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Introduction

Coal tar pitch (CP) is a residue of coal tar separation into fractions: light fraction (T<170°C);
phenolic fraction (T = 170-210 °C); naphthalene fraction (T = 210-230 °C); absorption fraction
(T =230-270 °C); anthracene fraction (270-360 °C); coal tar pitch (T < 360 °C).

Coal tar pitch is used as a binder in the production of carbon materials. Specifically, pitch
has practical applications as a binder in the production of electrodes, in the manufacture of
anode paste, and in the production of electrocarbon products. According to [1], electrode pitch
grades B1 and B are used as binders for anode paste. Of particular interest is the use of pitch
with a softening temperature T, > 100 °C and high-temperature pitch as binders. In [2], the
practical significance of using high-temperature pitch as a binder is assessed. In [3-5], it is
established that pitches with a softening temperature T, = 100-110 °C reduce the destructibility
of anode paste. According to [6], density, viscosity, and surface tension values of
high-temperature pitch are higher than those of electrode pitches. It determines its prospects
for use as a binder.
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We consider technologies for producing binding pitch with T, > 100 °C and
high-temperature binding pitch. In [7], coal tar was distilled by heating it at a rate of 5 °C/min
to a temperature of 430 °C, followed by holding it at this temperature for 1 hour, to obtain a
pitch with T, = 139.5 °C (a content = 51.7%; a; content = 17.3%; ash content of 0.09%). In [8],
high-temperature binding pitch was obtained by thermally dissolving coal in the anthracene
fraction. For example, by thermally dissolving a mixture of GZh+Zh coals in the anthracene
fraction (coal/solvent ratio ~1.5), a pitch with T}, = 139 °C was obtained. In [9], a technology for
obtaining high-temperature petroleum pitches from heavy pyrolysis tar was developed. In [10],
liquid thermal cracking pitch was subjected to distillation to a vacuum column temperature of
363 °C at a vacuum column pressure (P = 1.6 kPa), resulting in pitch with T, = 133 °C.
High-temperature pitch with T, = 135 °C (a = 48.5%, a; = 11.6%) was obtained by adding
furfuryl acetone with a mass fraction of 7% to high-temperature pitch. This pitch T, = 145 °C
(a=52%, o = 26%) has furfuryl acetate with a mass fraction of 7%. It was further heat treated
at 150 °C for 30 min with cooling of the mixture; the heat treatment was repeated at the same
temperature for 25-30 min [11].

The method of obtaining high-temperature binding pitch by thermo-oxidation of the raw
material is of particular interest for research. In [12], coal tar pitch was thermally oxidised by
supplying air to the pitch through a 9 mm diameter tube at temperatures of 260-360 °C (process
duration t = 73 min, air flow rate v = 100 1/h) to obtain pitch with T}, = 128 °C. The thermal
oxidation leads to an increase in the a and a; fractions in the final product. In [13], by the
method of thermal oxidation (T = 260-360 °C, v = 63 1/h) of a mixture of styrene rectification
bottom residue (SBR) and coal tar resin in a 1:1 ratio with preliminary ultrasonic treatment of
the mixture, a pitch with T, = 104 °C was obtained (pitch yield is 25%, thermo-oxidation
duration t = 40 min). For the obtained pitch, the coke residue was 40.5%; the content of binder
fractions was P+, = 60.5%; the ash content was 0.25%. In [14], by the thermal oxidation method
(T =260-360 °C, v = 63 I/h, t = 25 min) of the anthracene fraction with the addition of grade G
coal (6.3%), a pitch with T, = 135 °C was obtained A pitch yield is 29%; coke residue is 46.5%;
ash content is 0.96%. In [15], by the thermal oxidation method (T = 260-360 °C, v = 63 l/h,
t = 135 min), coal tar with the addition of rubber crumbs (5%); yielded pitch with T}, = 184 °C;
pitch yield is 37%; coke residue is 75.2%; ash content is 0.5% was obtained. In [16], by the
thermal oxidation method (T = 260-360 °C, v = 63 1/h, t = 91 min), coal tar with the addition of
polycarbonate (5%) was used to obtain pitch with T, = 131 °C. The pitch yield is 29%; binder
fraction content is +a, = 74.3%; coke residue is 40.6%; ash content is 0.06%.

