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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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THE OPPORTUNITIES OF THE RATIONAL USE
OF THE WASTE OF OIL PRODUCTION AND OIL REFINING
IN THE MANUFACTURE OF TIRE RUBBER

Abstract. In the process of extraction and processing of oil from the Tengiz field, a lot of elemental sulfur is
formed from hydrogen sulphide, which is stored in an open area and is the cause of environmental problems in the
region. Many elemental sulfur consumes the rubber industry for the vulcanization of rubbers. Sulfur vulcanizing
agents included in the group, ensures the vulcanization, i.e., the transformation of plastic and viscoelastic rubber
compounds in highly elastic rubber due to the formation of a uniform spatial with the sulfur atoms linking the
individual chemical bonds of the macromolecules rubber. Previously, we have carried out work on the application of
purified sulphur in the Tengizbrekina and tread rubber compounds that have shown promise for the future. However,
the manufacture of frame rubber compounds using purified Tengiz sulfur is not justified, because rubber was hard. In
this work, we have conducted research and presented the results of experiments on the possibility of application of
polymeric sulfur, obtained from purified Tengiz sulfur. The use of polymeric sulfur can also adjust the elastic
properties of the resulting rubbers. Polymeric sulfur was introduced on a laboratory mill at the end of mixing, in a
second stage, in order to prevent premature vulcanization. In the process of cleaning crude oil from hydrogen sulfide
produced many elemental sulfur, which is in Tengiz a result of processing of sour oil and gas, indicating the content
of hydrogen sulfide. Sulfur vulcanizing agents included in the group, ensures the vulcanization, i.e., the
transformation of plastic and viscoelastic rubber compounds in highly elastic rubber due to the formation of a
uniform spatial with the sulfur atoms linking the individual chemical bonds of the macromolecules rubber. Particular
attention is paid to development of curing agents. Previously, we have carried out work on the application of purified
sulphur in the Tengizbrekina and tread rubber compounds that have shown promise for the future. However, the
manufacture of frame rubber compounds using purified Tengiz sulfur is not justified, because rubber was hard.Thus,
the results of studies have shown that the use of Tengiz sulfur leads to improved physical and mechanical properties
and quality of rubbers. A secondary use of sulfur - a waste of oil production can improve the ecology of Kazakhstan.

Key words: sulfur waste; oil sludge; organic part of oil sludge; rubber compounds; curing system; plasticizers.

Introduction. By the size of the established reserves, the geological and thermo-baric conditions in
occurrence of oil-bearing horizons and the technical-economic features of the development of Tengiz is
unique not only among the deposits of Kazakhstan, but also the world. In 1998, “Tengizchevroil”
conducted three-dimensional seismic studies here, after which the explored oil reserves were estimated by
the enterprise at 1,3 billion tons. The productive horizons of the Tengiz field lie at a depth of more than
5000 m, this oil-bearing reservoir occupies the land with the width of 19,3 km and the length of 21 km.
Features of the field deposit: high intra-layer pressure and high concentration of hydrogen sulphide require
the solution of the most complicated technical and technological problems. Especially solving the
environmental problems of sulfur utilization [1,2].

Tengiz oil is light; density at 20°C 789,2— 851,4 kg/m 3, sulfurous is characterized by the significant
content. In the process of cleaning the crude oil from hydrogen sulfide, TCO produces the elemental
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sulfur, which is in Tengiz the results of processing “acidic” oil and gas, indicating the content of hydrogen
sulphide in them. From year to year, the artificial “mountains” of sulfuric massivesare grown, about 69 kg
of sulfur per 1 ton of the produced oil. The giant volumes of oil production waste-sulfur (today more than
8 million tons of the products are stored in “sulfur cards™) cause serious concern of ecologists and local
population, since under the local climatic conditions sulfur can pass to many sulfur compounds. Moreover,
the sulfur arrays are located in the sanitary protection zone of the Tengiz gas processing manufacture,
gassed zone, under the influence of flaring off the gases, containing carbon, hydrogen, various metals and
much more. One of the main problems arising in oil production in Tengiz is the danger of soil and
groundwater contamination, the spread of sulfur dust, and the entry of sulfur sulfide into the atmosphere
[3-5].

