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Abstract. The article reviews the issues related to the mechanical activation of Portland 

cement in the separate technology of the production of concrete mixtures in the production of 

concrete and reinforced concrete products. Usually, an essential characteristic of composite building 

materials based on Portland cement and its varieties used in building processes is their rapid setting 

of strength. Therefore, scientific researches related to the development of technologies aimed at the 

intensification of cement hydration processes and the growth of the speed of concrete strength 

gaining are relevant. The work presents the main technological processes during the production of 

concrete mixtures using intensive separate technology. The usage of this technology, particularly, 

makes it possible to significantly increase the reversibility of forms due to a more intense concrete 

strength gaining on mechanically activated Portland cement, especially during the early stages of 

hardening. The need to include mineral filler in the form of ground quartz sand during the 

preparation of the cement-water composition in a high-speed mixer is founded. It was 

experimentally discovered that the rapid mixing of the cement-water composition in the presence of 

a C-3 superplasticizer causes a sharp decrease in its effective viscosity, which positively affects the 

reduction of the water content of concrete mixtures of the required ease of workability. 

The mechanical activation of Portland cement causes an increase in the amount of chemically 

bound water in vintage-age cement stone from 13.1% to 17.9%, which means more than 36% 

compared to the control. It was established that with the same amount of binder, the strength of the 

concrete on activated Portland cement on the first twenty-four hours of hardening is 1.8...2 times 

higher compared to the concrete of similar composition, the binder of which was not activated. 

Over time, the effect of activation on the concrete strength decreases a little, but even at 28 days, 

the compressive strength of concrete on the activated binder is 25…30% higher compared to the 

control. 
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Introduction. In the building industry, there is a search for new techniques aimed at speeding 

up the building process. These methods can be conventionally divided into two types: 

organizational – the organization of building production, planning, and building management, and 

technological – the use of new composite materials, machines, units, and equipment. 

Among the list of requirements for the technology of manufacturing products on ordinary, 

standard Portland cement, high importance is paid to the accelerated concrete strength gaining, 

especially in the early stages of hardening. The use of fast-hardening cement for these purposes is 

very limited for a number of reasons, including their high cost. Intensification of the concrete 

hardening process with the help of heat-moisture treatment is currently economically unjustified 
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due to excessively high tariffs on the heat. Therefore, in our opinion, the search for a new 

technological method is particularly relevant, which will allow to dramatically accelerate the 

processes of structure formation of cement-containing composites and obtain concretes with high 

early strength under normal hardening conditions. 

Analysis of recent research and publications. In concrete science, great attention is paid to 

the study of the properties of the concrete mixture, their optimal composition, as well as rational 

methods of mixing and compaction to obtain concrete of a given quality [1-3]. Aspects of 

improving the technology of manufacturing concrete mixtures include: a) modernization of existing 

types of mixing plants and creation of new types of mixers; b) finding the optimal sequence of 

loading and mixing the components of the concrete mixture; c) the development of complex recipe-

technological methods combining intensive methods of making concrete mixtures with the adding 

of mineral fillers and chemical additives into their composition, which purposefully regulates the 

properties of both concrete mixtures and concretes based on them; d) automation of concrete units 

and so on [4-7]. 

Turbulent mixers of various constructions are increasingly used in the practice of preparing 

concrete mixtures. Their use makes it possible to solve issues related to improving the homogeneity 

of the concrete mixture and increasing the strength of concrete in the vintage age. In this sense, 

intensive separate technology (IST) for the preparation of concrete mixtures is promising [8-12]. Its 

use involves the separation of the concrete mixture production process, namely: a) an activated 

highly concentrated cement-water composition is prepared in a high-speed mixer; b) in a traditional 

(ordinary) concrete mixer, the dosed for the batch fine and coarse filler is mixed with the cement-

water composition to a homogeneous state. The use of high-speed hydrodynamic mixing for cement 

activation in combination with optimal by its quantity and by the dispersion of mineral fillers, 

effective additives, and superplasticizers provides, along with plasticization, a sharp acceleration of 

cement hardening processes, which allows abandoning both the use of quick-setting cement and 

heat-moisture treatment. 

The aim of the research. The described above purposed this work, to determine the influence 

of mechanical activation of Portland cement on the properties of cement-water compositions, 

mortars, and concretes based on them. 

