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Liquid metal dealloying is a promising technique to get nanoporous materials which are attractive for their excellent functional properties. From a (FeCr) x -Ni 1-x precursor, it is possible to get porous FeCr with this technique.

While immersing precursors in a molten Mg bath, Ni atoms selectively migrate into the Mg bath. After cooling down to room temperature, the resulting microstructure is a bi-continuous structure of FeCr and Mg (with Ni in solid solution). A final etching step removes the Mg solid-state solution phase. Precursors with different compositions were dealloyed and imaged in 3D. From X-ray tomography images, porous FeCr characteristics as solid fraction, phase size, specific surface were extracted. EBSD maps were acquired on samples before and after dealloying.

We will show that precursor composition is a key parameter to control pores and grains size while dealloying parameters (time and temperature) are key parameters to control ligaments size and in fine specific surface. By controlling precursor composition and dealloying parameters it is now possible to get dealloyed nanoporous metals with desired grain and porous microstructure by liquid metal dealloying.

Introduction

Nanoporous metals have attracted considerable attention for their excellent functional properties including high catalytic activity, sensing capabilities and surface-enhanced Raman scattering [START_REF] Erlebacher | Hard materials with tunable porosity[END_REF][START_REF] Snyder | Oxygen reduction in nanoporous metal-ionic liquid composite electrocatalysts[END_REF][START_REF] Lang | Nanoporous metal/oxide hybrid electrodes for electrochemical supercapacitors[END_REF][START_REF] Chen | Nanoporous copper with tunable nanoporosity for SERS applications[END_REF]. Properties at the nanoscale differ significantly from those of their dense, bulky counterparts. Liquid metal dealloying is a promising technique to get nanoporous common materials. The liquid metal dealloying method is a selective dissolution phenomenon of a solid alloy precursor. One component (referred to as the soluble component) is soluble in the metallic melt while the other (referred to as the targeted component) is not. When the solid precursor is immersed in the metallic melt, only atoms of the soluble component dissolve into the melt inducing a spontaneously organized bi-continuous microstructure formed by the targeted and sacrificial phases (solidified metallic bath). After cooling down to room temperature, this sacrificial phase can be removed by selective chemical etching to obtain the final porous material with the targeted composition. It has enabled the preparation of micro/nanoporous structures of pure metals (Ti, Fe, Cr, Nb, Ta) [START_REF] Wada | Dealloying by metallic melt[END_REF][START_REF] Wada | Three-dimensional open-cell macroporous iron, chromium and ferritic stainless steel[END_REF][START_REF] Kim | Sub-micron porous niobium solid electrolytic capacitor prepared by dealloying in a metallic melt[END_REF][START_REF] Mccue | Kinetics and morphological evolution of liquid metal dealloying[END_REF], alloys (TiCrZr, TiZr, TiNb, TiHf, FeCr, NiCr) [START_REF] Wada | Three-dimensional open-cell macroporous iron, chromium and ferritic stainless steel[END_REF][START_REF] Okulov | Dealloying-based interpenetrating-phase nanocomposites matching the elastic behavior of human bone[END_REF][START_REF] Okulov | Dealloyingbased metal-polymer composites for biomedical applications[END_REF][START_REF] Mokhtari | Cold-rolling influence on microstructure and mechanical properties of NiCr-Ag composites and porous NiCr obtained by liquid metal dealloying[END_REF] and non-metals (Si, C) [START_REF] Wada | Bulk-nanoporoussilicon negative electrode with extremely high cyclability for lithium-ion batteries prepared using a top-down process[END_REF][START_REF] Yu | Three-dimensional bicontinuous porous graphite gerenated in low teperature metallic melt[END_REF].

The study of the microstructure of these porous materials is not easy because it requires 3D information. The solid fraction morphology of porous TiCrZr and NiCr was already 3D imaged [START_REF] Mokhtari | Cold-rolling influence on microstructure and mechanical properties of NiCr-Ag composites and porous NiCr obtained by liquid metal dealloying[END_REF][START_REF] Chen-Wiegart | 3D morphological evolution of porous titanium by x-ray micro-and nano-tomography[END_REF]. The dealloying mechanisms of Ta-Ti with different Ta/Ti ratio have been studied and a similar grain microstructure is observed before and after dealloying [START_REF] Mccue | Kinetics and morphological evolution of liquid metal dealloying[END_REF].

