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Abstract

HPGR (high-pressure grinding rolls) is widely used as a pre-grinding option in iron ore beneficiation plants. During opera-
tion, the wear at the center areas of the rolls is more intense than the edge areas. In this research, the wear pattern on roll
surfaces of HPGR in a case study plant was investigated which operates in a close circuit with a wet double-deck vibrating
screen. After plant audits, collecting reliable data, and efficient evaluation, it was found that the wear pattern is asymmet-
ric, and the gap between rolls would not be properly adjustable. The reason for the asymmetrical wear was the segregation
occurrence in the HPGR feeding chute originating from the non-uniform distribution of HPGR’s feed on the belt conveyor.
The results showed that segregation in the feeding bin happens when the bin level is lower than 70%, and it was completely
obvious for levels lower than 40%. Also, the non-uniform distribution of HPGR’s feed on the belt conveyor can be decreased
by implementing modifications on the connection chute of screen recycle and belt conveyor of HPGR feed.
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1 Introduction

HPGR (high-pressure grinding rolls) technology was
invented in the 1970s and developed in the 1984s [1-4].
Over the past decades, HPGR application in the mining
industry and comminution stages has been on the rise [5-7]
as a grinding equipment with lower energy consumption [8].
HPGR application in the mining industry is very notable
because of its high capacity, low specific energy consump-
tion, fast start-up phase, and low time and cost maintenance
[9-12]. Nowadays, utilizing HPGR at a grinding stage before
the ball mill is common, which causes a reduction of the
specific energy consumption by about 20% [13].

Crushing and grinding in the HPGR happen when a bed
of particles is placed between two movable pressurized rolls
[14-17], and many parameters have a remarkable influence
on the performance of the rolls. The wear phenomenon on
the rolls surface is an important parameter in HPGR opera-
tion, and it approximately depends on three main factors:
(1) properties of rolls and studs, (2) ore properties, and
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(3) the adjustment of operational parameters related to the
equipment [18]. It confirmed that, apart from the maximum
size and particle size distribution, some parameters such as
finer particles, hardness, bulk density, and abrasiveness of
HPGR’s feed have a considerable influence on the HPGR
milling process [19]. On the other hand, breakage behavior
does not correlate with the Bond work index, and the reason
is a difference in breakage mechanism in HPGR and the
procedure of this index [20]. The sufficient moisture con-
tent contributes to the formation of a protective layer on the
roll’s surface and decreases the roll’s wear rate [21]. Extra
feed moisture content causes materials to slip from the roll
surface, which leads to material layers washing off from the
roll surface and increases the wear rate [19, 22, 23]. In a case
study, it was reported that the moisture content within the
range of 2-4% has the best performance in the comminu-
tion process [21], and another research showed that 3-5% is
proper for pre-grinding of fine iron ores [24].

Also, controlling HPGR motors and their load-sharing
handle can decrease the wear rate of the rolls, and it can
be monitored with continuous observation of operation and
measurement in routine maintenance procedures and shut-
downs [25, 26]. Feed characteristics such as particle size
distribution play a prominent role in HPGR performance.
The top size of HPGR’s feed depends on the operating gap
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and roll diameter, and it is typically determined to be about
1.5 times bigger than the operating gap [27]. In general,
the maximum wear and concaving rate of rolls occur in
the middle areas of the rolls [18]. The applied force on the
central area of HPGR roll surfaces is much higher than the
edges, and it causes to increase in the wear rate remark-
ably on the central area of the roll surfaces [23, 28, 29].
Asymmetrical feeding on the different areas of the rolls is
deleterious for HPGR [30, 31], and it probably increases the
wear rate of rolls. It is obvious that inhomogeneous feeding
of HPGR which is originated from material segregation can
be defined easily as reserve mixing or demixing [32], and it
has a considerable effect on wear rate of rolls. Segregation
can happen from the belt conveyor to the feeding bin which
is present in the HPGR circuit. Segregation is mainly due
to physical properties including environmental conditions,
handling parameters, and particulate materials [33]. Some
researchers used specific software like DEM to model the
segregations patterns and have a better understanding about
it [34]. Rodriguez et al. showed that the skew can decrease
the wear intensity of rolls which is an essential way to main-
tain rolls for a longer working period of time and decrease
the effect of segregation on the rolls [35]. Also, it has shown
that the size range of materials is the most controlling fac-
tor in the segregation phenomenon [35]. Although differ-
ent effective parameters on HPGR rolls were objective in
previous investigations, no one focused on how asymmetri-
cal feeding can affect HPGR performance. In this research,
material segregation on the HPGR feed belt conveyor and its
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influence on the wear rate of roll surfaces in a plant scale are
investigated and represent the applied solution to increase
the performance of the HPGR rolls and lifetime and reduce
the segregation.

