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This study is devoted to studying the complex process of producing coke from heavy oil residues
using previously developed experimental approaches and using analytical methods of analysis. The
purpose of the study is to produce low-sulfur coke by thermal processing of heavy oil residues in the
presence of waste motor oils. The resulting coke was analyzed by various physicochemical methods.
The composition and structure of the resulting coke were studied using Raman spectroscopy methods.
As a result of the analysis, the predominance of polyaromatic compounds and olefins in the coke
composition was revealed. Electron microscopy techniques provided a visual representation of the
microstructure and morphology of coke samples obtained both in the presence and absence of a
recycling agent. Significant results were obtained by measuring the specific surface area of coke,
which highlight the significant influence of temperature fluctuations on its characteristics of coke. It
is noteworthy that the specific surface area of micropores varies significantly — from 16 to 600 m2/g.
The results of the analysis of sulfur content showed the possibility of its thermal dehydration, which
should lead to an improvement in the quality of coke. In addition, it has been shown that conducting
the experiment in the presence of a recycling agent significantly increases the yield of coke and
opens up prospects for more efficient use of heavy oil residues. Taken together, the results provide
valuable insight into the intricacies of producing low-sulfur coke from heavy petroleum residues. In
addition to industrial significance, this research also has environmental significance, since it proposes
an approach that allows not only to maximize the use of secondary resources, but also to reduce the
sulfur content in coke, which will help limit the environmental impact of industrial processes.
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Pecny6nuka KasaxctaH, Anmartsl, 050040, np.ans-Papabdwu, 71

[laHHoe uccriedosaHue MocesiWEeHo U3y4eHUO CII0KHO20 Mpoyecca rnosy4eHuUss Kokca u3 ms-
JKesibIX 0cmamkoe Heghmu ¢ rnpuerieyeHUeM paspabomaHHbIX paHee SKCrepuMeHmarbHbIX Moo-
X0008 U ucronb308aHUeM aHanumu4yeckux Memooos aHanusa. Llens uccredogaHusi - nony4yeHue
MariocepHUCmMoa0 KoKca nymem mepmudeckol nepepabomku msikeribix HegbmsHbIX OCMamkos
8 npucymecmeuu ompabomaHHbIX MOMOPHbIX Maces. [1ony4YeHHbIU KOKC aHanu3uposasnu pasuy-
HbIMU QU3UKO-XUMUYeckumu memodamu. Memodom PamaHo8cKoU criekmpockonuu uccrnedosa-
HbI COCMae U cmpykmypa nosyJyaemMmozo Kokca. B pe3ynbsmame aHanu3a ebisierieHa rpeobnada-
Hue 8 cocmase KoKca rosiuapomMamuyeckux coeduHeHul u oneguHos. Memodam arnekmpoHHOU
MUKpoOcKonuu bb11o norny4eHo HaensadHoe rpedcmasneHue 0 MUKpoCcmpykmype u Mopghonoauu
06pasyo8 Kokca, noryYeHHbIX Kak 8 Mpucymcmeuu, mak u 8 omcymcmeuu peyuKynupyru,eao
azeHma. CywecmeeHHble pe3yrnbmamal oy4YyeHbl nymem udmepeHusi yoernsHoU noeepxHocmu
KOKCa, Komopble Mod4YepKusaom Cyu,ecmeeHHoe erusiHue memrnepamypHbIx konebaHul Ha e2o
Xapakmepucmuku Kokca. [MpumedamernsHo, 4mo yoernbHasi M08epXHOCMb MUKPOIMIOP UMeem 3Ha-
yumernbHble KonebaHusi - om 16 0o 600 m?%/2. Pesynbmamel aHanusa co0epxxaHusi cepbl rnokasanu
B803MOXXHOCMb €€ MymeM mepmMu4ecko20 06e380xxusaHusl, 4mo OO/MKHO MPU8EeCMU K yrly4leHUo
Kayecmea Kokca. Kpome mozo, nokasaHo, 4mo rnposedeHue onbima 8 npucymcmaeuu peyuxynu-
pyroweao aeeHma 3Ha4umeribHO ygenu4ueaem 8bixo0 KOKca U OmKpbigaem rnepcrekmusbl s
6ornee aghghekmu8HO20 UCIMOMbL308aHUS OCMamko8 msixenol Heghmu.

