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Abstract 
The studies studied the mechanism of action of polyarylsulfonsulfonate 

superplasticizer depending on the concentration of additives. It has been 

shown that, when the additive is introduced in small doses, the coagulated 

aggregates of cement grains are peptized due to the formation of adsorption 

layers and enhanced dispersion of cement grains during hydration. Due to the 

increase in the number of particles per unit volume and their incomplete 

stabilization, mesh coagulation of cement particles and hydrated neoplasms 

occurs with the appearance of a structured system. High-dosage additives due 

to the adsorption of the oligomeric part on cement particles lead to a decrease 

in surface-response activity at the water-cement interface and thereby disperse 

the particles and prevent their aggregation, which stabilizes the cement 

suspension, which is in good agreement with the theory of modern 

sustainability. It has been established that due to the adsorption of oligomeric 

molecules of the superplasticizer on the surface of cement particles, its 

hydrophilization occurs and the particle charge increases. This leads to a 

significant increase in aggregate stability, peptization of aggregates, the 

release of immobilized water, and the transition from the thixotropic to 

Newtonian character of the flow of the suspension. In addition, a decrease in 

the -potential leads to an improvement in the viscosity of the system, which 

allows free flow of cement paste. It has been shown that, polyarylsulfon-

sulfonate superplasticizers due to dispersion significantly reduce the particle 

size, enhance sedimentation and aggregative stability and regulate the 

rheology of cement suspensions. Research in this area allows us to deepen 

colloid-chemical ideas about the mechanism of action of modifiers, justify 

promising areas for the preparation and use of additives, and expand their 

range for cement systems 
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Introduction 

At present, in the construction industry, modifiers (superplasticizers, thinners) are widely 

used - chemical additives that allow regulating such properties of suspensions as rheology, 

aggregative and sedimentation stability and purposefully changing the properties of finished 

products [1-6]. Therefore, the search for new effective modifiers, as well as complex additives 
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based on them, which can purposefully modify the interface and change the rheological 

properties of dispersions, is an urgent task. 
The stability of disperse systems is divided into two types: resistance to precipitation of 

the dispersed phase (sedimentation stability) and resistance to aggregation of its particles 
(aggregative stability). The stability of a cement slurry is understood to mean the constancy of 
their properties over time, and, first of all, dispersion, volume distribution of cement particles 
and interparticle interaction [7]. As is known [8], the loss of aggregative stability of the system 
occurs to the coagulation of the system. Aggregate stability is mainly influenced by two factors 
[9]: 

 electrostatic barrier due to repulsive forces; 

 the adsorption-solvation barrier that surrounds the particles and prevents them from 
approaching other particles. 

Concretes belong to conglomerate materials, where the rheological and physico-
mechanical properties are determined by the structure of the dispersed component, i.e., cement 
paste and cement stone. Therefore, in this work, we studied the effect of additives on the stability 
and rheology of cement slurries. 

Experimental Part 
The experiments used conventional Portlandcement, CEM I 42.5 in accordance with EN 

197-1 (NORM Cement Plant). 
As superplasticizers, polyarylsulfonsulfonates (PASS) were used, obtained on the basis of 

by-products and intermediate products of the oil (KSZ, G-1) and coke-chemical (САС, PSD) 
industries [10]. 

The dispersing ability is set in minutes for complete sedimentation of the cement-water 
suspension (W/C = 1.7) with the addition of polyaryl sulfon sulfonate in an amount of 1.0 wt.%. 

Microscopic analysis and microphotography of a cement-water suspension was carried out 
using an MBI-8 universal optical microscope at 100-s magnifications. 

The surface charge - (-potential) was determined in a cement-water suspension (C:W = 
1:10) according to [11] by determining the speed of movement of charged particles in an electric 
field. 

The plastic viscosity of cement slurries was determined using a rotational viscometer. First, 
the cement slurry was manually mixed at W/C = 0.40, then the viscosity was determined on a 
viscometer type VSN-3. 
Results and Discussion  

PASS molecules with active functional groups, -SO3Na, adsorbed onto the surface of the 
solid phase, lead to the formation of a double electrostatic layer and, accordingly, to a change in 

the  - potential (Table 1). As can be seen from the table. 1, with an increase in the concentration 
of PASS, the potential changes in the direction of increasing its negative value to –42.0 mV, as a 
result of which the surface of cement particles with the same ions is charged [12]. Most 
effectively affects SAS. This is due to the increased content of active substances in the 

composition of the additive. As a result, the -potential increases with the approach of particles 
of the same charge, the electrostatic repulsion forces of double electrostatic layers develop, 
which are described by the DLFO theory [8]. 
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Table 1. Change in  - potential depending on the content of PASS in the suspension  

