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� ��
 �������� �
�� ��� ������ CH3COONa 3H2O! "�

��� #
�$, CMC-Na! %&'�, Na4P2O7 10H2O! ()'� #
� PCM(Phase Change Material)� *+ ��,

,�-. / 0� (.� (#�12. CH3COONa 3H2O� 
3&� 58oC�$ 
3��� 252 kJ/kg� 45� 6
.�

78 ���9:�;< ��= ,�> ?@� AB �C� DEFGD= =HCGD� IJKL M2. %&'N ()'>

(.� OP�Q�R �S! '(�1$, �	TUV> WXOP� AY PCM> WXOP! Z��12. '(M �SN

15#�[> �� / HC\]� ^_ �S� *�� DSC! #
�� ��`> OP! Z��12. 3 wt% �D> %&'

N 3.5 wt% �D> ()'> a�! b�� CH3COONa 3H2O> DEFGD= =HCGD8 +cd e fghR, PCM

> ��`� $ij k 3 wt%> %&'N 5-6.5 wt%> ()'> a�� �l�12.

Abstract − In this study, we studied to find the heat storage and release characteristics and optimal compositions of PCM

(Phase Change Material)s, which use CH3COONa�3H2O as the main latent heat storage material, CMC-Na as the thickener

and Na4P2O7�10H2O as the nucleating agent, to apply them to the house heating system using night-time electricity. Though
CH3COONa�3H2O, which has 58oC melting temperature and 252 kJ/kg latent heat of fusion, is relatively good heat storage

material, it has severe phase separation and supercooling problems by increasing number of heat store and release cycles. By

adding over 3 wt% thickener and over 3.5 wt% nucleating agent, phase separation and supercooling of the CH3COONa 3H2O

was disappeared, but considering the amount of the latent heat, 3 wt% thickener and 5-6.5 wt% nucleating agent was the opti-

mal amount of additives. To apply to the house heating system, over 1000 cycling test must be performed.
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�� ���� ��	
� �
� ��� ��
 ����� �
�

��� �� �� ��� ���  !�, "�� #$%& '(�)

*+ ��� ,"� -+ ./
  01 �/23 45[1]. 67 
�

��� ,"89 :�; <=,"9> ?=,"9� ��6 @*ABC

=���� ,"DE� F; "%� G)& H$ � 4I "J� 45.

K+ <=L=8M> �D2I <=N� OP�
 Q� $R+ STU

*�; L= V 8=W �X� ��2I ���� Y� Z$+ "J�

45. �7+ <=L= [\� -+ ./I L=N� ]� ^_� `

> L=aT, Obc � ABbc� d�, ̀ > =PTT, ce� fR_

V g> AM_ hW ij�I <=^Y� �k� l:2m n5[2-5].

0-120oC op� ST�;� <=,"> q!r8, 
RD S�q0,

q!r8W *+ =st, Sur8, vw= x8 h� 5w+ ,S y

D� ]� -z {O� 2mn5. ,
�(inexpensive) q|D }~�, �

8�(fatty acid), �)�� �c^, �)� �)^� q���^ h� 0-

120oC op�; :�+ OP� ^Y��5[4]. �)^� �c��> $

���� �)^� ���6 `> D�<=W ��i, $���� D�

 � �x�� O��~I ��JW 
�3 45. Fig. 1� {���

�)^Y� �)�� �c^� �J� D�<=W ����5[6].

PCMW fRc �) *�6 PCM D)& �� �Q�[7], �E�

^� �
� �+ ^�ce� ��[8], ce�y� �+ PCM� ��

��c[9]� �J[10] h� 5w+ 89�� �D2m n5. � :�;

�
�& �D�6 PCM� JT& �
 �I �J9� O��& 8�
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��
�I 
" ���� 89�� ��  45. PCM� �¡+ �J�


�
2�W ¢, ���> D�£ �A� Z$�¤ ��23, �¥> ^

� ¦§ ¨ ©> ª«)�& 
�¤ 2m �� N�c
 �
2¤ ¬

5. K+ �¥> D�£� �x�W 8��) *+ #D_ ­®��

��T T�¯5[11, 12].

Kimura h[13]� ./� ��° CH3COONa±3H2OI D�J� 58oC

�3 D�<=� 252 kJ/kg�� ��� 	D_� `> =,"^Y�5.

