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Abstract 

Chemical admixtures have long been known for the beneficial role they play in improving 
the engineering properties of concrete and mortar mixtures. Looking back over the past 
decades, the use of air entraining agents and superplasticizers can be considered among the 
major influences that have allowed extending the use of concrete for many diverse 
applications. Moreover, ACI 212.3R reports that chemical admixtures provide numerous 
benefits to concrete mixtures such as increasing compressive and flexural strengths at all ages 
and increasing durability through reduction in permeability. A holistic review of the 
numerous functions provided by chemical admixtures is discussed to help identify future 
admixture capabilities required for the design, placeability, and increased service life of 
sustainable concrete construction. Performance attributes of the next generation of chemical 
admixtures will include allowing the acceptable use of a wider range of aggregates and 
supplementary cementitious materials, and enabling more predictable plastic and hardened 
concrete properties. 
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1. INTRODUCTION 
Long before sustainability became a focus for the concrete construction industry, the use of 

chemical admixtures were a contributing factor for both economizing concrete mixtures as 
well as reducing their carbon footprint [Sabnis 2012]. The capability of water reducing 
admixtures to either increase concrete workability without a change in water or paste content, 
or reduce water content without a significant change in workability has been and continues to 
be the most commonly used capability of chemical admixture technology. Moreover, over the 
past decades, the application of chemical admixture technology has dramatically expanded to 
improve concrete  rheology and durability as well as enabling the use of marginal quality 
concrete materials [Jeknavorian 1997].  

The broad range impact of chemical admixtures relative to the production and performance 
of concrete mixtures is represented in Figure 1.  From the perspective of sustainability of 
concrete structures, chemical admixtures play a critical role in improving durability by 
helping mitigate numerous factors that can contribute to the deterioration of in-place concrete 
due to physical and chemical distresses. For concrete producers, chemical admixtures enable a 
wide range of approaches and material options to achieve diverse design performance targets. 
Contractors particularly benefit from improved placement, setting, and finishability 
operations provided by chemical admixtures. Overall, chemical admixtures have become an 
essential component in concrete mixtures, helping to expand the concrete market by 
enhancing the economy, sustainability, and performance of concrete. 

The rate of new admixture development and commercialization has outpaced the ability of 
various organizations to create standards that provide guidance and performance requirements 
[Nmai 2012]. For example, corrosion inhibiting admixtures were used in concrete 
construction projects long before the ASTM C1582 was an officially approved standard.  To 
address this time gap between commercial use of new admixtures and the development of 
new standards, a new type "S", special performance, classification was added to the ASTM 
C494 Standard for Chemical Admixtures. The type S performance criteria provides users of 
such admixtures guidance on expected performance  parameters such as set time, strength, 
length change, and freeze-thaw durability, until which time a standard can be developed 
specific to the performance of the new admixture. New chemical admixtures such as lithium 
salts for ASR control, viscosity-modifying admixtures (VMA), shrinkage reducing 
admixtures, and admixtures which provide primarily slump retention with minimal water 
reduction would typically be initially tested as Type S until a standard specific to the 
admixture's special performance is developed. 

At the 2011 NRMCA Sustainability Conference [Jeknavorian 2011], this author discussed 
the following emerging admixture technologies that can lessen the impact of concrete 
construction on the environment:   polycarboxylate (PC) - based superplasticizers, special-
type slump retaining PCs, the concept of clay mitigating agents, admixtures for pervious 
concrete, nano-admixtures, and admixtures dispensed on Ready-mix truck for real time slump 
control [Jeknavorian 2011].  

In this paper, the discussion on new, innovative commercial or near commercial 
admixtures is continued to include:  (a) a review of the three-way benefit of normal/high 
range water reducing admixtures; (b) synergistic interaction of polycarboxylate-based 
superplasticizer with calcium salt-based accelerators for increased rate of cement hydration 
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and early strength; (c) chemical admixtures to beneficiate sands; and (d) additives to mitigate 
undesirable adsorption capacity for carbon residue in fly ash. 

