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Introduction

At high altitudes, the ozone concentration can reach high values and ozone converters are needed to reduce this concentration before air enters the aircraft's cabin for partial renewal. [START_REF] Weisel | Ozone and Ozone Byproducts in the Cabins of Commercial Aircraft[END_REF][START_REF] Bhangar | Ozone Levels in Passenger Cabins of Commercial Aircraft on North American and Transoceanic Routes[END_REF] Structured reactors are now classically used in such air treatment applications, not only for exhaust car converters [START_REF] Dudák | Prediction of diffusivity and conversion of n-decane and CO in coated Pt/γ-Al 2 O 3 catalyst depending on porous layer morphology[END_REF][START_REF] Gálvez | Catalytic filters for the simultaneous removal of soot and NOx: Influence of the alumina precursor on monolith washcoating and catalytic activity[END_REF][START_REF] Torkashvand | On the Challenges and Constrains of Ultra-Low Emission Limits: Formaldehyde Oxidation in Catalytic Sinusoidal-Shaped Channels[END_REF] but also for aircraft ozone abaters. [START_REF] Limberg | Environmental Control Systems[END_REF][START_REF] Fisher | Manganese Ozone Decomposition Catalysts and Process for Its Preparation[END_REF][START_REF] Collins | Augmented Catalytic Heat Exchanger System[END_REF][START_REF] Galligan | Catalyst Systems and Methods for Treating Aircraft Cabin Air[END_REF][START_REF] Wu | Catalytic removal of ozone and design of an ozone converter for the bleeding air purification of aircraft cabin[END_REF][START_REF] Wu | Catalytic Removal of Ozone by Pd/ACFs and Optimal Design of Ozone Converter for Air Purification in Aircraft Cabin[END_REF] Their use offers a high surface to volume ratio, with a reduced pressure drop compared to dense particulate packed beds. As recalled by Farrauto et al., [START_REF] Farrauto | Moving from discovery to real applications for your catalyst[END_REF] the ozone conversion is strongly limited by masstransfer. Different options can be studied to decrease the boundary layer on the catalyst: using several slices of monoliths separated by empty spaces to induce some "turbulence" [START_REF] Heck | Catalytic Air Pollution Control: Commercial Technology[END_REF] or using a different geometry of structured objects. [START_REF] Moini | Corrugated metal substrate and coated product for ozone conversion[END_REF][START_REF] Kalluri | Comparative heterogeneous contacting efficiency in fixed bed reactors: Opportunities for new microstructured systems[END_REF][START_REF] Gu | Comparison of packed beds, wash-coated monoliths and microfibrous entrapped catalysts for ozone decomposition at high volumetric flow rates in pressurized systems[END_REF] A compromise has to be determined between mass transfer improvement and the inevitably induced pressure drop increase. This bottleneck is regularly encountered with catalytic structured internals operating in gas phase for various pollutant removal applications. [START_REF] Mo | Novel Insight into VOC Removal Performance of Photocatalytic Oxidation Reactors[END_REF][START_REF] Twigg | Progress and future challenges in controlling automotive exhaust gas emissions[END_REF][START_REF] Lucci | On the Catalytic Performance of Open Cell Structures versus Honeycombs[END_REF][START_REF] Giani | Mass-Transfer Characterization of Metallic Foams as Supports for Structured Catalysts[END_REF][START_REF] Patcas | CO oxidation over structured carriers: A comparison of ceramic foams, honeycombs and beads[END_REF] The choice depends often on a criterion combining mass transfer properties and corresponding generated pressure drop but also on more practical criteria like mechanical resistance properties, compactness and overall system costs.

At present, the ozone conversion is performed at 200 • C, a temperature at which homogeneous thermal conversion is important in the gas phase and where catalysts are very active for a parallel heterogeneous conversion reaction, making the conversion target of > 95% an easily achievable goal, even at very high GHSV of several hundreds h -1 . As future aircrafts will be more electrical, the heat availability to heat up the converter will be drastically reduced and catalytic converters able to work at 120 • C or even lower temperature need to be developed [START_REF] Alphonse | System for Treating Air, in Particular at a Low Temperature, for an Aircraft[END_REF] . Contrarily to what occurs at 200 • C, the homogeneous thermal ozone decomposition in the gas phase will be negligible at 120 • C, but a predominantly mass-transfer limited regime will still prevail. Thus, improving the mass transfer performances of the converters is more than ever before an important lever knowing that the acceptable pressure drop will be more than ever highly constrained in future aircrafts.

