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	Abstract

Open-cell SiC foams clearly are promising materials for continuous-flow chemical applications such as heterogeneous catalysis and distillation. Micro X-ray computed tomography characterization of cellular β-SiC foams at a spatial voxel size of 13.63 μm3 and the interpretation of morphological properties of SiC open-cell foams with implications to their transport properties are presented. In-situ draining experiments were carried out in order to understand the nature of the residual static liquid hold-up in SiC foams enabling a better modeling and design of structured reactors based on SiC foams in the future. In order to see more practical uses, μ-CT data of cellular foams must be exploited to optimize the design of the morphology of foams for a specific application.
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Research Highlights

· Tomography characterization for SiC foam using novel X-ray technology.
· Interpretation of structural properties of SiC foams regarding to their transport properties.

· Static liquid hold-up analysis of SiC foams through in-situ draining experiments.
1. Introduction

Cellular ceramic foams [1-5] have gained increasing popularity in chemical engineering, especially as catalyst supports, due to their irresistible combination of attractive features, such as, low pressure drop (in comparison with fixed beds with the same exchange area), and enhanced mixing (in comparison with monolithic reactors). Specifically, for continuous-flow catalytic processes with liquid-or multi-phases, in addition to the low pressure drop, enhanced transport phenomena such as mass and momentum transfer are also mandatory because the diffusivity of species in the liquid phase is generally five orders of magnitude lower than one in the gas phase. Therefore, cellular foams are attractive candidates for developing new multiphase catalytic processes.

Silicon carbide (SiC) is a popular substrate for the preparation of cellular foams due to its unique properties of light weight, high mechanical strength (hardness = ca. 2800 kg/mm2), high oxidation and chemical resistance and good thermal conductivity (360–490 W/m∙K) [6,7]. Various hierarchical catalysts/SiC foams materials (e.g. zeolites on SiC foams [4,8,9], nanostructures on SiC foams [4,10] and titania on SiC foams [6,7,11]) have been developed and investigated for a variety of applications as summarized in a recent review [12] demonstrating their potential as promising alternatives to conventional catalytic reactors (e.g. packed beds and monolithic reactors). From the process design point of view, hydrodynamic and transport properties of reactor beds based on open-cell foams need to be understood or predicted from a foam’s geometric structural parameters. Experimental investigations have been made to develop the knowledge on pressure drop of single phase flow through foams [13,14] and hydrodynamics (such as residence time distribution and radial dispersion within SiC foams) [15-17]. Combined experimental and numerical studies were also performed for the understanding of multiphase (e.g. characteristics of gas phase distribution) [18] and coupled reaction-heat transfer phenomena [19]. However, lot of aspects that have not been fully understood yet, in particular how morphometric parameters of cellular foams affect their hydrodynamic and transport properties.

Micro X-ray computed tomography (µ-CT) is a technique to perform the non-invasive and non-destructive investigation of the three dimensional (3D) interior structure of optically opaque materials at micron level spatial resolution [20-22]. µ-CT is a precise technique and it is acknowledged that the effect of the measurement resolution and segmentation parameters on morphometric parameters of materials is trivial when the structure size is much bigger than the measurement resolution [23]. µ-CT characterization of cellular foams was also carried out with the main focus on exploring morphometric properties and mechanical behaviors of materials [3,23-31] Transport and hydrodynamic properties of cellular foams are related closely to their morphological properties such as the cell size, porosity, strut thickness, etc. To date, only a few works endeavored to interpret µ-CT data of cellular foams for continuous-flow chemical applications [2,3,5].
In this work, β-SiC open-cell foams were characterized by micro X-ray computed tomography (µ-CT) and comprehensive geometric structural parameters of SiC foams were extracted. Considering the potential application of SiC foams in the chemical engineering, the effect of morphometric parameters on the fluid flow and transport phenomena in SiC foams were discussed. Furthermore, in-situ experiments with the air-water system through SiC foams were also performed allowing the non-intrusive investigation of the static liquid hold-up in the SiC foam packing.

