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1. TeopeTuyHi Ta NpaKTUYHi 3acai BAKOPUCTAHHS TIOKa3HMUKA IUTOMOTO €JIEKTPUYHOTO ONOPY AJis KOHTPOJIIO
rOTOBHOCTi KOKCY

2. Theoretical and Practical Principles of Using the Specific Electrical Resistance Indicator for Coke Readiness
Control

Pedepar:

1. OpHUM i3 MIIIXiB 06'eKTUBI3allii BU3HAYEHHS FOTOBHOCTI KaM'sSTHOBYTiJIbHOTO KOKCY Ta OTPUMAaHHS KOKCY i3
33a[1aHMMU BJIACTUBOCTSIMU € PO3POOJIEHHSI HAYKOBO-TEXHOJIOTIYHMX OCHOB OLIiHKY MOJIEKYJISIPHOI i
HaIMOJIEKYJIIPHOI CTPYKTYPU KOKCY 32 BEJIMYMHOIO I0TO TMTOMOTO €JIEKTPUYHOro onopy, Heo6xiiHo0 yMOBOIO
3a0€311e4eHHs BUCOKOI SIKOCTi KOKCY € M0ro Hajie)kHa 'OTOBHICTb, 10 B KiHIIEBOMY HiICYMKY BU3HA4a€TbCSI

