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AND THEIR TARGETED APPLICATION IN VARIOUS SECTORS

Abstract

Today, there is a growing demand for environmentally safe, recyclable, and highly durable materials for
modernizing railway infrastructure using industrial waste generated from the purification of sulfur gases in gas
fields. The high CO, emissions and hydrophilic properties of traditional cement-based concretes are limiting their
use in long-term and aggressive environments. In light of this, the present study explored the prospects of using
sulfur-based concretes with hydrophobic, chemically stable, and thermoplastic properties in railway sleepers.
Samples obtained from compositions consisting of molten sulfur, modified stabilizers, basalt fiber, and nano-
additives were analyzed using TGA/DTA and IR spectroscopy methods. Important physicochemical properties such
as compressive strength, water absorption coefficient, thermal conductivity, and resistance to mechanical wear were
evaluated through laboratory and industrial tests. The research results demonstrated that sulfur concrete could be
implemented not only as an alternative cement-free solution but also as a sustainable, long-lasting, and recyclable
structural material for future railway sleepers.
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Introduction

Today, as a result of the rapid construction of infrastructure and buildings, the demand for
concrete products is increasing sharply. However, in the traditional concrete production process, the
main binding agent used is Portland cement, the large-scale production of which leads to significant
CO, emissions into the atmosphere. Cement production accounts for approximately 7-8% of global
greenhouse gas emissions. To mitigate this environmental threat, many researchers have begun
searching for alternative binding agents. One such promising solution being considered is sulfur-
based concrete [1-2].

Materials and Methods

In this study, sulfur-based concrete compositions intended for railway sleeper production were
selected as the research object. The main components of these compositions include: Molten sulfur
(S,) as the primary binding agent; Modified chlorosulfonated polyethylene as a stabilizer controlling
sulfur crystallization; Basalt fiber as a reinforcing component to increase load-bearing capacity;
Microsilica and nano-silicon oxide (SiO,) to enhance microstructure density and reduce cracking;
Antioxidants and UV stabilizers as additives ensuring resistance to external factors (sun, oxygen,
temperature). Additionally, based on Belgian experience, sulfur-concrete sleepers manufactured
under the THIOTRACK® brand were examined in terms of technical specifications and subjected to
comparative analysis.

Thermogravimetric analysis (TGA/DTA) is used to determine the thermal stability of sulfur and
the temperature resistance limit of compositions. A gradual decrease in mass and sublimation were
observed at 200-300°C.

IR Spectroscopy (FTIR) is used to identify functional groups (S-S, C-C-H) in sulfur concrete
and confirm the presence of modification. The spectra were analyzed in the range of 470-920 cm ™.

Mechanical tests: Compressive strength was measured over periods of 3 hours and 30 days, with
recorded values of 60—-65 MPa.

Water absorption tests: To determine water resistance, the material was immersed in water for 24
hours, resulting in an absorption rate of <0.5%.

The process of re-melting and recasting into molds was performed up to 10 times, with the
degree of mechanical property retention observed after each cycle.

Results and Discussions

The problem of global sulfur production and waste recycling. One of the largest components of
high-tonnage waste generated by the expansion of the oil and gas industry is sulfur, which is often
produced as a by-product. According to the US Geological Survey (USGS), global sulfur production
in 2018 amounted to 80 million tons. This figure clearly indicates the necessity for sulfur processing
and utilization [3].

The largest producers are:

¢ China — 17 million tons (main contributor),

¢ USA — 9.7 million tons,

* Russia — 7.1 million tons,

* Saudi Arabia — 6 million tons,

+ Canada — 5.5 million tons,

¢ Japan and Kazakhstan — 3.5 million tons each.
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Advantages of sulfur concrete. Sulfur-based concrete has several advantages over traditional
Portland cement concrete:

¢ Rapid hardening (compressive strength up to 55—-65 MPa in 3 hours),

¢ Low thermal and electrical conductivity,

¢ High chemical and acid resistance,

+ Low water absorption and water resistance,

¢ Freeze-thaw resistant (up to 300%),

¢ Quick setting, radiation-resistant, highly abrasion-resistant,

¢ Concrete can be poured even in cold conditions.

This type of concrete is recommended as an alternative material for underground structures,
hydraulic structures, and marine infrastructure.

