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Abstract. The aim of the work is to evaluate the effect of sunflower oil additives in oil residues on the
structure of the formed asphaltenes and coke in the cracking process. Cracking of oil residues and their
mixtures with sunflower oil in various ratios is carried out. Comparison of the data of X-ray structural
analysis of asphaltenes and coke isolated from products of cracking is performed. The analysis showed
that the addition of sunflower oil to oil residues leads to changes in the parameters of the macrostructure
of asphaltenes and coke obtained in products of cracking. In coke isolated from products of cracking
obtained in the presence of sunflower oil, the height of the stack of aromatic sheets (Lc) increases, while
the distance between the aromatic layers (dm) does not change significantly. In asphaltenes isolated
from products of cracking, the average diameter of the aromatic sheets (La) and the distance between
saturated structures (dr) vary significantly. The role of sunflower oil is explained by the participation
of triglyceride degradation products (mainly fatty acids and olefins) in condensation processes, which

makes it possible to reduce the yield in coke and asphaltenes.
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H3y4denne cTpyKTYyphl ac(paJIbTEHOB H KOKCA,
BBI/ICJICHHBIX U3 NPOAYKTOB KPEeKHHIa
cMecH He(PTSAHBIX OCTATKOB H MOACOJHEYHOI'0 MacJ/1a

METO/I0M PEHTTeHOCTPYKTYPHOI0 aHAJIN3a

C.B. bosip, M. A. KonibiTOB
HUnemumym xumuu ne¢pmu CO PAH
Poccuiickas ®eoepayus, Tomck

AnHoTanust. Lleapro paboThI SBISIOCH OLIEHNUTH BIMSIHAE JO0OABOK ITOACOTHEYHOTO Macia B HepTsiHbIC
OCTaTKH Ha CTPYKTYpy 00pa3yroiuxcs acaibTeHOB H KOKCa B IIpoliecce KpeKuHra. bol mposeeH
KPEKHMHT He(DTSHBIX OCTATKOB M X CMECEH ¢ MO/ICOTHEYHBIM MaciiOM B PA3JINYHBIX COOTHOLICHHUSIX.
BbInosiHeHO cpaBHEHKE JAHHBIX PEHTICHOCTPYKTYPHOr0 aHaju3a acaibTeHOB U KOKCA, BBIICICHHBIX
13 MIPOSYKTOB KPEKMHTA. AHAJIN3 ITOKA3aJl, YTO J00aBIeHNEe B HEPTSIHBIE OCTATKH ITOJICOIHEYHOTO
Maciia, IPUBOJAUT K H3MEHEHHIO MapaMeTPOB MaKPOCTPYKTYPbl acPalIbTEHOB M KOKCA, MOy YSHHBIX
B IPOAYKTaX KPEKUHIa. B KOKCe, BBIIEIEHHOM U3 IPOAYKTOB KPEKUHT'a, IOJIyYEHHBIX B IPUCYTCTBUU
MOJICOTHEYHOT O Macila, YBEIUYNBAETCS BBICOTA CTONKHU apoMmaTuueckux ciaoéB (Lc), pacctosaue
MEXIy apoOMaTH4YeCKUMH ciaosiMu (dm) cymecTBeHHO He MeHsieTcsl. B acdanbreHax, BbIICICHHBIX
U3 IPOAYKTOB KPEKUHTa, CYIIECTBEHHO BAPBUPYETCS CPEIHUN AUaMeTp apomarndeckoro gucta (La)
1 PAacCTOSTHUE MEX]ly HACHIILIEHHBIMU CTpyKTypamu (dr). Posb mopcosnHneuHoro Maciaa o0bscHACTCS
y4acTHeM MTPOAYKTOB IECTPYKLUH TPUTIUIIEPHIOB (IJIABHBIM 00pa30M 3TO )KUPHBIE KUCIOTHI U OJIe(HHbI)

B ITponeccax KOHACHCAIUHU, YTO IMO3BOJACT CHU3UTDh BbIXO/ KOKCA U acq)aHBTeHOB.

KarueBbie cjioBa: He(l)TFIHOfI OCTAaToK, aC(l)aJ'ILTeHBI, KOKC, MOJACOJTHECYHOC MACJI0O, KPDCKUHT,

PEHTI€HOCTPYKTYPHBIN aHAIU3.