(Cement suspension C/W = 1:10) 

№ PASS 

 - potential 

The concentration of additives by weight of cement,% 

0 0.5 1.0 1.5 2.0 

1 SAS +7.2 -20.1 -30.3 -39.8 -42.0 

2 KSZ +7.2 -18.1 -28.3 -37.8 -41.0 

3 PSD +7.2 -17.1 -26.3 -36.8 -40.0 

4 Q-1 +7.2 -15.1 -24.3 -33.8 -39.0 

The physical theory of stability of ion-stabilized colloidal solutions is based on taking into 

account the van-der-waals attractive forces and electrostatic repulsion of the diffusion layers of 

adsorbed ions. Depending on the balance of these forces in a thin layer of liquid between the 

approaching bodies, either a positive “wedging” pressure arises that impedes their connection, or 

negative, which leads to a thinning of the layer and the formation of contact between particles. A 

decrease in interfacial surface tension leads to disaggregation of cement particles, and -

potentials - to liquefy and stabilize them. 

Thus, when PASS is introduced into the cement suspension, the superplasticizer molecule 

is adsorbed on the surface of the cement particles, which simultaneously gives them a negative 

charge and causes a decrease in the потенциала potential to –42 mV (Table 1) creates an 

electrostatic barrier that repels particles from each other, As a result, there is an increase in the 

aggregative stability of the system. On the other hand, during the adsorption of the PASS 

molecule, solvate layers form on the particle surface. When particles approach each other with 

solvate layers, they overlap (by analogy with overlapping double layers under the action of an 

electrostatistical factor), the osmotic pressure increases, and with it the repulsion pressure, which 

prevents coagulation and thereby increases the aggregate stability of the system. 

It should be noted that an increase in aggregative stability leads to increased sedimentation 

stability. 

To identify the mechanism of action of PASS on sedimentation stability, a 50% cement 

slurry was prepared without additives and with an additive in the amount of 1.0% by weight of 

cement, which was subsequently subjected to sedimentation analysis.. 

Due to the polydispersity of the cement powder, different particles in the water settle 

differently. Therefore, when determining the speed of the compound used data after complete 

sedimentation of particles. Knowing the sedimentation rate of the particles, their average radius 

(m) was determined by the formula [13.14] 

r = )(2/9 0 qU  

where ,  - dynamic viscosity of the medium, n.s/m
2
; 
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  U – particle velocity, m/sec; 

 q – acceleration of gravity, m/sec
2
; 

 1-  cement particle density, kq/m
3
; 

            0 - dispersion medium density,  kq/m
3
. 

The ability to sedimentation is customary [13] to express through the sedimentation 

constant, which is determined by the sedimentation rate 

Csed = U/q = 2 r
2 

( - o) / 9 

Then the sedimentation stability coefficient (SSC) is the value of the inverse 

sedimentation constant 

SSC = 1 / Csed = 9  / 2 r
2
 ( - o) 

The effect of PASS on quantitative dispersion can be expressed by the coefficient of 

dispersion Cd, according to the formula 

Cd = (r1 –r2) / r1 * 100% 

where , r1 и r2 – particle radius without and with additives, respectively. 

Using the above formulas, the values characterizing the sedimentation stability of cement 

suspension were determined (Tab. 2).  

As follows from Tab. 2, with the introduction of 1.0 wt.% PASS, the deposition time 

increases by 11.1-15 times, and the coefficient of sedimentation stability - by 8.36-10.9 times 

compared with the non-additive composition. In addition, with the introduction of 1.0 wt.% 

PASS, the particle radius decreases by 2.9-3.25 times, i.e. strong dispersion occurs. According to 

the dispersion coefficient, it can be judged that of the synthesized preparations, the most 

effective is SAS. Apparently this is due to the fact that SAS has a higher molecular weight than 

other additives.  

Тable  2. The effect of PASS on the sedimentation of a 50% cement suspension 

№ PASS 

Precipitati

on time, 

min 

The height of 

the clarified 

layer, cm 

Particle 

radius, 

microns 

The coefficient 

of 

sedimentation 

stability (SSC), 

Mcb
-1 

The 

dispersion 

coefficient, 

Cd 

1. No 

additives 

10 4.2 3.9 0.14 - 

2. SAS 150 6.0 1.2 1.53 70.0 

3. KSZ 140 5.9 1.24 1.40 68.2 

4. PSD 137 5.9 1.25 1.36 67.0 

5. Q-1 111 5.8 1.35 1.17 65.3 

Therefore, in further studies, as a superplasticizer was used SAS. After complete 

sedimentation, 1 g of cement was taken from the upper layer, dehydrated with acetone and dried 
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1 2 3 

under vacuum. Then, sedimentometric and microscopic studies were carried out, the results are 

presented in Tab. 3 and Fig. 1. 

