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1- Introduction

Pelletizing is an intermediate process of producing direct
reduction or blast furnace raw materials during the steel
production cycle. Iron ore fines, adhesive, and water, are
converted into agglomerates of a certain size by rolling,
during pelletizing process. Factors affecting the quality of
pellets include particle size distribution, specific surface
area, particle shape, wettability of particles, adhesive
content, and dough moisture content. The crystalline
composition of particles is also effective in pellet
production if it includes clay components of adhesive
materials. The purpose of this study is to compare the input
feed grinding mechanism and its effect on the strength of
the produced pellets. By examining the quality of the raw
pellet produced in the two grinding methods of ball mill
and HPGR and examining the microstructural changes
caused by these two types of grinding on the cooked pellet,
the effect of each of these factors on the final strength and
properties of the cooked pellet has been evaluated.

2- Materials and Methods

To investigate the effect of the grinding process type on the
properties of pellets produced in two different factories of
No. 1 and 2, which use ball mill and HPGR, respectively,
tests were conducted at different stages of the production
line to measure the mechanical, physical, chemical,
surface adsorption, and microstructural properties of the
materials.

3- Results and Discussion

The results of the chemical analysis of the feed entering
plants 1 and 2 indicate the presence of a higher percentage
of FeO, sulfur, and magnesium oxide in the feed entering
the pelletizing plant 1. Ball milling process results in a
finer grain size and consequently a much higher
percentage of grain sizes below 45 microns compared to
HPGR milling, which can lead to increased water
absorption and higher pellet recovery rates. This can also

be seen in the higher distribution of finer particles in the
feed of plant 1 shown in Figure 1.
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Figure 1: Particle size distribution of feed entering the mixer
based on the particle flow rates
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Figure 2 (a, b) shows the results of SEM analysis of
raw pellet samples. The distribution of different phases of
magnetite (Mag), calcium oxide (Cal) and bentonite clay
(Cly), pyrite (Py) and quartz (Qtz) is seen in the raw
pellets. The distribution of smaller magnetite particles in
plant 1 (Figure 2a) which was ground by ball milling is
evident, which is in accordance with the statistical results
of particle sieving in Figure 1. Also, the morphology of the
particles produced in both plants has sharp edges and the
particles are not spherical. According to specific surface
area results, the particles produced in plant 1 using the ball
mill have a much higher specific surface area (1988
g/cm?3). Although the difference in specific surface area in
the BET results is only 3%, if we compare the results with
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the particle size distribution analysis in Figure 1, it is
observed that the finer particle size distribution in the ball
mill grinding method led to the formation of finer particles,
which is more in accordance with the Blaine analysis.
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Figure 2: SEM image of the cross-section of raw pellets from
a) Plant No. 1 and b) Plant No. 2

The average moisture content of the pellets in plant 1 is
7.3% and in plant 2 is 7.8%. The drop number of the raw
pellets in the pelletizer 1 is 3.7+1.4 and in the pelletizer 2,
the drop number is higher and is 5+1.9. The higher
moisture content in plant 2 means more water removal
during drying, a higher void fraction, and a lower density
after drying, which can lead to a decrease in raw strength.
The average compressive strength of raw pellets in the wet
state in plant 1 is 0.98 + 0.41 kg/pellet and in plant 2 is
0.76 + 0.38 kg/pellet, and the dry strength of raw pellets in
plant 1 is 3.5 = 1.09 kg/pellet and in plant 2 is 3.7 + 1.96
kg/pellet. Based on the strength measurement results, the
pellets produced in Plant 1 have higher wet strength
(WCS), while the dry strength (DCS) and fired strength
(CCS) of the pellets produced in Plant 2 are higher. The
higher wet strength can be attributed to the finer grain size,
higher specific surface area, and higher plasticity of the
feed particles entering Plant 1, because according to SEM
results, the particles have similar morphology and the
shape of the particles did not have a significant effect on
their strength or compressibility. The higher dry strength

in Plant 2 can also be attributed to a better distribution of
the cohesive clays with higher moisture content. The
higher average fired strength of the samples produced in
Plant 2 can also be attributed to the lower sulfur fraction in
the chemical composition of the feed entering Plant 2.
Based on the results of the abrasion and sphericity tests
shown in Table 4, the pellets produced in Plant 1 had
higher abrasion resistance and the percentage of intact
pellets remaining after abrasion was higher in this plant,
which is consistent with microscopic observations of finer
particles and more uniform porosity distribution in the
pellets from Plant 1. In addition, the products from Plant 1
also had better sphericity, indicating less deformation of
the pellets due to a more uniform distribution of the molten
glass phases formed.

4- Conclusions

The particles produced by the ball mill method are finer
and have a higher specific surface area (1988 g/cmd). In
addition, a more uniform distribution of fine particles is
seen in the products of this type of grinding, which is also
evident in the results of electron microscope analysis of the
pellets before the firing process. It can be argued that this
better distribution leads to a better distribution of the
molten phases in the firing process, and as a result, the
formed molten glass phase is uniform and the amount of
particle deformation has decreased, so that the abrasion
resistance and sphericity of the pellets produced by the ball
mill method are higher with the average of 0.824.
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Studying the Effect of Grinding Mechanism and Composition of Golgohar Concentrate on the
Microstructure and Mechanical Properties of Pellets

Abouzar Eskandary Nasab Kazem Tahmasebi Gholam Hossein Akbari

Abstract The effect of the raw material composition and the grinding process (using ball mill and HPGR) in the
Golgohar Complex on the properties of the final pellet was investigated. Tests were performed on the mixer input feed,
including raw material composition analysis, granulation, moisture content, and specific surface area measurement
(using two methods: Blaine and BET). Additionally, strength measurement and microstructural analysis (conducted
using SEM) were performed on both raw and fired pellets. Furthermore, the abrasion resistance and sphericity of the
pellets were evaluated.The test results showed that the particle size produced by the ball mill was finer and had a
higher specific surface area (1988 cm?/g). The morphology of the particles produced by the two milling methods was
irregular and non-spherical, with no significant difference between them. The input feed of Pelletizing Plant No. 1 had
a higher percentage of FeO, sulfur, and magnesium oxide.Microstructural studies of the pellets indicated a better
distribution of fine particles and non-magnetic phases in those produced in Plant No. 1. Additionally, the pellets from
Plant No. 1 exhibited higher wet compressive strength (WCS), while those from Plant No. 2 had higher dry compressive
strength (DCS) and fired compressive strength (CCS). Moreover, 96.3% of the pellets from Plant No. 1 passed the
Drum Abrasion Test without crushing, and their sphericity (0.824) was higher than that of the pellets produced by the
HPGR method.

Key words Pellets, Iron recovery, HPGR, Magnetite, Granulation
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