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E.A.Khanmamadova, R.G.Abaszade
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Abstract. The effect of the composition of the adhesive composition on the physical and
mechanical properties of self-compacting concrete has been determined. It has been established
that even when a third mineral additive is added to the ready-made adhesive composition, the
compressive strength of concrete decreases by 10-15%. Such an additive is inert in the
composition of self-compacting concrete and does not participate in the hydration process of
cement and does not react with portlandite. Therefore, the optimal content of mineral additives
in the composition of the composite adhesive is 12-20% by mass of cement. Since the
pulverized limestone and limestone added to the cement have a higher specific surface area
than Portland cement, when interacting with water, the pulverized limestone reacts with the
portlandite formed as a result of hydrolysis. Then, individual particles of pulverized limestone
and limestone increase in volume (swell) and thereby fill the voids in the self-compacting
concrete, which leads to the compaction of its structure. When increasing the amount of
superplasticizers to increase the fluidity of the mixture and make it self-compacting, the process
of separation of components occurs in the system. Therefore, finely dispersed additives are
added as a mandatory component to self-compacting concrete. These additives interact with
the portlandite formed during the hydration of cement and create additional cementitious
compounds, as well as remove segregation of the mixture from the black.

Keywords: composite adhesive, self-leveling concrete, compressive strength limit, pulverizing
superplasticizer, finely dispersed additive.

1. INTRODUCTION

This becomes even more critical considering the
increasing demand for materials that are sustainable
and could enhance energy efficiency and pave the
way toward renewable energy systems. [1-7] In
recent years, significant advances have been
achieved in the area of sustainable polymers that are
highly performing while ensuring minimum
environmental impact. PEAs with bio-based
monomers, such as succinic acid and D18:1, have
excellent thermal stability and crystallinity,
rendering them ideal candidates for high-
performance engineering applications.
Simultaneously, renewable energy technologies
require advanced materials to optimize energy
storage and improve fuel properties. Carbon
nanotube integration into polymer matrices is one of
the most promising ways to enhance the mechanical

This process gives diacid chloride in high purity,
something very important for subsequent
polymerization.

and electrical properties of such materials. It is an
interdisciplinary field that connects the latest
knowledge in sustainable polymer synthesis with
renewable energy development through
improvement of material properties for various
engineering applications, hence contributing to
energy efficiency and emission reduction.[8-12]
The synthesis of bio-based monomers is the core of
high-performance sustainable polymers. Firstly,
D18:1, (Z)-octadec-9-enedioyl dichloride, was
prepared by a reaction between octadec-9-enedioyl
chloride and oxalyl chloride in a two-neck round-
bottom flask fitted with a reflux condenser; under
these conditions, addition of oxalyl chloride should
be slow; afterward, cooling and purification are
carried out.[13]
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Other synthesis that is important includes diol-
diamide monomer preparation, typically named
N,N'-bis-(2-hydroxyethyl)butanediamide and
usually abbreviated as HEBDA. It is prepared

an element required in ensuring polymerization
effect.[14-21]

ILEXPERIMENTAL DETAIL
Polymerization Process

atmosphere to avoid undesirable side reactions with
oxygen. The temperature of polymerization varies
within the range from 140°C up to 190°C depending
on the conditions of the reaction. Such temperature
control can be performed to obtain polyesters with
optimal properties for high-performance
applications.[42]

Polymerization Yield vs Temperature
90— Fotymer vild

Mechanical Properties at Different Temperatures

T
Cryst

140°C 160°C 180°C 190°C
olymerization Temperature

Fig.1. The polymerization process and its
mechanical properties

The resulting polyesters possess excellent
mechanical properties, including high melting
points and close temperature differences between
crystallization and melting.(Figure 1) These are very
important factors that ensure thermal stability for the
polymer and enable a wide field of engineering
applications, from automotive to aerospace.[30,37]

Integration of Carbon Nanotubes (CNTs)
Embedment of CNTs within the polymer matrix
presents the biggest breakthrough in material
science; an effort is, therefore, being made towards
increasing the properties of both basic polymers for
engineering applications and those wused in
renewable energy areas. Due to the peculiar nature
of the material, CNTs show exceptional mechanical
strength, electrical conductivity, and thermal
stability. Thereby, CNTs have a wide range of
attractiveness upon incorporation into advanced
composite material applications.

Carbon nanotubes have high aspect ratios and
surface areas, some of the factors that impart
excellent mechanical strength. Such a structure
allows CNTs to reinforce polymers with
unprecedented tensile strength, stiffness, and overall
durability. When CNTs are added to the polymer

through the reaction of succinic acid with
ethanolamine. These provide an ideal condition for
the development of the respective diol-diamide
product. It constitutes the product of diol-diamide,

Polymerization of bio-based monomers, such as
D18:1 with 2,2'-bis(2-oxazoline), and other
comonomers are performed under a nitrogen
matrix, they act like reinforcing agents in the
network, strengthening the polymer. [22-29]

7 Baseline Polymers
CNT-Reinforced Polymers

Property Level (Arbitrary Units)
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Fig.2. Comparison of polymer properties with
and without CNTs.

