
This publication is licensed under a CC BY-NC 4.0 
 

 

Lesovik, V.; Popov, D.; Serdjuks, D.; Fediuk, R.; Usanova, K. 
Composite binders with superabsorbent polymers;  
2023; Construction of Unique Buildings and Structures; 108 Article No 10803. doi: 10.4123/CUBS.108.3 

 

 
Research Article ISSN 2304-6295 
Received: March 31, 2023 Accepted: April 28, 2023 Published: May 15, 2023 

Composite binders with superabsorbent polymers 
Lesovik, Valery Stanislavovich1  
Popov, Dmitry Yurievich1*  
Fediuk, Roman Sergeevich2  
Usanova, Kseniia Yurievna3  
1 Belgorod State Technological University n.a. V.G. Shukhov, Belgorod, Russian Federation; 
naukavs@mail.ru (L.V.S.); popov.dmitry412@yandex.ru (P.D.Y.) 
2 Far Eastern Federal University, Vladivostok, Russian Federation; roman44@yandex.ru 
3 Peter the Great St. Petersburg Polytechnic University, St. Petersburg, Russian Federation; 
usanova_kyu@spbstu.ru 
Correspondence:* email roman44@yandex.ru; contact phone +79502817945 

Keywords: 
Concretes; Composite; Binder; Superabsorbent; Strength; Polymer 
Abstract: 
The object of research is a composite binder with superabsorbent polymers. The work aims to 

research the combined action of composite binders and superabsorbent polymers. Methods. The 
particle sizes distribution of the composite binder was studied by laser granulometry. The fresh properties 
of the mix were determined by examining the slump flow. The average density was calculated by dividing 
the mass of the sample by its volume. The compressive strength was studied under a static load on the 
press on samples with a rib of 70 mm at 3, 7, and 28 days of age. Results. Obtaining polymineral 
composite binders was carried out by joint grinding of Portland cement CEM I 42.5 N and wet magnetic 
separation (WMS) waste to a specific surface area of ≈ 550 m2/kg in a vibration mill, followed by the 
introduction of pre-ground Opoka-like marl (Ssp ≈ 700 m2/kg) used as a mineral modifier. Joint grinding 
of cement and WMS waste in different percentages and introducing the optimal amount of a mineral 
modifier made it possible to identify the effect of the composition on the compressive strength. When 
tested on the 28th day of hardening of the compositions CB-3 and CB-2, an increase in the compressive 
strength by 82.2 and 60.3%, respectively, was found, while in the composition of CB-1, there was a 
decrease in the compressive strength by 14.5%. As a result of joint grinding to an equal specific surface, 
despite the different ratios of components and their hardness, an almost equal grain composition of 
polymineral composite binders was achieved. Taking into account the increase in the strength of the 
developed compositions of polymineral composite binders, optimized by the chemical modifier, and the 
losses caused by the introduction of SAP into the cement system, the effectiveness of the use of CB-2 
and CB-3, due to strength compensation, in combination with SAP modification B3 (<200 µm ) is 14 and 
39%, respectively, in combination with SAP modification FLOSET 129XB4N (<200 µm) - CB-2 is fully 
compensated by strength. At the same time, CB-3 exceeds the missing difference by 30%. 

1 Introduction 

The growing potential of the global construction complex is due to the use of modern achievements 
in engineering and technology in construction and building materials science [1]. The development of 
society is associated with the creation of a comfortable human environment, including through the use of 
achievements in architectural materials science [2]. For this to be implemented, advanced approaches 
and techniques are needed in the design and synthesis of building materials, which consist of the rational 
choice of raw materials and a complex of chemical modifiers that allow for achieving the specified 
physical and mechanical characteristics of products [3]. Particular importance is given to this when 
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creating thin-walled reinforced composites, such as textile concrete, the use of which makes it possible 
to reduce the energy and material consumption of structures, expand the scope of concrete and open up 
advanced opportunities in architecture when creating spatial and filigree forms [4,5].  