The mechanical, electrochemical properties of these porous materials are directly linked to their microstructure. The dealloying mechanism of FeCr-Ni was already studied in liquid and solid Mg bath [START_REF] Wada | Three-dimensional open-cell macroporous iron, chromium and ferritic stainless steel[END_REF][START_REF] Wada | Evolution of a bicontinuous nanostructure via a solidstate interfacial dealloying reaction[END_REF][START_REF] Wada | Preparation of hierarchical porous metals by twostep liquid metal dealloying[END_REF]. Morphology of liquid metal dealloying resulting porous structure was mainly analyzed in 2D so far in the literature. In order to extract more information on porous structures, 3D analysis is available today and has been shown to be preferable. After a preliminary study on Titanium alloys [START_REF] Chen-Wiegart | 3D morphological evolution of porous titanium by x-ray micro-and nano-tomography[END_REF], FeCr-Ni, the material of the present study, was observed by X-ray tomography in [START_REF] Chonghang | Three-dimensional morphological and chemical evolution of nanoporous stainless steel by liquid metal Dealloying[END_REF]. In this previous study however, the authors focused on short dealloying time with the evolution of pores and residual Ni at the early stage of dealloying. Contrarily to this previous work, in the present study, we focus on long dealloying time. This enables us to have a coarsened structure with no residual sacrificial element inside the ligaments. In the present paper we also aim at analyzing the microstructure of the solid phase. In this respect, grain microstructure is very important to explain dealloying mechanisms and the resulting mechanical behavior. To study the grain microstructure, one of the most appropriate tools is EBSD (Electron BackScatter Diffraction) analysis. EBSD analysis on porous materials made by liquid metal dealloying has not been reported yet in the literature.

In the present paper EBSD was used to analyze grain microstructure before and after dealloying and X-ray tomography to image porous microstructure in 3D. The analysis for different precursor compositions was conducted to be able to predict sample microstructure and in fine sample properties.

Materials and Methods

A Fe-Cr-Ni alloy (the precursor) and a Mg molten bath were used in this work. The strategy for selecting precursor and molten bath element is described in [START_REF] Wada | Dealloying by metallic melt[END_REF]. (Fe 80 Cr 20 ) 30 Ni 70 , (Fe 80 Cr 20 ) 50 Ni 50 and (Fe 80 Cr 20 ) 70 Ni 30 ingots were prepared using arc melting as described in [START_REF] Wada | Three-dimensional open-cell macroporous iron, chromium and ferritic stainless steel[END_REF]. The resulting precursors of around 1 cm thickness were cold-rolled until reaching the thickness of 1 mm. For EBSD analysis one part of precursors were heat-treated 5 h at 1093 K. For dealloying, cold-rolled precursors 1 mm thick sheets were directly cut without further heat treatment into 30 * 20 mm rectangular samples.

The dealloying step was carried out on these samples with a temperature of 1093 K for 1 h in a Mg melt bath under a high-purity He atmosphere to give FeCr-Mg bicontinuous structure.

For EBSD precursor samples, cross sections were mechanically polished (the final step was performed using a colloid alumina solution). After dealloying, the cross sections were polished using an Ar ion beam polisher (EM-3500 Hitachi, Japan). The EBSD acquisitions were performed on JEOL 7100F (JEOL, Japan) and were analyzed with OIM analysis software.

For X-ray tomography imaging, samples were cut with a precision micro-cutting machine into a rectangular rod with 0.5-1 mm in sides and 1 cm in length and then polished into a tip shape. The selective etching step was carried out using highly concentrated nitric acid to dissolve the Mg based solid-state solution. This etching resulted in microporous Fe 80 Cr 20 .

