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Introduction
There are three reasons for the use of pressure filters in
platinum concentrator plants: (1) to reduce the cost of
transporting concentrate from the concentrator to the
smelter; (2) to prevent segregation of concentrate solids in
sampling on road dispatch and at the receiving smelter,
which can affect metal accounting; and (3) to reduce the
cost of drying the concentrate prior to smelting. Currently,
there are pressure filters installed at the Amandelbult,
Bafokeng Rasimone, Mototolo, Modikwa, Bokoni, WLTR,
Waterval, Mortimer, and Mogalakwena concentrator plants
which deliver flotation product to three Anglo Platinum
smelting sites at Waterval, Polokwane, and Mortimer. The
average concentrate moisture content prior to drying at the
smelter is 12–18% w/w 1, 2, 3.

Typically, slurries containing smaller particles filter more
slowly than slurries with larger particles and the overall
effect of a finer particle size distribution (PSD) on filter
performance is generally negative. Currently, there is a
trend to produce PGM concentrates with finer solids PSDs
particle size distributions: (PSD), for two reasons: (1) due
to the mineralogy of PGMs, mainstream inert grinding and
ultrafine grinding to optimally liberate the valuable
components for recovery by flotation1; and (2) increase
processing of UG2 ore, which requires a finer grind to

achieve required extraction and product grades, UG2 ore
accounted for 59% of the ore milled by Anglo Platinum in
2008, up from 19% of the ore milled in 19984. As the
amounts of Merensky ore mined proportionally reduces and
as more MIG and UFG stirred milling circuits are added to
PGM concentrators, the trend of PGM concentrates
containing finer solids is expected to increase.

Since 2003, Anglo Platinum has been pursuing two major
comminution initiatives which consist of the installation of
22 new IsaMills™ for mainstream inert regrinding (MIG)
circuits or ultrafine grinding (UFG) circuits and the
utilization of high pressure grinding roll crushers (HPGR).
These two initiatives will result in the reduction of the
overall energy consumption of the concentrator facilities
utilizing these technologies4 and increase metals recovery
and product grade of PGMs5, 6. A by-product of these
initiatives is a potential reduction in performance of the
pressure filters installed at the concentrator facilities7.

Although Pneumapress pressure filters have been used in
many industries (chemical: cornstarch, calcium carbonate;
industrial: geothermal fluids8, scrubber blowdown,
refineries; mineral processing: nickel-copper matte, zinc
and lead concentrate), there does not exist a commercial
Pneumapress installation for PGM concentrate. In all these
applications, Pneumapress filters have achieved the same or
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Cost-effective solid-liquid separation technology is essential to the process of dewatering base
metal and precious metal concentrates. The selected technology must achieve the desired process
parameters (final moisture content and solids throughput rate), operate reliably in harsh
environments, and provide low installation, operating, and maintenance costs. 

Recently, fine grinding circuits have been added to many platinum concentrator facilities in
South Africa in order to improve both product grade and most importantly the recovery of
platinum group metals (PGMs). The new regrind circuits utilize both vertical and horizontal
stirred milling equipment for either: mainstream tertiary regrinding in the so called MIG circuit
(mainstream inert regrinding) with target grinds of up to 80% passing 45 microns; or intermediate
flotation concentrate regrinding (UFG or ‘conventional ultra fine regrinding’) with typical target
P80 grinds of less than 20 microns. These fine grind circuits produce, as a final circuit product,
base metal and platinum group metal concentrates that contain a finer particle size distribution
than concentrates produced from historical PGM circuits. 

Due to lower filtration rates and higher final moisture contents, dewatering concentrates that
contain finer particles may present significant operating difficulties and higher operating and
maintenance costs for conventional filtration technology. The impact of concentrates with finer
PSDs material on cake moisture and solid throughput rate is investigated. Furthermore, the impact
of higher moisture content of concentrate received at the smelter is investigated. Trials of a
Pneumapress® automatic pressure filter, which does not use a membrane to squeeze the filter
cake, have been completed on four platinum concentrates with varying particle size distributions
and mineralogy. During the trials, a final product containing 12% w/w moisture was produced,
and moisture contents as low as 10% w/w were achieved for all but the Mototolo concentrate,
which has the finest particle size.



