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Development on Application of Phase Change Materials in Electric Vehicle Power Batteries
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Abstract: Some phase change materials (PCM) suitable for the thermal management of lithium-ion batteries were analyzed based on
their types and characteristics, and recent research work on the selection and preparation of the PCMs were described. The main
research aspect is to obtain the composites with a high thermal conductivity and a high latent heat. From the perspective of heat
transfer mode, research progress on the passive and active phase change material-based thermal management systems was reviewed,

and the future development direction was forecasted.
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Fig. 1 Classification of the phase change materials (PCMs)
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Table 1 Physical properties of partially hydrated salts

Salt hydrates T/ C Mkl kg™)
Mn(NO5),"6H,0 25.8 125.9
CaCly6H,0 29.0 190.8
LiNO;-3H,0 30.0 296.0
Na,SO4 10H,0 32.4 254.0
Na,CO;310H,0 32.0 267.0
Mgl,8H,0 2.0 133.0
Zn(NO3),-4H,0 45.0 110.0
Ca(NO;),4H,0 47.0 153.0
MgSO,7TH,0 48.5 202.0

h is latent heat; T,, is melting point.
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Table 2 Thermophysical parameters of common organic

PCMs
PCM plkg'm™) KW-m™ K™ hi(kIkg™) T/ C
Paraffin C13-24 0.760(liquid, 70 C);  0.21(solid) 189  22-24
0.900(solid, 20 C);
1-Dodecanol 200 26
Paraffin C16-28 0.765(liquid, 70 C); 0.21 189  42-44
0.910(solid, 20 C);
Paraffin C20-33 0.769(liquid, 70 C); 0.21 189  48-50
0.912(solid, 20 C);
Paraffin C22-45 0.795(liquid, 70 C); 0.21 189  58-60
0.920(solid, 20 C);
Tetradecanol 205 38

p is density; £ is thermal conductivity.
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Fig. 2 Schematic diagram of thermal management technology based on PCMs'
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Table 3 Thermophysical parameters of the composite PCMs
Material pl(kg'm™) K(W-mK™) h(kI'kg™") T/ C Reference
Paraffin/Graphite powder(mass ratio 4:1) 7.300 162.0 49.80 [49]
Paraffin(80%)/Expanded graphite 9.795 156.6 27.27 [50]
Expanded graphite/Paraffin/Low-density 856 1.380 87.4 44.50-50.20 [51]
polyethylene
Graphene (20%, in volume fraction)/Paraffin 1286 7.200 314.53 53.40 [52]
Graphene(0.5%, in mass fraction)/Paraffin 243.5 58.10 [53]
Expanded graphite/Graphene /carbon 5.100 178.5 46.10 [54]
nanotube/Paraftin
Copper mesh-Paraffin/Expanded graphite 7.650 141.6 42.00 [55]
Nano-aluminum(0.5%, in mass fraction)/Paraffin 0'265(8_01@) 169:1 5536 [56]
0.155(liquid)
Nickel foam(porosity95%)/Paraffin 2.480 160.0 42-48 [57]
Aluminum foam(porosity65-70%)/Paraffin 72.9 33.00 [58]
Copper foam(porosity93%)/Paraffin 0.457 179.6 36.80 [59]
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Table 4 Cost assessment of the materials

Material Cost/RMB Size
Sliced paraffin 30 500g
Expandable graphite 150 100 g
Graphene 600 100 g
Copper foam 200 10 mmx100 mmx>100 mm
Aluminum foam 400 10 mmx100 mm>100 mm
Nickel foam 150 10 mmx100 mmx>100 mm
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[84]

ETHETMREENAEEREC AR

Table 5 Cooling performance of several active thermal management systems based on PCM

Cell capacity/  Discharge current/ Maximum

Reference Battery pack

Cooling solution Cooling conditions

(A-h) A temperature/ ‘C
. . . Air velocity 0.01 m/s,
[72] 2S10P 20.0 40.0 60.0 Expanded graphite /ParaffintAir cooling . .
initial temperature 55 'C
. . Air velocity 3 m/s,
[73] 5S4pP 2.6 15.6 46.0 RT44HC/Paraffint+Air cooling . .
initial temperature 35 'C
[75] 5S1P 10.0 30.0 51.6 Paraffin+Fins Initial temperature 40 ‘C
[79] 5S1P 12.0 60.0 50.9 Expanded Graphite/Paraffin+Heat pipe Initial temperature 20 ‘C
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