
ISSN 2518-1491 (Online), 
ISSN 2224-5286 (Print)

«ҚАЗАҚСТАН РЕСПУБЛИКАСЫ 
ҰЛТТЫҚ ҒЫЛЫМ АКАДЕМИЯСЫ» РҚБ

«ХАЛЫҚ» ЖҚ

Х А Б А Р Л А Р Ы

 
 
 

SERIES 
CHEMISTRY AND TECHNOLOGY

3 (456)
JULY –  SEPTEMBER 2023

PUBLISHED SINCE JANUARY 1947

PUBLISHED 4 TIMES A YEAR

ALMATY, NAS RK

ИЗВЕСТИЯ
РОО «НАЦИОНАЛЬНОЙ АКАДЕМИИ 
НАУК РЕСПУБЛИКИ КАЗАХСТАН»
ЧФ «Халық»

N E W S
OF THE ACADEMY OF SCIENCES OF 

THE REPUBLIC OF KAZAKHSTAN
«Halyk» Private Foundation



2

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

ЧФ «ХАЛЫҚ»

В 2016 году для развития и улучшения качества жизни казахстанцев был 
создан частный Благотворительный фонд «Халык». За годы своей деятельности 
на реализацию благотворительных проектов в областях образования и науки, 
социальной защиты, культуры, здравоохранения и спорта, Фонд выделил более 
45 миллиардов тенге.

 Особое внимание Благотворительный фонд «Халык» уделяет образовательным 
программам, считая это направление одним из ключевых в своей деятельности. 
Оказывая поддержку отечественному образованию, Фонд вносит свой посильный 
вклад в развитие качественного образования в Казахстане. Тем самым способствуя 
росту числа людей, способных менять жизнь в стране к лучшему – профессионалов 
в различных сферах, потенциальных лидеров и «великих умов». Одной из 
значимых инициатив фонда «Халык» в образовательной сфере стал проект 
Ozgeris powered by Halyk Fund – первый в стране бизнес-инкубатор для учащихся 
9-11 классов, который помогает развивать необходимые в современном мире 
предпринимательские навыки. Так, на содействие малому бизнесу школьников 
было выделено более 200 грантов. Для поддержки талантливых и мотивированных 
детей Фонд неоднократно выделял гранты на обучение в Международной школе 
«Мирас» и в Astana IT University, а также помог казахстанским школьникам 
принять участие в престижном конкурсе «USTEM Robotics» в США. Авторские 
работы в рамках проекта «Тәлімгер», которому Фонд оказал поддержку, легли в 
основу учебной программы, учебников и учебно-методических книг по предмету 
«Основы предпринимательства и бизнеса», преподаваемого в 10-11 классах 
казахстанских школ и колледжей. 

  Помимо помощи школьникам, учащимся колледжей и студентам Фонд 
считает важным внести свой вклад в повышение квалификации педагогов, 
совершенствование их знаний и навыков, поскольку именно они являются 
проводниками знаний будущих поколений казахстанцев. При поддержке Фонда 
«Халык» в южной столице был организован ежегодный городской конкурс 
педагогов «Almaty Digital Ustaz. 

  Важной инициативой стал реализуемый проект по обучению основам 
финансовой грамотности преподавателей из восьми областей Казахстана, что 
должно оказать существенное влияние на воспитание финансовой грамотности и 
предпринимательского мышления у нового поколения граждан страны. 

 Необходимую помощь Фонд «Халык» оказывает и тем, кто особенно остро 
в ней нуждается. В рамках социальной защиты населения активно проводится 
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работа по поддержке детей, оставшихся без родителей, детей и взрослых из 
социально уязвимых слоев населения, людей с ограниченными возможностями, а 
также обеспечению нуждающихся социальным жильем, строительству социально 
важных объектов, таких как детские сады, детские площадки и физкультурно-
оздоровительные комплексы. 