In addition, examples of obtaining binding pitch with T, = 110-120°C and high-temperature
binding pitch by thermo-oxidation of electrode pitch should be considered. In [17], by the
low-temperature thermo-oxidation method (T = 260-300 °C, v =40 l/h, t = 90 min) of electrode
pitch grade B (T, = 91 °C), pitch with T, = 107 °C was obtained. The resulting pitch has high
content of binding fractions: their content increased from 63.8% to 70% compared to the initial
pitch [17]. In [18], low-temperature thermo-oxidation of grade B electrode pitch (T, = 91 °C)
was used to obtain pitches with T, = 110-120 °C. Similar experiments were conducted in [19].
In [20], high-temperature pitch with T, = 136 °C was obtained by thermo-oxidation
(T =260-360 °C, v = 80 I/h, t = 110 min). Thermal oxidation of electrode pitch in [20] was
conducted in a reactor with a large gas space.
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This paper evaluates the use of thermal oxidation of grade B electrode pitch in a reactor
with a large gas space to obtain high-temperature binder pitch. A comparative analysis of the
composition of the initial grade B pitch and the pitch products obtained by thermal oxidation
in a reactor with a large gas space is made, and the thermal oxidation parameters at which grade
B1 pitch can be obtained are determined. Model experiments were also conducted on the effect
of grade B electrode pitch obtained by thermo-oxidation on the yield of carbonised pitch-coke
mixture. High-temperature pitch obtained by thermo-oxidation of B-grade electrode pitch was
used as the test one. The data obtained on the yield of carbonised pitch-coke mixture will allow
assessing the prospects of using these pitches as a binder in the production of carbon materials.
The above arguments determine the practical significance of this study. The study is a
continuation of studies [12, 17, 18, 20-24] on the use of thermal oxidation and heat treatment
of raw materials to obtain high-temperature binder pitch.

The purposes of this study are to determine the dependence of the softening temperature
and volatile matter yields of pitch products of thermal oxidation in a reactor with a large gas
space on the air flow rate; assess the prospects for using low-temperature thermo-oxidation of
grade B electrode pitch in a reactor with a large gas space to improve the grade of electrode
pitch; establish the effect of thermo-oxidation of grade B electrode pitch in a reactor with a large
gas space on the yield of pitch carbonatite and carbonatite of the pitch-coke mixture.

Materials and methods

The paper analyses the effect of thermal oxidation of grade B electrode pitch on the
characteristics of the resulting pitches and on the yield of carbonisation products. The
experiment on thermal oxidation of grade B electrode pitch was conducted in a reactor with a
large gas space (Fig. 1) in [20].

Fig. 1 Diagram of the electrode furnace installation: 1 — compressor; 2 — rotameter; 3 — electric heating system;
4 - reactor body; 5 - reactor cover; 6 — thermocouple for measuring the temperature in the reactor; 7 - secondary
element; 8 — temperature controller; cylindrical oxidation tube; 9 - heating thermocouple; 10 - refrigerator;
11 - distillate collector; 12 — oxidation tube (10 mm); 13 - drain valve; 14 - baking tray; 15 - pitch [20].
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We conducted the air treatment process for pitch oxidation through a tube with a
diameter of 10 mm, length of 5.7 cm (12), with a distance of 24.3 cm from the tube to the bottom
of the reactor. A pitch sample weighing m = 100 g was used (15). The height of the reactor and
the location of the oxidation tube, allow us to conduct a reaction with a large volume for the gas
phase. Air was supplied by a compressor (1); the air flow rate was regulated by a rotameter (2).

Thermal oxidation was conducted at the following temperatures: T = 260-300 °C (low
temperature) and T = 260-360 °C (high temperature). The raise in T, was facilitated by an
increase in the duration of high-temperature thermal oxidation at T = 300-360 °C. Table 1
shows the distribution of the durations of high-temperature thermal oxidation of electrode
pitch grade B.

