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«Central Asian Academic Research Center» LLP is pleased to announce that “News of NAS 
RK. Series of Geology and Technical sciences” 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 Geology and Technical Sciences in the Emerging 
Sources Citation Index demonstrates our dedication to providing the most relevant and 
influential content of geology and engineering sciences to our community.

«Орталық Азия академиялық ғылыми орталығы» ЖШС «ҚР ҰҒА Хабарлары. 
Геология және техникалық ғылымдар 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 әрі the Science Citation Index Expanded, the Social 
Sciences Citation Index және the Arts & Humanities Citation Index-ке қабылдау 
мәселесін қарастыруда. Web of Science зерттеушілер, авторлар, баспашылар 
мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. 
Геология және техникалық ғылымдар сериясы Emerging Sources Citation Index-ке 
енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.
 
ТОО «Центрально-азиатский академический научный центр» сообщает, что 
научный журнал “Известия НАН РК. Серия геологии и технических наук» 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. 
Серия геологии и технических наук в Emerging Sources Citation Index демонстрирует 
нашу приверженность к наиболее актуальному и влиятельному контенту по геологии 
и техническим наукам для нашего сообщества.
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Abstract. The article deals with the study of increasing the durability of arbolite 
concrete products by means of deep impregnation with sulfur from petrochemical 
waste. As the composition of arbolite-concrete composites includes various 
vegetable wastes (wood chips, crushed stalks of cane and cotton, corn cob wastes, 
crushed walnut shells, etc.) and it has low strength and has a small average density. 
For this reason, deep seasoned impregnation of molten liquid sulfur of samples of 
arbolite concrete composites should lead to an increase in physical and mechanical 
characteristics and durability of lightweight concrete and will also protect against 
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the effects of aggressive external factors. The impregnation of porous arbolite-
concrete composites is made by the contraction method, when the penetration of 
the impregnating liquid into the freshly molded arbolite-concrete mixture occurs 
due to the vacuum caused by physical and chemical processes of the cement 
binder dough. For making arbolite-concrete composites we used porous wastes of 
shredded corn cob with sizes ranging from 10 to 40 mm. To compare the results, 
we used denser wastes of crushed walnut shells with sizes from 10 - 20mm and 
crushed cotton stalks with sizes 10-25mm. For the study adopted the method of 
complete impregnation of arbolite concrete samples with liquid molten sulfur. As 
impregnation material sulfur - waste of oil refinery of Atyrau region of Kazakhstan 
was used. We have established that the physical and mechanical properties of 
impregnated arbolite concrete samples are very high and they can be recommended 
for use in underground and engineering structures.

