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The thermodynamics and kinetics analysis of the plasmochem-
ical formation of silver nanoparticles is performed. The thermody-
namics analysis is made on the basis of calculation of the Gibbs free
energy of formation of silver nanoparticles in an aqueous medium
by various methods. It was found that the Gibbs free energy in
aqueous solutions increases with decreasing size of silver particles.
Based on experimental data, it was determined that the average
size of plasmochemically prepared particles depends on the initial
concentration of silver ions in the solution and equals 36.5-60.1 nm
for 0.25-3.0 mmol /1.

The kinetics of chemical conversion in aqueous solutions of
silver nitrate under plasma treatment conditions in a gas-liquid
plasmochemical batch reactor is investigated. The curves of Ag"
dependence on duration of plasmochemical treatment of solutions
and initial concentration of silver ions are given. It is found that
the process of plasmochemical formation of silver nanoparticles is
the second-order reaction. The rate constant of formation of silver
nanoparticles is £=0.07—1.53 mol-'-dm®min~! depending on the
initial concentration of silver ions. It is shown that the formation of
silver nanodispersions under plasma discharge impact is character-
ized by the presence of the peak Ay =400-440 nm.

Keywords: low-temperature plasma, discharge, formation, pro-
cess, Gibbs free energy, thermodynamic potential, Nernst equation,
rate constant.

References

1. Fridman, A, Yang, Y., Cho, Y. I. (2012). Plasma discharge in liquid:
water treatment and applications. Taylor&Francis Group, 210. doi:
10.1201/b11650

2. Mariotti, D., Patel, J., Svréek, V., Maguire, P. (2012). Plasma-Liquid
Interactions at Atmospheric Pressure for Nanomaterials Synthesis
and Surface Engineering. Plasma Processes and Polymers, 9 (11-12),
1074-1085. doi: 10.1002/ppap.201200007

3. Skiba, M., Pivovarov, A., Makarova, A., Pasenko, O., Khlopytskyi, A.,
Vorobyova, V. (2017). Plasma-chemical formation of silver nano-
disperssion in water solutions. Eastern-European Journal of En-

10.

11.

12.

13.

14.

15.

16.

17.

18.

terprise Technologies, 6 (6 (90)), 59-65. doi: 10.15587/1729-
4061.2017.118914

. Levard, C., Hotze, E. M., Lowry, G. V., Brown, G. E. (2012). Envi-
ronmental Transformations of Silver Nanoparticles: Impact on Sta-

bility and Toxicity. Environmental Science & Technology, 46 (13),
6900—6914. doi: 10.1021/es2037405

. Jia, Z., Ben Amar, M., Brinza, O., Astafiev, A., Nadtochenko, V.,

Evlyukhin, A. B. et. al. (2012). Growth of Silver Nanoclusters
on Monolayer Nanoparticulate Titanium-oxo-alkoxy Coatings.
The Journal of Physical Chemistry C, 116 (32), 17239-17247.
doi: 10.1021/jp303356y

. Sirenko, A. N., Belashchenko, D. K. (2012). Thermodynamic pro-

perties of silver nanoclusters. Inorganic Materials, 48 (4), 332-336.
doi: 10.1134,/50020168512040140

. Sawyer, C.N., McCarty, P. L., Parkin, G. E (2003). Chemistry for En-

vironmental Engineering and Science. New York: McGrow Hill, 742.

. Ivanova, O. S., Zamborini, E P. (2010). Size-Dependent Electro-

chemical Oxidation of Silver Nanoparticles. Journal of the American
Chemical Society, 132 (1), 70-72. doi: 10.1021/ja908780g

. Zhang, W,, Yao, Y., Sullivan, N., Chen, Y. (2011). Modeling the Pri-

mary Size Effects of Citrate-Coated Silver Nanoparticles on Their
Ton Release Kinetics. Environmental Science & Technology, 45 (10),
4422-4428. doi: 10.1021 /es104205a