An important stage in the creation is to provide conditions for forming textile concrete [6]. As a rule, 
structures made of textile concrete or concrete structures reinforced with it have a large open surface 
area at the early stage of hardening, when the cement matrix has not yet gained the necessary strength 
due to the action of the environment, the influence of plastic shrinkage on the formation of a high-quality 
surface of the material and strength, in general, is great. Plastic shrinkage of cement materials causes 
the formation of cracks on the concrete surface (Figure 1), which in the case of textile concrete, due to 
the thinness of the composite itself, can lead to its destruction [7,8]. 

 
                                   a)                                                                          b)                                     
Fig. 1 - Cracks in the surface of textile concrete as a result of plastic shrinkage (a) with an increase 

in the selected area (b) 
 
One of the most important conditions for reducing plastic shrinkage and preventing cracking of 

textile concrete at an early age is proper care at the stage of hardening of the cement matrix [9–11]. To 
reduce shrinkage, external and internal care methods are carried out [12,13]. External care implies 
favorable heat and humidity conditions for hardening [14,15]. This can be achieved by using water-
saturated coatings (wet burlap, sawdust, etc.), synthetic protective coatings, protecting a freshly molded 
structure from direct exposure to wind and solar radiation, using fogs, etc. [16,17]. Internal care involves 
introducing special components into the concrete mix, providing the necessary moisture balance [18]. 
Such agents can be either conventional aggregates introduced into the concrete mix in a wet state or 
additional components (for example, absorbent additives or special fillers) [19]. Internal care provided by 
absorbed water minimizes plastic shrinkage from rapidly drying textile-concrete surfaces exposed to 
unfavorable dry conditions [20,21,30,22–29]. 

A sharp increase in deformations falls on the period of hardening of the cement matrix in the time 
interval from about 4 to 10 hours [21]. These deformations are caused by plastic shrinkage of the mix 
that has not yet hardened, which leads to a violation of the material's structure and the formation of 
cracks, and in the case of thin-walled concrete products, to their destruction [22]. 

Plastic shrinkage results from the rapid water loss from the concrete surface because of 
evaporation [23]. Insufficient curing and lack of protection of the concrete surface exposed to adverse 
environmental conditions (strong wind, high air temperature, low humidity) are the main causes of 
deformation of concrete at an early stage of curing, which is still in a plastic (uncured) state [24]. The 
amount of water loss from the concrete surface is much greater than the amount of moisture available to 
replenish the lost surface moisture [25]. Accordingly, a direct consequence of this disproportion is the 
physical process of increasing capillary pressure in micropores, which causes compression of the 
system, which, in turn, can lead to the formation of cracks [26]. 

Despite this, there is still a lack of research on the combined action of composite binders and 
superabsorbent polymers, which is the goal of this article. 

The tasks to achieve this goal are developing composite binders, studying the influence of binder 
components on strength properties, and studying the effect of superabsorbent polymers on material 
properties. 
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2 Materials and Methods 

The production of polymineral composite binders  (CB) was carried out by joint grinding of Portland 
cement CEM I 42.5 N and wet magnetic separation (WMS) waste to a specific surface area of ≈ 550 
m2/kg by a vibration mill, followed by the introduction of pre-ground Opoka-like marl (specific surface area 
Ssp ≈ 700 m2/kg), used as a mineral modifier (MM). A separate introduction of MM is due to the rationality 
of the preparation of CB, and the choice of the value of the specific surface area is due to an increase in 
pozzolanic activity with an increase in fineness and a significant decrease in the grindability of marl when 
a given Ssp is reached. 

The characterization of the superabsorbent polymers used in the paper is presented in Table 1. 
Table 1. SAP characterization 

Brand Modification Partical size, µm Designation in the article 
Floset B3 <200 SAP B3 fine 

200-500 SAP B3 coarse 
B4 <200 SAP B4 fine 

200-500 SAP B4 coarse 
The superplasticizer Glenium-51 (BASF, Germany) was used to reduce a water-to-binder (W/B) 

ratio and increase the efficiency of polymineral composite binders and Portland cement. 
At present, composite binders of a new generation are produced by joint grinding of the main 

hydraulic binder and mineral additives. This eliminates the drying process, which requires additional 
energy costs. Numerous studies have proved the effectiveness of this method. In this connection, further 
research aimed to develop the compositions of polymineral composite binders and determine the optimal 
dosage of the main components. Optimization of CB compositions was carried out using the 
mathematical method of experiment planning. The content of WMS waste in the composition of the 
composite binder (15, 30, and 45% by weight of cement) and the content of Opoka-like marl used as a 
mineral modifier (MM) (2, 3, and 4% by weight of CB) acted as varied factors (Tables 2 and 3). The 
choice of CB variation levels was carried out based on the results of preliminary studies with mineral 
components. The output parameter was the ultimate compressive strength. Pure Portland cement served 
as control samples. 

