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Chapter

Determining the Filler Activity in
the Sintering of Pitch Composites

Vladimir Shmalko, Valeriia Karchakova, Oleh Zelenskyi
and Fedir Cheshko

Abstract

Evaluation of the activity of fillers for sintering composites can be obtained
from the results of testing the mechanical strength, in particular, the shear strength
of pitch composites. The dependence of the strength of composites on the content
of fillers is described by an extremum curve. At the point of maximum strength of
the composites, the optimum ratio of components is realized. At this moment, the
whole pitch matrix is in the interfacial layer on the surface of the filler particles.
The contact angle of fillers wetting with binders is a necessary but not sufficient
condition. The activity of the fillers with respect to the particular binder is charac-
terized by the adhesive strength of the material obtained after carbonization of the
“binder-filler” system. The activity of the fillers determines caking and sintering
capacity of the pitch binders. It is shown that anthracite is the most active filler for
the investigated pitches. Several methods for determining caking and sintering
capacity of pitches are given. One of them is the determination of these indica-
tors by the work of destroying the pitch composites. It is shown that fillers have a
significant influence on the structure of the pitch matrix in composites.

Keywords: filler, activity, pitch, adhesion, sintering

1. Introduction

The properties of traditional materials, such as metals and their alloys, do not
always allow, even with the most modern processing methods, to achieve such
characteristics in strength, durability, and reliability, in order to provide the highest
operational capabilities for a variety of designs and equipment. In areas such as
missile technology, aviation, automotive, chemical industry, and many others, the
optimum characteristics of materials have long been achieved through the use of
composites [1]. The composites can be defined as materials that consist of two or
more chemically and physically different phases separated by a distinct interface
[2]. It is known that the structure of the matrix in composites is formed with a sig-
nificant influence of the filler. The division of fillers into active and inert or active,
semi-active, and inactive [3] is overly simplistic, since the activity of the filler is
not its specific feature or fundamental property. Nevertheless, the activity of the
filler, especially for sintering pitch composites, is a very important characteristic.
The activity of the filler determines their behavior during sintering and the final
properties of the composite.

The activity of the filler is mainly determined by three factors:
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* The ratio between the adhesion energy of the matrix to the filler and the cohe-
sive energy of the matrix [4].

¢ The amount of filler introduced.

* The degree of dispersion of the filler particles, which determines the area of the
contact surface of the matrix with the filler. The particle size of the filler is the
most important property that affects the hardening of the composite. For each
type of binder and filler, there is an optimum degree of filling [5].

Filler activity refers to certain properties of the filled system. Therefore, the
concepts of structural, kinetic, and thermodynamic activity were introduced [6].

The structural activity means the ability of the filler to change the molecular and
supramolecular structures of the composites (the degree of crystallinity, the size
and shape of the elements of the structure, etc.).

Kinetic activity is the ability of the filler to influence the mobility of certain
kinetic units of the polymer, the relaxation processes, and the viscoelastic charac-
teristics during the deformation of the composite.

Thermodynamic activity is the ability of the filler to influence the state of
thermodynamic equilibrium, the phase, and thermodynamic parameters of the
filled polymer.

The free surface energy of the filler particles has a basic value and determines
the adhesion interaction and wettability of the surface. In this connection, the role
of functional groups on the surface plays an important role and their reactivity [7].

Unfortunately, until now there is no single approach to measure the degree of
activity of fillers. This is due, in particular, to the lack of theoretical developments
for sintering composites, in which the adhesive strength varies with the sinter-
ing temperature. In the sintering of pitches with fillers, the cohesive strength of
the cement matrix increases with carbonization, thereby increasing the adhesive
strength of the composite. Since the basis of the activity of fillers is their adhesive
interaction with the binder, it seems that the measure of their activity should be the
methods of determining the adhesive strength.

The interaction of the filler with the binder is most often evaluated on the basis
of wetting, while the quantitative characteristic is the wetting contact angle [8].

Wetting is the result of an adhesive interaction between the surface of the solid
(filler) and the contacting liquid (binder). Quantitatively, adhesion is characterized
by the work of adhesion, which is expressed by the equation of Dupree:

W, =yL+7s+ Vs (1)

where y1, is the surface energy (tension) of the liquid phase, ys is the surface
energy of the solid phase, yg;, is the interfacial surface tension, and W, is the work of
adhesion. A rise in the interfacial attraction results in an increase in the work of adhe-
sion. Eq. (1) can be rewritten to determine the work of cohesion (W,) when the two
phases are identical and no interface is present as shown in Eq. (2) for a solid phase:

W, =2ys (2)
Adhesive strength—W,—work of bond failure:
VV: = Wa + Wdef (3)

Wyt can be very large and differs from W, by n times.
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The wetting contact angle (Young’s equation) is associated with the work of
adhesion W,;

cosO =2W,/W, -1 (4)

where W, is the work of adhesion of the wetting liquid to the solid body and W,
is the wetting cohesion work.

