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A Review of Ball mill grinding process modeling
using Discrete Element Method

Philbert Muhayimana, James K Kimotho, and Hiram M Ndiritu

Abstract—In the two past decades, the discrete element method
(DEM) has been used to model the grinding mill and grinding
media motion in mineral processing industries. There have been
many different discrete element method models that provided good
prediction of granular material behavior mainly the trajectory of
particles, contact force, kinetic energy, and power draw of ball mill.
This paper is intended to review the ball milling parameters that affect
the grinding performance of a ball mill mainly the power consumption
and the throughput quality. Particularly, the discrete element method
(DEM) and its use to optimize critical parameters, limitations and
achievement and identifying areas that still need further research.

Keywords—Ball mill, comminution, discrete element method, tum-
bling mill

I. INTRODUCTION

IN mineral processing, valuable ore minerals need to be
liberated from the gangue in order to achieve a product

with desirable grade after concentration processes. The release
of these valuable minerals is obtained through comminution
which is done in a grinding mill or a crusher machine. The
process of size reduction also known as comminution is highly
energy intensive and expensive. It is estimated that industrial
comminution processes absorb from 3 to 5% of global electric
energy consumption [1]. Fig. 1 shows the typical cost of

Fig. 1. Contribution of current energy use by equipment across the mining
industry. [2]

grinding mill influenced by energy consumed, type of liner
used, and the grinding media. The total milling cost (energy,
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grinding media, liner/lifters, and labor cost) is affected by
the mill liner/lifter particularly in autogenous (AG) and semi-
autogenous(SAG) the energy usage in mining industries [2].
The total grinding cost was found to be 40 of the total cost
in mining industries. Ball mill grinds material by rotating a
cylinder with grinding balls, causing the balls to fall back
into the cylinder and onto the material to be ground as
shown in Fig. 2 [3]. Collision impact reduce particle size
as a result of kinetic energy and potential energy of balls.
Grinding mills are able to reduce size particles on a relatively
wide range of particle sizes, hence, their wide applicability
in the industry, production of noncrystalline materials and in
research laboratories [4]. The movement of grinding media
and granular material is affected by different parameters:
the design of the mill drum (the mill diameter, the length,
the size of the liner, and lifters); grinding media (ball size
and their size distribution, ball material); Mill filling (the
charge volume, feed size) critical speed and grinding time will
affect the efficiency of the ball mill [5]. Researches aimed at
understanding the grinding parameters that affect the grinding
mechanisms have been conducted, estimating power draft, and
modeling milling process. Discrete element method (DEM)
has made a great contribution in modeling and understanding
the grinding problem. For instance, DEM can be used to model
the collisions of individual materials in the drum, which when
applied to the entire charge mass over a period of time results
in the mass charge motion. DEM is also quite reliable because
the underlying principles originate from the fundamental laws
of physics, provides an insight into the charge motion, and
simultaneously gives other information, such as distribution of
impact energy, force transmission, and stresses on the wall, etc
[6].This paper seeks to review different methods used to model
the grinding process of a ball mill as well as to evaluate the
effect of lifter geometry, grinding media size and mill speed
on power consumption of grinding mill.

II. THE DISCRETE ELEMENT METHOD

The discrete element method is a numerical modeling
technic that allows to describe the mechanical behavior of
distinct materials which interact with their nearest neighbor
through local contact laws. DEM uses two simple theories:
Newtons Second Law and a force displacement law. The force
displacement law calculates forces at the contacts between
particles, and then the effect of these forces on the each particle
is determined from Newtons Second Law [7]. The update of
the position of each particle are then used to calculate the new
contact forces and this cycle is repeated for each time step.
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Fig. 2. Illustration of ball mill grinding mechanis [3]

Thus these two contact laws are used to trace the movement
of the particles This process is summarized in Fig. 3.