2. Experimental
2.1. Materials and micro X-ray computed tomography characterization

SiC (β polymorph) cellular foams were provided by SICAT SARL (France). The materials (average pore sizes = 13 and 30 pores-per-inch, PPI; denoted as S13 and S30 respectively, bulk density = 360 g/cm3; void fraction ≈ 80%) were received as pellets (as seen in Fig. S1) then cut into cubes with the size of 20×20×20 mm. Cubic foams were scanned with a Nikon Metris 225/320 kV CT walk-in bay system (Fig. S2) equipped with a Perkin Elmer 1621-16-bit amorphous silicon flat-panel detector (2K×2K pixel). A tungsten X-ray target was used to generate the X-ray spectra at 55 kV and 300 μA. The sample was rotated through 360° using continuous mode during which 2001 projections were collected. The acquisition time for each projection was 1.5 seconds and the spatial voxel size is about 13.63 μm3 allowing for fine differences in SiC foams to be distinguished.
2.2. In-situ micro X-ray computed tomography characterization of static liquid hold-up

In order to perform the draining experiment to determine the residual liquid hold-up in SiC foams, a sample holder was designed (Fig. 1), in which an u-shape silicone tube was connected to the bottom of a foam (via a 1/8 inch SS tube) to allow the fluid to drain from the foam. SiC foams were sit onto the sample holder and stabilized by gluing the lateral boundaries of the foam and sample holder (Fig. 1a). For the draining experiment, the perimeter (or lateral boundary) of the foam sample was also sealed by silicon (as illustrated in Fig. 1b) to prevent the water leak. The draining experiment was performed by varying the differential pressure head of a water-saturated foam (i.e. the pressure difference between the static water head in the foam and of the end of the silicon tube), which was achieved by moving the end of the silicon tube vertically with measurements to record the static differential pressure. As shown in Fig. 1b, by moving the end of the silicon tube vertically downward, the water level in the foam needs to change accordingly to maintain an equivalent static pressure letting the air penetrate into the open-cell structure from the top of the foam and hence draining the water out from the foam through the tube. Prior to the in-situ X-ray scanning experiments, water retention properties and critical pressure heads were determined in the laboratory under hydrostatic conditions following the procedure described by reference [32]. Saturated SiC foams (with water) were drained and scanned by μ-CT in-situ at these pressure heads. At each pressure head, sufficient time (> two hours) was allowed to achieve the equilibrium of three phases (i.e. air, water and solid).
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Fig. 1. (a) Sample holder with a SiC foam for in-situ draining experiments; (b) Schematic diagram of pressure-driven experiments.
2.3. Image processing and segmentation

Raw μ-CT data were firstly reconstructed by Nikon Metrolasis CT-Pro software (Metris XT 1.6), and then converted to a stack of .tiff images using an in-house code (a Matlab based GUI) [31] Resulting raw image data was loaded directly by the standard Avizo software (FEI, version 8) for subsequent image processing and segmentation based on the principles of morphological image analysis [33,34]. Batch processing of filter applications to raw image data was carried out using in-house developed scripts to save time. Detailed steps of image processing and segmentation are provided in the Supplementary Material. The results from the practice of μ-CT image processing (in terms of the open-cell and strut sizes) were compared to the measurement based on the microscopic images of foams showing a reasonable agreement (Fig. S9).
3. Results and Discussion

