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Abstract 

Hydration Retardation: A Review of Literature relating to Cement-based Materials. Actually, 

hydration retardation is one of the major methods used to handle fresh as well as hardened 

properties of cement-based materials. This review would provide a systematic update of literature 

available regarding methods for hydration retardation with special focus being given to the main 

types of methods for hydration retardation. This would also include conventional methods of using 

chemicals such as lignosulfonate compounds, sugar derivatives, as well as organic acids. There is 

a growing interest in natural and bio-based retarders based on agricultural by-products and plant 

extracts, which may have lower environmental impact but do not sacrifice a performance that is 

satisfactory.  Moreover, the new alternatives such as bio-based polymers, nanomaterials, and high-

level synthetic compounds are also discussed in terms of their effects on the kinetics of hydration, 

microstructural formation, and long-term stability. The review is also conducted on experimental 

and analytical methods to assess hydration retardation like calorimetry, spectroscopic methods, 

and microstructural analysis. The gaps in the existing knowledge are found especially with respect 

to comparative performance, synergistic effects, standardization, and applicability to fields-of-use. 

In general, the purpose of the review is to offer a combined insight to researchers and practitioners 

with regard to the hydration retardation strategies and to aid the creation of more sustainable and 

reliable cement-based materials.  

Keywords: Hydration retardation, Cement-based materials, Chemical admixtures, Natural 

retarders, Bio-based materials, Setting time. 

 

1. Introduction  

The performance level of cement based materials is determined by the complex interaction among 

chemical constituents of the material, but hydration is a significant process that affects the 

mechanical properties, the durability and the overall long life of the material. The knowledge of 

how to manipulate and retard such a hydration process has become a subject of much interest both 

in academic and in industrial circles particularly as the construction industry endeavors to find new 

ways of working in order to increase efficiency and sustainability. Since time immemorial, 

chemical admixtures have been used to lengthen the workability of concrete mixtures in the certain 

conditions and enhance the performance of concrete mixtures in a diverse range of environmental 

conditions [1]. The difficulty of rapid hydration during hot climate or long transportation durations 

has however stimulated study on alternative methods of retardation. The natural retarders are also 

an alternative to the use of aluminum oxide but they are based on the agricultural or bio-based 

materials and this is a good prospect of sustainable construction practices with both environmental 

and economic advantages [2] [3]. Newer synthetic compounds with lower environmental effects 



and greater functionalities are just emerging and are starting to change the perception of the 

hydration behavior in cementitious systems [4].  The importance of the research is hard to 

overestimate, as the environmental factor of climate and the lack of resources promote 

development of the construction processes and cause the tendency to resort to more 

environmentally friendly materials and technologies [5]. Themes of hydration retardation have a 

wide range of factors as described in the existing literature, including the physicochemical 

mechanisms involved, the performance effects of different retarders and long-term durability 

implications [9] [10]. Methodologies used to measure hydration retardation have also evolved with 

both empirical approach and sophisticated modeling used to investigate the complexity of these 

relationships [9] [10]. Moreover, systemic reviews have determined the key performance 

indicators required to determine the effectiveness of retarders, thus, the study has helped in 

understanding their use more comprehensively [11].  However, there are critical gaps in the 

literature that still exist. As an example, there is no detailed research on the performance of 

conventional and emerging retarders, especially in different environmental settings [12]. 

Synergistic interactions among various retarders and their long-term effects on the mechanical 

properties are still under widespread research since they may have a profound implication on the 

practical applications [13][14]. Furthermore, although natural retarders have a bright future, the 

research on this topic needs to be conducted again to standardize their application and protocols 

of mixing and application [15], [16]. The scalability of these options is yet another area that should 

be addressed since most of the promising solutions are only available in laboratories without 

adequate real-life applications [17], [18].  This literature review will attempt to fill these gaps with 

the detailed examination of the current and new strategies of hydration retardation in cement-based 

materials. Through comparison of existing methodologies, synthesis of results of various studies 

as well as possible future research avenues, the review will add to the comprehensive 

understanding of the hydration dynamics. Moreover, it will determine the place of chemical 

admixtures, natural retarders, and new substitutes in the greater context of sustainable construction, 

therefore, preparing the way to future research and inventions in the sphere [19], [20], [21], [22], 

[23], [24], [25]. By this means, it shall seek to enlighten not only the practitioner but also the 

researchers about effective methods of retardation but shall also promote a collaborative approach 

regarding how a dilemma in hydration processes may be treated. Finally, this review shall broaden 

our current theoretical and practical awareness concerning modern developments in the field of 

cement science based upon emphasis brought about regarding this matter [26], [27], [28], [29], 

[30]. 

