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The structure and adsorption characteristics of silica- and
montmorillonite-based nanocomposites are investigated. Tetraeth-
oxysilane was used as a source of silica. The porous structure was
investigated by the method of low-temperature nitrogen adsorption.

According to the research results, it was found that a small
amount of silica in nanocomposite samples (14 % SiO,) contributes
to the formation of material with a larger specific surface area and
greater number of meso- and macropores compared to original
montmorillonite. This, in turn, leads to a better diffusion of ions of
different nature into the nanocomposite structure. An increase in
the silica content (up to 57 % SiO,) allows obtaining microporous
samples with a large specific surface area.

Tt was determined that the increase of the montmorillonite con-
tent in the investigated samples contributes to the improvement of
the adsorption properties of nanocomposites in relation to the removal
of cobalt(IT) ions from the aqueous medium. At an optimum silica
content (3—14 % SiO,), the experimental samples retain high values
of maximum cobalt adsorption (14 mg/g), as well as original montmo-
rillonite. It was also found that an increase in the silica concentration
in the samples increases the efficiency of removal of uranium(VT) ions
from the aqueous medium (from 12 mg/g in original montmorillonite
to 25 mg/g for nanocomposites with a silica content of 57 %). This
is due to, first, an increase in the specific surface area of the samples,
and secondly — an increase in the number of surface hydroxyl groups,
which more selectively remove uranium from solutions. Thus, selec-
tion of the chemical composition of nanocomposites based on silica
gel and montmorillonite allows regulating porous structures and

surface chemistry, and thus increasing the sorbent efficiency depend-

ing on the task.

Keywords: porous structure, template-free synthesis, alumi-
nosilicate adsorbents, structural modification, cobalt adsorption,
uranium adsorption.

References

1. Merkel, B. J., Hasche-Berger, A. (Eds.) (2006). Uranium in the
Environment: Mining Impact and Consequences. Freiberg. Taylor &
Francis, 897. doi: https://doi.org/10.1007 /3-540-28367-6

2. Atwood, D. A. (2013). Radionuclides in the Environment. Chiches-
ter: John Wiley & Sons, 560.

3. Tournassat, C., Tinnacher, R. M., Grangeon, S., Davis, J. A. (2018).
Modeling uranium(VI) adsorption onto montmorillonite under
varying carbonate concentrations: A surface complexation model
accounting for the spillover effect on surface potential. Geochimica
et Cosmochimica Acta, 220, 291-308. doi: https://doi.org/10.1016/
1.8¢2.2017.09.049

4. Hu, W, Lu, S, Song, W,, Chen, T.,, Hayat, T, Alsaedi, N. S. et. al.
(2018). Competitive adsorption of U(VI) and Co(II) on montmoril-
lonite: A batch and spectroscopic approach. Applied Clay Science,
157, 121-129. doi: https://doi.org/10.1016/j.clay.2018.02.030

5. Wang, Y., Zheng, Z., Zhao, Y., Huang, J., Zhang, Z., Cao, X. et. al.
(2018). Adsorption of U(VI) on montmorillonite pillared with hy-
droxy-aluminum. Journal of Radioanalytical and Nuclear Chemistry,
317 (1), 69-80. doi: https://doi.org/10.1007 /510967-018-5913-2

6. Zhu, R, Chen, Q., Zhou, Q., Xi, Y, Zhu, J., He, H. (2016). Adsorbents
based on montmorillonite for contaminant removal from water: A
review. Applied Clay Science, 123, 239-258. doi: https://doi.org/
10.1016//j.clay.2015.12.024

7. Eliche-Quesada, D., Azevedo-Da Cunha, R., Corpas-Iglesias, F. A.
(2015). Effect of sludge from oil refining industry or sludge from pom-
ace oil extraction industry addition to clay ceramics. Applied Clay Sci-
ence, 114, 202—-211. doi: https://doi.org/10.1016 /j.clay.2015.06.009

8. Jaeckels, N., Tenzer, S., Meier, M., Will, E, Dietrich, H., Decker, H.,
Fronk, P. (2017). Influence of bentonite fining on protein composi-
tion in wine. IWT, 75, 335-343. doi: https://doi.org/10.1016/
jlwt.2016.08.062

9. Tiruneh, A. T, Debessai, T. Y., Bwembya, G. C. et. al. (2018). Com-
bined clay adsorption-coagulation process for the removal of some
heavy metals from water and wastewater. American Journal of Envi-
ronmental Engineering, 8 (2), 25-35.

