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configuration, broad material availability, and potential for large-scale thermal energy storage.
However, the large variety of candidate solid materials, the scattered thermophysical property
data reported in different studies, and the lack of a unified evaluation framework make it
difficult to directly compare and screen materials for engineering applications. To address
these issues, this study establishes a performance database for solid-particle materials used
in high-temperature sensible heat storage. A total of 71 candidate materials are collected,
covering six key parameters, including specific heat capacity, density, volumetric heat
capacity, thermal conductivity, maximum service temperature, and material price. Z-score
normalization and hierarchical clustering are employed to characterize the multidimensional
performance distribution and similarity among different materials. In addition, Pearson
correlation analysis is conducted for 66 comparable candidate materials to identify statistical
relationships and potential information redundancy among the six performance parameters.
The results show that density exhibits a strong positive correlation with volumetric heat
capacity, with a Pearson correlation coefficient of 0.78, while the correlation coefficient
between thermal conductivity and maximum service temperature is 0.50, indicating a
moderate positive correlation. In contrast, most other parameter pairs show relatively weak
correlations, suggesting that thermal storage capacity, heat-transfer performance, high-
temperature applicability, and economic performance represent relatively independent
dimensions of material performance. Considering both the physical relationships among the
parameters and the need to avoid repeated weighting of closely related indicators, volumetric
heat capacity, thermal conductivity, maximum service temperature, and material price are
selected as the core indicators for comprehensive evaluation. The Criteria Importance
Through Intercriteria Correlation (CRITIC) method is used to objectively determine the
indicator weights by simultaneously considering data dispersion and inter-indicator correlation,
and the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method is
subsequently applied to rank the candidate materials according to their distance from the
positive and negative ideal solutions. The CRITIC weights of volumetric heat capacity, thermal
conductivity, maximum service temperature, and material price are calculated to be 33.14%,
19.78%, 21.99%, and 25.10%, respectively. The TOPSIS results show that MgO, SiC, and
AlQ, rank first, second, and third, with comprehensive scores of 0.7047, 0.6694, and 0.6581,
respectively. Electric arc furnace dust and carbonate flotation waste rank fourth and fifth.
These results indicate that, under the evaluation framework adopted in this study, some
industrial solid wastes achieve favorable preliminary screening results because of their
relatively high volumetric heat-storage capability and low material acquisition cost. However,
such rankings should be regarded as material-level preliminary screening results rather than
direct recommendations for engineering application. Furthermore, six-dimensional
performance comparisons of representative materials from different categories reveal distinct
sources of performance advantages. High-performance ceramics generally show advantages
in thermal conductivity and maximum service temperature, whereas natural minerals exhibit a
relatively balanced combination of thermal storage performance and cost. Some industrial
solid wastes show advantages mainly in volumetric heat capacity and economic performance.
These results demonstrate that the selection of solid-particle sensible heat storage media
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should consider the coordinated trade-off among thermal storage performance, heat-transfer
capability, high-temperature applicability, and economic performance rather than relying on a
single parameter. The developed database and multicriteria evaluation framework can provide
a quantitative basis for the preliminary screening and subsequent engineering assessment of

solid-particle materials for high-temperature sensible heat storage.

Keywords: high-temperature sensible heat storage; solid particles; material database;

material screening; multicriteria evaluation
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Table 1 Thermophysical properties of natural mineral materials for sensible heat storage

MR A (kI(kg-K)] #I% [kg/m®] B [kJ/(m®K)] #F3 WIm-K)] AR [C] i [¥ A 2% 3k
PEr 0.9585 2375 2336 0.8 1180 297.5 [1, 4-6]
REES 1.05 2330 2446 0.48 1714 130 1]
RN 1.0935 3600 3937.5 0.65 1775 300 [1,5,7, 8]
M7 1 3100 3190 55 1700 875 [1,2,4,5,7]
R 0.65 5280 3432 0.285 1581 820 [4]

A 5% 0.7275 1905 1449 46 3605 11935 [4, 5]
ZalE 0.84 2695 2264 0.035 1450 2115 [4]

it 0.879 1458 1282 0.4 1000 215 [9]

E 0.712 2200 1566 27 1000 1434 [9-12]
At 1.84 2050 3772 2 200 29 [9, 10]

S0 0.75 1540 1155 0.8 1200 40 [13, 14]

AR 0.7 1520 1064 0.8 1200 40 [13, 14]
ERky 0.75 2200 1650 2.56 900 50 [13]
iRy 0.752 5177 3893 3.7 1360 2582.5 [9, 11, 15, 16]
BRI 1.005 3750 3769.5 2 1100 0.5 [17, 18]
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Fig. 1 Classification and maximum service temperature distribution of 71 solid-particle materials for sensible
heat storage

F2 UM REEAERM R AT

Table 2 Thermophysical properties of inorganic materials for sensible heat storage

