
O U T P U T

Equipment performance 
guarantees: Are we building 

our own Tower of Babel?

Engineers working on mineral 
processing plants today might well 
sympathise with the predicament of 
the ancients working on the biblical 
Tower of Babel.

When these ambitious folk originally 
planned their mighty ziggurat with 
its top penetrating into the heavens, 
they all spoke the same language and 
there seemed no limit to what they 
could achieve on earth. However, 
when an angry deity confused 
their languages and scattered them 
abroad (according to Genesis II), 
a multilingual mosaic ruined their 
ethereal plan. 

Even if engineers today don’t have a 
divine entity working against them, 
they might feel they could do with a 
little omniscience now and again — 
particularly when they have to piece 
together the mosaic of performance 
guarantees offered by the multitude 
of contractors collectively involved in 
major mineral processing contracts.

This problem of piecemeal 
performance guarantees is deep-
rooted and gives rise to some 
criticism in the mineral processing 
industry that equipment supplier 
guarantees are not worth the paper 
they are written on.  

While guarantees from reputable 
suppliers are valid in themselves, the 
problem is that they are of more 
limited relevance when fitted into the 
larger process flow of which their 
equipment is part.  The guarantee 

for one particular link of the process 
chain becomes quite insignificant 
when it is compared with the broader 
problems that under-performance of 
a single link — or combination of 
links — can cause. 

 The problem is exacerbated when 
equipment suppliers offer only very 
conservative guarantees, which 
may underestimate the optimum 
performance of their equipment. 
It is easy to understand why 
the supplier does this — after 
all, he can’t be accountable for 
different equipment upstream or 
downstream that may dramatically 
affect outcomes from his 
equipment. Naturally they won’t 
take major responsibility for a 
process when they are given a 
minor role.

Issue 1 • February 2002

Contents

Equipment 
performance 
guarantees: Are we 
building our own 
Tower of Babel?

Emperor Gold puts 
a retired Ceramec 
filter back to work

Selecting Flotation 
Cells: How many 
and what size?

The shape of mills 
to come

1

3

5

Web Email

8

Author:  Ian Arbuthnot



Page 2 

Output  •  Issue 1

But while individual suppliers may protect 
themselves from liability, if the whole process 
doesn’t work, the project engineer is the meat 
in the sandwich trying to fit the mosaic of 
parts together to form the most cost-efficient, 
technologically effective and harmonious whole. 
Often, this project engineer has to provide 
an overall plant performance guarantee that 
papers over the gaps between the guarantees for 
individual parts of the plant. Not surprisingly, 
this leads to complaints that project risk these 
days is concentrated upon the principal and the 
engineer. Equipment suppliers do not share the 
risk.

The Supplier Viewpoint

What the statements above overlook are some 
very real limitations suppliers face when 
considering process guarantees:

 Because individual suppliers become involved 
late in implementation, they have little or 
no opportunity to provide input about total 
system components or parameters that may 
dramatically affect the performance of their 
own equipment.

 Information on the overall system including 
test reports, mineralogy and feed variations 
may be inadequate, unavailable or simply 
too voluminous for suppliers of individual 
components to provide a meaningful 
guarantee.

  Suppliers are generally not paid to 
take on performance risk commitments in 
a meaningful risk/reward arrangement. The 
piecemeal bidding system encourages them 
to minimise costs and risks, not to optimise 
processes and performance.

 Then there is the difficulty of performance 
verification on an individual process step 
which is being influenced by other process 
stages. This is both difficult and costly to 
undertake.

A Better Way — Partnering

Clearly, there is a better way to produce 
more meaningful guarantees. 
It begins with planning to allow for the 

involvement of the suppliers at an early stage 
of the project. As the success of any project 
depends in part on the technology employed, it is 
important to ensure that every step in the project 
development incorporates the latest knowledge. 

While this path demands the building of 
relationships early in the process, it will be more 
than compensated for by reducing engineering 
time, reducing costs through identifying better 
process options earlier and establishing lasting 
relationships upon which ongoing service and 
support are founded.

Integral to this process is a greater partnership 
between equipment provider, engineer and 
project owner who can work together to 
optimise all aspects of the project. As partners, 
equipment providers will become empowered 
not only to assume performance risk, but also 
effectively reduce all risks associated with 
technology including delivery time, installation 
and performance.

End-to-end efficiency throughout a process is 
further strengthened where engineers and project 
owners are prepared to look to broader solutions 
involving fewer suppliers with deeper knowledge 
of the project. Ideally, as results flow from this 
approach and trust is built up, progress to total 
solutions that incorporate all aspects of project 
development, operation and rehabilitation may 
be achieved.

The formation of real partnerships between all 
parties that last for the total life of a project and 
continue to optimise that project as it develops 
and changes, will maximise the return from any 
given resource. 