Keywords: Sulfur waste, contracting method, impregnation of samples, porous 
aggregates, durability, aggressive factors, ultimate strength
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Аннотация. Мақалада мұнай-химия өндірісінің қалдығы техникалық 
күкіртті арболитобетон құрамына терең сіңіру арқылы арболитті бетон 
бұйымдарының ұзақ уақыт өмір сүруін және беріктігін арттыруды 
зерттеу мәселелері талқыланады. Арболитті бетон композиттердің 
құрамына өсімдіктің әр түрлі қалдықтары (ағаш жоңқасы, ұсақталған 
мақта сылдырмағы, жүгері собығының қалдықтары, ұнтақталған жаңғақ 
қабықтары, т.б.) кіретіндіктен, олардың беріктігі және орташа тығыздығы 
төмен болып келеді. Сол себептен балқытылған сұйық күкіртті арболитті 
бетон композиттерінің үлгілеріне көп уақыт ұстап терең сіңіру, жеңіл 
бетонның физикалық-механикалық сипаттамалары мен беріктігін арттыруға 
және сондай-ақ агрессивті сыртқы факторлардың әсерлерінен қорғануға зор 
көмегін тигізеді. Кеуекті арболитті бетон композиттеріне күкіртті сіңіру, 
сіңдіру сұйықтығының жаңадан пайда болған арболитті бетон қоспасына енуі, 
цемент байланыстырушы пастаның физикалық-химиялық процестерінен 
пайда болған вакуум есебінен түзілген кезде, жиырылуы арқылы жүзеге 
асырылады. Арболит-бетон композиттерін жасау үшін өлшемдері 10мм-ден 
40мм-ге дейінгі өлшемде болған ұсақталған жүгері құлақтарының кеуекті 
қалдықтары пайдаланылды. Зерттеу нәтижелерін салыстыру үшін біз сондай-
ақ өсімдіктердің тығызырақ қалдықтарын, яғни өлшемдері 10-нан 20 мм-ге 
дейін ұсақталған жаңғақ қабығын және өлшемдері 10-25 мм аралығында 
ұсақталған мақта сабақтарын алдық. Зерттеуді жүргізу үшін арболит бетон 
үлгілерін сұйық балқытылған күкіртпен толық сіңдіру әдістері қабылданды. 
Сіңдіру материалы ретінде Қазақстанның Атырау облысындағы жоғары 
күкіртті мұнайды өңдеу және тазарту жөніндегі мұнай өңдеу зауытының 
күкірт-қалдықтары пайдаланылды. Зерттеу барысында біз техникалық күкірт 
сіңдірілген арболит-бетон үлгілерінің физикалық-механикалық қасиеттері 
мен коррозияға төзімділігі өте жоғары екенін анықтадық және бұл деректер 
оларды жерасты және инженерлік ғимараттарды құру құрылыстарда кең 
көлемде қолдануға ұсынуға болатындығын дәлелдейді.

Түйін сөздер: күкірт қалдықтары, контракциялық әдіс, үлгілерді сіңдіру, 
кеуекті толтырғыштар, беріктік, агрессивті факторлар, беріктік шегі
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Аннотация. В статье рассматриваются вопросы повышения долговечности 
арболитобетонных изделий методом глубокой пропитки серой — отходом 
нефтехимического производства. Так как в состав арболитобетонных 
композитов входят различные растительные отходы (древесная щепа, 
измельчённые стебли тростника и хлопчатника, отходы кукурузных початков, 
измельчённые скорлупы грецкого ореха и др.), они обладают невысокой 
прочностью и небольшой средней плотностью. По этой причине глубокая 
выдержанная пропитка образцов арболитобетонных композитов расплавленной 
серой должна привести к повышению их физико-механических характеристик 
и долговечности, а также обеспечивать защиту от воздействия агрессивных 
внешних факторов. Пропитка пористых арболитобетонных композитов 
производилась контракционным способом, при котором проникновение 
пропиточной жидкости в свежеотформованную арболитобетонную смесь 
происходит за счёт вакуума, создаваемого физико-химическими процессами 
вяжущего цементного теста. Для изготовления арболитобетонных композитов 
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использовались пористые отходы измельчённых кукурузных початков 
размером 10–40 мм. Для сравнения результатов исследований применялись 
более плотные отходы растительности — измельчённые скорлупы 
грецкого ореха размером 10–20 мм и измельчённые стебли хлопчатника 
размером 10–25 мм. В исследовании применялся метод полной пропитки 
арболитобетонных образцов расплавленной серой. В качестве пропиточного 
материала использовалась сера — отходы нефтеперерабатывающего завода 
по переработке и очистке высокосернистой нефти Атырауской области 
Казахстана. В ходе исследования установлено, что физико-механические 
свойства и коррозионная стойкость пропитанных арболитобетонных образцов 
значительно повышаются, что позволяет рекомендовать их для применения в 
подземных и инженерных сооружениях.

