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� �

�� �� ��� �	 
�� glass still
 ���� ��� ���� dodecane+cyclohexanol, 1-dodecanol+N,N-dimethyl-

formamide(DMF), p-xylene+DMF, 1-dodecanol+N-methylformamide(NMF), NMF+1-octanol, aceticacid+diethyl carbonate �

hexadecane+diethyl carbonate �� �� ����(SLE)
 ���� . ��! ���� "�#$ NRTL%� &' �(! )

* +,�� -.�/, diethyl carbonate ��& 012 345 6��� .

Abstract − Solid-Liquid Equilibrium(SLE) data were measured by the static method for the systems of dodecane+cyclohex-

anol, 1-dodecanol+N,N-dimethylformamide(DMF), p-xylene+DMF, 1-dodecanol+N-methylformamide(NMF), NMF+1-octanol, acetic

acid+diethyl carbonate and hexadecane+diethyl carbonate with the self made melting point measuring apparatus. The mea-

sured SLE data were correlated with the NRTL equation, and we found that the literature value of melting point for diethyl car-

bonate is not correct.
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1. � �

������ ��	
 �	� �
���� ����� 50%-80%�

�� ���� �� �	� ��, � �	�  !"�� #$� �%&,

'(, )% * +,--. 	/��
&0 +12 3245( * 67

� 89 :;< =&� >? @� -AB C 6 DE[1]. F�� �	(thermal

separation process)� G�HI�� JK�� ���	 L -I MN�

+ O3PQ RSTU VW, X?, Y6, YZ, [	� * \]9�  ^

_ =C�`� �K�� ��RS�E[2]. �a L 90% -b� ���

� �3�� JK�� VW� c dF� �B �ePTU f  � dF

� �K�� �g� E;� �	TU, h2� ij�kl  �m� �

n_ =C o� ��m ]p=C�� JK�� 
%� DE[3]. #$�

�g� qj�	TU X? r [	�� �_ �� RS *� st�u

vT�, +w\](SLE; solid-liquid equilibria)� �K�� [	�� V

W�	xE y� zBdF( �dF� 1/2-1/10)� �K�  {|� }

~PTU �g�� �� qj � 6 D� �	� �E[4].

��l H<b� [	�� �_ w���= ���	� NK�� �

�� �&��� �_�u v��, � 5Q L �l� ��=��� F

�0� e_ �	�� u�� *TU, ��b� [	� �	��� }

�� �� +4-w4��� Kw� �_ 4�P�+ �LPQ �t-

,��� {|�E. ��l$� �� G�t�- �g� E;� �	T

U �u Du �g� qj�	TU� P�PQ R  �¡� ¢���,

�£� ¤�¥u¦ §Ja� ¨} ~©PQ ª«¬ 6?� ­B �	


� r ¨P�®� M¯� 	M_ F=p ��°� ¢�p� qj�

� �m��, E±_ ���� +w\]� �_ �	 r ²�� ��_

�t� ,��� ³´0
- �E.

#$� ~ +��� Kµ� 4�P �t� O¡TU, ����� e

�� e,� �h�� w���=Q ¶� �Xu �U ·� �m0 �

pTU B� e¸PQ ¹ KµU JK�� N,N-dimethylformamide

(DMF) r N-methylformamide(NMF)� diethylcarbonate ��=� e�

" �4 
y_ zm �	 I.Uº dodecane+cyclohexanol, 1-dodecano

+DMF, p-xylene+DMF, 1-dodecanol+NMF, NMF+1-octanol, aceticacid+dieth

carbonate r hexadecane+diethylcarbonate �� »U� +w\]� �
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460 �������
	�¼T�, � 0	�� � ½¾ diethyl carbonate zm� |¿À� Á

Â �ÃÄ� MQ�+ »U� zm À� 
��¼E. o_ �	_ NÅ

À� NRTL�� �_ �GÀ0 �Æ �Ç�" � ����� È�¼E.