Iutuposanue: bosp C.B., Konsiro M. A. M3y4enne cTpyKTypsl ac(aabTeHOB 1 KOKCA, BBIICICHHBIX U3 IIPOTYKTOB KPEKHHTa
cMecH HE(TSAHBIX OCTATKOB H I0JICOJTHEYHOTO Macjla METOJI0M PEHTI€HOCTPYKTypHOro ananusa. XKypu. Cub. denep. yH-ra.
Xumus, 2023, 16(3). C. 317-326. EDN: MTDWMF

Introduction

Oil residues have a high content of resin-asphaltene components, which can quickly poison and
coke catalysts [1]. This complicates the use of conventional catalytic systems for processing heavy
hydrocarbon feedstocks. Therefore, at the moment more than 70 % of the volumes of heavy hydrocarbon
feedstocks worldwide are treated by thermal methods [1].

To increase the depth of processing of oil residues, various additives are used in thermal
processes: brown coal, oil shale, polymer-containing waste, sawdust, microspheres, and other
‘cracking additives’.

The use of waste from the production of vegetable oils or used vegetable oils as a cracking additive

is promising. It is known that the chemical composition of such oils does not change significantly [2],
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but they can be contaminated with mechanical impurities. Therefore, in our work, in order to simplify
the process of cleaning vegetable oil, we used raw unrefined sunflower oils.

The publications [3, 4] provide data on the co-processing of vegetable oils and oil residues in
thermal and thermocatalytic processes. Triglycerides of fatty acids, which enter into the composition
of vegetable oils, can affect the direction of transformation of resins and asphaltenes in thermal and
thermocatalytic processes [5].

The role of vegetable oils in the process of cracking of heavy hydrocarbon feedstock is
explained by the fact that triglycerides in their composition can initiate the destruction of resin-
asphaltene components. Also, the presence of a long hydrocarbon chain and a polar group allows
fatty acids and triglycerides of fatty acids to exhibit surface-active properties, which can affect the
aggregate stability of asphaltenes and, subsequently, the formation of coke. It is believed that the
intense formation of coke in thermal processes begins with the precipitation of the solid phase of
asphaltenes.

In our previous publications, we have shown that the use of sunflower oil (SFO) in the cracking
process allowed not only to reduce the yield in asphaltenes and coke, but also to increase the yield in
gasoline fractions [5]. In addition to a noticeable change in the component composition of products of
cracking, qualitative changes in the macrostructure of asphaltenes and coke should occur. But at the
moment there are few publications on the effect of vegetable oils on the coke formation process during
the cracking of oil residues.

Therefore, the aim of the work was to evaluate the effect of sunflower oil additives in oil residues
on the macrostructure of the asphaltenes and coke formed during cracking. The parameters of the
macrostructure of the formed asphaltenes and coke were estimated based on XRD (X-ray diffraction)

analysis data.

Materials and methods

The objects of study were residues of the oil from the Usinskoye oilfield (Russia) and the
Zuunbayan oilfield (Mongolia) with a boiling point above 350 °C.

These oil residue (OR) differ significantly in their physical and chemical properties. The residue of
the Usinsk oil (UOR) is characterized by a high coking value, a high content of resins (37.0 wt%) and
asphaltenes (8.5 wt%), while it has a low content of n-alkanes [6]. On the contrary, the residue of the oil
from the Zuunbayan field (ZOR) is characterized by a high content of n-alkanes and, as a consequence,
a low content of asphaltenes (0.4 wt%) [6]. More detailed characteristics of oil residues are presented
in our works [6].

SFO was used as an additive in an amount of up to 8.0 wt%. The oil chosen contains up to 61.5
wt% of linoleic acid, up to 12.3 wt% of oleic acid and less than 6.0 wt% of palmitic and stearic acid.
More detailed characteristics of SFO are presented in our works [5, 7].

