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a b s t r a c t
Prediction of pore fouling by microparticles is still challenging and remains a difficult step to optimize
membrane and filtration processes. The scientific issue consists in determining the relevant operation
parameters controlling the capture of particles and the clogging of the filter. In this study, we have developed for a dead-end and cross-flow filtration a poly-dimethylsiloxane (PDMS) device which allows direct
observation of the clogging dynamics of microchannels (20 lm wide) by micrometric particles (5 lm
diameter). The experiments highlight the formation of different 3D clogging patterns according to the filtration conditions (particle concentration, flowrate, particle flux density and physical–chemical conditions of suspension). Besides, we have determined under which specific conditions of filtration, the
latex microparticles are captured and form arches, clusters or dendrites. For each type of structure, the
temporal dynamics of the particle deposition are analyzed by means of the average thickness of deposit.
The critical conditions for the formation of arches leading to deposit formation have been identified in
term of a combination of operating conditions: the particle concentration and the particle velocity. A critical particle flux density yielding pore clogging is then observed and characterized. Studying these experimental results helps to identify pore clogging mechanisms: deposition, interception and bridging.
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1. Introduction
For separation processes such as microfiltration or ultrafiltration, one of the most stringent issues is the clogging of the porous
material which reduces the process efficiency [1] and increases energy consumption. To reduce or prevent the impact of filter or
membrane fouling, it is necessary to understand how these phenomena occur and how they are influenced by operating conditions of the process (i.e. the filtered dispersion, the filter, and the
filtering conditions).
In former experimental and numerical studies, it has been
shown that filter clogging or membrane fouling is controlled by a
complex interplay between the drag force acting on particles
(due to permeation velocity [2]), direct hydrodynamic interactions
(e.g. shear induced diffusion), the properties of particles [3] and
particle/particle or particle/wall non-hydrodynamic surface interactions [4]. For micrometric particles, it has been shown that the

colloidal interaction plays an important role in fouling and clogging events. A major consequence of this is the existence of a critical filtration velocity which yields fouling or clogging (when drag
force overcomes the double layer electrostatic repulsion barrier).
This has been identified by Ramachandran and Fogler [5] while
they investigated the conditions of multilayer deposition in microchannels and by Field et al. [6] and Bacchin et al. [2] when they
found membrane filtration conditions preventing deposit formation. In spite of several numerical and experimental investigations,
there are still important discrepancies between experimental
observations and model predictions of critical velocities [7]. The
main causes for these discrepancies are related to a complex and
collective particle behavior (due to multi-body particle interactions) at the pore scale that cannot be described yet by classical
Lagrangian or Eulerian modeling [4].
In order to progress towards a better understanding and
description of clogging mechanisms, it is then necessary to have
a direct access to experimental information at the pore scale [8]
(whereas in past decades the investigations were based on the
global variation of operating conditions like the filtrate flux and
pressure drop on the whole filter or membrane surface). Recently,
the direct visualization of micropore fouling has been made