Allotropic forms and physical states of sulfur. Sulfur can exist in various allotropic forms -
these can be in the form of chemically bonded chains (catena, polycatena) or ring-shaped molecules
(cyclo-S ). The most stable forms are based on the S, ring:

¢ Rhombic form (stable up to 95.5 °C),

¢ Monoclinic form (stable in the range of 95.5-119.3 °C),

¢ Plastic sulfur (above 159°C — chain structure).

Due to these properties, sulfur can be melted, molded, and solidified again for use - this allows
for 100% recycling.

Sulfur-based concrete plays an important role in transforming industrial waste into an
environmentally and economically beneficial resource. Its high strength, corrosion resistance,
recyclability, and quick setting properties create advantages for modern construction sectors.
Furthermore, at a time when global sulfur production is increasing, actively using it in construction
rather than storing it is the most optimal environmental solution [4].

Belgian railway infrastructure tested a sulfur concrete sleeper under the THIOTRACK® brand
in 2021. By 2025, it is planned to install 200,000 such sleepers across the country. The manufacturer
of these sleepers is De Bonte Group, which has developed 100% recyclable, cement-free concrete
that requires no water consumption. This concrete can be melted at 135°C for reuse [5].

Sulfur concrete sleepers are a reliable solution for railways, fully meeting all functional and
technical requirements established by European standards and technical specifications. Moreover,
sulfur concrete is considered a material with very low environmental and climate impact.

When recycling sleepers manufactured under the THIOTRACK® brand, it is possible to easily
separate sulfur concrete from components such as steel inside. Therefore, the concrete and all
integrated parts can be reused indefinitely, like new concrete, without loss of quality.

Because sulfur-based sleepers do not absorb water (due to their hydrophobic properties), the
physical, mechanical, and chemical properties of the product are preserved 100%. This ensures a
long service life.

The production process of THIOCRETE® has very low CO, emissions compared to traditional
cement concrete or other widely used materials (steel, ceramics, plastics). This leads to a 50—-80%
reduction in emissions due to the non-use of cement and the low energy consumption of the process [6].

Below, a method for preparing sulfur-based concrete using a special chemical composition for
railway sleepers and its physicochemical properties have been investigated. This analysis aligns
with modern approaches to producing environmentally friendly, sustainable, and recyclable concrete
materials.

Application of sulfur-based concrete in railway sleepers: composition and physicochemical
properties. Railway sleepers require long-term performance under heavy static and dynamic
loads. Traditional cement-based concretes, due to their hydrophilic properties, tendency to crack,
and susceptibility to carbonation, often cannot withstand aggressive environments. Therefore,
hydrophobic, corrosion-resistant, rapidly-strengthening sulfur concretes can be recommended as an
alternative solution.
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For the application of sulfur-based concrete in railway sleepers, several chemical compositions
are mixed at a temperature of 130-140 °C, with molding carried out at 135 °C. The cooling stage is
completed within 10-20 minutes. The compositions presented in this table are considered relatively
effective, and their total mass fractions were studied.

Table 1 — Composition and mass fraction of sulfur-based concrete

Component Mass fraction (%) Explanation
Solude sulfur (S8) 40-45% Binding, hydrophobic, and re-meltable
Modified chlorosulfonated 5-7% Sulfur polymerization stabilizer
polyethylene
Basalt fiber 45-50% For high density and mechanical strength
Microsilicate 2-3% Increases temperature stability, reduces cracks
Antioxidant/UV Stabilizer 0.5-1% Reduces degradation due to sunlight
Nano-silicon oxide (SiO8) 0.2-0.5% Increases interface adhesion, increases durability

When studying the thermal decomposition of sulfur-based concrete compositions presented in
Table 1 using TGA/DTA, it was found that sulfur sublimation occurs at 200-300°C, demonstrating
high thermal stability. Additionally, IR spectroscopy analysis of sulfur-based concretes revealed the
presence of S-S stretching at 470-550 cm ™!, crystalline sulfur at 720 cm™!, and C-C-H deformation
signals in the range of 880-920 cm™' for modified samples.

The physicochemical properties of sulfur-based concrete compositions make them promising
materials for infrastructure elements subjected to heavy dynamic loads, particularly railway sleepers.
The results presented in Table 2 below were obtained through laboratory and industrial tests, with
each finding scientifically substantiated in terms of its technical significance.

