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Abstract

Despite the deep knowledge in the cement-superplasticizer incompatibility and profound understanding of their behaviour at the
organo-mineral/absorption, adsorption and precipitation phases of cement- superplasticizer. There have been questions on the
experimental methods used in measuring adsorption phase of this combination. This is because past experimental methods do not
take into account the absorption and precipitation phases of the combination. This information is important because it affect the
rheology of cement-superplasticizer paste and invariably the performance of concrete. Therefore, this article reviews the
experimental methods used in assessing adsorption of cement superplasticizer for past three decades after the discovery of the
fourth generation of superplasticizer. Scopus database was used to obtain information of the past research relating to the subject
matter, a quantitative assessment was done using bibliometry analyses and PRISMA (Preferred Reporting Items for Systematic
Review and Meta-Analysis) for quantitative assessment. This research encouraged the use of High Performance Liquid
Chromatography (HPLC) when measuring adsorption for accurate result because if right method was used, it will aid better
understanding of superplasticizer behaviour and acceptability among end users.
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1. Introduction

In the Past, before the discoveries of water reducers and high range water reducers (Superplasticizers), literatures
have established the importance of water-cement ratio in improving the mechanical properties of concrete and the
relevance of water in achieving a good slump and rheology of concrete [1,2]. Meanwhile, achieving a good concrete
strength requires a reduced water-cement ratio and the lower the water the harder it is to turn freshly hydrated
concrete. In the contrary, a good rheological concrete requires the amount of water to be increased. However, there
is a limit of water that could be used, in other to avoid segregation and/or production of weak concrete. This was the
case before the introduction of water reducers to concrete industry [3,4].

When water was added to cement content in concrete, it usually flocculate and reduced water-cement ratio makes
the flocculation more pronounced. In other to disperse the flocculated constituents, a dispersant is needed. Apart
from the economic benefit and improved mechanical properties achievable by the use of this dispersant, it also aids
the production of workable and flow able concrete. Superplasticizers are usually used as dispersant [5-7].

Superplasticizers are adsorbed onto the surface of cement particles due to Van der Waal’s forces of attraction
between the particles of different charges[7]. This phenomenon is called ‘adsorption’. These forces also created
electrostatic repulsion and/or steric hindrances (depending on the type of superplasticizers used) between the forces
of like charges [8]. Understanding this phenomenon broadened the knowledge of the behaviour of cement and
superplasticizers and cement-superplasticizers incompatibility and as well as how it affects the behaviour and/or
performance of concrete.

Several researches had been done to understudy this behaviour and different experimental measurement had been
used. For instance, total organic carbon analyzer was used by [9-12] to determine the amount of carbon adsorbed by
the cement. This is done by subtracting the carbon in the precipitate after adding cement from carbon in the
superplasticizer without cement. Also, the behaviour of superplasticizer to different material varies for example
Polynaphthalene Superplasticizer adsorbed better in blended cement plus soda lime waste glass powder than
polycarboxylate ether superplasticizer [9]. UV Spectrophotometer was used by [9, 13-15] where the superplasticizer
only was first measured by UV spectrophometer and peaks obtained, the obtained peak were compared with peaks



obtained after addition of cement. Competitive adsorption of sodium tripolyphosphate and superplasticizer
(Superplasticizer used are Lignosulphate, Polynaphthalene and polycarboxylate) on cement was determined using
UV Spectrophotometer [15]. The results showed that lignosulphate/Polynaphthalene plus sodium tripolyphosphate
on cement led to improved fluidity and fluidity retention [15]. Dynamic light scattering was used by [16-19], it
studies diffusion behaviour of macromolecules, superplasticizer adsorbed on cement particles are diffused and
different wave length determined. High Performance Liquid Chromatography/ Gel Permeation Chromatography/
Mass Spectrometry-Gas Chromatography was used by [7,20,21]. This method was proposed by [7]. It work based
on the principle of separation and identification of monomers from polymer, different peaks signify the level of
saturation. The highest peak is the saturation point (adsorption stage), the peak before the highest peak is absorption
stage while the peak after is the precipitation stage. These adsorption stage, absorption stage and precipitation stage
gave complete information on adsorption behaviour. The higher the saturation peak the better the adsorption and the
more compatible the cement with the superplasticizer.

Review Methodology

In systematic review, literatures play a role of facilitators by attempting to answer some salient questions and
identify the research gap and areas where further researches are required or propose a new method [22]. In this
review, an attempt is made to evaluate the amount of literatures available on adsorption of superplasticizer on
cement and assess the experimental methods used so far to evaluate adsorption.