2 Materials and Methods

This investigation used several technical methods to monitor
the HPGR’s efficiency and present solutions to improve its
performance. Particles size analyses were used to compare
the feed and product of HPGR. Also, sampling was carried
out to stabilize process production. Furthermore, the control
room data was utilized to provide a good insight into the
process and apply for data analysis stage.

After monitoring, collecting reliable data, and conducting
analyses, the corrective measurements were implemented to
improve performance.

2.1 HPGR Circuit

The case study plant produces over 2 million tons of iron ore
concentrates per year. Figure 1 shows the general process
flowsheet of the plant. In this plant, the HPGR mill works
as pre-grinding equipment to prepare the ball mill feed, and
it works in a closed circuit with a wet double-deck vibrat-
ing screen. The screen has three products: screen under-
flow (—6 mm), which is fed to the hydrocyclones, screen
middle product (— 50+ 6 mm), which is recycled to HPGR

Drum Separators
(WLIMS)

Ball Mill

|
=

Wet Screen
Reject

(WMIMS)

\y. Roughing
\1’. Cleaning

Re-Clcaning
]

Drum Separators: Cobbing

l Belt Filters

oN
—]

Iron Concentrate

Tailing Thickener

Final Tail

Fig. 1 The simplified process flowsheet of the case study plant. Reprinted with permission from [21]
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Table 1 Physical and chemical composition of fresh feed sample

Average chemical analysis (%)

Fe o 50.3
FeO 20.6
ALO, 24
CaO 25
MgO 38
TiO, 0.22
Si0, 10.3
S 17
P 0.1

Physical properties

for regrinding as the circulating load, and the screen reject
(+50 mm), which include very coarse particles and metal
scraps. Table 1 represents the average chemical composi-
tion of the fresh feed. In Table 1, F, is defined as feed top
size, and Fg, accounts for a screen aperture size that 80% of
particles are finer than it.

Figure 2 demonstrates a schematic view of the HPGR
circuit, and the technical data are presented in Table 2. The
roll surface is made of forged steel and protected by tungsten
carbide studs.

2.2 Operating Conditions of HPGR

F 50 mm .
Fmo . The long-term plant audit was performed as a procedure to
50 detect the operating and feeding conditions of the HPGR and
Average Bond Index 13-15 kWh/t .
the effect on the HPGR performance. In this regard, HPGR
operation gap, wear rate, fresh feed rate, and circulating load
were measured. Moreover, inspections included (1) review-
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Fig.2 A schematic view of the HPGR circuit

ing the operating manuals of equipment, (2) considering the
standard operating adjustments of equipment, (3) data gath-
ering from the equipment observations, and (4) analyzing,
proposing, and implementing the improvement solutions.
Table 3 shows the operating parameters of HPGR.

3 Results and Discussion

Based on the HPGR audition and mentioned operating con-
ditions in previous sections, there are several reasons for
the non-uniform and excessive wear of the roll surface. To
focus on the influence of the material segregation of the
HPGR’s feed, the effective parameters on the segregation
such as non-uniform distribution of HPGR feed on the belt
conveyor, inappropriate particle size distribution of HPGR
feed, and non-standard operating parameters are discussed.

Table 2 The technical data

: ; 8 HPGR Double-deck vibrating screen
of installed HPGR, vibrating
screen, and de-agglomeration Throughput capacity 900 t/h Throughput capacity 900 t/h
bin Operating pressure 230 bars (Max.) Aperture: upper deck 50 and 14 mm
Aperture: lower deck 6 mm
Feed moisture <5% Screen length 9m
Screen width 2.5m
Feed size: F, Fy, 50, 37 mm Inclination Dual slope, 25/15 deg
Specific pressing force Maximum 4 N/mm? De-agglomeration bin
Roll diameter 1.5m Capacity 200 ton
Roll width 12m Diameter 8 m
Roll speed 9-23 rpm Height 52m
Drive rating 2x745 kW Feeder 900 t/h
Variation range of circum-  0.75-1.8 m/s

ferential roller speed
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Table 3 The operating conditions of HPGR

Hydraulic pressure (bar) 170-180
Specific pressing force 3.1-3.3 N/mm?
Zero gap (mm) 25

Fresh feed rate (t/h) 420-440

Fresh feed + circulating load (t/h) 600-680
Power consumption (kW) 800-900
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Fig.3 The average PSD of HPGR’s feed in two 3-day periods before
and after implementing modifications at the upstream crushing plant

3.1 Inappropriate Particle Size Distribution (PSD)
of HPGR’s Feed

According to design data, F,,, and Fg, of HPGR’s feed
should be 50 and 30 mm, respectively. It was realized that
inappropriate F,y, and Fg, of HPGR’s feed as well as the
presence of coarse particles in feed significantly reduced
the equipment throughput and increased the wear rate of
the roll surface.