10. He, R, Wang, Z., Tan, L., Zhong, Y., Li, W,, Xing, D. et. al. (2018). De-
sign and fabrication of highly ordered ion imprinted SBA-15 and MCM-
41 mesoporous organosilicas for efficient removal of Ni** from different
properties of wastewaters. Microporous and Mesoporous Materials, 257,
212-221. doi: https://doi.org/10.1016/j.micromeso.2017.08.007

11. Aguiar, J. E., Cecilia, J. A., Tavares, P. A. S., Azevedo, D. C. S., Castel-
lon, E. R., Lucena, S. M. P, Silva, 1. J. (2017). Adsorption study of
reactive dyes onto porous clay heterostructures. Applied Clay Sci-
ence, 135, 35—44. doi: https://doi.org/10.1016/j.clay.2016.09.001

12. Cecilia, J. A., Garcia-Sancho, C., Vilarrasa-Garcia, E., Jiménez-
Jiménez, J., Rodriguez-Castellon, E. (2018). Synthesis, Characteriza-

tion, Uses and Applications of Porous Clays Heterostructures: A



Review. The Chemical Record, 18 (7-8), 1085-1104. doi: https://
doi.org/10.1002/tcr.201700107

13. Sadek, O. M., Reda, S. M., Al-Bilali, R. K. (2013). Preparation and
Characterization of Silica and Clay-Silica Core-Shell Nanoparticles
Using Sol-Gel Method. Advances in Nanoparticles, 02 (02), 165—
175. doi: https://doi.org/10.4236,/anp.2013.22025

14. Abou Khalil, T,, Ben Chaabene, S., Boujday, S., Blanchard, J., Ber-
gaoui, L. (2015). A new method for elaborating mesoporous SiO,/
montmorillonite composite materials. Journal of Sol-Gel Science and
Technology, 75 (2), 436—446. doi: https://doi.org/10.1007 /s10971-
015-3716-2

15. Shu, Z., Li, T, Zhou, J., Chen, Y., Yu, D., Wang, Y. (2014). Template-
free preparation of mesoporous silica and alumina from natural kaolin-
ite and their application in methylene blue adsorption. Applied Clay
Science, 102, 33-40. doi: https://doi.org/10.1016/j.clay.2014.10.006

16. Li, T, Shu, Z., Zhou, J., Chen, Y., Yu, D., Yuan, X., Wang, Y. (2015).
Template-free synthesis of kaolin-based mesoporous silica with im-
proved specific surface area by a novel approach. Applied Clay Sci-
ence, 107, 182-187. doi: https://doi.org/10.1016/j.clay.2015.01.022

17. Doroshenko, D., Pylypenko, 1., Kornilovych, B., Subbota, I. (2018).
Preparation of porous silica nanocomposites from montmorillonite
using sol-gel approach. Technology Audit and Production Reserves, 4
(3 (42)), 4-9. doi: https://doi.org/10.15587/2312-8372.2018.140355

18. Rouquerol, J., Rouquerol, F, Llewellyn, P. et. al. (2014). Adsorption
by powders and porous solids principles, methodology and applica-
tions. Elsevier, 646. doi: https://doi.org/10.1016 /¢2010-0-66232-8

19. Rios, X., Moriones, P, Echeverria, J. C., Luquin, A., Laguna, M.,
Garrido, J. J. (2011). Characterisation of hybrid xerogels synthesised
in acid media using methyltriethoxysilane (MTEOS) and tetrae-
thoxysilane (TEOS) as precursors. Adsorption, 17 (3), 583-593.
doi: https://doi.org/10.1007 /s10450-011-9331-9

