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� �

50-60oC�� ���� �� �	
��
 � ��� ����� ��� �	�� sodium acetate trihydrate(SAT)� �

���� stearic acid(SA)� 1 mm���  !"#� ��$ % &'� �(�)*. SAT� +,- . /01 2+� 34

�� 5�6 gelatin/ sodium pyrophospate decahydrate(Na4P2O7710H2O)� 89�6 poly methyl methacrylate(PMMA)

� wax� *�&'�):, SA� PMMA, polyurethane(PU), silicon;� 11 <=&'�)*. >?2@A, Scanning Electron

Microscopy(SEM), Thermogravimetry(TG), Differential Scanning Calorimetry(DSC)� "#�  !B, morphology, &'C

� DE . F	G H-: IJ-KL M�N O(� PQ R	-S	 . /01 TB� U��)*. H L/ 10-20µm D

E� V=�W &'X  !� Phase Change Material(PCM) "# SEM,Y� Z[� \]^_;` &'% SAT� Aa

12b M�N O(� PQ �	cd 50-60 cal/g;� =T�e /01d 10oC TB9 ^� f� U��)*. gh SA"#

&'C� F	i jTGd PU>PMMA>silicon k;� elm;` PU&'� Aa �	cd n 35 cal/g;� =T�): /

01 o� IJ-KL gp %�B &'C� jTX f;� U��)*.

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 50-60oC were 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(Na4P2O7 � 10H2O) 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, we obtained
the ball-shaped PCM cores with the uniform coating thickness of 10-20µm, constant latent heat of 50-60 cal/g and 35 cal/g in

case of SAT and SA respectively. But 10oC 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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� ��� ���� ��� ���  ! "#$ %&�'. �( ��

)*+ ,-� .�$ /0 1 23�� 45 6� )7�� 89�

��! :9)*� :9;<$ => 1?� @� "#A� B'. C+

D>E�F GH I>,� 89 ��,-J� KL "#AM N'[1-5].

PCM + D>E 5O,P 9Q<<R �S89� =� $T� U'�

�V� W� BXY I>,P Z�� [� 	\]�F .^L _.�

`� �V� B'. ab� c de��� .3 :9 ,-J� fg 3
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< h� i ��j�� $� �k! D>E 5O, + �lOm :9

no SATR I>,o SA� p��q'. Saitoh 2P rsm tu, F

vm w� 6� xym tuz' #m tu m�$ $� {P :9�

	� F|}Y, _n ~n�� :9 ���� ���> �� [�, 6

! :9��� ��$ 
��� #m� �� ��� �� )�XJ�

�� w�� �(�, 9Q�� ��� �XY, .Q�� ���� ��

/O� �! ��� �j� ��� f��� �� �V� B'� z�

�q'[6].6! :9,-P Table 1� F|� �R �� ./O� 10%

�.� ��/O� 5��� � /O� ��! tun� ���  >

�¡ 5 B¢XJ, ./O i 9£¤� �! ��/O� :9n ¥¦

�� §¨�¡ 5 B� #m� core�l)*� &#©'[2]. CL� ª

«tu m�$ .¬XJ� $�R ­�<� ®� 5 B'. �R �P

tuO© PCM� ��! :9 )*P ��� ��;<$ => 1?�

:9>� ��� =� ¯� 5 BXY °� �±! 3<�� 9���

� ���� ²50 5 B¢XJ ³�! 5´� ���� µ� 5 B�

�V� B'. ab� �H! tuO© PCM� ��9��� i ¶)�

��� ­�0 5 B� ·� :9 ����b� 0 5 B'. Powder

m�� D>E 5O, i �)¸¹� #m� coreJ �l�> �! )

*P ºm� ��! �:»m*, �S© #m ¼�� �¦O�� *,

emulsion� ��! �l*� ( 5 B�½[7-11], c de��� Fig.

