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Abstract − Adsorption isotherms of ethane and ethylene at 283 K, 298 K, 313 K, and 333 K, and binary adsorption equilib-

ria at 298 K and 313 K were measured on an AgNO3/clay adsorbent. Since ethylene forms π-complex with mono valent silver

ion, the amount adsorbed of ethylene on AgNO3/clay adsorbent was larger than that on bare clay adsorbent while the amount

adsorbed of ethane was smaller. Pure component adsorption isotherms of ethane were fairly well fitted even with the Langmuir

model and those of ethylene were well fitted with the Freundlich model or a model accounting for both physisorption and

chemisorption. Heats of adsorption of ethane and ethylene decreased with the increase of the amount adsorbed. Remarkably,

the heat of adsorption of ethylene was similar to that of ethane above 1.2 mmol/g. Though the binary adsorption equilibria

showed that ethane was adsorbed not only on the bare clay surface but also on silver nitrate, amounts adsorbed of ethylene and

ethane were well predicted under the assumption that ethane and ethylene are competitively adsorbed on the bare clay surface

and only ethylene is chemically adsorbed on the silver nitrate.
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5� 678�. 9: �!2 ���, *3�� ;<*3� 0�� �

� ��=, > ?@, AB CDE F�� G� HI� �!2 ���

, *3J K+ 100L �A, MNO�( −25oC, 320 psig 5E�( P

QR�. ST( > ?@, *3� �� �UV� WX�� ��. Y Z

2 �!2 ���, *3 �UVJ [\ 6 �� ]6*345, ^*3

45, ]_*345 `2 a� Bb 45, cD� Vd0e f;, B

A� �� ��.

]_*345g ��R �!2 ��� *3, hi, �j, ]_	�

�!�" ���� BR klE� Amn op( �UV WX� ��

qrR sGg tuv R�[1]. wx�� ]_ *3 45, yz {Ag

K�| }~� y*2 �d���, �-_�b �y�3J ���| }

~� klyg {A�� ]_	� BR /�� �� 6��� ��.

Carter ̀ [2], Huang[3], Y3� Yang2 Kikkinnides[4]� 	}T�� Na-A

� Na-X� ���� �� Na+ ��g Cu+, Ag+, Y3� Cd+ ��1 

��R }~� kly ]_	J 	s���. Y�" � ]_	�� �

����( ��� ]_c�2 �_ �, ��9A� I	� ���.

Cheng2 Yang[5]� CuClg γ-alumina, clay ̀ � ��R ]_	J, Padin

2 Yang[6]� AgNO3J SiO2, MCM-41, γ-alumina� *
R ]_	J

cD���. �� ]_	 �@�� �� �6V� ���g ��R ]

_	� BR /�E �� 6����= Hirai `[7]� p¡¢�J �£

¤3¥�� 6V� AlCuCl4, AgAlCl4J ���| ��� klEJ M

��¦V§ ]_��� G� ]_dE� ¨© Lª� ���. Yang2
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Kikkinnides[4]� Amberlyst 15, H+J Ag+ ��1  �� � R ]

_	J cD��1- Wu ̀ [8]� �� �6V Amberlyst-35, fz�

� j:�� H+J Ag+ ��1  ��R ]_	J cD���.

Cho ̀ �[9] AgNO3J «~� �@� *
�| �j, π-_�b �

yg ��R ]_	� X+ ��� klE ¬ ]_���( i6R ]

_	J k­��. π-_�b �yg ��R ]_	J ®	 A¯01 

°���± ² H 45, ³´" PQg K+(� µ6 y* ]_¶�

·§ p¸T �y* ]_� BR 5¹R ¶� ±º� .»��. ¼ /�

� «~� �@� AgNO3J ��R ]_	� BR �!, ���, µ6

y* ]_¶�2 �y* ]_¶�� BR ½��. µ6 y*2 �y*

¶� ®¾g ¿�| ���2 �!, ]_Ày� B+ Áp­�± �-

ÂR ��R ]_ÃÄg 0��| �y* ]_ ¶�g Å ÆÇ² 6 �

� ÃÄg EÈ�| ®	 45 ³´� .»R ±ºJ 	4��± R�.

