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AUTOMATION IN FILTRATION SYSTEMS: HOW TELEMETRY COULD IMPROVE OPERATING 
MARGINS FOR BOTH SUPPLIER AND OPERATOR 
 
D. Harris (pages 34-37) 
  
The operation of separations equipment can be labour intensive, with high consumables costs. 
Incorrect operation or equipment malfunction may directly impact process economics.  The use of 
automation at the simplest level may allow better planning of scarce labour resource interventions 
or avoid unexpected process upsets.  More sophisticated automation of the system, in combination 
with the selection of the right separations technology, may significantly reduce or practically 
eliminate the need for manual intervention in normal operation. 
 
At the highest level, systems can be augmented with remote monitoring and telemetry, allowing 
installations to send operating data and requests for assistance to a central location.  Through the 
communications network, alerted engineers can take control of the system from their desk to 
perform diagnostic investigations, make operational modifications, and determine when there is a 
requirement for physical intervention.  Similar systems may also allow the effective operation of 
multiple pilot trials in different locations, or even different countries, with a minimum of engineering 
staff required for support. 
 
Case studies are presented to describe the various approaches taken, and outline some of the 
cost benefits that may be achieved both by the process owner and by the equipment vendor. 
 
NEW THINKING ON WET MAGNETIC TREATMENT OF FELDSPAR 
 
P. Fears (pages 38-39) 
  
 Traditionally, magnetic separation has only been introduced into the processing flow sheet of a 
feldspar operation at the dry stage, late in the process.  Flotation is used to remove most other 
contaminants.  Now, as companies try to reduce their reliance on flotation, wet high intensity 
magnetic separation is proving to either partially or totally replace the need for flotation. 
 
COMPARISON OF MEMBRANE FILTER PRESSES WITH BELT FILTER PRESSES AND 
CENTRIFUGES 
 
E. Mayer (pages 40-49) 
  
 Wastewater sludge dewatering is usually accomplished by three devices: solid bowl decanter 
centrifuges, belt filter presses, and recessed filter presses (both standard and membrane (or 
diaphragm)).  Of these, the membrane filter press produces the driest cakes (as well as the 
cleanest filtrate), which is best suited for land application, incineration, or further processing.  As a 
consequence, most wastewater sludge dewatering in Europe utilizes membrane filter presses, 
while belt filter presses and centrifuges are primarily used in the US because of more landfill 
space.  However, space is becoming limited and more filter presses are being utilized in the US.  
This paper presents an overview of membrane filter presses, where they have been used, and how 
they compare to centrifuges and belt filter presses via many case histories for a variety of 
wastewater sludges. 
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A NEW METHOD TO DETERMINE THE PARTICULATE FILTRATION EFFICIENCY OF 
SUBMICRON CARTRIDGE FILTERS 
 
C. Peuchot and N. Petillon (pages 50-55) 
 
Submicron cartridge filters are broadly used to clarify, purify or decontaminate many liquids in 
several industrial fields.  Such applications are the processing of ultrapure liquids for making 
electronic components, the cold sterilisation of wines, bioliquids and pharmaceutical solutes, and 
the decontamination of industrial solvents and washing liquids.  Microfiltration cartridge filters, with 
ratings below 3 µm, are installed as prefilters and are pleated, agglomerated or wound.  The 
performance and ability to use these prefilters are determined in laboratory conditions according to 
standard methods adopted by filter makers and large end users.  For instance, the rating is 
determined using water or a mineral oil as the test fluid, ISO MTD according to ISO 12103 as a test 
powder, and online particle counting with light extinction instruments to count particles at various 
sizes upstream and downstream of the test filter to calculate its instantaneous efficiency. 
 
Reading technical brochures of submicron filters show they are mainly characterised by their 
microbial rating (they are regarded as sterilising if they reduce to a given ratio the number of 
standard microorganisms).  Very few brochures state a micron rating based on particle size and 
when they do, they do not refer to any test method.  To answer the need of several large end 
users, IFTS has developed a new protocol to measure filtration efficiency during the clogging of 
submicron and microfiltration cartridges.  This paper describes the test powder chosen, the test 
circuit designed, validation results, criteria and typical test results obtained for several cartridges 
bought on the market. 
 
ON-LINE MONITORING AND OPTIMISATION OF BAGHOUSE FILTER OPERATIONS TO 
REDUCE OPERATING COSTS AND MINIMISE PARTICULATE EMISSIONS TO AIR 
 
W. Averdieck (pages 55-58) 
  
 Operators of many industrial plant have made significant improvements in reducing particulate 
emissions to air by fitting high performance baghouse dust collectors.  Emissions from such 
processes are highly abated provided the baghouse filter operates to its design condition, and the 
relevant control issue is to effectively monitor for changes in the condition of the bag filter 
associated with filter leakage and bag rupture. 
 
ABOUT 20 YEARS OF OPERATION EXPERIENCE OF WASTEWATER FILTRATION IN 
GERMANY 
 
M. Barjenbruch and T. Rolfs (pages 59-64) 
  
 In 1977, the first large scale wastewater filtration in Germany started operating (in the city of 
Darsheim).  The number of applications stagnated for several years, but at the beginning of the 
1990s wastewater filtration units were installed due to the demand for lower effluent values to 
protect the water bodies.  Currently, about 180 wastewater filtration plants in different technical 
variations are in operation. Most of them were built to observe very low phosphorous concentration 
values (< 0.5 mg Ptot/L).  The German standards of dimensioning and design are summarized in 
the DWA Working Sheet A 203 (1995) ‘Wastewater filtration with deep bed filters after biological 
treatment.’  After about 20 years of operation, a great number of experiences have been obtained 
which are presented in this report, with particular reference to the design and the operation of 
filtration units planned in future. 
 