PLATINUM IN TRANSITION ‘BOOM OR BUST’138

lower moisture content as conventional pressure filters that
utilize membrane squeeze technology. 

Four pilot-scale test campaigns have been carried out to
prove the concept of using Pneumapress technology for
PGM filtration (Table I). 

Pressure filter technology

Conventional pressure filters
Although several designs for pressure filters exist in the
minerals industry, there are similarities between the
different designs and operation of pressure filters. Most
pressure filters are designed with actuated filter plates and
whether the filter plates are arranged vertically or
horizontally, the filter plates are mechanically linked to

open and close in sequence usually by a hydraulic
cylinder(s). Once closed, chambers are formed between the
filter plates. Slurry is pumped into the chambers and solids
are retained on the filter cloth inside the chamber and form
a filter cake. The solids are consolidated either under pump
pressure and/or by a rubber membrane, which is inflated
with compressed air or pressurized water. After
consolidation, the solids can be further dried by forcing
compressed air to flow through the filter cakes.

The majority of the pressure filters installed for
dewatering PGM concentrates utilize membrane technology
to consolidate and dewater the filter cake.

Pneumapress® pressure filters
Figure 1 is an illustration of a Pneumapress filter with main
components and connections identified.

The Pneumapress® filter plates are orientated
horizontally in a vertical assembly, as shown in Figure 1,
with as few as one and as many as eighteen filter plates
installed in one filter. 

The process of dewatering a slurry using a
Pneumapress® filter is shown in Figure 2. After the plates
are closed, slurry is pumped into the chambers. The typical
feed pressure is in the range of 5–8 bar. Compressed air
then enters the chambers, forcing the concentrate liquor
through the filter cloth, consolidating the solids into a filter
cake. After the cake is formed, the compressed air
continues to blow through the filter cakes to dry the solids
to the target moisture content.

The filter cakes are discharged on one side of the filter by
advancing the cloths around the cloth roller; any remaining
cake is scraped off by a scraper bar before the cloth is spray
washed with high pressure water. Each filter plate has one
filter cloth installed, and the filter area is cleaned by wash
nozzles at the end of each filter cycle.

Design changes
There are two significant advantages of the Pneumapress®
filter plate design: (1) no membranes, and (2) isolatable
filter plates.

By eliminating the need for squeezing membranes, the
Pneumapress® filter plate design is less complex, i.e.
without a membrane or the retaining brackets the number of
parts per filter plate is reduced. Membrane filter plates are
more costly to maintain than recessed chamber filter plates
because there are more components to replace.

Pneumapress® filter chambers are constructed of 50 mm
thick steel and are strong enough to operate at a pressure
differential of 14 bar. Each filter plate is equipped with

Table I
Pilot campaigns

Pilot campaign Owner Ore type tested
Amandelbult Anglo Platinum UG2
Amandelbult Anglo Platinum Merensky
Mototolo Anglo Platinum UG2 (fine PSD)
Northam Northam Platinum UG2 and Merensky 

blend

Figure 2. Dewatering process diagram

Figure 1. Pneumapress filter and piping layout
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independent filter cloth and cloth drive system. When one
filter plate requires maintenance, such as a cloth
replacement, the operator can shut off the filter plate and
continue to operate the filter with the rest of the filter plates
until a convenient time for maintenance. Isolatable filter
plates increase equipment availability without increasing
complexity.