Fig. 3. DEM Calculation Cycle

Cundall and Strack [7] were the first to use the discrete
element method, the method was based on the use of an
explicit numerical scheme in which the interaction of the
particles materials can be monitored contact by contact and
the motion of each particles can be modeled. Since then
DEM has been adapted to suit many other applications such
as, granular flow, powder mixing, and in modeling of many
physical systems. Lorig et al [8], analyzed the rock-support
interaction, Campbell et al [9], used DEM for granular shear
flow analysis, John et al [10], used DEM based on two shaped
element to model granular soil behavior, Mishra et al [11],
simulated the behavior of balls in a milling machine using
DEM, Raasch et al [12], analyzed the trajectories and impact
velocities of grinding bodies in planetary ball mill, Datta et al
[13] analyzed the power draw in ball mills using the discrete

element method, Kim et al [14] analyzed ball movement for
research of grinding mechanism of a stirred ball mill with 3D
discrete element method.

In DEM particles are usually modeled either in two di-
mensional (circular discs) or three dimensional (spherical).
However, the particles shape can also be modeled in an other
shape such as ellipsoid [15], and polygon [16], as well as
irregular shape which can be modeled by bonding several
spherical or circular particles [17]. Many papers have been
published in the literature by using DEM in modelling and
simulation of grinding mills, majority of them being limited
in 2D. Hlungwani et al. [18] used a 2D laboratory ball mill
to validate the DEM modeling of liner profile and mill speed
effects. Cleary [19] used DEM to investigate charge behavior
and power consumption in relation to operating conditions,
liner geometry and charge composition in a 5m ball mill, also
limited to the 2D code. Djordjevic et al. [20] have shown that
3D DEM simulations give more accurate results than 2D DEM
simulation.

The DEM modeling that is used by many researchers [11],
[13] involves determining the particles that are in contact,
the amount of overlap and related velocities. Therefore the
net forces acting on the contacting force can be obtained.
Newton’s second law of motion is applied to all particles to
determine new particle positions, their velocities and acceler-
ation.

Law of motion is based on the Newton second’s law. In a
particulate system, a single particle is affected by 3 types of
forces: gravity, normal force, tangential forces and its motion
can be described as :

mi
dvi
dt

=
∑

Fn,i + Ft,i + g, (1)

The subscripts i is for representing particle, v is the velocity
of the mass center, ωthe angular velocity, Fn,i the normal force
of particle i, Ft,i the tangential force of particle i and g is
gravity. Taking the time step into consideration, the movement
of a particle will be described by five factors: its position
x, velocityx

′
, acceleration x”, angular velocity ω, angular

acceleration ω
′
. They are all determined by the resultant force

and resultant moment.

III. CONTACT MODEL

There are two major types of contact models: particle-
particle and particle-geometry. The particle-particle contact is
the focus in this research, which is mostly used for simulat-
ing different materials. Particle-particle contact models, can
be classified as contacting force models and non-contacting
force models. Generally four types of contact models are:
continuous potential models, elastic model, visco-elastic and
plastic models, in which the first one belongs to non-contacting
force model, while the other three belong to the contacting
force model. The continuous potential model is widely applied
in molecular systems, which includes van der Waals forces,
electrostatic forces, and liquid bridge forces. The elastic model
can be sub-classified as linear elastic and nonlinear elastic
models.
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In DEM, a collision can be either particle to particle or parti-
cle to geometry, and is represented by the contact model which
show how the colliding bodies interact. Numerous contact
models have been used to model the interaction of different
particles. The linear spring-and-dashpot used by Cundall and
Strack [7], Morrison and Cleary [21], and Datta and Rajamani
[13]; the modified linear viscous damping model [22], the bi-
linear [22]; Hertz-Mindlin non-linear spring-and-dashpot, [17],
[23]. Among all the contact model two model are commonly
used.