The cracking of oil residues was carried out in a batch reactor with a volume of 12 ¢m?® at a
temperature of 435 °C and a duration of 60 min. The description of the experiment and the choice of
cracking conditions are given in our previous publications [5, 7]. The comparison was made of the
products of cracking obtained without the addition of SFO and those obtained in the presence of 4.0
and 8.0 wt% of SFO, since at this ratio a decrease in the yield on coke and an increase in the yield in

distillate fractions were observed, as was shown earlier [7].
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To isolate asphaltenes, the cracking products were collected in a vessel and diluted with a 40-
fold excess of n-hexane. The resulted solution was allowed to stand 24 hours in the dark, and then
it was filtered to separate the maltenes from the precipitate, which contained asphaltenes and coke
(here and hereinafter in the text, the term ‘coke’ means ‘components insoluble in chloroform’). Thus,
the n-hexane-insoluble products were collected on a filter. The resulted precipitate was washed with
n-hexane in a Soxhlet apparatus to remove maltenes. Then, asphaltenes were extracted from it with
chloroform. After removal of the solvents, the content of asphaltenes and coke was quantified. Coke
and solid asphaltenes dried at 90 °C for 6 h were used for analysis.

The elemental composition of asphaltenes and solid products was determined using a Vario EL
Cube CHNS analyzer by direct combustion at 1200 °C followed by separation of gases and combustion
products in three adsorption columns and identification using a thermal conductivity detector.
Elemental detection limit was not less than 0.01 wt%.

Diffraction patterns of coke and asphaltene powder samples were obtained using a Discover D 8
X-ray diffractometer (Bruker, Germany) using monochrome CuKa radiation, wavelength A = 1.54184
A. Scanning was carried out in the range of 20 angles from 0° to 90° at a temperature of 20 °C.

The XRD patterns were processed using Origin Pro 8 and DIFFRAC EVA v1.3 (Bruker-AXS)
programs. The calculation of the parameters was carried out according to the formulas reported in
[8, 9]. The XRD pattern shows one reflection (y-band) with a maximum of 20y = 19-20° suggests the
presence of saturated structures and two reflections corresponding to cluster-like formations: a weak
band (100) with a maximum of 26,y = 44—45° and a band (002) with a maximum at 28, = 25-26°.

Interlayer distances between the aromatic sheets (dm, A) were calculated as follows:

m = —————, where sinf, — sine of the angle at which the band 002 was observed.
25in8,,
The distance between saturated fragments of asphaltene molecules (dr, A) was determined as
follows:

51

r = ———, where A — the x-ray wavelength, A.

8S m@,,

Lc, A: The average height of the stack of the aromatic sheets was calculated as follows:

0.921

Lc= ——mM8M
31/2(002)6059002

, where By /5002 — the width at half maximum of the band 002.

The average number of aromatic sheets in a stacked cluster (M) was determined as follows:

M = Le +1
~dm
The average diameter of the flat aromatic fragments of molecules stacked to the cluster (La)

was obtained from the following equation:

1.844
, where B 15(100) — the width at half maximum of the band 100

La= ——mMM
31/2(100)6059100
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The number of aromatic rings per sheet (Na) was determined from the following equation:

La

Na= %67

The aromaticity factor f,XPR or fraction of aromatic carbon was determined using the following

formula:
Agoz
D = m, where f,XPR — the fraction of aromatic carbon; Ay, and A, — the areas of the

band 002 and vy, respectively.

As a rule, the parameter f,XRP determined by XRD method has a lower value compared to the
corresponding value obtained using '*C NMR, thus it does not represent the true aromaticity of the
asphaltene molecule [9]. This is due to the fact that the calculation of £,*RP is only based on the stacked
cluster of aromatic carbon but not on all the aromatic carbon in asphaltene [9].

The level of clustered organization of carbon atoms (¢pa), i.e. fraction of carbon atoms in clusters

was calculated as follows:

pa = £’ — (0.308dm — 0.970)

Results and Discussion

Comparison of the macrostructure of coke and asphaltenes

Fig. 1 shows the diffraction patterns of asphaltenes and coke.

The XRD patterns of asphaltenes of the initial oil residues (AZ0 and AUO) show a pronounced
v-band, the intensity of which noticeably decreases relative to the (002) band for all asphaltene samples
isolated from the products of cracking (Fig. 1 a and Fig. 1 b). This suggests a decrease in the content of

saturated structures in the macromolecule of these asphaltenes.