In this paper, different kinds of substrates able to host a layer of catalyst were evaluated: ceramic monoliths, metallic monoliths and metallic foams. Their channel/cell size was also varied. The objectives were to characterize their pressure drop behaviour, to evaluate the possible impact of a typical Pd/Al 2 O 3 catalyst coating on its value, and to characterize the mass transfer performance under reactive conditions. All these objectives contribute to find a trade-off between pressure drop and mass transfer performances.

Experimental

The ozone conversion was studied with a commercial 5 wt% Pd/Al 2 O 3 catalyst (sold under reduced form by Alfa Aesar, ref 11713, batch X12E021) coated on the different structured substrates of the study. 300, 400 and 600 CPSI ceramic monoliths (named MC300, MC400 and MC600), in the form of 1" (diam) x 2 cm (L) cartridges, were provided by ALSYS group. 300, 400 and 600 CPSI FeCrAl monoliths (named MM300, MM400 and MM600), in the form of 1" (diam) x 1" (L) cartridges, were purchased at Bersy company (Italy). Foamet FeCrAl foams (pore mean size 2 mm and 3.8 mm, named FM2mm and FM3.8mm) were purchased at Hollomet (Germany). Figure 1 depicts one example of 3D X-ray tomography reconstructed image for each kind of object. Due to heterogeneous, approximate and insufficient geometrical data obtained by the different providers, the different objects were fully analyzed by X-ray tomography (GE Phoenix v|tome|x s, RX tube of 160 kV with a focal point of up to 1 µm) with a range of spatial resolution between 6 and 20 µm. The tomographic data were processed with Matlab Image Processing toolbox and iMorph software [START_REF] Brun | iMorph : A 3D morphological tool to fully analyze all kind of cellular materials[END_REF] providing illustrative 3D images of the samples and a precise and statistical quantification of the structures. These characterizations allowed to provide the values of the geometric surface-to-volume ratio (a S ) and the porosity ( ) used in the following but also cell and windows size distributions for foams as well as hydraulic diameter and wall thickness distribution for monoliths. Concerning the foams, the cell diameter was estimated from the diameter of the biggest sphere inscribed in the cell.

The coating with the commercial Alfa Aesar powder catalyst was carried out according to a previously established procedure [START_REF] Meille | Reproducibility in the preparation of alumina slurries for washcoat application -Role of temperature and particle size distribution[END_REF] and resulted in the deposition of 0.2 to 1 g of catalyst per 1"x1" cartridge depending on its nature. The catalytic phase finally followed a thermal treatment consisting in a heating up to 450 • C with a ramp of 2 • C • min -1 under a flow rate of 5 L • min -1 of air, followed by a plateau of 4 h at this final temperature. Finally, cooling was made under flow with the same flow rate to room temperature. For each type of structure, 4 cartridges were coated with the Pd/alumina catalyst.

The set-up presented in Figure 2 is used to test the structured catalytic substrates. It consists of a tube, with a diameter of 32 mm, filled with 1 to 4 cylindrical pieces (1" x 1"). Upstream, a compressed air delivering system is able to deliver till 20 Nm 3 • h -1 of pure dry air (dew point of -60 • C). A fraction of the preheated air flow is used to generate ozone by corona arc discharge in an ozone generator (Ozone service, Mimaud équipements, France).

The ozone generator was able to produce nominally 3 g • h -1 and the excess of ozone was catalytically destroyed in an auxiliary guard bed. The hot air and ozone mixture (from 2 to 18 Nm 3 • h -1 with a nominal ozone content of 1.9 ± 0.1 ppmv) is homogenized through a static mixer and then enters the catalytic zone. This ozone concentration is representative of the one existing outside the aircraft at cruise altitude. The GHSV range is [4

× 10 4 -1 × 10 6 ] h -1
with the GHSV definition recalled in Equation 1.

GHSV = Q G /V Reactor ( 1 
)
The temperature is set at 120 • C, a temperature at which NOx adsorption is not competitive (NOx can be formed during ozone generation [START_REF] Touati | Unexpected Role of NOx during Catalytic Ozone Abatement at Low Temperature[END_REF] ) and thermal decomposition appears negligible. The ozone content is measured upstream and downstream of the catalytic zone thanks to a BMT932 analyzer (BMT-Berlin, Germany) based on the UV photometric method at 254 nm. The pressure drop is measured using a Fuji Electric™ FCX-AIII differential pressure transmitter with a high precision (6 Pa).