OXYGEN ENRICHMENT OF AIR FOR DIESEL ENGINES: A PROCESS EVALUATION STUDY 
 
P. Chitta and B.J. Tatarchuk (pages 66-71) 
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 Supply of oxygen enriched air helps increase reaction conversion rates and efficiencies in various 
combustion applications such as in diesel engines.  This paper discusses the results of sorbent 
screening.  Initially the sorbents are screened based upon nitrogen adsorption and moisture 
removal capacities at different activation temperatures and adsorption times.  This study includes 
testing of the active zeolites under multiple adsorption-regeneration cycles. The results are 
presented as N2 and O2 adsorption isotherms.  Finally, a comparative study of various cyclic 
adsorption-desorption processes comprising of pressure swing, temperature swing, temperature 
aided pressure swing and rapid pressure swing is presented.  The adsorption experiments are 
carried out in a fixed bed reactor and the sorbents consist of molecular sieves and other cation 
exchanged zeolites that include LiLSX, RE-LiLSX, LiX, NaX, LiCuX, 13X, 3A, 4A and 5A types. 
 
SIMILARITY ANALYSIS OF CONSTANT PRESSURE CAKE FILTRATION 
 
A.K. Gholap, J. Peddieson and S. Munukutla (pages 73-79) 
  
 A similarity analysis of constant pressure cake filtration was carried out based on a single set of 
governing equations applicable to both the cake and slurry regions.  A finite difference method was 
used to obtain numerical solutions for several forms of the effective diffusivity function appearing in 
the model.  A representative set of results is presented graphically.  It was found that, while details 
of the predicted concentration profiles were quite diffusivity function sensitive, certain qualitative 
features of the predictions were diffusivity function insensitive.  This suggests that experimentally 
observed details of the behaviours of specific slurries can be matched with particular diffusivity 
functions while preserving qualitative features common to all slurries. 
 
SIMULATION OF LIQUID PHASE ACCUMULATION FOR THE CENTRIFUGAL DEWATERING 
OF ACTIVATED SLUDGE 
 
M. Mota, J.A. Teixeira, G.N. Abaev, I. Yelshyna and A. Yelshin (pages 80-86) 
  
Centrifugation of activated sludge is a frequently used dewatering process but, in spite of this, 
there is a need for a fitting function for moderate and high sludge concentrations.  Liquid phase 
accumulation kinetics during centrifugation may be used as a source of information about the 
sedimentation properties and the governing mechanism during cake formation.  For this purpose, 
activated sludge at different concentrations was investigated on a laboratory centrifuge with a 
centrifugation factor of 2667.  The following sludges were used in the experiments: 
 
1. Activated sludge from a thickener (with and without flocculant treatment) 
2. Sludge taken after an industrial centrifuge decanter, treated with Flottweg Z62-4 flocculant and 

collected from a dumping pound 
3. Sludge (2) after anaerobic treatment 
4. Sludge (2) with a dispersed solid additive. 
 
Using the experimental data for an asymptotical analysis, a dimensionless fitting function was 
obtained that adequately describes the dependence of liquid volume vs. time for the centrifugation 
of activated sludge.  For the highly concentrated sludge it was found that the dewatering occurs 
through cake compression.  Analysis of deformation models leads to the conclusion that for the 
compressible cake it is necessary to introduce a parameter characterising the cake plasticity 
dependence on the centrifugation time.  The developed model was validated by fitting numerous 
experimental data.  The main advantage of the proposed model is the possibility to fit the liquid 
phase accumulation kinetics during centrifugation over a wide range of activated sludge 
concentration values, from suspensions up to structured and paste-like cake consistency. 
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SUPPRESSION OF ‘FILTER CAKE’ WITHIN A MEDIA PRESSURE FILTER BY VORTEX 
SURFACE SCOURING 
 
D. Ward, S. Cupples, R. Poole and I. Owen (pages 114-119) 
  
 The findings reported in this paper demonstrate that ‘filter cake’, and its associated contribution to 
head loss in a media pressure filter system, can be suppressed by the employment of a swirl 
inducing tangential inlet without any loss in separation efficiency.  The likely mechanism for this 
performance enhancement is the creation of a vortex induced crossflow scouring action which 
prevents cake formation.  Instead of being retained as a thin, dense layer at the surface of the 
filter, particles are believed to be either held in motion above the bed or given the opportunity to 
penetrate the bed and collect over a greater bed depth, thus producing a lower contribution to 
overall system head loss by utilising media voidage more effectively.  This further improves filter 
performance by reducing backwash cycle frequency and therefore the overall amount of 
contaminated backwash water requiring disposal. 
 
INNOVATIVE TECHNOLOGIES IN WATER TREATMENT BASED ON ULTRAFILTRATION 
 
T. Peters (pages 119-123) 
  
Even though important innovations have been created in the last two decades that contributed to 
the realisation of a great variety of membrane based solutions and industrial processes, there can 
still be further optimisation and important improvement in different areas of membrane technology.  
One of the areas is water treatment or purification with ultrafiltration, including drinking water, 
process water and waste water.  Due to the different spectra of components or degrees of 
contamination in these liquids, a wide range of possibilities regarding the design, manufacturing 
and operation of related plants has had to be developed. 
 
At one extreme are waters with a low level of contamination, that can be processed with the 
deadend operation mode.  At the other are waste waters or process waters with a high burden of 
components or contaminants, that can only be treated with the crossflow operation mode.  One 
example for an innovation in low contaminated applications is a module with capillary membranes 
with a much higher membrane area than usual and improved internal hydraulics based on flow 
dynamic calculation.  At the other extreme a new system has been developed where the crossflow 
velocity of the liquid over the membrane is realized by pumping this liquid through nozzles into the 
open channel formed between two disc membrane cushions fixed as a disc cartridge. 
 