OR Zuunbayan a OR Usin b OR Zuunbayan c OR Usin d

Asphaltene Asphaltene J\‘./Ciki” Coke
A\" AU3 CZ3 cus3

AU2

)
I

k’\/"’ A AUI Cz2 S
AZI
AZ0 AUO /\_A_‘_‘,_'JCZI i
10 30 S0 70 9 10 30 50 70 9 10 30 5 70 9 10 30 50 70 90
20 20 26 20

*note for name of samples: A — asphaltenes, C — coke, Z — Zuunbayan oil residue, U — Usinsk oil residue, 0 — asphaltenes
isolated from initial oil residue, 1 — samples isolated from products of cracking oil residue without additives, 2 — samples
isolated from products of cracking oil residue with 4 wt% of sunflower oil, 3 — samples isolated from products of cracking
oil residue with 8 wt% of sunflower oil. For example: AZ3 — asphaltenes of Zuunbayan oil residue isolated from products of

cracking oil residue with 8 wt% of sunflower oil.

Fig. 1. X-ray diffraction patterns of samples: asphaltenes of Zuunbayan oil residue and products of its cracking
(a); asphaltenes of the Usinsk oil residue and products of its cracking (b); coke of the products of cracking of the
Zuunbayan oil residue (c); coke of the products of cracking of the Usinsk oil residue (d)

— 321 —



Journal of Siberian Federal University. Chemistry 2023 16(3): 317-326

The parameters of macrostructure of asphaltenes and coke, calculated from XRD data, are shown in
Tables 1 and 2. The Tables 1 and 2 also provide data on the yield (Y, wt%) and H/C ratios in the samples.

The main parameters of the isolated initial asphaltenes have typical values for similar products
[10]. The features of this sample include a large diameter of the stack (La) and a small number of sheets
in a stack (M).

Compared to asphaltenes AZ0 of the initial ZOR, the average number of sheets in a stack (M)
increases from 2.77 to 7.25 in asphaltenes AZ1 isolated from the products of cracking (without SFO
additives), while the number of aromatic rings in the sheet (Na) and, accordingly, the average diameter
of the aromatic sheets (La) remain almost unchanged.

Asphaltenes AZ1 of the products of ZOR cracking, in comparison with AZ0, are characterized
by a lower value of the level of clustered organization of carbon atoms (¢pa) and a lower value of the
H/C ratio. The AZI1 asphaltene yield is 5.0 wt%, which is more than 12 times higher than the content
of AZ0 asphaltenes in the initial OR. The increase in the content of asphaltenes AZ1 occurs mainly
due to the cracking of maltenes. In the course of cracking, the polyaromatic components of maltenes
and the initial asphaltenes AZ0 lose long alkyl substituents; therefore, the resulted asphaltenes AZ1 are
characterized by a lower H/C value.

The average interlayer distance in a stack (dm) for asphaltenes isolated from products of cracking
AZ1 — AZ3 decreases from 3.8 A to 3.5 A, as shown in Table 1. Naphthenic rings and alkyl chains in

Table 1. Parameters of the macrostructure of asphaltenes and coke isolated from the Zuunbayan oil residue and
products of its cracking

Sample Y,wt% H/C dm, A dr,A Lc A M La, A Na £, XRD 0a

AZ0 0.4 1.38 3.81 5.43 6.72 277 22.37 8.39 0.52 0.32

§ AZ1 5.0 0.95 3.50 5.63 21.91 7.25 23.06 8.65 0.39 0.28
% AZ2 4.0 0.85 3.54 5.81 20.03 6.66 25.95 9.73 0.30 0.18
g AZ3 3.6 0.91 3.51 5.58 22.52 7.42 3326 1247 0.28 0.17

CZ1 5.6 0.77 3.52 5.33 24.36 7.93 26.00 9.75 0.41 0.29
% CZ2 3.6 0.65 3.50 5.43 28.53 9.14 2759  10.34 0.52 0.41

CZ3 1.8 0.63 3.49 5.22 27.58 8.91 38.66  14.49 0.40 0.30

Table 2. Parameters of the macrostructure of asphaltenes and coke isolated from the residues of Usinsk oil and
products of its cracking

Sample Y,wt% H/C dm A dr,A Lc A M La, A Na £, XRD 0a

AUO 8.5 1.17 3.57 5.79 17.47 5.89 16.64 6.24 0.31 0.18

§ AUl 9.9 0.74 3.57 5.95 17.94 6.03 25.11 9.41 0.48 0.35
% AU2 8.3 0.72 3.54 5.98 17.47 5.93 21.88 8.20 0.41 0.28
g AU3 8.7 0.74 3.57 6.08 16.16 5.53 15.99 5.99 0.47 0.34

CU1 19.0 0.63 3.51 5.68 25.82 8.35 31.23 11.71 0.53 0.42
% Ccu2 19.5 0.59 3.50 5.68 26.23 8.49 4374 1640 0.54 0.43

CuU3 16.7 0.58 3.49 5.53 27.18 8.78 22.68 8.51 0.44 0.34
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the structure of asphaltenes are nonplanar structures and cause steric repulsion [11]; therefore, after the
destruction of saturated structures, the distance in the stacks (dm) decreases.

