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The dependence on time of the diffusion of an electrolyte into tubes of known cross section and
length was followed by conductivity measurements. Comparing the results with the corresponding
theoretical relation, the length and the cross section of the tubes were calculated and found to be in
good accordance with their real dimensions. The method was applied to a capillar system of 'un-
known porosny, thus permitting the tortuosity factor to be detérmined.

Since the already classic work of MANEGOLD [1], the study of the porosity of
caplllar systems was the object of numerous investigations [2—5]. This problem is
of high practical- importance, being closely related with the permeability of foils,
dyestuff films and other anticorrosive coatings. The permeability of rocks may be
important from the point of view of oil field exploratlon :

-The porosity of a capillar system is due to capillar tubes and holes of different
diameteres and directions. The porosity is generally characterized by the quotient
" of the volume of these cavities and the total volume of the porous system. As the
internal cavities and capillaries of the.system are of différent cross sections, lengths,
ramification, etc., therefore a single numerical characteristic will not always be
sufficient for describing the porous system, and further data are desirable. The
tortuosity factor (see e.g. FATT [6]) is a step in this direction:
~ 7 In an earlier paper [7] we described a method of determining the porosity by
measuring the electric conductivity. We applied this method, based on the mentioned
results of MANEGOLD and FATT, to measure the porosity of dyestoff films with the
aid of a conductivity cell. In this cell the electrolyte of conductivity », between two
platinum electrodes in the distance / was divided into two parts by a dyestoff film
-of thickness /.. To obtain the total resistance, the resistance of the electrolyte enclosed
in the capillaries of the dyestoff film has to be added to the resistance of the electrolyte
divided by the film. Therefore, if the conductivity measured in the cell containing
“the film is 5, the porosity due to the capillaries traversing the film can be expressed by -

T
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If all capillaries were perpendicular to the surface of the film, the porosity given by
Eq. (1) would be équal to the exact value of the quotient of the total cross section
of the capillaries traversing the film and the total surface area .of the film. Thus
the capillaries in an electric insulator could be characterized by a single figure.

8



300 » M. GILDE AND F. SZANTO

However, this characteristic does not give information about the course which the
capillary, starting from one surface of the film, takes to arrive to the opposite surface.
1t seemed therefore desirable to elaborate a method capable to yieid more, though
not full, information on the porous system. We tried to find a method giving also
the true, or at least the mean length of the capillaries traversing the film. Starting
from FATT’s quoted investigations, we modified the method based on the measure-
ment of electric conductivity to permit the so-called tortuorsity factor to be
determined, too. The method essentially consists in measuring the time dependence
of the diffusion of .the electrolyte into the porous system.

The diffusion of an electrolyte into a tube of given cross section and length
through both ends of the tube can be exactly followed theoretically. Thus-it is possible
to express the time dependence of the conductivity of the electrolyte present in the
tube by a closed formula [8]. On the other hand, the changes in time of this conducti-
vity can be measured by the cell mentioned above. :

‘Description of the apparatus

In our measurements we used a cylindrical cell, containing electrolyte of known
concentration divided by the sample to be examined, and closed on both ends
by platinum electrodes. This cell was connected w1th a conductometer type RADEL-
KISZ OK—102.

Inuestigations on plexiglass samples

Y

To check the theoretical formula, we used plexiglass discs, provided with
perforations of known dimensions, to separate the electrolyte in the cell. The discs,
closely fitting into the cell, were made. of a plexiglass plate of 9.73 mm (£+0.4%)
mean thickness. In each disc a cylidrical hole of 1, 2 or 4 mm diameter was drilled
perpendicularly to the surface (samples No. 1, 2 and 3, respectively), while sample
No. 4 contained 13 holes of 1 mm diameter. The holes were filled with 1% agar gel.
The samples prepared in this way were placed between the two parts of the cell,
previously filled up with 1% agar gel containing 0.1N KCl. The measurements
were made at 24+2 °C. Fig. 1 shows the time dependence of the conductivity of

the cell separated by sample No. I.

i A : : ' The upper curve gives the results of
5 _ _ the measurements made at 24 °C,
#“ ‘_,,;.‘..’_;’-;-}':x:-x— " the lower curve those at 22 °C. The
4007 ,;',if"" : time dependence of the measure-
,/;'/ ments with samples No. 2 and 3 was

_ A : very similar. Figure 2 shows the re-
sop 4 : ' sulfs obtained with sample No. 4,
5 : containing 13 holes, at 24 and 23 °C,
. respectively. -

R . > On the base of theoretical
100 200 300 400 considerations [8], the relative con-
minutes ductivity was calculated. Denoting