 

2. Review of literature 

The hydration retardation effect of cement-based material, which has been discovered, proves 

conceptualization and application of chemical admixtures and natural and new substitutes for 

admixtures to have developed with time. Original research work in this field was overshadowed 

by the use of traditional chemical admixtures that were critical in controlling setting time of 

cement. These studies indicated that lignosulfonate derivatives and sugar compounds such as 

Calcium Lignosulfonate would be utilized as a hydration agent involved in construction activities 

as a function of where latency properties were applicable [1][2]. As literature evolved with time, 

environmental issues and sustainability involved with using such types of chemical compounds 

were put in the limelight. This focus towards where natural retarders were agricultural by-product 

derivatives marked a beginning with new research studies being effective with less environmental 



implications than were being witnessed when used as a means for effective synthetic counterparts 

[3][4][5]. Literature of previous years signifies a rising inclination towards researchers finding 

novel approaches such as bio-based types and methods using nanotechnology. This has culminated 

in effective studies being generated with a focus on learning about retarding effect mechanisms in 

a more profound manner while learning about history of methods of retarding synthesized along 

with developments within the industry with changing standards involved with this particular field 

of operation associated with regulation standards involved within [9][10].This interwoven 

massives of researches indicate a more radical course of action through a shift towards more 

sustainable-creative approach to issues, rather than the traditional and synthetic approach to the 

job, which will result in improved performance and environmental friendliness of cement-like 

materials in the construction of buildings [11][12]. As such, the available literature brings to light 

an urgent point of intersection of technology, sustainability, and practice of the hydration 

retardation study. The research of hydration inhibition in cementitious materials reveals that the 

phenomenon is quite complex and includes the mixture of various chemical admixtures, natural 

factors of retardation. It is notable that the chemical admixtures such as superplasticizers and 

retarders are significant in the control of the setting times, the workability as well as the long-term 

performance of the concrete. It has been found that some of these admixtures can significantly 

delay the hydration processes and allow the concrete mixtures to be used under harsh environments 

to be utilized over an extended duration of time [1] [2]. This is induced in the literature in which 

after numerous studies, it is demonstrated that various chemical formulations can give the desired 

effects of hydration retardation [3][4].  Other than the use of synthetic solutions, natural retarders 

also provoke the interests of sustainable practices in cement chemistry. The literature has made the 

efficacy of biobased natural retarders, such as sugar derivatives and hydrocolloids, in influencing 

the hydration rates without influencing the structural integrity [5] [6]. The growing popularity of 

such organic materials is a sign to change to more environmentally friendly concrete production 

methods [7][8] New variations in particular those of nanotechnology are indicated as potentially 

proffering alternative ways of modifying the properties of cement based materials in terms of 

hydration. It is suggested that nanomaterials can be effective enhancers of the microstructural 

properties and are useful as retarders [9][10]. This hybridization between the old wisdom and the 

new development is a dynamic situation and such addition of the special additives does not just 

postpone the hydration process, but also the sustainability agenda in the building industry [11][12]. 

In general, most literature points towards integration of several methods of retardation leading to 

a requirement for comprehension regarding implications in fresh and hardened concretes more 

effectively. The analysis connected with hydration retardation in cement-based materials points 

towards several strategies employed through methods followed being of utmost importance 

regarding achievement of accomplishment connected with the chemical admixture and natural 

retarder along with several other alternatives. For example, experiments along with computational 

analysis help regarding data enabling effective information regarding methods being followed in 

accordance with chemicals affecting hydration process. This leads to capability regarding several 

admixture processes such as lignosulfonate along with sugar evidencing diverse effects regarding 

workability along with other effects regarding retardation [1], [2], [3]. Additionally, utilizing 

natural retarders along with experiments regarding material being used would comprise 

agricultural by-product evidencing additional sustainable alternatives regarding modification 

regarding hydration properties. This indicates that these natural alternatives would attain additional 

enhanced effects with less effects regarding natural earth, indicating a two-fold advantage [4], [5]. 

