HWAHAK KONGHAK Vol. 36, No. 2, April, 1998, pp. 169-178
(Journal of the Korean Institute of Chemical Engineers)

O - YT - HEMe - OlFE
AT shakEist

PYALEF) 24 LDT4
1997 79 184 A<, 19973 124 15¢ A=)

Diffusion Mechanism of N,, CH,, and CO, in Pelletized Zeolite Ca-X
Hyung-Woong Ahn, Myung-Kyu Park, Doo-Sun Park* and Chang-Ha Lee'
Dept. of Chem. Eng., Yonsei University, Seoul, Korea

*Cryogenic Research Institute, DaeSung Sanso Co., Ansan, GyongGi-Do
(Received 18 July 1997; accepted 15 December 1997)

2 o

CaZ o] & A A3 A 2elo|= X i3t N,, CH, B CO, 7139} 7|75 129 0-1ams} L% W 273-
293 KellA] A8t Fapiol 28] AP A2 g JL uptake curve EHE S LF AL C R A S F AL T RS
o]g-3te] FAHAITE Aglor], 8t Ry o 2Ry FALT v e F2ode) ke A Bt} Mool FalA
ol 523A sl o), hHo] Fr15tel el Fade] ko g old v S EL vehldcl A8 A)-gelo]
E Ca-XellA N, CH, ¥ CO8] Fa4mt ti7]3ule] 85312 vehgel. 2123 Agt 2764 N9} CHE= 73
Alel| 9le] KnudsengHite] xufd Q] wbdd, 2% v}l 18 Zrlo) ujal 71 #4ke] Ajul7]7= Knudsen2HAkz)
EAHAEE] Aolodg o 2 o] gsldrt. 22 COe BE £544 g Z7)el we} Knudsendilold] Exlgito g
AolsE AAE ¥4t 7| FoA N, CH, ¥ CO2| FE&4ASE ¢33 250 dig 9E2492 uyrh

Abstract— Diffusion mechanism of N,, CH,, and CO, in pelletized zeolite Ca-X was studied theoretically and exper-
imentally in the range of 0-1.0 atm and 273-293 K. Using the isothermal and nonisothermal adsorption rate models, diffu-
sion coefficients were obtained from the experimental uptake curves through a gravimetric method. The effect of heat of
adsorption on the adsorption rate was also investigated using these mathematical models. The diffusion showed the ten-
dency of an isothermal behavior in the range of low pressures, but showed a nonisothermal behavior with an increase of
pressure due to the effect of heat of adsorption. The adsorption rates of N,, CH,, and CO, in pelletized zeolite Ca-X were
controlled by the macropore diffusion. In the case of N, and CH, at low temperature and pressure, Knudsen diffusion was
dominant in the effective macropore diffusion, while the controlling mechanism of the effective macropore diffusion was
moved to the transition region of Knudsen diffusion and a molecular diffusion with an increase of temperature and pres-
sure. In the case of CO,, however, the diffusion rate control in the effective macropore diffusion showed a transition from
Knudsen diffusion to a molecular diffusion with an increase of pressure. Furthermore, the effective diffusion coefficients in
the macropore showed dependences on both pressure and temperature.
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Table 1. Characteristics of adsorbents

Adsorbent zeolite

Properties Ca-X Unit
Nominal size 1.53.0 mm
Bulk density(ps) 0.680 glem®
Pellet density(p,) 11 g/em’
Macropore porosity(ey)* 0.2313 -
Average macropore diameter(ds)* 1380 A
Micropore diameter** 89 A
Heat capacity(C,) 0.22 cal/g - K
Equilibrium H,O capacity 22 % wt
Sample configuration (R,;) 1.60 mm
(Ry) 0.5 mm

*These values were obtained from mercury porosimeter.
**These values were obtained from ref.[2]

Table 2. Physical properties of adsorbates

Adsorbate
Properties Unit
N, CH, Co,

Molecular weight(M) 28.02 16.04 4401 g/mol
Specific gravity 12.5 0415 1.53 -
Melting point(T,) ~209.86 -1826 -566 °C
Boiling point(T,) -1958 -1614 -785 °C
Kinetic diameter(d,,)* 3.68 3.82 3.70 A
Critical temperature(T,) -1471 -825 31.1 ‘C
Ciritical pressure(P,) 33.9 46.0 73.8 bar
Mean free path(A)*

at 293K, 0.0latm 66350 61549 56300 A

at 293K, 1.00atm 663.50 61549 563.00 A

All values were obtained from ref.[3] except*
*These value were obtained from ref.[17]
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Fig. 1. Experimental apparatus for adsorption rate and equilibrium
measurement on an adsorbent.
1. Cahn microbalance
2. Circulating water bath
3. Controller
4. Recorder

