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Abstract

The article analyzes existing technologies of cast asphalt concrete and cast sulfur asphalt
concrete. A new composition of the cast polymer-sulfur asphalt concrete mixture has been
developed, and the improved performance indicators of the cast polymer-sulfur asphalt
concrete coating, manufactured according to the new composition, in particular, crack
resistance and high-temperature resistance, have been experimentally scientifically
substantiated.
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Introduction

Our republic belongs to the countries with a hot climate. The summer is dry and hot, in the
plains the average temperature in July reaches +26...+30 °C, and in the south - +31...+32 °C.
The highest temperature reaches +44 °C in Tashkent and +50 °C in Termez. Asphalt concrete
pavements under the influence of high temperatures up to +70 °C lose their strength, resulting
in the formation of plastic deformations. To solve the aforementioned problems, it is necessary
to introduce asphalt concrete technology that is resistant to hot climatic conditions on our
country's roads. One such technology is the cast polymer sulfur asphalt concrete technology.
To implement the technology of cast polymer-sulfur asphalt concrete on roads, it is necessary
to increase the thermal stability of the binder in the mixture, only then will the physical and
mechanical properties of the coating be resistant to high-temperature operating conditions.
Increasing the thermal stability of asphalt concrete coatings is one of the pressing issues today.
Increasing the thermal stability of asphalt concrete coatings is one of the pressing issues today.
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LITERATURE REVIEW

A number of scientific studies on cast asphalt concrete technology have been conducted
worldwide. Among them, we will present the following:

The technology of cast asphalt concrete was first used in Babylon and Egypt in 1532. In 1832-
1835, it was employed in the construction of sidewalks and bridges in Paris, and in 1836-1838,
the cast asphalt concrete technology was introduced in London and Philadelphia. This
technology was first implemented in 1865 in the Russian city of Saint Petersburg, and in 1870-
1873, it was introduced in Moscow, Kiev, Kharkov, Odessa, and Riga.

The patent RU 2452748 C1 for the production of sulfur asphalt concrete primarily refers to the
technology for producing modified sulfur asphalt concrete. The technology involves mixing
heated bitumen, sulfur, and an activating additive-modifier during heating. Amines in the
amount of 0.3-3.0% by mass are used to activate the reaction mixture. The reaction is carried
out at a temperature of 130-150°C for 2-3 hours. The mass ratio of sulfur to bitumen is 20-
70:30-80 [2].

The drawback of this technology lies in the low temperature during the modification process
of sulfur-containing bitumen. The softening temperature of sulfur-modified bitumen at 130-
150 °C does not meet the requirements of TOCT 22245, resulting in the asphalt concrete
pavement's inability to withstand high temperatures during its service period. Consequently,
this reduces the operational lifespan of automobile roads.

RU 2554585 C2 patentda esa oltingugurtni modifikasiya qilib oltingugurtli beton, oltingugurtli
asfaltobeton tayyorlash texnologiyasi hamda uni yo‘l qurilishiga tadbiq etish keltirib o‘tilgan.
Reaktorda oltingugurtga ammoniy tuzi yoki kaliy qo‘shib, oltingugurtdagi modifikatorning
ulushi 0.001-0.005 % ni tashkil etib, 120-135 °C haroratda 5-10 dagiga, keyin esa unga 5-etilen,
2-norbornen massa ulushi 0,08-0,1 % qo‘shilib 20-50 daqiqa qizdirib aralashtirilgandan so‘ng
modifikasiyalangan oltingugurt tayyorlangani keltirib o°tilgan. Modifikasiya qilish jarayoni 3-
5 soatni tashkil etadi [3].

The drawback of this invention lies in the complexity of the modification process.

In patent RU 2585618 C1, for the preparation of sulfur-modified bitumen, it is first necessary
to obtain modified sulfur. To do this, technical sulfur is melted with sulfuric acid, heated and
stirred at a temperature of 180-200°C for 10-15 minutes. Then, the modified sulfur is added to
the heated bitumen and stirred at a temperature of 180-200°C for 60 minutes, as indicated in
[4].

The aforementioned technology has several drawbacks. First, it is difficult to prepare a
modified sulfur bitumen using this technology. Secondly, due to the slow process of
modification, sulfur has the ability to sublimate at a temperature of 190-200°C. Furthermore,
at temperatures above 180°C, a large amount of hydrogen sulfide gas is released from sulfur,
which negatively affects human health during the modification process.

