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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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BINAHUE TEXHOJIOTM4HECKUX MAPAMETPOB HA COCTAB
N CBONCTBA HE®TAHOIO KOKCA

E.A. AYBAKUPOB, foktop xnuMmuyeckux Hayk, npodgeccop, miral.64@mail.ru
H. BY3AEB, noktopaHT 1 kypca, buzayev.n@gmail.com
K. TOWUTAW, PhD., ctapwwuii npenogasaTtenb, kainaubek.toshtay@gmail.com

KA3AXCKNA HALIMOHATNBHbBIA YHUBEPCUTET UM. Allb-®APABM
Pecny6nuka KasaxctaH, Anmartsl, 050040, np.ans-Papabwu, 71

LaHHoe uccnedosaHue nocesueHo U3y4eHUK CII0XKHO20 npoyecca rosy4eHusi Kokca u3 msi-
XKerbiX ocmamko8 Hechmu ¢ rpuerneyeHueM pa3pabomaHHbIX paHee 3KCrnepuMeHmarbHbIX Mo0-
X0008 U ucronb308aHUEM aHanumu4Yeckux Memodos aHanu3a. Llenb uccnedosaHus - noyyeHue
MarsiocepHUCMOoa0 KoKca rnymem mepmudyeckol nepepabomku msixkesbiX HegbmsiHbIX 0CMamkoe
8 npucymecmauu ompabomaHHbIX MOMOPHbIX Macerl. [1ory4YeHHbIU KOKC aHanu3uposasnu pasuy-
HbIMU ¢hu3UKO-xumuyeckumu memodamu. Memodom PamaHoeckol criekmpockonuu uccrnedosa-
Hbl cocmas u cmpyKmypa nory4aemMo20 Kokca. B pesynbmame aHanu3sa ebisierneHa rnpeobnada-
HUe 8 cocmase KoKca nonuapomMamuyeckux coeduHeHul u oneguHos. Memodam srnekmpoHHoU
MUKpOCKonuu bbI10 Nory4eHo HaernsioHoe rpedcmasnieHue 0 MUKpOCmpyKkmype u Mopghosoauu
06pasyo8 Kokca, Mosy4YeHHbIX Kak 8 Mpucymemeuu, mak u 8 omcymcmeuu pPeyuKynupyru,eao
aceHma. CyujecmeeHHble pesyribmamal MofyYeHbl Mymem usmepeHusi yoernbHol nogepxHocmu
KOKca, Komophble nod4yepKugarm CyujecmeeHHoe 8russtHUe memnepamypHbix KornebaHuli Ha e2o
Xapakmepucmuku Kokca. lNMpumedameribHO, Ymo yoerbHasi No8epxXHOCMb MUKPOIMOP UMeem 3Ha-
yumerbHble KonebaHusi - om 16 0o 600 m?%/2. Pe3ynbmamel aHanusa cooepxxaHusi cepbl rMnokasanu
B803MOXHOCMb €€ MymeM mepMu4ecko20 06e380xxusaHus, Ymo OO/HKHO MPUBECMU K YrlyYWEeHUIO
Kadecmea Kokca. Kpome mozo, nokasaHo, 4mo rposedeHue orbima 8 npucymcmaeuu peyuKyu-
pyrowezo aeeHma 3Ha4umeribHO ygenu4yusaem 8bIX00 KOKca U OmKpbigaem repcrekmusbl Os
bonee aghdhekmugHO20 UCOMb308aHUS 0OCMamKo8 msixesnol Heghmu.

lMonyyeHHbIe pe3ynbsmambl 8 COBOKYMHOCMU 0arom UeHHoe rpedcmasieHue 0 MOHKOCMSIX
r1o1y4YeHUs1 MasioCepHUCMOa0 KOKca U3 MsiKerbix HeghbmsiHbix ocmamkos. [ToMUuMo rnpoMbIwIIeH-
HO20 3Ha4yeHusi, 0aHHoe uccriedogaHue UMeem U 9KOII02Uu4ecKoe 3Ha4yeHue, NocKosbKy npeodna-
2aem no0xo0, nMo3eoAWUl HEe MOMIbKO MakcuMarlibHO UCMOMb308amb 8MOPUYHbLIE PECYPChl, HO
U CHU3UMb codepxkaHue cepbl 8 KOKCe, Ymo bydem criocobcmeosampb 02paHUYEHUO 8/USIHUSI Ha
9KOI102UI0 MPOMBbIUWIIEHHbIX MPOUECcCcos.

