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Highlights 

 The potential of the Kanthal Super ER (KSER) for solar applications is evaluated 

 KSER is oxidized in muffle or solar furnaces at 1373, 1600, 1850 or 2100 K 

 The oxidation in air in temperature follows semi-parabolic or subparabolic 

kinetics 

 The radiative properties are not drastically affected by the oxidation 

 
Abstract. The oxidation resistance of receivers is a critical point in the development of plants 

using solar tower technology. Intermetallics in Mo-Si-Al system present oxidation maximum 

temperature and creep resistance superior to the ones of the currently used Ni-based alloys. 

We followed here the oxidation resistance of such intermetallic exposed to different 

treatments in air: long-term oxidation (up to 700 h) at 1373 K, and for several cycles of 20 

minutes in solar furnace. The normal spectral emissivity is measured up to 1640 K in air, and 

our main positive conclusion is this property is not degraded by the oxidation.  

 
Keywords. A. Intermetallics ; C. Oxidation ; B. Thermal cycling ; B. XPS ; B. Raman 
spectroscopy ; B. SEM 

 

1. Introduction 
 
Among the various technologies used in the Concentrated Solar Power (CSP) plants, the 

systems concentrating the incoming solar flux on the surface of the receiver placed at the top 

of a central tower are the most promising ones. The receiver could reach working temperature 

above 1000 K, improving the fraction of the incoming solar power converted into heat, then 

into electricity. As an example, Segal et al. have calculated an optimal temperature of 1500 K 
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using a heliostat field density of 37% [1]. As another example, Kribus et al. have simulated 

that the converted fraction can overpass 45% with a combined cycle (using firstly a Brayton 

cycle with a pressured gas as coolant, then a Rankine cycle with water steam) [2]. 

Nevertheless, although 1270 K is the temperature requested for the Brayton cycle, the gas 

issuing the current receivers cannot reach temperatures above 1020 K [3], due to the high-

temperature limitations of the Ni-alloys used, especially its resistance towards oxidation. 

Figure 1 presents three figures of merit (built from the existing industrial datasheets and 

literature [4-20]) comparing the reported performances of Ni-based alloys (chromia and 

alumina formers) and of other alloys (Kanthal APMT,  TZM, tungsten….), ceramics 

(SiC/SiC), MAX phases (Ti3SiC2) and disilicide (MoSi2) compounds. The intermetallic 

compounds MoSi2 presents an important oxidation maximum temperature in dry air, with a 

creep resistance higher than the one of Inconel, nevertheless this material is fragile and its 

fracture toughness would have to be improved. Maruyama et al. [21] have investigated the 

influence of the incorporation of aluminum on the oxidation in air of Mo(Si1-xAlx)2 materials 

with x = 0 (MoSi2), 0.14 and 0.28. They observed silica formed at 1823 K for the MoSi2 

samples whereas alumina was the oxide formed when x was 0.14 and 0.28. At 2048 K, MoSi2 

oxidized to form molten silica. The alumina formed at 2048 K dissolves into the molten silica. 

At both temperatures the oxidation rate increases when the x ratio of aluminum increases, but 

the presence of aluminum reduces the cracking and the spallation of the oxide layers during 

cooling compared to the ones formed on pure MoSi2. 

Kanthal Super ER is an alloy supplied by Sandvik AB (Sweden) with a main phase 

Mo(Si,Al)2 that has shown promising oxidation resistance at 1270 K [22]. Oxidation 

performed at 1770 K in synthetic air has shown the formation of a protective oxide scale after 

up to 168 h oxidation time [23]. In a previous work [24], the oxidation kinetics and room 

temperature optical properties of the currently used Inconel 625 have been compared to those 

of the alternative alloys FeCrAlloy and Kanthal Super ER (KSER) and this latest one 

supported 48 h oxidation at 1373 K in air inside a muffle furnace with the weakest weight 

change. 

