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Encapsulation of Sodium Acetate Trihydrate and Stearic Acid
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Abstract — Cores(< 1 mm diameter) of organic stearic acid(SA) and inorganic sodium acetate trihydrate(SAT) as phase
change material(PCM) with a melting point in the range of 586@ere manufactured. Single-layer coating was performed
for SA cores with poly urethane(PU), poly methyl methacrylate(PMMA), and silicon, respectively, while tertiary-layer coating
was performed for SAT cores with PMMA and Wax. In case of SAT, gelatin as thickener and sodium pyrophosphate
decahydrate(N#,0, - 10H,0) as nucleator were added to prevent the phase separation and the supercooling respectively.
Coated PCMs were analyzed by optical microscopy, scanning electron microscopy(SEM), thermogravimetry(TG), and differ-
ential scanning calorimetry(DSC) to investigate their morphology, coating thickness, thermal stability. As a result, vde obtaine
the ball-shaped PCM cores with the uniform coating thickness of li@a2@onstant latent heat of 50-60 cal/g and 35 cal/g in
case of SAT and SA respectively. But®@of supercooling was observed for SAT after 12th cycle of thaw-freezing test, while
no supercooling was observed for the SA coated with PU. Thermal stability of the coating polymers used in SA decreased in

the order of PU, PMMA and silicon.
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Table 1. Thermophysical properties of PCM[2]

Material Specific heat(cal/fC) Density(g/cm) Melting point Latent heat \olume change
Solid(liquid) Solid(liquid) (°C) (callg) AV
Salt hydrate Sodium acetate trihydrate 0.7 1.45 58 63 -9.3%
Fatty acid Stearic acid 56 38 -14.5%
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Fig. 1. Schematic diagram for the continuous production of PCM core.
1. Temperature controller 6. Heating belt

2. Viscometer 7. Air tank

3. Hot plate 8. Nozzle

4. Metering pump 9. Liquid nitrogen
5. Stroke rate controller 10. Stand
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Table 2. Encapsulation method and size range[13, 14]

Encapsulation method Fill materials Size rapge

Physical methods
Stationary extrusion Liquid/Solid/Gas ~ 1000-6000
Submerged nozzle Liquid/Solid/Gas ~ 850-6000
Centrifugal extrusion Liquid/Solid/Gas 125-3000
Vibrating nozzle Liquid/Solid/Gas ~ 1000+2%
Spray drying Liquid/Solid 5-150
Rotating disk Liquid/Solid 5-1000
Pan coating Solid >500
Air suspension Solid 50-10000

Chemical methods
Coacervation/phase separation Liquid/Solid 1-500
Interfacial polymerization Liquid/Solid 1-500
Solvent evaporation Liquid/Solid 1-5000
In situ polymerization Liquid/Solid 1-500

lating I A= 5lo] Coacervation/Phase Separafbf® =4 <&
& AZBATHT]. SEAE A S5 02 5E S84 9 A4
o}= WAA7]7] S1g ZEA 2742 film B AHo] g3of 5t
A AR B 93, Z1AF B4 2t EYietE o R ks
oF g}[15-20]. 53] F7]7ed] A, H,0 S715FH=7) Belof
st 719 a8 245 BF AT ZRAES e AS
- o]g]$ dolr}, FTHPAAZ AYH polymeE-S v ZA £ H,0
FNFHEE VAL AF 02N, F7|E FelEo ZHAZS W, A
o]} T AdEE A4S FAF capsuldidlA BA-EHA] Xetal &
ofHE o=, S capsulé] 83 E7do] A& ofsldTH21-27].
ol gt TG-S RS flele £ dFiAe 7719 58 SATS:
TRk 37 o] FH-5 98] H,0 571 FHAEIT =53] W 2549
waxs polymefi® F71o) FEA)F|E= dhgo] ZetE Y #7114k SA
9 ALE AR F2o] gl = E polymer(PMMA, PU, silicor§:
we] FYo R FAA HARE Akt A7 7 AEstE PCMe
48 TG, SEMH DSCGE ¢l&dte] 3o ms Sdx W nigt
FHARL] S8 Y 712=AES AT

2.4

oo

2-1. 9i&X0ol PCM lX}(core) M=

Table | 248 vERI SAT(Junsei, C8} SA(Criental, Co¥ Fig. 1
9] core A ZAAZS o]&sle] PCM coré& AZsIrTh Fig. 4 &
T $E0] core] A& AxE 913kl hot platé] oA 8§ <]
PCMo| 9ALEE FAISIES 3IGITH 8-874H4 PCMS H& me-
tering B (Fluid metering, Inck £3) o}&¥dx EH o2 27 1mm
2l spray nozzi %) 7% PCM core®E]2 Ax|ALd oa) &
& @3} o] Fol Zt}, A9 wHSE A AHE AFo] =
= P 3



EAES 93k PCMY coreA|lze} s 727

—

. et
f 3
3 / >
CF

Fig. 2. Coating apparatus of PCM core.
1. Filter housing
2. Expansion chamber
3. Product container
4. Lower plenum
5. Air compressor

6. Solvent tank

7. Variable speed disc
8. Spray nozzle
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Table 3. Experimental condition of PCM coater

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

Air velocity 9-10 m/sec

Product pressure 1 Kpa

Nozzle pressure 15 psi

Solvent for coating PMMA 10% in CHC1 Toluene=1:1
wax 10% in CHCJ: Toluene=1:1

Particle size of PCM core 1-3mm

(PMMA, wax, poly-urethane)

6
o SA (PCM flow rate : 1.8ml/min, Temp.: 65~70°C)
® SAT (PCM flow rate : 1.8ml/min, Temp.: 70~75°C)
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Fig. 3. Effect of air flow rate on the diameter of PCM core.
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Fig. 4. Optical micrographs of PCM(SAT, SA).
(@) SAT, PCM flow rate=1.8 ml/min, air folw rate=4.5 L/min, G
(b) SAT, PCM flow rate=1.8 ml/min, air flow rate=4.5 L/min, &3
and (c) SA, PCM flow rate=1.8 ml/min air flow rate=3.5 L/min,°G5
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Fig. 5. Effect of temperature on the viscosity of PCMs.
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Fig. 6. Temperature profile in the coater.
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Fig. 7. SEM image of the stearic acid core coated with PU at the coater

temperatures of 45°C(a) and 50°C(b).
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Fig. 8. TG analysis of PCM(SAT).
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Fig. 9. SEM image of the tertiary coated PCM with PMMA/WAX/PMMA

(SAT).
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Fig. 11. SEM image of the silicon coated PCM(SA).
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Latent heat profile of PCM and (c) Melting and freezing point of
PCM.
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