possible by new progresses in the micro-device fabrication technology [9]. Mustin and Stoeber [10] have investigated the effect
of particle sizes (between 0.47 lm and 1.5 lm) on the dynamics
of microsystem clogging by means of filtration experiments carried out at a constant pressure drop. According to the size distribution of particles in suspension, they concluded that deposit of
particles leading to the microsystem clogging occurs through successive particle deposits, particle size exclusion, or through a
combination of these effects. Sharp and Adrian [11], by means
of experiments in microtubes, have observed blockage due to
arches formation. The experiments were carried out with liquids
seeded with polystyrene latex beads at very low volumetric concentration. They showed that a stable balance between the hydrodynamic forces and the contact forces (friction) between particles
and the wall can lead to the formation of stable arches. Wyss
et al. [8] have studied the clogging of PDMS microchannels by
aqueous suspensions of monodisperse polystyrene beads. The formation of clogs in the microchannel occurred when a critical
number of particles was flowing through the pore whatever the
flowrate and the particle volume fraction.
In this context, our contribution to the study of pore fouling is
to investigate the dynamic capture and deposition of particles at
a pore entrance by using an experimental approach (experimental
devices similar to those presented in [4,8]) for dead-end and crossflow filtration of latex suspensions. Then, this manuscript reports
on different particle concentration, flowrate of suspensions (filtration velocity), particle flux density and physical–chemical conditions (effect of additional salt).
The paper is organized as follows. A brief description of the
experimental technique, visualization procedure and quantification of the average thickness of particle deposit is given is Section 2.
In Section 3, we investigate the kinetics of clogging characterized
by the evolution of average thickness of deposit on plug imaging.
The effects of particle concentration, filtration flowrate and physical–chemical properties of latex particle suspensions on clogging
are also discussed. In Section 4, we identify the experimental
parameters leading to the capture and deposit of particles and analyze the dynamics of this deposition.

For this study, we used monosized polystyrene microspheres
(Sulfate latex 4% v/v Invitrogen Molecular Probes) dispersed in
pure water. These spherical negatively charged particles have a
diameter equal to 4.9 lm ± 0.21. Particles are smaller than the
width of microchannel pores. For filtration experiments, they are
dispersed either in ultra-pure water or in a KCl solution. When particles are dispersed in salt solution (KCl concentration typically
equal to 10ÿ1 M in our investigation), the magnitude of the electrostatic interaction between particles and the PDMS wall is reduced.
This KCl concentration is lower than the critical salt concentration
in a quiescent fluid ð2:10ÿ1 MÞ in order to avoid the aggregation of
particles. Prior to filtration, the latex suspensions are sonicated and
then observed under the microscope to verify the absence of particle aggregation.

2. Description of experiments

2.2. Filtration technique and visualization procedure

2.1. Materials

These PDMS devices allow a direct observation (thanks to a video or a confocal microscopy with a magnification of 100) of the
clogging of microchannels by microparticles. For each set of experiments, the particle suspension is injected in the device with a
fixed volumetric concentration (ratio between the volume of latex
particles and the volume of filtrated suspension). Different values
of the flowrate are imposed through the microchannel by the syringe pump (Sky Electronic PS 2000). The microsystem is placed on
the platform of an Axiolab (Zeiss) microscope (see Fig. 2). The visu-

From an experimental point of view, a key to breakthrough in
understanding fouling phenomena is the development of novel,
non-invasive, in situ quantification of physical–chemical interactions occurring during filtration [12]. To answer to this need, we
developed poly-dimethylsiloxane (PDMS) microfluidic devices to
mimic filtration systems. It consists in the elaboration of microseparators (microsystems) in PDMS designed by usual soft lithography technique [13]. The transparent device associated with digital video microscopy allows a direct observation of latex particles
and deposit formation within the microseparator during filtration.
Our device consists in parallel arrangement of several 27 microchannels being 20 lm wide (to mimic a set of ideal pores in a filter). The distance between the centers of two successive
microchannels is 70 lm and the total filtration length is equal to
1.94 mm. The depth of all microchannels is 50 lm and their length
is 200 lm. Then, the value of filtration surface S in front of microchannels is equal to 0.097 mm2 for all filtration experiments. A
partial view of our microsystem is shown in Fig. 1 where the direction of the flowing suspension can be parallel to the filtration area
(to mimic cross-flow filtration) or perpendicular to the area (to mimic dead-end filtration). The PDMS microsystems are periodically
rinsed with ultra-pure deionized water.

Fig. 1. Schematic view of the PDMS micro-separators used for dead-end and crossflow filtration.