In this work, we continued the investigation on the performance of the KSER alloy using the 

unique solar facilities of the PROMES-CNRS laboratory to perform high temperature 

oxidation with thermal shocks similar to the ones encountered in solar power plants. These 

results were compared with long-time oxidations performed in two different muffle furnaces, 

up to 700 h. This comparison between oxidation in solar furnaces with thermal shocks and 
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longer-term oxidation has never been previously studied as far as we know. Moreover, the 

high temperature normal spectral emissivity is measured using the set-up developed at the 

CEMHTI-CNRS laboratory. Such an exploration of high-temperature radiative properties of 

KSER has never been performed before to our knowledge. Both oxidation resistances under 

concentrated solar fluxes and high temperature radiative properties are to explore to define the 

potential interest of this intermetallic alloys in CSP applications. 

 

2. Material and methods 
 
Three phases compose the Kanthal Super ER alloy: hexagonal Mo(Si,Al)2 (80 vol.%), 

Mo5(Si,Al)3 (6 vol.%) and Al2O3 (13 vol.%) [25]. An 18 mm diameter cylinder was cut into 

several disks whose thicknesses range from 2 to 3 mm. These disks were polished in order to 

reach a quadratic surface roughness between 0.5 and 0.8 µm, with the procedure previously 

described [24]. 

Various structural analyses are achieved to investigate the changes due to oxidation. XRD is 

carried out with a PANanalytical X’Pert Pro diffractometer operating at 40 kV and 20 mA 

(Kα radiation of Cu, λ = 0.15418 nm) and in the 2θ range of 20-100°. Surface and cross-

section SEM images are obtained with a Hitachi S-4500 apparatus, using the secondary 

electrons (SE), with a detector sufficiently close to the sample to capture part of the 

backscattered electrons. The EDS analyses were performed on this SEM with an acceleration 

voltage of 15 kV. The micro-Raman analyses are performed with a Horiba Jobin Yvon 

spectrometer (LabRAM HR evolution), using a 532 nm green laser.  

XPS analysis is performed using a KAlpha ThermoScientific device at CIRIMAT-CNRS. The 

photoelectron emission spectra are recorded using Al-K radiation (h=1486.6 eV) from a 

monochromatised source. The analysed area is approximately 0.15 mm2. The pass energy of 

window scan is fixed at 20 eV (single spectrum of element) and 150 eV (survey). The 

spectrometer energy calibration is made using the Au 4f7/2 (83.9 ± 0.1 eV) and Cu 2p3/2 (932.8 

± 0.1 eV) photoelectron lines. XPS spectra are 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 [26], taking into account the transmission 

function of the analyser. 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 is 

established by referencing the C 1s value of adventitious carbon (284.8 eV [27]). The 

photoelectron peaks were analysed by Gaussian/Lorentzian (G/L=50) peak fitting. The 

Jo
ur

na
l P

re
-p

ro
of



4 
 

background signal was removed using the Shirley method [28]. According to our observations 

on degradation surface by ions [29], the ionic sputtering of the films surfaces was made by 

Ar+ ion beam accelerated under 1 keV. The ion flux was fixed at about 1.5 µA cm
-2

 for five 

seconds.  

Long-term oxidations are performed inside two muffle furnaces in stagnant ambient air at 

1373 K. The one located in PROMES-CNRS laboratory is used for oxidation during 24 to 

48 h. The SIMaP-CNRS laboratory allows to process longer oxidation time, one KSER 

sample was oxidized during 700 h using one of their muffle furnaces. Samples are regularly 

extracted from the furnaces and weighted to determine the mass variation. 

Oxidations are also performed using the solar reactor REHPTS (REacteur Hautes Pression et 

Température Solaire – High Pressure and Temperature Solar Reactor) whose technical 

features can be found in our previous works [30, 31]. Inside this reactor, the samples are 

placed in open and stagnant ambient air at P = 87 kPa and insolated on a face whose 

temperature is measured using a solar-blind optical monochromatic pyrometer at  = 5 µm. 

The sample is positioned so that the temperature is homogeneous on a 10 mm diameter area 

and is oxidized during 5 or 6 cycles of 20 min. at 1600, 1850 and 2100 K, being weighted 

after each oxidation cycle. For both experimental set-up, the mass variations are divided by 

the surface exposed to air (the upper surface and the lateral one, the one for which the sample 

is placed on the sample holder being excluded) to be expressed in mg cm-2. 

