
215 
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A method has been deve lo ped o f evaluating the tra nsport pa rame te rs of pnrou~ cata lysts usin g 
the mean transpo rt pore model (MTPM). The met ho d has been based on combining res ults 
of permeation and diffusion measurements while taking in to acco unt the different reliability 
o f results of both methods. The approach has been applied to six ca talysts for the conversion 
of wate r gas with m onodispe rse po re distributi on. Vario us simple gases have been used to tes t 
the MTPM, i.e. the independence of transpo rt parameters o n experimenta l conditions. The results 
have pointed a t the sho rtco min gs of estima tin g the mass tra nsport in porous structures using 
pore distributio n determined by conventional methods. 

In some processes in gas- solid sys tems involving the porous structure o f the solids (e.g. hetero
geneously catalyzed reactions, adsorption, gas- solid reactions, elc.) gradients of composition 
and/ o r pressure may appear within the porous structure. These gradients give rise to the dif
fusional and/ o r permeation mass transfe r which may substa ntia lly affect the kinetics o f the pro
cess. For the assessment a nd prediction o f this transpor t pore distr ibuti on curves are being utilized , 
obtained by mercury porosi metry, eventua ll y in combination with low-temperature physical 
adsorption (nitrogen, argon, krypton). It turns o ut quite often (refs 1 - 5), howeve r, that these 
methods do no t provide a true picture o f the shape a nd dist ributi on of the po res. For this reason, 
therefore, the transpo rt of gases in porous media has been characterized by means of effective 
diffusi on coefficients ; the measu rements being usua ll y carried o ut with a binary gas mixture 
at labo rato ry conditi ons. These effective diffu sion coefficients a re suitable, fo r instance, fo r 
co mparison of similar porous substances (catalysts, adsorbents elc.) but they are ill-s uited 
for predicting the transpo rt properties under different condition (temperature, pressure and com

position of multico mponent mixtures). 

It therefore appears more advantageous to start from a reasonable model of the 
porous medium using experimental data on one or more simple transport proces
ses in order to determine the structure-related parameters of the model that 
do not depend on the conditions of measurement and the kind of gases used (the 
so called transport parameters). The choice of the model of the porous medium is not 
arbitrary. It calls for the knowledge of the relationships describing the course of the 
examined transport processes. Further, one has to be able to describe the process 
(usually a more complicated one), the course of which is to be predicted (e.g. the 
effect on the catalytic reaction). It is the latter requirement, in particular, that causes 
that one can work with only very simple model concepts of the porous structure. 
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216 Folt, Petrini , Schneider: 

The aim of this work has been to show on a series of porous catalysts with mono
disperse distribution curves how one can combine the permeation (mass transport 
due to the pressure gradient) and diffusion measurements (transport due to the 
composition gradients) using simple gases and gas pairs in order to i) determine 
the transport parameters of a simple model of the porous structure (the mean trans
port pore mode), ii) to test the adequacy of the model and iii) to find the relation 
of the transport parameters to pore distribution curves obtained in the classical way. 

THEORETICAL 

In the mean transport pore model it has been assumed that owing to the structural 
properties of the porous medium the transport of gas does not take place necessarily 
through all pores of the porous solid (the porosity of the transport pores, Ct, equals 
at best the total porosity c). The pores that participate in the transport have been 
assumed to be straight equal diameter cylinders of radius I' (the radius of the trans
port pore) inclined to the direction of the transport. This inclination causes extension 
of the transport path (tortuosity). This extension together with the inequality Ct ~ C 

have been incorporated into the second parameter of the model, 1jJ. The strict concept 
of identical transport pores in the MTPM may be relaxed by admitting a distributed 
character of their size. The parameters of the model then become integral means 
over the transport-pore distribution which depend, in addition, on the method of aver
aging. As it will be shown in the following, for instance the mean transport pore 
radius then is not necessarily in a simple relationship to the mean squaregf this 
radius ((/,21jJ)/(rljJ) =1= (rljJ)!(V/) and one must use three transport parameters. -

For the purely diffusional transport the MTPM permits diffusion to be considered 
in the transition region between the Knudsen region and the region of bulk dif
fusion. For the permeation of gases one can incorporate contributions of the Knudsen 
flow, the viscous flow and the slip at the pore walls. With the aid of the MTPM 
one can also formulate relationship for the simultaneous diffusion and the forced 
flow in multicomponent mixtures. This problem arises, for instance, in the assess
ment of the role of mass transfer in catalytic reactions in porous catalysts. 

