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This paper reports results of the development of cement
compositions and production technology for common ce-
ment systems «portland cement clinker — mineral additives —
alkaline activator — water-reducing admixture», which con-
tain more than 60 % by weight of mineral additives. The
additives have been selected from the group: granulated
blast furnace slag, ash from thermal power plants (fly ash and
disposed ash) and red mud (waste of alumina production).
The relevance of the work relates to the need to improve
a number of indicators that limit the widespread application
of traditional cements, highly filled with waste (slag portland
cement), in particular, early strength and setting terms.

We have devised basic principles of the structural ar-
rangement of cement compositions, as well as show the tech-
nology of their production. It was established that in terms
of the requirements based on acting Ukrainian and European
standards, in particular EN 197-1, the designed cements are
not inferior to the EN cements, CEM I, CEM II, CEM III, in
their characteristics, but even outperform them for strength.
The developed cement compositions, which contain the port-
land clinker in the amount not exceeding 40 % by weight,
meet the requirements of the EN standard for the classes of
compressive strength (at the age of 28 days) 32,5N — 32,5R;
42,5R — 52,5R.

We have investigated the influence of alkaline compo-
nents on the structure formation processes of artificial stone
in the alkaline activated cement at different levels. It was
established that an increase in the alkalinity of a cement
environment predetermines a decrease in the basicity of the
phase composition of neo formations of cement at the micro

level, as well as contributes to increasing the total porosity of
an artificial stone, which, at the same time, tends to closing
and decreases over time.

Keywords: alkali activated cement, composite cement,
related products, waste disposal, red mud, alkaline acti-
vation.
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We have defined the basic properties of ceramic bricks
for various purposes. The microstructure and phase com-
position of ordinary, facing and clinker bricks were inves-
tigated. We have established the interrelation between the
microstructure and phase composition of the examined
materials and water absorption, mechanical strength at
compression, and frost resistance. The research results al-
lowed us to identify patterns in the formation of a ceramic
sherd and explain the physical-chemical processes during
sintering.

It was established that ordinary brick mostly contains
the thermally altered clay substance with a low amount of
the glass-phase. Given the above, due to the incomplete
liquid-phase sintering, the ordinary brick has high water ab-
sorption values (10—14 %) at low strength (7.5-12.5 MPa).

Facing brick has the more developed glass-phase, which
firmly binds the crystalline phase. The latter is represented

by such minerals as B-quartz, microcline, albite, mullite, etc.
The main task in the facing brick production is to ensure the
optimal dispersion of starting raw materials and to achieve
even distribution of minerals throughout the entire volume
of the product.

Clinker brick has a more complex mechanism of sintering
because when using the starting particulate mass, it is re-
quired to obtain a dense homogeneous structure of products.
The main features of the ceramic mass are the introduction to
its composition of emaciated additives that would ensure the
resistance of products against deformation during annealing,
and marshes, which should ensure the intensive liquid-phase
sintering at annealing. When annealing such articles, it is
necessary to select the proper temperature-time mode, which
would match the sintering interval of the basic clay material.
This is required to ensure that, on the one hand, a strong
dense structure of the product is obtained, with a water ab-
sorption of 4—5 %, and, on the other hand, that such kinds of
defects as deformation, cracking, «over-annealing», swelling,
etc. are avoided.

Research results could be applied under industrial con-
ditions at enterprises in order to control product quality and
eliminate possible causes of defects related to violation of the
technological production mode.

Keywords: ceramic brick, ceramic material microstruc-
ture, sintering of clays, annealing of building ceramics.
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We report results of investigating the processes of elec-
trochemical oxidation of ammonium in a two-chamber elec-
trolyzer depending on the composition of the original solu-
tions — anolyte and catholyte, current density, electrolysis
duration. It is shown that the electrochemical oxidation of
ammonia in aqueous solutions of ammonium sulfate proceeds
at a rate of 14-55 mg/(dm?-hours) at a current density of
86.2-172.4 A/m? and the starting concentrations of a given
ion of 10-120 mg/dm?®. The rate of ammonium oxidation
under these conditions increases with increasing starting
concentrations of ammonium and with increasing current
density.

