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This Supplementary Material details the processing methodology used in the corresponding article 10 
to segment individual disk particles from raw X-ray microtomographic images. 11 

1. Porosity measurement 12 

According to the grey levels variations across particles resulting from some artefacts (e.g. partial 13 
volume effect, and cone beam artefact) and the possible residual presence of water or Na polytungstate 14 
intercalate between the PTFE discs, a simple thresholding by boundary of the X ray microtomographic 15 
data would have provide erroneous discrimination of voxels. Therefore, the segmentation of 16 
reconstructed slices for porosity measurements have followed an image processing routine detailed 17 
below and apply under the software Avizo v.9.2 (FEI): 18 

(1) Extraction of a cubic sub-volume of interest of 818x818 voxels (i.e. side length of ~60 mm) in the 19 
centre of each column in order to avoid edge effects along the PMMA container wall. 20 

(2) Attenuation of high-frequency noise while preserving the edge of structures with a windowed 21 
non-local means filter (NLM; [1] (Figure S1a). 22 

(3) Coarse thresholding by boundary to defined two sets of markers: one for the PTFE discs and 23 
one regrouping air, water and eventually Na-polytungstate residuals. The thresholding leave 24 
unlabelled regions which correspond to portions of different phases having same grey levels. 25 

(4) 3D shrinking of the markers by three successive erosions of one voxel. 26 
(5) Watershed segmentation [2] based on the markers and the NLM gradient image computed in 27 

3D (Figure S1b). The unlabelled volumes are filled by flooding from the markers until the phase 28 
boundaries enhanced in the gradient image (i.e., the landscape gradient image controls the 29 
expansion of markers). 30 

(6) Segmentation of the step-5 result through a black top-hat (i.e., the NLM image subtracted from 31 
its morphological closing) in order to remove voxels corresponding to small interstices between 32 
packed/agglutinated discs. Those elements represent small volumes, filled by air or solutions, 33 
subject to the partial volume effect and then have grey levels of intermediate value between 34 
PTFE and Air/Na-Polytungstate. The result is presented in Figure S1c. 35 

The volumetric ratio between porosity and the discs is then computed . 36 

2. Assessment of individual particles orientation  37 

In order to calculate the order parameter S, particles need to be individualized together with their 38 
own orientation frame. The difficulty of this procedure results from the fact that the discs, which have 39 
same grey levels, can exhibit numerous contacts, up to the superposition of several particles forming 40 
aggregates. The discrimination of individual particles is then obtained according to the following steps:  41 
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(7) 3D shrinking of discs segmented at the step-6 by four successive erosions of one voxel. This 42 

notably allows to disconnect the discs with weak contact by the edges or weak superposition 43 
(Figure S1d). 44 

(8) Computation of a Euclidean distance map of the thinned discs: each voxel will be assigned a 45 
grey level value depending on the distance to the nearest object boundary (Figure S1e). 46 

(9) Segmentation by boundary of the distance map: the voxel with high grey levels, which 47 
correspond to superposition part of the discs aggregate, are selected (Figure S1f) and subtracted 48 
from the results of step-7 (Figure S1g). 49 

(10) Erosion with a structuring element matching with a disc in order to remove the connections 50 
remaining between the discs of the aggregates (Figure S1h). 51 

(11) Labelling of each elements resulting from step-10 (Figure S1i). 52 
(12) Flooding from the labelled markers defined in step-11 with the gradient map (Figure S1b) as 53 

landscape image (marked based watershed) (Figure S1j). 54 
(13) Quantitative filtration: a group of measures is computed on each component resulting from 55 

step-11 in order to remove the elements which present a morphology far distinct from a PTFE 56 
disc, i.e., mostly those which are still agglutinated or on the edge of the volume. The computed 57 
parameters and their definition according to the software Avizo, as well as the followed 58 
selection, are as follow:  59 
- Length3d : maximum of the Feret Diameters; elements superior to 11 mm have been removed; 60 
- Volume3d : volume of the element; elements superior to 95mm3 and elements inferior to 61 

75mm3 have been removed; 62 
-  Anisotropy: 1 minus the ratio of the smallest to the largest eigenvalue of the covariance matrix. 63 

Measures a region’s deviation from a spherical shape. Flat objects have values close to 1; 64 
elements with Anisotropy inferior to 0.98 have been removed; 65 

- BorderVoxelCount: some discs might be intersected by the border of the image volume. The 66 
computed value for each element corresponds to the voxels number that are touching the 67 
border. Objects with non-zero value are removed. 68 

(14) Manual correction of labelled markers corresponding to the rejected elements. 69 
(15) The step-12 is throwing again with corrected labelled markers. 70 
(16) The step-13 is throwing again and elements which still do not meet the previous conditions 71 

(Figure S1k), mostly the ones touching the border, are rejected. At this step, the results is 72 
satisfying even if some segmented discs present a rough surface in 3D rendering (Figure S1l). 73 

For each segmented disc, the coordinate of the eigenvector 3, normal to the surface of the disc, is 74 
computed and used to calculate the parameter S. 75 
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Figure S1. Processing methodology for porosity measurement and extraction of individual particle 82 
orientation (see text for details): (a) Non-local mean image (central vertical section in the sub-volume), 83 
(b) gradient image, (c) segmentation result of porosity vs. discs, (d) erosion of c, (e) distance map of d, 84 
(f) segmentation of e, (g) subtraction off from d, (h) erosion with a discoid structuring element, (i) 85 
labelled markers, (j) watershed transformation of the gradient image b using the markers in i, (k) final 86 
result after manual correction of markers and quantitative filtration, (l) 3D rendering of the final result. 87 


