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ABSTRACT: Introduction. The current stage of the construction industry and building materials science development involves the
introduction and widespread application of nano- and fine particles capable of improving the properties of traditional materials.
However, it is necessary to provide stabilization of nano- and fine-dispersed components in the cement system. Plasticizing additives
can be used as stabilizers. It is important to set their concentration. Therefore, the purpose of this study is outlined, which lays in
the methodological substantiation the stabilizing effect of various types of plasticizers on the suspension of fine synthetic bismuth
titanate used in the modification of cement systems, and the establishment of the limits of their optimal concentrations. Materials
and methods. The research is aimed at establishing the limits of optimal concentrations of polycarboxylate and sulfonaphthalene
formaldehyde plasticizers. The limits of plasticizers optimal concentrationsis determined withdye solubilization method, surface
tension and conductometric methods, and studies on establishing the stabilizing effect of plasticizers on a bismuth titanate fine
particles suspension. Results and discussion. To establish the limits of the optimal concentration capable of stabilizing fine particles
of bismuth titanate in suspension, CMC is determined by the dye solubilization method, surface tension and conductometric meth-
ods. It is found that a polycarboxylate plasticizer is characterized by one CMC point, and a sulfonaphthalinformaldehyde plasticizer
is characterized by two CMC points: CMC, and CMC,. At CMC, point unstable spherical micelles are formed, which turn into stable
ones at the CMC, point. At concentrations exceeding the CMC, value, polymorphic transformations of spherical micelles into non-
spherical asymmetric micelles occur. The same can be traced for the polycarboxylate plasticizer CMC only in one stage. It can also
be concluded that it is not reasonable to increase the plasticizer concentration above CMC for polycarboxylate plasticizer and above
CMC, for sulfonaphthalinformaldehyde plasticizer, which is due to structural changes in the micelles of plasticizers. It is assumed
that in order to stabilize bismuth titanate fine particles, it is necessary to choose the plasticizers concentration within the limits
not exceeding the values of CMC for polycarboxylate plasticizer and CMC, for sulfonaphthalinformaldehyde plasticizer. Conclu-
sion. Concluding results demonstrate the limits of optimal plasticizers concentrations for the stabilization of bismuth titanate fine
particles suspension. For polycarboxylate plasticizer this range of concentrations is 1.1 — 1.5 g/I; for sulfonaphthalinformaldehyde
plasticizer its 2.2 - 4.0 g/I.
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1. INTRODUCTION

In recent years the construction industry and construc-
tion materials science involve widespread application of
nano- and fine particles that can improve the properties of
traditional materials such as concrete, metal, glass, poly-
mer, wood and ceramic materials and coatings: increase
their strength characteristics, durability, frost resistance,
corrosion resistance [1—5]. Nanomodification can also

© Samchenko S.V.,, Kozlova .V, Zemskova O.V, Dudareva M.O., 2023

provide the materials with new unique properties: abil-
ity to self-cleaning and self-healing, energy efficiency,
environmental friendliness [6, 7].

Scientists from different countries study the influence of
metal nanoparticles, metal oxides and carbon nanosystems
on structure formation of building materials and the depen-
dence of their properties on structure formation [8—10].

One of the main tasks of nanochemistry in building
materials science is the search and synthesis of nanoscale

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-3523-593X
https://orcid.org/0000-0001-8269-5624
https://orcid.org/0000-0002-9500-2492
https://orcid.org/0000-0002-6069-0256
https://creativecommons.org/licenses/by/4.0/

2023; 15 (2):
97-109

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

CONSTRUCTION MATERIAL SCIENCE

particles, structures and ultrafine materials, which are
performed in two main ways. The first approach is “top-
down” synthesis, resulting in crushing, grinding, ultra-
sonic dispersion, pyrolysis, mechanochemical grinding
of macro-objects to nano scale. The second approach
involves “bottom-up” synthesis of nano-objects, consist-
ing in the organization of atoms and molecules into nano
structured objects by, for example, chemical methods
such as co-precipitation, sol-gel and hydrothermal syn-
thesis [11].