Research materials and methods. Joint activation of Portland cement and ground quartz 

sand (specific surface of quartz particles 250 m
2
/kg) was carried out by intensive circulation of the 

filled cement-water composition with V/T=0.27 in a high-speed mixer-tribo-activator. In the tribo-

activator, along with the physical and chemical activation of Portland cement particles and ground 

sand, high homogeneity of the highly concentrated composition is ensured. While mixing, finely 

dispersed particles of binder and quartz sand are given high speeds and complex trajectories of 

movement. As a result of their collision with each other in the flow, as well as with the walls and 

blades of the activator, the degree of wettability increases, even distribution of water, physical and 

chemical dispersion, peeling off the shielding products of neoplasms from the surface of the binder 

particles with exposure of new active centers is ensured [9]. All this, in our opinion, will directly 

affect the acceleration of cement hydration and, as a result, the increase in strength of cement stone 

and concrete based on it, both in the early stages of hardening and in the vintage age. 

Production of concrete mixtures was carried out both by intensive separate (with the use of 

mechanical activation of the binder in a tribo-activator) and by traditional technologies. 

The work used the methods of physical-chemical and physical-mechanical researches 

(calorimetry, determination of the effective viscosity of cement-water compositions, the amount of 

chemically bound water, the compressive strength of samples from cement-sand mortar and 

concrete). 

Portland cement PC II/А-Ш-400 (CEM II/A-S 400) with an activity of 41.0 MS, 

manufactured by "Yuhtсement" [a branch of JSC "Dyckerhoff Cement Ukraine"], which meets the 

requirements of DSTU (National Standard of Ukraine) Б В.2.7-46:2010, "Cement for general 
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construction purpose. Technical conditions" was used as a binder in the research. Ground quartz 

sand with a specific surface area of 250 m
2
/kg was used as mineral filler. For the plasticization of 

cement-water compositions, as well as mortar and concrete mixtures based on them, a condensation 

product of naphthalene sulfonic acid and formaldehyde was used ‒ superplasticizer C-3. The 

consumption of the superplasticizer was assumed to be equal to 1% of the mass of the binder. As 

aggregates for concrete, quartz sand from the Oleksandrivskyi quarry in the Odesa region with a 

coarseness modulus of Мk=2.2 and granite crushed stone of fractions 5-10 and 10-20 mm were 

used in a ratio of 1:1 by the weight. 

The evaluation of the structural characteristics of the cement-water composition ‒ the 

effective viscosity η – was determined using a rotary viscometer "Polymer-RPE-1M".  

Research results. Shown in the Fig. 1 graphical dependence of the effective viscosity of the 

modified cement-water composition on the duration of mechanical activation τ shows that high-

speed mixing causes a sharp decrease in ƞ (up to 30 times), reaching its minimum value after 150 

seconds activation. 

Further high-speed mixing is 

accompanied by the thickening of 

the cement-water composition, 

which is fixed by the increase in the 

value of the effective viscosity. To 

identify the reason for such a change 

in the effective viscosity in the 

process of high-speed mixing of the 

cement-water composition, 

experiments were conducted in 

which three input parameters were 

simultaneously controlled: 

‒ effective viscosity; 

‒ temperature of the cement-

water composition; 

‒ water division. 

For the purity of the 

experiment, it was assumed that 

there was no S-3 superplasticizer in 

the mixing water. It was found that the initial decrease in the effective viscosity of the cement-water 

composition is accompanied by a decrease in the amount of free water in it. At the moment when 

the effective viscosity of the cement-water composition reaches its minimum value, water division 

almost completely stops Fig. 2, b. In the following period, a more intensive increase in the mixture 

temperature is observed, which indicates an increase in frictional forces between cement particles in 

the process of high-speed mixing of the cement-water composition, Fig. 2, a. Thus, free water, 

being adsorbed on the newly created surfaces of the binder particles, gradually transits into a bound 

state and ceases to play the role of "lubricant", which leads to an increase in frictional forces, which 

is recorded by a more intensive increase in the temperature of the mixture (∆tz) in comparison with 

heating (∆ti) of the cement-water composition in the initial period of rapid mixing.  

A sufficiently objective characteristic of the kinetics of the physicфд-chemical process of 

hydration of the binder is the exothermic heating of the hardening cement-water composition. The 

hydration temperature was determined using a thermal calorimeter. The choice of this method is 

due to the fact that it allows estimating of the hydration and structure formation processes over 

time, as well as quantifies the temperature change of the hardening composition. 

