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We examined the effect of nanosilver — ionic silver, interca-
lated into interlaminar spaces of montmorillonite, as a biocidal
additive to antibacterial fire-protection coatings for pharmaceuti-
cal enterprises.

We determined stability of intumescent coatings composed
of ammonium polyphosphate/pentaerythritol /melamine/EVA /tita-
nium oxide with additives of montmorillonite, modified with gua-
nidine and quaternary ammonium cations as well as ions of silver in
relation to mold and wood-staining fungi. It was shown that the ap-
plication of a mixture of biocides — montmorillonites, modified with
ions of silver and polyhexamethyleneguanidine cation, improves the
class of biocidal effectiveness of coating from “not effective” to “effec-
tive. It was established that the mixture of Ag-montmorillonite and
PHMG-montmorillonite demonstrated the synergistic effect against
mold and wood-staining fungi and provided the “highly effective”
class of biocidal effectiveness. According to data of microbiological
studies, the paint, which contains in its composition the mixture
of Ag and PGMG cations, exerts a disinfectant effect in relation to
gram-positive and gram-negative bacteria (including tuberculosis),
as well as mold fungi.

Field fire studies of intumescent paints for wood with the addi-
tives of Na-MMT, TSTA-MMT, PHMG-MMT and Ag-MMT were
conducted in line with GOST 16363. It was shown that the admix-
tures of nanoclays into water-based intumescent paints decrease
the temperature of flue gases and transfer wood into group I of fire-
retardant effectiveness.

Results of the study allow us to recommend the introduction
of the mixture (PHMG-MMT+Ag-MMT) into formulations of

intumescent paints as an effective antibacterial additive. Its proper-
ties are predetermined by the suppression of proliferation of gram-
positive and gram-negative bacteria, mold and wood-staining fungi.

Keywords: nanosilver, polyhexamethyleneguanidine, fire pro-
tection, montmorillonite, antibacterial coatings, intumescent com-

positions.
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We examined the impact of various factors on the salt effect,
which enhances the solubility of difficultly soluble salt, exerted by
the presence of inert electrolyte that has neither common cation
nor anion. It was conducted experimentally, by examining the
ratios of solubility products of different salts in different solvents,
as well as at different ionic strength. The goal was to select such
ionic strength where the activity coefficient is minimal, that is, the
enhancing effect is maximal.

It was established that such factors as dielectric permittivity of the
solvent, the anion charge affect enhancing coefficients but do not affect
the value of ionic strength at which the salt effect is maximal.

It was found that dielectric permittivity of the solvent has a direct
impact on the multiplying factor of the “salt effect”; we also established
dependence of the anion charge and the magnitude of the “salt effect”.
In addition, it was influenced by the degree of bond ionicity between
the cation and the anion, in other words, the difference in electronega-
tivities according to Pauling (EN).

The obtained data are of high theoretical interest for physical
chemistry, as well as for the design of new adsorbents and in other
situations where it is required to improve the solubility of a difficultly
soluble salt.

Keywords: activity coefficient, dissociation, generalized momen-
tum, difficultly soluble salt, inert electrolyte, salt effect.
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Nickel hydroxide is widely used as an active material for hybrid
supercapacitors. The most electrochemically active is o-Ni(OH)s,



synthesized using template homogeneous precipitation. In order to
achieve maximum characteristics, it was necessary to study the influ-
ence of the template concentration on structural, surface and electro-
chemical properties of Ni(OH), samples. For this purpose, Ni(OH),
samples were prepared using template homogeneous precipitation,
with Culminal C8564 (template) concentrations of 0 %, 0.5 %, 1 %,
2 %, 3 % and 4 %. Structural properties of the samples were studied
by means of X-ray diffraction analysis, size and particle morphol-
ogy — by means of Scanning Electron Microscopy, the electrochemi-
cal characteristic — galvanostatic charge-discharge cycling in the
supercapacitor regime. It has been demonstrated that an increase of
the template concentration to 0.2 % leads to a decrease of crystallin-
ity and particle size. However, a further decrease of concentration
leads to increase of crystallinity and aggregation of nickel hydroxide
particles. The influence of the template concentration on the elec-
trochemical properties is different for different concentration ranges.
At low template concentrations (below 0.2 %), the specific capacity
of the samples is almost independent of cycling current density. The
optimal concentration for this range is 0.1 %, with the maximum
specific capacity of 499 F/g. Nickel hydroxide prepared with 0.1 %
of Culminal C8564, is recommended for use at low and medium cur-
rent densities (below 80 mA/cm?). At high template concentrations
(0.3-0.5 %), the specific capacity increases significantly with an
increase of current density. The optimal concentration for the ranges
was 0.4 %, with the maximum specific capacity of 525 F/g. Nickel
hydroxide samples prepared with 0.4 % of Culminal C8564, is recom-
mended for use in high-speed supercapacitors with high discharge
current densities (120 mA/cm? and above).

