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Abstract—Chlorinated cleaning solvents have been widely used industrially, but some chlorinated cleaning solvents
are considered to be prime contributors to stratospheric ozone depletion. The use of activated carbons to adsorb specific
solvent vapors has thus received great attention. The adsorption equilibrium characteristics of HCFC-141b (1,1-
dichloro-1-fluoroethane) and CFC-113 (1,1,2-trichloro-1,2,2-trifluoroethane) vapors on an activated carbon pellet were
studied at various temperatures. Adsorption isotherms were measured and fitted by Sips equations. Detail parameters
and their values for the design of adsorption facilities are suggested. The heats of adsorption for two solvents were

estimated from experimental data.
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INTRODUCTION

foaming agents. These CFCs not only deplete the stratospheric ozone,
but have a significant greenhouse effect on the atmospheric envi-

Chlorofluorocarbons, first manufactured by Du Pont in the earlyronment. Table 2 lists their effects on the atmospheric environment
1930s, have been widely used for more than half a century. TheffThe 1995 International CFC and Halon alternatives conference
are very popular because of their chemical stability, non-toxicity proceedings,” 1995].
and high solubility. Currently, they are extensively used as refriger- According to the Montreal Protocol, all CFCs will be gradually
ant and as spraying, foaming and cleaning agents in a wide variefghased out [Wolf, 1989; Barnett, 1992; Kerr, 1994] and a replace-
of industries. Table 1 lists typical examples of various industrial ap-ment will definitely be needed. While good replacement compounds

plications of CFCs [Wolf, 1989]. The CFCs shown in this table,

of any kind may not be readily available within the next few year,

i.e., CFC-11, CFC-12 and CFC-113, are among the most imporCFC recovery is perhaps a more practical alternative for the time
tant and are produced in large quantity. CFC-12 is used as a refrigpeing. Furthermore, recovery provides a much more economic al-
erant in air conditioning and commercial refrigeration systems andernative to other methods of CFC disposal. Safe disposal of chlo-
CFC-11 and CFC-113 are excellent cleaning solvents, spraying anafluorocarbons is not easy. They can be incinerated or destroyed

Table 1. Uses of CFCs in various industries

Compound Applications

CFC-11, CFC-12, HFC-22 Air conditioning

CFC-11, CFC-12 Pharmaceuticals, cosmetics
CFC-11, CFC-12, CFC-113 Plastics

CFC-113 Electronic industries

Table 2. Effects of CFCs on the atmospheric environment
Compound Formula Life (y) ODP GWFP

CFC-11 CCIF 47-80 0.9-1.0 1.0

CFC-12 CCIF, 95-150 0.8-09 2.8-34
CFC-113 CCIECCIF, 96-117 0.6-0.8 1.3-14
HCFC-141b CHCCLF 9-11 0.07 0.083-0.097

*0ODP, ozone depletion potential, based on 1 for CFC-11.
*GWP, global warming potential, based on 1 for CFC-11.
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chemically [Ogura et al., 1992]. Although destructive methods of
CFC disposal have been receiving increasing attention in recent years
[Ogura et al., 1992). These methods have a major disadvantage in
that the chlorinated and/or fluorinated compounds generated in the
process can cause a subsequent air pollution problem. The purpose
of this work was to investigate the gas-phase adsorption character-
istics of 1,1-dichloro-1-fluoroethane (HCFC-14lb) and 1,1,2-tri-
chloro-1,2,2-trifluoroethane (CFC-113) by activated carbon pellet.
Currently, HCFC-14lb is generally regarded as an excellent replace-
ment for the foaming agent CFC-11 in the manufacture of rigid poly-
urethane foam although it can be also used as a substitute for CFC-
113 and 1,1,1-trichloroethane (GTH,) which have been employed

in the electronic industries as cleaning agents. As these solvents are
very volatile, losses due to work place emission in a typical plant
can be as high as 90%.