Ключевые слова: сера-отходы, контракционный способ, пропитка 
образцов, пористые заполнители, долговечность, агрессивные факторы, 
предел прочности

Introduction. In Kazakhstan, especially in the cities of Atyrau and Pavlodar 
oil refineries for processing and purification of high sulfur oil with a capacity of up 
to 12 million tons of oil per year, which is expected to allow from oil refining to 
obtain annually from 220 to 230 thousand tons of technical sulfur.  Technical sulfur 
began to be used as a binder in the production of building materials in the early 30s 
of the twentieth century in England, the United States and then it began to be used 
in the former Soviet Union in the construction industry. This innovation is based 
on the properties of technical sulfur, which melts at temperatures from 112 to 115 ° 
C, and when cooled to a temperature of 100 ° C crystallizes and prevails increased 
strength (Kasimov et al, 1981; Parfenyuk, 1987; Paturoev, et al, 1985). In the 30s 
of the twentieth century, technical sulfur was used for fixing metal bolts in concrete 
foundations, for iron posts of staircase railings and balcony railings (Orlovskiy et 
al, 1995; Kasimov et al, 1981; Abdykalykov et al, 2024; Abdul et al, 2024; Athira et 
al, 2021; Mohammad, et al, 2025). The disadvantage of these studies is that in the 
process of impregnation sulfur-containing arbolite concrete composites melt and 
lose geometric shapes.

Recently, in Kazakhstan and in the countries of the Commonwealth of Independent 
States of the CIS, as well as in foreign countries, considerable attention of scientific 
researchers is particularly focused on the method of sealing the pore inter-grain 
space of concrete by impregnating it with monomers, oligomers and also waste 
products of the oil and gas industry, molten liquid technical sulfur (Sokolova et al, 
2021; Sokolova et al, 2022). To increase the durability and improve the physical 
and mechanical characteristics of building materials and products used in various 
aggressive environments, methods of impregnation with monomers, oligomers and 
molten sulfur are used for their subsequent polymerization in the pore structure of 
concrete (Vyshar et al, 2023; Stanevich et al, 2023; Rakhimova et al, 2023; Roman 
et al, 2025; Chen et al, 2022).
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The works show methods of impregnation of building materials and products 
of organic and inorganic origin possessing a system of closed-open capillaries. 
Systematic search for new ways of their antifiltration protection shows that the 
existing methods for one reason or another do not fully satisfy the requirements 
to them. In our opinion, that at contact with solid surface of dispersoid grains or 
solid matrix molecules of impregnating liquid under the action of physical and 
chemical phenomena penetrate into voids and remain there in initial form or under 
the influence of temperature, catalysts and radiation pass into irreversible state.

To date, several methods of impregnation of building materials and products 
of organic and inorganic origin possessing a system of closed-open capillaries 
have been developed. The systematic search for new methods of their antifiltration 
protection shows that the existing methods for one reason or another do not fully 
satisfy the requirements imposed on them. The process of impregnation of skeleton-
matrix can be represented in the following form: at contact with the solid surface 
of dispersoid grains or solid matrix molecules of impregnating liquid under the 
action of physical and chemical phenomena penetrate into voids and remain there 
in their original form or under the action of temperature, catalysts and radiation 
pass into irreversible state. The interaction between the impregnating liquid and the 
solid surface can be divided very conditionally into physical-mechanical, physical-
chemical and purely chemical (Orlovskiy et al, 1990). Arbolite concrete composites 
are varieties of lightweight concrete made on the basis of various vegetation wastes 
and composite binders (Sokolova et al, 2021). Arbolite concrete composites, 
depending on the constituent components, have an average density in the range from 
400 to 1200 kg/m3 and strength from 1.5 MPa to 6.0 MPa (Bazhirov et al, 2018; 
Cheng et al, 2021). The disadvantages of these arbolite concrete composites can 
be attributed to their low strength and low resistance to aggressive environments. 
To protect against the effects of aggressive external factors and also to increase the 
construction and technical parameters of porous arbolite concrete products of plant 
origin can be impregnated with technical sulfur and other monomers.

