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ABSTRACT 

This paper presents a systematic literature review of recent publications on matrices with supplementary 

cementitious materials (SCM) modified by Superabsorbent polymers (SAP). A total of 37 papers published 

over the past 15 years were analysed, focusing on shrinkage, porosity and mechanical properties. The results 

indicated a growing interest over the past five years, with China and India leading publications on the subject. 

Autogenous shrinkage is significantly reduced by addition of SAP, proved by 97% of the analysed studies. The 

type of SCM leads to different performance in mechanical properties: slag-based materials seem to have 

more affinity with SAP than pozzolanic materials. This is because matrices with slag, a latent hydraulic 

material, can easily consume SAP water, resulting in similar or even increased compressive strength in the 

long term. SCM contents, SAP characteristics and dosage, and water/binder ratios may also influence 

concrete performance.  

Keywords: Superabsorbent Polymers (SAP), Supplementary Cementitious Materials (SCM), Concrete, 

Shrinkage, Mechanical Properties. 
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1 Introduction 

The construction industry is one of the main contributors to CO₂ emissions, especially due to cement 
production. This activity has grown significantly over the time, being considered the third largest emitter of 
greenhouse gases. Between 1928 and 2018, the cement industry released around 38.3 gigatonnes of CO₂ 
into the atmosphere, and more than 70% of these emissions occurred after 1990 1. This is mainly related to 
cement’s material composition and its manufacturing process 2. Portland cement is composed of clinker and 
a small amount of gypsum. Clinker, in turn, is formed from the calcination of limestone (CaCO₃) and clay at 
high temperatures (around 1500°C) in a rotary kiln. This process emits CO₂ due to the thermal decomposition 
of limestone into lime (CaO). According to Zhang et al 3, this step accounts for about 60% of the total CO₂ 
emissions in cement production; the rest is related to raw materials transportation, fuel combustion, grinding 
and other processes. 

As a way to mitigate these issues, the use of supplementary cementitious materials (SCMs) – such as silica 
fume (SF), fly ash (FA), ground granulated blast furnace slag (GGBS), metakaolin (MK), calcined clay (CC), 
among others – has become a feasible strategy. They can be industrial by-products that would otherwise be 
discarded to environment, but have the potential to partially replace Portland cement. Over the past 
decades, this practice has become a significant global trend and, nowadays is a common practice throughout 
the construction industry 4. Several studies indicate improvements in concrete performance with partial 
replacement of cement by SCMs 5, including gains in compressive and flexural strength. These improvements 
are mostly associated with the presence of fine particles, which promote pozzolanic and cementitious 
reactions during hydration 6. 

SCMs can be classified into different types – inert, latent hydraulic or pozzolanic material – which behave 
differently depending on the type of reaction. Inert materials are typically considered as chemically non-
reactive, but have a nucleation and filler effect, favouring hydration. Pozzolanic materials, in contrast, react 
with calcium hydroxide and produce secondary C-S-H, which increases strength and durability. Finally, latent 
hydraulic materials are composed of silicates and aluminates that react with water in an alkaline environment 
to form C-S-H and other compounds 7. 

However, studies show that the use of SCMs in cementitious binders can lead to undesired side effects, such 
as increased plastic and autogenous shrinkage, leading to concrete cracking 8, 9, 10. SCMs can reduce surface 
bleeding and moisture on concrete surface during drying, which results in greater capillary tension and 
greater susceptibility to crack propagation 8, 9, 10. Moreover, the increased degree of reaction of SCMs can 
also lead to increased autogenous shrinkage triggered by self-desiccation processes 11.   

To mitigate this problem, the use of Superabsorbent polymers (SAP) has been investigated 12, 13, 14, 15. SAPs 
are three-dimensional hydrophilic polymers (natural or synthetic), able to absorb and retain large amounts 
of water, forming swollen hydrogels. They are generally used to: reduce autogenous shrinkage in 
cementitious matrices with low water/cement (w/c) ratio (such as ultra‑high performance concrete) 16, 
mitigate crack formation by plastic shrinkage 17, improve freezing-thawing resistance 18, promote self-healing 
and self-sealing materials 19, 20, among others 21, 22. SAPs act as internal curing agents, controlling water supply 
in both the fresh and hardened states 23. In blends with supplementary cementitious materials, SAP 
influences the kinetics and degree of hydration by modifying the availability of internal moisture. This can 
lead to refinement and densification of microstructure and to reduction of autogenous shrinkage, especially 
in mixtures with low w/c ratios.  

