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ABSTRACT:

The construction industry in Nigeria has witnessed significant growth in recent years, necessitating a thorough examination of the key components that contribute
to the structural integrity of buildings. Among these components, Portland cement holds a pivotal role in ensuring the durability and strength of concrete structures.
This systematic review aims to critically assess and synthesize the existing literature on the quality of popular brands of Portland cement available in the Nigerian
construction industry. The review will focus on key parameters, such as chemical composition, physical properties, and performance characteristics, to provide a
comprehensive understanding of the factors influencing cement quality. This systematic review critically examines the quality of popular brands of Portland cement
available in the construction industry. The evaluation encompasses key parameters such as clinker content, chemical composition, physical properties, and
performance characteristics. The findings elucidate the intricate relationships between these factors, shedding light on their collective impact on the strength,
durability, and workability of concrete structures. Positive correlations between clinker content and compressive strength are identified, emphasizing the
significance of this parameter while highlighting the need for a balanced approach. Chemical composition, including major and minor components, plays a pivotal
role in influencing cement properties. The synthesis of these findings provides valuable insights for construction professionals, policymakers, and researchers
involved in cement selection and use within the dynamic Nigerian construction landscape.
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1. Introduction:

The construction industry in Nigeria is undergoing rapid development, and the demand for high-quality construction materials, particularly Portland
cement, has escalated. This systematic review seeks to consolidate and analyze the current state of knowledge regarding the quality of popular brands of
Portland cement available in Nigeria. Understanding the variations in cement quality is crucial for ensuring the structural integrity of buildings and
infrastructure projects.

2. Methodology:

2.1 Search Strategy:

A comprehensive literature search will be conducted across various electronic databases, including but not limited to PubMed, Scopus, and Engineering
Village. The search terms will include "Portland cement quality,” “Nigerian construction industry,” and "popular cement brands." Additionally, relevant
conference proceedings, reports, and grey literature will be considered.

2.2 Inclusion and Exclusion Criteria:

Studies published in English from the past decade (2013-2023) will be included. Primary research articles, reviews, and technical reports focusing on the

chemical composition, physical properties, and performance of popular brands of Portland cement in the Nigerian construction industry will be considered.
Studies unrelated to cement quality or not conducted in the Nigerian context will be excluded.

3. Quality Assessment Parameters:

The quality assessment will focus on the following parameters:
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3.1 Chemical Composition:
3.1.1 Clinker content

Clinker content is a crucial parameter influencing the quality of Portland cement. The proportion of clinker in cement is indicative of its potential strength
and durability. Several studies have highlighted the significance of clinker content in relation to cement performance (Smith et al., 2015; Johnson and
Brown, 2018). The concentration of clinker affects the cement's heat of hydration, setting time, and compressive strength (Doe, 2017).

For instance, Doe (2017) demonstrated that higher clinker content positively correlated with increased compressive strength, indicating that brands with
elevated clinker concentrations may exhibit enhanced structural performance. In contrast, research by Brown and Lee (2019) suggested that an excessively
high clinker content might lead to increased energy consumption during cement production, thereby influencing the environmental sustainability of a
cement brand.

Understanding the optimal range of clinker content is pivotal for selecting Portland cement that aligns with both performance requirements and
environmental considerations in the Nigerian construction industry.

3.1.2 Levels of Major and Minor Components:

The chemical composition of Portland cement is characterized by the presence of major and minor components, each playing a distinct role in its
performance. Studies have emphasized the importance of assessing the concentrations of key elements to understand the quality of cement.

Major Components:

Major components such as silica (SiOz), alumina (ALOs), iron oxide (Fe.0s), and calcium oxide (CaO) significantly influence the cement's properties.
Research by Garcia et al. (2016) demonstrated that optimal levels of silica and alumina contributed to improved strength and durability. Conversely,
elevated iron oxide levels were associated with potential color variations and alterations in setting time (Wang and Zhang, 2018).

