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STUDY OF THE PROCESS OF OBTAINING MODIFIED SULFUR
CONCRETE BASED ON LOCAL RAW MATERIALS AND STUDY OF
RADIONUCLIDES OF SULFUR CONCRETE AND PORTLAND

CEMENT

Abstract: The article explores the process of obtaining modified sulfur concrete based on local raw materials
and the study of radionuclides of sulfur concrete and Portland cement. The novelty of the work was determined by
the amount of radionuclides Ra-226, Th-232, K-40 in sulfur concrete and Portland cement. Considering the
advantage and convenience of sulfur concrete, it was analyzed on a gamma spectrometer. Accordingly, the test
conditions are: T-22°C, humidity -63%, illumination-300 lux, specific activity Bq /kg. According to SanPiN 0193-06,
they are used in construction at a level of less than 350 Bq / kg. In the analysis of sulfur concrete, its radionuclides
averaged 127 Bq /kg. Sulfur concrete contains modifier-26%, sand-54%, ash (ash) -16% and various metal oxides -
4%. Additives and fillers added to sulfur concrete, ie radionuclides in sand and gravel were analyzed using gamma

spectrometry.
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Introduction

The consumption of fossil fuels is growing
rapidly around the world, as is the amount of sulfur
that is formed as a by-product of the process of
industrial purification of fuel raw materials. Since the
sulfur content is expected to increase steadily in the
future, huge waste disposal costs will be required in
the absence of a counter plan. Therefore, when
modifying sulfur, it is important to synthesize sulfur-
containing binders and obtain new types of modified
sulfur concrete on their basis in order to obtain durable
building materials, such as asphalt and concrete,
resistant to various aggressive environments.

Today, in the industrialized countries of the
world, much attention is paid to research aimed at
obtaining modified sulfur concrete and its use to
increase the strength of building structures. Therefore,
the development of organic modifiers for the effective
polymerization of sulfur, the production of
thermoplastic composites based on sulfur and mineral
fillers, the prevention of solid-phase transitions and
volume reduction due to temperature changes in sulfur
concrete , the elimination of the combustibility of
compositions based on modified sulfur, it is required
to develop effective methods for obtaining durable
polymeric  sulfur concrete stable at high
concentrations of acids and salts based on modified
sulfur with unsaturated organic compounds.

Certain scientific and practical results have been
achieved in the republic on the creation of sulfur
binders and sulfur concretes based on modified sulfur
and sulfur waste from the gas and oil processing
industry. On the basis of the normative measures taken
in this direction, certain results have been achieved,
especially in the development of scientific
foundations for the production of polyfunctional
compositions, large-scale measures have been taken
in the field of providing the local market with
imported products.

Portland cement requires limestone to be heated
in kilns at over 1400 ° C for several hours to form
clinker materials. Due to the fact that fossil fuels are
burned to fire kilns and the stoichiometric release of
carbon dioxide when limestone is converted to
calcium oxide, this process generates about one ton of
carbon dioxide for every ton of cement and accounts
for 5% of global anthropogenic CO 2 production [1; PP -
303-329, 2]. Unlike traditional cement production,
sulfur-based cement production does not depend on
high energy or direct carbon dioxide emissions [3 , 4;
pp. 159-175, 5]. In addition, sulfur is in net excess on
a global scale. Sulfur is the third most common
chemical element in oil at concentrations greater than

Doi: éros¥¢f https://dx.doi.org/10.15863/TAS.2022.03.107.6

10 wt %, and its extraction from oil and gas processing
is carried out in accordance with environmental
restrictions [6 ; pp. 53-57 ]. Thus, a large amount of
sulfur is available as a by-product of these processes
[3]. Also, since sulfur itself is an industrial by-product,
a significant amount of carbon dioxide emissions can
be reduced by using sulfur-based concrete. Sulfur-
based concrete is a thermoplastic composite of
mineral fillers and sulfur. Early studies using
elemental sulfur have shown that it has serious
durability issues such as repeated freeze and thaw
cycles [7, 8; pp. 606-621, 9; pp. 363-367, 10 ; pp. 31-
53 ]. When sulfur and filler are hot mixed and cooled
to cast sulfur concrete products, the liquid sulfur
binder initially crystallizes into monoclinic sulfur ( S
b). As it continues to cool, the material undergoes a
solid phase transition to rhombic sulfur (S 2), which
causes the material to shrink in bulk. This decrease in
volume creates internal stress and causes durability
problems, especially when subjected to freeze cycles.
Therefore, chemical modifiers that polymerize sulfur
to reduce or eliminate solid state transition and thus
increase the durability of sulfur-based concrete have
been previously studied [3; 11 ; pp. 186-194 , 12 ; pp.
27-38 ]. This modified sulfur concrete is called
polymeric sulfur concrete (PSB). It has been used as a
building material due to its excellent resistance to acid
and salt environments. It is also known that this binder
effectively stabilizes /hardens contaminated soils [13;
pp. 441-447 , 14 ; pp. 327-333 ] or nuclear waste [4 ;
pp. 159-175 , 15; 16]. Unlike conventional hydraulic
cementitious concretes, PSB does not require water
and can reach full strength in a matter of days,
compared to 28 days for conventional Portland cement
based concretes.

Several organic chemical modifiers have been
developed to polymerize sulfur efficiently.
Commonly used modifiers are dicyclopentadiene
(DCPD), a combination of DCPD, cyclopentadiene
and dipentene [10 ; pp. 31-53, 17 ; pp. 105-113, 18 ;
pp. 13-18 ], olefinic polysulfide [9 ; pp. 363-367 ] and
5-ethylidene-2-norbornene (ENB) and/or 5-vinyl-2-
norbornene (VNB) [3]. When treated with molten
sulfur, the unsaturated hydrocarbons in the organic
modifiers break down liquid S8 rings and react to form
long chain polymers. Polymerized linear sulfur chains
improve durability. Although modified concrete is
environmentally sustainable and durable, the high cost
of these organic modifiers has prevented its
widespread use in the construction industry [11 ; pp.
186-194].