Fig. 2. Experimental set-up for imaging the channel blockage.

alization of particles capture and deposit in dead-end or cross-flow
filtration has been recorded by using highly sensitive camera (Pixelfly QE, PCQ). This camera is connected to the computer for image
storage, data processing and results analysis. The dynamics of the
particle capture and deposit are recorded by grabbing images every
20 s of filtration. The temporal evolution of the average thickness
of the particle deposit is analyzed for all experiments.
2.3. Average thickness of particle deposit
The application of the thresholding technique which has been
made possible thanks to the ImageJ software helps to quantify
the surface occupied by the deposited particles present in the
microsystem. The binarization of the obtained images, facilitated
by the strong contrast between the adhered particles and the rest
of the microsystem image, allows to determine the number of pixels occupied by the PDMS wall and deposited particles. The number of pixels corresponding to the first recorded image (image
with microchannels only) has been subtracted from the pixel values of other images recorded in time in order to take into account
the deposited particles. This normalized number of pixels is then
converted to surface (mm2 in particular) due to the known dimensions for engravings present in the microsystem: 1 mm corresponds to 783 pixels. The ratio between the surface of deposited
particles and the length of the filtration zone (1.94 mm) equals
the average thickness of deposit.

ÿ1

Fig. 3. / ¼ 10ÿ3 v=v; q ¼ 2 ml h : no deposit of particles after 90 min of dead-end
filtration. Latex suspensions are dispersed in ultra-pure water.

ÿ1

3. Operating conditions and experimental results
A set of experiments has been carried out in order to analyze
the clogging of microchannels by different patterns of deposit
structures formed by microparticles (5 lm diameter). These experiments are performed under various conditions:
 the volume fraction (/) of particles is varied: between 5:10ÿ4
and 5:10ÿ3 ,
 the flowrate q of suspension is varied between 0.4 ml hÿ1 and
20 mlhÿ1 corresponding to an average flow velocity in the feeding channel ranging from 1.2 mm sÿ1 to 57 mm sÿ1. Under those
flow conditions, the Reynolds number ranges between 0.024
and 1.14 corresponding to laminar flows.
The Stokes number of particles associated to these experimental
conditions is very small ranging between 8:10ÿ5 and 4:10ÿ3 . Thus,
inertial effects of particle dynamics are negligible. The diffusion of
latex particles is also negligible because the Peclet number is very
high ranging between 0ð104 and 106 Þ. Finally, the sedimentation of
particles can be neglected because the sedimentation time of particles (50 s) in the depth of microchannels is much longer than the
ÿ1
residence time (10ÿ2 s for q ¼ 2 ml h ) of particles in the
microchannel.
The results obtained by varying the volume fraction of particles,
the filtration flowrate and the physical–chemical conditions of the
suspension are analyzed in the following subsections.
3.1. Effect of particle concentration
ÿ1

At a constant flowrate ðq ¼ 2 ml h Þ, the volume fraction of latex suspensions has an important effect on the capture mechanism. After 90 min of filtration, no particle capture is observed
when the volume fraction of particles dispersed in pure water is
10ÿ3 (Fig. 3) whereas particle capture is clearly occurring when latex suspension concentration is increased to 5:10ÿ3 (see Fig. 4
where dark regions are related to a local increase of the particle deposit). The formation of these cluster structures does not occur

Fig. 4. / ¼ 5:10ÿ3 v=v; q ¼ 2 ml h : cluster formation after 90 min of dead-end
filtration. Latex suspensions are dispersed in ultra-pure water.