2. � �

2p��� +w�\] ]É� 91 �z�(simple eutectic system), ,

� �z�(partial solid solution system) r Ê� �z�(complete solid

solution system)U �Ëu��, ÌÍ ½[���	(freeze separation

process)� \]� D� +�0 w���� p�)2� ��� �K_

E. Fig. 10 Î� point A� D� Kw� ÏÐÑ� #$� +4[	�

w��� lcl  �y�� h2 B� 2`�� ��, e� Kw� D

� _ p�Ò� 16�� [	��+, �	� �l� �Ó96� �y

� -A�� _E. \]��� Ð ��� ÐÐ� p� Ô��Õ fi- Î

  {|�, +4£� w4- Ö<�� ×�E´ 16+4KC i� eB

�� � (1)0 Î� �E.

(1)

" � fi
S, fi

L� ÐÐ +4, w4 16 p�� Ô��Õ��, −fi
L� ,

�pCU� w�� Ô��Õ� lcØE. +4�� 16_ KC�$+

-	�¼T� w�� �p� e9� P� ±� +4- ÙÚ2 �� Û

��� ×�E+ -	�¼E. _Ü +4� w4� Ô��Õ� �� K

z Gibbs �¹ �g�� EÄ0 Î� ��- p¯�ÝU

(2)

� (1)0 � (2)U,° ln xiγi� � (3)0 Î� ¸H� 6 DE.

(3)

Kz�� Gibbs �¹�g�� Kz0	� ¤Þß Û�(∆Hi
fus(T))� ¤

¬Uß Û�(∆Si
fus(T))U �[�´ � (4)� Î� ��

=RTln (4)

� (3)0 � (4)U,° � (5)� Î� lcà 6 DE

(5)

� (5)� +4� w4� �¹�g�(Ô��Õ)� e_ Poynting áâx

	ãaÒ� ä�_ ¶��, ÒO Kz� FKå Û�, ∆Cpi
 o_ ä�

� 	2U yE+ -	�´ � (6)0 Î� �æ��+

(6)

E� ç �è xi� eB 	��´ � (7)� Van’t Hoff�TU �E.

(7)

 #$� � (7)� �K�" +w\] �pÀ� t� 6 DT�, �G À

� é  ­B�� Ð 16��=� e_ 	M_ =p� ¢�U _E

[5,6]. NÅ ��°� ���� ê �� µ�Û6� ë� NRTL�� �

K�¼E[7,8].

3. � �

3-1. ��

NÅ� JK_ �%� Aldrich, MerckJ� �ì �%TU ��4(3Å,

Fluka)U ®� í GCU �î_ wt% 12� �(� pC L Van’t Hoff

�� �_ +w\] �p �G� ­B ¢�_ 16=� =p� Table 1�

lc£ÃE. Table 1�� Hfus� =C� KzdFU 9­� kJ/mol, Tm

� =C� zmTU 9­� qeh2(K), M.W.� ��å� lcØE[9].

3-2. ����

Fig. 2� �4 
y_ zm�	 I.� �æ2Uº =C� ïm ð�

zm� �	 � 6 DE. � I.� �	�(- au-� % 300 cm3

� KP� ë� \]�� ñò�", ó,�� 9F� ­�" ô��É

U ¹��� ¨óÐ� vacuum cell r system� h2� �q�  ­�

" ãh�� �[�u D�, ÏÐ r -F µ4� 1¡� ­_ cell *

3L�TU �u DE.

zm r ïm�	� ­B JK_ h2�	I.� NAMASJ� T100-

250-1D Platinum Resistance ThermometerUº, �	 õ� ö­� −50-

250oC J���� ±0.01oC, −70oC b�� ±0.02oC ��+ 250oC �

���� ±0.06oC� ÷� ×�E. o_ 	M_ ïmh2� �	� ­

f i
S T P,( ) f−  i

L
T P xi, ,( ) xiγi T P xi, ,( ) f i

L T P,( )= =

Gi
fus T P,( )∆
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---------------------------
Gi
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 xiγiln
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Gi
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Fig. 1. Typical solid-liquid phase diagram of one eutectic mixture.

