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Adsorption Characteristics of Toluene Vapor in Fixed-bed
Activated Carbon Column
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Adsorption characteristics of toluene vapor, which is one of important source of volatile organic compounds
(VOCs), by activated carbon were investigated using a fixed bed adsorption column. The operating parameters
such as breakthrough curve, adsorption capacity, mass transfer zone (M7Z), and length of unused bed (LUB) were
studied. The experimental results showed that the breakthrough time decreased with increasing inlet toluene
concentration and gas flow rate. M7Z and LUB increased with the increase of inlet concentration, gas flow rate,
and particle size of activated carbon. The adsorption capacity increased with the increase of inlet toluene
concentration, while it decreased with increasing particle size. However, it was kept at constant value regardless
of the increase of gas flow rate. Adsorption isotherm of toluene vapor could be represented by the Freundlich
adsorption equation fairly well. From the adsorption experiments using some VOC gases such as toluene, xylene,
butyl acetate. butanol and acetone, it was also found that the adsorption capacity was higher in the case of gas
with higher boiling point and lower vapor pressure.

Key Words : Activated carbon, Adsorption, Toluene, Adsorption capacity, Mass transfer zone, Length of unused bed
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Table 1. Characteristics of activated carbon used

Properties Value
Raw material coconut cell
Type granular
Bulk density (g/cm’) 0.45
Particle size (mesh) 7~10
Iodine adsorption (mg/g) 1,100
Specific surface area (m”g) 945
Total pore volume (cm’/g) 0.41
Average pore diameter (A) 19~20
Adsorption >Vent
Tower
{AC E{:ﬁ%
Mixing | —i E5E
Chamber
s Gas chromatography
(DONAM DS 6200)
:t—“?"" Air Pump
—
) I
Sylinge Pump
Silicage!
Air Pump

Fig. 1. Schematic diagram of adsorption system.
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Table 2. Analysis condition of gas chromatography

GC DONAM DS 6200
Detector FID (Flame Ionization Detector)
Oven temperature 130°C
Injector temperature 250°C
Detector temperature 200°C
Flow rate (Nz:HzAir) 30 : 30 : 300
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Fig. 2. Effect of inlet toluene concentration on break-
through curves (linear velocity : 0.42 m/s, acti-
vated carbon : 2 g).

Table 3. Effect of initial toluene gas concentration on
adsorption capacity g and breakthrough time
ts (10% C,) (linear velocity : 0.42 m/s, acti~
vated carbon : 2 g)

C, (ppmv)| tg (min) | £ (min) (£ (1/min) | g (mg/g)

30 500 860 0.0069 260

60 330 480 0.0138 294

90 250 370 0.0187 339

120 170 270 0.0185 349
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Table 4. Effect of toluene flow rate on adsorption
capacity ¢ and breakthrough time ¢z (10%
Co) (C, - 60 ppmv, activated carbon : 2 g)

*

Linear velocity tp t K g
(m/s) (min) | (min) | (1/min) | (mg/g)
033 340 450 | 0.0181 334
0.42 250 370 | 0.0187 | 339
0.49 180 310 | 00187 | 331
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Table 5. Comparison of breakthrough time ¢g (10% Cp)
for the different particle size

Particle size ts £ 14 qr
Mesh | (mm) | (min)| (min)| (1/min) | (mg/g)
5~7 40~28 260 380 | 0.0143 250
7-10 | 28~19 330 470 | 0.0138 294
10~16 | 19~1.1 430 570 0.02 335
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Fig. 9. Effect of particle size on LUB and M7TZ.
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Table 6. Effect of boiling point and vapor pressure on adsorption capacity ¢ and breakthrough time ¢z (10% C,)

(C, : 60 ppmv, linear velocity : 0.42 m/s)