CHARACTERIZING A FILTER MEDIUM 
 
P.R. Johnston (pages 124-128) 
  
 In rating a filter medium for a possible filtration job, the outline approach is to determine (1) 
materials of construction, (2) thickness, (3) porosity, (4) viscous permeability, then (5) calculate the 
viscous flow averaged pore diameter from (3) and (4).  For some uses a strength test must be 
performed.  Media composed of random arrays of materials, such as mats of short fibres, sintered 
granules, and solvent cast membranes, all have the same kind of pore diameter distribution - the 
same ratio of the standard deviation to the mean - making it possible to understand fluid extrusion 
measurements that seek pore size distributions. 
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The method of determining the bubble-point - starting with a liquid-soaked medium, forcing air 
against the bottom face to blow open the largest pores on the top face - is an eyeball determination 
and not standardized.  Extending that test to blow open successively smaller pores, gives the 
'mean flow pore' - half the pores have been blown open.  Yet gas flows are then in the inertia, and 
sometimes Knudsen, range rather than in viscous flow.  The 'mean flow pore diameter' is 3/4 of the 
viscous flow averaged pore diameter.  The liquid drainage test - air on the top face forces liquid out 
the bottom face, but stops short of blowing gas out of the bottom face - reflects the viscous flow 
pore diameter distribution on the bottom face.  The mercury incursion test is not useful. 
 
THE USE OF ELECTROSTATIC FILTER MEDIA IN THE DEVELOPMENT OF A NEW 
PERSONAL AEROSOL SAMPLER 
 
M.M. Abdel-Salam (pages 129-134) 
  
 Impacts of aerosol particles on human health have led to the design and development of a wide 
range of aerosol samplers; primarily for measuring airborne aerosol concentrations and human 
exposure.  Many such instruments, based on a wide range of different physical principles, have 
emerged over the years, and some have been commercially successful.  However, conventional 
pumped aerosol samplers still have limitations which make the personal sampling process difficult, 
including: high cost; high power demand; limited sampling time; and invasive to wearers due to 
high noise levels, heavy weight, large size, and loose tubing.  The new aerosol sampler design 
described in this paper reduces or eliminates many of these limitations.  
 
The new sampler design utilizes a low resistance electrostatic filter media (electret) to collect 
aerosol in a fan driven system, eliminating the greater power requirement of traditional air sampling 
pumps.  Use of electret media offers advantages in the design of an aerosol sampler.  Lower filter 
resistance requires less power which allows use of smaller batteries and fans, and this has led to 
the design of an integrated electret fan personal aerosol sampler.  Besides size and weight 
reduction, the new sampler design also has the added benefits of quiet operation, long sampling 
duration, and low cost.  The new personal aerosol sampler has less invasive design that allows 
more convenient use in home and office environments, as well as industrial and ambient 
environment settings. 
 
MULTI-LAYER DEEP BED FILTER FOR MICRON/SUBMICRON SEPARATION 
 
T. Bahners and E. Schollmeyer (pages 135-139) 
  
The scope of the presented work was to study the separation of micron and sub-micron model 
particles from fluid systems by a deep bed filter concept consisting of a multilayer stack of 
combined nanofibre/nonwoven layers.  The nanofibres were intended to form an irregular small 
pore system with both high porosity and high flow properties.  Nanofibres of an average diameter 

of 12515 nm were produced from polycaprolactone (PCL) by electrospinning, a commercial 
nonwoven serving as the base of the individual layers.  Polystyrene (PS) spheres suspended in 
water served as the model system.  The model filters were characterized with regard to separation 
efficiency, flow rate and separation morphology. 
 
The measurements showed a significant improvement in the separation of 2 µm particles by 
adding the nanofibre web.  A two layer stack of the combined filter system exhibited a separation 
efficiency significantly higher than 90%, which compares to 45% for a similar stack of the 
conventional system.  While the nanofibre web reduces the flow rate, the superior performance 
results in a positive net effect.  High separation efficiency was also found in the sub-micrometre 
regime.  SEM analyses indicate an increased importance of impact separation in the filtration 
process. 
 
EFFECT OF AERATION ON ALUM CONSUMPTION AND SETTLING CHARACTERISTICS 
DURING WATER TREATMENT 
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J.O. Babatola, T.O. Saiki and M.O. Ogedengbe (pages 140-143) 
  
 The role of aeration prior to coagulation in conventional surface water treatment was investigated.  
Samples of stream water, some aerated for varying periods by rigorous mixing and some 
unaerated, were treated with varying dosages of 1% solution of commercial alum.   The samples 
were rapid mixed, slow mixed and settled.   Turbidity readings and pH values were taken.  The 
results show that pre-aeration is beneficial in terms of up to 30% saving in alum consumption and 
improved settling. 
 
PREDICTION OF FILTRATION CHARACTERISTICS BY MULTIVARIATE DATA ANALYSIS 
 
A. Häkkinen, K. Pöllänen, S.-P. Reinikainen, M. Louhi-Kultanen and L. Nyström (pages 144-153) 
  
The behaviour of solid/liquid suspensions during filtration processes is strongly influenced by the 
properties of the particles and the liquid phase.  Although prediction of common filtration 
characteristics, such as cake resistance, cake porosity and compressibility, has been studied 
extensively, general theoretical models that could be applied to complex real life suspensions do 
not exist.  Prediction of filtration characteristics has proved to be difficult even in those cases where 
an extensive set of experimentally obtained material data are available.  This is due to the 
complexity of the cake formation process, which means that the number of influential variables that 
should be simultaneously considered in the models is large.  Traditionally applied calculation and 
modelling techniques have been incapable of processing such large sets of input variables, which 
has consequently restricted the complexity of the models. 
 
This paper introduces an alternative procedure for predicting the filtration characteristics of 
solid/liquid suspensions from measured material properties.  Empirical models were created using 
multilinear partial least squares regression (N-PLS) for the experimentally determined pressure 
filtration parameters and the particle size and shape data obtained by an automated image 
analyser.  The density and dynamic viscosity of the liquid phase were also included in the models 
as input variables.  The filtration characteristics of the test suspensions were described by four 
different parameters and separate models were derived for each parameter.  All four models were 
tested with an independent set of samples in order to validate the created models.  The results 
presented in this paper show that the procedure can be applied to create models that enable 
filtration characteristics to be reliably correlated with particle size and shape distributions. 
 
