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ABSTRACT: Introduction. The evolution of the construction industry in its current stage calls for the alteration of traditional build-
ing materials through the incorporation of nano- and fine-dispersed additives. These additions confer new, unique attributes to
cement-based construction materials, enabling control over structure formation processes. Consequently, this allows for the creation
of materials with specifically defined characteristics. Additives can be introduced into the cement composite during the joint grind-
ing with clinker minerals, as a component of dry building mixture, or in the form of a suspension instead of mixing water. Therefore,
it is essential to obtain fine particles suspensions resistant to aggregation and sedimentation. Thus, the purpose of this study is to
obtain stabilized suspensions of bismuth titanate fine particles for cement systems and to study the properties of modified cement
stone. Materials and methods. The purpose of this work was to establish the optimal concentration of polycarboxylate plasticizer
in industrial water, necessary for the stabilization of fine bismuth titanate suspensions using surface tension and conductometric
determination methods, the sedimentation stability of the obtained suspensions and the effect of ultrasonic exposure, as well as the
physical and mechanical characteristics of cement stone modified with the obtained suspensions. Results and discussion. In order
to establish the optimal concentration of the plasticizer necessary to obtain stable suspensions of bismuth titanate particles, the
critical micelle concentration (CMC) for the plasticizer was determined with tap water as the dispersed medium. The CMC value was
1.3 g/l. If the concentration exceeds CMC, the process of micelle formation begins. In the micellar form, the plasticizer no longer
provides stabilizing effect on the additive particles, therefore, the concentration of the plasticizer should be lower than the CMC.
It was also found that ultrasound exposure increases the sedimentation stability of suspensions. The resulting stabilized suspen-
sions were used instead of mixing water to obtain modified cement stone samples. There is an increase in the compressive strength
of cement stone samples obtained after the introduction of fine bismuth titanate into the cement composite in the form of water
suspensions stabilized by ultrasonic treatment with concentrations of 10, 30 and 50 g/I. The increase in compressive strength of
modified samples compared to reference sample was from 24 to 33 MPa at first day age (by 13, 25 and 38% respectively), and from
80 to 93 MPa at 28 days age (by 4, 9 and 16%). Compressive strength of samples modified with bismuth titanate suspensions after
ultrasonication compared to reference sample with plasticizer increased mostly at the first and third days age: from 29 to 42 MPa (by
31,38 and 45%) and from 53 to 70 MPa (by 28, 30 and 32%) respectively. Conclusion. As a result of the research carried out in this
study, the Critical Micelle Concentration (CMC) of a polycarboxylate plasticizer was determined, optimal for stabilizing fine-dispersed
additive of bismuth titanate for cement systems, the effectiveness of ultrasonic treatment to achieve sedimentation stability of the
obtained suspensions of the additive was confirmed, an increase in the strength characteristics of modified cement stone samples
was established both in the initial hardening periods and at 28 days age. The results allow to consider a cement composite with
fine bismuth titanate as a basis for obtaining building materials of new generation.

KEYWORDS: fine additive, plasticizer, bismuth titanate, critical micelle concentration, aggregative and sedimentation stability,
factors of aggregative stability, adsorption, gel-like films, strength.
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1. INTRODUCTION

