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Abstract— In order to estimate mass transfer parameters of a gas in a fixed bed of solid with bi-dispersed pore struc-
ture, we derived new moment equations. The model contains the surface diffusion process on the surface of
macropore. With the model mass transfer parameters of CO, in the fixed bed of bi-dispersed polymer resin, XAD-2, was
estimated satisfactory.

Macropore tortuosity factor was 2.40, which was obtained by moment analysis of nearly nonadsoring gas, Ar.

Heat of adsorption was - 4. 2 kcal/ mol.Micropore diffusivity,D;/r5, was 0.22 sec™! at 30°C and the activation energy
was 7.3 kcal/mol. And macropore surface diffusivity was 6.0 X 10-* cm?2/sec at 30°C and the activation energy was 2.7
kcal/mol.
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Table 1. Characteristics of adsorbent (17) and column.

adsorbent column
solid phase density, g/em® 1. 06 column No. 1 2 3
particle density, g/cm 0. 62 length, cm 27 27 27
porosity 0. 42 Inside diameter, cm 1. 14 1. 14 1. 14
ave. pore diameter, ;\ 90 bed porosity 0.391 0.391 0.393
specific surface area, m®/g 330 particle mssh size 20/25 30/35  40/45
ave, particle dia., cm 0.078 0.055 0. 039
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Table 2. Apparent macropore tortuosity factor.
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Table 3. Macropore tortuosity factor for bi-dispersed solid culled from references.

source system experimental value expected value by Eq. (34 a}
Hashimoto & Smith(9) MS 5A/N, 3.4 3.60

Hashimoto & Smith(9) MS 5A/C,Hy 4.0 3.60

Hashimoto & Smith(10) alumina/C Hy, 3.4 3.21

Kawazoe et al [18] MSC/N, 3.2 3.38

Andrieu & Smith (6] MSC/CO, 4.6 3.85

this study XAD-2/Ar 2. 40* 2.75

Schneider & Smith(4) silica gel/C,H; 3.35 2. 38%*

*
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NOMENCLATURE

C : concentration in the fluid phase,
mol/cm?.

Cq concentration in the macropore,
mol/cm?®.

Cs surface concentration of the macro-
pore, amount adsorbed per unit
volume of the macropore, mol/cm®.

C(p) Laplace transform of C(t).

D . composite molecular diffusivity, de-
fined by Eq.(33), cm? /sec.

D, effective macropore diffusivity
cm? /sec.

) . apparent effective macropore diffusivi-
ty, cm? /sec.

D; effective micropore diffusity, cm? /sec.

Dy Kundsen diffusivity, cm? /sec.

Dy molecular diffusivity, cm? /sec.

ot
1o
oh

0f

a HM22d M55 19844 10

A4

Dy . effective surface diffusivity, cm?® /sec.

dp : macroparticle diameter, cm.

Ey axial dispersion coefficient, based on
the cross-sectional area of the column,
cm? /sec.

Eqp axial dispersion coefficient due to
molecular diffusion, cm? /sec.

Ed,f axial dispersion coefficient due to
fluid mixing, cm? /sec.

Eg activation energy of the surface dif-
fusion of the macropore, kcal/mol.

F : volumetric velocity of fluid, cm3/sec.

H . reduced second central moment, sec.

Hg function defined by Eq.(24), sec

H, function defined by Eq.(25), sec.

K : adsorption equilibrium constant,
cm’/g,

k¢ external  (fluid-to-particle surface)
mass transfer coefficient, cm/sec.

k(p) function defined by Eq.(11).

N, flux at the external surface of part-
icles, mol/cm? . sec.

N;j flux at the surface of microparticles,
mol/cm? sec.

P : Laplace domain variable, sec™!

P, Peclet number, edpv/Ed,

Pe ¢ Peclet number due to fluid mixing

’ defined by Eq.(28).

q : amount adsorbed per unit mass of
adsorbent, mol/g.

R radius of the macroparticle, cm.

r radial position in a particle, cm.

I radial position in a microparticle, cm.

Re Reynolds number, Edpvp/}.t.

I, radius of the microparticle, cm.

S. Schmidt number, u/pDy,

t time, sec.

T absolute temperature, ‘K.

v interstitial velocity of fluid, cm/sec.

Z axial position in the bed, cm.

Greek symbols
B : total void fraction in the particle.



89,01,8,, 84, 8¢, 6; : moment contributions de-

5(t)

ext

int

10.

11.

ol gl dlF natsbg#l FA Gl meledbiie] odh Wl stepelrte

fined by Eqs.(16) to (21)

Dirac delta function.

void fraction in the bed.

macropore fraction in the particle.
fluid density, g/cm®.

particle density, g/fcm’.

viscosity, g/cm. sec.

first absolute moment, sec.

second central moment, sec?.
macropore tortuosity factor defined
by Eq.(31).

apparent macropore tortuosity factor
defined by Eq.(32).

external tortuosity factor defined by
Eq.(27).

pore tortuosity factor of monodis-
persed solid defined by Eq.(34).
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