For this reason, technologies for the removal and recovery of
HCFC-141b and CFC-113 have been focused on as alternative tech-
niques for protection of the environment. One of the several tech-
nologies is the use of adsorption beds [Cho and Lee, 1991; Kim et
al., 2002]. This technology is a common one because it offers some
advantages. The advantages include the possibility of high recov-
ering efficiency at low concentration. Furthermore, this technology
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requires the low energy costs. In the design of such adsorption fe
cilities, the characteristics of adsorption equilibria are very impor-
tant [Chihara et al., 2000]. In this study, an activated carbon pelle

was used as efficient adsorbents for the adsorption of HCFC-141 |
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and CFC-113. Experimental equilibria were measured and correle | -————————

tions for these data are suggested. i
Many literature reports are replete with theories and equatlon‘l
describing the equilibrium between adsorbates and adsorbents [KL* J
and Hines, 1992; Lewis et al., 1950; Wood, 1992; Kim et al., 2001].”;
Numerous empirical and theoretical approaches have been propos..:
to characterize adsorption equilibria. However, no one theory has y{
been devised which satisfactorily explains a majority of the obser:
vations on a theoretically rigorous basis. For a given gas, the amou
of gas adsorbed per unit mass of a given adsorbent at equilibriur
can be expressed as a function of vapor concentration and temper-
ature. One of the important factors for designing an adsorption fa-
cility is the adsorption equilibria of adsorbates on adsorbents [Linders
et al., 2001]. The most common method of presenting data is in the
form of plotted isotherms. Many isotherms are commonly devel-
oped for an adsorbate-adsorbent system for utilization in design. It

Nk

Fig. 1. Flow diagram of the apparatus.

1. Gas reservoir 8. Sample packing part
2. He gas reservoir 9. Solvent reservoir

3. Standard volume bulb 10. Liquid nitrogen trap

4. Absolute pressure gauge 11. Oil diffusion pump

5. Diffrential pressure gauge 12. Mechanical pump

6. Moisture trap 13. Thermocouple gauge
7. Oxygen trap 14. lonization gauge

is convenient that adsorption equilibria are represented by explicit
equations. Therefore, two correlations were derived to describe the
effects of vapor concentration and temperature on the equilibrium
adsorption capacity for the two different adsorbates. (Veeco Instrument Inc., Model TG-70 and Model RG1000) were
used to monitor the pressure when the system was evacuated. Dur-
ing the adsorption run, the pressure changes were measured by a
MKS Baraton gauge (absolute pressure transducer, Model 122A-
A pellet-type (Norit B4) activated carbon was employed as an00100BB, with readout unit PDR-C-2C) and a pressure measuring
adsorbent for the adsorption of HCFC-141b and CFC-113. The BEBystem made by Datametrics (type 590 differential pressure trans-
surface area for each adsorbent was measured by an automatic vdticer, 1400 electronic manometer).
umetric sorption analyzer (QUANTACHROME) using nitrogen  Before every run, the adsorbent was prepared by a standard de-
adsorption at 77 K. The measured and supplied properties of thigreasing procedure consisting of evacuating the system at 423 K
adsorbent are listed in Table 3. HCFC-141b and CFC-113 were enand regenerating for a time which was typically about 15h. The
ployed as adsorbates. These adsorbates were obtained from the Dakight of the sample was measured withirudQrecision. The
kin Company and had a purity of 99.8%. A flow diagram of the dead volume was determined by introducing measured amounts of
apparatus employed in this study is given in Fig. 1. This equipmen’
employs a manometric method for the measurement of adsorptio
equilibria [Cho and Lee, 1991]. A weighed sample of the adsor-
bent was placed in a U-tube, as shown in Fig. 1. An oil diffusion
pump (Veeco Instrument Inc., Model 4530-009-02) and a mechan
ical vacuum pump (Sargent Welch, Model 1402B-01) in combina- 2
tion provided vacuum down to 1@nmHg. Two thermistor gauges