[NonyyeHHbIe pe3yrnbmambl 8 COBOKYNHOCMU darom yeHHoe rpedcmassieHue 0 MOHKOCMSIX
ron1yYeHUs1 MasiocepHUCMOa0 KOKca U3 MsKerbiX HeghbmsiHbix ocmamkos. [ToMUMOo rMpoMbIWIIeH-
HO20 3Ha4yeHusi, daHHOe uccriedogaHuUe UMeem U 9KOI02UYEeCKOoe 3Ha4YeHuUe, NoCKobKy npedna-
2aem no0xo0, No380/sWUL HE MObKO MaKCUMarbHO UCMOb5308amMb 8MOPUYHbIE PECYPChl, HO
U cHU3UMb codepxkaHue cepbl 8 KOKce, 4mo bydem criocobcmeoeampb 02paHUYEeHUIO 8MUSIHUS Ha
9KOJ102UI0 MPOMbIUWIIEHHbIX MPOYECCO8.

KITKOYEBBIE CJIOBA: Heghmb, HegpbmsiHasi CMeCb, KOKC, MsiXXeflbIXx ocmamkoe Heghmu, om-
pabomaHHbIX MOMOPHbIX Macer.
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Bbyn 3epmmey 6ypbiH a3ipneHzeH maxipubenik macindepdi xoHe mandayOblH aHarnumuKarsnbiK
adicmepiH KondaHy apKbifbl aybip MyHal KandbikmapbiHaH KOKC anyObiH Kypdeni npoyeciH 3epm-
meyee apHanraH. 3epmmeydiH MaKkcambl — MOMOpP MalnapbiHbiH Karnobikmapbi 6onraH xardatida
ayblp MyHal KandblkmapbiH MePMUSITIbIK 6HOeY apKbiiibl KYKipmmi a3 KOKC ay. AfbiHFaH KOKC
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apmypni husuka-xumMusinbiK 80icmepmeH mandaHobl. AfbIHFaH KOKCMbIH Kypambl MEH Kypblribi-
MbI PamaH criekmpockonusinbik adicmepimeH 3epmmendi. Tanday HomuxeciHOe KOKC KypamMbiHOa
ronuapomammsl KOCblribicmap MeH onechuHOepOiH backiM ekeHi aHbiIKmanobl. ONeKmpoHObIK Mu-
Kpockonusi 8dicmepi peyuknuHe azeHmi 6ap 0a, 0K ma arbiHFaH KOKC yreinepiHiH MUKpOKYpbIfibi-
Mbl MEH MOPGhOo2usiCbiHbIH KOPHEKI KOpiHICIH Kammamachki3 emmi. MaHbI30bl HomuXXernep KoK-
cmbIH MeHwWikmi 6emiHiH ay0aHbIH enwey apKbiibl anbiHObl, 6y OHbIH KOKC cunammamarapbiHa
memnepamypa aybimKynapbiHbIH eneysi ocepiH kepcemedi. bip Kbi3bifbl, MUKPOKeyekmepOoiH
MeHwikmi 6emiHiH aydaHbl alimapribikmal aybimkynapra ue - 16-0aH 600 m%/e2 deliiH. Kykipm
KypambiH manday Hemuxenepi OHbIH MepMUsITIbIK Cycbi30aHy MyMKiHOi2iH kepcemmi, 6y KOKC
canacblHbIH XaKkcapyblHa oKenyi kepek. CoHbIMeH Kamap, maxipubeHi Kalima eHOey azeHmIHIH
KambICybIMEH XYpeai3y KOKCMbIH WhIfbIMObIbIFbIH alimapibikmal apmmblpambiHbl XoHe ayblp
MyHal KandblKmapbiH muiMOipek natdanaHy nepcriekmusanapbiH awambiHbl KepceminaeH. bipik-
mipineeH Hemuxxernep aybip MyHal KandbiKmapblHaH MeMeH KyKipmmi KOKC eHOIpy YWiH KyHObI
myciHik 6epedi. OHepkacinmik MaHbI30bIbIFbIHaH 6acka, 6ys1 3epmmey0iH 9KOI0_UsIbIK MaHI 0e
bap, elimkeHi on Kalimanama pecypcmapdbi bapbiHwa natidanaHyObl faHa eMec, COHbIMEH Kamap
KOKcmarbl KyKipmmiH menuwepiH azatimyra MyMkiHOik 6epemiH macindi ycbiHadbl, 6y eHOipicmik
npoyecmepdiH KopwaraH opmara ecepiH wekmeyae kemekmeceoi.

TYUIH CO3EP: myHali, MyHall Kocnachl, KOKC, ayblp MyHal KandbiKkmapbl, MOmMop Madna-
PbIHbIH KandbiKmaphbi.

currently stands at an impressive 252.9 million tonnes annually, characterizes the

oil and gas industry's current landscape. This capability demonstrates the sector's
steadfast dedication to addressing oil refining's primary goal: the creation of high-octane,
environmentally friendly gasoline and diesel fuels [1,2].

