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Diffusivity and Structure of Porous Pellets
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The permeability measurement method has been used to estimate effective diffusivities in

four samples of catalysts (three commercial and one prepared in the laboratory). Useful
correlation between the diffusivity and porosity of each pellet of the sample has been estab-
lished by applying a comparatively simple model of porous structure. The application of the
model to literature data also gave satisfactory results. Some apparent inconsistencies in results
of recent diffusion experiments have been explained through the variation of the labyrinth factor
from pellet to pellet of the sample.
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NOMENCLATURE

Edge of elementary cell (cm)
FEffective dimension of the square
channel for Knudsen diffusion (cm)
The same as aress, but for normal
diffusion (cm)

Diameter of the cylindrical pellet
(cm)

True density of the pellet (g/cm?)
Theoretical normal  diffusivity
(cm?/s)

Effective normal diffusivity (cm?/s)
Knudsen diffusivity, with R as
linear dimension of the pore (cm?/s)
The same as Dig, but with p as
linear dimension (cm?/s)

Average Knudsen diffusivity in the
pore, after the model (cm?/s)
Effective  Knudsen  diffusivity
(em?/s)

Experimentally measured value of
Dkeff (cm2/s)

Weight of the cylindrical pellet (g)
Length of the cylindrical pellet (cm)
Molecular weight (g/mol)

Apo

Ap(?)

P(p)

S8 (%)

V()

Vi, Ve

8X;
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Dimensionless parameter (=p/R)
Pressure (Torr)

Pressure difference at the start of
diffusivity measurement (Torr)
Pressure difference after a time ¢
from the start of diffusivity mea-
surement (Torr)

Permeability of the pellet as a func-
tion of pressure p (cm?/s)

Side of the square cross section of
connecting pore, after the model
(em)

Standard deviation of the param-
eter ¢

Time (s)

Absolute temperature (°K)
Variation coefficient of the param-
eter 7 (%)

Volume of the cylindrical pellet
(em?)

Gas volumes A and B (Fig. 1)
denotes E; — Ry or p; — po
text)

Dimensionless parameter (=X,;/Ry)
Apparent density of the pellet

(g/cm?)

(see
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6 Porosity (dimensionless)

TFree surface porosity for Knudsen

diffusion (dimensionless)

Ar Theoretical labyrinth factor for
Knudsen diffusion, after the model
(=Duets/Dy)

Ay Practical labyrinth factor
(=Dyeti/Dir)

Orett

Nexp’  Ixperimentally obtained Ay’
(:Dk exp/DkR)

Ma Theorctical labyrinth factor for
normal diffusion, after the model
(: Dl'Zoff/D 12)

P Tdge of the cubical central pore,
after the model (cm)

T Tortuosity factor {(dimensionless)
Dimensionless parameter (=R/a)

Al Absolute error of measurement of
the quantity ¢

0 Index denotes the mean value of the
corresponding parameter

z Index denotes the value of corre-

other than the

sponding parameter,

mean value.

The effective diffusivity of a porous cata-
lyst pellet is
describe the features of the pore structure
in such a way that meaningful speculations
can be made about the activity, selectivity
and poisoning characteristics, connecting in
this way the fundamental and practical
aspects of the catalyst behavior. Although
many maodels to prediet effective diffusivi-
ties have been deseribed (1-8), no universal
model has yet been developed, as pointed
out by Satterfield (9). The best models
predict effective diffusivities only within a
althoueh
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factor of two. This low pw:munn

probably sufficient for approximate tech-
nical calculations, illustrates the inade-
quacy of our knowledge about the funda-

mental phenomena inside the porous
atriipture 1 abhout the nroceases at the
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microscopic level.
The following difficulties arise when com-
paring the models so far published :
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1. In many cases, the model development
has been based on investigation of a limited
number of porous materials, chiefly cata-
iysts; it must be admitted that such modeis
represent the particular materials very
well, but extrapolation to other materials
is, often, very poor (10).