 
Figure 1: Impact of chemical Admixtures on Concrete Construction 

 
2. IMPACT OF SUPERPLASTICIZERS ON CONCRETE SUSTAINABILITY 

The benefits of high range water reducing agents (also known as superplasticizers) to 
improve the mixing, placing, compaction, finishing, strength, and durability of concrete 
mixtures has become well established.  To affect these procedures and properties, 
superplasticizers are used to either reduce large amounts of mixing water while maintaining 
an acceptable level of workability, or transform very low slump concrete into a flowing or 
self-leveling mixture.  Reducing the water/cement ratio (W/C) can produce a densified paste 
structure and improve paste-to-aggregate bonding, which in turn, increases the strength 
development of concrete and enhances resistance to chemical attack [ACI 212.3R-10].  By 
far, the ability to lower the mix water content for essentially all concrete mixtures without 
significantly altering the workability of the concrete is the most common application of 
chemical admixture technology. The mix designs and performance data reported in Table 1 
illustrate the three common applications of superplasticizers. These applications are made 
possible by the cement de-flocculating mechanism imparted by water reducing admixtures. 
The flocculation of cement particles upon mixing with water is essentially common to all 
Portland cements based on the nature of surface charges imparted during the clinker grinding 
process. Once the hydrating cement particles deflocculate, the water released from the floc 
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can be reduced to either  achieve increased strength and reduced permeability, thus allowing 
for cement replacement with supplementary cementitious materials or even reducing the 
cement content. For the increased workability application, achieving higher slumps without a 
superplasticizer would require proportionally higher cement and water contents.   
 
Table 1: Impact of Superplasticizers on the Workability and Compressive Strength of 
Concrete Mixtures. Quantities expressed in SI units. 

3. SYNERGISTIC INTERACTION BETWEEN CHEMICAL ADMIXTURES: 
OPPORTUNIUTY FOR LOW CEMENT CONTENT CONCRETE 

An example of a relatively unexpected performance demonstrated by polycarboxylates 
involves an interesting synergy with calcium-based set accelerators.  The following data, 
summarized in Table 2, was reported by a prestress concrete producer, who had been using a 
combination of a traditional ASTM C494 type A water reducer and a Type G 
NSFC/Lignosulfonate-based superplasticizer in a 390 kg/m3  concrete mix for pre-stress piles. 
This remarkable strength difference, obtained by merely changing the superplasticizer type 
from an NSFC to polycarboxylate, has become an accepted benefit for those producing 
concrete with these additives, and was the focus of major study [Jeknavorian 2000]. 
Interestingly, the strength difference does not seem be associated with increased heat of 
hydration, but rather is related to a denser microstructure produced by the polycarboxylate-
based admixture. The increased compressive strength from this admixture combination can 
enable higher cement substitutions with SCMs with minimal delay in time of set and early 
strength gain. In Table 3, a series of laboratory mixes was prepared to demonstrate how this 
admixture synergy could nearly restore both time of set and early strength for a concrete 
mixture with 40% cement replacement with fly ash relative to a reference mix without fly ash. 
The last mix in Table 3 with both a PC-based HRWR and calcium nitrite corrosion inhibitor 
has a time of set just one hour longer than the reference mix (mix 1), and a one day 
compressive strength 85% of the mix 1.   

 Reference High Strength Flowing Concrete Cement 
Reduced Mix 

Cement 356 356 356 267 
Sand 712 742 772 845 
Stone 1127 1216 1068 1187 

Water 178 133 178 133 
HRWR, l/m3 - 3.5 3.5 2.6 

W/C 0.50 0.38 0.50 0.50 
Slump, mm 115 125 240 125 

     
Compressive 

Strength, 
MPA 

    

1-day 9.7 19.2 11.9 10.5 
7-day 28.3 39.4 31.2 29.5 

28-day 35.3 46.8 38.3 36.8 
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4. CHEMICAL ADMIXTURES TO BENEFICIATE IMPACT OF 
MANUFACTURED SANDS 

Aggregate shape, texture, and grading have been known to have a significant effect on the 
rheological performance of fresh concrete. Moreover, while the optimization of aggregate 
selection can provide both technical and economical benefits, the availability of materials and 
construction operations can often dictate the use and proportioning of certain aggregate 
sources, such as manufactured sands, which can adversely impact the rheology of 
cementitious mixtures. 

 
Table 2: Synergistic Interaction of PC HRWR and Calcium-based Accelerators on 
Compressive Strength PC. Mix Design: Cement T-IIM - 390 kg/m3 ( 658 pcy);  W/C - 0.32 

NSFC/WR                PC  
PC, ml/100 kg               -                   455                        
NSFC, ml/100 kg     1300             -                                                         
WR, ml/100 kg           130                       -                                 
CANI, l/m3                  26.6                 26.6                                                           
VR AEA, ml/100 kg      78                   39 
Slump. mm                 75        115 
Air, %            5.4                   5.5                                           
Initial set, hr:min           3:50         2:30                                                       
1-day strength, MPA      32.4          43.1 
 
