Effect of Chemical Admixtures on Cement Concrete Properties
1 Introduction
Chemical admixtures are water-soluble substances added to concrete mixtures in small quantities—typically less than 5% by weight of cement—to modify the properties of fresh and hardened concrete. The American Concrete Institute (ACI) classifies chemical admixtures into thirteen groups: air-entraining, accelerating, water-reducing and set-retarding, admixtures for flowing concrete, admixtures for self-consolidating concrete, cold weather admixture systems, admixtures for very high-early-strength concrete, extended set control, shrinkage-reducing, corrosion-inhibiting, lithium, permeability-reducing, and miscellaneous .
The use of chemical admixtures has become indispensable in modern concrete construction. They enable the production of concrete with tailored properties that cannot be achieved with cement, water, and aggregates alone. In ready-mix concrete, high-strength concrete, and specialized applications such as self-consolidating concrete, chemical admixtures are essential components. This report examines the effects of the principal classes of chemical admixtures on the fresh and hardened properties of cement concrete, drawing on experimental studies and established technical knowledge.
2 Water-Reducing Admixtures
Water-reducing admixtures are among the most widely used chemical admixtures in concrete. Their primary function is to reduce the amount of mixing water required for a given workability, or alternatively, to increase workability at a constant water content.
2.1 Classification and Mechanisms
Water reducers are classified by their water-reduction capacity. According to standards, conventional water reducers must achieve at least 5% water reduction, though commercial products typically achieve 10–15% . High-range water reducers (HRWRs), also known as superplasticizers, can reduce water content by 15–30% or more .
The mechanisms by which water reducers function depend on their chemical nature. Lignosulphonates and other natural polymers, introduced in the 1930s, operate primarily through electrostatic repulsion. Synthetic polymers such as polynaphthalene sulphonates (PNS) and polymelamine sulphonates (PMS), introduced in the 1960s, provide stronger dispersion through electrostatic mechanisms. Polycarboxylate ethers (PCEs) represent the most advanced generation, combining electrostatic effects with steric hindrance to achieve superior dispersion at lower dosages .
2.2 Effects on Fresh Concrete
Water reducers improve the workability of fresh concrete without increasing water content. When added to a concrete mixture without adjusting proportions, they act as plasticizers, increasing slump and facilitating placement in areas of high steel reinforcement density. Alternatively, they can be used to reduce both water and cement while maintaining equivalent workability and strength, thereby acting as cement reducers . This application reduces the heat of hydration, which is particularly valuable for mass concrete and hot-weather concreting.
2.3 Effects on Hardened Concrete
The primary benefit of water reducers on hardened concrete is increased strength, resulting from the lower water-to-cement ratio. Experimental studies have consistently demonstrated that superplasticized concrete exhibits significantly higher compressive, tensile, and flexural strength compared to conventional concrete of the same consistency . The permeability and drying shrinkage of superplasticized concrete are also reduced relative to conventional concrete .
However, the dosage of superplasticizer must be carefully controlled. Overdosage can disturb the hydration process, promote excessive de-flocculation of cement particles, and cause bleeding and segregation, ultimately reducing compressive strength . Freeze-thaw durability is slightly improved in non-air-entrained superplasticized concrete and further enhanced when an appropriate amount of entrained air is incorporated .
3 Air-Entraining Admixtures
Air-entraining admixtures (AEAs) are surfactants that intentionally introduce small, discrete air bubbles into concrete during mixing. These bubbles, typically ranging from 0.01 to 1 mm in diameter, are stabilized by the surfactant film and remain in the hardened concrete.
3.1 Mechanisms of Air Entrainment
Surfactant molecules are amphiphilic, containing a hydrophobic tail (typically a carbon chain of 8–18 carbons) and a hydrophilic head. In fresh concrete, these molecules orient themselves at air-water interfaces, reducing surface tension and stabilizing air bubbles that would otherwise coalesce and escape . The total air content in air-entrained concrete typically ranges from 4.5% to 6% by volume for freeze-thaw resistant concrete, depending on the nominal maximum aggregate size .
3.2 Effects on Fresh Concrete
Air entrainment improves the workability and cohesion of concrete. The stabilized air bubbles act like compressible bearings, permitting relatively free motion in shear. This improves the cohesion of the mix and reduces segregation and bleeding. The improved workability is particularly beneficial for mixtures with crushed fine aggregates or low cement contents .
3.3 Effects on Hardened Concrete
The primary purpose of air entrainment is to enhance freeze-thaw resistance. The air voids provide space for water to expand upon freezing, relieving hydraulic pressure and preventing cracking. ACI 201.2 recommends fresh-state air contents of 4.5–6% for concrete resistant to freezing and thawing . The spacing factor—the average distance between air voids—is a critical parameter: smaller spacing factors correlate with better freeze-thaw durability.
However, air entrainment involves trade-offs. Increasing air content reduces compressive strength, typically by approximately 5% for each 1% of entrained air. Air entrainment also increases porosity, which can facilitate CO₂ ingress and increase carbonation depth over time . The high-range water reducers and viscosity-modifying admixtures commonly used with AEAs can present compatibility issues, and false set cases have been reported .