The trend today in mineral processing (indeed, 
the total resources industry) is to deal with fewer 
and better suppliers working in partnership with 
all stakeholders over the life of the project. It 
is fundamental that where suppliers have an 
ongoing commitment to a project partnership 
they can contribute to that project from a 
position of knowledge

Like all partnerships, what you put into 
them will determine what you get out 
of them.

< Home >
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Outokumpu Technology recently 
collaborated with Emperor Gold Mines to 
refurbish a used CERAMEC® vacuum disc filter, 
which was subsequently put into service at the 
Vatukoula mine in Fiji.  Emperor is employing 
the filter, previously used for copper concentrate 
filtration at both Woodlawn and Browns Creek 
mines in NSW, for pyrite filtration to reduce 
the moisture content of roaster feed and thus 
the required sulphur addition rate.  Sulphur 
consumption savings have repaid the capital 
expenditure for the filter installation within the 
first 6 months of operation.

Emperor Gold identified an opportunity to 
reduce operating costs at their Vatukoula mine 
by reducing the moisture content of their roaster 
feed.  

Prior to installing the CERAMEC® filter, 
the roaster feed was sourced from thickener 
underflow at a moisture content of 
approximately 40%. This was initially reduced 
to between 14 and 17% upon installation of the 
filter. However issues with repulping the filter 
cake to allow addition of the required sulphur 
meant that the optimal cake moisture was 25%.  
To achieve this cake moisture and assist with 
cake discharge, the filter backwash step was 
moved forward in the operation cycle so that 
it occurred before the cake scrapers.  This 
innovation has subsequently been applied to 
other pyrite/roaster feed CERAMEC® filter 
applications. 

The installation of the filter has been a 
great financial success for Emperor Gold.  A 
reduction in sulphur consumption from 7 to 
1.5kg per tonne of ore milled has been achieved 
which equates to $2.80 per tonne of ore milled.  
This generates an annual saving of 

approximately $1.4 million per annum at the 
Vatukoula mine.

This particular filter has been particularly mobile 
throughout its life. Initially installed at the 
Woodlawn mine in 1991, it was then refurbished 
and moved to the Browns Creek mine in 1999. 
Outokumpu supervised this refurbishment for 
Hargraves Resources. When flooding closed 
the Browns Creek mine, the filter was 
sold to Emperor Gold who requested 
Outokumpu’s assistance with the refurbishment, 
transportation, installation and subsequent 
commissioning of the filter in Fiji. 

Emperor Gold has been an Outokumpu customer 
since the mid 90s with several of its technologies 
installed at Vatukoula.  Emperor has entered into 
an annual service agreement for the filter with 
our new dedicated service department which is 
managed by Jason King.

Emperor Gold puts a 
retired CERAMEC® filter 

back to work

< Home >
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Lower ore grades have driven 
the industry to larger throughputs 
and thus larger equipment over the 
last 20 years. Flotation cell sizes 
of up to 200m3 are now available 
with 150m3 cell installations being 
common. The question for many 
circuit designers is, do the old 
“rules of thumb” still apply when 
selecting the number and size of 
cells required?  The answer is part 
yes and part no.

Selecting Flotation Cells: 
How many and what size?

Cells Size OK150TC OK100TC OK50TC OK38 OK16 OK8 OK3

No. 2 2 2 3 4 5 6

Rule 1. “I need at least 8 cells in a 
rougher/scavenger train 

to prevent short-circuiting”

The theory of short-circuiting is not changed 
by the size of the cell and thus some argue 
that this rule must always apply.  In practice, it 
appears that factors other than short-circuiting 
are more critical to the performance of a float 
circuit where 5 or more cells are employed.  
Issues such as scale-up of residence time from 
laboratory or pilot plant tests, froth handling, 
number of control stages in the circuit, stream 
recycling, reagent selection and addition and 
stability of feed all have a measurable impact 
on circuit performance. The difference in 
performance between 5 cells and 8 cells with 
equivalent residence time cannot be detected 
in most cases due to noise from other 
flotation factors. When consideration is given to 
capital and installation cost, plant footprint and 
operability the economic solution is generally 
less than 8 cells. 

Recommendation: “Use at 
least 5 cells for rougher/
scavenger applications.”

Rule 2. “The larger the cell, the less cells in 
each bank”

This rule is relatively new and relates purely 
to the control of cell banks, in particular level 
control.  When cells were 3 or 8m3 and 
literally hundreds of cells were used, it was not 
uncommon to see up to 6 cells in a bank.  As 
the size of cells has increased, the number of 
cells in each bank has reduced.  This occurs for 
two reasons; firstly each bank is a single control 
stage with its own level, thus as the cells get 
bigger and the number of cells used reduce, it is 
necessary to reduce the number of cells in each 
bank to provide sufficient control points in the 
circuit.   Second, and perhaps more importantly, 
control of large banks of large cells is extremely 
difficult.  Thus it is now common to see 100 
or 150m3 cells installed as a series of “unit” 
reactors.