Study aimed at improving concrete and cement sys-
tems properties is a priority task due to the fact that most
constructive, anticorrosive, finishing and decorative
products and materials are created on their basis. The
introduction of nano- and ultrafine admixtures into the
cement composite can promote the structure formation
and enhance physico-mechanical characteristics of con-
crete and cement stone [12—15].

Key problem of cement stone modification with fine
additives is the choice of the optimal method of introduc-
ing admixtures into the cement composite, which can be
carried out by various ways, for example, during the joint
grinding of clinker minerals and additives, as a dry com-
ponent to the mineral binder or in the form of suspension
instead of mixing water when obtaining cement mortar.
However, there is a number of difficulties due to the fact
that fine particles possess large specific surface area and
excessive surface energy. Therefore fine particles have
tendency to the agglomeration process, which prevents
the uniform distribution of fine particles in the cement
composite [5, 16, 17].

This problem can be solved by stabilizing the suspen-
sion of fine particles, which will be introduced into the the
cement composite instead of mixing water, using stabiliz-
ers — organic high molecular surfactants with a amphiphi-
lic structure of molecules having polar (hydrophilic) and
nonpolar (hydrophobic) groups. Surfactants can adsorb
on the surface of particles, provide the system aggregative
and sedimentation stability and prevent the agglomera-
tion and further sedimentation of particles, leading to the
destruction of the dispersed system [4, 5, 18]. It is known
that the stabilization of fine particles in water and water-
polymer system is also promoted by ultrasonic process-
ing of the suspension: ultrasonic vibrations contribute to
a more active process of additional particle size reduction
with the formation of new interfacial surfaces where sur-
factant molecules can adsorb, which ultimately leads to
a more uniform distribution of fine particles in the volume
of the water-polymer medium and, as a result, to a more
uniform distribution of admixture particles in the cement
composite matrix [4, 5, 19].

The modern construction industry offers a wide range
of surfactants — plasticizing additives for cement materi-
als, which are generally used to increase the workability
of the concrete mixture while maintaining an optimal

water-cement ratio, to prevent segregation of the concrete
mixture and water separation, intensify the hydration pro-
cesses of clinker minerals, contributing to the formation of
a denser microstructure of cement stone with fewer pores.
Plasticizers based on lignosulfonates, polymelamine and
poly-naphthalene sulfonates, polycarboxylates, polya-
ryl esters are widely used. As a result of chemisorption,
a gel-like film is formed on the surface of cement grains,
where functional ionogenic groups of plasticizer macro-
molecules provide cement grains with the same charge,
contributing to the electrostatic repulsion of particles,
when long hydrocarbon radicals provide steric hindrance
of cement particles, thus creating a stabilized colloidal
system [20—21]. Similarly, the effect of plasticizers can
be extended to the stabilization fine particles suspension
of the admixture.

It’s essential to note that the process of surfactants
dissolution in water has its own features: up to a certain
concentration, called the critical micelle concentra-
tion (CMC), the system is a molecular solution, and at
concentrations exceeding this value — a colloidal sys-
tem where plasticizer molecules are organized into as-
sociates — micelles. The characteristics of the micellar
dispersed system prevent the process of stabilization of
fine particles, both cement and admixture particles. If
a water-polymer suspension of fine particles is prepared
with the use of a superplasticizer at a concentration ex-
ceeding the CMC, the necessary stabilization and disper-
sion of the admixture particles and cement grains will not
be achieved [22].

Therefore, when choosing the type of stabilizing
surfactant for the admixture fine particles suspension,
it is necessary to take into account not only the type of
plasticizer, but also its concentration. Consequently,
the purpose of the work was formulated, concerning the
methodological substantiation of the stabilizing effect of
various plasticizers on the suspension of fine synthetic
bismuth titanate used in the modification of cement
systems, and the establishment of plasticizers optimal
concentrations.