2. � �

Ag+ ���" Cu+ ��� *
8 ]_	�( }~� *±, É ]_

�� �@  Ê��� ]_	� BR ?3]_2 �d ��2 }~�

*±, π-_�b �y� ,R ËR ��]_, �1  "$Ì�. ��

� *±� ��� Ê�, ËR π-_�b� �Í, ��0e 7°, Z

2��.

(1)

K 7°, ¶� A6�

(2)

  "$Ì�. ÎÏ� Ð\R ]_	, hi K 7°, Z2� S� ]

_ `�k� LangmuirÑ1  "$Ì�. 	}T��� ���g ��

�� hi ���� ���� Ò*, �h� Ð\�� HI� ���

2 �d��Ê�, ]_�UV� Ð\�| Langmuir ¶�Ñ1  π-_

�b �y� S� ]_g +�² 6 ��[4]. �V§ ÎÏ� ÓÐ\ ²

hi K 7°, Z2  "$"� ]_`�k� Langmuir ¶�Ñ1 

� 5¹�� Î9� �VÔ��. Unilan, Freundlich, Y3� Langmuir-

Freudlich Ñ`� ÓÐ\R ÎÏ�(, ]_ tÕg ÆÇ�� K�|

±� Ê��� Ñ�e= Y �Ö� p&� a� ��£�.

Unilan: (3)

Freundlich: (4)

Langmuir-Freundlich (L-F): (5)

UnilanÑ�( , σ� ×× ÎÏ�UV, 
Ø¶Ð2 *
g "$Ù�.

ST( A6 s� ]_	, �UV ÓÐ\yg "$Ú� VÎ  0\ h

i�� K `�k� Langmuir Ñ� 8�. Unilan Ñ� ]_	, ]_�

UV *Û� \5�� × ]_Ê���(, ]_¶�� Langmuir �Ö

  ��@ hi �Ü01  �E�- Freundlich Ñ2 L-FÑE ®¾0

1  Ý�£ Ñ�V§ ]_	� À5 ]_�UV *ÛJ �V� hi

�Ü01  �E� �z��. ���� *
�V Ô� ]_	 ÎÏ�(

, ���, ]_�� Langmuir Ñ1  Å Î9� 8�Ï ?3]_2

��]_ Ê��� 4j�� ]_	� BR ���, ]_�� �Í2

a� "$Ì�.

(6)

K Ñ�( qc� ��]_� ,R ���, ]_�g "$Ú� ½1 

Unilan, Freundlich, L-F Ñ`� 0��z��.

§\ π-_�b �y� S� ]_�g Unilan Ñ1  "$ÚÏ ]_

ÃÄ, Qb A6� 5c� 8�. ST( Þ c, A6J �5�V Ô1

Ï ?30e ,¡� �� A6�g ���� ß��. @
�� *
�

V Ô� ÎÏ�( ���2 �!, ]_� t, BÒ* ?3 ]_� ,

+ �à�V�= > y*, ?3 ��0 y@� �Ê�� HI� ��

�, ?3]_ 5E� �!2 t, �Ê² ½�á  a� ?3 ]_A

6J Ê�² 6 ��[4].

2-1. ��� ��

µ6 y* ]_¶� Z2§1  �y*´ ]_� BR ÆÇ� �zR

ÃÄ � ¹�� Langmuir ÃÄ, �A]_A �Ü`� ��. �A]_

A �Ü� Myers� Prausnitz[10]� ,+ 	â��1- �y*´�(�

p&, Ñ1 Òã ×y*, ]_�� �+£�.