Table 1. Purity and Properties of used organic compounds �9�

Substance M.W. % purity Hi
fus (kJ/mol) Tm (K)

Dodecane 170.34 99.7 36.5566 263.59
Cyclohexanol 100.16 99.8 1.7547 297.58
1-dodecanol 186.32 99.7 31.3794 296.95
p-xylene 106.17 99.8 16.7934 286.08
1-octanol 130.23 99.9 23.6894 258.35
N,N-dimethylformamide 73.101 99.7 16.1428 209.85
N-methylformamide 59.07 99.7 14.2902 268.92
Acetic acid 60.05 99.8 11.5271 289.82
Hexadecane 226.45 99.7 53.3576 291.31
Diethyl carbonate 118.13 99.9 � 198.71(a)

a: new experimental data of this work
���� �41� �4� 2003� 8�
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B ��� #ø h2� Û�� Ìù F250 Precision read out box� ú

�" ûÔ°� �[�"  üòTUº, �Û�� #ø h2Û�� N�

�TU ý� �þ� 6 D� �¼E.

3-3. ����

NÅ 1�� ÿ� ô���� y½�� vaccum cell¾� � � 
k

�" ó,�� 9F� ­B ô��ÉU ÒÍ EÄ ãh�� h2� N

Å�+� �� �p� ïm� �	�  ­B�� ïm��� h2U

��+ zm�	� ­B�� ²��� zm��� h2U �Xu +	

�� ��E. ~ NÅ� O�PTU ��=� ïm� �	�" ãh�

� h2� 
	_ í 	PRSTU zm� �	�� RS� ��¼E.

�, �(� �p� p� 1� �4�p ö­�� ç�è� eæ 0.05 �

©TU Û��	´� �	�¼T�, �zm�$ ²��� ,}���

� �©� 
"� 	M_ �zm� �+� �¼E. NÅRS� �(�

�p� 	M� �	�" \] cell� �� í ��� magnetic barU N

Å� 
� {b� Ç3� _E. ��� ��� #$ h2- �u�� �

�� thermocouple� �[� computer� �U��� �B 0ÏÐ í h

2Û� Ì±TU ïm� ²��" ãh�� h2� O� 
	�¼E.

� w4 �É� �(- 0ÏÐ�´, +�TU� Û�- Ou� { dF

� £�  {|� 1�PTU �� h2� ���� Û�� x��, 0

ÏÐ í� ¨+ ��h2� Kw� ïmTU ÙÐ�¼E. � m� [	

�´ ãh�� h2� � h2� �� í ��= �(- �� \] cell

� w4 C;� �� �- �(� +4 [	TU ÒÍ EÄ +w\]I

.� �+, h2� Û�� �ß� RSTU �	� 6��¼E. �{ �

�= �(� ��� +4 [	� �� 1�� h2� ��=� zm�

$ ÙÐ�", � h2� ��= �p� #ø +w\]h2U [	�¼

E[10].

4. �	 
 ��

+w\]� �	�  ­B �4 
y_ I.� <Hp0 NÅRS�

c³p� MQ�  ­B 1-dodecanol+cyclohexane0 benzene+p-xylene

�� eB� ÏÐ�� S r 	PRS� �B zm� �	�+, � í |¿

À� �KB �	_ À0 �ÇB x�E[11]. 1-dodecanol+cyclohexane

�� �� �zm� 1-dodecanol �p(x1) 0.8852�� 273.42 KU �	

�Ã+, Benzene-pxylene� �� benzene �p(x1) 0.6160�� 253.73 K

U �	�ÃT�, |¿À0� \ Ü�� ÐÐ 0.47 K� 0.87 KU �Ç

P Á O.ò� MQ� 6 DÃE.