MRLAAFR LR [kdI(kg-K)] R [kg/m®] ARRLAEE [kI/(m>K)] G5 (WIm-K)] s GRS [C] i [YR]) 2530k
A 0.995 3955 3938.5 23 2061 5400 [1, 4-6]
AT 0.8595 3105 2690 100 2025 4700 [1,4,5,7]
bR+ 1.05 2600 2730 0.55 1200 180 [1]
A 1.05 1900 1995 0.18 1427 180 [2,3]
KRR 0.995 3965 3946 0.55 1727 1000 121
A 0.427 6095 2603.5 1.85 2625 26300 [4]
AR 0.69 4010 2767.5 7 1840 19300 [4]
A 0.955 3560 3401 45 2835 3680 [4]
Silica 460 1.1 2650 2915 1.4 1440 245 21
A 1.03 100 103 0.05 769 3055 [3]
PR 1.05 1900 1995 0.18 1450 1310 [3]
TERRAS 1.03 300 309 0.15 950 2100 3]
i K W 1 950 950 0.25 1250 3375 [3]
R 0.837 2710 2268 0.94 715 508.5 [9, 19, 20]

PR 45 SR A TR 1 3000 3020 5.25 1700 52830 [8, 11, 21, 22]
Redi S A 1.05 2600 2730 0.85 1200 1221 [6, 14]
Cu0.5Cr1.1Mn1.404 0.9585 2650 2540 0.65 1692 30 [14, 23]

CuCr,0, 0.9585 2650 2540 0.61 1692 30 [14, 23]
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Table 3 Thermophysical properties of industrial solid wastes for sensible heat storage
ML FR LEIAE [kII(kg-K)] % [kgim®]  MARIAZE [kII(M*K)]  #53 (WImK)] BB AR [C ik [Y) 3% 0t
TR 0.915 1830 1906 0.87 1098.5 70 [2-5, 17]
TR 0.72 2100 1512 1.24 800 68 [6, 24, 25]
REELil &y 0.915 3060 2807 1.75 1550 600 [17, 26]
JRIK 0.915 2930 2687 1.375 1200 30 [17]
TR R 2 19 I e 1.05 3390 3563.5 35 2250 0.5 7]
oy e) 0.8 2870 2299.5 9.5 900 20 [17]
s LG 0.8 2850 2280 1.5 1150 75 [17]
LIV IC) i 1.15 4275 4949 1 1100 35 [17, 18]
I 1.03 3370 3471.5 0.585 1100 200 [17, 18, 27]
IR 0.95 3370 3204.5 0.75 1200 200 [17, 28]
NFER A 0.95 4275 4225 1 1350 35 [17]
A 0.75 3710 2785 1 1100 300 [17, 28]
EREIRON 3 1.085 3295 3581 0.745 1100 100 171
TR SR R 0.85 3125 2679.5 1.75 1100 100 171
AR 0.85 5455 4679.5 1 525 100 [17]
HRE H JER) 0.75 1870 1402.5 15 750 3000 [17, 29]
BT 0.69 3015 2098 1.58 800 350 [17, 28]
e 1.17 3340 3948.5 0.8 750 35 [17]
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Table 4 Thermophysical properties of metallic and artificial materials for sensible heat storage

Mk FEAE [kd/(kg-K)] 2 [kg/m®] AAIAZE [kdI(MPK)] #4053 [WIm-K)] BefE I E [CT ks (Y S50k

CARBO CP 1.2175 3000 3652.5 0.375 1527 1000 2]
CARBO HSP 1.2175 2780 34295 2 1527 800  [2,4,7,30,31]
Rt 0.96 2200 2154 1.15 650 155 3,9, 17]
AR 0.885 1720 1537 0.525 975 15 [9, 17, 32]

AHE 2.39 700 1673 0.12 70 7027 [9, 10]

4 0.896 2710 2428 237 630 18001 [9, 33]

Bk 0.452 7900 3571 80 1539 783 [9, 15, 20]

i 0.465 7840 3646 51.9 1425 17219 [5, 20]
[GhesEe il 1.2 3300 3960 0.375 1400 25435 [30, 31, 34, 35]
NaNO,:KNO,=55:45 2.025 2050 4183.5 0.525 550 2035 [34, 36]
CARBO ACCUCAST 50 1.1375 2000 2275 0.375 1400 600 [7, 30, 31, 35]

iz e 0.9 1000 920 0.55 1800 2713 7
Masterbeads 1708 0.995 1760 1751 0.375 1400 25435 [8, 30, 35]
Interprop 1711 1.2 3300 3960 0.375 1400 25435 [8, 30, 35]
CARBOPROP 1.1375 1890 2150 0.375 1400 600 [8, 30, 31, 35]
Zirprop Z126 0.46 4150 1923 7.2 1500 93920 [8, 15, 16]
Dresser Proflow 1.2 3300 3960 0.375 1400 25435 [8, 30, 35]
Carbobead CP 0.365 2200 803 0.375 1200 1000 [13, 35]
Norton Masterbeads 0.875 1760 1540 0.375 1400 25435 [30, 35]
CARBOBLACK 1.2175 1900 2313 0.375 1400 600 [30, 31, 35]
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