Real porous materials do not accurately fulfil the concept of the MTPM; for 
mono disperse narrow pore distribution catalysts, however, the porous structure 
approximates the idea of the MTPM (and the more closely the narrower the pore 
distribution). A bidisperse porous solid, will meet the MTPM provided the transport 
takes place in the interstices between micro particles supporting the micropores 
with a low transport resistance. In such a case one may expect the transport process 
to be adequately described by the MTPM. 

It has been found 6 that instead of the transport parameters l' and IjJ it is more 
convenient to work with combination 1'1jl and IjJ (eventually also with 1'21jJ); these 
parameters display a weaker cross-correlation and retain a physical meaning. 
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Transport Parameters of Monodisperse Porous Catalysts 217 

EXPERIMENTAL 

Catalysts 

A series of six porous catalysts for the conversion of water gas (ZnO, CuO, A1 2 0 3 ) shaped as 
cylindrical pellets was used: commercial catalysts ICI 52-1 (Imperical Chemical Industries) 
and CCE CI83 (Catalyst Chemicals Europe). and experimental ca talysts prepared by Montedison 
and designated as ME- A, ME- B, ME- C and ME- D. The textural properties of the catalysts 
are summarized in Table I. From the pore distributions obtained by a combination of mercury 
porosimetry (Porosimeter Erba Science. Milano) and low temperature adsorption of nitrogen 
(Sorptomatic 1826 of the same manufacturer) it is apparent that all of them may be classified 
as monodisper~e catalysts with different width of the distribution curve. 

10 to 12 pellets were used in the diffusional and the permeation experiments, mounted in cylin
drical holes of a metal disc who~e thickness equalled the length of the pellets. The pellets were 
first pressed into a piece of undersized silicon rubber tubing and together with the tubing mounted 
in the opening of the disc. 

The Permeation Measurements 

The effective permeability coefficients, B (cm 2/s), defined as the ratio of the gas flux through 
the pellet (mol /cm2 s) and the gradient of the total molar concentration (mol/cm4

). were de
termined in the pressure range between 25 and 190 kPa. The data were obtained at the laboratory 
temperature in a cell described elsewhere6 by observing the equalization of a small pressure 
difference (roughly 1 kPa) between two isolated volumes filled with the investigated gas and 
separated by the metal di~c carrying the catalyst pellets. The measurements were carried out with 
hydrogen, helium, nitrogen and argon; for these gases one can assume negligible surface transport. 

Diffusion Measurements 

The diffusion measurements were carried out at the laboratory temperature and pressure in a new 
type of an isobaric cell for counter-current diffusion of a binary gas mixture 7 . The principle 
of the method utilizes the Graham law, according to which the diffusion fluxes N A' NB of gases 
A and B (mol /cm2 s) are related by 

(1) 

where M A' MB are molecular weights of the gas A and B. For the net diffusion flux N (N = N A + 
+ NB) we then have 

(2) 

where IXAB = 1 - (MA / MB)I/2 is nonzero if the molecular weights of both gases are not the 
same. The net diffusion flux, N, was determined from the velocity of motion of a soap-film in a glass 
burette connected by one end to that part of the cell filled with gas A. The other part of the cell, 
flushed by gas B, was vented to the atmosphere, equally as the other end of the glass burette. 
The pressure difference between both parts of the cell, separated by the metal disc supporting 
the catalysts pellets, was raised therefore only to a level required to bring about the motion 
of the soap film and did not exceed 3 Pa (0'02 Torr). 