Systems of pitch-carbon filler are very difficult to describe. The properties of
the binders are always more detailed than the properties of the fillers. Usually, as a
direct evaluation of the quality of the binder, the contact angle of surface wetting
of the filler uses their adhesion interaction during mixing. The pitch filler systems
are thermodynamically nonequilibrium, and the equilibrium contact angle in such
a system is unattainable [9]. When describing composites, the binder properties are
always paid more attention. Evaluation of the filler is more modest. Therefore, for
pitch filler compositions, one can speak of an “apparent” contact wetting angle or of
a “dynamic edge angle,” as it is determined in some works [10].

The pitch matrix is a self-filled system that, when heated, even without an
external filler, gives a solid residue (semicoke, coke), which can be considered as
a dispersed-hardened system, i.e., as independent composite material with all the
features of physicochemical and mechanical properties [5].

The wetting angle for the pitch filler compositions is determined by sessile drop,
spreading drop, pendant drop, and other methods [11-13].

In addition to the wetting contact angle, the surface tension and capillary pressure
are used as a quantitative evaluation of the filler-binder contact interaction [14].

The softening temperature determines its chemical composition, surface tension,
viscosity, the particle size of the coke, its texture, chemical functional groups on the
surface and porosity [15]. The final properties of carbonized pitch composites (e.g.,
electrodes designed for high current densities) are largely determined by the interac-
tion of pitch with the filler surface. Pitch should penetrate into the pores of coke and
fill the voids between the coke particles. It is believed that the wettability of coke by
pitch is a direct indicator of the degree of their interaction. A good wetting of the filler
surface with a pitch is a necessary, but insufficient, condition for a strong adhesion
bond and high physical and mechanical properties of the resulting composite material.

Imperfection of existing estimates of binder-filler interaction leads to new attempts
to assess the process of wetting fillers with pitch. In Ukraine, the technique [16] is
used, according to which the determination of the wetting power of the pitch is carried
out in metal or glass tubes into which the filler (coke) and pitch grains are loaded ina
ratio of 15:5. The tubes loaded in this manner are placed in a laboratory electric oven,
where they are kept for a certain time at a temperature of 200°C, which ensures the
flowability of the test pitch, but does not lead to caking of the test coke. Then, the
tubes are cooled and the coke is removed, not bound (not impregnated) with a pitch.

The wetting power (m) of pitch is calculated by the following formula:

m = mcoke/mpitch (5)

where m is the mass of bound coke (the difference between the initial sample of
coke (m,Le) and the removed part of the latter), g, and my;, is the initial mass of
the pitch buried in the tube, g.

In the apparatus for determining wetting characteristics, according to the
procedure of [17], granular coke 0.25-0.5 mm in size is placed in a cylinder on top
of which a layer of solid pitch with a grain-size composition of 1-2 mm is applied.
This composition is heat treated in a drying chamber with forced air supply at a
predetermined temperature and a time of thermal aging.
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The prototype of method [16] is the method for determining the sintering abil-
ity of coals [18]. Caking coal is used instead of pitch, and anthracite is used instead
of coke. It should be noted that in the prototype, the determination temperature
reaches 600°C, which has a decisive influence on the physics-chemistry of the
processes taking place.

In our opinion, for pitches as caking binders, it is important to evaluate the
adhesive strength of their contact with fillers. In this case, the activity of the fillers
will be the “sintering strength” and/or the “sintering capacity” of the pitch [19].

By the strength characteristics of the pitch composites, quantitative estimates of
the quality of pitch as a binder relative to the selected filler can be obtained, as well as
evaluation of the activity of the fillers with respect to the selected pitch. It is assumed
that the use of this approach will allow to determine the optimal mass ratios of the
binder-filler. In this case, the transition of the pitch to a solid state must be irrevers-
ible. Only then will it fully reproduce the physicochemical processes of interaction
between the binder and the filler that occur during the production of the composite.