To validate the use of laboratory X-ray source, X-ray tomography measurement were conducted both using synchrotron X-ray source on Tomcat beamline (SLS, PSI, Swiss) and using laboratory X-ray source on an easytom tomograph (RX Solutions, France). Acquisitions in Tomcat were done with an monochromatic source of 25 keV and a voxel lateral isotropic size of 0.163 μm and they were reconstructed in 32 bit floating point representation from 2D projections using optimized software based on Fourier methods using a Simultaneous phase and amplitude extraction ("paganin") [START_REF] Hintermüller | Image processing pipeline for synchrotron-radiation-based tomographic microscopy[END_REF][START_REF] Marone | Fast reconstruction algorithm dealing with tomography artifacts[END_REF][START_REF] Marone | Regridding reconstruction algorithm for real time tomographic imaging[END_REF][START_REF] Paganin | Simultaneous phase and amplitude extraction from a single defocused image of a homogeneous object[END_REF]. Acquisition on an easytom tomograph were done using a polychromatic source operated at a voltage of 100 kV and a voxel lateral isotropic size of 0.3 μm and the reconstructions were obtained using the commercial software provided with the tomograph.

The reconstructions were analyzed with Fiji free software [START_REF] Schindelin | Fiji: an open-source platform for biological-image analysis[END_REF] on 90 μm side cubes. All compositions were imaged and analyzed on both devices and quantitative analysis gave similar results for both tomographs. For the sake of conciseness, only results provided by easytom tomograph from (Fe 80 Cr 20 

Results and Discussion

Grain Microstructure Characterization

Cold-rolled Samples

In this part the EBSD maps on precursor samples were acquired directly after cold-rolling without recrystallization. Fig. 1 presents the grain microstructure before and after dealloying with Index Quality (IQ) + Inverse Pole Figure (IPF) maps. Before dealloying the microstructure is highly affected by cold-rolling: grains are elongated along the cold-rolling direction and the degree of indexation is low: most of the maps are black i.e. non-indexed. This result is similar to others coldrolled samples [START_REF] Barekar | Microstructural evaluation during melt conditioned twin roll casting (MC-TRC) of Al-Mg[END_REF][START_REF] Suwas | Crystallographic Texture of Materials[END_REF][START_REF] Zhao | Effects of intercritical annealing temperature on mechanical properties of Fe-7.9Mn-0.14Si-0.05Al-0.07C steel[END_REF]. The influence of the composition of precursor samples on EBSD map is not evident. Precursor samples present only FCC phase while after dealloying samples present only BCC phase [START_REF] Wada | Preparation of hierarchical porous metals by twostep liquid metal dealloying[END_REF]. After dealloying 30%FeCr and 50%FeCr present small randomly oriented grains composed of a small number of ligaments while 70%FeCr presents large grains, each grain including many ligaments of similar orientation.

From phase diagrams, 30%FeCr-Ni and 50%FeCr-Ni should be FCC phase at room and dealloying temperature without allotropic transformation between both. However 70%FeCr-Ni should be composed of both FCC (main) and BCC phase at room temperature [START_REF] Marsh | Limits of new phase in the Fe-Cr-Ni system[END_REF][START_REF] Hayes | Thermodynamics of stainless steels[END_REF]. At higher temperature (over 673 K) 70%FeCr-Ni is composed of only FCC phase [START_REF] Pugh | Iron-chromium-nickel ternary system[END_REF]. Because of low inter-diffusion coefficient between Fe and Ni, it is probably more difficult to reach equilibrium at low temperature. This is a good explanation why BCC phase could not be observed [START_REF] Cacciamani | The Fe-Ni system: thermodynamic modelling assisted by atomistic calculations[END_REF]. From phase diagrams again [START_REF] Marsh | Limits of new phase in the Fe-Cr-Ni system[END_REF][START_REF] Massalski | Fe-Cr phase diagram[END_REF], Fe 80 Cr 20 is composed of BCC phase, in agreement with our EBSD analysis.

Table 1 presents the average grain size measured by two methods (i) given by OIM analysis software where grain are assimilated to circle (ii) calculated from the average of six manual measurements on the EBSD map. One grain for each map after dealloying is circled in white in Fig. 1 to highlight what we considered as a grain in this manual measurement. We can see when the amount of solid increases in the porous sample, the difference between the two methods decreases. In fact, for 30%FeCr, the measurement given by the software corresponds to ligaments size and not grain size because the analysis is done in 2D and the connection between ligaments is not obvious while for 70%FeCr even in 2D the connection between ligaments is present: OIM analysis software could capture the full porous grain.