2. The standard Wicke—IKallenbach tech-
nique (77), when used with pressures not
too much higher than atmospheric gives
ieh often fall in the

transiont,
e n ine nsien

region between Knudsen and bulk diffu-
sion, due to the width of the pore volume
distribution of the sample; or, if the pore
volume distribution appears bimodal, the
coml l)llldLlUll ()l
the two limiting modes. These phenomena
obviously increase the uncertainty of con-

clusions drawn.

3. Studies made using several pellets in
one experiment foreces the direct use of
mean values, leaving the very nature of
“micro-phenomena’ unresolved. As shown
clsewhere (12), the porosity variation from
pellet to pellet in some cases exceeds 1097,
which could be one of the primary reasons
for distortion of experimental results.

P R . to oI
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In view of these objections, we decided
to perform experiments in the Knudsen
region, or very close to it, using only one
pellet in any given experiment. Thus, the
aim of present paper is not to develop a
“better” model with increased predicta-
bility, but to clarify certain processes which
take part in the genesis of a porous pellet
and influence the effective diffusivity.

EXPERIMENTAL PROCEDURES
Materials

Four catalysts have been studied in this
work. The first three were commereial cata-
Iysts for SO.-oxidation (Topsge VIEK-7),
methanol synthesis (Topsge SMK) and
ter gas shift rea ction \L(J‘pSﬁC Dl\[

fourth was a water gas
6) prepared in our

Na

re-
spechvcly, and th
shift catalyst (7-4
laboratory.
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All samples were in the form of cylindri-
cal tablets. This choice has been made for
two reasons. First, it is easy to measure
with sufficient accuracy the external di-
mensions of cylinders, and second, the in-
vestigation of extruded samples revealed
irregular cracks, sometimes almost invisi-
ble, which distorted results. So extruded
samples have been excluded from the
investigation.

Methods

The true density has been determined
pycnometrically using benzene as a liquid.
To exclude the effect of totally dead pores,
not contributing to diffusion in the steady
state, pellets have not been ground. The
true density has been assumed to be con-
stant for each sample. The precision of the
true density measurement has been proved
to be inside 19%.

The apparent density has been deter-
mined for each pellet by exact measure-
ment of its weight (to 0.1 mg) and dimen-
sions (to 0.05 mm).

Two commercial mercury porosimeters
(Aminco Winslow, 5000 psi; Carlo Erba
Model 70, 2000 at) have been used for
determination of the pore volume distribu-
tion. The pellets have not been ground.

o
ap

Fia. 1. Scheme of apparatus for measurement of
effective Knudsen diffusivities. (A, B) gas vol-
umes; (C) porous pellet; (D) differential mercury
manometer.
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TABLE 1
Textural Properties of the Investigated Materials

No. Sample d Yo fo o
(g/em3) (g/cm3) (macro) (micro)

1 Topsge VK7 2.50 1.35 0.458 —

2 Topsge SMK 3.59 2.44 0.321 _—
3 Topsge SK 3.76 2.00 0.140 0.327e

4 746 493 132 0736 —

¢ Differentiation between micro- and macroporosity has been
made for this sample only, because of clear bidisperse distribu-
tion. Partition pore diameter was 500 A,

Effective diffusivity has been determined
by the use of the modified method of Villet
and Wilhelm (78), adapted for porous
pellets (14).

The scheme of the apparatus is shown in
Tig. 1. Tt consists of two gas volumes A and
B, separated by a porous pellet C. Close
to the base of the pellet is attached a
mercury U-manometer D. The procedure
is the following: the whole apparatus has
been evacuated at room temperature to
0.01 Torr for 2 hr and washed twice with
nitrogen. After the last evacuation a certain
pressure difference of nitrogen, Apo, is es-
tablished between the volumes A and B,
and then its decrease as a function of time,
Ap(t), was measured. In this way we ob-
tained the permeability at the mean abso-
lute pressure pi:P(p,)). We obtained an-
other permeability at some other mean
pressure ps:P(p:), and now, extrapolating
permeability to zero pressure, we obtained
Drest as the intercept of the straight line
on the P(p) axis, when drawn in the co-
ordinates P (p)—p, for the given pellet and
nitrogen. All measurements have been
made at room temperature (ca. 20°C).
The details of the method are presented
elsewhere (14).

