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The Kalamkas deposit’s oil and its distillation products were studied, and research results on
residues and road grade bitumen compositions obtained by oxidation of heavy oil residuest are
presented. The atmospheric residue of Kalamkas oil (350 C°) was subjected to vacuum distillation
with the selection of gas oil fractions boiling to 380, 400 and 420 C°. Samples of residues were
subjected to oxidation in a laboratory installation, which is a batch cube at constant operating
conditions.

The residues from different depths of gas oil fractions are characterized by different group
chemical compositions. The group composition of the residues changes, the content of paraffin-
naphthenic hydrocarbons decreases from 29.4 to 23.3% wt. and the proportion of heavy aromatic
hydrocarbons increases from 26.8 to 27.8% wt. The content of asphaltenes (from 7.7 to 12.4% wt)
and resins (from 17.4 to 22.5% wt) also increases. The ratio of asphaltenes and resins increases
from 0.44 to 0.55. With an increase in the depth of selection of gas oil fractions to 420°C, the
degree of aromaticity, the ratio of the amount of aromatic hydrocarbons to paraffin-naphthenic
ones, increases to 1.79.

Road grade bitumens produced from the vacuum distillation residues of Kalamkas oil fuel oil
using direct oxidation technology of raw materials have the best performance characteristics if they
are obtained from residues boiling in the range of 380—400°C. Residues boiling above 380-400 C°
can serve as raw materials for the production of oxidized road bitumen of BND70/100 grade according
to ST RK 1373 - 2013.

KEY WORDS: road bitumens; group chemical composition; tars; oxidation; fuel oil; quality;
specifications.
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Makanada Kanamkac myHalbl MeH OHbIH aliday eHiMOepiHe 3epmmey Xypei3inin, Kanamkac
KeH OpHbIHaH arbiHFaH KanobiKkmapObiH XoHe Xor MapKarbl bumymOapOblH KypaMbiHa Xypaiirn-
2eH 3epmmey Homuxxenepi yCbIHbIIFaH.

Kanamkac myHalibiHbiH ammocgbeparnsik Kanobirbl (350 C°) 380 C°, 400 C° xeHe 420 C*
OeliH KaliHalmbIH 2a30Urnb hpakyusnapbiH benin anymeH 8akyymObIK atdayra yuwblpambiiobl.
Kanobik yneinepi mypakmsi pexumOik kepcemkiwmepde 3epmxaHasiblK KOHObIpFbi0a — Mep3imOi
apekemmi Kybma mombIKMbIPbifObI.

Asmopnap 2a3olnb chpakyusinapeiH 6enin anyobiH ap mypri mepeHOiciHOeai Kandbikmap
apmypni monmalK XUMUSITIbIK KypamMOapMeH curiammarnamblHObIFbIH KepcemkeH. by ke3de Kar-
ObIKkmapdOblH MonmbIK Kypambl 632epedi — napaghuHOi-HagpmeHOi kemipcymekmepOiH menwepi
macca 6otibiHwa 29,4-meH 23,3 mac. %-ra deliiH memeHOelidi, an ayblp apoMamimbi KOMIPCYMeK-
mepadiH yneci 26,8-0eH 27,8%-ra OeliH apmadbl. AcchanibmeHoep (7,7-0eH 12,4mac. %-ra OeliiH)
XoHe wadbipnap (17,4-meH 22,5% mac. -ra deliH) menwepi de apmadsbi. AcghannbmeHdep MeH
watibipniapdbiH (A/LL) kambiHacsi 0,44-meH 0,55-ke OeliiH apmadsbi. [a300b chpakyusnapbiH ipik-
mey mepeHdiziHiH 420°C-Ka OeliH yrrarobIMeH apoMammbiiibiK 08pexeci—apoMammbl KOMIpCy-
mekmep menwepiHiH napacuHOik-HagpmeHdi kemipcymexkmepae kambiHacbl (AK/MTH) — 1,79-ra
OeliiH apmadksl.

Llukisammbi mikenet mombIKMbIPYy MEXHON02USCbIH KondaHa ombipbir, Kanamkac Masymsi-
HbIH 8aKyyMObI aliday KanOblKmapbIHaH arlbIHFaH o Mapkasbsl 6umymoap, ezep onap 380—400 C°
aparnblirbiHOa KaliHalimbiH KandblkmapaH arblHca, €H Xakcbl eHIMOINIK cunammamarnapbiHa ue.
380-400 Cr xofapsi KaliHalimbiH Kandbikmap KP CT 1373 - 2013 6olbiHWwa mombiKKaH xon bumy-
MbiHbIH BHL] 70/100 mapkacbiH any ywiH wukizam pemiHoe Kbiamem eme anaokbi.

