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Abstract. Due to the increase in the processing of sulfur-containing hydrocarbon raw materials (oil and gas), sulfur
is released as one of the large - tonnage waste. Long-term storage of large sulfur reserves has a negative impact on the
environment. Composite material of sulfur modification-characterized by environmental efficiency, economic efficiency
in construction. This review examines the sources of sulfur origin, properties, technology for making sulfur concrete from
it and the use of sulfur-based concrete in the construction industry today. Experimental evaluation of modified sulfur
concrete, other methods of preparation of mixtures were identified, and the importance of adaptation to foreign experience
in the development of sulfur concrete production was shown. One of the most promising projects is the production of
concrete containing sulfur binder in order to reduce the load on the environment. After all, sulfur concrete has such
advantages as resistance to acid and radiation, frost resistance and the ability to recycle. The aim of the work was to study
a new composition of sulfur concrete based on a bitumen composition. To conduct the study, samples of sulfur concrete
with different percentage contents of the constituent components were prepared.

Key words: sulphur concrete, admixture, sulfur modification, chemical resistance, composite material, chemical
bond, fillers, sulfurassfalt concrete.

Today, the world pays special attention to the creation of new modified sulfur binders. Because,
having gone through an industrial cleanup process, fossil fuel consumption has increased.

Sulfur concrete is a thermoplastic composition of mineral filler as a binder (instead of cement
and water) at a temperature of over 120 ° C. To obtain sulfur concrete with high physicochemical and
mechanical properties, the components must meet certain requirements: have fewer free spaces and
porosities in the concrete, ensure the maximum density of the material to ensure high strength, high
resistance to aggressive chemical environment and sudden changes in temperature, porosity should
be as low as possible, ensuring low moisture absorption should be.

The advantages of sulfur-based concrete over Portland cement concrete are high acid and
radiation resistance, low electrical conductivity, water resistance, frost resistance and recyclability.
Sulfur concrete is used in the production of monolithic structures, as well as in various repair work.

Currently, two main areas of sulfur use in construction have been identified. The first is the
production of polymer concretes from mineral aggregates and sulfur mixtures using asphalt
technology, the second is the use of sulfur concrete in the manufacture of road surfaces.

The goal of this work is to describe a cost-effective, non-complex process technology for sulfur
concrete equivalent to bitumen, the manufacture of which consumes less energy than bitumen.
Ecological research of innovative technologies.

1. Structure, properties and application of sulfur

Sulfur atoms have a number of different allotropic modifications to form ring or chain
molecules. It can be classified into two types: those formed as a result of chemical bonds between
sulfur atoms and those formed due to the location of the sulfur molecule inside the crystals.

Sulfur atoms combine to form chains and cyclic rings (cyclo-Sn : where n represents the number
of atoms), allowing for the existence of millions of sulfur allotropes (molecular). If S, molecules have
6-12 sulfur atoms, they are in ring form (very stable), while molecules with less than six or more than
twelve sulfur atoms can be in ring or chain form (very unstable). Several crystalline forms of sulfur
are known, among which the most stable are rhombic a-sulfur and monoclinic B-sulfur. The density

188


mailto:zhanyessen@mail.ru
https://orcid.org/0000-0003-3868-4092
mailto:kapina.m01@mail.ru
https://orcid.org/0009-0006-7374-4723
https://orcid.org/0000-0003-3868-4092
https://orcid.org/0009-0006-7374-4723

K.)Ky06anoB aTeiHIarbl AKTe0€ OHIpIIK YHUBEPCUTETiHIH Xabapmibichl, Ne3 (77), kpipkyiiek 2024
T'eorpadust xoHe reodkoorus- leorpadus u reosxonorus-Geography and geoecology

of sulfur is 2.07 g/cm® (a-type) and 1.96 g/cm® (B-type), melting point t 112.8°C, boiling point t
444.6°C, thermal conductivity 0.208 W/(m- degree). [2]

Sulfur concrete samples are made from modified secondary sulfur, sand, aggregates. Durability
of sulfur concrete is tested in 10% HCI, 20% H2SO4 and 3% NaCl. Modified sulfur binder protects
against shrinkage, collapse, increases durability of sulfur concrete.[1]

Table 1. Modifiers and fillers for sulfur concrete. [3]

Inorganic additives
Modifier Sulfur mass concentration % The result
Heavy metals and Hg 6 Acid resistance
Alumina 20-26
Fly ash 20-23
Silicon dioxide 22-25
Organic additives
CioH12 Dicyclopentadiene 0,1 Durability in a
CsHs Cyclopentadiene 1-30 corrosive chemical
Olefin-polysulfide mixtures 5-25 environment, fire
Bitumen 1-4 resistance, low
Styrene 2-30 water permeability