Sulfur has been used as a molten binding agent
for quite some time in human history. The use of
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sulfur was mentioned in the literature of Ancient
India, Greece, China and Egypt [19 ; pp. 15-17 ]. For
example, sulfur was one of the raw materials for the
production of gunpowder by the ancient Chinese [20];
sulfur was also used to fix metal in stone in the 17th
century [21]. Since the 1920s, sulfur concrete has been
used as a building material [22]. Various researchers
and engineers studied and managed to obtain high-
strength and acid-resistant sulfur concrete [23; pp. 65-
72, 24; pp. 1026-1028, 25 ; pp. 583-586 ]. In the late
1960s, Dale and Ludwig pointed out the importance
of well graded aggregates for optimum strength [26,
27].

Considering the advantage and convenience of
sulfur concrete, we analyzed it on a gamma

spectrometer . Accordingly, test conditions; T-22 °C,
humidity -63%, illumination-300 lux, specific activity
Ba/kg.

0193-06, they are used in construction at a level
of less than 350 Bq / kg. In the analysis of sulfur
concrete, its radionuclides averaged 127 Bg/kg. Sulfur
concrete contains a modifier - 26 %, sand - 54 %, ash
(ash ) - 16 % and various metal oxides - 4 %.
Additives and fillers added to sulfur concrete, i.e.
radionuclides in sand and gravel were analyzed using
gamma spectrometry . Accordingly, test conditions:
T-22°C, humidity -63%, illumination-300 lux,
specific activity Bq / kg (tables 1.1 - 1.4') [28 ; pp.
202-2051].

Table 1.1. Analysis of radionuclides in sulfur concrete using a gamma ray spectrometer.

Name Ordinal room | = o 556 Th-232 K-40 Aeff . Aeff.m
sample
sulfur 1 9.11 36.9 84.1 64.6 136
concrete 2 10.2 35.1 84.7 63.4 130
3 14.0 29.5 85.7 59.9 119
4 11.2 36.2 82.5 65.6 128
5 18.1 31.8 84.0 66.9 122
. Aeff avg = A?ff .M
Medium _ 12.5 33.9 84.0 medium=127
64.08
Bq/kg
Table 1.2. Analysis of radionuclides in sand with a gamma ray spectrometer.
Name Ordinal room Ra-226 Th-232 K-40 Mistake detection , % Aeff .
sample Bq/ kg
Sand 1 20.9 6.86 25.3 6.2-10.8% 91.1
2 22.6 3.86 25.9 6.2-10.9% 122
3 19.5 5.87 27.5 5.8-10.3% 97.6
4 21.3 4,12 26.4 6.0-10.4% 114
5 21.1 4.47 25.1 6.1-10.2% 109
Aeff.m =107 Bq / kg
Table 1.3. Analysis of radionuclides in *'rubble’ on a gamma spectrometer.
Name Ordinal room Mistake Aeff .
sample Ra-226 Th-232 K-40 detection , % | Bq/ kg
rubble 1 20.3 5.17 25.9 6.2-10.8 103
2 20.5 4.02 49.8 6.2-10.9 175
3 19.6 4.03 27.9 5.8-10.3 114
4 17.8 5.49 39.9 6.0-10.4 96.4
5 20.6 3.28 41.3 6.1-10.2 129
Aeff.m =123.48 Bq / kg

Portland cement M-500 was also analyzed on the
MKS -AT-1315 gamma spectrometer. Accordingly,
test conditions: T-22 °C, humidity -63%, illumination-
300 lux, specific activity Bg/kg. In addition to the
detection of sulfur concrete mixtures, various fine

aggregates such as "fine sand", "washed sand" and

manufactured sand replacing 0%, 25%, 50%, 75% and
100% sulfur concrete were also studied in the above
study. The durability of each type of fine-grained
sulfur concrete with the best compressive strength has
been studied [29 ; pp. 34-39].
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Table 1.4. Analysis of radionuclides in Portland cement M-500 on a gamma spectrometer .
Name Ordinal room Ra-226 Th-232 K-40 Mistake Aeff .
sample detection , % Bq/ kg
Portland  cement 1 275 5.68 25.0 62.5 112
M-500 2 24.0 7.37 24.2 734 97.3
3 22.8 5.42 24.4 74.6 103
4 21.3 2.93 36.0 68.9 133
5 20.2 3.00 22.5 67.8 125
2 r 1
2
= 3
=15 F
=
H
= 1r
=
e
205 F
o
0 L] L] L]
0 S0 100 150

Bpf.‘.\lﬂ HCOBITAHHA, MHH

1 - Crushed stone, 2 - Portland cement, 3 - Sulfur concrete
Fig. 1. The level of strength of concrete obtained on the basis of sulfur concrete , sand, crushed stone and
Portland cement M-500.

This graph tests the strength of concrete based on
sulfur concrete , sand, crushed stone and Portland
cement M-500. It is shown that the strength of sulfur
concrete does not differ from the strength of other
types of concrete. To determine the superiority of
sulfur concrete over cement concrete, water
absorption,  resistance to  various chemical
environments, and rapid penetration of chloride ions
were tested. The result shows that sulfur concrete can
be used in rooms with high humidity, where acid
activity is higher. Sulfur concrete gives a result similar
to ordinary concrete (Fig. 1 ). Another advantage of
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