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Effect of Nanoparticles on Thermophysical Properties of Tetradecane Phase Change Materials
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Abstract; Tetradecane nanocomposite phase change materials with mass fractions of 1%, 2%, 3%, 4%, and 5%
were prepared using tetradecane as a base fluid, and nanoparticles Al,0,, CuO, MgO, and multi—walled carbon
nanotubes ( MWCNT) as additives, respectively. The morphology structure characterization and thermophysical
properties were studied. The results showed that the addition of nanoparticles caused little change in the phase
change temperature, and the latent heat values were reduced by 0.66% to 14.43% ; thermal conductivity was signif-
icantly enhanced and increased with the increase in the mass fraction of nanoparticles; decomposition of the nano-
composite phase change materials occurred above 50 “C, which was higher than the range of application; phase
change time of the nanocomposite phase change materials was significantly shortened compared with that of pure tet-
radecane. The optimal nanoparticle was MWCNT with an optimal mass fraction of 3%, a thermal conductivity of
0.189 7 W/(m - K), and a latent heat value of 199.7 J/g, which can be used as a potential phase—change cooling
storage material.
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Figure 1  The prepared nanocomposite phase change material samples
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Figure 2 Low—temperature thermostatic water bath device
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Figure 3 SEM images of nanoparticles
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Figure 4 DSC curves of nanocomposite phase change materials
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Table 1  Thermal properties of tetradecane and Al,O; nanocomposite PCMs
o K LT
AL
IR/ C WA I 32/ °C. AR/ C AR/ C AR (T-¢7")
tetradecane 2.63 7.57 14.8 5.59 210.6
tetradecane+1%Al,0, 0.63 7.38 13.98 5.03 208.7
tetradecane+29% Al, 0, 0.86 6.98 12.61 4.95 199.8
tetradecane+3%Al,0, 1.19 8.13 13.76 5.31 196.4
tetradecane+4%Al, 0, 0.33 6.92 13.14 4.96 194.0
tetradecane+5%Al, 0, 1.34 7.30 13.16 5.10 193.0

F2 MK MO HRESBEMBIAIIIERE

Table 2 Thermal properties of tetradecane and MgO nanocomposite PCMs

Be T e
E AR/ C W LI RE / °C PR EZ/C AR E/C AR (J-g7")
tetradecane 2.63 7.57 14.80 5.59 210.6
tetradecane+1%MgO 1.70 7.52 13.33 5.09 203.5
tetradecane+2%MgO 1.44 6.91 11.97 4.95 198.6
tetradecane+3%MgO 1.10 7.25 12.71 5.04 197.0
tetradecane+4% MgO 1.07 6.87 12.61 4.94 195.1
tetradecane+5%MgO 1.43 6.73 12.44 4.99 194.8




58 BT KRFFHR(AERAHAF R % 56 A

F3 A MKE.CuO HRESHEMBIAIPIERE

Table 3 Thermal properties of tetradecane and CuO nanocomposite PCMs

Bes FEAb AR
IR/ C U (R I 2/ °C AR EE/C AR L/ C A A (J-g7")
tetradecane 2.63 7.57 14.80 5.59 210.6
tetradecane+1% CuO 1.57 7.39 13.12 5.06 209.2
tetradecane+2% CuO 1.60 6.64 12.70 4.86 201.8
tetradecane+3% CuO 1.73 7.52 13.33 5.10 198.6
tetradecane+4% CuO 1.66 6.81 13.11 4.89 193.6
tetradecane+5% CuO 1.73 7.56 13.12 5.08 185.5
F4 TR MWCNT Gk E SHETH R HAERE
Table 4 Thermal properties of tetradecane and MWCNT nanocomposite PCMs
Be SEA AR
BIGHEE/C WEERE/C RARE/C O MASRE/C MR/ (J-g)
tetradecane 2.63 7.57 14.80 5.59 210.6
tetradecane+1%MWCNT 1.90 6.88 12.63 5.00 204.8
tetradecane+2%MWCNT 1.28 6.59 12.71 5.08 201.7
tetradecane+3%MWCNT 1.25 6.73 12.58 5.07 199.7
tetradecane+4%MWCNT 0.70 6.42 12.08 5.00 186.8
tetradecane+5%MWCNT 1.65 6.66 12.62 5.12 180.2
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Figure 5 FT-IR spectra of nanocomposite phase change materials
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Figure 6 TGA curves of nanocomposite phase change materials
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Figure 8 Cooling curves of nanocomposite phase change materi-

als
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