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08.30 Opening Remarks
J. Wills (MEI, UK) and M.S. Powell (JKMRC, Austia)

08.50 Technical Session 1
Chairmen:R.Y. Yang (University of New South Wales, Australand P.W. Cleary (CSIRO
Mathematical and Information Sciences, Australia)

08.50 Modeling breakage rates in mills with impact energyspectra and ultra fast load cell data
E.T.Tuzcu and R.K. Rajamani (University of Utah, USA)

The objective is to model breakage rates in largés fiom fundamental studies. The two primary
modes of breakage are impact and attrition whichlmreadily studied in the laboratory. The impact
breakage mode was studied in a drop-weight appaeatd in a specialized device known as the ultra
fast load cell. The abrasion mode of breakage wadies] in a laboratory scale ball mill. Next, the
particle breakage versus energy data was converttedreakage rates with the impact energy spectra
of the grinding mill.

The proof of the modeling concepts is shown foDa® laboratory scale ball mill. The material used
in the study was limestone. In the batch mill, appnately a 10 kg mass of limestone in the 32x25
mm size was ground with 100 kg of 50 mm steel bhlrge. The fundamental material breakage
information was converted into energy based breakigiribution function and breakage rate function.
These functions constitute the parameters of thiehbpopulation balance model. It is shown that
accurate particle size distribution predictionsgwesible with this modeling approach.

09.10 Breakage of particles in unconfined particle beds
G.K.P. Barrios, R.M. de Carvalho and L.M. Tavaf@siversidade Federal do Rio de Janeiro
— COPPE/UFRJ, Brazil)

Mathematical models of grinding mills and crushare undergoing significant advances in recent
years, demanding ever more detailed informationrattarizing ore response to the mechanical
environment. In a mechanistic model of a comminutitachine, the type of characterization data used
should cover, as much as possible, the conditionsd in the comminution machines. This applies to
the particle size, the stressing energy and r&i@sparticles are subject to, the breakage meadhmanis
and the level of interaction of the particles dgrstressing, which all must be described appraogyiat
Whereas a very large number of experimental tect®sigand published data exist that allows
understanding and quantitatively describing th@aase of single particles to stressing, comparigtive
little information exists on the breakage of pdeticwhen interacting with each other in a bed. The
present work investigates breakage of particles egacted by a falling steel ball in unconstrained
conditions, such as those found in tumbling millee influences of particle size, impact energy| bal
size and bed configuration are investigated foedet materials and a mathematical model is
proposed that describes the influences of all tvasmbles. The key element of this model is that i
allows predicting breakage in unconfined partickel® with a combination of single-particle breakage
data and functions that describe energy partitrmh\olume captured in a particle bed. This modsl ha
been calibrated and validated with data from quatziron ore and a copper ore with very good
agreement.



09.30 Comparison of different breakage mechanisms in term of product particle size
distribution and mineral liberation
O. Ozcan and H. Benzer (Hacettepe University, &yrk

The comminution process is still governed by adamgmber of factors that influence the liberatién o
the valuable components in the ore. A better undeding of these basic factors will provide more
certanity about the design of equipment in ordexdioieve the best liberation and energy efficiency.

The aim is to improve our understanding of theuefice that breakage and the intensity of breakage
has on the particle size distribution and the hltien of the valuable minerals. Liberation enhaneeim

is sought for two main reasons. Firstly, if libévatis achieved without needing to grind partides
fine sizes, less is spent on energy. Secondly,-grueding is not only costly, but produces fineatth
tend to interfere with subsequent separation pemseshus making the downstream processes both
inefficient and more expensive.

Two distinctly different modes of breakage usedhi@ breakage tests. Impact and bed breakage were
investigated as two distinctly different modes ofdkage. Standard drop weight tests and hydraulic
piston tests were conducted with different energgrisities on samples.

This paper describes the work carried out for thmmarison of mineral liberation and particle size
distribution in the particle bed breakage with imiphreakage of three different copper ores. Ground
products from these two different modes of breakagee screened into size fractions which were
analyzed for the particle size distributions bysi@nalysis and the degree of liberation by an anag
analysis system. The results of these analysesstatistically compared to make inferences in iehat

to the stated objective of the work. Test resultfidated that compressive bed breakage mechanism
gives finer product particle size distribution gombvide better mineral liberation compared to impac
breakage mechanism.

09.50 Influence of grinding media contact points’ numberin a ball mill on disintegration rate
of grains of small size
A. Heim and T.P. Olejnik (Lodz Technical UniveysiPoland)

Investigations were carried out in a semi-indubtoal mill tampworking rock materials utilized as
broken stone for road building. Milling was condegttunder dry conditions. The process of milling
was carried out periodically. Samples of milled enal were collected every 30 minutes.
Disintegration rate of particular size classes vdafined for particular samples. We analyzed
granulometric composition of milled material chargin time and, particularly, the influence of Izl
magnitude, mill packing with bed and the numbegrirfiding media on the rate of the process. The rate
is constant for particular grain size classes. ptoeess of milling in ball mills is determined Hyet
complex influence of grinding media on milled ravaterial.

The main aim of the study was to determine the ohp&the number of grinding media contact points
on the disintegration rate of grains of varioussiadditionally, we determined the influence of Imil
packing with bed on the changing milling rate oftjgalar size fractions.

Based on the granulometric analysis, we determithedpercentage of each size fraction for time
intervals defined in the procedure of investigatioGranulometric composition changing in time
allowed to calculate disintegration rate of pattcisize fractions. To perform calculations we agpl
Gardner and Austin equation in its differentialnfofor discrete fraction values, assuming the ideal
mixing of milled material.

MO - _sw v+ 3 S, W (1)
d j=Li>1
Analysis of results allowed us to draw conclusienacerning the choice of grinding media ensuring
the most beneficial course of the process whemneteired product is of small grain size.



10.10 Studies of the effect of tracer activity on positra emission particle tracking
measurements on tumbling mills at PEPT Cape Town
T.S. Volkwyn, I. Govender, A. Buffler, J.P. Frada (University of Cape Town, South
Africa), N. van der Meuleand E. Vermeulen (iThemba LABS, South Africa)

Prescribed 3D motion within tumbling mill environmie has been investigated using the high
resolution PET scanner recently installed at iThemBBS near Cape Town, South Africa. A range of
PET isotopes, fixed to predefined trajectory pathgypical mill environments, were run over several
half-lives. The functional range of operation ofthew system in the context of tumbling mill
environments is presented using quantitative measafraccuracy, smoothness and tracking frequency
as a function of tracer activity.

10.30 Coffee

11.10 A new method for determination of fine particle breakage
D. Eksi, H. Benzer and A. Sargin (Hacettepe UniversityrKey)

Material characterization plays a crucial role bgams of equipments efficiency and overall circuit
performance. These parameters are required for limgdand simulation works.

Breakage behaviour of material is important foresizduction equipments and it is defined by
breakage distribution function. Commonly; singlertigée breakage method is used to determine
breakage behaviour of materials which assumeshttegtkage is not size dependent. As new surfaces
formed material behaviour changes so particle sffect should also be introduced into the grinding
model structure. Determination of fine particle dk@ge becomes important. This will make models
more reliable. With this aim a bed breakage metivad developed for determination of fine particle
breakage. In this study new breakage model is ptedeand effects of different breakage distribution
functions on breakage rate and discharge funcsoimiestigated. The bed breakage test results are
compared with single size drop weight test redulthe aspect of modelling. It was observed tha, t
breakage rate and discharge function variationibg mdicates a characteristic change at fine size
ranges compared to regular curve.

11.30 Power draw estimations in tumbling mills using PEPT
L.S. Bbosa, I. Govender, A.N. Mainza (Universitly @ape Town, South Africa) and M.S.
Powell (JKMRC, Australia)

Positron emission particle tracking (PEPT) is emetb to reconstruct the motion of real charge
particles in a scaled industrial tumbling mill. Tegperimental mill was fitted with lifter bars, jpul
lifters and a discharge grate and run with pasided re-circulating slurry. The detailed trajegtor
fields of the charge and slurry are used to inges#i the power drawn at steady state operation. The
traditional approaches for determining the powemdr by the steady state charge body (centre of mass
power draw, power per voxel summed over the chaa®y and mechanical energy of the moving
charge per mill revolution) are computed using tiawerage kinematic quantities derived from the
PEPT trajectory fields and the results comparedsaca range of operating conditions and particle
sizes to measured power.

11.50 Circulation rate modelling of mill charge using pogtion emission particle tracking
D.V.V. Kallon, I. Govender and A.N. Mainza (Unigdy of Cape Town, South Africa)

A model linking the circulation rate of charge peds with physical mill parameters (load fraction,
shoulder angle and friction) has been developed tasted using experimental data derived from
positron emission particle tracking (PEPT)@00mm by 270mm long mill, fitted with 20 lifter tsar
was used. A range of experiments spanning 5 loadspeeds between 50 and 100 percent of critical
were performed. The mill parameters employed inmtloelel are obtained directly from the in-situ flow
field mapped out by the PEPT tracer particles dnmvsclear trends with particle size and mill speed.



12.10 Time-averaged kinematics in tumbling mills using psitron emission particle tracking
A.J. Moarrison, I. Govender and A.N. Mainza (Unisi¢y of Cape Town, South Africa)

Positron emission particle tracking (PEPT) is emptbto reconstruct the motion of charge partiafes i
an experimental tumbling mill. The mill (120mm imacheter) was fitted with 12 lifter bars and run
over 5 loads and speeds between 50 and 100 pestemitical. The velocity and acceleration are
derived from the 3D trajectory maps usintf' Brder Lagrange interpolation polynomials and the
resultant flow field is binned to yield time aveeagmaps. Charge features (toe, should, centre of
circulation, centre of mass) are then computed fitmerresultant time-averaged quantities.