#$� ½O_ RSTU dodecane+cyclohexanol, 1-dodecanol+DMF

p-xylene+DMF, 1-dodecanol+NMF, NMF+1-octanol, acetic acid+dieth

carbonate r hexadecane+diethyl carbonate � *� zm� �	�"

Table 2� lc£ÃT�, Fig. 3� �a �	À� p� 1� � )2ö­

� #ø ��=� +w\] 2¸U lcØ ¶�E.

Fig. 3(a)� dodecane+cyclohexanol ���� +w\] �	[0� 2

�_ ¶�E. � �� 91�z�Uº � )2ö­� !" +w\]h

2� NÅÀ0 NRTL�TU �G� \]h2� \  Ü�� 1.15 KU

�ÇP y� Ü�U ���ÃT�, �zm� dodecane �p(x1) 0.1482

�� 260.92 k� lc£ÃE. 1-dodecanol+DMF �� +w\] �	[

0� Fig. 3(b)�� 2�_ ¶0 Î� �zm� Ö<�� ×�T�, N

ÅÀ0 NRTL�� �G� À� \  Ü�� 1.85 K� lc£ÃE. P-

xylene+DMF �� 1-dodecanol+NMF �� +w\]�	 [02 Fig.

3(c)� Fig. 3(d)� 2�_ ¶0 Î� Ì# �zm� Ö<�� ×�T�, N

ÅÀ0 NRTL�� �G� À0� \ Ü�� Ð Ð 0.68 K� 1.12 K�

lc£ÃE.

NMF+1-octanol �� +w\]�	 [0� Fig. 3(e)� 2��¼T�,

NMF �p(x1) 0.3520�� �zm� Ö<�¼+, �{� \ h2�

251.19 K�ÃE. NÅÀ0 NRTL�� �B �G� À0� \  Ü��

Fig. 2. Schematic diagram of SLE measuring system.

Fig. 3. SLE diagram for measured 7 binary systems.
HWAHAK KONGHAK Vol. 41, No. 4, August, 2003
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l

+

0.36 KU y� Ü�U Á O.ò� x¼E.

Acetic acid+diethyl carbonate, hexadecane+diethyl carbonate �� +w\

]�	 [0� Fig. 3(f)0 Fig. 3(g)� ÐÐ 2��¼E. Diethylcarbonate ñ

ò # �p���� �zm� Ö<�� ×�T�, NÅÀ0 NRTL��

� �G� À0� \  Ü�� ÐÐ 2.43 K, 0.78 KU Acetic acid��

���� ��� E; f Ü�� x¼Tl, hexadecane0� ����

�ÇP P� õ�U Á ��Ñ� $ 6 DÃE. � zm�	 NÅ�� DMF,

NMF, 1-dodecanol, p-xylene, 1-octanol, acetic acid and hexadecane� e

B �	_ 16p�� zm� |¿À0 Á O. �¼Tl, diethyl

carbonate� �� 16p�� zmÀ� 230.15 K(−43oC)U ��+ D

� 3´[12, 13] NÅÀ� 198.49K(−76.44oC)U �	�u |¿À� õ

W� MQ� 6 DÃE.

5. � �

	PRS� �lQ zm �	STU dodecane+cyclohexanol, 1-dodecano

+DMF, p-xylene+DMF, 1-dodecanol+NMF, NMF+1-octanol, acetic acid

diethyl carbonate r hexadecane+diethyl carbonat �� »U� +w\

]� �	�¼E. |¿.� �Ç� úB I.� �	RS� c³p�

MQ�¼T�, NRTL�� �B �G� zm0 NÅÀ� \ Ü�2

acetic acid+diethylcarbonate �� 
ó�+� Ì# 1 K 	2� õ�U

Á ���ÃE. �� 16=� zm �	[0 diethyl carbonate� zm

� � ½¾ |¿� $�ô 230.15 K�� ̀ � 198.71 K%� MQ�¼E.


