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Abstract. The paper presents the results of the impact of thermal treatment of 
electrode pitch category B (JSC Evraz ZSMK, Russia) on the carbonisation yield. 
The effect of additives from thermo-oxidation products of electrode pitch category 
C (JSC Altai-Koks, Russia) on the carbonisation yield of electrode pitch category 
B has been established. The dependencies of the carbonisation yield on the heating 
temperature of electrode pitch category B were determined. The introduction of 
additives in the form of high-temperature and high-melting pitch into electrode 
pitch category B reduces the volatile matter yield and increases the carbonisation 
yield. 
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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).  

Pitch is a multicomponent structure consisting of the following fractions: γ-fraction, 
soluble in hexane, isooctane; β-fraction, insoluble in hexane but soluble in toluene; α-fraction, 
insoluble in toluene, divided into quinoline-soluble α2-fraction and quinoline-insoluble α1-
fraction [1]. According to studies [2-4], the composition of these fractions has been determined:  

• the γ-fraction consists of chrysene, pyrene, anthracene, naphthalene, carbazole, 
phenanthrene, and methylnaphthalene;  

• the β-fraction comprises the following polyaromatic compounds: benzo[a]anthracene, 
benzo[a]pyrene, cyclopenta[ghi]perylene, dibenzo[b,d]thiophene, etc.; 

• The α-fraction contains diphenyl oxide, acenaphthene, benzofluoranthene [4], as well 
as high-molecular-weight compounds: С62H34; С60H28; С64H24; С62H20 [2]. 
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The coal tar pitches are binders for the production of electrodes and anode mass [5]. To 
obtain binders for cathode production in the aluminium industry, according to [6-8], pitches 
undergo thermal treatment to increase the softening point (Ts), carbonisation yield, and pitch 
coke yield. Thermal treatment of pitch with Ts = 110 °C at 260 °C for 4-5 days led to an increase 
in Ts to 157 °C. It is associated with a growth in the α-fraction from 26.4% to 68.6% and an 
increase in the α1-fraction from 4.7% to 5.6% [6]. Raising the thermal treatment temperature 
from 220 °C to 420 °C increased the coke yield from 47.21% to 69.64% [7]. Increasing the pitch 
thermal treatment temperature to 400°C enhanced the semi-coke and carbonisation yields, and 
the α1-fraction content in the final product [8]. 

Studies [9,10] investigated the effect of thermal treatment on pitch properties in details. 
Pitches were thermally treated at various temperatures for several hours. The increase in pitch 
softening point Ts is linked to the growth of the α-fraction. It increased from 30% to 60%; the 
maximum thermal treatment temperature was raised from 360 °C to 390 °C (duration: 3 hours) 
[9]. According to the study [10], thermal treatment at 300 °C of medium-temperature electrode 
pitches leads to an increase in pitch carbonisation yield and a decrease in volatile matter yield 
for both the carbonizate and the pitch. 

In the study [11] medium-temperature electrode pitches were thermally treated at 350 °C 
for several hours. As a result, an increase in the softening point (Ts) and a decrease in the volatile 
matter yield (X) were observed. For pitch category B, the increase in Ts occurred faster and 
reached up to 180 °C compared to pitch category B1 [11]. When mixtures of electrode pitches 
were thermally treated using both IR and microwave irradiation, products with a softening 
point Ts > 100 °C were obtained [12]. 

The thermal treatment of pitches in an air stream (thermo-oxidation) has the greatest 
fundamental and applied significance for research. Thermo-oxidation (TO) is divided into 
low-temperature (up to 300 °C) and high-temperature (above 300 °C) processes [13-15]. During 
low-temperature TO, reactions occur in the gas phase: γ → α2 [13-15], as experimentally 
demonstrated in studies [13-17]. During high-temperature TO, in addition to gas-phase 
reactions, liquid-phase reactions of the following type occur: γ→β→α2→α1 [13-16]. 

We consider the results of studies on the impact of thermo-oxidation on changes in pitch 
characteristics and the yield of pitch carbonizates. In study [18] a high-temperature pitch 
(Ts = 150 °C) was obtained by TO at T = 260-380 °C for 35 minutes (air flow rate 100 L/h 
(400 L/kg·h)) using electrode pitch category C (Ts = 91 °C). According to the study [19], TO of 
medium-temperature electrode pitch at T > 400 °C increased the carbonisation yield and 
reduced the volatile matter yield for both the pitch and the carbonizate. A similar effect was 
observed during TO of coal tar in study [20]. In [20], coal tar was thermo-oxidized from 260 to 
360 °C, resulting in a pitch with Ts = 128 °C, and it was found that TO reduces the volatile matter 
yield in the pitch carbonizate compared to the volatile matter yield in the carbonizate from pitch 
obtained by distillation of coal tar. 