Nevertheless, there is no consensus regarding the overall performance of SAPs in different cementitious 
systems containing SCMs. This is because, when SAP collapses, it can still leave pores behind, increasing total 
porosity of cementitious matrices. Some studies report a reduction in mechanical strength, particularly 
compressive strength, due to void formation and the imperfect dispersion of SAPs 25. On the other hand, 
other research shows improved or unchanged strength when SAP dosage is reduced, or when used in 
combination with highly reactive SCMs 26, 27. In systems containing pozzolanic SCMs, SAPs can also help to 
sustain pozzolanic reactions by gradually releasing the stored water, promoting a denser matrix and 
improving long-term performance 22, 24. These conflicting results highlight the complexity of the interactions 
between SAPs and SCMs, and the need for a careful mix design. 



Therefore, the main objective of this paper is to evaluate the effect of SAPs in relation to different 
supplementary cementitious materials (SCMs). The study was conducted through a systematic literature 
review, based on research articles published in the last 15 years. The main properties analysed were 
shrinkage, porosity, and mechanical strength. 

2 Methodology 

To examine the effects of SAP in combination with SCM, a systematic literature review was conducted. A 
structured protocol was developed to guide the review process, define the scope of analysis, and obtain a 
consistent and unbiased result. For this, the free software StArt (State of the Art through Systematic Review), 
version 3.0.3 BETA (LaPES-UFSCar), was used. This software was developed to assist researchers in applying 
the systematic literature review technique, by creating a well-structured and clearly defined protocol and 
facilitating the organization and execution of data sampling 28, 29. 

The main research question was established as: “what is the main effect of SAP on cementitious composites 

with different SCM?”. However, to avoid digressions, the research question was further broken down by 
specifying its components: population, intervention, control, result, and application context, as defined in 
Table 1.  

Table 1: Criteria definition for systematic literature review 

Criteria Definition 

Population 
Scientific publications on the influence of SAP in conjunction with SCMs in cementitious 
materials. 

Intervention Reading and selection of articles about the subject. 

Control Articles that specifically address the effect of SAP on cementitious materials with SCMs. 

Result Review of studies that have explored the topic over the past 15 years. 

Application context 
To propose a compilation of data on the impact of SAP on cementitious materials with 
different SCMs. 

 

Papers were collected from the following online scientific databases: Web of Science, Scopus, and Scielo. 
These were selected based on the wide range of international papers compilation in the area of Engineering. 
Within these databases, searches were primarily conducted using information found in titles, abstracts, and 
keywords, based on selected key search terms and their synonymous (as defined in Table 2). The study was 
focused on pozzolanic and slag-based SCMs, always in combination with SAP. 

 

Table 2: Selected keywords and their synonymous used in the research 

Keywords Synonymous 

Superabsorbent polymers SAP / SAPs 

Supplementary cementitious materials SCM / SCMs 

Pozzolanic cement Pozzolan / Metakaolin 

Ground granulated blast furnace slag 
GGBS / Blast furnace slag / BFS / Ground-granulated blast furnace / 
Groundgranulated blast furnace / Groundgranulated blast-furnace slag / 
Ground-granulated blast furnace slag /Ground granulated blast-furnace slag 

Fly ash FA / Volcanic ash / Rice husk ash / RHA / Palm oil fuel ash 

Silica fume Microsilica 

Slag cement Slag-blended cement paste / Slag-based binders / Slag 

 

After that, search strings were defined with various and pertinent combinations of keywords and Boolean 
connectors. Search strings are structured query expressions that facilitate and guide more targeted literature 
searches 29. Essential terms such as SAP and SCM were prioritized, while other terms were excluded as 
needed. Based on the strategic keywords (defined above, Table 2), six search strings were developed to 
maximize the retrieval of relevant articles on the topic, as listed in Table 3. 