The method assumes that the total flow
through the pellet under the pressure gra-
dient is the sum of Knudsen flow, independ-
ent of absolute pressure, and viscous flow,
directly proportional to absolute pressure.
Very nearly, this is true (14, 16); more-
over, as can be seen from the following
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arbitrary units

D(A)

Fia. 2. Pore volume distribution curves for in-
vestigated samples. (1) Topsge VK-7; (2) Topsge
SMK; (3) Topsge SK; (4) Z-46.

text, the need for absolute accuracy is not
the point of this work.

Now, we must emphasize one essential
technical detail, namely, the sealing of the
pellet, supposing that it has troubled other
experimenters, too. The procedure for this
was as follows: a mold in the form of a ring
was made of transparent tracing linen.
The mold was set on a piece of the same
linen, with the pellet in the center. Red
sealing wax, melted in a crucible was then
poured into the mold. After cooling the
mold was removed and visual inspection
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Fia. 3. Plot of effective nitrogen Knudsen dif-
fusivity vs total porosity for Topsge VK-7. (I, 1I)
curves calculated for cases I and II, respectively
(see_text).
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Fic. 4. Plot of effective nitrogen Knudsen dif-
fusivity vs total porosity for Topsge SMK. (I, IT)
curves calculated for cases I and II, respectively
(see text).

was made; repairs were made with a hot
needle. Then, the end of the glass tube
(pellet carrier) was heated on the burner
and pressed into the wax around the pellet.
This procedure provided perfect sealing. In
any cases of doubtful sealing of the pellet,
new repairs were made after the diffusivity
measurement; the measurement was re-
peated and the first result was compared
with the second.
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Fic. 5. Plot of effective nitrogen Knudsen dif-
fusivity vs macroporosity for Topsge SK. (I, II)
curves calculated for cases I and II, respectlively
(see text).
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Fia. 6. Plot of effective nitrogen Knudsen dif-
fusivity vs total porosity for Z-46. (I, II) curves
calculated for cases I and II, respectively (see text).

Considering the accuracy of the deter-
mination of § and Dy we may proceed as
follows: Egs. (1) and (2) express porosity
and permeability (74) as functions of the
directly measurable properties:

Y g
f=1——=1-— ,
d (b*a/4)-1-d
{
TV + (1/Vs) (B4t

xm(izQ.(m

When we introduce in Eq. (2) the actual
quantities, ic., Vi = 546 cm?, V, = 453
cm?®, we obtain

1

P(p:)

P 727 1 (Am> @)
(ps) = y og Ap(t) .

The limits of absolute error for 8 and D ey,
according to the rules of the theory of
errors, arc the following:

Ag Al
Al = (1——0)(——‘}“"
g 1

Ab  Ad
+2—+—?,(&
b d
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Al Ab At
ADgest = Diets {—— 42—+ —
l b ¢
0.4343 A(Apy)  AlLap(®)]
+ [ + }.
( Apo Apo Ap(t)
log )
Ap(t)
)

We assumed that the form of the Eq. (4)
is valid both for permeability and D,
which is true for the precision of the deter-
mination. In Figs. 3, 4, 5 and 6 every ex-
perimental point is surrounded with a rec-
tangle, the sides of which represent A9 and
AD g4, Tespectively.

RESULTS AND DISCUSSION

The texture properties of these samples

‘are shown in Table 1 and Fig. 2.

