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Filtration testing methodology
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Abstract

As the importance of filtration in the dewatering of mining slurries increases, the methodology for testing
remains fragmented, often dictated by individual technology providers. In the context of tailings, while various
storage methods are acceptable, the Global Industry Standard on Tailings Management (International Council
on Mining and Metals et al. 2020) encourages solutions that enhance the safety and sustainability of tailings
storage. Despite a solid technical understanding of filtration, there are no dependable predictive models,
making testing an essential component in defining the design of filtration solutions.

In the case of filtered tailings, materials handling and the geotechnical properties of the filtered tailings also
play crucial roles in the design of a dry stack solution. This paper presents experimental results from different
scale test equipment to illustrate the procedures developed to predict filter performance and investigates the
overlaps between the data collected in filtration and the outcomes of materials and geotechnical testing.

These results are compared to full-scale filters to assess scale-up factors that may be applied. The findings
highlight the need for standardised testing methodologies and the development of predictive models to
improve the efficiency and reliability of filtration processes in mining operations. By addressing these
challenges, the industry can move towards more-sustainable and safer tailings-management practices.

Keywords: filtration, dry stacking tailings

1 Introduction

In the context of tailings, while various storage methods are acceptable, filtered tailings represent one of the
safer options for tailings storage. As the importance of filtration in the dewatering of mining slurries
increases, the methodology for testing remains fragmented, often dictated by individual technology
providers. Despite a solid technical understanding of filtration, there are no dependable predictive models,
making testing an essential component in defining the design of filtration solutions.

When filtration is employed for tailings management, extensive filtration areas are required, typically
necessitating the use of multiple large-scale filters. The technical literature provides limited theoretical data to
support accurate design of cake filtration systems and; as such, gathering experimental data or filtration testing
becomes vital. International filtration testing standards are not available and while it may not be feasible to
offer a completely universal framework for filtration testing, this paper presents the requirements for a
systematic methodology that enhances the accuracy, understanding, and comparability of test data, as well as
equipment selection. This approach improves the accuracy and interpretation of test results, enhances
comparability between different testing methods and provides a more reliable basis for equipment selection.

The design of the tailings facility will be made using geotechnical design practice, and the process
requirements for filtration will be defined by the metallurgical requirements. This overlap in engineering
discipline has the potential for confusion with conflicting definitions of materials properties. Both moisture
and void fraction are defined differently — metallurgical measurement being against total, versus
geotechnical being against solids. A more systematic approach could avoid errors. While soil mechanics and
filtration theory have similar roots and underlying physical behaviours, geotechnical engineering is well
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described, and the testing required to define the main parameters often follows ASTM International
standards or similar test procedures. Filtration lacks these fundamental standards, and while the theory is
well described, there is a different definition of the fundamentals. The following equations show the different
definition of moisture, void and saturation. These represent the basis for most reporting.
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Volume fractions: void fraction + solid fraction = unity e+C=1

where:
my = mass of water
ms = mass of solids
v, = volume of water
vs = volume of solids
vr = total volume
v, = volume of voids
C = solids volume fraction.

To dimension equipment appropriately, it is essential to establish the filterability of tailings. However, as
highlighted in the abstract, there are currently no universally accepted laboratory standards — the
methodology and equipment configuration are usually defined by individual technology providers and test
facilities. This lack of standardisation, combined with the influence of scale, methodology, and process
variables, means results for filtration rates are often reported as fixed values without reference to the context
or variables that drive filtration performance. Such fragmentation in testing approaches underscores the
need for more consistent and reliable procedures.

2 Standardisation of testing procedure and terminology

Although theoretical equations may have limitations in predictive accuracy, they are highly effective for
describing and interpolating experimental data. Cake filtration depends on variables such as time, area, slurry
feed volume and concentration, with temperature, viscosity, cake resistance, and media resistance all
contributing to the final outcome. Cake formation theory (Figure 1) is founded on Darcy’s Law (Darcy 1856),
which defines specific filtrate flow according to resistance, cake height, and liquid viscosity. This theory is
applicable to both cake formation and cake washing. The cake washing part only considers the total cake
resistance, calculated by multiplying specific cake resistance by cake thickness, and adding the filter media
resistance. Test reporting and terminology should align with theory. Where possible contradictions in
terminology exist, the method of definition should be clearly referenced.
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often rewritten in the form of Darcy’s law Q = K

In practice, the system and filter media also add losses and AP = AP, + AP,

Adding a media resistance and integrating the equation can be expressed as (linearised parabolic rate law 2):

V= sV @)
where:

Q = flow of filtrate
K = permeability of the bed/cake
A = area (of the filter)
7] = viscosity
Ap = pressure difference
a = £= cake resistance
p1 = inlet pressure
p2 = outlet pressure

= cake thickness
K = specific cake resistance
t = time
o = solids concentration.