Of particular interest is the study of the combination of TO and thermal treatment of 
pitch. In study [21], a pitch with Ts = 114 °C was obtained by TO at T = 260-320 °C of pitch 
category C (the same initial pitch as in study [18]), followed by heating in a self-gas atmosphere 
to T = 410 °C for 28 minutes. A high-melting pitch with Ts = 202 °C was produced by TO at 
T = 260-320 °C (using pitch C, as in study [18]) for 32 minutes with an air flow rate of 100 L/h, 
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followed by heating from 320 to 400 °C for 43 minutes, holding at T = 400 °C for 40 minutes, 
and TO (air flow rate 40 L/h) from 400 to 430 °C for 50 minutes [21]. 

It is necessary to consider the prospects of introducing additives in the form of high-
temperature and high-melting pitches into electrode pitch to enhance the carbonisation yield 
and determine their impact on improving the coking properties of binder pitches. To improve 
the characteristics of electrode pitches, the effect of heating at various temperatures on the 
carbonisation yield should be examined. Establishing the impact of pitch heating on the 
carbonisation yield offers the potential for applying this method to enhance the coking 
properties of binder pitches. 

The purpose of the study is to determine the impact of additives in the form of electrode 
pitch category C and its thermo-oxidation products on the carbonisation yield of electrode 
pitch category B, and assess the effect of heating electrode pitches category B and C on the 
carbonisation yield. 

Experimental part 

As initial samples, electrode pitch category B with a softening point Ts = 71.5 °C (obtained on 
OOO Evraz ZSMK, Russia) and electrode pitch category C with Ts = 91 °C (obtained from OOO 
Altai-Koks, Russia) were used. Data on Ts and fractional composition are shown in Table 1. 

Table 1. Characteristics of the fractional composition of electrode pitches categories B 
and C. 

Name  Pitch B Pitch С 
Ts, ℃ 71 91 
γ, % 28.0 29.0 
β, % 39.8 34.5 
α, % 32.2 36.5 
α1, % 10.3 7.5 

 
Additionally, thermo-oxidation (TO) products of electrode pitch C were used: high-

temperature pitch (HTP) with Ts = 150 °C, obtained in study [18]; high-melting pitch (HMP) 
with Ts = 202 °C [21]. The described pitches were carbonized by heating to 800 °C and holding 
at this temperature for 1 hour. 

Thermal treatment of electrode pitches was conducted in a muffle furnace; the pitches 
were placed in lidded crucibles following the methodology described in studies [10, 11]. The 
pitches were heated to T = 290 °C, 330 °C, and 400 °C. The yield of pitch W after heating was 
determined as the percentage ratio of the pitch mass after heating to the mass of the pitch 
sample before heating. For pitches after heating, the volatile matter yield X was measured 
(GOST 9951-2023). 

Composite formulations based on pitch category B with additives of pitch category C and 
their TO products (HTP and HMP) were also prepared. The pitches were mechanically crushed 
and sieved through a sieve with pore size ≤ 200 μm. To the crushed sample of pitch category B, 
an additive of crushed TO product (40% by mass) in the form of HTP or HMP was added. The 
mixture was thoroughly stirred with a spatula and placed in a ceramic crucible with a ground-in 
lid. The mixture was then heated in a muffle furnace to 220 °C and held at this temperature for 
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10 minutes. Heating ensured the production of a homogeneous product without separation of 
light pitch components, as evidenced by their absence on the ceramic lid of the crucible. 

For thermally treated pitches and composite formulations, carbonisation was performed 
by heating in a muffle furnace to 800 °C and holding at this temperature for 1 hour. The 
carbonisation yield K was determined as the percentage ratio of the mass of the resulting 
carbonizate to the mass of the pitch sample. 

Main body 

The pitches obtained after thermal treatment in studies [18, 21] and the composite 
formulations were carbonised in lidded crucibles in a muffle furnace by heating to 800 °C and 
holding for 1 hour. Table 2 shows data on the volatile matter yield for pitch category С and the 
products obtained by thermo-oxidation (TO). 

Table 2. Characteristics of electrode pitch category С and the resulting thermo-oxidation (TO) products 
№ Name X, % K, % 
1 В 53 50.7 
2 HMP 33 78.7 
3 HTP 36 62.1 
 

Table 2 shows a decrease in the volatile matter yield from 53% to 33% for HMP (high 
melting pitch) as a result of thermo-oxidation (TO) combined with thermal treatment of 
electrode pitch C [21]. The value of K (carbonisation yield) after thermal treatment increased 
to 78.7%. It can be explained from the following perspectives: TO of electrode pitch category C 
at T = 260-320 °C, as reported in [21], led to an increase in the α and α1-fractions. Thermal 
treatment and TO in the low-temperature carbonisation region (at T ≥ 400 °C) result in a 
significant growth of the α1-fraction, as it shown in [22]. This could lead to a noticeable increase 
in K. In the case of HTP (high-temperature pitch), TO of pitch C in the range of 260-360 °C, 
according to [16-19], promotes an increase in the α and α1-fractions. It could contribute to the 
rise in K.  

Table 3 shows the characteristics of electrode pitch B and composite formulations based 
on it. 