TYUAIHLOI CO3LEP: xon bumymOapbl; monmbIK XUMUSITIBIK KypaM; 2yOpoHdap, momblify; Mas-
ym; cana; mexHuKarsbIK curiammamarnap.
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lMposedeHo uccnedosaHue Kanamkacckol Heghmu u npodyKkmos ee nepeaoHKU, npueedeHbl

pesyrnbmamal uccniedosaHull cocmaga ocmamkos u 6umyM06 OOPOXKHbIX MapoK, roJsty4eHHbIX
OKUCJIEHUEM MSXKerbIX 0Cmamkoe Heghmu MecmopoxdeHug Kanawmkac.
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AmmocgbepHbili ocmamok Kanamkacckol Heghmu (350 C°) nodeepeanu eakyyMHOU rnepe2oHKe
¢ ombopom eazolinesbix ppakyud, sbikunarouux 0o 380 C°, 400 C° u 420 C°. Obpasubl ocmam-
K08 nodsepaasniu OKUCeHUK Ha labopamopHOU ycmaHoske - Kybe nepuodudeckozo delicmausi
1pU MOCMOSIHHbIX PEXUMHbIX MTOKa3amerisix.

Asmopamu roka3aHo, Ymo ocmamku pasfnu4Hol ernybuHbl ombopa 2asolinessix hpakyull xa-
pakmepu3yrmcsi pa3HbIM 2pynnosbiM XUMUYECKUM cocmasom. [1pu amom uameHsiemcsi epynnosoll
cocmae ocmamkog — CHuU)kKaemcsi cooepxaHue rnapaguHoHaghmeHo8bIx y2r1e8o000p0odos ¢ 29,4
00 23,3% mac. u nosbiwaemcs 0ot MsKesbIX apoMamu4yeckux yarneso0opodos ¢ 26,8 do 27,8%
mac. lNosbilwaemcsi makxe codepxaHue acghanbmeHos (¢ 7,7 0o 12,4% mac.) u cmon (¢ 17,4 6o
22,5% mac). CoomHoweHue acghanbmeHos u cmon (A/C) npu amowm ysenudusaemcs ¢ 0,44 do
0,55. lNpu ysenuyeHuu anybuHbl ombopa 2a3olnesbix hpakyul 0o 420°C cmeneHb apomamuy-
HOCMU — OMHOWeEeHUEe Koruyecmea apoMamuyeckux y21e8000po0o8 K napachuHoHaghmeHo8bIM
(AY/H), so3pacmaem do 1,79.

Bumymbi O0pOXHbIX MapoK, 8bipabambigaeMble U3 0CmMamkKoe8 8aKyyMHOU epesoHKU ma3lyma
Kanamkacckol Heghbmu no mexHonoauu rpsiMo20 OKUCIEeHUS CbIPbs, UMEM Hauslyqwue KCry-
amauyuoHHbIe XxapakmepucmuKu, ecriu OHU 0Jly4eHbl U3 OCMaImKo8, 8bIKUMauwux 8 duanasoHe
380 — 400 C°. Ocmamku, ebikunatowjue ebiwe 380 — 400 C°, Mo2ym criy>Kumb CbipbeM Oris1 Mory-
YeHUSs OKUCIEeHHbIX 00pOxHbIX 6umymos mapku BH/] 70/100 no CT PK 1373 — 2013.

KJTIOYEBBIE CJTOBA: dopoxHbie bumyMbi; 2pyrnnogoli XuMu4Yeckul cocmas; 2yOpOHbI; OKUC-
JleHUe; Ma3ym, Ka4ecmeo, mexHuU4Yeckue xapakmepucmuku.

chemical composition, which in turn is determined by the nature of the petroleum

feedstock and the bitumen production technology [1]. It is known that commercial
bitumen with the same physical and chemical properties, softening point, extensibility
and other indicators can have different performance properties.

In this aspect, the issue of involving special types of raw materials in bitumen
production is relevant. The most suitable for bitumen production are highly aromatized,
highly resinous oils of an aromatic, naphthenic-aromatic base. There is positive world
experience in obtaining high-quality bitumen from Venezuelan, heavy Arab, and Mexican
oils. Favorable raw materials for the production of bitumen are heavy, highly resinous
oils from Western Kazakhstan [2-4].

Residues of highly resinous aromatic oils are the best type of raw material for the
production of oxidized bitumen. At the same time, sulfur, which is part of the heavy
residues from the distillation of resinous sulfurous oils, contributes to the production of
high-quality bitumens [5, 6].