Maerid | Formia | MW | R S R i | i) | /min] gl
Acetone CHsCOCHs | 57.07 0.79 5.3 2274 50 170 0.0217 64
Toluene CeHsCH3 | 9214 | 0.866 110.8 19.6 330 480 0.0069 | 294
Butyl acetate | CsHi20. | 11616 | 0.882 125 75 270 430 0.0166 | 310
Butanol C4H0H 7412 5§ 0810 117 299 380 620 00104 | 2%
Xylene CeHs(CHz)2 | 106.16 | 0.867 139.3 7.1 850 1030 | 0.0167 | 735
0 g5z Zrlega, &5

50 80 110 140

Bailing point ('C)
Fig. 12. Relationship between boiling point and adsorp-
tion capacity.
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Fig. 13. Relationship between vapor pressure and ad-
sorption capacity.

g gawste F3ol
bl Eato] 2 o RolAA WAL F3
L
A

°f
A g&o] dojuE FoR Azt

67

et o™, Yoon#t Nelsonoll 93 Atd %284
e B ATdA RAUE 2 BANEAT. E
3h VOCs AR E9 B85 540 Ziete] F3
A gl ds) defur] fske] waE 23
A BT A, a2 AL 2D opAH
o=, AE AL obAE, 4T AL Fekg rha
of e Ztzte] 5SS 4¥E A3 iAo
AAY Z71¢e] Fe TtadSyE FF5L AAE

A% dehisis.

*aEd

1 Park, J. T. and J. S. Kim, 1994, Adsorption
breakthrough characteristics of organic solvent
vapors in an activated carbon fixed bed, J. of
KSWES, 11(4), 569-577.

2) Kim, H. S. and Y. S. Park, 2003, Binary com-
ponent adsorption characteristics of benzene
and toluene at the fixed-bed adsorption column
with activated carbon, J. of KSEE 25, 977-983.

3) Ruhl, M. J,, 1993, Recover VOCs via adsorp-
tion on activated carbon, Chem. Eng. Prog., 37,
1344-1350.

4) Noll, K. E,, V. Gournaris and W. S. Hou, 1992,
Adsorption Technology for Air and Water Pol-
lution Control, Lewis, Chelsea, MI, 1804-1810pp.

5) Ahmadpour, A. and D. D. Do, 1995, Charac-
terization of modified activated carbons, equili-
bria and dynamics studies, Carbon, 33(10),
1393-1398.



o]

0) 2

Uﬁ‘g" '71:}‘

o]

oy

6) Rodrguez-Reinoso, F., 1997, Introduction to
Carbon Technologies, H. Marsh, E. A. Heintz,
and F. Rodrguez-Reinoso, eds., Chap. 2, Univ.
of Alicante, Alicante, Spain, 35pp.

7) Lee, H U, J. S. Kim,, H. K. Song and B. K
Na, 1999, Adsorption and desorption char-
acteristics of MEK with activated carbon and
polymer adsorbent, HWAHAK KONGHAK, 37(1),
120-125.

8 Yoo, K. S., J. W. Shin, S. W. Shin and J. H.
Jeong, 2003, Characteristics of methanol ad-
sorption over thermally treated activated car-
bon, HWAHAK KONGHAK, 41(4), 491-496.

9) Kim, H. S., Y. S. Park and B. M. Min, 2001,
Adsorption characteristics of benzene at the
fixed-bed adsorption column, J. of KSEE, 23,
1979-1988.

10) Seong, C. W., H. Y. Park, C. H. Lee and W.

S. Kim, 1996, Adsorption of volatile organic

compounds onto activated carbon fibers, Chem.

Eng. Appl. and Theor., 4, 1653-166.

Kim, B, J. H. Kim, H. Y. Park, C. H. Lee and

W. S. Kim, 1998, Adsorption and desorption

of volatile organic compounds onto activated

carbon fibers, Chem. Eng. Appl. and Theor.,

4, 2573-2576.

Nelson, G. O. and C. A. Harde, 1974, Respi-

rator cartridge efficiency studies : V. Effect

of solvent vapor, Am. Ind. Hyg. Assoc. ], 37,

391-410.