As the cake height is difficult to measure during filtration test work but the filtrate volume can be measured,
the cake height is replaced by the filtrate volume through utilising the filter feed solids concentration c which
can be calculated from volume or weight concentration if solids and liquid density and cake porosity are
known. With this data the cake resistance can be estimated (Carman—Kozeny equation 3):

83

T Kep.(1-£)2.5v2

(3)
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Additionally, there are several filtration-related terms referring to density that are frequently used, though
their definitions may vary. These include cake porosity, density, and wash ratio. Even fundamental terms
such as area require clear definitions to guarantee consistency and reliability in comparisons:

e Cake density p. (at a defined consolidation pressure).
e Dry (corrected for 100% dry cake). Used for capacity calculations.
e Wet (as measured after filtration). Used for cake volume calculations.

During the drying process, air can enter the pores only when the differential pressure surpasses the capillary
pressure and exceeds the resistance to flow of the filtrate it displaces. This principle applies to both vacuum
filters and pressure filters, specifically when particle sizes are small and filter cakes are thick. As indicated in
Equation 4, this pressure is determined by the pore diameter (D), surface tension (1), and solid wetting angle
(6). When considering gas flow displacement, the relative permeability models of Lloyd & Dodds (1972) can
be applied: “This model can be used to predict the threshold pressure required for airflow.” The resistance
to flow begins at the rate determined by Darcy and declines as air displaces liquid in the cake.

AP = = CL;)SB Pb - = (i;g) . = u.Ll;.F(’ffS)s (4)

where:

Py = threshold pressure

E = void fraction

o = solids volume fraction

d = particle diameter

AP = differential pressure

0 = wetting angle

t = dimensionless time

T = surface tension

D = pore diameter.

The wash ratio is often a source of confusion as filtration theory describes it as the amount of wash water
relative to the volume of filtrate in cake after cake forming. However, because wash requirements are often
generated from a process mass balance, it can also expressed as the amount of wash water relative to the
cake weight. Both are correct, but the basis for describing the wash requirement should be clear. Equation 5
can be used to describe wash ratio (W) and wash efficiency (E) which should be described as relative to solute
in cake prior to cake washing.

w=1t, E= s (5)
where:
Vw = volume of wash water
Vi = volume of filtrate in cake after cake formation
[0) = concentration of solute in cake after washing
do = concentration of solute in cake before washing.
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Figure 2 shows the major relationships in tailings filtration. Filtrate flow during cake forming is the rate most
often reported which generally follows filtration theory described above. Cake form may define only a small
fraction of the total cycle time and capacity. The drying time (Figure 2b) shows a decline from the saturated
cake to the ultimate moisture. The rate is influenced by the cake weight, and a drying time factor plot includes
this variable. Changes in pressure and airflow during drying can shift the dry-time curve. Cake washing shows
a drop in the fraction of solute in cake as a function of wash ratio.

t = g

= g

| = z

V/A &

3 3

paw @ £
_ <

Sfﬂpe F B £

(=3 E B

Hr .

AP ]
Vil ‘ i —
DRY TIME FACTOR t/m (s/kg) WASH RATIO n
DRY TIME FACTOR Cake wash

000 001 001 002 002 O 004 004 005

@®PFL7 ®Labox100PF ® Labox25

(a) (b) (c)

Figure 2  Filtration relationships: (a) Cake filtration; (b) Drying time; (c) Cake washing