2. MATERIALS AND EXPERIMENTAL
METHODS

Two types of plasticizers were chosen as the objects
of the study: polycarboxylate plasticizer Melflux 5581 F
(BASF, Germany) and sulfonaphthalinformaldehyde
plasticizer C-3 (Russia). These plasticizers are consid-
ered as stabilizers for suspensions of fine bismuth titanate
admixture, and will be further designated Sp, — polycar-
boxylate-based plasticizer; Sp, — sulfonaphthalinformal-
dehyde-based plasticizer.

The effect of plasticizers will be evaluated on the sta-
bilization of bismuth titanate Bi,Ti,O, fine admixture
suspension, synthesized on the basis of the TiO,—Bi,0,
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Fig. 1. XRD phase analysis of admixture samples

system (79.5% Bi,0, — 20.5% TiO,) by solid-state reac-
tion.

The solid-state synthesis of the admixture was carried
out as follows: the initial oxides were calcined in a muf-
fle furnace to remove sorbed water and carbon dioxide,
weighed on analytical scales in quantities calculated ac-
cording to the reaction equation (1), ground in an agate
mortar with the addition of isopropyl alcohol to improve
homogenization, pressed into pellets and annealed in
a muffle furnace with intermediate grindings in the tem-
perature range 650—800°C, the total annealing time is
24 hours. In accordance with the XRD analysis data,
single-phase samples corresponding to the pure phase of
bismuth titanate were obtained (Fig. 1).

2Bi,0,+3TiO, - Bi,Ti,0,. (1)

Distilled water (pH = 5.5) was used as a model dis-
persed medium for the obtained fine bismuth titanate
admixture.

Due to the fact that fine particles in the suspension
tend to aggregation and sedimentation processes, it’s nec-
essary to stabilize the suspension and to determine the op-
timal concentration of the stabilizing component. Thus,
the subject of the study is the methodology of choosing
the optimal stabilizers concentration for the suspension of
bismuth titanate fine particles and confirming the correct-
ness of establishing the optimal concentration by statisti-
cal processing of the experimental results.

The research methodology includes:

— determination of surface-active properties and protec-
tive number of plasticizers;

— setting the limits of optimal concentrations to achicve
a stabilizing effect on the admixture fine particles.
The methodology of surface-active properties research

includes the determination of the surface tension and

Gibbs adsorption of plasticizers solutions and the estab-

lishment of CMC with further determination of optimal
stabilizers concentrations range.

The determination of surface tension and Gibbs ad-
sorption was carried out according to the method de-
scribed in [5].

To select the optimal range of stabilizer concentra-
tions, CMC was established by the solubilization of or-
ganic dye method, surface tension and conductometric
methods.

The organic dye solubilization method is based on
the determination of CMC by visual assessment of the
fluorescence change of the Rhodamine 6G dye (Fig. 2)
in molecular true solution and micellar solutions.

Fig. 2. Structure of the Rhodamine 6G cationic dye

The determination of the surface tension by is based
on comparing the number of droplets of the test solution
and the standard liquid (distilled water) flowing from the
burette.

For highly diluted plasticizer solutions the surface ten-
sion was calculated by the formula:

n(H,0)

n(plasticizer) ’

o(plasticizer) = o(H,0) 2)
where o(plasticizer) is the surface tension of the in-
vestigated surfactant solution, N/m;

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

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

n(plasticizer) is the number of droplets of the investi-
gated surfactant solution.

According to the obtained data, isotherms of the sur-
face tension were plotted. The CMC corresponds to the
intersection of liner area with minimal surface tension
and the slope where surface tension declines.

Measurements of the electrical conductivity of the
plasticizers solutions using a conductivity meter (Fig. 3)
were carried out as follows: solutions of plasticizers of
various concentrations were prepared, transferred into the
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Fig. 3. Measurement of the plasticizer solution electrical
conductivity using a conductivity meter

beakers at a level of 3—4 c¢cm; the device was immersed in
the solution and the data was taken.

According to the obtained data, graphs log electrical
conductivity versus log concentration were plotted, the
CMC were determined graphically by the bends on the
curve.

The work focuses on the stabilization of fine particles.
An indicator of the protective effect of the stabilizer is a
protective number, which indicates the minimum amount
of substance required to stabilize a unit volume of the
suspension.