It was observed that the compressive strength of sulfur concrete samples reaches 60—65 MPa
within 3 hours. This value is significantly higher than the approximately 25 MPa achieved by
traditional Portland cement-based concrete after 28 days of curing. This property is attributed to the
rapid formation of an amorphous structure as sulfur cools and the influence of modifying compounds
added as stabilizers. In the railway sector, this characteristic allows for increased construction speed
and savings in time and energy resources.

Table 2 — Physical and mechanical properties of sulfur-based concretes

Indicator Sulfur concrete sleeper Explanation
Strength (M60 level) 60—65 MPa (3 hours) Fast strengthening, 2-3 times faster than cement
Water absorption 0 . -
coefficient <0.5% Poorly water-absorbing due to hydrophobicity
mechanical friction . . .
(DIN 52108) < 1.5 mm/1000 cycle Highly abrasion-resistant

Corrosion resistance

(H,SO,, NaCl) Very high Stable even in aggressive environments
Thermal conductivity | 0.27-0.35 W/m-K Good thermal insulation properties

Heat deformation o . . - .\
temperature (HDT) 110-120 °C Suitable for summer railway friction conditions
Melting point (sulfur) | 115-120 °C Recyclability available

Processing cycle > 10 times Properties are retained
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The changes in strength of sulfur concrete over time, its comparison with Portland cement-
based concrete, and the impact of modifying additives that ensure its stability are significant. Sulfur
concrete initially provides very high strength; however, if appropriate stabilizers and modifiers that
slow down degradation caused by sunlight exposure and improve adhesion are not used, a decrease
in mechanical stability of up to 5-10% may be observed over time.

Table 3 — Time-based dynamics of sulfur concrete strength (comparison after 3—30 days)

Indicator 3-hour sulfur concrete 30-Day Sulfur Concrete 30-day Portland cement
Pressure resistance 60—65 55-60 (may decrease 3040 (increasing)
(MPa) slightly)

Flexural strength

(MPa) 10-15 9-13 6-8

Crack resistance High Decreases slightly Medium

Chemical stability High (almost High Medium
unchanged)

The water absorption coefficient of sulfur concrete is < 0.5%, which makes it practically
waterproof. This hydrophobic property is due to the crystalline structure of sulfur and its non-
reactivity with water. When used as a sleeper, this property prevents structural cracking under the
influence of soil moisture and precipitation, and in cold climates increases resistance to freeze-thaw
cycles.

According to tests conducted in accordance with the DIN 52108 standard, the mechanical abrasion
of sulfur concrete is less than 1.5 mm/1000 cycles. This confirms its ability to withstand intensive
friction between rails, sleepers, and connecting elements under railway conditions. It reduces the
frequency of sleeper replacement during long-term operation.

Sulfur concrete has high inertness to H,SO,, NaCl, and other aggressive environments, and
it undergoes almost no chemical destruction. This ensures the long-term operation of railway
infrastructure even when in contact with acid rain, chemical dust, and salts in industrial zones.

The thermal conductivity of sulfur concrete is around 0.27-0.35 W/m-K, making it a good
thermal insulator. This feature is of great importance in railway lines subjected to sharp temperature
fluctuations. Also, due to its high resistance to thermal deformation (110-120 °C), softening or
deformation of the material in summer heat is not observed.

Sulfur concrete has a meltable thermoplastic character and can be recycled up to >10 times. This
allows for melting the material and reusing it in a new mold, instead of replacing the entire structure.
Unlike cement concretes, no quality is lost during reprocessing.

Advantages and strategic benefits of sulfur concrete application. 100% recyclable: Sulfur
concrete sleepers can be melted and molded into a new shape, no cement is used: CO2 emissions
are reduced by 60-80%, not water-absorbent: Sleepers do not react with water in the soil, cracks do
not appear, strong anti-corrosion protection: Extends the service life of steel rails and connectors,
earthquake-resistant: Suitable for use in smooth deformation zones (transition to plastic phase).

Conclusion
Sulfur-based concrete is an environmentally sustainable, recyclable, and innovative material
worthy of consideration for the production of high-quality railway sleepers. Due to its hydrophobic

nature, high mechanical durability, and recyclability properties, it can not only serve as an alternative
to cement but also potentially become the foundation of future railway infrastructure.