Fig.4 Non-uniform distribution
of particles on the cross-section
of belt conveyor. a Fresh feed. b
Fresh feed and circulating load
of double-deck screen

@ Springer

Figure 3 shows the average PSD of the HPGR feed
during operation in two 3-day periods before and after
corrections. The coarse top size of the HPGR feed and
the narrow size distribution of particles in the range
of — 50+ 3 mm are problematic. Before modifications, the
Fg, of the HPGR feed was about 37 mm, and more than 6%
of the HPGR’s feed was coarser than 50 mm. To reduce
HPGR’s feed size, it was seen beneficial to reduce the
aperture size of the screen at the upstream crushing plant
and before the HPGR circuit from 50 to 40 mm to remove
the coarse particles from the process and produce a finer
feed for the downstream HPGR. After that, the Fg, of the
HPGR’s feed was reduced to 29 mm, and all particles were
finer than 50 mm which seemed to have a positive effect on
the reduction of wear rate on the roll’s surface.

3.2 Non-uniform Distribution of HPGR’s Feed
on the Belt Conveyor

HPGR feed comprises fresh feed (crushed iron ore) and the
circulating load of a wet double-deck vibrating screen. The
fresh feed is firstly transferred from the daily bin on the
belt conveyor using two vibrating feeders under the daily
bin. Then, the circulating load of the wet screen (coarse
particles > 6 mm) is added to the fresh feed through a chute
on the belt conveyor. The long-term auditions from the
feed belt conveyor showed a non-uniform distribution of
particles at the cross-section of the belt conveyor (Fig. 4).
The coarse particles are gathered on the right side of the
belt conveyor, while the fine particles are placed on the left
side of the central axis of the belt conveyor. The results
boost this hypothesis that this segregation has a negative
effect on HPGR rolls, and the wear rate in the different
sections of roll surfaces is different.
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During operation, samples were taken from two sides of
the HPGR feed belt conveyor, and the PSD of HPGR’s feed
is shown in Fig. 5.

The results of the plant observations showed that the
wear rate of the roll surface at the drive side was more than
the non-drive side of the rolls. The non-uniform wear of
the roll surface is related to the HPGR feeding conditions
(Fig. 6). The circulating load chute of the screen guides
material to one side of the belt conveyor, and it causes
material segregation on the belt conveyor. As evident in
Fig. 5, the PSD of the materials through the cross-section
of the belt conveyor is different, and this non-uniform dis-
tribution of the materials continues to the HPGR hopper.
Consequently, the PSD of materials on the cross-section
of the roll’s surface is different with materials on the
roll’s surface at the drive side coarser than the materials
at the non-drive side, and it leads to the different and non-
uniform wear rate. The wear rate of fixed and float rolls
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Fig. 5 Particle size distribution of HPGR’s feed on the cross-section
(left and right sides of the central axis of the belt conveyor) of the belt
conveyor

Fig.6 A new HPGR roll (a) and
HPGR roll after 12,000 working
hours (b)

was measured, and it was on average 5 mm per million
tons of iron ore feeding. To solve the segregation issue
in the HPGR’s fresh feed, it was suggested to always set
the level of the materials in the fresh feed bin above 50%.
Also, the screen circulating load chute was modified to
guide the materials in the center of the belt conveyor. Fig-
ure 6 shows the new HPGR roll and its surface after about
12,000 working hours.

One special ruler was used to monitor the wear pat-
tern on the rolls surface. These measurements were car-
ried out on 1600, 2700, 5200, 9000, and 12,000 working
hours. Figure 7 shows the wear pattern over time, and it
was understood that the wear rate on the rolls surface is
uneven. As the deep concaves were appeared after 9000
working hours on the rolls surface, the wear measurements
on the rolls surface were limited to this step.