The protective number S (g/1) is calculated by the
following formula (3):

S=C,*V,/V, 3)

where C_ is the concentration of the stabilizer solu-
tion, g/1;

Vpr — volume of stabilizer solution, ml;

V is the volume of the suspension, ml.

The phase composition of the admixture was deter-
mined by X-ray diffraction phase analysis (XRD DRON—
3 diffractometer, Cu-K_ radiation, ACu-K_ = 1.54056
A). The rotation speed of the counter when shooting was
2 degrees / min. Diffractograms were taken in the range
of angles 26 = 0.05° and exposure time T = 5 sec.

v

The adsorption process of stabilizer molecules on
admixture particles was confirmed by IR spectroscopy
(Nicolet iS10 IR Fourier spectrometer, spectral range of
3200 — 600 cm~" in KBr pellets).

3. RESULT AND DISCUSSION

To obtain a dense and strong structure of cement
stone, as well as to provide a number of other useful
properties (biocidal, photocatalytic, etc.), fine admix-
tures are introduced into the cement system. However, it
is necessary to achieve uniform distribution of fine par-
ticles in the cement system, that is why it’s essential to
focus on stabilization of fine particles, for example, by
the introduction stabilizers -organic polymer ionogenic
plasticizing additives. To achieve the maximum stabiliz-
ing effect of the plasticizer, it is necessary to establish its
optimal concentration, which shouldn’t exceed CMC.
If true molecular solution of a plasticizer transforms into
associative mecellar colloidal system, the stabilization of
the admixture particles won’t occur.

There are various methods of fixing the CMC point,
which are based on a abrupt change in the physico-chem-
ical characteristics of the system in this area, associated
with the transition of a true solution into a colloidal ul-
tramicroheterogenic system — sol, at which a new phase
is formed. CMC is often determined by changes in the
surface tension of the surfactant solution, electrical con-
ductivity, optical properties of the system (turbidity, light
scattering, refractive index), viscosity.

In this work, a visual method for assessing the color
change of the organic dye (solubilization method), sur-
face tension and conductometric methods were used to
determine the CMC of plasticizers Sp, and Sp,.

At the first stage, the CMC was evaluated using a vi-
sual assessment of change in the fluorescence of the Rho-
damine 6G dye. This method is based on the registration
of the color change of the dye solution in the true and
micellar surfactant solution. Below the CMC value the
surfactant is a true solution, its coloring with the addition
of Rhodamine 6G has one shade. Micelles begin to form
above the CMC value and the dye is introduced into the
micelles, while the color of the solution changes.

To determine the CMC, a series of plasticizer solutions
were prepared on distilled water (Table 1) by diluting the
initial concentration twice.

The initial concentrations were was 2.5 g/l for Sp ,
10 g /1 for Sp,. The solutions of plasticizers were transpar-
ent without visible turbidity. Concentrations of 15, 8, 6 g/1
were additionally prepared for Sp,. 5 ml of solutions were
transferred into clean test tubes and 5 ml of Rhodamine
6G solution with a concentration of 2 * 10~° mol/I was pi-
petted into each tube, after which the dye color transition
from red to yellow (increased fluorescence) was observed
at concentrations of 0.63—1.3 g/1 (Fig. 4).
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Table 1
Concentrations of plasticizer solutions
Stabilizer Stabilizers solutions concentrations, g/1
Sp, 2,5;2;1,5;1,3;1,13; 1; 0,89; 0,76; 0,63; 0,31; 0,16; 0,078; 0,039
Sp, 15;10; 8;6; 5;4; 2,5; 1,25, 0,625; 0,321; 0,156; 0,078

Fig. 4. Color transition of Rhodamine-6G in solutions of Sp, (a) and Sp, (b)

To specify the CMC value, four plasticizer solutions
were further prepared from the concentration range of
0.63 g/1 (solution a) and 1.3 g/I (solution b) (Table 2):

According to the results of studies using the dye solu-
bilization method from Fig. 4, it was found that the color
transition of Rhodamine 6G is observed in a solution
with a concentration of 1.0 g/1 for Sp, (Fig. 4a), and in
two solutions for the stabilizer Sp, 2.5-4 g/l and 8 g/1
(Fig. 4b). Consequently, these concentrations are the
CMC of these stabilizers.