(7)

(8)

(9)

(10)

���� ��8 ]_	�( �!� �  ���� *
�V Ô� «

~� ÎÏ� ]_� �à�V� ���� ���2 π-_�bJ �y�

� ?Ü «~� ÎÏ�E ?3 ]_R�. Y�á  ?30e ]_� �

à�V� «~� ÎÏ�(� �!2 ���� hä01  ]_�� @


�� *
8 ÎÏ�(� ���§� π-_�b �y� ,+ ]_� 8

�Ï > y*� BR ]_ ¶��� �Í2 a� "$å ½��.

(11)

(12)

K Ñ��( «~� ÎÏ� BR �!2 ���, ?3]_� Extended

Langmuir Ñ1  "$æ 6 ��� �5���. «~� ÎÏ�( �!

2 ���, ?3 ]_A6� a�Ï �y*´�( �!, ]_�� �

!, ç *è� ST k�01  M��� �Ag ­\ ½��. Y�á

  �y* ]_¶��( Ý�£ ®¾ Z2 Òã «~� ÎÏ�( �

��2 �!� ®	 a� ?3 ]_ A6J �V�V Á 6 �g ½��.

3. � �

3-1. ���

�!/��� *3� ]_	 	sJ K+ «~� �@(8-12 mesh)J 


é3� 1Fês25g të ì ¤3í­î��6VJ ���¦�. �*

±é38 «~� VVbJ ®��( @
��ï(«~� 1 gm @
�

0.4 g)2 ð��| ñ*R òó�� ì wô01  @W�bJ õö�Ï

( 200oC�( �)ês ���. Ê�R «~� �@2 ��é3R ]_	

� BR �4*Û, ¶Ð�4%�, ÎÏ0, Y3� �4Ò÷ ̀ � BR ø

�J ¹e�� K�| @W  77K�( ASAP 2010 *��(Micromeritics)

J Ê��| *���� Y Z2J Table 1� "$Ú��. @
�� «

~� �@� ��25g t�� ST ¶Ð�4%�� Gp@ ·§ p

C2H4 g( ) Ag+ s( ) C2H4Ag+ s( )⇔+

Kp

aC2H4Ag
+

aAg
+( ) PC2H4

( )
-----------------------------=

q
qm

2s
------ 1 bpes+

1 bpe s–
+

---------------------ln  b bo
ε

RT
------- 

 exp  s 3σ
RT
----------=,=,=

q Kpn=

q
qmbpn

1 bpn+
----------------=

ε

q
qmpbpP

1 bpP+
----------------- qc+=

PYi pi
o Π( )X i=

Π1 Π2  Πi
qi

p
----dp

0
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∫==
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qt
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---------------+=

qi qt X i×=
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¸T �4Ò÷ �� Ë ù71  [�1-, B.E.T. ÎÏ0 �� ù7�

�  úW���. 

3-2. ��	


�!2 ���, µ6 y* ]_¶��2 �y* ]_¶�� Fig. 1�

­e Ò÷û ]_ ¶� ��J Ê����. µ6 y*, ]_¶� Ç5

�� reference cellü� ³�8 �5ýE MKS 590 ��´J Ê��|

��g Ç5��1- sample cell, �E� þ� 6sJ ���| sù

���. ¼ /�� Ê�8 ]_	� 180oC, £4(10−6 torr) �( 10�

� �Aÿ �_�| ��J Ç5��1- �J ]_¶� ®¾��,

sample cell� ���. ]_¶� Ç5� Ê�8 ]_@ � ���(Air

products & Chemicals., 99.7%), �!(Air products & Chemicals., 99.5%)

g Ê����. ]_	J ñ£R ì�� �µE ��g ���| sample

cell, Ò÷J Ç5���.