Lin, S., Cheng, Y., Liu, J., Wiesner, M. R. (2012). Polymeric Coa-
tings on Silver Nanoparticles Hinder Autoaggregation but Enhance
Attachment to Uncoated Surfaces. Langmuir, 28 (9), 4178—4186.
doi: 10.1021/1a202884f

Liu, J., Hurt, R. H. (2010). Ion Release Kinetics and Particle
Persistence in Aqueous Nano-Silver Colloids. Environmental Sci-
ence & Technology, 44 (6), 2169-2175. doi: 10.1021/es9035557
Peretyazhko, T. S., Zhang, Q., Colvin, V. L. (2014). Size-Controlled
Dissolution of Silver Nanoparticles at Neutral and Acidic pH Condi-
tions: Kinetics and Size Changes. Environmental Science & Techno-
logy, 48 (20), 11954—11961. doi: 10.1021/es5023202

ljaz Hussain, J., Kumar, S., Adil Hashmi, A., Khan, Z. (2011).
Silver Nanoparticles: Preparation, Characterization, And Kine-
tics. Advanced Materials Letters, 2 (3), 188-194. doi: 10.5185/
amlett.2011.1206

Pivovarov, A. A., Kravchenko, A. V., Tishchenko, A. P, Niko-
lenko, N. V., Sergeeva, O. V., Vorob’eva, M. L, Treshchuk, S. V.
(2015). Contact nonequilibrium plasma as a tool for treatment
of water and aqueous solutions: Theory and practice. Russian
Journal of General Chemistry, 85 (5), 1339-1350. doi: 10.1134/
$1070363215050497

Pivovarov, O. A, Skiba, M. 1., Makarova, A. K., Vorobyova, V. L,
Pasenko, O. O. (2017). Plasma-chemical obtaining of silver nanopar-
ticles in the presence of sodium alginate. Voprosy Khimii i Khimich-
eskoi Tekhnologii, 6 (115), 82-88.

Kuna, J. J., Voitchovsky, K., Singh, C., Jiang, H., Mwenifumbo, S,
Ghorai, P. K. et. al. (2009). The effect of nanometre-scale struc-
ture on interfacial energy. Nature Materials, 8 (10), 837-842.
doi: 10.1038 /nmat2534

Khanna, P. K., Singh, N., Kulkarni, D., Deshmukh, S., Charan, S.,
Adhyapak, P. V. (2007). Water based simple synthesis of re-dispers-
ible silver nano-particles. Materials Letters, 61 (16), 3366—3370.
doi: 10.1016/j.matlet.2006.11.064

Kiss, E D., Miotto, R., Ferraz, A. C. (2011). Size effects on sil-
ver nanoparticles’ properties. Nanotechnology, 22 (27), 275708.
doi: 10.1088/0957-4484,/22,/27 /275708



DOI: 10.15587,/1729-4061.2018.125988
DETERMINING THE PHYSICAL-CHEMICAL
CHARACTERISTICS OF THE CARBON-THERMAL
REDUCTION OF SCALE OF TUNGSTEN HIGH-
SPEED STEELS (p. 10-15)

Stanislav Hryhoriev
Zaporizhzhia National University, Zaporizhzhia, Ukraine
ORCID: http://orcid.org/0000-0002-1170-6856

Artem Petryshchev
Zaporizhzhia National Technical University, Zaporizhzhia, Ukraine
ORCID: http://orcid.org/0000-0003-2631-1723

Karina Belokon’
Zaporizhzhia state engineering academy, Zaporizhzhia, Ukraine
ORCID: http://orcid.org/0000-0003-2000-4052

Kristina Krupey
Zaporizhzhia National University, Zaporizhzhia, Ukraine
ORCID: http://orcid.org/0000-0003-1522-1060

Mykhail Yamshinskij

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-2293-2939

Grigoriy Fedorov

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-8254-9643

Dmytro Stepanov
Zaporizhzhia National Technical University, Zaporizhzhia, Ukraine
ORCID: http://orcid.org/0000-0003-1780-3611

