
Issue 4 • December 2002

Contents
Let’s end the 
Second Age of 
the Dinosaurs

Filtration 
Testwork – DOs
and DON’Ts

Paste Thickening 
– new or old 
technology?

1

4

7

Web Email

Let’s end the Second Age of the 
Dinosaurs - Survival of mining in the 
21st century: project development and 

a team-oriented approach 
Author:  Andrew Okely

Scientists in the United States 
have identified a 40 km-wide 
crater in Iowa as the possible site 
where an asteroid or comet may 
have crashed into the Earth 65 
million years ago, causing the 
extinction of dinosaurs. 

The find by scientists of the US 
Geological Survey supports a 
theory that an asteroid or comet 
slammed into the Earth and sent 
so much dust and soot into the 
atmosphere that sunlight 
was blocked, temperatures 
plummeted, plants withered and 
animals either starved or froze to 
death. The dinosaurs were unable 
to adapt to their new environment, 
and died out.

Today the mining industry in 
Australia faces its own challenge 
to adapt to changes and processes 
that may well decide which types 
of companies survive into the 
future - and which are unable to 
cope with change.

World-class companies – and 
Australia is blessed with plenty of 
them – will be those that look into 
the future and prepare for it. 

They are the companies adopting 
‘survive and flourish’ strategies that 
begin with their hardware, their 
technologies and processes, and 
extend out into their relationships 
with a whole host of communities 
with which modern mining must 
co-exist and communicate its 
objectives, benefits and progress. 

It is no longer heresy in the mining 
industry to say we live in an inter-
dependent world, where the impacts 
of diverse communities 
(environmental, financial, 
indigenous, political, and 
technological) can radically affect 
the way we do business - or if we 
do business! 
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The challenge for key stakeholders

We know that it is certainly feasible to get 
a project going cheaply by playing off 
project participants against each other and 
picking the eyes out of their competing 
offerings. But what this gives us at the end 
of the day is the proverbial camel – a horse 
designed by a committee for which 
everyone is prepared to contribute their 
part, but no-one is prepared to take 
responsibility for the beast that emerges. 

If projects are to emerge as the best of their 
breed, then the challenge is for all of the 
key stakeholders to lift their horizons 
above the bargain basements and jumble 
sales of the market place to take a true 
focus on the ongoing viability and 
optimisation of the project. 

This partnership approach involves us all, 
particularly:

The true cost of projects that fail to live up 
to society’s expectations of profitability, 
community contribution and environmental 
impact is felt throughout our industry. 
Impacts are seen in: 

> Reduced support for junior exploration 
companies

> Community resistance to mining 
operations on environmental grounds

> Greater government regulation of mining

> Reduced interest from graduates in the 
mining industry

> Increasing litigation between industry 
participants.

Key issues

A key point in this discussion is the need 
for far-sighted investment in our future. No 
industry, no matter how well meaning, can 
exist without developing profitable 
projects on a regular basis. Projects that are 
financially strong allow us to win back 
investors,  be environmentally responsible 
and behave as good corporate citizens.

If we are to optimise the potential of 
projects – rather than build them piecemeal 
for the cheapest possible price – then we 
need to use a team approach to apply all of 
the required skills to a project during its 
total life cycle. 

Yet the days of the world’s best 
technology, project engineering, resource 
planning and other skills required for 
successful project development being 
available within the one organisation have 
passed, even for the major mining houses 
of the world.

> Mine Owners

> Engineering Companies

> Technology Suppliers

> Research and Testing organisations

> Finance Specialists

> Mine Planners

> Environmental Managers.

At the outset, key questions need to be 
asked. Do you know what each can 
contribute? Are you getting the best value 
from each? Are they involved at the right 
times throughout the life of your project?



Output  . Issue 4

Page 3<  Home >

In fairness, suppliers must also ask 
themselves the hard questions. For our part, 
modern technology suppliers must offer:

The key phrase is “throughout the entire 
life of the project”. This is, without doubt, 
the key determinant of ongoing success. 

It is a commitment to the education of all 
involved with the technology, how to use 
it, maintain it and optimise it.