N95 FACE MASK UNDER INCREASING SOLIDS LOADING AND MOISTURE 
 
W.W.-F. Leung, J. Chung, C. Tsang and C.-H. Hung (pages 154-164) 
  
 Submicron particles can be pollutants from engine emissions (0.02-1 μm), or airborne contagious 
virus (0.05-0.2 μm).  The N95 face mask has been employed to remove the finest particulates in 
the submicron range.  In our filtration experiments, exhaust gas from a diesel engine laden with 
submicron particles was used to challenge the test N95 face mask with a gas velocity of 0.05 m/s.  
Measurements were taken over an extended 6 h period under heavy solids loading.  
 
Among the three layers only the middle ‘filtration’ layer of the N95 face mask was used in the test.  
Over the 6 h period when solids loading generated from the engine emission increased linearly 
from zero to 2.83 g/m2, the pressure drop across the filter increased nonlinearly from 19.6 Pa at no 
loading condition to 36.0 Pa.  The ratio of downstream particles (penetrating the filter) to those 
upstream stayed relatively constant for 0.3 μm particles, whereas for 0.05 μm particles this 
penetration ratio decreased rapidly from 30 to 0.2 %.  The reduction in penetration of the fine 
particles (less than 0.1 μm) with solids loading is quite interesting.  
 
The quality factor (qf) which measures benefit versus costs showed that during extended use of the 
N95 face mask, the qf reduced for particles greater than 0.1 μm due to constant capture efficiency 
yet increasing pressure drop, whereas for particles less than 0.1 μm, qf increases due to lower 



FILTRATION JOURNAL – 2008 

penetration (i.e. much higher capture efficiency) but only at modest increase in pressure drop.  
Unless there is excessive sweating causing the face mask to be fully wetted with liquid for which 
the electrical charges of the fibres are neutralized, the capture efficiency of the mask may only be 
reduced slightly due to the loss of electrostatic charges in attracting particles with opposite 
charges. 
 
MODELLING OF DEEP BED FILTRATION WITH SCALE DEPENDENT DIFFUSION AND 
SUPERFICIAL VELOCITY 
 
A. Al-Mudhaf, A.J. Chamkhaand J.M. Al-Humoud (pages 164-172) 
  
A one-dimensional continuum deep bed filtration model with scale dependent diffusion or 
dispersion coefficient and filter superficial velocity is considered.  The diffusion coefficient and 
superficial velocity are assumed to increase according to a polynomial function with the filter 
longitudinal distance.  A general mass transfer that characterizes particle attachment and 
detachment effects is considered.  Since the general problem is nonlinear and possesses no 
analytical solutions, a numerical solution based on an efficient implicit finite difference method is 
obtained.  Comparisons with exact and approximate analytical solutions for special cases of the 
filtration model are performed and found to be in excellent agreement. 
 
A parametric study of some physical parameters is conducted and the results are presented 
graphically to illustrate interesting features of the solutions.  It is found that the presence of a 
particle detachment mechanism has significant effects on the solute concentration and specific 
deposit profiles at all filtration times.  In addition, the scale dependent polynomial type diffusion 
coefficient and superficial velocity are predicted to yield significant changes in the solute 
concentration, specific deposit and filter efficiency at all filtration time stages compared with their 
corresponding constant cases. 
 
 
 
 
  



FILTRATION JOURNAL – 2008 

VOLUME 8(3) 
 

 Industrial news and new products/processes 

 The Filtration Society news 

 American Filtration Society news 

 Glossary of filtration and separation 
 
Technical Paper Abstracts 
 
GUARANTEE HIGH DUST COLLECTOR EFFICIENCY AND PRESERVE PROFITS 
 
A. Dotti (pages 194-197) 
  
Tyco Environmental Systems, through its Goyen and Mecair brands, provides a unique service to 
fabricators of dust collectors and those who use them.  The GOCO software accurately models the 
cleaning of filters in on-line reverse pulse jet applications.  This tool allows the full optimisation of 
the dust collector’s filter cleaning system taking into account the details of the particular 
application.  More than ten years of operation and improvement to the software have shown 
GOCO to be a highly effective way to eliminate risk in the design and minimise operating costs 
associated with filter replacements and compressed air energy. 
 
Now, the global experience and capability of Goyen Mecair is taking the GOCO configuration a 
step further by supplying the complete cleaning system ready to go to the fabricator.  Such 
capability markedly reduces the fabricator’s risk of a failed filter cleaning system. 
 
AHLSTROM DISRUPTOR™: NANOALUMINA FIBRE WATER FILTRATION MEDIA 
 
R. Komlenic (pages 197-201) 
  
 Historically, there have been relatively few significant changes in filter media. With its natural 
electrokinetic potential and the ability to function through both electroadhesion and mechanical 
entrapment to effectively remove viruses, bacteria and particulates at high flow rates, nano-
alumina fibre based Disruptor™ technology represents one such change.  It is a multifunctional 
depth filter medium, effective for many water polishing applications.  The nano-alumina media can 
also be used as a support scaffold for a wide range of very fine or nanopowders to impart 
compound specific adsorbance. 
 
MICROFILTRATION WITH ROTATING MEMBRANES 
 
Y. Taamneh and S. Ripperger (pages 202-207) 
  
In many processes in the chemical industry and in environmental techniques it is necessary to 
separate finely dispersed solid/liquid systems in order to get either the regenerated solids or the 
solid-free liquid.  Membrane filtration often relies on the presence of a shear stress at the 
membrane surface to reduce the accumulation of foulants.  In classical crossflow filtration with 
membrane modules, the shear stress is brought about by tangential flow along the membrane 
surface which leads to pressure drops.  For high concentration suspensions, the shear stress to 
reduce fouling may be so high that the required flow rate would induce an unacceptably high 
pressure drop.  In cases of fractionation or classification a uniform trans-membrane pressure is 
needed for a high efficiency separation.  For the rotating disc filter, the shear stress and flow are 
not alike since shear stress is only a function of the rotational speed.  Therefore, these filters 
appear to be most applicable to the filtration of high concentration suspensions.  Commercially, 
rotating disc filters have been implemented both as membrane discs rotating between stationary 
baffles and as fixed membrane discs next to rotating baffles. 
 
