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Abstract: The Brayton cycle-based tower solar thermal power system features a flexible layout and operates at high
receiver temperatures. However, fluctuations in solar irradiance can lead to thermal fatigue of receiver materials or
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excessive surface temperatures, necessitating effective strategies to mitigate temperature fluctuations. This study
develops a manganese-based thermochemical thermal protection coating utilizing a reversible redox reaction. When
solar radiation intensifies and the temperature exceeds 978 °C, the coating undergoes a reduction endothermic
reaction, reducing the heating rate. Conversely, when solar radiation decreases and the temperature drops below
878 C, an oxidation exothermic reaction occurs, slowing the cooling rate, thereby stabilizing receiver surface
temperature fluctuations. Experimental results indicate that when the mass ratio of the coating material to the binder
is 4:3, the adhesion strength reaches the highest national standard level, and the solar weighed average absorptivity
achieves 94.93%. After undergoing 500 hours of thermal aging at 950 °C, 100 cycles of thermal cycling, and 200
cycles of redox reaction tests, the coating’s weighed average absorptivity decreased by only 0.82, 0.98, and 2.61
percentage points, respectively, while maintaining the highest adhesion strength. Under a sudden change in
concentrated solar radiation flux of 29.7 kwW/m=the heating and cooling rates in the first 100 seconds were reduced
by 59.66% and 67.09%, respectively. Additionally, the time required for a 20 C increase and decrease was
extended by 182.50% and 438.60%, respectively. The manganese-based thermochemical coating demonstrates
excellent aging resistance and effectively suppresses absorber temperature fluctuations, making it highly promising

for applications in Brayton cycle-based tower solar thermal power systems.
Key words: thermochemical material; coating; solar receiver; thermal protection
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Fig.1 Schematic diagram of the working principle of Mn-
based thermal protection coating
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experiments
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HREFINR RN 43 1, 2RISR
BOP W SR RN 35 77 - 100 pm JE 1134 EE 240 Rl
IR S i w3k 94.93%, 225 500 h 18 5E i
ZAk. 100 R4 AR LA 200 AL 5 R B
TEIR S, IOBCE IR 24 BN R % 0.82 ' 43 a5l
0.98 {7 kAl 2.61 H 53 s, [EINFPAE 1T RFFFE i
[ 8

2) HEAGPIREMNRERTEYSRE
oy B 2N EAIE S5 R BEFR 5 m,
HH IR 5 SR JE MR RE IS B o 3%, il
LG ESEAE 750~2 500 nm I B 6 RE IR U
REIR, AR ZNEFTE 300~1 300 nm Al
1 750~2 500 nm ¥ B .

3) JEJE N 100 pum FIERIE R 2 B 03 AR
PR, 5 Pyromark 2500 34240, #E49.7 kWim?
ARG BB T, HFEEIRZTERT 100 s A FHIEAA
[ R 23 B/ 59.66%H1 67.09%, TG A A
20 “C I 5 (PN A] 23 il RE K 182.50% 711 438.60%
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