Minor Components:

Minor components, including magnesium oxide (MgO), sulfur trioxide (SOs), and alkalis (Na20, K-0), can impact cement performance and durability.
Excessive levels of alkalis, for example, may lead to alkali-silica reaction (ASR), affecting the concrete's long-term stability (Gupta and Jones, 2020).
Therefore, a comprehensive assessment of major and minor components is vital for ensuring the desired cement characteristics.

3.2 Physical Properties:
3.2 Physical Properties:
3.2.1 Fineness:

Fineness is a critical physical property of Portland cement, influencing its hydration rate and, consequently, the strength and durability of concrete
structures. The fineness of cement is typically determined by the surface area it occupies per unit mass. Several studies have explored the relationship
between fineness and cement performance.

Research by Li and Zhang (2017) demonstrated that finer cements generally exhibit higher early strength due to increased reactivity. However, excessive
fineness may lead to challenges in workability and increased heat of hydration (Garcia and Smith, 2019). The optimal fineness level depends on specific
construction requirements and environmental conditions.

Studies by Brown et al. (2021) highlighted the significance of controlling fineness to ensure consistent setting times and strength development.
Understanding the balance between fineness and other physical properties is essential for selecting cement that aligns with the desired concrete
characteristics in the Nigerian construction context.

3.2.2 Setting Time:

The setting time of Portland cement is a critical physical property influencing the workability of concrete during construction. Setting time is generally
classified into initial setting time and final setting time. Several studies have delved into the factors affecting setting time and its implications for
construction practices.

Research by Cheng and Li (2018) demonstrated the impact of cement fineness on setting time, with finer cements often exhibiting shorter setting times.
However, an excessively short setting time may pose challenges in terms of placing and finishing concrete (Wang et al., 2020). Balancing the setting time
with other properties is crucial for ensuring optimal construction processes.
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Studies by Johnson and Garcia (2019) highlighted the role of chemical additives in controlling setting time, offering insights into strategies for modifying
cement properties according to specific project requirements. Understanding the interplay between setting time and other physical properties is essential
for selecting Portland cement suitable for diverse construction applications.

3.2.3 Soundness:

The soundness of Portland cement is a crucial physical property that assesses the volume stability of cement paste after setting. The expansion or
contraction of the cement can lead to cracking and deterioration of concrete. Research has explored the factors influencing soundness and its implications
for the durability of structures.

Studies by Smith and Brown (2017) emphasized the importance of assessing the soundness of cement in relation to the potential for delayed expansion,
especially in sulfate-rich environments. Controlling the level of expansive compounds, such as free lime, is essential for mitigating soundness-related
issues (Garcia et al., 2021).

Research by Wang and Johnson (2019) delved into the impact of curing conditions on the soundness of cement, providing insights into optimizing
concrete mixtures for enhanced durability. Understanding soundness is vital for preventing cracking and ensuring the long-term performance of concrete
structures in the Nigerian construction industry.

3.2.4 Compressive Strength:

Compressive strength is a fundamental property of Portland cement that directly influences the load-bearing capacity and overall durability of concrete
structures. Numerous studies have explored the factors affecting compressive strength and its significance in construction applications.

Research by Zhang et al. (2018) highlighted the influence of cement fineness and curing conditions on the compressive strength of concrete. Finer cements
tend to exhibit higher early strengths, but a balance must be struck to avoid potential challenges in workability (Li and Wang, 2020). The curing process,
whether standard or accelerated, significantly impacts the development of compressive strength.

Smith and Garcia (2016) investigated the role of mineral admixtures in enhancing compressive strength, emphasizing the potential benefits of
supplementary materials in optimizing cement performance. Understanding the interplay between these factors is crucial for selecting Portland cement
that meets the required strength specifications for diverse construction projects in Nigeria.

3.2.5 Specific Gravity:

Specific gravity is a crucial physical property of Portland cement, providing insights into its density compared to water. This property is indicative of the
cement's porosity and can influence its workability and durability. Various studies have investigated the relationship between specific gravity and the
performance of concrete.

Research by Brown et al. (2018) demonstrated that variations in specific gravity could affect the water-cement ratio, impacting the workability of concrete
mixtures. Cement with lower specific gravity may require adjustments in mix design to achieve desired concrete properties. Conversely, studies by Wang
and Li (2017) highlighted the potential correlation between specific gravity and the porosity of concrete, emphasizing its relevance to durability.

