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A REVIEW OF INDUSTRIAL FLUE GAS CLEANING 
 
T. Golesworthy (pages 23-33) 
  
Environmental awareness has grown significantly in the last 10 to 20 years.  The general public 
and green eco-groups have swayed public opinion through the media such that the legislators 
have put increasingly stringent emission limits on many industrial processes and activities.  The US 
Environmental Protection Agency has led the way with many countries following its lead.  The 
Environmental Protection Act in the UK is an example of new legislation that seeks to protect our 
environment from all known industrial pollution hazards whilst acknowledging the need for industry 
to remain economically viable.  A necessary part of industrial activity is generating electricity, in 
part through the combustion of fossil fuels, managing its wastes, using processes such as 
incineration, and transporting materials, using fossil fuel based transport systems.  Emissions to air 
from these activities involve a wide range of materials that can include particulate matter, oxides of 
nitrogen and sulphur, hydrogen chloride, volatile organic compounds, polychlorinated biphenyls/di-
benzo furans (dioxins) and heavy metals. 
 
A range of mature and emergent control technologies exist for the control of these pollutants 
including inertial separation, filtration, electrostatic separation, wet and dry scrubbing and 
catalysis/conversion processes.  These techniques are reviewed as well as current state of the art 
composite gas cleaning plant for total solutions to the emission of currently prescribed pollutants. 
 
METAL SCAVENGING PURIFICATION TECHNOLOGY FOR THE PHARMACEUTICAL AND 
FINE CHEMICAL INDUSTRY 
 
K. Treacher (pages 33-38) 
 
 The manufacture of pharmaceuticals in modern day industry is becoming an ever more involved 
process as the chemical complexity of active ingredients increases, driven by more intelligent and 
intricate design.  Consequently the range of synthetic techniques required is constantly expanding, 
with an increasing reliance on metal based catalysis, which can deliver more efficient, selective 
and cleaner processes. 
 
FILTER MEDIA PORE SIZE COMPARISON BETWEEN POROMETRY AND GLASS BEAD 
CHALLENGE TESTING 
 
G. Rideal and E. Mayer (pages 38-41) 
 
 The accuracy of pore size measurement by porometry has been found to be dependent on the 
instrument and operator.  Similarly, challenge testing using ISO test dusts is dependent on both the 
precision of the particle analysis of the irregular shaped particles and the laboratory protocols.  To 
overcome the ambiguity of shape, a much simpler challenge method has been developed using 
NIST certified, narrow particle size distribution glass beads.  The new high speed method 
determines the filter efficiency (cut-point) using a novel dry sonic device for pore sizes above 
20 μm and a wet suspension method for pore sizes below 20 μm.  This paper will compare 
porometry values obtained for a number of porometers after cross validation with the new 
microsphere challenge test method. 
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A NEW CONCEPT FOR SIMULTANEOUS REDUCTION OF ALKALINITY, 
OIL AND UNDESIRABLE GASES SUCH AS CO2 AND H2S 
 
J. Chen and D. Douglas (pages 42-45) 
 
 In a steam assisted gravity drain (SAGD) application to extract oil from the reservoir, lime softening 
is often utilized to reduce the hardness and silica concentration to meet feed water quality 
requirements for ‘wet steam generators.’  Produced water is normally treated for recycle and reuse 
as feed water to the steam generator.  When the produced water contains a high alkalinity 
concentration, the lime softening reaction will produce excessive volume of ‘wet’ sludge resulting in 
large capital cost for sludge dewatering, handling and disposal.  This paper presents a method to 
reduce alkalinity concentration in produced water without excessive sludge production and 
discusses stripping CO2 produced from the chemical reaction.  Free oil removal by induced gas 
flotation (IGF) is well documented, so no discussion of oil removal is presented here since the new 
concept focuses on the improvement of IGF to achieve the above mentioned objectives. 
 
HOT GAS FILTRATION – A CASE STUDY HIGHLIGHTING SUCCESSFUL DIOXIN CONTROL 
 
R. Williams (pages 45-47) 
  
 In February 2007, R Williams Consultants assisted in the commissioning of Chinook Sciences’ 
proprietary Air Pollution Control (APC) system which exclusively serves the RODECS® system.  
The RODECS® is an industrial pyrolysis system that utilizes a novel active pyrolysis concept, and 
is used for the full gasification of organic material from metal and industrial waste, and municipal 
solid waste (MSW).  In this application, the RODECS® system was processing secondary 
aluminium painted scrap, heavily contaminated with PVC. 
 