High-temperature radiative properties are measured on the set-up developed by the CEMTHI-

CNRS that was previously described [32]. A 500 W CO2 laser (Coherent K500,  = 10.6µm) 

heats the sample, while mirrors and a separator insure an equitable heating on both faces of 

the sample. Two Bruker infrared spectrometers, a VERTEX 80v and a VERTEX 70, were 

used to measure the radiance from 0.56 to 26 µm. A reference blackbody is placed on the 

same turntable holding the sample, so that the spectrometers can be continuously calibrated. 

The temperature of the sample is obtained using the ALVARAES algorithm [33], a method 

allowing the simultaneous determination of temperature and emissivity from in situ 

acquisition of reflectance and emission fluxes. The measurements are done on one non-

oxidized sample and on one pre-oxidized sample (48h inside a muffle furnace at 1373 K in 

air) to highlight the effects of oxidation during in situ growing and the impact that a 

previously grown oxide layer could bring. 
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The integration of the measured normal spectral emissivities using eq. (1) and (2) gives the 

approximate values (where 0 and N are the minimum and maximum limits of the 

wavelengths measurement interval, N the number of divisions in this interval) of the solar 

absorptivity and total emissivity of the material according to the temperature T. In equation 

(1), I() is the incoming solar irradiance that can be found online. We used the Reference Air 

Mass 1.5 Spectra (tabulated from 0.28 to 4 µm) from the National Renewable Energy 

Laboratory [34]. Ebb(, T) in equation (2) is the blackbody emittance at T and is calculated 

using the Planck’s law. 

 

𝛼(𝑇) =
∫ 𝜀(𝜆, 𝑇). 𝐼(𝜆). 𝑑𝜆
+∞

0

∫ 𝐼(𝜆). 𝑑𝜆
+∞

0

≈
∑ 𝜀(𝑛,𝑇). 𝐼(𝑛).(𝑛+1 − 𝑛)
𝑁−1
0

∑ 𝐼(𝑛). (𝑛+1 − 𝑛)
𝑁−1
0

 

(1) 

  

𝜀(𝑇) =
∫ 𝜀(𝜆, 𝑇). 𝐸𝑏𝑏(𝜆, 𝑇). 𝑑𝜆
+∞

0

∫ 𝐸𝑏𝑏(𝜆, 𝑇). 𝑑𝜆
+∞

0

≈
∑ 𝜀(𝑛 ,𝑇). 𝐸𝑏𝑏(𝑛,𝑇). (𝑛+1 − 𝑛)
𝑁−1
0

∑ 𝐸𝑏𝑏(𝑛, 𝑇). (𝑛+1− 𝑛)
𝑁−1
0

 

(2) 

 

3. Results 
 

3.1.  Oxidation kinetics 

 
Figure 2 shows the mass variations of the KSER samples oxidized in the two muffle furnaces 

at 1373 K. Figure 2.b evidences the reproducibility of the 4 experiments as deviations are 

included in the error bars (due to the balance accuracy). The 700 h-oxidation test enables to 

determine the power law of the oxidation kinetics, with an exponent close to 0.5 in agreement 

with previous reported works on oxidation of KSER [25, 35]. However, a closer observation 

of figure 2.b indicates an under-estimation of the fitting curve for short oxidation time and an 

over-estimation of mass gain for long oxidation time. Therefore, a time dependence analysis 

of the exponent was performed as proposed by Naumenko et al. [36]. It reveals that the 

exponent varies from 0.79 for oxidation times below 48 h while it reaches a value of 0.42 

above 48 h.  
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Figure 3 gives the mass variation of the three samples oxidized inside the REHPTS solar 

facility. A nearly semi-parabolic law with an exponent close to 0.6 fits the variations at 

1600 K. At higher temperature, the fitting gives lower exponent values, closer to 0.3. 

 
3.2.  Characterizations 

 
Figure 4 presents the XRD patterns of the samples oxidized inside the muffle furnaces (a) and 