  В копилку добрых дел Фонда «Халык» можно добавить оказание помощи 
детскому спорту, куда относится поддержка в развитии детского футбола и карате 
в нашей стране. Жизненно важную помощь Благотворительный фонд «Халык» 
оказал нашим соотечественникам во время  недавней пандемии COVID-19. Тогда, 
в разгар тяжелой борьбы с коронавирусной инфекцией Фонд выделил свыше 11 
миллиардов тенге на приобретение необходимого медицинского оборудования 
и дорогостоящих медицинских препаратов, автомобилей скорой медицинской 
помощи и средств защиты, адресную материальную помощь социально уязвимым 
слоям населения и денежные выплаты медицинским работникам.

В 2023 году наряду с другими проектами, нацеленными на повышение 
благосостояния казахстанских граждан Фонд решил уделить особое внимание 
науке, поскольку она является частью общественной культуры, а уровень ее 
развития определяет уровень развития государства. 

Поддержка Фондом выпуска журналов Национальной Академии наук 
Республики Казахстан, которые входят в международные фонды Scopus и 
Wos и в которых публикуются статьи отечественных ученых, докторантов и 
магистрантов, а также научных сотрудников высших учебных заведений и 
научно-исследовательских институтов нашей страны является не менее значимым 
вкладом Фонда в развитие казахстанского общества.

С уважением, 
Благотворительный Фонд «Халык»
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Abstract. In this paper, the effect of regenerate on the properties of rubber compounds
and their vulcanizates is studied. The use of regenerate in rubber mixtures allows you 
to speed up the mixing process. Since the regenerate contains dispersed ingredients, 
the energy consumption is reduced. The use of regenerate improves the technological 
properties of mixtures (syringing, calendering), increases the rate of vulcanization, 
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reduces the tendency to sub-vulcanization, reduces the consumption of chemicals. 
Vulcanizates containing regenerate are characterized by higher resistance to oxidation 
and thermal aging, however, elasticity, tensile and tear strength, abrasion resistance and 
fatigue strength decrease. The decrease in strength limits the use of regenerate. When 
the regenerate is introduced into rubber mixtures, the speed of their mixing increases. 
When introducing regenerate into rubber mixtures, increased rates of syringing and 
calendering can be used with good preservation of the profile of the molded workpiece.

The conducted studies have shown that from a technological and economic point of 
view, the manufacture of a composite material based on a regenerate with a soapstock 
is justified. Physical and mechanical parameters are improved: conditional tensile 
strength, elongation at break and hardness. Compositions that do not contain regenerate 
have satisfactory properties. When 50 mass parts of regenerate per 100 mass parts of 
rubber are introduced into the composition, compositions with a good combination of 
conditional strength and elongation indicators are obtained, but such a composition has 
an unsatisfactory hardness index. The use of secondary raw materials in the composition 
of compositions (regenerate with soapstock) allows us to recommend them for the 
manufacture of various rubber products. The use of waste also makes it possible to 
increase the efficiency of the use of secondary raw materials and solve environmental 
problems.

Keywords: vegetable oil production waste, regenerate, regenerate with soapstock, 
hardness, viscosity, elongation, natural rubber. 
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РЕГЕНЕРАТТЫҢ РЕЗИНА ҚОСПАЛАРЫ МЕН ОЛАРДЫҢ 
ВУЛКАНИЗАТТАРЫНЫҢ ҚАСИЕТТЕРІНЕ ӘСЕРІ

