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On the Methods for the Estimation of Pore-Size
Distribution from Sorption Isotherms

Dollimore and Heal (1), in one of their
recent articles on the calculation of pore-
size distribution from sorption isotherms
voiced their opinion critically about the
different methods which are mainly being
used at the present time. They describe
the method of Cranston and Inkley (2) as
being accurate, but since it required too
much computational effort it was not
recommended. As we experienced satisfac-
tory results by using this method to cal-
culate pore-size distributions we studied
this method for further possible simpli-
fication.

The equation for evaluation of sorption
isotherms given by Cranston and Inkley is

(in the nomenclature of the original
article)
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The computational effort of this equation
is very time-consuming, inasmuch as the
summation term has to be recalculated
again and again for altogether 13 pore-
diameter ranges due to the dependence of
the layer thickness ¢, on the pore diameter.
In order to decrease the computational
effort it could be considered to add the
summation term, which takes into account
the coverage of the bigger pores with
adsorbate, only at smaller pore diameters.
However, this way is not suitable. In
unfavorable cases, at pore diameters above
150 A, the deviation between calculations
with and without the summation term al-
ready amounts to more than 5%.

Yet, the numerous repetitions of the sum-
mation can be eircumvented, in analogy to
Montarnal (3), by transforming the sum-
mation as follows:
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This results in a new overall equation
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In this equation the summation terms of
each step of calculation can simply be
formed by adding the term for the new
diameter range to the corresponding term
of the previous step. This, of course, de-
creases the computational effort consider-
ably. An additional advantage of this
transformation is that now a corresponding
value for the layer thickness (f:.) can be
taken for each mean diameter, whereas
Cranston and Inkley only use average
values over wider diameter ranges. We
compute these t;» values by using the
Halsey (5) equation, which was modified

by Lippens (4)

t= —3.54 (E(%/p?))m @

This modification agrees better with
numerous data collected from the literature
by Cranston and Inkley than the original
Halsey equation* (Fig. 1).

* A computer program in ALGOL was written
to rationalize the handling of larger amounts of
experimental data. This program permits the
evaluation of an isotherm within a computing
time of 05 min by means of a Siemens 2002
computer.
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Fre. 1. Thickness of adsorbed layer vs. relative pressure: [, Halsey equation ¢ — —4.3 [5/In

(p/pe)1* (original form) (5); M, Halsey equation &= —354 [5/In(p/p)]1"*

(modified form)

(4); &, curve used by Dollimore and Heal (I); A, curve given by Cranston and Inkley (2);

O, curve used by Trambouze et al. (6).

For the determination of pore-volume
distribution, based on the cylinder model,
three methods are being used most com-
monly at the present time. In connection
with the simplification of Cranston and
Inkley’s method it is interesting to compare
these methods in view of any possible dif-
ferences and advantages and/or disadvan-
tages, respectively. In their original arti-
cle, Dollimore and Heal (1) give the
equation

AV, = R.(av. — AL, z S,
+ 20yl Y L) (5)
while Trambouze et al. (6), in a computer

program for the modified method of Barret
et al. (7) give
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and finally, Cranston and Inkley (2) in
the form modified by us, give the equation
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All three equations can be written in a
single expression of the form
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where V., is the volume of the pores with
radius between r; and 7,; vy, the total
volume which is adsorbed or desorbed
during one sorption step; t¢,., the layer
thickness; r,, the pore radius; and S,, the
pore surface area for pores of r > r,. As-
suming the respectively chosen layer thick-
ness (¢, values) to be the same, the three
methods only differ by the prefactor R,.
This is given by Dollimore and Heal as

R, = [/ (7 + AOP 9
by Trambouze et al. as
R = [r/(F + 34D) (10)

and by Cranston and Inkley as

Ry = (rs — 7"1)/[1” {(T—;@EJ dr (11)

Our recalculation of the expression of Dol-
limore shows that it ought to containl4At
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instead of At. Then it is identical with the
expression of Trambouze. The factor given
by Cranston and Inkley can be trans-
formed, if Ar is small enough, into

Be= = /[ S o
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Hence, it follows that there are no method-
ical disparities with the exception of the
values used by the authors for the layer
thickness ¢;,. Consequently, the same result
should be gained in the evaluation of
sorption isotherms regardless of the method
used. From this the fundamental impor-
tance of the used form of the function
t versus (p/p.) becomes obvious (Fig. 1).
Accordingly, for the accuracy of the deter-
mination of pore-size distributions an
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Fia. 2. Pore-volume distribution: (O, distribution calculated by Trambouze et ol. (6); M, dis-
tribution calculated by the modified Cranston and Inkley method for the same data.
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important and decisive progress would
be made by determination of the absolute
value of the layer thicknesses of the
adsorbate.

To demonstrate that the different
methods really show the same results,
computations were made with our modifi-
cation of Cranston and Inkley’s method
by using the same sorption data given by
the other authors. Figure 2 shows one of
the results. The additional calculation of
the respective cumulative surface areas and
volumes shows good agreement with the
corresponding BET values calculated from
the isotherms given by the authors. Espe-
cially in the case of the Dollimore and
Heal data, an improvement relative to the
BET value was found, probably on account
of the above-mentioned reasons.
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Avuthor’'s Note

Vol. 5, No. 1 (1966), in the article entitled, “Determination of Effective Dif-
fusivities of Catalysts by Gas Chromatography,” pp. 22-26:

It has been brought to my attention that an error was made in the use of the
Weisz-Schwartz formula. I have recalculated the value based on the velocity of
nitrogen obtained from the simple kinetic gas relation and obtain a value of
D, of 0.00108 cm?/sec. This is considerably lower than before but not badly out
of agreement with experiment. I also calculated the value based on formula (3)
and obtain a value of 0.00206 cm?/sec, which is somewhat closer.
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