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Abstract: Both excessively high and low temperatures in lithium-ion batteries (LIBs) can lead
to performance degradation and safety hazards. Flexible phase change materials (PCMs)
offer high heat storage density and good shape adaptability, which can help maintain the
temperature stability of LIBs. However, existing flexible PCMs typically exhibit high
absorptivity, making it difficult to meet the demands of year-round thermal management for
outdoor batteries. Hence, this study developed a radiative cooling PCM (PW/SEBS/ZnQ)
based on a melt blending method, which was self-bonded with a conventional flexible PCM
(PW/SEBS/EG) to form a flexible dual-mode PCM. The dual-mode PCM has a high
reflectance of 0.86 on the radiative cooling (RC) side, a high absorptance of 0.92 on the
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photothermal conversion (PC) side, a high enthalpy of 172.5 J/g, and a leakage ratio of less
than 0.85%. More importantly, the cost of the dual-mode PCM is as low as 21.2 CNY/kg.
Further, comparative experiments were conducted covering the dual-mode PCM, flexible
PCM, and blank batteries. Under summer conditions, the maximum temperature of the battery
covered with the dual-mode PCM was 10.1°C/11.0°C lower than that of the blank group during
charge/discharge processes, whereas batteries covered with the flexible PCM exhibited
maximum temperature increases of 6.1°C/4.2°C . Correspondingly, compared to the blank
group, the charge/discharge capacity of the battery covered with the dual-mode PCM was
improved by 3.9%/3.5%, while the charge/discharge capacity of the battery covered with the
flexible PCM was reduced by 2.0%/3.2%. Under winter conditions, the battery temperature
and performance of the dual-mode PCM and the flexible PCM were similar. Moreover, the
average temperature of the battery covered with the dual-mode PCM was 8.4°C/7.2°C higher
than that of the blank group, and the corresponding charge/discharge capacity was 19.5%/
15.8% higher than that of the blank group. The dual-mode PCM provides an effective solution
for the year-round thermal management of outdoor batteries.
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Table 2 Instruments for material characterization
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