THE IMPACT OF ULTRAFINE BYPASS FILTRATION ON EXTENDED DRAIN INTERVALS 
 
R. Russell and T. Gilbert (pages 48-51) 
  
 The ability of a Cleantechnics International Inc. high capacity ultrafine fluid bypass filtration system 
to extend lube oil and hydraulic fluid service levels was studied.  Test results show a four- to six- 
fold increase in filter change intervals and a more than fifteen fold increase in oil change intervals.  
Results of installations on Class 8 trucks, heavy duty work trucks and off road heavy equipment 
are presented.  These results include a review of oil analysis reports from an independent oil 
analysis laboratory of samples taken during normal service intervals on both control and test 
vehicles over extended time periods.  In addition to the review of oil quality, calculations reporting 
long term cost savings and environmental benefits of the bypass filtration system as the result of 
extended drain intervals and reductions in oil change related expenses (oil costs, filters, labour, 
equipment downtime and waste disposal) are cited. 
 
CHANGING WASTEWATER SLUDGE CHARACTERISTICS AFFECTING THE FOULING OF A 
SINGLE STAGE MECHANICAL DEWATERING AND THERMAL DRYING PROCESS 
 
B. Peeters, L. Vernimmen and W. Meeusen (pages 52-62) 
  
At the Monsanto Europe site in Antwerp, Belgium, wastewater sludge is mechanically dewatered 
and thermally dried in a single compact machine.  Over the years, the biosolids throughput was 
limited by two main bottlenecks, namely (1) high vibrations of the solid bowl decanter centrifuge, 
and (2) periods of daily fouling around the centrifuge cake outlet or somewhat further in the flash 
drier.  In that case, sludge feed towards the centrifuge has to be stopped to remove product build-
up by flushing. 
 
The vibrations of the centrifuge were reduced by simply reducing the centrifuge bowl speed from 
historical 3165 rpm to 2880 rpm.  But the fouling issue was harder to resolve.  Through research 
over the years, it was shown that the fouling frequency was higher for sludge comprised of higher 
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inorganic fractions.  The inorganic fraction varied significantly over time for this particular 
wastewater treatment plant (WWTP) as a result of varying calcium concentrations in the 
wastewater.  Periods of 15% inorganic fractions are followed by periods with more than 30% 
inorganics in the sludge flocs.  Sludge settleability varied in accordance with these changes in 
inorganic fractions, with a higher inorganic fraction resulting in a heavier floc and a better settling 
ability.  Spin tube tests executed in the lab, simulating cake compaction in the field, have shown 
that the inorganic fraction of the sludge flocs has a significant impact on cake dryness, with a 
higher inorganic fraction yielding a drier cake.  Taking into account the fact that activated sludge 
goes through a sticky phase while being dried (somewhere in the range around 40-50 %DS), this 
implies that the centrifuge cake dryness determines timing and place in the system where the 
sludge is going through the sticky phase.  The hypothesis is that a ‘too dry’ centrifuge cake goes 
through the sticky phase at an earlier stage in the next drier system where it seems to be more 
susceptible to product build up, for example at the point where the cake particles are leaving the 
centrifuge with high velocity and hit the centrifuge casing for the first time. 
 
In that case, in periods of sludge characterised by a higher inorganic fraction, centrifugation 
conditions in the field have been adjusted to make the centrifuge cake again less compact and less 
dry.  This resulted in a significantly higher capacity of the system by reducing the fouling issue. 
 
PERFORMANCE OF FILTERS WHEN LOADED WITH NaCl AND KCl PARTICLES IN LOW 
RELATIVE HUMIDITY ENVIRONMENTS 
 
T.-C. Hsiao and D.-R. Chen (pages 62-71) 
 
 In this study two low efficiency cellulose filters were loaded with sodium chloride (NaCl) and 
potassium chloride (KCl) particles of super-micron sizes in low relative humidity (RH) environments 
(RH < 30%).  As NaCl and KCl particles have similar material properties, such as density and 
crystal structure, it was believed that no difference would be observed in the filter loading curves 
(pressure drop vs. the loaded particle mass/volume) of particles of the same size in such low RH 
environments.  It is shown that at 30% RH the initial penetration and the loading curves of filters 
loaded with NaCl and KCl particles are nearly the same.  However, as the RH decreased to 15% 
so the loading curve of NaCl particles deviated from that of KCl.  The curve of NaCl particles 
moved to the right of the KCl curves. In other words, with the same pressure drop, the filter can be 
loaded with a greater volume of NaCl particles than KCl particles.  
 