 



 

Table 3: Search strings used in the research 

COD Strings 

S1 (("SAP" OR "Superabsorbent polymers" OR “SAPs” ) AND ( “SCM” OR “Supplementary cementitious materials” OR 
“SCMs”)) NOT (“Alkali-activated slag” OR “alkali activation” OR “A Slag cement matrices alkali-activated concrete” OR 
“Alkali”) 

S2 (( "SAP" OR "Superabsorbent polymers" OR “SAPs” ) AND (“Metakaolin” OR “Pozzolanic cement”)) NOT (“Alkali-activated 
slag” OR “alkali activation” OR “Alkali-activated concrete” OR “Alkali”) 

S3 (( "SAP" OR "Superabsorbent polymers" OR “SAPs” ) AND ( “Groundgranulated blast furnace” OR “GGBS” OR “BFS” OR 
“Blast furnace slag” OR “Ground-granulated blast furnace” OR “Ground granulated blast furnace” OR “Groundgranulated 
blast-furnace slag” OR “Ground-granulated blast furnace slag” OR “Ground granulated blast-furnace slag”)) NOT (“Alkali-
activated slag” OR “alkali activation” OR “Alkali-activated concrete” OR “Alkali”) 

S4 (( "SAP" OR "Superabsorbent polymers" OR “SAPs” ) AND ( “Fly ash” OR “Volcanic ash” OR “Rice husk ash” OR “Palm oil 
fuel ash”)) NOT (“Alkali-activated slag” OR “alkali activation” OR “Alkali-activated concrete” OR “Alkali”) 

S5 (( "SAP" OR "Superabsorbent polymers" OR “SAPs”) AND ( “Silica fume” OR “Microsilica” OR “Pozzolan”)) NOT (“Alkali-
activated slag” OR “alkali activation” OR “Alkali-activated concrete” OR “Alkali”) 

S6 (( "SAP" OR "Superabsorbent polymers" OR “SAPs” ) AND ( “Slag cement matrices” OR “Slag” OR “Slag-blended cement 
paste” OR “Slag-based binders”)) NOT (“Alkali-activated slag” OR “alkali activation” OR “Alkali-activated concrete” OR 
“Alkali”) 

 

With the databases and search strings selected, the next step was to organize the information to be collected. 
This requires a filtering process to identify the articles that are truly relevant for the literature review 
purpose. The specific parameters were established directly within the databases filters: only articles written 
in English and published between 2010 and 2025 (up to May) were considered. This time frame was chosen 
to assess the development of research over the past 15 years. The resulting papers were then exported in 
.ris file format and imported to the StArt software. 

To manage the large volume of articles collected, a filtering process was adopted to systematically select 
relevant papers for the study. The process was divided into four stages: identification, selection, eligibility, 
and inclusion. In the identification stage, all resulting papers identified from search strings in each database 
were compiled (Table 4), and duplicate articles were removed. 

Table 4: Number of papers identified in each database using the defined strings 

String Web of Science Scopus SciElo Total 

S1 47 53 0 100 

S2 23 17 0 40 

S3 36 36 0 72 

S4 132 58 0 190 

S5 56 31 0 87 

S6 25 53 0 78 

Total 319 248 0 567 

 

A total of 567 articles were identified through the search strings in the selected databases. A higher number 
of articles was found in Web of Science and none in Scielo database. Scielo was originally established in Brazil 
in 1997, and today, the network comprises 16 countries, mainly in Latin America, besides Portugal and Spain. 
This shows a lack of papers published on the subject and directed to this specific community. 270 duplicate 
articles were identified and removed. Thus, only 52.4% of the total articles proceeded to the subsequent 
filtering stages. After that, a set of inclusion and exclusion criteria was defined to individually assess each 
article, as detailed in Table 5. Articles that have met the inclusion criteria, were selected on advance to the 
next stage of the filtering process, while the non-corresponding papers were excluded based on justified 
exclusion criteria. For this, only articles that studied composites with purely SCM and SAP were considered; 
those including fibres, alkali activated composites, and additions of other non-conventional materials were 
excluded in the analysis. 

 

 



Table 5: Criteria used to select papers for analysis 

Criteria Description 

Inclusion (I1) 
Studies that present results on the influence of SAP in combination with SCM on cementitious composites 
and their mechanical properties. 

Exclusion (E1) 
Studies that do not present results on the influence of SAP in combination with SCM on cementitious 
composites and their mechanical properties. 

