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INVESTIGATION OF THE ELECTRICAL
RESISTIVITY OF CALCINED
PETROLEUM COKE

Calcined coke is used to manufacture prebaked anode blocks which
are used in electrolytic cells for smelting non-ferrous metals, electrodes
for electric arc furnaces for smelting steel, ferroalloys as well as graphite
products. This study investigates the specific electrical resistivity (SER) of
calcined petroleum coke produced at the Installation of Calcined Petroleum
Coke. Measurements were carried out using the V. I. Zhuchkov method
on a laboratory high-temperature Tamman resistance furnace. The coke
samples were crushed and sieved into +3 mm and -5 mm fractions, with
a layer thickness of 30 mm. The temperature range of the experiment was
25-1500 °C. It was found that the SER of the coke decreases from 761 uOhm xm
at 25 °Cto 536 uOhm xm at 1500 °C, corresponding to a reduction of more
than 29 %. The results confirm the high electrical conductivity and thermal
stability of calcined petroleum coke, making it suitable for use in high-
temperature electrothermal and metallurgical processes.

Keywords: specific electrical resistivity, calcined petroleum coke,
temperature, resistance furnace, V. I. Zhuchkov method.
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Introduction

At present, petroleum coke is one of the most demanded carbon-containing
materials widely used in ferrous and non-ferrous metallurgy, as well as in the
production of electrode and anode materials [1; 2; 3]. Considerable interest in
this product is due to its high chemical stability, developed porous structure, and
relatively low cost compared to other forms of carbon. In Kazakhstan, the Pavlodar
Calcined Petroleum Coke Plant operates, providing high-quality calcined coke
for aluminum and ferroalloy industries.

Coke calcination is a complex physicochemical process occurring under
high temperatures and accompanied by parallel and sequential decomposition
and compaction of green petroleum coke. During calcination, the material
undergoes destructive decomposition, forming coke and depleting it of hydrogen.
This hydrogen is released into the combustion chamber as methane and other
hydrocarbons, followed by combustion. The entire process is accompanied by
changes in the structure and density of the coke. Coke calcination increases the
material’s resistivity and mechanical strength, increases its apparent and actual
density, and completely removes moisture and volatile matter. The main factors
influencing the quality of the finished product and the completeness of the process
are the temperature in the calcination zone and the residence time of the coke in the
furnace. Other important calcination factors include the particle size distribution
of the feedstock, the ratio of feed volume to furnace volume, and the amount of
air required to burn off volatile matter.

Petroleum coke is a collective term for the products of deep petroleum
refining - solid substances consisting primarily of carbon. Petroleum coke is the
primary raw material for the production of aluminum electrolytic cell anodes. The
quality of the coke largely determines the technology, ecology, and economics of
aluminum production [4].

Calcined coke is used to manufacture prebaked anode blocks which are used
in electrolytic cells for smelting non-ferrous metals, electrodes for electric arc
furnaces for smelting steel, ferroalloys, carbides as well as graphite products [5].

High volatile content, lack of electrical conductivity, low density, and
mechanical strength make green coke unsuitable for anode production. Before
use in production, green coke undergoes pre-calcination at 1100-1300 °C in a
reducing atmosphere. This removes moisture and volatiles, causes shrinkage and
compaction of the structure, forms a crystalline lattice, and significantly increases
thermal and electrical conductivity [6].

The key quality characteristics of calcined petroleum coke for the production
of prebaked anodes are specific electrical resistance (SER), actual density, and
impurity content. SER determines the efficiency of electrical energy transfer,
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influencing energy consumption and the quality of the resulting aluminum. Actual
density plays a crucial role in ensuring the stability of the anode mass. Impurity
content directly impacts the quality of the finished product, as they can reduce its
purity during electrolysis [7].

The development of aluminum and ferroalloy production in the Republic of
Kazakhstan is accompanied by an increasing demand for domestically produced
carbon materials capable of replacing imported analogues. The use of local raw
materials and domestic technologies for petroleum coke processing contributes to
enhancing the technological independence and economic efficiency of the country’s
metallurgical sector [8; 9]. Therefore, the assessment of the electrophysical properties
of domestically produced calcined petroleum coke is of particular relevance.