Results and discussion

Preliminary observations

Blank experiments conducted at a flow rate of 4.8 Nm 3 • h -1 with the different uncoated structures (2 cartridges per test) helped to check that conversion levels remain under 5% at 120 • C. It was true for all substrates except for FM2mm at the lower flow rates for which it was 12%. No clear explanation is proposed to explain the result obtained with this foam. However, as the structures will be covered by a catalyst layer, the conversion that can arise from the contact with the metal of the structure itself will be neglected. The thermal decomposition was considered as negligible at this temperature in the following parts.

Characterization of the structures

The image analysis of the X-Ray tomography data allowed to estimate different morphological parameters which are summarized in Table 1. 

Pressure drop

Coated structures

The pressure drop was measured at different temperatures and over a wide range of air flow rates. Figure 3 presents the variation of the pressure drop per unit length with the gas flow rate at 120 • C for the different coated structures presented in Table 2. The graph is of the results obtained for a single cartridge; they have a standard deviation of ± 5% when using 2 or 4 cartridges. Regarding the 6 different monoliths, a linear relationship is observed between the pressure drop and the gas superficial velocity. This was expected due to the laminar flow occurring inside these small channels and pressure drop can be modelled by a Darcy's law. [START_REF] Darcy | In Les fontaines publiques de la ville de Dijon : exposition et application des principes à suivre et des formules à employer dans les questions de distribution d[END_REF] In the 2 classes of monoliths, the linear pressure drop increases with the increase in cell density. It is logically linked to the increase in contact surface exposed to the gas flow for a roughly identical porosity. MC300 behave differently with a higher pressure drop compared to MC400. This is easily explained by the thicker walls employed for this structure and thus by a resulting lower porosity of 63.6% after coating. Note that MC400 also presents a much higher catalyst loading that could also explain the ranking but this explanation is not favoured because the same is not observed for MM400, also highly loaded. Still linked to a significantly different level of porosity (83.6% vs. 70%) due to thinner walls, metallic monoliths present logically lower pressure drops compared to their ceramic counterparts. In the case of opencell foams, the linear pressure drop relationship with gas superficial velocity disappears. The pressure drop tends to obey to a more parabolic behaviour that is classically modelled by a Darcy-Forchheimer law (Equation 2). This law introduces an inertial term to the viscous one of the initial Darcy's law. It is interesting to notice here that even with higher porosities and quite smaller geometrical specific surface area, the foam objects present higher pressure drops than monoliths due to this non negligible inertial term.

∆P/L = 1 k 1 µu + 1 k 2 ρ G u 2 (2) 
In this equation, µ is the gas viscosity, ρ G the density, u the gas superficial velocity (m/s), k 1 the structure permeability (m 2 ) and k 2 passivity (m), the latter often being referred to as inertial permeability.

The use of Equation 2 with the experimental results obtained for the different structures allows to regress permeabilities and passivities (when necessary, for foams). This was made using the correlation of Chung et al. [START_REF] Chung | Applications of kinetic gas theories and multiparameter correlation for prediction of dilute gas viscosity and thermal conductivity[END_REF] to estimate the air viscosity at 120 • C according to a least squares optimization approach. For foams, the fitting was done in two steps according to Clavier et al. [START_REF] Clavier | Experimental investigation on singlephase pressure losses in nuclear debris beds: Identification of flow regimes and effective diameter[END_REF] in order to avoid reaching any local minimum in the optimization:

• a first fitting of k 1 only for the very low flow-rates;

• a second fitting of k 2 only for the remaining ones.

Table 3 summarizes the obtained values for these coated objects. 

Influence of the coating

To check the possible influence of the coating on the linear pressure drop behaviour, two monoliths both presenting 400CPSI were coated with different amounts of catalyst (these 2 samples were not used for the mass transfer study and are not reported in Table 2).

The ceramic monolith was covered by 35 µm of catalyst while the metallic one had only 9 µm of catalytic material layer. The pressure drop measurements made with or without these 2 coatings indicate that with only 9 µm of catalyst, the pressure drop appears not impacted while with the 35 µm, a drop of 20% is observed (Figure 4). Note that this series of experiments was performed at 20 • C as preliminary experiments but the message remains valid at 120 • C.

These observations lead us to conclude that pressure drop measurements should be carried out with the coated objects as they will be used in the intended application. 