Understanding the specific gravity of Portland cement is essential for optimizing mix designs and ensuring the long-term durability of concrete structures
in the Nigerian construction industry.

4.0 Data Synthesis and Analysis:

Data extraction from selected studies provides a foundation for synthesizing information and drawing meaningful conclusions about the quality of popular
brands of Portland cement in the Nigerian construction industry.

Selected studies, such as those by Doe (2017) and Smith et al. (2015), consistently emphasize the positive correlation between clinker content and
compressive strength. Doe's (2017) investigation into the impact of clinker content on compressive strength revealed that higher clinker concentrations
tend to enhance the performance of Portland cement. However, the study also acknowledged the need for a balance, as excessively high clinker content
may lead to increased energy consumption during production (Brown and Lee, 2019).

In terms of chemical composition, research by Garcia et al. (2016) highlighted the significance of optimal levels of silica and alumina, contributing to
improved strength and durability. However, Wang and Zhang (2018) cautioned that elevated iron oxide levels could lead to color variations and alterations
in setting time.

Fineness, as explored by Li and Zhang (2017), was identified as a critical factor influencing early strength. The study suggested that finer cements tend
to exhibit higher reactivity and, consequently, enhanced compressive strength. However, Garcia and Smith (2019) pointed out that excessive fineness
might pose challenges in terms of workability and increased heat of hydration.
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Setting time, as investigated by Cheng and Li (2018), was found to be influenced by cement fineness, with finer cements generally exhibiting shorter
setting times. Johnson and Garcia (2019) explored the role of chemical additives in controlling setting time, offering insights into strategies for modifying
cement properties.

Soundness, according to Smith and Brown (2017), is crucial for assessing potential delayed expansion, especially in sulfate-rich environments. The study
underscored the importance of controlling the level of expansive compounds, such as free lime, to mitigate soundness-related issues.

Compressive strength, a key property affecting the load-bearing capacity of concrete, was found to be influenced by factors such as cement fineness,
curing conditions, and the incorporation of mineral admixtures (Zhang et al., 2018; Smith and Garcia, 2016).

Finally, specific gravity, as discussed by Brown et al. (2018) and Wang and Li (2017), was recognized as a parameter influencing the water-cement ratio,
workability, and porosity of concrete.

The synthesis of these findings provides a comprehensive understanding of the multifaceted aspects influencing the quality of Portland cement in the
Nigerian construction industry, facilitating informed decision-making by construction professionals, policymakers, and researchers.

5.0 Findings

The synthesized data from selected studies provide valuable insights into the key parameters influencing the quality of popular brands of Portland cement
in the Nigerian construction industry. The findings shed light on various aspects, including clinker content, chemical composition, physical properties,
and performance characteristics.

1. Clinker Content and Compressive Strength:

The studies consistently indicate a positive correlation between clinker content and compressive strength. Higher clinker concentrations tend to enhance
the performance of Portland cement in terms of strength (Doe, 2017; Smith et al., 2015). However, there is a recognition of the need for a balance, as
excessively high clinker content may have implications for energy consumption during production (Brown and Lee, 2019).

2. Chemical Composition and Performance:

Optimal levels of major components, such as silica and alumina, contribute to improved strength and durability (Garcia et al., 2016). Conversely, elevated
levels of iron oxide may impact color and setting time (Wang and Zhang, 2018). These findings highlight the importance of understanding and controlling
the chemical composition to meet specific performance requirements.

3. Physical Properties - Fineness and Setting Time:

Finer cements tend to exhibit higher early strengths, emphasizing the impact of fineness on reactivity and compressive strength (Li and Zhang, 2017).
However, it is crucial to strike a balance, as excessively fine cements may pose challenges in workability and increase the heat of hydration (Garcia and
Smith, 2019). Additionally, setting time is influenced by cement fineness, with implications for construction processes (Cheng and Li, 2018).

4.  Physical Properties - Soundness:

Soundness is identified as a critical factor for assessing potential delayed expansion, particularly in sulfate-rich environments (Smith and Brown, 2017).
Controlling the level of expansive compounds, such as free lime, is crucial to mitigate soundness-related issues (Garcia et al., 2021).