The best projects utilise and value all of 
the available resources. These projects are 
equipped to survive by meeting the 
demands that will be made of their ongoing 
efficiency, technological flexibility and 
environmental adaptability. 

The worst projects, like the dinosaurs, will 
limp on into the future, dying slowly as 
they compete poorly for nourishment and 
looking over their shoulder for the next 
comet.

> Testwork program design and 
implementation assistance

> Technology selection and engineering 
design support in the project feasibility 
phase

> Technology delivery excellence in the 
project construction phase, particularly 
assistance with rapid and safe installation 

> Mechanical and Process commissioning 
know-how during the crucial ramp-up 
phase

> Mechanical service and process 
optimisation expertise throughout the life 
of the project.
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Filtration Testwork – DOs and DON’Ts
Author:  Tim Kram

There appear to be as many methods for 
separating solids from liquids as there are 
slurry streams to treat.  Many of these 
methods involve the use of the filtration 
process.  Filtration generally has one of 
two objectives; remove as much liquid 
from the solid phase as possible or 
remove as much solid from the liquid 
phase.  Whilst these objectives sound the 
same the distinction is significant and 
generally relates to which of the two 
streams (solids or liquids) contains the 
material of value.  Knowing this objective 
is just the first step in setting up and 
performing filtration testwork.  Many 
other factors need to be understood if 
your filtration tests are ultimately going to 
lead to the installation of the correct filter 
type and size.  To help you along the way, 
three DOs and a DON’T for filtration 
testwork are outlined below.

1. Know the process
This is definitely something you should do.  
Table 1 gives some examples of process 
characteristics that influence filter type and 
size.
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Table 1: Production plant characteristics

Knowledge of site conditions is 
necessary to properly size the 
filter.  Ambient temperature can 
affect filtration rates and vacuum 
filtration decreases with an 
increase in altitude.

When thermal drying is to be 
performed, the per unit cost of 
thermal drying is necessary to 
evaluate capacity versus 
machine size calculations.

TML should be known before 
testing.

Site
Conditions

Cost
of

Drying

Transportable
Moisture

Limit

The per unit cost for power, 
blowing air, instrument air, 
maintenance operation are 
necessary to determine capacity 
versus machine capital cost 
calculations.

Cost
of

Utilities
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The solids mineralogy and chemistry
can give hints how the material will 
act during times when the system 
changes:  pH modification, solvent 
introduction, temperature and 
pressure. Care should be taken to 
ensure that the product does not 
age before it is tested.
Determine the range of solids 
concentration that will be reporting 
to the filter.
Each filter technology works 
efficiently within a limited particle 
size range.

Mineralogical
Composition

Solids 
Concentration

Particle Size 
Distribution

Process temperature variations 
can greatly affect filtration rates.

Slurry 
Temperature

Solids density is very important in 
determining the specific filtration 
capacity.

Solids 
Density

Table 2:  Solid Material Properties

Filtering slurries that are at or near 
saturation can lead to precipitation 
within the filter media and filtrate 
discharge system.  Solubility is 
also important for cake washing 
considerations.

Solubility

It is important to know for proper 
materials of construction.  Highly 
abrasive materials can quickly 
wear through the improperly 
chosen material.

Abrasive
Character

2. Know the material
The more information you have on the 
materials the better the chance of selecting 
the right filter technology.  This knowledge 
must extend to both the solid and liquid 
phases.  Undertaking testwork without at 
least some of the information outlined in 
tables 2 and 3 may well lead to a waste of 
time, money and most importantly, valuable 
sample.

Liquid chemical composition 
affects separability of the 
particles. Flocculant and 
dispersants can have strong 
effects on filter operation.

Affects surface tension, viscosity, 
reactivity of chemicals in solution, 
and has influence on the 
materials of construction for the 
filter.

Plays an important role in 
determining corrosive nature of 
liquid, which has influence on the 
materials of construction for the 
filter.  Gives knowledge about 
electrical charge on the particle 
surfaces.

Chemical
Composition

Temperature

pH / ionic 
Strength

Controls the rate of filtration.  
Higher filtration rates are 
obtained at lower viscosities.  
Viscosity lowers with a rise in 
temperature.

