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2 Clarivate

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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RECYCLING OF WASTES OF PETROLEUM REFINING INDUSTRY
BY USING THEM IN THE MANUFACTURE OF TIRE RUBBERS

Abstract: The important scientific direction of petrochemistry is manufacture of plasticizers, softeners,
vulcanizing agents, fillers on the basis of industrial wastes.This allows expand the raw-material base, use heavy
stocks of refinery wastes, reduce technogenic influence on the environmentand solve the problem of manufacture of
import-substituting softeners for the rubber-processing industry of Kazakhstan. The feature of Kazakhstan petroleum
is high concentration of sulfur compounds, in consequence of which much sulfuric wastes are formed, which are
environmentally hazardous in open storage. Optimization of a receipt for developed rubber compounds for
manufacture of a filler strip for passenger car tire beads was carried out in our work by serial analysis of influence of
content of each of the components separately (sulfur and oil sludge) at the fixed amount of other ingredients on the
rubber properties. In order to identify optimal amount of organic share of the oil sludge in the content of rubber
compounds, rubber compounds with different content of organic share of the oil sludge were gained. Plasticizers and
softeners were substituted to the organic share of the oil sludge. Also polymeric and colloidal sulfur mixture of
Tengiz field was used as a vulcanizing agent in the receipts of rubber compounds. The results of comprehensive tests
showed replaceability of traditionally used in the rubber compounds softeners to the organic share of the oil sludge
and use of Tengiz sulfur as a vulcanizing agent.

Key words:organicshareofoilsludge, oilsludge, softeners, vulcanizingagent, Tengizsulfur, vulcanizing system,
rubber compound, filler strip, bead.

Introduction

The rubber industry in Kazakhstan has very limited assortment of ingredients for rubber compounds.
The important scientific direction of petrochemistry is manufacture of plasticizers, softeners, vulcanizing
agents, fillers on the basis of industrial wastes. This allows expand the raw-material base, use heavy stocks
of refinery wastes, reduce anthropogenic stress on the environment and solve the problem of manufacture
of import-substituting softeners and vulcanizing agents for the rubber-processing industry of Kazakhstan.
The feature of Kazakhstan petroleum is high concentration of sulfur compounds, in consequence of which
much sulfuric wastes are formed [3-6].

Vulcanization plays an important role on rubber industry by offering the rubber products containing
three-dimensional net work of rubber molecules. By this mean, the significant improvement innumerous
properties including tensile and tear properties, set, resilience and abrasion of rubber vulcanizates is
resulted. The vulcanization could generally be divided into 3 main systems, i.e., sulfur, peroxide, and
metal oxide systems. The sulfur vulcanization system is generally preferential because of its superiority in
mechanical properties and ease of cure behavior adjustment [5, 6]. Typically, the sulfur used in rubber
industry originates from 2 main resources, i.c., natural resource and petroleum refinery. Basically, the
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sulfur from natural resource is more prefer able because of its certain chemical structure in conjunction
with its high sulfur content (99 %)[7].

The generally accepted is application of organic and inorganic low-molecular compounds in the
receipts of rubber compounds. By theefficacy, polymers and products of low-molecular compounds are
divided into softeners and plasticizers. The softeners are low-molecular compounds, which reduce yield
temperature and not influence on vitrification temperature of rubber substances. The plasticizers are low-
molecular compounds, which reduce vitrification temperature and yield temperature of the rubber
substances.The important requirement to the plasticizers and softeners is their low cost. The great
significance is also given to the availability of initial raw material used for their manufacture. Different
other requirements to the plasticizers and softeners (absence of leachability by water, oils, etc.) are set by
specific conditions, in which a manufactured product, containing the plasticizer and softener, will operate.

Experimental part. Sulfur is used in the rubber compounds as the vulcanizing agent, therefore in our
work we offer to use refined Tengiz sulfur, gained from the wastes of oil production and refinery wastes,
in the vulcanizing system.

Earlier we carried out experiments of the organic share of the oil sludge, gained from the oil sludge of
“PetroKazakhstanOilProducts” LLP in the receipts of the rubber compounds on the basis of rubber
substances of general assignment as the softeners, with substantiation of traditionally used softeners — oil
PN-6SH and softener ASMG. The results of measurement of processing properties established -that the
organic share of the oil sludge causes the plasticizing effect [8-11].

Optimization of the rubber compounds receipts. Optimization of the developed rubber compounds
for manufacture of a filler strip for passenger car tire beads wascarried out by serial analysis of influence
of content of each of the components separately (sulfur and oil sludge) at the fixed amount of other
ingredients on the rubber properties.

