15 % 5 4 1Y fd #e A ¥ 5 & K Vol.15 No.4
2026 4 H Energy Storage Science and Technology Apr. 2026

| TREEATRIS B |

e o [E] 42 R it F A AL RO T S i

2, KR
o R 22 5 TR T ST R AR PR 908 %, LT 100190: *+f1f
Bl KaE, dbst 100049)

T E: BRI ST A KR A AR BAR IR RISk KA R A A, m Ak AR R R e A
&, HRE, FRESRBAZYMAAAEE LA R, SAMAMATREES RAER®E, RAS K
HEFR R NAE S AL, KR TR B AR A A K IAE TAZAC 0 A 6 B & X —. ASE %4 Ay Ae R AR SR & 8 4
HARAE R, FAGETBAIE R BRBEH A, EAMMERARR 2N, REEEA
287 BRSO A A R . A Ao KA T 6 B R, QLRI 3N R AT B AR U i AR b AR
M EFAE R HAERGHAER, UREFRENINEESNRETTE ARG LR EG, SR T A FEA.
HAT@ e e Pk, BT T B 8TH R MR ik, T BABT Rk @A ERF 7%, XM
77 ik ¥ BRI K IRE RA BURAMAFH G AR . REBEES L MERRLE THAMARRELEST &, HE
PR AT IR . AL TAR AL R R A d BB A 48 S 6 A,

X BERBUEM AR daei; A AR AR

doi: 10.19799/j.cnki.2095-4239.2025.0945

FESES: TKO02 XEkFRERS: A WERES: 2095-4239 (2026) 04-1249-15

Advances in research on solid particle heat storage materials

DENG Yilei"?, SONG Guoliang"?
('State Key Laboratory of Coal Conversion, Institute of Engineering Thermophysics, Chinese Academy of
Sciences, Beijing 100190, China; *University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Solid particle thermal storage exhibits great application potential in the thermal
storage field due to its high stability and low cost. As the core of thermal storage systems,
thermal storage material properties, such as specific heat capacity and thermal conductivity,
directly affect system efficiency and application prospects. Currently, thermal storage
materials face issues such as poor compatibility with systems and challenges balancing cost
and performance, which hinder the large-scale engineering application of solid particle
thermal storage. Focusing on the urgent demand for high-efficiency thermal storage
technologies in the current energy sector, this paper first reviews commonly used solid particle
thermal storage materials, domestic and abroad, along with their basic performance
parameters and main evaluation indicators. Subsequently, it emphasizes the applications of
these materials in electric heating, flue gas heating, and steam heating, including the
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differentiated performance requirements for materials in three scenarios, commonly used
material types, recent domestic and international application cases in various temperature
ranges, and existing problems and ongoing challenges in applications. Subsequently, the
paper analyzes commonly used material optimization and modification methods, mainly
introducing component modification and surface treatment, both of which can effectively make
up for the performance shortcomings of materials according to actual needs. Finally,
combined with current demands, it outlines the future development directions of thermal

storage materials,

providing comprehensive guidance for the design,

performance

optimization, and engineering application of solid particle thermal storage materials.
Keywords: solid particle heat storage material; electric heating; flue gas heating; steam

heating; material modification
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Table 1 Thermal properties of common solid particles
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Fig. 1 Hierarchical structure of the system
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Table 2 Common materials and their properties
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bed silica sand

5 [ [ 57T AR fe YR S 56 & (NREL) PR T —
MG RG, WESHIN. ZRGMHR
S BRABIRERD, BOAR A 30~40 FE 0/, X LERE
WP TE 300~1200°C 2 A 4T #AE AR LS 100 K, K
W52 B B A R ~F 224k, 300~1200°C AR 6 i
BBl A IS 240 EE IR 29 1.1 kdI(kg - K), S EREH
1.402 W/(m-K). FRG0H B REFE 3 v FA e v] SEELK

T 98% it PR o 3l I R A7 T WU 0 PR
(ABCC)HL I R 4t, Rl A7 (IR RE e ol rLBE, 7
KT MTOCHF AT BLSEILA T 52% H#A HEL R F 1,

BAER O )
135 MW, ‘\;\ ; g
D O
FE I AR
D fkHh
Tk AR R
: © IR
# 2 ‘?\%’ & PR IAAS H 38
' ) U -
o
B3 —MEF=S-HENBESEINNNLBET

ETES R4 E
Fig. 3 Configuration of a particle ETES system for
thermal power generation based on the air-Breton
combined cycle
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Table 3 Common materials and their properties
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Fig. 4 Experimental system of a flue gas-solid sensible heat storage device
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Table 4 Common materials and their properties
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Fig. 6 Schematic diagram of the coupling between
concrete heat storage and coal-fired power
generation units
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Table 5 Several typical studies on component modification
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