REHPTS facility (b). We observe on every oxidized sample the appearance of the tetragonal 

Mo5Si3 phase whose peaks are identified using the ICDD file 89-5119. This phase is 

particularly present for the sample oxidized in the muffle furnace during 700 h. The amount 

of rhombohedral alumina (ICDD 73-6870) looks higher at the surface of the oxidized samples 

than the one found in the unoxidized sample corresponding to the initial amount of alumina, 

particularly for the ones oxidized inside REHPTS at higher temperature. The peaks of the 

MoSiAl hexagonal phase (ICDD 74-6555), present in the unoxidized sample, decrease when 

the oxidation temperature and time increase. 

The micro-Raman analyses (figure 5) whose peaks are identified using literature data on the 

Raman analyses of silica [37, 38], alumina [39, 40], silicon and molybdenum disilicide [41] 

reveal the presence of various phases according to the operating conditions. An important 

peak is observed at 520 cm-1 after oxidation in the muffle furnace that corresponds to the one 

of polycrystalline silicon. The presence of alumina, silica and MoSi2 can be observed after 36 

h oxidation at 1373 K. The alumina peaks are higher and narrower on the samples oxidized 

inside REHPTS. Their proportion towards the other compounds increases with temperature 

and the alumina peaks are the only ones observable for the sample oxidized at 2100 K. 

XPS results are presented in figure 6 and table 1. Figure 6 shows the O 1s photoelectron peaks 

for the unoxidized and oxidized KSER samples. The O 1s spectra were deconvoluted with 2 

components, located at 532.5 ± 0.1 eV and 531.3 ± 0.2 eV respectively attributed to O-Si and 

to O-Al bonds. Table 1 resumes the atomic proportions of the components and of the main 

chemical bonds. Molybdenum is only present on the surface of the unoxidized sample, which 

is covered by a native oxide whose major phase is silica. Figure 6 and table 1 show that the 

major phase at the surface of the oxidized samples is alumina. Table 1 shows the alumina is 

nearly stoichiometric, with a ratio O-Al/Al-O between 1.3 and 1.6, whereas the O-Si/Si-O 

ratio decreases from 1.9 for the unoxidized sample to 0.8 for the samples oxidized in 

REHPTS at 1850 and 2100 K, far from the ratio of stoichiometric silica. 
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 Elements 
Chemical bonds  
(Binding energy, eV) 

Sample treatment 
 

O 
1s 

Si 
2p1/2,3/2 

Al 
2p1/2,3/2 

Mo 
3d3/2, 5/2 

O-Si 
(532.5 
± 0.1) 

O-Al 
(531.3 
± 0.2) 

Si-O 
(102.5 
± 0.5) 

Al-O 
(74.7  
± 0.5) 

Unoxidized 60 15.1 15.3 9.6 24.2 35.8 12.7 14.6 

Muffle furnace, 36 h, 1373 K 59.3 7 33.7 / 15.5 43.8 7 33.7 

REHPTS, 100 min, 1600 K 57.7 5.7 36.6 / 9.2 48.5 5.7 36.6 

REHPTS, 120 min, 1850 K 55.9 4.6 39.5 / 3.9 52 4.6 39.5 

REHPTS, 100 min, 2100 K 54.3 7.1 38.6 / 5.4 48.9 7.1 38.6 

Table 1. Proportion (in atomic %) of the components and of the main chemical bonds (and 

associated energy) from XPS analyses. 
 
Cross-section SEM images are achieved to estimate the oxide thickness. The samples 

oxidized in the muffle furnace (figure 7) present very thin oxide layers. The measured oxide 

thickness after 700 h oxidation time is 3.3 ± 0.4 µm. From the mass gain curve in figure 2, the 

calculated value of the oxide thickness is 3.5 µm, which is in agreement with the observed 

thickness by SEM. After 36 or 48 h oxidation time, the layer is too thin to determine its 

thickness with enough accuracy. The oxide layer is thicker for the samples oxidized at higher 

temperature inside REHPTS facility (figure 8 a-c). The thickness is 4.6 ± 0.5 µm for the 

