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Abstract : The formation of heat islands causes high energy demand for space cooling and peak cooling loads in
conditioned buildings. High-temperature fluctuations on a building roof may cause mechanical stress and increase
surface deterioration. Thermal energy storage (TES) systems using microencapsulated phase-change materials
(MPCMSs) have been recognized as one of the most advanced energy technologies for enhancing the energy efficiency
and sustainability of buildings. In this study, we prepared MPCM/paint composites for mitigating the heat island
effect and reducing peak temperature. In addition, we carried out thermal and physical analysis of prepared MPCM
composite samples by means of SEM, FTIR spectroscopy, DSC, and TGA. Further, we evaluated the dynamic heat
transfer performance of heat-storage tiles painted with 10 g of heat-storage paint. From the obtained results, we
deduced that MPCM/hydrophilic paint composites are more applicable to various fields, including the building sector,
than MPCM/hydrophobic paint composites. On the basis of SEM and FTIR spectroscopy results, we concluded that
materials with hydrophilic properties are more compatible with MPCMs than those with hydrophobic properties. In
addition, DSC analysis results revealed that MPCM/hydrophilic paint composites have better compatibility, higher
latent heat capacity, and better thermal properties than other composites. TGA results showed that
hydrophilic—paint-based composites have higher thermal durability than hydrophobic—paint-based composites. Finally,
a lot of MPCM-loaded heat-storage tiles showed lower peak temperatures at all measurement positions.

Key Words : 1€ 3} 4} 3}E 2 (Microencapsulated Phase Change Material), =4 =& (Hydrophilic paint), 4 =%
(Hydrophobic paint), %< (Heat storage), =¥ €} (Heat storage tile)
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Table 1 Mixing ratio of MPCM/paint composites
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Sample

Hydrophilic paint (reference)
Hydrophilic paint + MPCM 5wt%
Hydrophilic paint + MPCM 10wt%
Hydrophilic paint + MPCM 15wt%
Hydrophilic paint + MPCM 20wt%

Hydrophobic paint (reference)
Hydrophobic paint + MPCM 10wt%
Hydrophobic paint + MPCM 30wt%
Hydrophobic paint + MPCM 50wt%
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(c) 50wt of MPCM + Hydrophobic paint composite

Fig. 1 Microstructure of (a) MPCM, (b) 20wt of MPCM +
Hydrophilic paint composite and (c) 50wt of MPCM +
Hydrophobic paint composite
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Fig. 2 FTIR spectra of (a) MPCM + hydrophilic paint
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sk e ol LX) 88 =17 Vol. 35, No. 4, 2015



EA SRR AR A% MPCM A8 SR Ax 3 984T 97/ 4% 9

w5 MPCM® 4§ W=do] depylow
TAE o e, FTIR #4< F3lo] dz)
Wt st o] Ajbs vetle N-CHs 2%
o] ZAFS &AT 5 Utk ol A=

Table 2 DSC analysis of MPCM/hydrophilic paint

composites
Latent . Latent
Meltin heat Frneem heat
Sample g Fooint capacit poignt capacit
C) y (C) y
(J/g) J/g)
MPCM 31.46 80.37 32.05 80.11
Hydrophil
ic paint + .
MPCM 29.70 3.823 26.77 3.676
5wt%
Hydrophil
ic paint +
MPCM 29.68 6.854 26.81 6.384
10wt%
Hydrophil
ic paint + =
MPCM 29.73 9.547 26.72 9.629
15wt%
Hydrophil
ic paint + _
MPCM 30.01 12.78 26.63 12.25
20wt%

Table 3 DSC analysis of MPCM/hydrophobic paint

composites
Latent . Latent
Meltin heat Fl;fem heat
Sample g point capacit poi%lt capacit
© y () y
(J/g) (J/g)
MPCM 31.46 80.37 32.05 80.11
Hydropho
bic paint -
© MPCM 31.63 4.826 25.27 3.935
10wt%
Hydropho
bic paint -
© MPCM 31.51 4.922 26.08 3.956
30wt%
Hydropho
bic paint -
+ MPCM 32.76 15.97 25.79 10.51
50wt%
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—— Under the insulation (Owt% of MPCM)
—— Under the insulation (10wt% of MPCM)
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Fig. 5 Dynamic heat transfer analysis of MPCM loaded heat storage tiles
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