he development of building materials science nowa-

days involves the development of a wide range of new
construction, finishing, insulation, repair and other build-
ing materials that would exceed the characteristics of tra-
ditional materials based on concrete, ceramics and metals,
wood and polymer materials, would be eco-friendly and
safe for humans. Such materials with unique properties
include, for example, “smart” materials — self-healing
concretes, photocatalytic coatings, multilayer compos-
ites based on polymers and wood raw materials, carbon
structures, aerogels of various composition and structure
[1-5]. A special role in the development and production
of such structures with unique characteristics is assigned
to the modification of traditional building materials with
nano- and fine-dispersed additives. Introducing such ad-
ditives even in small quantities (up to 5% by weight) can
significantly affect the properties of the material [6—8].
For example, the introduction of nanoscale titanium di-
oxide particles into the composition of a cement com-
posite can provide the concrete surface with the ability to
oxidize adsorbed organic pollutants and nitrogen oxides
due to the photocatalytic reactions and the ability to self-
cleaning due to an increase in the hydrophilicity of the
surface [9, 10]. Carbon nanostructured objects increase
the crack resistance of concrete, the strength and den-
sity of cement stone, acting as crystallization centers for
hydration products forming during the hardening of ce-
ment paste [11, 12]. Nano- and fine-dispersed compo-
nents of fly ash, ground granulated blast furnace slag,
metakaolin also intensify the hydration processes of clin-
ker minerals, and due to the pozzolanic reaction, provide
the material with increased corrosion resistance [13, 14].

One of the factors determining the increase in me-
chanical characteristics of cement stone modified with
a fine additive is the uniformity of distribution of ad-
ditive particles throughout the cement composite. The
introduction of nano- and fine-dispersed component
into the composition of an inorganic binder can be car-
ried out by various methods: by joint grinding of clinker
and additive particles, as a component of dry building
mixture, or in the form of a suspension instead of mix-
ing water. All these processes, however, are associated
with certain difficulties, primarily due to the fact that
fine particles have a highly developed surface area, and,
consequently, excessive surface energy, which leads to
the tendency of particles to form agglomerates. When
obtaining suspensions, which are thermodynamically un-
stable systems, the particles of the additive spontaneously
enlarge and then settle, that is, the process of destruction
occurs: the dispersed system loses aggregate and sedi-
mentation stability. If such suspension is introduced into
the cement system instead of mixing water, its particles
won’t be uniformly distributed throughout the cement

composite. Thus, it is necessary to achieve stabilization
of fine-dispersed additive suspension, which will subse-
quently allow to obtain a cement stone with increased
mechanical, functional and special properties.

Suspensions of most finely dispersed additives are
thermodynamically unstable lyophobic colloidal systems
that rapidly lose their aggregative and sedimentation sta-
bility, tend to reduce the surface area and decrease the ex-
cess surface energy of the system. The concept of aggrega-
tive stability of lyophobic colloidal systems, the forma-
tion of electric double layer and adsorption processes
on the surface of colloidal particles is well explained by
the DLVO theory developed in 1935—1940 by Soviet sci-
entists B.V. Derjaguin and L.D. Landau and independent-
ly by Dutch physicists E. Verwey and Th. Overbeek. Since
nano- and fine-dispersed objects and their applications
in various fields of science and technology are currently
being actively studied by scientists in many countries,
the DLVO theory is becoming increasingly relevant, in
particular, in the construction industry and especially in
construction materials science [15—17].

The system is stable if there is a balance in repulsion
and attraction forces between particles. The repulsion
energy decreases with distance exponentially and con-
tributes to the electrostatic component of the disjoining
pressure. The disjoining pressure occurs when the thick-
ness of the film (interlayer) between the two particles
of the dispersed phase decreases as the particles get closer
and their surface layers overlap. The energy of attraction
is due to intermolecular van der Waals attractive forces.
It is inversely proportional to the square of the distance
between the particles.

Factors of aggregate stability can be classified as
1) thermodynamic, which include eclectrostatic at-
traction and repulsion forces, the interaction between
the dispersed phase and the dispersed medium, resulting
in the formation of solvent molecules layers surrounding
colloidal particles and entropic repulsion, which promotes
the particles to be the uniformly distributed throughout
the dispersed medium and 2) kinetic — and hydrody-
namic, resulting in formation of viscous interlayers of dis-
persed medium between the particles, the formation
of elastic protective layers of adsorbed macromolecules,
preventing the particles from agglomeration.