Exclusion (E2) Studies that do not use cementitious materials or SAP. 

Exclusion (E3) Studies focusing on properties beyond porosity, mechanical strength, and shrinkage in composite materials. 

 

During the selection stage (Filter 1), a preliminary screening of titles, abstracts and keywords of the non-
duplicate articles was conducted. Articles meeting the inclusion criteria proceeded to the next stage. In the 
eligibility stage (Filter 2), the introductions and conclusions of the previously selected articles were read. 
Once again, those that had not met the inclusion criteria were excluded, and the remaining articles moved 
forward. In the final inclusion stage (Filter 3), a full-text reading of the articles was carried out. Articles that 
met any exclusion criteria at this stage were removed, and the remaining ones were used for data collection 
and analysis in the present study. The filtering process, by the application of three filters, is detailed in Table 
6. 

Table 6: Number of papers selected in each filtrating process 

Filters Description 
Papers analysed 

Total Rejected Accepted 

Filter 1 Title, keywords, abstract 297 225 72 

Filter 2 Introduction, conclusion 72 28 44 

Filter 3 Full read 44 7 37 

 

From the overall dataset (567 papers, Table 4), a total of 37 articles published over the past 15 years were 
ultimately selected and used for data collection in this study. This corresponds to 6.5% of the initially 
identified papers, as shown in Figure 1. 

Figure 1: Percentage of papers duplicated, rejected and accepted for analysis after filtering process. 

 

The data collection and analysis of selected papers was guided by the specific research questions outlined in 
Table 7. 

Table 7: Number of papers selected in each filtrating process 

COD Specific research questions 

Q1 Which SCMs are used? 

Q2 Which SAPs are used? 

Q3 What are the proportions of SAP and SCM used? 

Q4 What the effect of SAP on the compressive strength? 

Q5 What the effect of SAP on the flexural strength? 

Q6 What the effect of SAP on the porosity? 

Q7 What the effect of SAP on shrinkage? 



Each paper was assessed by the type and content of SAP and SCM used. Moreover, the effect of SAP on 
shrinkage, porosity and mechanical properties (up to 91 days) of composites with different SCMs was 
evaluated. Properties were analysed by indicating whether there was an increase or decrease, along with the 
corresponding percentage of change. These data were organized into tables and results were discussed as 
follow. 

3 Results and discussion 

3.1. Bibliometric analysis 

Figure 2 illustrates the evolution of publications on SAP-SCM topics over the past 15 years. There is a clear 
and upwards tendency in the number of papers published, showing the relevance and increasing interest on 
the subject. Peaks of interest are evident in the past five years.  

Figure 2: Evolution of publications on SAP and SCM over the past 15 years 

 

Figure 3 displays the affiliation country of the first author of each article analysed. The countries most actively 
engaged in this subject over the past 15 years have been China and India, representing together 38% of 
publications (14 papers). The UK, Brazil, Czech Republic and USA published three articles each, followed by 
Belgium and Japan with two contributions each. The countries marked as “others” include those with only a 
single published article, namely Bangladesh, Iran, Ireland, Mexico, Nigeria, South Africa, Switzerland and 
Thailand. 

Figure 3: Contributions of paper on SAP e SCM per country  

 
*Countries with only a single published article: Bangladesh, Iran, Ireland, Mexico, Nigeria, South Africa, Switzerland, and Thailand. 
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China stands out with 89% of all publications only in the past five years. Thus, China demonstrates the 
greatest recent interest in the effects of SAP on cementitious composites with SCM, accounting for 28.6% of 
publications on the subject since 2020. 

Figure 4 shows the main publishers on the SAP-SCM topic, with Elsevier holding a clear dominance within the 
database analysed. A total of 23 publications were identified for this publisher, representing 62.2% of all 
papers. Other publishers, such as Springer and MDPI, contributed no more than three publications each. 

 

Figure 4: Main publishers of SAP and SCM papers 

 

3.2. Characteristics of SAP used in recent publications 

SAP features are usually very limited in the analysed papers, and they are directly related to differences in 
production methods. SAP chemical composition is generally not disclosed because of active patents relating 
to the material. However, it is usually characterized by their particle sizes (10 – 500 μm) 35,36, 37 and water 
absorption capacities, varying from 125 to 417 g/g (in water) and 14 to 20 g/g (in pore solution) 30,31, 32, 33, 34. 
Among SAPs descriptions, the most common types are those based on sodium polyacrylate copolymer, 
polyacrylic acid, and polycarboxylate-based polymers 38, 39, 40, 41, 42. 

