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Introduction

Solar thermal energy is an alternative to nuclear and non-renewable energies to generate heat and electricity with a reduced CO 2 footprint. Among them, systems that use a punctual focus on a receiver ensure the most effective conversion [START_REF] Pitz-Paal | Concentrating Solar Power[END_REF][START_REF] Schoeneberger | Solar for industrial process heat: A review of technologies, analysis approaches, and potential applications in the United States[END_REF]. One of the major engineering barriers in the development of this category of these solar energy conversion systems is the maximum temperature at the receiver when directly exposed to air. The maximum operating temperature of the polycrystalline nickel-based alloys currently used in the design of industrial solar receivers is approximately 800 °C when 100,000 hours of use are considered [START_REF] Siefert | Concentrating solar power (CSP) power cycle improvements through application of advanced materials[END_REF]. In fact, previous investigations have revealed that Inconel 625 cannot withstand more than 36 h of exposure to air at 900 °C before oxide scale spallation occurs [START_REF] Colas | Oxidation in air at 1400 K and optical properties of Inconel 625, FeCrAlloy and Kanthal Super ER[END_REF].

Apart from the failure of the oxides scales, high-temperature oxidation processes could limit the application by changing the surface spectral emissivity due to the growth of the oxides. Bulk TaC, for example, presents a high spectral emissivity in the range of the solar spectrum, maximizing its absorption, and a low spectral emissivity in the infrared spectrum, minimizing the thermal radiation losses. However, it has been previously demonstrated that these interesting radiative properties of TaC are seriously degraded during high-temperature oxidation due to Ta 2 O 5 formation [START_REF] Charpentier | The impact of the oxidation on the optical properties of TaC[END_REF]. Besides the change in the surface composition, roughness evolution can also significantly affect the optical properties. As an example, Sciti et al. have evidenced how the surface patterning of hafnium or silicon carbides by femtolaser could increase the solar absorptivity and total emittance of the samples [START_REF] Sciti | Femtosecond laser treatments to tailor the optical properties of hafnium carbide for solar applications[END_REF][START_REF] Sciti | Effect of surface texturing by femtosecond laser on tantalum carbide ceramics for solar receiver applications[END_REF].

Scratches and pores could generate multiple reflexions and interferences that would affect the radiative properties for the wavelengths inferior to their average size [START_REF] Aréna | SiC-TiC nanocomposite for bulk solar absorbers applications: Effect of density and surface roughness on the optical properties[END_REF]. The mechanism behind the selectivity of textured surfaces has been investigated for some regular surfaces [START_REF] Pellegrini | Experimental methods for the preparation of of selectively absorbing textured surfaces for photothermal solar conversion[END_REF] such as:

-Vee corrugated specular surface: multiple reflexions on regular vee channels can improve the absorptance of the surface. A correlation was established between the opening angle of the vee channels and the absorptance, showing the absorptance is close to one for an opening angle of 20°, and decrease when this opening angle increases (up to 120 °) [START_REF] Hollands | Directional selectivity, emittance and absorptance properties of vee corrugated specular surfaces[END_REF].

-Surface with regular square-sized holes: the absorptance a of one surface of copper (whose absortance for non-porous suface values a n = 0.15) was calculated as a function of the fraction f of such holes in it and showed the absorptance of the porous surface followed a linear rule [START_REF] Horwitz | A new solar selective surface[END_REF]: a = a n (1-f) + f , approaching 1 when the material is highly porous.

-Denditric surfaces (on tungsten): A geometrical optical model was developed to adequately describe the multiple reflections from dendrites which have an average spacing of about 5 μm [START_REF] Distefano | The reflectance of dendritic-tungsten surfaces[END_REF].

Hence, solar thermal energy conversion requires the formation of protective oxides (with a slow oxidation kinetics and consequently a minor surface evolution due to the oxide growth) with matching radiative properties.

Over the past decade, several refractory element-containing alloys with a promising resistance towards oxidation have been developed. In most cases, such alloys suffer from catastrophic oxidation phenomena, either by the formation of volatile oxides at intermediate temperatures between 500 and 900 °C, known as pesting, or voluminous oxides [START_REF] Gorr | Current status of research on the oxidation behavior of refractory high entropy alloys[END_REF]. However, recent developments tackle this fundamental limitation as will be shown in the following.

The Mo-20.0Si-52.8Ti (in at.%) alloy (hereafter designated MST) undergoes a two-phase eutectic reaction to form a Mo-rich, body-centered (Strukturbericht designation A2) solid solution and a hexagonal, Mo-containing Ti 5 Si 3 (Strukturbericht designation D8 8 ) silicide [START_REF] Schliephake | Constitution, oxidation and creep of eutectic and eutectoid Mo-Si-Ti alloys[END_REF][START_REF] Obert | Characterisation of the oxidation and creep behaviour of novel Mo-Si-Ti alloys[END_REF][START_REF] Obert | On the chemical and microstructural requirements for the pesting-resistance of Mo-Si-Ti alloys[END_REF]. Specifically, in Mo-rich alloys, catastrophic failure at temperatures between 500 and 900 °C is caused by the formation and evaporation of volatile MoO 3 . By forming a TiO 2 top layer with a TiO 2 /SiO 2 duplex layer underneath, MST represents the first pesting-resistant alloy in air with high amounts of Mo-rich solid solution [START_REF] Schliephake | Constitution, oxidation and creep of eutectic and eutectoid Mo-Si-Ti alloys[END_REF][START_REF] Obert | Characterisation of the oxidation and creep behaviour of novel Mo-Si-Ti alloys[END_REF][START_REF] Obert | On the chemical and microstructural requirements for the pesting-resistance of Mo-Si-Ti alloys[END_REF].