New methods regarding experiments particularly evidencing application regarding extremely 



analytical techniques such as nuclear magnetic resonance along with differential thermal analysis 

would provide additional information regarding several micro structures evidencing changes 

regarding hydration [6], [7]. The techniques are capable of giving the chemical interactions in the 

various temperature and mixture conditions a fine control needed in the investigation of how 

formulation variants could lead to various hydration behaviours. In addition, meta-analytical 

techniques involving the synthesis of the data of multiple studies have discovered the shared 

patterns in the implications of retardation by different forms of admixtures in linking the 

importance of setting in the interpretation of the results [8], [9]. In this way, the scientific 

explanations of the hydration retardation can be fortified by these different methodological 

viewpoints, which in the end can lead to the future research to be more efficient and sustainable 

towards cement-based materials. There is lots of debate on the performance and processes of 

chemical admixtures and natural retarders in alleviating hydration in cement-based materials. The 

different researchers arrive at the same conclusion that the hydration kinetics of chemical 

admixtures like lignosulfonates and other polysaccharides has a significant effect in creating 

complexes with calcium ions, which eventually increases the setting times [1][2]. Recent 

discoveries have also contributed to this point of view by showing that in addition to delaying 

hydration, these interactions can also be used to improve the workability of concrete mixtures, 

which is a two-fold advantage to construction applications [3][4].  Additionally, natural retarding 

agents produced using plant extracts are also being considered as studies have shown that such 

agents also form a more viable and effective alternative without a compromise in performance. 

Additionally, certain fruit and seed extracts have shown a better retarding agent effect as illustrated 

in [5][6]. This notion has lately stressed a transformation towards approaches that are 

environmentally friendly in light of the sustainability culture being practiced in construction 

environments [7]. On the other side of the argument exist counterarguments that exist in 

accordance with differences in levels of efficiency of such retarding agents depending on 

composition levels and levels of compositions. Certain studies have made a claim about the 

potential use of natural ingredients culminating in sufficient levels of retarding effect possibilities 

while others culminate in levels that would potentially lead to uncertainty regarding levels of 

effects contributed by varying environmental factors [8],[9]. This needs potential levels of 

uncertainties with regard to its reliance because such researchers claim that this warrants further 

study to better grasp more regarding levels about levels concerning chemistry involved with this 

standing right in the center stage of emphasis [10]. Collation of all such theoretical points of view 

leads towards a total insight regarding such a current scenario existing in such a hydration retarding 

environment in a manner describing a convergence towards a convergence of such conventional 

approaches with newer approaches with emphasis towards a great need towards thorough 

evaluations to ensure a level of uniformity with regard to such resulting levels in diverse 

approaches. 

3. Conclusion  

The discussion on hydration retardation of cement-like products can be considered as an in-depth 

analysis of the shifting future of chemical admixtures, natural one and the new options. Some of 

the important results include the inseparability between the hydration levels and the cementitious 

system performance, thus the significance of proper retardation measures applied in optimizing 

the workability, durability and performance of cementitious systems, at different environmental 

conditions. CaSO4 lignosulfonates and other sugars amongst other things have long been known 

to have a pronounced effect of increasing the duration of hydration, which is important in 

construction works during hot weather, or in construction work that involves logistical delay 



[1][2]. At the same time, newer literature has moved to focusing on natural retarders based on 

agricultural by-products that, in addition to presenting comparable efficacy, also have the 

advantage of providing sustainability benefits due to the lack of reliance on synthetic equivalents 

[3][4][5]. However, apart from this focus, a new trend has begun to emerge concerning alternatives 

such as bio-based retarders and nanomaterials. The new approaches encompass novel mechanisms 

that may be used for further improvement in hydration and performance in the environment [6][7]. 

As indicated in this literature review, a dynamic debate has evolved among researchers regarding 

synergies associated with these types of retarders. This literature review indicates that a clear 

perception regarding how to maximize hydration associated with different regions of application 

has been put forward [8],[9]. A sum of available knowledge associated with this literature pertains 

to a possible shift towards a more integrated approach associated with a focus toward sustainable 

methods without reducing practical performance capability associated with construction material 

requirements for a high level of performance. However, one must discuss existing limitations 

associated with this literature. A comparison between conventional methods and newly emerging 

approaches for retardation remains associated with a prominent level of no comparison among 

environmental conditions [12][13]. This indicates a prominent level of critical deficit pertaining to 

this literature. This deficit may be effectively supplemented in future studies, especially those 

investigating long-term viability associated with synergistic approaches [14]. Moreover, though 

the potential of natural retarders seems to be promising, research has not yet determined 

standardized procedures of their application hindering their wider implementation in the industry 

