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1.Aim of the experiment

Filtration of fine particles through fibrous filters involves the capture of particles within the three-
dimensional network formed by the fibers entanglement. Several physical mechanisms that govern particle
capture in the vicinity of a fiber ( direct interception, inertia, sicving, diffusion) have been described at the
fiber particle micro-scale and modeled for simplified array configurations of infinite lengths. As it quite
complex to describe all of these mechanisms in a single model, one has to choose which of these is (are)
dominant. foday , the answer to this question is based on physical analysis of the ratio of fiber-particle
interaction to transport phenomena (convection, diffusion) at fiber-micro scale level This implies that
collective particle transport as well as complex geomettical features of fiber enfanglement are entirely
neglected. As a consequence, although such theotetical approaches could be validated with experiments
cartied out for simple configurations, there is still a large gap between these models and the global
macroscopical properties of fibrous filters. In practice, none of these approaches is actually involved in ﬁltel
design which is essentially based on extensive and costly expetimental campaigns.

A multiscale description has been recently develop [1] to fill the gap between microscale level approaches
and macroscopical parameters such as efficiency or lifetime. It is based on a modeling of particle sieving
mechanism which includes the complexity of porous geometry through a detailed description of
imterconnected structure in terms of pores [2 ]. Data were acquited by ESEM. Yet such a detailed description
is limited as based concepts of connectivity and tortuosity are also needed for “real geometrical features”.

X 1ay tomogtaphy may be used for mapping in detail a fiber structure in thiee dimensional digital to resolve
the complex geometrical features with micrometer resolution.

Whether the particle capture mechanism is a sieving mechanism that directly implies the geometrical
structure of fibers or a surface mechanism (interception, adhesion) which depend on physico-chemical
interactions in the vicinity of the fiber is also a point of debate which could not be solved by previous
approaches. Indeed, the 1atio which defines two distinct regimes between “sutface” mechanisms and “flow
mechanism” is again only define for simple 2D array configuration. X ray tomography may then be used for
mapping the localization of particle within a clogged filter as one expects that when a “surface” mechanism




dominates particles are captured on fiber length whereas for the other mechanism they are stopped by fibers
entanglement.

2. Results of the experiment

During ME-692 experiment, we imaged four different medias
produced by several routes. We also investigate each at different
level of clogging. We had some difficulties with volume
reconstiuction during the experiment. The reconstruction was
carried out later on by X Thibault and the data came out recently.
Nevertheless, we had quite interesting images that we just started
to treat. The first figure included here is an example of a clogged
filter where particle captured by the fibers can be imaged (pa:(tlcles
are about 2 microns, fibers are 2 mm).

This example is a case where one would expect a “sutface” driven
mechanism ( particle are a tenth of the fiber ), but imaging shows
that some pazticles ate also captured in between the fibers, This implies a lower flow than expected from a
surface” mechanism, and a shorter lifetime. Many mote information are expected from the data sets collected
during the experiment.

Besides fibrous structutes, we also seek to images internal microstructure
of microfiltration membianes also used for filtration of submicron
particles. These medias are produced through a phase inversion process.
Of course, the resolution is still too low to image the features of the
active top layet (pore sizes are less than 1 pum), but we obtained very
useful information both on the internal macrostiucture which appeais to
be a stack of different layers and on the presence of large defects in the
active layer ( defects larger than 1 pm) which may explain uncertainty in
the standard characterization method used to test the “cut-off™, [3],[4].

3. Concluding remarks

This experimental run was a confirmation of the oustanding potentialities of hlgh resolution X-Ray
tomogiaphy for imaging porous structures.

Concerning fibious filters, highly valuable information can be worked out from such a technique in tetms of
characterization of geometrical stiucture but also in terms of understanding the physics of transport in “real”
complex geometry . Breakthrough in the design of the filters and the modeling of filtration are expected from
such information. Quantitative analysis of the 3D images both for the characterization of the interconnected
structure and the identitfication of particles within the media is certainly the next task to achieve. Cooperative
exchange programs with two different groups ( applied mathematicians) have been organized to test different
methods and codes devoted to morphological analysis.

3D imaging of'a membrane structure is a task never attempted before . Again highly valuable information
can be gained through this technique and topics such as membrane charactetization and membrane formation
could be better addressed. A new proposal addressing both directions has been recently submitted.
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