In contrast to this multi-phase MST alloy, an equimolar, Al-containing refractory compositionally complex Ta-Mo-Cr-Ti-Al (abbreviated TMCTA in what follows) alloy exhibits an ordered majority phase (Strukturbericht designation B2) with low amounts of Laves phase (Strukturbericht designation C14, Cr 2 Ta-based) decoration at grain boundaries in the homogenized condition (at 1500 °C for 20 h) [START_REF] Chen | Crystallographic ordering in a series of Al-containing refractory high entropy alloys Ta-Nb-Mo-Cr-Ti-Al[END_REF][START_REF] Müller | On the oxidation mechanism of refractory high entropy alloys[END_REF][START_REF] Schellert | Oxidation mechanism of refractory high entropy alloys Ta-Mo-Cr-Ti-Al with varying Ta content[END_REF]. The absence of Ti in Ta-Mo-Cr-Al (TMCA) causes an increase in the volume fraction of the Laves phase and the formation of the Al-Mo-containing intermetallic phase (Strukturbericht designation A15) during the same homogenization treatment [START_REF] Müller | On the oxidation mechanism of refractory high entropy alloys[END_REF][START_REF] Schellert | Oxidation mechanism of refractory high entropy alloys Ta-Mo-Cr-Ti-Al with varying Ta content[END_REF]. These novel alloys gain their excellent oxidation resistance from the formation of continuous complex rutile (Cr,Ta,Ti)O 2 oxide scales exhibiting low growth rates [START_REF] Schellert | Oxidation mechanism of refractory high entropy alloys Ta-Mo-Cr-Ti-Al with varying Ta content[END_REF]. The present investigation aims at revealing the potential of these novel alloys for solar thermal energy conversion and the impact of oxidation on the optical properties of MST, TMCA and TMCTA. Through detailed characterization of the oxide scale and documentation of the surface roughness, indications of the oxide-phase specific improvement of the absorptivity are deduced.

Materials and methods

Sample preparation and oxidation

The alloys were manufactured by repetitive arc melting using an AM/0.5 device by Edmund Bühler GmbH, inside a water-cooled Cu crucible and under an Ar atmosphere at 0.6 bar. The metallic purities of the different elements used in bulk form are 99.95% (Mo), 99.99% (Si), 99.8% (Ti), 99.9 % (Ta), 99 % (Cr) and 99.9% (Al). TMCA and TMCTA were subjected to a homogenization treatment at 1500 °C for 20 h under a flowing Ar atmosphere. A HTRT 70-600/18 tube furnace by Carbolite Gero GmbH & Co. KG was used at 100 K/h heating and cooling ramps. MST, TMCA and TMCTA samples were cut into disks with 25 mm and 2 mm in diameter and thickness, respectively, by electrical discharge machining.

One disk each was polished on one side to a mirror-finishing using a 1µm diamond paste (Struers A/S) and cleaned in an ultrasonic bath using ethanol following acetone. Initial optical measurements were performed on the polished surface. The samples were subsequently placed in a muffle furnace for 6 h in ambient air at 1100 °C to form an application-relevant oxide scale, and then cooled to room temperature in ambient atmosphere. The oxidized surface was analyzed by additional optical measurements on the polished oxidized surface. In parallel, another disk of each composition was cut into 5x5x2 mm 3 cuboid samples (two samples per composition) using a Buehler Isomet precision cutter. Each face of the samples was then polished following the same procedure as for the mirrorpolished disk before and for each composition, one sample was kept as a reference and one was oxidized inside the muffle furnace using the same conditions as for the disk. The samples were placed on a wavy backing so that only two edges were in contact with the backing, the six faces of the cuboid being exposed to air. These oxidized cuboids were weighed before and after the oxidation directly using a microbalance (Ohaus) of ± 0.1 mg precision. The weight changes were divided by the total surface of the cuboids to normalized values for comparison [START_REF] Schliephake | Constitution, oxidation and creep of eutectic and eutectoid Mo-Si-Ti alloys[END_REF][START_REF] Obert | Characterisation of the oxidation and creep behaviour of novel Mo-Si-Ti alloys[END_REF][START_REF] Obert | On the chemical and microstructural requirements for the pesting-resistance of Mo-Si-Ti alloys[END_REF][START_REF] Chen | Crystallographic ordering in a series of Al-containing refractory high entropy alloys Ta-Nb-Mo-Cr-Ti-Al[END_REF][START_REF] Müller | On the oxidation mechanism of refractory high entropy alloys[END_REF][START_REF] Schellert | Oxidation mechanism of refractory high entropy alloys Ta-Mo-Cr-Ti-Al with varying Ta content[END_REF].