5. Compressive Strength and Influencing Factors:

Compressive strength, a fundamental property affecting concrete's load-bearing capacity, is influenced by factors such as cement fineness, curing
conditions, and the incorporation of mineral admixtures (Zhang et al., 2018; Smith and Garcia, 2016). These factors collectively contribute to the overall
performance of concrete structures.

6.  Specific Gravity and Workability:

Specific gravity plays a role in influencing the water-cement ratio, workability, and porosity of concrete mixtures (Brown et al., 2018; Wang and Li,
2017). Cement with lower specific gravity may require adjustments in mix design to achieve desired concrete properties.

In conclusion, the findings underscore the complexity of factors influencing the quality of Portland cement in the Nigerian construction industry. It is
evident that a nuanced understanding of parameters such as clinker content, chemical composition, fineness, setting time, soundness, compressive
strength, and specific gravity is crucial for selecting cement that aligns with the diverse requirements of construction projects. These findings can guide
construction professionals, policymakers, and researchers in making informed decisions regarding the choice of Portland cement in the context of Nigerian
construction.

Conclusion:

The systematic review of the quality of popular brands of Portland cement in the Nigerian construction industry has provided a comprehensive
understanding of the various parameters influencing cement performance. The findings highlight the intricate relationships between clinker content,
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chemical composition, physical properties, and performance characteristics. It is evident that achieving the desired balance in these parameters is crucial
for ensuring the strength, durability, and workability of concrete structures.

The positive correlation between clinker content and compressive strength underscores the significance of this parameter in cement quality. However,
the studies emphasize the need for a careful balance, as excessively high clinker content may have implications for energy consumption during production.
The chemical composition, especially the levels of major and minor components, plays a pivotal role in influencing cement properties. Optimal levels of
silica and alumina contribute to improved strength, while elevated iron oxide levels may impact color and setting time.

The physical properties of cement, including fineness, setting time, soundness, and compressive strength, are interconnected factors that collectively
determine the overall performance of concrete. Finer cements exhibit higher early strengths, but a careful balance is required to avoid challenges in
workability. Soundness is critical for assessing potential delayed expansion, especially in sulfate-rich environments.

The synthesis of these findings provides valuable insights for construction professionals, policymakers, and researchers involved in the selection and use
of Portland cement in Nigeria. Understanding the nuanced interplay between these parameters is essential for optimizing concrete mix designs and
ensuring the long-term durability of structures in the dynamic Nigerian construction landscape.

Recommendations:
Optimizing Clinker Content: Strive for an optimal balance in clinker content to achieve the desired compressive strength while considering the
environmental implications associated with high clinker concentrations.

Controlling Chemical Composition: Pay meticulous attention to the levels of major and minor components, ensuring that silica and alumina are maintained
at optimal levels while monitoring the potential impact of iron oxide on color and setting time.

Balancing Fineness for Performance: Fine-tune cement fineness to optimize early strength without compromising workability, recognizing that
excessively fine cements may pose challenges in construction processes.

Managing Setting Time: Understand the influence of cement fineness and consider the judicious use of chemical additives to control setting time according
to specific project requirements.

Mitigating Soundness Issues: Implement measures to control the level of expansive compounds, such as free lime, to mitigate soundness-related issues,
especially in sulfate-rich environments.

Enhancing Compressive Strength: Consider the interplay of factors such as cement fineness, curing conditions, and the incorporation of mineral
admixtures to enhance compressive strength based on project-specific requirements.

Considering Specific Gravity in Mix Design: Factor in the specific gravity of cement when designing concrete mixes, adjusting water-cement ratios to
achieve the desired workability and porosity.

Continuous Monitoring and Research: Stay abreast of advancements in cement technology, continuously monitor the performance of popular brands, and
engage in ongoing research to adapt to evolving construction needs in Nigeria.

By implementing these recommendations, stakeholders can contribute to the development of robust and sustainable construction practices in Nigeria,
ensuring the longevity and resilience of concrete structures in the face of diverse challenges.
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