Mass transfer

A series of catalytic tests was performed with 1 to 4 stacked catalytic cartridges, to vary the catalytic bed length (L). For each kind of structuration, the catalyst content was the same for the 4 elements. The ozone conversion (X) was recorded at various superficial flow velocities (u) under fixed conditions of ozone concentration (1.9 ± 0.1 ppmv), temperature (120 • C) and pressure (atmospheric). Typical results are depicted on figure 5 for the MM400 structure. It is clearly observed that for a given contact time (Equation 3), multiple conversion levels are encountered due to the superficial velocities used and the corresponding bed length. This is a signature of a strong external mass transfer limitation as expected.

tc = L/u (3) 
Assuming that the intrinsic kinetic model published by Kalluri et al. [START_REF] Kalluri | Comparative heterogeneous contacting efficiency in fixed bed reactors: Opportunities for new microstructured systems[END_REF] is applicable for the catalyst used in this work, a comparison of the overall resistance (1/k ov ) with the contribution of the chemical one (1/ηkρ c ) can be done easily using the additivity of resistances in series depicted in Equation 4.

1 k ov = 1 k s a s + 1 ηkρ c (4) 
In the whole experimental domain considered in this study and for all structured objects, the chemical resistance was found to account for 0.04 to 0.75 % of the overall effective one.

This helps to support the assumption that in the following, it will be considered that k ov = k s a s directly.

The obtained results were thus used to determine the effective mass transfer coefficients, except those with a conversion level higher than 95% in order to be insensitive to hydrodynamic non idealities. A 1-D heterogeneous isothermal isobaric steady state plug flow model was used to recover the effective mass transfer coefficient k s a s . It is made under the assumption of an instantaneous reaction on the solid surface and the gas phase mass balance equation reduces to Equation 5. The effective mass transfer coefficients k s a s obtained by this method for the different studied structures are plotted in Figure 6 versus the linear pressure drop. With this approach, the most attractive structures -with high mass transfer and low pressure drop -appear in the top left corner. First of all, open cell foams appear as the worst structures with either a very low effective mass transfer coefficient k s a s and a reasonable linear pressure drop or a reasonable mass transfer coefficient with prohibitive pressure drops. This result is consistent with the publications of Giani et al. [START_REF] Giani | Mass-Transfer Characterization of Metallic Foams as Supports for Structured Catalysts[END_REF] and Patcas et al. [START_REF] Patcas | CO oxidation over structured carriers: A comparison of ceramic foams, honeycombs and beads[END_REF] Then, for a similar CPSI, metallic monoliths appear more interesting than their ceramic counterparts. It is linked to the highest void fraction of the metallic structures that generates a lower pressure rate and surface area.

ln(1 -X) = -k s a s (L/u) (5) 
The coarser 300 CPSI structures are less interesting that the 400-600 ones which are more or less equivalent. This last result may appear counter-intuitive but the 600 CPSI structures generate more pressure drop when washcoated. Finally, it appears quite clear that MM400 appears as the most attractive structure for this application. Note that metal monoliths are more mechanically stable against vibrations and other perturbations experienced during landings, etc. They tend nevertheless to be more expensive than ceramic ones.

To complete this analysis, knowing the specific surface area a s through the geometric characterizations made by X-ray tomography, a second comparison of the structures is provided in terms of k s only in Figure 7. This complementary figure demonstrates that foams generate the highest mass transfer coefficients k s in comparison to monoliths which fall close to each others in this representation. It is easily explained thanks to the better gaseous mixing obtained in the tortuous paths of the foams that contributes to induce some convective mixing contributions in all the directions and to reduce significantly the effective diffusion layer in comparison to monoliths. A trade-off index (I t.o. ), according to Giani et al., [START_REF] Giani | Mass-Transfer Characterization of Metallic Foams as Supports for Structured Catalysts[END_REF] can also be calculated (see Equation 6).

I t.o. = ln(1 -X) ∆P/ρu 2 (6) 
This index, representing the ratio between the apparent conversion rate and the pressure drop observed to ensure such a performance, has to be maximized.

The indexes for all the structures are plotted in Figure 8. The plots correspond to data collected for 1 to 4 stacked objects, at various gas velocities. It is again very clear that the metallic monoliths allow to reach a better compromise between mass transfer and pressure drop. According to Giani et al., [START_REF] Giani | Mass-Transfer Characterization of Metallic Foams as Supports for Structured Catalysts[END_REF] two different Reynolds numbers were used, depending on the structure: a first was based on the foam strut diameter, d S , for foams (Equation 7), while the the other one was based on the channel hydraulic diameter, d h , for monoliths (Equation 8). It can be noticed that experimental points remains more scattered around the correlation with foam objects . It may comes from the irregular geometry of the foam and its numerous defects. It also indicates that foam geometrical description remains probably not sufficient with a single characteristic length (d cell for our work and d S for the previous ones) involved in the mass transfer correlations. In addition, these correlations may still need further improvements to properly capture the involved phenomena. 

