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[ Abstract] Utilizing phase change materials and carrier materials to prepare phase change particles, replacing concrete aggregates
for the production of phase change concrete, represents a novel technique for enhancing the durability of concrete in cold regions. In
order to investigate the correlation between the compressive strength of PCC and its pore characteristics, a novel type of phase change
particles with cement-encapsulated, named EPC,,, was prepared by using n-tetradecane (C,,) and EP (expanded perlite) as raw
materials. Subsequently, phase change concrete (PCC-EPC,,) was prepared by replacing fine aggregates at an equal volume. The
PCC-EPC,,s underwent 50, 100, 150, and 200 freeze-thaw cycles. Then, uniaxial compression tests and nuclear magnetic resonance
tests were uesd to test the compressive strength and pore characteristics of the PCC-EPC,,s. Finally, the fractal dimension of the PCC-
EPC,, was calculated using fractal theory, and the relationship between compressive strength and fractal dimension was analyzed. The
results show that the optimal volume replacement ratio of phase change particles to fine aggregates is 20% . At this ratio, the PCC-
EPC,, (20% ) exhibites the maximum NMR ( nuclear magnetic resonance) fractal dimension, minimum porosity, and maximum
compressive strength after 200 freeze-thaw cycles. Additionally, a proportional relationship is observed between compressive strength
and NMR fractal dimension, while an inverse relationship is found with relaxation time signal area.
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Fig. 2 Leakage test process and results
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Fig. 1 Raw materials and substances of phase-change particles K 3 Frs,
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Table 3 Concrete mix proportion

£ EPCyy/(kg-m ™) K/ (kg-m ) AR/ (kgom ) MK/ (kgem ™) K/ (kg-m ™) KIR L
PCC-EPC,, (0% ) 0 370 739.50 1155.95 185 5.55
PCC-EPC,, (10% ) 36. 15 370 665. 14 1155.95 185 5.55
PCC-EPC,, (20% ) 72.30 370 591.24 1155.95 185 5.55
PCC-EPC,, (30% ) 108.45 370 517.33 1155.95 185 5.55
PCC-EPC,, (40% ) 144. 60 370 443.43 1155.95 185 5.55
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of phase-change concrete
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Fig. 5 Relaxation time spectrum of phase-change concrete under different freeze-thaw cycle counts
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Table 4 NMR fractal dimension of phase-change

concrete under different freeze-thaw cycle counts

BN WAL
JELEL 1P
TR B R Ie D e
PCC-EPC,, (0% ) 0. 085 2.915 0. 543

PCC-EPC,, (10% ) 0. 094 2.906  0.672

0k ,
"™ PCC-EPCy,(20%) 0.110 2.890  0.823
VRRLE R
PCC-EPC,, (30% ) 0.122 2.878 0. 849
PCC-EPC,, (40% ) 0.136 2.864  0.855
PCC-EPC,, (0% ) 0.208 2.792 0. 907
) PCC-EPC,, (10% ) 0.181 2.819  0.8%4
200 % PCC-EPC,, (20% ) 0. 148 2.852 0. 900
o - 4 . . .
VR 8

PCC-EPC,, (30% ) 0. 155 2. 845 0. 885
PCC-EPC,, (40% ) 0. 196 2. 804 0. 879
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Fig. 8 Fractal characteristics of phase-change concrete under O freeze-thaw cycles
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