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SCALE 115000

SANGAN IRON ORE
2, BHP

S E ngineering
Mining Services

Woestern Anomaly and
limite of Block Model

Mainly ore deposits are located in the western and central zones. It contains 4 anomalies.
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#Ball mill of Sangan Asfalt Tous Company
#time=13 s

atom style granular
atom modify map array

boundary f £ f

newton off

communicate single vel yes

units si

region reg block -0.05 5.63 -0.05 5.63 -0.05 11.25 units box

create box 1 reg

neighbor le-3 bin
neigh modify delay 0

#Material properties

fix ml all property/global youngsModulus peratomtype 1e9
fix m2 all property/global poissonsRatio peratomtype 0.21
fix m3 all property/global coefficientRestitution

peratomtypepair 1 0.75

fix m4 all property/global coefficientFriction peratomtypepair
1 0.17
fix m5 all property/global coefficientRollingFriction

peratomtypepair 1 0.02 # The optional rolling friction model is

activated via rolling friction = 'cdt'

#New pair style

4%



pair style gran model hertz tangential history #Hertzian without
cohesion

pair coeff * x

timestep 0.0001

fix 1 all nve/sphere

fix 2 all gravity 9.81 vector 0.0 -1.0 0.0

#box walls

fix boxwalls x1 all wall/gran model hertz tangential

history primitive type 1 xplane -0.01
fix boxwalls x2 all wall/gran model hertz tangential
history primitive type 1 xplane 5.59
fix boxwalls yl all wall/gran model hertz tangential
history primitive type 1 yplane -0.01
fix boxwalls y2 all wall/gran model hertz tangential
history primitive type 1 yplane 5.59
fix boxwalls zl all wall/gran model hertz tangential
history primitive type 1 zplane -0.01
fix boxwalls z2 all wall/gran model hertz tangential

history primitive type 1 zplane 11.21

#import mesh from meshes:
fix cad all mesh/surface file ballmill.stl type 1 rotate axis
0. 0. 1. angle 0 move 0 0 0 scale 1

fix inface all mesh/surface file insertion face.stl type 1
#use the imported mesh as granular wall
fix ballmill wall all wall/gran model hertz tangential

history mesh n meshes 1 meshes cad

#distributions for insertion

A



fix ptsl all particletemplate/sphere 15485867 atom type 1
density constant 3900 radius constant 0.05

fix pts2 all particletemplate/sphere 15485863 atom type 1
density constant 3900 radius constant 0.04

fix pts3 all particletemplate/sphere 32452843 atom type 1
density constant 3900 radius constant 0.03

fix pddl all particledistribution/discrete 86028121 3 ptsl
0.25 pts2 0.375 pts3 0.375

#region for insertion
group nve group region reg

region bc block 1 4.5 3.2 5 0.15 1.1 units box

#particle insertion

fix ins nve group insert/stream seed 86028157
distributiontemplate pddl maxattempt 100 mass 11645.97 massrate
11645.97 overlapcheck yes vel constant 0.0 -1.0 0.0 insertion face

inface extrude length 1
#apply nve integration to all particles that are inserted as single
particles

fix integr nve group nve/sphere

#thermo settings

compute 1 all erotate/sphere

thermo style custom step atoms ke c 1 vol
thermo 1000

thermo modify lost ignore norm no

compute modify thermo temp dynamic yes

#insert the first particles so that dump is not empty

run 100000

#q



dump dmp all custom 500 post/dump.ballmill id type type x y z ix iy
iz vx vy vz fx fy fz omegax omegay omegaz radius

dump dumpstress all mesh/stl 500 post/mesh *.stl

#insert particles
run 100000 upto

unfix ins

#moving mesh
fix movecad all move/mesh mesh cad rotate origin 2.79 2.79

0.0 axis 0. 0. -1. period 3.2

#run

run 150000 upto



Abstract

It is important to reach the particles to the right degree of Liberation in mineral processing plants,
which is done by several stages of crushing and grinding. Ball mills are usually placed in the last
stage of the comminution cicuit and play the most important role in this regard. The two main
mechanisms of comminution in tumbling mills are impact and abrasion. In order to improve the
performance of ball mils, it is necessary to make the role of the impact mechanism more prominent
and the role of the abrasion mechanism less important. This is possible by creating the right
shoulder and toe points and by finding the right distribution of ball combinations for the crushing
load. The aim of the present study is to simulate and optimize the ball mils of the comminution
circuits of the Sangan Khaf Tus Asphalt Processing Plant with LIGGGHTS software. Its crushing
circuit consists of dry grinding (HPGR) and two parallel closed-circuit ball mils with a set of hydro
cyclones. Regarding that ball mill plays a key role in the overall efficiency of the process, its
simulation and optimization are of particular importance. The results showed that the maximum
shoulder height was 478.75 cm, created by the distribution of 4, 6, 8 cm of balls, which compared
to the shoulder height 461.79 cm created by the distribution of the 4 and 6 cm of balls, currently
used in the ball mill of the Tus Asphalt Company was about 17.79 cm higher. Therefore, it is
suggested that this new combination be used to improve the performance of the ball mill of this
company instead of using the present combination. Also, grinding media energy of the ball mill of
this copany mill was investigated and the effect of fifteen different size distributions of the
combination of the 4, 6, 8, and 10 cm balls on grinding media energy (sum of kinetic and potential
energies of all balls) in the ball mill of Sangan mine using discrete element method (DEM) has
been investigated. The results showed that the lowest amount of energy transferred from the mill
to the grinding media was related to the 4 cm distribution by amount of 1745.726 kJ. Also, the
highest amounts of energy transferred from the mill to the grinding media were respectively related
to the 10 cm distribution by amount of 6791.432 kJ and the 4, 6 and 10 cm distribution by amount
of 6598.39 kJ and the distribution (4 and 6) cm by amount of 6576.04 kJ. As a result, instead of 4
and 6 cm balls that receive about 2830.546 kJ energy from the mill and are currently used in the
Sangan mine, the (4, 6, 10) cm distribution can be used because of maximum load height and
energy, and in this way the performance of the ball mil will be improved. Also, in order to

investigate the effect of the type of balls, the optimal state simulation, i.e. the combination of 4, 6



and 10 cm balls for ceramic balls was performed. The results showed that ceramic balls, while
produce a higher shoulder height, but will produce much less grinding media energy (3196.74 kJ)
than steel balls (6598.397 kJ). Therefore, it is recommended to use steel balls in Sangan mine.

Keywords: Comminution mechanism; Ball mill; Ball size distribution; Discrete Element Method; Charge shoulder
height
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