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Most mineral processing technologies have been developed over a long 
time period, e.g. milling, flotation and thickening have been with us for over 
100 years, and crushing and filtration a lot longer.  Generally, by their very 
nature, incremental improvements in technology occur over a long period of 
time. A lot of these have come from advances in sub-technologies, such as  
material science, power transmission, instrumentation, etc.  Since these 
advances are generally available to all players, technology suppliers tend to 
follow one another closely, with the result that unique product optimisations 
can be short-lived. 

However, there are also less frequent, ground-breaking changes, usually 
related to the fundamental mechanics or underlying science.  These 
changes are often the subject of patents, and can lead to basic alterations 
in the development of a technology. 

Pulp Fiction

It is unfortunately also true that some of these “ground-breaking”
improvements are nothing of the sort - but very often are the result of 
marketing hype.  It is then up to the client companies to sort out reality from 
fiction.  Properly conducted plant trials are usually the way to sort the wheat 
from the chaff. Some apparently promising developments have been
stopped in their tracks by well-conducted trials, which have revealed their 
weaknesses.  On the other hand, even limited success in a poorly designed 
trial can be transformed by skillful marketing into ‘the next big thing’ and 
costly failures at plant level can result.  So the importance of competent, 
properly conducted trials cannot be overestimated.

Plant trials

In many areas, there is surprisingly little data from “head-to-head” plant 
trials, where an emerging technology is tested against existing technology. 
There are many reasons for this, the most obvious being that in most 
operating plants it is unusual to have two competing technologies doing the 
same job in parallel.  Another reason would be that once a plant is in 
production, comparative technology testing is both expensive and low on 
the agenda from a production viewpoint.

It is widely recognised that full-scale plant trials are the most reliable way to 
identify promising new technologies and an efficient means of separating 
the good from the bad and the ugly.
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So, if there is real value in these trials, who should conduct them, and who should evaluate them?

If the stakes are high enough, co-operative industry research groups such as AMIRA are an obvious answer, but 
clearly they also have other research priorities to consider.  Another option is academic institutions, who, though 
well equipped to design the tests and do the analysis, often do not have the funding to initiate this type of work, 
but can be commissioned by industry to do it.  Technology suppliers are frequently the initiators of such trials but 
cannot credibly carry them out without client or institutional involvement. A futher option would be metallurgical 
testing laboratories, who are also equipped to carry out such trials, although it is not “core business” unless their 
clients make it so. 
The best combination of players to carry out meaningful comparative plant trials seems to be:
• Mine owners leading the way, who can recognize the benefits and commission the work. 
• Academic and testing institutions, who can provide the skills to design and run the tests and also collect and
analyse the data. 
• Technology suppliers who put forward their technology improvements.  They can advise on the optimum 
settings for their technology and provide commentary on the results and subsequent evaluation. 

Why should a mine owner invest in developing a more efficient and reliable plant trialling regime?

There are many benefits to a mine owner, some of which include:
• Improved evaluation of “emerging” technologies results in better projects (i.e. lower capex, lower opex, 
improved recovery etc)
• Raising the bar for technology suppliers to present measurable benefits to the end user. A good example of 
such an improvement was the development of Outokumpu’s TankCell®. TankCell® utilizes  a round cross-
section flotation cell for larger machines thereby creating immediate capital and operating cost advantages over 
large U-shaped cells.
• Deepening the operator’s in-house knowledge of the technologies, which results in more customer-driven 
innovation.
• Ultimately, encouraging those R&D-shy technology suppliers to direct their spending towards innovative 
development. 
• Eliminating “dud” ideas more quickly on the one hand, and fast tracking good ones on the other.

Will the technology suppliers be willing participants in this process? 

Most competent suppliers will readily submit their technologies and improvements to scrutiny, as they prefer a 
“level playing field” to be established for the technology adjudication process. Also, genuine technology 
enhancements can more rapidly gain acceptance through a recognised industry testing regime,  with an 
associated benefit to the innovative supplier.  Those suppliers who do not participate in a credible technology 
test will ultimately be less likely to win business. 