To protect against the effects of aggressive external factors and also to increase the 
construction and technical properties of low-strength and porous arbolite concrete 
products of plant origin, it is possible to use impregnation methods with molten 
liquid sulfur. Thus it is possible to increase physical and mechanical characteristics 
of lightweight concrete and the set ecological and economic tasks become actual 
for the Republic of Kazakhstan.

Research materials and methods. For the manufacture of arbolite concrete 
composites we used porous wastes of corn cob crushed with sizes from 10 to 40 mm. 
For comparison of research results we also adopted more dense waste vegetation 
shredded stalks of cotton and crushed walnut shells with sizes from 10 to 30 mm. 
At the time of experimental works the moisture characteristics of cellulosic organic 
aggregates were 3-5%. Chemical compositions of cellulose organic aggregates in 
the composition of arbolite concrete are presented in Table 1.
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Table 1 - Chemical composition of organic cellulose aggregates in the composition of arbolite 
concretes
No. by/order Name of composition Chemical formula Number, in %

Chemical composition of corn waste
1 Cellulose С6Н10О5 46,17
2 Lignin С41Н40О15 29,76
3 Pentosan C5H8O4 22,00
4 Resins and soluble components - 2,07

Portland cement of 400 grade from Kyzylkum cement plant of Navoi region 
of Navoi region of the Republic of Uzbekistan was also used for the manufacture 
of arbolite concrete composites. The chemical composition of cement is given in 
Table 2.

 
Table 2 - Chemical composition of Kyzylkum cement plant

Content, %
 Basic oxides Major minerals

СаО SiО2 А12О3 Fe2О3 R2O SO3 C3S C2S С3А C4AF
61,48 23,38 6,38 6,09 0,38 0,60 57,60 17,40 7,90 13,10

As an active mineral additive fly ash from Aktobe Heat and Power Center was 
used, which meets the requirements of  GOST 10181-2000 (2000). Interstate 
standard. Concrete mixtures test methods. The chemical composition of fly ash 
is presented in Table 3.

Table 3 - Chemical composition of fly ash mineral additive

Losses on ignition, wt. %
Oxide content, wt. %

SiO2 AI2О3+TiO2 Fе2O3 СаО МgO NаO2 SO2

7,33 48,3 23,92 5,94 9 1,9 0,18 0,52

In the experimental and research work as impregnation material we used waste 
high-sulfur oil of Atyrau petrochemical plant of the Republic of Kazakhstan. 
Technical sulfur is a solid crystalline substance with yellowish color shade and 
melting point from 115 to 119°C. When the temperature rises to 200 ° C passes 
into a viscous state and at 450 ° C passes to the process of boiling, from then 
sharply burns. Table 4 shows the chemical composition of technical sulfur grade 
No. 9998.

Table 4 - Chemical composition of technical sulfur of grade No. 9998
No. by/order Name of the share of substances in the composition of sulfur, % Number, %

1 Share of net technical sulphur 99,060
2 Ash fraction 0,400
3 Proportion of different organic matter 0,053
4 Water fraction in sulfur composition 0,010
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Three series of cemented arbolite specimens with different compositions were 
manufactured for experimental work. Each series consisted of four sample cubes 
with dimensions 100x100x100mm with different binder compositions. The first 
series of samples were made using porous corn cob waste with dimensions of 15-
30mm and the second series of samples were made using shredded cotton stalks 
with dimensions of 18-25mm and the third series were made based on shredded 
walnut shells with dimensions of 18-20mm. All these arbolite-concrete samples 
were manufactured in strict technological sequence and tested in accordance with 
the State Standard 19222-84 (1984). Arbolite and products made of it. General 
technical conditions.