The last factor consists in the formation of strong
thick elastic films of surfactants and high-molecular com-
pounds adsorbed on the surface of colloidal particles,
which prevent them from coagulation when they collide.
This factor can be called one of the determining factors
for the stabilization of admixture suspensions for cement
systems, where polymer chemical compounds are used,
increasing the aggregative and sedimentation stability
of the dispersed system. Surfactants are compounds with
diphilic structure, that is, they have a hydrophilic part
and long hydrophobic nonpolar hydrocarbon tail in their
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structure. Due to the structural features, surfactant mole-
cules can adsorb on the surface of the admixture particles,
forming a thick elastic layer on their surface, which serves
as a structural and mechanical barrier preventing coagula-
tion and further settling of particles. During the aggrega-
tion of particles, a process of self-organization occurs,
accompanied by the formation of agglomerates, which
leads to the decrease of entropy of the system. Conse-
quently, the introduction of surfactants into the admixture
suspension not only increases the structural and mechani-
cal barrier, but also leads to an increase in the entropy,
contributing to the stabilization of the suspension and, as
a result, to the uniform distribution of the additive parti-
cles throughout the cement composite and, consequently,
obtaining a denser and stronger cement stone structure
with improved physical and mechanical properties.

Thus, it is necessary to choose the optimal concen-
tration of plasticizer to obtain a fine component suspen-
sion resistant to coagulation and sedimentation due to
the formation of surfactant macromolecules layer and
subsequent increase of entropic repulsion factor.

In accordance with literature review, the purpose
of the study was formulated, which is to obtain stabilized
suspensions of bismuth titanate fine particles for cement
systems and to study the properties of the modified ce-
ment stone.

2. MATERIALS AND EXPERIMENTAL
METHODS

The object of the study is stabilized suspensions of bis-
muth titanate for cement systems. The subject of the study
is surface chemistry aspects of stabilization of fine bis-
muth titanate suspensions.

The following materials were used in the work:

— synthesized fine-dispersed additive of bismuth tita-
nate, obtained on the basis of the TiO,—Bi,O, system
by citrate method.

— polycarboxylate plasticizer Melflux 5581F (BASF,
Germany) (hereinafter — Sp) for stabilization of bis-
muth titanate fine particles

— ordinari portland cement CEM 0 LLC “Holcim (Rus)
Building Materials” (hereinafter — OPC), the chem-
ical and mineralogical composition is presented in
Tables 1 and 2.

The synthesis of the bismuth titanate additive was
carried out by the citrate-based method from titanium
and bismuth salts in a solution of citric acid, similar
to the classical Pechini citrate method [18]. To obtain
the additive particles, titanium tetrachloride (99,9%,
o (TiCl,) = 1.72 g/ml), bismuth oxide (99.99%), hydro-
chloric acid solution (1:1), citric acid monohydrate were
used. The required amount of titanium tetrachloride was
introduced into ice distilled water with constant stirring
to form the products of TiOCl, hydrolysis (solution 1).
The corresponding amount of bismuth oxide was dis-
solved in hydrochloric acid, the required amount of cit-
ric acid was added to this solution and slowly added to
the solution (1) with intensive stirring for 30 minutes for
homogenization. The resulting solution was evaporated
in a water bath at 100°C until a yellow gel-like residue
was formed, which was decomposed in a muffle furnace
at 400°C (15 minutes) to remove the organic component,
and then annealed in a muffle furnace at a temperature
of 700°C until the final fine flake-like reaction product
was formed (Fig. 1).

The phase composition of the bismuth titanate addi-
tive was studied using X—ray phase analysis, which was
carried out using an X-ray diffractometer DS ADVANCE
Bruker AXS CuKa radiation (graphite monochromator),
ACuKa = 1.54056 A. The patterns were processed using
the Match! software.