The relationships between asphaltenes, resins and oils, as well as their various ratios on
bitumen quality indicators, have been studied [7]. It is suggested that resins and asphaltenes
are characterized by the manifestation of “collective” properties due to the similarity of
their nature and structure. The boundary between asphaltenes and resins is very arbitrary,
so it is more expedient to consider their joint influence on the characteristics of bitumen.

In the production of bitumen by oxidation of petroleum feedstock, the group
hydrocarbon composition of the feedstock determines both the quality of the resulting
bitumen and the intensity of its oxidation.

It has been shown [8] that regulation of the physicochemical properties of oxidized
bitumen is possible by determining the hydrocarbon group composition of tars and selecting
the optimal ratio of hydrocarbon groups in the feedstock. Stabilization of raw materials

ntroduction. The properties of petroleum bitumen mainly depend on its group
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of optimal composition, as well as the balance of the ratio of hydrocarbon groups in this
raw material, make it possible to change the quality of road bitumen in accordance with
the regulatory requirements of modern standards.

Thus, the development of a rational technology for the production of high-quality
road bitumen from specially selected raw materials, in particular, heavy resinous oils,
having a high range of plasticity and resistance to thermal-oxidative aging is an urgent
task in oil refining.

Materials and methods. In the experimental part, a method was used for conducting
research on Kalamkas oil and its distillation products, as well as the results of studying the
composition of residues and bitumen of road grades obtained using traditional technology
for producing bitumen by high-temperature oxidation of residues of different depths of
gas oil fractions.

To find ways to rationally use oil from the Kalamkas field on the Buzachi Peninsula,
the main physical and chemical characteristics were determined and the possibility of
producing bitumen from it was assessed.

Kalamkas oil has a density of 912 kg/m?, sulfurous (1.62% wt.), paraffinic (paraffin
content 3.15% with a melting point of 57 C°), highly resinous (1.4% asphaltenes, 17.42%
silica gel resins, coking properties - 4.7%), low-hardening (-27°C).

According to the A + C indicator - 2.5P [9], Kalamkas oil is completely suitable for
the production of high-quality bitumens of a wide range.

Straight-run fuel oil from Kalamkas oil was subjected to vacuum distillation using
an automatic installation with computer control Dist D-1160 CC to carry out distillation
analyzes of petroleum products in accordance with the ASTM D 1160 standard. Samples of
tar boiling above 380 C°, 400 C° and 420 C° were obtained. Samples of tar were subjected
to oxidation in a laboratory installation, which is a batch cube at constant operating
parameters: process temperature 250 °C; air consumption for oxidation is 1.5 liters per 1 kg
of raw materials per minute. Experimental samples of bitumen were tested for compliance
with the requirements of the current regulatory and technical documentation and, based
on the test results obtained, a sample with optimal technical characteristics was selected.

Residues and bitumens were analyzed by determining the group chemical composition
and generally accepted standard quality assessment methods used in oil refining; the
analysis results are presented in 7ables 1 and 2.

Results and discussion. As the selection deepens, the content of paraffin-naphthenic,
light and medium (mono- and bicyclic) aromatic hydrocarbons in the oil residue decreases.
Due to this, the proportion of heavy polycyclic aromatic compounds increases.

Thus, the heavier the residue, the higher its content of resins and asphaltenes. As
the depth of selection of vacuum distillates increases, the density and relative viscosity
of tar increase.

It is known that the higher the ratio of asphaltenes to resins in oil and the lower the
content of solid paraffins, the better the quality of the resulting bitumen and the simpler
the technology for their production [10,11].

From the data in 7able I it follows that the residues of different depths of selection of
distillate fractions are characterized by different group chemical compositions. At the same
time, the group composition of the residues changes: the content of paraffin-naphthenic
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Table 1 — Characteristics of residues of different sampling depths obtained from Kalamkas oil

Indicator values for residues boiling above °C

Indicators Measurement

' . 380 400 420
Relative density at 20 C° kg/m?3 964,0 969,2 975,8
Total sulfur content % wit. 1,82 1,97 2,06
Coking according to Conradson % 85 10,3 11,4
Flash point °C 214 219 228
Conditional viscosity at 80 °C sec. 8,6 16,8 20,2
Group chemical composition:
hydrocarbon content
- paraffin-naphthenic 294 26,7 233
- aromatic, incl. 45,5 43,9 41,8
- light % wt. 8,2 7,2 6,1
- medium 10,5 9,4 7,9
~heavy 268 273 27,8
- asphaltenes 17,4 19,6 22,5