Normal spectral emissivity measurement

Spectral emissivity was measured at room temperature using SOC (Surface Optic Corporation) 100 and PerkinElmer Lambda 950 devices. The PerkinElmer Lambda 950 is a laboratory two-beam scanning spectrophotometer that provides monochromatic light irradiance in the wavelength range of 175 -3300 nm. In this investigation, a scan with 10 nm resolution was utilized. It is equipped with a 150 mm (diameter) integrating sphere and the hemispherical reflectance spectrum is obtained in the wavelength range between 250 and 2500 nm. The SOC 100 hemispherical directional reflectometer is coupled to a Nicolet 6700 Fourier-transform infrared spectroscopy (FT-IR) spectrophotometer (supplied by ThermoFisher Scientific Inc.) for the 1.5 to 25 µm wavelength range. It provides hemispherical directional reflectance measurements at different detection angles from 8 to 80°. The reflectivity  was measured on both the setups for the four samples with 8° reflective angle, and the spectral emissivity = 1 - was calculated.

Characterization

Various surface analyses were performed to identify the surface changes due to the growth of the oxide scales. The evolution of the surface composition, crystallinity, chemical bonding and roughness are known as parameters that affect the optical properties [START_REF] Colas | Oxidation in air at 1400 K and optical properties of Inconel 625, FeCrAlloy and Kanthal Super ER[END_REF][START_REF] Charpentier | The impact of the oxidation on the optical properties of TaC[END_REF][START_REF] Sciti | Femtosecond laser treatments to tailor the optical properties of hafnium carbide for solar applications[END_REF][START_REF] Sciti | Effect of surface texturing by femtosecond laser on tantalum carbide ceramics for solar receiver applications[END_REF][START_REF] Aréna | SiC-TiC nanocomposite for bulk solar absorbers applications: Effect of density and surface roughness on the optical properties[END_REF].

X-ray diffraction (XRD) was used to identify the crystalline compounds. XRD analyses were performed at room temperature using a PANalytical X'Pert Pro diffractometer (Cu-K radiation with  = 0.15418 nm). The setup was θ-θ symmetric and the scans were performed over a 2θ range from 10 to 90°. The step size and the time per step were fixed at 0.017° and 50 s, respectively. The contribution of CuK 2 was removed (using the Rachinger method [START_REF] Rachinger | A correction for the α1 α2 doublet in the measurement of widths of X-ray diffraction lines[END_REF]).

Micro-Raman experiments were performed using a HORIBA LabRAM HR Evolution Raman spectrometer equipped with an optical microscope (Olympus K. K. BX 41,x10 Working Distance (WD), x50 (long working distance, LWD), x100 WD objective lens), a charge coupled device detector (1024 x 256 pixels, 26 x 26 µm 2 by pixel) and two laser beams (HeNe laser with a wavelength of 633 nm, laser power of 17 mW and laser diode with a wavelength of 532 nm, laser power of 39 mW). The Raman shift was calibrated using a Si standard sample. Measurements were performed at room temperature. Raman spectra were recorded in the wavenumber range (spectral region) from 150 to 1200 cm -1 . The excitation source is a 532 nm laser beam and the laser power was reduced to about 3.9 mW (90% filter strength) in order to avoid laser-induced effects (e.g. surface heating). No temperature effects (such as a shifting of the peaks or differences in the intensity ratios compared with reference spectra) were observed. The Raman spectra were collected at the focal point of the x50 objective lens (with a numerical aperture (NA) of 0.75) with a spectral resolution close to 1 cm -1 /pixel. The 1800 g/mm grating and the confocal pinhole value of 100 m were selected. The acquisition time and the number of acquisitions per spectra were fixed to 5 s and 2, respectively. The Raman spectra were collected using the software delivered by HORIBA LabSpec 6.0. X-ray photo-electron spectroscopy (XPS) analysis was performed using a K-Alpha™ X-Ray Photoelectron Spectrometer System by ThermoFisher Scientific. The XPS spectra were recorded using Al-Kα radiation (hν = 1486.6 eV) from a monochromatized source. The analyzed area was approximately 0.15 mm 2 . The pass energy of the window scan was fixed at 30 eV. The spectrometer energy calibration was made using the Au 4f 7/2 ((83.9 ± 0.1) eV) and Cu 2p 3/2 ((932.8 ± 0.1) eV) photoelectron lines. XPS spectra were recorded in direct N(Ec). The atomic concentrations were determined with an accuracy of 8% from photoelectron peak areas using the atomic sensitivity factors reported by Scofield [START_REF] Scofield | Hartree-Slater subshell photoionization cross-sections at 1254 and 1487 eV[END_REF], taking into account the transmission function of the analyzer. This function was calculated at different pass energies from Ag 3d and Ag MNN peaks collected for a silver reference sample. The binding energy scale was established by referencing the C 1s value of adventitious carbon (284.8 eV [START_REF] Seah | Practical Surface Analysis[END_REF]). The photoelectron peaks were analyzed by Gaussian/Lorentzian (G/L = 50) peak fitting. The background signal was removed using the Shirley method [START_REF] Shirley | High-resolution X-ray photoemission spectrum of the valence bands of gold[END_REF]. The depth of analysis of the XPS in such operating conditions is below 10 nm, giving the composition and chemical environment very close to the surface of the sample.