Table 1. Distribution of thermal oxidation durations at T = 260-360 °C [20] (t is total thermal oxidation time, t,
is thermal oxidation duration at T = 260-300 °C, and T is duration at T = 300-360 °C).

Ne t t, T
1 20 10 10
2 48 23 25
3 63 30 33
4 110 32 78

Fig. 2 shows the dependence of T, during the thermal oxidation of grade B electrode pitch
in a reactor with a large gas space.

150
Tp, °C
140 1
130
120
110
100
90

80
t, MMH

70

0 20 40 60 80 100 120

Fig. 2. Dependence of T, growth on the duration of thermal oxidation of grade B electrode pitch in a reactor with
a large gas space [20]: 1 — high-temperature thermal oxidation; 2 - low-temperature thermal oxidation.

Fig. 2 shows the intensive growth of T}, occurring at t > 50 min. During low-temperature
thermal oxidation with a maximum duration of t = 40 min (during low-temperature thermal
oxidation, t = t,), T}, increased to 98 °C. The maximum value of t, = 32 min has a significant
effect on the value of T, during thermal oxidation in a reactor with a large gas space. Fig. 3
shows the dependence in the form of a graph T, = f(1).
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Fig. 3. Dependence of T, growth on duration t during high-temperature thermal oxidation of grade B electrode
graphite in a reactor with a large gas space.

According to Fig. 3, arapid increase in T, occurred at T > 25 min during high-temperature
thermal oxidation of grade B electrode pitch in a reactor with a large gas space. Based on the
data obtained in [20], the pitch yield decreased with increasing t. Fig. 4 shows the approximate
dependencies of pitch yields on durations t and .
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Fig. 4. Dependence of the decrease in pitch yield W on duration t (1) [20] and t (2) during high-temperature
thermal oxidation of grade B electrode pitch in a reactor with a large gas space.

Fig. 4 shows that, when approximated, the dependence W = f(t) is expressed by a

polynomial function of the following type:

W= ayxt3+a, Xt>+a,xt+bh,
where ag = 6*10, a; = -0.0022, a, = 0.0588 are the coefficients at t*, t* and t, respectively, and
the coefficient b = 91.673 is a free term.

When approximating the dependence W = (1), the dependence is linear. It is evidenced
by the square of the linear correlation coefficient R>~1. According to it, it is possible to determine
the rate of decrease in pitch yield AW /At = 0.18 %/min during thermal oxidation of grade B
electrode pitch in a reactor with a large gas space. The value b = 92% in the case of curve 1
corresponds to the value W at to = 20 min; curve 2 corresponds to the value W at to = 10 min.

Table 2 presents a comparison of the characteristics of the initial B-grade electrode pitch
and the high-temperature pitch obtained from it.
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Table 2. Characteristics of B-grade electrode pitch and high-temperature pitch obtained from it [20].

Ne Name W, % X, % T, °C a, % o, % a, % Ash content, %
1 Pitch B (initial) - 53 91 343 26.8 7.5 0.15
2 HTP 80 32 136 454 374 8.0 0.15

We determined the softening temperature T, of the obtained pitches by the method ‘Ring
and rod’ (GOST 9950-83). The content of a-fraction insoluble substances in toluene was
determined in terms of GOST 7847. That of a;-fraction insoluble in toluene and quinoline was
determined according to GOST 10200 by centrifugation. The a,-fraction content was
determined using the following formula:a@, = @ — ;. We performed technical analysis
according to known methods. Indeed, we determined the yield of volatile substances X
according to GOST 9951-73; ash content of pitch was determined according to GOST7846-73.
Table 2 shows a significant reduction in the yield of volatile substances during the thermal
oxidation of grade B electrode pitch in a reactor with a large gas space. The content of the
binding a, fraction in the final product increases by 8%. However, there is a slight increase in
the o, fraction by 0.5%; it determines the prospect of using the obtained pitch as a
high-temperature binding pitch.