 
Fig. 1. The influence of the term of high-speed mixing of 

the cement-water composition on the change in effective 

viscosity ƞ 
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Fig. 2. The influence of the activation term τ on the effective viscosity, temperature (a) and water 

division (b) cement-water compositions: 

1 – effective viscosity; 2 – the temperature of the cement-water composition  

      ‒ free water in the cement-water composition  

                                              ‒ cement-water composition 

 

After 120 seconds of activation, the cement-water composition was placed in a container with a 

volume of 200 cm
3
, which, in its turn, was installed into the calorimeter. The temperature of the 

hardening cement-water composition was measured using electronic sensors. For control, a cement-

water composition was prepared, which was not subject to mechanical activation. As it can be seen 

from Fig. 3, the mechanical activation leads to an increase in both the rate of heating of the cement-

water composition and an increase in the maximum heating temperature. 

 

 
                                                                                                       τ, hour 

Fig. 3. Kinetics of exothermic heating of hardening cement-water compositions: 

1 – control; 2 – mechanically activated Portland cement 

 

Data on the content of chemically bound water in cement stone at the age of 1 day to 28 days 

of normal hardening at a temperature of +20°C confirm the increase in the rate of hydration of 

Portland cement due to its mechanical activation, Table. 1. 
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Table 1 – Amount of chemically bound water in the cement stone 

Technology 

production 

The content of chemically bound water, %, 

aged, day 

1 3 7 28 

Traditional manufacturing of 

cement-water composition 
6.2 10.3 12.9 13.1 

Mechanic-chemical activation of 

cement-water composition 
10.2 14.1 17.2 17.9 

 

Of particular interest was the effect of mechanical activation of cement on the growth kinetics 

of chemically bound water in cement stone during the first 24 hours of hardening, Fig. 4. 

Attention should be paid to the fact that three hours after mixing, the amount of chemically 

bound water in the hardening cement-water composition on mechanically activated Portland cement 

and on cement that was not mechanically activated is practically the same and is in the range of 

2.8% to 3.4%. However, already after 6 hours of hardening, there is a sharp increase in the amount 

of chemically bound water for mechanically activated cement – from 3.4% to 5.9%. For a 

traditionally prepared cement-water composition, there is a gradual increase in the amount of 

chemically bound water – from 2.8 to 3.4%. After 24 hours of hardening, the amount of chemically 

bound water in the activated cement-water composition is approximately 1.6 times bigger compared 

to the composition, the binder of which was not subject to mechanical activation. In the subsequent 

periods of hardening, the difference between the amounts of chemically bound water in the 

activated and non-activated Portland cement decreases, and at the vintage age does not exceed 

27…37%. 

 

 
                                                                                   τ, hour        

Fig. 4. The influence of mechanical activation on the kinetics of chemical binding of water in the 

hardening cement stone: 

                                              ‒ control; 

 ‒ mechanically activated Portland cement 

 

The effect of mechanic-chemical activation of cement on strength was studied on cement-sand 

samples made from a mixture of composition ‒ C:P = 1:3 with a water-cement ratio W/C = 0.4, Fig. 5. 

 

A
m

o
u
n
t 

o
f 

ch
em

ic
al

ly
 b

o
u
n
d
 w

at
er

, 
%

 

 
 

1:00 3:00 6:00 9:00 12:00 15:00   18:00  21:00  24:00 

  12 

  10 

    8 

    6 

    4 

    2 

    0 

48 _________________________________________________________________________________________________________
Modern construction and architecture, 2022, no. 2, page 44-51

____________________________________________________________________________________________________________BUILDING MATERIALS AND TECHNIQUES 



 
Fig. 5. The influence of mechanical activation on the strength of cement-sand mortar: 

                                              ‒ control;          ‒  – mechanically activated Portland cement 

 

The activated cement-water composition was mixed in a dosed amount of sand, and after 

compaction on a vibrating platform, the beam samples were hardened in 4×4×16 cm forms at a 

temperature of +20
0
С. The kinetics of strength gaining of the cement-sand solution shows that the 

activation of cement leads to a more intense increase in the strength of the samples compared to the 

samples made on Portland cement, which was not subjected to mechanical activation. 

This is especially noticeable in the initial stages of hardening. At the age of 2 days, samples 

on mechanically activated cement are characterized by 1.84 times higher compressive strength 

compared to samples made on a binder that was not subject to mechanical activation. At a later age, 

the strength of the samples evens out somewhat, and on the 28th day of hardening, the compressive 

strength of the samples on mechanically activated cement exceeds the strength of the control 

samples by no more than 30...32%. 

Mechanical activation of Portland cement also significantly affects the strength of concrete. 

