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Pore structure and strength deterioration mechanism of phase change
energy storage backfill
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(1. Key Laboratory of Ministry of Education for Efficient Mining and Safety of Metal Mines, University of Science and Technology Beijing, Beijing 100083,
China; 2. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In order to explore the pore structure characteristics of phase change energy storage backfill and their influence on the
strength deterioration of backfill, a composite phase change material was prepared with butyl stearate as the phase change material
and expanded perlite as the adsorption medium. Cement and tailings were mixed to prepare backfills with different additive amounts
of the composite phase change material. The strength and structure characteristics of the phase change energy storage backfill with
different addition amounts were obtained by using the methods of CT (computer tomography) scanning, MRI (magnetic resonance
imaging) analysis, and uniaxial compression test, and the influence mechanism was analyzed. The results show that: i) The porosity
of phase change energy storage backfill increases gradually with the increase of the addition amount. The macropore porosity
increases approximately linearly, the proportion of macorepores increases gradually, and the pores approximate to sphere. ii) With the
increase of the amount of phase change material, the connectivity of the backfill increases, the pore throat length increases, and the
number of macropores increases. The pore throat coordination number is concentrated below 5, and the fractal dimension decreases
first and then increases significantly, resulting in complex pore distribution. iii) With 5% additive amount, the uniaxial compressive
strength of backfill decreases by 30.2% due to the increase of macropores and pore connectivity. With 10% additive amount, the pore
size distribution becomes uniform and the uniaxial compressive strength decreases by 48.9%.
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Table 1 Backfill proportion and mass

BS/EP-CPCM  /KiEffifs JFEWJis® /KM%  BS/EP-CPCM
IR/ % /g /g /g JTii/g
0 190 760 407.1 0
5 190 722 407.1 38
10 190 684 407.1 76
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CPCM [ 5 &, 355 $F 5 BN b fE B A B B
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Fig.1 Cylindrical specimen of phase change energy
storage backfill
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Fig.2 Schematic diagram of CT scanning system
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Fig4 YAW-600 rock pressure testing machine
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Fig.S Pore and pore throat structure of backfill with
different additive amounts
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Fig.6 Backfill porosity and pore number with different
additive amounts
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Fig.7 Backfill pore size distribution with different
additive amounts
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Fig.11 Pore coordination number of backfill with different
additive amounts
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7No

& 12 7T %0, #00 5%BS/EP-CPCM J5 7o A4
SRR IET 0.7 i, B sRIER LB S50 A
EE 5% & AHAR i e e SEAR B A 0%, TR DAL iR 7
AR FLBRARX FLAR TR/, AN R 4N
IR 10%0, R4ERUE 2 1,77, RREAMEE
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Fig.12 Fractal dimension of backfill with different
additive amounts
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5 5 AN ALBR KIS 5 R, e TR R EUE,
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Table 3 Porosity of phase change energy storage backfill
with different additive amounts

BS/EP-CPCM 7R INE/% FLBRE/%
0 3.30
5 6.67
10 12.36

i 3 AT%0, [ BS/EP-CPCM RN ()14 %,
IR R FLBR 2RI HIE R, H BT 9L4% 31.4 um B
TRFLBRAE RIEA R AR Z A, AR RN LR
AL gt A2 AL ZR I L CT iR
FLER# K. BS/EP-CPCM MR A 0% 5%F1 10%
i, MRI T3 FLER 5 CT 13 AT S LB 5 Joil 48
K 2.77%-2.06%1 3.44%, J5 K A\ BS/EP-CPCM
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