This study evaluates the yield of gaseous and liquid products of thermal oxidation in a
reactor with a large gas space of grade B electrode pitch. During thermal oxidation, liquid and
gaseous products were separated. During low-temperature thermal oxidation, mainly gaseous
products were separated. We introduce the value of the yield of gaseous products of thermal
oxidation Vj;:

m—M
VlG:TTOX1OO%;

where m is the mass of the initial pitch; Mpq is the mass of the thermal oxidation pitch product.

Fig. 5 shows the dependence of V;; on the duration t.
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Fig. 5. Dependence of V}; during thermal oxidation on the process duration.
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According to Fig. 5, the duration of thermal oxidation increases from 20 to 110 minutes;
the values of Vj; increase from 5 to 20%. This fact explains the decrease in the yield of volatile
substances.

We introduce the concept of air consumption q and show formulas for its calculation
from the determined values of air flow rate Q. The air consumption was calculated using the
following formulas:

Q

T= T Txm
where g, is the air consumption at T > 300°C, where T is the duration of thermal oxidation at

T > 300°C; m is the mass of the pitch sample.
Q

= Txm
where g is the air consumption during thermal oxidation at T = 260-360°C; t is the duration of
high-temperature thermal oxidation.

Moreover, we also conducted an experiment to determine the influence of pitch
carbonisation on the duration of thermal oxidation. We carbonise a pitch by heating at a rate
of 6.5 °C/min, with the pitches held at 1000 °C for 1 hour. We determined the carbonisate yield
Kiooo as the percentage of the mass of carbonisate obtained to the mass of pitch. Carbonisation
was conducted by putting the pitch in ceramic crucibles and heating in a muffle furnace
according to the methodology described in [21]. The final product was cooled in the furnace
for 17-20 hours to room temperature.

The ready-made and crushed pitch carbonates were mixed as follows: 1 — carbonates of
heat-treated electrode pitches of grades B and B1. Their heat treatment duration is 2 hours.
They were obtained in the study [21]. Their maximum particle size is 5 mm. The proportion of
B1 grade carbonates in the mixture is 2.16%; B grade carbonates is 8.7%. 2 — carbonates obtained
from high-temperature pitches by heating to 950 °C at a rate of 6.6 °C/min. They are held at
T =950 °C for 1 hour. The proportion of carbonate obtained from pitch with T, = 148 °C is
38.03%. The maximum particle size is 10 mm. Carbonate obtained from pitch with T, = 150 °C
is 10.56%. Its maximum particle size is 5 mm [22]. 3 - carbonate. Its maximum particle size is
10 mm. It was obtained by heating a mixture of grade B electrode pitch with 4.76%
high-temperature pitch added to 850 °C and held for 1 hour [23]; 4 - carbonate. Its maximum
particle size is 5 mm. It was obtained by heating bauxite with T, = 140 °C to a temperature of
T = 850 °C with a holding time of 1 hour; the additive content in the mixture is 14.72% [24];
5 — carbonate. Its maximum particle size is10 mm. The high-melting pitch with T, = 202 °C is
20.78%. It was obtained by carbonisation at 850 °C with a holding time of 1 hour [23].

The obtained mixtures were heated to T = 1050°C and held for 30 minutes; the resulting
carbonisates can be considered pitch coke obtained under laboratory conditions. The pitch coke
was crushed to sizes of ~1 mm; mixed with crushed (to sizes of 0.2 mm) pitch, followed by
carbonisation at 1000°C. The pitch and cokes were ground separately in a mortar and sieved
separately through a sieve with specified mesh sizes. The yield of the pitch-coke mixture
carbonisate (CP) was determined as the percentage ratio of the carbonisate mass to the mass of
the pitch and coke mixture. Carbonisation of the pitch-coke mixture was also conducted in a
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muffle furnace according to the methodology described in [21]. After carbonisation, the
obtained product was cooled in the furnace to room temperature for 17-20 hours.

