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Abstract

High-pressure grinding rolls(HPGR) have been widely used in the mineral crushing industry due to their
energy efficiency and improved mineral liberation. This research examined the effect of HPGR and
traditional crushing methods on low-grade iron ores' breakage and selection functions. The breakage function
was calculated using Bérubé, Herbest & Fuerstenau, and Modified Herbst & Fuerstenau methods, and it was
observed that HPGR increases the breakage function (Bil) for most size fractions, resulting in higher
percentages of finer particles after grinding compared to traditional crushing methods. However, this
difference diminishes as the particle size decreases. The selection function analysis showed that HPGR
increased particle breakage rate compared to traditional methods. Moreover, the selection function of the
samples peaked at -1.410+1.680 mm before declining, suggesting that the highest breakage rate occurred at
this size. The Broadbent-Calcut method also revealed that the value of ® varied for different sizes, indicating
a non-normalized breakage function. Additionally, the value of y for HPGR-crushed samples was lower than
traditional methods, indicating that HPGR produced finer particles.
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1- INTRODUCTION

comminution is a high-energy-consuming process, representing 30-50% of energy consumption
in mines and 2-3% of total energy consumption (Aminalroaya et Pourghahramani; Tromans, 2008).
As ore grades decline, there is a pressing need to reduce minerals to achieve the required liberation
for effective mineral processing (Aminalroaya et Pourghahramani). High-pressure rolls (HPGR)
offer a promising solution due to their pressure-based crushing mechanism that significantly
increases liberation. (Napier-Munn et al., 1996). HPGR is often called mill or crusher, depending on
the specific application requirements. (Van der Meer et Gruendken 2010). The crushing occurs
between two rotating cylinders, where particles can undergo either single-particle or inter-particle
crushing (Tavares, 2005). Single-particle crushing occurs if the largest feed particle is larger than
the gap between the rollers. In contrast, inter-particle crushing occurs in a particle bed if the largest
particle is smaller than the roller gap (Klaus Schonert, 1988). Population balance modeling is
commonly employed to describe comminution processes, in which particles of various sizes are
transformed into smaller particles at distinct rates determined by the population balance model
(PBM) (Napier-Munn et al., 1996). The PBM has been successfully applied to various crushing and
grinding equipment, including HPGR. HPGR modeling with the PBM s relatively simple,
assuming a zero-residence time and no internal classification. Thus, only the breakage and selection
functions must be determined (Anticoi et al., 2018). Significant progress has been made in
modeling HPGR performance, with the pioneering work by Morrell et al. serving as a cornerstone.
Their comprehensive model consists of three distinct components: a granularity prediction model to
calculate the particle size distribution of the product, an outlet model to determine the flow rate of
particles through the HPGR, and an energy consumption model to assess the energy requirements of
the process (Daniel et Morrell 2004). Morrell et al.'s granularity prediction model partitioned
HPGR's crushing zone into three distinct regions: pre-crushing, edge-effect crushing, and
compression. Pre-crushing and edge-effect crushing primarily involve single-particle fracture
induced by impact on the cylinder surface. At the same time, the compression region is
characterized by inter-particle fracture under pressure, where the bulk of the fracture process
occurs. Notably, the compression region is the most critical area for particle fracture in HPGR
(Daniel et Morrell 2004; Morrell, Shi, et Tondo 1997). Shonert divided the space between the
rollers into three zones: the acceleration, compression, and release zones. In the acceleration zone,
particles are accelerated by gravity and frictional forces due to sliding between the rollers' surface
and the material bed, flowing towards the compression zone where inter-particle crushing under
high pressure occurs. The release zone represents a transition region with decreasing pressure,
where the particles leave the device (Wang et al., 2013; K Schoénert, 1979). HPGR produces two
distinct particle fractions: the cake, which is the innermost portion of the rollers with the highest
pressure and highest product density, and the edge product, which is generated in the outermost part
of the rollers where the pressure is lowest (Klaus Schonert, 1988). This dual-product characteristic
of HPGR offers unique opportunities for the selective processing of minerals. This research aimed
to investigate the effect of HPGR on product characteristics compared to traditional crushing
methods. This was accomplished by performing bond work index tests, granulometry analysis,
breakage, and selection function tests on HPGR and jaw crusher products.