In other to achieve the aim of the review, a literature review was done from the year 1990 to 2023 this was after
the discovery of the last generation of superplasticizer in the late 1980s [23]. PRISMA (Preferred Reporting Items
for Systematic Review and Meta-Analysis) [24] was used to evaluate the qualitative review while bibliometric
analysis was use for quatitative review, According to [8], four methods had been used to experimentally assess the
adsorption of superplasticizer on cement. They are; Total organic Carbon analyzer, UV spectrophotometer,
Chromatography (High Performance Liquid Chromatography, Gel permeation Chromatography and Mass
spectrometry-Gas Chromatography), and more recently Dynamic light scattering methods. These methods were
critically assessed. There are four stages of PRISMA, they are; identifications, screening, eligibility and inclusion as
listed in the figure 1. The information obtained will be our basis for qualitative review where inference was made.

2.1 Literature Search

Literatures published were extracted from the scopus database on the key areas of the topic (this include all
published materials in all journals in scopus database) and screened until the volume is reduced for easy references.
As at 11/8/2023, the keyword “Adsorption” AND “Superplasticizer” were searched on the scopus database, 655
documents were in the scopus database relating to the search criteria without filter. When the search was filter to the
year 1990-2023, 643 documents popped up, beginning from the year 1992. The language was filter to English, 526
documents were in the database, the filter was trimmed to only articles (eliminating reviews, books and conference
papers) and 387 documents were in the scopus database.

It is believed some of the journals were not relevant to the subject; therefore the search criteria were redrafted to
include each method. The search criteria became the initial search and the experimental methods, for example
“Superplasticizer” AND “Adsorption” AND “Total Organic Carbon” AND “UV Spectrophotometer” OR “UV
spectrophotometry” AND “High Performance Liquid Chromatography” OR “Gel Permeation Chromatography” OR
“Mass Spectrometry Gas Chromatography” AND “Dynamic light Scattering” OR “Evaporative light Scattering”.

2.2 Ildentification

Typing all the above search criteria at once will give no document. This is understandable because the scopus
database is a computer database using artificial intelligent, it was looking for information on documents having all
the search criteria. Therefore the search criteria were narrowed down to initials search plus each experimental
method, that was when some documents were retrieved. For instance, the search criteria are now: “Superplasticizer”
AND “Adsorption” AND “Total Organic Carbon™; Superplasticizer” AND “Adsorption” AND “UV
Spectrophotometer” OR “UV spectrophotometry”; Superplasticizer” AND “Adsorption” AND “High Performance
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Liquid Chromatography” OR “Gel Permeation Chromatography” OR “Mass Spectrometry Gas Chromatography”;
Superplasticizer” AND “Adsorption” AND “Dynamic light Scattering” OR “Evaporative light Scattering”. The total
documents received were 270 documents.

Figure 1: PRISMA 2009 flow Diagram [22]

2.3 Screening

A thorough screening was done on the retrieved documents to enhance the quality of this literature review with
the aid of scopus database. The years were screened to 1990-2023 (that is 33 years spanning four (4) decades). There

30



are many languages in the scopus database, these were removed and limited to only English Language. A further
limit was done to remove reviews, conferences, books etc. leaving only articles. This led to removal of 45
documents.

2.4 Eligibility

Two hundred and sixteen (216) documents retrieved required further trimming. Some of these documents have
no importance to the subject matter. The aim of this systematic review is to assess information on the experimental
methods used in assessing adsorption of superplasticizer on cement; however, some of these methods could be used
to assess other characteristics other than adsorption, therefore some of these methods could be in the articles but
were not used to assess adsorption. In addition, some documents appeared in duplicate which were removed. The
documents retrieved were imported to excel and further screening was done to assess the eligibility criteria. This led
to removal of 138 documents.

2.5 Inclusion

Seventy Eight (78) documents were included in this literature review for further analysis. These Seventy Eight
(78) documents included are break down in the table 1.

Table 1: Documents Included for analysis

Methods Documents Included

Total Organic Carbon 0
UV Spectrophotometry
Chromatography

Dynamic Light Scattering

o WO o

2. Results and Discussion

There are many articles related to the subject and all the four methods have been used at least in three articles.
The method usually used before the years bench mark is UV spectrophotometer. It was observed that some journals
used UV spectrophotometer to assess the adsorption.