EXPERIMENT

Table 3. Physical properties of activated carbon pellet

m
Physical properties Activated carbon pellet £
Supplier Norit (B4) or
Pellet diameter (cm) 0.37
Pellet length (cm) 0.65
BET surface area (ig) 826 Ar e CrCata
Pore distributioh (%) O HCFC-141b
Micropore distribution (<1 nm) 45.16
Transition pores (1-100 nm) 9.68 -2 . L . I
Macropores (>100 nm) 4516 0.000 0.001 0.002 0.003 0.004 0.005
®From nitrogen adsorption at 77 K (0.162%molecule);"From 1T (1/K)

manufacturer. Fig. 2. Temperature effects on the equilibrium constants B.
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helium gas into the evacuated adsorption chamber and noting theon Pellet

corresponding pressure. The adsorption of helium gas was assumedThe Sips equation, which is a combination of the Langmuir and
to be negligible under these conditions. Adsorption isotherms weré-reundlich equation, is [Sips, 1948]

obtained by admitting successive increments of measured volumes

of sample gas to the adsorbent sample. After each increment of gas q-
was admitted, some time was allowed for attainment of equilibrium G

BC"
1+BC"

@

and the system pressure was then noted. Correction of the knowtin is equal to unity, then this equation becomes the Langmuir equa-
volume of gas admitted for the amount unadsorbed in the dead spatien. On the other hand B& much greater than unity, it becomes
yielded a point on the adsorption isotherm. The equilibrium datathe Freundlich equation. If B& much less than unity, which oc-

for each run were obtained by the same procedure but with variazurs at low concentrations, then it becomes a linear isotherm equa-

tion of the temperature.

RESULTS

1. Equilibria of CFC-113 and HCFC-141b on Activated Car-
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tion. Hence, this correlation, having three parameters, has many
desirable properties and should be capable of describing the iso-
therm behavior over a wide concentration range. The parameters
0. B, and n were determined by the best statistical representation
of the experimental data. Detailed parameter searches for the iso-
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Fig. 3. Comparative plots of experimental isotherms with calculated values for CFC-113 on activated carbon pellet by Sips model.
(a) in low concentration ranges, (b) in wide concentration ranges.
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Fig. 4. Comparative plots of experimental isotherms with calculated values for HCFC-141b on activated carbon pellet by Sips moggl
in low concentration ranges, (b) in wide concentration ranges.
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Table 4. Sips parameters for CFC-113 and HCFC-141b on acti- This study was financially supported by Chonnam National Uni-
vated carbon pellet versity in the program, 2000.
Parameter CFC-113 HCFC-141b
% (molka) 242 s a7 NOMENCLATURE
B, 2.6724 0.7210

0. :Mmaximum adsorption capacity of adsorbent [mol/kg]

n 0'4958 0.5971 g :moles of adsorbate adsorbed per unit mass of adsorbent

Q (KJ/mol) 25.14 27.45 (mol/kg]

Error (%) 36.86 3.37 q : equilibrium amount adsorbed on the adsorbent [mol/kg]

_100%|g, (exp?) —q.(pred| B  :constant
0, == | |
Error (%) Nd,Zo g.(expd B, :constant
C  :concentration in vapor phase [mdymnd constant in Eq.
3)

therm constants were conducted for the activated carbon pellet by :constant in Eq. (1)
using nonlinear regression analysis. The parameters B in Eq. ()  : heat of adsorption [KJ/mol]
are, of course, functions of temperatures. Oeondensation N€AL Of condensation [KJ/mol]

The temperature effects on the two parameters B of CFC-11R  : gas constant [8.314 J/(mol-K)]
and HCFC-141b for the activated carbon pellet are depicted in FigT ~ : absolute temperature [K]
2. The values B of CFC-113 and HCFC-141b decrease with increas-
ing temperatures for both adsorbate. Therefore, the best fit was ob- REFERENCES
tained with the following equation:
0 1 Benning, A. F. and McHarness, R. C., “Orthobaric Densities and Criti-
B.ex ot _L D}C” cal Constants of Three Fluorochloromethane and Trifluorotrichloro-