Table 3. Characteristics of electrode pitch B and composite formulations based on it. 
№ Name X, % K, % 
1 B 54.4 54.3 
2 B+C-40% 48.3 55.7 
3 B+HTP-40% 46.8 64.5 
4 B+HMP-40% 41.7 68.4 

 
According to the Table 3, the introduction of additives in the form of pitches C, HTP, and 

HMP into category B pitch led to a noticeable increase in the value of K. The addition of 
electrode pitch category C to category B pitch increased K to 55.7%. Table 3 also shows a 
decrease in the volatile matter yield X for all types of additives as a result of the incorporation 
of additives into category B pitch. It can be assumed that the addition of thermo-oxidation (TO) 
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products with reduced volatile matter yield X to category B pitch also reduces the percentage 
content of X in the final product. The decrease in X may also be a consequence of preliminary 
thermal treatment during the preparation of the mixture. Furthermore, it can be hypothesised 
that the addition of TO products to category B pitch increases the content of α and α1-fractions 
in the final product. It leads to a quantitative increase in K.  

Table 4 shows the dependence of the volatile matter yield on the heating temperature for 
category B and C pitches. 

Table 4. Data on the volatile matter yield of electrode pitches category B and C depending on the heating 
temperature 

№ 
For category B pitch For category C pitch 

T, ℃ W, % X, % K, % T, ℃ W, % X, % K, % 
1 290 98.8 53.8 54.4 290 99.4 52.2 53.3 
2 330 95.8 50.0 54.7 330 96.7 48.6 53.8 
3 400 89.8 45.5 65.0 400 90.3 43.0 60.0 

 
According to the Table 4, after heating pitches B and С, the volatile matter yield X 

decreases. After heating to 330 °C, the value of X decreased from 54.3% to 50% for pitch B and 
from 53% to 48.6% for pitch С. Heating to 400 °C led to a decrease in the volatile matter yield 
to 45.5% for pitch B and to 43% for pitch С. Moreover, heating to 290 °C does not increase K 
compared to the original pitch in the case of category B pitch. However, there was a slight 
increase of 3% for category С pitch (see Tables 2 and 3). Increasing the heating temperature to 
330 °C also did not lead to a significant increase in K for both pitch categories. Increasing the 
temperature to 400 °C resulted in an increase in the carbonisation yield by approximately 10% 
for both pitch categories. 

Based on the data presented in Table 4, the dependence of K on X was obtained. Figure 1 
shows the relationship between the carbonisation yield K and the volatile matter yield X. 

 
Fig. 1. Dependence of the carbonisation yield K on the volatile matter yield X for category B pitch after thermal 
treatment: 1 – for pitch B; 2 – for pitch C. 
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As shown in Fig. 1, the carbonisation yield K increases with a decrease in the volatile 
matter yield for pitches B and C. 

According to the results of studies [9, 16, 17], during thermo-oxidation (ТО) the increase 
in softening point Ts [9] and the growth of the α-fraction [9, 17] in pitch occur faster than during 
conventional thermal treatment in a self-gas atmosphere. Literature data [23-24] confirm 
increasing the α1-fraction in pitches at temperatures above 300 °C. At temperatures of 400-500 °C, 
mesophase transformations occur [22, 25, 26, 27]. It is accompanied by a significant increase in 
the α1-fraction, as reported in [22]. At temperatures above 500 °C, semi-coking and coking 
processes of pitches occur [7, 8, 26-29]. It can be assumed that the α1-fraction may influence the 
carbonisation process and quantitatively increase the final product yield, as experimentally 
confirmed in [10, 20]. Hence, the increase in the α1-fraction may play a significant role in 
enhancing the K value for high-temperature pitch (HTP) and vacuum-distilled pitch (HMP) 
compared to the original category C pitch (Table 2). It also explains higher carbonisation yield 
for pitch B than that of pitch C; pitch B has a higher α1-fraction content (10.3%) compared to 
α1-fraction of pitch C (7.5%) (Tables 3 and 4). 

Heating to 290 °C led to the separation of light components of the pitches, as evidenced 
by the decrease in X (Table 3). Heating to 290 °C increased K only for pitch C, from 50.7% to 
53.3%. For pitch B, heating to 290 and 330 °C did not affect the carbonisation yield. Increasing 
the temperature to 400 °C significantly reduced the yield of pitches W after heating, decreased 
the volatile matter yield X, and increased the carbonisation yield K. It may also be a consequence 
of the growth of the α and α1-fractions, as reported in [6, 10, 22]. 

Conclusions 

1. Thermo-oxidation of electrode pitch B increases the carbonisation yield. 
2. The introduction of a 40% additive to category B pitch in the form of high-melting 

pitch increases the pitch carbonisation yield from 54.3% to 68.3%. 
3. Increasing the heating temperature of electrode pitch B from 290 to 400 °C raises the 

carbonisation yield to 65%; for category C electrode pitch it reaches 60%. 
 
The study was performed using equipment from the Laboratory of Thermal 

Transformations of Coal, Federal State Budgetary Scientific Institution "Federal Research Center 
of Coal and Coal Chemistry of the Siberian Branch of the Russian Academy of Sciences" (Russia). 
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