12.30 Simulation of a locked-cycle test using a mechanistball mill model
R.M. de Carvalho and L.M. Tavares (Universidadeddfal do Rio de Janeiro —
COPPE/UFRJ, Brazil)

A great deal of effort has been put on recent yearshe mechanistic modeling of ball mills as an
alternative to both empirical and phenomenologiapproaches. With the potential advantage of
allowing parameter-free simulation of continuou#-§gale operation from fundamental information
regarding the collision energy spectrum in the naifid detailed material breakage models, this
approach has only been validated in batch operafenognizing the complexities associated with the
description of material transport and internal sifisation in continuous mill operation, an attenigpt
here mad to further validate it in prediction ofked-cycle grinding tests. The popular Bond ball mi
grindability test emulates continuous operatiorubing a sequence of batch grinding and classifinati
steps in a standardized locked-cycle test. From ithis possible to determine the ore grindability,
which, in turn, is used to estimate the Bond balll work index. The paper simulates this locked{eyc
test with the aid of a combination of batch grirglbest predictions using the mechanistic model and
predictions of classification by the laboratoryveis. First, the collision energy spectrum for the
standard Bond ball mill as well as detailed datanmaterial breakage characterization are presented.
Predictions of batch grinding tests are then coegb#m experiments and a simple model is proposed to
classification by dry screening that follows eacimding cycle. Results demonstrate that the moslel i
capable of predicting the dynamics of the testhwiasonable agreement to the measured grindability
values. Simulations were also able to predict fifiece of closing sieve size on the grindability als
observed in the experimental tests, which yieldmable values of work index for finer grinds.

12.50 Lunch

14.00 Technical Session 2
Chairmen:L.M. Tavares (Universidade Federal do Rio de JaneilCOPPE/UFRJ, Brazil)
and M. Evertsson (Chalmers University of Techng|dweden)

14.00 Prediction of the Bond Work Index for variability a nalysis
V.K. Alves (Vale, Brazil) and C.L. Schneider (CEVMEBrazil)

Variability analysis for new mining projects hascbme a standard procedure for Vale. The Bond
work index is attractive for the assessment ofethergy requirements of comminution because a single
parameter contains all the information that is nemglifor scale-up of the ball milling circuit in &h
context of ore body variability.

The Bond procedure requires at least 15 kg of edisample and it is time consuming. This becomes
expensive when hundreds of samples from drill coeed to be characterized. With this motivation,
alternative procedures that require less sample tand are currently being investigated at the
Technological Development Department. In this warksimplified Bond work index prediction
procedure is presented. The procedure is baspdmation balance model characterization of a 700
cc sample in the Bond standard mill for two grirgdtimes, 100 and 1000 rotations. Feed and product
size distributions for the tests produce PBM patansethat may be used to simulate the entire Bond
procedure at any test sieve size. It has beerdfthat the screening efficiency at the test sidag9

an important role in the determination of the Bamork index. Also, screening efficiency changes
with ore type besides the opening of the sieve.

Results of a testing campaign with predicted wardkekes has been shown to be consistent with the
distribution of measured work indexes using the @standard procedure. Repeatability was also



evaluated and found to be accurate. The procedusariple, requires very little sample and may be
used to predict Bond work index at any test siéxe. s

14.20 The effect of mixtures of grinding media shapes omilling kinetics
P. Simba and M.H. Moys (University of the Witwatemnd, South Africa)

The effect of grinding media on milling kinetics shdbeen studied using one media shape and,
sometimes investigators compared performances@mbtwnore different media shapes. However, very
little work has been done on mixtures of media skap

Combining different grinding mechanisms, namelynpa@iontact, line contact and flat surface contact,
the volume of grinding zones can be increased where is an optimal mixture of two grinding media
with different shapes and, therefore the millingdtics will be improved.

Batch tests based on the Mass-Size Balance usmghapes of grinding media of the same mass were
conducted at the same conditions.

It was found that a mixture of grinding media offelient shapes, compared to a single grinding media
shape, can improve the rate of breakage of paiticéeparticular milling environment, produce agefin
size distribution and reduce grinding media costs.

14.40 Using DEM and SPH to model wet industrial banana seens
J. Fernandez, P.W. Cleary (CSIRO Mathematical lafekmation Sciences, Australia) and
R.D. Morrison (JKMRC, Australia)

Very large banana screens with multiple decks nowidate classification of commodities such as
iron ore and coal. However, their optimisation pd@s many challenges because the lower decks are
difficult to access for measurement or sampling.MDEodelling using non-spherical particles has
provided significant insight into the operationdsfy industrial screens. Here we introduce the dse o
Smoothed Particle Hydrodynamics (SPH) to modeflthe of slurry (water and fine material) through

a double deck banana screen. The method is idaatiyd for the high speeds and the high fragmented
and filamentary nature of the fluid flow throughetBcreen deck openings. The non-mass diffusive
nature of SPH allows slurry to be realisticallyckkad through the system. A fully coupled DEM-SPH
model will then be presented allowing both the segrarticle classes (modelled by DEM) and the fine
particles in the slurry (modelled using SPH) tohbbée included in the model. The effect of the fully
coupled slurry on the separation rates for diffecgrarse particles sizes will be assessed.

15.00 Study of RTD (residence time distribution) and millhold up for a continuous centrifugal
mill with various G/D ratios
Hee Chan Cho, Kwan Ho Kim and Hoon Lee (Seoul dyai University, South Korea)

A knowledge of the residence time distribution (RTdda mill is critical to predict performance dfet
mill. In this study, the residence time distributimeasurement of a continuous centrifugal mill was
performed by experimentally using an aluminum pawale a tracer. An aluminum powder was put
into the continuous centrifugal mill chamber asutse at steady state condition, and then the digeha
time and proportional concentration of tracer wasasured using metal detector at various G/D ratios
and feed rates. During measurement procedure, prolluct was collected and analyzed for size
distribution to investigate the relationship betweeill product and characteristics of RTD. In adudif

the mill hold-up data was also analyzed after mesamsant.

This tests result can be used to predict the milNger size distribution with a combination of addiic
grinding model.

15.20 Coffee

16.00 Classifying best access points for return of exteal flows into flowsheets
P. Oghazi and B.I. Palsson (Lule& University ofArelogy, Sweden)

External flows are process streams that come froxiliary processes or events. They are re-routed
into the ordinary flowsheet, since they are thoughbe too valuable to be sent to any tailings pond



External flows come from multiple sources, e.g.aimlage sumps, spillage thickeners, depleted
products etc. Therefore, external flows may fitmmt fit into an existing flowsheet depending on

several factors like, flow rate frequency, dilutiomatio variation, chemical and mineralogical

composition, particle size or particle morphology.

By using Particle Texture Analysis (PTA) to invegstie external flows and compare them with existing
ordinary flows, it is possible to pin-point frompaocess mineralogy point of view to what extent the
external flow in question fits into the ordinaryopessing flowsheet. Results from this category of
information helps to reach a higher quality of me& knowledge and control for every step in the
concentrator.

Result from analyses show that some re-routed flthves are reconnected to the main flow are
misplaced. The benefit from this type of analysig¢a prevent overloading of the primary mill in the
grinding section. Thus, increasing the retentiaretin the primary mill.

16.20 Using the same type of hydrocyclones for differentluties in the circuit and their
contribution to overall plant performance
A.N. Mainza (University of Cape Town, South Afrjcal. Lombard, J. Obiri-Yeboah and
S. Arthur (Tarkwa Gold Mine, Ghana)

Hydrocyclones are commonly used to classify thedpeb from the grinding circuit or to provide a
thickened feed the secondary of tertiary millingides such as ball mills. It is common practiceise
different cyclone designs with notable variation®perating conditions for the two duties. At Tagkw
Gold Mine hydrocyclones that were used to clas8ify product from a single stage SAG mill have
been retained to provide a thickened feed to tlwerstary ball mill after expanding the circuit. A
cluster of similar hydrocyclones has been instaite@losed circuit with the ball mill to providegh
final product for leaching. Experiments were peried to evaluate the performance of the same design
hydrocyclones when employed in the circuit to perfopulp thickening and classification duties,
respectively. The experimental work performed imeol sampling the feed to each cluster and then
individual hydrocyclone overflow and underflow stmres. New spigots and vortex finders were
installed prior to this work to ensure that all thgdrocyclones in the cluster had similar design
components. The paper reports the performancesdhttividual cyclones and their contribution to the
overall plant performance.

16.40 Comparison of different chemicals used in grindingoperation on the quality of the
cement and the performance of the grinding circuit
N.A, Toprak, O. Altun, N. Aydogan and H. Benzeaféttepe University, Turkey)

Grinding aids and strength enhancers have beeninghg grinding technology for many years. Each
improvement has brought major value in energy iefficy and quality improvement. Aim of the
present research work was the investigation oféfiects of different grinding aids and strength
improvers used in the industry on cement grindiimgu@. For this purpose, tests were carried out fo
three different additive rates when plant was poauy CEM 1l A-M (L-W) 42.5 R type cement. The
rate of gypsum added to system was constant at ®dolimestone and ash rates were different.
Reference samples were collected without grindidgndnen 10% limestone and 6% ash was using as
additives. Then for the same condition grindingwas added to system and after reaching the steady-
state conditions samples were collected arounciticeit. All the samples were analyzed down to 2
microns and mass balancing study was conductedlaBitasts were carried out with grinding aid and
strength improver when 10% limestone and %10 ashldn% limestone and 9 % ash was using as
additives. With using grinding aids and strengthaercers, the capacity of the circuit was improvied a
the same product fineness and by pass of sepavatodecreased. According to the type of the sthengt
enhancer and clinker content of the cement proguality results varied. . The effect of the rheplo

on the breakage and the discharge mechanism aofitheere observed.

17.00 Can cyclones improve grinding?
I. du Plessis (Multotec Process Equipment, Soltlt#)

The advantages of closed circuit grinding have blesown for a long time and this technique is
generally employed in industry. Extensive testwhes been carried out by various researchers to



determine the effect of circulating load, but vétiye attention was given to the effect of clagsifion
efficiency.