3 Filter media

“Filter media is an essential part of the filtration process” (Metso 2025). Choosing suitable filter cloths for each
application ensures effective filtration and supports the intended process results for each filter. Filter cloths are
often described by their air permeability where measurement can be made using ASTM D737-18: Standard Test
Method for Air Permeability of Textile Fabrics (ASTM International 2018) or similar test procedures. Generally,
a bit more information on weave and fabric material is required. Where filtration performance is measured in
filtrate volumes, the cake resistance is the intercept of the t/v versus V plot. Correlating an air permeability to
a liquid permeability is not as straightforward. This is usually disregarded in test reporting, but to improve the
accuracy, defining a cloth and filter unit resistance for the test unit and cloth combination at the feed rate would
be an improvement. As most test units have a finite volume they cannot be filled instantly and there is a lag in
filling the test unit, reaching test pressure and collecting filtrate, and that presents as a negative intercept.
Correcting the data for filter media liquid resistance would improve accuracy.

4 Vacuum filter testing

Vacuum filter testing offers a systematic and reliable method for evaluating filtration processes, typically
providing accurate results from small-scale units that can be extrapolated to larger filtration areas.
The equipment, such as the Buchner funnel, is well defined within industry standards. Generally, these tests
employ a Buchner funnel with an area (nominally 0.01 m?2) similar to that shown in Figure 3, to replicate
horizontal belt filters, or a dip test disc of similar dimensions to simulate disc or drum filters. The procedure
involves introducing slurry to the Buchner funnel, then recording separation time, filtrate volume, and cake
characteristics to assess filtration rates under a controlled vacuum-induced pressure drop.
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Figure 3 Example of a typical test unit comprising of a vacuum source, pressure regulator, flow meter
Filter unit and a Buchner flask to separate the filtrate from the gas

Prior to starting filtration tests, key parameters such as feed solids and density, liquid density, pH, feed
temperature, and particle size distribution (if available) should be measured. During testing, data should be
gathered on cake weight and thickness, cake moisture (either directly or through later sampling), and cake
washing effectiveness. Additional samples of the cake, feed, and filtrate should be collected for further
analysis (e.g. moisture, particle size distribution, solids concentration).

This approach quickly provides insights into the rate of cake buildup and filtration difficulty and can help
determine if pretreatment should be considered. When conducted carefully, these tests can also supply
design data for vacuum filters.

Sample preparation should address any specific handling needs, such as controlling moisture content with
precise drying temperatures, and consider whether the sample characteristics might change due to ageing.
If sample alteration is likely, onsite filtration testing is preferable. The use of filter aids (e.g. flocculants or
diatomite) must be evaluated, and compatibility between the application and manufacturing materials
should be confirmed to prevent issues during testing. Proper safety procedures should be observed, and all
relevant sample characteristics must be factored in, in line with the call for robust and comprehensive
methodologies in the abstract.

4.1 Reporting

When presenting filtration testing results, professionals often encounter challenges balancing intellectual
property protection with comprehensive data disclosure. Essential specifications for vacuum filtration
equipment should include the filtration rate, test pressure, and a clear rationale for selecting these
parameters — whether based on time or cake weight.

Cake resistance provides insight into slurry behaviour during formation under a specified vacuum; however,
filtration rate alone is insufficient without reporting process times (formation, washing, drying, and total
duration) and testing vacuum at a minimum. Variables like solids concentration, temperature and pH
significantly impact filtration rates and should be thoroughly documented.
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Additional information should encompass the scale of test equipment, airflow conditions during testing, cake
densities, as well as cake loading and thickness. In vacuum filtration processes, factors such as the use of
flocculants and filter aids can significantly affect filtration rates; therefore, documenting the specific reagents
used and their dose rate is essential.

When cake washing is part of the procedure, both testing and reporting become more complex. It is
important to specify the type of washing implemented (co-current or counter-current), the volume of wash
water applied, and the criteria used for definition. Reporting should include wash efficiency along with its
defined basis, ensuring that this information is consistently provided (Table 1).

