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Abstract

The characteristics of adsorption and desorption of benzene and toluene were investigated at a fixed bed packed with
the activated carbon and activated carbon fiber. Through breakthrough experiments under various feed concentration
conditions, it was found that the slope of mass transfer zone and the tailing in the breakthrough curves were different
from the feed conditions due to different heats of adsorption. In hot nitrogen desorption, the regeneration time and mass
transfer zone of the toluene desorption curve were longer than those of the benzene desorption curve because of the dif-
ference in adsorption affinity. With an increase in the regeneration temperature, the height of roll-up and the sharpness
of desorption curves increased but the regeneration times decreased. The adsorption capacities of the activated carbon
and activated carbon fiber after three-time thermal regenerations decreased about 25% and 37% for benzene and 18%
and 25% for toluene, respectively. To investigate the effect of the regeneration temperature on the energetic efficiency,
the characteristic desorption temperatures of toluene and benzene were investigated by calculating purge gas consump-
tion and temperature. 
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Fig. 1. Pore size distribution curve for nitrogen on (a) activated
carbon and (b) activated carbon fiber.
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Fig. 2. Schematic diagram of experimental system.

Table 1. Operating conditions for adsorption step on activated
carbon bed

Experiment no. Cin Temp (oC) P (atm) F (L/min)

AT0 4100 25 1.1 11
AB0 4100 25 1.1 11
AT0R 4100 25 1.1 11
AB0R 4100 25 1.1 11
AT0C1 1000 25 1.1 11
AT0C2 2500 25 1.1 11
AT0C3 6500 25 1.1 11
AT0C4 7100 25 1.1 11
AB0C1 1100 25 1.1 11
AB0C2 2500 25 1.1 11
AB0C3 3100 25 1.1 11

(A: adsorption, T: toluene, B: benzene, R: regeneration, C:
concentration, Temp: temperature)
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·� ³ê~ Î�ú" ÊFö &� �;[ �O
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~� �O2"�Fj áîb�, ''~ �O2"�Fj >~

'ª~� �Oïj �~&
. �r Î�ú~ ³ê 1000~8000

ppm(0.04~0.35 mol/m3)f ÊF~ ³ê 1000~5000(0.04~0.2

mol/m3) º*öB G;>îb�, Nêº 298 K�î
. ���

O»b� ��ê �Oï" ³ê¢ &æ� j¾ö ¾æÞ

Langmuir-Freundlich�b� fitting~� Î�ú" ÊF~ �O

β=V0/Vref
0

Vref
0

Fig. 3. Typical breakthrough curves of (a) toluene and benzene
and temperature profiles of (b) toluene and (c) benzene on acti-
vated carbon bed.

Fig. 4. Effects of feed concentration on (a) toluene and (b)
benzene breakthrough curves.
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ï;�Fj �~&b�, � Ö"¢ Fig. 5ö ¾æÚî
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ê(Cin)& 4100 ppmb� j* �z�Î ê 
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 ¸² ¾æÒ


. 6� Î�ú~ ;� �Ob� �~� îO�FöB bî

*��*� ÊF�
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®
. ��� �F� ÊF~ �« îO ³êö ê�~V *�
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î
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/ �ï� Ïª~� v �âç~ Nê N�º 
Ö 'î
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�¾ �OB 5 �O÷ö ~� � �>f �¦f~ �*��
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Ò~&b�, �º Â�öB îO� �Oî� ÷ «�öB Ò

�O � > ®º &ËWj ��"� ®
. 6� �OB~ j

ã� Ò�j *�Bº ÷ *Ú~ Nê çß� jº~¾, �º

ç�� ö.æ& jº�j r > ®
. V¢B Fig. 6(a)öB¦

V �'~ ö.æ �/j Û� �OË~ ²�" B~�; �

�� B�F jºW� ®
.

Fig. 7f îO�Fö &� Ò�VÚ Fï~ 'Ëj ��"

� ®
. îO�Fö &� Fï~ 'Ëf Fï� Ã&�ö V

¢ îO�*� jæ�, bî*�'�� /Ï�æº Ö"¢

¾æÚî
. �º � 
Ú~ Fï Ã&ö V� �¦ãï{Ö

&�~(external film diffusion) 6²f �þ �OBö �ï �

/j �Ò *�~V r^��, V¢B îO�*~ 6²f 

θ=
q
qs
----=

bc
1
n
---

1 bc
1
n
---

+

-----------------

Fig. 5. Adsorption isotherm of (a) toluene and (b) benzene  on
activated carbon.

Table 2. Operating conditions for desorption step on activated
carbon bed

Experiment 
no. Cin Temp (oC) P (atm) F (L/min)

DT0 4100 160 1.1 10
DB0 4100 160 1.1 10
DT0F 4100 160 1.1 15
DB0F 4100 160 1.1 15
DT0T1 4100 140 1.1 10
DT0T2 4100 100 1.1 10
DT0T3 4100 80 1.1 10
DB0T1 4100 140 1.1 10
DB0T2 4100 80 1.1 10
DB0T3 4100 60 1.1 10

(D: desorption, T: toluene, B: benzene, F: flow rate, Temp:
Temperature)
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jê bî*�'�b� �� roll-up~ �Vê 
² Ã&~
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. 

