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� �

Methyl tert-butyl ether(MTBE)+methanol ���� �� ��	
� �
 ���(salt effect)� 298.15 K, 308.15 K �

�� 323.15 K�� headspace gas chromatography(H.S.G.C)� ���� �����. LiCl, NaCl, KCl, LiBr, KBr ��

�� �
 MTBE+methanol ���� ��	
� ��  ��� �� !� LiCl� LiBr� �
 "#$ �% ��� &

'�� (, )�* �+� MTBE�  ,� �-./ 0� 12� MTBE3 45
 67��  89 :;� �� <=

.  >?�; @9 ��� ABCD�. EF 298.15 KG 308.15 K� �;�� �H� LiBr� <I.J KL 1 "#$

� MNF O,.  ��� P��.

Abstract − Salt effects on vapor-liquid equilibrium at 298.15 K, 308.15 K and 323.15 K were measured for the methyl tert-

butyl ether(MTBE)+methanol system with salts(LiCl, NaCl, KCl, LiBr and KBr) by headspace gas chromatography(H.S.G.C).

The azeotrope of MTBE+methanol system was remarkably shifted with LiBr and LiCl. Since salts are nearly insoluble in

MTBE, salting-out effect was satisfied even though in the case of relatively very low salt concentration in MTBE-rich region.

Especially at 298.15 K and 308.15 K, the azeotropes were eliminated completely when liquid phase was saturated with LiBr.
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ª ,Gw [
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³¾�D� .T H�(Clean Air Act: CAA)� ` 	
 ´0v� S

6�Q1 2.7 wt% !-	
 ¥ �¿	�,  À ¸¾�DM !� Á

�� ¥`m� Â¬�k rgÃ� ÄT�Å� �� .T¯�1 i5

��r Æj�� #$. ¾Ç�DM !� ÈÉ�k ´0v� S6�Q

1 0.5 wt% !-	
 ¥ ��, f� TW� ´0v ÊË� Ì-`V

��ÍÎ� TV�� Î� �Q1 0.013 g/l!�
 ¥`� Ï #$. B

CD �^A�	
 «¬�A�D� rgÃ ÄT�Å�D iF
� l

ÐÑ� �� .T¯�1 i5w Ò�	
 TW� ÊË� Ì-`V �

�ÍÎ1 `\� Ó�´0v� Z0�¿$. Ó�´0v� ÊË� Ì

-`
 S6A Hb9V �ÔÕ Hb91 ���	
ª È[�	


¡SHË6� iFM Ö!� ¤�� #	�, ;< �×V ´0vP

+Ø� ;?1 5Ù $J Ú�` TÛ 9:@� +,  Ü
� 9:

!$. �� ��
� �ÔÕA S6Hb9:x MTBE(methyl tert-butyl

ether)
D, ¾Ç�DM 1994»ÈÝ Ú�`� [Á� MTBE� RS�

T LÞ�¿$. sµ @� MTBE� ´0v Ú�`ß2 �àC á


¢ vT�²
D ��! â��� BC 1990» !½ �^A�	
 R

SQ ��ã! s�V 9:!$. MTBE� % `�� �D methanol

� iso-butylene� ä²�É� �, `�
T �_� ~-V methanol

1 ��9
 �v�� 
�å MTBEP methanol� !?� abA�

�+=1 ���� #� ��æ `� / �çè! #$. BCD MTBE

� RS�� ´0v Ú�`
D� s� ��1 O,D� methanol�

� ab9� *9? o ��TU� .� ��� ���$[10]. %&

' ��"5� �¤�� �� ��TU ��� £
 éêë+9+��

abA� £�� !|�, sµ� Oldenburg .ì� Gmehling[11] I

! H.S.G.C(headspace gas chromatography)� �� �¤� t  �Û

?1 `L�¿52 ! �L íx î�! ��� -Y!�, ;< �Ô

Õ I� 9:! ��
� á
¢ abA� .� �¤�� ¥¦1 O

,D� �t� �� å!Ý� ²d Èï� -Y!$.
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b9� ¤ã� ��� O� ��` Z0� !��T O,, ð ��r

@! !�"5 ��,ñò Ió ����D� T~©> t �mV
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6 �ÔÕ Hb9V MTBEP methanol�� ab91 nö
 �÷�

�V T~©> r×� t �� %� BJ �¤� ;?@1 ¥¦�

¿$.

2. ��� ��

2-1. ���(Salt Effect)

��� �� ~- ab9� ���D ��Ûx ø (1)� +´0M

(relative volatility)
 '(ù$.

