PETERMINATION OF THE STATISTICAL CHARACTERISTICS
OF PORE SHAPE

Yu. M. Vol'fkovich and V. E. Sosenkin UDC 541.183

In order to optimize processes taking place in porous media, a detailed knowledge of the
pore structure is essential. Obviously, the best overall information of this kind of medium
is given by statistical functions, which have been used thus far only to measure the radial

pore distribution function (or porogram). Nevertheless, this function has two important
shortcomings:

1. It does not take into account the shape of the pores, which to a great degree af-
fects the processes which take place in porous media.

2. Most porosimetry methods now in use, mercury porosimetry and capillary condensation,
do not offer the possibility of obtaining true porograms for real porous media, either under
direct flow (pore filling) or reverse flow. The discrepancy between direct and reverse flow,
i.e., capillary hysteresis, canbe caused by pore surface irregularity (in the case of both of
these methods) and by different meniscus shapes in the same pores (in the case of the capil-
lary condensation method).

This paper presents the results of research on a method for measuring the true pore ra-
dial curvature distribution, undistorted by pore shape. It also presents a method for meas-
uring the statistical characteristics of the shape of irregular pores. The contact porosime-
try method [1] recently developed was taken as a starting point.

Figure la, b, and c show that sequence by which the wetting liquid is removed from the pores
by evaporation in contact porosimetry methods and capillary condensation. A similar sequence
also takes place in the case of the mercury method. As shown, the front advances to larger
pore culs-de-sac only after the meniscus can travel past the restriction of narrower pores.
When capillary action occurs. (during filling), as in the method of contact porosimetry (see

f. .
Fig. 1. Sequence of emptying under evapora-
tion (a, b, c) and filling during capillary
immersion (d, e, f) in irregular pores.
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Fig. 1d, e, £), a film of liquid first begins to form on the entire surface and the narrow-.
est pore Ais filled. Then, as the liquid overflows in accordance with the pellicular mecha-
nism [2], pore C is filled because it has a smaller radius and therefore also a lower mois-
ture transfer potential [3] than pore B, which in turn is filled at the next stage. We ob-
served such a sequence of filling an irregular pore in an experiment with a glass capillary
1 mm in diameter with an enlargement in the middle. The observed meniscus shape was hemi-
spherical. Two conclusions may be drawn: 1) Capillary hysteresis takes place for curves of
relative water content #,; (#;) (where #; is the ratio of pore volume filled to the
total specimen volume) measured under forward and reverse flow by the contact porosi-
meter method (see Fig. 2, curves 1 and 1') and also for corresponding porograms ¢4 (r) (see Fig.
3) for specimens containing irregular pores; 2) the true porogram can be measured from sa-
turation by the contact porosimetry method without neglecting the pore shape. For this pur-
pose, it 1s essential to have a true porogram as a standard. Inasmuch as such a porogram
cannot in general be obtained by any one of these methods, we chose as standards Petryanov
filters FPP-DS and FPP-15 [4], in which irregular pores are practically absent. Thisg ab-
sence was verified in two ways: First, the coefficients of transfer attenuation €=% /Hg
(where 1 and % are the effective and observed electrical conductivity) turned out to be al-
most equal to unity for these filters, which agrees with the data of reference [5}. Second-
ly, hysteresis is absent on curves of the type #,(#2) (see Fig. 2, curves 2 and 2'), which
also indicates that the shape of the meniscus for the same blind pores does not depend on
the direction in which 6 is changing in the contact porosimetry method.

) Figure 3 shows the true integral porogram, without neglecting the effect of pore shape
(curve lp), for a specimen of nickel carbonyl.
9.
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Fig. 3. Integral curves of radial pore distribu-
tion measured by the contact porosimeter method, re-
sulting from capillary action (lp), evaporation
beginning from complete saturation (ly), and from
different degrees of saturation (1, 2, ..., k-1,
koo
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The quantitative nature of irregular pores can be most completely expressed by the func-
tion F (ry, ry) =93%¥7/9r,d9rp, a function of the distribution of the volume #7 of the pores
which are blocked (pore traps), based on their radii r7 and radii ry which obstruct them.

To obtain this function an entire family of porograms must be measured. Curves should be
included in this family which are measured either by the evaporation method (drying) starting
from different stages of saturation 44,p» obtained as a result of saturation or by the sa-
turation method starting from different values of &i,y obtained by evaporation.