In the dissertation by Vladimir Viktorovich Pronin titled “JIutoii achaibTo6€TOH MOBBIICHHON
CIBUTOYCTOMYMBOCTH JUIS TOKPBITHHA aBTOMOOWMJIBHBIX jgopor” scientific research was
conducted on two different compositions of modified bitumen polymer BND 40/60. In the first
composition, 2.5% of technical carbon was added to the mixture by total mass, which increased
the physical and mechanical properties of the coating. In the second composition, the physical
and mechanical properties of the coating were enhanced by adding 2.5% of chemical water
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treatment sludge by total mass to the mixture. The cast asphalt concrete technology in this
dissertation is significantly more expensive than conventional asphalt concrete technology, but
the economic indicator of the work is shown for the period of road operation. Specifically,
during one repair cycle of the cast asphalt concrete surface, conventional asphalt concrete
required repairs twice [5].

Due to the fact that Russia is not located in the hot climate zone, scientific research on
improving the coating’s resistance to high temperatures has not been conducted in this
dissertation.

The aforementioned scientific works have been analyzed and their shortcomings have been
identified. To eliminate these shortcomings, experiments were planned to increase the stability
of cast polymer-sulfur asphalt concrete coatings to high temperatures.

MATERIALS AND METHODS
A special device was first prepare

modify bitumen with sulfur. 7

Figure 1. Modification reactor.
1. Control box and its components. 2. Main reactor vessel and its parts: 3. Receiver for
toxic gases released during modification process 1 — container and its parts; 4.
Receiver for toxic gases released during modification process 2 - container and its
parts; 5. Vacuum pump and its parts.

This laboratory setup has the following technological advantages:

v the liquid temperature in the reactor is controlled up to 400°C,

v the drum rotation speed inside the reactor is controlled within the range of 0-500 rpm.
When conducting experiments using this device, the accuracy of the experiment increases.
Using the technology, we developed, we conducted laboratory tests in the following order:
Experiment 1. To prepare a modified sulfur-containing bitumen with a bitumen-to-sulfur ratio
of 90:10, sulfur and 0.5% of the M4 modifier were added to the reactor, heated and stirred for
110 minutes, then dehydrated BND 60/90 bitumen was added to the modified sulfur in the
reactor and stirred while heating for 70 minutes. In our experiment, the reactor temperature was
135°C.
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Experiment 2. To prepare a modified sulfur-containing bitumen with a bitumen-to-sulfur ratio
of 80:20, sulfur and 1% of the M4 modifier were added to the reactor, then heated and stirred
for 110 minutes. After that, dehydrated BND 60/90 bitumen was added to the reactor with
modified sulfur and heating and stirring continued for 70 minutes. In this experiment, the
reactor temperature was 135°C.

Experiment 3. To prepare a modified sulfur-containing bitumen with a bitumen-sulfur ratio of
70:30, sulfur and 1.5% M4 modifier were added to the reactor, then heated and stirred for 110
minutes. After that, dehydrated BND 60/90 bitumen was added to the modified sulfur reactor
and continued to heat and stir for 70 minutes. In this experiment, the reactor temperature was
135°C.

Experiment 4. To prepare a modified sulfur-containing bitumen with a bitumen-sulfur ratio of
60:40, sulfur and 2% M4 modifier were added to the reactor, then heated and stirred for 110
minutes. After that, dehydrated BND 60/90 bitumen was added to the modified sulfur reactor
and continued to heat and stir for 70 minutes. In this experiment, the reactor temperature was
135°C.

Experiment 5. To prepare a modified sulfur-containing bitumen with a bitumen-sulfur ratio of
50:50 in the reactor, sulfur and 2.5% M4 modifier were added, then stirred for 110 minutes
upon heating. After that, dehydrated BND 60/90 bitumen was added to the modified sulfur
reactor and stirred for 70 minutes. In this experiment, the reactor temperature was 135°C.
Experiment 6. To prepare a modified sulfur-containing bitumen with a bitumen-sulfur ratio of
90:10, sulfur and 0.5% M4 modifier were added to the reactor, then stirred for 100 minutes
upon heating. After that, dehydrated BND 60/90 bitumen was added to the reactor with
modified sulfur and stirred for 60 minutes. In this experiment, the reactor temperature was
175°C.

Experiment 7. To prepare a modified sulfur-containing bitumen with a bitumen-sulfur ratio of
80:20 in the reactor, sulfur and 1% of the M4 modifier were added, then stirred for 100 minutes.
After that, dehydrated BND 60/90 bitumen was added to the reactor with modified sulfur and
stirred for 60 minutes. In this experiment, the reactor temperature was 175°C.

Experiment 8. To prepare a modified sulfur bitumen with a bitumen-sulfur ratio of 70:30, sulfur
and 1.5% M4 modifier were added to the reactor, heated and stirred for 100 minutes, then
dehydrated BND 60/90 bitumen was added to the reactor with modified sulfur and stirred for
60 minutes. In this experiment, the reactor temperature was 175°C.