2. Experiment

In our work, we used industrial pitches as binders. Pitch samples were taken
in the production conditions of coke plants. The volume of the sample was
up to 4 dm’; the pitches were mixed, quartered, and sieved through a sieve
to a laboratory sample with a fraction of 0.5-0.25 mm. Table 1 presents their
characteristics.

Characteristics Pitch mark
\%4 B,
Softening point, °C 85.0 72.0
Yield of volatiles, % 53.8 59.0
Quinoline insoluble, % 10.5 8.2
Toluene insoluble, % 33.2 28.2
Ash, % 011 0.13
Table 1.

Characteristics of the pitches that were used as a binder.

Samples w2 y&f A, % d,, g/cm3 Elemental composition,
%

C H
Pitch coke (PC) 3.0 038 0.3 1.53 96.5 0.45
Shale coke (SC) 28 09 0.25 1.50 972 0.22
Shale coke > heated at 250 C 09 0.5 did notdetermine 2.0 did not determine
(SC-T)
Anthracite (A) 3.0 55 4.0 did not determine 94.0 41
Strained glass 0 0  did not determine 26 did not determine
Washed sand 0 0 1.51

Table 2.

Characteristics of the fillers.
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We used both carbon and noncarbon fillers. All the fillers were crushed to the
size of particles passing through a sieve with a size of 0.5-0.2 mm holes. Table 2
gives an overview of the filler characteristics. These are pitch coke (PC), shale cokes
(SC), and shale coke after heat treatment (SC-T), which we preheated for 2 hours
at a temperature of 250°C to remove moisture. For comparison, we took hardened
glass, washed bank-run sand, and anthracite.

3. Results and discussion

The photographs of the surface of the filler grains (Figure 1) clearly show the dif-
ference in their structure. For shale coke (Figure 1a, b and e, f), there are at least two
types of structures: sponge (Figure 1a) and layered fibrous structures (Figure 1b). The
grain sizes with a spongy structure in Figure 1a are about 180-450 pm, and the grains
of shale coke with a layered structure are 100-300 microns in diameter and 800 pm in
length. The thickness of the layers in the grains of the layered structure according to
optical microscopy is <2-5 pm. The surface of the pitch coke grains is most rough with
numerous pores (Figure 1c, g and i), which coincides with the data [20]. Lamellar
anisotropic structures are visible on the pitch coke (Figure 1g). In the case of good
wettability, the caking can give a strong adhesive bond and a significant proportion of
adhesion due to the capillary penetration of the pitch in the pores of the filler.

The surface of anthracite grains is the smoothest. It is well visible that the
surface is sometimes chipped with folded structures. Anthracite grains have a
large variation in size from 20 pm to 100-160 pm. Anthracite dust is present on the
surface of the grains in the photographs (Figure 1d).

Samples of composites for mechanical testing were prepared as follows.
Mixtures of pitch and an inert filler (anthracite, sand, glass, pitch coke (PC),
shale coke (SC), and shale coke after heat treatment (SC-T) at 250°C) in different
proportions (from 1:1 to 15:1) are charged in cells of ceramic cassette (Figure 1),
preliminarily placed in a special coking chamber (Figure 2). One loading of the
cassette camera allows to receive 14 samples of char from the pitch composites. The
heat input in the coking chamber was carried out from below, since radial heating
of the cylindrical sample has a temperature gradient along the radius of the cylin-
drical charge—the outer layers of the charge in the coking chamber undergo heat
treatment for a longer time than in the central part. With one-sided heating (from
below), the temperature gradient in the loading of the coke composition is available
in the height of the load. Therefore, semicoke samples of the pitch composite for
mechanical testing had a gradient of strength in height, but in the fracture region,
samples were prepared at the same temperature (500°C).

Isothermal aging at the final treatment temperature is designed to increase the
homogeneity of the composite in the radial plane.

Mechanical test samples of solid residue from the pitch composites are carried out
according to the procedure described in [4], using a cassette chamber (Figure 2).

Each semicoke sample of the pitch composite was placed in the test cell
(Figure 3), and mechanical strength tests were carried out so that the fracture
region of all samples was in the semicoke plane heated to a temperature of
500°C. All the samples in the fracture region had the same final heating tempera-
ture, and the strength of the semicoke sample of the pitch composite was deter-
mined in an isothermal layer.

