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���� ���� 	
�� 
�� π-complexation� ��� � �� �
�� �������� �� ! "#$% $

&�'(. )� *+ "#, -.� 
� Cahn balance% /0�'�, 1*+ "#,� -.�� 
� 234� 10�'(.

)� *+� 5� 298.15 K, 323.15 K, 353.15 K 6�� 78 0-5,100 mmHg 9
�� -.�':;, 1*+� 5� 298.15 K,

323.15 K 6�� <= 78 900 mmHg�� -.�'(. �>� )�*+ "#,� Langmuir?:@� A BCD � �E�,

���� )�*+ "#,� Toth?F G�"#HF IJ"#H� �KL Langmuir+Unilan, Langmuir-FreundlichMN1 A

BCOE(. PH QR .�S TS�� UV �> W ���� "#X1 YZ�� � � �E(. "#X, 1*+[ "#\5

]� [
�� 
�^ Langmuir-Freundlich, Toth? W IAS MN� /0�'(.

Abstract − To produce high concentration of ethylene, new adsorbents were synthesized by incipient wetness method of

AgNO3 on aluminosilica. Cahn balance was used to measure pure isotherms of C2H6 and C2H4, and volumetric apparatus was
used to measure C2H4-C2H6 binary isotherms. Adsorption isotherms of pure gases were measured at 298.15 K, 323.15 K and

353.15 K, pressure ranges are from 0 mmHg to 5,100 mmHg. Pure ethane isotherm showed good agreement with Langmuir isotherm

and pure ethylene isotherm showed good agreement with Langmuir-Freundlich and Langmuir+Unilan isotherms which were
derived from considering physical site and chemical site. The decrease in heat of adsorption of ethylene with increasing the

coverage was observed and the same result in case of ethane. Langmuir-Freundlich isotherm, Toth isotherm and ideal adsorbed

solution(IAS) model were used to calculate isosteric heats of adsorption, and also used to predict binary isotherms.
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1. � �

��� ���� �	
 �� 
����� ���, ���� � �

�� �� �!� "#$ �%�� � &'� () *+, -./0.

12/ ���	
 3�45 �6, 78
� � 79�:; <9 =>

? 8@ :A�%� BCD9 %: EF �G��� �, H@IJ K

LMN OPQ3 B0.

RS �@ TUVW X�V ��F YZ
�W 
�[��D \] *

+, ���% * ^_/0. PN _`a b�c�%/_ �d efg

hiMN 7[Q3 BF �jk
 YZ
� :; * l
 mn o�^

p qr :;7[9 �s8@N t Q3 B0. u� v 
QC BF

wxyz� 9, �d/�jk ���%
 248.15 K{ 16,500 mmHg

(2.306 MPa)9 A|n +^F ��� 0}~�%J�(3.02�1013 kcal/

year, USA), /F �@ TUVW /� vi^F X�V9 v��?�\

~�^� �./0[1]. �fD TUV/X�Vn ��^� �, 0� �

��	/ '� ��QC�3 BMp � * �����	
 \] Z�

, �	/0.

Danner{ Choi[2]F 298.15 K, 0-1,200 mmHg9 A|�D 13X��

�(Linde Molecular Sieves Type 13X, 1/16in. pellet, 20 wt% binder)�

��:N t cD �jkW �d� �, ����� ̂ �3, Wu <[3]

/ Ag+-amberlyst 35(36.5% DIE)� ��:N t , ��� ̂ �0. /

� v ��:� ~�^q � � 13X ���F 760 mmHg�D �j
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k 2.67 mmol/g, �d 2.09 mmol/gn ��Mp Ag+-amberlyst 35F �

jk ���/ 1.48 mmol/g/3, C2H4/C2H69 ��~F 6.4� _a�

�0. / ��:F �d� �, �jk5�9 ���F e�� �� �

����\ �� ��n ��3 B0. Cho <
 AgNO3� �U/� �

 ¡¢ π-complexationn / ^q )£, �� �W ¤
 ����

¥/F ��:� >?^�0[4, 5]. π-complexation
 ¥¦ 4-15 kcal/mol

%�N 8����D PN §C_F van der Waals ̈¥0F ©^q T

UV� �c ¤
  �W )£, ��5n \ªW «¡� �¬S x��

y\¡­®_ ¯°n ±}¡¢D� ²�S π-complexationn ³n £ B

CD ²�, working capacity� Z�´ £ B0.