(1)

+´0M� úMP óM� ²d �W?! û��, �+=�D� +

´0M� 1! 
� ¡��V ��� �� �[?�� ��� ��Û

�� ±$. !&� A� �! Ú�
u Fig. 1� �!� ÏP ü! �

� Þ�� �, ?��� �r�j� +´0M� KHLý T-�D

� ?�� �?! þ5� G�� �!�, !� BC �+=! !g


\' `\
� ¤�� T.w [ #$.

T~©>øx ÿx ej��D �ZL� A[� -��� poynting

factor� 1
 �k ���� vM± ø (2)� ���¿$.

yiP = xiγiPi
s (2)

H.S.G.C� !�� T~©> AS�x ð ��r@! ��[12-14]�

D [ Ã� ��� Ï #$.

3. 	 


3-1. ����

T~©>� ³m� �¤�� t ��å ��� headspace gas chro-

matography(H.S.G.C)� Hewlett Packard�� HP 19395A head space sam

pler(H.S.S)P g(�)�� 5890 ser.II gas chromatography� �G�k

���¿$. H.S.S Ç� oil bath� 25oC�D 150oC"5 �0.1 oC


�ó
� ©>�T
 ��
� 24Z� vial1 [�w [ #$. 10-25

cm3� glass vial� +�� ­5 �x 	
± ���D ©>� M��

T-x H.S.S Ç� electropneumatic sampling system� �, ��


� G.C�D �
±$. �
x *�MM �
T(thermal conductivity

detector, TCD)� ���¿�, L×� ��� O,D � -	


polyethylene glycol! ê�
� #� n^« ��1 ���¿	�, !

g-	
� 99.99% !-� �M� �5� ���Å� ���¿$.

3-2. �	

ð ���D ��� MTBEP methanolx ¸¸ Aldrich�P Junsei

�� L�L�1 ���¿�, �M� G.C �
 G� 99.8 wt%P 99.7

wt%� ¸¸ '(Ç�	� molecular sieve� !��k drying�¿1

� n¹ 99.9 wt% !-� �M� '(�	�
 !� �÷� ���

¿$. �¤� t � ��± �@x n¹ 99% !-� �M� �5�

Fischer�� L�L�@!�, oven�D 120oC� óM
 48L� !-

���k ¡ � Ó�� �5� ]1 �V� ½ �÷� ���¿$.

3-3. ��
�

3-3-1. Ió T~©> t 

H.S.S Ç� �ó� óM� �÷1 [®��r �� ©>óM
 �

X� ½, AS± �?+� �� micro balance� !�,  ��� l

Q1 ©Q�k ©>�T
 ��± 20 ml� glass vial� 8 ml  M�

abL×� ¸¸ £��$. !�� `�± L×� �� vial@1 �

ó�� �� 2L� !- Ió1 v5Lý vial Ç�D ´0± T-�
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� � ½ T-21 G.C�D �
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� !ÕM  ��å, !� �� Þ�� �, ;  ?�� ´0M� 8

6�k !�� ©>� !ÕT �� �
! LÞ
� ]1 i5�T

αij

K i

K j

-----
yi xi⁄
yj xj⁄
-----------= =

Fig. 1. Salt effect on the vapor-liquid equilibrium.
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4. �� 
 ��

4-1. �
��

H.S.G.C� �� MTBE+methanol abA� �¤� t � "D,

�÷� ��?� �÷�m� ��?1 é��T O, _#[11]� g

¡� ���D $+�÷1 �L�¿$. H.S.G.C� !�� 323.15 K

� ©>óM ��D� ethanol+ethyl acetate abA� T~©>� %

� ³m� sodium iodide� �¤� t  G� Fig. 2� '(ù ÏP

ü! �÷%� _#%! ²d & ¡m�� #'1 �Vw [ #�$.

f� k& ��r@� �, íx ��� !|�(ò alcohol+water

[15]A� ., �L $+�÷1 �L�k iso-propanol+water abA

� ., )*A �V CaCl2� L×� ~-� �HL+1 �� �¤

�� 303.15 KP 313.15 K� ©>óM ��D t �� % G��

Fig. 3� '(Ç�$. ¹ óM�D n¹ iso-propanol� +´0M� /

,	
 ���k �+=! !�< `\º1 �k H.S.G.C� �� �

¤� t ! �Û�1 �V�¿$.