After all testing procedures, we impregnated all these sample cubes with molten 
liquid sulfur at a temperature of 115 to 120°C. Since the purpose of our study was 
to investigate the effect of molten liquid sulfur on the physical and mechanical 
properties of less durable arbolite concrete composites, so for impregnation we 
prepared three series of simple cement arbolite concrete composites with different 
compositions and physical and mechanical properties. Impregnation of capillary-
porous arbolite-concrete composites was carried out by capillary suction and 
contraction methods. Compositions and properties of arbolite-concrete composites 
prepared for impregnation with sulfur-waste are given in Tables 5, 6 and 7.

Table 5 - Compositions and properties of arbolite-concrete samples of series №1

Name of indicators Unit of 
measurement

Indicator values 
for arbolite

Cement consumption kg/m3 325
Corn cob waste consumption kg/m3 235
Water consumption for preparation of arbolite concrete mixes l/m3 350
Fly ash consumption kg/m3 90
Density of samples in dry states kg/m3 600–630
Compressive strength MPa 2,1-2,9
Water absorption by mass % 67
Frost resistance of samples cycle 50
Heat transfer coefficient W/m2K 0,10

Table 6 - Compositions and properties of arbolite-concrete samples of series № 2

Name of indicators Unit of 
measurement

Indicator values for 
arbolite

Cement consumption kg/m3 350
Consumption of shredded cotton stalks kg/m3 250
Water consumption for preparation of arbolite concrete 
mixes l/m3 370

Fly ash consumption kg/m3 90
Density of samples in dry states kg/m3 610–660
Compressive strength MPa 3,1-3,5
Water absorption by mass % 45
Frost resistance of samples cycle 75
Heat transfer coefficient W/m2K 0,135
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Table 7 - Compositions and properties of arbolite-concrete samples of series № 3

Name of indicators Unit of 
measurement

Indicator values for 
arbolite

Cement consumption kg/m3 350
Consumption of walnut shells kg/m3 250
Water consumption for preparation of arbolite concrete 
mixes l/m3 370

Fly ash consumption kg/m3 90
Density of samples in dry states kg/m3 620–750
Compressive strength MPa 3,5-3,7
Water absorption by mass % 45
Frost resistance of samples cycle 75
Heat transfer coefficient W/m2K 0,135

Determination of physical and mechanical properties, impregnated with 
sulfur-waste arbolite samples were carried out according to standard methods. 
Impregnation of arbolite concrete samples with molten liquid technical sulfur can 
be carried out in the following technological sequence. To carry out dehydration 
in the capillary-porous structures of arbolite-concrete composites should be pre-
drying with heating for 6 to 10 hours at a temperature of 125-145 °C. 

For arbolite-concrete composites dried to a constant mass, impregnate with 
molten sulfur at a temperature of 125 to 185 ° C for 2 to 10 hours. Gradual uniform 
cooling of impregnated molten liquid sulfur impregnated arbolite-concrete samples 
at the required depth brings to the ambient temperature within 2 to 4 hours. Given 
all these factors technology impregnation of arbolite with molten liquid sulfur can 
be argued that the entire technological cycle of impregnation of arbolite concrete 
samples with liquid sulfur will last from 2 to 10 hours.

Results and discussion. During the study of sulfur-waste impregnation of 
samples of arbolite concrete composites with different compositions and also 
different organic cellulose aggregates we obtained the following results: 

From the results of the study shown in Table 8, it can be seen that in all samples 
impregnated with liquid molten liquid sulfur increased the average density of the 
samples by 10-15%. In arbolite concrete samples based on corn waste for 1-4 
compositions (series № 1) density of samples increased depending on the initial 
state of 14-16% was from 624.6 to 707.04 kg/m3.

