88 0.388 1.24 09.32 2.28 1,936 84.58

average 24.01 0.396 1.23 09.41 2.29 1,944 84.78

1 08.60 0.468 1.64 09.38 2.31 2,007 90.62

2 18.38 0.431 1.32 09.43 2.30 2,073 90.86

1 3 27.67 0.418 1.37 09.65 2.30 2,166 90.98
4 37.22 0.421 1.32 09.52 2.27 2,095 91.58

average 22.97 0.435 1.41 09.49 2.30 2,085 91.01

1 06.00 0.371 1.86 10.30 2.29 1,858 90.58

2 12.52 0.403 1.85 10.50 2.31 1,899 90.64

3 3 19.28 0.395 1.75 10.30 2.29 1,902 89.72
4 25.47 0.362 1.76 10.40 2.28 1,932 90.74

average 15.82 0.383 1.80 10.38 2.29 1,898 90.42
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4. Discussion

Samples A, C, E, and F are origi-
nally flotation products and the results
obtained for the specific surface area for
those samples increases as the proportion
of martitic hematite gets higher, such as
observed in samples E and F. Samples,
A, C, E, and F show similar particle size
distributions. Thus, similar values for
specific surface area for those samples
would be expected. However, the spe-
cific surface area parameters showed
differences. This may be explained
by the higher porosity characteristic
of martitic hematite, which the pores
space contributing to the increase of the
specific surface area. Hence, samples
E and F contain larger proportions of
martitic hematite compared to the oth-
ers, so they show higher values for the
specific surface area (see Table 2). The
lowest value for the specific surface area
in sample B is due to the predominance
of polycrystalline hematite and a lower
proportion of the hematite-goethite
aggregates that contain fine grains of
goethite. On the other hand, sample D
showed a specific surface area greater
than all of the samples due to the pres-
ence of the hematite-goethite aggregate.

The grinding process was applied
in order to yield a product specification

characterized by a specific surface area of
1,900 cm?/g and a high proportion of the
ground product below 0.045 mm. This
process is well understood when applied
to ores composed mostly of polycrystal-
line mineral particles (Silva et al., 2003).
However, the polycrystalline proportions
for the different blends investigated were
similar. On the other hand, the blend
results showed a positive relationship be-
tween the proportion of martitic hematite
(see Figure 3) and the mass retained in the
size fraction below 0.045mm (see Figure
1). This implies in the existence of a quasi-
linear relationship between the filtration
rate and the martitic hematite content, as
shown in Figure 5a) and 5b). It is believed
that a linear relationship can be obtained
under more controlled filter operation.
The martitic hematite is typical in blends
1 and 3 after the grinding. As observed in
OM and SEM, the morphology consists
of rough surfaces and grains with a large
proportion of pore spaces.

The effect of these ore features on
the filtering efficiency is evident. The pro-
portion of martitic hematite on the three
blends increases following the sequence:
B2 (1.71%) < B1 (7.03%) < B3 (11.45%). It
is important to mention that, although the
moisture content increases in the sequence

(a) Martitic hematite content X Filter rate
g 12.00 ©
g 12'22 y=14.09x-14.17
= ¥ R2=0.816 oo o
£ 6.00
g 4.00
g 200 @0
g 0.00 + T ; )
= 0.50 1.00 1.50 2.00
filter rate (Vhm?)

)] Martitic hematite content X moisture
~ 12.00 o

S

% 10.00

£ 8.00

£ 6.00 y=7.669x-68.11

2 4.00 R2=0.742

£ 2.00 @ o

E 0.00 - : . . .
£ 9.00 950  10.00  10.50  11.00

moisture (%)
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