CTYIIEHEM BIIOPSAKOBAHOCTI MAaKpPOMOJIEKYJISIPHOI CTPYKTYPH Y BUIJIsIi rpadiToNoniOHNX 6JI0KiB. [JoBeEeHO, Mo



KOKC I1pY LIbOMY HabyBa€e BJIaCTUBOCTEN HAIiBIIPOBiAHMKA Ta IOr0 MUTOMUI €JIEKTPUYHUI Ollip 3MeHIIyeThcs. Koke
IJIs1 Cy4aCHUX OMEHHUX N€4Y€ 3 BUKOPUCTAHHSM NMUJIOBYTIILHOTO MaJIMBa TIOBMHEH MATU MiHiMaJIbHUN IUTOMUN
eJIeKTpyu4Hui ormip — He Buie 0,1 OM-cM. [l iHIKUX HANIPSIMKiB BUKOPUCTAHHS MUTOMUI €JIEKTPUYHUN OIIip KOKCY
Mae Oyt BULIUM. [0J10BHMM (PaKTOPOM BILJIMBY HAa IMTOMUI €JIEKTPUYHUI OIip OTPMMYBAHOTO KOKCY € KiHIleBa
TeMIlepaTypa KOKCYBaHHS, BOHA JIiICHO € 00’'€KTUBHUM MOKa3HMKOM, 1[0 XapaKTePU3ye TOTOBHICTb KOKCY. 3i
3POCTaHHSM KiHI|€BOI TeMIIepaTypy KOKCYBaHHS BilOyBa€ThCS BIIOPSIIKYBaHHS HAMOJIEKYJISIPHOI CTPYKTYPU KOKCY,
sKa IEBHMM YMHOM HaOJIVDKY€EThCS 10 CTPYKTYPH rpadity, a 1ie 3yMOBJIIOE€ 3MEHIIEHHS IMTOMOTO €JIEKTPUYHOrO
OIIOpY KOKCY. B TOJ1 >xe 4ac € HarasibHa [IOTPe6a B TEOPETUYHOMY aHaIi3i IPOLECIB, SIKi IPU3BOISATD [0 3MiHU
€JIEKTPOIPOBinHOCTI KOoKCy. Takuil aHasi3 6yJ10 BUKOHAHO JJIs1 OGI'PYHTOBAHOTO BU3HAYEHHS XapaKTepy 3aJIeXXHOCTi
[TIOKa3HMKA IIMTOMOIO €JIEKTPAUYHOTO OIIOPY KOKCY BiJl KiHIIEBOI TEMIIEPATYPU KOKCYBaHHS. B CcBOIO Uepry,
BU3HAYEHHS YMCJIOBUX [1aPAMETPIB L€l 3aJIEXKHOCTI 1aJ10 MOXKJIMBICTb BCTAHOBJIIOBATY PAL[iOHAJIbHUN PiBEHD
KiHLIEBOI TEMIIEPATYPU KOKCYBaHHS 3a OTPUMAHHS KOKCY [IJIS1 Pi3HMX HANPSAMKIB 10r0 BUKOPUCTAHHS, 1110 Mae
BeJIMKe MPaKTUYHe 3HAa4€HHS SIK J1s1 BAPOOHUILTBA KOKCY, TaK i 17151 HOro BUKOPUCTaHHS. [I7151 06’€KTUBHOI OL[iHKU
IIMTOMOTO €JIEKTPUYHOIO OIOPY KOKCY 3alIPOIIOHOBAHO [IBOX30HIOBUM METO]], BUMIPIOBAaHHS OIIOPY KOKCOBOTO
MOPOMUIKY, IO J03BOJIS€ 3 MiHIMJILHIMM BUTPATaMU 4acy Ta Npalli OTPMMATH MPeCTaBHULILKY IPOOY KOKCY [JIs1
BM3HAYEHHS [TOKa3HMKA ONOpy. ByB yIOCKOHaNeHN pUaz 1151 BU3HAYE€HHSI TIUTOMOTO €JIEKTPUYHOTO OIIOPY
Kokcy 3a JCTY 8831:2019, 1m0 £03BOJINIIO 3HAYHO 3HUBUTU [TOXUOKY OTPMMYBAHUX PE3YJIbTATIB Ta BUKOPUCTATHU Liei
npusiag, 4jsl JOCiIPKEHHS 3aJI€5KHOCTI IUTOMOTO €JIEKTPUYHOrO OIIOPY KOKCY Bifl KiHIIEBOI TeMIIEpaTypu
KOKCYBaHHS. B pe3ysbTaTi TEOPETUYHHUX AOCIiIKEHb BUCYHYTO OOTPYHTOBAHY TillOTE3Y, 10 BYTi/LIS € ieJIEKTPUKOM
yepes3 HasiBHICTb B 6IYHMX JIAHIIOraX 1Oro MakpOMOJIEKYJIM BEJIMKO]I KiJIbKOCTi 0-3B's13KiB, (ByIJelp y CTaHi sp3
ribpupizauii), To6TO mMUprHA 3a60POHEHO] €HEPreTUYHOI 30HU CKiafae Ao 6 eB. EnekTpoHu Lux 3B'513KiB IPAKTUYHO
HE MOXXYTb MTOTPAIUTU [I0 30HU NPOBIJHOCTI Ta CTAaTU HOCISIMU €JIEKTPUYHOTO CTPYMY. 32 KOKCYBaHHSI BHACIiLOK
IJIMOOKOT0 KPEKiHIy MaKpOMOJIEKYJIM IIPAaKTUYHO IIOBHICTIO [1036aBJISIOThCS OIYHMX JIAHLIIOTIB i IIepeBa’kHa YaCTHUHA
BYIJIEII0 3HAXOAUTbCS Y BUIJISIIi KOHJIEHCOBAHUX I10J1iapOMaTUYHUX CTPYKTYP (Sp-ribpuaun3allis e1eKTPOHHUX
000JIOHOK ByIJIeLIeBUX aTOMiB). [Ipy 11bOMy I10JIOBMHA BaJIEHTHUX €JIEKTPOHIB 6€pe y4acTb y CTBOPEHHI JI-3B'SI3KiB,
€JIEKTPOHHI XMapU SIKUX OPI€HTOBAHI NEPIIEHAMKYJISPHO IapaM KOHAEHCOBAHMX BYIJIELIEBUX CTPYKTYP. Lli
€JIEKTPOHU MalOTh 3HAaYHO MEHINY IIMPUHY 3a00pOHEHOI 30HU (2 €B), BoHU cjadKillle [10B's3aHi 3 sApamMy aTOMIB i
MOXYTb JIOCUTB JIETKO CTaBaTH HOCISIMU €JIEKTPUYHOrO CTPYMy. Bysio BU3HaueHo, 1110 pakTopy, W0 3HAUYLIE
BIUJIMBAIOTh HA IUTOMUM €JIEKTPUYHUMN OIIP Ta €JIEKTPOIPOBIIHICTb KOKCY, BU3HAYAIOThCS 3arajIbHOI0 30HHOIO
Teopieto ¢iznyHOI 6yIOBY TBEPIUX Tisl. 3TiHO 3 JAHMMU IIPOBEAEHOTO TEOPETUYHOTO aHai3Y, SIK BJIACHA, TaK i
IIOMIIIKOBA €JIEKTPOIIPOBiIHICTh HAMBIIPOBIGHUKIB IIBUIKO 3POCTAIOTh 3 TEMIIEPATYPOIO, 3MiHIOIOUUCH 32
€KCIIOHEHIIiaJIbHUM 3aKOHOM. L1 rinoresa 6yjia eKCIepUMEHTAIBHO NMiATBEepIyKEHA J1a60pPaTOPHUMU KOKCYBaHHSIMU
Bupo6Hnyoi muxTH [IpAT «3AIIOPDKKOKC» B 1abopaTopHii neui koHcTpykuii IIT «YXIH» 3 enekTpudHUM
obirpiBom. O6pob6Ka OTPUMAHUX €KCIIEPUMEHTATIbHUX JAHUX 03BOJIMJIA BU3HAYUTU YMCIIOBI XapaKTEPUCTUKU ITi€i
3aJIEXKHOCTI. BcTaHOB/IEHUH pallioHaIbHUI PiBEHb KiHLIEBUX TEMIIEPATYP KOKCYBaHHS 32 OTPUMAaHHS KOKCY 17151
Pi3HMX HaNpSMKiB 1Or0 BUKOPUCTaHHS. Tak, 32 OTpUMaHHS JOMEHHOTO KOKCY 3 IMTOMUM €JIEKTPUYHUM OIIOPOM He
6inpie 0,1 OM+CM piBeHb KiHLIEBUX TEMIIEpaTyp KOKCYBaHHS Ma€ OyTy He HIKIUM 3a 957 oC, 10 B LiToMy
BiITIOBifla€ IpaKTuUlli KOKCOXiMiUHOTO BUPOOHMLTBA. [lJ1s1 OTPMMaHHSI IOMEHHOT'O KOKCY 3 MEHIIMM TUTOMUM
OIIOPOM IIOTPiOHA 6isbIlIa TEMIIEPATYPA, A JJ1s1 OTPUMAaHHS (EePOCIIABHOTO KOKCY 3 OiJIbIIMM MUTOMUM