Recommendation:  “Less is Best” Maximum 
number of cells per bank (Refer to table below)

Author:  Peter Bourke
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Rule 3. “Froth lip loading should not exceed 
1.5 tonnes per linear meter per hour “ 

This is definitely a rule that has been superceded 
by the changing design of flotation cells. The 
new thinking has expanded to also consider 
the froth-carrying rate and emphasises the 
importance of selecting flotation cells with a 
“froth-handling strategy” in mind.  In many 
cases, the use of fewer, larger cells has been of 
benefit as it has allowed the designer to have 
less froth surface area and thus more stable froth 
when treating low-grade ores.  These large cells 
can also create a trap in situations where the 
throughput rate is high and the grade is also 
high.  In this situation, it is possible to have 
too little froth area making froth removal the 
rate-controlling step in the flotation process.  
An extreme example of this occurs where the 
largest available cells are not suitable due to 
froth area limitations, yet may satisfy the old 
lip length rule. Thus selection of the number of 
cells and the froth crowder/launder combination 
is a critical component of circuit design and 
consideration of the froth carry rate and froth lip 
loading is imperative.   

Recommendation: “Standard circuit design 
should use froth carry rates in the ranges below. 
Always check the 1.5t/m/hr lip loading is not 
exceeded” 

Rule 4. “I need at least 4 control stages in 
the flotation cell train to provide circuit 
flexibility”

A control stage is defined as a cell or cells 
which operate with a common level control. 
Many people use the term “cell bank” to define 
this group of cells. Each control stage can be 
considered a “unit” reactor from which a tail 
and concentrate can be extracted for subsequent 
processing within the plant.  Whilst it is possible 
to take intermediate concentrates from a bank of 
cells, it is difficult to control the grade of this 
concentrate without impacting the remaining 
cells in the bank as they are all linked to 
the same level control.  Linking cells to the 
same level control also creates a relationship 
between the air addition rates for each cell. 

To operate a smooth circuit, it is best to 
balance the air evenly amongst a bank of cells. 
This is especially true for larger cells where 
a difference in air rate between two cells can 
easily create a difference in pulp level that 
is greater than the target froth depth creating 
a “pulping” situation in one of the cells. 
A rougher/scavenger circuit with 4 stages 
allows the plant operator the capacity to 
simultaneously operate the first stage to create 
high grade concentrate, the second stage to 
create intermediate concentrate, the third stage 
to create low grade concentrate and the final 
stage to control the tail grade and make a 
concentrate for regrind.  The high, intermediate 
and low-grade concentrates can be directed into 
the cleaner circuit as appropriate for the ore in 
question.

Recommendation: “Use at least 4 stages or 
banks when designing a rougher/scavenger 
circuit”

The discussion above indicates that cell 
selection and circuit design has become a 
more complex issue with the advent of larger 
cells. Large surface areas and fewer units 
make designing for successful froth handling 
and circuit control critical. The issue of froth 
handling must be considered during the initial 
test work.  Circuit designers need information 
on froth removal rate versus flotation time and 
observations of froth stability if they are to 
select the correct launder options.

The four “new” rules of thumb:

1. Use at least 5 cells for rougher/scavenger 
 applications.

2. Less is Best. Check the maximum number 
 of cells per bank.

3. Check froth carry rate and lip loading 
 meet design guidelines.

4. Use at least 4 stages or banks when 
 designing a rougher scavenger circuit.

Duty Rougher Scavenger Cleaner

Carry Rate (t/m2/hr) 0.8-1.5 0.3-0.8 1.0-2.0

Recomended Froth Rates Carry Rates < Home >
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It could easily be argued that grinding is 
the most important step in the processing of 
ore. Achieving the desired size and mineral 
liberation at the design throughput is critical to 
the subsequent separation process, whether it be 
flotation, gravity or leaching based. Ultimately, 
grinding performance determines the overall 
recovery, and thus return on investment, that can 
be achieved in a concentrator.  

Variation in the grinding performance leads 
to fluctuations in recovery and product grade 
in the subsequent separation stage. Design of 
processes further downstream such as thickening 
and filtration is also heavily influenced by the 
grind size targeted. However, they can generally 
be designed to achieve optimal performance for 
any known grinding product.  As always, the 
optimal solution for the concentrator is a 

compromise between the various process steps.   

The availability of grinding equipment 
invariably determines the availability of a 
concentrator, whilst the efficiency of the 
grinding process is critical as this equipment 
consumes the greatest proportion of power, 
consumables and maintenance time in the 
concentrator.  The importance of the grinding 
step makes it an obvious focus for the industry to 
find greater efficiencies and thus greater returns 
from ore bodies.