� �> �­cD�W �6 �� CH3COONa& ²_��, z+ �x

� ?OW ³�5. ´~; � �c^W <=,"^Y� �D�) *'

;I �x�� O��� ���� '(2mµ +5.

¶ h[12]� ./�; 3�c �)�� �· 3¸�_ 3�¹(super-

absorbent polymer)
 O��?OW '(�) *+ ���� �J��

�f2�3, ,�c �)�� �· CMC(carboxymethyl cellulose)
 �

��� �J�� �f2�5. K+ 2 wt%� K2SO4& ­®�� �
+

CH3COONa±3H2OI �x�?O� 20oC�; 2-3oC� º�2�5. 

»� �[14]I CH3COONa±3H2O� �x� ?OW �m�) *+ �

J�� Na4P2O7±10H2O& 3 wt% �O �
�6 25.7oC� �x� ST&

1 oC �i�� H�3, �J�� 3 wt%� CMC-Na& �
�6 O��

?OW '(����, fR_W 3�+ ­®� V �J�� �R �


E> 4 wt%�~I ¥�� ­���5.

?N¼� CH3COONa±3H2O& <=L=N� �D+ ./I ©� ½

¾2mn�i �¿¼�� ./I � ^YW fRc �) *+ ­®�

� �J�& ÀÁ�I �¯�� � �
��� ] <=N� L=Â_

� Ã%I oÄ� {+ ­�
 �½+ uR�5. ´~; Å ./�;

I zµPÆW �D+ 
RD r8 [\� �DÇ =," ^Y�;

CH3COONa±3H2O& ] <=N� �D�6 ­®�� �J�� d�

­_W /��5. K+ � ­_È� 15��É� 
= V x�uÊW

Ë�6 � ­_�;� D�<=� bc& ­���5.

2. � �

2-1. ���� � ��� 	


]<=NÌ� �
�& Z$+ �Í� ���) *+ ��"%& Fig. 2

� ����5.  Ì� �­89> 5Î� Ï5. _��� ´~ ] <

=N� �
�� RÐ+ �¤& ÑR+ 5Î �Ò|�� $Ó�� �

�W u +5. �  Ì& Fig. 2� 1� � ¬ 
=D)� Ô3 70oC

� 2 ! 
f 
= Õ  Ì& D� Ö5.  Ì
 ×�° ��)&

600 rpm�� 30�! Ò
 Õ  Ì
 ØP1 ��2TÙ +5. D�O

v� PCMW Ú� 150 mm, �AÛ� 30 mm� ��  Ê-� 100 mm

`�� ÜI5.

Fig. 3> PCM� STbc ÑR"%� �ÝT& ��Þ ¥�5.  Ì

& Ü>  Ê-W STbc ÑR"%� Ô3 HTF(Heat Transfer Fluid:

=Pß�à)� STbc� ´á  Ì� STbc, �x� ?O, O��

?O hW -â+5. 1� 
=/x� �­I (])��ãä� x
 åS

æç �­(Model: RBC-20)& /è�6 uÊé�� ê¤ "%& �E

+ ¥�5. HTFI �ë�(80 vol%)� �ìíî�ï(20 vol%)� ��^

�� æçðTI 25 l/min�5.  Ì� STbcI PT-100Ω �è� =

P{& �D�6 ÑR2�5. HTF& x� �) *�6 3� =�ç)

& ñ%��Iò, =�ç)� q02I ,S� �àI �ó^�) ¢�

� ô¡�� oÄ�� 
= V x� ��É�  Ò ST� õÌ ST


 uÊ� ´~ 15-25oC� Ó�& ���)I ��i  Ì� Obc

ST�I 30oC �O� Ó�
 4) ¢��  Ì� =� Â_W ­�

�IòI ��
 2� öI5.

2-2. ����

D�J 50oC �O� �)�� �c  ̂: CH3COONa±3H2O� Na4P2-

O7±10H2O
 ] PCM� {O^Y�  Ê¬ ÷ CH3COONa±3H2O


] <=N� �R2�5. Na4P2O7±10H2OI ­®�� �D2�3, CMC-

NaI �J�� �D2�5. �  Ì� ­_> Table 1� ����5.