And in arbolite-concrete samples based on crushed cotton stalks (series №2) 
density of samples after impregnation increased depending on the initial state by 
12-15% and ranged from 634.4 to 715.04 kg/m3. We also found that the average 
density of all arbolite-concrete samples based on walnut shells (series №3) increased 
10-15% depending on the initial state and respectively ranged from 634.4 to 775.04 
kg/m3.    
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Table 8 - Variation of average density of different arbolite concrete samples after sulfur 
impregnation
Series of 
prototypes
prototypes

Types of arbolite 
concretes

Impregnation 
time, hour

Average density 
of samples before 

impregnation, kg/m3

Average density 
of samples after 

impregnation, kg/m3

1-series of 
samples

Arbolite concrete 
samples on the 
basis of corn waste

2 600 624,6
5 653,92
10 677,04

2-series of 
samples

2 610 634,5
5 663,92
10 687,04

3-series of 
samples

2 620 644,7
5 673,92
10 697,04

4-series of 
samples

2 630 654,9
5 683,92
10 707,04

1-series of 
samples

Arbolite concrete 
samples based on 
shredded cotton 
stalks

2 610 634,4
5 653,92
10 677,04

2-series of 
samples

2 620 644,5
5 653,92
10 672,04

3-series of 
samples

2 640 660,7
5 683,92
10 711,04

4-series of 
samples

2 660 681,9
5 709,92
10 715,04

1-series of 
samples

Arbolite concrete 
samples based on 
walnut shells

2 620 634,4
5 653,92
10 677,04

2-series of 
samples

2 650 664,5
5 673,92
10 682,04

3-series of 
samples

2 700 714,7
5 723,92
10 731,04

4-series of 
samples

2 750 761,9
5 769,92
10 775,04

As can be seen from the results of the study shown in Table 9, it can be seen 
that in all samples impregnated with molten liquid sulfur, the average density by 
12-16% and mechanical strength increased 2-3 times. 

In arbolite-concrete samples (series №1) based on corn waste 1 series at densities 
of 624.6; 653.92; 677.04 kg/m3 the strength increases 3.7; 4.8; 5.9 MPa depending 
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on the impregnation time. Also in series 2-4 specimens at average densities of 634.5; 
663.92; 687.04; 644.7; 673.92; 697.04; 654.9; 683.92; 707.04 kg/m3, the strength 
increases 4.3; 5.1; 6.8; 4.7; 6.5; 7.9; 4.9; 6.9; 8.7 MPa, respectively, depending on 
the impregnation time.

In arbolite concrete specimens (series № 2) based on shredded cotton stalks 1-4 
series at densities of 634.4; 653.92; 677.04; 644.5; 653.92; 672.04; 660.7; 683.92; 
711.04; 681.9; 709.92; 715.04 kg/m3 depending on the duration of impregnation 
with molten liquid sulfur, the strength of the specimens increased 3.7; 3.8; 3.9; 4.3; 
4.9; 5.8; 5.1; 6.5; 7.1; 6.5; 7.1; 8.3 MPa, respectively. The results are summarized 
in Tables 8 and 9.

In arbolite-concrete samples (series №3) based on crushed walnut shells 1-4 
series at densities of 634.4; 653.92; 677.04; 664.5; 673.92; 682.04; 714.7; 723.92; 
731.04; 761.9; 769.92; 775.04 kg/m3 depending on the duration of impregnation 
with molten liquid sulfur, the strength of the specimens increased 3.5; 3.7; 3.9; 4.1; 
4.5; 4.7; 4.3; 5.5; 6.9; 4.5; 6.7; 7.7 MPa, respectively. The results are summarized 
in Tables 8 and 9.

Also by the results of experimental and experimental works it was found that 
with in all arbolite concrete composites there is a significant increase in sulfur 
weight gain from 4.2 to 10.2% of lightweight concrete depending on the duration 
of sulfur-waste impregnation. 

