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Abstract— The experimental and theoretical study was carried out for the adsorption of methylene chloride vapor on a
activated carbon bed. A nonequilibrium, nonisothermal, and nonadiabatic mathematical model was developed to calculate
the concentration and temperature profiles. A linear driving force mass-transfer model was found to be acceptable fit to the
experimental data. The effects of operation variables, such as initial bed temperature, feed concentration etc., were investi-
gated. Also, the effects of heat-and mass transfer coefficients on the temperature and the concentration curve were studied.
The overall heat transfer rate was controlled by the heat transfer between gas phase and bed wall, h,, at unsteady state,
while after reaching the steady state, heat transfer between wall and ambient, U,, was rate controlling step. But the heat
transfer coefficient between adsorbent and gas phase, h,, had little effect on the temperature curves. It was also founded
that mass transfer was limited by the surface diffusion. The cooling step followed by hot purge regeneration step in the
TSA cycle might be omitted because the breakthrough curve of this system was not affected by the initial bed temperature.
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Fig. 1. A schematic diagram of the fixed bed experimental setup.

Table 1. The physical properties of particle

BET surface area(m’/g) 1,100-1,200
Apparent density(g/cm®) 0.72

True density(g/cm’) 215
Particle size(cm) 0.17-0.24
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Table 2. Adsorption bed and packing characteristics

Bed length(cm) 30
Inside diameter(cm) 4.1
Outside diameter(cm) 4.5
Packing length(cm) 20
Packing amount(g) 110
Bulk density(g/cm®) 0.42
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Fig. 2. Adsorption isotherms of methylene chloride vapor on acti-
vated carbon.

Table 3. Langmuir parameters and heat of adsorption
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Table 4. Fixed-bed operating conditions for adsorption step
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Fig. 3. Simulation of nitrogen heating Run N1.
[h,=2% 107* cal/(cm’ sec K), h,=5X 10™* cal/(cm’ sec K), U,=9x
107° cal/(cm” sec K), T,..(K)=369 — 369exp(— 0.322 **** - 1.592),
t: time(min)].
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Run no. Y X 10° To(X) P(atm) F(L/min)
A0 225 298 1.10 335
AC1 1.33 297 1.10 335
AC2 1.92 297 1.10 335
AC3 3.84 296 1.10 335
AF1 232 297 1.05 238
AF2 2.24 295 1.07 28.5
AF3 2.31 296 1.11 36.8
AT1 2.27 298 1.10 335
AT2 2.29 300 1.10 335
AT3 233 299 1.10 335
N1 0 297 1.09 335
N2 0 293 1.09 335

(F:at 1atm, 298K)

Table 5. Basic parameters for numerical calculation

Parameter Unit Values
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Fig. 4. Effect of U, on temperature profiles based on simulation for
Run N2.

[h,=2x107° cal/(em’ sec K), h,=5x10"* cal/(cm’ sec K), T,,(K)
=397 - 397exp(~ 0.310 "' - 1.334), t : time(min)].
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Fig. 5. Effect of temperature on overall mass transfer coefficient(P=1
atm, T=298 K, F=33 L/min).
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Fig. 6. Typical adsorption breakthrough curve for methylene chlo-
ride vapor on activated carbon(Run A0).
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Fig. 7. Effect of inlet composition on adsorption breakthrough curve
(Run A0=0.00225, Run AC1=0.00133, Run AC2=0.00192, Run
AC3=0.00384).
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Fig. 8. Effect of initial bed temperature on adsorption breakthrough
curve(Run A0=298K, Ruon AT1=324K, Run AT2=354K, Run
AT3=382K).

7 FA5A, e ALEA 5ol st 2AHN, o]F u)
WS Al 2710 meld o Hee exe) ¥x zg
stdo] WAE 4= Utk AW T 2ASNME L= FH ] Agigie]
TETAY A v wE 22 o)F sk o]9) he dAke
=5 93 (pure thermal wave)2}31 e}, Pans} Basmadjian[17}e o
QAS FYRd A4 F3ld, A 22)¢} (23)] 2AL W=
At e 43 AL Byt

%G

Y, 7 Gy @2
% Cps

T 15 @3)

f
# Ao Akl 23 &% T, dhAlelA 78 4= g}

q; AH

T, =T, ———{—
A @/ Y,)—cp

24

EE o1 &5 Gt AN EE Ao E 72 Fape) =
B3] FAR 27) 25 g ulx] 9482 W sl ey
A 4 D7) YA TSA ZHo)A 28 DAE =AY 2y
o F4EEE Fol7] 9% B AV Heskx) gee wy
2 AN q/Y, 9] g AP A0S 2 A 1.26(mol/g)o] 11,
9/Y; 2 32 1.32(mol/gye] 22 4= Ay} YAE 4 gle AL
FE3) W53, AgAstel wdAloa] Aag Ao A E o)2}
2L Aot Aoz} a2lmg TSAS) e 3 Fyoz W
SEF|=E AT FHAE o] 4sld 34y g YdAE
A E Ay 3 8 4= 9}