π-complexation G5n / , �����	9 ��F Honig </

Ag(I)_ Cu(I)� µ�^F  ¶n / c ¡�QC·0[6]. � ¸ �-3

'9 ��\ /¹C�3 BMp �º»� X�VMN-¼ TUV ��

� �^q >?$ ��:NF Ag+\ /x��$ Y-zeolite, resin ��

3 Cu(I)\ /x��$ CuCl/γ-Al2O3 <W ½/ PN Ag(I) _ Cu(I)9

m/x ��� 9cD �¾C¿ ��:¾/0[7].

À ��F �d/�jk ����� �, �s��ND Á¹ÂÃH�

Ä� �@N ^q AgNO3� � ¡¢ �Å ��:� �^q �dW �

jk 5�9 ��R5n ÆÇ¥È0.

 

2. � �

2-1. ������

�jkW Ag(I)_ Cu(I) t/9 π-complexation G5
 TUV9 2pπ-

ÉÊ �~�W Ë/º�9 ~C BF s�~�W9 Ì � 9, σÉÊ
W º�9 4d-�~�W ~CBF TUV9 2pπ* hÉÊ�~�9 Ì 

� 9c /¹C�F Í, 
�ÉÊMNÎ Ï (1)W ½
 \ÐIJ hi

/0. YangW Kikkinides9 ��� 9^Ñ π-complexation9 G5


84%9 σÉÊW 16%9 σ-π*ÉÊ� 9c /¹C¿0[8].

C2H4(g) + Ag+(s) Ò C2H4Ag+(s)  (1) 

��9 \] O�, ÓÔ
 �� ��O9 vÕÖ / ×3 Ø§,

��ÙÑ�D9 Ú-��/�F \% ^� Û?,0. �ÙIMN O�

, ÓÔJ Langmuir ��<x�
 /Ü \%n ÝÞMN ^3 B0. ̂

�� ßØ§, 3�ÙÑW ��$ �� t/9 vÕ Ö °
 ���

�µ� 9c É%$0. ßØ§, ÙÑ�D9 �� <x�
 Ú- ��

<x�W ��� �µ �£9 à� 9c �f{ ½/ Ùu$0.

(2)

x�\ §%´ � θt(p)F áâ��<x�/p θ(p, E)
 Ú-��<

x�/0. I�ãÐ ∆F ��/ \4, ÓÅ ��� ãÐn _aä0.

Ú-��<x�MN LangmuirÏn t ^q Ø§, ��� �µ�£�

I ^Ñ UnilanÏ/ Z�$0.

F(E) = (Emax−Emin)
−1 Emin< E < EmaxJ �)

F(E) = 0 (3)

� å9 �)

(4)

�d9 �) O�, LangmuirÏn t ^q ��<x�n cY´ £

B�� �jk
 ÙÑ �� ���9 ßØ§, �µ� 9c Langmuir

ÏMNF ��<x�n Ùu^�\ æ� ç0. è�D �jk ��<x

�9 �) :A$ ��:� Ag+\ � $ -�W �é� ç
 -�M

N _êC Ï (4){ ½/ Langmuir+Unilan Gë9 ì5ÓÔ/_ Toth

ÓÔn t ^q cY^�0. UnilanÏ9 qmc, bc, s\ 8�I 9Â� \

�� �cDF 0� í£¾n :,^q! ,0. d
£}9 8���§

�) «§, d} £� \�F TUVW X�V� �, LangmuirÏ9

v£ î
 ®9 ½
 în \�ï $0. è�D Langmuir+Unilan ì5

ÓÔ�DF �d9 Langmuir ��<xÏ�D �, X�Â¼� ì5Ó

Ô9 Langmuir X�Â¼N t ^p _ð� v£F HñîMN-¼ �

´ £ B0. TothF �ñIMN 0ò Ïn Z�^�0.

(5)

Ï (5)�D b{ n
 x�9 �£/p, bF ��ó
°, n
 �����

9 ßØ§5n _aä0.

~ô TothÏ/ �ñÏ/�� LangmuirÏ� ��� �µ �£� I 

^q /õIMN Z�\ \4^0.

2-2. ��� ��

¬£5� ��<x�MN-¼ /5�9 ��öGn ÷ø^F ù
 �

�bÐ���9 �ú ûÙ�0. À ���DF Myers{ Prausnitz\ :

ü, /v��v /õ(IAS)n / ^q /5�9 ���n ÷ø^�0

[9]. Raoult’s lawN-¼ /v��v /õ9 Ï/ Z�$0.