The measurements were carried out with four gas pairs: H 2-N2 , H 2-Ar, He-N2 , He-Ar. 
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218 Fott, Petrini, Schneider: 

RESULTS AND DISCUSSION 

Permeation 

The obtained dependences of the effective permeability coefficients B on pressure, 
p, are illustrated in Fig. 2. The expression for the dependence B(p) according to the 

TABLE I 

Textural properties of catalysts 
_ ____ 4 ____ •. __ ~. ____ ._. _ _ ______ • ______ __ ' _ _ __ • ___ _ _____________ • ___ 

Mean pore radius 

Ca talyst S Q Qp Vp nm 
m2 / g g/ cm3 g/cm3 cm 3 /g % - --"- ---

b 

ME- B (S X 5)c 85·9 5·03 1·50 0·468 70·2 10·9 9·7 
ICI (3·6 X 5)" 98·4 4·46 1 ·53 0·329 65·7 8·7 23-0 
M E-C (5 X 5)c 76·8 5·03 1·55 0-446 69·2 Jl·6 11·7 
ME- D (5 X S)c 128 4·25 1·54 · 0·414 63·9 6·5 10·7 
M E-A (5 X 5)" 83·5 5·03 1·29 0·576 74-4 13-8 20-4 
CCE (3 ·1 X 6·S)" 79·9 4·79 1·90 0·318 60·3 8·0 18·3 

a 2 Vp/S; b <r> Integral mean value from pore distribution; C height X diameter of cylindrical 
pellet (mm). 

ICI 

ME-D 

CCE 

FIG. 1 

Pore distribution curves. Arrows indicate the 
.L-~=--.l--~2=---'O~..L..-'----=r===;!3 radii of transport pores (rf/l)perm/ (f/I)comb 
a log r, nm log r, nm 

Collection Czechoslovak Chern. Commun. [Vol. 48J [1983] 



Transport Parameters of Monodispersc Porous Ca ta lys ts 219 

MTPM may be obtained easily from the Weber equation S - 10 for the permeability 
coefficient of a cylindrical capillary in the form 

(3) 

where B = N /( -dc/dx) and N (mol /cm 2 s) is the mo lar flux of gas o f viscosity It 
and molecular weight M at pressure p through the porous pellet due to the grad.ient 
of the total molar concentration c; ). (~I / p) is the mean free path of the gas mole
cules, r is the radius of transport pores and ~I is the geometrical parameter of the 
porous medium. !0k* = (2/3) (8RT/nM)I /2 is the Knudsen dilTusion coefficient in 
a capillary of unit radius (.0l(r) = rq, k*) and w is a numerical coefficient, which 
for a capillary equals8

•
9 w = 3n/ 16 (= 0'589), or lO w = n/4( = 0·785). The second 

term on the right hand side of Eq. (3) characterizes the contribution of the viscous 
(Poiseuille) flow, the first term is the sum of contributions of the Knudsen flow 

[(t/lr) g k*()./2r)/(1 + ()./2r))] and the slip at the wall [(t/lr) g k*w/(I + (J./2r))]' 

Provided w < 0'93, Eq. (3) predicts a minimum on the dependence of B versus p. 

For a porous solid such a minimum has 110t been unambiguously proved (but see 
refs 11 ,12). Frequent is the case when B at lower pressures depends little on pressure 

but more strongly so at elevated pressures. Most authors report a linear relationship 

B(p) which follows from Eq. (3) for w = .I. 

ME-B CCE 

• • • 
B. 102 em'ls 

FIG . 2 

Pressure dependence of the effective perme-
ability coefficients. Curves computed from 
Eq. (3) (w = 0'9, (rI/f)perm' (r

2
1/f)pcrm)' OL---c5~O=---1"-;O!:-::O'---O:::-_---.J'-------L--1,.J50 

• - H 2 , () - He, () - N 2 , 0 - Ar p. kPa p. kPa 
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220 Fott , Petrini, Schneider : 

Using PJ./fl = (rr/4) (8RT/rrM)I /2 from the kinetic theory of gases, one can express 
Eq. (3) alternatively in the form 

(4) 

enabling the permeability of different gases in the same porous solid to be described 
by a single correlation in the coordinate B/~k* versus UP) (while I /), ~ p). 

