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Strength and thermal performance of phase change energy storage backfill
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Abstract; A composite phase change material was prepared with butyl stearate as phase change material and
expanded perlite as adsorption medium, and then it was mixed with cement and tailings to make phase change
energy storage filling body. In order to explore the strength and thermal performance of the phase change energy
storage fillings, phase change energy storage fillings with different ratios of ash to sand, mass fractions, and
additive amounts of mass fractions of composite phase change materials were prepared, and the strength
characteristics, thermal conductivity, and microscopic characteristics of phase change energy storage fillings with
different ratios were obtained by DSC, SEM, uniaxial compression test, Brazilian splitting test, and thermal
conductivity test. Research results show that there were three kinds of pore structures in the phase change energy
storage filling body: tiny bubbles, bonding cracks between cementing materials and composite phase change
materials, and porous structures in expanded perlite. The strength of the filling body prepared with the ratio of lime
to sand of 1: 6 was about 1/2 of that of the filling body of 1: 4. When the mass fraction increased from 68% to 72%
at the same ratio, its intensity increased approximately linearly. The strength of the backfill gradually decreased
with the increase of the additive amount of composite phase change material, but the downward trend slowed down
with the continuously increase of the amount of composite phase change material. Compared with butyl stearate, the
phase change temperature of the composite phase change material decreased by 1.1 °C, the enthalpy of phase
change decreased by 45.24 J/g, and the specific heat capacity remained unchanged. After adding the composite
phase change material, the thermal conductivity of the phase change energy storage filling body decreased by 6.5%.
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Fig.2 Particle size distribution curve of tailings
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Tab.1 Proportions and qualities of backfill
P R FEHUABTESM Y % BS/EP-CPCM Wit/ %  Keffit/g  REE/g KEiht/g  BS/EP-CPCM Jiki/g
Al 1:4 68 0 190 760 447.06 0
B1 1:4 70 0 190 760 407.14 0
Cl 1:4 72 0 190 760 369. 44 0
A2 1:4 68 5 190 722 447.06 38
A3 1:4 68 10 190 684 447.06 76
A4 1:4 68 15 190 646 447.06 114
B2 1:4 70 5 190 722 407. 14 38
B3 1:4 70 10 190 684 407. 14 76
B4 1:4 70 15 190 646 407.14 114
C2 1:4 72 5 190 722 369. 44 38
Cc3 1:4 72 10 190 684 369.44 76
C4 1:4 72 15 190 646 369.44 114
D1 1:6 68 0 140 840 461.18 0
El 1:6 70 0 140 840 420.00 0
F1 1:6 72 0 140 840 381.11 0
D2 1:6 68 5 140 798 461.18 42
D3 1:6 68 10 140 756 461.18 84
D4 1:6 68 15 140 714 461.18 126
E2 1:6 70 5 140 798 420.00 42
E3 1:6 70 10 140 756 420.00 84
E4 1:6 70 15 140 714 420.00 126
F2 1:6 72 5 140 798 381.11 42
F3 1:6 72 10 140 756 381.11 84
F4 1:6 72 15 140 714 381.11 126
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Tab. 2

Uniaxial compressive strength and tensile strength of

phase change energy storage backfill

FEMEA BT PCM Biid /340 SBIsom g/ Hrhim L/

i 5B % Wi/ % MPa MPa
1:4 68 0 2.64 1.14
1:4 68 5 2.03 0.81
1:4 68 10 1.70 0.56
1:4 68 15 1.31 0.42
1:4 70 0 3.49 1.28
1:4 70 5 2.25 0.94
1:4 70 10 1.91 0.59
1:4 70 15 1.51 0.50
1:4 72 0 4.04 1.34
1:4 72 5 2.89 1.01
1:4 72 10 2.37 0.66
1:4 72 15 1.98 0.61
1:6 68 0 1.23 0.61
1:6 68 5 0.92 0.42
1:6 68 10 0.76 0.38
1:6 68 15 0.64 0.39
1:6 70 0 1.53 0.63
1:6 70 5 1.11 0.49
1:6 70 10 0.87 0.43
1:6 70 15 0.71 0.40
1:6 72 0 1.79 0.72
1:6 72 5 1.30 0.61
1:6 72 10 0.99 0.55
1:6 72 15 0.82 0.50
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Fig.4  Uniaxial compressive strength of phase change energy

storage backfill (1:4)
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Fig.6 Tensile strength of phase change energy storage backfill
(1:4)

0.8
0.7} T 153% T W 68%

Co123.6% 0 EE170% !
0.6 f 72% !
130.6%

0.5

V /

DN
TN

0.4
0371

Yihi 58/ MPa

021

0.1

10 15
PCMJF 43 B I /%
7 1:6 FRLL B fiERE FTIEAIRBRE
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