2. Experimental evaluation of modified sulfur concrete.

We draw on the research below to quantify the environmental benefits of modified sulfur
concrete. Sand and siliceous river gravel were taken as fine and coarse aggregates to obtain modified
sulfur cement. Aggregates are subjected to a 24-hour chemical resistance test to determine their
suitability for modified sulfur concrete. Sulfuric acid H.SO4 and ammonium sulfate SO4 (NH 4) are
added to the aggregates in a concentration of 40% to simulate industrial environment conditions. The
fillers are preheated to 135°C in a temperature controlled mixer, then the sulfur and sulfur modifier
mixture is added and the mixture is mechanically homogenized for about 20 minutes. The temperature
in the mixer is always between 130 and 140 °C. After reaching this temperature, the modified sulfur
mixture is ready and placed in the casting molds. To prepare the sample, cylindrical steel molds with
a diameter of 15 cm and a height of 30 cm should be used, and the mixture should be preheated to
120 °C before pouring. Then the samples are compacted. The samples are allowed to cool to room
temperature before removing them from the molds. [3]

The compressive strength of modified sulfur concrete is approximately 70% after casting and
75-85% after several hours. The durability of the obtained samples was evaluated by carrying out
tests on 3, 7, 14 and 28 days. [6]
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Currently, experimental experiments with modified sulfur are showing good results. All types
of sulfur-asphalt concrete mixtures are prepared according to the requirements and technological
regulations. For the preparation of mixtures, it is necessary to use gravel obtained in accordance
with the requirements of RK ST 1284, GOST 8267, GOST 32703. Mineral powder - activated and
non-activated, must meet the requirements of RK ST 1276, GOST 32761. The compressive strength
of sulfur concrete is based on the following formula

Determined with an accuracy of up to 0.1 MPa:

R=aF /A

where, o is the scaling factor for reducing the strength of sulfur concrete to the strength of
sulfur concrete in samples of basic sizes and shapes, determined according to GOST 10180;

F — breaking load;

A — working cross-sectional area of the sample, mm2,

The strength of sulfur concrete in each series is determined as the arithmetic mean value of
the tested samples. The water resistance of sulfur concrete W, % is determined by the following
formula:

W=(R20"/R20)*100

where,R20" — Strength of sulfur concrete in water-saturated samples according to GOST
12730.3 and tested according to GOST 10180, MPa;

R20 — Strength of sulfur concrete in a series of control samples according to GOST 10180,
MPa. [8]

In terms of classification, lightweight sulfur concrete is concrete with a sulfur binder and
dense coarse and fine aggregates with an average density of 500 kg/m? to 2000 kg/m®. Heavy sulfur
concrete is a dense structure concrete with a sulfur binder and dense coarse and fine aggregates with
an average density of 2000 kg/ms to 2500 kg/ms. Specially heavy sulfur concrete is grouped as high-
density structure concrete with sulfur binder and dense coarse and fine aggregates with an average
density of 2500 kg/m®. Concrete technology does not work without modifying additives. [4]

Sulfur concrete is produced and tested according to various foreign technologies. Since it is
considered a material resistant to aggressive environment, Moscow, Ryazan, VVolgograd, Irkutsk and
Krasnoyarsk regions of Russia used it as a surface for road construction. Marine sulfur is used in a
number of innovative projects. The Kazakh Oil and Gas Institute has developed a technology for the
production of sulfur-containing composites and implemented a pilot project by producing pavers with
an experimental unit and laying them on a part of the building. We can achieve economic efficiency
by using sulfur and its compounds as raw materials for obtaining polymeric materials. It plays an
important role in the successful implementation of nature protection activities. In compositions, sulfur
plays the role of a polymer binder, such materials are polymer concretes, seroplasts.[8]

Sulfur concrete companies were established in the USA and Canada in the early 1980s, which
were used as floor coverings in mineral acid factories. At the Norilsk mining and metallurgical plant
of Russia "Spetsfundamentstroy"” produced pavement tiles from sulfur concrete. Depending on the
purpose of sulfur concrete fillers, quartz sand, crushed stone, acid-resistant silicate flour, ground coke
or graphite powder, lime flour can be used.