Furthermore, the influence of filter structure and particle size on the shifting of the loading curve 
was investigated by performing the same loading test with two different particle sizes.  It was found 
that the observed RH effect on the loading curve was more significant for low efficiency filters 
loaded with large super-micron particles.  SEM examination showed that the morphology of the 
test particles is different when RH is varied.  It was concluded that a possible reason for the 
dissimilarity of the NaCl particle loading curve at 15% RH is the difference in the particle 
morphology. 
 
CFD BASED DEVELOPMENT OF INERTIAL SEPARATORS IN OIL MIST REMOVAL FROM 
CRANKCASE EMISSIONS 
 
S. Schütz, K. Kissling, G. Gorbach, A. Zink and M. Piesche (pages 71-80) 
 
For passenger cars and heavy duty vehicles, the current tightening in exhaust gas legislation is the 
driving force for new developments of oil mist separators to clean blow-by gases in crankcase 
ventilation systems.  One important aspect is the limited installation space for the oil droplet 
separation systems, hence the development of small scale separators is a challenging task.  As 
there are only a few design rules for small scale separators, computational fluid dynamics (CFD) 
was used for the development of two types of centrifugal separators, small cyclone separators and 
disc stack centrifuges. 
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With CFD calculations based on high quality numerical meshes, the separation efficiency, grade 
efficiency and pressure drop can be predicted for non-standardized, small scale cyclone 
separators.  Though the pressure drop should not exceed about 40 mbar with a blow-by volume 
flow of 80 L min-1, oil droplets in the sub-micron scale can be separated partially.  Concerning the 
disc stack centrifuge, the CFD results show that there is a non-homogeneous volume flow 
distribution across the different separator gaps.  Depending on the operational conditions the 
volume flow distribution is oscillating due to flow instabilities in the outer annular gap of the disc 
stack centrifuge.  So there exist different grade efficiency characteristics dependent on the gap 
position but the separation behaviour of the whole apparatus can be described by a mean grade 
efficiency curve.  As a further result of the CFD simulations the separation characteristics of disc 
stack centrifuges can be described with a universal grade efficiency curve for a wide range of 
geometrical and operational data. 
 
Experimental investigations on the droplet size distributions in the raw and the clean gas volume 
flow show a good accordance with the simulation results.  Two droplet size measuring systems, a 
cascade impactor and a three wavelength laser spectrometer, were used to determine droplet size 
distributions in an experimental setup. 
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ELECTROPOSITIVE FILTRATION TECHNOLOGY IN AUTOMOBILE MANUFACTURING 
APPLICATIONS 
 
F. Tepper, H. Frank and R. Lancaster (pages 108-111) 
  
 Argonide Corporation began as an organization focused on the production and sale of 
nanopowders.  By definition, nanopowders are extremely small particles (less than 0.1 micron) of 
materials such as nickel, copper, iron, alumina, gold, etc.  These materials are in demand by 
research and development groups within both the public and private sectors.  To date, the 
company is still involved in this active, although limited arena.  It became clear that the future 
success of Argonide was not in nanomaterials themselves, but in full scale commercialization of a 
product based on nanotechnology.  Through several years of extensive R&D, discussions with the 
U.S.E.P.A. (US Environmental Protection Agency), and the use of several grants from NASA, we 
created a nonwoven filter media. 
 
FILTRATION TECHNOLOGY – ITS IMPACT UPON OUR LIVES AND THE ENVIRONMENT 
 
D. Dubbin (pages 112-117) 
  
 In these times when global warming poses such a challenge for this and future generations it is 
perhaps worth reflecting how advances in filtration technology have impacted upon our lives and 
the environment in a positive way.  Not for the sake of complacency, but to illustrate how we as 
engineers and scientists have made a real difference over the recent past and how we must re-
double our efforts in the future.  In this short paper the author has considered some examples of 
gas and liquid technology which impact upon our lives. 
 