Fig. 8º îO�Fö &� Ò�VÚ Nê~ 'Ëj ¾æÚ

� ®
. Î�ú" ÊFö &� 
þf Îv 
þ AT0, AB0

f ÿ¢� .V��öB >¯>îb�, Î�úf 160oC,

140oC, 100oC, 80oCf ÊFf 160oC, 140oC, 80oC, 60oC~ Ò

�Nê& F�>î
. 
þÖ"�¦V Ò�Nê& ¸jî>�

�O[ö z �Ò �j *�~V r^ö .V îO VÞV&

/Ï~² Ã&~� roll-up ¸�º 
r
. 6� roll-up ê~

îO�F VÞVê /Ï�^ Ò��*� *Ú�º *çj �

&
. �º �OB~ Nê& ¸jî>� �Oïf *Ú�
º

ï;��(equilibrium theory)ö ~� J«F > ®
. ��¾

&Ë ¸f Nê� 160oCöB Ò�� Fig. 6öB " > ®��,

îO�êö ®ÚB Â�ã~ Nêº �¦f~ �¶
 5 �O

Bf �Oî~ � �>� �� Nê Ã&& jò~² ¾æ¾

� ®
. V¢B Fig. 8~ Nêö V� 'ËöBº îO �F

ê>¦ö Î� Nê ��öB FÒ� ;ê~ tailing *ç� ¾

æÒ
. 

Figs. 6-8öB �~�� �FÚ îOj �Ï~º TSA

(Temperature Swing Adsorption) �;f PSA (Pressure Swing

Adsorption) �;ö j� ö.æ 
²Î �;ªj r > ®
.

ß® Ò��êöB ö.æ& &Ë ô� jº~² >æ�, Ò

�&Ê ²jï" ö.æ ²jïö &� Ò�ÎN(regeneration

efficiency) Ã&& &Ë 7º� 
Bæ>� ·Ï�
. 

Fig. 6. Regeneration curve of (a) toluene and benzene and tem-
perature profiles of (b) toluene and (c) benzene on activated car-
bon bed.

Fig. 7. Effect of flow rate on (a) toluene and (b) benzene regen-
eration curves.
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��� Ò�&Ê ²jï" ö.æ ²jïf Ò�Nê~ �

>��, �
 
Bæ>
f �* �OBö &� Ò� &Êï

(Np)" �*�OBö &� ö.æ (Ep)� ;~B
[7].

 (2)

 (3)

�VB .V �O[ Nê¢ Tr ;~~&�, tº ' Ò�Nêö

B~ Ò��*j ¾æÚ�, Fº îO&Ê~ Fï, Wº ÒÏB

�OB~ îï, Cpgº &Ê~ �Ïïj ¾æÞ
. � ��öB

º FÂ³ê& �O�ê F«³ê~ 5%ö ��&j r¢ Ò

��* t5%� ;~~&
. 
·� �*öB Ò�&Ê ²jï"

ö.æ ²jïj êÖ~V *�B Ò��* t5%f t10%öB~

8
� êÖ>î
. 

Eq. (2)�¦V ' Ò��*ö &� Ò�&Ê ²jïj êÖ

~� Fig. 9ö �¢ ¾æÚî
. Ò�Nê& Ã&�ö V¢ Ò

�&Ê ²jïf 6²~&
. ��¾ Ò�Nê Ã&ö V� Ò

�&Ê ²jïf jf'b� 6²~æ p~b�, ¢; Ò�N

êöB /Ï� 6² êö 6"'b� 6²�j ��"� ®
.
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Fig. 10. Energy requirements as a function of (a) toluene and
(b) benzene regeneration temperature.

Table 3. Operating conditions for adsorption and desorption step
on activated carbon fiber bed

Experiment 
no. Cin Temp. (oC) P (atm) F (L/min)

AT1 4100 25 1.1 10
AB1 4100 25 1.1 10
AT1R 4100 25 1.1 10
AB1R 4100 25 1.1 10
DT1 4100 160 1.1 10
DB1 4100 160 1.1 10

(A: adsorption, D: desorption, T: toluene, B: benzene, F:f low
rate, Temp: temperature)
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Fig. 11. Breakthrough curves of (a) toluene and (b) benzene on activated carbon and activated carbon fiber beds and temperature pro-
files of (c) toluene and (d) benzene on activated carbon fiber bed.

Fig. 12. Comparison between regeneration curves of (a) toluene and (b) benzene on activated carbon and activated carbon fiber beds.
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Fig. 13. Breakthrough curves of (a) toluene and (b) benzene on
activated carbon bed after regenerations.

Table 4. Effect of thermal regeneration on adsorbed amounts

Number of 
regeneration

Activated carbon Activated carbon fiber

toluene benzene toluene benzene

0 0.277 0.198 0.303 0.202
1 0.209 0.174 0.226 0.178
2 0.189 0.150 0.230 0.167
3 0.173 0.149 0.228 0.166

(g adsorbated amounts/g adsorbent)

Fig. 14. Breakthrough curve of (a) toluene and (b) benzene on
activated carbon fiber bed after regeneration.
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Alphabeticals

b : Langmuir isotherm constant [l/atm]

Cpg : heat capacity of gas [J/mol/K]

Cps : heat capacity of solid [J/g/K]

Ci : adsorbate concentration in the feed [mol/m3]

Co : adsorbate concentration out of adsorber [mol/m3]

Ep : specific energy required per gram adsorbent [kJ/g]

L : bed length [cm]

Np : purge gas required per gram adsorbent [mol/g]

P : pressure [kPa]

t : regeneration time [min]

T : regeneration temperature [oC]

Tr : ambient temperature [oC]

u : superficial fluid velocity [cm/s]
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