The effective permeability coefficients of the studied catalysts are plotted in these 
coordinates in Fig. 3 (the used mean free paths under the atmospheric pressure 
and the laboratory temperature are summarized in Table II). It is apparent that 
within the experimental error the experimental points for different gases obey the 
same dependence and hence confirm the applicability of Eqs (3) and (4). 

Eqs (3) and (4) contain three parameters: r, IjJ and w. The transport parameters 
of the MTPM (r, 1jJ) were obtained by fitting the experimental data for all gases 
and a given porous catalyst to Eq. (4) by minimizing the residual sum of squared 
deviations ot B/~k* for four levels of the parameter w (3rr/16, rr /4, 0·9 and 1). For all 
examined catalysts the best agreement between the experimental and the computed 

3·5 ME-B ICI ., 3 

nm ~ .L-o 
nm 

0 

2'5 ~. :tit Q 2 

ME-C ME-D 4 
3·0 

C) 

3 
2·0 

,Cl(l()Cl " f' () ,,--
5'0 

ME-A CCE 3 

4'0 
10 nm-' 20 0 nm- 1 30 

1000/1 1000/1 

F IG . 3 

A plot of B /p)k* versus 1/1. Same symbols as for Fig. 2. Curves computed from Eq. (4). (w = 0-9 

and parameters (r'Y)perm' (r2'Y)perm) 
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data was found for OJ = 0·9. The corresponding optimum parameters of the MTPM 
are given in Table III in the form (1"1/1 )perm, (,.21/1 )perm together with the confidence 
limits. The physical meaning of the parameters is apparent trom the form of Eq. (3) 
and (4). It is seen that for all catalysts the error of determinat ion of the parameter 
(1"I/1)pcrm is low (±0·05 nm, i.e. 2- 3%), while the error of the parameter (r2t//)perm 
is large owing to the minor role of the viscous flow. In view of the inaccuracy 
of (rzl/I )pcrm and possible distribution of the transport pores radii it does not appear 
advantageous to determine the radius of transport pores as (/"21/1 )pcrm/(rl/l )pcrm and the 
parameter 1/1 as (1"1/1 )~erm/(r21/1 )pcrm' The good accuracy of the parameter (rl/l )pcrm, 

however, may be utilized for the determination of 1/1 from the combination of results 
of the permeability and diffusion measurements. 

TABLE II 

Mean free paths 13 .Ie (101'3 kPa, 298 K) and binary diffusion coefficients J4
, .'Z: A'B (101'3 kPa, 

298 K) 

Gas }., nm Gas pair 2iA'B' cm
2
/s 

H2 123 H z- N 2 0·776 
He 196 H 2- Ar 0·818 

N z 66 He- N z 0·718 

Ar 69 He- Ar 0·748 

TABLE III 

Transport parameters of catalysts 

Diffusion 

Permeation measurement measurement Combined results 

Catalyst - ------

(rl/f)pe rm (r
2

1/f)pcrm. (rl/f)dif (I/f)dif' 10
2 

(rl/f)pcrm (I/f)comb' 10
2 

(rl/f)pcrm I 
nm nm2 nm nm / (I/f)comb 

nm 

ME-B 2·98 ± 0·06 282 ± 75 2·54 8·3 2·98 18·0 16·6 

ICI 1·90 ± 0·05 151 ± 62 2·39 4·0 1·90 8·64 22'0 

ME-C 2'54 ± 0·04 202 ± 80 4·19 3-3 2·54 9·85 25 ·8 

ME-D 2-81 ± 0·04 163 ± 40 4·52 3·4 2-81 8·29 33·9 

ME-A 5'11 ± 0·09 186 ± 109 6'54 8'3 5·11 14·95 34'2 

CCE 3·13 ± 0·05 201 ± 56 3·18 4'5 3·13 4·56 68'6 
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222 Fatt, Petrini, Schneider: 

Diffusion 

The net fluxes N (N = N A + N D) for all used pairs A-B (A is the lower molecular 
weight gas, M A < M n) and catalysts are given in Table IV. 