7.7 9,8 12,4

Ratio of A/R 0,44 0,50 0,55
Ratio of AH/PN 1,55 1,64 1,79
Reaching oil % wit. 56,1 53,4 51,6

hydrocarbons decreases from 29.4 to 23.3% wt. and the proportion of heavy aromatic
hydrocarbons increases from 26.8 to 27.8% wt. The content of asphaltenes (from 7.7 to
12.4% wt) and resins (from 17.4 to 22.5% wt) also increases. The ratio of asphaltenes
and resins (A/R) increases from 0.44 to 0.55. With an increase in the depth of selection
of distillate fractions to 420 °C, the degree of aromaticity i.e. the ratio of the amount of
aromatic to paraffin-naphthenic hydrocarbons (AH/PN) increases to 1.79.

Figure 1 shows the data on the changes in the content of individual groups of aromatic
hydrocarbons depending on the depth of residue selection. In the figure and below, PNH
are paraffin-naphthenic hydrocarbons, LAH are light aromatic hydrocarbons, MAH are
medium aromatic hydrocarbons and HAH are heavy aromatic hydrocarbons. As the
selection deepens in the residues, the content of paraffin-naphthenic, light (LAH) and
medium (mono- and bicyclic) aromatic compounds (MAH), which are removed from the
vacuum column with side streams i.e. light and heavy vacuum gas oils. Due to this, the
proportion of heavy polycyclic aromatic compounds (HAH) increases.

The high oil content in the raw material provides bitumen with good frost resistance
[11]. Thus, the sample obtained by oxidation of the residue above 380 °C has the highest
low-temperature properties (brittleness temperature is minus 26°C). At the same time,
the sample has low thermal-oxidative stability, as evidenced by tests after heating in a
thin film at a temperature of 163°C in the presence of atmospheric oxygen according to
the EN 12607-1 (RTFOT) method.

The heavier the residue, the higher its content of resins and asphaltenes. With
increasing sampling depth, density, viscosity, sulfur content and the value of the coking
indicator also increase.
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Figure 1 - The nature of changes in the content of individual groups of aromatic hydrocarbons in the
distillation residues of Kalamkas oil at different sampling depths

The results of the study of the physico-chemical characteristics of tars (the residues of
vacuum distillation of Kalamkas oil fuel oil with different depths of oil fractions selection)
are presented in 7able 2. To compare and contrast the obtained qualitative characteristics
of experimental bitumens, the same table presents the requirements of ST RK 1373 - 2013.

Table 2 — Main technical characteristics of oxidized residues obtained during vacuum distillation
of Kalamkas oil fuel oil

Indicators. indi
STRK 1373 - 2013 Actugl values.c.>f |nd|catorf for
residues boiling above. °C:
Measurement. BND BND

70/100 100/130 380 400 420
NeedLe penetration depth, 0.1mm 71-100 101-130 84 75 63
at25°c notlowerthan | |+ jowerthan30| 42 33 2
at0°C 22
Softening temperature, °C, not lower 45 43 50,7 51,4 51,2
Ductility, cm, not less than not less than 90 | M°re than| more |more than
at 25°C 75 40 100 than 100| 100
at0°C 3,8 ! 4,7 38 |35
Brittleness temperature, °C not above -20 | not above -22 -24.,8 -22,3 -18,7
Penetration index from-1,0to+ 1,0 -0,3* -0,3* -0,3*

After heating at 163°C for 5 hours

Weight loss. % wt. no mgrg 1T no more than 0,8 0,38 0,24 0,09
Change in softening temperature, °C | no more than 7| no more than 8 4,0 4,1 4,5
Penetrgtlpn at25°C, 0.1 mm not less than 60| not less than 50 70,0 72,7 74,3
% of original value

* The penetration index is determined according to ST RK 1373 - 2013. clause 8.2.2: Note.
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A negative value of the penetration index indicates that the resulting bitumen as a
colloidal system has a “sol” structure and is a stabilized suspension of asphaltenes in a
dispersion medium highly structured with resins.

During the oxidation of oil residues, many sequential-parallel reactions simultaneously
occur: condensation reactions, in which the size of the molecules increases; reactions in
which the sizes of molecules change little or do not change; destruction reactions in which
the size of molecules decreases; concentration with distillation of light oil fractions [12].

The group chemical compositions of road bitumen of the same degree of oxidation,
obtained by oxidation of Kalamkas oil residues boiling above 380, 400 and 420 °C, are
presented in Table 3.