Keywords: nickel hydroxide, template synthesis, homogeneous
precipitation, specific capacity, supercapacitor.
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A rheological anomaly, consisting in the reversible increase in
solution viscosity with increasing temperature, is a typical property of
aqueous solutions of aminosilicates (polysilicates of aliphatic amines,
amino alcohols and other amino compounds). To explain this anomaly,
a simple mathematical model of interrelated acid-base and polyconde-
sation equilibria in such solutions is proposed. The proposed calcula-
tion model assumes a direct dependence of the solution viscosity on
the polymerization degree of silicate anions, as well as the indepen-

dence of the dissociation constant of silanols and the polycondensa-
tion equilibrium constant on the degree of anions polymerization.

Based on the assumptions made, a system of eight linear and
nonlinear equations was constructed and solved. The results of
calculations performed for concentrated solutions of aminosilicates
(methylamine and piperidine silicates), as well as sodium and
tetramethylammonium silicates, confirm the presence of a positive
temperature dependence of the polymerization degree of silicate
anions in the aminosilicate solutions, in contrast to the solutions
of silicates of the strong bases. Thus, the proposed mathematical
model of polymerization-hydrolysis equilibria in aqueous silicate
solutions qualitatively explains the existence of the rheological
anomaly in aqueous solutions of aminosilicates and its absence in
solutions of alkali silicates and silicates of quaternary ammonium
bases. In addition, this model correctly reproduces the displace-
ments of the molecular mass distribution of silicate anions with
changes in chemical composition and concentration of solutions.

The proposed approach makes it possible to clarify the mecha-
nism of the rheological anomaly, to understand the roles of various
thermodynamic factors in its occurrence, and, as a consequence,
to conduct a more meaningful search for new silicate and non-
silicate systems with the same anomaly.

Keywords: soluble silicates, silicates of amines, aqueous solu-
tions, anomalous rheology, thermogelation, polycondensation.
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Technical characteristics and activity of oxide catalyst, applied on
fibers ALSIFLEX-KT1600, were studied. As a catalytic contact, we
used spinel (% by weight): Al,O3 — 10; MgO — 3; (CryO3+NiO) — 0.4.

As a result of conducted studies, the structure of the carrier
and the catalyst were studied, anisotropy of properties was estab-
lished, and technical characteristics were deftermined: density of
the catalyst, which made up 0.3 g/m?3, 90.4 % porosity, hydrody-
namic resistance of the catalyst’s layer at different voluminous
loads, and specific surface area. Catalyst activity was studied
at complete methane oxidation. Activation energy Ea made up
86.241 kJ/mol, while temperature of complete methane conver-
sion amounted to 800 °C and that of 50 % conversion made up
550 °C. Macrokinetic equation of the rate of complete methane
oxidation for this catalyst was obtained. Research results proved
high activity of the catalyst, resistant to exposure to high temper-
atures (1000—1200 °C) and volumetric loading (t=0.03-0.05 s).

The obtained results indicate relevance of the use of the
developed catalyst for catalytically stabilized combustion of hy-
drocarbon fuels with improved performance, technological and
environmental characteristics.