From patterns shown in Fig. 2, it can be concluded
that the value of the angles 26 and the intensities of the
synthesized additive corresponds to the Bi,Ti,O, from
the JCPDS-ICDD PDF-2 database. Thus, it has been

Table 1
Chemical composition of clinker LLC “Holcim (Rus) Building Materials”
Mass loss after .
Components S CaO SiO ALO, Fe O, MgO SO, RO
Clinker 1.12 63.89 20.63 5.62 5.15 3.68 0.59 1.36
Table 2
Mineralogical composition of clinker LLC “Holcim (Rus) Building Materials”
Mileral content, %
CS C,S CA CAF
63.0 11.0 6.00 15.00
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Fig. 1. Photo of bismuth titanate additive immediately
after synthesis

established that the predominant phase is bismuth tita-
nate of the composition Bi, Ti,O , (PDF#83-0673), how-
ever, there is also a phase of the composition Bi,Ti,O,
(PDF#72-1019) with the structure of perovskite and
a metastable [19, 20] phase of the composition Bi,Ti,0,
(PDF#32-0118) with the structure of pyrochlore.

The next step in this study was to obtain a stabi-
lized suspension of bismuth titanate additive particles.

Nanob%

To achieve this, it is necessary to determine the optimal
amount of plasticizer, which can provide aggregative and
sedimentation stability. In accordance with the studies de-
scribed in [21], the authors established the critical micelle
concentration (CMC) for the selected plasticizer in tap
water. CMC was determined by two methods: by surface
tension and conductometric methods.

The surface tension method is based on comparing
the number of drops of the test solution and the standard
liquid (tap water) flowing from the burette.

For highly dilute solutions of plasticizer Sp, the surface
tension was calculated by the formula:

o(Sp) = o(H,0) «n(H,0)/n(Sp), 2

where o(Sp) is the surface tension of the investigated
plasticizer solution, N/m;

0(H,0) is the surface tension of the solvent, N/m;

n(H,0) is the number of drops of solvent;

n(Sp) is the number of drops of the studied plasticizer
solution.

According to the obtained data, surface tension iso-
therms for the plasticizer solutions were plotted, the CMC
of the Sp was found from the curve.

Measurements of the electrical conductivity of the
plasticizer solution using a conductivity meter were car-
ried out by immersing the detector of the device into
the plasticizer solutions at a level of 3—4 cm and after es-
tablishing a constant data on the display, the value of the

intensity, a.u.

w

10 15 20 25 30 35

i

40
20 °
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Fig. 2. X-ray diffraction pattern of bismuth titanate additive:

m experimental data; = Bi,Ti,O,; = Bi,Ti,O ,; = Bi,Ti,0,
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electrical conductivity of the solution was fixed. According
to this data, the dependence of the logarithm of electri-
cal conductivity on the logarithm of concentration were
plotted, and CMC was found from the curve.

To enhance the stabilizing effect of the plasticizer
and to promrote its adsorption on the surface of bismuth
titanate particles, ultrasonic treatment of bismuth tita-
nate suspensions containing Sp was carried out on the
UZDN-1 device. Dispersion parameters: ultrasonic vi-
bration frequency — 44 kHz, temperature control tem-
perature —25 £ 2°C, exposure time — 20 minutes.

Studies have been conducted to establish the sedi-
mentation stability of bismuth titanate suspensions (10,
30, 50 g/1) without and after ultrasonication, as well as
in the presence of Sp. The prepared suspensions were
transferred into cylinders and the process of settling was
observed.

The strength characteristics of modified cement stone
was assessed at cube samples with sides of 20x20x20 mm.
The cement powder was mixed with stabilized suspensions
instead of mixing water. The values of the compressive
strength of the samples was measured at Controls labora-
tory hydraulic press at 1, 3, 7 and 28 days age.

The study of the cement grains hydration process was
carried out on the thermal analyzer “SDT Q-600" (TA
Instruments, USA) using TG/DTA methods in the air at-
mosphere in the temperature range of 25+900°C. The rate
of temperature change was v = 10°/min.

3. RESULTS AND DISCUSSION

The stabilizing effect of Sp is mainly explained
by the formation of strong gel-like plasticizer films on
the surface of fine particles, thereby causing their stabi-
lization. The stabilized particles are evenly distributed
throughout the dispersed medium and the cement stone.

