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Abstract: The recent advancements in key materials including reactants and catalysts employed in solid-gas, gas-
gas, and liquid-gas solar thermochemical energy storage (TCES) systems are reviewed. The thermochemical
properties of reactants such as carbonates, hydroxides, metal hydrides, metal oxides, organics, and ammonia are
examined. The research status of the modification of these reactants, new material development, and catalyst
improvement are also discussed. At present, the reactant materials suitable for solar TCES exhibit various
deficiencies in terms of cyclic stability, reactivity, conversion rate, energy storage density, cost or safety, which
hinder the commercial viability of solar TCES technology. To further enhance the maturity of solar TCES
technology, it is imperative to develop advanced composite materials on the basis of known thermochemical reaction
systems, improve novel efficient catalysts, and broaden demonstration application scenarios and scales in the future.
The key materials should endow TCES systems with high energy storage density, more robust cyclic stability, and
rapider reaction kinetics. It is preferred that they are readily available, non-corrosive, and non-toxic and more cost-
effective.
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Fig.1 Basic principle of thermochemical energy storage
technology
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Tab.1 Types and performance of common materials and representative chemical reactions for TCES technology

ave il LA R R AR SR 7 B fili BE 2 FE/ (KW ) m3) SRS EEIK SR A (kI molt)

TR L CaCOsz+AH > CaO+CO; 692.0 973~1273 178.0
e HEMD Ca(OH)+AH «> CaO+H,0 455.0 673~873 104.4
BREAND MgH+AH < Mg+H> 580.0 523~773 75.0
EIREAND 2C0304+AH «> 6Co0+0; 200.0 973~1 123 205.0
CH4+COz+AH < 2CO+2H; 7.7 973~1133 247.0
et L CHa+H,0+AH — CO+3H, 7.8 873~1223 250.0
& 2NHa+AH > Ny+3H; 0.2 673~973 66.5

- T 2S03+AH «> 2S0,+0; 1073~1273

% 2 BREREM BRI F R RETERE
Tab.2 Properties of carbonates used for TCES
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Fig.2 SEM images of undoped and MgO/ZnO co-doped CaO honeycombs before and after 25 cycles
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Fig.3 Expansion rates and volumetric energy densities of
materials prepared with different mass ratios of limestone
to silica sol during 10 cycles
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Tab.3 Properties of metal hydrides used for TCES
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MgH; 5.80 1110 0.600 573~773 74.0
Mg.FeHs 5.00 1602 0.585 573~773 77.4
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CaH; 4.50 2048 1.071 1373~1673 186.0
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2.1.4 &k At

LMELE BEAME 623~1 373K Aelg iR/t
RN & & B B 0, (3R(@4)) » FERFLT
O B A LAFICIE:, 2 1 A AT ik
AEREM B, S EENYERE R, e HASA
UF, AR R N s AN R, AT B
AT, AN S 2R B e P 4 b ) S B RE
250 [E I AR A R AR, AT T 75 1 A7
P i AR B P e P B 0T AR T A & R
AR, BT &R mA i RE AR R T
NG RA R G S REANYRR. d4i5)E
AR REREGE, BEEEED R RNTE
AL RSA DT T B AR A B, S T R A R
P RS« RS TEIA RS PEA AR 1 4




6 F X & A 2025 4

A ALY B+ Ba0O./BaO . C0304/CoO .
Mn,03/Mns04. CuO/Cu,0. Fe;0s/FesO4. ZnO/Zn %

(% 4) s,
MxOg-+22)(s) + AH > MxOy(s) +202(9)  (4)

F 4 sBREAYM BRI EME TR
Tab.4 Properties of metal oxides used for TCES
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Fig.5 SEM images and structural enhancement mechanism
of Al doped Co oxide after redox thermal cycling
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FH e 7E A b 27 i e R I LA K 31 H R
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& 6 BTN EER Ni/CeO2-Al203/SiC W FIF AT B ER %
Fig.6 Morphology and SEM images of Ni/CeO2-Al20s/SiC foam catalysts for methane dry reforming
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