Before dealloying grains are highly affected by cold-rolling. Because dealloying is performed at high temperature, we can expect a recrystallization of the precursor sample prior or during dealloying. The difference between 30%/50%FeCr-Ni and 70%FeCr-Ni could be explained by different recrystallization rate or/and dealloying rate. This material (70%FeCr-Ni), could indeed have time to fully recrystallize before dealloying while for the two other ones (30%/50%FeCr-Ni), recrystallization could be slower.

After Recrystallization

In this part, cold rolled precursor samples were subsequently recrystallized 5 h at 1093 K under highly vacuumed atmosphere and then air quenched. Fig. 2 presents the grain microstructure before and after dealloying with Index Quality (IQ) + Inverse Pole Figure (IPF) maps. After recrystallization, grains exhibit a rather polygonal shape with an average diameter of around 25 μm which are typical for recrystallized austenite [START_REF] Abedi | Continuous dynamic recrystallization in low density steel[END_REF][START_REF] Qin | Electron backscattered diffraction analysis of the effect of deformation temperature on the microstructure evolution in a typical nickel-based superalloy during hot deformation[END_REF][START_REF] Shi | Twin boundary characters established during dynamic recrystallization in a nickel alloy[END_REF]. Before dealloying the effect of the composition on the microstructure is not strong. Samples also present only a FCC structure. After dealloying, only BCC phase is presented. 30%FeCr and 50%FeCr presents small grains composed of a couple of ligaments which look randomly oriented while 70%FeCr presents large grains including many ligaments. This result is different compared to previous studies where no microstructure change was observed between precursor and dealloyed samples [START_REF] Mccue | Kinetics and morphological evolution of liquid metal dealloying[END_REF][START_REF] Van Petegem | On the microstructure of nanoporous gold: an X-ray diffraction study[END_REF][START_REF] Gwak | Weakened flexural strength of nanocrystalline nanoporous gold by grain refinement[END_REF]. In our case however, dealloying occurs at high temperature and phase transformation occurs between precursor and dealloyed samples. Precursor shape was almost preserved during dealloying and shrinkage was almost not noticed after dealloying for all samples, with no influence of the recrystallization step. This makes a difference compared to the dealloying of cold-rolled Au-Pd-Ag sheets where a large shrinkage was observed [START_REF] Detsi | Enhanced strain in functional nanoporous gold with a dual microscopic length scale structure[END_REF]. This difference between our results and the ones from chemical dealloying can be explained by the very low targeted element amount (5 at.% Au in precursor). Moreover liquid metal dealloying is done at high temperature, which plays a similar role than heat treatment on the microstructure.

While comparing Figs. 1 and 2 after dealloying, no significant difference is observed. This means that the different behavior between 30%/50%FeCr and 70%FeCr could not be explained by the absence of recrystallization treatment after cold-rolling step. To explain this difference, another hypothesis can be postulated: if one considers the same interface precursor/dealloyed sample, when the amount of FeCr is low, Fe and Cr can be considered as spatially isolated. Moreover for low FeCr amount in precursor, dealloying front rate is high and this promotes diffusion and displacive transformation. As a consequence, nucleation of new grains is easy and grain size is rather small. On the contrary when the amount of FeCr is high and the dealloying rate low (controlled by the Ni diffusion rate in the solid phase), a diffusive phase transformation is observed (Fig. 2c) with large grains due to grain growth rather than nucleation of new grains [START_REF] Fisher | Fundamentals of Solidification[END_REF]. So the difference of behavior could be partly explained by this competition between crystal nucleation and crystal growth. For 30/50%FeCr-Ni samples, nucleation would be the dominant mechanism while for 70%FeCr-Ni sample, that would be grains growth.

Morphology Characterization

Qualitative Analysis

Fig. 3 shows one reconstructed slice for each sample extracted from the reconstruction. Two phases are visible. The lighter phase corresponds to the FeCr phase and the darker phase to the air. The amount of white phase is qualitatively coherent with the samples expected composition. Fig. 3a obtained using the synchrotron tomograph seems to have similar FeCr volume fraction and ligaments size to Fig. 3b ones (same type of sample but scanned using our laboratory tomograph). In the case of the synchrotron image, the contrast is better.