The output of oxidized ammonium for current and spe-
cific consumption of electricity for water purification from
ammonium are defined based on ammonium concentrations
and current density and increase with an increase in the con-
centration of a given ion and a decrease in current density.

Ammonium oxidation rate increases by 1.66 times in
solutions of ammonium sulfate ([NH;"]=90 mg/dm?, j=
=172.4 A/m?) in tap water, compared with distilled water.
This is due to the presence of chlorides in tap water, which
act as a catalyst during ammonium oxidation at the expense
of the intermediate formation of active chlorine. Under these
conditions, we observed complete oxidation of ammonia
compared with solutions on distilled water where the residu-
al ammonium concentrations reach 1-3 mg/dm?.

It is shown that the presence of chlorides in catholyte at
a concentration of 30 mg/dm? almost does not accelerate the
oxidation of ammonium. Our work demonstrated thatekex in
all cases, during oxidation of ammonium, pH of solutions de-
creases to 6.1-2.0, which is predetermined by the oxidation
of ammonium to nitrates and the acidification of water by the
formed nitric and sulphuric acids.

Based on the reported results, it can be concluded that
the electrochemical method is the most promising method for
the extraction of ammonium ions from water. Its application
makes it possible to achieve a 100 % water purification.

Keywords: ammonium ions, electrodialysis, redox pro-
cesses, anodic oxidation, specific electrical conductivity,
output of substance for current.
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We have investigated the anodic polarization dependen-
ces of the copper electrode in phosphate-alcoholic solutions.
The dependences derived can be divided into regions, each
of which corresponds to the course of certain electroche-
mical reactions within the specified range of potentials.
The first region corresponds to the anodic dissolution
of copper, the second region — to the formation at the
surface of copper of a passivating oxide-salt film and the
diffusion regime of metal dissolution. Upon reaching the
potential for the decomposition of water, the dissolution
of a copper electrode is accompanied by the oxidation
of HyO molecules. We have established the relationship
between patterns of copper dissolution and polarization
dependences of the electrode. Electrochemical etching of
copper is matched with the range of electrode potentials
of 0-0.8 V. Formation of an oxide-salt film at potentials
of 1-2V predetermines the ionization of copper under
diffusion mode and leads to the preferential dissolution
of metal’s micro-irregularities with the formation of the
shiny surface of the electrode. Shifting the anode potential
towards magnitudes exceeding 2V leads to the emer-
gence of point etching at the surface of copper because of
a local disruption in the continuity of a passive film. Adding
ethanol to the solutions of phosphoric acid reduces current
density of the anodic copper dissolution in the stationary
arca to the values of 0.2-2 A-dm~2. Ethanol helps obtain
a shiny surface of copper. At (CoH;0H)>30 %, the po-
lishing effect disappears. Butyl alcohol is an effective
inhibitor of copper etching and in its presence j, reduces
to 0.1-1 A-dm~2. Adding C;HgOH predetermines the for-
mation of surface with a strong gloss and the minimum
number of etching points. At (¢(C4H9OH)>50 %, copper
surface acquires a significant number of etching points.
Inhibitory effect of glycerol is close to the action of buta-
nol. The shape of the polarization dependence is predeter-
mined by the C3HgO3 content in solution. When increas-
ing ¢(C3HgO3)>20 %, polishing does not occur and the
surface of the electrode has a matte appearance. The data
obtained show that the anodic behavior of copper depends
on the nature of an additive, which could be used to de-
velop the polishing electrolytes or the dimensional copper
treatment.