[15], [16]. The way forward in future studies should be bridging these gaps through comparative 

analysis and standardisation of methods to prove the effectiveness of natural and emerging 

alternatives under different situations. Moreover, more attention should be paid to the scalability 

and applicability of these innovations in the field of activity since a large proportion of the 

successful laboratory results have not yet become widely implemented [17],[18]. The 

sustainability of the use in these retarders over long-term will be essential in the investigation 

process to inform the best practice in the industry [19], [20].   Finally, this literature review 

confirms the importance of hydration retardation measures in cement-based materials to increase 

the sustainability and performance of cement-based materials, which is a crucial factor as the 

construction sector is under increasing pressures of resource shortages and climate change [21], 

[22]. Having identified the complex changes in both chemical and natural retarders, scientists and 

professionals will be able to establish partnership and move to the further advancement of localized 

solutions that will help to facilitate efficiency and environmental awareness in construction 

operations [23], [24], [25]. The knowledge of this review will not only be used to support future 

research but also precondition the development of practical application that can meet the increasing 

needs of sustainability in the contemporary infrastructure [26], [27], [28], [29], [30], [31], [32], 

[33], [34], [35], [36], [37], [38], [30], [40]. 

Table 1. Literature Review Summary 

Author Main Focus Findings 

Li (2024) Investigate the applicability of 

gasification coarse slag in cement-

based materials to enhance its 

utilization and reduce 

environmental risks. 

Gasification coarse slag is suitable for 

use in cement roadbed materials, 

especially at a 15-20% mixing ratio, 

leading to improved strength after 28 

days. 

Wang et al. 

(2023) 

Analyze how chemical admixtures 

affect the workability and 

Tartaric acid significantly improves 

working performance; optimal dosages 



mechanical properties of self-

leveling mortars. 

enhance strengths and hydration 

behavior. 

Zhang et al. 

(2022) 

Overview of organic rheology 

modifiers and their impacts on the 

rheological behavior of cement-

based materials. 

Microscale interactions of high-

performance superplasticizers are 

crucial for optimizing concrete 

performance. 

Yang et al. 

(2020) 

Assessing hydration dynamics 

using electrochemical impedance 

for cement mixes with mineral 

admixtures. 

Hydration reactions varied by 

admixture; fly ash and slag showed 

distinct phases affecting strength 

development. 

Galan et al. 

(2017) 

Investigate the role of intrinsic 

anhydrite in calcium 

sulfoaluminate cement's 

performance. 

Intrinsic anhydrite improves properties 

and sustainability prospects in new 

cement formulations. 

Buhl et al. (2015) Analyze how additives influence 

the transition from tobermorite to 

xonotlite in cement. 

Calcium chloride enhances tobermorite 

formation, while sucrose adversely 

affects cement performance. 

Arora et al. 

(2016) 

Review advancements in 

magnesium-based inorganic 

cements and their applications. 

While MgO-based cements have unique 

benefits, their high cost and 

performance limitations hinder 

widespread adoption. 

Dvorkin et al. 

(2018) 

Explore the use of phosphogypsum 

in mineral binder applications. 

Neutralized phosphogypsum effectively 

substitutes natural gypsum and 

enhances cement performance. 

Bayati and  Aida 

(2019)  

Optimizing geopolymer binders for 

downhole cement applications. 

Using retarders helps manage setting 

times of geopolymer binders in various 

temperatures. 

Castro-Gomes et 

al (2015). 

Investigate how carboxylic acids 

affect Portland/calcium aluminate 

cements. 

Lactic acid enhances early strength 

while citric acid reduces it across doses. 

Aranda et al. 

(2015) 

Review synchrotron techniques for 

studying cement and concrete 

microstructures. 

These techniques enable advanced 

analysis of complex cementing 

materials. 

Ji et al. (2024) Study ion binding behavior in the 

hydration of Portland cement 

components. 

Binding behavior varies significantly 

with hydration conditions and ion types. 

Swamy (2008) Propose durability-focused 

approaches in cement design. 

Emphasizes designing for durability 

over just strength in concrete. 

Trtnik et al. 

(2013) 

Analyze superplasticizer impacts 

on cement paste structural 

formation. 

Superplasticizers reduce P-wave 

velocity, indicating delayed solid 

framework formation. 

Jakob et al. 

(2020) 

Examine cement-superplasticizer 

incompatibility's effects on 

rheology. 

Incompatibility can cause rapid 

stiffening, suggesting careful timing 

and additives are crucial. 

Cherkaoui et al. 

(2012) 

Study hydration and shrinkage in 

reactive powder concretes. 

