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Abstract: Inorganic hydrated salt phase change energy storage materials, as a type of
thermal storage medium with significant development potential, exhibit broad application
prospects in building energy conservation, battery thermal management, personal thermal
management, and solar energy storage. However, these materials generally suffer from
inherent bottlenecks such as high supercooling degree, severe phase separation, and poor
cyclic stability. Although existing modification strategies, such as the addition of nucleating
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agents or the introduction of surfactants, can partially alleviate the above issues, their effects
are limited and the applicability is narrow. The composite material strategy, as an efficient and
feasible solution, not only comprehensively improves the inherent defects of pure hydrated
salts but also significantly enhances the functional properties (e.g., thermal conductivity and
mechanical strength) through multicomponent synergistic effects, thereby effectively
expanding their application fields. This paper systematically reviews the modification methods
targeting the inherent bottlenecks of inorganic hydrated salt phase change materials and the
optimization pathways of composite material strategies, and discusses the enhancement
mechanisms of composite modification on the functional properties of the materials. On this
basis, the research progress on the functional expansion of such composite materials in the
fields of personal thermal management, battery thermal management, solar energy storage,
and building energy conservation is further analyzed. Finally, the current deficiencies in the
research are summarized, and suggestions for future development directions are proposed.
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Fig 3 (a) Optical photographs of intact, fractured, self-healed and load-bearing SSD inorganic hydrated salt gel
with 8 wt% PAAS ©7; (b) Tensile stress-strain curves of original SSD inorganic hydrated salt gels with different
PAAS contents®™ ;(c) Tensile stress-strain curves of self-healed SSD inorganic hydrated salt gels with different
PAAS contents®™; (d) Column comparison diagram of tensile strength and self-healing efficiency of SSD
inorganic hydrated salt gels with different PAAS contents®™ (e,e’ ) SEM images of the fracture surface of PAM/
CS. PAM/CS/SEBC composite after self-healing, showing the healed interfacial bonding and continuous
microstructure®
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[ 4 (a) SAT-PCG AT B M SNIMAERIZIR ;(b) SAT-PCG 7S SRIMASRHMR AR F1 - RIZEHZ"™ ;(c)
SAT-PCGHAERIMSHMARREHREEIXTLL; (d) TEIREYEE Mg-PCG NIRRT - BT dhsk, AidtigiE
£k Mg-PCMs {EAFTHRLEE; (e) TRIREHE E Mg-PCG SIRIERRIMEL T - RIEERMZ""; (f) NIM47S Mg-PCG BHIEM
BRRE., MREKESHMAEEBRAMSETUIILES; (g) 37 Mg-PCG MENMRIRE ., BiZRMKERSHHE
EREESYE 2L HIILES; (h) Mg-PCG ZERMKS THSYXtL, SRSFEMITURE R, ERETATEREER
HEE, FRENZFSEALFFTHREFERY () RSB Mg-PCM 2hEHE S K E Mg-PCG 7KE SRR AN EITEE™; (j)
Mg-PCG BEFRZS T J1 M Al
Fig4 (a) Plasticity of SAT-PCG in soft state and shape retention performance in rigid state®™ ; (b) Stress-strain
tensile curves of soft and rigid SAT-PCG, respectively™ ;(c) Comparison of nano-scale Young’ s modulus of
SAT-PCG under soft and rigid states®™; (d) Tensile stress - strain curves of rigid Mg-PCGs with various polymer
contents, pure eutectic magnesium salt Mg-PCMs as the control group® (e) Tensile stress - strain curves of
soft Mg-PCGs (at high temperature) with various polymer contents®” (f) Comparison of macroscopic Young’ s
modulus, elongation at break and tensile strength of rigid Mg-PCGs as a function of polymer content®”; (g)
Comparison of macroscopic Young’ s modulus, elongation at break and tensile strength of soft Mg-PCGs as a
function of polymer content®”; (h) Digital photographs of Mg-PCGs under two states; transparent flexible soft
solid at high temperature and opaque white rigid solid at room temperature, realizing reversible switching of
mechanical and optical properties™; (j) Mechanical performance tests of Mg-PCGs in two states™
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MRUTERZE;  (d) 100 mW/cmRIUK BESE T =7k ZER$(SAT) 54~ [5] PAM/SEA 822 7K B IR -F 8] AL Bh 45"
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Fig 5 (a) UV-Vis-NIR full-spectrum absorption spectrum of composite phase change material cPCM-LIG*®; (b)
Quantitative histogram of average solar absorptance of the composite PCM in molten and crystalline states™;
(c) UV-VIS-NIR absorption curves of sodium acetate trihydrate (SAT), Fe-EA nanoparticles and different PAM/
SEA phase change hydrogels at 200 - 2000 nm®?; (d) Temperature-time curves of sodium acetate trihydrate
(SAT) and various PAM/SEA phase change hydrogels under 100 mW/cm? simulated solar irradiation®; (e)
Scatter plot comparing photothermal conversion efficiency and latent heat of PAM/SEA phase change hydrogel
in this work with reported composite phase change materials®’; (f) Schematic diagram of self-made
photothermal-electric conversion device based on PAM/SEA phase change hydrogel®; (g) Infrared thermal
images of sodium acetate trihydrate (SAT) and PAM/SEA hydrated salt phase change hydrogels during heating
and cooling processes®™; (h) Photothermal conversion efficiency of composite phase change materials with
different ratios under irradiation intensity of 100 mW/cm?*"; (i) Melting latent heat and melting temperature of
pure SAT, 3 wt% CMC-SAT, 0.5 wt% EG/3 wt% CMC-SAT, 1.0 wt% EG/3 wt% CMC-SAT and 2.0 wt% EG/3 wt%
CMC-SAT composite phase change materials™™".
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Fig 6 (a) Infrared thermal images of skin loaded with
PCH.; (b) The temperature change curves of skin with
or without KPAM.® ;(c-d) The infrared thermal images
of body skin covered with and without SSD IHSG in
the static and dynamic mode™’;(e-f) The body surface
temperatures when covered withand without SSD
IHSG in the static and dynamic mode™
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Fig 7 Temperature-time curves of SSD-DHPD-CMC
composite phase change materials (CPCMs) with

different expanded graphite (EG) loadings during the

simulated temperature rise process on the battery

surface™
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