Where can we improve?

As an industry, improvement will come through 
the development of models that better predict 
both the mechanical and metallurgical 
performance of mills and the translation of these 
model outcomes into physical equipment.  Three 
specific areas of development exist. 

1. Mechanical design of Mills

 Develop new approaches to the design of the 
mill structure with a target of eliminating large 
and heavy castings and removing all areas that 
are adversely influencing the mill maintenance.

 Improving the mechanical reliability of mills. 
FEA in conjunction with improvements in 
monitoring technologies are target areas for 
improvement here.

 Improving the industry’s understanding of 
liner wear and our ability to predict it.  DEM 
analysis is the latest tool to be used in this field 
of research.

2. Manufacturing of Mills 

 Develop manufacturing strategies which 
ensure mill component production is timely 
and of suitable quality. The use of local 
capabilities and minimising the dependence on 
very large cast mill ends and ring gears is 
critical to success.

The shape of mills 
to come

Author:  Oskar Gustavson
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3. Modelling of Mill Operation and 
Grinding Circuit Performance

 Understanding the influence of mill feed 
distribution on mill performance. Mine-to-Mill 
analysis is helping in this area.

 Modelling of grinding circuit performance

 Validating models using operating plant data 
sets

Successful pursuit of objectives such as those 
above requires the combined effort of equipment 
manufacturers, research organizations and mine 
operators.  Developments in the mechanical 
design and manufacturing of mills have 
traditionally been the area of greatest focus 
for grinding technology suppliers and a recent 
advance in this is Shell Supported Mills.

Shell Supported Mills

For many years, mill design has been limited 
by the use of trunion castings at the feed 
and discharge ends for mill support. Trunion 
supported mills, as these are known, have 
been shown to have significant limitations in 
the areas of structural integrity, manufacturing 
requirements and process design.  

In recent times, a modern mill design has been 
proposed and used which supports the mill 
directly under the shell using hydrodynamic pad 
bearings.  The major advantages obtained when 
using Shell supported mills are outlined below:

Mechanical Design 

Shell supported mills offer a greater 
capacity to suitably support the weight 
of a mill and result in an inherently 
stiffer structure than that found in trunion 
supported units.  By supporting the mill 
under its shell, the engineer is able to 
reduce the span between supports, which 
reduces mill deflection during operation. 
Where necessary, more than two supports 
can even be used.  

The design of the supporting concrete is 

also simplified as the mill is supported from the 
underside close to the ground rather than being 
suspended close to the centerline at the trunion. 
Mills in which the shell is supported are less 
susceptible to drive alignment problems caused 
by deflection of the mill structure.  

Design of mill liners, and in particular their 
installation and removal, is more flexible in 
a shell-supported mill as the end diameter is 
not limited by the trunion design. This has 
significant ramifications for Mill reline machine 
design.  A Shell supported mill requires a shorter 
reach (no trunion to reach through) and can 
provide a larger opening, which translates to a 
lighter, and lower cost reline machine. 

Manufacturing 

The mechanical design requirements of trunion 
supported mills inevitably lead to the need to 
produce large and heavy mill heads and trunions. 
This is achieved by casting from steel or nodular 
iron. In larger mills, these castings are stretching 
the technical capabilities of foundries, machines 
shops and transport companies. All of these 
factors together make the supply of large trunion 
supported mills highly unreliable with many 
large projects suffering significant delays due to 
casting problems.  

Shell supported mills do not require cast ends, 
which eliminates this potential impediment. 
Steel plate can often be sourced from stock and, 
importantly, the mill structure can be fabricated 
locally.

Trunnion vs Shell Supported 
Mills Structure
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Process Design 
One area of significant limitation in the design 
of mills has been the capacity to feed pulp 
into the mill, and more importantly remove 
that pulp.  Much research has been directed 
at pulp lifter technology to try to overcome 
volumetric restrictions and inefficiencies in 
trunion-supported mills. The limitation arises 
from the need to balance feed and discharge end 
design between process and mechanical needs. 
Shell supported mills with fully open discharge 
ends eliminate the need to install pulp lifters, 
which are a major source of inefficiency and 

maintenance in mill operations. 

The importance of grinding to the total flowsheet 
performance is undeniable. Grinding technology 
should be advanced with a view to the impact on 
all aspects of concentrator design, both process 
and mechanical, if improvement in the efficiency 
of our concentrators is to be achieved.  To 
this end, Shell supported mills offer a design 
which can better meet the physical and 
process requirements, reduce project risk and 
offer greater reliability with lower maintenance 
requirements. All of these lead to a greater return 
on investment.
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