News of the Academy of sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2019.2518-1491.2
Volume 1, Number 433 (2019), 16 — 20

UDC 661.2

G.Z. Turebekova', Sh.K. Shapalov’, G.B. Alpamysova', G.I. Issayev’,
A. Bitemirova®*, S. Lyubchyk®, Zh.S. Yergubekova®, G.Zh. Pusurmanova*

'South Kazakhstan state pedagogical university,Shymkent, Kazakhstan;
2Silkway international university, Shymkent, Kazakhstan;
3International Kazakh-Turkish University named after H. A. Yassavi, Shymkent, Kazakhstan;
M. Auezov South Kazakhstan State University Shymkent, Shymkent, Kazakhstan,
*NOVA University, Lisbon, Porturgalia
g.ture@mail.ru.ru, shermahan_1984(@ mail.ru, galpamysova@inbox.ru, g_isayev(@inbox.ru, aliya.bitemirova@bk.ru
kkerimbayeva@bk.ru, sve_lubchik@yahoo.com,adayrabayeva@bk.ru, yergubayeva@bk ru, pusurmanova.gulzhamal@bk.ru,

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.c., 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.¢., 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
“PetroKazakhstanQilProducts” 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 mem) 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
Con_trol 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 - 12 1,6 20 2.2 24
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 20 20 20 20 20
Softener ASMG 4,0 4,0 4,0 4,0 4,0 4,0
Organic share of the oil
sludge - 40 5,0 6.0 6.5 7.0
Oil PN-6SH 4,0 - - - - -
Acetone anil R 2.0 20 20 20 20 20
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/em?, 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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MYHAI 6HJIPY MEH M¥HA OHJEY KAJIJILIKTAPBIH
IIUHAJBIK PESHHAJIAP OHJIIPICIHAE YTHIM/IbI HAHJIAJAHY MYMKIHITT

AnnoTtanust. TeHI'H3 KEH OPHBIHBIH MYHAHBIH OHIIPY KOHE 6HICY KE3IHAC ambIK ANAHJAPAA CAKTaNAThIH
KYKIiPTTiH KO KAJIBIKTAPI TY3i1ei. ATMOC(EPAHBIH OCEPIHEH, SFHHU JKOFAPHI TeMIepaTypa (xasa 45-50°C meitin)
MCH 0acka ma (DaKTOPIApHBIH OCCPIHCH, agaM ACHCAVJBIFRI MCH KOPIIAFAaH OpTaFa 3HSHIBI OCCPIH THTI3CTIH
KYKIPTTIH K6l KocHamapsl Ty3iremi. KyMbICTa KYKIPTTI pe3WHA KOCHACHIH BYJIKAHAAYIIBI arcH PETIHAC KOITAHY
MYMKIHZIT KOPCETINTeH.

KoMMOHCHT KYpaMBIHBIH OPKAHCHICHHA 06JICK (KYKIPT JKOHC MYHAH NIJTAMBI) PS3HHA KOCHACHIHA OCCPiH KYHemi
TYPAE 3EpTTEY APKBLIBL, JKCHUT IMHWHA OOPTHIHBIH TOJBIKTBIPFBIN OAaybIH JAMBIHAAY KE3IHAC OHICIITCH pPE3HUHA
KOCTIAChIHA, TIPKEITCH 0ACKA Ja HHTPEANCHTTEP CAHBIHA OHTAHIAHABIPY >KYPTI3LTIiL.

Tenrm3 kykiptiH kommaHy, OUH xonmany ke3iHae KeMyre MYMKIHAIK OEpETiH BYJIKAHIAY KHHCTHKACHIH
CcakTayra MYMKIHOIK Ocpai. TCHrH3 KYKIpTiH KoimaHy, COHBIMCH KaTap MOHICICKTIH CBIPTKBI OOPTHIHBIH
KepMekTiKkTiH apTTHIpy YIIIH KAKET PE3HHAHBIH KATTHLUIBIFBIH )KOFAPBIIATA IbL.

KeHeHTINTeH ChIHAKTapAbIH HOTIDKENIEPI, PEe3WHA KOCTACHIHAA KOJNAAHBIIATHIH JOCTYPIl MKYMCAPTKBIIITAPIbI
MyHall OIIaMbl MCH BYJIKAHIAYIOBI ATCHT PETIHAC KOJJAHBUIATHIH TCHTHM3 KYKIPTI HE aJIMACTBIPY MYMKIHIITIH
KepceTTi

TONBIKTEIpFRIII  OayAbl AAWBIHAAYFA APHAIFAH PE3MHA KOCHACHIHBIH PEIEHTIHACTI  TOIBIKTBHIPFBIITAP
MYHAHIIITAMBIHBIH, MHHEPAIBI OOITIHE IMiHAPA Ay BICTHIPBLTY Bl MYMKIH.