Table 2. Experiment design levels 

Factors Levels of variation Variation interval 
natural view code view -1 0 +1 
WMS waste 
by cement 
weight, % 

X1 15 30 45 15 

MM by CB 
weight, % X2 2 3 4 1 

Table 3. Experiment planning matrix 

Plan point 
number 

Factors 
X1 X2 

1 -1 15 -1 2 
2 -1 15 +1 4 
3 -1 15 0 3 
4 0 30 -1 2 
5 0 30 +1 4 
6 0 30 0 3 
7 +1 45 -1 2 
8 +1 45 +1 4 
9 +1 45 0 3 

The particle sizes distribution of the composite binder was studied by laser granulometry. The 
granulometry of the binder systems and the raw materials was carried out using the ANALYSETTE 22 
NanoTec plus laser particle size analyzer. This device performs fully automatic analysis with a clear 
display of the results on the screen. Repeated measurements are possible with adjustment of the 
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duration of dispersion by ultrasound, the number of measurements, and time intervals to obtain maximum 
accuracy of the results. Distilled water is used as a solvent. Measurements are made in the range from 
0.01 to 2000 µm, technology using three lasers for forward and backscattering, especially high 
measurement accuracy due to the analysis of 165 channels. 

The fresh properties of the mix were determined by examining the slump flow. 
The average density was calculated by dividing the mass of the sample by its volume. 
The compressive strength was studied under a static load on the press on samples with a rib of 70 

mm at 3, 7, and 28 days of age. 

3 Results and Discussion 

Table 4 lists the results of composite binder optimal compositions. 
Table 4. Results of composite binder optimal compositions 

Mix ID Content W/B Slump 
flow, 
mm 

Density
, kg/m3 

 Compressive 
strength, MPa, at the age 

Binder, wt. % MM, 
wt. % 
of 
binder 

3 days  7 days 28 days 
Portland 
cement 

WMS 

Ref 100 - - 0.51 100 1960 20.66 26.36 33.08 
CB-1 55 45 2 0.51 100 1920 14.49 22.02 28.29 
CB-2 70 30 3 0.48 100 2150 29.79 43.33 53.03 
CB-3 85 15 4 0.46 100 2190 33.47 48.03 60.28 

 
The joint grinding of Portland cement and WMS waste in different percentages and the introduction 

of the optimal amount of a mineral modifier made it possible to reveal the effect of the composition on 
the compressive strength. When tested on the 28th day of hardening of the compositions CB-3 and CB-
2, an increase in the tensile strength by 82.2 and 60.3%, respectively, was found, while in the composition 
of CB-1, there was a decrease in the tensile strength by 14.5%. 

As a result of joint grinding to an equal specific surface, despite the different ratios of components 
and their hardness, an almost equal grain composition of polymineral composite binders was achieved 
(Figure 2). 

 
Fig. 2 - Particle sizes distribution of the materials 

 
The optimal amount of the superplasticizer introduced was established by determining the effect of 

the additive on the slump flow using a truncated small cone (Figure 3). 
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Fig. 3 - Influence of Glenium-51 additive on the rheology of binders 

 
The introduction of a chemical modifier in the CB composition significantly improved the 

characteristics of polymineral composite binders (Table 5). 
 