A. Linear-Spring contact Model

The simplest model uses a linear assumption stating that the
displacement is directly proportional to the force and based
upon the work of Cundall and Strack. For collisions, the
force is decomposed into normal and tangential forces with
separate spring-dashpot elements, illustrated in Fig. 4. For each
component, we define a spring and dashpot to calculate the
force. The transition between a sticking and sliding collision is
controlled by the coefficient of friction, which poses an upper
limit to the tangential force. Here the characteristic impact (or
overlap velocity) is a required input parameter [24].

Fig. 4. Linear-spring contact model [25]

In linear spring-and-dashpot contact model, the contact
force in normal direction Fn can be governed by

Fn = −bnVn + knUn, (2)

where bn, Un, kn, Vn are The normal damping constant, the
overlap of contacting particles, the normal contact stiffness,
and the relative normal velocity of particles.

Fs = Fs
o + ks(Us + Us

o), (3)

where Fs
o, Us, ks, Us

o are the contact shear force during the
previous time step, the relative tangential displacement, the
shear contact stiffness, and the relative tangential displacement
for the previous time step, ∆t. The linear spring-and-dashpot
model is widely used, especially in modeling particles in fluid,
but for dry grinding it has one major problem: it is centrally
to the law of physics as a model for particle collisions. In
this model the viscous damping is assumed to be maximum
as the particles are coming into contact and also as the
particles are about to separate. This is not what is expected
to happen. Damping should be a minimum when the particles
first come into contact and also as the particles rebound. Due
to the rather unphysical nature of the linear spring-and-dashpot
model hypothesized by Sarracino et al. [22] may be adequate

for charge motion and power draw predictions, but it wouldnt
generate accurate impact energy spectrum predictions

B. Hertz-Mindlin Contact Model

The Hertz-Mindlin model shown in the Fig. 5 below, is
the most commonly used within EDEM simulations [17].
The model uses a spring-dashpot response to normal contact
between particles and/or geometry and a Coulomb friction
coefficient µ for shear interactions and a second spring-
dashpot response to tangential or rolling friction interaction. It
provides an alternative, to the more common linear spring-and-
dashpot modeling. It illustrates more detailed and realistic the
interaction between the two particles A and B than the spring-
and-dashpot model [26]. Unlike the linear contact model, in
the Hertz-Mindlin contact model the normal spring stiffness,
kn, varies according to the amount of overlap, Un, between
the contacting particles, in accordance with Hertzian contact
theory developed by Hertz [27]. The total force between the
particles can be divided into normal and tangential forces.
Spring and damping components are available for both the
forces, friction is available only for tangential component
and coefficient of restitution is related to the normal force
component.This model calculates the normal and tangential
forces using material properties such as the coefficient of
restitution, Youngs modulus, Poissons ratio, size and mass
It is a non-linear elastic model and is thus well suited to
the non-cohesive interactions which are to be used within the
computational models [28].

Fig. 5. Hertz-Mindlin model [28]

Using Hertz-Mindlin contact model, the interaction of par-
ticles is governed by the Hertz theory

Fn = 2/3Pmaxπa
2, (4)

where Pmax is the maximum pressure at the point of contact
and a is the area covered by the contacting bodies.

a =
3PmaxR

∗

4E∗ , (5)

R∗ and E∗ are the reduced radius of contacting bodies and
young modulus respectively. Hence the force- displacement
relation in the normal direction is calculated by

Fn = −knUn
3/2, (6)

Un is the contact overlap and kn is the normal contact stiffness.
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IV. CONTACT MODEL PARAMETERS

Material properties and material interaction parameters,
such as: the spring stiffness - or Youngs modulus and poisons
ratio, damping constant or coefficient of restitution and coef-
ficient of friction are required in the early discussed contact
models. Chandramohan [29] said that instead of using estimate
and approximate values of material interaction properties, they
can rather be measured to provide an overall reliable and
accurate result in predicting the motion of grinding media in
ball mill.