The daily fresh feed bin of the plant can store about
3600 tons of crushed iron ore to provide a stable feeding
condition. The process surveys indicated that the segrega-
tion phenomenon happens inside the fresh feed bin. Fig-
ure 8 presents the rate of different streams at the HPGR
circuit concerning the level of materials inside the daily
fresh feed bin. When the level of materials is under 40%,
the segregation phenomenon increases, and the Fg, of
fresh feed becomes coarser. Notably, the level of the daily
bin was collected from the control room employing ultra-
sonic sensors, and the rate of fresh feed and circulating
load were obtained from the conveyor belt’s scale. Also,
the Fg, of each stream was determined by sampling and
sieving analyses.

The coarser fresh feed produces the course HPGR prod-
uct, and it increases the screen’s circulating load. There-
fore, the wear rate of the HPGR roll surface increases. As
a result, the level of materials inside the daily bin should
be kept above 50% during operation to avoid accruing the
segregation phenomenon of the fresh feed (Fig. 9).
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Fig.9 Segregation of fresh feed on the belt conveyor for three different material levels inside the daily bin

3.3 Low Moisture Content of HPGR’s Feed

To achieve the best performance at HPGR grinding
operation, the moisture content of HPGR’s feed should
be adjusted at the range of 2-4% [14, 21]. At the case
study plant, wet screening of HPGR’s product increases
the moisture content of HPGR’s feed from less than 0.5%
to about 2%, and it helps to form the protective layer on the
surface of the rolls. It should be mentioned that the high
moisture content of HPGR’s feed (usually more than 5%)
is also problematic [36, 37], and it may cause slippage of
materials on the roll surface and increase the wear rate.
Figure 10 depicts the presence of protective layers on the
surface of the rolls.

In this research, one of the solutions to increase the mois-
ture content of the fresh feed was to install some water spray
nozzles on the HPGR’s feed belt conveyor. The long-term
auditions showed that this action is not completely practical,
and there are still some bottlenecks to increase the moisture
content of HPGR’s feed.

Fig. 10 a The protective layer
on the surface of the roll. b
Inappropriate protective layer
due to insufficient feed mois-
ture. “Reprinted with permis-
sion from [21]”

3.4 HPGR Reduction Ratio (Fg,/P)

The reduction ratio which is defined as the proportion of
Fy, to Py is an indicator to show the efficiency of the com-
minution process. The investigations on the reduction ratio
of HPGR showed that HPGR comminution efficiency dur-
ing the last 6 months of the roll’s lifetime reduces due to the
wear of the roll’s surface over time. However, readjusting the
gap between rolls can somehow prevent it. In addition, the
concave wear shape on the surfaces of the rolls allows the
materials to pass through without sufficient size reduction.
The reduction ratio is measured and presented in Fig. 11.
Notably, during this working period, other operating param-
eters such as pressure and feed rate were maintained in the
mentioned range in Table 3.

The changes in the reduction ratio affect the circulating
load and the rate of material rejection from the wet screen.
At the end of the roll’s lifetime, the efficiency of the HPGR
reduces because of extended concaves on the roll’s surfaces,
and the HPGR product has coarser particles. The coarser
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Fig. 11 The reduction ratio 22
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particles at the HPGR output mean higher circulating load
and rejection rates. The screen circulating load compared
with fresh feed showed that it increased from 37 to 55% dur-
ing the last 6 months of operation. Also, at the same time,
the rejection rate compared with the fresh feed rose from
1.5 to 3.5%. A view of the roll’s surface before and after
extended concaves is shown in Fig. 12.

4 Conclusion

In this paper, the effects of materials segregation on feeding
conditions and the performance of HPGR were investigated.
The main reasons for the asymmetrical wear on the roll sur-
face were (a) the segregation phenomenon that happens
due to the non-uniform distribution of materials on the belt
conveyor, (b) the narrow size distribution of HPGR’s feed,
and the presence of coarse particles in it. By changing the
aperture size of the screen at the upstream crushing plant
from 50 to 40 mm, the coarse particles inside HPGR’s feed
were removed, and the Fg, decreased from 37 to 29 mm as
well. To avoid segregation in the daily bin, the bin level was

Fig. 12 Rolls surface before (a)
and after concaves (b)

@ Springer

kept higher than 40% during operation. Furthermore, the
circulating load chute of the HPGR’s screen was modified to
guide all materials to the center of the belt conveyor to have
a uniform distribution of materials for the HPGR.