homogeneously in the channel but depends strongly on the interplay between the local fluid velocity (forcing particle wall interaction) and the 3D development of the structure (which perturbs the
flow). When the volume fraction of particles increased, the flux of
latex particles passing through the microchannel entrance was increased. For both experiments, it can be noted that a slight variation in particle concentration induces a dramatic change in
microchannel clogging. There is a critical particle volume fraction
(/ between 10ÿ3 and 5:10ÿ3 ) under which no deposit of particle
is observed. Iscan and Civan [14] have already discussed about
the effect of particle concentrations on fouling mechanism. They
conclude that a high volume fraction of particles may plug pore
and perforations (by bridging across during various well operations
including particle-containing water injections and workover activities) in unfavorable flow conditions. Ramachandran and Fogler [5]
also analyzed this feature (the pore clogging) as an increase of the
probability of bridging (several particles blocking simultaneously
the entrance) when the concentration of particles increases. This
mechanism could explain the sudden appearance of the clogging
for particle concentration above / ¼ 5:10ÿ3 .
In order to study the dynamic of the clogging, image analysis
are performed in order to obtain the temporal variation of the average thickness of deposited particles. Fig. 5 presents the evolution of
the average thickness of deposit for two volume fractions of particle during the dead-end filtration. For volume fraction / ¼ 10ÿ3 ,
the temporal evolution of the average thickness remains low
(0.018 mm at t = 90 mm). It means that no significant fouling is
occurring in the microsystem. For / ¼ 5:10ÿ3 , the value of this
average thickness increases quickly to 0.18 mm during 90 min
(the duration of the experiment). This is a clear evidence of particle
deposits formation during the filtration. An average thickness of
deposit equal to 180 lm corresponds to a multilayer (around 36
layers) of particles with 5 lm in diameter. These particle structures
correspond to the cluster observed in Fig. 4. A slope breaking is observed for a high volume fraction of particles ð/ ¼ 5:10ÿ3 Þ. As it
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Fig. 5. The temporal evolution of the average thickness of particle deposit: -ÿ1
ÿ1
(dispersed in
/ ¼ 10ÿ3 v=v; q ¼ 2 ml h , and -- / ¼ 5:10ÿ3 v=v; q ¼ 2 ml h
ultra-pure water) with snapshots of the cluster formation at t ¼ 15; 55 and 85 min.

Fig. 7. The temporal evolution of the average thickness of particle deposit: -ÿ1
ÿ1
(dispersed in
/ ¼ 5:10ÿ3 v=v; q ¼ 2 ml h , and -- / ¼ 10ÿ3 v=v; q ¼ 10 ml h
ultra-pure water).

will be further discussed in Section 4, this sudden increase can be
attributed to the change from arches formation to a rapid deposition (cluster formation) of different particle structures.

3.3. Physical–chemical effect on deposit structure

3.2. Effect of the filtration flowrate
To study the effect of the suspension flowrate in the deposition
process of microparticles and yielding clogging of microchannels,
the volume fraction (/) of latex particles is kept fixed (equal to
10ÿ3 ). During filtration experiments, the flowrate has been changed (from 2 mh hÿ1 to 10 ml hÿ1). The results in terms of average
thickness of deposit show again an important formation of particle
ÿ1
deposit for experiment carried out at q ¼ 10 ml h (Fig. 6) while
ÿ1
no deposit of particle is observed for the flowrate q ¼ 2 ml h . Indeed, increasing the flowrate enhances hydrodynamic forcing
which allows particles to overcome more easily the repulsion barrier and brings them to strong adhesion. The important deposit of
ÿ1
particle obtained at q ¼ 10 ml h results in a rapid increase of the
average thickness of deposit reaching 0.58 mm over 40 min of filtration as shown in Fig. 7.
Increasing the flowrate or the volume fraction of particles (previous subsection) lead to an important formation of particle clusters over time. In the discussion section, the existence of a
critical particle flux density (product of the flow velocity and the
particle volume fraction) for particle deposition will be presented.