Background on HPGR, MIG, and UFG in the
PGM industry

The typical PGM concentrator flowsheet is quite complex
compared to other base metal processing operations. Due to
its mineralogy, UG2 concentrate requires fine grinding and
relatively complex circuits to achieve optimal economic
metal extractions and product grades for smelting. UG2
processing is increasing in its relative importance as an ore
source for PGMs as the industry expands. Merensky ore
resources historically were exploited initially and it has
been only since 1972–1973 at Impala Rustenburg that UG2
reef has been mined for PGM extraction. Metallurgical and
economic constraints prevented earlier exploitation. For
example, at Anglo Platinum, 59% of the ore milled in 2008
was from UG2 orebodies, up from 19% in 19984. 

Both HPGR and IsaMills™ technologies have proven
effective in PGM circuits: Anglo Platinum commissioned
the first HPGR unit in the PGM industry at Mogalakwena
North (formerly PPRust North) in 2008, and Northam
Platinum installed the first HPGR in a UG2 concentrator in
20085. The first IsaMill™ installed by Anglo Platinum for
mainstream regrinding was installed at the Western Limb
tailings retreatment plant in 2004. Based on the success of
this unit, several more have been installed throughout
Anglo Platinum’s managed concentrator facilities,
including Mogalakwena North and South plants, Waterval’s
two plants, and at the three Amandelbult concentrators.

PGM concentrate filtration using
Pneumapress® filter

Summary of test results
Recently, four test campaigns of Pneumapress technology
for PGM concentrate filtration have been carried out in
South Africa. The trials were completed using a
Pneumapress® Model 1.3 automatic pressure filter, with
0.11 m2 of filter area. The first was completed at the
Northam concentrator facility and the second and third at
the Anglo Platinum Amandelbult concentrator facility
(Merensky and UG2 concentrates filtered separately), both
in the Limpopo province, and the fourth at the Anglo
Platinum Mototolo concentrator facility in the Mpumalanga
province.

The concentrate slurry filtered at the Northam
concentrator complex is a thickened blend of UG2 and
Merensky concentrates, emanating from the two
concentrators and contained the largest particles. As
expected, the highest solids throughput rate was achieved
during this testing (within a moisture content range of
10–14% w/w). 

UG2 and Merensky concentrate slurries were filtered
separately during the trials at the Amandelbult concentrator.
Both of these concentrates were processed through a
regrind circuit prior to sedimentation, resulting in finer
particle size distribution than the Northam concentrate. The
solids production rate within a final moisture content range
of 10–14% w/w, was lower than the rate achieved during

the Northam test campaign; interestingly, the solids
production rate of UG2 was lower than the Merensky
production rate. When the PSD of the Amandelbult UG2
and Merensky slurries are compared, one would expect the
Merensky slurry to require more time to filter and dry;
however, this hypothesis was not supported by the test
results. This indicates that slurry characteristics other than
PSD can affect the filtration rate. During the trials at
Amandelbult, final moisture content as low as 10% w/w
was achieved for both.

UG2 concentrate slurry was dewatered during the test
campaign at the Mototolo concentrator. This slurry
contained the finest particle size distribution and the filter
performance, as expected, reflected this: the lowest final
moisture content achieved was 12.1% w/w.

Figure 4 illustrates the results of each test campaign in
terms of production rate of dry solids per unit filter area
versus final moisture content. The production rate shown is
an estimate for a commercial-scale filter. The final

Figure 3. Pneumapress® model 1.3 installed at Amandelbult
concentrator

Figure 4. Solids throughput rate versus moisture content for three
Pneumapress test campaigns
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production rate of an installed filter will depend on many
factors, such as ancillary equipment sizing (feed pumps and
air compressors) and the mechanical time required by the
filter (non-filtering cycle time, such as valve actuation and
cake discharge) as well as feed solids concentration. Figure 4
should only be used for reference and for comparison
between the different types of concentrate. Filtration test
work should be carried out to determine the production rate
curve for a specific slurry and specific filter model.

Concentrate characterization

Table II shows the characteristics of the PGM concentrates
tested during the four campaigns. Figure 5 shows the PSD
for the four slurries tested. 