€JIEKTPUYHUM OIIOPOM NOTPiOGHMI MEHILINI PiBEHb TEMIIEPATYP.

2. One of the ways to objectively determine the readiness of bituminous coke and to obtain coke with specified
properties is the development of scientific and technological foundations for assessing the molecular and
supramolecular structure of coke based on its specific electrical resistivity. A necessary condition for ensuring
high-quality coke is its proper readiness, which is ultimately determined by the degree of order in the
macromolecular structure in the form of graphite-like blocks. It has been proven that in this state, coke acquires
semiconductor properties and its specific electrical resistivity decreases. Coke for modern blast furnaces using
pulverized coal fuel must have minimal specific electrical resistivity — no higher than 0.1 Ohm-cm. For other
applications, the specific electrical resistivity of coke should be higher. The main factor influencing the specific



electrical resistivity of the produced coke is the final coking temperature, which indeed serves as an objective
indicator characterizing the coke's readiness. As the final coking temperature increases, the supramolecular
structure of the coke becomes more ordered, approaching the structure of graphite to some extent, which leads to
areduction in the coke’s specific electrical resistivity. At the same time, there is an urgent need for a theoretical
analysis of the processes that lead to changes in the electrical conductivity of coke. Such an analysis was carried
out to justify the determination of the nature of the relationship between the coke's specific electrical resistivity
and the final coking temperature. In turn, determining the numerical parameters of this relationship made it
possible to establish a rational level of final coking temperature for producing coke for various uses, which has
significant practical importance both for coke production and its application. To objectively assess the specific
electrical resistivity of coke, a two-probe method for measuring the resistance of coke powder was proposed. This
method allows for obtaining a representative coke sample for resistance determination with minimal time and
labor. The device for measuring the specific electrical resistivity of coke in accordance with DSTU 8831:2019 was
improved, which significantly reduced the error of the obtained results and allowed the device to be used in
studies of the dependence of coke's specific electrical resistivity on the final coking temperature. As a result of
theoretical studies, a well-founded hypothesis was proposed that coal is a dielectric due to the presence of a large
number of o-bonds (carbon in sp3- hybridization state) in the side chains of its macromolecule. That is, the width of
the forbidden energy band is up to 6 eV. The electrons of these bonds are practically unable to reach the
conduction band and become carriers of electric current. During coking, due to deep cracking, the
macromolecules are almost completely stripped of their side chains, and the majority of carbon is present in the
form of condensed polyaromatic structures (sp-hybridization of the carbon atoms' electron shells). In this state,
half of the valence electrons participate in forming n-bonds, whose electron clouds are oriented perpendicular to
the layers of the condensed carbon structures. These electrons are associated with a significantly smaller band gap
(2 eV), are less tightly bound to atomic nuclei, and can relatively easily become carriers of electric current. It was
determined that the factors significantly affecting the specific electrical resistivity and conductivity of coke are
governed by the general band theory of the physical structure of solids. According to the theoretical analysis, both
intrinsic and impurity (extrinsic) conductivity of semiconductors increase rapidly with temperature, following an
exponential law. This hypothesis was experimentally confirmed through laboratory coking of the industrial coal
blend from PJSC “ZAPORIZHCOKS” in a laboratory furnace developed by SE “UKHIN” with electric heating. The
processing of the obtained experimental data allowed for the determination of the numerical characteristics of this
dependence. A rational range of final coking temperatures was established for producing coke for different
application purposes. For example, to obtain blast furnace coke with a specific electrical resistivity not exceeding
0.1 Ohm-cm, the final coking temperature must be at least 957°C, which generally corresponds to standard
practices in coke chemical production. To obtain blast furnace coke with even lower specific resistivity, a higher
temperature is required, whereas for ferroalloy coke, which requires higher specific electrical resistivity, a lower
coking temperature is appropriate.
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IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"



Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupninuosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina

dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VIII. 3ak1104Hi BiZOMOCTI
Baache IlpizBuie Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpizBuie Im's ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiaHHi

BignoBigasibHUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBuuk Bigzainy YKpIHTEI mo €
BiZNOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisIIbHOCTI

MipomHuyeHnko Jlenuc BiktopoBud

Mipomnuyenko Jlenuc BiktopoBuy

Sarines 0.1

VKpIHTEI

Opuenko TersiHa AHaTosIiBHA



