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Abstract

Adsorption isotherms of dichloromethane and 1, 1, 2~trichloro-1, 2, 2-trifluoroethane on an activated carbon
pellet, Norit B4, were studied. For these chemicals, Sips equation gave the best fit for the single component
adsorption isotherm. The adsorption affinity on activated carbon was greater for dichloromethane than that of 1,1,
2-trichloro-1,2,2 -trifluoroethane.

An experimental and theoretical study was made for the adsorption of dichloromethane and 1, 1,2~trichloro-1,
2, 2-trifluoroethane in a fixed bed. Experimental results were used to examine the effect of operation variables,
such as feed concentration, flow rate and bed height. Intraparticle diffusion was able to be explained by surface
diffusion mechanism. An adsorption model based on the linear driving force approximation (.LDFA) was found to
be applicable to fit the experimental data.
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Table 1. Physical properties of an activated carbon.

Activated carbon

Supplier Norit (B4)
Pellet diameter (cm) 0.39
Pellet length (cm) 0.67
BET surface area (m?%g)* 826
Pore distribution micropore (< 1 nm), (%)** 45,16
Porosity 042

* from manufacture, ** from nitrogen adsorption at 77K
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Table 2. Physical properties of solvents and gas.
CLFCCCIF> CHCl: N>

Manufactured e e
Molecular weight {g] 187.38 84 .93 2801
Purity grade GR G.R 99.99%
Boiling point temp. (K)* 320.8 313 384.8
Critical point temp. (K)* 487.3 510 126.2
Critical point press. (atm)* 33.35 62.18 339

* Properties are obtained from Lange’s Handbook of Chemistry.
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Table 3. Experimental conditions for a fixed bed adsorp-

tion.

Variables Range Unit
Bed length 0.15~0.25 m
Flow rate 0369 x1072~0.890 x 1072 m/s
Bed porosity 0.42 -
Packing density 693.5 kg/m?
Bath temperature 288~ 308 K

Table 4. Various isotherm models for single component.

Isotherm Equation Parameters
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Fig. 2. Adsorption equilibrium curves of CI.FCCCIF; on
activated carbon for different temperatures.
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Fig. 3. Adsorption equilibrium curves of CH.Cl. on acti-
vated carbon for different temperatures.
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Table 5. Adsorption equilibrium isotherm parameters of CI,FCCCIF, and CH:Cl; on activated carbon.

Species T[C]?Ip' Langmuir 7Freundlich o Sips
Gm b k n Gon b n
303 348 5.76 2.64 5.18 3.60 8.79 1.13
Error (%) 34 179 38
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333 2.69 1.89 151 438 26 2.17 1.01
Error (%) 33 4.55 25
303 591 2.15 3.25 3.83 6.44 1.51 1.03
Error (%) 1.8 2.8 35
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Error (%) 5.1 4.1 34
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Fig. 4. Comparison of adsorption equilibrium curves for
CI:FCCCIF: and CH,Cl, on activated carbon at
303K.
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Fig. 5. Effect of kr on single-species breakthrough curves
of CI.FCCCIF2.

Table 6. Mass transfer parameters for a fixed bed model

simulation.
Parameters Symbols CLFCCCIF,  CH:Cl,
Axial dispersion Dy[m/s] 4.20x107 443x107°
coefficient
Film mass transfer ke[m/s] 1.56x 107 2.10%x 1073
coefficient
Molecular difufsivity D, [m%s] 1.15x107° 156x107°
Surface diffusivity D,[m¥s] 1.10x10% 1.50x107°
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Fig. 6. Comparison of breakthrough curves of CLFCCCIF;

and CH:Cl, adsorption on activated carbon (25°C,
L: 0.15m, v: 0.369 x 10-2m/s).

1.2 e e e ey ——— - =
1.0 -
08 -
=2
% 06}
~ |
‘ ® L:0I5m
0.4 L: 0.20m
4 L:0.25m
—-— Predicted
l
02- ]
\
i o 1 i i
i (i o
00— o — e —Giaa A
0.0 05 1.0 15 20

Time (hr)

Fig. 7. Experimental and predicted breakthrough curves
of CI.FCCCIF; adsorption for different bed heights
(25°C, v: 0.369 X 10"2m/s).

o} o]l gt A3 Park (1994) S0 Rudt AE 2
o} 2 dAFE & 4 U 19 8L FAY
o] g4 u}d CLFCCCIF9 &F&A%E& 1%
7] $lsle] FAHY EolE dAHHA I FFH



4.2 e o = I

1.0 ¢ €yt w v‘
!
08 s |
s |
8 06 - .
« @
04 oo A V: 0.369x10% mss
[
Pl V: 0.616x107 m/s
Lo | ® V. 0.890x107 ms
0.2 " ' { -~ Predicted
| P
00 — Kﬂ..d—,—;u,;J B
0.0 0.5 10 15 20
Time (hr)

Fig. 8. Experimental and predicted breakthrough curves
of CI,FCCCIF; adsorption for different flow rates
(25°C, L: 0.2m).

g 79§48 HIATEA S FHT
aolet. 2N R upe} o] FBHEAS #
&o] 27145 gapr) we] YAHPE 4 5 UAA
o gubg ez fgol F7ighel uwheh shahEAle
el 7b kst a2l vebd Al
sty statgAle Helrh wEkal o dAFT ¥
BEg Holm QlEd ol #42] WA Est 3R
ob7] dRoz AztEch AL Tl Ao &
g e satEiLe o] &%l e ot v]lwH
A B2AEE o F dded, Ha3Ae] et F
A A YAFHE Aoz Mol BAo)52 ggrc
E I AAC) A ez Az,