Several major difficulties are brought to the fore in this dynamic environment. These
issues center on how heteroatom compounds affect catalyst activity, product quality, and
their broader environmental effects [3,4].

According to global production statistics, low-temperature fuel coke makes up 80%
of the output, and electrode coke makes up the remaining 20%. This pattern highlights the
increasing number of slow coking plants, a phenomenon fueled by a variety of factors [1-5].
These include their exceptional productivity, their capacity to produce both petroleum
coke and distillate products, which are essential to the majority of industrial processes, as
well as their ability to process different raw materials effectively. For the production of
valuable distillate products, coking heavy oil residues does indeed prove to be a financially
responsible strategy.

Improvements in technical and technological efficiency, environmental optimization,
and raising of product quality standards are the main areas of focus in the never-ending
quest to improve the slow coking process [7-12]. In order to shed light on the ongoing
evolution of coke production from oil reserves within the oil and gas industry, this paper
delves into these crucial dimensions.

Coke production and the production of light petroleum products are the two main
goals of the coking process, especially in international contexts. The type of coke that is
produced depends on the raw materials used and the specifics of the chosen process, and
possible results include fuel coke, anode coke, or needle coke.

However, the significant problem posed by the disposal of the pulverized coke left over
from the "fluid" process must be addressed. With over 50 Lummus units and more than

ntroduction. The impressive capacity for processing oil coking waste, which
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85 Fost Wheeler units already operational in the United States [13—16], the Lummus and
Fost Wheeler versions of slow coking units are currently in high demand. This represents
a significant advancement in the industry's efforts to maximize the production of coke
from oil reserves. The aim of this study is to investigate the complex process of coke
production from heavy oil waste using previously developed experimental approaches
and analytical methods of analysis.

Experimental part. The procedure starts with the addition of the raw material into
the reactor in the experimental stage of the coking process to obtain coke from oil reserves.
We used 8 grams of leftover oil and 12 grams of tar as our raw materials, specifically.
Following the loading of the raw material, the reactor is sealed with specialized bolts.
We introduce nitrogen gas into the reactor to ensure that the coking process occurs in
an inert environment. Once the reactor has the desired inert atmosphere, the pressure
is carefully adjusted to 0.4 MPa. Before starting the process, we run a pressure check
to make sure the system is intact. The furnace is then heated by applying the necessary
current with the help of a lab autotransformer. The pressure is kept at 0.4 MPa using a
pressure regulation valve. The valve releases any extra pressure if the pressure rises above
this limit. The current from the autotransformer raises the temperature of the system, and
thermocouples continuously record this temperature. The moment the system temperature
reaches 365°C is noted.

The process continues for another hour under process pressure three hours after this
temperature milestone is reached. In this phase, the temperature ranges between 480 and
520 °C. In order to collect the liquid product, the coking process's released vapors are
condensed using a reverse refrigerator and directed into a receiving flask. Additionally, a
gasometer is used to collect the extracted gas. We turned off the furnaces, the laboratory
autotransformer, and the refrigerator when the procedure was finished. We start by cleaning
the coke residues out of the reactor after allowing it to cool.

Results and discussion. 7able 1 shows the results of chromatographic analysis for
the fractions obtained through atmospheric distillation of distillates during the coking of
heavy oil waste with the addition of a recycling agent.

The composition of coke comprises numerous chemical compounds, with particular
emphasis on the significance of C-C and aromatic bonds in coke formation. Additionally,
the presence of graphite enhances the structural rigidity of coke. These chemical bonds
and compounds exert a substantial influence on coke's overall structure.

Distinct variations in coke composition and structure, whether identical or diverse,
can be effectively discerned through the analysis of their vibrational patterns in Raman
spectra. This underscores the utility of Raman spectroscopy for characterizing coke
composition and structure (Figure 1). Raman spectroscopy was employed to ascertain
the group composition of coke generated during the coking process, as illustrated in Figure
1. Within the resulting spectra, three primary peaks are discerned, exhibiting remarkable
similarity to literature data (7able 2). Notably, the presence of a peak at 1347 and 1350
cm™' in the Raman spectrum signifies the vibrational characteristics of C-NO, compounds.
Furthermore, secondary peaks in Raman scattering at 1165 cm™ correspond to CC aromatic
and C=C regions, indicative of a notably high crystalline nature within the coke structure.
Additional evidence is found in the Raman spectrum, which reveals bands at 3173 cm™!
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Table 1 - Chemical composition of distillates obtained by coking heavy oil waste in the presence
of a recycling agent