5. Manometer
6. Diffusion pump
7. Rotary vacuum pump
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Fig. 2. Equilibrium adsorption isotherms of N,, CH,, and CO, on zeo-
lite Ca-X at 273 K.
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Table 3. Parameters of Langmuir model and Langmuir-Freundlich

model
N/zeolite Ca-X
Langmuir model Langmuir-Freundlich model
b q, b qs n
273K 0.962 2.356 0.325 2.263 1.481
283K 0.836 1.945 0.378 1.740 1.397
293K 0.805 1.491 0.420 1.490 1.276

CH,/zeolite Ca-X

Langmuir model Langmuir-Freundlich model

b q b qs n
273K 1271 1.803 0.270 3.912 1.300
283K 0.978 1.826 0.344 3.227 1.182
293K 1.262 1.417 0.170 3.128 1.306

CO,/zeolite Ca-X

Langmuir model Langmuir-Freundlich model

b qe b q n
273K 45.59 4214 42.10 4.752 1.703
283K 29.91 4.087 29.08 4.755 1.873
293K 19.92 4.016 19.28 4.502 1.572
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Fig. 3. Slopes of equilibrium isobar.
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Pred. Expt.

—— @ 273K, 0.054atm, q=0.2696mmol/g
-------- A 283K, 0.064atm, g=0.2237mmolly
—= O 293K, 0.076atm, q=0.1862mmolg

DA = 0.13216X10" [1/sec]
Dir* = 0.20768X10" [1/sec]

ATIK

Time [sec]
Fig. 5. Experimental uptake curve of N, fitted by nonisothermal mod-
el and theoretical temperature profile in solid phase.
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Di* = 0.16328X10° {1/s8c]

A Rog DI = 0.22037X107 [1sec]

0 100 200 300
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Fig. 6. Experimental uptake curve of CH, fitted by nonisothermal
model and theoretical temperature profile in solid phase.
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a : external surface area per unit volume of adsorbent sample {1/
cm]
b : Langmuir parameter [1/atm]

: concentration [mol/g]
s : heat capacity of adsorbent {cal/g - K]
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D : diffusivity [cm/sec]
DA*  : diffusion time constant [1/sec]
D. : micropore(intracrystalline) diffusivity [cm’/sec]

D, : effective macropore diffusivity [cm’/sec]

D,  :limited effective macropore diffusivity at P~ 0 [cm’/sec]
D, : molecular diffusivity {cm®/sec]

D, : Knudsen diffusivity [cm*/sec]

D, : macropore diffusivity [cm’/sec]

D,  :pre-exponential factor [cm%/sec]

E, : diffusional activation energy [cal/mmol]

h : external heat transfer coefficient [g - K/cal - sec]

K : Henry constant [mmol/g - atm]

m, : mass adsorbed at time t [g]

m, : mass adsorbed at t— oo [g]

M : molecular weight [g/mol]

n : number of sites that an adsorbate occupies

P : pressure [atm]

q : amount adsorbed(adsorbed phase concentration) [mmol/g)
q : value of q averaged over a crystal or pellet [mmol/g]
T : radial distance of crystal [cm]

I, : crystal radius [mm]

Ip : macropore radius [cm]

R : radial distance of pellet [cm]

R, : pellet radius {mm]

t : time [sec]

T : temperature [K]

— AH, : isosteric heat of adsorption [cal/mmol]

az2joja B}
o : heat transfer parameter defined by Eq. (5) [-]
B : heat transfer parameter defined by Eq. (5) [-]

g, : macropore porosity [-]
P, : pellet density [g/cm’]

G :constant in the Lennard-Jones potential energy function [A ]

T : tortuosity factor [-]
Q.  :collision integral [-]

SHRL

0 : limited state at ¢ or P— 0
€ : equilibrium or steady state
A : species A

5t M36A M2& 19984 4%

w7t

oo

11.
12.
13.
14.

15.
16.

17.
18.

19.

" 20.
21.

: species B

: nonisothermal condition
: isothermal condition

: saturation condition
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