In order to identify optimal amount of the organic share of the oil sludge in the content of rubber
compounds, the rubber compounds with different content of the organic share of the oil sludge were
gained. The plasticizers and softeners were substituted to the organic share of the oil sludge. Also
polymeric and colloidal sulfur mixture of Tengiz field was used as the vulcanizing agent in the receipts of
the rubber compounds.The rubber compounds’ receipts used at the manufacture of the chafer strip are
given in Table 1.

Fine mineral fraction of the oil sludge (1-5 mcm) was used in the receipt of the rubber compound for
rubberizing of thefiller strip for passenger car tire beads.

Table 1 — Receipt of the optimal rubber compound for the rubberizing of thefiller strip for passenger car tire beads

Ingredients Per 100 mass shares of the rubber substance
Coqtrol Studied variant
variant

1 2 3 4 5 6 7
SKI-3 40,0 40,0 40,0 40,0 40,0 40,0
Butyl 60,0 60,0 60,0 60,0 60,0 60,0
Technical sulfur 2.4 - - - - -
Tengizsulfur - 1,2 1,6 2,0 2,2 2.4
Sulfonamide “Ts” 1,2 1,2 1,2 1,2 1,2 1,2
Santogard PVI 0,4 0,4 0,4 0,4 0,4 0,4
Zinc oxide 5,0 5,0 5,0 5,0 5,0 5,0
Stearinic commercial acid 2,0 2,0 2,0 2,0 2,0 2,0
Softener ASMG 4,0 4,0 4,0 4,0 4,0 4,0
Organic share of the oil
sludge - 4,0 5,0 6,0 6,5 7,0
Oil PN-6SH 4,0 - - - - -
Acetone anil R 2,0 2,0 2,0 2,0 2,0 2,0
Diaphene FP 2,0 2,0 2,0 2,0 2,0 2,0
Technical carbon 70,0 60,0 55,0 50,0 45,0 40,0
Mineral share of the oil - 10,0 15,0 20,0 25,0 30,0
sludge
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Methods.Vulcanizing features of the rubber compounds, gained on “Monsanto” rheometer, proved
the fact that different dosages of the organic share of the oil sludge and sulfur have direct influence on the
rubber compounds’ vulcanizing kinetics. Addition of the organic share of the oil sludge into the rubber
compounds results in reduction of minimal viscosity and stiffness of the elastomeric matrix system. This
reduction is directly proportional to the percentage composition of the organic share of the oil
sludge.Application of Tengizsulfur allows preserve duration of the plateau effect, hence preventing over-
vulcanization of the filler striprubber.

Results and their discussion. Optimal ratio of the components, resulting in reduction of the minimal
viscosity and increase in the beginning of vulcanizing, characterizing the best processing properties of the
rubber compounds, is observed at 7 and 8 mass shares of the organic share of the oil sludge for the rubber
compounds, meant for the filler strip. Analysis of the rubber compounds’ vulcanometric curves shows that
the optimal time for attaining the vulcanizing of the rubber compound for the rubber compound of the
filler strip consists 23 minutes.

Physical-mechanical tests of the experimental rubbers have led to the conclusion about the highest
appropriateness of using the organic share of the oil sludge in the receipts of the rubber compounds for the
filler strip of the boardside panels, as when substituting traditionally used softeners to the organic share of
the oil sludge, the rubber properties meet the rates of inspection. The best results are observed at the
dosage of 8-10 mass shares of the organic share of the oil sludge for the rubber compounds, meant for the
filler strip. Dependencies of the main physical-mechanical indicators of thevulcanized rubbers of the filler
strip on the dosage of the organic share of the oil sludge and Tengizsulfurare given in Table 2.

Table 2 — Properties of the vulcanizates on the basis of rubber substances of general assignment for the filler strip with additives
of the organic share of the oil sludge and Tengiz sulfur

Indicators Inspection 1-v 2-v 3-v 4-v 5-v
rates

Nominal tensile strength, kgf/cm?, 92 107 104 109 111 111

at least

Relative tensile elongation, %, at 270 270 300 310 310 295

least

Shorehardness, c.u. 70 75 77 77 78 75

Conclusions

Insignificant reduction in the tensile indicators and increase in the elastic properties of the rubbers
when increasing the organic share of the oil sludge dosage can be explained by plasticization effect
mechanism of the organic share of the oil sludge low-molecular compounds, which permeate between
macromoleculesby the same token reducing the rubber substance macromolecules’ intermolecular
interaction. Insignificantreductioninthestrengthpropertiesofthesidepanelrubbersis not fundamental, as the
main strength for the board side panel structure is given by bead rings from a brass plated wire.
Application of Tengiz sulfur allowed preserve the vulcanizing kinetics, which could be reduced when
using the organic share of the oil sludge.AlsoapplicationofTengiz sulfur allowed increase hardness of the
rubbers which is necessary to increase stiffness of the tire bead.