Andrii Semenchuk

Ivano-Frankivsk National Technical University
of Oil and Gas, Ivano-Frankivsk, Ukraine
ORCID: http://orcid.org/0000-0002-6910-1868

Elena Matukhno
National Metallurgical Academy of Ukraine, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0001-5536-6745

Alexander Savvin
National Metallurgical Academy of Ukraine, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0001-9712-1973

We determined that scale of the high-speed steel R18 is com-
posed of the phases of Fe3Oy4 FeyOs, FeO, with the presence of
alloying elements as the replacement atoms. The microstructure is
disordered and non-uniform. In the examined area, in addition to Fe,
we revealed the presence of, % by weight: W — 16.34, Cr — 2.68, V —
1.82, and others. The content of O was 15.32 %. It was established
that the reduction of scale at 1,523 K proceeds with the formation
of o-Fe and carbides FesW3C, (Fe, Cr);Cs, W1C, V,C, FesC, FeyC.
Manifestation of carbides of alloying elements decreased with an
increase in the degree of reduction. The microstructure of reduction
products is heterogeneous, containing particles with a different
content of alloying elements and has a spongy structure. The condi-
tions are provided for the absence of phases subject to sublimation.
We conducted experimental-industrial tests of using the metallized
scale while smelting high-speed steel with a degree of disposal of
alloying elements at the level of 92-94 %. Improvement of envi-
ronmental safety was implemented by the replacement of reduction
melting with the newest methods of powder metallurgy employing
the solid-phase reduction.

Keywords: alloyed technogenic wastes, high speed steel, car-
bon-thermal reduction, microscopic analysis, carbide formation.
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Nickel hydroxides, owing to their high electrochemical acti-
vity are promising materials for chemical power sources (alkaline
accumulators, lithium accumulators and hybrid supercapacitors),
electrochromic devices, electrochemical oxidation of organic com-
pounds. The most promising is nickel hydroxide that contains both
o-Ni(OH), and B-Ni(OH),. The aim of the research was to deter-
mine the properties of model mechanical mixtures with different ra-
tios between a-Ni(OH), and B-Ni(OH); and to prove the hypothesis
about the layered structure of nickel hydroxide samples synthesized
in the slit diaphragm electrolyzer by means of comparative study.

The XRD patterns of samples composed of o-Ni(OH), and
B-Ni(OH), mixture show peaks corresponding to separate phases.
By means of cyclic voltamperometry, it was discovered; that mix-
ture samples do not show an oxidation peak during the first cycle,
while two reduction peaks that correspond to reduction of o and
B components are observed on the cathodic curve. A synergetic
effect, which results in significant improvement in electrochemical
activity of a-Ni(OH), and B-Ni(OH), mixture was discovered —
specific reduction peak current values are 2.3 A/g (20 % o-phase),
3.5 A/g (30 % o-phase), 6.9 A/g (50 % o-phase), which exceed
those of initial B-Ni(OH), (1.5 A/g) and o-Ni(OH), (2.0 A/g).
By means of XRD analysis, it was discovered; that Ni(OH), samples
synthesized in the SDE are composed of o and 3 and a series of inter-
mediate structures. These samples demonstrate high electrochemical
activity: presence of a defined oxidation peak during the first cycle,
single reduction peaks with high specific currents of 6.5-11.7 A/g.
The comparative analysis has revealed that electrochemically syn-
thesized samples are composed of o-Ni(OH), and B-Ni(OH),, but
are not a mixture of these phases, owing to significantly different
electrochemical behavior from mixture samples. Using mechanical
modeling, the layered (o+B) structure of samples electrochemically
synthesized in the slit diaphragm electrolyzer has been proved by
contradiction.