Extrudable RPC demonstrates high 

durability and low shrinkage potential. 

De Schutter et al. 

(2019) 

Explore structure-property 

relationships of polycarboxylate 

superplasticizers. 

RAFT polymerization enables better 

control over PCE properties for 

enhanced performance. 

Govin et al. 

(2006) 

Investigate wood's effects on 

cement hydration. 

Natural wood inhibits hydration, 

affecting cement paste properties and 

performance. 

Deves et al. 

(2011) 

Examine effects of cellulose ethers 

on cement mortars. 

Cellulose ethers significantly impact 

water retention and rheological 

properties. 



Roşca et al. 

(2008) 

Study characteristics of concrete 

enhanced with chemical 

admixtures. 

Superplasticizers improved workability 

and durability, optimizing concrete 

performance. 

Al-Tabbaa et al. 

(2015) 

Explore mechanical properties of 

quaternary blended cements. 

Blended cements reduce shrinkage and 

improve long-term strength. 

Tracz et al. 

(2025) 

Assess effects of hydration and 

carbonation on gas permeability. 

Natural carbonation reduces 

permeability due to microstructural 

changes over time. 

Luo et al. (2025) Develop a theoretical model for 

predicting PCE effects on 

hydration. 

Model effectively captures PCE 

impacts, aiding in better admixture 

formulations. 

Yi et al. (2024) Investigate natural pozzolana's 

influence on Portland cement 

hydration. 

Natural pozzolana enhances hydration, 

refines pore structure, improving 

concrete durability. 

Dong et al. 

(2024) 

Improve dispersibility of nano-

SiO2 in cement through chemical 

modification. 

Modified nano-SiO2 enhances 

hydration kinetics, improving early-age 

strength. 

Shan et al. (2024) Examine early hydration of hot-

stuffy steel slag in cement 

composites. 

Hot-stuffy slag enhances early 

hydration without retarding the cement 

process. 

Rubinaite et al. 

(2023) 

Evaluate hydrothermal curing 

effects on belite cement mortar. 

Optimized curing greatly improves 

strength, achieving over 20 MPa at high 

temperatures. 

Llorens et al. 

(2023) 

Study the impact of untreated 

natural fibers on cement hydration. 

Natural fibers enhance hydration and 

CO2 fixation, improving sustainability. 

Kriptavičius et al. 

(2022) 

Investigate natural zeolite and 

glass powder's effects on cement 

properties. 

Optimal zeolite and glass mixtures 

yield improved strength and reduced 

porosity. 

Kriptavičius 

(2021) 

Assess the influence of natural 

zeolite on hydration and material 

properties. 

Natural zeolite accelerates hydration 

and improves compressive strength in 

cement. 

Petrella et al. 

(2021) 

Characterize magnesium potassium 

phosphate cement for 3D printing 

applications. 

MKPC formulations exhibit suitable 

properties for sustainable 3D concrete 

printing solutions. 

Hajimohammadi 

and Ailar (2025) 

Investigate gypsum's role in alkali-

activated slag materials. 

Gypsum enhances early reaction 

products but requires careful content 

optimization to address durability. 

Hicks (2012) Explore sustainable cement 

production using coal combustion 

by-products. 

Utilizing these by-products can enhance 

cement properties and reduce ecological 

impact. 

Fentiman and  

Linda (1989) 

Develop a framework for decision-

making for incompetent adults in 

health care. 

Combines individual autonomy and 

community values in medical treatment 

decisions. 

Almashaqbeh 

and  Khaled 

(2019) 

Enhance magnesium phosphate 

cement composites for 3D 

construction. 

Optimized composites could support 

NASA's Mars and Moon habitation 

missions. 

Jin et al. (2022) Develop low-carbon composites 

using limestone calcined clay. 

Enhanced properties demonstrated 

potential for significant carbon footprint 

reduction in cement applications. 

Havens et al. 

(1978) 

Develop low-void concrete by 

modifying traditional mix designs. 

Incorporation of alternative materials 

improves strength and reduces 

permeability. 

Shi et al. (2015) Explore graphene oxide-modified 

pervious concrete for stormwater 

treatment. 

Graphene oxide improved mechanical 

properties but reduced void ratios and 

infiltration rates. 



De Belie et al. 

(2017) 

Assess superabsorbent polymers' 

ability to mitigate cracking in 

concrete. 

SAPs help control shrinkage, 

freeze/thaw effects, and improve 

sealing properties. 
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