Table III tables shows that the PSDs of Anglo Platinum
PGM concentrates trialed reflect both ore mineralogy and
the process flowsheet impacts of the new comminution
technologies. One can expect that 50% of the final
concentrate solids from MIG and/or UFG circuits will be
smaller than 20 µm and on some ores this P50 can be as
low as 6 micron.

Table II
Characterization of slurries tested during the four campaigns

Slurry Northam Amandelbult Amandelbult Mototolo
(UG2+ Merensky) (Merensky) (UG-2) (UG2)

Solids specific gravity 3.14 3.35 3.11 3.07
Slurry solids concentration 65% w/w 50% w/w 50% w/w 44% w/w
Slurry specific gravity 1.82-1.86 1.54 1.50 1.42
80% passing size 55 µm 28 µm 37 µm 37 µm
50% passing size 20 µm 14 µm 16 µm 14 µm

Figure 5. PSD for Merensky and UG-2 concentrates

Table III
Chemistry results per size fraction for Amandelbult and Mototolo PGM concentrates

Typical data for Amandelbult Merensky concentrator
Size fraction Mass % Pt Pd Au PGE (3E) Cu Ni S

ppm %
<10 33.9 58.5 27.95 3.71 90.2 1.62 1.73 4.57
>10 31.6 61.00 30.75 2.92 94.7 1.23 2.36 5.95
>25 19.7 84.65 48.80 4.14 137.6 1.64 3.90 9.82
>53 14.8 128.5 78.4 4.93 211.8 3.48 6.11 16.50

Actual head d50 = 17 µm 71.10 42.00 3.61 116.7 1.76 3.15 8.08
Recalc. head 74.83 40.43 3.73 119.0 1.78 3.01 7.81

Typical data for Amandelbult UG2 concentrator
Size fraction Mass % Pt Pd Au PGE (3E) Cu Ni Cr2O3 S

ppm %
<10 36.7 65.3 31.9 1.1 98.2 0.37 0.55 4.87 1.02
>10 32.6 79.0 35.2 1.2 115.3 0.31 0.71 3.34 1.46
>25 21.1 64.3 34.7 0.7 99.6 0.32 0.86 1.91 1.77
>53 5.5 73.5 46.8 0.9 121.2 0.53 1.28 2.41 2.99
>75 4.1 81.8 59.6 2.7 144.1 1.21 1.80 3.56 4.75

Actual head d50 = 15 µm 70.7 37.2 0.9 108.7 0.38 0.78 3.17 1.66
Recalc. head 70.7 33.1 1.0 104.7 0.33 0.68 3.41 1.39

Typical data for Mototolo UG2 concentrator 
Size fraction Mass % Pt Pd Au PGE (3E) Cu Ni Cr2O3 S

ppm %
<10 60.2 50.90 26.20 0.92 78.02 0.22 0.49 3.66 0.79
>10 20.2 95.30 54.60 1.43 151.33 0.37 0.92 1.75 1.61
>25 19.6 97.25 79.70 2.15 179.10 0.58 1.35 1.66 2.63

Actual head d50 = 6 µm 67.10 40.50 1.04 108.64 0.31 0.70 2.90 1.21
Recalc. head 68.92 42.40 1.26 112.58 0.32 0.74 2.88 1.32
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Benefits of lower moisture content
It has been reported that the moisture content of PGM
concentrate received at the Anglo Platinum smelters ranges
between 12 and 18% w/w5, 6, 7. Such a large range of
moisture content will have an impact on the flash dryers
operating at the smelter.

For example, there are two coal-fired flash dryers
installed at the Polokwane smelter, designed for drying
1 847 tons per day of wet concentrate by evaporating 10.8
t/h water per dryer. A heat balance shows that at 20°C
ambient temperature, 149 kg of coal is required to
evaporate 1 000 kg of water7. Table IV compares the
operation of the dryers at 16% moisture versus 12%
moisture.