In the practice of the world oil and gas industry, basically three methods of obtaining solid sulfur are
used: flake, granular and lumpy. On Tengiz sulfur is released in the liquid form. A lot of elemental sulfur
is consumed by the rubber industry - for the vulcanization of the rubbers. Sulfur, which enters the curing
group, provides the curing, it means, the transformation of a plastic and viscoelastic rubber compound into
a highly elastic rubber as a result of the formation of a single spatial grid with sulfur atoms, connecting the
individual macromolecules of rubber by chemical bonds [3]. During the extraction and processing of oil
from the Tengiz field, a lot of sulfur waste is generated, which is stored in open fields. Under the influence
of the atmosphere, high temperature (in summer up to 45-50°C), etc., many sulfur compounds are formed
that are harmful to human health and the environment. The research shows the possibility of using sulfur
as a vulcanizing agent of the rubber compounds.

The rubber industry of Kazakhstan has a very limited assortment of ingredients of the rubber
compounds. An important scientific direction of petro-chemistry is the production of plasticizers,
softeners, vulcanizing agents, fillers based on the man-made waste. This makes it possible to expand the
raw material base, use large reserves of oil refining waste reduce the anthropogenic load on the
environment and solve the problem of the production of import-substituting softeners and vulcanizing
agents for the rubber industry of Kazakhstan. A feature of Kazakh oils is an increased content of sulfur
compounds, as a result of which a lot of sulfur waste is formed [6-10].

It is generally accepted to use in the formulations of rubber mixtures of organic and inorganic low-
molecular compounds. By the effectiveness of the action of polymers and products of low-molecular
compounds are divided into softeners and plasticizers. Softeners are called low-molecular compounds,
which reduce the temperature of fluidity and do not affect the glass transition temperature of rubbers.
Plasticizers are low-molecular compounds, which reduce the glass transition temperature and the flow
temperature of rubbers. An important requirement for plasticizers and softeners is their low cost. Great
importance is also attached to the availability of the raw materials used to produce them. Various other
requirements for plasticizers and softeners (no washing out with water, oils, etc.) are determined by the
specific conditions in which the finished product containing the plasticizer and softener will work.

Experimental part. As a vulcanizing agent in rubber compounds sulfur is used, therefore in our work
it is proposed to use the purified Tengiz sulfur from oil production and refining waste in the vulcanizing
system.

Tests of the organic part of oil sludge (OPOS), extracted from oil sludge of the LLP
“PetroKazakhtanOilProducts” (PKOP) in the formulations of rubber compounds based on the rubbers of
general purpose as softeners, with the replacement of the traditional softeners PN-6SH and softener ASSC,
were carried out. Based on the results of the determination of technological properties, it was found that
OPOS has a plasticizing effect [10,11].

Sludge collectors save the general character of the structure, i.e. when storing the oil sludge,
depending on the difference in the physicochemical parameters of the components, over time; it is divided
into three layers. Light liquid hydrocarbons are concentrated in the upper layer, the middle layer is
characterized by high water content, and heavy fractions of hydrocarbons, resins, asphaltenes and particles
of the mineral phase are collected in the lower bottom layer [12-15].

As a result of the conducted studies of oil sludge LLP “PKOP” found that the indicators of the phase
composition and physicochemical properties vary depending on the conditions of their formation, storage
and the depth of the layer. The top layer is a watered oil product with a content of up to 2.4% finely
dispersed mechanical impurities and belongs to the class of water-in-oil emulsions. The water content
does not exceed 5.4%. The content of petroleum products is 25.9%. The middle layer is represented by an
oil-in-water emulsion. This layer contains 53.1% water and 5.7% mechanical impurities. The content of
petroleum products is 11.2%. The lower layer contains 40.6% water, 35.6% mechanical impurities,
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petroleum products 1.3%. Oil sludge as a polydisperse unstable system is characterized by the fact that its
physical characteristics are not constant, i.e. when determined for the same oil-slime sample, the results
obtained may differ by 50 percent or more. Therefore, for the experiment, an average sample of oil sludge
from the settling pit of LLP “PKOP”’was selected.