3.1. Open porosity

Cellular SiC foams consist of open-cells (that can be filled by either water or air) and solid (SiC struts), which have different geometric characteristics affecting various properties of cellular foams. Fig. 2a shows the volume grey level distribution in a foam specimen corresponding to the presence of different phases. As shown in the inset of Fig. 2a, the grey scale of different phases are distinguishable with SiC as the most attenuating phase having the highest value of ca. 115, while the grey value for water and air is ca. 30 and 3, respectively. The good contrast of the grey scale ensures the segmentation of solid phase and fluid phases during the image reconstruction. Owing to features of the preparation process, β-SiC struts are porous themselves (Fig. 2a) possessing fine cavities of various shapes and sizes. According to the mercury intrusion porosimetry measurement, the pore volume in the β-SiC phase was about 0.33 cm3/g for pores with sizes < 5 μm. Such a porous feature of β-SiC struts is essential for promoting catalytic surface reaction.
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Fig. 2. (a) 3D view of grey level distribution in orthogonal slices of the S30 foam (inset: measured grey values of different phases with the foam); (b) 3D rendering of μ-CT data of the S30 foam.
Two types of porosities are usually considered when characterizing open-cell β-SiC foams, i.e. the open porosity (εo) and total porosity (εt). The open porosity only considers the void space (open-cells, Fig. 2b) while the total porosity also includes microscopic pores (cavities) within SiC struts [3]. However, due to the fact that the resolution of μ-CT in this study (the pixel size = 13.6 μm) was lower than sizes of certain microscopic pores (5 μm) in the SiC phase, only the open porosity of materials was characterized. To facilitate the determination of the open porosity of SiC foams, a series of images processing steps were applied to fill cavities within the solid struts of 3D foam reconstructions (refer to the Supplementary Material for details).
The open porosity is defined as the ratio of the open-cell volume to the total volume of materials and it is related to flow laws directly. Values of the open porosity (as summarized in Table 1) are obtained by measuring the remaining void volume after the artificial filling of cavities within the solid SiC phase. However, connections between the void space and microscopic cavities were found. These connections could be either real or artificially created by the segmentation of thin struts [26]. In this work, morphological operations were applied to measure the open porosity by dilating and eroding 3D binary images (i.e. making a dilation of binarized regions to fill cavities and reconnect separated regions; then applying the erosion to restore the original exterior shape). The limitation of this technique is the tomographic resolution compared to the hollow strut wall thickness [26]. However, values of the open porosity obtained in this study are comparable with the technical data of materials (ca. 80%). Two cellular SiC foams with different PPI values (or open-cell sizes) were studied in this work but exhibited similar open porosity values (within 5% margin of error, Table 1). 
Table 1. Geometrical characterization results and permeability/drag force coefficients of open-cell β-SiC foams.
	Sample
	Open porosity

(εo, %)
	Weighted average value

(mm)
	Tortuosity

(τ, -)
	k1
(×10−7 m2)
	k2
(m−1)

	
	
	Open-cell size

(dcell)
	Strut thickness

(dstrut)
	Strut
	Fluid
	
	

	S13
	76.2 ± 3.21
	2.61 ± 0.23
	1.24 ± 0.053
	1.94
	1.14
	3.55
	361

	S30
	78.7 ± 3.34
	1.48 ± 0.12
	0.42 ± 0.019
	1.65
	1.07
	1.57
	517


3.2. Open-cell size and sphericity distribution

In addition to the measurement of the open porosity, it is also practical to obtain the specific sizes of open-cells and solid struts, which have different geometric characteristics affecting various properties of cellular foams. For example, the transfer of species and momentum within cellular structures is linked with structural characteristics of open-cells such as pore size distribution and sphericity distribution [26]. Therefore, the correct characterization of these specific sizes is essential for the effective prediction of intrinsic transport properties through foams. The mathematical morphology used for determining the equivalent diameter of open-cells in a SiC foam model is given in the Supplementary Material. The open-cell size distribution of the S30 and S13 foams is presented in Fig. 3 showing distinct features in the size of open-cells.

The S30 samples presented a monomodal distribution of open-cell sizes with a sharp peak centered at around 1.6 mm. The size distribution of open-cells in S30 foams is very narrow with the majority of open-cells (> 65%) having equivalent diameters in a range of 1.4 to 1.7 mm. In contrast, the size distribution of open-cells in the S13 samples was wide ranging from 0.5 mm to 4.4 mm. Several peaks with comparable frequencies (5% ±2%) were found between 1.6 mm and 4 mm suggesting a multimodal distribution of open-cell sizes. Based on μ-CT data, weighted average values of the open-cell size were calculated as 1.48 mm (for the S30 samples) and 2.61 mm (for the S13 samples), respectively.