1	 �� lf� 
��j�  ¾�¸� $¿! �S© #m¼�� �

¦O�� )*� p��q'. :9 tu� �l i w� )*� Table

2� F|}À'. Á� 1 mm� tu �l)*XJ� extrusion[12], air

suspension[13] i solvent evaporation*[14] 2� B�½ c de���

Â� {P film Ã»� F|}� air suspension* + tangential spray

(rotor process) coater� Ä�G w�� 5Å�q'. :9n� zÆÇX

J ��A� w� ,-P polymer$ ÈÉ� �Ê'. �c ËcI� �

Ì(È)�� �l© :9tu� w�n� 9�O»5�o melamine 5

�q�,�c capsule products� EVA(Ethylene Vinyl Acetate)6� ge-

latin� w�nJ �G Coacervation/Phase Separation*XJ :9 tu

� �l�q'[7]. :9n� ÍU� Î�Ï�XJ�Ð :9n� Ã»/

O� )��Ñ> �! w�n� &ÒP film m» »-� �5�  �

� p�lÒ� Ó� 9�, >�� Ã»� W� ,LOÔ�XJ Õ±�

  !'[15-20]. ÃÖ D>5OEo ��, H2O ×>Ø	<$ Ù� 

�F .>� &#Ã» lÒ� �Ú ¨Û�Ñ� w�n-� Ü� ÝP

Â� MÞß ��'. w�n-J v±© polymer(P �à� ®P H2O

×>Ø	<� $�� B¢XJá, D>E 5O,� w��â� 1, .Q

�R ãä �»A� å±5� Væ capsule}�� zI�� ç�� è

MéêXJá, :9 capsule� 9� Ã»� �ë�� ìO©'[21-27].

�H! �V� z§�> ��G c "#��� D>E 5O, SAT�

#mO !í �� w�� �� H2O ×> Ø	<$ îÖ Ù� 
5»o

waxJ polymerw� +
� w��Ñ� )*� �ÕAÀ� I>¸ SA

� ��� å±5� ï7� `XðJ polymer(PMMA, PU, silicon)ñ

ò� w�XJ >�� ó<� óO�q'. .> Ú tuO© PCM�

,»� TG, SEM i DSC� ���G ô±ãXJ� :9l i �õ

�önJ� ÷�� �! >ø¥ù� ���q'.

2. � �

2-1. ���� PCM ��(core) ��

Table 1� ,»� F|� SAT(Junsei, Co)R SA(Oriental, Co)� Fig. 1

� core �l��� ���G PCM core� �l�q'. Fig. 1�� ú

5 Bû� core� "ë�o �l� ��G hot plate��� �S.��

PCM� �±3<� I��<ü �q'. �S.�� PCMP ±¾ me-

teringýþ(Fluid metering, Inc)� s� �ËA� ·É�XJ Á� 1 mm

o spray nozzle� s� #m PCM core m�J ¼¦-
� �� �

ë �mO$ �ÿM �'. ¼�� �mO� ��� �»© ¼�� �

� tip�� ¼¦-
J �M�Lj, PCM ./O� %&! 89P ¼

¦-
� >O9J 
�Aj� �mO© #m� core$ �l©'. D>

E 5O,� ��! #m� core �l�� ¼¦\Â$ �	�o½, ��

¼�� ·Î] �^�Ð .Q�(¼¦��¦)$ ���� 9Q<j� \

Table 1. Thermophysical properties of PCM[2]

Material
Specific heat(cal/goC)

Solid(liquid�
Density(g/cm3)
Solid�liquid�

Melting point
(oC)

Latent heat 
(cal/g)

Volume change
∆V

Salt hydrate Sodium acetate trihydrate 0.7 1.45 58 63 0−9.3%
Fatty acid Stearic acid 56 38 −14.5%

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

Table 2. Encapsulation method and size range[13, 14]

Encapsulation method Fill materials Size range(µm)

Physical methods
Stationary extrusion
Submerged nozzle
Centrifugal extrusion
Vibrating nozzle
Spray drying
Rotating disk
Pan coating
Air suspension

Liquid/Solid/Gas
Liquid/Solid/Gas
Liquid/Solid/Gas
Liquid/Solid/Gas
Liquid/Solid
Liquid/Solid
Solid
Solid

1000-6000
850-6000
125-3000
1000±2%

5-150
5-1000
>500

50-10000
Chemical methods

Coacervation/phase separation
Interfacial polymerization
Solvent evaporation
In situ polymerization