20. Li, X. L, Chen, C. L., Chang, P. P, Yu, S. M., Wu, W. S,, Wang, X. K.
(2009). Comparative studies of cobalt sorption and desorption on ben-
tonite, alumina and silica: effect of pH and fulvic acid. Desalination,
244 (1-3), 283-292. doi: https://doi.org/10.1016/j.desal.2008.04.045

21. Li, S., Wang, X., Huang, Z., Du, L., Tan, Z., Fu, Y., Wang, X. (2015).
Sorption and desorption of uranium(VI) on GMZ bentonite: effect
of pH, ionic strength, foreign ions and humic substances. Jour-
nal of Radioanalytical and Nuclear Chemistry, 308 (3), 877-886.
doi: https://doi.org/10.1007/510967-015-4513-7

22. Liu, G, Mei, H,, Zhu, H., Fang, M., Alharbi, N. S., Hayat, T. et. al. (2017).
Investigation of U(VI) sorption on silica aerogels: Effects of specific sur-
face area, pH and coexistent electrolyte ions. Journal of Molecular Lig-
uids, 246, 140—148. doi: https://doi.org/10.1016/j.molliq.2017.09.066

23. Lamb, A. C. M., Grieser, F, Healy, T. W. (2016). The adsorption of
uranium (V1) onto colloidal TiO2, SiO2 and carbon black. Colloids
and Surfaces A: Physicochemical and Engineering Aspects, 499,
156-162. doi: https://doi.org/10.1016/j.colsurfa.2016.04.003

DOI: 10.15587,/1729-4061.2018.143126

“THE POPCORN EFFECT”: OBTAINING OF THE
HIGHLY ACTIVE ULTRAFINE NICKEL HYDROXIDE BY
MICROWAVE TREATMENT OF WET PRECIPITATE

(p. 12-20)

Vadym Kovalenko

Ukrainian State University of Chemical Technology, Dnipro, Ukraine
Federal State Educational Institution of Higher Education “Vyatka
State University”, Russian Federation

ORCID: http://orcid.org/0000-0002-8012-6732

Valerii Kotok

Ukrainian State University of Chemical Technology, Dnipro, Ukraine
Federal State Educational Institution of Higher Education “Vyatka
State University”, Russian Federation

ORCID: http://orcid.org/0000-0001-8879-7189

Nickel hydroxide is widely used as an active material of
supercapacitors. The most active are samples of Ni(OH), with
(atB) layered structure synthesized in a slit diaphragm elec-
trolyzer. However, the processes that occur during filtering and
drying; negatively impact electrochemical activity. The influence
of microwave treatment of different times (from 0.5 to 5 min) on
the structure, surface morphology and porous structure, and also
on the electrochemical properties of nickel hydroxide samples
prepared in a slit diaphragm electrolyzer; has been studied. A
hypothesis was proposed on the existence of the “popcorn effect”:
short-term high-power microwave irradiation of the wet sample
would result in water boiling and internal explosion of the sample.
Treated and untreated samples were studied by means of X-ray
diffraction analysis, scanning electron microscopy and BET nitro-
gen adsorption-desorption. Electrochemical characteristics were
studied by means of galvanostatic charge-discharge cycling in the
supercapacitor regime. The existence of the “popcorn effect” has
been confirmed by increased sample thickness after microwave
treatment by 1.94 times, specific surface area 2.13 times, pore
volume by 2.66 times, and average pore diameter by 1.46 times,
It was discovered; that increasing treatment duration to 2—5 min
leads to microwave drying. XRD results revealed the occurrence
of ageing (crystallization) processes of nickel hydroxide during
thermal drying and their absence upon realization of the “popcorn
effect”. This results in the formation of X-ray amorphous samples.
Comparative analysis of electrochemical characteristics of treated
and untreated Ni(OH), samples was performed. An increase of
specific capacity at high current densities (80 and 120 mA/cm?)
for treated samples was observed: by 10.9 % upon microwave
drying, 24-42 % upon realization of the “popcorn effect”. The
maximum capacity of 231.1 F/g has been observed for the sample,
in which the “popcorn effect” was realized the most. However,
microwave treatment resulted in lower capacities at low cycling
current density. This is related to the thermal treatment of the
particle surface, caused by rapid boiling of water. A magnetron of
a higher power is required for avoiding this negative effect.