Table 3 — Group chemical compositions of road bitumens obtained by oxidation
of Kalamkas oil residues

Residue Content of individual hydrocarbon groups, % wt. Ratio
PNH LAH | MAH | HAH | Totalresins (R) | Asphaltenes (A) A/R AH/PN
above 380 °C 24,7 7,6 9,4 24,4 20,2 13,7 0,68 1,68
above 400 °C 22,5 7,0 8,8 24,5 22,8 14,4 0,63 1,79
above 420 °C 19,6 6,0 7,6 25,8 25,7 15,3 0,60 2,01

From the presented experimental material it follows that oxidized bitumen contains
a slightly smaller amount of paraffin-naphthenic hydrocarbons in comparison with the
original residues. Since compounds of this type are oxidized extremely slightly under
the given conditions, it can be assumed that the main part of them, the most volatile, is
removed from the reaction mass in the form of vapors along with oxidation gases without
any special destructive transformations.

The content of aromatic compounds in bitumen is also less than in the residue from
which it is obtained. However, in this case, the reason for the decrease in the content of
aromatic compounds is that a certain part of them enters into chemical reactions and is
spent on transformations into heavier compounds i.e. polycyclic aromatic compounds
with a higher molecular weight, viscosity and a higher boiling point. These compounds
include resins. In turn, the reactive resins are compacted into asphaltenes.

The process of “‘compaction” of residues is caused by an increasing loss of hydrogen during
oxidation, which, in combination with cyclization reactions, leads to the formation of high
molecular weight products characterized by a high degree of aromaticity - asphaltenes and resins.

As a result of comparing the requirements of the current standards for road bitumen
and the actual quality indicators of experimental laboratory samples of bitumen produced
from residues of different sampling depths obtained during the distillation of Kalamkas
oil, the following conclusions can be drawn:

- Oxidized bitumen obtained from vacuum residues of Kalamkas oil, boiling above
380 and 400 °C correspond to petroleum road bitumen grade BND 70/100 according to
ST RK 1373 - 2013; the residue that boils above 420 °C does not meet the requirements
for petroleum road bitumen of the grade in terms of penetration at 25 °C.

- With increasing depth of selection of distillate fractions in the residue, the plasticity
of bitumen obtained from it decreases;

- The most plastic bitumen with the best low-temperature characteristics is obtained
by oxidation of the lightest residue, boiling above 380°C.
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The patterns found are in good agreement with the results of studies of the group
chemical composition of bitumen and the residues from which they were obtained.
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Figure 2 — Change in penetration of road bitumen obtained from Kalamkas oil residues
of different sampling depths

The decrease in the plasticity of bitumen as the depth of selection of gas oil fractions
during oil distillation increases, the boiling point of the residue, is explained by a decrease
in the content of both bitumen and the residue of paraffin-naphthenic and aromatic
hydrocarbons, which have a plasticizing effect on bitumen. It is for this reason that
bitumen from the residue that boils above 380 °C is the most plastic.

The good low-temperature characteristics of bitumens obtained from residues of low
sampling depths are explained by the increased content of paraffin-naphthenic compounds
in the composition of these bitumens.

From Table 3 it follows that the highest content of paraffin-naphthenic and aromatic
hydrocarbons falls precisely on the portion of the residue that boils above 380 °C.
Consequently, the distillation residue of Kalamkas oil of precisely this depth of selection
has the most balanced ratio of the main groups of hydrocarbons in its composition.

Due to this, the quality of bitumen obtained by direct oxidation of such residue is the
highest in comparison with bitumen obtained from heavier residues.

Conclusions. The heavy, highly resinous oil of the Kalamkas field is most suitable for
the production of oxidized and residual bitumen from its residues. Based on experimental
data, we can conclude that road grade bitumens produced from the residues of vacuum
distillation of Kalamkas oil fuel oil using direct oxidation technology of raw materials
have the best performance characteristics, provided they are obtained from residues boiling
in the range of 380—-400 °C.

Residues boiling above 380 and 400 °C can serve as raw materials for the production
of oxidized road bitumens of the BND 70/100 grade.

Bitumen with a structure close to a sol, grades BND, have very high rates of
deformability, heat resistance, crack resistance and aging resistance. It is advisable to use
such bitumen in asphalt concrete in the IV and V road climatic zones of Kazakhstan.

HE®Tb 1 TA3 &5 2024 2 (140) 245



HEPTEXUMUNA

Thus, the possibility of obtaining high-quality oxidized road bitumen from the residues

of vacuum distillation of heavy oil from the Kalamkas field has been experimentally
confirmed. The use of bitumen of this quality level makes it possible to achieve high
performance characteristics of asphalt concrete. It will help to increase the maintenance-

free

service life of road surfaces not only in normal conditions, but also in conditions of

intense traffic loads on the roadway. @
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