Table 1

Comparison between grain size given by the software and measured on the map. For 30 and 50% samples, the software actually measures the ligament size. 

Quantitative Analysis

Volume was filtrated with a bilateral filter plugin added in Fiji. The intensity curve with gray level presents two peaks (one for each phase) and the threshold value was chosen between these two peaks.

Table 2 summarizes an inventory of all parameters measured from X-ray tomography images. Ligaments/pores size and connectivity were measured with Fiji function/plugin "local thickness" and "find connected area" [START_REF] Schindelin | Fiji: an open-source platform for biological-image analysis[END_REF][START_REF] Hildebrand | A new method for the model-independent assessment of thickness in three-dimensional images[END_REF][START_REF] Saito | New algorithms for Euclidean distance transformation on an n-dimensional digitized picture with applications[END_REF]. Volume fraction, specific surface and tortuosity were measured with homemade plugins described in [START_REF] Maire | X-ray tomography applied to the characterization of highly porous materials[END_REF]. Euler number was measured with Morpholibj plugin [START_REF] Legland | MorphoLibJ: integrated library and plugins for mathematical morphology with ImageJ[END_REF].

The value of porous FeCr volume fraction is close to the one expected from the FeCr/Ni atomic fraction of the precursor. During the dealloying reaction, Ni atoms are removed from the FeCr-Ni lattice and the remaining FeCr atoms reconstruct a FeCr lattice. According to the reported lattice parameter of FeCr-Ni and FeCr, the volume of the unit cell divided by the number of atoms, the theoretical FeCr volume fraction divided by precursor atomic fraction is 1.03. The experimental results are in good agreement with this predicted value [START_REF] Wada | Preparation of three-dimensional nanoporous Si using dealloying by metallic melt and application as a lithium-ion rechargeable battery negative electrode[END_REF][START_REF] Doroeolskii | Solid solutions in the V-Ti, V-Fe, Fe-Cr and Fe-Ni systems[END_REF][START_REF] Dyson | Effect of alloying additions on the lattice parameter of austenite[END_REF][START_REF] Mohammadzadeh | Correlation between stacking fault energy and lattice parameter in nanocrystalline Fe-Cr-Ni austenitic stainless steels by atomistic simulation study[END_REF].

Fig. 4 (left) presents the phase thickness distribution of FeCr and Air phases for all samples. As already mentioned in literature for a similar process, phases display an unimodal and somewhat scattered thickness distribution [START_REF] Mokhtari | Cold-rolling influence on microstructure and mechanical properties of NiCr-Ag composites and porous NiCr obtained by liquid metal dealloying[END_REF][START_REF] Chen-Wiegart | 3D morphological evolution of porous titanium by x-ray micro-and nano-tomography[END_REF][START_REF] Liu | A general dealloying strategy to nanoporous intermetallics, nanoporous metals with bimodal, and unimodal pore size distributions[END_REF]. In Table 2, the average phase thickness of both phases is reported. We can firstly notice that even if resolution and contrast were higher with SLS facilities, there is no incidence on our phase distribution. This means that even if the lab tomography shows a poorer contrast, segmenting our both phases correctly was still possible. Remarkably, FeCr phase thickness distributions are similar for all samples. This clearly shows that in our case, ligaments size are independent of precursor composition, it was also noticed in ref. [START_REF] Chonghang | Three-dimensional morphological and chemical evolution of nanoporous stainless steel by liquid metal Dealloying[END_REF]. Because phase thickness distributions are similar and materials densities are different, pore distributions must on the contrary be dependent on the composition of the precursor. If we assimilate our structure to a perfect alternation of ligaments and pores, the pore size divided by ligament size is equal to pore fraction divided by FeCr fraction. We calculated the theoretical pore/ligament size for various FeCr amount. Then, we plotted our experimental values and the theoretical ones in Fig. 4 (right). Our experimental values match fairly well the theoretical ones. This allows us to validate a rule for controlling pore size by simply tailoring the composition, time and temperature of dealloying.