A cyclone improves the overall milling circuit bgmoving the right sized particles and then creating
space for new particles to enter the system, tinpsdving the overall circuit performance.

In a closed milling circuit, the cyclone performariargely determines the water and mass balance of
the circuit, the water and mass balance in tudnémice the input parameters to the cyclone whiadeon
again influence its performance. These results domplex interaction that can be best understgod b
setting up a simulation model to study these corplteractions.



Wednesday April 14th

08.30 Technical Session 3
Chairmen: B.l. Palsson (Luled University of Technology, Swedand R.K. Rajamani
(University of Utah, USA)

08.30 Real-time statistical process control in crushing fants
M. Evertsson and E. Hulthén (Chalmers Universftyechnology, Sweden)

Statistical Process Control (SPC) is an effectivethod for monitoring a process through the use of
control charts. However, although the method hanleccepted by numerous industries, it has only
recently found its application in aggregates préidncand in mining crushing plants.

Control charts enable the use of statistically-Hasbjective criteria for distinguishing background
variations from events of significance. Much ofpwer lies in the ability to monitor both the pess
center and its variation. By collecting data froamples at various locations within the process,
variations in the process that may affect the guali the end product or the service can be dedecte
and corrected, thus reducing waste as well as ikedihood of problems being passed on to the
customer. With its emphasis on early detection prelention of problems, SPC has a distinct
advantage over traditionally used quality methausggregates production, such as inspection and
manual sampling that apply resources for deteaimd) correcting problems in the end product or the
service.

In this paper, SPC system has been implemented full-acale industrial crushing plant with a
production of high quality aggregates. In ordeapply SPC to a production process in real-time, the
traditional manual SPC method has been modifiecd dhjective of this SPC-implementation is to
improve product yield and quality. Information abdlie process flows is retrieved from a real-time
supervisory control and data acquisition (SCADA).

The developed system is able to determine exadiigrwio correct the process by using the existing
process control parameters. Furthermore, the pregeral-time SPC system can also determine the
appropriate time for changing screen cloths. lditawh, SPC data can be used to identify bottlesgck
wait times, and other sources of delays withingtacess.

08.50 A comparative study between cone crushers and thestically optimal crushing
sequences
E. Lee and C.M. Evertsson (Chalmers University @fhnology, Sweden)

The supply of minerals, ores and aggregates armgatrfor the continuous development of today’s
society. With a rising world population, growingbanization, and increasing standards of living, the
escalating demand on these products will only bé ifnéne performance and efficiency of existing

crushers are improved. The current paper thus piese comparative study between existing cone
crushers and theoretically optimal crushing segegnc

The performance and efficiency of existing coneshars are evaluated against what is considered as
theoretically optimal. Simulations, laboratory teanhd full scale experiments are conducted in caler
examine the effects of stroke and eccentric speeith@ crusher output. The ensuing results show that
existing cone crushers are, in fact, not operatipimally under the studied conditions. The study
indicates that gains can be made in terms of prtogietd and overall capacity by e.g. lowering the
stroke or decreasing the eccentric speed.

09.10 DEM simulation of performance and rock breakage incone crushers
J. Quist and M. Evertsson (Chalmers Universitf @hnology, Sweden)

Cone crushers are the most frequently used crugperfor secondary and tertiary crushing stages in
the aggregate and mining industry. Hence knowleadgmut the crushing process in these machines is
of great interest in order to develop and optintieeoverall process. In this paper iscrete Element
Method (DEM) together with @88onded Particle Model (BPM) are used for simulating rock crushing.
The patrticle flow is visualised and machine paramseare evaluated regarding their impact on process
performance parameters such as capacity, flow leimaand breakage rate. The advantages and



disadvantages of using DEM with a BPM model is afs@stigated and compared to other strategies
stated in the literature.

A Sandvik CH430 cone crusher is chosen for theystual parameters such as close side setting,
eccentric speed and chamber design is investigBtesllts are compared to simulations and empirical
data from previous work by Evertsson (2000) andashogood correlation regarding capacity, flow
behaviour hypothesis and size reduction.

09.30 Real-time algorithm for cone crusher control with wwo on-line variables
E. Hulthén and C.M. Evertsson (Chalmers Universftyechnology, Sweden)

Cone crushers are used in the mineral, mining, aygtegate industry for fragmentation of rock
materials. Control systems for cone crusher sett{@$S) are widely used to compensate for wear and
to protect the machines. With a frequency conveateo the eccentric speed in a cone crusher can be
adjusted in real-time in addition to CSS. The etierspeed affects the number of compressions the
material is exposed to and thus the particle sigeiloution of the product. Eccentric speed aldeci
crusher capacity. By applying mass-flow sensorthéoprocess, a feedback from the sellable products
is given every moment. With two parameters adjustabreal-time a non-trivial optimization problem
with a large solution space arise.

A monitoring and control system is therefore depel including a two-variable online algorithm for

selection of setpoints for both eccentric speed@88. The different product flows from the crushing
plant is monitored by mass flow meters and evathate a fithess function continuously. The fitness
function is set by the plant management. Sinceptiogess is varying continuously, due to wear and
feed material variations, the performance landsispéso varying.

The developed algorithm is tested and evolvedaushing plant for aggregates that produces around
400 kton a year. The algorithm was implemented icomputer that could communicate with the
frequency controller, retrieve data from ten mdse+imeters in the process, and also interact vhi¢h t
operator.

09.50 The advantage of half scale to full scale HPGR motliag
F. Heinicke (Polysius AG, Germany)

HPGRs are said to be one of the key technologidstime comminution circuits. Benefits are liked to
be shown using simulation programs before investsnare funded. Therefore every simulation needs
mathematic models. The publication will show howmsitive the selection of the start point for the
calculations is to predict the right product sitgtribution for industrial scale machines. The hébar

is shown with detailed laboratory, half scale amduistry measurements. The tests include the
performance of several minerals. An upgrade onnihienal population balance method is used to
handle the breakage characteristics. This is duthdofact that there are both typical and special
breakage phenomena inside a HPGR.

10.10 A preliminary investigation into the feasibility of a novel HPGR-based circuit for hard,
weathered ores containing clayish material
P. Rosario, R. Hall, B. Klein (University of Bsti Columbia, Canada) and M. Grundy
(AMEC Americas Ltd, Canada)

The paper reports the progress of a research progieg rock samples from a large copper-gold
mining project in North America. This orebody cains a mixture of hard rock, softer material, and
clays (sericite), in proportions that are expedtegtary throughout the mine-life. The feasibiliy a
novel comminution circuit, using an autogenous (A@l)/scrubber and parallel trains of cone crushers
and high-pressure grinding rolls (HPGR) is beingestigated. The process enables the application of
energy efficient HPGRs to ores containing clay Whice usually processed using SAG mill circuits.

The work presented in this paper involved custosigied laboratory testwork including pilot HPGR
testing, and modelling and simulation of both theGR-based circuit and an equivalent SAG-based
circuit. The preliminary analysis reported herdéicludes a comparison of the energy and steel
consumption of both circuits; complete operatind aapital cost comparisons will be reported in due
course.



10.30 Coffee

11.10 Comparison of open and closed circuit HPGR applicéabn on dry grinding circuit
performance
O. Altun, N.A. Aydogan, N.A. Toprak, H. Dundar aHd Benzer (Hacettepe University,
Turkey)

A conventional cement grinding circuit is composéé two compartment tube mill, a mill filter which
collects the fine material inside the mill and an@wic air separator where final product with reedir
fineness is collected. In general the materialtéethe circuit has a top size of 50 mm which isyve
coarse for the ball mill. For this purpose lated#90s high pressure grinding rolls (HPGR) has fioun
applications as a pregrinder which increased thrpugof the grinding circuit at the same fineness.

In the beginning HPGR was operated in open cirdBitt later as the operating principle of the
equipment based on the compression, some portitieofiPGR discharge recycled back to improve
efficiency of the mill. This application provided A&R to have a finer size distribution which
improved the overall circuit performance. Withinstistudy effect of the HPGR operated at different
recycling loads between 0% and 80%, on the airrs¢épaand ball mill performance were examined.
Air separator performance was evaluated based @nithiten’s efficiency curve approach. In this
approach the parameters such as sharpness of pheaten, cut size, fish-hook behaviour were
examined. Ball mill performance evaluation studiese based on perfect mixing model.

It was understood from the studies that, as theuamof recycling load was increased equipment’s
efficiency showed some improvement.

11.30 Investigation of the breakage of hard and soft comgnents under high compression:
HPGR application
H. Benzer, N.A. Aydgan and H. Dindar (Hacettepe University, Turkey)

In the cement industry, high pressure grindingsr§flPGR) has been used since 1985. At the first
applications, this equipment has been installedhe existing cement grinding circuits as an open
circuit pre crusher in order to crush clinker esgpigc The cement factories produce different tyfe
cement by using basically clinker, gypsum and adshitlike limestone and trass (natural pozzollan).
The additives generally are not pre-crushed paddoall milling.

In this study, three different mixed feeds wereppred with clinker (hard component), gypsum,
limestone (soft component) and trass (weak comppnerevaluate the performance of an industrial
scale open circuit HPGR. The results of the telstsvsthat due to the stress concentrates on soft and
fractured material, the performance of HPGR becomesse when the relatively hard material
(clinker) is fed together with soft and weak madkri(i.e. gypsum, limestone, trass). In additiomhi
industrial tests, the piston die tests have besn pérformed with closed size particle fractionghef
mixed materials. The industrial tests’ results was® supported by the laboratory tests.