Pyi = Pi
0(Π),  i=1,..., N  (6)

q�D ΠF /oý ̄ °n _a�p Gibbs ��<xÏMN-¼ %9$0.

,  i=1,...,N (7)

¬£5�9 ��� q i
o(P)F Hñ�D '[QC�3 §%, Π{ T�D

á��� qt� �´ £ B0.

(8)

E 0� KLMNF :A$ ��:�D @[
/ �[$ þ
 �jk

�/ π-complexation� G5^3 _ð� -��DF �dW �jk/

�ÿ��n ,03 \%�MNÎ 0òW ½/ ��öG�n _a� £

B0[5].

(9)

(10)

� Ï�D qcF π-complexation G5� è� ���n _a�F �M

NÎ, q�DF Unilan Ïn I ^�0.

2-3. �	 
�

�� ��F ��: �-N-¼ ¾C{ �� �MN �[^q vÕÖ

 / ©, ����D-¼ ��Q� ¡Öc ¬oIMN ��Ñn �Z

^� ¡Ö,0. Ï (11)
 ��:� �GMN \%´ � Fick9 :1L�

� 9c Z�$ �[ÓÔ/0.

(11)

θt p( ) θ p E,( )F E( )dE
∆∫=

q p( ) qmp
bpP

1 bpP+
----------------

qmc

2s
--------

1 bce
sP+

1 bce
s– P+

-----------------------
 
 
 

ln+=

 s;
Emax Emin–

2RT
------------------------- bc b∞exp E

RT
------- 

  E
Emin Emax+

2
-------------------------=,=,=

q qm
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1 n⁄
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RgT
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ΠA
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qi
o P( )
P

-------------dP
P 0=
P Pi

o=∫=

1
qt
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xi

qi
o pi

o( )
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i 0=

N

∑=
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1 bp i, Pi∑+
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*�L Hñ]�� / ^q ¡O� è� ���9 í
� ¦^q �

��� v£� �´ £ BF� /F ���n &'^3 �Ë^F� Z

 , �6\ $0. §hIMN ��v£� �^� �^q 3\� �^G

ë� 3	, �� ÓÔÏn t ^F� À ���DF ��:� �G

MN \%^3 ���� v£� �^�0. Ï (12)F ��:� �GMN

\%´ �9 �� ÓÔÏ/0.

(12)

3. � �

3-1. ��� �


�d/�jk ��  ��: :A� �c Á¹ÂÃH�Ä ���� t

 ^�0. Á¹ÂÃH�Ä ���� 473.15 K�D |AW%n ®ó ¸

§% m9 @[
  ¶MN � ¡¢ 0¡ 24¡O «ü @}N 
�^

ÑD 2o b��W%n ®� ��:� :A^�0. :A$ ��:9 8

�I R5n �Y^� �^q ASAP 2010(Micromeritics Co.)�Y��

t ^�0. @[
/ � $ ��:F Á¹ÂÃH�Ä ���� ~c

BET ÙÑI � ��-
\ ®9 �hMN ��Mp, öØ ��e�F

ÍO y\^�F� /F Ag+/ � �� è� Â���/ ��Q� �

./0. Table 1� �YÉW� _a��0.

3-2. ��� ��

��  ��:ND Ag+\ � $ Á¹ÂÃH�Ä ��:� �, ¬

£5� ��� ø%�F *�LMND Cahn 1000(Cahn Instruments

Inc.)n t ^�0. Í 70 mg %�9 :A$ ��:� Cahn balance�

T	 �
 ¸ 433.15 K�D He ��� �	PÑD 8¡O «ü �7^

�0. �7 ¸ 298.15 K, 323.15 K ��3 353.15 K�D ¬£5� �

��n ø%^�Mp, / � ø%$ ¯° ��F 0-5,100 mmHg/�0.

/5���� ø%n �c -
Ln / ^�0. Reference cell� �w

Í��5�J �dn P�, ¸ sample cellW öG� ��¡� ¸ �

d9 A5n �q _\ÑD �jkn P�^q öG¯°n Z�¡�0.

Sample cell9 ¯°W G.C.N �Y, ��9 í
\ ×MÑ öG� �

�, ùMN ��^�0. Fig. 1� *�L � -
L Hñ]�� _a�

�0.

4. �	 
 ��

4-1. ���� ��

Table 2�F .�� ¥3$ �dW �jk9 ���n ~�c ¥È0.