389



HERALD OF THE KAZAKH-BRITISH
No. 2(73) 2025 TECHNICAL UNIVERSITY

REFERENCES

1 Bieliatynskyi A., Yang S., Pershakov V., Shao M. & Ta M. The use of fiber made from fly ash from
power plants in China in road and airfield construction // Construction and Building Materialsto — 2022. —
Vol. 323. — P. 126537.

2 Bieliatynskyi A., Yang S., Pershakov V., Shao M. & Ta, M. Study of carbon nano-modifier of fly
ash in cement concrete mixtures of civil engineering // Science and Engineering of Composite Materials. —
2022.—Vol. 29. — No. 1. — P. 227-241.

3 Fediuk R.S., Yevdokimova Y.G., Smoliakov A.K., Stoyushko N.Y. & Lesovik V.S. Use of geonics
scientific positions for designing of building composites for protective (fortification) structures. In IOP
Conference Series: Materials Science and Engineering (vol. 221, no. 1, p. 012011). IOP Publishing. (2017,
July).

4 Vlahovic M.M., Martinovic S.P., Boljanac T.D., Jovanic P.B. & Volkov-Husovic T.D. Durability of
sulfur concrete in various aggressive environments // Construction and building materials. —2011. — Vol. 25. —
No. 10. —P. 3926-3934.

5 Quik J.T.K., Dekker E. & Montforts M.H.M.M. Safety and sustainability analysis of railway sleeper
alternatives: Application of a novel method for material loops (2021).

6 Costa FN. & Ribeiro D.V. Reduction in CO, emissions during production of cement, with partial
replacement of traditional raw materials by civil construction waste (CCW) // Journal of Cleaner Production. —
2020. — Vol. 276. — P. 123302.

REFERENCES

1 Bieliatynskyi A., Yang S., Pershakov V., Shao M. & Ta M. The use of fiber made from fly ash from
power plants in China in road and airfield construction. Construction and Building Materials, 323, 126537
(2022).

2 Bieliatynskyi A., Yang S., Pershakov V., Shao M. & Ta, M. Study of carbon nano-modifier of fly ash
in cement concrete mixtures of civil engineering. Science and Engineering of Composite Materials, 29(1),
227-241(2022).

3 Fediuk R.S., Yevdokimova Y.G., Smoliakov A.K., Stoyushko N.Y. & Lesovik V.S. Use of geonics
scientific positions for designing of building composites for protective (fortification) structures. In IOP
Conference Series: Materials Science and Engineering (Vol. 221, No. 1, p. 012011). IOP Publishing. (2017,
July).

4 Vlahovic M.M., Martinovic S.P., Boljanac T.D., Jovanic P.B. & Volkov-Husovic T.D. Durability of
sulfur concrete in various aggressive environments. Construction and building materials, 25(10), 3926-3934
(2011).

5 Quik J.T.K., Dekker E. & Montforts M.H.M.M. Safety and sustainability analysis of railway sleeper
alternatives: Application of a novel method for material loops. (2021).

6 Costa FN. & Ribeiro D.V. Reduction in CO, emissions during production of cement, with partial
replacement of traditional raw materials by civil construction waste (CCW). Journal of Cleaner Production, 276,
123302 (2020).

390



KA3AKCTAH-BPUTAH TEXHUKAJIBIK
YHUBEPCUTETIHIH, XABAPIIBICHI Ne 2(73) 2025

'Hypky.sioB @.,
npodeccop, ORCID ID: 0000-0002-9419-2300
e-mail: fnurkulov82@gmail.com
Bussmyxamenona v.,
npodeccop, ORCID ID: 0000-0001-5005-0477
e-mail: z.umidal973@yandex.ru
Paxmaros E.,
npodeccop, ORCID ID: 0000-0003-3113-1962
e-mail: erkinraxmatov(@rambler.ru
**Hadacos K.,
KaybIMaacTeIpeiiFan mpogeccop, ORCID ID: 0000-0002-0415-2584
*e-mail: nafasovz@mail.ru
*TypryHanueB E.,
KaybIMaacTeIpeiiFan mpodeccop, ORCID ID: 0000-0003-3257-5434
e-mail: mrelbek@mail.ru
Busmyxamenos K.,
KaybIMIaCTHIPBUIFaH TIpodeccop
e-mail: Javohir1995@mail.ru
3PycramoB M.,
nokropant, ORCID ID: 0009-0008-1440-5988,
e-mail: mirshohidrustamov(@gmail.com
3Aonypaxumos 111.,
nokropant, ORCID ID: 0009-0008-1018-9851
e-mail: shohjahon.abduraximov(@mail.ru
ZAxmenona /.,
accucteHt, e-mail: d.akhmedova@mail.ru