The peculiarity of sulfur concrete is the ability to change its structure, remelt and reuse. Sulfur
concrete is used not only in ready-made, but also in the production of monolithic structures, as well
as in various repair works. In terms of chemical resistance and dielectric properties, they are not
inferior to many types of polymer concrete, and in terms of cost, they are much lower than the
cheapest ones. Currently, two main directions of sulfur use in construction have been identified. In
Canada, bitumen-sulfur concrete is used for road surfaces. Such coatings are durable. Research
conducted by Canadian firms and the US mining laboratory was engaged in the development of a
technological regime for the preparation of mixtures. In addition, a lot of attention was paid to the
placement of their layers, making maximum use of the bituminous binder, mixture preparation and
modern serial equipment for road construction. Since the density of sulfur is much higher than the

190



K.)Ky06anoB aTeiHIarbl AKTe0€ OHIpIIK YHUBEPCUTETiHIH Xabapmibichl, Ne3 (77), kpipkyiiek 2024
T'eorpadust xoHe reodkoorus- leorpadus u reosxonorus-Geography and geoecology

density of bitumen, sulfur is used as an organic binder in the preparation of asphalt concrete mixtures.
Currently, Poland is one of the world's leading sulfur producing countries. [7]

The need to make some changes to the traditional technology of sulfur asphalt concrete mixture
preparation was proven by research conducted in Hungary. The results of these studies showed that
the mixing of sulfur and bitumen should be carried out in mixing units that allow to achieve high
homogeneity and uniformity of the mixture. In this case, the temperature of the mixture should not
exceed 150°C, and the amount of sulfur should not exceed 20-25% by weight of the organic
component. [5]

Conclusions

In conclusion, reusing sulfur can help reduce emissions to some extent. During the development
of the Tengiz oil field in recent years, ten million tons of sulfur were found in the subsoil. As a result
of the accumulation of sulfur, the ecological situation in the region deteriorates. Taking into account
the increase in the volume of oil production in the Tengiz and other oil fields of the Caspian region,
the problem of utilization of illiquid reserves of sulfur has a global character for Kazakhstan.

The country's connection to the North-South international transport network connecting India,
Iran and Russia has led to the construction of long-distance highways. Huge investments were made
for it. The regulatory frameworks necessary for the development of the technology of using sulfur
concrete in road construction and conducting comprehensive research on adaptation to the
environment have been developed, and the Government of the Republic of Kazakhstan has drafted a
resolution to introduce this topic into the sectoral program of innovative development of the Ministry
of Transport of the Republic of Kazakhstan. This draft resolution was agreed with the Minister of
Energy and Mineral Resources of the Republic of Kazakhstan. Our President Kassym-Jomart
Kemeluly Tokayev was nominated to the Government.

At present, it is a very important measure to support innovations in accordance with modern
requirements and put them into production. It is impossible to develop new innovative sectors and
create science-related industries without developing the domestic science industry. Innovative sector
covers all areas of the economy. And it is known that their development often depends on scientific
research and nanotechnology.

It is very important to adapt to foreign practices in the technological development of sulfur
concrete production. Storage of sulfur in open blocks, above ground, has a negative impact on the
environment. Open-type above-ground sulfur storage facilities are exposed to external destructive
factors - changes in temperature and humidity, wind, precipitation, and can break into particles and
form sulfur dust. In order to reduce the load on the environment, the production of concrete containing
sulfur binder is considered one of the promising projects. Creating and developing a sub-industry of
construction and road construction materials using sulfur as a binder is beneficial for the country's
economy. It should be noted that sulfur concrete is stronger than ordinary concrete, due to the correct
maintenance of the manufacturing process. It is of particular importance to create production facilities
capable of producing a large volume of sulfur concrete while strictly observing technological
standards.
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Annotanus. Cepa SBISICTCS OJHHM W3 KPYIMHOTOHHR)KHBIX OTXOJOB B CBSI3M C YBEJIMUYCHHEM MepepadOTKU
YTIIEBOJOPOJHOTO CHIpbs (HE(TH W Tasa), coJepkamiero cepy. JnurenpbHoe XpaHeHHE OONBIIOTO KOJIWYECTBA CEPBI
OKa3bIBACT HETaTHBHOEC BO3CHCTBHE HA OKPYXKAIOIIYIO cpexy. KOMIO3HUIIMOHHBIA MaTepuas U3 MOTU(PHUKALUN CEPbI
XapaKTepU3yeTcss DKOJIOTHYECKOH M IKOHOMUYECKOW 3(h(EeKTHBHOCTHIO B CTPOMTENLCTBE. B 0030pe paccMOTpeHsbI
HCTOYHHMKH CEepbl, €€ CBOWCTBA, TEXHOJIOTHMS IPOM3BOACTBA CEpOOETOHA, a TakXkKe NpPUMEHEHHe cepoOeToHa B
COBPEMEHHOW CTPOMTENbHOM oTpaciu. [IpoBeeHa 3KClepUMEHTalbHasi OlleHKa MOJAM(UIIMPOBAHHOIO CepoOeToHa,
ONpeNeIeHbl APYTUe CHOCOOBI MPUTOTOBJIICHUS CMECCH, MOKa3aHa Ba)KHOCTh aJalTalld K 3apyO0C)KHOMY OIBITY B
Pa3BUTHH MPOU3BOJCTBA CepoOeTOHA. B 1esax CHIKECHUS HATPY3KU HAa OKPYKAIOIIYIO CPEAY OJHHUM U3 TEPCIEKTUBHBIX
IIPOEKTOB CYMUTAETCSI IPOM3BOACTBO OETOHA, COAEpIKAIero cepHoe BspKyllee. Beabp cepoOETOH MMeeT Takue
MPEUMYIIECTBA, KAK YCTOMYMUBOCTh K KUCJIOTE U PAJHALIMN, MOPO30CTOHKOCTh M BO3MOKHOCTh BTOPUYHO IIepepadOTKH.
Lenbto paboThl OBLIO HCCICAOBAHHE HOBOTO COCTaBa CEpPOOCTOHA HA OCHOBE OWUTYMHOrO KOMIOHEHTa. Jlis
HCCIICAOBaHMS OBUTH TIOATOTOBJICHBI 00pa3Iibl CEPOOETOHA C PA3IMYHBIM MPOIICHTHBIM COACPKAHHEM KOMIIOHCHTOB.