 �

� È|� 0�<9 �
�½�t� �5� O,� �B �t�ÃT

�, �� jJ&¯¥E.

����

∆Cpi : heat capacity change for component [i]

fi : fugacity for component [i]

∆Gi
fus : gibbs free energy of fusion for component [i]

∆Hi
fus : fusion enthalpy for component [i]

P : pressure

R : universal gas constant

T : temperature

Table 2. Measured and calculated SLE data of experimental binary systems

x1 Texp(K) Tcal(K) x1 Texp(K) Tcal(K)

dodecane(1)+cyclohexanol(2)

0.0000
0.0406
0.1039
0.1482
0.1888
0.2071
0.2555
0.3040
0.3513

298.15
278.00
266.42
260.92
261.15
261.37
261.52
261.74
261.89

298.15
272.89
260.28
260.55
261.42
261.64
261.93
261.97
261.87

0.4043
0.4577
0.5051
0.6059
0.6928
0.8181
0.9002
1.0000

261.96
262.04
262.16
262.45
262.63
263.02
263.31
263.61

261.70
261.51
261.36
261.16
261.18
261.66
262.31
263.59

Tmean dev.a 1.15 K

1-dodecanol(1)+DMF(2)

0.000
0.0097
0.0497
0.0613
0.1002
0.1941
0.3030

208.10
254.13
268.32
270.90
273.52
276.14
280.18

208.10
253.86
269.74
270.83
272.28
273.14
275.36

0.3976
0.4971
0.5955
0.7004
0.7880
0.9013
1.0000

282.27
285.44
288.84
290.98
292.20
294.93
296.95

278.26
281.69
285.12
288.61
291.32
294.50
296.95

Tmean dev.a 1.85 K

p-xylene(1)+DMF(2)

0.0000
0.0988
0.1981
0.2980
0.3941
0.5027

209.85
232.92
250.63
259.12
268.47
273.10

209.85
232.89
250.65
260.96
267.51
272.55

0.5953
0.6982
0.7985
0.8991
1.0000

277.63
278.00
278.67
282.53
286.08

275.59
278.17
280.35
282.75
286.08

Tmean dev.a 0.68 K

1-dodecanol(1)+NMF(2)

0.0000
0.0589
0.0988
0.2005
0.3008
0.4058

269.25
280.11
281.60
282.95
285.15
286.60

269.25
279.85
282.48
283.14
283.22
284.16

0.4963
0.6065
0.6911
0.7827
0.8993
1.0000

288.10
290.39
291.39
292.48
294.75
296.95

285.57
287.76
289.65
291.79
294.57
296.95

Tmean dev.a 1.12 K

NMF(1)+1-octanol(2)

0.0000
0.1004
0.1977
0.3050
0.3340
0.3520
0.3710

258.35
256.62
254.73
252.25
251.35
251.19
251.82

258.35
256.60
254.86
252.32
251.99
251.00
251.87

0.4018
0.5034
0.6068
0.6999
0.8001
0.8994
1.0000

252.85
255.85
258.66
261.11
264.11
266.60
268.92

253.13
256.36
258.76
260.63
262.74
265.34
268.92

Tmean dev.a 0.36 K

acetic acid(1)+diethyl carbonate(2)

0.0000
0.0391
0.0610
0.0900
0.1050
0.1437
0.2045
0.2404
0.2983

196.71
204.14
207.82
215.26
218.31
224.85
232.93
237.71
244.31

196.71
202.24
210.45
217.32
219.96
225.29
231.57
234.77
239.59

0.3494
0.4351
0.5578
0.6459
0.7547
0.8504
0.9227
1.0000

249.39
255.98
263.87
269.85
276.31
281.69
285.81
289.82

243.69
250.41
259.74
266.22
273.91
280.36
285.03
289.82

Tmean dev.a 2.43 K

Table 2. continued

x1 Texp(K) Tcal(K) x1 Texp(K) Tcal(K)

hexadecane(1)+diethyl carbonate(2)
0.0000
0.002.6
0.0168
0.0272
0.0558
0.0799
0.1502
0.2059
0.2641
0.3087
0.3617