Fig. 1. Time dependence of conductivity by ., the conductivity evolved in
for sample No. 1 the cell after a long time and show-
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ing no further changes, the rela-
tive conductivity is defined as the
quotient 6,=x/¥ .
values of the relative conductivi-

ties obtained with different sam-

ples are plotted in Fig. 3 as a

function of time. In order to

compare this curve of relative

conductivity with the theoretical -
curve, the former has to be re-

duced. Let us read from the theo-

. retical curve some values of g,

and the respective values of the

independent variable 7. As 7 de-
pends on the diffusion constant. D

of the electrolyte, the length / of

the tube and the time ¢ accor-

ding to

i

-2
]t’

=l @

the corresponding time ¢ can be
read from the measured curve of

relative conductivity pertaining to-

the same value of o,. Some cor-
responding data are listed in
Table 1. From these, the values
of / can be calculated using Eq:
(2). (column 4 in Table I). The
mean of the values of / obtained
in this way was 9.53 mm. This
differs from the true length of

The mean

Fig. 2.
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Time dependcnce'of conductivity for sample No. 4

100 200 300 40O minutes |

3. Mean values of relative conductivity obtained

‘with different samples as a function of time

the tube by 0.2 mm (~2%). Using the mean value of I, the relative conductivity o, -
can be plotted as a function of 7. ThlS plot, together with the theoretical curve, is

shown in Fig. 4.

It can be seen that the kinetic determination of the conductivity results in a good

approximation of the length of the tube.

Table 1
o, : g ot . 1
. minutes mm
0.70 . 131 100 923
0.75 1.48 117 9.39
0.80 1.69 139 9.58 -
- 0.85 1.97 165 9.67
0.90 2.34 199 9.74
- 0.95 3.06 252 9.59
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Fig. 4. Measured and theoretical curve of
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Fig. 5. Time dependence of relative
conductivity of Sarmatian limestone

The ». read from the measurement can be considered as identical with the
», in Eq (1). By measurmg also x, the porosity g, can be calculated using Eq. (1)
(see Table II). This %, is the conductivity of the cell containing no sample if the

Table 11
o
of holes mm s
1 0.0020 | 0.0021 | 0.0022
2 0.0082 | 0.0078 | 0.0075
4 0.0330 | 0.0278 .| 0.0273
13%x1 0.0269 | 0.0281 | 0.0275
Table 111
{
or ' ho'urs mm
0.55 0.98 .29 44.5
0.60 1.03 .35 44.8
0.65 1.16 41 48.9
0.70 1.31 47 . 49.0
0.75 1.48 54 48.8
0.80 1.69 60 48.6
0.85 1.97 66 47.4
0.90. 2.34 77 47.0
0.95 "3.06 94 45.3

distance of the electrodes of the cell
filled with 1% agar gel containing 0.1N
KCl is the same as in measuring x,.
The porosity can be determined also
by filling the hole of the sample with
the same. electrolyte as used in.the
cell. In this case the value of x, can
be read and the porosity g can
be calculated immediately after fill-
ing the cell. In Table II, column 1
gives the diameter of the holes in the
sample, and column 2 the porosity &,

_calculated from the diameter of the

holes.

Measurements on a sample of
Sarmatian limestone

A sample of 8.6 mm mean thick-
ness, prepared of Erd limestone, was
studied. The disc was boiled in distilled
water to fill the pores. The cell was filled

with 0.1 N KCI solutlon The time dependence of the relative conductnvnty is shown

-in Fig. 5.

The mean length of the capillaries in the limestone was determined as in the
case of the plexiglass samples (Table III). The length / obtained was 46.9 mm.
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Dividing this by the thickness of the sample, the value 5.5 was obtained for the
tortuosity factor. We also determined the porosity. ¢ applying Eq ), obtammg
the value 0.0085. .
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N3VYEHUE MMOPUCTOCTU KANWJUIAPHBLIX CUCTEM
- : M. T zg;ab()e, &. Canmo

WU3yuena anddy3usa 3JEKTPOAUTA B KANUILIAP M3BECTHOH AJIMHBL M CEYEHUS ONpedesICHUEM
3NEKTPONPOBOAHOCTH B 3aBUCHMOCTH OT BpeMeHH. CONOCTABICHHEM  IIOJIYYEHHBIX OTAHHBIX U TE€O-
DETHYECKUX COOTHOIUEHHHA ObUIM PACCUMTAHBI AJIMHA M CEYEHHE KamWIIApa, KOTOPhIE MONYYHINCD
COOTBETCTBYOIUMMHU LEHCTBUTENBHBIM pasMepam. MeTon GbUI pacnpocTpaHéH HA KamWLIAPHYIO
. CHCTEMY ¢ HEM3BECTHBIMH NapaMeTpaMHu ¥ TaKuM 06pa30M HaM yIanock pacCyuTaTh NI Hee napa-
MeTp NOPUCTOCTH.