Experiment 9. To prepare a modified sulfur bitumen with a bitumen-sulfur ratio of 60:40, sulfur
and 2% M4 modifier were added to the reactor, heated and stirred for 100 minutes, then
dehydrated BND 60/90 bitumen was added to the reactor with modified sulfur and stirred for
60 minutes. In this experiment, the reactor temperature was 175°C.

Experiment 10. To prepare a modified sulfur bitumen with a bitumen-sulfur ratio of 50:50 in
the reactor, sulfur and 2.5% M4 modifier were added, heated and stirred for 100 minutes, then
dehydrated BND 60/90 bitumen was added to the reactor with modified sulfur and stirred for
60 minutes. In this experiment, the reactor temperature was 175°C.
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RESULTS AND THEIR DISCUSSION

Results and their discussion. The physical and mechanical properties of the finished modified
binder were determined according to TOCT 22245[7] according to the requirements of TOCT
11501 [8], TOCT 11506 [9], TOCT 11505 [10] (Table 1).

Table 1. Physical and mechanical properties of modified polymer-sulfur bitumen
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To address the aforementioned shortcomings in scientific research on cast asphalt concrete
technology, we abandoned the traditional cast asphalt concrete approach and developed an
improved technology for cast polymer-sulfur asphalt concrete [10].

The advantages of cast polymer-sulfur asphalt concrete over conventional cast asphalt concrete
are as follows:

Low temperature required for mixture preparation;

High thermal resistance of the coating;

Bitumen efficiency;

Short curing time of the coating;

High economic efficiency.

The amount of toxic gases released into the environment decreases [11].

During the experiments, using the technological parameter of the 10th line, we first modified
the sulfur, and when determining the degree of polymerization of the modified sulfur, it was
found to be 42%. A high degree of modified sulfur polymerization positively affects the
physical and mechanical properties of the binder.

The physical and mechanical properties and granular composition of granite stone materials
from the Aktash stone crushing plant in the Samarkand region of the Republic of Uzbekistan
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have been developed, and a new composition for the production of cast polymer-sulfur asphalt
concrete mixtures of types I, I, and 111 has been developed.

Composition graph of cast polymer-sulfur asphalt concrete
mixture made from granite stone materials for Type I
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Graph 1.

Based on the aforementioned granular composition, a type | cast polymer-sulfur asphalt
concrete mixture made of granite stone materials was prepared using 7 different compositions
with a binder content ranging from the lower to the upper limit of 0.2%, and cast asphalt
concrete samples were prepared from it.

Based on the above-mentioned compositions, 7,7%, 7,9%, 8,1%, 8,3%, 8,5%, 8,7%, 8,9%
modified sulfur bitumen was added to the inert materials (modified sulfur content in the binder
was 40%), and a cast asphalt concrete mixture was prepared from which samples were made
[12]. The physical and mechanical properties of the samples were determined and compared
with the requirements of the regulatory document (Table 2).

Table 2 The physical and mechanical properties of I-type polymer sulfur asphalt
concrete cast from granite stone materials
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6 8,7 0,09 0,9 2,55 1,04 0,89 0,78 6,24 12,16 33
7 8,9 0,14 | 0,87 2,48 0,97 0,85 0,75 6,12 11,42 34
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DISCUSSION

High physical and mechanical properties of cast asphalt concrete samples (polymer content in
the binder 40 %) were achieved with a binder content of 8,3 %.

The optimal spread ability index of the mixture is one of the main indicators of cast polymer-
sulfur asphalt concrete. Therefore, the optimal spread ability indices of mixtures prepared based
on the aforementioned compositions have been determined. The analysis of a type | cast
polymer-sulfur asphalt concrete mixture made of granite stone materials is presented in Graph
2.
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The graph above illustrates the spread ability index of the mixture corresponding to the bitumen
content. According to the regulatory document requirements, the spread should be at least 30
mm. We can observe that when the binder content in the mixture is 7.7%, 7.9%, 8.1%, 8.3%,
8.5%, 8.7%, and 8,9%, the spread ability index satisfies the requirements of the regulatory
document. When the binder content was 8,3%, the physical and mechanical properties of cast
polymer-sulfur asphalt concrete samples showed the highest performance.

The analysis of the physical and mechanical properties of cast polymer-sulfur asphalt concrete
samples is presented in the following graph 3.

The variation in compressive strength limit based on the
binder content in Type I cast polymer-sulfur asphalt
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CONCLUSION

In conclusion, it can be said that the performance indicators of the cast polymer-sulfur asphalt
concrete pavement, manufactured based on the newly developed composition, such as crack
resistance and resistance to high temperatures, have been improved. By applying a mixture
made from this composition, especially on highways in areas with hot climates, bridge decks,
and during pavement repair work, we can enhance the performance characteristics of the
pavement and, as a result, increase its service life.
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