The dosages are consistently very low in all articles, with the main range varying between 0.1% and 0.5% of 
binder mass. Only a few studies used 1% or more in their cementitious mixtures 34, 46, 47, 57, 63. In the vast 
majority of analysed articles, the high-water absorption capacities of SAP led to additional water in mixes to 
keep the same consistency. Only a few studies kept the same water/binder ratios, even with reduced 
workability by SAP addition 43, 44. 

3.3. Types of SCM used in recent publications 

Table 8 shows the main types of SCM used in the papers on SAP-modified matrices. The search method was 
satisfactory because other SCM were identified beyond those defined in the selected keywords (Table 2). 
Ground-granulated blast furnace slag (GGBS) and fly ash (FA) are the main supplementary cementitious 
materials studied in recent years. The substitution of SCMs led to significant changes in certain mixture 
properties, as discussed in the following topics. Even with the same type of SCM, markedly divergent results 
were reported. Much of this behaviour tends to be associated with physical-chemical characteristics and 
content of each SCM, as well as the characteristics of other raw materials used in the mix. 
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Table 8: Types of SCM used in the identified papers 

Articles SCMs used Main dosages 

40, 41, 44, 45, 48, 49, 50, 51, 65, 66 Ground granulated blast furnace slag (GGBS) 50% - 70% 

31, 33, 34, 36, 37, 38, 42, 46, 47, 50, 51, 55, 56, 57, 65, 66  Fly ash (FA) 30% - 35% 

30, 32 Glass Powder (GP) 20% - 40% 

47 Ground Bottom Ash (GBA) 60% - 70% 

39, 52, 53, 66 Metakaolin (MK) 5% - 20% 

43, 51, 58, 59, 60, 66 Microsilica, Silica Fume (SF), Nanosilica (NS) 2% - 12 

35, 61, 62, 63, 64 Rice husk ash (RHA) 10% - 30% 

54 Volcanic Ash (VA) 43% 

 

Mix designs vary considerably according to the nature of mineral additions. For slags, the replacement 
percentages tend to be higher, reaching up to 75% of clinker substitution 45. Nevertheless, the common 
dosages generally fall within the range of 25–50%. These values are considerably reduced in the case of 
pozzolanic cements, such as SF and FA. Although there are studies that investigate higher dosages; these are 
exceptions, with an upper limit of 70%  46, 47. Their principal dosage levels generally vary from 10% to 35%. 
This is expected due to the nature of the pozzolanic reaction, which requires calcium hydroxide obtained 
from clinker hydration. Some articles have also considered commercial blended cements, for example, using 
CEM II with minimum of 30% FA 31,37 in accordance with local standards. 

Moreover, the variety of pozzolanic materials identified in the analysed papers have shown to be the main 
mechanism studied in conjunction with SAP, as listed in Table 8. FA appeared in 43.2% of the articles, making 
it the most widely SCM analysed. Geographical location also influenced the type of SCM used, especially 
those with seasonal issues. For example, rice husk ash (RHA) was only used in articles originating from major 
rice-producing countries, such as China, Brazil, Japan and Nigeria 35, 61, 62, 63, 64. It was evident that the type of 
SCM affected SAP performance: even for the same SCM studied by different authors, chemical compositions 
fluctuated between studies. There are also articles that evaluated ternary mixes, employing more than one 
SCM within the same specimen 38, 47, 65, 66. 

3.4. Effects of SAP on properties of SCM matrices 

Table 9 shows the main effects of SAP on autogenous shrinkage, porosity and mechanical properties of 
cementitious composites with different SCM. The compilation of results is discussed as follow. 

3.4.1. Shrinkage 

The efficiency of SAP in reducing autogenous shrinkage has been accepted as the main SAP advantage in SCM 
matrices. Among the analysed articles, 97% of the cases reported a reduction in shrinkage over time, 
regardless the type or proportion of SCM used. In this respect, SAP proves to be highly effective in addressing 
this property, not only for conventional matrices, but also for composites with supplementary cementitious 
materials. Some of the results are particularly remarkable, with reductions of 59% 34, 60% 38, and 78.5% 44. 
Other forms of shrinkage (chemical and drying) have been studied by a lower number of authors 33, 41, 58. In 
particular, SAP may lead to similar or slightly increased drying shrinkage due to additional water when used 
in the mix 58. 