KITIOYEBBIE CJIIOBA: Heghmb, HeghmsHasi CMech, KOKC, msKerlbIX ocmamkos Hegomu, om-
pabomaHHbIX MOMOPHbIX Macer.
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Bbyn 3epmmey bypbiH 83ipneHeeH maxipubenik macindepdi xoHe mandayObiH aHanumukarbik
adicmepiH KorndaHy apKblifbl ayblp MyHal KandblkmapbliHaH KOKC anyOblH Kypoeri npoyeciH 3epm-
meyee apHarraH. 3epmmey0diH Makcambl — MOMOpP MalnapbiHbiH Karnobikmapbi 6onraH xardatida
ayblp MyHal KanodbiKkmapbiH MePMUSIbIK ©HOeY apKblibl KYKipmmi a3 KOKC ary. AfbiHFaH KOKC
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apmypni chusuka-xumusinsiK adicmepmeH mandaHobl. AfbiHFaH KOKCMbIH Kypambl MEH Kypblribi-
MbI PamaH crniekmpockonusnbik 80icmepimeH 3epmmendi. Tanday HomuxeciHOe KOKC KypaMbiHOa
ronuapomMammeai KOCblfibicmap MeH oehuHOepOiH 6acbiM eKeHi aHbiKmarndbl. QreKmpoHObIK Mu-
Kpockorusi 8dicmepi peyuknuHe azeHmi 6ap 0a, 0K ma arbiHFaH KOKC yreinepiHiH MUKpOKYPbIbi-
MbI MEeH MOpP@OI02UsiCbiHbIH KEPHEKI KEpPIHICIH Kammamachkl3 emmi. MaHbI30bI Homuxxernep KOoK-
CMbIH MeHWwikmi 6emiHiH ay0aHbiH enwey apKbifbl anbiHObI, 6y OHbIH KOKC cuiammamarnapbiHa
memmnepamypa ayblmKynapbiHbiH eneyni acepiH kepcemedi. bip Kbi3biFbl, MUKPOKeyeKkmepOiH
MeHwikmi 6emiHiH aydaHbl alimapribikmal aybimkynapra ue - 16-0aH 600 m%/2 deliiH. Kykipm
KypambiH manday Hemuxenepi OHbIH MepMUSITIbIK Cycbi30aHy MyMKiHOi2iH Kepcemmi, 6y KOKC
canacbiHbIH akKcapybiHa oKeryi kepek. COHbIMeH Kamap, maxipubeHi Kalima eHOey a2eHmiHiH
KambICybIMeH XYypaidy KOKCMbIH WhIFbIMObINbIFbIH alimapribikmadl apmmblpambiHbl XoHe ayblp
MmyHal KandblkmapbiH muimMOipek natidanaHy nepcrnekmueanapbiH awambiHbl KepceminaeH. bipik-
mipineeH Homuxernep ayblp MyHal KandbiKkmapbiHaH MeMeH KyKipmmi KOKC 6HOIpY YWliH KyHObI
myciHik 6epedi. OHepKacinmik MaHbI30bInbIFbIHaH 6acka, by 3epmmeydiH 3Kono2usbiK MoHi 0e
bap, elimkeHi on Kalimanama pecypcmapdbi bapbiHwa rnatidanaHyObl faHa eMec, COHbIMEH Kamap
KOKcmarbl KyKipmmiH menuwepiH azatimyra MyMkiHOiK 6epemiH macindi ycbiHadbl, by eHOipicmik
npouecmepdiH KopwaraH opmara a9CcepiH wekmeyzae kemekmeceoi.

TYUIH CO3LEP: myHall, MyHall KOcnacsl, KOKC, aybip MyHall KandsiKmapsl, MOmop Malina-
PbIHbIH KandblKmaphbi.

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 I 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‘line Light gas oil Heavy gas oil
Ne i e 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

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.

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 047 2.35
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. @
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