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Membrane filtration processes allow concentrating, separating and purifying the components from a complex 

mixture in a liquid phase. The two most important properties of a membrane are, thus, its permeability (ability 

to allow a fluid to pass through it under pressure gradient) and its selectivity (ability to retain a compound). 

Recently, they have been adapted for microalgae valorization, where filtration employing porous polymer 

membranes is used to separate and recover lipids and proteins from ground microalgae aqueous extracts. The 

biomolecules recovered can be used in pharmaceutical industry, cosmetics, food supplements or biofuel 

industry as biodiesel [1,2]. The permeability and selectivity of the membrane are related to the size and density 

of its pores, but also to the selective layer thickness (a thin layer placed directly in contact with the fluid to be 

filtered), as shown by Poiseuille’s law [3]. During filtration, the unwanted accumulation of biomolecules at 

the surface and in the membrane pores, termed fouling, hampers the membrane performances. A detailed 

characterization of the pore structure, as well as its interaction with the target biomolecules, is essential to 

understand and help minimize the fouling of the membrane. 

Generally, porous polymer materials used as filtration membranes are characterized, based on large-scale 

indirect measurements and on simulation techniques [4]. Scanning electron microscopy (SEM) coupled with 

a focused ion beam (FIB) allows characterizing the 3D nanoporous structure of the material with a few 

nanometers resolution [5]. Data acquisition is particularly challenging with polymer membranes constituted of 

amorphous materials presenting little contrast and a strong sensitivity to the electron and ion beams [7]. 

Moreover, 3D reconstructions of porous media present a common issue: the shine through artefact, (material 

from subsequent slices is imaged through the pores), leading to a pores deformation in the FIB-milling 

direction [8]. Finally, for lipids and proteins sensitive biomolecules, finding optimal low dose acquisition 

methods may not be sufficient. Cryo conditions would permit to observe lipids or proteins fouled hydrated 

membranes while minimizing damage and maintaining material native structure [9]. 

In this study, we tested two widely used polymer membranes: PAN (polyacrylonitrile, 30 nm, Orelis) and PES 

(0.1 µm polyethersulfone, Koch), with a nominal pore size of their selective layer of 30 nm for the PAN and 

of 100 nm for the PES. We developed a method to obtain quality 3D reconstructions with a 5 nm voxel size 

using 3D FIB/SEM on clean membranes and overcoming beam sensitivity and artefact difficulties. We used 

segmentation and quantification to obtain experimental properties of PES and PAN filtration membranes. 

Finally, we used cryo conditions to prepare and observe lipid and protein fouled membranes. 

In this presentation, the sample preparation as well as the optimization of acquisition and reconstruction 

parameters will be described. We will present a method for identifying the selective layer in polymer filtration 

membranes using FIB/SEM. The quantitative analysis of pore size distribution, porosity, connectivity and 

tortuosity (figure 1) will be discussed. The properties-structure relationships will be analyzed, by linking these 

results with the theory of Hagen-Poiseuille on the porous media flow calculation. Our results on both: pristine 

and fouled membranes, will be presented. 
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Figure 1. Figure 1 : Illustration of the main 3D analysis steps in the case of the PES membrane. Pores were 

segmented (DragonFly suite) to extract quantitative information on the volume porosity, the mean pore size 

(thickness mesh) and the pore tortuosity and connectivity (skeleton). 
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