Keywords: electrochemical polishing, passive film, dif-
fusion dissolution, pitting, anodic polarization, dimensional
treatment.
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Electrochromic films were prepared by cathodic tem-
plate synthesis in the presence of two types of polyvinyl
alcohol: with the hydrolysis degree of 99 % and 85 %. The
prepared films show differences in structural, morpholo-
gical, electrochromic and electrochemical characteristics.
Both films were X-ray amorphous and had different shapes
of the curve on the XRD patterns in the region of small
260 angles, which corresponds to differences in the direction
of 001. Comparison of the morphology of the films prepared
from solutions containing PVA with different hydrolysis
degrees revealed that the film prepared in the presence of
99 % hydrolyzed PVA has a relatively flat relief with small
sizes of bumps. On the other hand, the film prepared in the
presence of 85 % hydrolyzed PVA had worse uniformity. Its
relief had wavy lines, the height of which reached 1.2 pm.
Cyclic voltammograms of both films were also different.
CVA of the film prepared in the presence of 85 % hydrolyzed
PVA had sharp anodic and cathodic peaks that are similar in
height. The potentials of the peaks were +600 and +700 mV.
The film prepared in the presence of 99 % hydrolyzed PVA
showed broader peaks, with the anodic peak shifted to more
positive values (+900 mV). Electrochromic characteristics
of both films also differed significantly. The film deposited
in the presence 85 % hydrolyzed PVA had a high coloration
rate (60 s), but lower coloration degree (18 %). On the other
hand, the film deposited in the presence of 99 % hydrolyzed
PVA had a coloration rate that is three times slower (200 s),
but higher absolute coloration degree (24 %). Several me-
chanisms that explain such differences in the behavior of the
films prepared in the presence of different PVA types have
been proposed.

Keywords: electrochromism, electrodeposition, thin
films, Ni(OH),, nickel, polyvinyl alcohol, hydrolysis degree,
nickel hydroxide.
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We proposed some complication of the previously used cal-
culation model to expand capabilities of the theoretical descrip-
tion of acid-base and polycondensation equilibria in water-
silicate systems. A fuller account of the balance of H ions
enables the mathematical modeling of a structure and physi-
cochemical properties of aqueous solutions not only of soluble
silicates, but also of silicic acid, and with the same set of intro-
ductory thermodynamic parameters. The basis of the modi-
fied calculation model is a numerical solution of the system of
eight linear and nonlinear equations by the Newton method.

We used the new model to calculate parameters of the
molecular mass distribution of silicon-oxygen species and
pH value in aqueous solutions of silicic acid, as well as
alkaline silicates and silicates of amines (amino silicates).
We determined ranges of values of input thermodynamic
parameters, which make possible self-consistent descrip-
tion of three non-trivial experimentally observed effects.
These are a rheological anomaly in solutions of amino sili-
cates, absence of this anomaly in solutions of alkaline sili-
cates, and predominantly monomeric nature of silicic acid in
a low-concentrated aqueous solution of silica. We showed
that a self-consistent description of three effects is possible
only if the sum of indexes of dissociation constants (pK,) and
polycondensation constants (pK,) of a silanol group, is less
than 11.6. We also calculated concentrations of hydrolytic
and polycondensation structures in compositions of anions
and cations for these solutions and analyzed dependences of
these concentrations on parameters of the calculated model.
In particular, we showed that the modification of the calcu-
lated model leads to a significant increase in calculated values
of pH and a degree of dissociation of silanol groups for a silica
solution, while the average degree of polymerization stays
almost unchanged. In addition, we found that the degree of
depolymerization of a siloxane bond may be nonmonotoni-
cally dependent on pK, value in solutions of amino silicates.

Keywords: soluble silicates, amino silicates, silicic acids,
anomalous rheology, polycondensation.