However, there is a limitation: Sp should not be intro-
duced into the suspension in concentrations exceeding
the CMC value. Otherwise, the stabilizer molecules are
involved into the micelle formation process and the true
solution of ionogenic surfactant transforms into micellar
with the formation of classical spherical, and then cylin-
drical and disc-shaped micelles. In this case, the stabi-
lizing effect of the plasticizer will not be achieved. This
aspect is discussed in details in [21]. So at the first stage
of this study the authors determined of the CMC of the
stabilizer Sp in tap water using the surface tension meth-
od. A series of stabilizer solutions with a concentrations
of 2.5; 2; 1.5; 1.3; 1.13; 1; 0.89; 0.76; 0.63; 0.31; 0.16;
0.078; 0.039 g/1.

Based on the data obtained from surface tension meth-
od, the surface tension isotherm for Sp o = f{C?) was
plotted, where v is the stoichiometric coefficient of the
electrolyte (Fig. 3a). For Sp v = 2, since the number
of positive and negative ions turn out to be equal to 1.
Also, according to the results of calculations obtained
from Sp surface tension isotherms, the Gibbs adsorption
isotherm G =f'(c*) was plotted (Fig. 3b).

The CMC of the plasticizer Sp was found from
the curve in Fig. 3a which corresponds to a value
of 1.3 g/, and the maximum Gibbs adsorption is G =
9.3 mol/m?. The obtained results allow us to conclude that
the plasticizer Sp not only adsorbs at the interface of the
water-air phases, but also adsorbs on the surface of the
additive particles, forming a structural and mechanical
barrier preventing coagulation and further settling of par-
ticles, enhancing the stabilization of suspension.

The CMC of Sp was also determined using the con-
ductometric method, measuring electrical conductivity
of a series of prepared solutions. According to the ob-
tained data a dependence /g (%) =f (lg C) was plotted
(Fig. 4).

45 A—————
00 05 10 15 20 25 30 35 40 45 50 55
c’, g/l

10, mol/m?

11.0 4
10.5
10.0]
9.5
9.0]
8.5
8.0
754
7.0

6.5 2
0.0 0

—_—

5 1.0 15 2.0 25 3.0 35 40 45 50 55
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Fig. 3. Surface tension (a) and Gibbs adsorption (b) isotherms of plasticizer Sp
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of the formed agglomerates, as well as capable of improv-
ing the adsorption of Sp macromolecules on the surface

In order to confirm the possibility of stabilization
of bismuth titanate additive particles using a plasticizer,
sedimentation stability of suspensions was evaluated. Ta-
ble 3 presents data on the settling rate of bismuth titanate
particles in water and water-polymer medium without and

The process of sedimentation of additive particles in
water dispersed medium can be divided into three main
periods. During the first period, the largest and heaviest
particles settle to the bottom of the cylinder, so the entire
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Fig. 4. Dependence of electrical conductivity on
the concentration of Sp solutions

The CMC value of Sp obtained by the conductometric
method is also in the range of 1.3 g/I, which is in good
agreement with the data of the surface tension method.

Thus, from the data obtained from surface tension
and conductometric methods, it can be concluded
that the CMC value corresponds to 1.3 g/l1. To stabi-
lize the fine-dispersed additive, the concentration of Sp
should not exceed this value, therefore, for further stud-
ies, the concentration of Sp below the CMC region was
selected, which is 1.2 g/I1.

To stabilize the particles of the finely dispersed com-
ponent throughout the dispersed medium, ultrasonic
processing of the suspensions was carried out, which
contributes to additional particle grinding, separation

mass of particles divides into fractions. Since the settling
of large particles occurs very quickly, the first period can
be neglected, and therefore there is no data on it in Ta-
ble 3. During the second period fine fraction of additive is
suspended throughout the dispersed medium, at the end
of the third period complete deposition of particles to
the bottom of the cylinder is observed, the dispersion
medium becomes transparent.