3.1 Year Base

The retrieved documents were breakdown into year; this is to enable easy identification of the number of
published articles per year. This article has shown that 2018 and 2022 were the years that have high number of
publications with eight (8) articles on the experimental methods where total organic analyzer were used (figure 2).
UV spectrophotometer was used thrice in 2018 the highest number of time it was used to measure adsorption.
Dynamic light scattering has always been used for other things but until recently it was used as a means of
measuring adsorption. Chromatography method was actually proposed by Flatt et. al. (1998) and only two articles
have used this method thereafter.
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Year Base
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Figure 2: number of articles published per year

3.2 Cited By
The number of times each journal is cited were shown in figure 3, a journal by Zhang et. al., published in the
year 2015 has the highest number of citations with 236 citations. This article showed that total organic carbon

analyzer was used to measure adsorption.
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Figure 3: number of citations per article
One hundred and seventeen (117) articles cite [25] where UV spectrophotometer was used for adsorption

measurement. The next highest citation per method was by [26] where dynamic light scattering method of
measuring adsorption was used. The article by [7] received the highest citations for chromatography method.
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3.3Subject Base

The most common area of specialization where articles are published more is in the ‘Materials’ field, followed
by “Engineering”. Figure 4-7 show the pie graph of the subjects that had undertook any of the method of
measurement adsorption in analyzing the function of superplasticizer.

Subject Base
Total Organic Carbon

m Materials m Multidiscipline m Chemistry m Engineering
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Chemical Engineering = Architecture
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Figure 4: Subject base by TOC

Subject Base
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Figure 5: Subject base by UV Spectrophotometer
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Subject Base
Chromatography

® Materials ®Engineering = Chemistry

Figure 6: Subject base by Chromatograhy

Subject Base
Dynamic Light Scattering
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Figure 7: Subject base by dynamic light scattering

3.4Journal Source

The source of journals per document was identified in figure 8. The results showed that ‘Construction and
building materials’ journal received or housed many of the articles written on adsorption.
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Journal Source

International Journal of Biological...
Analusis
Clays and Clay Minerals
KSCE Journal of Civil Engineering
Silicates Industriels
Frontiers of Structural and Civil... Journals
Materials
Rheologica Acta
Cement, Wapno, Beton

Advances in Cement Research

Construction and Building Materials

Figure 8: Journal source for the articles assessed

3.5Discussion

The review of literature above has shown that total organic carbon analyzer was used mostly by the researchers;
it is followed by UV spectrophotometer and Dynamic light scattering respectively. It is worthy to note that it only
total organic carbon analyzer among the experimental methods that is solely for measurement of adsorption of
superplasticizer in cement chemistry, other methods could be used for others things for instance UV
spectrophotometer could be used to measure zeta potentials [15], Dynamic light scattering could be used for
determining the characteristics of superplasticizer [15]and High performance liquid chromatography or Gel
permeation chromatography or mass spectrometry gas chromatography[27] could be used measure the poly disparity
index by determining the molecular weight and molecular number.
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Figure 9: HPLC chromatogram of Superplasticizer solution with (b) or without (a) cement. [7]
In 1998, [7] proposed the method of chromatography (fig. 10a&b) showed that total organic carbon analyzer
work on the principle of carbon depletion. According to [7] superplasticizer was first tested in the total organic
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carbon analyzer to determine the amount of carbon in the superplasticizer, after mixing with cement the solution is
tested to determine the amount of carbon consumed. This principle is the same as UV spectrophotometer and
dynamic light scattering except that energy and light respectively were used to determine the carbon content with or
without superplasticizer. However as stated by [7] there are carbons absorbed (in the organo mineral) in the solution
after cement reacted with superplasticizer. They are shown by chromatogram before the 15 mark (fig 10b) and were
truly not adsorbed and they were not in the precipitate (precipate are values in the chromatogram before the 15
mark) but were absorbed by superplasticizer. The saturation point is at the 15 mark. This assertion was supported by
[20&21]

3. Conclusion

After a thorough review of literatures available on scopus database and analyzing the literature to identify gaps in
the topic of cement and superplasticizer, these below deductions are made;

1. This review has shown that based on results from past literature, total organic carbon analyzer, UV
spectrophotometry and light scattering cannot really predict the adsorption of superplasticizer on cement.

2. High Performance Liquid Chromatography or Gel Permeation Chromatography or Gas Chromatography-
Mass Spectrometry is better analytical tool to predict adsorption of superplasticizer on cement.
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