The determination of the accuracy of the CMC de-
termination using this method was evaluated by statistical
data processing with a confidence probability of 0.95 and
a sample of 6 definitions (Tables 3—4).

From Tables 3—4, the following conclusions can be
drawn:

— for Sp,, the confidence interval of CMC ranges from
0.97—-1.07 g/1; for Sp,, the confidence interval of
CMC, ranges from 2.23—3.77 g/I; CMC, ranges from
7.52-9.15 g/I;

Table 2
Series of plasticizer solutions to refine the CMC

— since the coefficient of variation for the CCM point of
the stabilizer Sp, does not exceed 10%, the confidence
interval in the range of 0.97—1.07 g/1 can be consid-
ered reliable;

— since the coeficient of variation for the points CMC,
of the stabilizer Sp, significantly exceeds 10%, the
confidence intervals calculated from the initial data
cannot be considered reliable.

Discarding not suitable values, we get the following
results for Sp,:

— CMC is2.5¢g/l;

— since the coefficient of variation for CMC, point of
the stabilizer Sp, does not exceed 10%, the confidence
interval in the range of 7.52—9.15 g/1 can be considered
reliable.

Although this method couldn’t be assumed accurate,
it nevertheless provides primary assessment of the con-
centration range where CMC point is located. The dye
solubilization method clearly showed that one point of
CMC is characteristic for Sp, (within 0.97—1.07 g/1),

- Plasticizer solution volume, ml Specified concentration of a-solution,
C(a)=0,63 g/l Ch)=1,3g/ g/l
1 1 4 1.8
2 2 3 1.6
3 3 2 1.4
4 4 1 1.2
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Table 3

Statistical data processing on the method of dye solubilization for plasticizer Sp,
n X X S? Sx Sr Sx ) X-d X+ 9 (V] Q
1 1 0
2 1 0
3 1 0
4 . 1.02 | 0.002834 | 0.05323 0.052 0.0217 | 0.05324 0.97 1.0749 | 5.2116 0
5 1 1
6 | 1.13 —

where X isthe CMC, g/I; S is the variance; Sx is the standard deviation of an individual result; Sr is the relative standard
deviation; SX is the standard deviation of the arithmetic mean; X=£38 is the confidence interval; o is the coefficient of

variation; Q — is the Q-criterion

Table 4
Statistical data processing on the dye solubilization method for the plasticizer Sp,
X,/ n|l X X S? Sx Sr Sx i) X-5 X+ 0 (V) Q
1| 25 0
2| 25 0
X, i 22 3.0 0.6 0.7746 | 0.2582 | 0.3162 | 0.7748 2.2252 3.7748 25.82 (1)
5 4 0
6 4 _
1 8 0
2 8 0
X, i 2 8.33 | 0.6667 | 0.8165 | 0.09798 | 0.3333 | 0.8167 7.5167 9.1500 9.8 g
5 8 1
6| 10 —

where X is CMC; X, is CMC,

and two CMC points for Sp,:(CMC, is 2.5 g/l, CMC,
is within 7.52—9.15 g/1). This fact indicates that micelle
formation in the solution of the stabilizer Sp, occurs in
several stages, which correspond to several CMC points.
CMC, = 2.5 g/l probably corresponds to the concen-
tration at which spherical micelles are formed. At con-
centrations exceeding this value (CMC, in the range of
7.52—9.15 g/1), polymorphic transformations occur in the
micellar dispersed system: spherical associates are trans-
formed into cylindrical and disc-shaped. The same thing
can be traced for the plasticizer Sp, only in one stage.
Therefore, it is unacceptable to add a plasticizer above
the CMC for the plasticizer Sp, and above the CMC, of
the plasticizer Sp,, which is due to structural changes in
the micelles of plasticizers. Thus, it is assumed that in
order to stabilize fine particles of bismuth titanate, it is

necessary to select concentrations of plasticizers within
the limits not exceeding the values of CMC for Sp, and
CMC, for Sp,.