Thus, the results of the comprehensive tests showed the possibility of substitution of traditionally used
in the rubber compounds softeners to the organic share of the oil sludge and use of Tengiz sulfur as the
vulcanizing agent. The fillers in the receipts of the rubber compounds for formation of the filler strip can
be partially substituted to the mineral share of the oil sludge.
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MYHAIi OHIIPY MEH MYHAW OHJIEY KAJIJIBIKTAPBIH
HINHAJIBIK PE3SUHAJIAP OHIIPICIHJE YTBIMJIbI AVIAJIAHY MYMKIH/IITT

AnHoTaums. TeHrH3 KeH OpHBIHBIH MYHAibIH OHIIPY KOHE OHJICY Ke3iHIe allblK ajaHIapia CaKTalaThIH
KYKIPTTIiH KOl KaJIbIKTaphl Ty3inemi. ATMochepaHbIH ocepiHeH, sSFHH KOFaphl TeMrepaTypa (kasaa 45-50°C neitin)
MeH Oacka nma (akTopiapAbIH OoCEpiHEH, agaM ICHCAYJIBIFRI MEH KOpIIaFaH OpTara 3USHIBI OCEpiH THTI3eTiH
KYKIPTTIH kel Kocmajapbl Ty3ineni. JKyMmbIcTa KYKIpTTi pe3nHa KOCHACHIH BYJIKaHIAyLIbl areH peTiHae KOJTaHy
MYMKIH/IITT KOPCETIITEH.

KoMIOHEHT KYpaMbIHBIH OpKaHCHIChIHA 06JIeK (KYKIPT jKOHE MYHA IITaMbl) Pe3MHA KOCIIAChIHA dCEPIH KYHei
TYpZE 3epTTey apKbUIbl, KEHII IIMHA OOPTBIHBIH TOJIBIKTHIPFBII OayblH NalbIHAAY Ke3IHJE OHJENTIeH pe3uHa
KOCTIaChIHA, TIPKEJIreH 0acKa Ja MHIPEANEHTTEp CaHbIHA OHTAMIAHIBIPY JKYPTi3ii.

Tenrns kykiprin konmaHy, OUH konpmany ke3iHzne KeMyre MYMKIHAIK O€peTiH ByJKaHAAy KHHETHKAChIH
caKTayFa MYMKIHIOIK Oepxi. TeHrm3 KyKipTiH KoinaHy, COHBIMEH KaTap MJOHIeNeKTiH CBIPTKbl OOPTHIHBIH
KepMeKTIKTiH apTThIpy YILiH Ka)XeT pe3NHaHBIH KaTThUIBIFbIH J)KOFapblIaTa bl

KenelTinren chlHAKTapAbIH HOTHOKENEpi, pe3MHa KOCIIAChIHAA KOJJAHBUIATBIH JIOCTYPIi KYMCApPTKBILITAP.IbI
MYHall IIJJaMbl MEH BYJKaHAAyIIbl areHT pEeTiHIe KOJNAAHBUIATHIH TEHTU3 KYKIPTI HE alMacThIpy MYMKIHIITIH
KepceTTi

TonbIKTBIpFeI  Oayzapl JaliblHAAyFa apHalfaH pe3WHa KOCHACBIHBIH PELENTiHAErT TOJIBIKTBIPFBILITAD
MyYHaHIIUIaMBIHBIH MUHEpabl OeJIirite iliHapa aybICTBIPBUTYBI MYMKIH.

Tyiiin ce3mep: KyKipT, MOJMMEpil KYKIPT, ©HEPKACIOIHIE anblHFAH 3aTTap, IIWHAJBIK, PE3CHKE, PE3CHKE
Kocrasnap, BYyJIKaHM3aTTap, BYJIKAHM3aLMWsUlAy areHTi, BYJIKaHAAy >KyHeci, IPOTEKTOPJBIK pPEe3eHKEe Kocraap,
OpeKepIIbIK Pe3eHKe Kocmanap.

r.3. Typeﬁelcosal, [1.K. Ianaxos’, I'.B. AanamsicoBa', I.1. Ucaes’,
A. Butemuposa’, S. Lyubchyk®, K.C.Eryp6ekosa’, I'.JK. ITycypmanoBa*

'"FOsxH0-KasaxcTanckuii rocy1apcTBeHHbII eaarornyeckuii yanpepeutet, llsivkent, Kasaxcran;