Аннотация. Бұл жұмыста регенераттың резина қоспалары мен олардың 
вулканизаттарының қасиеттеріне әсері зерттелген. Резина қоспаларында 
регенератты қолдану, араластыру процесін жылдамдатуға мүмкіндік береді. 
Регенерат құрамында дисперсті ингредиенттер болғандықтан, энергия шығыны 
азаяды. Регенератты қолдану қоспалардың технологиялық қасиеттерін жақсартады 
(сығымдалғыштығы, каландрлеу), вулкандау жылдамдығын арттырады, 
вулкандауға бейімділікті төмендетеді, химиялық заттарды тұтынуды азайтады. 
Құрамында регенерат бар вулканизаттар тотығуға және термиялық қартаюға 
төзімділіктің жоғарылауымен сипатталады, бірақ серпімділік, созылу және 
жыртылу беріктігі, жұлмалауға қарсылығы және қажуға төзімділігі төмендейді. 
Беріктіктің төмендеуі регенератты қолдануды шектейді. Регенератты резина 
қоспаларына енгізген кезде олардың араластыру жылдамдығы артады. Резина 
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қоспаларына регенератты енгізген кезде, қалыпталған дайындаманың профилін 
жақсы сақтай отырып, шприцтеу мен каландрлаудың жоғары жылдамдығын 
қолдануға болады.

Зерттеулер көрсеткендей, технологиялық және экономикалық тұрғыдан 
соапстокпен регенерат негізінде композициялық материал жасау негізделген. 
Физика - механикалық көрсеткіштер: шартты созылу беріктігі, үзілу кезіндегі 
салыстырмалы созылу және қаттылық жақсарады. Құрамында регенераты жоқ 
композициялар қанағаттанарлық қасиеттерге ие болып табылады. Каучуктің 100 
массалық үлесіндегі композиция құрамына регенераттың 50 массалық үлесін 
енгізген кезде шартты беріктік пен салыстырмалы ұзарту көрсеткіштерінің жақсы 
үйлесімі бар композициялар алынады, бірақ мұндай композиция қаттылықтың 
қанағаттанарлықсыз көрсеткішіне ие. Композиция құрамында екіншілік шикізатты 
(соапстокпен регенерат) пайдалану оларды әртүрлі резина бұйымдарын жасауға 
ұсынуға мүмкіндік береді. Қалдықтарды пайдалану сонымен қатар екіншілік 
шикізатты пайдалану тиімділігін арттыруға және қоршаған ортаны қорғау 
мәселелерін шешуге мүмкіндік береді.

Түйінді сөздер: өсімдік майы өндірісінің қалдықтары, регенерат, соапстокпен 
регенерат, қаттылық, тұтқырлық, салыстырмалы ұзарту, табиғи каучук. 
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ВЛИЯНИЕ РЕГЕНЕРАТА НА СВОЙСТВА РЕЗИНОВЫХ 
СМЕСЕЙ И ИХ ВУЛКАНИЗАТОВ

Аннотация.  В данной работе изучено влияние регенерата на свойства 
резиновых смесей и их вулканизатов. Применение регенерата в резиновых 
смесях позволяет ускорить процесс смешения. Поскольку регенерат содержит 
диспергированные ингредиенты, затрата энергии уменьшается. Использование 
регенерата улучшает технологические свойства смесей (шприцуемость, 
каландруемость), повышает скорость вулканизации, уменьшает склонность 
к подвулканизации, сокращает расход химикатов. Вулканизаты, содержащие 
регенерат, характеризуются более высокой стойкостью к окислению и тепловому 
старению, однако снижаются эластичность, предел прочности при растяжении 
и раздире, сопротивление истиранию и усталостная прочность. Снижение 
прочности ограничивает применение регенерата. При введении регенерата в 
резиновые смеси увеличивается скорость их смешения. При введении в резиновые 
смеси регенерата можно применять повышенные скорости шприцевания и 
каландрования при хорошем сохранении профиля формуемой заготовки. 

Проведенные исследования показали, что с технологической и экономической 
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точек зрения оправдано изготовление композиционного материала на основе 
регенерата с соапстоком. Улучшаются физико - механические показатели: условная 
прочность при растяжении, относительное удлинение при разрыве и твердость. 
Композиции, не содержащие регенерат, обладают удовлетворительными 
свойствами. При введении в состав композиции 50 массовых частей регенерата 
на 100 массовых частей каучука получаются композиции с хорошим сочетанием 
показателей условной прочности и относительного удлинения, но такая композиция 
обладает неудовлетворительным показателем твердости. Использование в составе 
композиций вторичного сырья (регенерат с соапстоком) позволяет рекомендовать 
их для изготовления различных резинотехнических изделий. Использование 
отходов также позволяет повысить эффективность использования вторичного 
сырья и решать проблемы охраны окружающей среды.