One of the most important parameters determining the suitability of carbon
materials for high-temperature electrothermal metallurgical processes is the
specific electrical resistivity (SER). This parameter is closely related to the structure
of the carbon material, the degree of graphitization, and the impurity content
[10; 11; 12]. Understanding the dependence of SER on production conditions
and subsequent thermal treatment makes it possible to evaluate the quality and
potential applications of the material.

To determine the electrophysical characteristics of carbon materials, the method
developed by V. 1. Zhuchkov is widely used, providing high measurement accuracy
and reproducibility of results [ 13]. The use of this method allows the investigation of
conductivity features of petroleum coke at various temperatures and the identification
of technological factors influencing the formation of its properties.

The aim of the present study is to investigate the specific electrical resistivity
of calcined petroleum coke using V. I. Zhuchkov’s method to evaluate its
electrophysical characteristics and determine its applicability in electrode materials.

Materials and methods

The study of the specific electrical resistivity (SER) of calcined petroleum
coke using the method developed by V. I. Zhuchkov was carried out on a laboratory
high-temperature resistance furnace of the Tamman type.

The Tamman furnace is a laboratory apparatus consisting of a graphite tube
whose ends are tightly clamped by copper plates to ensure reliable electrical contact.

The furnace body is made of a steel casing, the inner cavity of which is filled
with fine-grained refractory material that provides effective thermal insulation and
uniform temperature distribution.

The upper cover and the bottom of the furnace are made of an aluminum alloy
and equipped with a water-cooling system to prevent overheating of structural
components during the experiment.
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For the SER measurements, the calcined petroleum coke was preliminarily
crushed and sieved into fractions of +3 and —5 mm. The thickness of the coke
layer placed in the graphite tube was 30 mm. The temperature range of the study
was from 25 °C to 1500 °C.

A schematic diagram of the SER measurement setup is shown in Figure 1.

1 — Tamman furnace; 2 — load holder; 3 — load; 4 — furnace cover;
5 —alumina tube; 6 — material under study; 7 — graphite tube;
8 — electrode; 9 — VR 5/20 power supply; 10 — SER measuring unit;
11 — refractory base.
Figure 1 — Setup for determining the SER of charge materials
using the V. I. Zhuchkov method

Results and discussion

This section presents the results of measuring the specific electrical resistivity
(SER) of calcined petroleum coke obtained using the V. I. Zhuchkov method.

Figure 2 shows the temperature dependence of the SER of the sample.

The obtained data demonstrate a consistent decrease in specific resistivity
with increasing temperature, which is associated with enhanced mobility of charge
carriers and improved electrical contact between carbon particles.
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The observed changes indicate the thermally stable behavior of the studied
coke and its high electrical conductivity within the operating temperature range,
which is important for its application as a reducing agent and conductive component
in metallurgical processes.

Figure 2 — Temperature dependence of the SER of calcined petroleum coke

As shown in Figure 2, the specific electrical resistivity (ser) of calcined
petroleum coke gradually decreases with increasing temperature in the range of
25-1500 °C.

Atroom temperature (25 °C), the resistivity is about 762 HOhmxm, indicating
relatively low electrical conductivity of the material in its initial state.

In the temperature range up to 400 °C, a noticeable decrease in SER is
observed, which is attributed to degassing and the removal of residual volatile
components.

With a further temperature increase from 400 °C to 1000 °C, the resistivity
changes only slightly, indicating stabilization of the carbon structure.

At 1200 °C, the SER drops to = 547 pOhmxm; at 1300 °C, it reaches =
539 puOhmxm; and at 1500 °C, it further decreases to =~ 536 pOhmxm. Thus,
increasing the temperature promotes the electrical conductivity of petroleum coke
as a result of structural transformations typical for carbon-containing materials
under high-temperature treatment.
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Conclusion

The study demonstrated that the specific electrical resistivity (SER) of
calcined petroleum coke strongly depends on temperature.

In the temperature range of 25-1500 °C, a steady decrease in SER was
observed — from 761 pOhmxm to 536 pOhmxm, corresponding to a reduction
of more than 29 %.

The decrease in resistivity with increasing temperature is attributed to the
enhanced mobility of charge carriers and improved particle-to-particle contact,
which is typical for carbon-based materials.

The obtained results confirm that calcined petroleum coke exhibits high
thermal stability and electrical conductivity, making it a promising material for
high-temperature electrothermal processes and metallurgical applications.

References

1 Kapustin, V. M., Glagoleva, O. F. Physicochemical Aspects of Petroleum
Coke Formation (Review). Petroleum Chemistry. —2016. — 56(1). — P. 3—12.

