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Abstract: To mitigate the detrimental impact of freeze-thaw cycles on loess mechanical properties, a
method using expanded graphite-n-tetradecane composite phase change material (EG-C,,) was pro-
posed, leveraging the temperature modulation capability of phase change materials. Focusing on the
Lanzhou loess, a series of tests were conducted after typical freeze-thaw cycles, including volumetric
deformation tests, mechanical property tests, and microstructure tests on loess samples with varying
EG-C,,dosage levels. The study aimed to explore the influence of different EG-C,, dosages on loess

mechanical properties under freeze-thaw conditions and its enhancement mechanism. Results indicate
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that EG-C,, effectively mitigated the temperature variations within the soil during freeze-thaw cycles,

thereby suppressing soil expansion and contraction deformation. Additionally, EG-C,, minimized soil

microstructure damage during freeze-thaw cycles. Enhanced soil exhibited reduced scaffold porosity

and denser particle skeleton compared to untreated loess after multiple cycles, thus improving its me-

chanical properties. Furthermore, EG-C,, dosage positively correlated with enhanced mechanical prop-

erties, stabilizing notably at a 4% dosage. These findings offer valuable insights for deploying EG-C,,

enhanced loess in practical applications.

Keywords: freeze-thaw; loess; composite phase change material; mechanical properties; mechanism

analysis
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Table 1 Basic physical indicators of reshaping loess
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Fig.1 Particle size distribution curve of soil samples
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Table 2 Phase change parameters of EG-C,,
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Table 3 Latent heat of phase change for water and C,, in

test soil samples during freeze-thaw cycles
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0 0.00 51.00 50.76 0.00
2 8.80 47.80 48.50 7.32
4 22.15 42.80 44.70 21.51
6 24.50 40.60 38.20 23.72
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Fig.5 Soil sample volume change process
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Fig.7 Stress-strain curves of improved loess with different

EG-C,, dosages after 9 freeze-thaw cycles
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Table 4 Decay rate of elastic modulus after 9 freeze-thaw

cycles
%

EG-C, [ He /kPa
B/ % 50 100 200 400

0 63.83 63.17 56.35 53.29

2 55.92 48.85 45.01 39.20

4 37.07 35.14 33.50 30.90

6 36.27 35.00 30.65 32.62
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Fig.10 SEM images of loess microstructure under different

freeze-thaw cycles
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