The moisture content of the HPGR feed was about 2%
which is not suitable for optimum operation and forming a
protective layer of materials on the roll surface to prevent
excessive wear of the roll surface. To increase the moisture
content, spray water nozzles on the belt conveyor were used,
but the results showed that this action was not effective in
raising the moisture content of materials. The results showed
that after about 12,000 working hours, the circulating load of
HPGR'’s circuit increased from 37 to 55%, while the rejec-
tion of materials increased from 1.5 to 3.5%. It is strongly
recommended to do further investigations on the prediction
of the roll’s lifetime with different pressure levels and set the
best pressure regarding the economic view. Also, finding a
solution to increase the feed moisture content in an appropri-
ate way is an attractive field of study.




Mining, Metallurgy & Exploration (2025) 42:1759-1768

1767

Acknowledgements The authors would like to thank the Gohar Zamin
Mining & Industrial Company for their cooperation.

Funding Open Access funding provided by University of Oulu (includ-
ing Oulu University Hospital).

Declarations
Conflict of Interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Adewuyi SO, Ahmed HA, Ahmed HM (2020) Methods of ore pre-
treatment for comminution energy reduction. Minerals 10(5):423

2. Morrell S (2022) Helping to reduce mining industry carbon emis-
sions: a step-by-step guide to sizing and selection of energy effi-
cient high pressure grinding rolls circuits. Miner Eng 179:107431

3. K. Rabago, A. Lovins, and T. Feiler, “Energy and sustainable devel-
opment in the mining and minerals industries,” Min. Miner. Cristian
Park. Gloria Baigorrotegui Fernando Estenssoro, vol. 185, 2001.

4. Schonert K (1979) Energy aspects of size reduction of brittle
materials. Zem-Kalk-Gips Transl 3:40

5. P. Ghobadi, R. Hejazi, and M. Saghaeian, “Enhancement of mate-
rial handling system efficiency in ZISCO plant by HPGR circuit
modification . XX VII International Mineral Processing Congress,
Santiago, Chile.,” 2014.

6. Camalan M, Hosten C (2015) Ball-mill grinding kinetics of
cement clinker comminuted in the high-pressure roll mill. Miner
Process Extr Metall Rev 36(5):310-316

7. A.Jankovic and W. Valery, “Reducing grinding energy and cost-
magnetite iron ore design case study,” 2010, pp. 6-8.

8. Halkos GE, Gkampoura E-C (2020) Reviewing usage, poten-
tials, and limitations of renewable energy sources. Energies
13(11):2906

9. Schonert K (1988) A first survey of grinding with high-compres-
sion roller mills. Int J Miner Process 22(1-4):401-412

10. Norgate T, Weller K (1994) Selection and operation of high pres-
sure grinding rolls circuits for minimum energy consumption.
Miner Eng 7(10):1253-1267

11. Fuerstenau D, Kapur P (1995) Newer energy-efficient approach to
particle production by comminution. Powder Technol 82(1):51-57

12. R. Klymowsky, N. Patzelt, J. Knecht, and E. Burchardt, “HPGR
technology: present and future,” Procemin Chile, 2008.

13. Kellerwessel H (1993) High pressure particle bed comminution
of mineral raw materials. Aufbereitungstechnik 34:243-243

14. Abouzeid A-ZM, Fuerstenau DW (2009) Grinding of mineral
mixtures in high-pressure grinding rolls. Int J] Miner Process
93(1):59-65

15. S. H. Amiri and M. L.-Y. Abadi, “Grinding iron ore concentrate
by using HPGR and ball mills and their effects on pelletizing and

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

reduction stages-a pilot-scale study,” Can. Metall. Q., pp. 1-12,
2022.

Klymowsky R, Patzelt N, Knecht J, Burchardt E (2002) Selection
and sizing of high pressure grinding rolls. Miner Process Plant
Des Pract Control Proc 1:636—668

J. Quist and M. Evertsson, “Investigation of roller pressure and
shear stress in the HPGR using DEM,” XXVIII Int Min. Process
Congr Proc, vol. 1, 2016.

R. Kazerani Nejad and A. Sam, “Prediction of the edge recycle
effect on the high pressure grinding rolls performance using piston
and die test,” J. Anal. Numer. Methods Min. Eng., vol. 6, no. 11,
pp. 65-75, 2016.