µ6 y*, ]_ ¶�®¾ �û� 3� ��J �x AÖ�( 1� �

�J )�( �¥J �	R �Í ��2 �EJ �
�� 3� ��J

)�( sample cellü1  �¥J �	R�. ��� V�� ST ��,

ø�� 0�V- ((n ¶� ��� E�R�. 10*� sample cell,

��ø�� 0.2 mmHg ��� �Ï ¶�� E�R ½1  �����.

¶� ��� E�R �Í reference� samlpe ü, ��2 �EJ �


R�. R ���(, ®¾� 
º�Ï 3� ��J �x� reference cell

� �� �¥J �	�� K, µ(J ���R�. �� a� �ûg 7

q�| ��� ]_���V ]_¶�®¾g 6����.

�y*, ]_ ¶� Ç5� µ6 y*, ]_ ¶� Ç5�û2 t,

Õ\�- LV ¶�� E���g H sample cell ü, �EJ G.C.J

���| *�R�� ª�( s� ���. �y* ]_ ®¾� ��£

��(900 mmHg)�( �!g �� ]_�� ¶�� E�R �Í �!

, ]_�g ��� Y � \Ò*g £4AÖ, reference cellü1  �

_���. Y� �Í µ6R ���g ��� Qb ��� Ý�V� s

�ÿ �	R�. Sample cell ü, ��� ��� ���( â5��Ï

G.C.J ���| sample cell ü, �EJ *�R�. � �E� ���

�K Ú�( ø�� �1Ï ¶�� E�R ½1  �����.

4. �	 
 ��

4-1. �� �� ��
� � ���

Fig. 2� @
� �g �� ��� K+ Ê�8 «~� �@2 @
�

g ��R «~� ]_	� BR �! ¬ ���, ]_ `�kg X 

���. Fig. 2� ­�� ½é� «~� �@�( ���, ]_�� �

!, ]_� ­� s� �� ½g � 6 ��. �� ���, *�y

(polarizability)� �!, *�y­� s� %� HI��[4]. Langmuir

¶�Ñ1  × «~� �@� BR ]_¶��g Å ÆÇ² 6 ��1

- �!2 ���, Langmuir ¶� A6J Table 2� "$Ú��. @


�� ��8 «~� ]_	� ��8 @
�� ���2 kl01 

π-_�	J �y�� HI� µ6 «~� ]_	�(­� Amn � �

�� ]_�g ­e�. ��� 7B  �!, ]_�� Ë 1/3  úW

�� ½g � 6 ��. �!, ]_� úW� 	s8 ]_	 XÎÏ0

, úW� \F0e �e� �1- Y� �Ó� @
�, *
� ,+

«~�ÎÏ� @
�1  �|V� HI� ?3]_� Å \�å 6 �

� «~� ÎÏ� [��� HI��. Y�" @
�1  �|£ ÎÏ

�(E �!, ?3]_� \�å 6 ��. Chen2 Yang[11]� �!2

���2, ]_�UVJ ¹�� Hückel ÃÄg ���| ´
01 

�R   ��= Y Z2� S�Ï �!2 ���2, Z�� ,R ]_

)� ���� X+ Amn GV§ ?3]_g \1��� ñ*�g ­

�� ��. �!, ]_� @
�� *
�V Ô� ÎÏ�(§ �à�

V�V !� @
�� *
8 ÎÏ�(E \�"�V� BR +�� �

y* ]_�( s� � "#­�± R�.
Table 1. BET surface area, pore volume, and average pore size of substrate

and AgNO3 dispersed clay

gAgNO3/g 
support

Average pore 
diameter(Å)

B.E.T. surface 
area(m2/g)

Pore 
volume(cm3/g)

Clay substrate nil 40.3 391.5 0.42
AgNO3/Clay 0.4 34.0 171.8 0.23

Fig. 1. Schematic diagram of adsorption experimental apparatus.
SV: Sample cell RV: Reference cell
PG: Pressure gauge TC: Thermocouple
V: Hand control valve

Fig. 2. Comparison of adsorption isotherms of C2H4 and C2H6 on the bare
clay and AgNO3/clay adsorbent at 298 K.