Liquid/Solid
Liquid/Solid
Liquid/Solid
Liquid/Solid

1-500
1-500

11-5000
1-500
���� �38� �5� 2000� 10�
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Â� �ÏXJ �ë �Jß \Â$ ��A> 1?�'. CL� ¼¦-


R �P \Â� ether 6� hexane 2� I>�Â� dry ice 6�

immersion chiller 2XJ 0 oC ��J \]�	  ¦
 5 B'. D>

E 5O,P 40-60 wt%� å±5� ãI�� BM ,� �Vo 0 oC

����� ��! ice å±� �Ê'. Teflon�
� s�G �ËA�

�S PCM� �
}�� �OA� Ý� )��> ��G �� �
�

9Q � ���G �±3<J I��qXY ±¾ýþ�� stroke rate

controller� ���G Ië� 1.8 ml/minXJ ±;�� lk�G "ë

�XJ Á� 1 mm��� #m PCM core� �¸�q'.

2-2. PCM�� 	
��

�l© #m PCM core� w���� Fig. 2� F|� Rotor-tangential

spray coater(Glatt, Co)� ���G SAT�¥R SA�¥� w��q'.

Q¥� �� 1æ�XJ� PMMA(LG Co, IH830) w�� ! í 2æ�

XJ� wax(Aldrich Co, 64742-43-4)w�,'� ·É�XJ 3æ PMMA

w�� ãXJ� �S-gå� PCM� å±5 ï7� )��� >��

ó<� �.�Ñ�¥ �q'. !� SA ��� å±5� ï7� `Xð

J polymer(PMMA, PU, silicon)ñò� w�XJ >�� ó<� óO�

q'.w��� PMMA, wax, silicon(SILES KX)P chloroform(Junsei, Co)

	 Toluene(Junsei, Co)�Â� polymer resin 10 wt% �$�q� PU�

xylene, toluene, ethyle acetate� �ÂJ p��q'. PCM core w����

delÒP Table 3� F|}À� c ��� ßQ )*P '¢	 �'.

(1) Filter housing� filter� �±��'.

(2) c ��� I�ö >>�ðJ g�� ���> ��G air �


� 9� g� ���� on ��'.

(3) Product container� PCM �¥� 2 kg ±< ¨��Ñ� spray

nozzle� "å!'.

(4) Spray nozzle� �+��� Ï.�J �>� ���� 6!

Variable speed disc ���� .�J �>� �>�:>� �� ��!'.

(5) Variable speed disc� ²Q�Ñj� w��¼� È�!'.

(6) ! U�� w��� Ì 3-4�
� 
&©'.

3. �� 	 
�

3-1. ��� PCM core ��

Fig. 3P PCMIë� 1.8 ml/minXJ I��q� 1 �� �>� I

ë� a� SATR SA� core size� F|}À� � �> Ië� ��

5ü ª«�¥� µ� 5 BÀ� SAT� �> Ië 4 L/min, SA� 3 L/

min�� Ì 1 mm� #m�¥� �l0 5 BÀ'. CL� #m�¥�

��� �Ô_ª�XJ ���c å	 Fig. 4R �� �.�o #mXJ

Table 3. Experimental condition of PCM coater

Coater Rotor-tangential spray coater

Capacity of one batch 2 kg
Air velocity 9-10 m/sec
Product pressure 1 Kpa
Nozzle pressure 15 psi
Solvent for coating PMMA 10% in CHCl3 : Toluene=1 : 1

wax 10% in CHCl3 : Toluene=1 : 1
Particle size of PCM core 1-3 mm

Fig. 2. Coating apparatus of PCM core.
1. Filter housing 6. Solvent tank
2. Expansion chamber (PMMA, wax, poly-urethane)
3. Product container 7. Variable speed disc
4. Lower plenum 8. Spray nozzle
5. Air compressor

Fig. 3. Effect of air flow rate on the diameter of PCM core.