Surface roughness was measured using a Leica DCM 3D optical profile analyzer using the supplied x50 confocal objective lens. Five different surfaces (of length l and width L of 1 mm) are analyzed to obtain average values of the arithmetic (S a ) and quadratic (S q ) surface roughnesses and the corresponding standard deviations according to the procedure previously described [START_REF] Charpentier | The impact of the oxidation on the optical properties of TaC[END_REF].

Results

Optical measurements

After 6 h oxidation in air at 1100 °C, MST exhibits a slight mass loss of 0.25 mg cm -2 . TMCA and TMCTA gain 1.15 and 3.71 mg cm -2 , respectively. The normal spectral emissivity measured in the range of the solar spectral interval (0.25 -4 µm) is presented in Figure 1 for the three samples and compared with the spectral emissivity of Inconel 625 oxidized under the same conditions, whose spectral emissivity after oxidation has been published elsewhere [START_REF] Colas | Oxidation in air at 1400 K and optical properties of Inconel 625, FeCrAlloy and Kanthal Super ER[END_REF]. All oxidized samples have spectral emissivities in the solar spectral interval higher than that of the polished samples. The oxidation of metallic substrates favors the absorption of the incident solar flux, which is favorable for the conversion of the concentrated flux into heat. The solar absorptivity calculated using equation [START_REF] Pitz-Paal | Concentrating Solar Power[END_REF], represents the ratio of the incoming solar flux absorbed by the surface of the sample. The integration has been performed numerically considering equidistant wavelength intervals:

(1)

In equation ( 1),  and I are the spectral emissivity and solar irradiance at the wavelength , respectively. Figure 2 presents the solar absorptivity of the three alloys in the polished and oxidized condition in comparison to Inconel 625. The absorptivity of all samples and the Inconel reference sample increased subsequent to oxidation. Oxidized TMCTA possesses the highest value, closely followed by oxidized TMCA. Only MST exhibits a solar absorptivity lower than Inconel 625.

Sample characterization

MST samples

Figure 3 presents the XRD diffraction patterns of MST samples post-oxidation. XRD analyses confirmed that the as-polished sample is composed of a body-centered cubic (Mo,Ti,Si) solid solution (A2, space group , no. 229) and of a hexagonal (Ti,Mo) 5 Si 3 silicide (D8 8 , space group , no. 223) [START_REF] Schliephake | Constitution, oxidation and creep of eutectic and eutectoid Mo-Si-Ti alloys[END_REF]. The phases detected on the oxidized samples are:

-rutile TiO 2 (space group , no. 136) -minor amounts of -cristobalite SiO 2 (space group P 4 1 2 1 2, no. 92)

Micro-Raman analyses are presented in Figure 4. The spectrum collected on the as-polished sample (Figure 4b) shows this sample is not Raman active, confirming the reference as metallic. In contrast, the micro-Raman spectrum acquired on the surface of the oxidized MST exhibits several bands located at about 142, 240, 440, 609, 695 and 830 cm -1 , attributed to a rutile TiO 2 compound [START_REF] Ma | Raman study of phase transformation of TiO 2 rutile single crystal irradiated by infrared femtosecond laser[END_REF][START_REF] Zhang | Micro-Raman spectroscopic characterization of nanosized TiO 2 powders prepared by vapor hydrolysis[END_REF][START_REF] Secundino-Sanchez | Structural and optical characterization of the crystalline phase transformation of electrospinning TiO 2 nanofibres by high-temperatures annealing[END_REF][START_REF] Palliyaguru | A simple and novel synthetic route to prepare anatase TiO 2 nanopowders from natural ilmenite via the H 3 PO 4 /NH 3 process[END_REF].

The Raman spectra of rutile TiO 2 revealed four characteristic bands (one thin band and three wide bands):

-The thin Raman bands located at about 141-143 cm -1 are ascribed to the B 1g vibrations modes and are attributed to a combination of the bending of the O-Ti-O bonds.

-The wide Raman peak observed at about 235-240 cm -1 is ascribed to the second-order scattering effect (multi-phonon scattering process).

-The medium Raman peaks detected at about 440-445 cm -1 are assigned to the mixed E g vibrations modes (bending of the O-Ti-O bonds).

-The strong Raman peaks detected at about 604-610 cm -1 are attributed to the mixed A 1g vibrations modes and are attributed to the stretching of the O-Ti-O bonds.

-The very weak and broad-band measured at about 830-837 cm -1 is ascribed to the B 2g vibrations modes (bending of the O-Ti-O bonds).