In the following, filters with rotating membranes will be presented and their special advantages 
explained.  The multi shaft disc (MSD) separator is designed in such a way that the membrane 
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discs are mounted on two hollow shafts and form a shear gap.  The opposite movement of the 
discs enhances the shear stress over the surface of the membranes.  The solid/liquid separation 
process using such rotating membranes is often performed as a continuous operation to ensure an 
uninterrupted production process and a high efficiency (high filtrate flux at minimum energy input).  
Experimental results with an MSD separator and centrifugal disk (CD) filter are presented.  The 
machines could be used as a new classification technique for the separation of a fraction of very 
fine particles, thereby avoiding cake formation. 
 
A STUDY OF THE MECHANISM OF WET AND DRY FILTRATION USING NIST TRACEABLE 
GLASS MICROSPHERES 
 
G. Rideal, E. Roberts, A. Stewart and J. Storey (pages 207-210) 
  
 This work investigates the performance differences in filter media depending on whether the 
challenge test is conducted in the dry state or using a liquid suspension of microspheres.  
Comparisons of filter cut points between a pulsed air flow and a single pass liquid suspension 
method were used to investigate the mechanisms of filtration.  Depth filtration effects were 
examined by comparing 2-dimensional filters (precision electroformed filters) to moderate depth 
filters (pillow fabric and needlefelts) and a 3-dimensional depth filter (water cartridge filter).  No 
differences were found for 2-dimensional filters but significant differences in performance were 
found between wet and dry analysis of 3-dimensional filters.  There was little evidence of 
secondary filtration in the suspension method for concentrations from 0.2% down to 0.025%. 
 
DEFOULING OF POLYMERIC MEMBRANES DURING MICROFILTRATION PROCESSING 
USING ULTRASOUND IN VARIOUS MEMBRANE MODULES 
 
A. Maskooki, S. Ali.Mortazavi and A. Maskooki (pages 211-217) 
 
 The cleaning effects of ultrasound on the surfaces and pores of polymeric membranes have been 
proved for many years.  In this paper, the defouling of three kinds of membrane at various 
ultrasound frequencies were investigated.  The three membrane modules, hollow fibre, flat sheet 
and spiral wound were cleaned by irradiation at 28, 45 and 100 kHz and a constant intensity of 300 
W during forward flushing with ultrapure distilled water for 30 mins. after fouling by 1% skimmed 
milk.  The statistically analysed results showed that the best cleaning effects are obtained for the 
hollow fibre membrane, using all tested frequencies during the first 5 mins. of ultrasound 
application; this is due to the lack of barriers such as a holder or membrane support in the module 
design.  Although cleaning effects were observed for the flat sheet membrane module using 
ultrasound, especially at a frequency of 28 kHz, the cleaning efficiency at the same conditions was 
lower than for the hollow fibre system.  The stainless steel and acrylic holders used in the module 
design prevented sonic power from reaching the surfaces and pores of the membrane which may 
be mostly due to turbulence of the feed and permeate solution by ultrasonic waves.  The minimum 
ultrasonic cleaning effects were obtained with the spiral wound membrane module in which only 
the outside layers were affected.  This is a consequence of the special module design and the 
barrier effects of the configuration and membrane holders. 
 
POLYELECTROLYTE CONDITIONING EFFECT IN SLUDGE ELECTRODEWATERING 
 
H. Saveyn, G. Pauwels, R. Timmerman and P. van der Meeren (pages 218-224) 
  
Activated sludge is known to poorly dewater due to its high surface charge density and the extreme 
solids compressibility, even after polyelectrolyte conditioning.  The application of an electric field 
during pressure dewatering of sludge can enhance the dewaterability by the electroosmosis effect. 
 
A comparative study was conducted to investigate the additional effect of an electric field, applied 
during the expression phase, on the dewatering course of polyelectrolyte conditioned sludge 
compared to mere pressure dewatering.  It was found that application of the electric field markedly 
improved the dewatering kinetics for all sludge samples, regardless of the conditioning treatment.  
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By means of on-line streaming potential measurements and fractionated filtrate electrophoretic 
mobility measurements, it could be demonstrated that even at high polyelectrolyte doses, leading 
to positively charged sludge flocs, negative surface charges were still present inside the sludge 
matrix.  During expression of the sludge cake, when liquid is forced to move through the floc inside 
pores, these negative surface charges hampered pressure dewatering, but enhanced 
electroosmotic dewatering.  Electroosmosis is therefore an appropriate technique to remove the 
water fraction that is associated with these negative surface charges. 
 
CHARACTERIZATION OF SLUDGE FILTRATION 
 
H. Yukseler, U. Yetis and I. Tosun (pages 224-229) 
 
 Buchner funnel filtration tests using an activated sludge obtained from a nearby wastewater 
treatment plant are analysed in the light of the multiphase filtration theory which states that the 
controlling factor in filtration is not the resistance of the cake but the resistance of the cake-septum 
interface.  Experimental results indicated that the pore size of the filter medium strongly affects the 
filter performance.  It is concluded that up-flow Buchner funnel experiments must be carried out 
using an industrial scale filter medium. 
 