Tyiiin cezaep: KyKipT, MOJIMMEPNIi KYKIPT, OHECPKACIOIHAC AaIbIHFAH 3aTTap, INMHAIBIK, PE3CHKE, PE3CHKE
KOcTlanap, BYJIKAHHW3aTTap, BYJIKAHM3AUWSUIAY AarcHTL, BYJKAHAAY >KYHMECi, IPOTEKTOPJBIK PE3CHKE KOCIanap,
OpeKepIbIK PE3CHKE Kocmaap.
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YTHJIHU3AIIUA OTXO0B HE®TEINNEPEPABATBHIBAIOIIEN MPOMBIILJIEHHOCTH ITYTEM
HCIIOJBb30BAHMA UX B TPOU3BOACTBE HNIMHHBIX PE3UH.

AHHOTaHI/Iﬂ. Baxuasivm HAY'IHBIM HAMPABJICHUCM HG(I)TGXI/IMI/II/I ABJLICTCA TPOU3BOACTBO HJIaCTI/I(I)I/IKaTOPOB,
MATYUTENCH, BYJKAHH3YIOIIMX ArCHTOB, HAMOJHHTCICH HA OCHOBE TCXHOTCHHBIX OTXOZOB. JTO MO3BOJACT
pacIIMpUTh CHIPHEBYEO 0a3y, HCIOJB30BaTh OOJBIIHC 3amackl OTXOAOB HedrTemepepabOTKH, YMCHBIIUTH
TCXHOTCHHOC BO3JACHCTBHC HA OKPYKAIOMYIO CPEAy M PCHINTh IPOOJICMY IPOHM3BOACTBA HMMITOPTO3AMCHIAFOLINX
MATYHTENCH Ui Pe3nHOBOH mpoMbinuieHHOCTH Kazaxcrana. OcCOOCHHOCTBIO Ka3aXCTAHCKUXHE(TEH SBIACTCSA
MOBBINICHHOKH COACPIKAHUC COGI[I/IHGHI/IfI CCPBL, BCICACTBHC YICTO o6pasyeTc;1 MHOTO CCPHBIX OTXOA0B, ABJIAFOIIAMHUCS
JKOJIOTHYCCKH OIACHBIMH TPH OTKPBHITOM XpaHcHWH. B Hameil pafoTe myTeM NOCICAOBATCIRHOTO H3YUCHHS
BIHSHHA HA CBOWCTBA PC3MH COACPIKAHMA KAXKAOTO M3 KOMIIOHCHTOB B OTACIBHOCTH (CCpPHI M HE()TCHUIAMA) TPH
(PHKCHPOBAHHBIX KOJHYCCTBAX APYTHX HHTPCIUCHTOB OBLTA MPOBCACHA ONTHMH3ALKSA PCUCHTYDP Pa3pabOTaHHBIX
PE3HHOBBIX cMeceit A1 A3TOTOBJICHUA HAMOJHHUTCIIBHOTO IIHYPA 60pTaJIeFKOBI>IX mun, C LOCIbK BBIABIICHHUA
ONTHUMAJNBHOTO KOJHMYECTBA opraHmdeckoil dactu sHe(remmama(OUYH) B cocraBe pe3WHOBBIX cMeced ObIm
TIOJIy YCHBI PE3HHOBBIC CMECH € pasznmiHbIM coaepxanueM OUH. [TnacTudukaTops! 1 MaryuTe M OBIIM 3aMECHEHBI HA
OUH. Taxke B peHeHTypax PE3HHOBBIX CMECCH B KaUCCTBC BYJIKAHM3YIOMICTO arcHTa ObLIA WCIOJB30BAHA CMCECH
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MOJTMMEPHON ¥ KOJUIOMIHON CEPbl TCHTH3CKOTO MECTOPOIKACHUS. Pe3yIbTaThl PACIIUPSHHBIX UCTIBITAHUI TOKA3aIH
BO3MOKHOCTH 3daMCHBI TPAOUIHOHHO HCHOJB3YCMBIX B PC3HHOBBIX CMCCAX MATYHTCIICH HA OPraHuvcCKyr0 4acThb
He(TEIIIAMA U MCIIOb30BAHUS TCHTH3CKON CEPhI B BUIC BY TKAHU3YIOIICTO ATCHTA.

KmoueBnie cioBa: opranudeckas 4yacth Heremmmama (OYH), HedremamMpl, MATYHTCIIH, BYIKAHH3Y LA
ATCHT, TCHTU3CKAA Cepa, BYIKAHARYIOIIAS CHCTEMA, PE3HHOBAA CMECh, HAMIOTHUTCIIBHBIN IIHYD, OOPT.
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