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Abstract: To address the poor thermal coordination between heat consumption during hydrogen storage and heat
demand during hydrogen release in the MgH,/Mg thermochemical hydrogen storage cycle, a thermochemical dual-
reaction cycle model was established by coupling the MgO/Mg(OH), heat storage/release cycle with the MgH,/Mg
hydrogen storage/release cycle. Based on the heat supply - demand relationship between the hydrogen release -

heat release and hydrogen storage — heat storage processes, 1,210 operating cases were simulated in Aspen Plus
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over an inlet temperature range of 250 — 450 °C and a pressure range of 0.5 - 1.5 MPa to determine the hydrogen -
heat matching boundaries of the coupled reactions. The results show that entropy generation arising from the
coupling of the dual reactions leads to distinct transitional regimes in the outlet—temperature response to inlet
temperature. At low temperatures, the exothermic reaction dominates, resulting in excess heat release and an
increase in outlet temperature. At approximately 350 ° C, the endothermic and exothermic contributions become
increasingly balanced, forming a critical transition region for near—matching of reaction heat. At high temperatures,
the endothermic reaction is enhanced, and the system shifts to insufficient heat release and a decrease in outlet
temperature. The pressures of the two reaction streams regulate the reaction affinity and the rate-limiting steps of
the coupled reactions by altering the partial pressures and chemical potentials of H, and H,O. During the hydrogen
release — heat release process, the synergistic operating region is mainly located in the low hydrogen—release—
pressure and high heat-release—pressure range, while the dominant pressure effect shifts from the heat-release side
to the hydrogen—release side as the temperature increases. By contrast, the synergistic region for the hydrogen
storage — heat storage process is located in the high hydrogen—storage—pressure and low heat—storage—pressure
range. Through multi-objective optimization involving the temperature difference between the two reactions,
individual reaction conversions, and the hydrogen - heat matching ratio 7,, an engineering operating boundary
corresponding to a near—matching range of 90% - 110% was identified. Based on an equivalent—mixing steady—
state reaction model, this study elucidates the minimum exergy destruction and energy—quality matching
characteristics of thermochemical dual-reaction processes. The results provide a theoretical basis for the structural
design of thermochemically coupled dual reactors with separate reaction beds and for the development of pressure—

control strategies for synergistic dual-reaction operation.

Keywords: thermochemical energy storage; hydrogen—thermal co—storage; dual-reaction process simulation;
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Table 1 Reactions and standard reaction enthalpies of the

Mg-based hydrogen - thermal system

ETRe) IEAERN R IHE SIS K B2
R1 MgH,— Mg + H, +75.47 kJ/mol-H,
R2 MgO + H,0 — Mg(OH), -77.83  kl/mol-H,0
R3 Mg + H,—> MgH, ~75.47 kJ/mol-H,
R4 Mg(OH),— MgO + H,0 +77.83  kl/mol-H,0
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Fig. 1 Schematic of the simulation process for the magnesium—

based thermochemical dual-reaction model
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Fig.2 Outlet—temperature operating envelopes and mean responses of the hydrogen—release/heat-release and hydrogen—storage/heat—

storage processes at different inlet temperatures
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Fig. 3 Inlet—to—outlet temperature—difference responses to dual-stream pressures and migration of the dominant pressure—control

variable at different inlet temperatures
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Fig. 5 Mean - range response of dual-reaction conversions at different inlet temperatures
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Fig. 6 Effect of dual-pressure coupling on synergistically limited conversion at different inlet temperatures
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Fig. 9 Marginal responses of the total system exergy destruction rate to pressures on both sides at different inlet temperatures: (a)

hydrogen—side pressure response during hydrogen release — heat release; (b) thermal—side pressure response during hydrogen release —

heat release; (c) hydrogen—side pressure response during hydrogen storage - heat storage; (d) thermal—side pressure response during

hydrogen storage — heat storage.
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