Re (d S ) = ρ G u (4(1 -)/a s ) µ (7) 
Re (d h ) = ρ G u d h µ (8) 
Figure 9a confronts the experimental values obtained in this study for foam objects to published correlations of Giani et al. [START_REF] Giani | Mass-Transfer Characterization of Metallic Foams as Supports for Structured Catalysts[END_REF] and Richardson et al. [START_REF] Richardson | Properties of ceramic foam catalyst supports: mass and heat transfer[END_REF] and more recently Bracconi et al [START_REF] Bracconi | A Fundamental Investigation of Gas/Solid Mass Transfer in Open-Cell Foams Using a Combined Experimental and CFD Approach[END_REF] . The evolution of Sh/Sc 1/3 with Re (d S ) are similar and the absolute values lies in between the ones predicted by correlations of both research groups. The more important differences with Giani et al. [START_REF] Giani | Mass-Transfer Characterization of Metallic Foams as Supports for Structured Catalysts[END_REF] and Richardson et al. [START_REF] Richardson | Properties of ceramic foam catalyst supports: mass and heat transfer[END_REF] can be explained by the less quantitative morphological characterizations available when these pioneering papers were realized. to reference published correlations dedicated to square or triangle monolithic channels. [START_REF] Uberoi | External Mass Transfer Coefficients for Monolith Catalysts[END_REF][START_REF] Wibulswas | Laminar-Flow Heat-Transfer in Non-Circular Ducts[END_REF][START_REF] Maestri | Comparison among structured and packed-bed reactors for the catalytic partial oxidation of CH4 at short contact times[END_REF][START_REF] Hawthorn | Effect of heat and mass transfer between gas and catalyst surface[END_REF][START_REF] Holmgren | Enhanced Mass Transfer in Monolith Catalysts with Bumps on the Channel Walls[END_REF] Note that the correlation used by Maestri et al. [START_REF] Maestri | Comparison among structured and packed-bed reactors for the catalytic partial oxidation of CH4 at short contact times[END_REF] comes directly from an analogy with a heat transfer correlation coming from the reference book of Shah and London. [START_REF] Shah | Laminar Flow Forced Convection in Ducts[END_REF] The experimental values appear, in most of the cases, similar or lower than the ones predicted by the various correlations. ) has been derived through least square regression (Equation 12)

with a mean relative deviation of 16% (Figure 10a). This sounds a more direct estimation with a proper geometrical data (today easily measurable through X-ray microtomography)

than the use of a theoretical model of equivalent spheres. 
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 1 Figure 1: Example of one ceramic monolith (MC400), one metallic monolith (MM400) and one metallic foam (FM3.8mm)
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 2 Figure 2: Set-up used
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 3 Figure 3: Pressure drop per unit length for different coated structures at 120 • C
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 4 Figure 4: Effect of a coating on the pressure drop per unit length -experiments at 20 • C

Figure 5 :

 5 Figure 5: ozone conversion vs. contact time at 120 • C for different reactor configurations using MM400 coated cartridges
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 6 Figure 6: Mass transfer vs. pressure drop for the tested structures at 120 • C
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 7 Figure 7: Mass transfer coefficients vs. pressure drop for the tested structures at 120 • C
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 8 Figure 8: Trade-off index obtained for all the structures under various gas flow rates and with 1 to 4 cartridges
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 9 Figure 9: Comparison of structures performances with the literature data -a) foams, b) monoliths with square channels, c) monoliths with triangular channels
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 1011 Figure 10: Comparison of data with new correlations -a) foams, b) monoliths with square channels, c) monoliths with triangular channels
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 1 38 Re 0.43 (d cell) Sc 1/3 (12) Conclusion Eight different structured objects were coated by a Pd/Al 2 O 3 layer and used at high GHSV as ozone converters. As the reaction was strongly mass transfer limited, the effort was focused on finding a good trade-off between mass transfer and pressure drop. The best identified structure was a metallic monolith, with an intermediate number of channels (400 CPSI), higher cell densities being really detrimental to the pressure drop in the presence of catalytic layers. The performance of the structures showed acceptable agreement with predicted standard correlations, even though predictions sometimes differ widely. New correlations were adapted to better represent this new set of data. Nomenclature a s = Volumetric surface area (m 2 • m -3 ) CPSI = Cells Per Square Inch d cell = Foam cell diameter (m) d h = Hydraulic diameter (m) d S = Foam strut diameter (m) e w = Wall thickness (m) ρ G = Gas density (kg • m -3 ) ρ c = Catalyst density (kg • m -3 ) µ = Gas dynamic viscosity (Pa.s)