A3 AFL, AF2, AF3: §3 913240 gt fake] sdgke A
Hu7| st F=el ol ke Ay AL AY Acst
AR 246 St o) 5o AYAxtel A4 -5 Fig. 9
o A¥ A0} o) vehygic). F-3 H333 A0 ot ko]
= FUERS] Ao} BN frake) 271l whel shapalz
o] ZolAa, 2 satT A2 7]¢7)7 FAHA= A3E ey
A=t FAde] Fa2e wepd o)Fshe s A2 <3
A FAA s 92aA ek & As} 7o) F2493 A
7} 912 223 ¥e(favorable type)l Aok, S Ao}

HWAHAK KONGHAK Vol. 36, No. 2, April, 1998



166 : AE - A7)
12
10
8
£
2 8F :Run A
:Run AF1
a4t :Run AF2
: ‘Run AF3
:Calculated
2

A 1 | 1
0 50 100 150 200 250 300
Time(min)
Fig. 9. Effect of flow rate on adsorption breakthrough curve(Run A0
=33.5 L/min, Run AF1=23.8 L/min, Run AF2=28.5 L/min, Run
AF3=36.8 L/min).
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Fig. 10. Effect of total pressure on adsorption breakthrough curve
(based on Run A0 condition).
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Fig. 11. Calculated concentration and temperature profiles at t=10
min for Run A0.
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Fig. 12. Calculated concentration and temperature profiles at t=50
min for Run A0.
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AIBI1&

a, :ratio of the mean surface area to the volume of the column
wall [//cm]

a, :particle external surface area to volume ratio [//cm]

a,; :ratio of the internal surface area to the volume of the column

[#/cm]

a,, :ratio of the log mean surface area to the volume of the column
wall [//cm]

b :Langmuir isotherm constant [#/atm]

G heat capacity of gas [cal/g mole/K]

S  * heat capacity of solid [cal/g/K]

G heat capacity of wall [cal/g/K]

€ :adsorbate concentration in gas phase [g mole/cm’]
C  :total concentration in the feed [g mole/cm’]

Dy : effective diffusion coefficient [cm’/s]

D, :Knudsen diffusion coefficient [cm?s]

D, :molecular diffusion coefficient [cmz/s]

D, : preexponential factor in surface diffusion [cm’/s)

]

. surface diffusion coefficient [cm’/s]

: surface diffusion energy of activation [cal/g mole]

: flowrate at 1atm, 298 K [L/min]

: heat transfer coefficient from gas phase to solid phase, [cal/(cm’
sec K)]

 heat transfer coefficient from gas phase to wall [cal/(cm’ sec K)]

: fluid film mass transfer coefficient [cmy/s]

: LDF mass transfer coefficient [//sec]

: bed length [cm]

: molecular weight [g/g mole]

: Reynolds number [-]

: Schmidt number [-]

: molar gas flow [mole/min]

o

&

: total pressure [atm)

: solid phase concentration based on feed temperature [mole/g
solid]

: solid phase concentration based on plateau temperature [mole/g
solid]

‘q/q,

: value of q at equilibrium with y [g mole/g]

: saturation concentration of adsorbate [g mole/g]

e_mungzghwir{:

.

28,0 @

: 9/, dimensionless adsorbate concentration in solid phase [
: adsorbate concentration in solid phase [g mole/g]

: pore radius [A]

: particle radius [cm)

: gas constant

: T/T,, dimensionless temperature [-]

HRAS e O

—
&£

: regeneration time [min]

: feed temperature [K]

: purge gas temperature, plateau temperature [K]

: reference temperature [K]

: temperature [K]

: time [min]

: heat transfer coefficient from wall phase to ambient [cal/(em®
sec K))

: bed volume [cm’]

: V/v,, dimensionless interstitial velocity [-]

: interstitial velocity [cm/sec]

: Z/L, dimensionless axial distance [-]

: mole ratio of gaseous adsorbate to carrier gas [-]

o HaAa4

<x s <<

2 ¥/ya dimensionless mole fraction of adsorbate in gas phase [-]
: mole fraction of adsorbate in gas phase [-]

-«

z  :axial distance coordinate [cm]

a2|o0jA 2X}

o  c:kLi,[-]

o, :particle external surface area to volume ratio [1/cm]
Y tha(l-gLRTu/AePc,v,) [-]

Y hauLlRT/(ePc,v,) []

% thalAp,ev) [

Y :AHG/(c,Ty) []

Y haolAp.cuva) []

Yo :Ualdpucavs) []

AH : heat of adsorption of adsorbate [cal/g mole]
€  :bed void fraction [-]
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Ps
Ps
Py

A - 7]

: particle porosity [-]

: RT,qip1 - £)/(7ueP)

: bulk density [g/cm’]

: gas density [mole/cm’]

: particle density [g/em’]

: v,t/L, dimensionless time [-]

a2
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