The key XPS results are presented in Table 1 and Figure 5. Table 1 presents the atomic composition that was measured on the oxidized surface of the MST. After oxidation, O is the predominant element on the surface of the samples (~ 70 at.%), followed by Ti (~ 13.8 at.%), Si (~ 12.5 at.%), and a minor amount of Mo (~ 3.7 at.%). Figure 5 [22; 28; 37]. Table 1 summarizes the position of the deconvoluted peaks for each element, their full width at half maximum (FWHM), the percentage of the bonds relative to the bonds involving the elements and the total number of bonds identified on the surface, and finally, the nature of the chemical bonds identified. The nature of the X-O bonds (where X is the metallic element) and the ratio between X-O and O-X bonds allow the identification of the oxide phases present at the surface (information depth of maximum 10 nm) as TiO 2 , SiO 2 and MoO 3 , whose ratio in the analyzed area would be 46, 41.7 and 12.3 at.%, respectively. 
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Figure 6 presents a surface profile obtained by optical roughness measurement on as-polished and oxidized samples, associated with the average value of the arithmetic Sa and quadratic Sq surface roughness measured on five different surfaces, with the corresponding standard deviations. A significant increase in surface roughness of one order of magnitude was observed during oxidation.

TMCA and TMCTA samples

XRD analyses on as-polished TMCA and TMCTA samples were published elsewhere [START_REF] Müller | On the oxidation mechanism of refractory high entropy alloys[END_REF] and confirmed in this study (not shown here). As-polished TMCA is B2 ordered with a significant amount of C14-type Laves phase (Cr 2 Ta) and A15 phase (AlMo 3 ). As-polished TMCTA is B2 ordered with minor C14 Laves phase (Cr 2 Ta).

XRD analyses on the oxidized TMCA and TMCTA (Figure 7) show the main differences between the two samples are due to the presence of Ti:

-Oxidized TMCA (Figure 7 present diffraction peaks at similar positions [START_REF] Schellert | Formation of rutile (Cr,Ta,Ti)O 2 oxides during oxidation of refractory high entropy alloys in Ta-Mo-Cr-Ti-Al system[END_REF]) were also identified. Two wide peaks are attributed to the TMCTA substrate beneath the oxide layers.

Polished TMCA and TMCTA samples are not Raman active. Oxidized TMCA (Figure 8) and TMCTA (Figure 9) present several active modes on their respective spectra, depending on the area of analysis.

Regarding oxidized TMCA, the spectra obtained on the global image (Figure 8 -Regarding the composition at the surface (information depth of maximum 10 nm) of the oxidized TMCA, Table 2 -Regarding the composition at the surface of the oxidized TMCTA, Table 3 identifies O as the main element at the surface of the sample (62.9 at.% in point 1, 63 at.% in point 2), followed by Al (20.1 and 24.6 at.%), Ti (9.9 and 6.1 at.%), Mo (3.6 and 3.1 at.%) and Cr (3.2 and 3 at.%). Traces of Ta (below 0.2 at. %) are also reported. O 1s peak was deconvoluted into three components (see Figure 10 b-c): the one at (529.8 ± 0.1) eV, not present in Figure 10a corresponding to the TMCA sample, is attributed to the O-Ti bond [START_REF] Balat-Pichelin | Atomic oxygen recombination on the ODS PM 1000 at high temperature under air plasma[END_REF][START_REF] Wiatrowski | Comparison of the physicochemical properties of TiO 2 thin films obtained by magnetron sputtering with continuous and pulsed gas flow[END_REF][START_REF] Kumaravel | Mo doped TiO 2 : impact on oxygen vacancies, anatase phase stability and photocatalytic activity[END_REF] 
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Figure 11 presents a characteristic surface profile obtained by optical roughness measurement on aspolished and oxidized samples, associated with the average value of the arithmetic Sa and quadratic Sq surface roughnesses measurements from five different locations on the surfaces, with the corresponding standard deviations. Contrary to the MST samples, it is impossible to polish TMCA and TMCTA samples up to submicron roughnesses due to the selective removal of grains and the presence of porosity from the synthesizing by repetitive arc melting. We can observe the oxidation results in surface modification with a rougher aspect of the oxidized surface.

Discussion

The composition of the oxide layer grown on the MST samples is consistent with the previous results on samples oxidized for up to 100 h at 800, 1100 or 1200 °C [START_REF] Schliephake | Constitution, oxidation and creep of eutectic and eutectoid Mo-Si-Ti alloys[END_REF][START_REF] Obert | Characterisation of the oxidation and creep behaviour of novel Mo-Si-Ti alloys[END_REF][START_REF] Obert | On the chemical and microstructural requirements for the pesting-resistance of Mo-Si-Ti alloys[END_REF]. In these previous works, a slight, througthout positive mass gain of only 0.5 and 1.3 mg/cm² was detected during cyclic and isothermal oxidation, respectively, at 1100 °C after 6 h. A formation of an oxide layer consisting of a mixture of SiO 2 -TiO 2 covered with TiO 2 (rutile being the only crystalline compound identified using electron backscatter diffraction [START_REF] Schliephake | Constitution, oxidation and creep of eutectic and eutectoid Mo-Si-Ti alloys[END_REF]) was revealed. The main difference between our results and the published observations [START_REF] Gorr | Current status of research on the oxidation behavior of refractory high entropy alloys[END_REF][START_REF] Schliephake | Constitution, oxidation and creep of eutectic and eutectoid Mo-Si-Ti alloys[END_REF] is that we observed a slight mass loss. This may be due to a more pronounced formation of volatile MoO 3 during this 6 h oxidation period. It has to be noted that in general the mass changes are small and, thus, are influenced by the distinct experimental setup, namely edge-to-surface ratio of the sample geometry and gas supply which are different for the three setups in comparison.