Optimization of compounding the rubber compounds. By sequential study of the effect on the
properties of rubber of the contents of each of the components alone (sulfur and oil sludge) with fixed
amounts of other ingredients, optimization of the developed rubber compounds for making the filler cord
of the bead of car tires was carried out.

In order to identify the optimum quantity of OPOS in the composition of rubber mixtures, rubber
mixtures with different contents of OPOS were obtained. Plasticizers and softeners have been replaced
with OPOS. Also in the formulations of rubber compounds as a vulcanizing agent, a mixture of polymer
and colloidal sulfur from the Tengiz field was used. Recipes of rubber compounds used in the manufacture
of the bead tape are given in Tables 1.

The highly disperse mineral fraction of oil sludge (1-5 microns) is used in the rubber compound
formulation for the production of the filler cord of the side wing of passenger tires.

Table 1 - The formulation of the optimum rubber compound for the manufacture of the filler cord of the side wing

Title of the ingredients For 100 mass parts of the rubber
Model Research variant

1 2 3 4 5 6 7
HSI-3 40,0 40,0 40,0 40,0 40,0 40,0
Fill with rubblerubber 60,0 60,0 60,0 60,0 60,0 60,0
Sulfurtechnical 2,4 - - - - -
SulfurTengiz - 1,2 1,6 2,0 2,2 2.4
Sulfenamide"C" 1,2 1,2 1,2 1,2 1,2 1,2
Santoguard RU 0,4 0,4 0,4 0,4 0,4 0,4
ZincWhite ceruse 5,0 5,0 5,0 5,0 5,0 5,0
Stearicacid technical 2,0 2,0 2,0 2,0 2,0 2,0
SoftenerASSC 4,0 4,0 4,0 4,0 4,0 4,0
Organic part of oil sludge - 4,0 5,0 6,0 6,5 7,0
OilPN-6SH 4,0 - - - - -
AcetonilP 2,0 2,0 2,0 2,0 2,0 2,0
DiafenFP 2,0 2,0 2,0 2,0 2,0 2,0
Technicalcarbon 70,0 60,0 55,0 50,0 45,0 40,0
Mineral part of oil sludge - 10,0 15,0 20,0 25,0 30,0

Methods . The wvulcanization characteristics of the rubber compounds obtained with a

“Monsanto”rheo-meter confirmed the fact that various dosages of OPOS and sulfur directly influence the
kinetics of vulcanization of rubber compounds. The addition of OPOS into rubber compounds leads to a
decrease in the minimum viscosity and rigidity of the elastomeric matrix system. This decrease is directly
proportional to the percentage of OPOS. The use of Tengiz sulfur allows preserving the duration of the
vulcanization plateau, thereby preventing the re-vulcanization of the rubber of the filler cord.

Results and its discussion. The optimum component ratio, leading to the decrease in the minimum
viscosity and an increase in the vulcanization start time, characterizing the best technological properties of
rubber compounds, is observed at 7 and 8 parts by the weight for the rubber compounds intended for the
filler cord. From the analysis of volcano-metric curves of rubber compounds, it follows that the optimum
time to achieve vulcanization of the rubber compound for the rubber compound of the filler cord is 23
minutes.

The physical and mechanical tests of the experimental rubbers led to the conclusion that it is most
expedient to use the organic part of the oil sludge in the rubber compound formulations for the filler cord
of the wing wings, since when replacing the traditional softeners with the OPOS the properties of rubbers
correspond to the control standards. The best results are observed with a dosage of 8-10 parts by weight
OPOS for the rubber compounds intended for the filling cord. Dependences of the main physic-
mechanical parameters of vulcanize of rubber filler cord from the dosage of OPOS and Tengiz sulfur are
given in Table 2.
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Table 2 - Properties of vulcanizes based on rubbers of general purpose for a filling cord with additions
of organic part of oil sludge and Tengiz sulfur

Title of the indexes Norms of 1-v 2-v 3-v 4-v 5-v

controlling
Conditional tensile strength, kgp / cm2, not less than 92 107 104 109 111 111
Relative elongation at break,%, not less than 270 270 300 310 310 295
Hardness on A blinders, cond. units 70 75 77 77 78 75