Table 9 - Change in strength of different arbolite concrete specimens after impregnation with 
sulfur
Series of 
prototypes
prototypes

Types of 
arbolite 
concretes

Impre-
gnation 
time, hour

Average 
density of 
samples 
before 

impregnation, 
kg/m3

Compressive 
strength of 
samples 
before 
impregnation, 
MPa

Compressive 
strength of 
samples after 
impregnation, 
MPa

Coefficient
hardening 

factor, 
MPa     

                                                                                                            
1-series of 
samples

Arbolite 
concrete 
samples on 
the basis of 
corn waste

2 600 2,5 3,7 1,48
5 4,8 1,92
10 5,9 2,36

2-series of 
samples

2 610 2,6 4,3 1,65
5 5,1 1,96
10 6,8 2,6

3-series of 
samples

2 620 2,7 4,7 1,74
5 6,5 2,4
10 7,9 2,92

4-series of 
samples

2 630 2,8 4,9 1,75
5 6,9 2,46
10 8,7 3,10
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1-series of 
samples

Arbolite 
concrete 
samples 
based on 
shredded 
cotton stalks

2 610 2,6 3,7 1,42
5 3,8 1,46
10 3,9 1,5

2-series of 
samples

2 620 2,9 4,3 1,48
5 4,9 1,69
10 5,8 2,0

3-series of 
samples

2 640 3,1 5,1 1,64
5 6,5 2,09
10 7,1 2,29

4-series of 
samples

2 660 3,5 6,5 1,86
5 7,1 2,02
10 8,3 2,37

1-series of 
samples

Arbolite 
concrete 
samples 
based on 
walnut shells

2 620 2,9 3,5 1,2
5 3,7 1,27
10 3,9 1,34

2-series of 
samples

2 650 3,3 4,1 1,24
5 4,5 1,36
10 4,7 1,42

3-series of 
samples

2 700 3,7 4,3 1,16
5 5,5 1,49
10 6,9 1,86

4-series of 
samples

2 750 4,1 4,5 1,09
5 6,7 1,63
10 7,7 1,88

Note: Rcsois - compressive strength of impregnated specimens, Rcsous - compressive strength of 
unimpregnated specimens

Weight gain and increase in the average density of impregnated arbolite concrete 
samples can be explained by the content and change in the structural porosity 
of cellulose organic aggregates in the composition of impregnated lightweight 
concrete. On this value and also the change of physical and mechanical properties 
of impregnated arbolite concrete samples is significantly influenced by the duration 
and methods of impregnation. It can be noted here that in all impregnated specimens 
there is an increase in mechanical strength and average density. Test impregnated 
with sulfur waste arbolite concrete samples in compression showed that all samples 
without exception increased their mechanical strength from 1.5 to 3.5 times.

We found that with increasing the time and duration of impregnation from 2 to 
10 hours there is an intensive increase in strength of impregnated samples (Tables 
8 and 9). Further impregnation and exposure of arbolite concrete samples in molten 
sulfur does not significantly affect the physical and mechanical characteristics 
of arbolite concrete composites. Growth of the compressive strength of arbolite 
concrete in the process of impregnation with sulfur-waste showed that the greatest 
relative increase in the compressive strength of arbolite concrete samples made on 
the basis of porous waste corn cob and they increased to 8.7 MPa. 

 The obtained research results are shown in Tables 8 and 9. At the same time, 
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the value of the hardening coefficient for all types of arbolite concrete samples 
from each other differs significantly. In the arbolite concrete specimens based 
on corn waste, the hardening coefficient ranges from 1.48 to 3.10. And the other 
two arbolite concrete specimens have hardening coefficients ranging from 1.42 
to 2.37 and 1.2 to 1.88. The lowest coefficient of hardening has arbolite concrete 
composites based on crushed walnut shells, and the highest coefficient of hardening 
has arbolite concrete composites based on corn waste. 

By comparing the results of research we found that from all tested arbolite 
concrete samples after impregnation with molten sulfur-waste, the strongest 
index has arbolite concrete composites based on corn waste. After 10-hour sulfur 
impregnation, the average density of the arbolite concrete specimens increased 
from 630 to 707.04 kg/m3 and the strength reached up to 8.7 MPa. The research 
results are shown in Tables 8, 9 and Figure.