Fig. 4. Optical micrographs of PCM(SAT, SA).
(a) SAT, PCM flow rate=1.8 ml/min, air folw rate=4.5 L/min, 75oC,
(b) SAT, PCM flow rate=1.8 ml/min, air flow rate=4.5 L/min, 63oC,
and (c) SA, PCM flow rate=1.8 ml/min air flow rate=3.5 L/min, 65oC
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000
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�oAÀ'. CL� Fig. 4(b)� SAT� core �l�± 3<� 80-60oC�

� /O�Ñj� morphology� ��! å	 65oC ��$ Aj� core

( + �� �7��$ �� #m�� �M�� �oAÀ'. �j SA

� 60oC�� �.�o #m� ��AÀ�½, �� Fig. 5�� F|�

3<� a� V<� ��XJ SAT$ SA� ��G . �XJ V<$

®� �� tip�^�� F|¶ core� ��� �j��� ��� '�

#m� AM �F ®P V<� ��XJ �.�o #m� A� ç�

� �7��$ ��F� ÝXJ pù©'. �R �� �l© #m core

� �ë\]� �! ��Í
J core }�� ª«! �î� ��BM

:9nJ ��0 1, �S�� ��£¤�  ! ��� ¥¦ 45


5 B� �V� B'.

4-2. PCM core
 	


Fig. 6P Fig. 2� w��� }�� �# �>3<� /O� a� PCM

3<R  7 �>3<� /O� !"z#'.  7 �>3<� PCM 3

<z' Ì
 ÙP½ C �I� I>�Â� $�J o! ×�89 1?

�'. Fig. 7(a)� �# �>3<$ 45oC� 1 �»© tu� SEM p�

�'. �z' ÙP 3<��� agglomeration� I��Ñ� w��
<

2 �. %& '('.CL� ®P 3<(50oC)��� Fig. 7(b)� SEM

p��� z� �R �� w�¼� �¥� ¨^Ö )P í �Â$ $

�AM  �F w�¼� �¥� )> Q� �J $�AðJ w�ñ�

*� �;�� ç! å	� $+R c de��� �# �> 3<�

45 oCJ I��G w�� 5Å�q'.

4-3. PCM ��
 �� ��

4-3-1. TG i SEM

Fig. 8P SAT� w�Q	 '+w�� a� TG ô±å	� F|�'.

C å	 w�QP 50oC�Ð å±5 �, _.� F|F� 1æ PMMA

w� í� 80oC, 2æ waxw� íR 3æ PMMA w� í�� 120oC

�.�� Õ±»� z�� BXF, waxñ� �±O i tu Î�� >

�� ó<� ��G 3æ PMMAw�� %&�'. Fig. 9� PMMA+wax+

PMMAJ 3ñ w�© SAT� �j� SEM p�XJ F|}À'. Fig.

7(a)� PUJ w�© SA� �j� SEM p�XJ ^-! p�XJ w

�ñ� Úä$ 10-20µmJ ³�! w�ñ� m»�� B¢� �ô�q

Fig. 5. Effect of temperature on the viscosity of PCMs.

Fig. 6. Temperature profile in the coater.

Fig. 7. SEM image of the stearic acid core coated with PU at the coater
temperatures of 45oC(a) and 50oC(b).

Fig. 8. TG analysis of PCM(SAT).
���� �38� �5� 2000� 10�
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b)
of
'. !� Fig. 10P �P ÚäJ 3$� '� É¹� �^¥J SA� w

�! í TG� ô±! å	 PU>PMMA>silicon �XJ w�© ñ�

}9» i .Q�J o! PCM� ��£¤�  ! w�ñ� Õ±»�

ó! ÝXJ F|.� Fig. 7(a) i Fig. 11� SEM ̂ -å	< silicon

z' PU� . �XJ / �;! m�� m»�� B¢� �oAÀ'.

�� g� Úä� w�ñ� m»�q/b< w�,-� É¹� ab

'� ��� z��½, c w�de lÒ�� p�© PU$ '� w�

,- z' PCM� ��£¤�  ! Õ±»� ®� film m»� �5

�'� Ý� TGR SEM� s�G �oAÀ'.