:A$ ��:F /Â .�v� ?Ù$ CuCl/γ-Al2O3, Olesorb-1(AgNO3/

clay-B), AgNO3/clay-C ¥0 �jk� �^q 1 ¤
 ���n _a�

�0. ��3 x�\ 298.15 K�D 353.15 KN y\´£ô �jkW �

d9 ��� ~\ 7.99�D 11.40MN y\^�0.

Fig. 2�F x�� è� �dW �jk9 ��<x�n _a��0.

��� _a  Ý{ ½/ �jk9 ���/ �d9 ���� ~c v

!S lòn Á £ B0. 8����� 9"^F �d9 �) @[
/

� QÑ BET ÙÑI/ Í 68% ±}(Table 1#A)̂ q �d/ ��´

£ BF ��ÑI/ ±},0. hÑ �jk
 � $ 
/xW π-

complexation� G5^� �.� @[
 � � 9, ÙÑI ±}��

ß�^3 ¤
 ���n _a��0. ��
 ?bhi/$N x�\ y

\�� è� �dW �jk9 ���/ Ó� ±}�n Á £ B0. ¯

° 955.6 mmHg�D x�\ 298.15 K�D-¼ 323.15 K{ 353.15 K

N y\´£ô �d
 298.15 K�D9 ���� ~c Í 40.45%, 71.32%

±}^p �jk9 ���� Í 23.30%, 46.26%\ ±}^�0. % �

jk¥0 8����� 9"^F �d9 ���/ 1 l/ �C&n �

q
q∞
------ 1 6

π2
----- 1

n2
-----

n 1=

∞

∑ n2– π2τ( )exp–=

Table 1. Physical characteristics of aluminosilica substrate and prepared adsorbents

Materials g-AgNO3/g-substrate Average pore diameter* (Å) B.E.T. surface area (m2/g) B.J.H. adsorption cumulative pore volume (cm3/g) 

AlSG (aluminosilica) nil 28.76 698.14 0.43
Ag+/AlSG 0.6 32.96 268.40 0.22

- Analysed by N2 with ASAP 2010 (Micrometrictics Co.)
*B.J.H. adsorption/desorption average pore diameter.

Fig. 1. Schematic diagrams of adsorption experimental apparatus; (a) Cahn balance, (b) Volumetric apparatus
HWAHAK KONGHAK Vol. 41, No. 6, December, 2003
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J^�0. /r, ÉWF 8���W π-complexationdm ��{ "#Q

C B0.

¬£5� �d9 ���
 LangmuirÏMN� ' ÷ø´ £ B�Mp

µ
��� qm î
 �dW �jk Ó� x�\ y\^Ñ ±}^F �

(n _a��0. �jk9 ��öG�
 Langmuir ÓÔ¥0F öGv

£\ 3>J Toth öGÏW ��Ñn 8���Ñ � Ag+\ � $ ÑMN

_êC �5, Langmuir+Unilan ì5ÓÔ/ 1 ' ÷ø^�0. Langmuir

ÓÔ9 �) 96%-99%9 %��� ¥/F hÑ TothÏ, Langmuir-Freundlich

Ï ��3 Langmuir+UnilanÏ
 ÓÅ x� ���D 98 %/v9 %�

�� _a��0. / � Langmuir+UnilanÏ9 �) 8����9 v£

F �dW «§^ï &%^q 0� v£ î¾/ 8�I 9Â� )ï ^

�0. �jk9 �) π-complexation� 9, 
���/ )�^� �.

� §hIMN qmc\ qmp¥0 1 ep sF ��N 1¥0 * în )F0.

4-2. ���

Keller <[1]
 £ ¶ vë�D AgNO3� �jk/ ��´ �) �

�b/ 4.8-6 kcal/mol %� ?7,03 ̂ �F� /F Ag+{ P�9 £


8 /xO9 vÕÖ / §-� �q^� �./0. Yang <[8]


Ag+/resin� �jk/ 0.1 mmol/g ��^�n � ��b/ 10.0 kcal/mol

/�3 ?Ù^�3, Park <[5]
 �jkW AgNO3/clay-CO9 ��b/

5-12 kcal/mol %�/p �d9 �) 4-6 kcal/mol %��3 ¥3^�0.

è�D TUVW9 π-complexation G5� 9, ��b
 AgNO3P�9


�I ��, +�9 5� ��3 �AI R5� è� í�n Á £ B0.