A. Coefficient of Restitution

The damping constant and coefficient of restitution are
important interaction parameters for the prediction of charge
motion and energy distribution of particles inside the rotating
mill. They represent measures of the energy that is lost during
a collision. The coefficient of restitution is defined as the ratio
of the relative velocities of colliding bodies just before contact,
to the relative velocities just after the collision [27].

B. Contact Stiffness, Young’s modulus and Poison’s ratio

The resultant force from the overlap at the point of contact
is a function of the contact stiffness. the selection of this pa-
rameter is necessary in DEM measurement. In Hertz-Mindlin
model, the stiffness k is known as a function of young’s
modulus E and Poissons ration ν which are related such that

E = 2(1 + ν)G, (7)

where G is the elastic shear modulus which is mostly used in
DEM simulations.

C. Coefficients of static Friction

The coefficient of static friction is the friction force between
two objects when neither of the objects is moving. The coeffi-
cient of kinetic friction is the force between two objects when
one object is moving, or if two objects are moving against one
another.The coefficient of friction governs the initialization of
slip between two particles experiencing tangential interaction.
Nierop et al. [30] reported the variation of the power draw with
coefficient of friction, and suggested that The coefficient of
friction may be an important parameter in DEM simulations.

V. OPERATIONAL PARAMETERS THAT AFFECT GRINDING
MECHANISM OF BALL MILLS

In mineral grinding using ball mills, there are factors that
have been investigated and applied in ball milling industries
in order to maximize grinding efficiency [5].

A. Mill diameter

Bond [31] observed grinding efficiency as a function of
ball mill diameter and established empirical formulas for
recommended media and mill speed that take this factor into
account. As well, mill with different length to diameter ration
for a given power rating will yield different material retention
times, the longer the units being utilized for a high reduction

ratios and the shorter ones where over-grinding is of concern.
Also related to both material and media rentation is discharged.

When designing a ball mill, much consideration is needed
on the size of the drum of ball mill and the speed at which
the drum is rotating. It has been shown by many researchers
that the mill diameter and mill speed have a great impact on
the grinding process of granular material [32], [33].

The net power consumption of a milling machine can be
calculated using Equation. 8 below. This equation shows that
the internal diameter of the milling machine has impact on the
net power consumption.

NP = λLDm
2.5 (8)

where, NP is the net power, λ is the friction factor, L is
the length of the drum, Dm is the internal mill diameter.

Gupta

Fig. 6. Predicted Power draw for different diameter mills that have
rectangular lifters at a mill speed of 60% CS and 50% mill charge [34]

Rowland also conducted a study and predicted the power
draw and charge motion for different mills diameter with the
same lifter shapes run at the same operating conditions. 50%
ball load was selected according to the previous report that
different diameter mills can draw maximum power around
this load. Power draw for small scale to large scale mills was
then predicted using the DEM simulation. Fig. 6, shows that
the power draw for small diameter mills to large diameter
mills that as mill diameter increases, simply mill power draw
increases [34].

B. Mill speed

When designing a ball mill, much consideration is needed
on the size of the drum of ball mill and the speed at
which the drum is rotating. It has been shown by many
researchers that the mill diameter and mill speed have a
great impact on the grinding process of granular material
[32], [33]. Deniz [33] investigated the effect of mill speed
on the limestone and the clinker samples at batch grinding
conditions based on a kinetic model. The effect of operational
speed which is the fractional to critical speed ϕc on the
grinding for model parameter aT was found to be different
for two different samples: aT = 0.0344exp(0.00301 ϕc) for
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clinker and aT = 0.0225exp(0.06183 ϕc) for limestone. It
was found that, for batch grinding, optimum grinding occurs
at φc = 85%. Francioli [5] conducted another study on the
effect of operational variables on ball milling. In order to
study the effect of mill filling, powder filling, percentage of
critical speed, ball size and percentage of solids, he carried
out different tests. Grinding media of 25 mm, 30% mill filling,
100% powder filling and 75% of the critical speed was selected
as the base condition and all other tests were varied according
to the progress of the results and the need to evaluate tests with
different operational variable. In this study he has analyzed the
effect of mill speed, critical speed also known as the movement
of the grinding media adjacent to mill shell during the entire
mill rotation was taken as the reference speed. He concluded
that ball mills can operate in two distinct regimes depending
on the rotation speed: cascade and cataract, as illustrated in
Fig. 7.

