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Theoretical Study on Effective Diffusivities of Bi-disperse Porous

Solids at Constant Pressure

Munckazu Oumi, Tateo Usul, and Keiji NAKAJIMA

Synopsis:

For predicting effective diffusivities of bi-disperse porous media, an improved model in which tor—
tuosity factors of the macro- and micro-pore are taken into account is proposed on the basis of the
WakAO and SmitH random pore model. The diffusion rates of binary gases at constant pressure and
the effective diffusivities are derived according to the model.

By the use of the experimental data of Wakao and Smrth and HENRY et al, tortuosity factors of their
porous solids are determined approximately on the basis of the model. The theoretical effective-diffu-
sivities calculated by using the tortuosity factors agree rather well with the experimental ones than those
calculated on the basis of the random pore model over the pressure range 0.0006 to 12 atm.

In order to examine the influence of an inert gas on the diffusion process, solutions to the Stefan—
Maxwell diffusion equations for equimolar counter diffusion in a ternary gas mixture through bi-
disperse porous media are derived on the basis of the model: The diffusion rates and the effective

diffusivities in this system are given.

The expressions for the simple one-dimensional diffusion mentioned above are extended to those for

the radial diffusion in a spherical shell.
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Fig. 1, Diffusion mechanisms in bi-disperse porous
media.
1 : Diffusion through the macropores
9 : Diffusion through the micropores
3 : Diffusion through the macropores
and micropores in series
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Fig. 2. Estimation of tortuocsity factors of the
porous solids by means of Egs. (26) and
@7).

FZTED Tma & Tmi DEXHAWVT, (17) Xrbd
R T v X ART — TN X BHEDILERB OB RIE
BEM L, FRMBERE LT, (18R B\ ik (19)RKm
LE®D 7 Ry VIRBIRD 5\ B O T IR S 5
B OEIEBER L HE Lie. e S EIEBURBDE
Bl (16) RIC KR 09 #fRALGHE L. &6
1w Table 1 WENHE &GS T, BRILBIRED
B335 B IRECRRC BT s EOEF S 0ElE%, (17)
RCESCTRRTERELTGRLTE V.

100 Dy
JszD

EnL;

oft & (¥a1—%a2)

l—axast+Dap/Dra,mj
%X ln d o
{l—axAl‘l‘DAB/DKA,mj (%)

(mj=ma, mi, ma-mi) -.-----eeee (28)
R5 UART —E T AR X BEIKEBERE OERE A H
H3 a8z, Q0)RKTS th; OEEZEDTES
DHENRD DD, ZOPAIL, ¥3 Table 1 WRL

Table 1. Physical properties and tortuosity factors of the porous solids used by Waxkao

and SmiTHY ahd HeNRyY, et al.®),

their experimental conditions, and J-values.

Solid L Ema Emi @ma |%mi| Tma p Jma Jmi Jma-mi ij*
No. | (em) | (=) | (=) | (A) [(A)| (=) (atm) (%) (%) (%) (=)
A 1.26 {0.63 |0.17 |15000| 25| 1.121.00 ~ 4.81 98.8~95.4 0.2~ 0.6 1.1~ 4.0 | 1.69
B 1.26 |0.45 |0.27 2300 24 | 1.17 | 1.26 ~12.0 94.7~76.5 1.8~ 5.7 4.,1~17.8 | 2.22
C 1.30 10.34 [0.33 11000 23| 1.11 [ 1.92 ~12.4 85.8~63.5 4.7~12.3 9.5~24.2 | 2.49
D 1.27 10.18 |0.39 460| 23 | 1 1.0 ~11.5 62.7~36.5 | 20.0~34.5 | 17.3~29.0 | 2.63
E 1.26 |{0.09 |0.42 370 23 | 1 1.68 ~10.9 27.2~14.1 | 52.4~62.3 | 20.4~23.6 | 1.38
1 1.6610.303|0.468| 4300| 85 | 1.36 | 0.00060~ 0.79 | 85.1~65.1 5.5~13.0 9.4~21.8 | 3.75
2 1.24410.233|0.492 |20000| 37| 1.29 | 0.00066~ 0.79 97.7~76.4 1.0~10.7 1.3~12.8 | 4.98
3 1.81610.223 | 0.444 {18000| 37 | 1.06 | 0.00198~ 0.78 | 98.1~.83.1 0.9~ 7.9 1.0~ 9.0 | 4.38
4 1.548 10 0.302 — | 85 — 0.00069~ 0.79 0 1 0 3.22

Binary gases : A(N;)-B(He)

A~E : Waga0 and Smite4> (Alumina) 24°C, PDjp=0.697 atm - cm2/s
1~4 : HENRY, et al® (1~3: Alumina, 4 : Vycor) 25.8°C, PD,p=0.703 atm - cm?2/s
Jmas Jmts Jma-mi : macro, micro and series contribution factors calculated by Eq. (28).

tmi=1l> Tmj*=tmi* for Solid No. 4 and E, tpj¥=1y,* for others.
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Fig. 3. Effective diffusivities as a function of pres-
sure; comparison between theory and ex-

perimental data of Wakao and Smitud.
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: Experimental data
: Eq. (17) (Present work)
: Eq. (17) with zp,=7n;=1 (Wakao

and SMITH random pore model®)

: Eq. (20) (Parallel pore model®)
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Fig. 4. Effective diffusivities as a function of pres-

.sure; comparison between theory and ex-

perimental data of Henry, et al®).
Notations are the same as in Fig. 3.
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Fig. 5. Comparison of theoretical curves calculated
by Eq. (17) with those calculated by Egs.
(18) and (19) under experimental conditi-
ons carried out by Wakao and Smitu4.
—— : Eq.(17) (Present work)
------ : Eq. (18) (Knudsen diffusion control)
--—-:1Eq. (19) (Molecular diffusion control)
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Fig. 6. Relation between xc; and x,; under the
equimolar counter diffusion of components
A (H,) and B (H,O) through a bi-
disperse porous solid (Solid 2)® calculat-—
ed by Egs. (35) and (42); component
C (N,) is stagnant.
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