Fig. 3� �dW �jk9 < ��bn _a��0. ��b
 ¬£5

� ���n ~�I ' ÷ø^F Langmuir-FreundlichÏn Clausius-

ClapeyronÏ� ��^q �^�0. �jk
 Í 8.8-15.8 kcal/mol9 �

�b/ ?7^�3 �d9 �) Í 7.4-8.5 kcal/mol9 ��b/ ?7^

�0. AgNO3/clay-C ��:�D _a  �dW �jk9 ��b ¥0

Ó� ÍO ¤
 £�� _a�3 B0. /F @[
9 � �W �[G

ë � �@n �5^F 8@9 R5 �./�3 cY$0. :A$ ��

:F s� ���D �jk
 Í 15 kcal/mol9 ¤
 ��bn _a�

0\ �jk9 ���/ Í 1.6 mmol/gn sW^Ñ ��b/ �dW ®

9 «§^ï QF� /F 
/xW9 π-complexation9 ��\ 8��

� ��{ ®9 Zt�n 9Â,0. �� 
/x! Í 0.7>9 �jk

��\ ÉÊ^�n � �d9 ��bW ®9 ½�¿0. è�D �jk

9 �) µ
���9 Í 70%\ 
/xW π-complexation� �w G5

^q ��^3 � , _ð� 30%F π-complexation G5¥0 8���

� 9"´ ùMN cY$0.

Table 2. Comparison of adsorption capacity of the present work with literature data

Adsorbent T (K)
Adsorption capacity at 760 mmHg (mmol/g) Pure gas adsorption selectivity ratio

Ref
C2H4 C2H4/C2H6

Ag+-Amberlyst 35 (36.5% DIE) 298 1.48 6.4 ref. 3

0.4 g-AgNO3/g-clay-C 283 1.44 10.3 ref. 5
298 1.26 11.4 ref. 5
313 1.08 13.5 ref. 5
333 0.96 16 ref. 5

CuCl/γ-Al2O3 298 0.72 7.7 ref. 6
333 0.48 9.5 ref. 6

Olesorb-1 (AgNO3/g-clay-B) 303 1.17 8.6 ref. 10
333 0.85 10.6 ref. 10

Prepared Adsorbent
298 1.81 7.99 present work
323 1.36 10.25 present work
353 0.94 11.40 present work

Fig. 2. Adsorption isotherm of C2H6 and C2H4 on prepared adsorbent.

Fig. 3. Isosteric heat of adsorption of C2H6 and C2H4 on prepared
adsorbent and heat of adsorption of C2H4 with C2H4/Ag+ratio.
���� �41� �6� 2003� 12�
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4-3. ��� ��

Fig. 4{ 5� �dW �jk9 /5� ��öG� � /v��v /

õW �]G LangmuirÏn / ^q ÷ø, ��öG�n �- �¡^

�0. PC¿ x��D �v9 �d A5/ ±}´£ô �jk9 ��

�/ ./S y\�n Á £ B�F� /F �dW �jk9 �ÿ��

¡ 
/xW π-complexation� G5^F �jk/ )�^� �./0. �

d9 A5/ 1§ � �d
 ��� ÙÑ�� ��� 
/x ��� ��n

^ï $0. �  ̧�jk/ 0\QÑ 
/x
 �jkW π-complexation

� G5^ï Q3 � ÉW �d
 ��^ï $0. IAS/õ
 /Ü �ÿ

��/ ��: Ë ÙÑ�D «§^ï /¹Cªn Ë:N ^3 B� �

.� ©��5�J �jk/ Aº� "�^q� �d9 ���/ ./

S �C1F ùMN _a 0. ~ô IAS-LangmuirÏ/ /5� * �d

5�9 ���n ~�I ' ÷ø^3 B��, /r, ÉWF ¬£5�

9 ��� ÷ø�D LangmuirÏ/ w¯-�9 �jk ���n H:

¥0 Iï ÷ø^� �./0. h�N �jk9 A5/ 1� 23´£ô

IAS-LangmuirÏ/ ' ÷ø^F� /F 900 mmHg�D ¬£5� �j

k9 ���n H: ���¥0 lï ÷ø^� �./0.

UnilanÏn / , �]G Langmuir+Unilan ì5ÓÔ
 �jk9 �

��n ~�I ' ÷ø^��� �d9 ���
 HñW l
 o/�

¥�0. /F �dW �jk9 8���v£\ ½3 �d
 AgNO3/

�[$ ÙÑ� ��^� çF0F \% �./0. /N JcD �jk

/ ®9 "�^� çF A5ãÐ�D �d ���9 ./, ±}uv

n &4^�F C50.