196.71
256.21
272.02
275.53
279.98
282.01
283.90
284.59
285.06
285.35
285.68

196.71
256.21
272.27
275.99
280.44
281.91
283.10
283.20
283.26
283.39
283.65

0.4148
0.5007
0.5588
0.6263
0.6675
0.7278
0.7832
0.8628
0.8933
0.9613
1.0000

286.02
286.55
286.93
287.43
287.76
288.27
288.81
289.63
289.95
290.80
291.31

284.02
284.83
285.48
286.30
286.83
288.27
288.38
289.47
289.88
290.80
291.31

Tmean dev.a 0.78 K

a:
Texp Tcal–[ ]∑

n
---------------------------------
���� �41� �4� 2003� 8�
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to

 de

,”

n-

afc-

-

Tmi
: melting point of component [i]

∆Si
fus : fusion entropy for component [i]

xi : mole fraction for component [i]

γi : activity coefficient of species i in solution

����

1. Wankat, P. C., “Equilibrium-Staged Separation in Chemical Engi-

neering,” Elsevier(1988).

2. Sattler, K. and Feindt, H. J., “Thermal Separation Processes,” CCNY,

New York(1994).

3. Heist, J. A., Chemical Engineering, 5, 72(1979).

4. Heist, J. A., “Freeze Crystallization,” Chemical Engineering, May 7th

(1979).

5. Doman� ska, U., “Measurement and Correlation of the Solubility of 1-

alkanol (C14, C16), in n-alkanes (C7�C16),” Fluid Phase Equilibria

114, 175-188(1996).

6. Sandler, S. I., “Chemical and Engineering Thermodynamics,”  3th

edition, John Wiley & Sons, Inc.,(1997).

7. Smith, J. M. van Ness, H. C. and Abbott, M. M., “Introduction 

Chemical Engineering Thermodynamics,” 5th edition, McGraw-Hill

International editions(1996).

8. John, M. prausnitz, Rüdiger N. Lichthenthaler, Edmundo Gomes

Azeedo, “Molecular Thermodynamics of Fluid-phase Equilibrria

3th edition, Prausnitz Lichtenthaler Azevedo(1998).

9. Robery, H. Perry and Don Green, Perry’s Chemical Engineers’ Hand-

book, 6th ed., Published by McGraw-Hill, Inc(1984).

10. Paik, S. K., “A Study on Solid-liquid Equilibria for Benzene+aniline, Be

zene+nitro Benzene, p-xylene+cyclohexanol,” Korean J. Ind. & Eng.

Chemistry, 9(6), 864-869(1998).

11. Gmehling, J., Fischer, K., Menke, J., Rarey, J., Weinert, J. and  Kr

zyk, J., “Dortmund Data Bank (DDB) Overview,” DDB Data Direc

tory(2001).

12. Hand Book of Chemistry and Physics, 68th edition, CRC PRESS

(1987).

13. THE MERCK INDEX, 10th edition, MERCK & CO., INC(1983).
HWAHAK KONGHAK Vol. 41, No. 4, August, 2003


	Static Method를 이용한 DMF, NMF 및 Diethyl Carbonate 포
	박소진†·황태원
	충남대학교 공과대학 화학공학과 305-764 대전시 유성구 궁동 220 (2002년 9월

	Solid-Liquid Equilibria for DMF, NMF and Diethyl Carbonate Containing Systems by using Static Method
	So-Jin Park† and Tae-Won Hwang
	Department of Chemical Engineering, College of Engineering, Chungnam National University, 220 Gun...

	요  약
	1. 서  론
	2. 이  론
	3. 실  험
	4. 결과 및 고찰
	5. 결  론
	감  사
	사용기호
	참고문헌