A NOVEL METHOD FOR IMPROVING LOW SEPARATION PERFORMANCE OF TOLUENE 
FROM N-HEPTANE VIA EMULSION LIQUID MEMBRANES CONTAINING SUBSTITUTED 
CYCLODEXTRINS AS CARRIERS 
 
M. Chakraborty and H.-J. Bart (pages 229-237) 
  
 The selective separation of toluene from n-heptane is investigated using unsubstituted α-
cyclodextrin (αCD), β-cyclodextrin (βCD) and also with two substituted CDs as a carrier in 
oil/water/oil-type emulsion liquid membranes.  The separation factor for toluene to n-heptane is 
evaluated from the extraction of an equimolar mixture of toluene and n-heptane.  βCD shows the 
highest selectivity followed by αCD, hydroxypropyl-αCD and hydroxypropyl-βCD.  The separation 
performances, represented by the permeation rate and separation factor, are analysed 
systematically by varying the operating parameters: contact time, concentration of carriers, volume 
fraction of the membrane phase and the relative amount of solvent.  The dispersed drop sizes as 
well as internal droplets sizes define the interfacial contact area and are important in determining 
efficiency of extraction and stability of the liquid membrane.  The effects of carriers and interfacial 
tension on dispersed phase drop size, internal droplets size and size distribution are also 
systematically investigated. 
 
NUMERICAL STUDY OF FLOW AND PRESSURE CHARACTERISTICS FOR DIESEL 
PARTICULATE FILTERS WITH SQUARE AND TRIANGLE CHANNELS 
 
X. Zhang (pages 238-247) 
  
In a previous paper the effects of filter wall permeability, channel length and width, as well as inlet 
mass flow rate on velocity distributions and pressure loss were investigated for diesel particulate 
filters (DPFs) with square channels.  The current study is focussed on investigations of fluid flow 
and pressure drops inside a comparable DPF with triangle channels.  Two DPFs with equilateral 
triangle channels are considered: one has the same channel width as the square channel DPF and 
the other has the same total open frontal area.  A triangle structure with the same channel width 
has more individual channels and larger total filter wall surface area.  The total filter wall surface 
area is the same when both structures have the same total open frontal area. 
 
The effects of filter wall permeability, channel length and width, as well as inlet mass flow rate were 
studied by 3-D numerical simulations.  The velocity profiles along the centrelines of channels, as 
well as inside the filter wall, are compared.  For the same channel width and length, triangle 
channels result in much lower filter wall velocity and much higher velocity along the centrelines of 
inlet and outlet channels which leads to higher pressure loss.  For the triangle channel geometry, 
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flow transitions are observed as wall permeability increases or channel length increases and 
(compared with square channels) the transitions occur at much lower wall permeability and shorter 
channel lengths.  Flow transition is delayed for an increase of channel width.  The optimal channel 
length for triangle channels is dependent on channel width and a correlation is given.  Results 
show that a much smaller optimal channel length is required compared to a square channel with 
the same channel width.  The advantages and disadvantages of using triangle channels are 
discussed regarding pressure loss and soot loading capacity. 
 
A NEW METHOD TO OBTAIN INFORMATION ABOUT THE PORE SIZE DISTRIBUTION IN 
MICROPOROUS POLYMERIC MEMBRANES 
 
J. Llorens, P. Marco, J. Sabaté, M. Pujolà, I. Felip and E. Plumed (pages 248-251) 
 
 Transport measurements of selected fluids through porous membranes provide information on 
precise statistical moments of the membrane pore size distribution (PSD).  It is assumed that 
membrane porosity, εT, is distributed on different pores sizes which are statistically distributed.  
Mean pore sizes are determined on the basis of statistical moment analysis.  This paper focuses in 
the special case of determining PSD in microfiltration (MF) membranes from a collection of 
experiments that include porosity and bubble point determinations and liquid and gas permeations. 
 
INTERDEPENDENCE OF FINE PARTICLE FILTRATION PERFORMANCE AND DUST LOAD 
FOR ELECTROSTATIC MEDIA 
 
J.A. Schütz (pages 252-258) 
  
 In this paper changes of penetration and pressure drop in electrostatic filter media that are caused 
by the capture of fine particles from a gas stream passing through the medium are approximated 
by a set of fit functions.  These functions are shown to provide excellent representations of 
experimental data obtained from an electret split fibre medium, a highly charged triboelectric 
medium and an uncharged needlefelt.  The media are benchmarked by relative comparisons of 
respective quality factor dependencies. 
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MEMBRANE BIOREACTORS (MBR) - AN ADVANCED PROCESS FOR WASTEWATER 
TREATMENT 
 
C. Deakin (pages 282-285) 
 
 Public concern over health and the environment, combined with increased requirements for 
municipalities to reuse wastewater, have created a need for new technologies that can generate 
high quality effluent at low cost.  Throughout the world, there are many membrane bioreactor 
(MBR) systems in operation with many more in the design/construction phase.  These range from 
small to large systems, treating both municipal and industrial wastewater.  Small MBR systems are 
often used for water reuse within commercial developments, such as office complexes or shopping 
malls, whereas municipalities and industries operate the larger plants. 
 
IMPROVING SEAWATER DESALINATION WITH REVERSE OSMOSIS 
 
T. Peters (pages 285-288) 
  
 There is an ever increasing demand for potable water and high quality water for industrial 
applications.  The areas affected are not only the arid regions in the world with their chronic water 
deficiency, but also urban agglomerations and industrial centres, especially in coastal areas where 
the capacity limits of natural supplies have almost been reached.  
 
One possibility of rapidly growing importance, and in some cases the only remaining option to 
satisfy the increasing demand for good quality potable water for an increasing population, is the 
desalination of seawater.  For this, the membrane process reverse osmosis is used increasingly.  
But even if in the last three decades numerous important technological improvements have helped 
to create a reliable and cost effective process, developments have been implemented recently that 
contribute to a further reduction of water production costs.  Amongst others, these are the 
installation of energy saving devices instead of energy recovery units, the use of ultrafiltration as a 
pre-filtration step, and the innovative seawater intake and partial pretreatment Neodren that will be 
discussed here in detail. 
 