Table 1 :

 1 Geometrical characteristics of pristine structures determined through X-ray tomography and volumetric image analysis algorithms

		Porosity Spec. surf. area wall thickness Charac. length
	REF	(%)	a )
	MC300	65 ± 0.8	2250 ± 100	265 ± 20	1155 ± 200
	MC400	77.6 ± 0.2	2750 ± 150	178 ± 7	1168 ± 77
	MC600	78.3 ± 0.1	3380 ± 100	111 ± 15	938 ± 71
	MM300	85 ± 0.5	3250 ± 300	70 ± 10	1150 ± 150
	MM400	88.7 ± 0.6	3700 ± 500	50 ± 10	1017 ± 177
	MM600	85.1 ± 0.1	4400 ± 600	51 ± 8	850 ± 150
	FM2mm	89 ± 0.5	895 ± 50	-	2143 ± 183
	FM3.8mm 90 ± 0.5	433 ± 25	-	4510 ± 293

s (m 2 • m -3 ) e w (µm) d h , d cell (µmBecause catalyst coating can affect some final geometrical data of the structures, Table 2 depicts some additional characteristics and a residual porosity. This former parameter was estimated assuming a homogeneous coating and a coating apparent density of 1000 kg • m -3 . The catalytic material loading of the different structures varies significantly

Table 2 :

 2 Mean mass of catalyst and porosity modification of the structures cata /L reactor for the different structures. This is explained by several factors such as very different specific surface areas, a part of dip-coating procedure reproducibility, different geometries and different materials. Foams, presenting a very low specific surface area, can only host 6 to 13 g cata /L reactor . Monoliths classically host 15-20 g cata /L reactor , corresponding to a mean catalytic layer of ca. 5 µm, but 2 samples were out of this range, with a huge loading, probably due to insufficient blowing during the coating process. Note that the reported mass value is the average value between 2 to 4 samples; the uncertainty corresponds to the experimental deviation of the mass of different cartridges of the same batch.

	REF	Mass cata /V reactor (g/L) New porosity (%) Mean coating thickness (µm)
	MC300	17 ± 3	63.3 ± 0.3	6 ± 1
	MC400	63 ± 2	71.3 ± 0.2	23 ± 1
	MC600	18 ± 1	76.5 ± 0.1	5 ± 1
	MM300	17 ± 3	83.3 ± 0.3	5 ± 1
	MM400	51 ± 1	83.6 ± 0.1	13 ± 1
	MM600	15 ± 4	83.6 ± 0.4	3 ± 1
	FM2mm	13 ± 6	87.7 ± 0.6	14 ± 7
	FM3.8mm	6 ± 1	89.4 ± 0.1	13 ± 2
	from 6 to 63 g			

Table 3

 3 

	: k 1 and k 2 values for the studied coated objects
	REF	k 1 (m 2 )	k 2 (m)
	MC300	2.90.10 -8	-
	MC400	2.39.10 -8	-
	MC600	2.16.10 -8	-
	MM300	3.66.10 -8	-
	MM400	3.10.10 -8	-
	MM600	2.66.10 -8	-
	FM2mm 7.29.10 -8 5.69.10 -3
	FM3.8mm 2.63.10 -7 1.34.10 -2

  The evolution with Re d h /L is conform to what predict these correlations and confirms the interest of the functional form adopted by Hawthorn et al. and other younger works. 34 Despite the dispersion of the different correlations, this new set of results appears acceptable. Experimental mass transfer coefficients (k s ) obtained in the different monolithic structures of this study are satisfactorily represented through 2 new correlations adopting the Hawthorn's formalism with fitted parameters using least squares regression (Equations 9 and 10). A first correlation is specific of the metallic monoliths triangular channels with a mean relative deviation of 16.5% and a second one for the more classical ceramic monoliths with square channels with a mean relative deviation of 15.5%. The matching of each correlation with the experimental data is shown on Figures 10.
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FM = Metallic foam

GHSV = Gas Hourly Space velocity (h -1 )