Engineering companies can also benefit from access to information produced by professionally conducted plant 
trials.  One of the most important spinoffs would be the incorporation of a new technology into a project, which 
resulted in higher returns or lower overall project risk. 

Conclusion

In conclusion, there are clear benefits to be gained in setting up comparative plant trials to test new 
technologies.  However, these plant trials need to be  handled professionally with the right mix of skills. A poorly 
designed and/or conducted plant trial is often worse than no trial at all. 
__________________________________________________________________________________________________

Ian Arbuthnot is a director of Outokumpu Technology Pty Ltd and is based in Perth.  Ian has over 30 years in the minerals 
processing industry and has worked on projects around the globe, including South Africa, Zambia, Canada and locally in 
Australia.  Previous roles at Outokumpu included Sales Director for Australasia and Ian is now responsible for the 
research and development of Outokumpu's thickening and paste technologies.
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Spiral technology has steadily developed over the past 60 years and is now routinely used in industrial 
minerals, base metal and coal operations worldwide.

Humphreys introduced spiral concentrators to the world in the 1950s. The early models, made of cast iron and 
sometimes cement, had one trough profile and were used in the treatment of iron and chromite ores and other 
developing applications. In the 1970s,  PVC, fiberglass and urethane became the materials of construction and 
different trough designs were introduced to accommodate a variety of applications. Spirals have steadily 
improved both in performance and versatility over the years and today are found to be the separator of choice 
in many mineral concentration plants. 

Benefits of spiral separation include:
• High upgrading capability
• Flexibility to readily accommodate different ores and capacities
• Relatively simple operation
• Low cost
• Small footprint (more mobile, important in mineral sands industries)
• Environmentally friendly, reagent free

How do spirals work?
A spiral concentrator is a flowing film separation device.  General operation is a continuous gravitational 
laminar flow down an inclined surface.  Although different trough designs have led to many models, spirals can 
be categorised into two broad varieties - namely washwater and washwaterless, with the latter being the more 
dominant variety by a substantial margin.

Spiralling in control
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Figure 1: cross section of a spiral separator in operation



Operation principle
For both washwater and washwaterless spirals, the mechanism of separation is the same and involves 
primary and secondary flow patterns.  The primary flow is essentially the slurry flowing down the spiral trough 
under the force of gravity.  The secondary flow pattern is radial across the trough.  Here, the upper, more fluid 
layers, comprised of lower density particles, move away from the center while the lower, more concentrated 
layers of higher density particles move towards the centre.  The conceptual cross section of the slurry in 
figure 1 shows the trough divided into three zones.  The innermost zone is generally comprised of higher 
density particles transported downward, (i.e. primary flow).  The rising component of the flow has a certain 
capacity to lift lower density particles and transport them outward to the intermediate zone (i.e. secondary 
flow). The intermediate or transition zone is a region of free motion above the bed.  This zone is relatively less 
concentrated and more fluid than the inner zone.  Particles in this region move with the secondary flow and 
are transported according to their relative position within the bed. In the outer zone, particles may settle into 
the lower layers and be transported towards the centre of the spiral. Particles of higher density will have a 
tendency to migrate into the lower, inward-moving stream. Particle size is also a significant factor in the
mechanics of separation.    The finest highest SG particles will be distributed in the main (inner-most) 
concentrate band whereas the coarser particles of the same SG minerals are often the most difficult to 
recover to the concentrate.

The case for washwater
In applications where the particles are relatively fine and/or higher density particles are the predominant 
component of the slurry, the addition of washwater provides greater separation efficiency.  In these situations 
the innermost zone may lose its fluid nature since water can be removed along with the higher density 
material or crowded-out by the particles themselves.  Replenishing the slurry with washwater enhances the 
upward and outward movement of the lower density particles.

Washwater or washwaterless: which is right for your application?
Washwaterless spirals - This type of spiral is used in most applications, particularly for concentrating low-
grade ores. The only water required is that which is added to the solids prior to introducing feed onto the 
spiral.  A concentrate is collected at the bottom of the spiral or from several intermediate take-off points on the 
transition down the spiral.

