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Abstract: The present study aims to evaluate the effects of fracture mechanism on physical parameters
such as size, shape, and specific surface area and to provide a description on how the grinding mechanisms
of ball mill and High-Pressure Grinding Roll (HPRG) work. Moreover, the effects of these parameters on
qualitative indicators of green pellets were also investigated. Furthermore, the amount of fine particle and
surface shape of the obtained particles were compared. Results showed that the specific surface area of
particles produced through HPGR is more than Ball Mill. This feature was recognized as the result of the
increasing fine particles in the range of 7-25 um and the presence of micro and macro cracks and fractures
on the surface of the most particles manufactured by HPGR. In addition, pelletizing processes of HPGR and
ball mill products at the same particle size distribution of 80% less than 43 and 90 pm showed that green
pellets produced with HPGR product in d80=90 pm have more drop number and compressive strength
in both dry (D.C.S) and wet (W.C.S) modes compared to ball mill. Also, the green pellets produced from
HPGR product at d80=43 um had higher drop number and W.C.S than ball mill product. But, compressive
strength of green pellets in HPGR product showed 63.18% lower values of D.C.S than pellets produced
by ball mill product at d80=43 pm. The reason for the lower D.C.S of the HPGR product is the increase of
fine particles and specific surface area that consequently led to high water absorption by the fine particles.

Keywords: Ball Mill, HPGR, Specific surface area, Qualitative indicators, Green pellet.

INTRODUCTION

The main object of iron ore processing plants is to produce a concentrate with specific chemical and
physical characteristics required for pelletizing processes and attain high-quality pellet for the extraction of
iron and steel production. Iron concentrate size distribution and the specific surface area of its particles are the
most important physical characteristics of the feed required for pelletizing processes. Therefore, in most cases,
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one stage is designed for concentrate grinding before entering to the pelletizing plant. In the pelletizing plants
(No. 1 and 2) of the Gol-E-Gohar Mining and Industrial Complex, three grinding processes performes using,
respectively, ball mills and HPGR. Iron pellets are spherical balls made of iron concentrate, which are formed
through rotating and have a positive effect on the performance of blast furnace [1].

To produce pellet, iron concentrate with 0 to 300 pm particle size is fed to the pelletizing disk after
being combined with water, lime, and bentonite (as an adhesive) [2]. The pellets with 8-16 mm size are
then separated and put into the heat furnace. Heat furnace includes drying, preheating, firing, after-firing
and cooling. Pellets undergo heat treatment and become hard after going through these stages [3,4]. The
most important qualitative characteristics of fired pellets include appropriate grading of 8-16 mm, 25-30%
porosity [1], suitable moisture [5], minimum drop number of 3 to 4 for green pellet [1], pressure resistance
of 0.5-2 kg for wet compressive strength of pellets (W.C.S) [1], pressure resistance of 5-15 kg for dry
compressive strength of pellets (D.C.S) [1,6], pressure resistance of 260-350 kg for cold crushing strength
of pellets (C.C.S) [1], Abrasion Index (Tumble index) of more than 94% for pellets bigger than 6.35mm
and less than 5% for pellets smaller than 0.5mm [ 1], and maximum FeO content of 0.7% in the fired pellets.

The essence of concentrate, type of additives, concentrate moisture, water pH, iron ore impurities,
grading, and the specific surface area of concentrate (Blain number based on cm?/g, cm*cm?) are the most
important factors affecting the quality of manufactured pellets [7]. Moreover, parameters influencing the
specific surface (Blain) are the distribution of particle grading, the shape of surface particles, and the amount
of fines aggregates. In other words, a decrease in size distribution and an increase in surface cracks, and
also, an increase in the fine particle production, which improves the specific surface area.

The most common crushing machines used for the feed pelletizing are ball mill and HPGR. The
crushing mechanism of ball mills involves impact and abrasion, while HPGR uses pressure as the crushing
mechanism [8]. In general, abrasion and rolling of particles result in spherical shapes with a smooth surface.
However, impact and pressure mechanisms lead to cracks and uneven surfaces. Therefore, it is expected for
HPGR products to have a higher specific surface area than the ball mill manufactured pellets.