Keywords: nickel hydroxide, specific capacity, supercapacitor,
microwave treatment,specific surface area, ageing.
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This paper reports results of studying the features of the forma-
tion of thin interference-colored oxide films on the alloy Ti6Al4V
alloy in solutions of carboxylic acids. It has been established that a
change in voltage on the cell corresponding to the molding depen-
dence of the alloy depends on the anodic current density. At current
densities <0.5 A-dm~2, a continuous oxide film is not formed at the
alloy surface and the assigned voltage value is not reached. An in-
crease in current density to values higher than 0.5 A-dm~? predeter-
mines a linear change in voltage over time with followed by reaching
the assigned magnitude U. The maximum film thickness for these
conditions is defined by the voltage magnitude and does not depend
on the electrolysis mode. Color of the oxide film is defined by the
specified value for the molding voltage and does not depend on cur-
rent density, nature and concentration of carboxylic acid. A match
between the molding dependences of oxidation obtained in different
electrolytes suggests that the formation of oxide proceeds in line
with the same mechanism. The obtained data are explained by the
fact that the formation of oxide under the galvanic static mode takes
place under conditions of the presence of a constant potential gradi-
ent in the oxide film. An increase in the voltage magnitude applied to
the cell predetermines a proportional increase in the maximum oxide
thickness, since it leads to an increase in the amount of electricity
passed through the cell and a corresponding increase in the mass of
the oxidized metal. Results of the study into determining the effect
of the nature of carboxylic acid on the formation process of an oxide
film on the alloy Ti6AlI4V using the method of electrochemical oxi-
dation have demonstrated that the nature of the electrolyte does not
affect the characteristics of its formation. The obtained data allow
us to suggest that the choice of an electrolyte for the development
of a technology for electrochemical oxidation of titanium implants
should be based on the results of studying the functional properties
of the obtained coatings.

Keywords: anodic polarization, electrochemical oxidation, oxide
film, molding dependence, potential gradient.
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The study reported here has established that the ceramic facing
brick is characterized by capillary porosity that increases indicators
of water absorption and capillary pull, as well as efflorescence forma-
tion at its surface. In order to protect the surface of such a brick and
to provide it with the improved performance properties, we have used
hydrophobizing substances. We have determined experimentally that
the application of the PMPhS- and AP-based hydrophobizing agents
leads to a decrease in porosity by 1.2—1.3 times, in water absorp-
tion — by 1.2-2.3 times, in water absorption at capillary pull — by 1.1-
3.2 times. Research into frost resistance has found that for the ceramic
brick, covered with PMPhS, it increases by 15 cycles, and when treat-
ing a brick surface with AP — by 20 cycles, compared to the untreated
brick (F50). By employing an electron microscopy, it was determined
that the alternating freeze-thawing leads to that the brick’s surface,
treated with PMPhS and AP, demonstrates the formation of micro-
cracks (in this case, water absorption increased by 42 and 28 %). By
applying a method of mathematical planning of the experiment, it was
found that the most effective hydrophobizing substance is the modifier
that contains the nano-Al,O3 powder (a nano-liquid). It was deter-
mined that when treating the surface with a nano-liquid (the amount
of nano-AlyO3 is 0.8 %), its water absorption decreases to 1.2-1.6 %, its
water absorption indicator at capillary pull - to 0.08-0.12 kg/m?>h%>.
Using a method of defectoscopy, applying the Karsten tube, it was
found that water absorption for the brick whose surface was coated
with a nano-liquid reduced from 0.15 to 0.002 ml/cm?, indicating
a high level of hydrophobization. The electron microscopy method
confirmed that the modification of the ceramic brick surface by the
hydrophobizing nano-fluids makes it possible to compact the structure
through the colmatation of pores and microcracks, which reduces the
capillary pull of the brickwork. That also leads to the improved atmo-
spheric and frost resistance of brick building structures.

Thus, there is a reason to argue about the possibility of im-
proving the physical and technical indicators of the brick building
structure by modifying the surface of the ceramic facing brick by a
nano-fluid.