. RO 71,0
9= ) ethanellnd. Eng. Chem32, 814 (1940).
G 1+B,ex g%}_ —_% %}0” Benning, A. F. and McHarness, R. C., “Thermodynamic Properties of

Trichlorotrifluoroethane. Technical Report T-113A) E. I. du Pont de
Figs. 3, 4 shows the comparison of experimental data for the ac- Nemours and Company (1934).
tivated carbon pellet with the isotherm curves fitted by Eq. (2). It Benning, A. F. and McHarness, R. C., “Vapor Pressure of Three Fluo-
was found that the experimental data of CFC-113 and HCFC-141b rochloromethane and Trifluorotrichloroethai]. Eng. Chem32,
on the activated carbon pellet could be described by the Sips rela- 497(1940).
tionship. Table 4 lists Sips parameters for CFC-113 and HCFC-141Bickle, G. M., Suzuki, T. and Mitarai, Y., “Catalytic Destruction of Chlo-
on activated carbon pellet. rofluorocarbons and Toxic Chlorinated Hydrocarbadksjl. Catal,
2. Heats of Adsorption Ser, B4,141(1994).
The parameter Q was determined by the best statistical reprecheung, H. M. and Kurup, S., “Sonochemical Destruction of CFC 11
sentation of the experimental data. Heats of adsorption determined and CFC 113 in Dilute Aqueous Solutid&iviron. Sci. Techngl
by the best statistical representation of the experimental data are 28, 1619 (1994).
listed in Table 4. Heats of adsorption for HCFC-141b (Q=27.45KJ/Cho, S.Y. and Lee, Y.Y., “Development of Equipment for CFC Re-
mol) are slightly larger than that for CFC-113 (Q=25.11 KJ/mol)  covery; KIST Project Report No. UCN769-4332-6; Korea, Novem-
on the activated carbon pellet. Heats of adsorption are lower than ber (1991).
the heats of condensation,(Q,suior=200=28.66 KJ/mol) for CFC-  Chihara, K., Mollot, C. F., Cheetham, A. K., Harms, S., Mangyo, H.,
113 [Benning and McHarness, 1934]; the former are of the same Omote, M. and Kamiyama, R., “Molecular Simulation for Adsorp-
order of magnitude as the latter. This means that the adsorption of tion of Chlorinated Hydrocarbon in Zeolitd&rean J. Chem. Eng
two solvents on the activated carbon pellet is due primarily to phys- 17, 649 (2001)
ical forces. Cicerone, R. J., Stolarski, R. S. and Walters, S., “Stratospheric Ozone
Destruction by Man-Made Chlorofluoromethan&siience 185
CONCLUSIONS 1165 (1974).
Ismail, M. K., “On The Reactivity, Structure and Porosity of Carbon
The adsorption characteristics of two kinds of chlorinated sol-  Fibers and Fabric€Zarbon 29, 777 (1991).
vents on activated carbon pellet were investigated. The adsorptioerr, J. B., “Decreasing Ozone Causes Health Conésvifon. Sci.
equilibria were obtained at various temperatures. The equilibrium Technal, 28 514A (1994).
data of CFC-113 and HCFC-141b vapor on activated carbon pellekim, D. J., Shim, W. G. and Moon, H., “Adsorption Equilibrium of Sol-
were well correlated by Sips equation. The heats of adsorption for vent Vapors on Activated Carbori§)rean J. Chem. End8, 518
two solvents were estimated from experimental data. Although the (2001).
heats of adsorption are lower than the heats of condensation, thém, S. J., Cho, S. Y. and Kim, T. Y., “Adsorption of Chlorinated Vola-

former are of the same order of magnitude as the latter. tile Organic Compound in a fixed Bed of Activated CarliGorean
J. Chem. Eng18, 518 (2001).
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