4-2. MTBE+Methanol ���� ����� �� ���

$+�÷1 -, H.S.G.C� !�� �¤� t � �Û?� % (

.?1 �V�¿	�
 MTBE+methanol abA� .� 323.15 K I

ó T~©>�, é)�ï ÐÑ/6V 0!ó� w
1 /6V '!ó

! Gb± �@V LiCl, NaCl, KCl, LiBr %�� KCl! ~- ab

9� 0.5 m(mol/kg-solvent)
 �,
� #1 �� �¤�� t �k

Fig. 4� '(Ç�$. t  G�
ÈÝ LiCl� LiBr! MTBE+meth-

anol abA� +�� 2x ¤�� �¿	�
 !@ �@1 !�,

óM� BJ �¤�� t �¿$.

�3A �V LiCl� LiBr1 L×� ~-� �H
 �,Lý MTBE

+methanol abA� 298.15 K Ió T~©>� ³m� �¤�� t

 � G�, LiCl� cd�� ab�~� �H
� 'D ©>�T�

Ï4� 5� 6� �� 0� BC T-� �?! ­� 7Ì1 õ�

�÷� ��? tu�D G�� 89M� ²d ÿ:$. %&' LiBr

1 �	
 M�� cd�� LiBr! ~-� �H
�1 cd Table 1�

Fig. 5� '(ù ÏP ü! �� �?�D MTBE� +´0M� ­�

���k �1 ���5 �x cd 298.15 K�D � 0.78!�ò �

+=! !�< `\
� ¤�� �¿	�, 308.15 K��DM MTBE

�? � 0.77� �+=! !�< `\º1 ; [ #$. 323.15 K�D�

MTBE �? � 0.69�D� �+=! 298.15 KP 308.15 K�D� G

�P Â<�5
 MTBE� +´0M� / ,	
 ���¿	' �+

=! !�< `\
5� �� MTBE �? � 0.95
 !gº1 �V

�¿$. Table 2P Fig. 6�� s�� �úM� G 1 O, LiBr!

Fig. 2. Salt effect of NaI for ethanol+ethyl acetate at 323.15 K(Com-
parison with reference[11] data).

Fig. 3. Salt effect of CaCl2 for iso-propanol+water at 303.15 K and
313.15 K.

Fig. 4. Salt effects of various salts for MTBE+methanol at 323.15 K.

Table 1. Vapor-liquid equilibrium data for MTBE(1)+methanol(2)+LiBr

x1’
a y1 α12 x1’ y1 α12

Salt free Saturated with LiBr

298.15 K

0.0298
0.0563
0.0927
0.1424
0.2015
0.2715
0.3676
0.4034
0.4536
0.5497
0.5975
0.6424
0.7318
0.8005
0.8609
0.9004
0.9669

0.1093
0.1954
0.2848
0.3742
0.4533
0.5199
0.5795
0.5952
0.6225
0.6689
0.6894
0.7119
0.7583
0.7947
0.8377
0.8699
0.9437

3.9938
4.0704
3.8962
3.6012
3.2857
2.9050
2.3711
2.1746
1.9862
1.6549
1.4948
1.3758
1.1498
0.9647
0.8341
0.7395
0.5741

0.0496
0.1000
0.1478
0.1998
0.2484
0.3000
0.3494
0.3998
0.4255
0.4806
0.5498
0.5989
0.6492
0.6944
0.7481
0.8000
0.8497
0.8987
0.9472

0.7762
0.8440
0.8611
0.8757
0.8793
0.8828
0.8939
0.8960
0.8994
0.9002
0.9145
0.9191
0.9239
0.9343
0.9431
0.9636
0.9653
0.9729
0.9800

66.5095
48.7192
35.7324
28.2082
22.0400
17.5768
15.6883
12.9360
12.0716
9.7482
8.7642
7.6064
6.5590
6.2582
5.5766
6.6190
4.9180
4.0539
2.7241
HWAHAK KONGHAK Vol. 37, No. 4, August, 1999
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Table 1. Continued

x1’
a y1 α12 x1’ y1 α12

Salt free Saturated with LiBr

308.15 K

0.0496
0.0997
0.1494
0.1995
0.2486
0.2989
0.3501
0.4005
0.4501
0.4992
0.5490
0.5992
0.6488
0.7012
0.7475
0.7993
0.8505
0.8974
0.9460

0.2136
0.3112
0.3587
0.4546
0.4897
0.5300
0.5666
0.5960
0.6228
0.6468
0.6696
0.6937
0.7152
0.7387
0.7612
0.7895
0.8202
0.8623
0.9155

5.2045
4.0798
3.1845
3.3445
2.9005
2.6450
2.4268
2.2083
2.0172
1.8371
1.6649
1.5149
1.3593
1.2047
1.0767
0.9418
0.8019
0.7160
0.6184

0.0501
0.1497
0.2479
0.3480
0.4494
0.5009
0.5488
0.5996
0.7013
0.7485
0.7967
0.8488
0.9012
0.9483