References

1. Tler, R. K. (1979). The Chemistry of Silica. Wiley, 886.
2. Maliavski, N., Tchekounova, E., Dushkin, O. (1994). Silica
fibers obtained from aminosilicate solutions with a rever-

sible spinnability. Journal of Sol-Gel Science and Tech-
nology, 2 (1-3), 503-505. doi: https://doi.org/10.1007/
bf00486298

. Malyavskiy, N. 1., Pokid’ko, B. V. (2013). Polikondensa-

cionnye ravnovesiya i reologicheskaya anomaliya v vodnyh
rastvorah silikatov. Internet-vestnik VolgGASU. Ser.: Poli-
tematicheskaya, 4 (29). Available at: http://vestnik.vgasu.ru/
attachments/MalyavskiyPokidko-2013_4(29).pdf

. Toutorski, I. A., Tkachenko, T. E., Maliavski, N. I. (1998).

Structural and chemical modification of polydiene la-
texes by gel derived silica. Journal of Sol-Gel Science
and Technology, 13 (1-3), 1057-1060. doi: https://doi.org/
10.1023/a:1008628919412

. Yang, X., Zhu, W,, Yang, Q. (2007). The Viscosity Properties

of Sodium Silicate Solutions. Journal of Solution Chemistry,
37 (1), 73-83. doi: https://doi.org/10.1007/s10953-007-
9214-6

. Yang, X,, Zhang, S. (2016). Characterizing and Modeling

the Rheological Performances of Potassium Silicate Solu-
tions. Journal of Solution Chemistry, 45 (12), 1890—1901.
doi: https://doi.org/10.1007 /s10953-016-0540-4

. Malyavskiy, N. 1. (2003). Shchelochnosilikatnye utepliteli.

Svoystva i himicheskie osnovy proizvodstva. Rossiyskiy
himicheskiy zhurnal, 4, 39—-45.

. Falcone Jr,, J. S., Bass, J. L., Krumrine, P. H., Brensinger, K.,

Schenk, E. R. (2010). Characterizing the Infrared Bands
of Aqueous Soluble Silicates. The Journal of Physical Che-
mistry A, 114 (7), 2438-2446. doi: https://doi.org/10.1021/
ip908113s

. Vidal, L., Joussein, E., Colas, M., Cornette, J., Sanz, J.,

Sobrados, I. et. al. (2016). Controlling the reactivity of
silicate solutions: A FTIR, Raman and NMR study. Col-
loids and Surfaces A: Physicochemical and Engineering
Aspects, 503, 101-109. doi: https://doi.org/10.1016/
j.colsurfa.2016.05.039

. Maliavski, N., Zhuravlova, O., Denysiuk, O. (2017). The

rheological anomaly in water-silicate systems: a possible
thermodynamic explanation. Eastern-European Journal of
Enterprise Technologies, 4 (6 (88)), 23-28. doi: https://
doi.org/10.15587 /1729-4061.2017.105837

. Gorbach, V. A., Potapov, V. V., Kashpura, V. N. et. al. (2006).

Silicic acid polymerization in hydrothermal solution. Pro-
ceedings, 31st Workshop on Geothermal Reservoir Engi-
neering. SGP-TR-179. Stanford, California.

. Belton, D. J., Deschaume, O., Perry, C. C. (2012). An over-

view of the fundamentals of the chemistry of silica with rele-
vance to biosilicification and technological advances. FEBS
Journal, 279 (10), 1710—1720. doi: https://doi.org/10.1111/
j1742-4658.2012.08531.x

. Nichita, D. V. (2018). New unconstrained minimization

methods for robust flash calculations at temperature, volume
and moles specifications. Fluid Phase Equilibria, 466, 31—-47.
doi: https://doi.org/10.1016/j.fluid.2018.03.012

. Shields, G., Seybold, P. (2013). Computational Approa-

ches for the Prediction of pKa Values. CRC Press, 175.
doi: https://doi.org/10.1201/b16128

. Alvarez, R., Sparks, D. L. (1985). Polymerization of si-

licate anions in solutions at low concentrations. Na-
ture, 318 (6047), 649-651. doi: https://doi.org/10.1038/
318649a0

