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Abstract: The stearyl alcohol was encapsulated with waterborne polyurethane (WPU) to prepare a shape-stabilized phase
change materials (PCMs) containing stearyl alcohol up to 50 wt%. The particle size analysis and the morphology
observed by scanning electron microscope showed that the encapsulated particle size was several micrometers. Ther-
mogravimetric analysis demonstrated that the stearyl alcohol was effectively encapsulated by WPU with marginal loss.
The heat of fusion of the particle encapsulating 30 wt% stearyl alcohol was 90-100 J/g, which was larger compared with
those of previous reports on PCMs encapsulated by polyurethanes. The shape stability of stearyl alcohol above melting
temperature was evidently improved by the encapsulation with WPU.

Keywords: stearyl alcohol, waterborne polyurethane, encapsulate, phase change material, shape-stabilized.
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Scheme 1. Process for the preparation of WPU encapsulating stea-
ryl alcohol.
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Table 1. Recipe for the Preparation of WPU
Soft segment Hard segment TEA
Sample PCL diol BD TMP DMPA TETA EDA IPDI ol
mol  wt% mol  wt% mol  wt% mol  wt% mol  wt% mol  wt% mol  wt%
S70H30 0.009 7043  0.007 0.61 0.011 1.00 0.037 5.00 0.014 1.00 0.017 1.00 0.095 20.96  0.037
S60H40 0.008 60.24 0.04 3.63 0.011 1.00 0.037 5.00 0.014 1.00 0.017 1.00 0.127 28.13 0.037
Table 2. Characteristics of WPU Encapsulating Stearyl Alcohol
Stearyl alcohol content (wt%) Particle size
Material
From recipe From TGA Volume average (um)  Standard deviation (wm)
S70H30 - - 0.039 0.027
S70H30AC10 10 10.00 2.31 1.72
S70H30AC30 30 27.25 3.89 291
S70H30ACS50 50 48.50 424 1.76
S60H40 - - 0.039 0.025
S60H40AC10 10 10.00 2.52 227
S60H40AC30 30 29.67 4.24 1.85
S60H40ACS50 50 45.30 4.62 1.96
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Figure 1. Particle size distributions of WPUs encapsulating stearyl
alcohol.
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Figure 3. TGA thermograms of (a) stearyl alcohol; (b) S7T0H30; (c) S7T0H30ACS50.
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Figure 4. DSC thermograms obtained at first heating-cooling cycle: (a) S7T0H30; (b) S60H40; (c) stearyl alcohol; (d) STO0H30AC30.

Table 3. Thermal Properties of WPU Encapsulating Stearyl Alcohol

On heating On cooling
Cycle Sample T, AH,, Torc AHenc Top AHerer
O (J/g-sample) O (J/g-sample) (Vgsstearyl - (°C) (J/g-sample) (J/g-PCL)
alcohol)

S70H30 52.0 274 - - - -23.7 14.6 20.9
S70H30AC10 49.6 374 29.5, 34.1, 43.5 17.0 169.5 -9.6 17.5 27.7
S70H30AC30 55.1, 594 108.7 36.2, 43.7, 53.7 72.9 243.0 9.0 9.9 20.3
S70H30AC50 59.9 167.6 452,535 137.7 2754 6.6 34 9.7

c;ﬁe S60H40 52.9 24.8 - - - -34.6 5.6 9.4
S60H40AC10  52.6, 57.2, 59.2 49.0 352,459 13.6 136.1 -12.9 6.3 11.8
S60H40AC30  52.3, 60.8, 60.8 98.0 42.8, 53.0 74.5 248.3 -13.7 3.1 7.3
S60H40AC50 51.0, 60.0 120.2 414, 53.0 104.4 208.8 -0.5 2.5 8.5
Stearyl alcohol 60.2 2182 50.5, 55.5 2094 2094 - - -
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Table 3. Continued

On heating On cooling
A[—Ic./\C AHC.PCL
Cyele  Sample T, AH, Toc " = Lo
O (J/g-sample) O (J/g-sample) (J/g-steary (°C)  (J/g-sample) (J/g-PCL)
alcohol)

S70H30 444 29.5 - - - -22.2 16.6 23.7
S70H30AC10 44.6, 54.1 50.4 29.5,34.1,434 17.3 172.6 -9.4 17.0 27.0
S70H30AC30 48.6, 51.8, 52.3,59.5 974 36.1, 43.5, 52.9 72.3 241.1 9.1 9.5 19.3
S70H30AC50 60.0 147.5 45.1, 53.7 137.9 275.8 6.1 24 6.9

czyré(lie S60H40 44.6 232 - - - -34.4 6.0 10
S60H40AC10 44.1, 55.2, 58.9 453 34.6, 45.0 13.1 130.8 -133 6.9 12.7
S60H40AC30 44.8, 60.7 91.0 42.8, 53.0 76.1 246.9 -13.7 2.9 6.8
S60H40AC50 48.0, 59.6 124.0 41.3, 53.1 106.3 212.6 0.1 1.8 6.0
Stearyl alcohol 60.2 211.5 50.3, 55.5 210.6 210.6 - - -

10 10
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Figure 5. DSC thermograms obtained from repeated heating-cooling up to 5 cycles: (a) S7T0H30; (b) S7T0H30A10; (c) S7T0H30A30; (d)
S70H30A50.
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Figure 6. Photographs of WPU encapsulating stearyl alcohol: (a) at room temperature; (b) at 90 °C.
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