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instability while exploring advanced methods to extend their
service life. Methods such as additive cement materials, improved
mixture design and chemical additives are discussed, which

*Corresponding author:
Dadakhanov Farrukh Adhamovich !

Copyright © 2024 by author(s) and provide practical solutions to increase the stability and long-term
Scientific Research Publishing Inc. This durability of building materials. The results will help develop a
work is licensed under the Creative durable infrastructure for future requirements.

Commons Attribution International
License (CC BY 4.0).

Key words: Portland Cement, alkaline binders, long-term durability,
service life extension, carbonization resistance, impact on sulfate,
additional cement materials, stability, innovative building materials

Introduction

Portlandtsement is one of the main hom material of construction around the world, with an
annual production volume of more than 4.5 billion tons. Its advantage comes from excellent
mechanical properties and versatility. However, the production process accounts for about 8-
10 percent of global CO, harmful gases, which negatively affects the environment. In addition,
Portlandcement is susceptible to chemical attacks such as carbonation, sulfate exposure, and

chloride penetration, limiting its durability in aggressive environments.

On the other hand, alkaline binders, including hydroxide - activated materials and
Geopolymers-provide a promising alternative with low emission. These materials have shown
to reduce carbon by up to 80% compared to conventional cement, which increases resistance
to chemical and thermal effects. Despite these advantages, problems such as standardization

of materials, economic efficiency and comprehensiveness prevent widespread acceptance.
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This research is aimed at assessing the long-term service characteristics of Portlandtsement
and alkaline binders. By analyzing breakdown mechanisms and proposing innovative
techniques such as additive cement materials and chemical additives, this work proposes

strategies to extend service life and apply sustainable construction practices.

Relevance of the topic. The fact that Portland Cement is important in the production of
reinforced concrete structures makes it an integral part of the development of infrastructure,
housing and industrial construction. Nevertheless, its vulnerability to degradation
mechanisms, including carbonation, sulfate effects, and chloride penetration, requires frequent

maintenance and increases its costs in the exploitation process.

Conversely, alkaline binders, in particular Geopolymers and alkali-activated materials, exhibit
greater resistance to aggressive environments. Studies show that geopolymers can maintain a
strength of 80% even after prolonged exposure to acidic environments, making them an

alternative solution for application in difficult conditions such as industrial areas.

As Global infrastructure requirements are increasing, it is critical to address these performance
deficiencies. Solutions that improve resilience and reduce harmful emissions can benefit the

economy and the environment at the same time.
Research objectives. This study considers the following main disadvantages:

1. Analysis of long-term durability of Portland cement and alkaline binders in an

aggressive environment.

2. Perturbation mechanisms that include carbonation, sulfate effects, and thermal
instability.
3. To increase durability and extend service life, identifying advanced methods such as

chemical additives and mixture optimization.

Materials and Methods

The reasons that create the values of Portland cement properties include: Carbonation: carbon
dioxide reacts with calcium hydroxide, causing the formation of calcium carbonate and loss
of consistency. Sulfate effect: sulfates react with cement hydrates, reducing strength to 40%
when exposed for a long time. Chloride penetration: chloride ions penetrate the concrete,

causing corrosion of the fittings and reducing the integrity of the structure.

To mitigate these effects, this study assesses the addition of nano-Silicon, volatile ash, etc.to

compact the microstructure and improve resistance to chemical attacks.

Resistance of alkaline binders
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Alkaline binders, such as Geopolymers, reduce porosity and contribute to high durability.
SEM analysis shows 25-50% low permeability compared to Portlandcement, with stable

phases observed in Xrd tests under acidic and thermal conditions.
Experimental processes.

Samples are prepared using: Portlandtsement mixtures: include SCMS (e.g. flying ash) and
nano-additives. Alkaline binders: made using sodium silicate and sodium hydroxide

activators.

The test includes: Resistance to carbonation: depth measured under the action of accelerated
CQO,. Sulfate resistance: strength loss analyzed after immersion in sulfate solutions. Chloride
penetration: Ion diffusion rate and corrosion potential are evaluated. Thermal stability:
samples subjected to controlled high temperature cycles. Microtusilm analysis: the use of SEM

and XRD techniques. Mechanical tests: compression, bending and stretching tests.

Results and Discussion

Portlandtsement: An average loss of strength under the influence of sulfate for 12 months is
30%. After 90 days of exposure to CO,, the carbonation depth increased by 5 mm. The entry
rate of chloride is twice as high as that of hydroxide binders.

Alkaline Binders: It retained 85-90% of the compressive strength under sulfate conditions. The
depth of carbonation after accelerated testing is only 2 mm. Showed low porosity and
improved chemical durability. Comparative analysis Portlandcement samples showed large
spatial variations in SEM and XRD Analyses, confirming microstructure instability. In contrast,
hydroxide binders retained denser and more stable microstructures. Nano-additives have
improved portlandcement durability by 20-30%, highlighting their potential as strength

enhancers.

Factors Affecting Durability. Material composition: high silicon and aluminum content in
alkaline binders formed stable aluminosilicate gels resistant to chemical effects. Porosity:
Portland cement showed a 25-30% higher overall porosity, which reduced durability.
Environmental factors: high humidity and temperature changes accelerated the degradation of

portlandcement, but had minimal effects on hydroxide binders.

Ways To Extend The Service Life. Inclusion of SCMS: Replacing 30-50% of portlandcement
with slag reduced the loss of strength by 50% when exposed to sulfate. The addition of ash
improved resistance to carbonation, reducing depth by 40%. Chemical additives: Nano-silica

and Crystal additives improved microstructure, reducing chloride penetration by 30%.
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Hydroxide activators optimization: Adjusting the sodium silicate-hydroxide ratios increased

the hydroxide washing and compression strength by 15%.

Conclusion

Portlandtsement. It is susceptible to chemical degradation, but is significantly improved by
SCMS and chemical additives. Alkaline binders: show high durability, reduced carbonation
depth and low porosity, forming promising alternatives under aggressive conditions.
Innovative strategies: adding SCMS, nano-additives, and optimized formulas effectively
improves service life and stability

Importance for building materials and future research.

1. Validation: long-term field research to validate laboratory results.
2. Price Analysis: life cycle estimates for economic justification.
3. Innovative formulas: studying hybrid binders for improved efficiency.

By implementing these strategies, the construction industry can create a sustainable and robust
infrastructure, reduce environmental impact, and increase the long-term efficiency of

materials.
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