Co-cracking of ZOR and SFO results in the formation of asphaltenes AZ2 and AZ3 with an
even lower value of the level of clustered organization of carbon atoms (pa) as compared with
AZ]1 asphaltenes. This value decreases from 0.28 to 0.17 in the series AZ1 > AZ2 > AZ3. In the
same series, the average diameter of the aromatic sheets (La) increases from 23.06 to 33.26 A and,
accordingly, the number of rings in the sheet (Na) also increases from 8.65 to 12.47. The average
number of sheets in a stack (M) varies from 6.66 to 7.42. Also, in comparison with asphaltenes
AZ1, asphaltenes AZ2 and AZ3 obtained in the presence of SFO are characterized by a lower H/C
index.

An increase in the number of aromatic rings in the sheet (Na) of asphaltenes (AZ2 and AZ3) may
indicate that the products of degradation of triglycerides of unsaturated fatty acids (TGUFA) markedly
affect the transformation of ZOR components. The SFO additives affect not only the structure, but
also the yield of asphaltenes AZ2 and AZ3, the content of which is slightly reduced in the products of
cracking in comparison with those obtained without SFO.

The SFO additives also affect the macrostructure of the formed coke and help to reduce the coke
yield from 5.6 wt% up to 1.8-3.6 wt% (Table 1). The average number of sheets in a stack (M) increases
from 8 to 9 due to the introduction of SFO and the average stack height of the aromatic sheets (Lc) in
the macrostructure of coke aggregates increases from 24.36 to 28.53 A.

The number of aromatic rings in the sheet (Na) in the case of coke isolated from products of
cracking increases in the series CZ1 < CZ2 < CZ3 from 9.75 to 14.49, while the H/C ratio decreases
from 0.77 to 0.63.

Asphaltenes AUO of the initial UOR (Table 2) have an average stack height of the aromatic sheets
(Lc) of about 17.47 A, the average diameter of the aromatic sheets (La) about 16.64 A, and the number of
aromatic cores in the sheet (Na) equal 6.24. The average interlayer distance in the stacks (dm) is about
3.6 A. The distance between aliphatic chains and naphthenic sheets (dr) is about 5.8 A. Asphaltenes
AUO differ from AZ0 in the larger size of average stack height of the aromatic sheets (Lc) and a smaller
number of aromatic rings in the sheet (Na).

In comparison with AZ0 asphaltenes, the smaller interlayer distance in stacks (dm) and the larger
distance between the saturated fragments (dr) in AUO asphaltenes indicate that there are less saturated
structures in AUO asphaltenes. This assumption is confirmed by the lower H/C ratio for AUO compared
to the H/C ratio for AZ0, which are equal to 1.17 and 1.38, respectively.

In asphaltenes isolated from products of cracking (AU1, AU2, AU3), in comparison with
asphaltenes of the initial residue (AUO), the distance between aromatic sheets (dm) does not change
significantly. In the series AU1 > AU2 > AU3 a decrease in the average stack height of the aromatic
sheets (Lc), the average diameter of the aromatic sheets (La), and the number of aromatic rings in the
sheet (Na) is observed.

The introduction of SFO affects the yield of asphaltenes, the content of which decreases from 9.9
wt% up to 8.3-8.7 wt%. Hence, AUI were resulted from cracking without SFO, while AU2 and AU3
were obtained by cracking in the presence of SFO.

The coke yield in the products of UOR cracking was high (19.0 wt%). The introduction of SFO in
the amount of 4 wt% did not significantly affect the coke yield, while the addition of SFO in an amount
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of 8 wt% led to a decrease in the coke yield to 16.7 wt%. Perhaps, to reduce the yield of coke in the
UOR cracking process, it is advisable to decrease the temperature or duration of cracking.