Fig. 3� uÊ"%& �D�6 PCM� STbc& ÑR�I 89>

5Î� Ï5. PCMW Ü> ��  Ê-W 1� 
=/x� �­� ÔI

5. 
=)& Ò
 Õ =Pß�à� ST& PCM� D�ST³5 ø

15oCRT `> ST(CH3COONa±3H2O-based PCM� �· 75oC)

Fig. 1. Melting temperature and latent heat of fusion of organics and salt
hydrates.

Fig. 2. Schematic diagram of PCM mixing apparatus.
1. Heating vessel 4. Heating band
2. Thermocouple 5. Motor
3. Stirrer 6. Temp. controller

Fig. 3. Temperature change test unit for PCM.
1. Heating/cooling vessel 5. Temp. read-out box
2. Thermocouple 6. P.C
3. Heat exchanger 7. Glass tube
4. 3-Way valve
���� �38� �3� 2000� 6�
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¼� Où±�� �� PCM� =,"  STbc& ÑR+5. x� 

�I 3-way valve& =�ç) ú�� Pç �3 =�ç)� �ó^W

q0 �� =Pß�à& x� Ö5. 
=� x�� ûr ÷�  Ê-

�;�  Ì� O�� RT& -Ñ+5.

D�J� D�<=>  Ì �­ ÷� 5, 10, 15 ��É� ûr ÷ TA-

Instrument�� DSC-2010W �D�6 ÑR��5.

3. �� 	 
�

3-1. 

	� ��	� ��

­®�� oÄW ­��) *' q|D CH3COONa±3H2O� 5 wt%

� Na4P2O7±10H2O& �
+  Ì A� {' 15 cycle� 
=±x� u

ÊW u ���� � (�& Fig. 4(a)� ����5. ­®�� �
�

�' d3 35oC¼� ���ü �x� ?O� 3oC ��� º�2�5.

�7� �J�
 �
2� öý) ¢�� 
=±x�� �þ� ´~;

PCM� O��
 $m�; ̂ � ����� ��2�5. Fig. 4(b)I �J�� oÄW ­��) *�6 q|D CH3COONa±

3H2O� 3 wt%� CMC-Na& �
+  Ì B� {' 15 cycle� 
=±

x� uÊW u + (��5. 3 wt%� �J� �
� ��6 O��

?O> 8�2��i CH3COONa±3H2O& ] <=N� �DÇ ¢�

��J� #ÿ�+ �x�?O> �~�� öý5.

3-2. ��	 
� ��� ��

�J�� ­_ bc
 PCM� L=Â_� �%I oÄW ­��) *�

6 ] <=N� q|D CH3COONa±3H2O� {�6 ­®�� Na4P2O7±

10H2O� �EW 5 wt%� 3R �3 �J�� CMC-Na� ­_W

1, 3, 5 wt%� bc Õ  Ì E, H, I& �­��5.  Ì E, H, I� {�

6 15 ��É� 
= V x� uÊW u ���� � uÊ(�& Fig. 5�

����5.

1 wt%� �J�& �
+ �· ��É �)�I O�� ?O� -â

2� öý3 fR�� =� ¸�� 8�� $m�5. �7� 10 ��É

�÷�I O�� ?O� -â2�3, �)��É�; 3oC RT�ü �

x� STT 5-7oC� �
�¤ 2�5. PCM �A�; �J�� ] �

D é�> {A�� �)� �c^� �I O�� ?OW 8��I ¥

�5. K+ �J�I  Ì
 D�� ¢ ­®�
 Z$+ �Í& �¤

�IòT )6�¤ ¬5. 1 wt%� �J�& �D��W ¢ ��É� �

þ� ´~ �x� ?O� O�� ?O� �
�¤ 2I ¥> �J��

�E� Aj�6  Ì �A�; ­®� V �J�� Z$+ ��� m

�¤ 23, �� �' �x� ST� O�� ?O� �
�) ¢��5.

3 wt%� �J�& �
+ �·�I 15�� 
= V x� ��É�

û� ¢¼� Z$+ = ¸�� 8�W ����5. �x� STT ø

1.5oCRT� Z$�¤ ��2��� O�� ?OT -â2� öý5. 