CLOSED LOOP CONTROLLER IN A DWELL TIME BASED GAS FILTRATION SYSTEM 
 
M. Marcelo, A. Malino, J. Mercurio, M. Retirado and B. Sicat (pages 117-119) 
  
 This paper reports the development of a dwell time based closed loop controller for a gasoline 
exhaust filtration system.  The ppm content of the gas entering a chamber is measured.  Gases 
that fall below a set threshold are passed on to the succeeding stage without processing, while 
those that are above the threshold are circulated by the system to an activated filtering loop until 
such a time that the concentration has fallen below the threshold.  The resulting dwell time in order 
to attain an acceptable ppm is found to be a function of the initial ppm level. 
 
FROM WARFARE TO HEALTHCARE 
 
J. Taylor (pages 120-122) 
  
 Activated carbon cloth was invented by the UK Ministry of Defence for protection against chemical, 
biological and nuclear threats.  However, today the world’s largest applications are in the medical 
field although that is about to change.  This paper is intended to give a brief introduction to the 
development of activated carbon cloth (ACC), its manufacture and applications including non-
particulate filtration of gases and liquids.  All references to activated carbon cloth are based on 
ZORFLEX® ACC (ZORFLEX® is a registered trademark of Chemviron Carbon Limited). 
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ADSORPTIVE FILTER MEDIA (AFM) 
 
H. Patzelt (pages 123-128) 
 
 Effective control of gaseous pollution requires filtration media developed specifically to capture the 
smallest concentrations of a range of 'target' molecules.  The ability to combine particle filtration 
materials will result in extended filter lifetime in environments containing both particulate and 
gaseous pollutants.  The layering together of various filtration products, often termed 'Combination 
Filter Media' (Combi), allows the filter manufacturer to customise their products for greater pollution 
adsorption capacity in challenging environments. 
 
INORGANIC MEMBRANES FABRICATED BY AIR PLASMA SPRAY COATING 
 
K.-L. Tung (pages 128-132) 
  
 Environmental protection awareness and higher energy costs in recent decades have made 
membrane technology more economically competitive with conventional separation processes 
such as absorption, adsorption, distillation, or solvent extraction.  While the market of the global 
membrane industry varies from one estimate to another, it is reported that the total sales of 
membrane modules, excluding the pumps, valves, instruments, or fluid pipe work external to the 
housing of the module, were estimated to have been just over $8 billion in 2003 and were expected 
to exceed $24 billion in 20081.  The market forecasts include both organic polymeric membrane 
and inorganic ceramic or metal membranes. 
 
CHANGES IN SLURRY CONCENTRATION DURING THE INITIAL STAGES OF FILTRATION 
 
A. Genç and I. Tosun (pages 133-138) 
  
 The variation in slurry concentration within the filter chamber during the start-up of constant 
pressure filtration experiments and its effect on the cake length and filtrate volume are studied.  
Theoretical equations relating slurry concentration to cake length and filtrate volume are developed 
by using the equations of continuity together with the jump conditions at the cake-slurry interface.  
Comparison with experimental values indicates that the change in slurry concentration within the 
filter chamber, especially during the initial stages of filtration, should be taken into consideration in 
the evaluation of model parameters from experimental data. 
 
NANOFILTRATION: A METHOD FOR IMPROVING THE PURITY OF FUELS AND NON-
AQUEOUS SOLVENTS 
 
E.S. Tarleton and J.S. Low (pages 138-141) 
  
 This paper describes some of the principal features of solvent resistant nanofiltration and its 
potential in fuel processing.  Experimental data for both fuel simulants and a petrol fuel are 
presented.  The solute rejection mechanism for low polarity mixtures was size exclusion with a 
membrane cut-off in the region of 1-2 nm.  The extent of solute rejection was dependent on the 
degree of membrane crosslinking, the membrane swelling induced by the feed and the filtration 
pressure.  Nanofiltration experiments with the petrol fuel showed a good correlation with the data 
obtained for the fuel simulants, both in terms of permeate flux and solute rejection.  Provided that 
higher polarity oxygenates were not present in the fuel, it was possible to remove undesirable poly-
nuclear aromatic and organometallic solutes to an extent that was sufficient to significantly reduce 
valve deposits and emissions gases in engine tests. 
 