Table1l Buchner vacuum filtration test data

Description Units
Test unit area m?
Temperature °C
Amount of slurry feed ml

Real dry solids (ds) content g/l

Settling time S
Vacuum in separation bar
Separation time S
Wash time s
Drying time s
Vacuum in drying bar
Mother liquor ml
Filtrate quality ml
Wash filtrate clarity ppm/g/|
Temperature °C
Airflow m3/h
Thickness mm
Cake cracking Yes/no
Wet weight g

Cake moisture %wt
Dry weight dsg

Analyses, cake conductivity mS/cm

Capacity kg ds/m? h

4.2 Vacuum filter test unit type details

4.2.1 Cake form

The duration for cake formation is determined by the belt speed or disc rotation rate. Testing should be
performed using timeframes that correspond to those possible in full-scale equipment.
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4.2.2 Cake washing

The time required for cake washing is relative to the optimum cake thickness. In belt filters, it can be very
flexible, and in rotary filters, it may be limited as a fraction of the available cycle. Where there is a process
limitation, the optimum cake may be different to that achieved without washing.

4.2.3 Cake air drying

As with cake washing, the time required for air drying is relative to the optimum cake thickness. In belt filters,
it can be very flexible, and in rotary filters, it may be limited as a fraction of the available cycle. Where there
is a process limitation, the optimum cake may be different to that achieved without washing.

5 Pressure filtration

Pressure filtration is generally more complex than vacuum filtration. This complexity is manifest in the vast
array of industrial equipment and the test equipment utilised to represent each manufacturer’s technology
and the number of variables required to define the filtration performance. Both industrial and test
equipment have arrangements with single-sided filtration and double-sided filtration. The batch process
with significant unit-defined technical times significantly reduces industrial unit capacity when compared
to test unit simulations.

When conducting test filtration, especially with equipment such as pressure filters, multiple parameters —
including times, pressures, and filtration sequences —can be varied. Performing a range of tests helps capture
the different possible operating conditions, so that results for moisture, capacity, and wash efficiency
accurately represent operational variability. Experimental design is a useful tool for obtaining comprehensive
data from a limited number of tests, enabling collection of information across various operational settings as
process targets shift. However, even extensive laboratory testing may not address all uncertainties related
to production-scale filter performance. It is therefore important to relate laboratory findings to anticipated
production outcomes, underscoring the need to validate scale-up factors and use predictive models.
Addressing these aspects can support more standardised and reliable filtration testing practices, which
contributes to improved tailings management.

The quantity of material needed for a filtration test campaign is determined by equipment size and the
number of tests performed. The smallest commonly used equipment typically requires at least 2 kg of
material for both vacuum filtration tests and small piston-type pressure filter tests. At this scale, filtration
rate and cake properties can generally be measured with reasonable accuracy. Sample representativeness is
a question for tailings evaluation. Single-point testing with composite samples introduces significant risk and
seldom adequately defines variability across the resource and mine plan.

Piston-type pressure filters with effective areas between 0.005 and 0.0025 m? are used to simulate pressure
filters. Small-scale pressure filtration may experience edge leakage, and units with an area below 0.01 m?
may vield less-repeatable results, with edge leakages impacting the reliability of dry blow and cake wash
data. They are best suited to cake measurement, and their ability to reliably predict cake air blow is
guestionable. As industry practices have shifted towards producing smaller samples in later development
stages, generating samples from drillcore is expensive and it has become important to test at small scale.

Scale, methodology and process variables all impact the results, often reported as a fixed value without
context to the variables that define performance.
5.1 Small-scale Nutsche filter test data

The Nutsche filter (Figures 4a and 5) creates a cake only half as thick as that formed in full-scale filter presses,
which build up from the centre outward. While single-side filters blow air over half the thickness, two-sided
filters (Figure 4b) have double the cake thickness and need at least twice the blowing pressure. In contrast,
the Nutsche filter uses the same air pressure for both cake formation and blowing.
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Industrial laboratory-scale filters (Figure 4) can be operated as single-sided or double-sided units. The filtration
surface can be single sided, with the unit horizontal. The filtration surface can be double sided, with the unit

vertical.
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(a) Laboratory Nutsche filter image; (b) Schematic view of the laboratory filtration system.

1) Laboratory analytical scale; 2) Glass beaker for the filtrate; 3) Filter bottom removable part;
4) Replaceable filter medium; 5) Cake; 6) Suspension; 7) Laboratory-scale Nutsche filter; 8) Valve
on suspension pipe; 9) Inlet pipe for suspension; 10) Gas valve; 11) Pipeline for gas supply;
12) Pressure gauge; 13) Pressure sensor and transmitter; 14) Computer with data acquisition
system; 15) Weight transmitter
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With units that simulate a two-sided pressure filter, the slurry is pumped to the unit, simulating feeding and
filtration. Filtrate is collected on one or both sides of the unit. During cake air blow and cake washing, the
fluid passes through the full cake.