KaroueBble cioBa: cepo0OeToH, cepoOeTOHHas CMech, MOAMGHUKALMUS Cepbl, XHMHYECKas CTOUKOCTb,
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Anparna: KypampiHma KykipT Oap KeMipCyTeK IIHKi3aThIH (MyHail-ra3) eHIey cajlaJapblHBIH apTybIHA
0alTaHBICTHI KYKIPT- ipi TOHHAXABI KAJABIKTAPABIH Oipi PeTiHAe IIBIFBII JKaThIP. YIJIKEH KeJeMIli KYKipT KOPBIH Y3aK
YaKbIT CakTay KOpIIaFraH OpTara jkarbIMChI3 acep Oepeni. KykipT MoauukanuscbiHaH MIBIKKAaH KOMIIO3UTTIK MaTepHa-
KOpIIaFaH OpTara SKOJIOTHSIJIBIK, KYPBUIBICTa JKOHOMHKAJIBIK THIMIUTITIMEH CUITaTTaaAbl. by monyna KyKipTTiH MIbIFY
Ke3Jepl, KacHeTTepi, OJaH KYKIpTOCTOH »kacay TEXHOJIOTHSCHI XKOHE KYKIPT HeETi3iHAeri OCTOHHBIH OYIiHII KYHT1
KYpBUIBIC HMHAYCTPHSCBHIHIA KOJIAHBUIYBI 3epTTeieni. Moaudukanusianral KyKipTTi OETOHIBI SKCHEPUMEHTTIK
Oaranamn, Kocnajapjabl JaibIHIAYAbIH ©3re 9JicTepi aHBIKTANABL, KYKIPTTI OETOH OHIIpICIH AaMbITyAa MIeTEeNiK
TOXKipubdenepre OeifiMaeTyiH MaHBI3IBUIBIFEI KopceTinai. Koprmaran oprara )KYKTeMeHi a3aiiTy MaKcaTbIHIA KYKIpTTi
OalTaHBICTBIPFBIITAH TYPAaTBIH OCTOH MIBIFApy- Kelnemeri Oap >koOamapaslH Oipi OoNbIn caHamagsl. OWTKEH,
KYKipTOSTOHHBIH KBIIITKBII MCH paJAHAIIIFa, as3Fa TOIIMILIIT )KOHE KaiiTa eHIey MYMKIHAITT CHSKTHI apTHIKIIBUTBIKTAPEI
0ap. JKyMBICTBIH MaKcaThl OMTYM KypaMaac HEeTi31HJeTi KYKipTTi OCTOHHBIH jkaHa KYpaMbIH 3epTTey OOJAbL. 3epTTeymi
KYPri3y YIIiH Kypampaac OeikTepIiH op TYpIi HarbI3AbIK KypaMbl 6ap KYKipTTi OSTOH YATiIepi HaibIHAaIbL.

Tyiiin ce3mep: KyKipTOSTOH, KYKIpTOETOH KOCHACHL, KYKIPT MOAMQUKAIMICH, XUMISIIBIK TO3IMILIIK,
KOMIIO3UTTIK MaTeprall, XUMHUSUIBIK OaiisIaHbIC, TOATHIPFRINITAD, KYKIPT achanbTOCTOH.
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