5 wt%� �J�& �
+ �·�I 
=
f� PCM� D�/!�

Á] �¤ ���3, x�
f�T (Rc/!� �¤ ��r5. �¥>

Table 1. Compositions of the samples

Sample Nucleating agent(wt%) Thickener(wt%)

A 5 0
B 0 3
C 2 3
D 3.5 3
E 5 3
F 6.5 3
G 8 3
H 5 1
I 5 5

Fig. 4. Effect of the additives during heating and cooling cycles.
(a) sample A, (b) sample B

Fig. 5. Effect of the thickener during heating/cooling cycles.
(a) 5th cycle, (b) 15th cycle
HWAHAK KONGHAK Vol. 38, No. 3, June, 2000
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��
HTF� 
=ðT� oÄ� �� <= ,"	Æ� 
I �J�� ��

� �
�� ´~ PCM Pà� =," 	Æ� º��¤ 2�) ¢�

�5.

3-3. 

	 
� ��� ��

­®�� ­_W bc �W ¢ PCM� L=Â_W ­��) *' q

|D CH3COONa±3H2O� {�6 �J� CMC-Na� �EW 3 wt%�

3R �3, Na4P2O7±10H2O� �EW 2, 3.5, 5, 6.5, 8 wt%� bc 

Õ  Ì C, D, E, F, G& �­��5. 
�  Ì� {�6 15 cycle�


=±x� uÊW u ��3 uÊ(�I Fig. 6-8� ����5. �

 Ì� �x� RT, O�� Â_, <=E� bcI Table 2� ���

�5.

Fig. 6(a)I  Ì C� 15 ��É 
= V x� uÊ(��5. ��É

� �)�I �x� ?O� ���� öý�i 10 ��É �÷�I ø

2 oC� �x� ?O� ��2���, ��É� �þ� ´~ �7+ �

x� ST
 ­¿� �
�¤ 2�5. �x� ST� �
I D�Ov

�;  Ì� {ë?O�� ��6 PCM �A�; ­®�� Z$+ �

Í
 �m�¤ 23, ÂR A��;I ­®�� �T
 O{��� �

��¤ 2m  Ì Pà��� ­®�
 ¨ �O ­®)	W �¾��

��W ��+5. �7X� 2 wt%� ­®� �
I  Ì Pà� �x

� ?OW �m�)�I Aj�53 Ç � 45.

Fig. 6(b)�I  Ì D� 15��É uÊ(�& ����5. �x� ?

O> ø 2 oC� Z$�¤ ����� ���;T � � 4�� = ,

" ��� 8� ��� �¤ ���5. P ��É�;� #ØP+ =

8�� ��6 5Î ��É�;� = ¸�T ØP�¤ $m�� öý

5. �7+ ?O> PCMW L=  [\� �DÇ ¢ = ,"	Æ�

º�~I z�+ ��& ��+5. �7+ ?O� ��W ��³° 5

Î� Ï5.  Ì� �­�R�; CH3COONa±3H2O& D� Ö ÷  

Ì& ���¤ 2Iò � ST�; ­®�� �D2I Na4P2O7±

10H2O� �J�� �D2I CMC-NaI D�2� ö3 3àOv� �

N�¤ ¬5. �¢ aT� Ó�
 ���¤ 23, ­®�� �J�


D�¬  Ì� ÂRA��i �N�I ?O� ��� � 45. ��)

& �D�6 D�  Ì& �� �)I ��i ��)� �P�  Ò

2) �P� �
�� �P� $m�° PCM Pà� {�6 ­®��

�J�� $AI ØP ��� 2� ö¤ 23, ´~;  Ì �A��

�
�� Z$+ ��� m�¤ ¬5. A���� �7+ ?O� $m

�W �·  Ì� ÂRA�> �­�R�;A� �x�¬ Ov� �N

�¤ 23,  Ì Pà� =," 	Æ� �� ö> oÄW ]¤ � �

45. �¥> O|��� PCMW �D�¤ � ¢ �­89� (R�;

�   3�'µ Ç �å :� ���5.

Fig. 7>  Ì E� 15 ��É� 
= V x� uÊ(��5. 15 �

�ÉW ��I 
f O�� ?O> ��2� öý��, �x� ?OT

1.5oC ��� ���5. K+ =,"� =8�T ��É� ½¾!�

´~ ���; � ��É� ��W /È�) m�" RT� bc& ³

�� ö3 Z$�¤ ���5. K+ Table 2� ��Þ #� Ï� ��

É� �þ� ´á D�<=T 5á  Ì� �' O{��� �¤ º�

��5.