Figure 3 shows a family of experimental integral curves, obtained from the ideal stan-
dard FPP-DS, for the same specimen based on the former alternative. Let us consider the
method by which the desired function F(rz,ry) is obtained starting from these curves. Inas-
much as there are a great many curves of the type #i(r), it can be assumed with a sufficient
degree of accuracy that the pore culs-de-sac are formed within the radius range ry._. <T7 < Tk,
the radius interval rp of the blocking pores is extended from ry=r)' to ry=ry, where ry'
is the pore radius corresponding to the point of intersection of curve k with curve ly. The
volume distribution function of pore culs-de-sac in the radius range from ry=rp to T7=Trp_ 1
is determined for values of r7 and ry by the expression

.[ﬁ(h—l) (rb+Ar'.) —'ﬁ(h—g) (rb) ]’_ [ﬁh (rb+Arb) ‘—ﬁh (rb)_]_
ArAr, ’

Fonyu(ryn)= (1)

where ArZ==r(k_;)— Ty and Oty 1s the low value of the variance in radii of the blocking pores
in the range rp=ry' to ry=ry. In this way we obtained an expression for determining the
desired function F(rz, ry). Figure 4 shows function F*(log r7, log rb), analogous to func~-
tion F(rz, rb), obtained from Fig. 3 in the manner described. Lines are constructed, similag
to those shown on that figure, of the quantity F(log r7, log rp) with the dimension of (um)-~
on coordinates log r7 and log ry. Information about the structure of the specimen under

study, contained in Fig. 4, is very extensive and complex. Here we present only a few con-
clusions:

All the pores of a specimen can be classified into three types: 1) coarse, slightly
irregular pores with a radius greater than 10 um, formed by blowing agents; 2) moderately
irregular pores (r =2-15 um) between grains of nickel carbonyl measuring-10-20 um; and 3) the
small volume of fine, slightly irregular pores with radius less than 1 um inside the very
fine particles of nickel carbonyl. All these data agree with other information on the struc-
ture of specimens under study.

Thus, information contained in the function F(ryz, ry), other than information available
from a conventional program, makes it possible to depict the shape of pores of various types
and also their relative distribution in different elements of the solid structure framework;

that is, it makes a quantitative formulation of the real structure model of a specimen pos-
sible.

The authors express profound thanks to V. S. Bagotskii for this discussion of this paper.
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SECONDARY ELECTRON EMISSION OF AN IRIDIUM
SINGLE CRYSTAL

E. M. Savitskii,* 1. v, Burov, UDC 537.533.8
V. I. Kapustin, V. P. Polyakova,
and N. L. Korenovskii

There are data in the literature on the anisotropy of the secondary electron emission
of single crystals of body-centered-cubic metals: tungsten (1], molybdenum [2], niobium [3],
tantalum [3], and iron [4]. The secondary-emission properties of face-centered cubic metals
have been studied only for the (111) plane of a nickel single crystal [3].

The aimof this work 1s to study the anisotropy of the secondary electron emission coef-
ficient (s.e.e.c.) o and the inelastic reflection coefficient (i.r.c.) n on the (100), (110),
and (111) planes of an iridium single crystal, having a face-centered-cubic lattice. An arid-
ium single crystal 8 mm in diameter and 100 mm long was grown by electron-beam zone melting
in vacuum after three passes of the zone through the sample. Experimental samples of a given
orientation with dimensions 6 x 10 x 1 mm each were cut by electroerosion and polished mechani-
cally and electrolytically. The quality of the samples was checked by microstrctural and
x-ray methods. The deviation of the plane of the surface of the samples from a given crystal-
lographic plane did not exceed 1°.

For the (100), (110), and (111) planes of. the iridium single crystal at primary elec-
tron energies Ep= 60-2000 eV, the c(Ep) and n(Ep) dependences presented in Fig. 1 were ob-
tained. The measurements were made in a vacuum of 10”'° torr at room temperature at energy
intervals of 20 eV after heating the samples at 2000°K for 25-30 h, at which time the s.e.e.c.

and i.r.c. values of all planes were stabilized., The accuracy of the determination of g, n,
and Ep was 0.3-0.5% [5].

Both the s.e.e.c. and the i.r.c. are characterized by significant anisotropy, which is
shown by the differences in the o(Ep) and n(E;) dependences for the different crystallograph-
ic planes. The 0(Ep) and n(E,) dependences have distinct structure in the form of a sys-—
tem of maxima and minima. The positions of the structural elements depend on the crystallog-
raphy of the plane being studied. However, the positions of the extrema on the O(Ep) and
n(Ep) curves for each of the planes coincide. For the (100) plane, the s.e.e.c. value ex-
ceeds 2.0 in a broad energy range, which does not occur for any element in the polycrystal-
line state at normal incidence of the primary electrons.

In [1, 2] a separation of the nonmonotonic features into two types was proposed. Struc-
tures of the first series include maxima and minima as well as "steps" of the order of sev-
eral hundred electron volts. Analogous nonmonotonic features, but having widths of the
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