Table 3. The influence of PASS type SAS  on the dispersion of cement particles 

№ Name The number of particles by size (μm),% 

< 4 4-10 10-20 20-30 30-40 

1. Source cement 16.4 23.3 31.5 25.2 3.6 

2. Precipitation after sedimentation, 

no additives 

32.7 30.2 27.5 9.6 - 

3. Precipitation after sedimentation, 

with additives 

57.6 34.1 8.3 - - 

From the above data it follows that with the addition of 1 wt.% SAS, there is a strong 

dispersion of particles, since there are no particles in the sediment with a size of 20-30 μm, 30-40 

μm, the number of particles with a size of <4 μm greatly increases and amounts to 57.6%. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Micrograph of cement suspensions (C/W=1:10): 

1-without additives; 2-0.1% SAS; 3- 1.0% SAS 

At the same time, in the sediment without additives, the number of particles <4 μm in 

size is 32.7%. The results of microscopic photographs (Fig. 1) show that 3-5 minutes after the 

preparation of cement preparations in water there was a markedly pronounced aggregation of 

grains. 

In similar suspension preparations with the addition of 1 wt.% PASS, a uniform 

distribution of cement particles over the surface is observed, i.e. strong disaggregation occurs. As 

a result, both aggregative and sedimentary stability of the system increases. The study shows that 

depending on the concentration of PASS type SAS, the stability of the cement slurry affects 

differently (Fig. 2). 
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Two extrema appear on the dependence curve. It was shown that with the introduction of 

organic additives in small doses, peptization of flocculated aggregates of cement grains occurs 

due to the formation of adsorption layers and enhanced dispersion of cement grains during 

hydration [15]. Due to the increase in the number of particles per unit volume and their 

incomplete stabilization, mesh coagulation of cement particles and hydrated neoplasms occurs 

with the appearance of a structured system. With the introduction of additives in large quantities, 

the system stabilizes and sedimentation compaction increases. 

The above effects on the theory of stability (DLFO) is explained as follows. With small 

amounts of SAS in the initial period, dispersion of cement particles occurs, which contributes to 

an increase in their number per unit volume. Moreover, the additives are not enough for the 

formation of the adsorption-solvate barrier, and the van-der-waals forces of attraction prevail 

over the electrostatic repulsive forces, therefore, particles merge, forming larger aggregates with 

a loss of sedimentation and aggregative stability. The coagulates resulting from the loss of 

aggregative stability are sediments having loose coagulation structures. At the same time, the 

volume of sediment increases by 21% compared with the non-additive composit. 

At high dosages, SAS, forming a solid adsorption-solvation barrier particle on the 

surface, causes an increase in both aggregative and sedimentation stability, and sedimentation 

sediment becomes denser, i.e. reduces sediment volume by 30% compared to non-additive. 

According to [16], for structured systems, which include suspension cementation, 

viscosity increases with increasing concentration and is much stronger than it follows from the 

linear law and are called not Newtonian or Bingham ones. 

The plastic viscosity of cement slurries was determined using a rotational viscometer. 
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Fig. 2. The effect of additives on the volume of sediment cement-water    suspension (W/C = 1.7)  
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The test results on the effect of PASS on the viscosity of the cement slurry are shown in Fig. 3. 

First, the cement slurry was manually mixed at W/C = 0.40, then the viscosity was determined 

on a viscometer type VSN-3. 

 
As follows from Fig. 3. at a dosage of more than 0.4 wt.% Additives, there is a sharp 

decrease in the viscosity of the system. Molecules of the additive, adsorbed on the particles of 

cement, give them negative charges. Upon reaching the -potential of certain values - 25-40 mV 

according to the theory of  DLFO, mutual repulsion of particles occurs and the system liquefies. 

In addition, adsorbed PASS molecules attract water molecules and form solvate shells around 

cement particles, which prevent them from approaching each other at close distances, thereby 

reducing the viscosity of the cement slurry.  

With an increase in the concentration of additives over 1.2 wt.%, the viscosity of the 

system remains almost unchanged. 

Conclusion 

The results obtained show that the specific viscosity is in good agreement with the 

electrokinetic potential. With the introduction of the additive, the -potential decreases, which 

entails a decrease in the viscosity of the system. Moreover, in a certain concentration of the 

additive (1.2 wt.%), the suspension behaves like a Newtonian fluid. 

The study of sedimentation stability showed that PASS in large quantities dramatically 

increases the stability of the system, which is of great practical importance to improve the 

ductility of the cement paste and obtain multifunctional concrete for the construction of high-rise 

structures. 
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Fig. 3. The effect of additives on the plastic viscosity of cement suspension (W / C = 0.50)  
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