Keywords: (o+p) layered structure, nickel hydroxide, slit dia-
phragm electrolyzer, mixture of o and B nickel hydroxides.
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A composite material was developed with the polymeric binder
at the elevated concentration of a technogenic raw material, 75 %
by weight of red mud, as the filler. Dependence of indicators of com-
posite properties on the content of the filler at the differentiation
of varieties of polymer binders was established. When applying the
binder Acronal 290 D, the water absorption minimum is 3.2-3.5 %
by weight, the maximum is 5.0-5.3 % by weight. When applying
Pliolite AC-4, the water absorption minimum is 0.83-0.96 % by
weight, the maximum is 3.0-3.2 % by weight. When replacing the
binder from the aqueous dispersion with the varnish dispersion, it
is observed that water absorption level decreases by two times, but
the character of dependence of this indicator on concentration of the
filler remains unchanged. Analysis of hydrophobicity as a factor of
improvement of operational properties of the composite showed that



the maximum values of wetting angle of 130—136 degrees are regis-
tered at the concentration of the filler of 75 % by weight.

We established features of the porous structure of the composite
as a factor of influence on its properties. Total porosity and devel-
opment of its varieties depend on the type of the polymeric binder.
Indicators of total porosity are at the level of 9.3—11.8 % against
8.6-23.9 %, and the indicators of open porosity are at a significantly
lower level of 0.96-3.15 versus 3.49-5.32 over the same range of
changes in the concentrations of the filler when using Pliolite AC-4
compared to Acronal 290 D.

It was shown that the developed material is distinguished by
decorative (red color) and physical-technical characteristics that
are important for modern architecture, which contributes to solving
comprehensively the tasks on extending the range of composites and
on the industrial waste disposal.

Keywords: polymeric composite, filler, red mud, porous struc-
ture, styrene-acrylate, cellulose thickener.
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We studied the effect of nanomodifiers, which consist of a mix-
ture of a surface-active substance that creates micelles, and mineral
modifying admixtures. A special feature of present research is stu-
dying a simultaneous effect of surface-active substances that create
micelles, and mineral modifying admixtures, on a change in the
strength of fine-grained concretes.

The modifying admixtures that are most widely used at present
are microsilica and metakaolin. They have, however, certain disad-
vantages. The shortcomings of microsilica include a lack of stability
in its properties as it represents the industrial waste. Metakaolin is
rather costly because of high energy costs for its production. That is
why we employed microsilica, lime, gypsum, and natural kaolin as
the modifying admixtures in this research.

It was established in the course of our study it that the use
of nanomodifiers, which consist of micelles solutions and mineral
modifying admixtures, strengthens the rate of formation and the
magnitude of strength of fine-grained concretes. The results of re-
search showed that the processes of strength formation of concrete,
when using gypsum or lime as a modifying admixture, speed up by
1.5-2 times at the initial period of its hardening (3 days). Sub-
sequently, the rate of concrete strength formation, when it has
ananomodifier based on lime or gypsum, continues to exceed the rate
of formation of strength of the concrete, which contains only MSAS,



and concrete without additives. At the age of 28 days the nanomodi-
fied concrete demonstrates strength that is 70-110 % larger than the
strength of concrete without additives.

Thus, it was proved that in order to control processes of cement
setting and strength formation of an artificial stone, which is ob-
tained in the process of cement hydration, it is possible to use the
micellar catalysis. Applying the micelles filled with modifying ad-
mixtures increases the absolute magnitude of compressive strength
of fine-grained concretes.

The results obtained make it possible to reduce consumption of
Portland cement when manufacturing fine-grained concretes, or to
significantly reduce the time needed to fabricate monolithic struc-
tures from the specified concretes.

Keywords: fine-grained concrete, micelles, surface-active sub-
stances, nanofiller, nanomodifier, strength.
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Experimental studies confirmed that the development of rap-
id-hardening concretes with high resistance to a high-velocity im-
pact for special-purpose facilities is achieved through the multilevel
modification of the structure. The introduction of dispersed fibers
ensures optimization of a structure at the macro- and mesolevel.
At the micro- and nano-leves — by energetically active ultra- and
nanofine mineral additives and a high-reducing polycarboxylate
superplasticizer. We established high efficiency of the influence of
an organo-mineral nanomodifier containing polycarboxylate su-
perplasticizer, micro- and nano-silica on the workability of the
concrete mixture and the kinetics of concrete hardening based on it.
We detected a directional formation of the structure and the preset
properties of concretes of highly flowing mixtures at both early and
late stages of hardening. We established that the early strength of
nanomodified concretes increases by 4.8-5.1 times, and strength
after 28 days — by 2.0-2.3 times. The study showed that an increase
in the number of contacts, reduction in size and the number of initial
defects and increasing the homogeneity of nanomodified concrete
leads to the creation of a dense, fine-porous, less defective structure.
Ensuring such a structure of nanomodified fiber-reinforced con-
cretes leads to an increase in deformation characteristics, specifically
stiffness and elasticity, which make it possible to withstand greater
stresses at a constant value of relative deformations. We carried out



