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Abstract—Adsorption isotherms of CFC-113 on activated carbon were determined at various temperature
(298K, 313K, 343K, 373K, 393 K). The isotherms were predicted by Langmuir model fairly well and the
results were used to simulate the adsorption and desorption experimental data. Fixed bed adsorption experi-
ments were performed, varying flow rate, concentration and temperature. Mass transfer coefficients were
estimated comparing constant pattern solution with experimental breakthrough curves. Fixed bed desorption
experiments were made, varying temperature and flow rate. A nonequilibrium, nonadiabatic model was used
to simulate experimental data. In the model, mass transfer rate was expressed by linear driving force with
mass transfer coefficients varying with temperature and thermal equilibrium between adsorbent and gas
phase was used.
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Table 1. Minimum column length, Z,,,, needed to establish
constant pattern profile in term of mass trans-
fer zone, Z,
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Table 2. The properties of activated carbon

BET surface area(m?/g) 1100-1200
Apparent density(g/cm®) 0.72
True density(g/cm®) 2.15
Pore size distribution
Pore volumé(cm®/g) 0.93
Micropores(<1 nm) 0.42
Transition pores(1-100 nm) 0.09
Macropores(>100 nm) 0.42
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Fig. 1. Fixed-bed experimental set-up.
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Table 3. The characteristics of fixed beds

Column length : 30 cm

Inner diameter : 3.7 cm

Adsorbant : activated carbon{Norit B4, 14-20 mesh)
Amount of adsorbant: 984 g

Packing height: 24 cm
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Fig. 2. Adsorption isotherms of CFC-113 on activated car-
bon.

Table 4. Parameter values as a function of temprature
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Fig. 3. Effect of flow rate on adsorption breakthrough cu-
rves(Co: 2500 ppm, T,: 298 K).
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Fig. 5. Estimation of mass transfer coefficients from con-
stant pattern approximation.
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Fig. 6. Effects of temperature, concentration and flow rate
on mass transfer coefficients.
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Fig. 8. Bed temperature for heating a clean bed with hot
air(Tw: 383 K, Flow rate: 24 !/min).
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Fig. 9. Effect of purge flow rate on desorption curves(T,,:
403 K, Cy: 2500 ppm).

Table 5. Purge requirements with flow rate

Flow rate(L/min) 20 24 28
Purge requirement 251 246 263
(L/g adsorbent)
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A, :wall volume specific area [cm?]

b : isotherm parameter defined in eq. (3)

Cs  :heat capacity of gas [cal/molK]

Css  :heat capacity of solid [cal/gK]

Cp  :heat capacity of wall [cal/gK]

k :mass transfer coefficient [s7!]

E : diffusional activation enegy [cal/mol]

— AH: heat of adsorption [cal/mol]

H, :heat transfer coefficient at wall [cal/cm?sK]
P :total pressure [Pa]

q : adsorbate concentration in solid phase [mol/
Kg]

: isotherm parameter defined in eq. (3)

:q* with Co [mol/Kg]

: equilibrium adsorbed concentration [mol/Kg]l
: gas constant [J/mole:K]

: column inner radius [cm]

: column outer radius [cm]

: temperature [K]

: reference temperature [K]

T.ms :ambient temperature [K]

: column wall temperature [K]

Tw :temperature of purge gas [K]
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gAge] oY CFC-1139 &4, 98 =4

: time [s]

: stoichiometric time [s]

: interstitial velocity [cm/s]

: interstitial velocity at reference temperature
[em/s]

: heat transfer coefficient through wall [cal/cm?
sK]

: mole fraction of adsorbate in gas phase

:mole fraction of adsorbate in feed

: axial distance coordinate [cm]

: mass transfer zone length [cm]

2jojA EX}
: bed porosity
: particle density [g/cm®]
: gas density [g/mol]
: column wall density [g/cm®]
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