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Influence of Structure of Skeleton Materials on Permeability of Liquids
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Permeability of various liquids in pores of skeleton materials (porous samples from powders of reduced iron and alloy
steel Cr-Ni-Ti, porous ceramic ZrO,/CaO and carbonisates of polyvinyl alcohol) is analysed. It is shown, that at the flow
of liquid monomers through ceramic and metal porous materials the flow rate depends on pressure difference
rectilinearly. Such rectilinear dependence is absent at the flow of liquids of high viscosity (for example, solutions of
polymers) through skeleton materials with fine pores (diameter of pores <50 pm—60 pm). During the research of
permeability of low viscosity liquids in porous capillaries with the diameter less than 100 pm, an effect of obliteration is
found. This effect is caused by adsorption processes in boundary layers and increase of viscosity of part of a liquid
interacting with solid surface. Analysis of processes of permeability of styrene, methyl methacrylate (MMA) in porous
media with high activity of a surface (carbonaceous polymer) has shown that the development of obliteration is
promoted by more developed fine porosity, tortuosity of pores and increase of the rate of flow of a liquid phase (pressure
difference). Various functional groups formed on the surface of pores of carbonisate interact with molecules of liquids
(monomers) and form intermediate buffer layers of by-products of reaction. Formation of such buffer layers changes
resistance of skeleton system to permeability of a liquid phase and, thus, promotes development of effect of obliteration.
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1. INTRODUCTION

For the time being, composite materials in the
structure including porous skeleton materials and the
polymeric components introduced in porous media get
wide application [1,2]. In these composites polymeric
phase provides functions of strengthening and heat-
shielding at impact of mechanical and heating factors on
material. Therefore such composite materials can be
successfully used in conditions of intensive heat-mass
transfer in various power systems. To produce such
composite materials various skeleton materials can be
used: porous metals (materials from Fe, Al, alloy steel and
etc. powders), ceramics (ZrO,, Al,O;, MgO and etc.) and
carbonaceous polymers (polyvinyl alcohol (PVA),
polyacrylonitrile, derivatives of cellulose and etc.) [3—7].
At formation of composite materials of the system “a
skeleton component — polymer”, there are limited
possibilities to change the structure of a phase: the amount
of a skeleton component is constant, and the amount of a
polymer in pores of a skeleton material is limited by the
open porosity.

Various solutions and melts of polymers for filling
porous space of a skeleton material with polymers are
used. However, as polymeric solutions and melts, in
particular, have high viscosity, filling of pores of a
skeleton component with them is technically complicated.
Thus only a low degree of filling of pores of a skeleton
component is available. Full filling of pores can only be
reached, when the thickness of porous metal covering does
not exceed 0.3 mm at introduction melts of polymers.
Progressive production method of composite materials of
system “a skeleton material — polymer” is filling pores of
skeleton materials with liquid monomers (for example,
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MMA, styrene) with their subsequent polymerisation in
pores of a skeleton material [8, 9].

The properties of the composite materials of the
system “a skeleton material — polymer”, formed by filling
pores of a skeleton component with polymers or their
compositions, are appreciably caused by phase interaction
of the components [10, 11]. During formation of composite
materials of the system “a skeleton material — polymer”
diffusion processes are accompanied by chemical reactions
on the interface of phases [12]. However, up till now
questions regarding the studies the interphase phenomena
at filling porous space of various skeleton materials with
liquids, in particular, monomers were only little mentioned
by researchers.

The purpose of the present work is to investigate the
features of permeation of various liquids in porous space of
skeleton materials (porous iron and alloy steel, ceramic
Zr0O,/Ca0, carbonaceous PVA) as well as to estimate
influence of porous structure of a skeleton material and
interphase interaction on the flow rate and degree of filling
porous space with liquids.

2. EXPERIMENTAL

Materials with the developed porous structure were
used in the research: metal, ceramic and carbon (polymeric
carbonisates) (Fig. 1).