This is confirmed by the results of the compressive strength of concrete at the age of 28 days on the 

mechanically activated binder, as well as on the binder that was not mechanically activated 

(control), Fig. 6. In the experiment, the composition of concrete (cement: sand: aggregate = 1:2:4) 

was studied with the consumption of a mixed binder (Portland cement + ground sand) in the amount 

of 450 kg/m
3
. 

 

 
                                                                                                            ground sand, % 

Fig. 6. The influence of the concentration of ground sand in Portland cement on the fсm of concrete 

in the 28
th

 day age: 

1 – concretes, made according to traditional technology; 2 – intensive separate technology of 

concrete production 
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The mobility of the concrete mixture was assumed to be constant (concrete mix slump = 3 cm) 

and was corrected (depending on the consumption of ground sand in the binder) by the consumption 

of mixing water. The amount of C-3 superplasticizer was taken at the level of 1.0% (in terms of dry 

matter) of the binder consumption. 

As the research results show, the replacement of a portion of Portland cement with ground 

quartz sand leads to a decrease in the strength of concrete made by traditional technology, Fig. 6 

(curve 2), which coincides with the experimental data given in the work [13]. At the same time, the 

intensive separation technology for the production of concrete mixtures contributes to the gaining 

the concretes with a compressive strength 35...45% higher in comparison with concretes of similar 

composition, which are produced according to traditional technology, Fig. 6 (curve 2), due to 

physical and chemical processes considered in the work [10]. Thus, the second important advantage 

of IST over traditional technology is the resource-saving effect, which allows replacing up to 40% 

of Portland cement with ground sand, obtaining practically the same compressive strength 

characteristics of concrete as for concrete made by the traditional method, but without introducing 

Portland cement ground sand in the given range. 

Conclusions: 

1. The positive effect of high-speed mixing of cement-water compositions in the presence of C-3 

superplasticizer on the reduction of their effective viscosity η was revealed. The combined effect of 

mechanical activation and C-3 additive provides a decrease in η up to 30 times compared to the 

effective viscosity of a non-mechanically activated cement-water composition of a similar composition. 

2. Due to the mechanical activation of cement-water compositions, the amount of chemically 

bound water in cement stone of vintage age increases from 13.1% to 17.9%, that is, by more than 

36% (compared to the control). 

3. An important advantage of IST over the traditional technology is the resource-saving effect, 

which allows replacing up to 40% of Portland cement with ground quartz sand (S=250m
2
/kg), while 

obtaining the same compressive strength of concrete at the vintage age, which is achieved by 

concrete on non-mechanically activated cement, but without the addition of ground sand (control). 
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Анотація. У статті розглянуті питання щодо механоактивації портландцементу у 

роздільній технології виготовлення бетонних сумішей при виробництві бетонних та 

залізобетонних виробів. Зазвичай, важливою характеристикою композиційних будівельних 

матеріалів на основі портландцементу та його різновидів, що використовуються в будівництві, 

є їх швидкий набір міцності. Тому актуальними є наукові дослідження, які пов'язані з 

розробкою технологій, спрямованих на інтенсифікацію процесів гідратації цементу та 

зростання швидкості набору міцності бетону. В роботі наведені основні технологічні процеси 

при виробництві бетонних сумішей за інтенсивною роздільною технологією. Застосування 

даної технології, зокрема, дозволяє суттєво підвищити оборотність форм за рахунок більш 

інтенсивного набору міцності бетоном на механоактивованому портландцементі, особливо у 

ранні терміни твердіння. Обґрунтована необхідність введення під час приготування цементно-

водної композиції в швидкісному змішувачі мінерального наповнювача у вигляді молотого 

кварцового піску. Експериментально встановлено, що швидкісне змішування цементно-водної 

композиції в присутності суперпластифікатора С-3 викликає різке зниження її ефективної 

в’язкості, що позитивно позначається на зниженні водовмісту бетонних сумішей необхідної 

легкоукладальності. Механоактивація портландцементу викликає зростання кількості хімічно 

зв'язаної води в цементному камені марочного віку з 13,1% до 17.9%, тобто більше ніж на 36% 

в порівнянні з контролем. Встановлено, що при однаковій витраті в'яжучого, міцність бетону на 

активованому портландцементу на першу добу тверднення в 1,8…2 рази вища у порівнянні з 

бетоном аналогічного складу, в'яжуче якого активації не піддавалося. З плином часу вплив 

активації на міцність бетону дещо знижується, але і у 28-и добовому віці міцність бетону на 

стиск на активованому в'яжучому в середньому на 25…30% вища у порівнянні з контролем. 

Ключові слова: бетон, роздільна технологія, трибоактиватор, наповнювач, 

механоактивація. 
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