TRENDS AND TECHNOLOGY RELATED TO FILTER MEDIA DEVELOPMENT 
 
R. Lydon (pages 289-295) 
  
 It is often said that at the heart of any filter is the filter medium which determines whether a filter 
process will perform adequately to give the desired separation efficiency.  One of the key roles of a 
filter medium is to create a clear separation of particulate from a liquid or gas with the minimum 
consumption of energy.  This paper describes some of the latest developments in filter media 
technology. 
 
COMPUTER SOFTWARE FOR THE AUTOMATED SPECIFICATION OF SOLID/LIQUID 
SEPARATION EQUIPMENT 
 
E.S. Tarleton and R.J. Wakeman (pages 295-302) 
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 This paper details Filter Design Software® (FDS), Windows® software for the selection and 
simulation of solid/liquid separation equipment as well as the analysis of test data.  FDS was 
developed in collaboration with multi-national companies spanning a wide range of industrial 
sectors to provide a comprehensive calculation, education and training tool that maintains a 
balance between ease of use, level of knowledge conveyed and comprehensibility.  FDS is a 
sequence of interlinked modules that can be used independently from one another.  The full set of 
FDS modules offers many capabilities, including:  
 

 A catalogue and explanation of the main operational and design features of 70+ equipment 
types and a procedure for ranked equipment selection 

 Full analysis capabilities for leaf filter, jar sedimentation and expression test results to give the 
parameters required for scale-up and simulation of solid/liquid separation equipment 

 Comparison of data sets from a range of tests or trials 

 Simulation of 20+ types of vacuum and pressure filters 

 The ability to import data files from other software (e.g. spreadsheets) 

 Web access to equipment suppliers. 
 
THE IMPACT OF ECONOMIC AND COMMERCIAL ISSUES IN MUNICIPAL WASTE 
MANAGEMENT 
 
J. Heath and I. Crummack (pages 303-308) 
 
The waste management industry is a highly regulated sector. In recent years many legislative 
instruments have had significant effects on waste management.  Two of the most important have 
been the Environmental Protection Act and the Landfill Directive.  The Landfill Directive has led to 
the introduction of the Landfill tax and then Landfill Avoidance Targets (LATS).  The Environmental 
Protection Act has led to the Pollution Prevention Control regime under which most waste 
treatment facilities now have to operate. 
 
Much of the activity in waste management stems from local government and the statutory 
responsibilities of Waste Disposal Authorities (WDA’s) to deal with Municipal waste.  Thus, many 
other central government policies have had an effect on the private waste management industry 
through their contracts with WDA’s.  The Local Government Act encouraged the outsourcing of 
local government services and helped move Local Authority Waste Disposal Companies 
(LAWDC’s) into the private sector.  This produced a massive increase in private waste 
management industry activity.  One of the knock-on effects was to move the financing of waste 
disposal facilities from government to private borrowing. 
 
While legislation still provides the over-arching constraints that the industry works around, it is the 
private financing that drives the economic and commercial issues in the sector.  Financial 
constraints effectively govern anyone trying to develop projects in the sector and an understanding 
of these is essential if projects are to be developed successfully.  For many years in the past the 
answer to waste disposal was landfill or public financed facilities.  Now instead of landfill, the 
solution increasingly has to involve dedicated facilities where technology is employed to solve the 
waste disposal problem, be it a recycling facility or a final disposal facility such as Energy from 
Waste (EFW). 
 
PRESSURE FILTER PROCESS OPTIMIZERS AND DATA ACQUISITION SYSTEMS 
 
S. Manninen, L. Kaipia and K. Koskela (pages 308-311) 
  
 This paper introduces tools for process optimised filtration by pressure filters as used by Larox, a 
supplier of solutions and technology in solid/liquid separation.  Automation is an essential part of 
the whole system and Larox filter process control is based on Programmable Logic Control (PLC).  
All field components are connected to the PLC by bus technology and the man-machine 
communication is handled by a local interface unit.  The automation also contains real time data 
acquisition and reporting systems. 
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FILTER AID PORE SIZE AND PORE STRUCTURE CHARACTERIZATION 
 
E. Mayer and W. Li (pages 312-317) 
  
Filter aids are powdered materials used as precoat/body feed to improve filtration rate and filtrate 
quality in cake filtration.  There has been a trend that filter aids are added in membrane, cartridge, 
and sand filters to enhance operations.  Screening or pre-selection of filter aids for the various 
filtration applications are normally based on their physical (particle size distribution, bulk density), 
chemical (chemical composition, crystalline silica content), and filtration specifications (cake 
permeability, filtrate NTU, cake density, efficiency of specific sized particles removal).  Filtration 
properties or specifications are obtained from water tests, and are sometimes not consistent with 
results when applied to specific applications with actual solid/liquid samples.  To fill the gap 
between water and actual sample test results, and to narrow filter aid selection prior to lab or field 
tests, it is suggested that the pore characteristics of filter aid beds should be included in filter aid 
product specifications. 
 
Various types of filter aids including rice hull ash, diatomaceous earth and perlite are involved in 
the current study.  Capillary flow porometry was used to measure pore structure data such as 
minimum pore size, mean flow pore size, pore size distribution and envelope surface area.  The 
fundamentals of capillary flow porometry for filter aid powder characterization, pore characteristic 
results, and correlations of the pore data with particle size and filtration testing results are 
presented in the paper.  Problems and recommendations of flow porometry for powdered filter aid 
characterization are also discussed. 
 
INFLUENCE OF MEMBRANE TYPE ON FILTRATION CHARACTERISTICS AND PROTEIN 
REJECTION IN CROSSFLOW MICROFILTRATION 
 
K.-J. Hwang and H.-S. Chiu (pages 317-322) 
  
 The effects of membrane morphology and operating conditions on particle fouling, filtration flux and 
protein rejection in crossflow microfiltration of a binary suspension are studied.  Two kinds of 
membranes, made of polycarbonate (Isopore®) and PVDF (Durapore®), were used for filtering 
PMMA submicron particles/BSA binary suspensions.  The cake mass, membrane fouling and 
filtration resistance under various filtration pressures and membrane morphologies were measured 
and discussed.  Experimental results show that the filtration flux increases with an increase of 
filtration pressure.  The particle blocking and fouling phenomena in the membrane pores were 
observed by SEM analysis. 
 