Fig. 7. Distinct regimes of rotation speed of a ball mill [5]

Cascade motion is more likely to result in breakage through
attrition whereas cataract would favor collisions and, thus,
body breakage. The effect caused by the variation of the
critical speed can be seen in Fig. 8, which illustrate that the
speed increases the center of mass of the charge inside the
mill is dislocated towards the mill wall hence the increase of
power consumption. However, when the speed gets closer to
the critical speed the center of mass is dislocated to the mill
center as the charge starts to centrifuge.

Fig. 8. influence of % of critical speed on power consumption in ball mill
[5]

C. Mill filling charge

In grinding, it is also needed to know the rate at which the
mill drum volume is occupied by, grinding media and ground

material. Mill filling is the percentage of the mill volume
occupied by the grinding media and the interstices between
them [35]. This operational variable can be written as

J =
V gm

Vm × (1 − fp)
, (9)

where, J , is the mill filling level,
V gm, is the volume of the grinding media inside the mill,
Vm, is the volume of the mill,
fp, is the fraction volume of interstices between the grinding

media usually fp has a value of 0.4.
The charge inside a mill can be given by:

fc =
V ma

Vm(1 − fp)
, (10)

where V ma is the volume of the material inside the mill [5].
The power consumption of a ball mill can also be calculated
using Equation. 11 below

P = 2πTN, (11)

where N is the rotational speed and T is the torque.
The torque necessary to maintain the offset in the center of

gravity of the cascading charge from the rest position is given
by:

T = Mbrgsinα, (12)

where Mb is the ball mass and rg is the distance between the
mill centre and α is the angle of repose of the ball charge.

The calculated power is maximum at about 50% ball load.
According to Equation 12. Mill power is a function of ball
mass (Mb) and the radius to the center of gravity of ball mass
(rg). As the mill filling increases, the ball mass Mb increases
but rg decreases [13].

Fig. 9. Effect of mill filling on power consumption of ball mill [5]

Changing the mill filling can also affect the power con-
sumption. Fig. 9, shows that more energy is required when
there is an increase of the charge inside the mill as well as,
the variation of the center of mass as the percentage of mill
filling also plays a major role when it is changed [5].
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D. Grinding time

Emami et al. [36] developed a model based on experimental
observations to describe the effect of grinding time on the
changes of surface area of a rock material during intensive
grinding process. Validation and testing the model were per-
formed experimentally using a natural chalcopyrite mineral.
The conclusion was that, there is a variation of surface area
with respect to time.

It has been reported that in some cases, specific surface
area increases first with increasing grinding time but reaches
a constant value after a certain grinding time. For such
circumstances, Tanaka and Chodacov [36] have proposed the
following equation to describe the process of new surface
formation:

S = Smax(1 − ek1t) (13)

S is the specific surface area at a given time t, and Smax
is the maximum attainable specific surface area. The constant
k1 implies the significance of rate constant of the new surface
formation.

E. Media size

Grinding media size and shape has a great impact on the
grinding operation cost and results in huge consumption of
liner and affect the overall performance of ball mill. The ball
size in a mill has a significant influence on the mill throughput,
power consumption and ground material size Austin et al. [37],
Fuerstenau et al. [23]; [38]. The basic condition, which must
be met while grinding the material in a mill is that the ball,
while breaking the material grain, causes in it stress which is
higher than the grain hardness Many researchers have worked
on this problem trying to evaluate the effect of media size on
the breakage rate material and on the power consumption of
ball mill [38], [39].