The molar diffusion flux of the component A in the binary mixture A-B may be 
described8

.
9 with the aid of the MTPM by the differential equation (5) 

N A = -cdyAdx --- - + - -- , ( I ) [
1 - IXADYA 1 J- 1 

tf;~':.M (rtf;) ~~* . 
(5) 

where YA (Yn) is the mole fraction of gas A (B) and rtf; and tf; are the transport para
meters of the model. The parameter t/J characterizes the contribution of bulk dif
fusion, the parameter rtf; is decisive for the Knudsen diffusion. The design of the 
diffusion cell ensures that the tops and the bottoms of the catalyst pellets (length L) 
are in contact with pure components A and B, i.e. 

x=O 

x=L 

YA = 1 

YA = 0 

YB = 0 

YD = 1. (6) 

Integration of Eq. (5) with the boundary conditions (6) and the relationship (2) 
easily yields the expression for the total diffusion flux 

N - ( /L) n;, m I (~~Blr~~*) + 1 
- C ;:;t' AB n m k* • 

(~ABlr~A ) + 1 - IXAD 

(7) 

TABLE IV 

Molar diffusion fluxes", N (I!moljcm2 s) 

Gas pair Catalyst 

A_Bb ME-B ICI ME- C ME- D ME-A CCE 

Hz- N z 1·76 1'51 1'36 1·40 2'68 2·19 
H 2- Ar 1·86 1'56 1·52 1'57 2·78 2·27 

He- N2 1·18 0·99 0 '92 0·93 1,179- 1'43 
He- Ar 1·23 1·08 1·02 1·05 1·95 1'59 

a Length of pellets L - see Table I ; b gas A in the part of the cell connected to the burette with 
soap film. 
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The transport parameters of the model may be determined by direct fitting of the 
experimentally determined total diffusion fluxes for all gaseous pairs differring by the 
Knudsen diffusion coefficients q) ~* and the molecular (bulk) diffusion coefficients 
221~B (see Table II). The fitting is a nonlinear minimization of the sum of squared 
deviations of the calculated and experimental fluxes N. The shape of Eq. (7), however, 
enables an alternative procedure: for a given radius r and each pair A-B one can 
evaluate the argument of the logarithm on the right hand side of Eq. (7). Since the 
parameter 1/1 appears in this equation linearly, a linear regression will give an optimum 
value of 1/1 to each r as well as the sum of square deviations of computed and mea
sured fluxes N for all pairs on the given catalyst, Q. The thus obtained dependence 
for the ME-B catalyst in the form of the (1'1/1) versus 1/1 plot is shown in figure 4 
together with the dependence of Q versus (1'1/1). The combination of the parameters 
(rl/l)dir and (I/I)dir, corresponding to the minimum of the Q versus (rl/l) dependence, 
is the optimum pair of transport parametels which fits best the experimental dif
fusion data. These pairs are summarized for all investigated catalysts in Table III. 
The agreement of the experimental and computed diffusional fluxes N is illustrated 
in Table IV by average relative deviations; the mean for all catalysts equals 2·2% 
and the deviation never exceeded 4%. 

Owing to the small number of experimental data (4 gaseous pairs) the minimum 
of the Q versus (rl/l) dependence is relatively flat. The 95% confidence limits in the 
(rl/l) verus 1/1 domain is very narrow in the direction of the axis 1/1 but it involves 
the major portion of the curve (rl/l) - 1/1 forming the bottom-valley line of a three 
dimensional surface expressing the dependence of the sum of squared deviations, Q, 
on the parameters (rif/) and (Q(rl/l, 1/1)). The pair (nl:)dir, (I/I)dir therefore is not a single 
combination which fits well the experimental data. Combinations of the values fal-

0 

0' 

FIG. 4 

Dependences obtained from diffusion mea
surements for catalyst ME-B. a Q versus(rI/f), 

15 
,-----,--

<II 

~E 

~ 
0 
E 
,3. 