We believe that since the strength of the coke (filler) is higher than that of
the semicoke matrix, the destruction of the sample during our tests was mainly
carried out on the pitch matrix (cohesive failure), and the filler grains were not
destroyed.
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Figure 1.
Structuve of filler surface (SEM): a — shale coke (x200); b — shale coke x 100); ¢ — pitch coke (x200);
d — anthracite (x200). Optical microscope, polarized light, x500): e, f — shale coke; g, h — pitch coke.
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Figure 2.
Coking chamber for samples of pitch composites: 1 — cassette of cevamic cells; 2 — coking chamber; 3 — heater.

;ﬂ

3.1 Determining the filler activity by the positive root of the parabola equation,
which describes the dependence of the pitch composite strength on the filler
content

Test cell

Figure 3.
Test machine and test cell for testing composite for strength.

The dependence of the pitch composites of the semicoke’s strength on the mass
ratio of the pitch and filler is investigated. As a rule, an extreme dependence of the
strength on the degree of filling was observed, characterized by the presence of a
concentration maximum.

A second-order equation is a reasonable approximation. For all the equations,
we calculate the discriminant and determine the roots.

Table 3 shows the equations of the second-order curves describing the depen-
dence of the strength of the semicoke from the pitch composites on the composition
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Fillers Equation R’ Roots of equation

X1 X2
SC-T Y = —0.28%” + 2.80x + 54.42 0.92 -9.81 19.81
SC Y = —3.69% + 39.2x—18.8 0.90 0.5 101
PC Y = —1.33x°-19.2x + 40.2 0.76 1.86 16.29
Glass Y = —1.3x + 179x + 2.02 0.81 -0.1 139
Sand Y = —2.77%* + 34.1x-23.6 0.96 0.74 11.6
Anthracite Y = —2.58x” + 48.96x + 77.5 0.96 -147 20.45

Table 3.

Strength of pitch composites depending on the filler.

of all the excipients that were tested, the roots of these equations x; and x;,, and the
determination coefficients (R?) of the interaction y = f(x).

We do not consider the negative values of the roots x; because they do not match
the condition of the problem.

The physical meaning of the roots x, of the parabola equation is some hypotheti-
cal ratio of filler binding, in which the strength of the pitch composite falls to zero.
The x; indicator can be used as an indicator of the activity of the filler. The higher
the value of x,, the greater the filler activity.

There is some physical meaning of the roots x; of the parabola equation. The
X, indicator can be used as a measure of the activity of the filler or of the sinter-
ing ability of the pitch. The higher the value of x,, the greater the activity of the
filler is. That is, the more active the filler, the more its quantity will be agglom-
erating. By x,, it is possible to rank the binders for the sintering ability to the
fillers. The activity of the filler is the amount of the inverse sintering power of
the pitch [21]. In accordance with this indicator, fillers are located (in descend-
ing order) in a row:

Anthracite—SC - T—PC—SC - glass—sand

3.2 Determining filler activity by sintering ability

As an example, let us consider the curve for the change in strength of pitch
composites with anthracite (Figure 4). The strength of the pitch composite
increases (the left branch of the curve in Figure 4), because the high modulus filler
reduces the ability of the entire composition to deform. With an increase in the
degree of filling, the individual particles of the filler approach and their boundary
(interphase) layers begin to interact with one another, forming a film structure of
the matrix between the particles (Figure 5a).

We do not take into account here that individual particles in composites are rarely
observed [22]. Since binders that solidify are typical nonequilibrium systems, the
loss of stability leads to the spontaneous formation of primary clusters—a decrease
in surface energy occurs due to a reduction in the interfacial surface and, as a con-
sequence, aggregation of the filler particles. The filler particles on their surface have
alayer of a pitch matrix, the so-called interfacial layer (IFL) [23]. There is no clear
boundary between IFL and the pitch matrix, but it is established that IFL reduces
the concentration of stresses on the surface of the matrix and filler, which affects
deformation and fracture in composites [24]. The thickness of the interphase layer
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depends on the radius of the filler particles and the fractal dimension of its surface
[25]. At low filler concentrations in the matrix, the interphase layers are not an inde-
pendent phase in the volume of the composite, which does not affect its properties.

Considering the fact that the interfacial layer is an oriented ordered structure,
the film has enhanced strength compared to the structure of the remaining volume
of the pitch matrix. At the critical point, the complete transition of the pitch matrix
to the film structure of the IFL is the main factor of strength increasing of the pitch
composites. In addition, the filler-binder ratio at this point is optimal, which cor-
responds to the maximum on the curve (Figure 4).