. Weber, C. F, Hunt, R. D. (2003). Modeling Alkaline Silicate

Solutions at 25 °C. Industrial & Engineering Chemistry Re-
search, 42 (26), 6970-6976. doi: https://doi.org/10.1021/
ie0303449



17. Provis, J. L., Duxson, P, Lukey, G. C., Separovic, F, Kri-
ven, W. M., van Deventer, J. S. J. (2005). Modeling Specia-
tion in Highly Concentrated Alkaline Silicate Solutions.
Industrial & Engineering Chemistry Research, 44 (23),
8899-8908. doi: https://doi.org/10.1021/ie050700i

DOI: 10.15587,/1729-4061.2018.136371

STUDYING THE INFLUENCE OF THE INTENSITY
OF MECHANOCHEMICAL ACTIVATION ON

THE PROCESS OF STEAM CONVERSION OF
COAL (p. 56-62)

Artur Luhovskoi

Volodymyr Dahl East Ukrainian National University,
Severodonetsk, Ukraine

ORCID: http://orcid.org/0000-0003-2958-396 X

Marat Glikin
Volodymyr Dahl East Ukrainian National University,

Severodonetsk, Ukraine
ORCID: http://orcid.org/0000-0002-6502-4527

Sergey Kudryavtsev

Volodymyr Dahl East Ukrainian National University,
Severodonetsk, Ukraine

ORCID: http://orcid.org/0000-0002-7799-714X

Irene Glikina

Volodymyr Dahl East Ukrainian National University,
Severodonetsk, Ukraine

ORCID: http://orcid.org/0000-0002-2307-1245

We continue to study the process of converting coal
into synthesis-gas under conditions of aerosol nanocatal-
ysis and reasonably expect would-be benefits of industrial
technology. The advantages include a possibility to change
the rate of reaction by influencing the intensity of mecha-
nochemical activation of the catalyst. We investigated the
process in a reactor where the mechanochemical activation
is performed by the rotation of the catalytic system. The
effect of activation intensity on chemical reactions under
conditions of aerosol nanocatalysis has been proven earlier
for the fluidized and vibro-liquefied layer of the catalytic
system. Previous studies have shown that the mechano-
chemical activation affects the composition of conversion
products, namely the ratio of CO:H,. That would make it
possible in the future to quickly reorient the production
of synthesis-gas in line with the needs of market for or-
ganic products. The research results showed that at a tem-
perature of 750 °C, 1 bar, MCA intensity of 2—4 Hz and
with an excess of coal (C:H,O=5.5:1), the obtained ratio
CO:H5=1:1.99-1:2.10 can be used for obtaining alcohols.
At a temperature of 750 °C, 1 bar, MCA intensity of 0—1 Hz
and with an excess of coal (C:H,0=5.5:1), the obtained
ratio CO:Hy=1:1.19-1:1.35 can be applied for obtaining
esters. We also noted the possibility of obtaining synthe-
sis-gas with a ratio of 1:2.3 (2.5), which can be applied for
obtaining hydrocarbons. This ratio was derived in the fol-
lowing mode: temperature 750 °C, pressure 1 bar, the ratio
coal:water =1:0.87, MCA intensity 3—4 Hz. The specified
process to obtain hydrocarbons was investigated at 230 °C,
1 bar, in a vibro-liquefied layer of the catalyst aerosol at
ratio CO:H,=1:3 at 3 Hz and CO:H,=1:2 at 3 and 5 Hz.
The results of this paper are continuation of a global study

into coal processing with obtaining the required industrial
product. This special feature is the advantage of conduc-
ting a given process based on the aerosol nanocatalysis
technology.

Keywords: acrosol nanocatalysis, mechanochemical acti-
vation, catalytic system, composition of synthesis-gas, steam
conversion.
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