Ключевые слова: отходы производства растительного масла, регенерат, 
регенерат с соапстоком, твердость, вязкость, относительное удлинение, натураль
ный каучук. 

Introduction
There is a continuous accumulation of worn tires in the world. They represent the 

largest-tonnage production of polymer-containing waste, practically are not exposed to 
natural decomposition. So, the recycling and reuse of decommissioned tires is of great 
economic and environmental importance. Tires are a valuable polymer raw material: 
1 ton of tires contains 700 kg of rubber, which can be reused for the production of 
rubber products (RP) and construction materials. At the same time, if you burn 1 ton of 
worn tires, 270 kg of soot and 450 kg of toxic gases are released into the atmosphere 
[Kuznetsova, 2016].

Recycling of worn-out tyres is carried out on the tyre grinding line with a view to 
receive comminuted rubber and for its further conversion on a reclamation machine with 
next reclaim manufacture. The reclaim is a ductile material capable of being exposed 
to treatment, vulcanized with the administration of activating and curing agents into it. 
It is applied to partially or completely substitute raw rubbers of the same name in the 
manufacture of different general mechanical rubber goods [Sadan, 2001]. 

The reclaim application in rubber compounds affords to quicken the mixing process. 
As it comprises dispersed ingredients, energy discharge is decreased. The reclaim 
application enhances the technological properties of compounds (calenderability, 
extrudability), raises the rate of vulcanization, decreases the tendency to premature 
vulcanization, decreases the consumption of chemicals. Vulcanizates comprising the 
reclaim are marked by a higher resistance to oxidation and heat ageing, however, 
elasticity, tensile and tear strength, abrasion resistance and fatigue strength are 
decreased. The decrease in strength limits the reclaim application [Rivin, 1994]. With 
the reclaim introduction into rubber compounds, the rate of their mixing raises. With 
the reclaim introduction into the rubber compounds, it is possible to apply raised rates 
of extruding and calendering with good preservation of the molded workpiece profile. 
Only irresponsible products are mainly prepared from one reclaim: carpets, carpet 
runners, semi-solid pipes for insulation, garden sleeves [https://perfiliev.moy.su/publ/1-
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1-0-8] and for the manufacture of rubber plates, mats, linings, also bituminous products 
widely applied in road and construction infrastructure [Kuznetsova, 2016, Minigaliev, 
2009, Shashok, 2013]. 

The research objective is to investigate  the effect of reclaim additives with soap 
stock on the properties of rubber compounds based on natural rubber. 

Research materials and methods. The main research subject is elastomeric 
compositions comprising in their composition reclaim and soap stock – waste from the 
oil and fat industry – LLP Aray, Shymkent [Sagitova, 2022, Kalmataeva, 2022]. Such 
material affords to reduce material costs for the purchase of expensive raw materials 
(raw rubber).

The research was carried out applying the following methods: 
- Mooney viscosity test was carried out by rotational viscometry in accordance with 

GOST R54552-2011 [GOST R54552-2011, 2013],
- The elastic-strength characteristics of the samples were determined on a tensile 

testing machine in accordance with GOST 270-75 [GOST270-75, 1975],
- The resistance of the samples to heat ageing in air was evaluated by the change 

in relative elongation at break and conditional tensile strength after holding them in a 
thermostat at a temperature of 90°C for 72 hours, the test was carried out in accordance 
with GOST 9.024-74 [GOST 9.024-74, 1974],

- Shore hardness [GOST 263-75].
The tyre reclaim was obtained in a double-screw mixer with simultaneous cooling by 

heat transfer to the design elements of the double-screw mixer. The rubber compound was 
obtained on rollers [GOST 14333-79E. Rubber processing rollers]. The vulcanization of 
the rubber compound was carried out on an RDE 800x800 electric vulcanization press. 