Metal skeleton samples have been produced from the
reduced iron (IDKB-3 by GOST) (Fig. 1, a) and the alloyed
steel Cr-Ni-Ti (18 % Cr, 9 % Ni, 1 % Ti, IIPX18HIT by
GOST) powders by a method of hydrostatic pressing and
sintering. The samples were made 25 mm in diameter and
8 mm— 10 mm in height in this way. Two types of metal
particles were used for the sampling: 125 pm— 160 pm and
56 um—63 pm. Metal particles were of spherical or plate
forms. Open porosity of metal skeleton samples changed
within the range of 20 %—30 %.
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Fig. 1. The general view of the materials with developed porous
structure: a — metal sample produced from plate form
particles of reduced iron; b — the ceramic sample sintered
from micro spheres ZrO,/CaO; ¢ — the sample of the
carbonaceous thermooxidized polyvinyl alcohol (PVA)

Ceramic skeleton samples were produced from zirco-
nium dioxide powders modified with calcium oxide
(ZrO,/Ca0) by a method of hydrostatic pressing and sin-
tering (Fig. 1,b). The samples were produced from the
following types of spherical particles: 20 pm—40 um,
56 um—63 pm and 90 um— 100 pm. Open porosity of the
Zr0,/Ca0 samples changed within the range of 30 %—
40 %.

Polymeric carbonisates were also used as a skeleton
material (Fig. 1, ¢). Polymeric carbonisates were produced
by heating at 900 °C—1000 °C in the inert gas (nitrogen) of
PVA thermooxidized at 190 °C. For activation of carboni-
sation, PVA was preliminary treated with 1%—10 %
water solutions of lithium chloride (LiCl).

Permeability of liquids through the samples specified
here in above and the mentioned skeleton materials were
investigated applying water, ethyl alcohol, styrene and
methyl methacrylate (MMA).

Porosity, size of the open pores, was measured in vari-
ous skeleton materials by using a method of replacement of
a liquid from pores. This method allows filling the porous
spaces fully with corresponding moistening liquid and its
subsequent replacement from pores with gases, measuring
its pressure. The principle scheme of device for definition
of the sizes of pores by a method of replacement of a liquid
from pores is represented in Fig. 2.

The porous sample in diameter of 25 mm and 8§ mm of
height was fully impregnated with a liquid. After exposure
in a liquid not less than 12 hours, the impregnated porous
sample was located in a special hermetic tubular holder.
The top surface of the sample was filled up with a thin
layer of a liquid (up to 3 mm). From the other end face of
the sample the pressure is raised smoothly (10 Pa/s). The
pressure is created by means of compressed air of the
holder submitted to the bottom of the device. During that
moment, when the first series of air bubbles came off from
the top of the surface, indication of a manometer 8 was
fixed. This value by a manometer allows to calculate the
maximum diameter of pores. Further on, the pressure
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raises up to value, at which intensive bubbling on the entire
surface of the sample begins. The value of this pressure
allows to calculate the average diameter of the pores.

6

8

Fig. 2. The scheme of device of measuring of the sizes of pores
by method of replacement of a liquid from pores:
1 — compressor; 2 — valve; 3 — pressure chamber;
4 — manometer; 5 — smooth regulator of pressure in
system of replacement of a liquid; 6 — holder of the
sample; 7 — discrete divider of pressure; 8 — U-manometer

This device was used for research of permeability of
various liquids in skeleton materials.

3. RESULTS AND DISCUSSION

At one-dimensional flow of a liquid in pores of a
skeleton material, the distribution of the pressure in a
direction of a flow of a liquid can be expressed as follows
[13]:
pv?

dp=(A—"+&)
dp

where: 1 is the factor of friction; ¢ is the factor of hydraulic
resistance; & and dy — respectively, the length and the
diameter of the pores; V is the average rate of a flow of a
liquid; p is the density of a liquid.

However, it is necessary to note that this dependence
is valid only at presence of pores of large-scale sizes, i.e.
with diameter over 100 um. In the case of flow of a liquid
through capillaries of smaller sizes, a change in the rate of
its flow at various stages of the process is observed. Our
investigations indicated that at the permeation liquids
through materials with fine porosity it is possible to
distinguish four subsequent stages of the flow (Fig. 3):
I — stage of increase in the rate; II — stage of transition to
decrease in the rate; 111 — stage of downturn of the rate, and
IV — stage of the flow of a liquid with a constant rate.

S

dx, €))

A M

.