'Tamkent xumus-Texuonorus HHCTUTYTHI (TXTU), TamkeHT K., ©30ekcTan
*TalkeHT MEMJICKETTIK KOJIiK YHUBepcuTeTi, TalkeHr K., ©30ekcTan
SDKOHOMHKA JKOHE IMearoruka yausepcurteTi, Kapiisl K., ©30ekcTan

O3BEKCTAH PECITYBJINKACBHIHBIH I'A3 KEH OPBIH/IAPBIHIA
KYKIPT KYPAM/JIbI TA3JIAPABI TAZAPTY KE3IHJE TY3LIETIH
TEXHOTEHIK KAJJIBIKTAPIBI MAWJIAJTAHY )KOHE OJAPIBI
OPTYPII CAJIAJTAPIA MAKCATTBI KOJIJAHY

Angarna

Kasipri yakpITTa ra3 K€H OpBIHAAPBIHAA KYKIPTTI ra3mgapiabl Ta3apTy HOTHKECIHAE TY31JICTiH OHEpKICINTIK
KaJIBIKTapAbl TaifajaHa OTBIPHIN, TEMIpKOJN HWHOPAKYPBUIBIMBIH JKaHFBIPTY YIIIH SKOJOTHSUIBIK Kayircis,
KaiiTa OHJENETIH JKOHE JKOFaphl Oepik MaTepuaijapra JereH CYpaHbIC apThin Kenemi. JlocTypii IeMeHT
Herisingeri  OetonmapabiH skorapel CO, IBFaphIHABUIAPE MEH THAPOQMIBII KACHETTEPI ONApIbIH  Y3aK
MEp3iMJIi KOHE arpecCHBTI OpTajga KONAAHBUTYBIH ImekTeiini. OckiraH OallaHBICTBI OYJI 3epTTEyae TeMipiKOJ
HIMAIAAPbIHAA KOJIaHYFa apHaiaFraH rufApo(oOThl, XUMHSJIBIK TYPAKThl KOHE TEPMOIUIACTHUKANBIK KacHEeTTepre
ue KYKIpTOeTOHAap/IbIH KOJIaHy MePCHeKTHBAIAPbl KAPACTHIPBUIIbI. BalKbIThUIFaH KYKIPT, MOAU(UKaAIMsIaHFaH
TYPaKTaHBIPFBIIITAP, 0a3abT TAIIIBIFBI )KOHE HAHOKOCIAIAp/IaH TYpPAaThIH KOMIO3UIMSIAD HETi31H/e albIHFaH
yirinep TepmorpaBumMeTpusibik (TT'A/JITA) xone mH(pakp3bul cnektpockonus (MK) omictepiMen 3epTreni.
CorrputyFa OCpikTiK, Cy CiHIpY KO03((UIIHEHTI, KBITYOTKI3TIMITIK KOHE MEXaHUKAJIBIK TO3YFa TO3IMILTIK CHUSKTHI
MaHbI3/bl (PU3MKA-XMUMUSUIBIK KACHETTEep 3epTXaHaJbIK KOHE OHEPKOCINTIK Karaaiijapia ChIHAJIbL. 3epTTey
HOTMOKeNIepl KYKipTOSTOHHBIH TEK IEMEHTCI3 Oajmama peTiHae FaHa emec, COHbIMEH Karap OoJamak TeMip:KoJ
IITTaIIaphl YIIiH y3aK MEp3iMAi, TYPaKThl ’KOHE KaiTa eHAeTeTiH KYPBUIBIMABIK MaTepHall peTiHIe KOoJIaHyFa
OONaTHIHBIH KOPCETTI.