During the early period of a filtration, the blocking mode can be explained by the complete blocking 
model for the Isopore® membrane, and the standard blocking model for the Durapore® membrane.  
After a period, the modes change to cake filtration for all membranes, and the cake resistance 
plays the major role in determining the overall filtration resistance.  Since membrane blocking is 
more severe for the Isopore® membrane, more cake is formed and then lower BSA rejection 
obtained for the Durapore® membrane.  As a result, filtration fluxes become almost the same for 
the tested membranes at the pseudo-steady state.  The trend for BSA rejection can be explained 
by the BSA transport mechanism. 
 
EQUATION OF STATE FOR POROUS MEDIA: THEORETICAL PROPERTIES OF WELL 
FORMED MEDIA 
 
N.H. Andreas (pages 323-328) 
  
 The properties currently used to characterize porous media for filtration applications are shown to 
be interrelated via an equation of state which is theoretically exact for a medium which is ‘well 
formed’ as defined in this paper.  Theoretical and experimental results are presented which 
corroborate the validity of the derived equation of state.  The utility of the result to media 
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manufacturers and filtration engineers is discussed in some detail via several application 
examples.  
 
The proposed equation of state is a new result and relates for the first time all the variables that 
have a bearing on filter media engineering: porosity, specific permeability, initial bubble point, 
tortuosity, surface tension and wetting angle of the fluid used to measure the initial bubble point.  
The only additional phenomenological parameter introduced not currently in general use to 
characterize filter media is the ratio of the largest pore diameter to the average diameter present 
which is central to the concept of ‘well-formed media.’  Since the average pore diameter is what 
can be typically obtained from the equivalence of the pore interfacial area to the interfacial area of 
the constituent grain particles from which the filter media is formed, the requirement that a 
relationship must obtain and should be considered an axiomatic requirement for the manufacturing 
of filter media with consistent properties.  
 
If, for example, a media manufacturer offered filter media with no necessary relationship between 
the average pore diameter and the largest pore diameter present and the largest pore diameter 
was allowed to be variable, such media would be of little value in critical filtration applications. 
 
A STUDY OF POLYANILINE MEMBRANES FOR GAS SEPARATIONS 
 
Y. Gupta and R.J. Wakeman (pages 329-334) 
 
 A novel method to make reproducible, defect free, dense, self-supported polyaniline films with 
thicknesses between 2 and 6 μm, and polyaniline nano-film membranes with selective polyaniline 
layer thicknesses between 300 and 800 nm supported on a porous polyvinylidene fluoride (PVDF) 
substrate was developed.  Undoped, self-supported polyaniline and polyaniline/PVDF composite 
membranes were tested to measure their transport properties for various pure gases such as H2, 
CO2, O2, N2, CH4, C2H4, C2H6, C3H6 and C3H8.  The productivity increased almost linearly with 
decreasing polyaniline film thickness.  The productivity values obtained for all permeating gases 
were significantly higher in the case of ultrathin polyaniline membranes.  
 
The gas transport rates (GTR) for various gases were higher by a magnitude of 104 than those 
reported for self-supported polyaniline membranes.  The pure gas selectivity values obtained for 
various gas pairs through self-supported polyaniline membranes were similar to those of self-
supported polyaniline membranes.  The permeation behaviour of binary gas mixtures (O2-N2, CO2-
O2 and CO2-N2) through self-supported polyaniline membranes and polyaniline/PVDF composite 
membranes at various feed compositions was investigated.  The pure gas and mixed gas 
selectivity values were similar for the non-polar mixed gas system (O2-N2 mixed gas system).  The 
productivity (permeance) can be significantly increased by using ultrathin polyaniline membranes 
of higher permeability and gas flux with similar separation efficiency for various gas pairs. 
 
PREDICTION OF PORE SIZE AND PRESSURE DROP OF POROUS WOVEN WIRE CLOTH 
FILTER MEDIA ON THE BASIS OF CALCULATION MODELS 
 
S. Schütz, P. Kopf and M. Piesche (pages 335-344) 
  
Porous woven wire cloth filter media are often used for filtration purposes with hot or chemically 
aggressive liquids and gases.  Their regular geometric structure is the basis for specific filtration 
applications with distinct particle cut sizes.  Despite the widespread use of these filter media the 
prediction of specific filtration properties is usually not possible for manufacturers. 
 
Within the scope of this work a range of methods were developed and provided to characterize the 
filtration properties of woven wire cloth filter media when the most important geometric data such 
as wire gauge or lattice spacing of the cloths are known.  First, the possibility to calculate the 
maximum diameter of a spherical particle which passes a wire cloth filter medium is developed due 
to geometric investigations based on the most important geometric filter medium parameters.  In 
the second part the applicability of the bubble point test to determine the maximum effective pore 
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size in a filter medium is discussed.  It is shown how the bubble formation and therefore the 
experimental results depend on the wire cloth geometry and the bubble formation dynamics.  
Finally, dimensionless numbers are defined to predict the pressure drop of woven wire cloth filter 
media with similarity laws if characteristic geometric filter medium parameters are known. 
 
The described methods were applied to square mesh, single plain Dutch weave, reverse plain 
Dutch weave and Dutch twilled weave filter media.  The results of the calculation models are 
compared to the authors own experimental data and CFD (computational fluid dynamics) 
simulations as well as experiments published in the literature.  In all cases the model results show 
good accordance with the validation data.  Based on these calculation models it becomes easier 
for filter media manufacturers to offer products to their customers which are adequate for specific 
filtration tasks. 
 