II 11

T

Fig. 3. The scheme of the change of the volumetric flow rate (v)
of a liquid through a porous material during a certain
period of time (7)



The first stage is rather short. It is more expressed at
permeation of monomers (for example, styrene and MMA)
through porous metals (Fig.4). Increase of the rate of
permeation of a liquid at the first stage shows the
occurrence and development processes of adsorption and
formation of a boundary layer. Duration of this stage
depends on the size and the form of samples, the size and
geometry of the porous space in a skeleton material. The
increase in the rate of permeation of MMA in pores of
alloy steel Cr-Ni-Ti, produced from spherical particles, is
observed in the samples with fine-scale pores and the
expressed specific surface of the pores (Fig. 4).
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Fig. 4. Kinetics of the volumetric flow rate (v) of MMA
proceeding through a porous alloy steel Cr-Ni-Ti layer
(2 mm) produced from spherical particles of different
porosity, diameter of particles (faction) and a specific
surface of pores: 1 —0.265, 125...160 um; 3.09 10* m*/m?;
2 — 0.192, 56..63 um; 8.14-10*m%m’ 3 - 0.19,
40...56 pm; 9.96:10* m*m’

It can be seen that duration of the first stage increases
with increase of the specific surface of the pores in a
material. It is possible to explain the increase in the flow
rate of a liquid in the initial stage by the action of forces of
molecular interaction, which arises on interface between
the liquid and solid phases [12, 14]. When filling a porous
body with a liquid, the direction of the tension, acting on
the formation of a boundary interphase layer, coincides
with a direction of the external pressure Ap. In our opinion,
it is the main reason causing the acceleration of a liquid
permeation. The effect of initial acceleration is mostly
expressed at permeation of liquid monomers in porous
carbonaceous bodies, and the least expressed in the
ceramic materials possessing low potential characteristics
of the surface (Fig. 5).

Duration of this period depends not only on the
structure and the kind of a porous material, but also on the
size of the skeleton sample. This period comes to the end
of formation of a boundary layer at interaction between
liquid and solid phases. At this stage, the spaces that have
formed between the boundary layers are filled.

It comes to the end with the beginning of the outflow
of a liquid from the porous sample. If at the first stage the
direction of the forces of interphase action coincides with
the direction of the enclosed pressure, so at the third stage
the force of interphase action impedes the outflow of a
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liquid from the porous sample. The volumetric flow rate
(v) of a liquid starts to decrease from this moment on. It
testifies the presence of the same phenomena of adsorption
in the generated boundary layers reducing “alive” section
of porous channels of the material [15].
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Fig. 5. Kinetics of the volumetric flow rate (v) of MMA-—pro-
ceeding through porous layers (2 mm) from: 1 — ceramics
AlL,O3 (I1)=0.19, d7=28 ym); 2 — porous alloy steel
Cr-Ni-Ti (I7, = 0.19, d; =28 pm); 3 — carbonaceous PVA
(I1y=0.194, d=28 um) and 4 — carbonaceous PVA at
presence 10 % LiCl (1, = 0.195, dy = 32.3 pm)

The arisen so-called obliteration is caused by the
increase of viscosity of that part of a liquid, which is in a
field of action of a surface of a solid phase. It is known that
viscosity of a liquid in capillaries can rise by up to three
times in comparison with viscosity of a liquid in a free
condition [13]. It can be the main reason causing the
stopping of liquid permeation in the porous space. The
main causes of the obliteration are forces of molecular and
electric interaction between the phases. They are sources
of formation on a surface of pores of the adsorbed layers of
the polarly-active molecules reducing “alive” cross-section
of a porous capillary. These adsorbed layers in each
material are in a non-equilibrium condition. Therefore, the
field of molecular interactions is in an unbalanced
condition. It reduces a power barrier of interaction of
liquid and solid phases. Usually researchers increase the
rate of flow through porous materials by increasing the
temperature to explain the viscosity of the liquid [14, 15].
However, in this case the main role is played by the
increased intensity of the thermal movement of molecules
of a liquid in porous space. This reduces thickness of a
boundary layer and increases “alive” section of porous
channels. The results received at the research of
permeation of the styrene through the porous alloy steel
Cr-Ni-Ti with high activity of the surface pores serve for
the favour of the reasoning. It is established, that a great
influence on obliteration renders the structure of a porous
material. Development of fine-scale porosity and tortuosity
of pores strengthens effect of obliteration (Fig. 6). In this
case, decrease in the rate of flow of styrene through the
porous metal samples received from Cr-Ni-Ti powders of
finer-scale faction is observed. In this case decrease in the
volumetric flow rate (v) of styrene is observed for the
porous alloy steel samples received from the particles of
finer-scale faction.
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Fig. 6. Kinetics of the volumetric flow rate (v) of the styrene
proceeding through the porous a layer (2 =2 mm) of po-
rous alloy steel Cr-Ni-Ti made from spherical (2—5) or
plate form particles of reduced iron (1) different factions:
40...56 um (1, 2, 3); 56...63 um (4); 125...160 um (5) at
room (1, 2, 4, 5) or raised (40 °C) (3) temperatures