The results of diffusivity measurement
for all samples are shown in Figs. 3, 4, 5,
and 6 in coordinates Di.rf6. (For Topsge
SK, the correlation has been made with
macroporosity.)

Now, we can confirm the clear relation
between Dy.sr and 6 for each sample. Com-
paring the results of four samples, we note
in addition that Dy is not unequivocally
defined through the mean value of porosity,
i.e., the diffusivity is not a single monotonic
function of porosity.

This conclusion is not at all new. We
point it out only to make evident the need

Fic. 7. Arrangement of primary particles inside
a porous pellet, after the model.
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of taking into consideration other param-
eters besides porosity. In this paper we
mention some of these parameters.

Starting in our reasoning from the known
methods of preparation of catalysts and
catalyst supports, we assumed a concept
very close to the ideas of other authors
(1, 6, 17) in that we imagine the porous
pellet to be composed of primary particles,
the geometrical dimensions of which do not
differ substantially. Primary particles, being
pressed together, leave channels in between,
with a cross section of variable magnitude,
which form a continuous space, Iig. 7. We
proceed by assuming that the whole strue-
ture is formed through the repeating of
elementary cells (Fig. 8), equal to cach
other, and regularly put together. The
elementary cell is the cube with edge a,
having a cubical central pore (edge p) and
six pores with square cross scetion (R?),
conneeting the central pore with the centers
of the sides of the elementary cell. Diffu-
sion flux is parallel to the arrow (perpen-
dicular to one of the cube sides).

The choice of the square cross section is
made for the sake of simple caleulation;
finally, according to Satterfield (78) the
model details are of minor importance com-
pared to the significance of ecross section
ratio.

The model, simply imagined in this way,
can be totally defined using three param-
cters: a, R and p, or with convenient trans-
formation: R, w = R/a and n = p/R. The
permitted values of n range from 1 to oo,
and of o, from 0 to 1/n.

The total porosity of such a system,
defined through the dimensionless param-
eters w and n is:

; p*+ 3(a — p)R?
- -
=3 + @ — 3n)w]. ()

The average diffusivity in the pores of this
system can be defined as the sum of flow
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impedances (19):

a a—p p

- = i (G)
Aottt D R*D,.p PQka

from where we obtain the “effective dimen-
sion of a square channel” for Knudsen
diffusion:

R \? 1
(*> _ 1 _w(n__).
A keff nt

This calculation has not taken into account
the pores which are in the plane perpen-
dicular to the flow, which do not contribute
to the flux through the cell.

The effective IXnudsen diffusivity across
the cell is defined by :

Diets = Np- Dy

@)

®)

On the other side, the labyrinth factor may
be defined as the ratio of surface porosity
for Knudsen diffusion and tortuosity factor;
for our model we obtain:

O et Oett Creft\2
>\T = - = . (9)

T 1 a

(According to the model 7 = 1, and the
free area for Knudsen diffusion is ages?.)

Y

F1g. 8. Elementary cell, according to the model
presented. (a) Edge of the elementary cell; (p) edge
of the central cubical pore; (R) side of the square
cross section of the connecling pore; diffusion flux
is parallel to the arrow.
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The verification of the model requires,
however, the experimental determination
of aiesr and @, i.e., the measurement of the
model parameters R, », and n. Unfortu-
nately, at present this is not possible.

According to some authors (20), the
mercury penetration method offers only
the value for R with enough probability,
so we are forced to introduce practical pa-
rameters Dy and A7/, defined as follows:

Dir = 4850-R(T/M)4, (10)
D yess Dets ch Agetf
)\T'= =— = Ap- . (11)
Dir D, Diz R
Hence
Cress\ 2 Dretr
v = ()
a R
o?
(12)

Tl [n— /e

Manipulating the experimental results, we
use consequently the most probable diam-
eter from the pore-volume distribution as
the value for R, without regard to the fact
that the mercury penetration method has
been developed for pores of circular cross
section.