sample oxidized at 1600 K during 100 min. and 8.2 ± 0.7 µm for the one oxidized at 1850 K 

during 120 min. These values are also in agreement with the thicknesses calculated from the 

mass gain (figure 3). The surface of the sample oxidized at 2100 K is less regular with the 

presence of oxide pockets inside cavities and the layer is too discontinuous to obtain a 

relevant oxide thickness. The EDS analyses performed on various spots of the cross section of 

the sample oxidized at 1850 K are presented in figure 8 d-f. We can observe between the 

oxide layer (only aluminum and oxygen elements, no silicon identified in figure 8 d) and the 

substrate (with Al, Mo, Si elements identified in figure 8 f) the presence of a 12.6 ± 1.9 µm 

thick intermediate clearer layer poorer in aluminum and silicon than the KSER substrate 

(figure 8 e). EDS performed on the sections presented in figure 8 a and c also did not reveal 

the presence of silicon in the oxide layer and that the intermediate clearer phase is poorer in 

aluminum. 

Finally, figure 9 presents the SEM images of the surface of the oxidized samples compared 

with the unoxidized KSER sample. The samples oxidized in the muffle furnace for 24 or 48 h 

present dendrites of alumina on the oxide layer. The ones oxidized in REHPTS present a 

granular growth of the alumina, with a preferential growth at the grain boundaries. The higher 

the oxidation temperature is, the larger are the oxide grains.  
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3.3.  High-temperature radiative properties 

 
Figure 10 presents the evolution of the normal spectral emissivity for the as-received and pre-

oxidized (in air at 1373 K during 48 h) samples. The measurements on the as-received 

samples (figure 10 a) show interference fringes and two emissivity peaks are growing in situ: 

one at 11.5 and one around 20 µm. These peaks are also present for the pre-oxidized sample 

(figure 10 b), and another peak is located at 8.9 µm for this sample. 

Table 2 presents the estimated values of the solar absorptivity , the total normal emissivity   

and of the /  ratio using eq. (1) and (2). Both solar absorptivity and total emissivity increase 

with the advancement of the oxidation, as this can be evidenced by the global increase of 

these values on the as-received sample when the temperature increases, and by higher values 

on the pre-oxidized sample at the same temperature level. It is noticeable that the solar 

absorptivity stays higher than the total emissivity for all of the samples, even after oxidation, 

despite the presence of emissivity peaks due to the oxide phases. As a comparison, in a 

recently published paper, the maximum /  ratio measured on Ni-based alloys was 1.10 at 

1400 K [42]. 

 
As-received Pre-oxidized 48 h in air at 1373 K 

T (K)    T (K)   

560 0.49 0.37 1.32     

870 0.61 0.45 1.36     

1120 0.63 0.50 1.27     

1360 0.71 0.61 1.17 1370 0.76 0.65 1.16 

1510 0.66 0.61 1.09 1430 0.80 0.67 1.21 

1590 0.64 0.59 1.09 1540 0.76 0.68 1.13 

1640 0.65 0.59 1.10 1600 0.73 0.67 1.08 

Table 2. Estimated values of the solar absorptivity , total emissivity   and /  ratio from the 

high temperature normal spectral emissivity measurements, for as-received and pre-oxidized 
KSER samples. 
 

4. Discussion 
 
The oxidation of KSER in the presented conditions leads to the formation of an oxide layer 

made of distinct phases of alumina and silica. Both oxides are known to be protective and to 

favour a diffusion-control oxidation mode, which explains why the oxidation kinetics follow a 

power-law with an exponent below unity according to the mechanism previously described by 

Deal and Grove [43]. 
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XRD reveals the presence of rhombohedral alumina on all the oxidized samples. Micro-