11.50 Breakage of waste concrete for liberation using aautogenous mill
Kwan Ho Kim, Hee Chan Cho and Ji Whan Ahn (Seaatidhal University, South Korea)

It is known that autogenous milling promotes prefgial breakage along the grain boundaries.
Therefore, in this study, autogenous milling of tgasoncrete was conducted for better liberation of
aggregate and cement mortar. The two scale autogandls 1) a 720mm diameter by 530mm length
lab scale autogenous mill, 2) a 2000mm diamete8@Imm length pilot scale autogenous mill were
used for breakage process. Tests involved grindfligmps of waste concrete for various times and
examining the quality of produced aggregates. Hséstance to breakage was reduced considerably
when a sample was preheated with heat before hyegkacess. The degree of liberation increased as
grinding time increased and the quality of recyciemjregate satisfied thé' firade quality standard
after 30 minute grinding for lab scale autogenoil &0 minute grinding for pilot scale autogenous
mill. Currently, locked-cycle grinding tests areirige conducted to simulate closed-circuit grinding
circuit for developing a commerce-scale process.



12.10 TPL Technology and its effect on grinding efficieng of ABC/SABC circuits
S. Latchireddi (Outotec Inc., USA)

Turbo Pulp Lifter (TPL) technology is an Outotectgrged design developed to improve material
transport in autogenous (AG) and semi-autogenoA&}rinding mills. Significant savings in energy
while increase in capacity have been demonstrayaasing TPL technology. This paper will discuss
how TPL has helped to eliminate material transjzstes in AG/SAG mills and increased the grinding
efficiency in ag/sag mills. The influence of thelT#chnology is not only limited to primary AG/SAG
grinding stage. The benefits are also seen as wagrgrinding efficiency in the secondary grinding
stage in the ball mill - hydroyclone circuit. Theerall effects on the ABC/SABC grinding circuit
using TPL technolgy will also be discussed in ffaper using the actual plant operating data.

12.30 SAG kWh/t measured using a standard test — 53 mitlesign projects in 6 years
J. Starkey (Starkey & Associates Inc., Canada)

At SAG 2006, the SAGDesigl Test was introduced. After 6 years and 53 sudakssll design
projects, this technology has emerged as a proviédesign method based on the direct measurement
of SAG pinion energy in kWh/t using commercial glimg conditions.

In the database, SAG pinion energies (to grind&0 TI.7 mm) vary from 1.5 to 34 kWh/t and Bond

ball mill work index values vary from 6 to 25 kWdr the same suite of ores. Project design tormage
varied from 1,000 to 150,000 t/d, SAG mill sizegied from 18 ft diameter to 40 ft diameter in

multiple mills, and ball mill sizes varied from #Gin diameter to 28 ft in diameter.

SAG pinion energy measurements are within 3% afagilant power consumption using SAGDesign
testing on proper samples. This technology carefbee be considered for every new project prior to
mill purchase.

12.50 Lunch

14.00 Technical Session 4
ChairmenH. Benzer (Hacettepe University, Turkey) and Schaeddi (Outotec Inc., USA)

14.00 Optimization of the SAG mill circuit at Kinross RPM Brazil
M.P. Gomes, L. Tavarez Jr. (Kinross’ Rio Paraddtneracdo (RPM), Brazil), E.S. Nunes
Filho, J. Colacioppo and W. Valery (Metso Processhnology and Innovation, Australia)

Kinross’ Rio Paracatu Mineracdo (RPM) and MetsocEss Technology and Innovation (PTI) have
reviewed and optimized the operating strategiegsHerSAG mill circuit at RPM operation in Brazil.
The focus of this project was to reach design thhpuit and final grinding circuit product, condit®on
which have not been achieved since commissionimeicember 2008.

For the first time a full circuit survey was contiett followed by a complete mass balance and model
fit, and these have been utilized to investigatssfide circuit changes and alternative operating
strategies. This project looked at the processabées, from ore characterization, through SAG mill

practices and finally ball mills and cyclones stgiés and resulted in significant improvement in

overall comminution performance of the RPM operatio

Several options were investigated using the cugrentailable equipment. Further simulations were
performed to evaluate a circuit expansion, withitlwdusion of a third ball mill.

14.20 Monitoring of the operational states of a semi-autgeneous mill
J.J. BurchellC. Aldrich, J.P. Barnard (University of Stellenbbs&outh Africa) and J.W. de
V. Groenewald (Anglo Platinum Management ServiGemsjth Africa)

In many comminution systems, control strategiesaareed at the maintenance of maximal mill power
draw by manipulation of the mill feed rate. Thisclwllenging, since the power load curve is afigcte
by other process variables and it may therefordiffieult to track the maximum point. Being able to
visualize the operational states of the mill wotlldrefore be a major advantage and this papermgese
an investigation into the dynamics of a semi-aubogis mill on a platinum concentrator plant. The
primary mill variables were analyzed using a phgs&ce reconstruction and included the mill power,



mill load, the fine ore feed rate, coarse ore fietd and combined ore feed rate. The mill statethey
are defined by the mill controller, were deriveddaprojected onto the mill phase space for
visualization purposes and the use of this infoimmain advanced control strategies will be discdsse

14.40 Wear and design improvements in discharge cones fétairge SAG/AG mills
C. Faulkner(Bradken, Australia)

Discharge cones for large SAG/AG mills are subjgdtehigh wear as significant volumes of ground
ore and slurry exit the mill. With the larger diaeremills of 32ft to 40ft in size becoming the ngrm
very high, concentrated wear is highlighting thmitations of conventional discharge cones and
frequent changes are subsequently required.

This paper outlines the advances made in the dedighe Bullnose discharge cone. Superior wear
materials to increase wear life over conventiondber or chrome-moly steel discharge cones and the
introduction of key design features to reduce eetimes and improve fit and safety during instaiat
offer significant opportunities for the mill opeoat

Collated from multiple case studies, the wear datd reline history from 2004 to present clearly
illustrate the way in which superior component levity has reduced the frequency of relines over the
life of the product to increase mill availabilitpé effectively increase the tonnes milled in a @eri

15.00 Energy efficient grinding circuits from operators’ view point
Mingwei Gao (JKTech Pty Ltd, Australia) and R. iy (Mount Isa Mines, Australia)

Grinding circuits in a mineral processing plant@out for more than 60% of the production cost. Its
primary function is to produce a grinding produdthwa required particle size distribution at a set
throughput. There are many projects in recent ydaveloping new energy efficient technologies for
crushing and grinding. However, the biggest areadioergy saving is still with exiting mineral
processing plants and their day to day operations.

Plant operators often demand one of the followintge@mes from a grinding optimisation study,

. Increased production with existing equipment atdhime grinding product size
. Maintenance of unit cost when the plant feed isiced due to mine production change, or
. Maintenance of feed rate and grind size with redymower cost

On the other hand, plant operators in general havienmediate budget for new equipment, have little
tolerance to production interruptions, and havekeen desire for new technologies. Implementing an
energy efficient grinding circuit in an existingapt often implies that the project team has toveeli
major improvement with simple changes.

This paper draws together three case studies on&a@all mill circuits carried out in the Mounals
Copper and Zinc/Lead Concentrators. These studées mimed at reducing grinding power cost while
maintaining plant performance, increasing circtitoughput without adding new equipment or
maintaining the production unit cost at reducedifestes. A common feature of all three studiefias t
they have achieved significant efficiency improveitnaith simple circuit changes.

15.20 The development of a dry energy efficient grindingircuit for Anglo American
W. van Drunick, N. Palm (Anglo Research, Southi@gsfy and C. Gerold (Loesche, Germany)

The work conducted in this paper followed a sedégrevious pilot trials at Anglo Research. The
common objectives to all the work were to developmminution circuits / flowsheets that can produce
liberated grind sizes at improved efficiency of igyeuse. The “Energy Efficient Comminution” circuit
would also need to be economical from a holistilnpof view, and would therefore have to be
favourable when all factors are taken into acceunt. capital expenditure, operational expendijture
operability, sensitivity to feed variability, safetelining time, etc.

The progression of the work done at AR resultedhia piloting of a “Cone Crusher-VRM” and
“HPGR-VRM?" circuit at Loesche, using Gamsberg drbe VRM has previously been identified as an
energy-efficient comminution device, with the addehefit of producing a dry final product. A dry



grinding product would allow one to be better posieéd to accurately control the dilution rate (henc
% solids) to the flotation plant feed. The galvamteraction of steel grinding media will also be
reduced due to the elimination of grinding ballghie mostly autogenous HPGR-VRM set-up, thereby
preserving the mineral surface chemistry.

From an energy standpoint, the HPGR-VRM circuitOiverflow mode, displayed the lowest specific
energy consumption of the circuits considered. dffiects of grinding pressure have shown that higher
pressures tend to facilitate more sphalerite lifi@nan the -10/20um range. One needs to be castiou
when making conclusions on the effects of size ifipetiberation on float recovery, as surface
chemistry needs to also be well accounted for.

15.40 Taking advantage of shapes of rock to reduce commition energy
R. Chandramohan, M. Powell and P. Holtham (JKMR@stralia)

Understanding the fracture process of rock is ati@dar interest to the mining industry where,
currently the main drive is to reduce the commimutenergy. There is little work looking at the
influence of shape on rock fragmentation and umi¢jizit to reduce comminution energy. It is
hypothesized that particle shape and the way fisrepplied to the particle influence energy absorpt
and utilization in fracture. The implication is thanergy reduction during comminution can be
achieved by controlling and using the shapes df pacticles to advantage.

Controlled breakage tests have been conducted rify \the effects of shape ranging from single
particle breakage to laboratory batch tests. Thelt®are then compared with numerical simulations
quantify optimum breakage routes. Initial findingsow that the rate of fines generation can be
controlled by the shape of particles and the mddeaaling.