From this B we calculate Dy p and N/,

KNUDSEN DIFFUSION

05

00 05 10

F1a. 9. Theoretical labyrinth factor for Knudsen
diffusion vs total porosity, for different values of n;
(- -) case L
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defined as:
WL (13)
- -DkR )

Now, Aexp’ can be compared with My
Combining Eqgs. (5) and (12) through the
elimination of w, we obtained the very com-
plicated but explicit expression:

1\2 A" 3
-2 ]
n2/ 4
A’ 1y)2
- <n——>} -<3+ (n® — 3n)
2 n?

1

JEE
-2 o

which enabled us to construct the diagram
in Fig. 9, representing Az’ as the function
of § and n.

The labyrinth factor, Ar’, defined in this
way has the following features:

a. It can be higher than unity in the
region of high porosity.

b. It extends from zero for n = « to
some upper definite value, which is at-
tained with different values of n, depending
on f.

¢. Above the curve for n = 1 there is a
region of overlapping, i.e., every point in
this region corresponds to at least two
values of n.

It is obvious that every Aex,” fits the
model formally, if the condition (b) is ful~
filled, for we can always find a value of
n (for given 6), which gives A¢” = Nexp’.

We are now considering three param-
eters: \z’, 6 and n = p/R. Confirmation of
the model really requires independent ex-
perimental determination of each of men-
tioned parameters, followed by comparison
with corresponding theoretical values; this
is not possible, even now. In this respect
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let us note that the parameter n is not a
measurable property, owing to the fact
that p does not exist as a real physical pa-
rameter, but represents in a way the mean
value taken for all the pores with dimen-
sions greater than R. Hencc the simple
measurement and comparison are not suffi-
cient to confirm the consistency of the
model and we must try some other way.

IFormerly (12) we have shown that the
variation in porosity from pellet to pellet
of the same sample is caused primarily by
the different weight (quantity of the solid
phase) of pellets, the difference of pellet
volume being of minor importance. On the
other hand the variation in pore dimensions
is undoubtedly directly influenced by the
porosity variation (27). The same could
be coneluded for the results presented here,
taking into account the functional relation
between Knudsen diffusivity and pore
dimensions.

With a view to describing theoretically
the results obtained, we may consider two
limiting behaviors of a porous pellet during
the process of tableting.

In the first limiting case we assume that
the packing of primary particles is rather
close, resembling approximately the situa-
tion in Iig. 7. Variations in tableting pres-
sure cause different deformations of the
elementary cell in every pellet, such that
R and p are each changed to the same
extent (in one cell) from their mean values
which correspond with the total assembly
of pellets. In other words, the total volume
of the elementary cell is different in dif-
ferent pellets, but its form remains un-
changed. The deformations influence the
pore volume of the cell, but their mass con-
tent remains constant from pellet to pellet.

The second limiting case resembles the
situation of loosely packed spheres. Now
we may expect that the average coordina-
tion number of spheres is less than 6, which
number corresponds to the case in Fig. 7,
l.e., some spheres are missing from the
maftrix of elementary cells. The most prob-
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able expectation is that the variation in
tableting pressure causes primarily the
rearrangement of spheres, and not their
plastic deformation. The whole system sub-
jected to pressure tends to the state in
Fig. 7. Consequently, the changes include
only the wvariation in magnitude of the
central cubical pore of the cell, i.c., the
variation only of the parameter p. Simplify-
ing the situation we assume that the total
volume of the elementary cell remains con-
stant, but with variable mass content from
pellet to pellet.

For a given assembly of porous pellets of
the sample we can find experimentally the
mean values of B and 6, i.e., Ko and 6,. Now
we postulate the existence of the corre-
sponding mean values of parameters n, w
and A7/, 1.e., 1y, wy and Ay, which are not
directly measurable.

