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Abstract: In this article, it was found expedient to obtain sulfur concrete based on organic nitrogen-containing compounds.
Melamine, hydrazine, 2,4-dinitrophenylhydrazine, and bitumen were used as modifiers. The corrosion resistance of the obtained
samples of sulfur concrete was studied in aggressive environments, including: 10% solutions of acids H2504, HCl, HNOs, HsPOs,
3% solutions of Na2SOs, NaCl, NaF, 10% NaOH, pH=4-10 and machine oil, dichloroethane and diesel fuels. The results obtained
in the course of research show an increase in corrosion resistance and an improvement in the mechanical properties of sulfur
concrete.
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Introduction. Originally developed in the United States, sulfur-based concrete has
undergone extensive research to improve and enhance its properties. Studies have
consistently demonstrated the safety and reliability of sulfur-based concrete as a
construction material. Sulfur, which is found in crude oil and gas products, is an economical
choice over other base materials due to its low cost. In sulfur-based concrete, sulfur
primarily acts as a binder. The composition also includes other components such as
aggregates, sand, fly ash, and stabilizers. With its low porosity and high-density
mix, sulfur -based concrete has higher strength than conventional cement concrete. The
unique matrix stru cture of sulfur-based conc rete may be due to the combination of
sulfur and aggregates.

In Poland, work is underway on the use of sulfur and its waste in the production of
building materials. The results of the research are reflected in many articles and patents.
Polish technologies for obtaining building materials based on modified sulfur differ from
other technologies in their complexity and multi-stage nature. In the scientific works of
researchers[5], a method for obtaining stable polymerized sulfur from elemental sulfur
and unsaturated hydrocarbons was proposed. In this work, polymerized sulfur was added
to the solution in an amount of 1-20% by mass of the raw material used at a temperature
of 125°C-130°C with constant stirring. In subsequent stages, the temperature of the total
mixture was gradually increased, but it was not recommended to raise it above 5°C within
30 minutes; the studies were carried out at temperatures in the range of 140-145°C[4]. The
mixture was kept at this temperature for 3 hours. In the next stage, the temperature was
gradually reduced to 130-135 °C at a rate not exceeding 5 °C for 30 minutes. The total time
of temperature reduction was 3 hours. In the inventions of the following authors [7],
various methods of sulfur modification are also proposed: in particular, the effect of
various solvents, styrene, etc. on the polymerization process of sulfur is studied, and
recommendations for their use are given. The patent [6] proposing the physical structure
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of modified sulfur has aroused great scientific interest among many researchers.
According to the authors [6], modified sulfur is a eutectic mixture, a solid solution of sulfur
and modifiers. As a modifier, a mixture of unsaturated hydrocarbons and styrene, in the
form of dimers and trimers of cyclic compounds (dicyclopentadiene), in an amount of 2-
7% by weight at a temperature of 135 °C was used. It is noted that sulfur does not
chemically interact with modifiers. The purpose of the modification is to obtain stable
anisotropic crystals of the a-rhombic form that do not undergo polymorphic
transformations. The content of the 3-monoclinic form does not exceed 0.1%.

This study proposes the use of ENB as a sulfur modifier for the first time. The use of
ENB is explained by its stability and low toxicological properties compared to DSPD.
Detailed information on the properties of the product is not available. The studies based
on this invention, as well as most of the others, were carried out in vitro in laboratory
conditions. There is no information about carrying out the process under conditions close
to industrial scale. The lack of experimental results is considered a significant drawback
of such work.

SHell [6] noted that when modifying sulfur with naphthenes or olefinic
hydrocarbons, organic polysulfides are formed. Modified sulfur is the addition of
polysulfides to elemental sulfur. The presence of organic polysulfides stabilizes allotropic
forms of sulfur and prevents crystallization.

This fact was explained by the gradual (within 24 hours) transition of sulfur from the
monoclinic form to the stable orthorhombic form, which is associated with a decrease in
volume and contributes to the slow degradation of the material.