INVESTIGATIONS ON THE MINIATURISATION OF PRESSURE FILTRATION PROCESSES 
 
S. Jermann, A. Schreiner and R. Schneeberger (pages 142-147) 
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 As a basic operation of mechanical process engineering, pressure filtration and its scale-up has 
been described in detail in the literature.  However, the pharmaceutical development of active 
substances in particular calls for scale-up from relatively small quantities and is therefore 
dependent on conclusions from smaller filter equipment.  In this study, results from laboratory 
Nutsche filters with filter surface areas of 1.4 cm2 and 9.6 cm2 were compared with results from a 
20 cm2 Nutsche.  It is shown that no reproducible and reliable data could be generated using the 
1.4 cm2 Nutsche.  While this was possible using the 9.6 cm2 Nutsche, the permeability was greater 
than with the recommended 20 cm2 Nutsche, so that a correction factor has to be introduced. 
 
RECONSTRUCTION ALGORITHMS FOR THE INTERNAL PACKING DENSITY DISTRIBUTION 
OF FIBROUS FILTER MEDIA BASED ON TOMOGRAPHIC DATA 
 
J. Hoferer, L.M. Hoffmann, J. Goebbels, G. Last, W. Weil and G. Kasper (pages 147-154) 
 
Algorithms were developed to approximate the 3-dimensional internal packing density distributions 
of fibrous filter media at different levels of detail and complexity.  Each algorithm uses certain input 
information derived from X-ray tomographic data of filter samples. 
 
Algorithm 1 creates a binary media structure consisting of the true (i.e. tomographically 
determined) void distribution plus regions of uniform packing density.  The average packing density 
of the media is maintained constant.  Algorithm 2 creates a model fibrous structure of straight 
fibres of equal diameter and random length positioned randomly in space, while maintaining the 
true (i.e. tomographically determined) fibre orientation distribution.  The number and length of the 
fibres on average adds up to the packing density of the filter.  The model fibrous structure is 
recreated by a stationary Poisson process of convex bodies.  Algorithm 3 distributes pores of 
random size and location within a homogeneous matrix, such that the average packing density 
again coincides with the true (i.e. tomographically determined) packing density.  This algorithm is 
also based on a stationary Poisson process of convex bodies. 
 
The capability of each algorithm to recreate the essential structural features of the media was 
tested against ‘reality’ by computing the respective overall pressure drop of the filter as well as the 
velocity distribution in the filter interior, and comparing with the results obtained for the ‘true’ 
packing density distribution of a sample measured by tomography.  Compared to the assumption 
of a completely homogenous filter (which gives roughly 2 times the actual Δp), all algorithms are 
closer to reality.  The binary algorithm deviates in Δp by a factor of 1.8; algorithm 3 comes within a 
factor of 1.6 of the true Δp.  The best approximation is by algorithm 2 which narrows the difference 
in Δp to a factor of 1.4. 
 
YEAST MICROFILTRATION USING A MODIFIED SURFACE FILTER 
 
M. Stillwell, R.G. Holdich and S. Kosvintsev (pages 155-160) 
  
A microfilter is generally accepted as a filter capable of removing suspended material with diameter 
of between 0.1 and 10 μm from fluids.  All filtration systems have to balance the requirement to 
present a high efficiency for particle removal with the intention of presenting a minimum resistance 
to fluid flow.  These contradictory requirements have led to research on filter pore structure and 
shape as well as techniques for employing the filter to minimise particle deposition on top of, and 
within, the filter matrix.  One successful filter design uses slotted pores, which pass through a 
lamina filter sheet, and present a non-tortuous flow channel for the pore.  However, this type of 
filter is only feasible for pore sizes towards the top end of the microfiltration range, at least when 
constructed from robust engineering materials.  For the filtration of fine particulates, using a 
microfilter, a tortuous pore channel filter is more applicable. 
 
This paper presents the results of a series of tests using carefully sized glass beads that have 
been sintered under a variety of processing conditions to provide a series of microfilters.  
Parameters such as particle size distribution, bed depth, sintering temperature and time as well as 
bed support have been investigated, considering their effect on the filtration performance of sub-10 
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μm yeast cells suspended in water.  Models for the resulting voidage of the sintered porous media 
and hence permeability are presented.  Surface post-treatment of the glass beads by chemical 
means has also been investigated: investigating the influence of chemical surface properties on 
yeast adhesion. 
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THE INTERNATIONAL MARKET FOR FILTER MEDIA: ITS CHARACTERISTICS, TRENDS AND 
DRIVERS 
 
K. Sutherland (pages 196-200) 
  
 The place of nonwoven materials in the filter media marketplace requires definition of the 
marketplace, after which market size estimates are given - the estimating process, scope of 
estimates, and data for the global market are discussed.  Media types are broken down to show 
the position of nonwoven materials.  The geographical breakdown of global figures and their end 
uses and recent developments in the filter media market are evaluated.  Market growth rates are 
discussed along with the driving forces, noting the special need for finer degrees of filtration, higher 
fluid temperatures, and environmental protection. 
 