Results and their discussion. The research is aimed at studying the possibility of 
applying secondary raw materials (reclaim with soap stock) in the formulation for the 
manufacture of general mechanical rubber goods. We developed formulations and studied 
the physical and mechanical properties of compositions intended for the production of 
general mechanical rubber goods. The following elastomeric compositions were made: 
based on raw rubber, raw rubber and reclaim with soap stock, reclaim with soap stock 
with different ratios, while also changing the quantitative ratios of vulcanizing agents and 
other ingredients of the compositions. The formulations of the developed compositions 
and their physical and mechanical properties are shown in Tables 1-4. The reclaim RS 
(reclaim with soap stock) [Sagitova, 2022] can be added over the existing compound with 
a change in curing group (Table 1). It can also be applied as a partial substitute for natural 
rubber, with a change in the content of the rubber substance  (Table 2). 

Table 1. Recipe for a rubber mixture with the addition of regenerate
Name of ingredients Mass parts per 100 wt. h. of rubber

The standard 1 2 3 4 5 6
Natural raw rubber 100 100 100 100 100 100 100
Tech carbon 50 50 50 50 50 50 50
Aromatic oil 5 5 5 5 5 5 5
Zinc oxide 5 5 5 5 5 5 5
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Stearic acid 2 2 2 2 2 2 2
Diaphene 1 1 1 1 1 1 1
Neozon D 2 2 2 2 2 2 2
Paraffin 2,5 2,5 2,5 2,5 2,5 2,5 2,5
The reclaim RS - 5 10 20 30 40 50
Sulfenamide M 1,5 1,54 1,58 1,66 1,74 1,82 1,9
Sulfur 1,5 1,54 1,58 1,66 1,74 1,82 1,9

Table 2 shows the recipe of a rubber compound with the replacement of regenerate.

Table 2. The recipe of the rubber mixture with the replacement of the regenerate
Name of ingredients Mass parts per 100 wt. h. of rubber

The standard 1 2 3 4 5 6
Natural raw rubber 100 97,5 95 90 85 80 75
Tech carbon 50 50 50 50 50 50 50
Aromatic oil 5 5 5 5 5 5 5
Zinc oxide 5 5 5 5 5 5 5
Stearic acid 2 2 2 2 2 2 2
Diaphene 1 1 1 1 1 1 1
Neozon D 2 2 2 2 2 2 2
Paraffin 2,5 2,5 2,5 2,5 2,5 2,5 2,5
The reclaim RS - 5 10 20 30 40 50
Sulfenamide M 1,5 1,5 1,5 1,5 1,5 1,5 1,5
Sulfur 1,5 1,5 1,5 1,5 1,5 1,5 1,5

The following are the results of studies for elastomeric compositions. Technological 
(Figure 1) and physico-mechanical properties of the studied compositions are given in 
Table 3,4.

The conducted research showed that, from a technological and economic point of 
view, the production of a composite material based on reclaim with soap stock is justified. 
The physical and mechanical properties are improved: conditional tensile strength, 
relative elongation at break and hardness. Compositions that do not comprise reclaim 
have satisfactory properties. With the introduction of 50 mass parts of the reclaim per 
100 mass parts of raw rubber into the composition, compositions are obtained with a 
good combination of relative strength and relative elongation, but such a composition 
has an unsatisfactory hardness index. This is probably due to the fact that the elastomeric 
composite material, which comprises, along with raw rubber, secondary raw materials, 
including the reclaim, has a fairly dense spatial network, which has a positive effect 
on the physical and mechanical properties. In terms of structure, composition and 
properties, the reclaim is similar to the rubber compounds applied for the manufacture 
of new products. During regeneration, thermal destruction occurs, sulfur bridges are 
destroyed, the energy of intermolecular bonds of raw rubber-sulfur decreases in the 
reclaim. Many of the newly formed bonds in the reclaim are carbon-carbon. Rubber 
regeneration accelerators reduce the duration or temperature of the process, reduce 
softener consumption, improve the technical qualities of the reclaim and rubber with 
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its additives. Consequently, the properties of rubber compounds comprising the reclaim 
are improved. 