Case I. Constant Mass Conlent of the Ile-
mentary Cell

The change 6y — 6; is accompanied by
the corresponding changes R, — R; and
pPo — Pi. We may denote Xl = RZ - Ro
= p; — po, and 8X,; = X,/R,. The condi-
tion of constant mass content of the cell
is fulfilled if

a; 1 hand 00 ¥
% ( ) . (15)
o 1 — 9,‘
Now, for a given value of X, we have
Ry+ X: Ry o
w; = =— (14 6X,)—
a; a; ao
1 — ot
= w1 4 5X)) < ) o)
1 — 6
P0+Xi R, 710+5Xi
n; = ————— =

_R0+Xi‘R_0— 1+6Xi.

Case I1. Constant Veolume of the Elementary
Cell
The change 6y — 6, is accompanied by
the corresponding change pg — p,. B and a
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remain constant, and equal to Ry and a,,
respectively. For a given X; = p; — p, and
corresponding §X; = X,/R,, we have

w; = wo,

PO+Xi

Ny = ———— =

R,

Starting from 6, and Dj., we may con-
struct the theoretical curves which corre-
spond to the cases I and II, and compare
them with experimental data, using the
following procedure:

1. 6y, Dietr, and R, are experimentally
determined (R, is the maximum in the pore
volume distribution).

2. Dig, is calculated using R = R, in
Eq. (10).

3. Nexpy = Dretr,/Dir, 1s calculated.

4. ng is calculated from Eq. (14).

5. wy is calculated using Eq. (5).

6. X, is chosen, and w; and n,; calculated
according to Eq. (16) (case I), or Eq. 17
(case II); the corresponding values of 6,
and A, are also calculated using Egs. (5)
and (12), respectively; Dy, is calculated
according to:

Dyese, = 4850R(1 + 8X1) - (T/ M)t xp/
(case I).

Dyets, = 4850R(T/M)%-xp/ (case II).

7. The values of Dyer, and 6; are plotted
in the diagram D;.:+8, containing also the
experimental results.

8. Points (6) and (7) of the procedure are
repeated with different values of X,.

The procedure described has been carried
out for each sample investigated. The
curves in Figs. 3, 4, 5, 6, marked with I and
II refer to the calculated values for cases
I and II.

Sample No. 3 (Topsge SK) is character-
ized by a bimodal distribution (Fig. 2).
Hence the calculation in this casc has been
based on the mean value of the macropore
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diameter. As shown (Fig. 5), this procedure
1s justified.

From Figs. 3, 4, 5, and 6 it is clear that
case I has advantage in representing the
experimental results. This could have been
expected in advance on the basis of the
results of recent investigations of powder
compaction (22). However, the dispersion
of the experimental data is of such a char-
acter that the occurrence of case Il cannot
be totally excluded. We may safely con-
clude that the process of powder compac-
tion includes both of the deseribed mechan-
isms, the first one (plastic deformation of
particles) being dominant.

The model presented here cannot predict
the diffusivities, starting from the data on
porosity and pore distribution, because we
have no knowledge a priori about the pa-
rameters n or p, these two being inaccessible
to direct measurement. Nevertheless, the
model does not lose its physical sense be-
cause of that. To assert this we shall use
the data presented by Currie (4) which
have been obtained in the region of normal
diffusion.

Similarly to Eq. (6), the effective pore
dimension for the case of normal diffusion
can be written as:

a a—p p
=——+

]
Q et R? P

(18)

and the labyrinth factor for normal diffu-
sion, analogously to Eq. (9):

M= (a':”f 1= w[nwz_ amy Y

Using Eqs. (19) and (5) we can construct
a diagram, shown in Fig. 10, similar to that
(Fig. 9) for Knudsen diffusion. In Fig. 10
there are also four experimental curves
Disesi/ D126, according to Currie (4). Curve
I, being obtained for glass spheres, sand,
carborundum and NaCl, is characterized
by a value of n from 1.73 to 2. It supports
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very well the idea of approximately rounded
particles of unconsolidated powder.