The average ligament size is 4.8 ± 0.3 μm for 1 h dealloying at 1093 K. In ref. [START_REF] Wada | Three-dimensional open-cell macroporous iron, chromium and ferritic stainless steel[END_REF], Fe 30 Ni 70 precursors were dealloyed in similar conditions to our study so some of their result can be extrapolated. Fig. 3b in their paper shows the evolution of the ligament size (measured by SEM), for different dealloying times. By using Eq. ( 3) of this paper for the time and temperature used in our study, the expected ligament size is 5.08 μm [START_REF] Wada | Three-dimensional open-cell macroporous iron, chromium and ferritic stainless steel[END_REF]. This is very close to what we have measured in Table 2. Similar ligament size for different precursor compositions suggests similar activation energy. This series of results shows that the addition of Cr has a limited influence on the coarsening behavior.

One of the main interests of microporous materials is their large specific surface area. Specific surface in (m 2 /kg) and (m 2 /m 3 ) are displayed in Table 2. For different compositions, specific surface is different while ligaments size is constant. This means that the specific surface depends on sample density. These values of specific surface are comparable to porous NiCr obtained with the same methods [START_REF] Mokhtari | Cold-rolling influence on microstructure and mechanical properties of NiCr-Ag composites and porous NiCr obtained by liquid metal dealloying[END_REF] but very low compared to nanoporous gold obtained by dealloying in aqueous solution [START_REF] Lakshmanan | Surface area of nanoporous gold: effect on temperature[END_REF]. In the present study, our samples, were not particularly designed to get very small ligaments. However if necessary, ligament size can be easily decreased for example by using solid state inter-facial dealloying reaction (reported ligament size down to 400 nm in [START_REF] Wada | Three-dimensional open-cell macroporous iron, chromium and ferritic stainless steel[END_REF]) or even liquid metal dealloying at lower temperature and shorter dealloying time (reported ligament size down to 650 nm in [START_REF] Wada | Evolution of a bicontinuous nanostructure via a solidstate interfacial dealloying reaction[END_REF]).

Detsi et al. linked the specific surface area (S) with the porous sample's characteristics: ligament size (d), bulk density (ρ) and a constant C in Eq. ( 1) [START_REF] Detsi | On the specific surface area of nanoporous materials[END_REF].

= * S C ρ d (1)
Specific surface vs B is plotted in Fig. 5a. Graphically, the value of C constant can be extracted. We measure C = 3.7 ± 0.4. Values reported in the literature for nanoporous gold is C = 3.7 and C = 3.4 for the simulation of single gyroid nanostructure [START_REF] Lakshmanan | Surface area of nanoporous gold: effect on temperature[END_REF][START_REF] Detsi | On the specific surface area of nanoporous materials[END_REF][START_REF] Tan | Surface area and pore size characteristics of nanoporous gold subjected to thermal, mechanical, or surface modification studied using gas adsorption isotherms, cyclic voltammetry, thermogravimetric analysis, and scanning electron microscopy[END_REF]. This clearly shows that the structure of our materials is close to single gyroid structure. Finding a similar C for nanoporous gold and our material shows one more similarity in the structure of materials elaborated by different dealloying processes. Eq. ( 1) is therefore validated for our material and can thus be used to calculate the suitable ligament size for a given specific surface.