tests on resistance of nanomodified fiber-reinforced concretes under
conditions of action of a high-velocity impact that indicate their
increased impact viscosity. Thus, we can argue about the relevance of
a mechanism for the formation of regulated properties of nanomod-
ified fiber-reinforced concretes and about practical attractiveness of
the proposed technological solutions.

Keywords: nanomodification, dispersed reinforcement, orga-

no-mineral additive, rapid-hardening concrete, deformation proper-
ties, high-velocity impact.

References

. Savickiy, N. V., Nikiforova, T. D. (2016). Ukreplennye rayony

i mobil'nye blok-posty dlya oborony territorii i zashchity lichnogo
sostava v zone provedeniya antiterroristicheskoy operacii. Misto-
buduvannia ta terytorialne planuvannia, 61, 92—100.

. Shabatura, Yu. V. et. al. (2017). Perspektyvy zastosuvannia pryrod-

nykh ta shtuchnykh materialiv dlia dodatkovoho zakhystu inzhe-
nernykh ukriplen ta sporud. Perspektyvy rozvytku ozbroiennia ta
viyskovoi tekhniky sukhoputnykh viysk. Lviv: NASV, 291.

. Murthy, A, Palani, G, Iyer, N. (2010). Impact Analysis of Concrete

Structural Components. Defence Science Journal, 60 (3), 307-319.
doi: 10.14429/dsj.60.358

. Korobko, O. O. et. al. (2013). Analiz mekhanizmiv poetapnoi or-

hanizatsiyi mikrostruktury betoniv. Resursoekonomni materialy,
konstruktsiyi, budivli ta sporudy, 25, 76—83.

. Rana, N,, Tiwari, A., Srivastava, A. K. (2016). High Performance

Concrete and its Applications in the Field of Civil Engineering
Construction. International Journal of Current Engineering and
Technology, 6 (3), 982-985.

. Ubaidullaiev, Yu. N. (2013). Model vyboru ratsionalnoi oriyenta-

tsiyi armatury v zalizobetonnykh obolonkovykh konstruktsiyakh
fortyfikatsiynykh sporud.Tsentr voienno-stratehichnykh doslidzhen
Natsionalnoho universytetu oborony Ukrainy, 2 (48), 96—99.

. Afanasieva, L. V. (2016). Zalizobetonni konstruktsiyi v umovakh

vysokoshvydkisnoho udaru.Mistobuduvannia ta terytorialne planu-
vannia, 61, 108—113.

. Haifeng, L., Jianguo, N. (2009). Mechanical behavior of reinforced

concrete subjected to impact loading. Mechanics of Materials,
41(12), 1298-1308. doi: 10.1016/j.mechmat.2009.05.008

. Igbal, M. A,, Rajput, A., Bhargava, P. (2017). Plain and Reinforced Con-

crete Targets Subjected to Projectile Impact. Procedia Engineering,
173, 138-144. doi: 10.1016/j.proeng.2016.12.050

. Skoruk, O. (2016). Mitsnist ta trishchynostiykist stalefibrobeto-

nnykh plyt, opertykh po konturu pry povtornykh navantazhen-
niakh. Pidvodni tekhnolohiyi. Promyslova ta tsyvilna inzheneriya,
3, 83-93.