XPS has identified a small amount of MoO 3 (12.3 at.%) on the surface of the sample; since this compound has not been identified by XRD or Raman, this presence is probably due to condensation of MoO 3 vapor during the cooling of the sample. The predominant compound on the oxidized surface is rutile TiO 2 . XPS determined its content to be ~ 46 at.%. This rutile forms together with SiO 2 in a proportion of 41.7 at.%. Cristobalite peaks appear in the X-ray diffraction pattern. Nevertheless, their intensities are much lower than those of rutile, additionally, the Raman analyses did not show the presence of crystalline Si-O bonds. These results are consistent with the previously reported scale models for MST with TiO 2 top layers and TiO 2 /SiO 2 duplex layers underneath. The SiO 2 is mostly present in an amorphous form.

The oxidation mechanism of TMCA and TMCTA has previsously been studied at temperatures ranging from 900 to 1500 °C [18-19; 53]. Müller et al. [START_REF] Müller | On the oxidation mechanism of refractory high entropy alloys[END_REF] reported changing oxidation kinetics during thermogravimetric oxidation at 1000 °C for both alloys. TMCTA exhibits a quartic oxidation rate law following a parabolic initial period. After about 6 h of exposure, a mass gain of approximately 1.4 mg/cm² was detected. For oxidation at 1100 °C, this does not change significantly. In TMCA, the behavior is opposite with an initial quartic behavior and a transition to parabolic. Regarding the optical properties, the oxide species that will make up the top surface of the oxidized samples will therefore be SiO (TMCTA), the latter being the combination with the highest solar absorptivity. The formation of each of these oxides can increase the solar absorptivity of the substrate. Colas et al. [START_REF] Colas | Oxidation in air at 1400 K and optical properties of Inconel 625, FeCrAlloy and Kanthal Super ER[END_REF] observed this improvement due to the growth of Cr 2 O 3 on Inconel. Arena et al. [START_REF] Aréna | Effect of TiC incorporation on the optical properties and oxidation resistance of SiC ceramics[END_REF] reported that the formation of rutile TiO 2 had a positive effect on the optical properties of TiC-SiC composite ceramics. One of our recent investigations [START_REF] Charpentier | High temperature oxidation of SiC-coated Fe-Cr-Al-Mo alloys in muffle and concentrated solar furnaces[END_REF] also reported that amorphous SiO 2 grown on SiC coatings can have a positive impact on the optical properties due to the transparency of the oxide layers, which generates multiple reflections and interferences within the oxide layer. Crystalline alumina alsor presents high transmittance (with  > 0.8) in this interval [START_REF] Touloukian | Thermophysical Properties of Matter, Volume 8 -Thermal Radiative Properties, Nonmetallic Solids[END_REF]. Translating these observations to the oxide composition at the surface of the sample:

-MST forms an oxide layer whose surface is composed of TiO 2 + SiO 2 , the latter being crystallized only to a small extent. The presence of TiO 2 can explain why the oxidized sample presents a higher solar absorptivity value than the as-polished sample. The significant increase in roughness due to the outward growth of TiO 2 can also be a second cause for the modification of the optical properties as previously observed [START_REF] Serin | EELS and Raman spectroscopy of polycristalline to amorphous carbon films with various sp3 and sp2 bondings[END_REF]. Nevertheless, the oxidized MST does not exhibit a higher solar absorptivity than oxidized Inconel [START_REF] Colas | Oxidation in air at 1400 K and optical properties of Inconel 625, FeCrAlloy and Kanthal Super ER[END_REF].

-TMCA presents an oxide layer mainly made of Al -The growth of rutile TiO 2 on the surface of the oxidized TMCTA covering Al 2 O 3 can explain why this alloy has the highest value of solar absorptivity among the three investigated alloys, even higher than that of oxidized Inconel 625.

Conclusion

These investigations correlate the previously identified oxidation mechanisms of Mo-Si-Ti, Ta-Mo-Cr-Al and Ta-Mo-Cr-Ti-Al alloys with their optical performance depending on the surface condition, before and after oxidation. A positive influence of the formation of Cr 2 O 3 and/or TiO 2 compounds on the surface is identified with respect to the solar absorptivity in the oxidized state of all three samples.