Washwater spirals - Washwater spirals require the addition of water at various points down the spiral and 
therefore provide a “washing” of the concentrate, i.e., transporting away light gangue from the concentrate 
band.  

Page 4Output Australia  |  Issue 13  |  December  2005

.



The design of the H9000W spiral and especially the washwater system, was developed to meet the 
needs of modern ore producers.  The patented open washwater cup minimises the possibility of plugging 
while providing variable flow and point control at the spiral trough. The amount of washwater and its 
distribution down the spiral trough can be adjusted to meet operating requirements.  Point control
minimises the total water requirement by efficiently directing the water into the flowing pulp at the most 
effective angle. 

Testwork is critical
Testing in the early stages is critical to determining the most efficient spiral model and circuit.  During 
testing, feed distribution, pulp density and feed rate are adjusted to establish the optimum separation 
parameters for a specific mineral suite.     Outokumpu’s spiral test rig at its Perth laboratory, for example, 
can test and simulate all three stages at once. This means that even the often difficult-to-model scenarios 
involving recirculating streams can be adequately catered for.

It is important to note the following general rules:
• By maintaining a consistent distribution to each spiral,  consistent products are achieved.  
• Generally, low pulp density will produce high heavy mineral concentrate grades while high feed pulp 
densities will result in lower concentrate grades with the higher recovery of heavy minerals.
• A spiral will normally achieve a minimum 3:1 upgrading ratio (ratio between head feed grade of heavy 
minerals and concentrate grade). Therefore, as with most gravity concentrators, a multi-pass flowsheet is 
generally required to achieve a desired grade and recovery of minerals. 

True test of spiral performance
Another element key to achieving the desired processing goal is accurately determining a spiral’s 
performance. Sometimes, the high recovery of heavy minerals (HM), which includes alumino-silicates, 
can cause 
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Spiral at  Outokumpu’s test facility in Perth

processing problems in subsequent 
separation circuits. In these 
instances, it is necessary to 
differentiate HM recovery from 
valuable heavy mineral (VHM) 
recovery and recognise that, even 
though the overall HM recovery 
may be lower the VHM (e.g. TiO2
and ZrO2) recovery might be higher 
and thus the flowsheet is more 
efficient. 

The graph on the following page 
compares the recovery of HM to 
VHM using spirals of three different 
designs over a range of feed rates. 
In all cases, the recovery of the 
VHM (i.e. zircon) is higher than that 
of the combined HM.

Ideally, a testwork facility which has expertise in both mineralogy and processing should be chosen.  
There are many facilities which just offer expertise in one or the other, not both.  No two deposits are 
alike and a mineral suite, even in similar geographic regions, can vary dramatically. In a mineralogy 
suite, confounding mineralogy issues can arise, particularly agglomerated particles. Testwork 
programmes need to include some examination by microscopy to ensure that test results are not 
distorted through the types of misdeportments or mis-analyses which can occur.
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Conclusion - spirals make sense 
(and cents)
The spiral concentrator is a proven, effective, 
low-cost device for the gravity beneficiation of 
industrial minerals and other ores. 
Manufactured from lightweight, corrosion and 
abrasion resistant materials, spirals require a 
minimum of maintenance and upkeep. They 
are a relatively simple unit operation that 
translates to low capital and operating cost. 
This, coupled with reagent free processing, 
often provides a necessary environmentally 
desirable process.

______________________________________________________________________________________________

Steve Benson  is Manager – Physical Separation Technology for Outokumpu Technology in Australia and is based in 
Perth.    He has spent over 25 years in senior technical and leadership roles in the mineral sands industry. The 
physical separation division in Perth has recently established a broad range of testing facilities, focusing on  
comprehensive understanding and interpretation of processing and mineralogy during testwork. 
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Modern washwater spiral technology in action
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Many of the available calculation methods for assessing performance of thickeners in a CCD circuit reveal little 
recent information on performance of high rate thickeners in such circuits despite their increased use in this 
important hydro-metallurgical process.  This article discusses some relatively simple, practical and important 
steps to consider when assessing the data from an operating CCD circuit.