Keywords: ceramic facing brick, porosity, water absorption,
hydrophobizing substance, nano-liquid.
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We have analyzed the extraction process in the technology of oil-
seed processing. This paper describes the original provisions, speci-
ficity, modern scientific schools, and the level of representation of the
classic extraction process. The specificity of mathematical modeling
of the extraction process, given the introduction of an additional
driving force that significantly affects the kinetics of extraction in an
electromagnetic field of ultra-high frequency, is considered from the
classical theory of the process.

We have constructed the extraction kinetics calculation formu-
lae, in microwave field, which develop the theory of extraction kinet-
ics in an electromagnetic field. The paper gives an analysis of variants
for the representation of a mathematical notation of the extraction
process of disperse materials in an electromagnetic field of ultra-high
frequency. A complete model of the mass exchange processes during
extraction in a microwave field in the differential form will make it
possible to generate conditions for conducting comprehensive ex-
perimental studies, which would fully define the extraction process
of oilseeds.

We have theoretically substantiated the process of heat and
mass exchange between the all defining objects inside an extraction



unit with an electromagnetic field of ultra-high frequency. Based on

material balances, we derived equations describing the basic dynamic
characteristics of oil extraction mode in an extraction unit. Since the
precise analytical solution to the presented mathematical model in the
form of a system of differential equations in particular derivatives does
not exist, the approximate solution has been proposed. It makes it pos-
sible to identify the distribution of an extractant depending on the size
of fractions of raw materials, the existence and magnitude of power of
the pulsed electromagnetic field of ultra-high frequency, the extract-
ant’s hydro-module, temperature, solvents, for any point in time.

Based on the experimental research into extraction of oilseed
material, it was established that under the action of microwave radia-
tion a value for the mass release coefficient during extraction of oil-
seed raw materials grows by an order of magnitude (B=1-10"") com-
pared to extraction without the effect of MW field (p=1-10). Oil
extraction under the action of a microwave field increases to 30 %,
while electricity consumption decreases by 93-97 %. The application
of a microwave field would not only improve production efficiency,
but reduce energy costs during process by an order of magnitude.

Keywords: extraction, microwave field, heat and mass exchange,
material balance, differential equations.
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The kinetics and the mechanism of ozonation of 4-bromethyl-
benzene in acetic acid was studied. The constants of the rate of reac-
tion of ozone with 4-bromethylbenzene and 4-bromacetophenone at
different temperatures were determined. We showed the possibility
of conducting the process not only by the aromatic ring of the sub-
strate in accordance with the Krige mechanism, but also with the
formation of 4-bromacetophenone, which will be used when creat-
ing new methods of synthesis of oxygen-containing derivatives of
ethylbenzene.

It was established that oxidation of 4-bromethylbenzene by
ozone in acetic acid flows mainly by the aromatic ring with the
formation of ozonides — peroxide products of aliphatic nature. Up to
35% of 4-bromacetophenone and trace amounts of 1-(4-brom-
phenyl)ethanol were identified among the products of oxidation
reaction by the side chain. The reaction of ozone with 4-brometh-
ylbenzene in acetic acid at temperatures of up to 30 °C has the first



order by initial components and the value of constant of reaction rate

does not depend on the concentration of reactants. With increasing
temperature, constant of reaction rate begins to depend on the con-
centration of reagents, and in this case, ozone consumption increases
significantly. This indicates that under experimental conditions,
ozone is consumed simultancously at different stages of oxidation. It
was proved that ozonation of 4-bromethylbenzene is a complicated
process, in which the substrate is oxidized by the non-chain mecha-
nism. Ozone is consumed in two directions: in the reaction with the
substrate by non-chain mechanism and by the chain mechanism at
the stage of chain continuation in the reaction with the products of
thermal decomposition of ozonides. This fact gives grounds to argue
that at an increase in temperature, unproductive consumption of
ozone will grow rapidly and, vice versa, under conditions of preven-
tion of ozonolysis, ozone will participate in the reaction with forma-
tion of the target aromatic product.

Thus, the experimentally obtained data are the basis for the
development of the process of oxidation of derivatives of ethylben-
zene and creation of the foundations of technology of 4-bromace-
tophenone synthesis with the help of ozone. This will considerably
simplify the apparatus design of the process, enhance the output of
the target product and will contribute to subsequent improvement of
the method of oxidative processing of reagents.