Tipex cesmep: KykipTOeTOH, TeMip»ol WINangapbl, KaiTa emjesneTiH marepual, ruapopooTsuibik, CO,
wbirapeiabuiapsl, TTA/ATA Tannayel, MomuQuUKaMaIaHFral TYPaKTaHIbIPFbINI, HaHO-Si0,, SKOTOTUANBIK Ta3a
0eTOH, MEXaHUKAJIBIK OCPIKTIK.
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HEPCIIEKTHUBbI UCIIOJIb30OBAHUA TEXHOI'EHHBIX OTXO4OB,
OBPA3ZYIOIIUXCHA IIPU OYUCTKE CEPOCOAEPKALIUX I'A30B
HA T'A3OBBIX MECTOPOXJIEHUAX PECITYBJIMKHN Y3BEKUCTAH,
N UX HEJEBOE IPUMEHEHMUME B PA3JIMYHBIX OTPACJIAX

AHHOTAUA

B Hacrosiiiee BpeMsi Bo3pacTaeT MoTpeOHOCTh B HKOJOIMYECKH OE30MacHbIX, MepepadaThiBaeMbIX U BBICO-
KOTIPOYHBIX MaTepHanax Ui MOJCPHH3AIMH HKEJIC3HOJOPOKHOW HH(PACTPYKTYypBl C HCIIOIB30BAHHEM IIPO-
MBIIIJIEHHBIX OTXOJ0B, 00Pa3yIOIIUXCs IPU OYUCTKE CEPHHUCTBIX T'a30B HA Ta30BBIX MECTOPOXKICHUSAX. Bbicokne
BbIOpockl CO, M ruapoduiIbHbIE CBOMCTBA TPaJMLMOHHBIX OETOHOB HA OCHOBE LEMEHTa OrPaHUYUBAIOT HX
IPUMEHEHUE B YCIOBUSIX JUIMTEIBHON JKCITyaTalldd M arpecCUBHBIX CpeA. B CBsA3M ¢ 3TUM B HACTOALIEM
MCCJICIOBAaHUN M3YUYCHBI NMEPCIEKTUBBI MPUMEHEHHS CEpOOETOHOB, 0ONaalomuX THUAPOPOOHBIMH, XUMUYECKH
CTOMKMMHU M TEPMOIIJIACTUYHBIMU CBOWCTBAMM, B JKEJIE3HOMOPOXKHBIX Inmnanax. OOpasipl, MOTydEHHBIE U3 KOM-
MO3UIHH, COCTOSIIIMX M3 PACIUIABICHHOW CEpbl, MOJU(GHUIMPOBAHHBIX CTAOMIIN3aTOPOB, 0A3aJILTOBOIO BOJIOKHA
1 HaHomo0aBoK, ObuM mpoaHamu3upoBanbl Meronamu TI'A/JITA n MK-cnekrpockonnu. Baxnsie ¢usnko-xu-
MHYECKHE CBOWCTBA, TaKME KaK MPOYHOCTh Ha CXKaTHe, KOI(PQGHUIMEHT BOIOIMOIIIOUICHUS, TEIUIONPOBOAHOCTH
U CTOHKOCTh K MEXaHHYECKOMY HM3HOCY, OLEHHBAJIUCHh B XOJ€ J1a0OPAaTOPHBIX M MPOMBIIUICHHBIX HCIIBITAaHHUH.
PesysbraThl HcciieioBaHUs TOKa3alK, YTO CEPOOETOH MOXKET OBbITh BHEAPEH HE TOJIBKO KaK ajbTepPHATHBHOE
OecrieMEHTHOE peIIeHHE, HO M KaK yCTOHYMBBIH, TONTOBEUHBII U IlepepadaThiBaeMblil KOHCTPYKIIMOHHBIN MaTepra
Jutst Oy IyInX JKeIe3HOJOPOKHBIX IITIaJI.

KioueBsie ci1oBa: cepoOeToH, )KeIe3HOJOPOKHBIE IITalbl, epepadaTbiBaeMblii Marepual, TiApohoOHOCTS,

BeIOpocel CO,, TTA/ATA ananus, Mmoguuuupyromui crabuimmsarop, Hano SiO,, S5KONOrHYECKH YUCThIA OETOH,
MEXaHWYEeCKask IIPOYHOCTb.
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