Table 5. Results of a composite binder with SP and SAP 
 
Mix 
ID 

Content, wt, % W/B Slump 
 mm 

Density, 
kg/m3 

 Compressive 
strength, MPa, at the age 

SP SAP 3 days  7 days 28 days 

Ref 0.9 0.3 0.32 100 2110 24.08 38.68 49.53 
CB-1 1 0.3 0.26 100 2080 17.29 27.12 34.79 
CB-2 0.95 0.3 0.25 100 2210 43.33 50.19 63.10 
CB-3 0.9 0,3 0.24 100 2270 53.52 64.46 75.64 

When selecting the optimal dosage of the superplasticizer, a decrease in the amount of mixing water 
required to achieve a given CB slump flow was found compared to the reference compositions. This is 
due to the use of the Glenium-51 superplasticizer based on a polycarboxylate ether polymer, the effect 
of which is enhanced with an increase in the dispersion of the binder system. Also, the water demand for 
composite binders with an increase in the proportion of WMS waste in their composition was revealed. 
This is due to the greater grindability of WMS waste compared to cement, as a result of which, with joint 
grinding to a given specific surface area, with an increase in WMS content, the proportion of larger 
cement particles increases, which leads to a decrease in the dispersion effect caused by a combination 
of electrostatic and steric (spatial) affects repulsion when introducing superplasticizer. This led to an 
increase in the compressive strength of the tested samples at all testing periods, compared with 
compositions that do not contain SP and SAP (see Table 4). The increase in strength of the developed 
CB-2 and CB-3, containing the superplasticizer Glenium-51, on the 28th day of hardening was more than 
25 and 50%, respectively, compared with the reference sample of cement paste, also containing the 
additive. 

Taking into account the increase in strength of the developed compositions of polymineral composite 
binders, optimized by a chemical modifier, and the losses caused by the introduction of SAP to the 
cement system, the effectiveness of the use of CB-2 and CB-3, due to strength compensation, in 
combination with SAP modification B3 (<200 µm) is 14 and 39%, respectively, in combination with SAP 
modification FLOSET 129XB4N (<200 µm) - CB-2 is fully compensated by strength. At the same time, 
CB-3 exceeds the missing difference by 30%. Thus, compositions of polymineral composite binders were 
developed by joint grinding of Portland cement CEM I 42.5 N and WMS waste, followed by the 
introduction of ground Opoka-like marl used as a mineral modifier, and optimization due to a chemical 
modifier (Glenium-51) and a superabsorbent polymer, and also revealed their physical and mechanical 
properties. 
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4 Conclusions 

The object of research is a composite binder with superabsorbent polymers. The work aims to 
research the combined action of composite binders and superabsorbent polymers. The particle sizes 
distribution of the composite binder was studied by laser granulometry. The fresh properties of the mix 
were determined by examining the slump flow. The average density was calculated by dividing the mass 
of the sample by its volume. The compressive strength was studied under a static load on the press on 
samples with a rib of 70 mm at 3, 7, and 28 days of age. Composite binders with superabsorbent 
polymers were developed. As a result, the following main results were obtained: 

1. Obtaining polymineral composite binders was carried out by joint grinding of Portland cement 
CEM I 42.5 N and WMS waste to a specific surface area of ≈ 550 m2/kg in a vibration mill, followed by 
the introduction of pre-ground Opoka-like marl (Ssp ≈ 700 m2/kg) used as a mineral modifier. 

2. Joint grinding of cement and WMS waste in different percentages and introducing the optimal 
amount of a mineral modifier made it possible to identify the effect of the composition on the compressive 
strength. When tested on the 28th day of hardening of the compositions CB-3 and CB-2, an increase in 
the compressive strength by 82.2 and 60.3%, respectively, was found, while in the composition of CB-1, 
there was a decrease in the compressive strength by 14.5%. 

3. As a result of joint grinding to an equal specific surface, despite the different ratios of components 
and their hardness, an almost equal grain composition of polymineral composite binders was achieved 

4. Taking into account the increase in the strength of the developed compositions of polymineral 
composite binders, optimized by the chemical modifier, and the losses caused by the introduction of SAP 
into the cement system, the effectiveness of the use of CB-2 and CB-3, due to strength compensation, 
in combination with SAP modification B3 (<200 µm ) is 14 and 39%, respectively, in combination with 
SAP modification FLOSET 129XB4N (<200 µm) - CB-2 is fully compensated by strength. At the same 
time, CB-3 exceeds the missing difference by 30%. 
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