The next method that will be considered in this study
is the surface tension method, which makes it possible
to determine the CMC values of plasticizer solutions, to
establish their surface tension and Gibbs adsorption. A se-
ries of solutions from Table 1 were used for this method.

The data obtained from this method surface tension
data allowed us to plot isotherms of the surface tension of
the plasticizer in 0-C" coordinates (Fig. 5), where v is the
stoichiometric coefficient of the electrolyte. For plasticiz-
ers Sp, and Sp,, v is 2, because the number of positive and
negative ions of plasticizers are equal to 1.

According to the bends on the isotherms the CMC
points for Sp, and Sp, were determined. As well as in
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Fig. 5. Isotherms of the surface tension of the plasticizers in 6-C* coordinates: a) Sp ; b) Sp,

the dye solubilization method, there is one CMC point
for Sp,, which is within the values of 1.3—1.5 g/l and
two CMC points of for Sp,: CMC, is2.5 g/l; CMC, is
8—9 g/l

The determination of the accuracy of the CMC de-
termination using this method was evaluated by statistical
data processing with a confidence probability of 0.95 and
a sample of 6 definitions (Tables 5—6).

From Tables 5—6, the following conclusions can be
drawn:
for Sp,, the confidence interval of CMC ranges from
1.28—1.44 g/1; for Sp, the confidence interval of CMC,
ranges from 2.29-2.55 g/1; CMC, ranges from 7.83—
8.67 g /L
as the coefficient of variation for CMC points of Sp,
and Sp, does not exceed 10%, all confidence variants
could be considered reliable.
From the isotherms presented in Figure 5, calculations
were carried out to plot Gibbs adsorption isotherms for
these ionnogenic surfactants as I" versus C' (Figure 6).

The isotherms shown in Fig. 6. show that the maxi-
mum Gibbs adsorption for Sp, is 3.1 mol/m?, for Sp, the

Gibbs adsorption has two limit values I’ =2.0 mol/m?
and I' = 3.1 mol/m>.

Probably, in this case, unstable spherical micelles of
the plasticizer Sp, were formed at first stage with further
self-dispersion, which leads to a destruction of the initial
adsorption layer on the interface. During the transition
from unstable spherical micelles to stable ones with subse-
quent polymorphic transformations in the micellar system
and the formation of stable cylindrical and disc-shaped
associates, a more stable adsorption layer corresponding
to the limit value of I' = 3.1 mol/m? is formed.

These studies of the plasticizers surface-active prop-
erties suggest that plasticizers molecules adsorb on the
water-air interface, and can also form gel-like films on
the surface of fine particles of bismuth titanate.

Further, the CMC for plasticizers was determined
by a conductometric method, which is also suitable for
determining the CMC of ionogenic surfactants. This
method of CMC determination is based on a change in
the electrical conductivity of solutions in the area of mi-
cellar solution formation. The conductivity values for
a series of plasticizer concentrations were measured using

Table 5

Statistical processing of surface tension method data for Sp,
n X X S? Sx Sr Sx 0 X—-o X+ (V] Q
1 1.3 0
2| 1.3 0
31 135 0.25

1.3583 | 0.006417 | 0.08010 | 0.05897 | 0.0327 | 0.08012 | 1.2782 | 1.4384 5.90

4 | 135 0.25
5 1.4 0.5
6 1.5 —
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Table 6
Statistical processing of surface tension method data for plasticizer Sp,

X,/n| X X S? Sx Sr Sx o X-d X+ c Q
1225 0
21225 1
31 25 0

X, NIRRT 2.4167 | 0.01667 | 0.1290 | 0.0534 | 0.0527 | 0.1291 2.2875 | 2.5458 5.34 0
51 25 0
6| 2.5 —
1 8 0
2 8 0
3 8 0

X, 2 2 8.25 0.175 | 0.4183 | 0.0507 | 0.1709 | 0.418417 |7.831583 |8.668417 | 5.07 0.3
5| 85 0.5
6 9 -

where X, is CMC ; X, is CMC,
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Fig. 6. Isotherms of Gibbs adsorption in '-C" coordinates: a) Sp,; b) Sp,

a conductivity meter according to Table 1 and logarith-
mic graphs Ig (%) = f (Ig C) for Sp, and Sp, were plotted
(Fig. 7), the CMC of the plasticizers were determined
from the bends of curves.