LAB PROTOCOL FOR A SPIN TUBE TEST, SIMULATING CENTRIFUGAL COMPACTION OF 
ACTIVATED SLUDGE 
 
B. Peeters, L. Vernimmen and W. Meeusen (pages 201-213) 
  
The spin tube test is a key bench scale test performed to simulate settling and compaction of 
activated sludge under centrifugal acceleration in a solid bowl decanter centrifuge.  This test allows 
research of cake compactibility (cake dewaterability) under controlled laboratory conditions and 
has already shown its value; insights gained by executing the spin tube test on a regular basis 
allowed the optimization of an industrial centrifuge-dryer system at the Monsanto plant in Antwerp, 
Belgium. 
 
This paper describes the formal Gauge R&R (repeatability and reproducibility) study that was 
executed at the beginning, before the test was introduced as a standard test.  Since the spin tube 
test was a brand new test in the laboratory before intensive data collection could be started, it was 
necessary to ensure that the measurement system would not lead to erroneous conclusions.  The 
paper starts with a short introduction of a Gauge R&R study.  Next, the applied lab protocol of the 
spin tube test is described in detail.  The results of the Gauge R&R study showed the spin tube test 
procedure to be consistent: the cake dryness results are repeatable for the individual analysts, and 
the dryness results between the analysts are reproducible.  After the formal Gauge R&R, results of 
further lab exploration of the compaction mechanism are discussed.  These additional results 
confirm indirectly the consistency of the spin tube test. 
 
A NEW MAGNETIC FILTER FOR SELECTIVE BIOSEPARATION 
 
C. Eichholz, M. Stolarski and H. Nirschl (pages 213-218) 
 
 One of the emerging fields in the downstream processing of modern biotechnology lies in the use 
of particulate systems with functionalized surfaces to separate a target bioproduct like protein, 
enzyme, DNA etc. from bio-broth by selective adsorption.  The application of magnetic separation 
methods has emerged for analytical purposes.  In order to apply the same concept to industrial 
bioproduction processes new technologies have to be provided which allow effective and 
economical procedures.  In this work a new magnetic filter for selective bioseparation is introduced.  
The principle is demonstrated by the recovery of pure lysozyme, but it can be extended to real 
biosuspensions in a similar manner. 



FILTRATION JOURNAL – 2009 

 
CONDITIONING OF FILTER BAGS WITH REACTIVE CAO AND CA(OH)2 DUST IN FLUE GAS 
 
M. Koch, M. Saleem, P. Pucher and G. Krammer (pages 219-223) 
 
 Gas cleaning from reactive dusts is an issue in reactive flue gas cleaning processes.  Changes in 
the specific dust volume due to reactions are especially challenging for filter media, leading to 
possible pore clogging and filter media blinding.  A conditioning period of 120 h for two types of 
textile filter bags in a reactive atmosphere of artificial flue gas is simulated in an experimental setup 
at elevated temperature.  The evolution of the filter cloth permeability and specific cake resistance 
are presented.  In addition a novel method to determine apparent inhomogeneities of the filter 
media is applied.  For all test series it is found that filtration is also possible in the long term.  The 
final cloth permeability after conditioning is lower for CaO dust than for Ca(OH)2, and is higher than 
zero, and semi-continuous filter operation is possible with every investigated cloth-dust 
combination.  It is found that even an almost new filter cloth exhibits distinctive spatial differences 
in permeability.  The decrease of the mean permeability value is mainly attributed to a shift of this 
permeability profile, rather than homogeneous filter blinding. 
 
A SIMULATION BASED OPTIMIZATION APPROACH TO POLYMER EXTRUSION FILTER 
DESIGN 
 
K.R. Fowler, E.W. Jenkins, S.M. LaLonde and C.L. Cox (pages 224-230) 
 
 In this work, we propose methods for evaluating filter performance and use these methods in an 
optimization framework to find parameters that maximize the lifetime of the filter while minimizing 
the amount of debris that escapes.  We couple a three-dimensional computational tool that models 
the deposition process within the filter with optimization algorithms that use the output from the 
simulator to search the design space.  This is a difficult problem that is not described by a 
differentiable function, since function evaluations are given by a 'black box' simulator.  We apply 
derivative free techniques to analyse the behaviour of the filter and to gain insight into effective 
filter design.  We discuss these techniques, along with our approaches to the mathematical 
formulation, and present numerical results and discuss future directions for this work. 
 