Discussion of the results of the study

Dependence of the characteristics of pitch thermal oxidation products on air consumption.
Fig. 6 shows the dependences of the yields of thermal oxidation products of grade B
electrode pitch in a reactor with a large gas space on air consumption.
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Fig. 6. Dependence of the yield of thermal oxidation product of grade B electrode pitch on air consumption, where 1 is
the dependence of W on g; 2 is the dependence of W on g..

According to Fig. 6, there is a sharp drop in W from 100 to 90% for curve 1 as q increases
to 300 L/kg due to the increase in duration t from 0 to 20 min. Subsequently, the values of W
monotonically decreased from 90 to 80% as q increased from 300 to 1500 L/kg due to the
increase in duration t from 20 to 110 min (Fig. 4). For curve 2 (Fig. 6), a sharp drop in W values
from 100 to 90% was also observed as q: increased from 0 to 133 L/kg due to the increase in
duration 1 from 0 to 10 min (Fig. 4). Subsequently, the values of W monotonically decreased
from 90 to 80% as q. increased from 133 to 933 L/kg due to the increase in duration T from 10
to 78 min (Fig. 4).

Fig. 7 shows the dependence of T, values for pitch products on air consumption during
the thermal oxidation of grade B electrode pitch in a reactor with a large gas space.
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Fig. 7. Dependence of the softening temperature T), of thermal oxidation pitch products of grade B electrode pitch
on air consumption, where 1 is the dependence of T}, on g; 2 is the dependence of T}, on q-.
According to Fig. 7, there is a sharp increase in T, from 91 to 102 °C for curve 1 as q
increases to 300 L/kg due to the increase in duration t from 0 to 20 minutes. Subsequently,
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the value of T, remained almost unchanged as q increased from 300 to 600 L/kg. Then, the
values of T, monotonically increased from 103 to 138 °C as q increased from 600 to 1500 L/kg
due to the increase in duration t from 40 to 110 minutes (Fig. 2). For curve 2 (Fig. 7), a sharp
increase in T}, from 91 to 102 °C was also observed as q. increased from 0 to 133 L/kg due to the
increase in duration T from 0 to 10 minutes. The rate of increase in T}, also slowed as g increased
from 133 to 333 L/kg with the increase in duration T from 10 to 25 minutes. The values of T,
monotonically increased from 103 to 138 °C as g, increased from 133 to 933 L/kg due to the
increase in duration T from 25 to 78 minutes (Fig. 3).

Fig. 8 presents the dependences of the volatile matter yield X of thermal oxidation
products of grade B electrode pitch in a reactor with a large gas space on air consumption.
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Fig. 8. Dependence of the yield of volatile substances X for pyrolysis products of electrode pitch grade B on air
flow rate, where 1 is the dependence of T}, on g; 2 is the dependence of T, on g-.

According to Fig. 8, the decrease in X from q and q. is associated with a decrease in the
yield of volatile substances from t and t (Fig. 9).
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Fig. 9. Dependence of the yield of volatile substances of thermo-oxidation products of electrode pitch grade B in a
reactor with a large gas space on duration: 1 — dependence of X on t [20]; 2 — dependence of X on 7.

According to Fig. 9, X decreases due to an increase in t and t during the thermal oxidation
of grade B electrode pitch. It determines the decrease in X due to an increase in q and g-.

2. The effect of thermal oxidation on improving the category of electrode pitch.

In [18], low-temperature thermal oxidation was used to increase the grade of pitch from
grade B to grade B1. This paper considers the use of low-temperature thermal oxidation of grade
B electrode pitch in a reactor with a large gas space to increase the grade.
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Table 3. Characteristics of B-grade electrode pitch and pitch obtained from it

Ne Name Obtaining mode Ty, °C X, %
1 Electrode pitch B 91 53.1
2 P-1 T =260-300 °C, t = t, = 12 min, Q = 80 1/h 92 52.9
3 P-2 T =260-300 °C, t = t, = 25 min, Q = 80 I/h 95 52.6

According to Table 3, P-1 and P-2 pitches obtained by low-temperature thermal oxidation
of B-grade electrode pitch in a reactor with a large gas space correspond to Bl-grade pitches
and GOST 10200-2017 in terms of their T, and volatile matter yield X. The ash content for these
pitch grades was ~0.15%. According to studies conducted in [17-18], during low-temperature
thermal oxidation, the a, fraction content remains identical to the initial pitch a; = 7.5%.
We evaluate the a fraction content according to the results of [20] (presented in Table 2): the
a-fraction content in P-1 and P-2 pitches is in the range 34.3% < a <45.4%. Therefore, P-1 and
P-2 pitches correspond to Bl pitches according to Ty, technical analysis and fractional
composition.