3.4.2. Porosity 

In general, the addition of superabsorbent polymers leads to increased porosity in the major studies 
analysed, especially when additional water is considered in the mix. Among the selected studies, 27 articles 
reported porosity analyses and, with the dosages applied, 80% indicated increased porosity in the mixture. 
Within the remaining 20%, porosity levels were similar to the reference samples, especially when no 
additional water was used to compensate reduction of consistency 51. 

 



Table 9: General effects of SAP on selected propertied of SCM matrices 

Ref. 
Type of 

SCM 

SCM 

content 

Autogenous 

shrinkage 
Porosity 

Compressive strength 

3 days 7 days 28 days 91 days 

44 GGBS 20 - 50% Decrease Increase - - Decrease - 

45 GGBS 25 – 75% Decrease Increase Increase Increase Increase Increase 

40 GGBS 20 – 50% Decrease Increase - - - - 

48 GGBS 50 – 60%  - - - - Increase - 

41 GGBS 15 – 45% Decrease Increase - Increase Increase - 

49 GGBS 48% - - - Increase Increase - 

50 GGBS 15 – 85% Decrease - - - - - 

51 GGBS 50% Decrease Decrease Decrease Similar Similar - 

39 MK 10% Decrease Increase - Decrease Decrease - 

52 MK 10% - Increase Increase Increase Increase - 

53 MK 5 – 25% Decrease - - Increase Decrease Similar 

54 VA 43% Decrease Increase Decrease Decrease Decrease - 

30 GP 40% Decrease - - - - - 

32 GP 20% - Increase Decrease Decrease Decrease - 

46 FA 70% Decrease - - - - - 

50 FA 15 – 45% Decrease - - - - - 

31 FA 30% Decrease Increase - - - - 

42 FA 30% Decrease Increase Decrease Decrease Decrease - 

55 FA 10 – 35% Decrease Increase - - Similar - 

33 FA 
30% - - - Increase Increase Increase 

50% - - - Increase Decrease Decrease 

36 FA 35% Decrease Increase - - Similar - 

56 FA 35% - - Decrease Decrease Similar - 

37 FA 30% Decrease Increase - Decrease Similar - 

34 FA 45% - Increase - - Decrease - 

57 FA 
45% (<1% SAP) - Decrease - - Increase - 

45% (2% SAP) - Increase - - Decrease - 

51 
FA 30% Decrease Decrease Decrease Similar Decrease - 

SF 10% Decrease Decrease Decrease Similar Increase - 

43 SF 3 – 5% Decrease Increase - - Increase - 

58 SF 13.2% Decrease Increase Increase Increase Decrease - 

59 SF 10% - - - Increase Increase - 

60 NS 2% Decrease - Increase Increase Similar Similar 

61 RHA 10% - Increase - Increase Increase - 

62 RHA 5% Increase Decrease -  Increase - 

63 
RHA 5 – 10% Decrease Increase - Increase Increase Increase 

RHA 15 – 30% Decrease Increase - Similar Decrease Decrease 

35 RHA 25% Decrease Decrease - - Decrease Decrease 

64 RHA 10% Decrease Increase - Similar Increase Increase 

38 FA + SF 18% + 12% Decrease Increase Decrease Decrease Decrease - 

65 FA + GGBS 20% + 10% Decrease Increase - - - - 

47 
GBA 70% Decrease Increase - Decrease Decrease Decrease 

GBA + FA 60% + 10% Decrease Increase - Decrease Decrease Decrease 

66 

GGBS + FA + SF 10 + 10 + 10% - Increase Decrease Increase Increase Increase 

GGBS + FA + MK + SF 15 + 15 + 5 + 5% - Increase Decrease Increase Increase Increase 

GGBS + FA + MK + SF 25 + 10 + 5 +10% - Increase Decrease Increase Increase Increase 

Note: GGBS (ground granulated blast furnace slag); FA (fly ash), MK (metakaolin); SF (silica fume); NS (nanosilica) VA 
(volcanic ash); RHA (rice husk ash); GBA (ground bottom ash). 