For various applications where the transport of electrical charges is a key property (such as capacitors), it is important to have a perfectly connected structure and a high specific surface [START_REF] Erlebacher | Hard materials with tunable porosity[END_REF][START_REF] Snyder | Oxygen reduction in nanoporous metal-ionic liquid composite electrocatalysts[END_REF][START_REF] Lang | Nanoporous metal/oxide hybrid electrodes for electrochemical supercapacitors[END_REF][START_REF] Chen | Nanoporous copper with tunable nanoporosity for SERS applications[END_REF]. Connectivity of both phases for all samples is equal to 1. This value validates the fact that our materials exhibit a bi-continuous structure. The connectivity value is a good way to measure if the structure is perfectly connected or not. Euler characteristic and genus are also often used for this purpose [START_REF] Michielsen | Aspects of mathematical morphology[END_REF][START_REF] Mangipudi | A FIB-nanotomography method for accurate 3D reconstruction of open nanoporous structures[END_REF][START_REF] Chen-Wiegart | Morphological and topological analysis of coarsened nanoporous gold by x-ray nanotomography[END_REF][START_REF] Lilleodden | On the topological, morphological, and microstructural characterization of nanoporous metals[END_REF]. Genus is calculated as (Euler number / 2 + 1) and corresponds to the number of connections inside the structure [START_REF] Mangipudi | A FIB-nanotomography method for accurate 3D reconstruction of open nanoporous structures[END_REF][START_REF] Chen-Wiegart | Morphological and topological analysis of coarsened nanoporous gold by x-ray nanotomography[END_REF][START_REF] Lilleodden | On the topological, morphological, and microstructural characterization of nanoporous metals[END_REF]. We measured respectively around 500, 1300 and 3000 connections for 30% FeCr, 50%FeCr and 70%FeCr. As expected, the number of connections increases with the amount of solid phase in the sample. However the genus of 70%FeCr is 6 times higher than the one of 30%FeCr whereas the ratio of the amount of solid phase is only 2.3. This means that 70% FeCr is better connected than 30%FeCr. Dividing the genus per unit volume with the cube of the specific area provides a dimensionless genus called scaled genus. Our scaled genus (0.02 to 0.06) is comparable with the one's found for nanoporous gold (from 0.0015 to 0.147) [START_REF] Mangipudi | A FIB-nanotomography method for accurate 3D reconstruction of open nanoporous structures[END_REF][START_REF] Chen-Wiegart | Morphological and topological analysis of coarsened nanoporous gold by x-ray nanotomography[END_REF][START_REF] Lilleodden | On the topological, morphological, and microstructural characterization of nanoporous metals[END_REF].

Transport properties, diffusivity and conductivity properties are depending on tortuosity. The effective conductivity (C eff ) and diffusivity (D eff ) are linked with the intrinsic conductivity (C i ) and diffusivity (D i ), the tortuosity (τ) and the phase fraction of the conductive phase (p) in respectively Eqs. ( 2) and ( 3

) [54] = * C C p τ eff i (2) = * D D p τ eff i ( 3 
)
The tortuosity (τ) is a factor only depending on the porous sample's geometry. Tortuosity of both phases can be found in Table 2. Tortuosity is defined by the ratio of the length of the curve to the Euclidian distance between the ends of the curve. A tortuosity equal to one corresponds to pores parallel to the transport direction as for example honey comb cells. A tortuosity included between one and three means than the transports properties are lower than the intrinsic transport properties of the conductive phase and also relatively good connectivity and low meandering of the pores [START_REF] Xue | Switchable imbibition in nanoporous gold[END_REF]. A tortuosity equal to 3 corresponds to an isotropic spatial distribution of the pores [START_REF] Bear | Dynamics of Fluids in Porous Media[END_REF]. In our case, bicontinuous structure does not enable to have isotropic pores/matters so this is consistent with a tortuosity below 3. All the values that we measure for τ are rather small, between 1 and 1.3. The low tortuosity of our materials suggests from Eqs. ( 2) and (3) that the material should exhibit good diffusion and transport properties compared to materials with higher tortuosity. Our tortuosity is comparable to the one of microporous TiCrZr obtained by liquid metal dealloying [START_REF] Chen-Wiegart | 3D morphological evolution of porous titanium by x-ray micro-and nano-tomography[END_REF].

In 1935, the volume fraction (ρ) and the tortuosity was linked by [START_REF]Berechnung verschiedener physikalischer Konstanten von heterogenen Substanzen[END_REF] in Eq. ( 4) where γ and a are constant depending on the morphology, porosity, material, and particle-size distribution of the material. Usually people take γ = 1 and adjust a, or a = 1.5 and adjust γ. The simplest case corresponds to γ = 1 and a = 1.5 [14,54] Except some small areas (around 2 vol%) with a higher tortuosity, tortuosity is small.

