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Fig. 1 Photographs of PP hydrogels (a), filter papers below hydrogels (b), PPCD hydrogel FMPCMs (c¢), filter papers below
PPCD hydrogel FSPCMs (d) and the optical microscope images of the core and the section of the surface film of PPCD-3 (e).
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Fig. 2 TG curves of water, PP hydrogels and PPCD hydrogel
FSPCMs.
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Fig. 3 DSC curves of water, PP hydrogels and PPCD hydrogel
FSPCMs.
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Table 1 Phase change cold storage properties of PP hydrogels and PPCD hydrogel FSPCMs.
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Fig. 4 Cyclic DSC results of PPCD-3.
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Fig. 6 Application of PPCD-3 for cold chain temperature control (a, b) and cold compress (c, d).
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Fig. 7 SEM images of PP-4 and PP/xGnP aerogels, and PP/xGnP/ET and PP/xGnP/PEG FSPCM.
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Fig. 8 TG (a, b) and DSC (c, d) curves of PP/xGnP/ET and PP/xGnP/PEG FSPCMs.

Table 2 Latent heat storage properties of PP/xGnP/ET and PP/xGnP/PEG FSPCMs.

Sample Tonm (°C) AH,, (J/g) Tone (°C) AH, (J/g) R (%) AT (°C)
ET 118.51 342.9 19.1 205.1 - 99.4
PP/xGnP-1-ET 116.97 2929 48.6 190.6 86.14 68.37
PP/xGnP-2-ET 118.59 291.8 47.78 183.2 85.82 70.81
PP/xGnP-3-ET 114.74 293.0 50.85 202.3 86.17 63.89
PEG2000 47.16 164.7 35.00 156.0 - 12.16
PP/xGnP-1-PEG 46.55 140.3 33.84 129.1 85.18 12.71
PP/xGnP-2-PEG 47.44 1247 33.88 113.7 75.71 13.56
PP/xGnP-3-PEG 45.90 135.0 33.88 126.1 81.96 12.02
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Fig. 9 FTIR spectra of raw materials and selected samples.
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Research Article

Preparation and Characterization of Form-stable Phase Change Materials
with Hydrogel Skeleton as Supporting Material

Yi-hong Zhang!, Yu-yang Chen', Long-long Tu!, Xue Zuo', Ye Tan!, Lin-ping Yu!,
Chuan-chang Li?, Ju-lan Zeng'*
(!School of Chemistry and Chemical Engineering, *College of Energy and Power Engineering,
Changsha University of Science & Technology, Changsha 410114)

Abstract Form-stable phase change materials (FSPCMs) are a kind of latent heat/cold energy storage materials
and play key role in fields like new energy development, cold chain temperature control and healthcare. Lots of
expensive chemicals have been investigated as phase change materials (PCMs) for FSPCMs, however, the
application of water, a very cheap and abondance material in our planet, as a phase change cold energy storage
material for FSPCMs is neglected. Herein, a kind of hydrogel based on poly(vinyl alcohol) and poly(acrylic acid)
was prepared at first, and then novel FSPCMs with high latent cold energy storage capacity were obtained by
solving the problem of water leakage in the hydrogel through simple surface freeze drying. The latent cold energy
storage capacity of the obtained hydrogel-based FSPCMs attained 237 J/g, and the water in the FSPCMs would
not volatilize when the temperature was not higher than 50 °C. The FSPCMs also exhibited excellent anti-leakage
performance even it was heavily pressed. Meanwhile, the FSPCMs possessed good long-term thermal reliability
and its latent cold storage performance has not changed after 50 freeze-thaw cycles. The FSPCMs also had good
temperature control and shaping properties, making it applicable to cold storage, cold chain temperature control,
cold compress and other fields. In addition, in order to fully utilize the high porosity of dried hydrogel, exfoliated
graphite nanoplatelets (xGnP) were applied to enhance the stability of the hydrogel skeleton with the largest water
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content, and a novel supporting material with high porosity was obtained by freeze-drying. Then, erythritol (ET)
and PEG2000, two water-soluble PCMs, were selected as representatives, and two types of FSPCMs were prepared
by melting impregnation. Both types of FSPCMs possessed very high content of PCMs and very high latent heat
storage capacity, which proved that polymer network skeletons of hydrogels were perfect supporting materials for
FSPCMs. Consequently, the results obtained in this study have important value for promoting the application of
hydrogel itself and hydrogel materials in the fields of heat energy storage and temperature control.

Keywords Hydrogel, Form-stable phase change materials, Phase change temperature control, Cold storage, Supporting
materials