Methodology & empirical analysis. The stability of concrete under the influence of
aggressive chemical and corrosive solutions is a crucial factor. This study investigated the
stability of concrete based on the sulfur-2,4-dinitrophenylhydrazine modifier in various
harsh environments, including 10% acid solutions (sulfuric, hydrochloric, nitric and
phosphoric acids), 3% salt solutions (sulfates, chlorides and fluoride . salts), 10% NaOH,
pH-changing  environments (pH 4-10) and organic compounds (motor oil,
dichloroethane and diesel fuel). EDS (Energy Dispersive Spectroscopy) analysis plays a
crucial role in understanding the elemental composition of sulfur concrete. This advanced
analytical technique provides important information about the distribution and
concentration of elements present within the material. By using EDS analysis, researchers
can gain valuable information about the performance and properties of sulfur concrete and
optimize its properties for various applications. By evaluating EDS images and elemental
maps, it is possible to confirm the presence of sulfur along with other elements, providing
a broader understanding of the composition and performance of the material.
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Figure 1. EDS images of the sulfur modifier 2,4-dinitrophenylhydrazine (a) and the
corresponding EDS element map (b) are shown
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Figure 2. EDS analysis results of sulfur-2,4-dinitrophenylhydrazine, (a) elemental map
and (b) EDS data
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To determine the elemental composition of the selected modification material, a
deep surface elemental analysis was performed on the sulfur-2,4-dinitrophenylhydrazine
modifier. It was noted that the amount of sulfur was 33.91% of the total mass, confirming
the presence of sulfur in the tested modifier. The analysis showed that oxygen atoms
account for 9.2% of the total mass, and carbon for 56.63% of the total mass. These findings
confirmed the presence of 24-dinitrophenylhydrazine in the  sulfur-2,4-
dinitrophenylhydrazine modifier. As a result, the EDS images and EDS element map
results showed that the sulfur-2,4-dinitrophenylhydrazine modifier is composed of
nitrogen, carbon, and sulfur elements, with sulfur serving as a linking component in the
modifier.

Sulfur-modified concrete has proven to be an important tool for understanding the
thermal stability and structural changes of 2,4-dinitrophenylhydrazine-modified concrete.
This technique allows researchers and industry professionals to evaluate the effects of
incorporating sulfur modifiers in concrete, which can lead to improved performance
and longer service life of the material. Sulfur-modified concrete has received significant
attention due to its improved properties, such as increased chemical resistance,
increased strength, and reduced shrinkage time.

Table 1. Thermogravimetric results of the sulfur-2,4-dinitrophenylhydrazine modifier

No. Temperature, 0C E.nergY u 'V Weight loss, % Weight lqss rate,
consumption values, mg/min
1 100 -0,00105 0,075 0,0155
2 200 -0,09585 0,84 0,6452
3 300 -0,856 43.206 0,688
4 400 -0,101 88.338 0,0538
5 500 -0,01322 91.855 0,018
6 600 -0,0125 93.022 0,0212
7 700 -0,0159 94.425 0,0258
8 800 -0,00725 96.114 0,0032
9 900 0,0109 96.312 0,00315
10 1000 0,00056 96.44 0,0031

II. Results. A method for obtaining polymer sulfur binders based on the
modification of elemental sulfur, a waste product of the oil and gas industry, with
nitrogen-containing organic compounds - melamine, 2,4-dinitrophenylhydrazine was
proposed. It was found that 24 hours after pouring the modified sulfur concrete, its
compressive strength increased from 80 to 95%. To produce concrete with high
compressive and flexural strength, it is proposed to set the mass ratio of polymer sulfur
concrete and filler materials to 1:2.

III. Conclusions. In this study, a new type of concrete using sulfur-2,4-
dinitrophenylhydrazine modification was introduced and its various properties were
examined. A new sulfur-2,4-dinitrophenylhydrazine modifier was developed and its
structure was confirmed using IR  spectroscopy and TG analysis. The surface structure
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of this modification was studied using SEM and EDS analyses. The innovative concrete
was formulated with sulfur-2,4-dinitrophenylhydrazine modification and various
components. The properties of this concrete were determined, leading to the following
main conclusions:

(i) The results showed that the coefficient of thermal expansion for the sulfur-2,4-
dinitrophenylhydrazine modified concrete was 14.8 x 10 -6 / 0 C.

(ii) The smaller aggregate sizes resulted in a denser concrete with a density of 2283
kg / m 3 . The density of the concrete gradually decreased with the increase in aggregate
size. The average deformation of the tested concrete was 0.0026-0.0051, indicating higher
deformation rates than conventional concretes.

(iii) The frost resistance coefficient of the sulfur-2,4-dinitrophenylhydrazine-
modified concrete was approximately 1.0.

(iv) The water absorption on the surface of the sulfur-2,4-dinitrophenylhydrazine-
modified concrete was up to 0.1-0.34%, and the water absorption coefficient of the concrete
was 0.85, which increased the stability under water and high humidity conditions.

(v) The sulfur-2,4-dinitrophenylhydrazine-modified concrete showed excellent
stability in various aggressive solutions.

In conclusion, the extensive studies in this study demonstrate the potential of sulfur-
2,4-dinitrophenylhydrazine as a viable modifier for concrete.
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