? HOxHo0-KaszaxcraHckuii rocynapcTBeH bl yHIBepenTeT uM. M. AyesoBa,IlIsivkent, Kasaxcras;
*MesxayHapoausiii Kazaxcko-Typerucknit yausepcnter um. Koxa Axmera Scayu, Typkecran, Kazaxcram;
*Silkway mexayHapoausiii yansepeurer, Isivkent, Kasaxcran;
>Yuugepcurer NOVA, Jlucca6on, opryramus

YTUJIM3AIIMS OTXOJ0B HE®TENNEPEPABATBIBAIOIIEN MPOMBIIIJIEHHOCTH ITYTEM
HNCIIOJIb30BAHUS X B ITPON3BO/JCTBE HIMHHBIX PE3HUH.

AHHOTanusi. BakHBIM Hay4YHBIM HarpaBieHHEM He(PTEeXUMHHU SBISETCS NPOW3BOJCTBO IIACTH(UKATOPOB,
MSTYUTENICH, BYJIKAHU3YIOIMX arcHTOB, HANOJHUTEJICH Ha OCHOBE TEXHOICHHBIX OTXOHOB. OJTO MO3BOJISET
pacIIupuTh CBHIPHEBYIO 0a3y, WCIONB30BaTh OONBIINE 3amackl OTXOMOB HedTemepepabOTKH, YMEHBIIHUTH
TEeXHOTCHHOE BO3/ICHCTBHE Ha OKPYXAIOLIYIO CPEly M PELIuTh MpoOlieMy MPOHM3BOJCTBA HMIIOPTO3aMELIAOIINX
MSATYUTENICH O PEe3nHOBOM mNpoMblluleHHOCTH KazaxcraHa. OCOOEHHOCTBIO Ka3aXCTaHCKUXHE(TeH SBISETCS
HOBBIIIEHHOI COfepKaHUe COSANHEHHH CepBhl, BCIEACTBUE Yero 00pa3yeTcsi MHOTO CEPHBIX OTXOIO0B, SBISIOIINMHUC
IKOJIOTHYECKH OIIACHBIMH IIPH OTKPBHITOM XpaHeHHWH. B Hameidl paboTe myTeM MOCIEOBATEIBHOTO H3YYCHUS
BJIMSIHMSL Ha CBOMCTBA PE3WH COJEPIKaHMS KaXIOTO M3 KOMIIOHEHTOB B OTAEIBHOCTH (cepbl M Hedrenuiama) mpu
(MKCHPOBAHHBIX KOJIMYECTBAX JPYrMX WHIPEJMEHTOB ObLIa MPOBEJCHA ONTHMH3ALUS PELENnTyp pa3paboTaHHBIX
PE3NHOBBIX cMecei 1A U3IrOTOBJICHUA HAIIOJIHUTCIIBHOTO IIHYpa 60pTaﬂeFKOBbIX muH, C OCJIBKO BBIABJIICHUSA
ONTHMAJIBHOTO KOJHMYecTBa opraHudeckoil dyactu Hedremmiama(OUYH) B cocraBe pe3MHOBBIX cMeceil Obun
MIOJTy4EeHbI PE3MHOBBIE CMECH ¢ pa3indHbIM coaepxkanneM OUH. ITnactiudukaTopbl u MaryuTeny ObIIM 3aMEHEHBI HA
OYH. Taxxe B peuentypax pe3MHOBBIX CMeCEeH B KaueCTBE BYJKAHHW3YIOIIETO areHTa Oblia MCIOJIB30BaHA CMECh
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MOJMMEPHON U KOJJIOMIHOMN Cephbl TEHTU3CKOI0 MECTOPOXKICHUS. Pe3ybTaThl pACIIMPEHHBIX UCIIBITAHUI MOKA3aIN
BO3MOXKHOCTh 3aMEHBI TPAJAUIHMOHHO HCIOJIb3YEMBIX B PE3WHOBBIX CMECSX MATYHUTENICH HAa OPraHUYECKYIO 4YacTh
HedTelnIaMa U KCIOJIb30BaHUS TEHTH3CKOH Cepbl B BU/IEC BYJIKAHU3YOLIETO areHTa.

KuaroueBble cioBa: opranudeckas 4yacth Hedrenwiama (OUH), HedTeuwaMpl, MIrduTend, BYJIKaHU3YIOMINI
areHT, TEHTU3CKasl cepa, BYJIKAHU3YIOIIasi CUCTEMa, PE3UHOBAsi CMECh, HATIOJIHUTENbHbII LIHYp, OOPT.
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