--- I 
0-2 

r 

b I/f versus(rl/f) 1 [(rl/f)dir , (I/f)dirl, 2 [(rl/f)pcrm' 0·8,'-___ -!;--___ L-___ L-_ -.J 

(I/f)combl 
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224 Fott, Petrini, Schneider: 

ling onto the bottom-vaHey line (rl/l) - 1/1 give an agreement which is statistically 
only insignificantly worse. It is therefore more correct not to use directly the pairs 
(rl/l)dir, (I/I)dir but to regard as a results of the diffusion measurements the bottom-val
ley line correlating the optimum parameters (rl/l) - (1/1). 

As to the utility of the diffusion equation of MTPM (5) and (7), on can put forth 
the agreement of the bottom-vaHey line with the dependences (rl/l) - 1/1 computed 
for each gaseous pair separately by solving Eq. (7) (Fig. 5). 

Combination of Diffusion and Parmeation Mea surements 

In view of the good accuracy of the parameter (njJ)pcrm obtained from the permeation 
measurements and the reliability of the bottom-valley line (rl/l) - 1/1 following from 
the diffusion measurements it appears reasonable to combine both types of results 
by obtaining the value (I/I)comb from the bottom-valley line valid for (rl/l)perm' The 
pairs ot data obtained in this way are presented in Table III. The prediction of dif
fusion fluxes utilizing the pairs (rl/l )pcrm, (1/1 )comb is only slightly worse then that 
obtained with pairs (rl/l)dir, (I/I)dif; from Table V it is apparent that the mean relative 
deviation of the experimental and computed net diffusion fluxes amounts to 3% 
and for none of the catalysts exceeds 4%. 

006 

0 '15 'I' 

35 

OL-----~3L-----~-n-m---L-----,9~~ 

FIG. 5 

Dependences VI versus(rll') from diffusion measurements with individual gas pairs for the 
catalysts CCE. 1 H2-N2, 2 H 2-Ar, 3 He-N2, 4 He--Ar, 5 (rll')perm' 0 - [(rll')perm' (VI)comb 
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Transport Parameters of Monodisperse Porous Catalysts 225 

From the shape of the bottom-valley line (n/l) - l/J it is apparent that the accuracy 

of determination of (l/J )comb stronly depends on the value (rif, ),,«m' If (rl/J )"crm is high 
then even a considerable error of its value does not cause a significant error of (r/J )comb' 
On the contrary, even a sma)) error in case of a low (rr/J)pcrm shall cause considerable 
uncertainty of (r/J)comb' This may be demonstrated by expressing the contribution 
of the resistance of the Knudsen and bulk diffusion from the Bonsanquet formula 15. 

The Knudsen diffusion resistance as a a fraction of the total diffusion resistance, 
K d , may be expressed as 

(8) 

The error of prediction of the diffusion transport due to relative errors of the para

meters (rl/J)perm and (l/J)comb«(i(rl/J), (i(if/)) is then proportional to the expression 

(9) 

From Eq. (9) it follows that near the Knudsen region (Kd -> 1) only the error of(rif/) 
is of importance. On the contrary, in the proximity of the bulk diffusion region 
(Kd -> 0) the dominant error is that of the parameter l/J. 