The flow rate of dry concentrate out of the each dryer can
be increased by 25% if the average moisture content of the
dryer feed is reduced to 12%. Another benefit is the need
for lower dryer running hours and hence more maintenance
downtime per dryer is attainable without affecting operation
of the furnace. The Polokwane furnace can smelt 2 190 dry
t/day7—at 90 t/h dry concentrate, one operating dryer can
sustain continuous operation of the furnace. 

It is expected that similar benefits would be realized at
the Waterval smelter, where the average wet concentrate
moisture content is 16–17% w/w and 28.5 t/h water is
evaporated prior to smelting5; and at the Mortimer smelter,
where the average wet concentrate moisture is 12–18% w/w
and approximately 6 t/h of water is evaporated prior to
smelting6.

Scale-up of pilot test results
The scale-up of the pilot test results is an important
consideration in the sizing of commercial equipment.
FLSmidth installed one Pneumapress® filter in South
Africa at the Anglo Platinum Rustenburg Base Metal
Refinery (RBMR); the filter was commissioned in February
2009 for dewatering nickel-copper matte, a by-product of
the smelting and converting operations. In order to prove
the capabilities of Pneumapress technology, pilot-scale
testing was carried out in 2007.

The results of the on-site pilot test at RBMR are shown in
Figure 6; the expected full-scale production rate is 3 300
dry kg/m2-h at 6% w/w moisture content. The
Pneumapress® Model 19 filter installed at RBMR has been
proven to produce 12 t/h dry solids at 6%w/w moisture
content with a filter area of 3.53 m2, which calculates to a
production rate of 3 399 dry kg/m2-h. This shows that the
pilot test results scale up accurately to full-scale operation.
The filter cakes are collected in large bags underneath the
filter and the bagging system does not keep pace with the
filter; during continuous operation the filter is paused every
5 cycles to change bags and the overall production rate is
10 t/h dry solids.

Conclusion
Due to the complex mineralogy of the PGM ores mined in
South Africa, maximizing recovery and product grade
requires fine grinding of the ore. As the technology is
demonstrated successfully, more concentrator plants will
utilize fine grinding technology in their PGM process to
improve the economic recovery of PGMs from UG2 and
Platreef ores. 

The development of new comminution technologies and
the deployment of these technologies in the PGM industry
have been shown not only to boost metallurgical efficiency
but also to reduce energy consumption. Specifically, stirred
milling technologies (both IsaMill™ and Metso SMDTM

equipment) have been implemented successfully in a
number of PGM concentrators. The result of these new
technologies is a reduced particle size in the PGM final
flotation concentrate.

The results of the four Pneumapress® test campaigns
show that PGM concentrate slurries with smaller particles
are more difficult to filter. Operational data from the filters
installed at various PGM concentrate plants corroborates
the results from the pilot-scale test work—concentrates that
have been subjected to finer grinding are more difficult to
dewater.

Data from the Polokwane smelter published in 2006 show
that feeding the dryer a concentrate with lower moisture
content can reduce operating costs at the smelter as well as
increase operational availability of the dryers by allowing
more maintenance time per dryer. 

The results of the Pneumapress® test work show that the
Pneumapress filter plate design, which eliminates the
squeezing membrane, can achieve the same, or lower,
moisture content as the pressure filters currently installed at
PGM concentrators and smelters 4, 5, 6.

And finally, the results of previous pilot-scale test work
have been compared to full-scale performance to show that
the pilot test results accurately scale up to full-scale
Pneumapress® filter performance.

Table IV
Dryer feed rate at two wet concentrate moisture content levels7

Average moisture content, w/w 12% 16%
Evaporation rate, t/h 10.8 10.8
Equivalent wet concentrate feed rate, t/h 100.8 78.3
Equivalent dry concentrate output, t/h 90 67.5
Coal flow, t/h 1.61 1.61
Coal consumption (kg/t dry concentrate) 17.9 23.9

Figure 6. Pilot test results from RBMR 2007
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