The influence of the physical–chemical properties of the latex
suspensions on the particle deposition is analyzed in this section.
To determine the role of this physical–chemical effects in the deposition process, latex particles are dispersed in KCl solution at
10ÿ1 M for different particulate volume fractions. This reduces
repulsion barriers although the suspension remains stable in a quiÿ1
escent fluid. At a constant flowrate q ¼ 2 ml h , we have already
mentioned that under a volume fraction / ¼ 5:10ÿ3 no deposit of
particle has been observed when latex suspensions are dispersed
in ultra-pure water. However, particle structures are clearly identified above / ¼ 5:10ÿ4 (see Fig. 8) when suspensions are dispersed
in KCl solution. The electrostatic repulsive interaction between the
particles is reduced within water-KCl solutions; this facilitates the
deposition of particles. For particles dispersed in KCl solution at
10ÿ1 M, different fouling patterns can be observed when the different parameters are varied. For latex dispersions, it leads to the formation of dendrites attached onto the channel walls. The
formation of these dendrites is influenced by the flow direction
(streamlines orientation): straight and tilted dendrites are obtained respectively in dead-end filtration (see Fig. 9) and and
cross-flow filtration (see Fig. 10). The dendrites length for
/ ¼ 10ÿ3 can reach more than 100 lm, i.e. 20 particle diameters
after 90 min. The formations of dendritic structures have already
been observed by Payatakes and Gradon [15], but the mechanism
has not been clearly understood yet.
Fig. 11 indicates that the average thickness of deposit remains
ÿ1
almost unchanged for / ¼ 10ÿ3 ; q ¼ 2 ml h in the case of sus-

ÿ1

ÿ1

Fig. 6. / ¼ 10ÿ3 v=v; q ¼ 10 ml h : cluster formation after 40 min of dead-end
filtration. Latex suspensions are dispersed in ultra-pure water.

Fig. 8. / ¼ 5:10ÿ4 v=v; q ¼ 2 ml h : early instants of dendrites formation after
90 min of dead-end filtration. Latex suspensions are dispersed in KCl-water solution
at 10ÿ1 M.

ÿ1

Fig. 9. / ¼ 10ÿ3 v=v; q ¼ 2 ml h : formation of straight dendrites after 90 min of
dead-end filtration. Latex particles are dispersed in KCl-water solution at 10ÿ1 M.

Fig. 12. Summary of different deposit structures of latex particles formed during
ÿ1
filtration experiments. For q 6 2 ml h , images are taken after 90 min of filtration
ÿ1
while experiments performed at q ¼ 10 ml h last only 40 min.

ÿ1

Fig. 10. / ¼ 10ÿ3 v=v; q ¼ 2 ml h : formation of tilted dendrites after 90 min of
cross-flow filtration. Latex particles are dispersed in KCl-water solution at 10ÿ1 M.
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plays a role on the particle deposit and on the shape of deposit
structures (dendrite formation) at low volume fraction. This effect
of surface interactions tends to disappear when the volume fraction of particles is significantly increased. It has been possible to
form clusters and dendrites simultaneously under the same configuration by increasing the concentration of particles for suspension
dispersed in salt solution. The transition towards cluster formation
seems to appear for the same operating condition when particles
are suspended in ultra-pure water or salt solution.
In fact, increasing the volume fraction (up to / ¼ 5:10ÿ3 ) and
ÿ1
the flowrate (up to q ¼ 10 ml h ) leads the microsystem to experience a transition: clean microsystem without deposit towards
channel blockage by clusters. These features are possibly related
to the collective effect of particles (high volume fraction of particles: / ¼ 5:10ÿ3 ) and to the important hydrodynamic forcing (high
ÿ1
flowrate: q ¼ 10 ml h ) during the clogging mechanism. Indeed,
increasing the volume fraction of suspensions induces a significant
enhancement of bridging events for deposition whereas increasing
the flowrate induces an important hydrodynamic forcing which
helps latex particles to overcome their repulsive barrier yielding
adhesion.

Time of filtration experiments (min)
Fig. 11. The temporal evolution of the average thickness of particle deposit: -ÿ1
(dispersed
in
ultra-pure
water),
and
-/ ¼ 10ÿ3 v=v; q ¼ 2 ml h
ÿ1
/ ¼ 10ÿ3 v=v; q ¼ 2 ml h (dispersed in KCl at 10ÿ1 M).

pensions dispersed in ultra-pure water. However, this average
thickness increases to 0.075 mm (due to dendrites formation) in
ÿ1
90 min for the experiment performed at / ¼ 10ÿ3 ; q ¼ 2 ml h
when particles are dispersed in salt solution. These experiments
illustrate that colloidal interactions can play a significant role in
the capture of micrometric particles.