Raman analyses reveal the presence of other phases (polycrystalline silicon, molybdenum 

disilicide and silica) on the samples oxidized inside the muffle furnace at 1373 K. At this 

temperature, aluminum seems to migrate from the substrate to form an alumina layer together 

with the formation of phases richer in silicon (and silica may form from partial oxidation of 

these phases). On the samples oxidized inside REHPTS, the higher the temperature is, the 

more alumina forms. This preponderance of alumina towards other phases is also deduced 

from the XPS analyses that also evidence that the O-Si/Si-O ratio decreases when the 

temperature increases, down to 0.8 at 1850 and 2100 K. This phenomenon can be related to 

previous works of Pierrat et al. [44] that identified gaseous SiO may be produced in 

composite materials oxidized in air at atmospheric pressure above 1800 K. Active oxidation 

of silicon could explain why silicon, silica and molybdenum disilicide are less present at 

higher temperature. SEM analysis of the cross-sections of the sample oxidized at 1850 K 

shows a 8.2 ± 0.7 µm alumina layer that covers an intermediate 12.6 ± 1.9 µm layer poorer in 

aluminum and silicon than the substrate. This layer could involve the Mo5Si3 phase identified 

in the XRD patterns, and its presence comforts the hypothesis that alumina was formed 

together with an active oxidation of the silicon present in the substrate at this temperature. 

Finally, this predominance of alumina at higher temperature may explain why the exponent of 

the kinetic power-law decreases with temperature and time: n = 0.5 corresponds to the 

diffusion-controlled growth of silica [43], Naumenko et al. [36] have reported lower 

exponents studying the oxidation of alumina-former alloys. According to these authors, such 

so-called sub-parabolic kinetics occur when the oxide scale growth is controlled by grain-

boundary oxygen diffusion, the diffusion coefficient being related to the inverse of lateral 

grain size of Al2O3. Maruyama et al. [21] also observed a preferential diffusion of Al3+ and 

O2- ions through the grain boundaries of the alumina scale, which explained why the 

oxidation of Mo(Si1-xAlx)2 is faster than the one of MoSi2 according to their work. 

Our SEM observations of the surfaces in figure 9 (d-f) have also shown that the oxide grain 

size increases with the temperature, with a noticeable preferential oxidation at grain 

boundaries. Such microstructure evolution during oxidation of KSER has also been observed 

by Ingemarsson et al. [25] who noticed that the alumina scale formed after 72 h at 1373 K in 

air consists of elongated grains followed by equiaxed grains. 
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The consequences of the oxidation on the radiative properties are the appearance of 

interference fringes due to the semi-transparency of the oxide layer and the presences of 

specific peaks corresponding to the oxide phases. According to the review made by 

Touloukian and DeWitt [45] and to Brun et al. [46], the peaks at 11.5 and 20 µm can be 

linked to alumina. The pre-oxidized sample presents another peak at 8.9 µm that corresponds 

to a reflectance drop of silica. This confirms that silica forms during the pre-oxidation at 1373 

K, whereas alumina is preponderant in the in-situ grown oxide layer. 

Finally, these first results are promising for the solar receiver applications: the oxide layer is 

only 3.3 µm thick after 700 h exposure at 1373 K, which would correspond to approximately 

three months of use. Moreover, the solar absorptivity  of the surface is slightly higher at 

1370 K for the pre-oxidized than for the as-received sample (0.76 vs. 0.71) due to an increase 

of the spectral emissivity in the 1.4-2.8 µm wavelength range with the presence of 

interference fringes. Consequently, even if the total emissivity   of the pre-oxidized sample is 

also higher than the one of the as-received one (0.65 vs. 0.61) due to the fact the spectral 

emissivity also increases in the infra-red due to the emissivity peaks of the oxides, the ratio 

  stays really close (1.16 vs. 1.17). So the oxidation at 1370 K does not degrade 

significantly the radiative properties of the surface and therefore we can expect that the 

efficiency of the conversion of the solar concentrated flux into heat will not be affected by the 

growth of an oxide layer. 

 

5. Conclusion 
 
Oxidation of KSER in air leads to the formation of two oxide phases: 

- Alumina forms whatever the oxidation conditions are, 

- Silica forms during passive oxidation of the silicon at temperatures up to 1600 K. At 

temperatures beyond 1850 K, this compound is less present as active oxidation of the 

silicon in gaseous SiO occurs instead. 