MATERIAL AND METHODS

The first step of this study was the preparation of iron concentrate from Gol-E-Gohar complex with
3 different gradings obtained through HPGR and Ball Mill circuits of mineral processing in the semi-
industrial plant of Gol-E-Gohar complex. We specifically focused on gathering two similar gradings from
each machine while considering physical variables such as the feeder speed, changes in the retention
time in mills, changes in the grading of HPGR feed, and other factors influencing the particles grinding
circuit. Subsequently, the specific surface area of particles was analyzed using gas permeability and surface
adsorption methods. In addition, the effects of HPGR and ball mill on the fine particle production and
surface shape of particles were investigated using cyclosizer and SEM images. Finally, after the pelletizing
processes using similarly graded concentrates from ball mill and HPGR, qualitative indicators of the green
pellet were analyzed in terms of their wet and dry compressive strength and, also, their drop number.

RESULTS AND DISCUSSION

From each equipment with different gradings, three samples were prepared for pelletizing and assessing
the crushing mechanisms of HPGR and ball mill. Results of sieve analysis and specific surface area
measurements revealed that the specific surface area of HPGR product in the size range of 43-90 um was
more than ball mill particles in the same size distribution. However, gas permeability is not an accurate
method in measuring the specific surface of large particles.

In addition, investigation of the fine particle produced by HPGR and ball mill showed that fine aggregates
between 7-25 um are considerably more in HPGR than in ball mill.

Moreover, the results show that the surface shape of HPGR products have more fractures and, also, more
micro and macro cracks than the specific shape of particles produced from Ball Mill.

Based on the results of this study, high specific surface area of particles from HPGR is directly related
to the higher fine particle production with 7-25 um size and also presence of more micro and macro cracks
and surface fractures in the products of this equipment.
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Figure 3. Surface shape of particles from Ball Mill Figure 4. Surface shape of particles from HPGR with
with an approximate size of 107 um an approximate size of 107 um

In this study, qualitative indicators of green pellets such as drop number, W.C.S and D.C.S obtained
from HPGR and Ball Mill with similar grading (90 pm and 43 um) were investigated. The results are shown
in Figures 5 and 6.

As seen in Figure 5, produced pellets from HPGR production in d80 = 90 um were more resistant to
pressure in wet and dry conditions and, also, had a higher drop number compared to the product of Ball
Muill. This performance may be the result of increased amounts of fine particles between 7-25 pm in HPGR
process. in this condition, an increase in fine production results in increased specific surface area and rising
the levels of capillary forces after adding water that cause forming a stronger connection between particles,
higher density of green pellet and, finally, improving the mechanical resistance of manufactured pellets.
In addition, the increased number of fractures on the surface of particles produced by HPGR results in
increasing the surface energy of particles and, thus, increasing the tendency of particles to form connections
which results in a balance between them. This connection between particles causes stronger mechanical
resistance in green pellets and prevents pellet breakup.

According to Figure 6, the green pellets obtained from HPGR with d80 = 43um were more resistant
to pressure in wet condition and had a higher drop number compared to the green pellet produced by Ball
Mill. However, the pressure resistance of dry green pellets produced by HPGR was 63.18% less than the
pressure resistance of Ball Mill product. This may be due to a significant increase in the amount of fine
aggregates with 7-25 um size, which results in the increased specific surface of the product. In this case,
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manufactured pellets made of smaller particles are more resistant to pressure and drop in wet condition due
to the presence of large quantities of absorbed water in the concentrate (more than 7%); however, in dry
condition, the water in green pellets turns into high porosity and causes a decrease in the dry compressive
strength of pellets.

CONCLUSION

Based on the results of this study, the specific surface area of the particles produced from HPGR product
is more than Ball Mill particles in similar grading. This increase in the specific surface area of particles from
HPGR product is due to higher quantities of the fine particle with 7-25 um size, as well as more fractures
and micro-cracks and the surface area of HPGR product. In addition, green pellets produced from HPGR
products have higher drop and pressure resistance in wet and dry conditions compared to Ball Mill products
with similar grading (d80 = 90um). Larger quantities of the fine particle with 7-25 um size and presence
of more surface fractures in HPGR product were considered as the main reason for these results. The same
explanation can also be presented about the higher drop and pressure resistance of HPGR manufactured
green pellets in wet conditions compared to the product of Ball Mill with the same grading and d80 =43um.
However, based on our observation, low-pressure resistance of HPGR manufactured green pellets in dry
condition was due to an increase in levels of pellet porosity during the drying process which, in turn, was
the result of larger amounts of fine particle and, thus, high water absorption (more than 7%). In other words,
it could be stated that this increase in fine particles with 7-25 um size causes an increase in the specific
surface, higher water absorption by finer particles and increased levels of capillary forces.
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