Figure. Change of strength of arbolite concrete composites depending on the duration 
of impregnation with molten sulfur

The impregnation of arbolite concrete composites with molten liquid sulfur 
shows the high capacity qualities of the studied lightweight concrete. The character 
of structure formation of arbolite-concrete composites to some extent obeys the laws 
of “binder - cellulose organic aggregate”. After impregnation of arbolite concrete 
samples with molten liquid sulfur in the contact “arbolite concrete composite - 
impregnation material” there are physical and chemical processes that determine 
the bonding characters between porous lightweight arbolite concrete and liquid 
technical sulfur. In this case, a very significant influence has porous structure of 
arbolite concrete, causing suction of liquid sulfur by arbolite immediately after its 
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impregnation, which leads to strengthening its bonding properties between molten 
liquid sulfur and uneven rough surfaces of organic aggregate.

Our experimental studies also lead to the conclusion to clarify the hypothesis on 
structure formation of strength of arbolite concrete composites impregnated with 
monomers, oligomers and also technical liquid sulfur. Based on our developed data 
and theories of numerous authors (Kasimov et al, 1981; Parfenyuk, 1987; Paturoev 
et al, 1985; Sokolova et al, 2023), we came to the conclusion that in the case of 
using technical liquid sulfur as an impregnating material, the most significant are 
the presence of three-dimensional framework in porous organic aggregates of 
arbolite concrete composite. While increasing the bonding strengths of the contact 
zone of organic aggregates and binders, due to the joint adhesive effect of arbolite 
and technical sulfur, which contribute to the volumetric filling of pores and cracks 
with molten liquid sulfur and leading to the strengthening of the contact zone of the 
developed materials.

The novelty of the research work is that our proposed method of impregnation 
of low-strength porous arbolite concrete composites based on vegetation waste 
with technical sulfur led to an increase in physical and mechanical properties of 
the studied materials. After impregnation with sulfur, the density of the studied 
samples increased up to 775 kg/m3 and the strength increased up to 8.7 MPa. The 
dependence between its cubic strength and the strength of concrete-matrix of 
arbolite concrete composites was also established. The practical significance of this 
study is the results obtained during the research, which can be recommended for 
structures, which in the process of operation are subject to increased requirements 
for frost resistance, water permeability, water resistance and chemical resistance. 

Although the study on impregnation of low-strength arbolite concrete composites 
with gray waste covers important aspects of the topic, this study only addresses a 
limited area of the construction industry for underground construction. Despite the 
significance of the findings, more extensive research is needed to set up additional 
experimental work to investigate the strength and deformability of arbolite concrete 
products.

Conclusions. In accordance with the goal and objective of our study it was 
found that molten liquid sulfur has a very significant effect on improving the 
physical and mechanical properties and durability of low-strength porous arbolite 
concrete products. It was found that in all arbolitobetonnyh products observed a 
significant increase in the weight of sulfur from 4.2 to 10.2% in the composition of 
lightweight concrete, depending on the duration of impregnation and all samples 
without exception increased their mechanical strength from 1.5 to 3.5 times.

We also determined that the optimal arbolite concrete products with higher 
physical-mechanical and construction-technical indicators is arbolite concrete 
composites made on the basis of corn waste. After impregnation with gray waste 
the density of the studied samples increased up to 755 kg/m3 and the strength 
increased up to 8.9 MPa. These results are explained by the fact that the porous 
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structure of organic aggregates in the composition of arbolite concrete, causing 
the suction of liquid sulfur of corn waste immediately after its impregnation and 
leading to the strengthening of its physical and mechanical properties. Based on 
this research, impregnation methods can be developed for low-strength lightweight 
concrete based on different formulations. The results of the study provide valuable 
ideas in practical terms for their use in the construction industry in the construction 
of underground structures. Such structures can be manholes, flumes, pipelines, 
cooling towers, pavements, desalination plants, elements of marine structures, and 
others.
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