MECHANICAL SENSORS FOR IDENTIFYING NANO/MICRO PARTICLES 
 
D.W. Dareing and T. Thundat  (pages 231-240) 
  
 Nanomechanics offer exciting opportunities for the development of novel sensors and imaging 
tools for nanotechnology.  Many chemical and biological processes result in nanomechanical 
responses that can be measured with unprecedented sensitivity using microfabricated cantilever 
beams.  Here, we describe nanomechanical tools for visualizing nanometre sized materials and 
measuring and detecting nanomechanical forces.  Static mode of operation of a microcantilever 
sensor to sense the presence of biological and chemical agents using forces involved in adsorption 
process, and a dynamic mode of detection of mass adsorption are addressed.  The paper also 
explains how microcantilevers are used to measure gas and liquid viscosity, which may be used as 
a marker for the presence of biological and chemical agents.  Condensation of vapours in porous 
structures such as charcoal results in capillary pressure induced expansion that could be 
measured with a cantilever.  This phenomenon can be used as a basis for developing simple 
sensors for chemicals. 
 
  



FILTRATION JOURNAL – 2009 

VOLUME 9(4) 
 

 Industrial news and new products/processes 

 The Filtration Society news 

 American Filtration Society news 

 Glossary of filtration and separation 
 
Technical Paper Abstracts 
 
REDUCTION OF THE CARBON FOOTPRINT FOR SLUDGE HANDLING BY OPTIMIZATION OF 
A COMBINED CENTRIFUGE-DRYER APPARATUS 
 
B. Peeters, A. van Brecht, D. Rombouts and J. de Bock (pages 277-285) 
 
This paper starts with a review of the process optimization of a combined mechanical dewatering 
and thermal drying unit used for excess sludge processing on the Monsanto wastewater treatment 
plant (WWTP) in Antwerp, Belgium.  Two bottlenecks were resolved in recent years.  The baseline 
of the centrifuge vibrations was lowered by reducing the bowl speed and the fouling frequency in 
the flash dryer (related to the stickiness phenomenon of drying activated sludge) was significantly 
lowered by further reducing the cake compaction/dryness in the centrifuge by reducing the plant’s 
own clay addition to the sludge feed, in addition to the significantly reduced G-force. 
 
Next, the carbon footprint reduction is estimated for the processing of the total excess sludge 
generated at this WWTP, being an additional effect of the optimized centrifuge-dryer system 
onsite.  Since the higher solids capacity of the latter implies that a lower amount of excess sludge 
needs to be dewatered, with the less efficient filter presses used in parallel to the superior 
centrifuge-dryer apparatus.  This yields a much lower yearly amount of water to be evaporated 
during incineration of the sludge solids outside, resulting in a significant reduction of the CO2 
emissions. 
 
FILTRATION AND SEDIMENTATION BEHAVIOUR OF FIBRE/PARTICLE BINARY 
SUSPENSIONS 
  
K. Chellappah, E.S. Tarleton and R.J. Wakeman (pages 286-294) 
 
The constant pressure filtration characteristics of cellulose fibres, titanium dioxide (rutile) and 
mixtures of the two were studied using a well-controlled filtration apparatus.  To interpret the 
filtration results, relevant fibre and particle physical properties were determined and the 
sedimentation behaviour of the binary suspensions quantified.  The porosities (εav) of filter cakes 
formed from pure fibre and rutile suspensions were approximately 0.75 and 0.6 respectively.  The 
general concept of additive porosity for binary mixtures agreed reasonably well with the 
experimental data.  With filtrations at 450 kPa, the average specific cake resistances (αav) for pure 
fibre and rutile in deionised water were approximately 9.4x1013 and 4.2x1012 m kg-1 respectively, 
with the variation of αav with fibre fraction showing a minimum.  Similar trends were observed at 
filtration pressures of 150 and 600 kPa.  No minimum in αav was observed with 450 kPa filtrations 
of suspensions made using 0.1 M CaCl2 solution.  It is concluded that the influences of solids 
composition and solution environment on αav are substantial for fibre/particle mixtures whilst the 
influence of filtration pressure is less evident. 
 