CANI – 32% solution of calcium nitrite 
VR – Vinsol Resin-based air entraining agent 
WR – ASTM C494 Type Water Reducing Agent 
 

The use of certain chemical admixtures, such as viscosity modifying admixtures, have been  
found to often avoid the need to increase cement and water contents in order to overcome the 
loss of workability that can accompany aggregate sources which feature flat, elongated, 
angular, and rough particles [Jeknavorian 2006].  Figure 2 illustrates the effect of VMAs on 
reducing pump pressures that can occur with increased use of manufactured sands. The 
reduced pump pressures result from the  lubricating effect of the paste which is maintained 
between the sand particles through the viscosifying effect of the VMA.   
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Table 3: Effect of Cement-Fly Ash-Admixture Combinations on Concrete Performance 420 
kg/m3 Total Cementitious 

 

5. CHEMICAL TREATMENT OF MANUFACTURED SANDS FOR CLAY 
MITIGATION 

The presence of fine clays can be particularly harmful to concrete mixes because of their 
ability to absorb large amounts of mix water. This can lead to reduced workability, or  
reductions in strength due to extra water required to increase workability and increased 
drying shrinkage cracking. A new chemical solution (a clay mitigating agent or CMA) has 
recently been developed which attaches itself to clay particles and minimizes excess 
absorption of water [Kyriazis 2011]. The performance of the CMA can be inferred from the 
reduced MBV values illustrated in Figure 3.  

 

 

Sand/Stone

0.92

VMA,  3 
ml/100kg

1.0 1.02

Mix Design, kg/m3

Cement      248

Fly Ash        65

Water   178 – 186 kg/m3

WRA     260 ml/100 kg

Slump   115-127 mm

Figure 2: Effect of VMAs and Manufactured Sands on Pump 
Pressure
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Figure 3: Effect of a CMA on the MBV 

The benefits of CMA for concrete are shown in Figures  4 and 5, where laboratory 
concrete tests were performed comparing untreated versus treated sands with the clay 
mitigation chemical. Concrete mixes were identical except for the fine aggregate and water 
content. Water was adjusted to obtain similar slumps [90 mm +/- 5 mm]. As more washed 
sands are replaced with unwashed sands, the water demand of the untreated sand increases, 
leading to subsequent decreases in strength. Using the CMA, the w/c is maintained similar to 
the reference  mix, which only contains 20% unwashed sands. Up to 80% replacement with 
untreated sand was possible  without any detrimental effects.  

6. CHEMICAL TREATMENT OF FLY ASH FOR CONSISTENT AIR 
ENTRAINMENT 

With the expected increased use coal ash for the concrete construction industry, the impact 
of fly ash quality on concrete performance will continue to be an important factor in 
controlling the rate of cement replacement in concrete mixtures. The impact of the variability 
in the residual  carbon content  on air entrainment  is one of the most significant parameters of 
concern. Chemical treatments, comprised of competitive agents capable of being 
preferentially adsorbed onto the fly ash carbon content of the fly ash,  has been the focus of 
recent research activity 
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Figure 4: Effect of chemical treatment on w/c with increased replacement                                    

of washed with unwashed sands. 

 

 

 

 

 

 

 

 

 

 
Figure 5: Effect of chemical treatment on strength with increased replacement                            

of washed with unwashed sands 
 

[Howard, Jolecouer,]. The requirements of such agents are as follows: (a) neutral impact 
on air entrainment; and (b) more rapid irreversible adsorption versus air entraining agents and 
other materials used in chemical admixture formulations. Furthermore, a simple procedure 
needs to be available that allows rapid determination of the amount of treatment chemical 
required to sufficiently neutralize the adsorption capability of the fly ash carbon content. 
Also, a preferred mode of addition needs to be established which assures optimum batch-to-
batch consistency in air content at time of concrete discharge. Some promising technologies 
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may soon be commercialized, which are expected to significantly facilitate increased fly ash 
use in concrete  construction. 

7. CONCLUSION 
Considering all the trends associated with the concrete construction industry, the use of 

chemical admixtures is expected to play an increasingly important role in terms of mixture 
design, rheology control to facilitate placing, and long term durability. Many new 
technologies such as polycarboxylate-based superplasticizers have dramatically improved 
both production efficiency and quality of concrete, thus gaining rapid acceptance by concrete 
producers. Many exciting challenges and opportunities lie ahead for the continuous evolution 
of concrete as a versatile and durable construction material. The increased development and 
rapid commercialization of innovative chemical admixtures is expected to play a key role in 
the future of sustainable concrete. 
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