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Abstract: The effect of shell liners on mill performance has been the subject of various studies, but little
known about the effect of dry SAG mills end liners on throughput and grinding efficiency. In particular,
in the case of dry Aerofall mill types where it has been claimed that the end liners play a key role in the
crushing and grinding actions. This paper experimentally characterizes the role of end liners in dry SAG
mills with the objective of obtaining a thorough understanding of the effects of end liners design on the
load trajectory and SAG mill performance. It was thought the characterization study will lead to design new
end liners which eliminate or reduce the shortcomings of the current liners and improve the comminution
efficiency mainly by prolonging liner life. The test works conducted in a scale down mill with a diameter
of 1m indicated that conventionally used "deflector" type liners did not provide efficient environment for
grinding. Direct observations obtained from the model mill during tests by various visualization techniques,
along with simulations using the KMPCDEM software were the main sources of understanding flow
behavior of charge inside the mill. In this research, to improve the grinding efficiency, a new design using
low profile end liners incorporating radial ribs of proper height was investigated. The special design of
model mill made it possible to increase the radial ribs height in steps of 6mm up to 18.5mm. The transparent
end of the mill enabled accurate trajectory determination by image analysis. The results indicated that the
new lower height profile deflectors and 15.5mm-height (14.5cm in industrial scale) radial ribs improved the
mill performance while avoiding excessive pressure drop across the mill and wear on the liner. The image
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analysis showed that the use of new liners increased the distribution of coarse particles across the mill cross
section from 28% to 35%. A new liner design was proposed by decreasing the number of liners in each
slice from 5 to 4 pieces. The thickness of the inner head liners reduced from 45c¢m to 30cm and the outer
deflector liners replaced by14.5 cm radial ribs. The distance between the feed and discharge liners increased
from the original 115cm to 176¢cm which increased the effective length of the mill by 53%. The new design
reduced the weight and volume of end liners by 9% and 23%, respectively. On account of installation of the
new liners in Aerofall SAG mills the throughput increased from 441 to 465 t/h, the product size decreased
from 519 to 480 um and the amount of recycled material from the SAG mill product decreased from 10 to
6%. The most significant improvement was observed in the liner life; an increase of 50 to 200 % in liner
life depending on the location of end liners was achieved. The relining time also reduced by 37.5% with
the new liners.

Keywords: AG/SAG mill, Feed end liners, Discharge end liners, Gol-E-Gohar, Simulation, DEM.

INTRODUCTION

Over the years, the principal functions of mill liners have remained the same: mill shell protection,
energy transfer to the charge, retaining grinding media, product classification, and material transportation
from the mill [1]. It is well known that liner profile can be improved to increase throughput or liner life. It
is, therefore, logical to assume that parameters can influence mill performance receive more attention and
be the subject of careful evaluation and research. The effect of shell liner on mill performance has been the
subject of various studies [2-8], but little known about the effect of dry SAG mills end liners on throughput
and grinding efficiency [9]. In particular, in the case of dry Aerofall mill types where it has been claimed
that the end liners play a key role in the crushing and grinding actions [10].

Without a detailed study on how the liners are actually performing, the risks associated with a redesign
program are unacceptably high. What is often lacking in liner improvements programs, are the tools to
characterize the current performance which enable intelligent decisions to be made based on reliable
and accurate data. This paper experimentally characterizes the role of end liners at the Gol-E-Gohar iron
ore mining and industrial company located southeast of Iran with the objective of obtaining a thorough
understanding of the effects of end liner design on the load trajectory and SAG mill performance. It
was thought the characterization study will lead to design new end liners which eliminate or reduce the
shortcomings of the current liners and improve the comminution efficiency mainly by prolonging liner life.
This paper presents the new end liner design for Aerofall SAG mills with the aim of improving milling
performance by increasing the “effective impacts” defined as the impacts of sufficient energy that hit the
particles not the liners.

METHODS

The process of designing a new end liner started with the characterization of the original liner design and
modification of the geometry to obtain the desired shape. Various experimental methods were conducted to
study the design features of the original liners. These methods can be divided into three groups: visualization
of charge motion, analysis derived from indirect measurements and the quantitative analysis of industrial
wear measurement data. In order to investigate the effects of deflectors on the charge behaviour, a scale-
down version of the original end liners (Figure 1A) were manufactured and installed in a model mill. Direct
observations from model mill along with simulations using the KMPC__ = software were used to understand
the behaviour of charge inside the mill. After implementation of all modifications, the new liner design was

finalized (Figure 1B), manufactured and installed in two of the Gol-E Gohar SAG mills.

FINDINGS AND ARGUMENT

The objective of the liner improvement project was to increase the grinding efficiency and liner life
time through liner design change. It has been reported that the design of end liners affects both the grinding
efficiency and the rate of metal wear in Aerofall SAG mills [9]. These observations suggested a detailed
understanding of the behaviour of the charge motion in the original system a prerequisite to arrive at an
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(B)

Figure 1. A: The laboratory-scale SAG mill experimental setup with control and data acquisition systems, B:
configuration of new end liners installed in the model mill

optimal liner design. It was thought that any successful design change requires a thorough knowledge
regarding the function of various components of the liners.