4. Discussion
The experimental results obtained under dead-end or crossflow filtration conditions with an imposed flowrate show the
dependence of the clogging on various conditions such as the volumetric concentration of latex particles, flowrate of suspensions
and physical–chemical conditions (summarized in Fig. 12). Changing physical–chemical conditions (adding salt in the suspension)

4.1. Critical conditions of particle deposit
Different filtration experiments have been carried out by varying the volume fraction of particles dispersed in ultra-pure water
and the flow velocity in suspension. Each experimental condition
where the combined effect of both volume fraction and flow velocity has been studied. For dead-end filtration, all results can be gathered in a single Fig. 13. Filled diamond symbols refer to particle
deposition and clogging while open circles correspond to the absence of clogging during our experiments. No clogging of microsystem is observed for a volume fraction of particles lower than 5:10ÿ4
whatever the values of average flow velocity. Likewise, a minimum
value of the flow velocity is needed to induce the capture and
deposition of particles at high volume fraction. Varying the particle
concentration or the average flow velocity influences the behavior
of particles. Based on this observation, we then consider the response of the system to the product V moy  / which represents
the particle flux density through the microchannel entrance area.
The average thickness of particle deposit is thus represented in

4.2. Arches formation leading to deposit

Fig. 13. Experimental conditions leading to deposition of latex particles and to the
microsystem clogging. Results shown in this figure represent the state of microsystem after 90 min of filtration performed by dispersing the latex particles in ultrapure water and varying the volume fraction of particles and the average flow
velocity: filled diamonds: clogging, open circles: no clogging.

Fig. 14 according to the product V moy  / for each experimental condition mentioned below:





in
in
in
in

 : / ¼ 5:10ÿ4 and V moy ¼ ð5:7; 28:5; 57Þ mm sÿ1 ,
} : / ¼ 10ÿ3 and V moy ¼ ð5:7; 28:5; 57Þ mm sÿ1 ,
 : / ¼ 2:510ÿ3 and V moy ¼ ð1:2; 5:7; 28:5Þ mm sÿ1 , and
þ : / ¼ 5:10ÿ3 and V moy ¼ ð1:2; 5:7Þ mm sÿ1 .

The dead-end filtration experiments performed at / ¼ 5:10ÿ3 ;
ÿ1
q ¼ 2 ml h and leading to the formation of cluster structures in
particle deposition have been observed more precisely focusing
on the pore entrance with an optical magnification of 500. Far
from this micropore, the filtrated suspension dispersed in ultrapure water remains stable. During 90 min, images showing the
positions of latex particles in flow have been recorded at
12 frames minÿ1 using a microscope with an optical magnification
of 500.
During the process of image acquisition, the sudden blockage of
the pore entrance can be observed between two successive images
at a very short time compared to the total duration of the experiment. Thus, for a filtration time equal to 35 min, Fig. 16 shows several particles arriving simultaneously at the pore entrance and
blocking the crossing section which was open 5 s before (Fig. 15).
Ramachandran and Fogler [5] have already highlighted this phenomenon called bridging. For filtration experiments of microspheres (0.249 lm in diameter) through the micropore (1 lm in
wide), they analyzed this feature as an increase of the probability
of bridging events (several particles blocking the entrance simultaneously) at a volume fraction of particles (PSS latex spheres) equal
to 1:235  10ÿ3 .
The bridging phenomenon is one among other mechanisms of
capture and deposition during the process of microchannel clogging. In addition to the bridging mechanism, one can note another
process of particle deposition called progressive capture of particles. It means that particles attach one by one either at a preferential position of micropore [16] at the beginning of filtration
experiments or onto another adhered particles. This progressive
deposition of particles (highlighted during the filtration of particles