Conclusions: A slight decrease in strength indexes and an increase in the elastic properties of rubbers
with increasing dosage of OPOS can be explained by the mechanism of plasticizing effect of low-
molecular compounds of the organic part of oil sludge that penetrate between macromolecules, thereby
reducing the intermolecular interaction of rubber macromolecules. A slight decrease in strength properties
of rubber filler wings is not important, since the main strength of the structure of the wing wings is
attached to the side rings of brass wire. The use of the same Tengiz sulfur allowed preserving the kinetics
of vulcanization, which could decrease with the use of OPOS. Also, the use of Tengiz sulfur allowed
increasing the hardness of rubbers, which is necessary to increase the rigidity of the tire's bead.

Thus, the results of extended tests have shown that it is possible to replace traditional softeners in
rubber mixes with organic part of oil sludge and use Tengiz as a vulcanizing agent. Fillers in the
formulation of rubber compounds for making a filler cord can be partially replaced with a mineral part of
the oil sludge.
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MYHA OHIPY MEH MYHAI OHJEY KAJIBIKTAPBIH
ITAHAJIBIK PE3MHAJIAP OHAIPICIHAE YTBIMIBI AMIATAHY MYMKIHITT

AnHoTanus. TeHru3 KeH OpPHBIHBIH MYHaHBIH OHMAIPY JKOHE OHJCY Ke3iHJe allbIK allaHapia CaKTalaThH KYKIPTTIH Kell
KAIIBIKTAPE Ty3imemi. ATMOC(EpaHBIH OCepiHeH, SFHH SKOFapsl Temmeparypa (kasma 45-50°C geitin) Mem Gacka na
(haxTOpIIapABIH ScepiHeH, a/laM JeHCayJIbIFBl MEH KOpIIaFaH OpTara 3UsSH/BI 9CePiH TUTI3eTiH KYKIPTTiH KO Kocrauapsl Ty3ulei.
JKymbIcTa KYKIPTTI pe3rHa KOCHAChIH BYJIKaH/AAYIIbI areH peTiHae KOJIaHy MYMKIHAIr KOPCETIreH.

KoMmoHeHT KypaMbIHBbIH SpKaiichichiHa Oeyiek (KYKIPT JXoHe MyHail HIIaMbl) pe3rHa KOClachlHa SCepiH Kyifeni Typae
3epTTey apKblIbl, )KEHII HIMHA OOPTBHIHBIH TOJBIKTBIPFBIN OayblH JaWbIHAAY KE3iHIE OHJIENIeH Pe3HHa KOCHAChIHA, TIPKEITeH
0acka 1a MHTpeIUCHTTEep CaHbIHA OHTAMIAHABIPY KYPTi3iii.

Tenrn3 xykipTiH Kommany, OUH xonpmaHy Ke3iHZe KeMyre MYMKiHAIK OepeTiH ByJIKaHAay KHHETHKACHIH CaKTayFa
MYMKIHIIK Oepii. TeHTu3 KYKipTiH KoijgaHy, COHBIMEH KaTap JOHTEJICKTiH CHIPTKBI OOpTHIHBIH KepMEKTiKTIH apTThIpy YIIiH
Ka)KeT Pe3UHAHbBIH KaTTHUIBIFBIH JKOFapbUIaTabl.

KeHelTinren celHaKTapIblH HOTIKENEPi, pe3rHa KOCTIAaChIHAA KOJIJaHbUIATBIH ICTYPIIi )KYMCApPTKBILITAp/Ibl MYHAH IILITaMbl
MEH BYJIKaHJayIIbl ar€HT PeTiH/e KOJAHBUIATBIH TEHIU3 KYKIPTI HE aIMacThIpy MYMKIHZITiH KOPCETTi

TonbIKTHIPFBIII Oayabl NaiiblHIAyFa apHAJIFaH PE3MHA KOCIACHIHBIH PELENTIHAEr! TOJBIKTBIPFBIIITAD MYHAHIIIAMbBIHBIH
MHHepas/ibl OeJiriHe inrHapa aybICTBIPBUTY bl MYMKIH.
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ra. TypeﬁeKOBal, II.K.[Manamxos!, T.B. Annambicosa?, 1. Ucaes’,
K. BnMﬁeTOBa4, K. KepnMﬁaeBaz, AM. BOCTaHOBas, A.E. Ecenannes’