Standard mass balances around individual thickening stages in a CCD circuit are solved with the aid of readily 
available spreadsheet programmes for solution of simultaneous equations.  However, the accuracy of use of 
such programmes still depends on the process engineer’s knowledge of the practical limitations of the 
thickening process and, in particular, an understanding of the effects of washing efficiencies for each stage and 
the impact of imperfect flow distribution.

In an ideal multi-stage CCD circuit, the overall maximum dissolved value recovery is dictated by the quantity of 
wash liquor and the number of stages.  Many simplified mass balance equations assume perfect mixing and 
then apply a safety factor to a number of stages.  This approach is only satisfactory for first pass analysis and a 
more detailed examination must apply realistic individual wash efficiencies to each CCD stage.

Wash efficiency
Inefficient washing comes about as a result of both short-circuiting of liquor to a downstream stage, and lockup 
of liquor as interstitial fluid bound up in the flocculated underflow.   Both of these effects can be reduced with 
proper attention to interstage mixing and provision of sufficient energy to ensure the breakup of floccculated 
agglomerates.

Interstage mixing efficiency is usually reported as a ratio of overflow to underflow solution assays for each 
stage since this represents a collective expression for all sources of inefficiency.  In assessing various options 
at the design stage, it is common to assume a first stage mixing efficiency of 98% and progressively lower 
efficiencies (usually 3% per stage) thereafter.

Analysing CCD performance
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A four stage CCD circuit



CCD performance audits
Following commissioning of a circuit, verification of these stage efficiencies in an operating plant is 
extremely difficult and some recommendations for minimising sources of error are provided below:

• Overflow samples need to be taken from the collection box of the thickener overflow at a site that 
combines all overflow liquor.  Recent computational fluid dynamic modeling of flow patterns in thickeners 
has shown that distribution patterns are not perfectly symmetrical, and if interstage mixing is not sufficient, 
overflow assays may even show more than 100% efficiency as a result of short-circuiting.

•. A sampling programme should recognize the possible changes in the solution assays of leached feed 
slurries with time.  Some very odd overall recovery figures can result when analysing the entire circuit if an 
inappropriate spot sample assay is used as the basis for all computations.

• Underflow slurries and overflow liquors will have different residence times in a particular stage, so the 
effect of the relative delays should be taken into account when sampling/analysing stage efficiencies – this 
is especially important if feed solution assays vary.

• Recognise the possibility of continued leaching reactions occurring; this can lead to artificially low stage 
efficiencies but overall should show an increase in total recovery.  The data in Table 1 below indicates a 
typical analysis of a four stage CCD circuit employed in bioleaching of a refractory gold ore.  The data 
presented is for single spot samples and hence there is a wide range of stage efficiency.  The presence of 
ferric ions in the overflow and underflow streams is used to measure stage efficiencies

Page 8Output Australia  |  Issue 13  |  December  2005

.

VariablesVariables

96.23%

Thickener Calculations by Simultaneous Equations
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Conclusion
Once a CCD circuit is up and running, it can be quite difficult to analyse actual 
plant figures against the original design calculations.  There are a few methods 
to minimise errors in this analysis.  These include ensuring the overflow 
samples combine ALL overflow liquor, recognising potential changes in leached 
feed slurries with time, distinguishing the difference in residence time for 
underflow slurries and overflow liquors and taking this into account during 
analysis and last, but not least, recognising the possibility of continued leaching 
reaction occuring after a sample has been taken.

______________________________________________________________

Brandt Henriksson has worked as a chemical engineer in the mining industry for 17
years, with over 14 of those years specialising in solid / liquid separation.  Brandt has 
extensive experience in thickening and clarification, filtration and automation.  Having 
been with Supaflo Technology since 1989 and then Outokumpu Technology since 1998,
he now holds the position of Manager - Thickeners for the Australian region.

An Outokumpu CCD circuit  in operation