Table 2. Langmuir parameters of ethane and ethylene on clay substrate

C2H4 C2H6

qs(mmol/g) 0.73 0.72
b×103(1/mmHg) 1.57 0.857
HWAHAK KONGHAK Vol. 40, No. 4, August, 2002
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Fig. 32 4� 283 K, 298 K, 313 K, 333 K�( �!2 ���, ]_

`�kg "$Ú��. �!, ��� Ã> \70e ?3 ]_, hi�

$%�V  �E, M�� ST ]_�� úW�� ½� f&8�. �

!, hi ®¾ �E�( t, k�0e ]_`�k� Ý�'1-

Langmuir ¶�Ñ1  ]_ ¶�g Å ÆÇ² 6 ���. p&, Ñ1 

´
R ®¾�� ́ 
�, AB(F� Langmir ¶�Ñ, hi wB 5%,

L-F ¶�Ñ, hi 2% ��. �!� BR Langmuir ¶� A6� L-F

A6�g Table 3� "$Ú��.

ARD(%): (13)

���, ]_ ¶�� Langmuir ÃÄ­�� Freundlich ÃÄ�" L-F

ÃÄ� ®¾ Z2J � Å ÆÇ���. L-F ÃÄ, hi Ý�V� ]_

A6�� ?3]_, A6�� �V� h{y2 s� Õ)�£�. *

Û� ]_�g "$Ú� qm+� �E� }T�Ï( M��� h{yg

"$Ú�= �� wW ,-ûg ���| �R A6� ?30e ,¡

� Gp.g ,¡R�. ���, ]_�g ]_A6� 2ce Freundlich

¶�Ñ1  "$Ú�E ¶Ð AB(F 1.5% ��  Î9� �zR=

L-F ¶�Ñ� �­� ¶�A6J �" � �V� �� HI� �Ø01

 � s� � 5¹�� ���, ]_�g Î9² 6 �V§ ¶� A6

, ?30 ,¡� �� /�8�.

@
�� *
�V Ô� «~� ÎÏ, ?3 ]_þ2 π-_�b �y

� ,R �� ]_þg �V� ðy ÃÄ Òã ���, ]_�g Æ

ÇR Z2J Fig. 4� �0 "$Ú��. π-_�b �y� S� ]_�g

Unilan2 Freundlich Y3� L-FÑ1  "$æ H ¶� A6J Table 4

� "$Ú�1- � H ���, ?3]_ A6� �!2 Õ\�� ³

5���. ¶� A6, 6� 3ce Unilan Ñ, ¶�A6, 6� 2ce

Freundlich Ñ Ã> ®¾Z2J Å ÆÇ��V§ Freundlich Ñg Ê�

��g hi� ®¾Z2� (F� � 0Íg Á 6 ��.

Fig. 5� ]_�� S� �!2 ���, ]_�� S� ]_)g "

$Ú��. ]_)g ��� K�| �!2 ���� B+ ®¾ Z2J

�� Å ÆÇ�� L-FÑg 0����. �!, hi ]_)� Ë 4,000-

6,000 cal/mol 5E  ø��� ½g � 6 ��. ���, hi� �!

�(­� � � ]_), ø�� f&���= ���, ]_�� G

� hi�� Ë 12,000 cal/mol �A�� ]_�� 1.0 mmol/g �A�

(� Ë 6,000 cal/mol  [�1� ½1  "$2�. ���, hi ]

_�� 1.2 mmol/g �A�(� ]_)� Ë 5,000 cal/mol  �!, ]

1
N
----

qexp qcal–
qexp

----------------------- 100×
i

∑

Fig. 3. Adsorption isotherms of C2H6 on AgNO3/clay adsorbent.

Fig. 4. Adsorption isotherms of C2H4 on AgNO3/clay adsorbent.