16.00 Coffee
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08.30 Technical Session 5
Chairmen W. van Drunick (Anglo Research, South Africa) and avey (Metso Process
Technology Support, UK)

08.30 Interpretation of vibration signal of tumbling mill s
S.P. Das, D.P. Das, S.K. Behera and B.K. Mishrestifute of Minerals & Materials
Technology, India)

Size reduction in tumbling mills is a major cosivirg factor in any mineral processing industry and
for this reason it is imperative to optimize thdlmperations. Key to optimization of tumbling nsilis
designing the right kind of diagnostic and send@s. We have been attempting to gather vibration
signature of tumbling mills using wireless sens@&fect of mill parameters such as mill speed, mill
filling, feed size, ball load, slurry viscosity,cethave been studied. We have used Bg triaxial
accelerometer to capture the mill vibration andehamalyzed the signals using power spectral density
(PSD) as well as averaging of filtered vibratiognsil in the Fourier domain. A common band pass
filter is used to filter the vibration signal geatzd for different cases. Results of our workvslioat
only Fourier transform based analysis does notigeosufficient information about the mill vibration
The study has been made in a 90 cm diameter tugnitiii to analyze coarse versus fine grinding
under wet and dry conditions. The work is currebyng extended to study industrial tumbling mills.

08.50 Ball-charge optimization of cement mills
P. Fleiger and S. Woywadt (Verein Deutscher Zemerke e.V., Germany)

Nearly 60% of the electric energy used for cemeatipction is spent on grinding processes. Ballanill
still account for almost 60% of all installed millshile operating with an average efficiency
significantly below 2%. A complete substitution thfs mill-type is not to be expected over the next
decades due to quality and financial reasons. Tdweremill-optimization implies high savings
potentials (up to 10%). Especially the adaptiompérating parameters like the ball charge represent
an attractive approach due to the fact that almostdditional capital costs are required.

Because of limited possibilities for measuring dgrimill-operation only empirical models are
available until today.

VDZ is developing a tool for the combined simulatiof ball-kinematics and comminution in order to
enhance general understanding of the grinding-gead to provide the opportunity for numerical
optimization. Research is carried out with emphasis practical aspects and direct industrial
applicability by further using a semi-technicalmgting-plant and a demonstration-mill.

09.10 Total primary milling cost reduction by improved liner design
J. Dahner (Magotteaux (Pty) Ltd, South Africa) ahdVan den Bosch (Magotteaux SA,
Belgium)

Total milling cost are composed of energy, lined gninding media cost.

In Primary milling, the grinding media is the masiportant part of the total cost. The grinding naedi
cost can be drastically reduced by improving theaat condition inside the mill. These impact
conditions inside the mill are influenced by sHiglér design as well as feed and discharge endjdesi
and the type of discharge. The impact conditionproawement will bring a significant decrease in
grinding media consumption. This decrease can Bewed by another one as the softened impact
condition will allow an alloy optimization of theigding media.

Liner design can also improve the energy consump® energy is not wasted to overthrow grinding
media.

This paper will present some practical examplesraltiee media and energy consumption can be or
has been reduced by optimizing liner design.



09.30 Milling rate of chosen mineral materials in a ball mill under changing apparatus —
process conditions
T.P. Olejnik (Lodz Technical University, Poland)

The article presents the results of investigatiomscerning the analysis of milling kinetics of cans
rock materials for various sets of grinding medliezestigations were carried out for a mill opergtin
on a semi—technical scale. Milling was conductedaqukcally, using steel and corundum grinding
media. Diameter of steel grinding media was eqoa@ mm and diameters of corundum grinding
media applied during grinding were equal to 40, AD,and 10 mm. Millings were carried out with
changing ball compositions determining forces allmgrinding media to affect the milled material
and determining the change of grinding media cdmiamt number. Mineral raw materials of varied
crystallographic structure were subjected to ngllinThe process of milling was conducted for
quartzite, granite and graywacke. Output fractidn nalled material was of size 5 — 8 mm.
Granulometric analysis of milled raw material wasfprmed every 30 minutes, returning the sample
for further milling. Results of milling allowed tdefine the kinetics of mean grain size change dk we
as disintegration rate of particular size clas&emation of milling rate was extended using theidbas
Gardner-Austin model:

A0 - swio+ zsn 0

Based on the knowledge of granulometric compositiercalculated mean grain size.

:idsi B¢

The obtained results allowed to determine the nglkinetics combining it with the basic apparatus-
process conditions. It was found that disintegratiate depends on the filling degree of mill's
chamber. Furthermore, we defined the basic depeme(existing in the theory of statistic moments)
for investigated millings. We also examined theluahce of milling process conditions on
disintegration rates of particular grain size atssand statistic moments of the first and secoddror

09.50 Modeling the residence time distribution of a largeball mill as a function of load volume
and percent solids
A.B. Makokha and M.H. Moys (University of the Wiatersrand, South Africa)

Researchers and industrialists generally agreeatt@mtrate models of mill load behaviour could be th
key to accurate design and effective control ohdjrig mills. Previous researchers emphasized the
value of acquisition of information that could heétpcalibration of mill power models. It is beliale
that the pattern of mill power draw correlates withl capacity. Difficulties arise with large indtiial
mills where small changes in mill capacity cannet detected through variation in a power draw
pattern or the observed power draw pattern is dwher individual influences such as change in ore
characteristics or slurry properties.

This work seeks to make available clear and detaiiormation of how the significant operational
factors vary during the continuous state of milergiion and how these variations are reflectedhén t
measured mill signals; so as to monitor and charaet the changes in mill operating conditions.sThi
will provide a fundamental basis on which soundtminschemes can be created for improved mill
product quality and process performance. Two disecisors one based on proximity and the other on
conductivity have been developed and applied tosomeathe parameters which define the in-mill
dynamics in an industrial scale mill. The behaviotithe mill was studied for a range of load volisme
and percent solids. Residence time distributionsevmeeasured under a wide range of conditions. An
empirical model is proposed that mathematicallyated the measured parameters to key variables
involved to give an intelligent interpretation dfetdata. This information will aid mill operatorsca
process engineers to make timely decisions regaudiii control and optimisation, in order to enhanc
productivity whilst mitigating the mill operatingosts. The combined use of measuring techniques as
well as mathematical models is a key route to ecdammderstanding and develop control strategies for
optimal mill performance.



10.10 Coarse grinding applications using the Metso Vertiml®
G. Davey (Metso Process Technology Support, UK)

Metso have recently supplied a number of Vertimilg®rred mills for milling duties normally
performed by conventional ball mills due to theajee energy efficiency of the Vertimill®. With
global energy costs increasing rapidly the usengfrgy efficient grinding processes are of growing
importance.

The reduction in energy consumption by the useiogd mills is now an established norm for finean
ultrafine grinding. However, the use of Vertimilldstead of ball mills has resulted in significant
energy saving, as much as 30%, even at relativedyse grind sizes. The testwork, engineering and
subsequent operation of these plants will be caviereletail.

Is it possible to replace the ball mill completély the use of stirred mills and would there be pesc
and energy consumption benefits? A detailed arabfsvarious projects and potential payback will be
assessed in the paper.

10.30 Coffee

11.10 Optimisation of the secondary ball mill using an a-line ball and pulp load sensor — the
Sensomag
P. Keshav (Anglo Platinum, South Africa), B. dead®. Clermont (Magotteaux, Belgium),
A. Mainza (University of Cape Town, South Africand M. Moys (University of the
Witwatersrand, South Africa)

The ball load and pulp load have a significantuefice on the ball mill product size and production
capacity. To improve the circuit performance atuistdal scale these variables must be tweaked to
levels where the plant can get grind and capa@hefits. In most of the grinding circuits the irdhce

of these variables are not quantified becausedifigult to obtain precise measurements of théppu
load for an industrial scale mill and the convendéibmethod of obtaining ball load measurements that
involves crash stops is not attractive. A comprshenset of work was performed on an industrial
scale mill to quantify the effects of both ball goalp load. A wide range of ball and pulp loads aver
tested and the findings are reported in the papes. Sensomag, a sensor developed by Magotteaux,
was used to obtain ball and pulp load measurentemisg the experimental work.

11.30 Comparison of the overall circuit performance in the cement industry: high compression
milling vs ball milling technology
N.A. Aydogan and H. Benzer (Hacettepe University, Turkey)

For cement grinding, tube mills having multi-chamsbare traditionally used either in open or closed
circuit operations. After the introduction of higlhmpression grinding mills (High pressure grinding
rolls (HPGR), vertical roller mill (VRM) and horot)i various circuit configurations have been

developed for energy efficient grinding. In thisudy, in order to evaluate and compare the
performances of these cement grinding technologiesistrial scale data were gathered from HPGR-
Ball mill, VRM, Horomill and multi-chamber ball ntitlosed circuits.

General usage of HPGRs in cement industry is agmder; in this study, HPGR circuit presented as
case study is closed circuit pre grinding systerth i close circuit ball mill. The other case stsdie
VRM, Horomill and single stage closed circuit batill circuits, don’t include any pre grinding
systems.

The grindabilities of the raw materials of all eiits were varying in a narrow range of 13-15 kWhtt.
The results show that high compression grindingl mitcuits are more energy efficient than
conventional single stage multi chamber ball miitwaits. In terms of the performance of the indiéd
equipments on energy use were compared in each atathigh compression systems are found to be
high performance units.



11.50 Simulation assisted capacity improvement of cememwrinding circuit: case study cement
plant
H. Dundar, H. Benzer, N.A. Aydogan, O. Altun, N.Poprak, O. Ozcan, D. Eksi and A.
Sargin (Hacettepe University, Turkey)

Extensive sampling campaign was performed arouadcc#ment grinding circuit of a cement plant in
Turkey, for different production types of cemerg, @GEM | 42.5, CEM 1l 32.5 / 42.5 / 52.5, for the
modelling and simulation purposes. During the samgpsurveys; samples were collected from around
the circuit for the steady state condition of theem@tion and, following a crash stop, from insitle t
mill. The size distributions of the samples weréedmined down to 2 microns by the combination of
sieving and laser sizing methods. By using the digi&ibutions around the circuit and control room
data mass balance studies were performed. Thepragats in the circuit; ball mill, air classifier &n
dust filter, were modelled individually by usingetlappropriate model structures. After modelling the
circuit, simulation studies were performed for a@pa improvement, mainly by the ball size
optimization. By implementing the proposed optirtiza, the capacity of the circuit was increased up
to 12.5-35.5% for different production types, henidee overall specific energy consumption of the
circuit was reduced, as predicted in simulatiomuligtst

12.10 Analysis of a stator earth fault protection systemof a grinding mill converter-fed
synchronous motor
R. Vargas and J. Pontt (Technical University FiedeBanta Maria, Chile)

Until recently, the application of cycloconvertedf gearless mill drives for wet grinding had been
considered a mature technology. However, in regeats, some large grinding mills driven by gearless
drives have presented unexpected insulation failur¢he ring motor concerning the stator windings.