The effect of obliteration is more pronounced, when
plate form particles are used for the manufacturing of po-
rous metal samples. Such materials have raised tortuosity
of pores. Except for phenomena analysed hereinabove, the
obliteration is increased by polymerisation of monomers in
pores of a skeleton material. Formed oligomers raising
viscosity of a liquid phase can considerably slow down or
even discontinue the flow processes. Those phenomena are
undesirable at impregnation of skeleton materials during
formation of composite materials of the system “a skeleton
material — polymer”. Therefore, it is necessary to create
such technological conditions that polymerisation would
begin only after filling all porous space of a skeleton
material with a monomer. It was established, that the value
of the pressure difference and, subsequently, the rate of
permeation of liquids influences processes of obliteration

(Fig. 7).
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Fig. 7. Kinetics of the volumetric flow rate (v) of the styrene
proceeding through the porous layer (I7, = 0.39) of
ceramics (#=10mm) made from spherical particles
Zr0,/Ca0. Faction 90...100 um. Pressure differences
(MPa): 1-0.05; 2 -0.035; 3 - 0.025; 4 -0.015

As seen from the presented data, the increase in the
pressure difference of a liquid (styrene) at its permeation
through the porous ceramics received by sintering of
spherical particles ZrO,/CaO strengthens the effect of
obliteration. It is necessary to consider that the reason of
the increased obliteration subsists at increasing the
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volumetric flow rate (v) of a liquid in pores of a skeleton
material and changing the character of the flow of a liquid.
Here we can have laminar or turbulent kind of flow of a
liquid phase.

Such assumption cannot be lead by making up the
equations of criteria. Porous media geometrically are too
complicated to be presented by elementary cylindrical
channels. There are many curvatures, ledges of a surface,
roughness, etc. in each porous material. All these factors
promote local turbulence in pores of a skeleton material
and raise internal resistance of a sample to the enclosed
pressure. The carried out research reveals that obliteration,
irrespective of the reasons of its occurrence, leads to
increase in hydraulic resistance of materials of fine-scale
porosity. In [7] it is shown that the effect of obliteration is
absent in materials of large-scale porosity (dj; > 40 pm).
However, we consider that in practice these effects are real
for each porous material, as there are pores of various
diameters in each one of them. Kinetic dependences of
permeation liquids through the skeleton materials can be
analytically presented in the form of the equation:

=79

Y- 1-K(-e BT7),

2

vmax

where v is the volumetric flow rate of a liquid at a certain
moment 7 during the period of obliteration 7, — 73, m’/m’s;
Viax 18 the volumetric flow rate of a liquid at the moment of
time r=1,, m’/m’; K is the dimensionless factor,
describing reduction of the relative volumetric flow rate
(VVar) of a liquid during obliteration; 73—, is the time
interval of the course of obliteration (7, — beginning, 7; —
end), s.

The values of factors K and the time period of
obliteration 7;—17, on experimental dependences v=f{7)
(Fig. 4—5) are shown in the Tables 1 —3. First of all, we
shall analyse the basic characteristics of permeation of
liquids into porous metals (Table 1). As can be seen from
the presented results, the nature of the liquid makes
essential impact on the change of the factor K in the
equation (2). For example, comparing the value K for
various liquids (the skeleton material from spherical
particles of the reduced iron, faction 125 pm— 160 um, the
open porosity 22 %) with certain K values, it is possible to
set them out in the following sequence:

A3)

When trying to explain the essence of obliteration
from the point of view of action of an electrostatic field of
metal pores on molecules of a liquid, it follows that
orientation of molecules of a liquid on the surface of pores
will occur easier with the increase of the dipole moment of
molecules of a liquid. Such assumption allows making a
conclusion that obliteration will be more expressed with

KHZO > KC2H5OH > Kstyrene > KMMA .

higher dipole moment of molecules of liquid, i. e.:
“4)

It is difficult to define experimentally influence of the
nature of porous metal on permeability of a liquid. These
difficulties arise, as it is practically impossible to create
identical porous structures at manufacturing the samples of
metals. For example, if the investigated samples of porous