Curve IV, another extreme, has been ob-
tained for vermiculite, mica and stecl wool,
all of them highly asymmetrlcal particles

laminar nqrhp]pq

1cuitte

or ﬂakes; stcel wool‘long ﬁb(lb), SO we
can expect high values of n, presupposing
major differences in the pore dimensions of
such material. Actually the obtained values
of n are about §.

Curves 1II (soil crumbs) and IIT (pumice,
tale, kaolin and Celite), obtained for less
definable materials, are situated between
these two extremes.

Here we pay attention to the point that
the experimentally obtained curves have
the same trend as the caleulated curves

M. = f(n, 6), justifying the high degree of
physical reality of the model. On the other
hand, it is clear that the form of the pri-
mary particles has a most important influ-
o with norosity

1 with poresity,

of the labyrinth factor or diffusivity. This
of itself emphasizes the need for much more
experimental material in this field, if we
wish to make reasonably good correlation
between the form of the particles and ».

Nevertheless, combining this and the
previous investigation (12), we can draw
the following useful conclusions:

on the nrnr‘hnhng

V11 viiC Ol

A. Tor given n and 8, the labyrinth fac-
tors for Knudsen and normal diffusion are
not in general equal. From Egs. (12) and
(19) we obtain the ratio

(w/n)[1 — (1/n)]
L+
n 1 —ow[n — (l/n2):|

o +hiq ratic i
aivy, this ratio rises wi

Le.,, with porosn}, and ranges from 1
(6 =0)ton (8 = 1). Inthe case of w = con-
stant, the ratio becomes unity for n =1
and n = o, and betwcen these two values
for 7, there exists a maximum, the position
of which is a function of 6; the higher the
porosity, the higher the n at which the

maximum is attained. This is in accordance

Fi. 10. Theoretical labyrinth factor for normal

diffusion vs total porosity, for different values of n;
/ ~VYease I (U IT IIT, TV) Exnerimentally gbtained

J Cas€ 1. \1; 11, 21x, 2y ; SLXPENINSHALY CoLallid

curves, according to Currie (4) (see text).

with the phenomenon of overlapping men-
tioned above.

Finally, disregarding the theoretical val-
ues of the ratio (20), in the majority of real
cases values higher than 2 are not to be
expected ;

B. Using data (12) on the porosity varia-
tion in dependence on the mean absolute
porosity of the sample (based on 6 com-
mercial samples with 8, ranging from about
0.3 to about 0.7, 263 pellets in all), it is

ossible to estimate the r‘p(rrp{: of the varia-

":3

tion of the labyrinth factor of the sample.

V() = T Vi) + V2N, Q1)

0

the mean value of the square root being
6.55. The standard deviation of porosity is
now :

S(8)

= 0.0655(1 — 6,). (22)

If we assume, after the model presented,
that the variation of the labyrinth factor
occurs along the broken lines in Fig. 9
(describing case I of the model), we can
easily obtain the variation of the labyrinth
factor from the porosity variation of the
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sample. The lines analogous to the broken
ones can be constructed starting from any
point in the diagram, following the pro-
cedure for case I.

Proceeding in this way, we note that the
variation of the labyrinth factor of the
sample depends primarily on the slope of
the broken curves, which depends on the
“level” of the labyrinth factor, or on the
mean value for the sample. The influence
of 8, is of minor importance. Thus for

o = 0.01 we have V(A) = about 1009,
o = 0.1 V() = 30-509,
A = 0.5 V(\) = 10-209,.

The greater variations correspond with
greater porosity.

In the case of normal diffusion the varia-
tion of labyrinth factor is respectively less
emphasized, due to the more gentle slope
of the broken lines (Fig. 10).

The results of this estimate must espe-
cially be kept in mind when speculating
with low values of effective diffusivity (i.e.,
low level of labyrinth factor), obtained as
the mean value for several pellets in a
single experiment.
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