'TOsxH0-Kasaxcranckuii mexarornueckuii yansepeutert, Lsivkent, PecrryGmika Kazaxcram;
2JOxH0-KasaxcTaHCKHit roCyJapCTBEHHEIN egaroruyeckuii yuusepenrer, Lbivkent, Pecny6muika Kasaxcran;
3Me>Kz(yHaponHLn71 Ka3axcko- Typeukuit yauBepcuteT UM. X.A. Slccasu, Typkecran, Pecybnmka Kazaxcran;

* 10sxH0-KazaxcraHckuit roCyIapcTBeHHBIN yHUBepcuTeT M. M. Aye3oBa, llIsimkenT, Pecybnmka Kazaxcran;
>KacuiCKuii rocy 1apCTBEHHbIH YHHBEPCHTET TEXHONOI M 1 nikuHupuHra uM 1. Ecenosa, Pecrry6muxa Kazaxcran

BO3MOXHOCTHU PAIITMOHAJIBHOI'O UCITIOJIB30BAHUA OTXOJ0OB HE®TEJOBbIYU U
HE®TEINNEPEPABOTKH B TIPOU3BO/JCTBE HIMHHBIX PE3UH

Annortamus. [Ipu no6srue u nepepadbotTkn HepTH TEHrH3CKOro MECTOPOXKICHHS 00pa3yeTcsi MHOTO OTXOJOB CEpPbI, KOTOpast
XPaHHTCS Ha OTKPBITHIX IUIOMAzAKax. Ilox BoszueiicTBieM armocepsl, BBICOKOH Temmeparypsl (nerom mo 45-50° C) u np.
(akTOpoB 00pa3yeTcs MHOTO COCAMHEHHH Cepbl BPEAHBIX IS 370POBbs 4YEJIOBEKa M OKpysKalollel cpexsl. B pabore nokaszana
BO3MO>KHOCTb MCIIOJIb30BaHUS CEPbI B BU/IC BYJIKaHU3YIOLIETrO areHTa Pe3HHOBBIX CMECEii.

IyTem mociiejoBaTeNbHOIO H3yUCHHs BIUSHHS Ha CBOICTBA PE3MH CONCPIKAHMS Ka)XJOTO U3 KOMIIOHEHTOB B OTACIBHOCTH
(cepsl 1 HedTenIIaMa) MU PUKCHPOBAHHBIX KOIWYECTBAX IPYTUX HHTPEANCHTOB ObLTAa MPOBEICHA ONTUMH3ALNS pa3padOTaHHBIX
PE3MHOBBIX CMeceH IJIsl N3rOTOBJIEHHS HAIOJIHUTEIBHOTO NIHYpa 00pTa JIETKOBBIX IIHH.

[IpumeHeHNe TEHTU3CKOI Cephl IO3BOIMIIO COXPAHUTh KHHETHKY BYJIKAHU3ALUM, KOTOpas Morja OBl CHU3HTHCS IPH
npumenennn OYH. Takxke nmpuMeHeHHe TEeHIM3CKOM Cepbl MO3BOJIMIIO MOBBICHTH TBEPIOCTh PE3UH, KOTOpas HeoOXoxuma IJist
MOBBIIICHHUS KECTKOCTH OOPTa aBTOIOKPBILIKH.

Pe3ynbraThl paclIMPEHHBIX HCIBITAHUI TOKa3aJIi BO3MOXKHOCTD 3aMEHbI TPAJULIMOHHO UCIIONB3YEMBbIX B PE3HHOBBIX CMECAX
MsAryuTesneil Ha OpraHM4YecKylo 4YacTh He(TelllaMa M MCIOJNB30BaHHS TEHIM3CKOW cepbl B BHJE BYJIKAHU3YIOLIErO areHra.
HanonHuTtenu B pelienType pe3nHOBBIX CMECeH JUlsi H3rOTOBJICHHS HAIIOJIHUTEIBHOTO IIHYPa MOTYT OBITh YACTUYHO 3aMCHEHBI Ha
MHHEPAJIbHYIO YacTh HedTenuama.
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