3. Carbonisation of pitch and pitch-coke mixture.

Pitch carbonates were obtained by heating pitch at a rate of 6.8 °C/min to 1000 °C with a
holding time of 1 hour. Fig. 10 shows the dependence of K on the duration of thermal oxidation
of grade B electrode pitch in a reactor with a large gas space.
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Fig. 10. Dependence of Kigg on the duration of the thermal oxidation process of electrode pitch grade B

According to Fig. 10, the duration of thermal oxidation of electrode pitch grade B
increases; the carbonised product yield increases from 50 to 55%. A sharp increase in Koo was
observed at a thermal oxidation duration of t > 40 min. A similar increase in Ksso was observed
at t > 20 min in [20]. In [20], the increase in Ksso was from 48 to 59%. The differences in the
values of Ksso and Koo and their increase depending on t may be associated with the difference
in the heating rate. In work [20], the pitches were heated at a rate of 9-10 °C/min. There also
was the difference in the final carbonisation temperature. Indeed, during the thermo-oxidation
process, reactions of atmospheric oxygen with the molecular structure of the pitch occurred
lead to the enlargement of molecules [25], thereby increasing the carbonisation yield. This result
correlates with the data from [12, 21]. In [12, 21], the increase in carbonisation yield is
associated with an increase in the a-fraction in the pitch.
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We will consider the impact of various pitches on the yield of carbonised pitch-coke
mixture. The following pitch samples were used: a pitch sample with T, = 138 °C (HTP-1).
It was obtained in [20] by thermal oxidation in a reactor with a large gas space;
high-temperature pitch with T, = 150 °C (HTP-2). It was obtained by thermo-oxidation of
electrode pitch in [26]; high-melting pitch (HMP) with T, = 202 °C. It was obtained by
alternating thermal oxidation and heat treatment in a reducing environment at T > 400 °C in
[27]. All of the above-listed pitch types were obtained by thermo-oxidative treatment of
electrode pitch grade B. The crushed HTP-1, HTP-2, HMP, and B pitch types were mixed with
pitch coke and carbonised in a muffle furnace. The drop index was determined as the
percentage ratio of the cumulative mass, i.e. the mass of the carbonised pitch-coke mixture
remaining after discharge on sieves with a nominal hole size of 10 mm to the total mass of the
test sample. The drop test was conducted by dropping samples of carbonates from a metal box
onto a steel frame fixed to a concrete base. The drop test was conducted from a height of 1.8 m.
The drop index characterises the strength characteristics of the carbon material obtained.

Table 4. Characteristics of pitch-coke mixture outputs after carbonisation

Ne Name (coke/pitch ratio, %) CP, % Carbonisation mode Drop index, %
1 C/HTP-1 (60/40) 76.4 T=1000°C,2h 98.6
C/HTP-1
2 / 82.6 T=1000°C,1h 97.3
(66/34)
T =450 °C,
3 C/HMP (40/60 80.1 99.4
/ (40/60) T=1120°C,1h

