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NAS RK is 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. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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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 20ºC 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 45-50ºC), 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 - - - - - 
AcetonilР 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 vulcanization 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 

controlling 
1-v 2-v 3-v 4-v 5-v 

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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МҰНАЙ ӨНДІРУ МЕН МҰНАЙ ӨҢДЕУ ҚАЛДЫҚТАРЫН 
ШИНАЛЫҚ РЕЗИНАЛАР ӨНДІРІСІНДЕ ҰТЫМДЫ ПАЙДАЛАНУ МҮМКІНДІГІ 

 
Аннотация. Тенгиз кен орнының мұнайын өндіру жəне өңдеу кезінде ашық алаңдарда сақталатын күкірттің көп 

қалдықтары түзіледі. Атмосфераның əсерінен, яғни жоғары температура (жазда 45-500С дейін) мен басқа да 
факторлардың əсерінен, адам денсаулығы мен қоршаған ортаға зиянды əсерін тигізетін күкірттің көп қоспалары түзіледі. 
Жұмыста күкіртті резина қоспасын вулкандаушы аген ретінде қолдану мүмкіндігі көрсетілген. 

Компонент құрамының əрқайсысына бөлек (күкірт жəне мұнай шламы) резина қоспасына əсерін жүйелі түрде 
зерттеу арқылы, жеңіл шина бортының толықтырғыш бауын дайындау кезінде өңделген резина қоспасына, тіркелген 
басқа да ингредиенттер санына оңтайландыру жүргізілді. 

Тенгиз күкіртін қолдану, ОЧН қолдану кезінде кемуге мүмкіндік беретін вулкандау кинетикасын сақтауға 
мүмкіндік берді. тенгиз күкіртін қолдану, Сонымен қатар дөңгелектің сыртқы бортының Кермектіктің арттыру үшін 
қажет резинаның қаттылығын жоғарылатады. 

Кеңейтілген сынақтардың нəтижелері, резина қоспасында қолданылатын дəстүрлі жұмсартқыштарды мұнай шламы 
мен вулкандаушы агент ретінде қолданылатын тенгиз күкірті не алмастыру мүмкіндігін көрсетті  

Толықтырғыш бауды дайындауға арналған резина қоспасының рецептіндегі толықтырғыштар мұнайшламының 
минералды бөлігіне ішінара ауыстырылуы мүмкін. 

Түйін сөздер:күкірт, полимерлі күкірт, өнеркəсібінде алынған заттар, шиналық, резеңке, резеңке қоспалар, 
вулканизаттар, вулканизациялау агенті, вулкандау жүйесі, протекторлық резеңке қоспалар, брекерлық резеңке қоспалар. 
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ВОЗМОЖНОСТИ РАЦИОНАЛЬНОГО ИСПОЛЬЗОВАНИЯ ОТХОДОВ НЕФТЕДОБЫЧИ И 
НЕФТЕПЕРЕРАБОТКИ В ПРОИЗВОДСТВЕ ШИННЫХ РЕЗИН 

 

Аннотация. При добыче и переработки нефти Тенгизского месторождения образуется много отходов серы, которая 
хранится на открытых площадках. Под воздействием атмосферы, высокой температуры (летом до 45-500 С) и др. 
факторов образуется много соединений серы вредных для здоровья человека и окружающей среды. В работе показана 
возможность использования серы в виде вулканизующего агента резиновых смесей. 

Путем последовательного изучения влияния на свойства резин содержания каждого из компонентов в отдельности 
(серы и нефтешлама) при фиксированных количествах других ингредиентов была проведена оптимизация разработанных 
резиновых смесей для изготовления наполнительного шнура борта легковых шин.  

Применение тенгизской серы позволило сохранить кинетику вулканизации, которая могла бы снизиться при 
применении ОЧН. Также применение тенгизской серы позволило повысить твердость резин, которая необходима для 
повышения жесткости борта автопокрышки. 

Результаты расширенных испытаний показали возможность замены традиционно используемых в резиновых смесях 
мягчителей на органическую часть нефтешлама и использования тенгизской серы в виде вулканизующего агента. 
Наполнители в рецептуре резиновых смесей для изготовления наполнительного шнура могут быть частично заменены на 
минеральную часть нефтешлама. 

Ключевые слова: сера, полимерная сера, продукты нефтедобычи, шинные резины, резиновая смесь, вулканизат, 
вулканизующий агент, вулканизующая система, брекерная резиновая смесь, протекторная резиновая смесь. 
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