13) Nelson, G. O. and C. A. Harder, 1976, Res-
pirator cartridge efficiency studies : VI. Effect
of concentration, Am. Ind. Hyg. Assoc. J., 37,
205-216.

14) Wood, G. O., 1994, Estimating service lives of
organic vapor cartridges, Am. Ind. Hyg. Assoc.
], 55, 11-15.

15) Cohen, H. J. and R. P. Garrison, 1989, Devel-
opment of a field method for evaluating the
service life of organic vapor cartridges : Re-
sults of laboratory testing using carbon tetra-
chloride, Am. Ind. Hyg. Assoc. J.,, 50, 486-496.

16) Wood, G. O. and E. S. Moyer, 1991, A review
and comparison of adsorption isotherm equa-
tions used to correlate and predict organic va-
por cartridge capacities, Am. Ind. Hyg. Assoc.
J., b2, 235-242.

17) Vahdat, N., P. M. Swearengen, J. S. Johnson,

1D

12

—

)E}

68

il

o) 5 &0

:h?_

S. Priante, K. Mathews and A. Neihart, 1995,
Adsorption capacity and thermal desorption
efficiency of selected adsorbents, Am. Ind. Hyg.
Assoc. J., 56(1), 32-38.

18) Wood, G. O and E. S. Moyer, 1989, A review
of the Wheeler equation and comparison of its
applications to organic vapor respirator cartri-
dge breakthrough data, Am. Ind. Hyg. Assoc.
J., 50, 400-407.

19) Chuang, C. L., P. C. Chiang and E. E. Chang,
2003, Modeling VOCs adsorption onto activa-
ted carbon, Chemosphere, 53, 17-27.

20) Lucas, S, M. P. Calvo, C. Palencia and M. J.
Cocero, 2004, Mathmatical model of supercri-
tical CO2 adsorption on activated carbon effect
of operating conditions and adsorption scale-
up, J. of Supercritical Fluids, 32, 193-201.

21) Cui, X,, R. Marc Bustin and D. Gregory, 2004,
Selective transport of COg, CHs, N2 in coals :
insight from modeling of experiment gas ad-
sorption data, Fuel, 83, 293-303.

22) Yoon, J. H. and G. O. Nelson, 1984, Appli-
cation of gas adsorption kinetics: . A theore-
tical model for respirator cartridge service life,
Am. Ind. Byg. Assoc. J., 45 (8), 509-516.

23) McCabe, W, L., J. C. Smith and P. Harriot,
2001, Unit Operations of Chemical Enginee-
ring, 6th ed., McGraw Hill, 1114pp.

24) Reynolds, T. D. and P. A. Richards, 1998, Unit
Operations and Process in Environmental En-
gineering, 2nd ed., PWD Publishing, 798pp.

25) Hwang, K. S, K. D. Choi and Y. S. Kong,
1998, The thermal regeneration characteristics
of volatile organic compounds on an activated
carbon bed (1) : Adsorption step, J. of KIChE,
36(2), 159-168.

26) Lee, J. J. and H. Y. Yu, 1998, Adsorption
characteristics of BEAM by granular acti-
vated carbon(Il), J. of KSSE, 20(4), 509-518.

27) Cho, K. C, B. H. Shon, Y. M. Jo and K. J.
Oh, 1999, A study on the HoS removal using
Na;CQOsz impregnated activated carbon, J. of
KSEE, 21(11), 2017-2025.

28) Jeon, Y. H,, J. H. Young, B. H. Shon and S.
W. Cho, 1996, A study on adsorption charac-
teristics of SO; gas in a fixed-bed adsorber,
J. of KSEE, 18, 961-969.



AHF B FHANEIIAA 71 EFA

ol

5y

29) Oh, K. J, J. J. Kim, Y. H Jeon and B. H. 30) Chiang, P. C., J. H. Yun, 1993, Evaluation of
Son, 1996, Adsorption characteristics of SO adsorbents for volatile organic chemicals, Stud.
using soil bed, J. of KSEE, 18(2), 171-179. Surf. Sci. Cat., 80, 89-96.

69