Fig. 8(a)I  Ì F� 
= V x� uÊ(��5. ���; � �

4�� =,"� 8�A�� ��>  Ì �­O� ��� ��6 O

{��� #fR�¤ ����i PCM �D� ��J� �x�?O>

3 oC ��� �m2�5. Table 2� ´$°  Ì F� D�<=T 5á

 Ì�� ��6 % ¥�� ���5.

Fig. 8(b)I  Ì G� {+ 15 ��É� 
= V x� uÊ(��5.

� ��> 8 wt%� ­®� �
� ��6 PCM� �x� ?O� �

m� � 45I ¥W ³6¯5. �7�  Ì G� �·�I <=," 	Æ

Fig. 6. Effect of the nucleating agent change during heating/cooling cycles.
(a) sample C, (b) sample D

Fig. 7. Effect of the nucleating agent during heating/cooling cycles(sample
E).

Table 2. Thermal characteristics of the samples

Sample
Supercooling

(oC)
Phase 

separation

∆Hf

at 1st 
heating(J/g)

∆Hf

after 15th
 heating(J/g)

A 3 observed 224.2 219.5
B 5-32 � 243.7 232.9
C 2-3 � 230.0 198.2
D 1.5 � 228.3 195.2
E 1.5(max) � 239.8 221.1
F 3 � 232.9 227.4
G 2-3 � 224.0 181.0
H 3-4 observed 241.0 225.4
I 3-4 � 214.6 208.5
���� �38� �3� 2000� 6�
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S.

 at

y,
W �� ��I �
�� �E� Pà� 11 wt%�5. �7X� Table 2�

´$° �  Ì� D�<=� 
= V x� ��É �P�I 224 J/g

��5
 15��É�  Ê� ûr ÷�I 181 J/g�� º��¤ ¬5.

iø ��É� ¨ �þ2¤ ¬5° �7+ <=E� º�I ¨&¨ �


�¤ � ¥�5.

�O�; Å #� Ï� 3.5 wt% �O� ­®�& �
��W ¢ CH3

COONa±3H2O& ] PCM�� �D+ <= L=N� �x�?O> �

m� � 4�5. �7� 6.5 wt% �O� ­®�& �
��W �·�

I <=,"	ÆW �� öI �
�� �E� �
�� ´~ <= L

=N Pà� L=DE� º��¤ 2�5. <= L=N
 
RD��

�D2�W ¢I ��_W 3��6 ø 10'W �D�¤ ¬53 
R

�3 1000��É �O� L=� 8=W �¾Ç � 4mµ +5. Å

./(�� (@�){ ")��É  ÊD��I O��?O� �x�

?O� �¡�¤ ­¡23 D�<=� 5á  Ì� ��6 O{���

%  Ì E� F
 ��Ç ¥�5.

4. � �

Å ./�;I zµPÆW �D+ 
RD r8 [\� �DÇ =,

" ^Y�; CH3COONa±3H2O& ] <=N� �D+ PCM� {�

6 <=E� bc& 3�+ ­®�� �J�� d� ­_W ­���

�� (�& �ø�° 5Î� Ï5.

(1) 3 wt%� CMC-Na& �J�� �
��W ¢ O��?O 
�

Z$+ =,"� 8� Â_W ³�5. �7� 5 wt%� �J�& �


+ �·I <=,"	Æ� 
I �J�� �T
 �
�6 L=N� <

=E� º�����, �7+ �å> ��É� �þ� ́ ~ �
��5.

(2) 2 wt%� ­®�& �
��W ¢I ø!� �x�� -â2�3,

5 wt% �O� ­®�& �
��W ¢I �x�?O> ØP1 �m2

m fR�� = ,"� 8���W ����5. �7� 6.5 wt% �O

� ­®� �
I <= L=N�; L=A�W º� �I (�& �

*��5.

(3) 15��É� 
= V x�uÊ(� 3 wt%� �J�� 5-6.5 wt%�

­®�
 CH3COONa±3H2Oô PCM& fRc �) *' 
" ��

��5.

�
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