According to PPI values of SiC foams, the S30 and S13 foam should have average open-cell sizes of 0.85 mm and 2.0 mm, respectively, which deviate significantly from values obtained by the μ-CT characterization. PPI values are commonly used to characterize and classify cellular materials. However, based on results obtained in this study, it was noted that PPI values may not reflect the accurate porous structures of open-cell foams.
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Fig. 3. Open-cell size distribution for cellular β-SiC foams measured by mathematical morphology on 3D foam models: (a) S30 SiC foams and (b) S13 SiC foams.

According to the Darcy-Forchheimer law [36-39], the pressure drop of a fluid across a porous medium is directly governed by the permeability and drag force coefficient coefficients (k1 and k2, as in the Eq. 1),  which are all functions of the open-cell size distribution of cellular foams [37].
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where μ and ρ is the fluid viscosity and density, respectively. ν is the volumetric flow-rate per unit bed cross-section. 

The viscous term of Eq.1 (μν/k1, Darcy’s law) describes the permeability of a porous element under low flow velocities, which was governed by the permeability coefficient k1 (commonly known as the Darcyan permeability coefficient, defined as in Eq.2) [38,39]. k1 is a macro-scale property and represents the ability of a porous medium to allow the fluid to flow through. It depends mainly on the geometrical characteristics of the porous medium reflecting its intrinsic permeation property. By comparing of the inertial term of the Darcy-Forchheimer law and the Ergun equation [37,38], the expression of the drag force coefficient (k2) can be obtained as Eq.3, which is dependent on the structural properties but more on the interstitial physical flow conditions within the foam [40].
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where dcell is the average open-cell size of SiC foams. E1 and E2 are Ergun constants that depend on the nature of the porous medium and can be determined by fitting Darcy-Forchheimer law to the experimental data.

Therefore, the effect of the open porosity and open-cell size on coefficients k1 and k2 can be estimated (as shown in Table 1, values of E1 and E2 are adopted as 150 and 1.75 from the literature) [37] and values are in agreement with reported ones [36,37]. Though only marginal variation in the open porosity (ca. 5%) was measured between the two SiC foams with different PPI values, the resulting change in the permeability coefficient k1 were not trivial (increased by 126% as in Table 1 when the S30 sample was replaced with the S13 sample), showing the significant effect of the open-cell size of foams on their permeability. 
Sphericity (Ψ, refer to Supplementary Material for its definition) is an important parameter with regard to the spherical shape of cells [25,41]. For a spherical cell, its value is 1 and less for every other shape. The sphericity distribution of cells in cellular materials affects the available surface area and void space volume and hence the physical transport properties of cellular materials.

The μ-CT data of SiC foams was analyzed to determine the sphericity distribution of cells, as shown in Fig. 4. Values of sphericity lower than 1 were obtained for the S30 foam (Fig. 4a) with relatively predominant values at around 0.88 indicating that cells mostly have the spherical shape. Distributions of the measured sphericity of cells were compared to ideal unit cell models to evaluate the distribution of actual cell shapes in the S30 foam. Shapes of cells in the S30 foam are quite uniform with cylindrical (Ψ = 0.874), toroidal (Ψ = 0.894), dodecahedral (Ψ = 0.910) and octahedral (Ψ = 0.939) shapes. The relatively main appearance of dodecahedrons (ca. 26%) supports the general adoption of the Weaire–Phelan structure or the tetrakaidecahedron geometry (based on Kelvin unit cells) as the representation of cellular structures [42-48]. However, the predominant presence of round shapes, such as cylinder and torus, suggests that the unit cell topology in the S30 sample is more complex than the idealized dense polyhedron packings [46-48].
The cell sphericity distribution for the S13 sample is given in Fig. 4b showing no dominating cell shapes. Polyhedral cells (i.e. tetrahedrons, hexahedrons and octahedrons) are the frequently occurring shape in the real SiC foam (with the 13 PPI value) representing ca. 42% of the sphericity distribution. The scarcity of round shapes in the S13 foam (<2%) suggests that the space-filling in the S13 sample is arranged mainly by the close-packing of truncated polyhedrons. It was found possible to correlate the distribution of the cell sphericity (Fig. 4) with that of open-cell sizes (Fig. 3), since the size of strut has similar influences on both parameters affecting cell sizes and their corresponding shapes.