In comparison with coke without SFO (CU1), a significant decrease in the average diameter of
the aromatic sheets (La) from 31.23 to 22.68 A and the fraction of carbon atoms concentrated in the
clusters (pa) from 0.42 to 0.34 is observed for coke (CU3) obtained by cracking of UOR in the presence
of 8 wt% of SFO.

In the series CU1 < CU2 < CU3, the H/C ratio decreases from 0.63 to 0.58. These values are lower
than those for coke obtained by cracking of ZOR.

The common patterns are observed for different samples of coke and asphaltenes obtained in the
course of cracking in the presence of SFO. In the coke isolated from the products of cracking of UOR
and ZOR obtained in the presence of SFO, the average stack height of the aromatic sheets (Lc) increases.

A decrease in the H/C ratio in coke samples isolated from products of cracking obtained in the
presence of SFO, in comparison with samples obtained in the course of cracking without SFO additives
(Tables 1 and 2) may be associated with an increase in the H/C ratio in maltenes. Refining of oil
residues is mainly achieved in two ways: by thermal cracking or hydrocracking, which are based on

the methods of carbon redistribution or hydrogen addition, respectively [12, 13].

Contribution of oils to the process of cracking of oil residues

Earlier, we have shown in our work [5] that the co-cracking of the oil residue and SFO allows not
only to reduce the yield of coke and asphaltenes, but also to increase the yield of distillate fractions, i.e.
products with a high H/C ratio. To establish the role of SFO in the transformation of the components
of oil residues in the cracking process, we have studied the transformation of the initial vegetable oils
at temperatures from 400 to 500 °C.

Figure 2 shows the scheme of thermal destruction of vegetable oils to fatty acids at temperatures
from 390 to 480 °C [14].

The formation of fatty acids and olefins during the cracking of vegetable oils without catalysts
at temperatures from 400 to 500 °C has been previously reported in the literature [15]. At the initial
stage of SFO transformation, triglycerides are thermally cracked with the formation of various oxygen-
containing compounds, the main part of which is fatty acids. Then the cleavage of C-O and C—C bonds
occurs with the formation of CO,, CO, paraffins, olefins and other products [15, 16]. Presumably, it
is the presence of olefins and UFA (Unsaturated fatty acids) that affects the transformation of the

components of oil residues in secondary reactions.
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Fig. 2. Scheme of thermal destruction of triglycerides [14]
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Based on the theory of free radical reactions [17], the cracking mechanism can be represented on
the basis of two processes, namely, dealkylation and condensation [17, 18].

The formation of asphaltenes and coke during cracking is possible due to two types of condensation
reactions [18]. The first type of condensation proceeds through the formation of naphthene-aromatic
hydrocarbons by the Diels-Alder reaction, then naphthene-aromatic hydrocarbons are dehydrogenated
and converted into polycyclic aromatic hydrocarbons [18]. This type of condensation reaction explains the
formation of predominantly asphaltenes with a continental structure [11]. The second type of condensation
reaction proceeds due to the recombination of radicals and the formation of larger molecules.

An increase in the content of olefins in the reaction medium, due to the destruction of SFO,
can hinder recombination reactions and facilitate condensation (Diels-Alder reaction). Also, TGUFA,
UFA and other oxygen-containing hydrocarbons obtained in the course of SFO cracking can act as
surfactants, thereby slowing down the aggregation of coke precursors and the formation of coke itself.
It is known from the literature that the use of surfactants in the cracking of oil residues allows an

increase in the yield of maltenes and a decrease in the yield of coke and gas.

Conclusions

It is shown that the addition of sunflower oil to oil residues during thermal cracking leads to
changes in the parameters of macrostructure of the resulted asphaltenes and coke.

In the coke separated from the products of cracking of oil residues obtained in the presence of
sunflower oil, the average diameter of the aggregate (Lc) increases, while the distance between the
aromatic layers (dm) does not change significantly. In asphaltenes isolated from products of cracking,
the diameter of the aromatic core (La) and the distance between the saturated structures (dr) vary
significantly.

The role of sunflower oil can be explained by the participation of triglyceride degradation
products (mainly fatty acids and olefins) in condensation processes. Olefins and unsaturated fatty
acids can inhibit radical recombination, which can affect the formation of coke and asphaltenes.
Also, triglycerides and unsaturated fatty acids formed from sunflower oil during cracking can act as

surfactants, thereby slowing down the aggregation of coke precursors and the formation of coke itself.
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