4 Set-Controlling Admixtures
Set-controlling admixtures modify the time of setting of concrete. They are classified into retarding admixtures, which extend setting time, and accelerating admixtures, which reduce setting time and accelerate early strength development .
4.1 Retarding Admixtures
Retarders are used in hot weather to compensate for the accelerating effect of high temperature on cement hydration, and in situations where extended working time is required. Organic small-molecule retarders such as glucose, sucrose, tartaric acid, and citric acid function through adsorption-precipitation effects that inhibit the cement hydration rate . Experimental data indicate that most organic small-molecule monomers prolong initial setting times by 1.1% to 411.3% and final setting times by 2.3% to 207.9% .
Retarders can be combined with water reducers to produce retarding water-reducing admixtures, which provide both extended working time and improved strength. Studies have shown that concrete with retarding-type AE water reducers and mineral admixtures such as fly ash (30%) or blast furnace slag (60%) can exhibit setting times retarded by 4–7.5 hours compared to plain concrete .
4.2 Accelerating Admixtures
Accelerators reduce setting time and accelerate early strength development, making them valuable for cold-weather concreting and for precast operations where rapid formwork turnover is desired . Calcium chloride is the most well-known accelerator, but it can cause rapid stiffening, large increases in drying shrinkage, corrosion of reinforcement, and loss of strength at later ages . Chloride-free accelerators are preferred for reinforced concrete.
The combination of accelerating admixtures with mineral admixtures can influence setting behavior. Research has shown that high-early-strength AE water reducers combined with 10% cement kiln dust can produce earlier setting times by 0.5–1.5 hours and higher strength at 28 days compared to mixtures without these additives .
5 Specialty Admixtures
5.1 Corrosion-Inhibiting Admixtures
Corrosion inhibitors protect embedded steel reinforcement from chloride-induced corrosion. They function by forming a protective film on the steel surface or by modifying the pore solution chemistry. Recent research has focused on organic rust inhibitors, green (environmentally friendly) inhibitors, and intelligent inhibitors that respond to changes in the concrete environment . Experimental studies on sodium bicarbonate and aluminium nitrate have demonstrated that these admixtures can improve resistance to both alkaline and acidic attack while enhancing compressive strength .
5.2 Shrinkage-Reducing Admixtures
Shrinkage-reducing admixtures (SRAs) reduce drying shrinkage and the associated risk of cracking. They function by reducing the surface tension of pore water, thereby reducing the capillary tension that drives shrinkage. SRAs are particularly valuable in applications where crack control is critical for durability, such as bridge decks and industrial floors.
5.3 Permeability-Reducing Admixtures
Permeability-reducing admixtures decrease the rate at which water and aggressive ions penetrate concrete. They function by blocking pores, lining capillary walls with hydrophobic materials, or densifying the microstructure. These admixtures are classified as a distinct category in ACI 212.3R .
5.4 Durability-Enhancing Admixtures
Recent research has expanded the concept of durability-enhancing admixtures to include materials that control cracking, regulate microstructure, and improve reinforcement corrosion resistance. Nanomaterials and polymers have been investigated for their ability to refine pore structure. Superabsorbent polymers (SAP) and osmotic crystallization agents enable self-healing of cracks . Air-entraining agents, pore hydrophobic agents, and nano-pore compacting agents address durability failure under freeze-thaw, sulfate attack, and chloride penetration .
6 Combined and Multi-Component Systems
In modern concrete practice, multiple chemical admixtures are frequently used together to achieve optimal performance. Mixture designs using combinations of admixtures have become more common, but their successful usage requires proper compatibility assessment . Competitive adsorption between admixtures can alter their individual effects, and setting times and early strengths must be appropriate for the placing environment .
Experimental investigation of sodium bicarbonate and aluminium nitrate admixtures in ready-mix concrete found that the optimum dosage for maximum strength was 0.5% by weight of cement. At this dosage, cube compressive strength increased by 6.02%, cylindrical compressive strength by 7.35%, and split tensile strength by 6.06% compared to control concrete at 28 days . Durability testing confirmed improved resistance to sulfuric acid and sodium sulfate attack without strength reduction .
7 Conclusion
Chemical admixtures profoundly modify the properties of cement concrete, enabling the production of materials with tailored performance characteristics. Water reducers, particularly high-range superplasticizers, enhance workability and strength through water reduction. Air-entraining admixtures provide essential freeze-thaw protection, though with trade-offs in strength and permeability. Set-controlling admixtures enable construction in extreme temperatures and facilitate specific placement requirements. Specialty admixtures address corrosion, shrinkage, permeability, and other durability concerns.
The effects of chemical admixtures are highly dependent on dosage, chemical composition, cement characteristics, and interactions with other admixtures. Proper selection and application—based on a thorough understanding of mechanisms and careful compatibility testing—are essential for achieving the desired concrete properties. As concrete technology evolves toward more sustainable and durable solutions, chemical admixtures will continue to play a central role in enabling the production of high-performance cementitious materials.
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