Keywords: catalyst, metal oxides, mineral fiber, methane oxi-
dation, specific surface area.
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The problem of plasticization of alkaline cements was analyzed
and the ways of its solution were offered. The problem is related to the
structural instability of a number of chemical admixtures that are effec-
tive in plasticisation of clinker cements in the highly alkaline media of
hardening cement. Superplasticizers based on polyesters lose their steric
effect due to the hydrolysis reaction. On the other hand, selectivity of
action of chemical admixtures is associated with the changes in a wide
range of compositions of alkaline cements. In addition, the degree of
changes in the structure of admixtures depends not only on the medium
pH but also on the nature of the alkaline component, the production
process and use of such cements. Generalization of the problems made it
possible to proceed with the expansion of the range of substances from
the class of surface active substances (SAS), their experimental verifica-
tion and the application proposal for plasticization of alkaline cements.
As plasticizing SAS characterized by stability of molecular structure in
alkaline media, low- and high-molecular compounds from the class of
acyclic (aliphatic) compounds or fatty compounds were considered. The
polyester-based superplasticizers traditionally applied in plasticization
of calcium cement systems were used for comparison. Variation of the
nature and ratio of components in the composition of alkaline cements
as well as the chemical admixture nature were taken as the main factors
in the study of features of cement plasticization. Comparative evalu-
ation of effectiveness of these admixtures indicates selectivity of use
taking into account composition of alkaline cements. As a result of this
research, systematization of classes of chemical compounds according
to their effectiveness as plasticizers for alkaline cements was proposed.
Such a systematization can be used in development of commercial prod-
ucts in a form of plasticizing additives for concretes and mortars.

Keywords: alkaline cement, chemical admixture, surfactant,
granulated blast furnace slag, cement paste, plastic strength.

References

1. Aitcin, P, Flatt, R. (Eds.) (2016). Science and technology of concrete
admixtures. Elsevier, 613. doi: 10.1016,/¢2015-0-00150-2

2. Gelardi, G, Flatt, R. J. (2016). Working mechanisms of water re-
ducers and superplasticizers. Science and Technology of Concrete
Admixtures, 257-278. doi: 10.1016,/b978-0-08-100693-1.00011-4

3. Houst, Y. F, Bowen, P, Perche, E, Kauppi, A., Borget, P, Galmi-
che, L. et. al. (2008). Design and function of novel superplasticizers
for more durable high performance concrete (superplast project).
Cement and Concrete Research, 38 (10), 1197-1209. doi: 10.1016/
j.cemconres.2008.04.007

4. Zhang, Y.-R, Kong, X-M., Lu, Z-B, Lu, Z-C., Hou, S-S. (2015). Ef-
fects of the charge characteristics of polycarboxylate superplasticizers
on the adsorption and the retardation in cement pastes. Cement and
Concrete Research, 67, 184—196. doi: 10.1016/j.cemconres.2014.10.004

5. Marchon, D., Sulser, U., Eberhardt, A., Flatt, R. J. (2013). Molecular
design of comb-shaped polycarboxylate dispersants for environmen-
tally friendly concrete. Soft Matter, 9 (45), 10719. doi: 10.1039/
¢3sm51030a

6. BV.2.7-181 ISO: 2009. Building materials. Cement alkaline. Specifi-
cations (2009). Kyiv: Minregionstroy Ukraine, 12.

7. Palacios, M., Houst, Y. E, Bowen, P, Puertas, E (2009). Adsorp-
tion of superplasticizer admixtures on alkali-activated slag pastes.
Cement and Concrete Research, 39 (8), 670-677. doi: 10.1016/
j.cemconres.2009.05.005

8. Plank, J., Winter, C. (2008). Competitive adsorption between
superplasticizer and retarder molecules on mineral binder surface.