Viscosity

Surface tension in combination
with the particle / liquid contact 
angle, controls the moisture 
content of dewatered filter cake.

Surface
Tension

3. Know the impact of test scale
It is important to understand the different 
factors which are tested at bench scale and 
pilot scale.  As a general rule, pilot scale 
work is more accurate for future sizing but 
it requires larger sample sizes.  One of the 
key factors bench scale work does not 
determine well is filter media flux rate 
degradation.  Whilst regular media 
washing can reduce the impact, its 
effectiveness is not guaranteed.

Surface charge affects the state of 
particle dispersion and cake 
formation. Surface charge is pH 
dependent.

Surface
Properties

Table 3:  Filtrate Liquid Properties
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Pilot Plant Tests

Very accurate scalable
sizing

Requires a substantial 
amount of slurry to test

Bench Scale Tests

Fairly accurate scalable 
sizing possible

Requires only a small 
amount of material

Continuous inline 
operationBatch sample operation

Can possibly show 
medium term effects of 
slurry on the filter media

Inability to show long-term
effects of slurry on filter 
media

Table 4:  Benefits and limitations of bench scale 
and pilot filter tests

4.  Don’t test on one type of filter and 
assume you can use the data to size 
another type

This one is important and is particularly 
problematic when conducting pilot scale work.  
All filter types have material groups on which 
they perform best.  Using the results obtained on 
one type of filter, say a pressure filter, to then

size another type, a vacuum disc filter, 
can be disastrous.  You might say this 
is so obvious that it would never 
happen, but it does for a couple of 
reasons.  The most common is the lack 
of the correct pilot scale filter at the 
time of the pilot plant work.  The same 
error can occur because good records 
of the filter type are not recorded at the 
time of testing and circuit designers 
who come along later don’t have the 
information.

Summary
In summary, filtration testwork is 
definitely recommended for sizing and 
selecting your filter but make sure you 
have some idea what technology is 
likely to be needed, the material 
properties and the process economics.  
If you are not sure what technology to 
use, test a couple at bench scale before 
piloting.  Pilot scale testing provides 
more accurate results for sizing of 
plant equipment.
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Paste Thickening – new or old technology?
Author:  Brad Garraway

De-watering mineral slurries to form 
paste is presently one of the hottest topics in 
the minerals industry.  The benefits derived 
from the creation of paste vary from 
improved throughput in autoclave circuits 
to environmentally sustainable tailings 
management via paste backfill systems.
Flowsheets incorporating paste formation 
are easily derived and conceptually simple 
in that they combine well-documented 
mineral processing steps such as thickening, 
filtration and slurry pumping.  However, as 
with many things in mineral processing, the 
successful application of paste flowsheets to 
real plants is proving to be a challenge.  
This article will primarily focus on issues 
surrounding the generation of paste by 
means of thickening, with a brief reference 
to paste handling and the role of filtration.

Paste – one end of the spectrum

The first, and probably most important 
point to make about paste thickening is that 
it is simply the art of driving the thickening 
process closer to the theoretical minimum 
limit of water in the thickened underflow.  
The process itself is not new, many existing 
thickeners have been known to produce 
paste.  Unfortunately, this generally occurs 
right before the thickener bogs and the 
rakes stop.  The challenge is not the 
formation of paste but the design of 
thickeners that are capable of generating 
paste in a controlled and continuous 
manner.

Paste – a definition
A definition for paste is almost as widely 
debated as the process itself, although most

would agree that a true paste material is one 
that releases minimal free water.  The extent 
to which this occurs is quantitatively 
described in the measurement of yield stress, 
slump and free water tests.

What controls paste formation?

In the design of any thickener, whether it be 
a conventional, high rate, or paste unit, a 
very important factor is the solids loading 
rate per unit of thickening area (solids flux 
rate in tonnes/m2hr).

In a steady state thickening process, 
densification of the slurry can only proceed 
if the rate of water release from the slurry 
migrating upwards through the thickener 
towards the overflow is greater than the 
transport of the densified slurry towards the 
underflow. The rate of water release is 
governed by the natural permeability of the 
slurry and is enhanced by mechanical rake 
action.

