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Abstract — The sorption kinetics and equilibria of N, in pelletized zeolite 4A and SA by the gravimetric method were stud-
ied theoretically and experimentally at the range of 273-303 K and 0-0.8 atm. The diffusion rate of N,/4A system was deter-
mined by micropore diffusion. The micropore diffusion time constants of N,/4A system showed no significant concentration
dependence. The micropore diffusion rate and diffusional activation energy in N,/4A system could be explained by the ratio of
adsorbate kinetic diameter to micropore diameter. On the other hand, the diffusion rate of N,/5A system was significantly
affected by macropore diffusion. The effective macrpore diffusivity of N,/5A system was increased moderately with sorbate
pressure and was well predicted by using average macropore diffusivities, porosities, and slopes of isotherm. The effects of
external film heat transfer by heat of adsorption were significant for N,/4A and N,/5A systems. The rates of external film heat
transfer depended not on the adsorbent, but on the thermal properties of the adsorbate.
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Table 1. Characteristics of adsorbents

Adsorbents

Properties Zooltodh  ZeolwsA O
Nominal size 4-8 4-8 mesh
Bulk density(pg) 0.720 0.705 glom®
Pellet density(pp) 1.09 1.16 glem®
Macropore porosity(€p)* 0.34 0.36
Average macropore diameter(dp)* 2000 1972 A
Micropore diameter** 3.6-4.0 42-4.4 A
Heat capacity(C,) 0.20 022 cal/g - K
Equilibrium H,O capacity 220 21.7 %o wt
Sample configuration(R,,;) 1.50 1.50 mm

R, 1.00 0.95 mm
*These values were obtained from mercury porosimeter.
**These values were obtained from ref.[2].
Table 2. Physical properties of adsorbate
Properties __ Adsorbate Unit,

N,

Molecular weight(M) 28.02 g/mol
Specific gravity 12.5 -
Melting point(T,,) —209.86 T
Boiling point(T,) -195.8 T
Kinetic diameter(d,,)* 3.68 A
Critical temperature(T,) -147.1 T
Critical pressure(P,) 339 bar
Mean free path(A)* .
at 293 K, 0.01 atm 66350 A
at 293 K, 1.00 atm 663.50 A

All values were obtained from ref.[27] except *.
*These value were obtained from ref.[26].
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Fig. 1. Equilibrium isotherms of N, on (a) zeolite 4A & (b) zeolite SA.
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Fig. 3. Uptake curves and corresponding temperature variations within
the pellet by adsorption of N, on zeolite SA.
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Fig. 9. Pressure dependence of corresponding macropore diffusivities
(Dp) for adsorption of N, in zeolite SA.
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Fig. 11. Variation of heat transfer parameters(tha/C,) with sorbate
pressure for sorption of N, in (a) zeolite 4A and (b) zeo-
lite SA.
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a  external surface area per unit volume of adsorbent sample [1/
cm]
b : Langmuir parameter [1/atm]
c : concentration [mol/cm’]
C, : heat capacity of adsorbent [cal/g-K]

D : diffusivity {cm?¥sec}
D/? . 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]

Dp : macropore diffusivity [cm?/sec]

D, :corrected diffusivity [cm¥sec]
: pre-exponential factor [cm%/sec]
: diffusional activation energy [cal/mmol]

e
&

2

: external heat transfer coefficient [g-K/cal -sec]
: Henry constant [mmol/g-atm]
: thermal conductivity [cal/sec-cm-K}

5 =~ R =

o

: mass adsorbed at time t [g]
: mass adsorbed at t=>c0 [g]

o

: molecular weights [g/mol]

vz 3

: pressure [atm]
: amounts adsorbed (adsorbed phase concentration) [mmol/g]

: adsorbed phase concentration at a reference temperature [mmol/

gl
: equilibrium adsorbed phase concentration [mmol/g]

[Soqta]

*

: value of q averaged over a crystal or pellet [mmol/g]

= ol .0

: radial distance of crystal [cm]
: crystal radius [mm)]

: macropore radius [cm]

: radial distance of pellet [cm]
: pellet radius [mm]

: time [sec)

- "’“W oA

: temperature [K]

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

Jz2jojA Xt

o : heat transfer parameter defined by Eq. (3) [-]
B : heat transfer parameter defined by Eq. (3) [-]
€, : macropore porosity [-]

0 : fractional saturation [-]

p,  :pellet density [g/em?)

G4 :constant in the Lennard-Jones potential energy function [A]
T : tortuosity factor [-]

Q,p :collision integral [-]

: limited state at q or P—~>0

o O op

: equilibrium or steady state
: saturated

: species A

: species B

: isothermal model

: nonisothermal model

Z = wm » @
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