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Zd AAEA 24 sodium acetate trihydrate = ARg3te] 23] PCM §1ALE A =3 ¥ PMMAS} wax S o]-g-3}d 7
38tk e A4 2 FPg e Haseis A %A (gelatin)} Z 34 (sodium pyrophosphate decahydrate)]
A4 242 AFA 2wi%sh Z9A 2wi%E byt o] 249 44 PCME o]4-5}e] 1.3-1.8 mimine] WEETd
A A E 3-35mme] 7 PCM JAHE d<A o2 )28 4 9)odch. PCMe] A2 FEUA 2 71AA HEES o)y
#lsted AZ¥ PCM RS 1212 293 PMMASY] HF571% 0.03 mm, 252 783} wax®] JFFAE 025mm, 2
B wRHe 2 FEF PMMAY] JF5E 0.4mmAc). A o)A 24 dodecaned A-g-at 45-572 A4 9 DSC
€ o83 ZRHF PCM A1) $-§-574 cycle AL $ah31c).

Abstract— Spherical shape of phase change materials(PCM) were prepared by using sodium acetate trihydrate as a latent
heat storage medium and then encapsulated with PMMA and wax. Gelatin was used as an effective thickener to prevent
undesirable phase separation and sodium pyrophosphate decahydrate was used as nucleator to decrease the degree of super-
cooling in the thickened PCM. The optimal composition of PCM was 2wt% thickener and 2 wt% nucleator. Spherical
shape of PCM particles of 3-3.5mm in diameter were continuously manufactured varing the effluent velocity of molten
PCM from 1.3 to 1.8 mI/min. Tertiary coatings of PMMA-wax-PMMA onto the PCM particles obtained were performed to
prevent the leakage of crystalline water and to improve the mechanical strength. Thickness of each layers were 0.03 mm, 0.25
mm, and 0.4 mm. Freezing-thaw cycle test of the coated PCM particle was done using dodecane as heat transfer medium
by the experimental apparatus and DSC.
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Table 1. Chronological history of drop formation microcapsule tech-
nology

Time Technology Early developer

1930's Spray drying Flavor enhancement and protection
1939-1942 Centrifugal extrusion Vitamin protection

1950's Wurster(Fluidized bed) Pharmaceutical coatings

1960's Centrifugal orifice
1980's Spinning disk

General encapsulation
General encapsulation
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Fig. 1. Experimental apparatus for measuring phase separation and

supercooling.

1. Multiple temperature detector 5. Thermocouple
2. Recorder 6. Heating element
3. Temperature programmable controller 7. Stirrer

4. Relay
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Fig. 2. Experimental apparatus for coating of PCM.
1. Chamber 4. Tank
2. Lower plenum 5. Disc
3. Compressor 6. Nozzle

Table 2. Experimental conditions of PCM coater

Coater Rotor-tangential spray coater
Capacity of one batch 2kg

PCM particle size 2-3mm

Air velocity 9-10 m/sec

Product pressure 1Kpa

Nozzle pressure 15 psi

PMMA 10% solution
wax 10 % solution
PMMA 10 % solution

Coating solution
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Fig. 3. Change of phase separation with number of cycle as a func-
tion of the concentration of thickener(cooling media=air, nu-
cleator 2 wt%).
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Fig. 4. Change of phase separation with number of cycle as a func-
tion of the concentration of thickener and nucleator(cooling
media=air, thickener : nucleator).
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Fig. 5. Change of phase separation with number of cycle as a func-
tion of the concentration of thickener(cooling media=water,
nucleator 2 wt%).
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Fig. 6. Change of phase separation with number of cycle as a func-
tion of the concentration of nucleator(cooling media=water,
thickener 2 wt%).
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Table 3. Effect of thickener concentration on supercooling temper-
ature with thermal cycle

Sodium acetate Composition[thickener : nucleator(wt% : wt%)]

trihydrate 1:2 2:2 3:2
?fm‘:;b:iz Supercooling temperature("C)
1 NA
2 NA 7.9 6.2
3 NA 7.9 7.7 7.9
4 NA 7.5 72 8.8
5 NA 75 7.8 8.0
6 NA 7.8 7.2 8.5
7 9 7.8 7.2 9.2
8 11 75 75 10.5
9 7.7 75
10 7.8 7.6 11.2
11 7.5 8.0 6.8
12 7.9 72 94
13 7.8 6.4 8.2
14 7.8 6.8 92
15 7.6 6.3 8.0
16 7.7 79 7.4
17 71 6.9 79
18 73 7.4 8
19 7.8 74 11.8
20 7.6 7.7 9.9
Standard deviation(r’)
0.0049 0.014 0.0205

Table 4. Effect of nucleator concentration on supercooling tempera-
ture with thermal cycle

Sodium acetate Composition[thickener : nucleator(wt% : wt%)]

trihydrate 1:2 2:2 3:2
(ijm:;zz Supercooling temperature("C)
1 NA
2 NA 4.2 6.2 6.8
3 NA 7.0 7.7 7.2
4 NA 73 7.2 6.9
5 NA 6.7 7.8 6.1
6 NA 6.8 7.2 6.1
7 9 6.8 7.2 6.1
8 11 6.2 7.5 6.1
9 7.9 7.5 53
10 6.9 7.6 53
11 7.5 8.0 5.5
12 83 7.2 7.6
13 75 6.4 72
14 7.8 6.8 6.5
15 7.0 6.3 94
16 6.2 79 79
17 7.7 6.9 9.0
18 9.5 74 8.2
19 8.0 7.4 72
20 8.7 7.7 8.2
Standard deviation(r’)
0.4196 0.014 0.3239
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Fig. 7. Endothermic and exothermic characteristics of PCM vs. thick-
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Fig. 8. Endothermic and exothermic characteristics of PCM vs. nu-

cleator concentration[thickener : nucleator=(a) 2:1, (b) 2:2,
(c) 2:3].
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Fig. 9. Optical microphotograph of PCM core coated with PMMA,
x100 (a), PMMA+wax, X 20 (b), PMMA+wax+PMMA, X 20
(©).
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Table 5. Effect of number of cycle on the supercooling temperature
of spherical PCM coated with PMMA, wax and PMMA

Number of cycle Supercooling temperature("C)

1 5.0
2 6.8
3 72
4 55
5 5.6
6 6.3
7 59
8 59
9 6.5
10 7.0
11 7.9
12 7.2
13 72
14 7.3
15 8.0
16 74
17 74
18 88
19 7.3
20 72
21 7.4
Standard deviation(r’)
0.5121
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Fig. 10. DSC freeze-thaw cycle test of 3 times coated PCM.
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Fig. 11. Variation of latent heat according to freeze-thaw cycle.
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