Keywords: ozone-oxygen mixture, 4-bromethylbenzene, ozon-
olysis, 4-bromacetophenone, acetic acid, rate constant.
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The paper presents the use of agricultural products, namely
grape skins, in the “green” synthesis of monometallic (Au, Ag) and
bimetallic (Au—Ag) nanoparticles (NPs) from aqueous solutions of
metal ions of the corresponding precursors. At present, there exist
urgent problems of utilization of waste from the agro-industrial
complex, rational use of nature and transition to the use of environ-
ment-friendly and energy-efficient technologies. Therefore, there is a
tendency to use “green” technologies in obtaining nanomaterials that
are considered environment-friendly and resource-saving.

The study has proved the efficiency of using food waste (grape
skins) as a reducing and stabilizing agent in forming nanoparticles of
precious metals of mono- and bimetallic structures. Biological raw
materials were extracted in an aqueous medium under a short-term
effect of low-temperature plasma discharges. On the basis of the
complex analysis of the extract composition, it was proved that the
hydroxyl, carbonyl and carboxyl functional groups of the organic
compounds of the grape skin extract are responsible for the recovery
of the metal ions and stabilization of the resulting NPs.

The research has proved that mono- and bimetallic NPs are
formed with the following peaks: for Ag’ (Ana. =440 nm), Au’
(Amax=540 nm), and Ag—Au (Ap=510 nm). The size and stability
of the nanoparticles obtained by the “green” synthesis were assessed
in comparison with the same parameters for the plasmochemical
method of nanoparticles’ formation. The study has revealed anti-
bacterial, catalytic and anti-corrosion properties of the synthesized
nanoparticles. The resulting monometallic (Au, Ag) and bimetal-
lic (Au—Ag) nanoparticles show excellent catalytic activity while
recovering p-nitrophenol (4-NPh) to p-aminophenol (4-APh) in
the presence of NaBHy. The synthesized NPs demonstrate their

antibacterial activity against gram-positive and gram-negative bac-
teria. The findings allow to expand the practical application of metal
nanoparticles in various industries and enhance the processing and
reuse of non-liquid waste.

Keywords: aqueous extract, componential composition, grapes,
recovery, nitrophenol, antibacterial properties, antioxidant activity.
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This paper reports results of research into photocatalytic activ-
ity of oxides SnOs,, ZnO, TiO, in the process of hydroxybenzene
degradation in an aqueous medium with the separately considered
properties of the allotrope modifications of titanium oxide (IV):
anatase and rutile. The relationship has been substantiated between
a decrease in the value for the width of the restricted area and an
increase in the photocatalytic activity of the examined oxides. The
effect has been established of the organization of agitation on an
increase in the degree of hydroxybenzene degradation in an aqueous
medium, which is 10-15 % on average. We have studied the influence
of ratio of anatase to rutile in a photocatalyst on the hydroxybenzene
degradation efficiency. It has been shown that the results obtained in
the course of the study are consistent with data from the scientific
literature, while opening up additional possibilities to increase the
degree of hydroxybenzene oxidation in a joint application of anatase
and rutile. It was established that the greatest degree of oxidation
with and without agitation at an irradiation time of 60 minutes can
be achieved at the content ratio of anatase to rutile of 75/25 % and
is 23 % and 37 %, respectively. The use of such a composition makes
it possible to increase the degree of hydroxybenzene oxidation in

an aqueous medium by 11-18 %, which is 1.5-1.9 times larger in
comparison with pure rutile and anatase. The results obtained led
to the conclusion on that in order to reduce the time required to
achieve the maximal indicators for the process of hydroxybenzene
degradation, it is necessary to increase the ratio of the irradiated
surface to the height of the device and to increase the Re number of
the agitation process. Based on the obtained experimental data, we
have established the optimum composition of a photocatalyst, which
makes it possible to reach the maximal degree of hydroxybenzene
recovery from solution.

Keywords: wastewater treatment, hydroxybenzene, photocata-
lytic activity, titanium dioxide, anatase, rutile.
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