In the case of a critical binder-filler ratio, the pitch matrix is completely on the
surface of the filler particles in a structured (interfacial) layer (Figure 5a). The
activity of the filler is maximum. With a further increase in the content of the filler
in the composite (the right branch of the curve in Figure 4), the activity of the
filler does not decrease, but the pitch matrix cannot cover the entire surface of the
filler grains. The film is not enough to cover the entire surface of the filler grains.
The binder film is divided into separate fragments (Figure 5b), which is accom-
panied by a sharp decrease in the strength of the final composite. In this consider-
ation, we do not take into account the effect of agglomeration of filler particles.

Although the amount of the matrix and probably its cohesive strength does not
change, the strength of the composite decreases. The strength of the matrix on the
surface of the filler particles can be another indicator of the activity of the filler.

In the actual conditions of formation of the contact surface of the filler with
aliquid binder, the processes of diffusion of the adhesive into the filler play an
important role. A part of the pitch can penetrate into the surface layer of the filler
due to capillary phenomena.

The removal of volatile substances from the pitch when carbonized leads to the
appearance of shrinkage stresses and defects and, as a result, to rupture the film.
That is, a pitch that is carbonized to the semicoke state may not completely cover
the filler surface and not create a continuous “carbon skeleton,” the ideas of which
were previously expressed [26].

350 ~

Experimental,d

w
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o
1
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y =-2,80x2+52,4%+70,44 R2 = 0,96
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o [$)]
o o
1 1

Strenght of pitch composite, MPa
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100 ! I ' ' I ' I ! I ! I ' I ! |
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Figure 4.
Experimental points and approximation by the parabola equation for the dependence of the strength of a pitch
composite on the amount of filler (anthracite) in it.
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Figure 5.
The microstructure model of the pitch composite: a — a binder in the film on the surface of the filler; b — with
pitch deficit: 1 — filler particles, 2 — semi-coke of the matrix.

3.3 Determining filler activity by cohesive strength of the pitch matrix film on
the filler surface

Another way to determine the activity of the filler is determining the cohesive
strength of the pitch composite in the film state on the filler surface. The more
active the filler with respect to the pitch binder, the more IFL is structured on the
surface of the filler and, correspondingly, the higher its strength.

We solved the problem of determining the strength of the matrix in the film as
follows.

In the filling region, which is characterized by the falling section of the curve of
the dependence of the strength of the composite on the degree of its filling (Figure 4),
the strength of the pitch matrix does not change, despite the reduction in the overall
strength of the pitch composite. The loss of strength curve in this descending section is
approximated by a straight line:

y=b-ax (6)

where y is the strength of the composite and x is the filler content. One can
estimate the strength of the “film” pitch matrix by extrapolating this linear depen-
dence on the ordinate axis, which gives the value of the strength of the semicoke
of the pitch matrix (film) without the filler (for x = 0). The extrapolation value
obtained by extrapolation at zero fill (co) (Figure 6) is simultaneously a measure
of the activity of the filler and at the same time can serve as a measure of the sinter
ability of the pitch.

The sintering thus determined is an indicator of the peculiarity of the pitch to a
specific filler. The same pitch with another filler will have a different sintering, because
the sintering process depends on the nature of the filler and its physical-chemical
interactions with the binder. Figure 6 shows the variant of approximation of the fall-
ing part of the curve of the strength of the pitch composite on the content of coke in it.

In order to compare the pitch with each other, you can enter the parameters
of sintering and sinter ability with respect to the filler standard, for example,

10
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Figure 6.
Approximation of the falling branch of the dependence of the strength of the pitch composite with the coke by a
straight line.

anthracite. By the way, anthracite, as a standard, is used to estimate coal by sinter-
ing in works [27, 28].

Testing the strength of a semicoke from pitch without filler cannot give an
estimate of the pitch sintering. The reason is that when the pitch is heated and
sintered during solidification, the solids are formed, which in fact play the role of
the filler, which is unevenly distributed in volume. Therefore, such a semicoke is
heterogeneous in terms of physical and mechanical properties [29]. In addition, the
sintered material contains an uncontrolled amount of pores, which are, in essence, a
low modulus filler.

Monitoring of the quality of the Bl (softening point 72°C) and V (softening
point 86°C) at the factory (Tables 4 and 5) showed that the sinterability (c,) of the
pitches was significantly higher than the other indicators’ quality for these pitches.
This means that it is more sensitive than the rest (the error in determining o, is 5%).
As a coefficient of measure, free term of the equation (Table 4 of Egs. (1)-(6) and
Table 5 of Egs. (1)-(7)) is adopted. The physical meaning of the free term of these
equations is the strength of the semicoke of the pitch film in the absence of the
addition of afiller when x = 0.