2- METHODS

A representative iron ore sample was selected to investigate the effect of HPGR on the breakage
and selection functions. Following initial crushing, one portion of the sample was crushed using
HPGR in a closed circuit with a -6 mesh control sieve. In contrast, the other portion was processed
using a jaw crusher, as illustrated in the flow diagram in Figure 1. The resulting products from the
HPGR and jaw crusher were sieved, and 300 grams of single-sized samples were collected from
each size fraction. Grinding tests were conducted for durations ranging from 10 to 50 seconds. After
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each grinding interval, the samples were re-sieved, and grinding continued until 40-60% of the
original material remained unground. Due to the non-normalized nature of the failure functions,
these functions were analyzed separately for each size fraction to ensure accurate results.

[ First-stage JC ]

[ Screening 2 mesh ]
| |
v v
4’[ HPGR ] [ Second-stage JC }1—
4[ Screening 6 mesh }—
HPGR product JC product

Figure 1- Flow diagram for breakage and selection function
3- FINDINGS AND ARGUMENT

The cumulative breakage function was obtained for the HPGR product and the product from JC
for the fractions of (-3.360 +2.380), (-2.380+2), (-2.380+1), (-1.680+1.410) and (-1.410+1) mm
using three methods: H & F, modified H & F, and the cumulative failure function. The results of the
breakage function for the (-3.360 +2.380) size fraction are presented in Figure 2. The semi-
logarithmic plot of the fraction of material retained on the sieve for the size fractions shows that the
slope of the plot line represents the value of the breakage function for the first sieve (Sj).

The results showed that the breakage function for both samples is non-normalizable.
Furthermore, it was observed that, despite the differences in results among the applied methods, in
all three approaches, the cumulative breakage function values (Bi,1) obtained from the HPGR
product were higher than those of the jaw crusher product in most size fractions. This indicates that
the fraction of material broken from the initial size to smaller sizes than i is more significant for
HPGR, meaning that the HPGR product produces finer material after a single breakage event. This
finding suggests that the HPGR product exhibits lower resistance to breakage, which can be
attributed to particle weakening and interparticle breakage mechanisms in the HPGR system.
Additionally, by calculating the non-cumulative breakage function (bi,1), which represents the
percentage of material retained on a sieve after a single breakage event, it was observed that for the
HPGR product, this value decreases for larger sieves and increases for smaller sieves. This further
confirms that the HPGR system generates finer products.

The results for the selection function values of both samples initially increased, reaching a
maximum at the size fraction (-1.680+1.410 mm), then decreased as the particle size became finer.
This trend indicates that as materials become finer, more particles are broken, peaking at this size
fraction before declining. This behavior may be due to the uniform size of the grinding media used.
It is suggested that using larger grinding media would improve the breakage of coarser particles.
Nevertheless, the selection function values for both samples were consistently higher during HPGR
comminution compared to the jaw crusher. In other words, the HPGR product is broken down more
rapidly during grinding than the jaw crusher product. This finding confirms that high-pressure
comminution accelerates breakage kinetics, enhancing the overall grinding process efficiency.
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Figure 2- cumulative breakage function was for the HPGR product and JC product for the +2.380-3.360 mm size
fractions

4- CONCLUSIONS

e HPGR was found to decrease Pgg, but this difference was reduced with ball milling. Examination
of the Ky values revealed a wide particle size distribution in the HPGR product, which may be
attributed to the distinct crushing mechanisms of the edge and layer under pressure in HPGR.

e The breakage function (Bj;) measurements revealed that HPGR increased the breakage function
in most fractions, suggesting that HPGR generated finer particles than traditional crushing
methods.

e The selection function increased up to a specific size, after which it decreased, indicating that
particles of similar sizes were selected. However, the HPGR product exhibited a higher selection
function than traditional JC, signifying faster crushing rates. This implies that HPGR products
were more susceptible to crushing, resulting in a higher breakage rate.

e The fitting of Broadbent's model confirmed that the HPGR product displayed a lower y value
than traditional crushing, indicating the production of finer particles by HPGR. This result
suggests that HPGR generated a more uniform particle distribution than traditional crushing
methods.

e The existence of varying ® values across different size fractions implies that the breakage
function of the samples is not normalized. This suggests that the crushing mechanism within
HPGR may generate a more heterogeneous distribution of particle sizes than traditional crushing,
resulting in a non-normalized breakage function.
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