Cement and Concrete Research, 38 (5), 599-605. doi: 10.1016/
j.cemconres.2007.12.003

9. Yamada, K. (2011). Basics of analytical methods used for the
investigation of interaction mechanism between cements and su-

perplasticizers. Cement and Concrete Research, 41 (7), 793-798.
doi: 10.1016/j.cemconres.2011.03.007

10. Palacios, M., Bowen, P, Kappl, M., Butt, H. J., Stuer, M., Pechar-
roman, C. et. al. (2012). Repulsion forces of superplasticizers on
ground granulated blast furnace slag in alkaline media, from AFM
measurements to rheological properties. Materiales de Construccion,
62 (308), 489—513. doi: 10.3989,/mc.2012.01612

11. Flatt, R., Schober, 1. (2012). Superplasticizers and the rheology
of concrete. Understanding the Rheology of Concrete, 144—208.
doi: 10.1533/9780857095282.2.144

12. Rudenko, 1., Gergalo, A., Skorik, V. (2012). Polyols based admixtures
as plasticizers for alkaline fine-grained concretes. In Proc. of the 18th
International Conference on Building Materials “Ibausil”. Weimar,
Germany.

13. Runova, R., Rudenko, 1., Skorik, V. (2013). Formation of plastic
strength of slag-alkaline cement pastes with polyols. In Proc. of the
International Conference on Quality Strategy in Industry and Edu-
cation. Varna, Bulgaria.

14. Krivenko, P, Runova, R., Rudenko, I. (2015). Plasticizing alkaline
cements: state-of-the-art and solutions. In Proc. of the 14th Interna-
tional Congress on the Chemistry of Cement. Beijing, China.

DOL: 10.15587,/1729-4061.2017.106900

EXAMINING THE EFFECT OF ELECTROSYNTHESIS
CONDITIONS ON THE Ni-P ALLOY COMPOSITION
(p. 41-46)

Oleksandra Savchuk

Ukrainian State University of

Chemical Technology, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0002-3333-0204

Yuriy Sknar

Ukrainian State University of

Chemical Technology, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0002-1188-3684

Irina Sknar

Ukrainian State University of

Chemical Technology, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0001-8433-1285

Anna Cheremysinova

Ukrainian State University of

Chemical Technology, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0002-7877-1257

Yaroslav Kozlov

Ukrainian State University of

Chemical Technology, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0002-6987-3753

The Ni—P alloys are widely used as catalysts, magnetic and wear
resistant materials. Properties of the nickel-phosphorous alloys are
defined by the composition. A highly regulated technique to obtain the
alloys with specified composition is the electrosynthesis. It is a relevant
task to establish dependences of the alloy composition on the process
conditions. In the present work we examined the influence of elec-
trolysis parameters on the Ni—P alloy composition, obtained from the
methanesulfonate and sulfate electrolytes. It is shown that an increase
in the concentration of sodium hypophosphite, acidity and temperature
of the electrolyte increases phosphorus content in the alloy. Tt was
established that when carrying out the electrosynthesis under galvano-

static mode, a change in the alloy composition is predetermined by the
rate of phosphorus formation. Atomic phosphorus is formed as a result
of the course of two reactions. There occurs the electroreduction and
disproportionation of hypophosphite-anion involving hydrogen ions.
An increase in the concentration of hydrogen ions in the near-electrode
layer contributes to an increase in the rate of phosphorus formation
and growing phosphorus content in the alloy. That is why the alloys
with a higher content of phosphorus are formed at lower pH indices of
the electrolyte and at higher temperature. It was established that weak
buffer properties of the methanesulfonate electrolyte are responsible for
the lowered phosphorus content in the synthesized alloy. High pH index
in the near-electrode layer reduces the rate of phosphorus formation.
Established regularities might prove very useful when designing new
technologies of the Ni—P alloy electrosynthesis of specified composition
from the methanesulfonate electrolyte.

Keywords: electrosynthesis, Ni—P alloy, methanesulfonate elec-
trolyte, buffer properties, phosphorus formation.
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Plugging expanding cements ensure a better quality of insula-
tion of productive oil and gas-containing layers from aquifers. We
examined the effect of additives in the oxide form of expansion on

the physical-mechanical properties of cements and plugging mor-
tars. It was established that the introduction of calcium oxide and
magnesium oxide additives in the amount of 20 % by weight leads to
an increase, respectively, by 20-40 % and 12-36 % in cement water
consumption, and reduces by 20-32 % and 52-64 % strength of the
cements with additives in comparison with additive-free cement.
It should be noted that the introduction of a magnesium oxide ad-
ditive results in a more significant reduction of cement strength
(by 40-47 %) and plugging mortars strength (by 29-44 %) in com-
parison with the samples with a calcium oxide additive.