44 44 45 45 45 46 47 47
49 48

51 50
53 52

0

10

20

30

40

50

60

The standard 1 2 3 4 5 6

Recipe for a rubber mixture with the addition of regenerate
The recipe of the rubber mixture with the replacement of the regenerate

Figure 1. Diagram of the dependence of viscosity on the content of regenerate RS

Table 3. Рhysical-mechanical parameters of the composition of the composite material with the 
addition of regenerate

Name of indicators Standard Sample Number
The standard 1 2 3 4 5 6

Рhysical-mechanical parameters of the composition
Conditional strength, MPa nevertheless 

7,0 8,28 7,1 7,7 7,09 8,1 8,3 8,45

Relative elongation, % nevertheless 
250 288 250 255 260 265 270 297

Shore hardness, cond.un. 58 - 73 64 69 73 71 75 69 64
Elongation at break after thermal 
aging in air at 90 °C for 72 hours, % 227 228 228 229 231 232 233

As can be seen, based on the results obtained, it can be concluded that the composition 
of experiment № 6 has the optimal physical and mechanical properties (Table 3).

From the data obtained, it can be seen that all the studied RS compositions impart 
approximately the same strength to vulcanizates (Tables 3 and 4) and afford to partially 
substitute raw rubber with RS.

Table 4. Рhysical-mechanical parameters of the composition of the composite material with the 
replacement of the reclaim

Name of indicators Standard Sample Number
The 
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1 2 3 4 5 6
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Conditional strength, MPa nevertheless 
7,0 8,26 7,0 7,2 7,03 7,6 8,35 8,4

Relative elongation, % nevertheless 
250 287 240 201 241 242 249 296

Shore hardness, cond.un. 58 - 73 63 68 72 70 74 68 63
Elongation at break after thermal 
aging in air at 90 °C for 72 hours, % 227 227,5 227,8 228 230 231 232

Conclusion. Thus, the application of secondary raw materials (reclaim with soap 
stock) in the compositions affords to recommend them for the manufacture of different 
general mechanical rubber goods. The application of waste also affords to raise the 
efficiency of the application of secondary raw materials and solve environmental 
problems. 

It should be noted that the application of reclaim with soap stock affords saving raw 
rubber, fillers and plasticizers when applied in rubber compounds, which significantly 
reduces the cost of finished products. The application of reclaim with soap stock in 
rubber compounds raises the resistance to atmospheric ageing, oxidation, and elevated 
temperature; raise resistance to crack propagation. During calendering, extrusion 
and vulcanization, the devulcanizate reduces the shrinkage of compounds and the 
consumption of the accelerator. With the introduction of RS, bubble formation and 
undermolding decrease, the mixing and vulcanization rate raises, which results in a 
decrease in energy discharge. Thus, it is widely applied in rubber compounds and in the 
production of new tyres as a substitute for raw rubber. At that, devulcanizate from tyre 
crumb is 4 times cheaper than raw rubber. Therefore, there is a reliable and permanent 
economic factor for the application of devulcanizate in the domestic rubber and tyre 
industry.

As part of this task, at the present time at the chair “Technology of inorganic and 
petrochemical industries” in accordance with the state-financed research B-21-03-01 on 
the topic “Development of technology for the production of polyfunctional gel-forming 
polyelectrolytes, surfactants, composite polymer materials, high-tech rubber compounds 
and ingredients for rubber industry” research is being conducted on the application of 
fat and oil production waste as ingredients of elastomer compositions. The main task in 
developing a rubber formulation is to find the optimal balance between the physical and 
mechanical properties of rubber that meet the set requirements, technological properties 
that meet the conditions of the current production process, and economic efficiency. At 
that, we should strive for maximum unification of the properties of rubbers.
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