C/HTP-2 (62/38) 80.1 T=1000°C,1h 98.5

5 C/B (60/40) 76.01 T=1000°C,1h 96.6

According to Table 4, the maximum CP value was observed for sample No. 2.
The coke-pitch ratio was 66/34. However, this pitch had a minimum drop index 0of 97.3%. Based
on the data in Table 4, HTP-1 pitch is a product of the thermal oxidation of HTP-1 pitch in a
reactor with a large gas space. It could be used as a binder in the production of carbon structural
materials. For sample No. 1, increasing the proportion of HTP-1 pitch from 34 to 40% and
carbonisation time from 1 to 2 hours reduced the CP from 82.6% to 76%. However, it increased
the drop index from 97.3% to 98.6%. When using HMP pitch and preparing a pitch-coke
mixture in a 40/60 ratio, followed by carbonisation, a heterogeneous product consisting of
powder and a solid mass was obtained. Therefore, to obtain a high-strength and homogeneous
material, the HMP content and carbonisation temperature were increased, additional aging at
450 °C was introduced. The resulting product (sample No. 3) using HMP had a high CP value
and drop index. According to Table 4, B-grade electrode pitch-coke mixture, the CP value, and
drop index are lower than for its thermally oxidised products. For HTP-1 pitch, this is
associated with an increase in Koo after the thermal oxidation of B-grade electrode pitch
(Fig. 10). It is also associated with an increase in the carbonisation yield for HTP-2 pitch
according to the results of [25].

Thermal oxidation of electrode pitch in a reactor with a large gas space leads to an increase
in the a fraction from 34.3% to 45.4% (Table 2) with a minimal increase in the «; fraction.
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In [28], an experiment was conducted on thermal oxidation in a reactor with a large gas space
at 350 °C with an air flow rate of 1200 1/kg*h. The increase in the a fraction was accompanied
by an increase in the a, fraction. Moreover, in [28], air was supplied closer to the molten pitch
than in our study.

The dependencies for W (Fig. 6), T, (Fig. 7) and X (Fig. 8) on the air flow rate q show
these values changing with an increase in q due to an increase in t. Thermal oxidation of grade
B electrode pitch in a reactor with a large gas space significantly reduces W. The increase in T,
occurs mainly due to an increase in the duration t. With this type of thermal oxidation,
gas-phase (y>a;) and liquid-phase (f->a.) reactions mainly occur at T > 300 °C. It leads to an
increase in the a, fraction, based on [29, 30]. Also, with this type of thermal oxidation, volatile
substances are presumably blown off, as evidenced by the dependencies (Fig. 5 and Fig. 9).

The increase in the Koo value is due to the accumulation of the a-fraction as a result of
thermal oxidation. It quantitatively increases the carbonisation yield. During carbonisation at
temperatures above 300 °C, the a, fraction in the pitch increases according to studies [31, 32].
Indeed, at temperatures of 400-500 °C mesophase transformations occur. The enhanced
increase in the a; fraction can be observed in this temperature range [33]. Thus, the a fraction
participates in the carbonisation process of pitch.

Thermal oxidation increased the CP and strength characteristics of the resulting carbon
material. Increasing the carbonisation time reduced the CP value and increased the strength
characteristics of the carbon material. The possibility of using high-melting pitch as a binder
for obtaining carbon material has been experimentally demonstrated. To increase CP, it was
necessary to increase the content of HMP pitch and double the exposure time. HMP pitch
carbonate has a high yield of K = 80.2% (carbonisation mode, Table 4) and a discharge index of
96.1%.

Conclusions

1. The softening temperature T}, increased from 91 to 136 °C when the air flow rate was
increased to 1400 1/kg. It is due to the increase in the duration of thermal oxidation of grade B
electrode pitch in a reactor with a large gas space.

2. The yield of volatile substances X decreased from 53 to 32% when the air flow rate was
increased to 1400 l/kg. It is due to an increase in the duration of thermal oxidation of grade B
electrode pitch in a reactor with a large gas space.

3. The conditions for low-temperature thermal oxidation of grade B electrode pitch in a
reactor with a large gas space, under which grade Bl electrode pitch was obtained, were
determined.

4. Thermo-oxidation of grade B electrode pitch in a reactor with a large gas space
increases the yield of pitch carbonatite and carbonatite of the pitch-coke mixture.

The work was performed within the framework of the state assignment of ‘Federal Research
Centre of Coal and Coal Chemistry of the Siberian Branch of the Russian Academy of Sciences’
project No. 124041100047-4.
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