REMOVAL OF ORGANICS FROM WASTEWATER USING NANOFILTRATION 
  
O. Farid and J.P. Robinson (pages 295-300) 
 
The equilibrium degree of swelling is an important property of a membrane as it can influence both 
permeability and selectivity.  This work has shown that swelling equilibria of organic/water mixtures 
with PDMS is strongly dependent on the mixture composition and type of organic compound.  The 
swelling behaviour is discussed relative to the polarity of the organics as characterised by their 
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solubility parameter, however, the equilibria of mixtures is far from intuitive, and the likely causes of 
these effects are postulated. 
 
RECENT DEVELOPMENTS IN ISO STANDARDS IN THE FIELD OF COMPRESSED AIR 
ANALYSIS & CHARACTERISING COMPRESSED AIR FILTER PERFORMANCE 
 
S.N. Smith (pages 300-306) 
 
The ISO 8573 series of international standards details methods of measurement for determining 
compressed air purity, and its sister series under the heading ISO 12500 details methods of test for 
filtration and purification equipment.  In 2008, they combined to total 11 published standards in all 
with two subject to ballot review, three at various draft stages and a further three under 
consideration.  This paper details the current 5 year review status of the published standards, an 
update on the production of the ISO 8573-1 review document, an insight to the new ISO12500-3 
Particulates test standard and presents data obtained using the ISO12500-4 Water Separation 
Efficiency DIS draft. 
 
THE USE OF SYRINGE FILTERS FOR ANALYTICAL SAMPLE PREPARATION: INCLUDING 
HPLC AND DISSOLUTION TESTING 
  
L. Scheer (pages 306-307) 
 
Filtration is increasingly used as a protective measure in analytical sample preparation.  As a 
result, there are more filter options to choose from than ever before – and each product has its own 
unique performance properties.   Since filter performance depends largely on application specific 
conditions, an understanding about the differences among products can help avoid unexpected 
failures and costly system downtime. 
 
PREDICTING SETTLER/CLARIFIER BEHAVIOUR: THE ROLE OF SHEAR EFFECTS 
 
S.P. Usher and P.J. Scales (pages 308-314) 
 
An algorithm has been developed to predict thickener operation from fundamental material 
properties, properly accounting for compression of the suspension network structure within the 
suspension bed with a pseudo-2D consolidation model based on the theoretical framework 
developed by Buscall and White (1987).  Comparison of process performance with model 
predictions has been performed for a range of industrial thickening operations.  Comparisons 
suggest that there are extra contributions to the rate and extent of dewatering that the model does 
not predict.  Many of these discrepancies, which manifest as enhanced extents and rates of 
dewatering, are attributable to shear and channelling.  Shear effects that cause floc densification 
can involve rakes, sloped walls and general buffeting in effectively fluidised sections of the 
equipment with long solids residence times.  Channelling phenomena which involve improved rates 
of liquid transport through non-homogeneities in the solids concentration distribution can be 
mechanically created through rakes and rods and can also evolve naturally in the sedimentation of 
flocculated and coagulated materials.  Techniques for probing these shear effects are discussed. 
 
VIRTUAL DIESEL PARTICULATE FILTERS: SIMULATION OF THE STRUCTURE, EXHAUST 
GAS FLOW AND PARTICLE DEPOSITION 
  
S. Rief, D. Kehrwald, A. Latz, K. Schmidt and A. Wiegmann (pages 315-320) 
 
Diesel particulate filters are gradually making their way into production to keep emissions of fine 
dust to a minimum.  But which filters are most efficient at extracting the noxious particles?  How do 
the geometrical details of the filter material affect the filter properties?  The new simulation 
software FilterDict could in the future significantly reduce the number of prototypes required, 
cutting time and cost of development – and offer some powerful new features, as well.  It allows 
simulation of how fast and how far particles penetrate into the filter, for example – using any kind of 
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filter material.  As input parameters, FilterDict requires a filter material model from the 3-D 
microstructure generator GeoDict, various physical parameters, and the particle size distribution.  
The software computes the path of the soot particles through the filter medium.  The simulation 
shows how much soot is deposited in which part of the filter.  Therefore, the design of the filter can 
be optimized to achieve long regeneration intervals, low fuel consumption and a high engine rating.  
The simulation program has already passed its first practical test.  In an experiment, researchers 
examined two diesel particulate filters, and compared the results with those of the simulations. 