Cycle optimised without inclusion of technical time, unrealistic feed time, one side filtration with poor air
blow simulation, and unrealistic cake thickness (Table 2) — this data is symptomatic of Nutsche-generated
data that bears very little connection to the typical conditions that would exist in an industrial-scale
installation. While the equipment can be used to predict full-scale performance, the test parameters must
be aligned with realistic conditions and provision for the batch operation included.

Table2 Example of poor test data

Form time (s) Drytime (s) Cake thickness (mm) Throughput (kg/m?h) Cake moisture (%)

Test 3 40 19 4,660 6%
Site 50 150 12%

5.2 Small-scale filter test data scale-up

Filtration testing in industrial contexts is conducted to determine the appropriate size of full-scale filtration
equipment and its supporting components. Laboratory pressure filter data should be referenced to unit
areas, and any scale-up based on these test results needs to account for the constraints of the equipment
being sized (Palmer & Calil 2025). An example of laboratory-scale test equipment is shown in Figure 6.

Figure 6 Laboratory-scale pressure filter Labox 100

10 Paste 2026, Lisbon, Portugal



Dewatering test work

The differences between test equipment and industrial-scale equipment are generally related to the lag in
introducing material to the equipment. In constant pressure filtration theory, slurry is introduced to the
media instantaneously. In lab equipment, this may take seconds and in full-scale minutes. Slurry can only be
pumped at finite velocities, and the chamber of the filter needs to be completely filled before a cake begins
to build and there is a resistance to flow that will allow the pump to generate head. During chamber filling,
the liquid head in the chamber will be the driving force forming cake at low rates. After the chamber is filled,
pressure increases based on the pump’s behaviour and the resistance from both the filter and the cake.

The linearised parabolic rate law is suitable when the process cycle is very long and pressure constant.
In mining filtration, however, cycles are shorter and the pressure fluctuates throughout the process.
To accurately calculate cake resistance in such cases, it’s essential to integrate the flow rate with respect to
the changing system pressure during filtration.

Similar real time lags will occur in all stages of the filtration cycle. Pressing will have less lag as the volume to
fill is much smaller; however, there will still be a pressure ramp time, and the full-scale system will require
longer than the test predicted.

During cake washing and air blow, the cake resistance is already developed, there is not a chamber to fill,
and the introduction can be closer to the test conditions. During these phases of operation, edge leakages in
the test unit will overstate the consumption in the test unit compared to the full-scale equipment.

Most filters are batch operated and have a machine function or technical time that reduces unit efficiency,
while the final unit may not be known at the time of testing, a provision should be made in the testing data
to reflect the expected times. Even in continuous vacuum filters, there is a minimum process time relative to
the media speed. Without these limits or technical times, the optimum cake thickness and unit capacity will
be distorted and testing will be conducted in an inoperable range.

5.3 Record of test data

To ensure the accuracy and comparability of filtration test results, the details of the test unit should be
systematically recorded. As a minimum, this includes the effective filtration area (m?), face area (m?), and
chamber depth (mm) of the test unit. The key characteristics of the slurry should also be documented,
including slurry density (kg/dm?3), liquid density within the slurry (kg/dm3), and the specific gravity of the
solids contained in the slurry (kg/dm3). In addition, slurry temperature (°C) and slurry pH at the time of testing
should be reported, as these parameters can have a measurable influence on filtration performance.

Where cake washing forms part of the test program, the wash liquid should be clearly described.
This description should include the wash liquid temperature (°C) and sufficient chemical analysis to define its
composition and assess its suitability for the intended application.