Findings on the shape of unit cells in SiC foams are different from previous studies where idealized geometrical cells (e.g. dodecahedrons) were normally proposed as model unit cells for investigating transport phenomena through cellular foams [42-50]. The characterization of cellular SiC foams by μ-CT revealed the accurate morphological information of cells in such materials, which is helpful to the generation of precise and photo-realistic computer models of cellular foams to simulate transport characteristics through them.
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Fig. 4. Sphericity distribution of open-cells within β-SiC foams with different PPI values.

3.3. Strut thickness and tortuosity

The characteristic size of the SiC matrix such as the strut thickness and tortuosity were measured. According to the analytical model of solid foams [14,42], the strut thickness of cellular foams is an important parameter determining the heat conduction and pressure drop through foams and also closely related with the surface area of materials, which further affect the possible surface reactions. The comparison of measured strut thickness from μ-CT data of SiC foams is presented in Fig. 5 showing the variation in the strut thickness for a given sample of β-SiC foams. The average strut thickness was measured as decreasing with an increase in the PPI value of SiC foams, as expected, since more support is needed to sustain large cells in the S13 sample. The weighted average values of the strut thickness are 1.3 mm and 0.41 mm respectively for S13 and S30 samples. The strut thickness histogram measured on the solid phase of the S30 sample shows a monomodal distribution with a main peak centered at around 0.35 mm. For S13 sample with larger pores, the strut thickness distribution is wide and multimodal, ranging from 0.75(2.10 mm.
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Fig. 5. Strut thickness distribution of β-SiC foams with different PPI values.
For cellular materials, geometrical tortuosity (τ) characterizes the sinuosity and interconnectedness of a phase (fluid or solid phase) [51]. It is a link relating the microstructure of cellular foams to relevant macroscopic transport properties through foams. Tortuosity is often used to evaluate transport properties either in the solid phase (e.g. heat conduction) or fluid phase (e.g. diffusion and fluid flow) [24]. For instance, the effective diffusivity (De) of species through cellular foams is proportional to the reciprocal of the square of the geometrical tortuosity [24,52], as shown in Eq. 4:

	
[image: image12.wmf]2

o

e

DD

e

t

=


	(4)


where D is the diffusion coefficient of species.

Values of the geometrical tortuosity were analyzed based on realistic 3D foam reconstructions and relevant data are summarized in Table 1. The tortuosity of SiC foams was found to have an inverse relationship with the open-cell porosity, i.e. the tortuosity (of both phases) decreases with an increase in the open-cell porosity, agreeing with the tendency measured by the acoustic [53] and electrochemical method [54] for the geometrical tortuosity of porous materials. Values of the open-cell porosity and geometrical tortuosity of open-cells obtained in this study were also found in good agreement with reported ones by Gommes et al using the computed tomography method [24] For continuous-flow chemical applications, the geometrical tortuosity (of open-cells) of cellular foams can affect the liquid-solid mass transfer step. By decreasing the open-cell size of SiC foams, a ca. 6% decrease in the geometrical tortuosity (of open-cells) was estimated based on μ-CT data leading to an increase of the effective mass transfer coefficient by ca.15%. The geometrical tortuosity of the solid phase is in principle more important in a purely conductive system, while it can be neglected for convectively dominated flows [55].
The open-cell tortuosity of solid foams was commonly estimated by using analytical approaches based on the idealized representative unit cells (e.g. as cubic cells) [14,56,57]. However, by comparing the analytical model prediction [14] with data from the experimental measurement [24,53,54], large discrepancies can be noticed. Therefore, more precise tortuosity data of solid foams obtained by μ-CT method would be essential to support the development of more accurate tortuosity expressions.

