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Abstract
The increasing global demand for sustainable construction materials has encouraged
intensive research on environmentally friendly alternatives to ordinary Portland cement
(OPC). Green cement, produced using industrial by-products, supplementary
cementitious materials (SCMs), and energy-efficient techniques, offers significant
environmental benefits. This study provides a comprehensive analysis of the physical
and mechanical properties of green cement, emphasizing its structural performance and
comparative behavior relative to conventional cement. Results from published research
indicate that green cement exhibits comparable, and in some cases superior, properties
in terms of compressive strength, durability, porosity, and thermal resistance, while
substantially reducing CO: emissions. This article evaluates these characteristics

through a scientific and analytical approach.

1. Introduction

Cement production is responsible for approximately 7-8% of global CO:
emissions, making it one of the most carbon-intensive industrial activities. Growing
environmental concerns and the need to reduce carbon footprints have led to the
development of “green cement,” a term that refers to cementitious materials produced
with reduced environmental impact. Green cement typically incorporates

supplementary cementitious materials such as fly ash, silica fume, blast-furnace slag,
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rice husk ash, and calcined clays. These materials not only improve sustainability but
also influence the physical and mechanical performance of cement-based composites.

This study aims to analyze and compare the physical and mechanical properties
of green cement with those of conventional OPC, providing an academic understanding

of its scientific and engineering potential.

2. Materials and Methods

Green cement is generally formulated by partially replacing clinker—the
primary source of CO2 emissions during cement production—with SCMs. The degree
of substitution typically ranges from 20% to 70%, depending on the application and
performance requirements.

Key properties investigated include:

. Physical properties: fineness, setting time, hydration heat, density.

. Mechanical properties: compressive strength, flexural strength, tensile
strength, elastic modulus.

Published experimental data from various studies were analyzed to establish a

comparative basis between green cement and traditional OPC.

3. Physical Properties of Green Cement

3.1 Fineness and Particle Structure

Most SCMs exhibit finer particle sizes than OPC, improving packing density
and pozzolanic reactivity. Increased fineness enhances hydration and microstructure
formation, directly affecting mechanical strength and durability.

3.2 Setting Time

SCMs influence setting times in different ways.

. Fly ash and slag tend to increase setting time because they hydrate more
slowly.

. Silica fume may reduce setting time due to ultrafine particle size and high
reactivity.
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Overall, green cement maintains setting times within acceptable engineering
standards.

3.3 Heat of Hydration

Green cement typically demonstrates lower heat of hydration, reducing the risk
of thermal cracking. This makes it advantageous for mass concrete applications such

as dams and foundations.

4. Mechanical Properties of Green Cement

4.1 Compressive Strength

Green cement often reaches compressive strengths comparable or superior to
OPC, especially at later curing ages. Pozzolanic reactions between SCMs and Ca(OH)-
produce additional C—S—H gel, strengthening the matrix.

4.2 Flexural and Tensile Strength

Flexural and tensile properties improve with SCMs like silica fume, which
enhance matrix density and interfacial transition zone (ITZ) performance.

4.3 Durability

Green cement exhibits:

. lower porosity and permeability

. higher resistance to chloride penetration

. improved sulfate and alkali-silica reaction resistance

These improvements stem from the refined microstructure and increased C—S—

H formation.

5. Comparison with Conventional Cement
Advantages of green cement:

. CO: emissions reduced by up to 60%
. Higher long-term strength

. Lower permeability
. Enhanced chemical resistance
. Sustainable use of industrial waste
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Disadvantages:
. Slower early strength development (especially high fly ash mixes)

. Requires careful curing to achieve optimal performance

6. Applications of Green Cement

Green cement is used in:

. high-performance structural concrete

. coastal and marine structures

. mass concrete foundations

. sustainable and eco-friendly construction projects

Its performance makes it suitable for both conventional and advanced

engineering applications.

7. Conclusion

Green cement represents a viable and sustainable alternative to traditional OPC.

Its physical and mechanical properties match or exceed those of conventional cement,

while significantly reducing environmental impact. Continued research is needed to

optimize mixture designs and long-term durability for broader industrial use.
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