/uHZO > /uCZH5OH > /ustyrene > HMMA -



metals, made from spherical particles of alloy steel Cr-Ni-
Ti or reduced iron of faction 125 pm—160 um have
approximately identical average diameter of pores, their
open porosity, however, will differ under such
characteristics, as well as the distribution of pores in the
sizes, tortuosity, a roughness of a surface, etc. Research of
permeation of various monomers through the porous
metals has shown that intensity of obliteration is
approximately identical: the established values of factor K
in the equation (2) are almost equal (0.22 and 0.20)
(Table 1). The relative volumetric flow rate (v/v,,) of a
liquid decreases with reduction factor K and increases with
reduction of the diameter of pores of metal. It is shown,
that intensity of obliteration of water depends not only on
the structure of the porous metal, but also on the
volumetric flow rate of water in the pores: the higher is the
rate of water in the pores, the more intensive the process of
obliteration is.

It is necessary to note, that tortuosity of pores, a
curvature of pores on length, various expansions, the
developed roughness of the surface of pores, i.e. all the
structural factors increasing a specific surface of pores
promote the increase of the factor K. It is obvious from
comparison of the results received during the research of
permeation of styrene through porous metal samples from
the particles of spherical and plate forms of identical

factions (Table 1, positions 6 and 8). With increase in the
sizes of particles (faction) ZrO,/CaO, from which porous
ceramic samples were made, the effect of obliteration is
less expressed (Table 2). For example, at increase in sizes
of particles from 20 pm—40 um to up to 90 um— 100 um,
the factor K in the equation (2) decreases from 0.16 to up
to 0.10. If to compare these values of the factor K with the
values of the factor K determined in tests with the metal
samples in identical external and structural conditions, it
can be seen that they are lowered. Decrease in factor K
indicates reduction in activity of a surface and intensity of
diffusion processes. Studies of laws of diffusion show that
the energy of activation of diffusion processes of metal
atoms above, than energy of activation for non-metallic
atoms.

On the other hand, it is also necessary to consider
different structural formations in these materials. The
crystal lattice of oxides is very complex and contains many
defects. According to the “hole” theory [16], these defects
promote development of diffusion processes and formation
of a boundary layer. However, it is impossible to oppose
the factor promoting phase interaction with this diffusion
factor, and, therefore, the processes of obliteration.
Introduction of molecules of a liquid in defective places of
crystal structure should be considered as formation of the
buffer liquid layers reducing friction between the surface

Table 1. Basic characteristics of process of the flow of various liquids through porous samples (thickness of 8 mm) made from metal

powders by method of hydrostatic pressing and sintering

P Value of Values of constants in
orous Average Open ressure the equation (2)
sample from Form of Faction, . & pel . P 4
No . diameter of | porosity, Liquid difference,
metal particles pm ores. Lm o Ap/h105
powders pores, 1 ¢ PSS K 7,8 | 13,8
Pa/m
1 125-160 40 22 0.22 60 200
Styrene
2 56-63 16 20 0.29 120 420
Reduced .
3 eir;‘fle Spherical MMA 100 0.20 30 | 180
4 125-160 40 22 Water 0.37 150 450
5 C,Hs;OH 0.28 90 300
6 Soherical 45 27 Styrene 0.20 0-30 | 180
Alloy steel pherica
7 Cr-Ni-Ti 125-160 C,Hs;OH 120 0.24 60 300
8 Plate 30 20 Styrene 0.31 210 420

Table 2. Basic characteristics of process of the flow of various liquids through porous ZrO,/CaO ceramic samples (thickness of 10 mm)

A Value of Values of constants on the
Verage Open ressure equation (2)
Porous Form of Faction, diameter pe .. P q
No . . porosity, Liquid difference,
ceramic particles pum of pores, o Ap/i105
pm 0 Pl K 7,5 73,8
Pa/m
1 20-40 9.4 32 0.16 120 300
2 56-63 9.4 34 Styrene 0.13 60 240
3 . 90-100 40.5 40 0.10 0-30 180
Zr0,/Ca0 | Spherical 100
4 90-100 40.5 40 MMA 0.15 0-30 210
5 90-100 40.5 40 Water 0.37 210 480
6 90-100 40.5 40 C,H;OH 0.17 120 380
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Table 3. Basic characteristics of process of the flow of various liquids through porous samples (thickness of 10 mm) made from