In the free settling and hindered settling 
zones of the thickener the permeability rate 
is relatively high.  However, in the 
compression zone, as density increases and 
packing of the bed occurs, this permeability 
decreases markedly and, with no means other 
than upwards percolation for water release, a 
steady state is reached. The result of this is a 
minimum cross sectional area in the 
thickener equivalent to achieving a particular 
density result.

This argument is really a restatement of what 
thickening theory and practice is all about, 
and these concepts are all well documented.

If we examine the results from a standard
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cylinder settling test, it is obvious that 
settling rates decrease rapidly in the 
compression zone. Incremental decreases in 
settled height require a longer time to 
achieve. It should be no surprise that to 
achieve a higher density paste outcome 
requires a lower solids throughput for a 
given thickener area ie lower solids flux 
rates.

Sedimentation:  Batch Settling Test Curve

What about the effect of bed 
compression?

Compression of the bed will provide an 
increase in underflow density whilst the 
compression zone remains sufficiently 
permeable for water to rise faster than the 
bed is falling through underflow 
withdrawal.  Once the bed is compressed 
beyond this point, additional bed depth 
may actually hinder the release of water 
and limit the underflow density.

What about bed residence time?

The time solids spend in the total bed does 
not govern the density achieved, only the 
time available for release of the water from 
the bottom of the bed.  If we consider two 
situations:
> 10m diameter thickener with a 8m bed 

depth

> 14m diameter thickener with a 4m bed 
depth

Both treating 100t/hr (refer table 1)

The 14m thickener is far more likely to 
reach the maximum density due to the 
lower limiting bed permeability.

Thickener design for paste

The thickener must be designed to 
combine the effects of bed compression 
and solids flux rate to optimise the 
underflow density.  This requires testwork
to determine the ideal combination of 
thickener diameter and depth.  In addition, 
a number of studies have found that rake 

Bed Depth
(m)

8

4

Bed Vol.
(m3)

615
615

Surface
Area (m2)

78.83
153.94

Diameter
Size

10

14

Limiting
Permeability

Rate
(cm/min)

1.9

0.97

Bed RT
(hrs)

7
7

Bed
Velocity
(cm/min)

1.9
0.97

Solids
Flux

(t/m3hr)

1.27

0.65

The effect of solids flux on underflow density 
for a continuous laboratory test supports this 
argument. 

Supaflo High Rate Thickener Laboratory 
Tests

Table 1
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mechanisms that create channels in the 
thickener bed can assist with water release. 
Close attention must also be paid to the 
torque rating of the drive and mechanisms to 
prevent the formation of thick ‘donuts’ in the 
bed which will reduce underflow density by 
hindering water release from the bed and 
potentially bogging the rakes.

Paste systems

When considering a paste orientated
flowsheet it is also important to look beyond 
the thickener.  Two areas that require 
particular attention are the concept that a 
combined thickener / filter system may 
produce paste material more reliably than a 
thickener alone and the subsequent handling 
of paste, particularly if pumping this 
material.

One particular application which needs 
careful consideration is in CCD circuits.  
Questions to consider include:

A paste thickener will be more expensive 
than a high rate thickener for the same 
throughput, so producing a paste must 
provide other economic benefits to be 
financially viable.

Summary
Paste thickening needs to be considered as 
one end of the thickening spectrum and as 
such the design of paste thickeners has its 
basis in the wider understanding of slurry 
dewatering science.

Water permeability rate through the 
thickened bed controls the underflow density 
achieved in a thickener.  It is important to 
ensure the solids flux rate in the thickener is 
such that the velocity at which the thickened 
bed falls through the thickener is less than 
the water release rate if higher density 
underflow is to be achieved.  

Paste applications must be viewed as 
systems with attention paid to underflow 
pumping and the downstream processing 
requirements of paste streams.

> Will the thickeners and underflow pumps 
operate reliably whilst generating paste?

> Will the paste reslurry easily in the next 
thickener?

> Does a paste system reduce the capital and 
operating costs?

Outokumpu Technology

• Web: www.outokumpu.com/mineralprocessing
• Email: info.technology@outokumpu.com