3.4 Determining filler activity by work of destruction of pitch composite

The area under the dependence curve of the strength of semicoke samples from
composites is an integral characteristic—the work of destruction. The term “work
of destruction” is used in the physics of polymers [30, 31]. The work of destruction,
in fact, is the energy used to overcome the forces of grip (in our case, the sintering)
between the pitch matrix and the filler, so this figure can be taken as a measure

11
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Ne Softening point, v daf, Viscosity, 4o parc Wetting power by Equation
°C % [16], m
1 72 581 1.51 147 y =782-34x
2 72 58 148 143 y =132.7-5.8x
3 72 581 1.37 148 y = 146.9-6.9x
4 72 57 1.37 1.37 y =192.6-10.3x
5 72 57.7 142 1.55 y = 83.8-3.8x
6 72 57.5 1.58 1.28 y = 115.8-6.9x
Table 4.

Results of monitoring quality for pitch B,.

Ne Softening point, vt Viscosity, o pa*c Wetting power by Equation
°C % [16],m

1 85 53 2.89 0.8 y =206.8-11.6x
2 87 53 3.97 0.785 y =207.8-9.8x

3 86 53 3.96 0.86 y =263.0-21.7x
4 86 53.8 3.29 0.94 y = 263.0-21.6x
5 86.5 53.7 3.88 0.9 y =150.3-8.6x

6 86 54.5 3.59 1.0 y = 345.8-31.3x
7 86 54.5 342 0.85 y =275.2-21.3x

Table 5.

Results of monitoring quality for pitch V.

of the sintering ability of the pitch and filler activity. It seems that this definition
of the term “sintered ability” has a definite physical content, in contrast to that
adopted in coal chemistry: the sintered ability—the property to bake one or another
amount of inert material [32].

Since we have a parabolic plot (Figure 4), the work of destruction (W, c.u.) will
be equal to the area under the parabola:

W = Xfxz(axz +bx +c)dx @)

Eq. (7), after simple transformations, gives a formula for calculating the work of
the destruction of pitch composites:

W =a5(x3 - x3) + bya(oed - x2) + cxa - x1) (8)

The coordinates of the maximum of the parabola with respect to Eq. (8) were
constructed using the well-known equations.

The results of calculations of the destruction of pitch composites with different
fillers are given in Table 6.

As follows from data of Table 6 and diagrams of Figure 7, the greatest sintering
ability of the studied pitch is in relation to anthracite, and the smallest—in relation
to sand and glass. That is, adhesive interaction is the most potent in a pair of pitch-
anthracite. Anthracite is the most active filler. In this regard, anthracite is the reference
filler for assessing the sintering ability of coal, as it is customary in the Roga test [33].

12
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Fillers Coordinates of maximum The work of destruction, W, cond. Units
X0 Yo

SC-T 54 1494 2417.5

SC 9.0 126.2 1602.3

Glass 8.0 64.0 646.6

Sand 6.3 88.7 498.1

Anthracte 9.4 3156 4468.6

Table 6.

The work of the pitch composite destruction for various fillers.

4500 4468.5
4000
. 3500
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. 3000
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2500
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Work of destruction,
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Figure7.
The fillers activity by destruction work of pitch composite.

4. Conclusion

The generally accepted estimate of binders by the contact angle of wetting of
the filler surface reflects only the initial stage of the adhesive interaction of the
components of the composites. Wetting of fillers with binders is a necessary but not
sufficient condition.

The activity of the fillers with respect to the particular binder is characterized
by the adhesive strength of the material obtained after the carbonization of the
“binder-filler” system. The activity of the fillers determines the sintering ability
and sintering capacity of the pitch binders.

The external curve describes the dependence of the strength of composites on
the content of fillers in them. Both step V and anthracite in the place of the extreme
ratio of the filler-binder are 9:1, and the strength of the composite is 3,10 MPa.

At this stage, the pitch matrix is in the interfacial layer on the surface of the filler
particles. This optimal ratio is valid only for the given experimental conditions:
temperature and grain size of the filler.

We show that anthracite is the most active filler for the resins under study. Some
methods use anthracite as a reference filler to determine the sintering of coal and tar.
Therefore, it can serve as a standard of activity in evaluating the activity of other fillers.
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