0.7105
0.7983
0.8209
0.8538
0.8892
0.9062
0.9136
0.9291
0.9345
0.9412
0.9395
0.9521
0.9639
0.9714

46.5336
22.4797
13.9018
10.9383
9.8347
9.6266
8.6908
8.7561
6.0763
5.3760
3.9600
3.5388
2.9228
1.8520

323.15 K

0.0310
0.0595
0.0898
0.1575
0.2256
0.2929
0.3628
0.4303
0.5076
0.5726
0.6360
0.7035
0.7774
0.8410
0.9096
0.9382
0.9537
0.9865

0.1268
0.2025
0.2790
0.3875
0.4590
0.5079
0.5467
0.5817
0.6147
0.6417
0.6684
0.7000
0.7388
0.7828
0.8501
0.8848
0.9085
0.9693

4.5391
4.0136
3.9222
3.3842
2.9123
2.4916
2.1182
1.8411
1.5476
1.3368
1.1536
0.9834
0.8099
0.6814
0.5636
0.5059
0.4820
0.4321

0.0498
0.1004
0.1520
0.1999
0.2502
0.3004
0.3491
0.3975
0.4505
0.5019
0.5499
0.6002
0.6510
0.7031
0.7480
0.8020
0.9028
0.9506
0.9812

0.5128
0.6358
0.6661
0.7015
0.7148
0.7373
0.7468
0.7580
0.7722
0.7915
0.8095
0.8386
0.8510
0.8820
0.8915
0.9126
0.9438
0.9517
0.9607

20.0905
15.6355
11.1276
9.4042
7.5115
6.5367
5.4997
4.7455
4.1350
3.7662
3.4798
3.4623
3.0603
3.1564
2.7676
2.5778
1.8067
1.0229
0.4684

amole fraction of MTBE in liquid phase on a salt-free basis

Fig. 5. Salt effect of LiBr for MTBE+methanol at 298.15 K, 308.15 K and 323.15 K.

Table 2. Vapor-liquid equilibrium data for MTBE(1)+methanol(2)+LiBr
at 323.15 K with different salt concentrations

x1’ y1 α12 x1’ y1 α12

m=0.2 mol/kg m=0.5 mol/kg

0.0482
0.0992
0.2003
0.2935
0.4083
0.5083
0.6204
0.7245
0.8042
0.8784

0.1918
0.3108
0.4489
0.5221
0.5860
0.6458
0.7029
0.7600
0.8049
0.8686

4.6892
4.0943
3.2510
2.6301
2.0511
1.7637
1.4475
1.2044
1.0044
0.9147

0.0482
0.0992
0.2003
0.2935
0.4083
0.5083
0.6204
0.7245
0.8042
0.8784

0.1972
0.3405
0.4799
0.5585
0.6305
0.6917
0.7515
0.8072
0.8548
0.9185

4.8535
4.6873
3.6833
3.0458
2.4730
2.1701
1.8501
1.5927
1.4335
1.5601

m=0.75 mol/kg m=1.0 mol/kg

0.0482
0.0992
0.2003
0.2935
0.4083
0.5083
0.6204
0.7245

0.2296
0.3607
0.5204
0.5923
0.6818
0.7551
0.8190
0.8909

5.8882
5.1232
4.3311
3.4971
3.1052
2.9827
2.7676
3.1061

0.0482
0.0992
0.2003
0.2935
0.4083
0.5083
0.6204

0.2485
0.4174
0.5595
0.6436
0.7304
0.7929
0.8581

6.5329
6.5051
5.0707
4.3466
3.9258
3.7034
3.6997

Fig. 6. Salt effects of LiBr for MTBE+methanol at 323.15 K with dif-
ferent salt concentrations.
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.,
0.2, 0.5, 0.75 %�� 1.0 m(mol/kg-solvent)
 �,
� #1 ��

323.15 K�D� �¤�� '(Ç�	�, �úM� ��w[  �+=

!g�-! =>,?1 é [ #$.

5. � �

ð ���D� +�� �@��  �� Ió T~©> t �mV

H.S.G.C� !��� á
¢ �¤� t �1 M��k MTBE+meth-

anol abA� T~©>� ³m� �¤�� t �� $'� üx G

A1 B�$.
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K : equilibrium constant

m : molal concentration [mol/kg-solvent]

P : total pressure [torr]

Pi : partial pressure of component i

R : gas constant [6.23356Q104 cm3ætorræmol−1æK−1]

T : temperature [K]

xi : liquid phase mole fraction of component i

yi : vapor phase mole fraction of component i

���� ��

αij : relative volatility between component i and j

γi : activity coefficient of component i
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