Process targets should be explicitly stated, including the intended final cake moisture and the defined cake
wash efficiency. These targets should be reported together with their basis of definition to ensure consistent
interpretation and meaningful comparison of test results (Table 3).
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Table 3  Pressure filtration results

Measurement Description Units

Pumping/filtration Min

Pressing Min
Washing Min
Drying Min
Technical time Min
Total Min
Pressure Slurry feed Bar
Pressing | Bar
Wash liquid Bar
Consumption Wash liquid I
Process results Description Units
Moisture in cake %wW/wW
Cake thickness average mm
Cake thickness variation mm
Wet cake weight kg
Dry cake weight Calculated kg
Wet cake specific gravity = Measured kg/dm3

5.4 Pressure filter test unit type details

5.4.1 Pumping

The test filtration equipment has more efficient pumps when comparing their size to the size of production
units. In contrast to theory which assumes instant filling, the time required to fill an industrial unit is
significant. Even when the pumping times in test filtration are short, the pumping time in full-scale are longer
and must be corrected from test data. As seen in Figure 7 the time to form a cake at full-scale is longer than
in bench tests, which can be corrected based on filling rates; however, the unit weight is also lower, which is
usually a reflection of reduced chamber volumes due to stay bosses and tapered edges required for
industrial-scale filter plates. Fill times are velocity limited. In practice, fill times below 1 minute are
impractical, times of 2—5 minutes are typical, and times of 10-20 minutes are possible. The cake thickness
used has to be 80—-100% of chamber depth for membrane filters and 100% for chamber filters. Chamber
packing is not well simulated in small filters.
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Figure 7 Filtration cake weight test data

5.4.2 Cake pressing |

The test units have a capability of testing up to 16 bar of pressing pressure. This is possible in full-size units
too, but it would be recommended to always do some test runs with a lower pressing pressure. This will help
the diaphragm and cloth life.

5.4.3 Cake washing
Cake washing times and pressures can be similar in the test filters and the full-size units.

Depending on the production unit size, it might take longer and have a lower cake wash efficiency at full
scale. As with filtration, cake wash water pumps have a finite capacity, and there is a lag between the start
of the stage and the displacement of liquid through the cake. Chamber size and configuration play an
important part in wash efficiency, as full-scale filters are less effective at distributing wash liquid. Quantifying
flux of wash water against pressure for the design cake thickness is important. The cake wash should show
both the concentration of solute in filtrate and cake as a function of cake wash quantity. Where counter
current (CCD) washing is contemplated, multiple tests are required to produce the intermediate wash water
quality. Ample sample is required because the washed cake cannot be repulped and reused. Wash ratios of
1 to 4 void volumes are typical. Wash test data can be mapped against as shown in Figure 8, where test data
is compared with a theoretical wash efficiency with a dispersion number of 1 (DN1). Generally, a lower
dispersion number should be used for full scale — the derating is unit specific.
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Figure 8 Filtration cake wash test data

5.4.4  Airdrying

Air drying depends on factors such as cake thickness, airflow, and pressure. For double-sided filters, system
pressure should correspond to full cake operation; however, when simulating double-sided filtration with
single-side units, the pressure should be restricted to half the maximum unit pressure. Edge leakage is a
major issue with small test units. Where airflow rates are reported, the scaling factor required for the test
unit should be cited or a note indicating that the measured rates cannot be directly related to full-scale should
be added. Figure 9 shows the shift between full-scale operation and test data on a Labox 100 laboratory-scale
test unit, the full-scale unit achieved the target moisture in significantly less time.

14 Paste 2026, Lisbon, Portugal



Dewatering test work

DRY TIME FACTOR

20.00

19.00

18.00

17.00

16.00
® Labox100 FFP

15.00 ° L] ® FFP3512

Moisture % w/w

14.00
13.00

12.00
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Dry time factor (min/kg)

Figure 9 Filtration cake drying test data

5.4.5 Cake discharge

The cloth washing is done usually after every test in test filtration. In the production unit, cake release from the
cloth and cloth blinding can be serious issues — good test reports should make observations on these issues.

6 Conclusion

The lack of standardised filtration testing presents a significant risk of misinterpretation and suboptimal
equipment evaluation. When test results are reported without sufficient contextual information, their value
for design development, technology comparison, and scale-up is substantially reduced. To enable meaningful
analysis, a minimum and consistent set of test parameters should therefore be reported. Filtration rates and
performance indicators should always be referenced to clearly defined operating conditions and calculation
bases that are consistent with the underlying filtration equations. Without this level of transparency and
alignment between theory and reporting practice, test data cannot be reliably interpreted or confidently
applied to industrial-scale design. Ideally, the development of an internationally recognised testing standard
would support improved consistency and reliability across industry practice.
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