33 9= FAZoNA 50 Hite] mE CHLL
o] FatEAE Jehd 1302 fdol FUMdeE
I3rt 97 FALE & & don, CHCLe A
#4373 CLFCCCIF:® AdAze} 79 »|&
A7E 9& A 19 102 2 E: HY ¥
o9} g4o] UMY W FAL YT Fxel
o2 AFAE veld a3oz FEHIH 79
rerl E42 gt we AT 0SS 4 5
slet. o9} & A3t mass transfer zone (MTZ)2]
54z 49T 4 U MTZE FHFLIA
o ol Ake) U beds] B P EAFES)

FAYE o143 G4d I {1 gE AA 361

08"
|
2 ‘
¥ 06 1
h ;
i ;
! f | " v 0369x10°m/s |
04 | | S v 0.616x107mis
| ' } ® v 0.890x107m/s |
| | ! ——— predicted \
02 } : f {
| i | 1
[ ] ‘y H
00— J Jl N i i
0.0 05 10 20 25 30
Time (hr)

Fig. 9. Experimental and predicted breakthrough curves
of CH,Cl. adsorption for different flow rates (25°C,
L: 0.2m).

1.0

o
@

\ °! ! /
( “ !
=] ]
& os ! !;
S ( ]
3 ) 1
04 . ]’ ’ J’ ! Co: 11.51 mol/m’
i ’ | ¢ Co:14.76 mol/m
! ﬁ ' ®  Co:17.93 molm®
02 - ] r - predicted
e | | ’
Lo
Oon—w+mg—i—}4—liij e -
15 20 25 30
Time (hr)

Fig. 10. Experimental and predicted breakthrough curves
of CHCl, adsorption for different concentrations
(L: 0.2m, v: 0.369 X 10~2m/s).

?—Mi}._; MTZ.J 015-—5
B ZEE 5wl G R
A B uel 7ol A3 A Elo]

J. KOSAE Vol. 17, No.4(2001)



362 AsA - 2AL - A
FA524L v]$ favorabledt oz Sl ms) =
Aol wet AYFLIU] Tulrb Fastod
MTZ8) 47} 27b5k 9o} oeba] shabajztel
SEICEEES

5. 4 £

1. 43 gAdekr AR 3 CLFCCCIF,
3} CHCLS &F#93 2 Sipsd|ez 2 malg 4
WHew, FALEHFE 257} o] wet F1s
%ic}.

2. Y3 2=olA FAlske] Wi F
CLFCCCIF, B¢} CH.ChLo) o & < ¢ a1l
™, F329 32 favorable typeo]¢it}.

3.43% Al 28 wdA#2] CLFCCCIF, 3
CH:CL:o] 5} 2 5Y§ x4 CHLL 2o}
CLFCCCIF,9] stspA|7ke] o7& P& o 4 3l

& o] Auj A o] girt.
T2 A FAAES o:]] 23}7] 93] LDFA
(line driving force approximation) =@ A]-& A}-£-35}%]

orf, w4 s AHoe Foho] BH2L
AsE 2e 4 A

2Ate 2

B A7 333 (No. 98-1111-2066-2)
APRoz 3P o]of] FALS =)

#32ES

Andersen, S$.0.(1991) Alterrnatives for CFC-113 and Methyl

. Chloroform in meta} cleaning, EPA Report no.
400/1-91/019.

Cicerone, R., J.S. Stolarski, and S. Walters (1974) Strato-

A /1B AGEHA A 17H A 4%

spheric Ozone Destruction by Man Made Chloro-
fluromethanes, Science, 185, 1165.

Cho, S.Y. (1995) A Study of Adsorption of Trichlromono-
fluroethane on an Activated Carbon Pellet, Carbon,
33,6, 1184.

Edward, M.F. and I.F. Richardson (1968) Gas Dispersion in
Packed Bed, Chem. Eng, Sci., 23, 109.

Fuller, EN., K. Ensley, and J.C. Giddings (1969) Diffusion of
halogenated hydrocarbons in Helium~The effect of
structure on collision cross sections J. Phys. Chem.,
75,3679.

Glueckauf, E. (1955) Formular for diffusion into spheres and
their application to chromatography, J. of Chem.
Soc., 51, 1540.

Moon, H. and C. Tien (1987) Further Work on Multicompo-
nent Adsorption Equilibria Calculations based on
the Ideal Adsorbed Solution Theory, Ind. Eng.
Chem. Res., 26, 2042.

Molina, M.J. and F.S. Rowland (1974) Statospherc sink for
chlorofluromethanes Chlorine Atom-catalyzed
Destruction of Ozone, Nature, 249, 810.

Park, J.T.,J.S. Kim, K.H, Chung, H. Moon, and G. Seo (1994)
Gaseous Adsorption Properties of n-Hexane, Me-
thylethyketone and Toluene on Granular Activated
Carbon, I., of the Korea Institute of Chem. Eng.,
32,3,176.

Ruddy, E.N. and L.A. Carroll (1993) Select the Best VOC
Control Strategy, Chem. Eng. Progess, 89, 28.

Wang, S.C. and C. Tien (1982) Further Work on Multicom-
ponent Liquid Phase Adsorption in Fixed Beds,
AICHE ], 28, 565.

Wakao, N. and T. Funazkri (1978) Effect of Fluid Dispersion
Coefficients on Particle to Fluid Mass transfer Co-
efficients in Packed Beds, J. Chem. Eng. Sci., 33,
1375.

Whang, K.S., D.K. Choi, and S.Y. Gong (1998} The Thermal
Regeneration Characteristics of Volatile Organic
Compounds on an Activated Carbon Bed, J. of the
Korea Institute of Chem. Eng., 36,2, 764.

Wolf, K.A. Yazdani, and P. Yates (1991) Chlorinated Solvent:
Will the Alternatives be Safer, J. Air Wastedmanage,
Assoc., 41, 1055.