Operation and maintenance depends on the progerdkgy management and new risks emerge with
the systems scaling-up. The continuous process iok-to-mill integration depends on reliable
electrical systems and productive availability wethctric protective functions depending on theppro
signal detection for surveillance of the motorsragien. A too sensitive protection is not functibna
because it produces undesirable nuisance tripswittecessary downtimes. An insensitive protection
is also bad because of the danger of non detectianeal failure.

Concentrator environments in mountains at hightualé impose stringent conditions, Traditional
parasitic second order effects may be not treated nagligible, like thermal expansions,
electromagnetic effects and EMC emissions. In fnésne, harmonics and partial discharges of
windings in medium voltage converter-fed machinesdbadditional leakage current background that
masks eventual phase insulation failures or producgance trips.

One important operational topic is the protecticggrege of the electrical protection system under
ground-fault conditions of the motor, because ofvaiime costs associated given the case the motor
had a phase to ground fault. This work presenttudysand discussion based on modeling and
simulation for assessing the limitations and ranfiepplication of a 100% earth fault protection
configuration, considering the operation of thistpction acting also as earth leakage protection.

12.30 Synchronous electric drives for grinding mills
M. Ploc (GE Energy, Canada) and M. Clatworthy @tergy, Australia)

The grinding process in the mining industry hasnsae increased throughput to accomplish greater
production and lower overall production costs.

Up to 8-9 MW, a single motor can be connected igedthe mill through a pinion and ring gear.

Above the single-pinion drive limit, the dual piniapproach was developed to allow two drive motors
to be used. This allowed the mill input power toibereased to 16-18 MW. Recent developments in
clutch and ring gear materials and design are aililpwreater input powers of up to 20 MW to be
considered.

To avoid damage to the ring gear by uneven loadrghaetween the two motors, it is critical tha¢ th
two machines accurately share load. This is typicathieved by either drives capable of controlling



load torque between motors or using a GE propsietantrol system that accurately controls the load
torque from each motor.

Beyond the current limits of the dual-pinion systetre industry currently uses the ring motor. This
design employs a single, shaft-less synchronousormdthe motor stator is located around the
periphery of the mill and the rotor poles are fixedin annular extension of the mill shell.

There is no standard type of drive suitable forgaihding mills. Tradeoffs exist between the iditia
capital costs, operating costs, and process oftioiz. A complete cost analysis of the various @riv
technologies available that includes initial comt present value of the project operating cosid, a
maintenance costs should be made on each projdetéamine the optimal technology.

12.50 Lunch

14.00 Technical Session 6
Chairmen: A. Mainza (University of Cape Town, Soéfrica) and J. Favier (DEM Solutions
Ltd, UK)

14.00 Less invasive vibrations measurement for monitoringand surveillance of grinding mills
with gearless drives
J. Pontt, U. Ramos, F. Rojas, W. Valderrama an®Nares (Technical University of Santa
Maria, Chile)

Since the first application of gearless mill driieswet grinding, experience was gained with high-
power drives and the GMD’s were considered a maesknology. Therefore, in last decade, looking
for economy of scale, a natural growing in size pader for bigger SAG and Ball mills were scaled-
up, with mill-diameters of 38 and 40 feet. Howevarrecent years, some large grinding mills driven
by gearless drives have presented unexpecteddailarthe ring motor concerning the stator andrroto
systems. Although the phenomena involved in sudlurés had complex nature, commonly the
manifestation is of mechanical kind. In such evéhése was not neither sufficient instrumentation n
experience for avoiding such failures. Of coursmyitimes are very costly especially when the failur
happens in the SAG mill, which is the critical gguent in the grinding line.

In this work, a system for measurement mechanigaanchical signals is proposed for being installed
within the stator and rotor of a ring motor, higifiiing the displacements and vibrations monitoring
and surveillance of operation. Issues regardingssibility, location and applications are discussed

It is expected that with the application of thepgased system, more knowledge and experience can be
gained for monitoring and surveillance of GrindiMgls with Gearless Drives in order to avoid costly
downtimes by having timely detection of any abndraperating condition.

14.20 Comparison of wet and dry centrifugal based classifation efficiency
H. Benzer, O. Altun (University of Hacettepe, Teyk and A. Mainza (University of Cape
Town, South Africa)

Classification is one of the most important uniemions of any comminution circuit. The design and
choice of the classification device has the po#triti render the circuit inoperable. There havenbee
many attempts to improve the classification efficig for devices used in both dry and wet
comminution processes. This work compares the ieffay of classifiers used in dry and wet
comminution circuits. The comparison of classifieficiencies was performed using partition curve
parameters from experimental data collected fromoratory and industrial units under a normalised
criterion. The circuits where different scales of @nd wet classifiers are employed were analysed.
The effect of operating parameters of the separatfficiencies of wet and dry classifiers were gdd
and will be reported in the article. The implicasoof operating these devices at various levels of
efficiency on the overall comminution circuit westudied for both wet and dry comminution
processes. The results tend to indicate that #teHoek effect is very pronounced in cases were the
viscosity is high for both wet and dry classifief$ie both wet and dry processes the quantity and
quality of the recycle load appear to have a hafjaénce on the grinding efficiency of the circuit.



14.40 Implementing strategies to improve mill capacity ad efficiency through classification by
particle size only, with case studies
N.J. Barkhuysen (Derrick Corporation, South Afjica

Recent advances in fine screening technology altmvthe efficient classification of mill producty b
means of particle size separation only, the adgmstare numerous, including improved throughput,
reduced power consumption, coarser grind and redueagent consumption. The paper will review
the history of fine screening from early 20th Cewtto modern day technology and will detail the
economic benefit obtained through modern day, fiiagicle, classification techniques by means of the
patented Stack Sizet technology. Several case studies will be presentediemonstrate the
effectiveness of the technology.

15.00 DEM maodelling of liner and lifter wear in grinding mills
M.S. Powell, N.S. Weerasekara (JKMRC, Austra&)Cole, R.D. LaRoche and J. Favier
(DEM Solutions Ltd, UK)

Wear of grinding mill liners and lifters plays a jmarole in the overall efficiency and economics of
mineral processing. Change in the shape of lithsrghey wear has a significant influence on grigdin
efficiency, and the annual cost of maintenance rmailddown-time depends on the life of both liners
and lifters. The Discrete Element Method (DEM) iscamputational method for simulating the
dynamics of particle processes. Previously limitedpplication by industry to 2D models of grinding
mills, full 3D simulation, which provides a far bat prediction of bulk particle dynamics in a giimgl
mill, is now possible using the latest commerci&ND software tools such as EDEM. This paper
presents an analysis of 3D simulation of a grindmily carried out using the EDEM software package
customised to predict the rate of wear of lifteogetry and to enable progressive updating of worn
lifter geometry profiles. The analysis employs noekblogy developed to determine key grinding
efficiency metrics such as segregation, collisinargy spectra, and power draw as a function ofgehar
properties, mill configuration and operating corutis. The developed approach provides a means of
predicting the effect of lifter and liner wear orrgling mill performance.

15.20 Prediction of mill structure behaviour in a tumbling mill
P. Jonsén, B.l. Palsson (Luled University of Tedbgy, Sweden), K. Tano (LKAB, Sweden)
and A. Berggren (Boliden Minerals, Sweden)

Computational demands and the lack of detailed axeatal verification have limited the value of
Distinct Element Method (DEM) modelling approachwesnill simulation studies. This paper presents
the results of a study in which the deflection olifeer bar in a pilot ball mill is measured by an
embedded strain gauge sensor and compared to tawfleqredicted from finite element (FE)
simulations. The flexible rubber lifter and theitig in a tumbling mill are modelled with the finite
element method (FEM) and the grinding medium medelith DEM. The deflection profile obtained
from DEM-FE simulation shows a reasonably good expondence to pilot mill measurements. To
study the charge impact on the mill structure tiffecent charges are used in the simulations. The
approach presented here is a contribution to thdateon of DEM-FE simulations and an introduction
to the description of a bendable rubber lifter iempénted in a DEM-FEM mill model. It opens up the
possibility to predict contact forces for varyingillndimensions and liner combinations. FEM is
especially valuable in this case, since there eadily available libraries with material models.ists

a follow-up work to previous preliminary result fnroa mono-size ball charge interaction study.

15.40 Coffee

16.10 Understanding fine ore breakage in a laboratory sda ball mill using DEM
P.W. Cleary (CSIRO Mathematical and Informatiofme8ces, Australia) and R.D. Morrison
(JKMRC, Australia)

Most DEM analyses of ball and stirred mills repdrte date have considered only media motion and
its interaction with the mill lifter configuratiofzor SAG mills, a large fraction of the feed madkdan
already be well represented in DEM models. Butofitver mill types with much finer feed, the number
of feed particles has been prohibitive until nowirtolude them directly in the calculations. Heres w
model a periodic section of a lab scale ball nnitluding the coarser ore particle sizes direatlyhe
DEM model. This provides the opportunity to bettederstand the effect of media on the interstitial



bed of powder and of the effect of the powder anrttedia. The effect of the powder fill level (varie
between 0 and 150% of the pore space in the médiaye) will be evaluated. The distribution of the
powder, its effect on power draw and the way inaluhit contributes to the pattern of energy utilizat
will be assessed. The simulation results are coatpasith experimental results from a test at similar
ball loading and rotation rate and for several $iaetions of ore at a range of powder fill fractio
The results provide estimates of the probabilitgr(pnit time) of collision between media and ore
particles (the “Selection” function) and the irgén of each collision which can be translated iato
estimate of severity of breakage using the JKMR€akage model (the “Breakage” function).