2 Kuzmina, E. V., Karaseva, E. V., Chudova, N. V., Ivanov, A. L. and
Kolosnitsyn, V. S. Petroleum Coke as an Active Material of the Negative Electrode
for Lithium—Sulfur Batteries. Electrochemistry. —2021. — 57(3). — P. 131-141.

3 Tagirov, M. A. Technology for Producing Activated Carbon Material
Based on Petroleum Coke. PhD Dissertation. — 2014. — P. 110.

4 Ramos Santos, A., da Silva, R. J. and Grillo Reno, M. L. Analysis of
Petroleum Coke Consumption in Some Industrial Sectors. Journal of Petroleum
Science Research. — 2015. — 4(1). — P. 1-7.

5 Ozturk, S., Kocaefe, D., Bhattacharyay, D., Kocaefe, Y. and Morais,
B. Modification of coke by different additives to improve anode properties. Fuel.
—2018.-211.—P. 102-109.

6 Birghila, S., Popovici, I. C., and Dumitru, A. Study on physical-chemical
properties of petroleum cokes. Romanian Journal of Physics. —2011. — 56(7). —P.
976-82.

7 Heintz, E. A. The characterization of petroleum coke. Carbon. — 1996. —
34(6). — P. 699-7009.

8 Daribekov, S. S. Current state of development of the metallurgical industry
in Kazakhstan. Buketov Business Review. —2017. — 85(1). — P. 109-117.

9 Baisanov, S. O., Tolokonnikova, V. V., Narikbaeva, G. 1.,
Korsukova, I. Ya. and Vorobkalo, N. R. Development of theoretical foundations
of low-percentage ferrotitanium production technology using ferrosilicoaluminum.
Teplofizika Vysokikh Temperatur. — 2022. — 60(6). — P. 844-849.

164



TopaiirsipoB yHuBepcureTinin xadapubicsl. ISSN 2710-3420. Onepeemuranvix cepuscor. Ne 1. 2026

10 Zhakan, A. M., Kabylkanov, S. K., Burumbayev, A. G. and Sadyk, Zh.
O. Investigation of the electrical resistivity of high-ash coals for the production
of complex ferroalloys. Bulletin of Aktobe Regional University named after K.
Zhubanov. — 2025. — 1(79).

11 Burumbayev, A., Akhmetov, A., Zhakan, A., Myngzhassar, Ye. and
Yucel, O. Research of the electrical resistance of charge materials for the synthesis
of silicon carbide. Kazakhstan Science and Technology. —2025. —No. 3. —P. 236.

12 Makhambetov, E., Abdirashit, A., Kuatbai, E., Yucel, O. and
Tajiev, E. Investigation of the electrophysical properties of raw materials for
melting aluminosilicomanganese complex alloys. Engineering Journal of Satbayev
University. — 2022. — 144(2). — P. 15-21.

13 Zhuchkov, V. 1., Mikulinsky, A. S. Methodology for determining the
electrical resistivity of materials and charges. Experimental Techniques and
Methods of High-Temperature Measurements. — Moscow, 1966. — P. 43—46.

Received 04.12.25.
Received in revised form 08.12.25.
Accepted for publication 03.03.26.

A. I'. Bypymbaes’, E. H. Maxambemog?, JK. O. Caowix®, *H. O. Yaxum*
1.233K.O0i111eB aThIHAAFbI X UMUS-METAIITYPrisi HHCTUTYTHI,

Kazakcran Pecmrybmmkacer, Kaparanusr K.;

'KaparaHIpl TEXHUKAIBIK YHUBEPCUTETI,
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KYWAIIPIJITEH MYHAN KOKCBIHBIH MEHIIIKTI
QJEKTPJIK KEJAEPTICIH 3EPTTEY