Ta-Mo-Cr-Al and Ta-Mo-Cr-Ti-Al exhibit higher solar absorptivity than the currently used Inconel 625. Adjusting the composition of these two alloys away from equimolar to promote the formation of the less reflective oxides without compromising oxidation resistance may be a way to produce compositions with improved potential for solar applications. 
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  a-b) evidence vibrational modes at about 141, 302, 486, 676 and 808 cm -1 associated with the ones of Al-O bonds.Nevertheless, these are lower wavenumbers than the ones of pure Al 2 O 3[START_REF] Porto | Raman Effect of Corundum[END_REF][START_REF] Xu | Raman study at high pressure and the thermodynamic properties of corundum: Application of Kieffer's model[END_REF][START_REF] Cava | Structural characterization of phase transition of Al 2 O 3 nanopowders obtained by polymeric precursor method[END_REF][START_REF] Wan | Quantitative evaluation of probe response functions for Raman and fluorescence bands of single-crystalline and polycrystalline Al 2 O 3[END_REF]. These modes are attributed to Al 2 O 3 -based oxide solution. As shown in Figure8 c, some yellow grains were observed on the surface of the sample. Point analyses on such a grain (Figure8 d) revealed a new vibrational mode at 552 cm -1 that corresponds to a Cr 2 O 3 compound[START_REF] Mougin | In situ Raman monitoring of chromium oxide scale growth for stress determination[END_REF][START_REF] Gomes | A micro-Raman spectroscopic study of Cr(OH) 3 and Cr 2 O 3 nanoparticles obtained by the hydrothermal method[END_REF][START_REF] Li | Study on local residual stress in a nanocrystalline Cr 2 O 3 coating by micro-Raman spectroscopy[END_REF].Regarding oxidized TMCTA, the Raman peaks (Figure9 b) collected for several acquisition points and detected at about 140, 248, 437 and 616 cm -1 are assigned to a rutile (TiO 2 ) compound. The Raman bands collected for several acquisition points and located at about 706 and 822 cm -1 are assigned to an oxide solution lean in Al. The Raman bands (Figure9 d) collected on the yellow-white regions are located at about 141, 181, 291, 412, 661, and 764 (741 to 779) cm -1 . These Raman band positions are similar to those observed for the TMCA sample.Tables2 and 3and Figure10present the results of the XPS analyses performed on two different points on the surface of oxidized TMCA and TMCTA:

  After 6 h of oxidation, a marginal mass gain of only 0.2 mg/cm² was reported. In TMCTA the oxide scale was found to consist of several layers with an intermediate (Cr,Ta,Ti)O 2 phase whereas TMCA presents an intermediate CrTaO 4 layer [54]. The (Cr,Ta,Ti)O 2 or CrTaO 4 are covered by different oxides according to the initial composition: -The upper layer of the oxide grown on TMCA samples is composed of a mixture of Al 2 O 3 and Cr 2 O 3 . -The upper layer of the oxide grown on TMCTA samples constitutes rutile TiO 2 covering an intermediate layer of Al 2 O 3 and Cr 2 O 3 . Schellert et al. [19] have shown the formation of the oxide layer formed after 24h oxidation at 1200 °C was similar. Our work has also identified an intermediate CrTaO 4 or (Cr,Ta,Ti)O 2 layer on TMCA and TMCTA samples using XRD. Shouldering was identified due to the presence of AlTaO 4 as a minor phase in this layer. XRD also identified Al 2 O 3 (as corundum) and Cr 2 O 3 (as eskolaite) at the surface of both samples, whereas the diffraction patterns of TMCTA show significant peaks of TiO 2 (as a rutile phase). Micro-Raman and XPS analyses (whose depth resolution is less than 10 nm) identify the proportions of these three phases close to the surface of the sample: -TMCA is mainly covered with Al 2 O 3 phase. XPS identifies this phase as the predominant one, followed by Cr 2 O 3 . Micro-Raman analysis coupled with optical microscopy reveals that the Cr 2 O 3 is present as yellow grains on a surface otherwise mainly composed of aluminium oxide. Nevertheless, the vibrational modes of the Al-O bonds in the micro-Raman spectra and the position of the contribution of O-Al bonds in the XPS spectra (at (530.7 ± 0.1)eV) are shifted with respect to the theoretical values corresponding to pure corundum (XPS detects the O-Al bonds at (531.3 ± 0.1) eV for such a pure phase), indicating that there should be some inclusions of other metallic elements in this Al 2 O 3 phase. -TMCTA is mainly covered with rutile TiO 2 and Al 2 O 3 . In the XPS spectra of TMCTA, the O-Al bond contribution is located at (531.1 ± 0.1) eV, which means that the Al 2 O 3 phase covering TMCTA should be closer to impurity-lean corundum than the one grown on TMCA. The weak signals registered in the Micro-Raman spectra may be due to the fact that Al 2 O 3 is significantly covered by rutile.

  2 and TiO 2 (MST), Al 2 O 3 and Cr 2 O 3 (TMCA), Al 2 O 3 and TiO 2

Figure 12

 12 Figure 12 presents the normal spectral reflectance curves in the solar spectral region of SiO 2 (polycrystalline), TiO 2 (rutile), Al 2 O 3 (polycrystalline) and Cr 2 O 3 (polycrystalline) at room temperature extracted from literature [57]. TiO 2 exhibits the lowest reflectance, followed by Cr 2 O 3 . Polycrystalline Al 2 O 3 and SiO 2 possess higher reflectance values. Nevertheless, vitreous silica has a reflectance below
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 7 Figure 7. XRD diffractograms of TMCA (a) and TMCTA (b), oxidized during 6h in air at 1100 °C.
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 8 Figure 8. Optical images (a; c) and associated µ-Raman spectrum (b; d) on oxidized TMCA, analysis
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 10 Figure 10. Deconvolution of the O 1s spectrum of the XPS profile of the oxidized TMCA (a: point 2)
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Table 1 .