Kabezya and Motjotji conducted an investigation to deter-
mine the effect of the ball diameter sizes on milling operation.
A laboratory size ball mill was used with different ball media
sizes of 10 mm, 20 mm, and 30 mm respectively. The
material used to perform the experiment was Quartz arranged
into 3 mono-sizes namely −8mm+5.6mm, −4mm +2.8mm,
and -2 mm +1.4mm for the experiment. A mill run having a
mixture of the 3 ball diameter sizes was also conducted. It was
found that, the 30 mm diameter balls were most effective of the
three sizes during the grinding of the 3 mono-size feed material
samples. The 10 mm diameter balls were the least effective as
minimum particle breakage was observed whereas the 20 mm
diameter balls were relatively effective to some extent [40].

Magdalinovic also suggests that larger diameter balls have
more energy whereas balls having smaller diameters have less
energy. These different energies are however relative to the
optimum ball diameter, which differs according to the size
of the mill as well as the desired size reduction of the feed
material [41], [42].

Kabezya and Motjotji also suggested that the mixture of
different size of grinding ball can be used for more efficient
ball mill. in their findings mixing the 3 different size of grind-
ing ball showed that, the power draw for the ball combination

mill run displays a decreasing trend and thus was the most
efficiency with regards to the utilization of power towards
particle breakage [40].

Kano et al [43], conducted another study by dry grinding
gibbsite powder was in air using a tumbling ball mill with
mono-size grinding media ranging from 4.8 to 31.7 mm
diameter. The grinding device used in his work was a tumbling
ball mill made of stainless steel, whose inner diameter, dM,
was 121 mm and length, lM, was 142 mm. Steel mono-size
balls, having different diameters, dB, of 4.8, 6.4, 7.9, 10.2,
12.7, 15.9, 19.1, 25.4, and 31.7 mm were prepared as grinding
media. The ball-filling ratio, J, was kept constant at apparently
40% and the powder sample was charged at 20% for the mill
volume. The mill was started running at the rotational speed,
N, under dry atmospheric conditions, and the grinding time, t,
was varied from 15 to 180 minutes. The main purpose was to
investigate ball size effect on grinding rate. The grinding rate
increases with an increase in the rotational speed of the mill,
subsequently, it falls around the critical speed. The maximum
grinding rate shifts toward higher rotational speed range as
the ball size becomes large. Kano concluded that, the grinding
rate is proportional to the specific impact energy regardless not
only of the mill diameter and ball-filling ratio but also of the
mono-size ball diameter.

F. Grinding media motion

In mineral grinding the media motion serves to hit the rock
material and break it into small and fine materials. Grinding
in ball mill has three distinct regime of rotation as seen in Fig.
7. According to Yi Sun et al [44], the motion state of practical
charge (material and grinding media) is too complicated to be
described precisely. Some researchers considered the grinding
media to behave as a single grinding media, others considered
the grinding media as the center of the entire mass which was
considered as a rigid body, since these considerations ignored
some other factors such as the size and shape of particles, it
will surely cause variation between theoretical simulations and
experiment.

Yi Sun et al [44], used discrete element method to simulate
the motion of grinding media inside the drum of ball mill,
which demonstrated that the grinding media motion generates
the grinding effect in a cascading motion. The force analysis
is crucial for the contact model to analyze media motion by
considering grinding media as an individual smooth round
sphere [44].

In conclusion, to achieve a great impact of the grinding
media, it is required to increase the height of fall of the
grinding media which will in turn increase the potential energy
of the ball. Therefore much consideration of the mill filling
level is needed because the mill filling volume rate has much
effect on the motion and the contact impact of the grinding
media [44].