Kyuioipineen xoxe anoo 6ioxkmapuin any yulin Koi0ausliaovl, o1ap
mycmi Mmemanoaposl OANKbINY A APHAILAH JNeKMPOIUMMIK YAUBIKMAapoda,
bonam, geppoxopvimnanap sxcave epagum enimoepin OarKvimyed
apHanzan 002AnblK newimepee ApHAIAH 2JIEeKMPoOmapovl oHOIpyoe
KO10aHbL1aobl. By dcymvicma MyHati KOKCbIH KYUOipy KOHObIPRbICLIHOA
Wbl2apblI2aH KYUOipineen MYHAll KOKCbIHbIH MEHUIKMI 31eKmp Keoepici
(MOK) 3epmmendi. Omueynep B. U. JKyuxos a0dici bouviHua scosapsi
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memnepamypanvl Tamman 3epmxananvly kedepei newlin naudaniana
omulpbin HCypeizindi. 3epmmeynep yuiin KOKC anloblH dAld YCAKmMaisin,
+3 mm orcone -5 mm ipinikke cypvlnmanobvl, 3epmmenemin Kabam
Kanviyovizel 30 Mm Kypaosl. 3epmmey memnepamypacbiHbly OUANa3oHbl
25—1500 °C kypaovl. Temnepamypamnviy ocyimen KOKCMbIH MEHUIKMI
anekmp kedepeici 25 °C -ma 761 mxOm>m-0en 1500 °C -ma
536 mxOm *xm-ce Oeilin momenOeumini anvlkmanovl, 6yn 29 %-oaw
acmam momenoeyee calikec Kenedi. Anvinean Hamuoicenep KyuoipiieeH
MYHAU KOKCBIHbLY JCO2APbl INeKMpoKepHeyiici MeH mepMusiblk
MYPAKmMulabl2bll pacmaiiovl, 61 OHbL JHCOAPLL MeMNnepamypavl
INEKMPOMEPMUSATBIK JCIHE MEMALTYPIUATLIK Ypoicmepoe Koa0anyed
YCbIHY2a MYMKIHOIK Oepeoi.

Kinmmi ce30ep: menwikmi snekmpiix kedepei, KyuoipiieeH MyHat
KOKcbl, memnepamypa, kedepeini new, B. U. JKyukog a0ici.
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HCCIEJOBAHUE YAEJBHOI'O JIEKTPHYECKOTI' O
COHNPOTHUBJEHHUA ITPOKAJTEHHOI'O HE®GTAHOI'O KOKCA

TIpoxanennulii KOKC UCNOb3YemCs Ol U3OMOBNEHUSL NPEOBAPUMENLHO
00024CIHCEHHBIX AHOOHBIX DJIOK0B, KOMOPbLE NPUMEHSIOMCSL 8 INEKMPOTUIEPAX
0151 NAABKU YBEMHBIX MEMALI08, INeKMPOo008 0/ 0Y208biX neyeil Ojis
BbINIABKU CMANU, PeppOCHIaABO8, a makKice papumosulx uzoeiul.
B 0annoti pabome uccrneoosarno yoenvroe snekmpuieckoe cConpomueieHue
(YOC) npoxanennozo negpmsaro2o Kokca, npou3sedeHH020 Ha YCMAHOBKe
npoKanky Hepmsanozo xoxkca. Msmepenus npogoounuce no memooy
B. U. )Kyukosa c ucnonvzoganuem 1abopamopHoll 8biCOKOMeMNepamypHol
neyu conpomuenenus Tammana. [Jas dKkcnepumenma KOKc ObulLi
npedsapumenbHo OpoONeH u OMCOpmupo8an no gpaxyuim +3 mm u
—5 mm, monwuna uccnedyemoeo cros cocmasnsna 30 mm. Temnepamyprutii
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ouanazon uccaeooearnusi cocmasun 25—-1500 °C. Yemanoeneno, umo ¢
nogvlienueM memnepamypubl YOeibHoe 1eKMmpuiecKkoe COnpomueieHue
Kokca chuxcaemcs ¢ 761 mxOxm npu 25 °C 0o 536 mxOmxm npu
1500 °C, umo coomeemcmayem crudicenuto 6onee wem na 29 %. [lonyyennvie
pe3yabmamosl nOOMEEPICOAOM BbICOKYIO INEKMPONPOEOOHOCMb
U mepMu4ecKyio yCmouuugocms HPOKAAEHHO20 HEQPMAHO20
KOKCA, Ymo no380Ji5iem pekoMeH008amy €20 0.1 UCHOAb308AHUS 8
8bICOKOMEMNEPAMYPHLIX INEKMPOMEPMULECKUX U MEMANLYPSULECKUX
npoyeccax.

Kuioueswie crnosa: yoenvnoe snekmpuueckoe conpomugieHnue,
NPOKANEHHbI HeMAHOU KOKC, meMnepamypd, neiv COnpOmusienus,
memoo B. U. XKyuxosa.
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