3.4.3. Mechanical strength 

Despite increased porosity, some articles revealed an increase in mechanical properties by the incorporation 
of SAP in SCM matrices (as observed in Table 9). This occurs because the resulting pores can be relatively 
smaller due to matrix densification triggered by prolonged hydration 37. After SAP swelling in the fresh state, 
this water is later released during the internal curing process in the hardened state. When SAP collapses, 
residual voids remain in a considerable quantity, though with smaller sizes. In longer-term studies (91 days), 
some research has demonstrated a proportional reduction in the diameter of these pores 58. 

An interesting outcome was observed by analysing different performances between slag-based SCMs and 
pozzolanic SCMs in SAP-modified matrices. GGBS seems to lead to a reduction in compressive strength in 
early ages, followed by a significant recovery after 28 days, with similar or even greater values compared to 
the reference sample, depending on the SAP characteristics (size, shape, composition and absorption 
capacity) and amount of total water in the system. This happened in 83% of the studies with GGBS. However, 
contents of both SCM and SAP directly influenced these results. At higher concentrations (above 65% GGBS), 
compressive strength dropped sharply 45. For example, samples with 75% GGBS reduced 46% of compressive 
strength 45. In contrast, for contents between 25% and 50% GGBS, increases were recorded, with gains of up 
to 19% after 90 days. SAP contents also had a direct influence on these results, with the most satisfactory 
outcomes corresponding to lower dosages.  

On the other hand, only 35% of studies with pozzolanic SCMs (such as, FA, SF, MK, ashes) noted an increase 
in compressive strength at 28 days. Some studies reported modest improvements 43, or strength levels 
remaining similar to the initial values 60, 63, 64, without substantial increases or decreases. This spread of results 
is mainly attributed to the type of SCM used. For instance, FA commonly results in reduced compressive 
strength, whereas SF and RHA do not exhibit a consensual conclusion in this regard. Also, the type and 
content of SAP, and water/binder ratios may also affect mechanical performance.  

This leads to an insight that the mechanisms of SCM reactions result in different outcomes when SAP is 
incorporated into the mix. Slag-based material (such as, GGBS) is able to produce additional C-S-H due to its 
latent hydraulic characteristics, under an alkaline environment. However, for those pozzolanic materials, 
production of calcium hydroxide by clinker hydration is required prior the following reactions 67. In this term, 
there is a preference of SAP to supply water to clinker reaction, instead of to hydrate pozzolanic SCM in the 
first ages. When SAP collapses, a cementitious system may not have enough water to sustain the secondary 
reactions of pozzolanic materials. Moreover, only a limited number of articles investigated the flexural 
strength and, in most of the cases, the results were consistent with the compressive strength findings 42, 57, 

60, 62. 

4 Conclusions 

From a systematic literature review on the effect of superabsorbent polymers (SAPs) on matrices with 
supplementary cementitious materials (SCMs), the following can be remarked: 

● The topic has gained increasing interest over the past five years, with China and India leading 
publications on the subject; 

● Autogenous shrinkage has been proved to be reduced by SAP in 97% of the recent studies with SCM 
matrices;   

● Porosity increases considerably with addition of SAP, especially in early ages when SAP collapses. 
However, this increment in porosity is not directly proportional to reduction in compressive strength. 
This is because SAP tends to generate greater number of pores, but with smaller sizes due to further 
filling by hydration products, which also depends on the SCM’s type and content; 

● The type of SCM significantly influence SAP performance. SAP leads to similar or increased 
compressive strength in mixtures containing up to 50% of GGBS, with no additional water in long 
term.  However, compressive strength can be decreased when SAP is combined with pozzolanic SCM 
(such as, FA, SF, MK, ashes). This is because slag is a latent hydraulic material and easily hydrates in 



an alkaline environment. In turn, pozzolanic materials requires calcium oxide to be formed before 
consuming SAP water for the secondary reactions. This effect is also influenced by SAP characteristics 
and total water/binder ratios. 

Therefore, SAP controls autogenous shrinkage in all blended cements, and seems to have better mechanical 
properties efficiency in slag-based SCM, instead of those with pozzolanic materials. 
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