G. Lifters and liner

Husni Usman [45] studied the effect of lifters configuration
on the efficiency of the tumbling mill. The method used was
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simulation using Miitraj software. The study of effect of dif-
ferent lifter configuration and operating parameter on the mill
efficiency and performance. The rail lifters was concluded to
drew higher energy whereas High-Low lifter (Hi-Lo) improves
the efficiency of the mill by approximately 22% [45]. For
mills with lower mill charge and higher speed, the power
usage for different lifters also showed a small difference. The
energy requirements of High (Hi) lifter also varied slightly
from the other lifters. Which shows that, the Hi lifter improves
in the energy efficiency of the mill by approximately 6.7%.The
throughput sizes of the different lifters become finer than at
the higher load and lower speed. High (Hi) lifter demonstrated
higher rate of breakage rates than the rail and Hi-Lo lifters .
The Hi lifter at certain operating conditions would improve
both the mill efficiency and breakage rate.

Another study conducted by Augustine B. Makokha and
Michael H. Moys [46]–[48] has shown that the liner configu-
ration and lifters has much impact on the breakage rate of the
ground material. The study was about retrofitting worn liners
with cone-lifters. Experiments were performed in a batch wise
mode. In all conducted tests, the quartz material was ground
for a total period of 4 min. Assessment of the performance of
the three liner profiles under investigation and a comparison of
the grinding data was made to which a conclusion was made
that the liner profile significantly influences the milling rate
and fines production in the mill. Fig. 10, also shows another
study conducted by Yin et al, showing that the effect of lifter
height has less significant effect on power draw of ball mill
[49].

Fig. 10. Power draw at different lifter heights. [49]

VI. CONCLUSION AND RECOMMENDATION

From the literature substantial progress has been made in
understanding and modeling the grinding process of grinding
mills. With the availability of computer power and advanced
numerical tools such as DEM grinding mechanism can be
predicted using different methods. It was found that Hertz-
Mindlin contact model is suitable for modeling the grinding
process of a ball mill. It can be able to predict the behaviour

of the charge inside the ball mill. It also need a high time
step for better prediction. Contact model parameters also
needs to be considered as they can affect results in DEM
simulations. It was also found that for effective grinding, the
media motion needs to be considered. The motion of the
charge affect the power consumption of the grinding mill,
the quality of throughput material, the wear of the liner and
lifter geometry, and the overall efficiency of a grinding mill.
Trajectory of grinding media depends on the mill filling level
which determines the falling height of the material, the speed
of the drum, and the type of liner used. Most of the research
considered different parameters and ignored the lifter profile
impact on the overall performance of ball mill. The Breakage
of the material also was found to be affected by ball diameter
and mill speed. The development of the past research done
demands further research. Some of the key areas that must be
targeted include:

1) First to focus on study of small scale ball mill by
considering parameters that affect the grinding process
of ball mill, mainly the liner geometry which can also
affect the performance of ball mill. In the past researches
the main focus has been on the effect of mill filling
and grinding media on industrial ball mill with little or
no attention on the effect of liner/lifter profile, lifters
number, and lifters height, which also has a significant
impact on the breakage rate and power consumption of
a grinding mill.

2) It is also needed to consider the size distribution or a
mixture of ball diameter in a ball mill. Many researchers
have shown that bigger grinding balls have more energy
whereas balls having smaller diameters have less energy,
none has shown the correlation of the grinding ball
size with the ground material size. Kano has said that,
the grinding rate is proportional to the specific impact
energy regardless not only of the mill diameter and ball-
filling ratio but also of the mono-size ball diameter.
Since there is a contradiction about the effect of ball
size or ball diameter on the breakage rate parameter,
a deep study is required to establish the correlation of
ball size and breakage of the material. Therefore the
optimum mixture of balls to mill a given type of charge
material will be established.

3) The relationship between: Mill speed, ball size distribu-
tion, and lifter geometry, has not yet been clarified. It
is not obvious which is dominant in power consumption
of a grinding mill. Therefore it is needed to investigate
the correlation between mill speed, ball size distribution,
and lifters geometry.
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