The samples oxidized inside the muffle furnace at 1373 K and in the solar furnace at 1600 K 

follow a semi-parabolic oxidation kinetics, which is coherent with the formation of silica 

phases, whereas the samples oxidized at 1850 and 2100 K follow a sub-parabolic oxidation 

kinetics as some alumina-former alloys do. 

The formation of alumina during the high temperature radiative measurement on the as-

received sample is also visible through the growth of the emissivity peaks at 11.5 and 20 µm. 
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Another peak at 8.9 µm is present on the pre-oxidized sample that can be linked to the 

presence of silica phases. 

Based on these results, KSER seems a promising alloy for the solar receiver application. After 

700 h exposure at 1373 K, the oxide layer is only 3.3 µm thick. Moreover, the presence of this 

oxide layer does not degrade significantly the radiative properties. Nevertheless, the oxidation 

is accelerated beyond 1600 K, showing that the material would be more damaged by 

accidental exposure to a too important solar concentrated flux. The mechanical performance 

(and the creep or fatigue resistance), the machinability, and the high-temperature thermal 

properties of KSER have also to be investigated before envisaging this material as a solution 

for bulk solar receivers. If those performances were not satisfactory, a long-term alternative 

would be to develop Mo-Al-Si coatings on TZM alloy in order to keep an oxidation resistant 

layer on a bulk material with convenient mechanical and thermal properties. 
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List of figure captions 

 
Figure 1. Figures of merit of various materials envisaged for solar applications: thermal 
conductivity vs creep stress (a), oxidation maximum temperature in dry air vs creep stress (b), 

fracture toughness vs oxidation maximum temperature in dry air (c). 

 
Figure 2. Mass variation with time for four samples oxidized in air inside a muffle furnace at 
T = 1373 K for 24, 36, 48 and 700 h. (a) Global trend on the full time scale. (b) Zoom on the 
0-48 h time interval. 
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Figure 3. Mass variations of the samples oxidized in air in the REHPTS solar facility at 1600, 
1850 and 2100 K. 
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Figure 4. XRD patterns of unoxidized and oxidized KSER in air in (a) muffle furnace at 
1373 K and after different time, (b) REHPTS facility at various temperatures and times. 
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Figure 5. µ-Raman spectra of unoxidized and oxidized KSER in (a) muffle furnace at 1373 K 
and after different duration times, (b) REHPTS facility at various temperatures and times.  
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Figure 6. O 1s photoelectron peaks measured on (a) unoxidized KSER sample (b) KSER 
oxidized during 36 h in air at 1373 K in the muffle furnace and (c) KSER oxidized in air 
inside REHPTS at 3 different temperatures and during 100 or 120 min. 

 
Figure 7. SEM images (SE) of the cross-sections of the samples oxidized in air inside the 
muffle furnace at 1373 K during (a) 36 h, (b) 48 h and (c) 700 h. The white arrows delimitate 
the oxide layer. 
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Figure 8. SEM images (SE) of the cross-sections of the samples oxidized in air inside 

REHPTS facility (a) at T = 1600 K, during 100 min. (b) at T = 1850 K during 120 min. (c) at 
T = 2100 K during 100 min. The white arrows delimitate the oxide layer. (d-f) EDS spectra 
corresponding to the area spotted on figure 8 b. 
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Figure 9. SEM images of the surface of (a) unoxidized KSER and KSER oxidized in air (b-c) 
inside the muffle furnace at 1373 K during (b) 24 h or (c) 48 h or (d-f) inside REHPTS 
facility, (d) 100 min. at 1600 K, (e) 120 min. at 1850 K or (f) 100 min. at 2100 K.  

 
Figure 10. Evolution of the normal spectral emissivity with temperature measured on (a) as-
received and (b) pre-oxidized (1373 K in air during 48 h) KSER samples. 
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List of table captions 

 

Table 1. Proportion (in atomic %) of the components and of the main chemical bonds (and 

associated energy) from XPS analyses. 

 

Table 2. Estimated values of the solar absorptivity , total emissivity   and /  ratio from the 

high temperature normal spectral emissivity measurements, for as-received and pre-oxidized 
KSER samples. 
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