In view of the fact that the accuracy of determination of the parameter (rif, )pcrm 
is higher when the contribution of the Knudsen flow to permeation is significant, 
and vice versa, the determination of transport parameters for diffusion has a self
compensating character: more accurate is the parameter of that diffusion mechanism 
which is more significant. The same selfcomponensation plays a role also in the 
determination of parameters of the permeation transpolt6

• On designating the frac-

TABLE V 

Relative deviations of computed and experimental diffusion fluxes (%) 

With the aid of the parameters 

Catalyst 
(rlf/)dir), (If/)dif (rlf/)pcrm' (If/)comb 

ME-B 2'5 2·9 

ICI 2·8 3-4 

ME-C 1·1 3·0 

ME-D 0'5 2-4 

ME-A 3-2 3·7 

CCE 2-9 3·1 
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226 Fott, Petrini, Schneider 

tion of the Knudsen flow and the slip at the pore wall from the net permeation 
flux as Kp 

(10) 

the error of prediction of the permeation transport due to the errors of parameters 
(n/J)pcrm and (r2ifJ)perm(b(n/l), b(r2ifJ) is proporional to the expression 

(11) 

If, for instance, the contribution of the Knudsen flow and the slip is significant 
(Kp ...... 1), the characteristic parameter (n/l)pcrm shall be determined more accurately 
than the parameter of the viscous contribution (r2ifJ )pcrm and vice versa (compare 
the catalysts ME- B and CCE, Table JII, Fig. 2). 

Transport Parameters 

From the transport parameters (ifJ )comb' (rifJ )pcrm and (r2ifJ )pcrm shown in Table III 
it follows that the geometry constant (ifJ)comb is in all cases relatively low. This may be 
due to either high tortuosity of the transport pores, or due to the participation of only 
a small portion of the pores in the transport. If we use in the following considera
tions for the tortuosity of the transport pores a value of 3 one can conclude that the 
porosity of the transport pores represents about 43 -77% of the total porosity with the 
exception of the catalyst CCE, where it amounts to only 23%. As expected, maximum 
participation of the por~s on the transport (77%) was found for the cataly~t ME-B, 
which in comparison with other catalysts displays the narrowest distribution (Fig. 1). 
For other catalysts this correlation is not so obvious. Neither is apparent an un
ambiguous relationship between the radius of the transport pores ((rifJ)permj(ifJ)comb; 
see Table III) and the significant points of the distribution curves, nor the mean pore 
radii following from the textural data (r = 2VjS, <1'); see Table I), even though 
in all cases the agreement is within an order of magnitude. This is clearly the effect 
of the simplification and distortion that form an inherent part of evaluation of pore 
distribution from mercury porosimetry and physical adsorption data. 

CONCLUSION 

From the performed analysis of diffusion and permeation of simple gases in mono
disperse porous solids (catalysts) following conclusions may be drawn: a) for pre
diction and/or characterization of the diffusion behaviour the parameter (ifJ)comb 
and (rifJ)pcrm are of importance; b) the permeation behaviour is characterized by the 
parameters (rifJ )perm and (r2ifJ )perm; c) for the description of a combined effect of gra
dients of composition and pressure the necessary parameters are (ifJ)comb' (ifJ)perm, 
(r2ifJ)perm. 
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LIST OF SYMBOLS 

B effective permeability coefficient 
c total molar concentration 
g k*, .<)) ~* Knudsen diffusion coefficient in a circular capillary of unit radius 
g k Knudsen diffusion coefftcient in a circular capillary 
q :rB bulk diffusion coefficient of pair A- 13 
Kd contribution of the Knudsen diffusion resistance to the total resista nce 
Kp contribution of the Knudsen fl ow and slip to the tota l permeation transpo rt 

L length of the pellet 
M , .M A 

N,NA 
p 

Q 

molecula r weight 
to tal mo lar diffusion flu x and diffu sion flux of ga s A in porous pellet 
pressure 
residual sum of squares 
pore radius 

R gas constant 
S specific surface 
T temperature 
Vp specific pore volume 

axial coordinate in pellet 
y A mole fracti on of gas A 
C7. AB parameter 
t5(z) relative error of quantity z 
0, c, total porosity, porosity of transport pores 

mean free path of molecules 
II gas viscosity 
(!, (! p true and apparent density of porous solid 
Ip transport parameter 
(0) numerical coefficient (slip constant) 
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