 1 Main components positions and full width at half maximum (FWHM), percentage in the bonds related to the elements and the total amount of chemical bonds, and nature of the chemical bonds for the oxidized MST sample.

			O		Mo		Ti		Si
			1s		3d 3/2	3d 5/2	2p 1/2	2p 3/2	2p 1/2	2p 3/2
	Position (eV) 532.6 530.8 530.0	235.8	232.6	464.4	458.6	103.5
	FWMH (eV)	1.8	1.3	1.2	1.0	1.0	1.8	1.0	1.7
	%, element	38.4	16.8	44.8	39.7	60.3	33.5	66.5	100
	%, total	26.8	11.8	31.4	1.5	2.2	4.6	9.2	12.5
	Bonds								

  a) presents major diffraction peaks assigned to a chromium tantalum oxide: tetragonal CrTaO 4 (ICDD 71-0931, space group P 4 2 /m n m , no. 136). A slight peak asymmetry might be caused by the presence of an aluminum tantalum oxide: Al 2 O 3 , Cr 2 O 3 and shoulders at the TiO 2 peaks that can be attributed to AlTaO 4 and either CrTaO 4 or (Cr,Ta,Ti) O 2 phases (both compounds

	tetragonal AlTaO 4 (ICDD 76-1469, space group P 4 2 /m n m, no. 136). Corundum -Al 2 O 3
	(ICDD 76-7777, space group R c, no. 167) and eskolaite Cr 2 O 3 (ICDD 84-0313, space group
	R c, no. 167) were also identified. -Ta 2 O 5 (ICDD 89-2843, space group C 2 m m, no. 38)
	was detected in minor amounts.
	-Oxidized TMCTA (Figure 7 b) is mainly covered by a rutile TiO 2 (ICDD 79-6031, space
	group P 4 2 /m n m , no. 136). Corundum -

Table 2 .

 2 identifies O as the main element at the surface of the sample (55.8 Main components positions and full width at half maximum (FWHM), the percentage in the bonds related to the elements and the total amount of chemical bonds, and the nature of the chemical bonds for oxidized TMCA samples, at two different locations.

	at.% in point 1, 58.3 at.% in point 2), followed by Al (34.1 and 28.3 at.%), Cr (4.7 and 6.9
	at.%), Mo (2.8 and 2.2 at.%) and Ta (2.6 and 3.5 at.%). According to these chemical
	compositions, the most intense peak observed at (530.8 ± 0.1) eV in the deconvolution of the

O 1s peak (Figure

10 a

) was mainly attributed to the presence of O-Al bonds

[START_REF] Moustaghfir | ZnO/Al 2 O 3 coatings for the photoprotection of polycarbonate[END_REF][START_REF] Djebaili | EDX, and XRD Analysis of Al 2 O 3 Scales Grown on PM2000 Alloy[END_REF][START_REF] Colas | Oxidation and high-temperature radiative properties of the Kanthal Super ER intermetallic alloy[END_REF]

. The second most intense peak at (532.6 ± 0.1) eV corresponds to contaminations with O-C bonds.

Comparing the two regions of analysis in Table

1,

O-Al and Al-O bonds are in lower concentration in point 2 than in point 1. Point 2 is, however, enriched in Cr compared to point 1. If Al-O bonds correspond to Al 2 O 3 compounds and Cr III -O bonds to Cr 2 O 3 , the ratio between these two phases (calculated as the ratio between the total proportion of Al-O and Cr III -O bonds) would be 7:1 in point 1, 4:1 in point 2.

Table 3 .

 3 in point 1 than in point 2. Al 2 O 3 to TiO 2 ratio (calculated from the total proportions of Al-O to Ti-O bonds, taking into account two Al-O and one Ti-O bond are requested for the different compounds) values 1:1 in point 1, 2:1 in point 2. Main components positions and full width at half maximum (FWHM), the percentage of the bonds related to the elements and the total amount of chemical bonds, and the nature of the chemical bonds for oxidized TMCTA samples, at two different locations.

	. According to

contamination (e.g., atmospheric C-H-based compounds)

[START_REF] Serin | EELS and Raman spectroscopy of polycristalline to amorphous carbon films with various sp3 and sp2 bondings[END_REF][START_REF] Briggs | Practical Surface Analysis, Auger and X-ray photoelectron spectroscopy[END_REF]

. Comparing the two regions, it can be observed from Table

3

and Figure

10b and c

that the O-Ti and Ti-O contributions are more important

  2 O 3 with Cr 2 O 3 . Cr 2 O 3 is a component of lower reflectance than Al 2 O 3 , which can increase solar absorptivity. According to Raman and XPS spectra, Cr 2 O 3 grains seem to cover the Al 2 O 3 layer whose semi-transparency can enhance the absorptivity through reflections and intereferences as previously observed [56]. This can explain why the oxidized TMCA (covered by a mixture of Cr 2 O 3 + Al 2 O 3 ) presents an higher spectral emissivity than the oxidized Inconel 625 (mainly covered by Cr 2 O 3 ).
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