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Abstract: Conventional organic phase change materials (PCMs) often suffer from leakage
during solid-liquid transitions and limited solar absorption, which restrict their practical
application in thermal energy management. To address these challenges, this study presents
a facile composite design combining chemical cross-linking and freeze-drying techniques.
Stearic acid (SA), serving as the phase change component, is effectively encapsulated
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together with two-dimensional MXene nanosheets, which possess superior photothermal
conversion properties, within a three-dimensional porous polyvinyl alcohol (PVA) network,
resulting in a shape-stabilized photothermal composite PCM. Comprehensive characterization
using scanning electron microscopy (SEM), X-ray diffraction (XRD), and Fourier-transform
infrared spectroscopy (FT-IR) confirmed the uniform and stable immobilization of SA within the
PVA matrix and demonstrated excellent compatibility among components. Thermal energy
storage performance, thermal stability, and photothermal conversion were further evaluated
using differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), UV-vis-NIR
spectrophotometry, and simulated solar irradiation. The incorporation of MXene increased
light absorption by approximately 350 percent, enabling efficient solar harvesting and
photothermal conversion. The composite maintained superior shape stability with no
observable leakage for SA mass fraction up to 75%, while achieving a high latent heat of
112.56 J/g. In addition, it exhibited excellent thermal stability and cycling durability. This work
establishes a robust and scalable strategy for fabricating leakage-proof, solar-responsive
PCMs, providing a solid experimental foundation for advanced thermal energy management
systems that integrate solar harvesting, thermal storage, and controlled energy release.

Keywords: MXene; stearic acid; photothermal energy storage; shape-stabilized phase

change material
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Table 1 Formulation of MXene/stearic acid shape-
stabilized phase change composite materials
Fin SA/% PVA/% MXene/%

MCPM1 60 39.5 0.5
MCPM2 70 295 0.5
MCPM3 75 245 0.5
MCPM4 60 39 1
MCPM5 70 29 1
MCPM6 75 24.5 1
MCPM7 60 38.5 1.5
MCPM8 70 28.5 15
MCPM9 75 235 15
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Fig. 2 (a) Tyndall effect of MXene suspension;
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Fig. 4 (a) Absorptance of MXene, SA/PVA(75%), and MCPM9 within the wavelength range of 200—1400 nm;
(b) DSC curves of phase change composite materials containing 70% SA and varying MXene contents; (c) DSC
curves of phase change composite materials containing 75% SA and varying MXene contents; (d) Comparison

of the heat storage performance of MCPM9 with other studies; (e) DSC curve of MCPM9 after 20 melting-
solidification cycles; (f) The enthalpy of melting and crystallization of MCPM9 after 20 melting-solidification
cycles
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Table 2 DSC data of different samples

B i J& il C Jafilk1(J1g) SR C S5 ki(JIg) HEXTE 2R % FERR %
Pure SA 64.83 153.62 42.63 153.88 100 100
SA/PVA(70%) 60.70 111.65 44.39 109.29 72.68 103.83
SA/PVA(75%) 61.14 123.90 45.00 124.39 80.65 107.5
MCPM3 63.32 96.50 41.75 92.75 62.82 83.76
MCPM6 64.07 77.57 42.06 76.49 50.49 67.33
MCPM9 63.59 112.56 40.80 113.32 73.27 97.69
MCPM2 65.02 97.71 41.02 93.00 63.60 90.86
MCPM5 64.55 73.72 41.59 72.94 47.99 68.56
MCPM8 64.56 88.16 41.18 88.74 57.39 81.98
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Fig. 5 (a) Time-temperature curves of MXene/stearic acid composite material under simulated sunlight;
(b) Infrared thermal imaging diagrams of MCPM9 and SA/PVA(75%)
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Fig. 6 (a) TGA curves of pure SA, SA/PVA(75%), and MCPM9; (b) Digital photos of pure SA and different
composite materials after being placed on an 80°C heating platform for varying durations
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