3.4. Static liquid hold-up (SLH) and pressure drop
For porous media, the static liquid hold-up (SLH) is the consequence of the balance between the gravity and capillary force [58], which is an important parameter for evaluating the total liquid hold-up, pressure drop, liquid residence time distribution and mass transfer steps in a reactor bed. X-ray tomographic technique has been proposed as an effective method to study the SLH in structural packing, such as Katapak-SP12TM [59], in gas–liquid–solid reactors. In this study, the static liquid hold-up of SiC open-cell foams was determined by in-situ bed draining experiments using μ-CT. Prior to the in-situ bed draining experiment, the effect of capillary pressure on the water content (ratio of the water volume remained in pores to the total sample volume) in the foam was investigated in the laboratory under the hydrostatic condition and the results are presented in Fig. 6.
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Fig. 6. Water content in β-SiC foams as a function of pressure head under hydrostatic conditions.
As expected, to drain the saturated open-cell foams required the pressure head to overcome the capillary forces within the open-cells, the so-called bubbling pressure or air entry value, hb [32]. The air entry value observed was clearly linked with open-cell characteristics such as open-cell size. Based on Jurin’s law [59,60], with the consideration of the open porosity and characteristic length of the open-cell, a modified formula was proposed (Eq. 5) to estimate the air entry value of SiC open-cell foams.
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where σ is the liquid surface tension; θ is the contact angle of the liquid on the strut (water contact angle on SiC surfaces is about 25°) [61]; ρ is the liquid density; g is the gravitational acceleration and Lc is the characteristic length of the open-cell.

If one simply uses the average diameter of open-cells in SiC foams as the characteristic length (dcell, Table 1), the air entry value of two SiC foams can be estimated as 5.4 mmH2O and 11 mmH2O, respectively, for S13 sample and S30 sample, close to the experimental results as shown in Fig. 6. However, the draining experiment cannot provide the exact information on the liquid held within the porous structure of open-cell foams.

In-situ draining experiments under μ-CT scan, on the other hand, can give access to the non-perturbing measurement of the distribution and the exact amount of SLH. In-situ X-ray scans of multiphase systems with the SiC foam, water and air were conducted at predetermined pressures (Fig. 5), and the system was left for sufficient time to achieve the equilibrium between different phases. The reconstruction results are presented in Fig. 7 for S13 and S30 samples.
Fig. 7 shows that, under the hydrostatic condition, the residual SLH in SiC foams starts to emerge once air entry value was achieved. Considering the morphological characterization of SiC foams, SLH were mainly affected by the size of open-cells. SLH were commonly found in open-cells with diameters smaller than 1 mm, where capillary force dominates over gravity, and the spatial distribution of SLH is fairly uniform across the porous structure of SiC samples used in this study. By comparing voxels of the water held within a drained SiC foam with that of open-cell air phase in the dry sample, the residual SLH measured by μ-CT (after the complete draining) on two SiC samples are about 1.2% (for S13 foams) and 1.7% (for S30 foams), respectively.
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Fig. 7. 3D reconstruction of μ-CT data showing the static hold-up of water in (a) a S13 SiC foam sample and (b) a S30 SiC foam sample during in-situ draining experiments.

SLH is a key parameter in the modeling and design packed beds. Considering the hydrodynamics and transport phenomena of multiphase flows through a reactor bed, similar behaviors of SLH under hydrostatic conditions are normally assumed to remain under dynamic conditions, i.e. as stagnant or sluggish (at a velocity much lower than the liquid bulk) [58,62]. Therefore, the relevant fraction of the packing surface of the reactor bed can be affected, especially hindering the liquid-solid mass transfer and gas-liquid mass transfer steps. In this sense, it is still of importance to minimize the impact of SLH in multiphase processes based on open-cell foams, though the measured SLH of SiC foams (by μ-CT) was generally lower than conventional packing such as spheres, cylinder and Raschig rings [58]. Therefore, the pressure drop across a foam bed needs to be well above the air entry value of the foam material to minimize the presence of stagnate pore regions. Hence, based on Eq. 5, in order to avoid the adverse influence of SLH on mass transfer steps within SiC foams, we suggest to operate continuous-flow SiC foam reactors with pressure drop far above 26500 Pa/m (for S13 sample) and 53950 Pa/m (for S30 sample).