Direct observations obtained from the model mill during tests by various visualization techniques, along
with simulations using the KMPC = software were the main sources of understanding flow behavior of
charge inside the mill. DEM and particle tracing in UV-light overcame the limitation of transparent-end
mill technique in showing the depth of the mill. Figure 2 shows the charge motion in the model mill with
original liners.

A) ®)
V (m/s)

10
7.5

2.5
0

Figure 2. Charge motion in the model mill A: with original end liners and B: charge motion in case a simulated
with DEM

An experimental method presented in this work can be used to characterize segregation with the
objective of de-segregation through re-designing of outer deflector liners. Figure 3 presents trajectory of
various particle sizes in the model mill which also shows radial segregation of particles. In Figure 3A, large
and small balls painted with green and red fluorescent colors, respectively. Under the UV light, the paths
of large and small balls could be clearly differentiated. As it can be observed in Figure 3B, larger balls
are closer to the center of the charge and smaller balls are mostly located outside of the bulk of the charge
(i.e., in the cataracting zone). This indicates that large particles which should be in the cataracting zone and
participate in the high energy impact action, have accumulated in the circulation area.

This study experimentally characterizes the role of end liners at the Gol-E-Gohar mining and industrial
company located southeast of Iran with the objective of obtaining a thorough understanding of the effects of
end liner design on the load trajectory and SAG mill performance. At the Gol-E-Gohar iron ore concentration
plant, three 9m=2.05m Aerofall SAG mills are used in parallel in a dry operation to grind a magnetite ore [11].
It was decided to prepare the new design of end liners for installing in one of these mills.
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Figure 3. Snapshots of the charge in the mill model A: under UV light and B: DEM simulation

In designing new liners for the industrial Aerofall SAG mill, the following points were considered:
reducing the number of parts inside the mill, reduction of assembly and replacement time, extending
useful life of liner parts, ensuring safe installation and operation. A special attention was also devoted
to consistency of the new end liners with the shell liners to avoid any adverse effect on the performance.
All components must be designed in a way that to minimize the number of maintenance shutdowns. In
compliance with this criterion, in the new design, the number of liners in each slice decreased from 5 to 4
pieces. Changing the design of deflector liners resulted in a reduction of the weight and volume by 9% and
23%, respectively (Figure 4). Due to lower liner weight and volume and also simple pattern of new design,
the relining operation became safer and the time required reduced by 37.5%.

Figure 4. 3D model of the new liners in the Aerofall SAG mill at the Gol-E-Gohar iron ore concentration plant

CONCLUSIONS

— The tests were performed to characterize various functions of the Aerofall SAG mill end liners at the
Gol-E-Gohar mining and industrial company. It was found that the function of the deflector liners
might not be as critical as it is claimed and believed.

— In order to characterize the original liners, a 100cm*10.8cm model mill and simulations using the
KMPCDEM software were used. The charge divided into three main regions, the crescent-shape bulk
region, the dispersed region and carry over region.

— It was shown that the liner in the first and the last 20% of the mill length under the protection of the
deflector liners experienced no deformation. This meant that 40% of the mill length do not actively
participate in the grinding process and the energy of falling media is wasted by impacting the outer
deflectors.
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The plant data also showed that at the end of inner deflector liners life, when two-third of liner height
still remained, no significant change in the pressure drop across the mill was reported. It was found that
30.6% (v/v) of material are in-flight region and 4.6% of particles are subjected to the active air stream.
The original deflector liners used in the Gol-E-Gohar dry SAG mill was not found to be optimal.
The new liners must provide the keying action and should deflect the material towards airflow while
overcoming the drawbacks of original liners (i.e., lower mill effective length, high liners wear rate
and particles segregation).

The characterization of the original deflector liners in Aerofall SAG mill of the Gol-E-Gohar mining
and industrial company, indicated that the function of the deflector liners might not be as critical as
claimed and did not provide the best performance for the mill. The deflector liners drawbacks were
decreasing the effective mill length by 53 %, segregation of particles and high wear rate in end liners.
To overcome these limitations, the new end liner was designed using low profile ribs.

To decrease the height of inner deflector, radial ribs were incorporated in the end liner design. With
the use of a low profile liner (the inner deflector thickness reduced from 450 to 300 mm) incorporating
radial ribs of proper height (145 mm) provided a better environment grinding. The effective length of
SAG mill with the new end liner design increased by 53 % (from 115 cm to 176 cm (which allowed
more efficient use of the mill length.

For a period of life of three shell liner sets (2.5 years). The mill throughput was approximately 441
t/h and increased to 465 t/h after the end liners modification and the 80% passing size of mill product
decreased from 519 to 479 microns. Furthermore, the amount of recycled material also decreased
from 9.6% to 6.5% on account of efficient impact breakage of critical size material.

Measurements and calculations performed on both original and new liner designs revealed that the
liner wear life improved 50% to 187% depending on the location of liners.

The number, weight and design of new liners made the relining task less challenging and time
consuming. In comparison to original liners, the relining time was only 62.5% of the original ones.
As a result of a decrease in relining time and increase in liners life, the total downtime of SAG mill
decreased by 101 hours per year.
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