/5�HñMN-¼ @[
9 �[ %�� Z6´ £ B0. /õIM
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Fig. 4. Binary equilibrium of C2 on prepared adsorbent at 298.15 K and

900 mmHg.

Fig. 5. Binary equilibrium of C2 on prepared adsorbent at 323.15 K and
900 mmHg.

Fig. 6. Adsorption and desorption isotherms of C2 on 0.6 g-AgNO3/AlSG
and AgNO3/Clay-B at 323.15 K.
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Table 3. Adsorption isotherm parameters of C2H6 & C2H4 on prepared adsorbent

Adsorbates Adsorption isotherms Parameters 298 K 323 K 353 K

Ethan Langmuir qm (mmol/g) 0.3851 0.2922 0.1608
b×103 (mmHg−1) 1.4406 0.7761 1.5060

Rsqr (%) 0.9773 0.9909 0.9614
Toth qm (mmol/g) 3.238 0.877 6.413

b (mmHg−1) 0.03118 0.001295 0.5817
t 0.1641 0.3315 0.09944

Rsqr (%) 0.9992 0.9970 0.9919
Langmuir-Freundlich qm (mmol/g) 0.8682 0.465 0.4297

b×102 (mmHg−n) 1.266 0.3541 0.4339
n 0.465 0.6686 0.496

Rsqr (%) 0.9980 0.9979 0.9830
Ethylene Langmuir qm (mmol/g) 2.298 2.087 1.743

b×103 (mmHg−1) 7.771 3.243 1.866
Rsqr (%) 0.9681 0.9716 0.9688

Toth qm (mmol/g) 3.481 4.320 15.37
b (mmHg−1) 0.1397 0.04613 0.1571

t 0.3157 0.2755 0.145
Rsqr (%) 0.9994 0.9984 0.9984

Langmuir+Unilan qmp (mmol/g) 0.3851 0.2922 0.1608
bp×103 (mmHg−1) 1.4406 0.7761 1.5060

qmc (mmol/g) 4.244 3.002 2.787
bc×103 (mmHg−1) 0.1630 0.5937 0.2575

s 8.237 4.864 4.466
Rsqr (%) 0.9989 0.9998 0.9911

Langmuir-Freundlich qm (mmol/g) 3.494 3.151 2.678
b×102 (mmHg−n) 7.475 2.879 1.4996

n 0.3976 0.4933 0.5458
Rsqr (%) 0.9989 0.9989 0.9974

Table 4. Diffusion time constant of ethylene and ethane in prepared adsorbent

Adsorbent Adsorbate
Pressure step

(mmHg)

Dc /rc
2 (min−1)

Ref
298.15 K 323.15 K 353.15 K

Prepared adsorbent C2H4 260 → 530 0.0536 0.0625 0.0777 Present work
C2H6 260 → 530 0.1236 0.1588 0.2422

Olesorb-1 (AgNO3/g-clay-B) C2H4 - 1.74×10−2 (at 303 K) Ref. 10
C2H6 - 3.60×10−2 (at 303 K)

Ag+-resin C2H4 0 → 76 6.18×10−3 - - Ref. 11
C2H6 0 → 76 6.42×10−3 - -

CMS C2H4 0 → 76 1.13×10−3 - - Ref. 11
���� �41� �6� 2003� 12�
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θ : fractional loading [−]

A : specific surface area of adsorbent [m2/g]

E : interaction energy between solid and adsorption molecule [Kcal/mol]

b
�

: affinity constant at infinite temperature [mmHg−1]

b : affinity constant at given temperature [mmHg−1]

T : temperature [K]

Rg : gas constant [J ·mol−1· K−1]

P : pressure [mmHg]

Pi
o : pure component pressure of ith component at spreading pressure

of mixture

qm  : saturation adsorbed amount [mmol/g]

q  : adsorbed amount [mmol/g]

n  : parameter in Toth and Freundlich equation

Π  : spreading pressure [mol/g]

s  : heterogeneity parameter in Unilan equation

x  : mole fraction at the adsorbed phase

y  : mole fraction at the gas phase

Dp  : pore diffusivity [m2/sec]

rp  : particle radius [m]

t  : time [min]

τ  : dimensionless time [−]

����

c  : chemical term

p  : physical term

i  : component i

t  : total

����
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pressure step: 230 mmHg→→→→ 530 mmHg.
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