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High temperature radiative properties of coated or oxidized Kanthal APMT

Introduction

Concentrated solar power plants with central tower and gas cycle are the most promising systems to insure a high conversion of the incoming concentrated solar energy into electricity. Nevertheless, this cycle would request the compressed coolant (ideally air) to enter the turbine generator at a temperature beyond 1300 K. Due to their high-temperature failures, and especially due to the growth of an oxide layer that would affect their spectral emissivity, the temperature of an air coolant issuing current Inconel-coated receivers cannot overpass 1000 K [1]. This is why the project 2MAC-CSP was launched to investigate alternative alloys with a ceramic coating, in order to overpass this working point. Whereas a previous presentation was given on oxidation kinetics and room-temperature optical properties [START_REF] Colas | Solar PACES 2018 -Solar Power And Chemical Energy Systems[END_REF], this one will focus on the high-temperature radiative properties using two set-ups, in order to analyze the solar absoprtivities and total emissivities of the material in operating conditions.

Materials and methods

Substrates used are KanthalAPMT (Sandvik AB, Sweden) made of the following composition: Fe (bal.), Cr (21 at.%), Al (5 at.%) and Mo (3 at. %). The high temperature emissivity measurements were performed on native and oxidized samples. The pre-oxidations were performed in air inside a muffle furnace at T = 1373 K for 99h. High-Temperature Chemical Vapor Deposition (HT-CVD) was used to cover substrates with a 40 µm-thick layer of AlN, or with two ceramic layers: first a 15 µm-thick AlN layer, then an 80 µm-thick SiC layer, both coated samples were analyzed without previous oxidation.

Normal emissivities were measured in air at atmospheric pressure using two set-ups:  MEDIASE facility [START_REF] Balat-Pichelin | [END_REF], located at the focus of the 1 MW solar furnace in PROMES laboratory. In this facility, the sample is insulated on the front face and normal spectral emissivity is measured on the 1.4-14 µm wavelengths on the rear face. The CI Systems SR-5000N spectroradiometer and the pyroreflectometer used for the temperature measurements were previously calibrated on a blackbody.  Another facility developed by CEMHTI laboratory [4]. In this facility, the sample and the blackbody are placed on a rotating plateau, so that spectrometers are calibrated in situ. The sample is heated using a 500 MW CO 2 laser at the 10.6 µm wavelength, and two spectrometers enable to measure the spectral emissivity from 0.56 to 24 µm. This set-up is used to perform measurement on an extended wavelength range.

Results and discussion

If the emissivity measurement on native APMT is evolving due to in situ oxidation, both set-up gave stable and identical results on pre-oxidized samples (figure 1). Especially, an increase of the spectral emissivity in the 18-22 µm range was observed due to the presence of an alumina layer. Therefore the total emissivity increases up to 0.65 at 1400 K.

Coatings were used to improve the material spectral selectivity by increasing the solar absorptivity and casually reducing the total emissivity at high temperature. If figure 2 a) evidences the AlN coating does not fulfill this goal due to a significant increase of the infra-red emissivity, figure 2 b) shows a SiC/AlN coating can improve the spectral emissivity in the lower wavelengths, affording to maintain an higher solar absorptivity than the total emissivity, guaranteeing an important conversion of the incoming solar flux into heat with reduced thermal radiative losses. 

Conclusions

The high temperature emissivity measurements have shown it was possible to improve the radiative properties of APMT using a SiC coating. Future works will focus on improving the accommodation between substrates and APMT using intermediate layers in order to reduce the mechanical impact of thermal shocks that was previously observed [5].
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 12 Fig. 1: Evolution of the spectral emissivity measured in air according to the temperature on pre-oxidized APMT: MEDIASE (a) and CEMHTI measurements (b)