16.30 Is fine grinding an appropriate technology for theoptimal extraction of refractory gold
ores?
D. Capstick (Deswick Mining Consultants (Pty) L&huth Africa)

Refractory gold ores by their very nature are caxpdifficult and costly ores to process. Histolfica
these gold deposits have often yielded low recovatgs and have required a sophisticated and costly
technology to extract any meaningful value. It ic@mmonly aired opinion, that as the mining
community strives to discover more world class gibdghosits the ores will become more refractory in
nature and therefore offer a greater challengedogss.

Over the years, refractory ores have been treateshiploying roasting, bioleach, pressure oxidation
and fine grinding with varying degrees of succe€ften these processes have either been
environmentally unsound such as roasting, or d@tcaa high CAPEX and operating costs such as
bioleach and pressure oxidation.

This paper describes the application of a finedyireswik technology on a number of Zimbabwean
greenstone refractory projects. Fundamentally aterstanding of the base mineralogy of the deposits
and having the ability to effectively release aedaver that gold from the gangue material is thetke
providing an effective and sustainable technicitsm.

This paper describes our experience in designiegeldping and manufacturing a processing solution
in more than eight gold projects, highlighting tmdling and leach parameters and costs. The paper
also clarifies the operating parameters, businesgfiis and potential economic returns of invesiing
this technology.

16.50 Investigation on the residence time and fine grindig at Float Characteristic Test Rig
F. Francis, J. Kabuba, E. Muzenda and M. Mollafiéeiversity of Johannesburg, South
Africa)

The objective of this project is to investigate pssibility of improving the Platinum Group Metal
(PGM) recovery by reducing the secondary cleaniés tpade to below 2g/t. Two test works were
conducted; one was to investigate the possibilityeducing the secondary cleaner tails grade tb 2g/
by increasing floatation residence time with Floharacteristic Test Rig (FCTR) and another was to
reduce to same grade by grinding the secondarpetdails using ultra fine technology and floatatg
FCTR. The samples collected from both test workewsant for PGM analysis and for grind analysis
using Malvern. From the grind analysis there w&@®grind improvement when the secondary clear
tails (SCT) was milled. From the PGM analysis thasm balance was performed using solver
programme to determine the mass flow rate, madsgmal total recovery which indicate the SCT
reduction when milling and float.

17.10 The effect of the design of a secondary grinding rciuit on platinum flotation from a UG-
2 ore
L. Maharaj, J. Pocock and B.K. Loveday (UniversifjKkwaZulu-Natal, South Africa)

Platinum concentrator plants experience signifidasses in their overall Platinum Group Elements
(PGE) recoveries due to the inefficiencies of ttescondary grinding and flotation processes. This
project involves an investigation of selective giimg of the platinum-bearing silicate particlesgmet

in UG-2 platinum ores found in the Bushveld Igne@asnplex (BIC).

The batch-scale laboratory test work consistedxtdraal classification of the UG-2 ore feed materia
with a spirals concentrator, followed by ball nmlli and flotation in a 5 litre cell with a Denver



flotation machine under fixed conditions. The U@ was separated into a low density silicate-rich
fraction and a high density chromite-rich fractiosing the spiral and thereafter mixed in various
volumetric feed ratios of silicates to chromiteldated by milling and flotation to assess the platm
mineral recovery.

These tests indicated that under batch conditithves,secondary rougher flotation recovery may be
improved by more than 10% as compared to the cdiorext tests and that the use of an external
classification device, i.e. a spirals concentrédtiowed by milling may be a more efficient solutito
achieving selective grinding of platinum minerals.

The potential for new milling technology to improtree recovery of PGE minerals beyond 90% would
be of significant benefit to platinum producers.
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08.30 Technical Session 7
Chairmen: A. Kwade (Technische Universitat Braumgsil, Germany) and J. Pontt
(Technical University Federico Santa Maria, Chile)

08.30 Towards a mechanistic model for slurry transport h tumbling mills
I. Govender, G.B. Tupper and A.N. Mainza (Univirsif Cape Town, South Africa)

A new modelling approach to slurry transport in aytic beds based upon combining space and time-
averaged Navier-Stokes equations with a new typelbfmodel is described. The resulting Ergun-like
equation is used to correlate pressure drop witke-veraged distributions of the porosity, suptfic
fluid velocity and solids velocity for data derivécbm positron emission particle tracking (PEPT)
experiments in a scaled industrial tumbling mitfefdl with lifter bars, pulp lifters and a dischagate

and run with particles and re-circulating slurry.

08.50 New developments in dry grinding with Jet-mills usng air and steam
U. Enderle (NETZSCH-Feinmahltechnik GmbH, Germany)

The presentation gives a summary of the most comdeirmilling technologies and their latest
developments based on test results. The benefitdeadn over compressed air regarding the finest
particle sizes that can be achieved and the impr@eenomics when using hot compressed air in Jet
mills will be discussed.
- By use of steam in combination with a modern cfasget mills can now grind economically
to particle sizes which are normally only achiebgdusing agitated bead mills..
- By using the heat generated in compressed aimijit-with internal classifier can replace
mechanical mills for certain applications.

09.10 Shifting from the norm: coarse grinding in stirred mills
K. Barns, G. Anderson, D. Smith and H. De Waalt(aa Technology, Australia)

The IsaMill™ was developed by Mt Isa Mines and Nelz Feinmahltechnik to transform the
efficiency of ultrafine grinding technology in tlearly 1990. While the IsaMill™ evolved as an ewerg
efficient grinding device the unique inert grindiegvironment of the IsaMill™ led it to become the
enabling technology for a number of low grade cawmpbre bodies that would otherwise have been
uneconomical. In the early 1990’s the M3000’s 1VWWvhotor made it the mineral industries first large
scale, large tonnage ultrafine grinding machineo date the 3 mW M10 000 IsaMill™ is still the
largest inert grinding stirred milling technologythe minerals processing industry.

With scale up to 3MW, adoption of IsaMill™ techngiohas shifted from its birth place in the realm
of complex, fine grained ore bodies into mainstremarse applications. With this shift the benedits
high energy efficiency, high power intensity (amgsulting small installation footprint) and inert
grinding is now available in mainstream grindingplgations.

This paper examines the arrival of IsaMill™ teclogyl into coarse grinding applications and the
benefits it is having in both the PGM and base haétalustries.

09.30 Using the IsaMill technology in mainstream grindingapplications
B. Chaponda, A.N. Mainza (University of Cape Tov@guth Africa), B. Durant (Anglo
Platinum, South Africa) and C. Walstra (Xstratafiology, South Africa)

Most of the ore bodies being treated now contaialyi disseminated mineral complexes. These usually
require finer grinds to achieve good mineral liltiera and improve flotation response. Conventional
grinding equipments have serious energy ramificatio grinding to very fine sizes and hence stirred
mills were found to be a realistic option. Duehie telative successes in finer grinding stirredsmwite
now being introduced for main stream grinding agadlons. However, there is need to evaluate
machine and operating variables that can assiatlimeving benefits obtained in fine grinding when
these units are applied in main stream grinding.



Studies to investigate effects of operating paramebn specific energy consumption and product
fineness were performed on the M4 IsaMill. The paters analysed were stirrer speed, grinding
media size and load, feed size, solids concentratial feed flow rate. The results obtained from the
testwork show that stirrer speed, media load, f&ed and flowrate have significant effects on both
specific energy consumption and product finenebe. @romising results appear to indicate that stirre

mill can be utilized for main stream grinding applions.

09.50 Selection criteria of stirred milling technologies
B.R. Knorr (Metso Minerals Industries, Inc., USA)

The stirred milling technologies currently avaikbbn the market can be divided into two sub-
categories: gravity-induced and fluidized. Gravitgluced stirred mills initiate a ball charge matio
via rotational movement of a screw to provide a gieduction mechanism. In contrast, fluidized
stirred mills use a rotational movement to fluidzenedia-slurry mixture, resulting in a size redrct
mechanism. While these two categories have boém lgeneralized as “stirred mills”, they operate
under very different principles.

This paper provides a summary of findings on theomemended selection criteria for both sub-
categories of stirred milling technologies. Usiaglatabase of testing conducted on both gravity-
induced and fluidized stirred mills, a comparisendrawn between the two sub-categories of stirred
milling. These results are used to provide a diniddor when to utilize each technology. In aduit

the benefits of incorporating both technologies imtwo-stage fine grinding circuit are explored.

10.10 Stress model as basis for optimization and scale-ugf bead milling processes
A. Kwade (Technische Universitat Braunschweig, rxamy)

Grinding processes can be modelled by the streskelnad@veloped in Braunschweig some years ago:
According to the stress model product finenessoisstant, if the product is stressed with the same
stress intensity equally often (i.e. with the sastress number) by the same stress mechanism (e.g.
impact). Based on the general model it can be ddrithat for an equal mill type constant product
fineness is achieved if stress energy and spemificgy input are kept constant.