The studies demonstrate that suspensions of bismuth
titanate after ultrasonication are more stable than without:
it demonstrates the effectiveness of ultrasonic processing
of fine component suspensions, which significantly pro-
longs the settling time of particles. It is remarkable that
with an increase in the concentration of particles, their
settling rate increases. This is probably due to the fact that
in a more concentrated suspension the particles collide
more often than in a diluted one. Large particles collide
with each other and with the walls of the cylinder and
settle fast. Smaller and lighter particles settle together
with large ones.

The use of Sp in concentration of 1.2 g/l and ultrason-
ication makes it difficult to visually estimate the sedimen-

Table 3
Sedimentation stability of bismuth titanate suspension in an water dispersed medium
Period of settling
i 11 111
Method Concen?r-atmn
A of homogenization pi e
g (g/) Settling time, | Settling rate, | Settling time, | Settling rate,
min 10 m/s h-min 10-°m/s
1 10 40 7.08 5-33 0.85
Without ultrasonic
2 exposure 30 30 17.8 4-05 1.09
3 50 20 13.3 3-30 1.26
4 10 100 2.7 46-00 0.01
5 | After ultrasonic 30 80 3.1 42-30 0.88
exposure
6 50 65 3.9 30-00 0.36
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Fig. 5. Sedimentation process of bismuth titanate
particles with a concentration of 50 g/l in a suspension
stabilized with a plasticizer (C(Sp) = 1.2 g/1)

and ultrasonic processing: a) immediately after
ultrasonication b) 14 days after ultrasonication

tation rate of bismuth titanate particles: after 14 days there
was no complete sedimentation of particles to the bottom
of the cylinder, we observed a gradual separation of par-
ticles into fractions by size (Fig. 5).

These results show the effectiveness of stabilization
of the fine-dispersed bismuth titanate additive using an
integrated approach: the use of a plasticizer and ultrasonic
processing.

The macromolecules of Sp are adsorbed on the surface
of bismuth titanate fine particles, forming strong dense
gel-like films, which prevent the particles from sticking

together as they approach, keeping the dispersed system
stable longer without coagulation and further settling.
Ultrasonic exposure contributes to additional particles
size reduction, intensifies the Sp adsorption process on
the particles surface, and also promotes the entropy factor,
making the stabilized bismuth titanate particles to stay
suspended throughout the dispersed water-polymer me-
dium longer. In this case, we can talk about the synergetic
effect of Sp and ultrasonication in the studied dispersed
system.

The next step in this study was the introduction of fine
additive into the cement composition and the study
of physical and mechanical characteristics of obtained
cement stone (Fig. 6).

The strength characteristics of modified cement sam-
ples indicate that synthesized fine bismuth titanate can
be considered as a structure-forming additive for cement
systems, which intensifies the hydration processes of ce-
ment clinker and contributing to an increase in compres-
sive strength.

Thus, when fine bismuth titanate is introduced into
the cement composition in the form of water suspensions
stabilized by ultrasonic processing with a concentration
of a fine additive of 10, 30 and 50 g/I (Fig. 6a), there is an
increase in the compressive strength from 24 to 33 MPa
compared to the non-additive sample (by 13, 25 and 38%,
respectively) at the first day age, and from 80 to 93 MPa
(by 4,9 and 16%) at 28 days age. The maximum increase
in strength is observed on the first day of hardening.
Probably, this can be explained by the fact that bismuth
titanate particles, being an inert additive that does not
exhibit its own hydraulic activity, act as crystallization
centers for the formation of hydration products of clinker
minerals, thereby intensifying hydration processes. This

a

100
90
80
70
60
50
40
30
20
10

compressive strength, MPa

hydration time, days

M reference OPC
OPC+30 g/l additive

O OPC+10 g/l additive
O oPC+50 g/l additive

compressive strength, MPa

1 3 7 28
hydration time, days

@ reference OPC+Sp O OPC+10 g/l additive+Sp
OPC+30 g/l additive+Sp 0 OPC+50 g/l additive+Sp