= * - τ γ ρ a 2 1 (4) 

Conclusion

From (FeCr) x -Ni 1-x with x = 30, 50 and 70 precursors were dealloyed 1 h at 1093 K in Mg melt. EBSD maps were acquired on samples before and after dealloying. A phase transformation happened during the dealloying process: precursors samples were FCC phase while dealloyed samples were BCC phase. Different behavior were observed depending on precursor composition: 30 and 50%FeCr present small grains while 70%FeCr presents large grains resulting in different grain formation mechanisms. Etched samples were 3D imaged by Lab and synchrotron X-ray tomography. Porous sample morphological parameters were extracted and similar results were given by both Lab and synchrotron tomography. From our analysis porous sample morphological characteristics can be extracted: volume fraction is directly linked to precursor composition. Dealloying time and temperature control the ligaments size while precursor composition controls the pore size. Specific surface is linked to ligament size by a well-known equation and suitable specific surface can be obtained calculating the dealloying time and temperature. Specific surface area of porous FeCr is very close to the one of single gyroid microstructure. Our tortuosity and connectivity are close to 1 and independent of the volume fraction. This proves the presence of a bicontinuous structure and shall lead to good transport properties.

Precursor composition is a key parameter to control pore and grain size while dealloying parameters (time and temperature) are key parameters to control ligament size and in fine specific surface. In conclusion, this study shows how to design porous FeCr with desired grain size and morphology.
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Fig. 1 .

 1 Fig. 1. IQ + IPF EBSD map before and after dealloying from precursors after cold-rolling without recrystallization from (a) 30%FeCr-Ni (b) 50%FeCr-Ni (c) 70% FeCr-Ni samples. Arrows correspond to cold-rolling direction (RD) and dealloying reaction direction (DD). White circle corresponds to one grain.

Fig. 2 .

 2 Fig. 2. IQ + IPF EBSD map before and after dealloying from precursors after cold-rolling with recrystallization from (a) 30%FeCr-Ni (b) 50%FeCr-Ni (c) 70%FeCr-Ni samples. Arrows correspond to cold-rolling direction (RD) and dealloying reaction direction (DD).

Fig. 3 .

 3 Fig. 3. Images extracted from X-ray tomography scan of (a) SLS 30%FeCr (b) 30%FeCr (c) 50%FeCr (d) 70%FeCr.

2 Fig. 4 .

 24 Fig.[START_REF] Chen | Nanoporous copper with tunable nanoporosity for SERS applications[END_REF]. Evolution of phase thickness for different volume fraction (left) and evolution of pores/ligaments size ration with volume fraction (right).

Fig. 5b corresponds

  Fig. 5b corresponds to the plot of Eq. (2). Our value shows almost a good agreement with Bruggeman law. Fig. 5c corresponds to the air phase tortuosity value of 70%FeCr. White points correspond to the highest tortuosity measure (around 2.2) and dark blue to the lowest (1).

Fig. 5 .

 5 Fig. 5. (a) Specific surface as a function of the ligament size. (b) Evolution of tortuosity factor of air phase with volume fraction. The line corresponds to Bruggeman relation with γ = 1 and a = 1.5. (c) Air phase tortuosity values map of 70%FeCr; white corresponds to highest tortuosity and dark blue to the lowest. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 2

 2 Morphological samples parameters.

		SLS 30%FeCr	30%FeCr	50%FeCr	70%FeCr
	Volume fraction (vol%)	0.31 ± 0.03	0.28 ± 0.03	0.46 ± 0.03	0.68 ± 0.03
	Average ligaments size (μm)	5.0 ± 1.5	4.5 ± 1.3	5.0 ± 1.2	4.8 ± 1.6
	Average pore size (μm)	6.2 ± 2.0	6.5 ± 2.2	4.1 ± 1.2	3.0 ± 0.6
	Connectivity FeCr/air ( ± 0.0002)	1.0000/1.0000	1.0000/1.0000	1.0000/1.0000	1.0000/1.0000
	Genus ( ± 100)	4.10 2	5.10 2	13.10 2	32.10 2
	Scaled genus ( ± 0.02)	0.02	0.02	0.03	0.06
	Specific surface (m 2 /kg)	121 ± 4	138 ± 4	109 ± 3	79 ± 2
	Specific surface (m 2				
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