4-3-2. DSC

Fig. 12(b) i Fig. 13�� zû DSC� ��! SAT� 3æw�, SA

� PU ��w� Q	 í� 89¾ /O� ]] 60.8 cal/g	 38 cal/g

�� 58.15 cal/g	 37.44 cal/gXJ ¯À�½, �� w�© ñ� +¾�

DSC� Ø�! PCM D�� 0ãAM B¢XJ Q¦ D�1 89¾�

¯M (À> 1?�'. �S-gå U�� 2�3� ±¾�XJ ^-!

å	 w�Q SAT� �� Fig. 12(b)�� z� �R �� w�QP 4

Fig. 9. SEM image of the tertiary coated PCM with PMMA/WAX/PMMA
(SAT).

Fig. 10. TG analysis of PCM(SA).

Fig. 11. SEM image of the silicon coated PCM(SA).

Fig. 12. DSC analysis of the tertiary coated PCM with PMMA/WAX/
PMMA(SAT).
(a) Heat flow profile of endothermic-exothermic heat peak, (
Latent heat profile of PCM and (c) Melting and freezing point 
PCM.
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000
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56 U���� �S9� 60.8 cal/gXJ ?7.� 63 cal/g	 Ip!

89¾� 49�=� F|}� BXF Ú 56 U�� �í� 89�=

$ F|F� �#'. 6! 3æ w�! SAT� U��� �ÅAj� 50-

60 cal/g� �±! 89¾� z�� B� Fig. 12(c)�� zû 55oC �

8�� �±! �SV� W� 45oC �8� gåVP /O$ 9! ÝX

J F|F l:�� ;0� �¨^! ÝXJ pù©'. Fig. 12(a)���

�±! U��� 49-�9�=$ F|FF 	\]� 10oC �. F|F

� Ý� �oAÀ'. l:�� �$�< �#�� �<�o �S-gå

U��� �ÅAj� 	\] _.� Væ F|.�½ �H! 	\3<$

×$ã� ab 9;Ô� =��(driving force)o ∆G(differential Gibbs

Free Energy)$ �ë ×$�G å±: m»	 »�� %&! ­»O �

��� î<0 5 B'j Tm(melting temp.)z' ÙP Ts(solidification

temp.)�� å±� »��F ∆G� /O$ �DL > 	\3<�  �G

< ­»O ���� ¿$�� ç�j �ë 	\AM IL.�J AðJ

�S89� ­�� �$¿�� ©'. å? w�Q PCMP �S	±��

å±5$ ï7AÀXðJ '� å±O$ A� ç�q� w�í PCMP

�S-gå� å±5 ï7� )�AðJ Õ±�o ./O� �� ÝXJ

pù©'. SA� �� Fig. 13	 �� U�� �Å� 89¾� Â U�

�@' Ì 35 cal/gXJ °� g�! ��� z�Y �SV< Ì 50oC

�� °� �±�� F|F� Fig. 14� SEM p���R �� U��

2�3 í�< w�ñ� Õ±AM B� Ý� �o�q¢XJ tu}��

Â� Õ±�o ./O� �� ÝXJ y�©'.

5. � �

(1) �+���� �>R PCMIë� ]] 4 l/min	 1.8 ml/min�

1 SAT� �� �A� 1 mmo #m� core$ �lAÀ�, SA$ SATz

' / �.�o #m��� m»B� �o�q'.

(2) I>�Â� polymer resin 10 wt%� �$�G w�� 5Å�q

� 1 10-20µm� w�Úä� µÀ'.

(3) w�nJ p�! polymer( + }9» i PCM��£¤�  !

Õ±»P PU>PMMA>silicon �XJ F|.'.

(4) 3æ w�! SAT� U��� �ÅAj� 50-60 cal/g� �±!

89¾	 55oC �8�� �±! �SV� W� 45oC �8� gåV

� /O$ 9�� F|FF 	\]� 10oC ±<J F|F� Ý� �

oAÀ'. SA� PUXJ w�! �� 89¾P U�� �Å� ab

Ì 35 cal/gXJ °� g�! ��� z�Y �SV< Ì 50oC��

°� �±�� F|F� U�� 2�3 í�< w�ñ� Õ±AM B�

ÝXJ�Ð tu}�� Â� Õ±�o ./O� �� ÝXJ y�©'.
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