Cements and plugging mortars with a calcium oxide additive
yield a much greater increase (by almost three times) in the di-
mensions of samples than a magnesium oxide additive. The nega-
tive impact of magnesium oxide on the strength of cements and
plugging mortars can be explained by the features of hydration
products of this additive. Magnesium hydroxide is formed in the
form of fibers and flakes and it does not consequently participate
in the formation of crystalline structure of cement stone. At the
same time, calcium hydroxide can, in the process of hydration,
form calcium hydrosilicates and portlandite, which somewhat
reduces the negative effect of this additive on the strength of ce-
ments and plugging mortars.

In addition, with an increase in temperature, based on data
from electron microscopic analysis, there occurs the formation
of a larger mass of magnesium hydroxide due to the formation of
smaller fibers instead of the large lamellar ones. The total weight of
new formations increases — the expansion of the hardening mass of
the plugging mortar also grows. However, these new formations of
magnesium hydroxide do not possess strength and, in general, ce-
ment stone essentially loses strength compared to the cement stone
with a calcium oxide additive. This confirms inappropriateness of
using magnesium oxide as the additive in the production of expand-
ing plugging cements.

Keywords: oxide expansion, cement, expanding plugging mor-
tar, physical-mechanical properties, microstructure.
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The influence of cationic water-soluble polyelectrolyte PSPMG
on the interaction of scandium (I1T) with organic reagent eriochrom-
cyanine is studied. Because the study of the possibility of obtaining
new, more effective, modified reagents with a complex of better ana-
lytical characteristics is an actual analytical task.

The optimal conditions of complex formation were experimentally
determined: the pH range (5.5-6.5), the order of the adding of the com-
ponents (1 — scandium, 2 — ECR, 3 — PSPMG, 4 — buffer solutions),
the composition of the Sc-ECR-PSPMG complex (1:4:1) were experi-
mentally determined and the molar absorption coefficient — 1.8-10° was
calculated. A sensitive spectrophotometric method for scandium deter-
mination in solutions at the level of 107 mol/L was developed.

The optimal scandium sorption parameters in the form of three-
component systems Sc-OR-modifier on solid-state carriers were
established, scandium sorption isotherms were constructed, sorption
parameters of Ag, and K,gs were calculated. The test systems for
the identification of scandium as ternary compounds in polyurethane
foam and cotton were proposed, calibration curves in the concentra-
tion range from 1-106-1.10 mol /L were built and the colorimetric
method of identification of scandium in solutions that accelerate
analysis was proposed.

It is shown that the PSPMG application is a promising direction
for improvement of chemical-analytical characteristics of organic
reagents (eriochromcyanine and chromazurol S) because its usage
increases the sensitivity and selectivity of the spectrophotometric
determination of scandium in the form of a complex Sc-OR-PSPMG.

Keywords: scandium, eriochromcyanine, polyelectrolyte, test
method, surfactant, spectrophotometric technique.
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The impact of the chloride ions concentration and the tempera-
ture of the circulating water on the process of corrosion destruction
of carbon steel and cast iron has been investigated. It has been
shown that an increase in the concentration of chloride ions causes
a shift in the values of the stationary potentials of steel and cast
iron to the region of negative values and reduces the passive state of
these alloys. This leads to an increase in the corrosion rate of St. 3
steel and CI 18-36 cast iron. The results of electrochemical stud-
ies have shown that the more reliable protective films are formed
on steel than on cast iron. The limiting concentration of NaCl, at
which reliable operation of equipment made from these alloys is
possible, depends on the pH of the solution. At pH=7, it is about
1.2 g I'!, which is about an order of magnitude less than at pH=12.
When the circulating water temperature rises, the corrosion rate
of steel and cast iron increases. The stationary potentials of steel
and cast iron are shifted to the negative range, and the polarization
of the anode process decreases. Corrosion process is limited by the
rate of oxygen supply to the cathode areas

Keywords: circulating water, corrosion process, chloride ions,
passivity, polarization dependence, pitting, oxide-hydroxide films.
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