Fig. 6. Compressive strength of samples with a fine additive of bismuth titanate: a) without Sp; b) with 1.2 g/1 of Sp
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also confirms the uniformity of the additive distribution
throughout the cement composite. A similar situation is
observed for the samples modified with stabilized water-
polymer suspensions of the additive after ultrasonic ex-
posure (Fig. 6b). The maximum increase in compressive
strength is observed at first and third days age from 29 to
42 MPa (by 31, 38 and 45%) and from 53 to 70 MPa (by
28, 30 and 32%), respectively, compared with the refer-
ence sample with plasticizer.

This fact is confirmed by the results obtained using
the SDT Q-600 thermal analyzer. According the thermo-
grams (two of them are shown as an example in Fig. 7)
the dependence of calcination losses on the hydration
time of the samples were plotted (Fig. 8).

v

The graphs in Fig. 8 show that the mass loss after cal-
cination of cement stone modified with bismuth titanate
water suspensions after ultrasonication increases with
hydration time and has maximum values for samples with
50 g/1 of additive. Similar situation is observed for cement
samples modified with water-polymer suspensions after
ultrasonic exposure.

Thus, it can be concluded that an integrated approach
to the stabilization of suspensions makes it possible to
obtain cement composites with higher strength values
both in the initial hardening periods and at 28 days age.
These characteristics allow the authors further studies
such properties as biocidity and photocatalytic activity
in order to obtain building material of new generation.
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Fig. 7. Thermograms of the reference sample (a) and with 30 g/1 of bismuth titanate (b) at 3 days age with Sp
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Fig. 8. The hydration degree of cement stone samples modified with stabilized water (a) and water polymer (b) suspen-
sions of bismuth titanate

CONCLUSION Based on our studies, it can be concluded that the sta-
bilization process of additive is achieved by synergistic

The study allows to obtain the following results.  effect as a result of formation of strong gel-like films of ad-
The optimal value of the plasticizer for fine bismuth tita- sorbed plasticizer on the surface of the particles, which
nate additive was determined using surface tension and  prevent the particles from sticking together with subse-
conductometric methods: the CMC value for polycarbox- quent sedimentation of particles. Ultrasonic processing

ylate superplasticizer is 1.3 g/1. Thus, in order to stabilize =~ provides increase in entropy which contributes to the uni-
suspensions, it is necessary to choose a concentration  form distribution of the particles throughout the dispersed

of plasticizer less than the CMC point. medium so that they stay longer suspended in it. Cement

The studies on the effect of ultrasonic exposure on  powder mixed with stabilized suspensions of fine additive
the stabilization of suspensions and on the sedimenta-  in concentration of 10, 30 and 50 g/1 leads to an increase
tion rate of additive particles in water and water-polymer  in the in the compressive strength of the samples from 24
dispersed media demonstrate that ultrasonication contrib-  to 33 MPa compared to the reference OPC (by 13, 25 and

utes to a slower particle sedimentation process, whichis  38%, respectively) at first day age, and from 80 to 93 MPa
probably explained by the size reduction of large particles  (by 4, 9 and 16%) at 28 days age. The maximum increase
into smaller ones and the disintegration of agglomerates, in compressive strength for samples modified with water-
as well as the intensification of adsorption of Sp macro-  polymer suspensions is noted at first and third days age,
molecules on the particles of the additive. from 29 to 42 MPa (by 31, 38 and 45%) and from 53 to
Studies of the mechanical properties of cement stone 70 MPa (by 28, 30 and 32%), respectively, compared to
modified with bismuth titanate stabilized suspensions  the reference sample OPC+Sp.
indicate an increase in strength characteristics and more The results of our research indicate the possibility
intensive hydration processes in modified samples, which of obtaining a cement composite with enhanced proper-
indirectly confirms the uniformity of additive particles  ties and expanding the base of new generation building
distribution throughout the cement stone. materials.
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