Based on the bends in the graphs from Fig. 7, the
CMC points for Sp, and Sp, were determined. As well
as in the previous methods of dye solubilization and sur-
face tension method, there is one point of CMC for Sp,
which is equal to 1.5 g/l and two points of CMC for Sp,:
CMC, =25g/land CMC, =8 g/1.

The determination of the accuracy of the CMC de-
termination using this method was evaluated by statistical

data processing with a confidence probability of 0.95 and

a sample of 6 definitions (Tables 7—8).

From Tables 7—8, the following conclusions can be
drawn:

— as or Sp, the confidence interval of CMC ranges
from 1.4—1.5 g/1; for Sp,, the confidence interval of
CMC, ranges from 2.22—-2.52 g/I; CMC, ranges from
7.82—8.85 g/1.

— because the coefficient of variation for CMC points
of stabilizers Sp, and Sp, does not exceed 10%, then
all confidence intervals can be considered reliable.
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Fig. 7. Dependence of electrical conductivity on the concentration of plasticizer solutions: a) Sp ; b) Sp,

Table 7
Statistical data processing of conductometric method for Sp,
n X X S Sx Sr Sx 0 X-9% X+ o Q
1 1.4 0
2 1.4 0
3 1.4 1
2 3 1.45 0.003 | 0.05477 | 0.0378 | 0.02236 | 0.05478 | 1.3952 | 1.5048 3.79 0
5 1.5 0
6 1.5 —
Table §
Statistical data processing of conductometric method for Sp,
X,|n| X X S? Sx Sr Sx ) X-9 X+ 6 [\ Q
1| 22 0
21 22 0.3
31 23 0.7
X, NEY: 2.3667 | 0.02267 | 0.1506 | 0.06361 | 0.06146 | 0.150585 {2.216082 |2.517252| 6.36 0
51 25 0
6| 2.5 —
1 8 0
2 8 0
3 8 0
X, 1 " 8.3333 | 0.2667 | 0.5164 | 0.06197 | 0.2108 | 0.5165 | 7.8168 | 8.8498 | 6.20 0.3
5 9 0.5
6 9 —

where X is CMC; X, is CMC,
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To establish the concentration of the plasticizer re-
quired to protect bismuth titanate suspensions from
coagulation, plasticizers Sp, and Sp, were introduced
into a dispersed medium containing 5% of admixture
in the quantities presented in Table 1. The suspensions
were transferred into 100 cm?® cylinders to monitor the
sedimentation process of stabilized admixture particles.
The stabilization process was monitored until complete
sedimentation of the particles (II period of particle sedi-
mentation). The obtained experimental results are sum-
marized in Tables 9 and 10.

From the data given in Tables 9, 10, it follows that
when plasticizers are introduced into the bismuth titanate-
water system, the aggregate and sedimentation stability
of bismuth titanate suspensions increases. The obtained
results allowed us to establish a protective number, which
ranges from 1.47 to 2.25 for Sp, (0.00147—0.00225 g/1) and
from 6.25 to 16 (0.00625—0.016 g/1) for Sp,, which allows
to calculate the required amount of plasticizer to stabilize
suspensions of bismuth titanate.

Optimal limits of plasticizer concentrations have been
established to stabilize fine particles of bismuth titanate.
The optimal concentration of Sp, for the stabilization of
bismuth titanate fine particles is 1.1—1.5 g/1, the optimal
concentration of Sp, is 2.5-4.0 g/I. Further increase in
Sp, concentration is not reasonable, and when added in
quantities above 10 g/1, there is even a slight decrease in
the stabilizing effect of this plasticizer, which is associated
with a change in its micellar properties and the formation

of non-spherical asymmetric micelles. As a result, the
suspension is destabilized,the process of its destruction
is accompanied by sedimentation of both plasticizer and
bismuth titanate fine particles.