The pressure drop estimation was performed based on the geometrical characterization of foams and the modified Ergun model, which was developed using a cubic lattice approach of the foam structure [37], and the obtained results were presented in Fig. 8. As shown in Fig. 8, for a liquid medium (water), the pressure drop difference between S13 and S30 foams is obvious and becomes larger as the gas velocity increases. Considering the difference in the porosity and average open-cell size of two samples, clearly the pressure drop of a foam bed is more sensitive to the open porosity than the average open-cell size. By combining the Eq. 5 and Fig. 8, envelopes of the linear velocity (with 1 m/s as the maximum) was established for minimizing the SLH through the SiC foam beds under continuous-flow conditions.
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Fig. 8. Comparison between estimated pressure drops of β-SiC foams as a function of linear space velocity.
4. Conclusions

Micro X-ray computed tomography (μ-CT) characterization of open-cell SiC foams and multiphase systems in SiC foams were performed at a spatial voxel size of 13.63 μm3. In comparison with other characterization techniques, μ-CT imaging and specialized image analysis software enable the comprehensive and quantitative extraction of realistic morphological and structural features of cellular materials. In this study, we focused on using μ-CT to obtain detailed information on open porosity, characteristic sizes (open-cell size and strut thickness), sphericity and tortuosity of two SiC foams that have been suggested for catalytic applications. Results showed that (i) the classification of open-cell foams (based on the same substrate SiC) using pores-per-inch is not precise and (ii) the differences (in terms of measured morphological and structural properties) are distinguishing between two SiC foams with the different open-cell sizes (i.e. 30 and 13 PPI).

Hydrodynamic and transport properties (i.e. pressure drop, permeability and mass transfer) were found to depend on these parameters, that means that the comprehensive information from μ-CT characterization can be used directly for estimating the performance of reactor beds based on cellular foams. Sphericity factor analysis of the cell shape showed the inherent irregularity of the real structure of open-cell SiC foams contradicting the common assumption of idealized geometries used for numerical simulations. Static liquid hold-up in SiC foams was investigated for the first time using μ-CT technique provided thorough 3D information about the amount and distribution of static liquid hold-up inside the foam packing. 

Micro X-ray computed tomography offers a great opportunity to deliver comprehensive information of cellular foam materials all at once, which can be used for predicting transport phenomena and fluid flow properties of open-cell foams and hence understanding continuous-flow processes based on them. Therefore, μ-CT data should be exploited to (i) improve current and future models of open-cells matching the actual geometry of cellular foams and (ii) guide the design of future foams delivering their optimum functions.
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Notation

	dcell
	=
	weighted average open-cell size, mm

	dstrut
	=
	weighted average strut thickness, mm

	De
	=
	effective diffusivity, cm2/s

	D
	=
	diffusion coefficient of species, cm2/s

	g
	=
	gravitational acceleration, m/s2

	hb
	=
	Bubbling pressure or air entry value, mm

	k1
	=
	Darcyan permeability coefficient, m2

	k2
	=
	Drag force coefficient, m−1

	Lc
	=
	characteristic length of the open-cell, mm

	ΔP/L
	=
	pressure drop per unit length, Pa/m


Greek letters

	εo
	=
	open porosity, %

	εt
	=
	total porosity, %

	ν 
	=
	volumetric flow-rate per unit bed cross-section, m/s

	μ
	=
	fluid dynamic viscosity, kg/m·s

	ρ
	=
	fluid density, kg/m3

	τ
	=
	Tortuosity, -

	σ
	=
	liquid surface tension, N/m

	θ
	=
	θ is the contact angle, °

	Ψ
	=
	Sphericity, -
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