Based on this stress energy concept and on thgoredhip between Power number and Reynolds
number the operation of a stirred media mill canopémized regarding specific energy input and
throughput by adjusting grinding media size andsitgras well as stirrer tip speed. In comparison to
other model based methods this methods allowsatexdist of results with totally different operation
parameters of the mill. However, the optimizatidrategy depends on the grinding material as it will
be shown by some examples. Moreover, by considdhrgdifferent stress energy distribution and
mean stress energies as well as the different eniexgsfer efficiencies of different mill sizes am
precise scale-up of stirred media mills is possible

10.30 Coffee

11.10 Tracking the motion of media particles inside an 18 mill using PEPT
A. van der Westhuizen, I. Govender, A. Mainza ({énsity of Cape Town, South Africa) and
J. Rubenstein (Xstrata Technology, Canada)

Stirred milling is continually gaining acceptancethe mineral processing industry as a more energy
efficient method of comminution. This is partialjaethe case for the IsaMill™, a high intensityrs#d

mill with a horizontal configuration and interndhssification. These features along with the ueiqu
grinding mechanisms make for optimal energy efficie Use of Positron Emission Particle Tracking
(PEPT) to trace the motion of a media bead in apléied M20 IsaMill™ has enabled further
understanding of the internal mechanisms which odaoside the real mill. The simplified M20
IsaMill™ has the same inner dimensions and disessit is a closed unit without any flow through,
no rotor and only 3 discs. The PEPT system hasudivantage of being able to obtain detailed charge
motion measurements in opaque and aggressive ammts such as those encountered in grinding
processes.

In previous studies PEPT has been used to analwemiotion of the media charge at low
concentrations moving at slower speeds in grindiygiems such as ball mills and vertical stirredsmil



The application to high speed horizontal stirredlsnis novel. The paper covers the first phasthef
PEPT-IsaMill™ program. The work reported here uidels a discussion on the proof of concept and
development of the methodology for high speed glartiracking. The experimental work included
tracking glass beads (3 mm) and MT1 ceramic meiarim) over a range of volumetric fillings and
rotational speeds. An analysis of the resultafctary field in terms of velocity, acceleratiorgrpsity
and shear distribution is presented for the rariggoerating conditions investigated.

11.30 Fluidized mill media selection considerations
M. Gallimore (Metso Mining and Construction Teclogy, USA)

Media selection is critical for efficient and caftective, fluidized mill operation. Choice of mad
affects operating costs in terms of specific enengy media consumption.

This paper provides a summary of a Metso Stirrediid®etritor media bench top testing program
evaluating key media parameters, such as specdiaty, roundness, and size. The media tested are
sand and ceramic. The sand media are both glacélsub-angular, whereas the ceramic media are
highly spherical. These tests illustrate the digance of proper media selection for energy edficiy.
Data from operating facilities show efficiency impements by using an appropriate media for the
given application.

While energy efficiency is an important consideratin media selection, other operating costs ssch a
media consumption and media cost, are factors. d&paal data is also presented to compare these
parameters.

11.50 Effect of media size and mechanical properties on itting efficiency and media
consumption
B.Y. Farber (Zircoa Inc., USA), B. Durant and Ned&si (Anglo Platinum Corp., South
Africa)

The effect of media size and properties on millfiiiciency, media wear, and power consumption will
be discussed. A predictive model was developed laa®l been verified by analyzing results of
laboratory and large scale production trials iniaaral grinding application. Recent developments i
high density media capabilities for a range of fagubs and particle sizes will be presented.

12.10 A methodology for characterising in-situ viscosityprofiles in tumbling mills
N. Mangesana, |. Govender, A.N. Mainza and J.4#Rn#dis (University of Cape Town,
South Africa)

A methodology for characterising viscosity profii@stumbling mills based on in-situ shear rate data
from Positron Emission Particle Tracking (PEPT)erkpents is presented. Experiments were carried
out in a laboratory scale mill fitted with lifterabs, pulp lifters and a discharge grate, and ruh wi
labelled particles within a re-circulating slurr@hear rates were derived from the time-averaged
velocity distributions of selected slurry tracerfhese were combined with rheometer experiments at
the same slurry solids concentrations to consthetappropriate rheograms (shear stress versus shea
rate) from which the viscosity distribution wasiestted. The paper presents both the methodology for
the shear rate modelling and the rheometer expatgne

12.30 Grinding circuit optimization by model predictive control
T. Marx (ABB, Switzerland)

Over the years the minerals industry has investeddre efficient mills and associated drives sohsi

to reduce the specific energy consumption of thieadgrg process and to improve the material
throughput through the grinding circuit. Variatioims material size and composition still are the
limiting factors for a stable grinding circuit op¢ion and operators have to react quickly to fast
changing materials and overall conditions. In theper we will discuss how Advance Process
Optimization, applying Model Predictive Control (I@F, can be used for grinding circuits to stabilize
and optimize the process with the result of a frtteduction in specific energy consumption and
quality improvement of the grinding result.

12.50 Lunch



14.00 Technical Session 8
Chairman: M.S. Powell (JKMRC, Australia)

14.00 Characterising porosity of multi-component mixturesin rotary mills
K Sichalwe, | Govender and A.N. Mainza (UniversifyfCape Town, South Africa)

Porosity characterisation presents a significaatlehge in modelling of slurry transport in rotamjlls

due to the aggressive environment. A method of ovéss the porosity of mill charge, using the
Positron Emission Particle Tracking (PEPT) techajga presented. The packing density of each size
component is proportional to the residence timéridistion of its representative tracer particleséa

on the ergodicity of the system. The charge poyasitomputed as a linear combination of the pagkin
densities of individual components and modelledaagunction of mill geometry and operating
parameters.

14.20 Validation of a DEM-CFD model for simulating particle-slurry flow in a stirred mill
C.T. Jayasundara, R.Y. Yang, A.B. Yu (University Mew South Wales, Australia), I.
Govender, A. Mainza, A. Westhuizen (University Gape Town, South Africa) and J.
Rubenstein (Xstrata Technology, Canada)

High speed stirred mills have been increasinglydusethe mineral industry due to their relatively
higher energy efficiency. A numerical model baseditte combined discrete element method (DEM)
and computation fluid dynamics (CFD) was develofgedimulate particle and slurry flow in a stirred
mill. Information such as power draw, flow patterelocity field and particle-fluid interaction has
been obtained from the simulations. To validate pheposed model, the simulation results were
compared with those from Positron Emission Parfiaiecking (PEPT) experiments performed under
similar conditions. Average velocity and accelematin the radial direction and power draw under
different mill loadings and mill speeds were congohrThe results showed reasonable agreements
confirming the validity of the model. Attempts wetken made to investigate the microdynamic
properties based on the simulation results. Thegmtestudy shows the numerical model has promising
potential for improving our understanding of thending mechanisms in stirred mills.

14.40 An investigation of fluid flow through the dynamic porous bulk of a tumbling mill using
SPH, DEM and Positron Emission Particle Tracking
I. Govender, A.N. Mainza (University of Cape Tov8guth Africa) and P.W. Cleary (CSIRO
Div. of Mathematics and Information Sciences, Aaigt)

The flow of slurry through the dynamic porous cleang a tumbling mill is investigated using Positron
Emission Particle Tracking (PEPT), Smoothed Partielydrodynamics (SPH) and the Discrete
Element Method (DEM). The solid and slurry flowateld quantities (porosity, velocity distribution of
balls and slurry) are experimentally determinedrfriime-averaged trajectory fields of selected PEPT
tracer particles in a steady state tumbling millthwire-circulating slurry. The solid charge
measurements are compared to predictions of thiel sobtion made using DEM. The slurry
distribution and flow pattern from PEPT are thempared to the simulated slurry behaviour found
using SPH fluid passing through the dynamic porcharge predicted by the DEM model. Several
different charge conditions are compared to gietear indication of the extent of agreement between
the two approaches for understanding solid andystivarge behaviour.

15.00 Predicting patterns of slurry flow in a 3D pilot SAG mill
P.W. Cleary, P.J. Owen (CSIRO Mathematics, Infaitsaand Statistics, Australia) and R.D.
Morrison (JKMRC, Australia)

For processes in which slurry flow does not dona@rgdrticle behaviour, a dynamic “porous bed” can
be derived from DEM (discrete element method) agialgnd combined with SPH (smoothed particle
hydrodynamics) to estimate fluid flows within a dynically moving particulate matrix. The DEM
simulation provides averaged porosities and ve&xivhich interact with the SPH fluid particles via
an appropriate inter-phase drag. This approachph@sously been used for SAG mills only in two
dimensions. This paper extends the method to & thireensional analysis of an industry standard 1.8
m diameter by 0.6 m long AG/SAG pilot mill. Thisgwides detailed information on the internal flow
of slurry within a SAG mill, including the predioth of dry regions and of slurry pooling. Carryingt o



these simulations in 3D also allows the pulp flaatterns into and out of the mill via pulp liftecs e
investigated.

15.20 Predicting charge and slurry behaviour in a full sale Isamill
P.W. Cleary, G. Pereira and M.D. Sinnott (CSIROtléanatical and Information Sciences,
Australia)

The Isamill is a horizontal stirred media mill uded fine and ultrafine grinding of slurry transped
rock particles. In this paper we will present foypes of models of a full size industrial scalem#h
including the grinding chamber, feed, classified alischarge. The models used are a dry DEM model,
a slurry SPH model, a one way coupled DEM and SRidehand a fully 2-way coupled DEM-SPH
model. These models allow the various influenceshef media and the slurry on the motion of the
charge to be determined. The power draw predidsan line with installed power for this size mill.
The DEM collision energies provide information dwe tspectrum of collisions available to fracture the
fine particles. The performance of the slurry dleesswill also be explored.

15.40 Enlightened circuit design is essential to the takap of new equipment
M. Powell (JKMRC, Australia)

This paper postulates that unless novel and imgregeipment is properly designed into novel circuit
layouts, we will not capture the full potential ledity or even possibly lose the benefit altogetfidre
use of the HPGR is used as the primary exampleodstrating how the operational and energy
efficiency benefits can be all but lost and cloudmder by excessive peripheral equipment and
associated dust issues. The potential to leverfigbendifferences in operation of an HPGR and SAG
mill are also used to demonstrate the potentiaimdvative and flexible circuit design. Other exdesp

of how to utilise the outputs of the innovationsinge presented in this conference will also be
presented. The emphasis will be on developing thauit for the equipment at the same time as
evolving new and innovative equipment, for it ighing without a complete circuit.

16.00 Coffee and Wine