The studies on determination of optimal concentra-
tions of two types of plasticizers for the stabilization of
bismuth titanate fine particles suspensions by different
methods demonstrate good convergence of results, which
indicates the correctness of the studies and the possibility
of using these methods for the selection of the stabilizer
optimal concentration. Results, obtained by complex
research from dye solubilization method, surface ten-
sion and conductometric methods, as well as by estab-
lishing the plasticizers stabilizing effect on a suspension
of bismuth titanate fine particles, the limits of optimal
concentrations of plasticizers were determined: for Sp, —
1.1-1.5 g/I; for Sp, — 2.2—4.0 g/1.

The results of IR spectroscopy confirms the stabiliz-
ing effect of plasticizers on bismuth titanate fine particles
(Fig. 8). Figure 8 shows IR spectra of pure plasticizer
Sp,, a finely dispersed admixture of bismuth titanate after
ultrasonic processing and a complex additive containing
a suspension of bismuth titanate stabilized by ultrasonic
processing and plasticizer Sp,.

The general type of the bismuth titanate IR spectra is
characteristic of perovskite—like structures: absorption
bands in the region of 600 and 800 cm™', correspond to
the stretching vibrations of the Ti—O bond in TiO, octa-
hedron and tetrahedral TiO, groups.

Table 9
Sedimentation stability of bismuth titanate suspension stabilized by Sp,
Ne of cylinder
Parameter

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13
Concentration of stabilizer, g/1| 0.039 | 0.078 | 0.160.31]0.63|0.76 (0.89 | 1.0 | 1.13| 1.3 | 1.5 | 2.0 | 2.5
Protective number, *1073g/1  [0.0015| 0.006 | 0.03]0.10|0.40|0.58 {0.79 | 1.0 | 1.47|1.69|2.25|4.00|6.25
Time of complete settling of
bismuth titanate particles, 1-20 | 1-40 [2-20{3-10|3-40|3-50|4-10|4-50|5-00 |5-00 | 5-00 | 5-00|5-00
h-min
Table 10
Sedimentation stability of bismuth titanate suspension stabilized by Sp,

Ne of cylinder
Parameter

1 2 3 4 5 6 7 8 9 10 1 | 12
Concentration of stabilizer, g/1| 0.078 | 0.156 | 0.321 | 0.625| 1.25 | 2.5 | 40 | 5.0 | 6.0 | 8.0 | 10.0 | 15.0
Protective number, *10-3g/1 0.006 [ 0.024 | 0.01 | 0.39 | 1.56 | 6.25 | 16 25 36 64 | 100 | 225
Time of complete settling of
bismuth titanate particles, 0-50 | 1-30 | 2-00 | 2-50 | 3-20 | 4-50 | 4-50 | 4-50 | 4-50 | 4-50 | 4-30 | 3-50
h-min
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Fig. 8. IR spectra of Sp,, pure bismuth titanate
and complex admixture

The band in the region of 2800 cm~' corresponds to
the stretching vibrations of the C=0 group, the medium
intensity band in the region of 1450 cm~' corresponds to the
bending vibrations of the OH bond in the hydroxyl group,
1400—1300 cm~' to the vibrations of the C—H bonds, the
most intense absorption band corresponds to the stretching
vibrations of the C—O bond, a wide band in the region of
2500 cm~"and an average intensity band of about 950 cm™!
corresponds to vibrations of hydroxyl group.

It is noticeable that on the IR spectra of an admix-
ture with a plasticizer after ultrasonication, in addition
to bands corresponding to perovskite structures, low-
intensity bands corresponding to the most intense bands
of the plasticizer appear, which indicates the adsorption
of the plasticizer on the surface of bismuth titanate par-
ticles. This is a necessary condition for the stabilization
of suspensions of the admixture.

The studies allow the authors to evaluate the stabi-
lizing effect of plasticizers on a fine admixture with its
subsequent application for cement systems. Modification
of cement systems with fine bismuth titanate improves
a number of cement stone characteristics, such as strength
and density of the structure, corrosion resistance, etc.
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