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Abstract:

Next-generation concentrating solar power (CSP) plants with operating temperatures higher than 700°C
need advanced high-temperature thermal energy storage (TES) systems and power cycles (e.g.,
supercritical CO2 Brayton power cycle) for a higher energy conversion efficiency (>50%) and lower
levelized cost of electricity (LCOE) [1]. The next-generation molten salt TES technology based on
chlorides is such a promising high-temperature TES technology under R&D by many research groups
[2], since compared to other TES technologies like solid particles, its replacement to the molten nitrate
TES in the state-of-the-art CSP plants can keep the current CSP system design and the key components
(e.g., molten salt pump, salt receiver, etc.) as much as possible [1].

Progress in corrosion control of molten chlorides

MgCl2-KCI-NaCl is a promising candidate of such high-temperature TES materials due to its low material
costs (<0.35 USD/kg) and excellent thermophysical properties (e.g., high thermal stability >1000°C) [1].
However, the most commercial Fe-Cr-Ni alloys (all the Fe-based alloys) have unacceptably high
corrosion rates in unpurified or not properly purified molten chlorides at temperatures higher than 700°C
[2]. In theory, purification with Mg metal can reduce the redox potential (i.e., corrosivity) of the molten
MgCl2-KCI-NaCl and thus the corrosion rates of Fe-based alloys to acceptable low levels (target of DOE:
<30 um/year [3]) at temperatures higher than 700°C [4]. Using affordable alloys such as Fe-based (Fe:
>50 wt.%) alloys as the main structural materials for the chloride-based TES system is the key to
ensuring its cost competitiveness (CAPEX: 27 USD/kWhtw) [4]. Under corrosion control with Mg salt
purification and corrosion inhibition, our group has achieved that the corrosion rates of SS310 and In
800H in molten MgCl>-KCI-NaCl at 700°C are lower than 15 ym/year [4], while P91 also has the
corrosion rate of lower than 15 pm/year in molten MgCl2-KCI-NaCl at 500°C [5]. The corrosion immersion
tests up to 2000 h were carried out under static conditions in lab scale. The corrosion rates were
determined with mass loss and SEM-EDX microstructural analysis methods.
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Fig. 1: Achieved low corrosion rates (<15 um/year) of Fe-based alloys in molten MgCl>-KCI-NaCl: for hot tank at
700°C (left [4]) and for cold tank at 500°C (right [5]).
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Progress in process upscaling

To upscale the chloride-based molten salt TES technology, a test facility named MOCTEF with a molten
salt pump and two salt tanks (max. 50 kg salt) has been designed and is under construction at DLR.
Fig. 2 shows its 3D model. The designed max. test temperature of MOCTEF is 750°C. The salt
purification tank is used to do salt purification experiments for develop and optimize the salt purification
process, while the pumped loop is used to do corrosion tests under dynamic conditions close to real
conditions for structural materials selection and upscaling of a corrosion control system (CCS)
developed by DLR. The CCS system containing the corrosion monitoring (e.g., electrochemical
corrosive impurity monitoring using CV method) and mitigation (in-situ salt purification using electrolysis
or Mg) parts is integrated into the molten salt loop to control the corrosivity of molten MgCl2-KCI-NaCl
[4], [6], i.e., the selected high-temperature Fe-based alloys for tests have the corrosion rates of <30
pum/year in the molten MgCl2-KCI-NaCl under pumped dynamic conditions at >700°C.
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Fig. 2: Molten chloride Test Facility (MOCTEF) of DLR
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