When the average thickness of the particle deposit reaches ten
particle diameters, we consider that clogging occurs. This value
corresponds experimentally to the formation of arches at the pore
scale (Fig. 5). The presence of arches leads to definite and complete
clogging of the microsystem. Results shown in Fig. 14 confirm the
existence of a critical flux density leading to the particle deposition
and to the microsystem clogging. This critical value is estimated
between 4:10ÿ3 mm sÿ1 and 5:10ÿ3 mm sÿ1 during the dead-end
filtration of repulsive latex particles (5 lm in diameter) dispersed
in ultra-pure water.

)
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Average thickness of deposit (
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Fig. 15. Close-up on the open microchannel entrance after 34 min and 55 s of deadÿ1
end filtration ð/ ¼ 5  10ÿ3 ; q ¼ 2 ml h Þ.
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Fig. 14. Determination of a critical flux density of particle leading to the deposition
and to the microsystem clogging after 90 min of dead-end filtration. Each symbol
corresponds to a different volume fraction of latex particles dispersed in ultrapure water, ÿ  ÿ : / ¼ 5:10ÿ4 ; ÿ 5 ÿ : / ¼ 10ÿ3 ; ÿ  ÿ : / ¼ 2:510ÿ3 ; and ÿ þÿ :
/ ¼ 5:10ÿ3 .

Fig. 16. Final state of the bridging mechanism after the passage of 7650 particles
through the micropore in 5 s: close-up on particles blocking the microchannel
ÿ1
entrance after 35 min of dead-end filtration ð/ ¼ 5  10ÿ3 ; q ¼ 2 ml h Þ.

with low repulsion) leads slowly and to the clogging of microchannels with different aggregate (cluster) structures of particles
whereas bridging is a rapid transition.
To confirm definitely the occurrence of bridging in particle
deposition, we would need rather to record the microchannel
images each 0.5 ms (corresponding to the crossing time of particles
through a microchannel with a stable filtrated suspension).
5. Conclusion
Our work showed that particle capture and deposit formation
during microchannel clogging are depended on the balance between hydrodynamic forces (induced by the flow velocity), the volume fraction of dispersed particles and the physical–chemical
surface interactions. A slight change in this balance leads to strikingly different patterns of particle structures and pore clogging
aggregates (no deposit, dendrite, arch, dense deposit). Dendritic
structures appear when latex suspensions are dispersed in KCl salt
solution at 10ÿ1 M (i.e. for low particle–particle and particle-wall
repulsions). When suspensions are dispersed in ultra-pure water
(i.e. strong repulsions), we observe that cluster structures of particles are formed for experiments performed at / ¼ 5:10ÿ3 ;
ÿ1
ÿ1
q ¼ 2 ml h and at / ¼ 10ÿ3 ; q ¼ 10 ml h whereas no deposit
ÿ1
of particles is obtained at q ¼ 2 ml h ; / ¼ 10ÿ3 . The evolution of
the average thickness of particle deposit also shows a change in
the capture and deposit kinetics. For different conditions used in
these filtration experiments, we determine and quantify the operating parameters under which no particle capture occurs and
above which arches and deposits form. The critical conditions for
this transition are a particle volume fraction greater than
5:10ÿ4 ð/ > 5:10ÿ4 Þ and a particle flux density higher than
5:10ÿ3 ðV moy  / > 5:10ÿ3 mm sÿ1 Þ. Particle interactions, the effect
of hydrodynamics, particle concentration, flowrate and surface
interactions are physical parameters controlling the kinetics of
membrane clogging during filtration processes. Our experiments
show that clogging is the result of collective behaviors of particles
at the channel entrance. Numerical simulations accounting for
multi-body interactions are needed to model the collective behav-

ior of particles with more details during deposit formation (the
clogging transition depends on the concentration).
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