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Abstract—Adsorption characteristics of CO and CO, gases for a fixed-bed adsorber filled with 37 wt%
CuCl-impregnated activated carbon were measured. We found that the amount of equilibrium adsorption
of CO, is less than that of CO on the adsorbent. Accordingly, the breakthrough point of CO, was reached
earlier than the case of CO. As a result, we concluded that the adsorbent prepared in this work can possibly
be used to selectively separate CO from the mixture of CO and CO, gases. Also, the experiment showed
that the behavior of breakthroughs mainly depend on bed temperature and gas flowrate rather than the
concentration of component to be adsorbed. Finally, a method that can calculate adsorption characteristics
of the bed was proposed based on the theory of FH-VSM equilibrium isotherm. The calculated adsorption
behaviors agree well with the experiment.
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Fig. 1. Schematic diagram of fixed bed adsorption experi-

ment.

1. Standard gas 7. Temp. controller
2. N; gas 8. Gas analyser

3. Rota-meter 9. Recorder

4. Heating tape 10. Water bath

5. Adsorbent 11. Pump

6. Glass bead 12. Mass flow meter
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Fig. 2. Flow chart of computational algorithm.
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Table 1. Input parameters for computer program

Parameters Value
Diameter of bed(ID) 22X1072m
Length of bed(LEN) 3.05X107'm

Bulk density of bed(ps) 596X 1074 kg/m3

External void fraction of bed(e,) 0.496

Internal void fraction of bed(e;,) 0.293

Density of adsorbent(p;) 2.83 X107 kg/m?

Size of adsorbent 1.0-14X107°m

Ratio of geometric surface area to
volume(a,)

Equivalent radius based on external
surface area(Ra)

493X10 'm™!

747X107*m

Equiva{ent radius based on geo- 65%10-*m
metric surface area(R,,)
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Table 2. Calculated values of parameters for FH-VSM adsorption equation

n;® rn bat —AH m
(kmol/kg) K (kmol/kg/kPa) (J/kmol) (kg/kmol)
CO 4.681x1073 1.038 % 10° 2184 X107 14 5.836 X 107 1.948 X 10°
CO, 4.015X10°! 4,781 X 107 2.078x107°° 2.25 X107 2.848 X 107
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Fig. 7. The effects of gas flowrate on breakthrough of CO
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Fig. 8. The effect of adsorbate concentration in feed gas
on breakthrough of CO and CO..
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Concentration(ppm) 4920 3500 1950 1740 700 530
Gas flowrate(!/min) 33 33 33 24 24 24
Stoichiometric breakthrough 5.15 577 7.00 134 143 149
time(min)
Bed capacity(kmole) 324X107%  289X107% 158X107¢ 200X10°7 0.87X1077 0.70X1077
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with FH-VSM(kmole/kg) 106X107*  844X10
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a : fraction constant for adsorption activation ener-
gy in Eq. (14)
b : Henry's constant of i component [kmol/kg/

kPal

b,y :temperature independent constant characteri-
zing each adsorption system [kmol/kg/kPa]

c : gas phase concentration [kmol/m?]

D  :mutural diffusion coefficient [m?%sec]

D. :Knudsen diffusion coefficient [m?/sec]

D, :axial diffusion coefficient [m?/sec]

D, :effective diffusion coefficient in porous media
[m?/sec]

D, :surface diffusion coefficient [m%/sec]

D, :preexponential factor for surface diffusivity [m?
/sec]

G :superficial molar gas flowrate [kmol/m sec]

AH :heat of adsorption [J/kmol]

ks :effective mass transfer coefficient [m/sec]

k; :gas film mass transfer coefficient [m/sec]

M  :molecular weight [kg/kmol]

m, :temperature independent constant characteri-
zing each adsorption system [kg/kmol]

N; :molar flux [kmol/m? sec]

n; :number of moles adsorbed on adsorbent [kmol
/kg]

n, :temperature independent constant characteri-
zing each adsorption system [kmol/kg]

p : equilibrium pressure [kPa]

R,,r :radius of particle or adsorbent [m]

r. :mean pore radius &1

1; : temperature independent constant characteri-

zing each adsorption system [K]

T  :temperature (K]

t : time [min]

w  :amount adsorbed of adsorbate [kmol/kg]
y : mole fraction of gas phase

z : axial position in bed [m]

Jajola Xt
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oy, :parameter of FH-VSM as defined Eq. (15)
g, :geometric surface area of adsorbent [m~!]
€« :external bed void fraction

0 : coverage

p, :particle density [kg/m®]

T : tortuosity factor

AHx}

. : gas phase in equilibrium with solid phase
SFY XL

b : bulk phase
i,j :ior j component
s : surface

=gl
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