carbonisates of various modifications PVA

. Average Values of constants in the Value of
No Carbonlsate qf PVA Open , diameter of Liquid equation (2) pressure
modification porosity, % ores. um difference,
pores, it K ©,s | 1.8 | Ap/h107, Pa/m
o Styrene 0.15 30 240
1 PVA, thermal oxidized 16.6 18
Water 0.08 0-30 180
PVA, thermal oxidized after 72 16.2 Styrene 0.14 0 240
2 processing: 1 % LiCl or 10 % Water 0.21 30 240 130
LiCl
' 19.5 323 Water 0.4 0-30 900
Thermal oxidized
3 composition PVA + 3 % 7.2 12.2 Styrene 0.27 60 360
PVA fibre MVM-2
of the pores of a material and a liquid. It is possible to use =~ 4. CONCLUSIONS

a hypothesis of formation of adsorption condensed films
for the explanation of the mechanism of formation of these
interphase layers. In comparison with other liquids, water
has the highest activity from the point of view of
obliteration in ceramic materials. For example, at
permeation of water through ceramics from spherical
particles ZrO,/CaO of monofaction 80 pm—100 um, the
process is described by the equation (2), in which the
factor K reaches high enough value — 0.37. The maximum
value K has been established to be equal to 0.42 in
experiments with ceramics ZrO,CaO of faction 20 pm—
40 pm. It allows explaining the increase of the factor K in
the course of chemical adsorption process on the border of
phases, i.e. chemical interaction of the molecules of water
and the stabilizing additive of the ceramics CaO.

A similar phenomenon is also observed at the research
of permeation of water through the porous samples of
carbonaceous PVA preliminary processed by LiCl
solutions of various concentrations (Table 3). In this case,
the residues of crystallites LiCl in carbonaceous material
are the strong centre of gravity of molecules of water. As a
result of such interaction, LiCI-nH,O crystal hydrates on
the surface of the pores are formed. A similar mechanism
of action LiCl from the point of view of molecules of water
is discussed at revealing its influence on dehydration of
PVA and formation of the conjugated structures in
carbonaceous polymer [17, 18].

As can be seen from the data presented in Table 3,
permeation of styrene through carbonaceous PVA
materials differs by low value of factor K, which indicates
poorly expressed obliteration. Effects of obliteration of the
flow of styrene are mostly expressed in the carbonaceous
materials received from polymeric compositions after
thermal oxidizing: PVA and PVA fibres. The reason of it is
geometrical complication of the porous spaces in the
homogeneously reinforced material. As the carbonaceous
material pores are twisting, they often form loops around
carbonaceous PVA fibres. Despite of the low open
porosity, a material contains many fine-scale pores and,
therefore, has a high specific surface of pores.
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1. It is established that at the flow of liquid monomers
through ceramic and metal porous materials, the flow
rate of monomers rectilinearly depends on the pressure
difference. Such rectilinear dependence is absent at the
permeation of high viscosity liquids (for example,
solutions of polymers) through fine pores (diameter of
pores < 50 pm—60 pm) of skeleton materials.

2. At permeation of liquids of low viscosity through po-
rous capillaries with the diameter less than 100 um, the
effect of obliteration is determined. The phenomenon of
obliteration is caused by adsorption processes in bound-
ary layers and by increase of viscosity of that part of
liquid, which is in a field of action of the surface of the
solid phase. Research of permeation of styrene, methyl
methacrylate through the pores with high activity of a
surface (carbonaceous polymers) indicates that
obliteration is promoted by more developed fine-scale
porosity, tortuosity of pores, increase in the flow rate of
liquids and pressure difference.

3. When filling porous space of skeleton materials with a
liquid phase, two kinds of mass-transfer were
developed: volumetric diffusion, which is dominant in
large-scale pores, and molecular diffusion, which is
dominant in fine-scale pores. It is established, that at
diffusion interaction of a liquid with a surface of the
pores in the boundary layer topographical reactions also
proceed. Finally, they are found in the carbonaceous
materials. Various functional groups formed on the
surface of the pores of carbonaceous material
interacting with molecules of liquids (monomers) form
intermediate buffer layers of by-products of reaction.
Formation of such buffer layers changes the resistance
of the skeleton system to permeation of a liquid phase

and, thus, promotes development of effect of
obliteration.
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