| Group chemical composition Gaso.Iine Light gas oil Heavy gas oil
NO of hydrocarbons fraction, fraction, fraction,
0-180 °C 180-240 °C 240-320 °C
1 Alkanes 15.53 17.82 19.14
2 Isoalkanes 3.57 1.36 0.98
3 Alkers 7.44 2.56 4.53
4 Cycloalkane 2.19 2.25 1.24
5 Aromatic hydrocarbon 25.83 9.84 11.35

and 3197 cm™!, corresponding to the O-H functional group area, further confirming the
prevalence of polyaromatic compounds and olefins in the structure of the cokes analyzed

during our experimental investigations.

Table 2 - Literature data of Raman spectroscopy

El a0
Raman shif, 105 1am

Functional group/ Vibration Region, cm’ Raman
U(C-(NOy)) 1340 - 1380 strong
u(CC) aromatic ring chain vibrations 1580, 1600 strong
v(C=0) 1500 - 1900 strong
u(O-H) 3100 - 3650 weak
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Figure 1 — Raman spectroscopy of coke (a) at 510°C b) at 520°C
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To investigate the microstructural characteristics of the coke produced through the
coking process, electron microscopy was utilized to capture images. Figures 2 depict
illustrations of microstructures of varying sizes of coke, obtained both in the presence
and absence of a recycling agent.

b)

Figure 2 — SEM micrographs of coke obtained a) without recycling agent;
b) with recycling agent at 510°C.

Several chemical and physical-chemical attributes crucial to assessing the quality of
coke are linked to its surface structure and porosity. For instance, the reactivity of coke
is substantially influenced by the extent of its internal specific surface area. Techniques
employed to determine the specific surface area of coke simultaneously provide highly
accurate insights into its internal specific surface characteristics.

According to existing literature, the specific surface area of micropores varies
significantly among different cokes, spanning a range of 16 to 600 m?/g, depending on the
degree of burnup. Table 3 presents the outcomes of two experiments; initially, coke exhibited
a specific surface area of 67.6 m?/g, which decreased as the temperature increased.

Table 3 - Specific surface area of coke by Sorbtometer M

Experiments At 510°C At 520°C

Specific surface area, m?/g 67.6 13.1

Coke is comprised of an extensive array of chemical compounds, and its structural
rigidity is notably enhanced by the presence of graphite. The configuration and properties
of coke are significantly impacted by the presence of various chemical bonds and
compounds.

Table 4 presents data regarding the sulfur content found in both coke and liquid
products resulting from the coking of heavy oil waste in the presence of a recycling agent.

Table 4 - The content of sulfur in products formed during coking, mass. %

Components Gasoline Gasoline Gasoline Coke
Sulfur content, % 0.132 0.802 0.432 0.930
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Sulfur content in the resulting coke can be decreased through a process of thermal
dehydration. Elevating both temperature and pressure facilitates a reduction in sulfur
content to levels below 2.5%, resulting in an overall improvement in coke quality.
Importantly, the incorporation of a recycling agent has been found to increase the yield

of coke obtained from heavy oil waste.
Table 5 illustrates the material balance for the procedure involved in producing low-
sulfur coke with the inclusion of a recycling agent.

Table 5 - Material balance of the process

Input m, g mass. % Output m, g mass. %
Coke 453 22.65
Tar residue 10 50 Distillates 14.00 70.00
oil 10 50 Gas 1.00 5.00
Loss 0.47 235
Overall 20 100 Overall 20 100

Through the coking process in the presence of a recycling agent, the primary product,
coke, was separated from liquid distillates and gas. A total of 4.53 grams of coke was
produced during the coking process, constituting 70% of the total liquid product obtained.
The release of gaseous products was 1 g (5%) while the loss reached 2.35% (0.47 g)

Conclusion. In conclusion, our research demonstrates the effectiveness of Raman
spectroscopy in characterizing the composition and structure of coke. Through vibrational
analysis, we successfully differentiated coke with varying structures and component ratios.
The presence of specific peaks in the Raman spectrum provided valuable insights into
the composition and crystallinity of the coke. Furthermore, electron microscopy revealed
microstructural variations in coke, influenced by the use of a recycling agent. Notably,
the quality of coke was found to be strongly linked to its surface structure and porosity,
which impact reactivity. Additionally, our findings highlight the potential for reducing
sulfur content in coke through thermal dehydration, leading to improved coke quality,
particularly when a recycling agent is introduced, which also enhances coke yield during
the coking of heavy oil waste. €

This study was supported by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (AP19679889).
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