This reinforcement becomes particularly important
in high-performance material applications where the
mechanical properties, such as load-carrying ability,
resilience, and fatigue resistance, are of essence.
Here, CNT-based polymers will be of great use in
industries needing strong materials, such as
aerospace, automotive, and construction.[31-36]
Besides the mechanical reinforcement, CNTs have
also been noted for their excellent -electrical
conductivity.(Figure 2) Adding CNTs to the
polymers enhances the electrical properties of the
composite, thus making it suitable for applications
in energy storage devices, sensors, and conductive
materials. For instance, polyesters with incorporated
CNTs could be applied to develop advanced
supercapacitors that store and release energy at a
very fast rate. Supercapacitors are indispensible in
renewable energy systems; they effectively capture
energy originating from intermittent renewable
sources-solar and wind-for subsequent use. CNTs
improve the conductivity of the polymer matrix,
which is particularly important for fast charging-
discharging cycles that need to be attained in these
devices for effective energy storage.(Figure 3)
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Fig.3. Relevance of CNT-Reinforced polymers in
Various Industries

Thermal stability is another critical feature of CNTs
used to enhance the performance of polymer
composites. They exhibit very high resistance to
heat and, as such, are ideal in high-temperature
applications, which does not cause their degradation.
The addition of CNTs in a polymer enhances
thermal resistance and improves the thermal
conductivity of the resulting composite material,
thus helping thermal management in applications
belonging to renewable energy systems. For
instance, CNT-reinforced polymers might find
applications in heat exchangers, in the cooling of
renewable energy-converting devices, or for thermal
insulation at high temperatures. The resulting
enhanced thermal performance contributes to
maintaining the longevity and efficiency of the
renewable energy installation by minimizing
overheating of the technologies and keeping
temperatures within optimum limits.[38-41]

The possibility of employing CNTs as reinforcing
components in polymer matrices widens the circle of
their use in renewable energy systems. Examples are
that CNT-based polymers could be used in the
development of energy-efficient components for
electronic devices, including flexible electronics,
energy harvesting systems, and wearable
devices.(Figure 4) In automotive, CNT-infused
polymers can be used to develop lightweight,
durable, and energy-efficient components that
would improve fuel efficiency and reduce emissions
in electric and hybrid vehicles. Additional
improvement of the mechanical strength and
electrical conductivity develops sensors and
actuators for renewable energy and creates value for
these systems at higher performance.[33]
Furthermore, the incorporation of CNTs into the
polymers contributes to their sustainability. Since
renewable energy systems need material that is
efficient, durable, and light in weight, the utilization
of CNT-based enhanced polymers reduces
environmental  degradation due to  better
performance and lifetime of energy systems.
Enhanced energy storage capacity and thermal
efficiency using CNTs is another added advantage

for the overall efficiency in renewable energy
systems, minimizing frequent replacements and
hence diminishing resource utilization.[44-47]

The CNT integration in polymer matrices therefore
indicates a transformation in the role of material
properties toward  advanced  engineering
applications and renewable energy technologies. It
is clear that such composites would result in
improved  mechanical  strength, electrical
conductivity, and thermal stability, hence CNT-
infused polymers stand to revolutionize energy
storage systems, thermal management solutions, and
energy-efficient components across a wide range of
industries.

Wearables

Flexible Electronics

Energy Storage

Thermal Management

Fig.4. Applications of CNT-Reinforced Polymers
in renewable energy

Due to the increasing demand for sustainable and
high-performance materials, the integration of
CNTs into polymer composites will remain one of
the leading developments toward renewable energy
solutions and energy-efficient technologies.

Applications in Renewable Energy Systems
These advanced polymers have impacts beyond
material science into the direct advancement of
renewable energy technologies. Of all, the
development of sustainable polymers with
integrated CNTs can improve the performance of
energy storage devices such as batteries and
supercapacitors. These energy storage systems are
crucial to help develop renewable energy
infrastructures-both solar and wind power-rely upon
efficient energy storage solutions due to the
intermittent nature of energy production.[43]

The use of these advanced polymers will also extend
to possible uses in thermal management systems in
renewable energy applications, including the
development of heat exchangers or cooling systems
for solar panels, wind turbines, and other renewable
energy technologies for better efficiency and a
longer service life.

3. CONSOLUSION

The synthesis of bio-based polyesters enriched with
carbon nanotubes and higher alcohol additives is a
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significant development in sustainable materials for
high-performance engineering and renewable
energy applications. The new materials exhibit
improved mechanical properties, increased thermal
stability, and improved electrical conductivity
suitable for different energy storage systems, fuel
management, and thermal regulation devices. The
integration of CNTs into the polymer matrix is
expected to further enhance strength and
functionality, developing more energy-efficient
technologies. This research makes a significant
contribution not only in the advancement of material
science but also in solving very important challenges
regarding renewable energy and sustainability.
Further development of sustainable polymers and
their applications is critical for building a greener,
more energy-efficient future.
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