Table 3. Adsorption model parameters of ethane on AgNO3/clay

Temp(K) 283 298 313 333

Langmuir qm(mmol/g) 0.538 0.577 0.490 0.673
b×103(1/mmHg) 0.468 0.315 0.281 0.131

ARD(%) 5.0 3.9 3.5 3.0

L-F qm(mmol/g) 4.03 3.90 2.74 1.34
b×103(mmHg−n) 0.261 0.140 0.133 0.0960

n(−) 0.741 0.804 0.827 0.935
ARD(%) 1.3 1.2 0.9 2.0

Table 4. Adsorption model parameters of ethylene on AgNO3/clay

Temperature(K) 283 298 313 333

Langmuir qm(mmol/g) 01.70 01.52 01.32 01.61
b×103(mmHg−1) 09.22 07.59 06.14 02.08

ARD(%) 05.8   14.8 09.5 09.8

Freundlich K(mmol/g mmHg−n) 00.260 00.180 00.117 00.0461
n(−) 00.257 00.294 00.336 00.458

ARD(%) 00.97 01.5 00.48 03.2

L-F qm(mmol/g) 04.55 06.63   10.76   23.20
b×103(mmHg−n)   44.4   23.9   10.0 01.87

n (−) 00.353 00.345 00.364 00.473
ARD(%) 00.15 00.6 00.51 03.3

Langmuir
+Unilan

qmc(mmol/g) 02.99 02.51 02.85 02.83
bc×103(1/mmHg) 00.585 00.822 00.262 00.292

s 06.23 05.68 05.61 03.99
ARD(%) 00.27 04.3 04.2 06.5

Langmuir
+Fruendlich

qmc(mmol/g) 00.305 00.203 00.131 00.0517
n 00.217 00.261 00.306 00.430

ARD(%) 01.48 02.6 00.9 02.9

Langmuir
+L-F

qm(mmol/g) 02.44 02.99 04.19   37.6
b×103(mmHg−n)   78.3   52.5   25.9 01.33

n(−) 00.404 00.375 00.375 00.439
ARD(%) 00.16 00.5 00.45 03.0
���� �40� �4� 2002� 8�
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_)2 t, �ÊR 6�J "$Ú��. * ���, ]_�� \5 5

E �A� �Ï ���2 ��� Ê�, π-_�b �y� Amn ��

8�. Fig. 5�� ��� R c� π-_�bJ �y�� ���, ¶Ð *

±6� S� ]_)g "$Ú��. ���2 Z��� ���, ��

?3]_þ2 π-_�b �y� ,R �� ]_þ ×× Langmuir ÃÄ
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Fig. 5. Heats of adsorption of C2H4 and C2H6 with loading(filled symbols)
and heat of adsorption of C2H4 with C2H4/Ag+ ratio(empty symbols).

Fig. 6. C2H4/C2H6 binary adsorption equilibrium at 298 K.
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Fig. 7. C2H4/C2H6 binary adsorption equilibrium at 313 K. Fig. 8. Selectivity of C2H4 over C2H6 on AgNO3/clay.
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ai : activity of component I 

αA/B : selectivity of adsorbent 

b : Langmuir and L-F constants 

Kp : equilibrium constant of π-complexation

K : Freundlich constant[mmol/g mmHg−n]

n : Freundlich and L-F constant

p : pressure[mmHg]

pi
o : the pressure of ith component gives the same

  spreading pressure of mixture[mmHg]

q : amount adsorbed[mmol/g]

qcal : amount adsorbed calculated[mmo/g]

qexp : experimental amount adsorbed[mmol/g]

qm : saturation amount adsorbed[mmo/g]

R : gas constant[J/mol K]

T : temperature[K]

X : mole fraction at the adsorbed phase[−]

Y : mole fraction at the gas phase[−]

Π : reduced spreading pressure[mol/g]

���

c : chemical adsorption or π-complexation 

p : physical adsorption
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