. Saramak D (2011) The influence of chosen ore properties on

efficiency of HPGR-based grinding circuits. Gospod Surowcami
Miner 27:33-44

Aminalroaya A, Pourghahramani P (2022) The effect of feed char-
acteristics on particles breakage and weakening behavior in high
pressure grinding rolls (HPGR). Miner Process Extr Metall Rev
43(5):610-621. https://doi.org/10.1080/08827508.2021.1913153
Amiri SH, Zare S (2021) Influence of grinding and classification
circuit on the performance of iron ore beneficiation — a plant scale
study. Miner Process Extr Metall Rev 42(3):143—152. https://doi.
org/10.1080/08827508.2019.1702982

M. Izadi-Yazdan Abadi, M. Abdollahi, M. R. Khalesi, and E.
Panahi, “A new approach to analyzing the type of moisture inside
the filter cake of hematite concentrate,” Int. J. Min. Geo-Eng., vol.
57, no. 1, pp. 35-40, 2023, https://doi.org/10.22059/ijmge.2022.
341102.594964.

Rodriguez VA, Barrios GK, Bueno G, Tavares LM (2021) Inves-
tigation of lateral confinement, roller aspect ratio and wear condi-
tion on HPGR performance using DEM-MBD-PRM simulations.
Minerals 11(8):801

Van Der Meer FP (2015) Pellet feed grinding by HPGR. Miner
Eng 73:21-30

M. Pischtschana, S. Belza, and M. Perruccia, “HPGR roller life
extension with dynamic load sharing”.

M. Varga, R. Grundtner, A. Maurer, and M. Kirchgafner, “Online
wear measurement in harsh environment.,” Tribol. Schmier., vol.
66, no. 4-5, p. 35, 2019.

Van der Meer FP, Gruendken A (2010) Flowsheet considera-
tions for optimal use of high pressure grinding rolls. Miner Eng
23(9):663-669

Hasanzadeh V, Farzanegan A (2011) Robust HPGR model calibra-
tion using genetic algorithms. Miner Eng 24(5):424-432

P. Ghobadi, R. Hejazi, M. Saghaeian, and V. Sheikhzadeh, “Devel-
opment of HPGR circuit based on the operating parameters and
material characteristics,” presented at the 28th International Min-
eral Processing Congress, 2016.

Lim W, Campbell J, Tondo L (1997) The effect of rolls speed and
rolls surface pattern on high pressure grinding rolls performance.
Miner Eng 10(4):401-419

G. Lane, M. Daniel, R. Dunne, S. Morrell, and D. Maxton,
“HPGR application in australia—status and future directions,”
presented at the Proceedings of the VI International Mineral Pro-
cessing Seminar, 2009, p. 179.

Popplewell L, Campanella O, Sapru V, Peleg M (1989) Theo-
retical comparison of two segregation indices for binary powder
mixtures. Powder Technol 58(1):55-61

Tang P, Puri V (2004) Methods for minimizing segregation: a
review. Part Sci Technol 22(4):321-337

M. Denzel and M. Prenner, “Solid state material driven turbine
to reduce segregation effects in bunkers,” presented at the 10th
International Conference on Conveying and Handling of Particu-
late Solids, 2022.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/08827508.2021.1913153
https://doi.org/10.1080/08827508.2019.1702982
https://doi.org/10.1080/08827508.2019.1702982
https://doi.org/10.22059/ijmge.2022.341102.594964
https://doi.org/10.22059/ijmge.2022.341102.594964

1768

Mining, Metallurgy & Exploration (2025) 42:1759-1768

35. Rodriguez VA, Barrios GK, Tavares LM (2022) Coupled DEM-
MBD-PRM simulations of high-pressure grinding rolls. Part 2:
investigation of roll skewing. Miner Eng 178:107428

36. Y. Yen, C. Lin, and J. Miller, “Particle size segregation on a belt
conveyor,” Comminution Pract., pp. 77-84, 1997.

@ Springer

37. Saramak D, Kleiv RA (2013) The effect of feed moisture on the
comminution efficiency of HPGR circuits. Miner Eng 43:105-111

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Influences of Materials Segregation on Feeding Conditions and Performance of HPGR Mill
	Abstract
	1 Introduction
	2 Materials and Methods
	2.1 HPGR Circuit
	2.2 Operating Conditions of HPGR

	3 Results and Discussion
	3.1 Inappropriate Particle Size Distribution (PSD) of HPGR’s Feed
	3.2 Non-uniform Distribution of HPGR’s Feed on the Belt Conveyor
	3.3 Low Moisture Content of HPGR’s Feed
	3.4 HPGR Reduction Ratio (F80P)

	4 Conclusion
	Acknowledgements 
	References