. Dvorkin, L. Y. et. al. (2016). Procktuvannia skladiv fibrobetonu iz

zastosuvanniam eksperymentalno-statystychnykh modelei. Suchasni
tekhnolohiyi ta metody rozrakhunku v budivnytstvi, 5, 45—58.

. Wille, K., El-Tawil, S., Naaman, A. E. (2014). Properties of strain

hardening ultra high performance fiber reinforced concrete (UHP-
FRC) under direct tensile loading. Cement and Concrete Compos-
ites, 48, 53—66. doi: 10.1016/j.cemconcomp.2013.12.015

. Plugin, A. A. et. al. (2017). Interaction of Mineral and Polymer Fi-

bers with Cement Stone and their Effect on the Physical-Mechanical
Properties of Cement Composites. International Journal of Engi-
neering Research in Africa, 3, 59—68. doi: 10.4028 /www.scientific.net/
JERA.31.59

. Kyrychok, V. 1., Kryvenko, P. V., Huziy, S. H. (2017). Dyspersne

armuvannia luzhnykh aliumosylikatnykh pokryttiv dlia zakhystu
betonu vid koroziyi.Budivelni materialy ta vyroby, 3-4, 30—-33.

. Solodky, S. Y., Turba, Y. V. (2012). Crack resistance of concrete,

reinforced with fiber of different types. 18 Internationale Baus-
tofftagung. Weimar: Ibausil, 0561-0567.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

Korotkih, D. N. (2011). Dispersnoe armirovanie struktury betona
pri mnogourovnevom treshchinoobrazovanii. Stroitel'nye materialy,
3,96-99.

Boria, S., Pavlovic, A., Fragassa, C., Santulli, C. (2016). Modeling of
Falling Weight Impact Behavior of Hybrid Basalt/Flax Vinylester
Composites. Procedia Engineering, 167, 223-230. doi: 10.1016/
j-proeng.2016.11.691

Sanytskyi,M. A., Marushchak,U. D., Kirakevych,I. 1., Stechy-
shyn, M. S. (2015). Vysokomitsni samoushchilniuvalni betony na os-
novi dyspersno-armovanykh tsementuiuchykh system. Stroitel'nye
materialy i izdeliya, 1, 6-9.

Falikman, V. R. (2013). Nanomaterialy i nanotekhnologii v sovre-
mennyh betonah.Promyshlennoe i grazhdanskoe stroitel’stvo, 1,
31-34.

Konsta-Gdoutos, M. S., Metaxa, Z. S., Shah, S. P. (2010). High-
ly dispersed carbon nanotube reinforced cement based materials.
Cement and Concrete Research, 40 (7), 1052-1059. doi: 10.1016/
j.cemconres.2010.02.015

Pushkarova, K., Sukhanevych, M., Martsikh, A. (2016). Using of
Untreated Carbon Nanotubes in Cement Compositions. Mate-
rials Science Forum, 865, 6-11. doi: 10.4028 /www.scientific.net/
msf.865.6

Tolmacheyv, S. N., Belichenko, E. A. (2017). Perspektivy primeneniya
nanochastic v betonah transportnogo naznacheniya. Budivelni mate-
rialy ta vyroby, 1-2, 38—41.

Sakulich, A. R, Li, V. C. (2011). Nanoscale characterization of
engineered cementitious composites (ECC). Cement and Concrete
Research, 41(2), 169—175. doi: 10.1016/j.cemconres.2010.11.001

Jo, B.-W,, Kim, C.-H., Tae, G., Park, J.-B. (2007). Characteris-
tics of cement mortar with nano-SiO, particles. Construction and
Building Materials, 21(6), 1351-1355. doi: 10.1016/j.conbuild-
mat.2005.12.020

Horszczaruk, E., Mijowska, E., Cendrowski, K., Sikora, P. (2014). In-
fluence of the new method of nanosilica addition on the mechanical
properties of cement mortars. Cement Wapno Beton, 5, 308-316.
Pushkarova, K. K., Kaverin, K. O., Kalantaevsky, D. O. (2015). Re-
search of high-strength cement compositions modified by complex or-
ganic-silica additives. Eastern-European Journal of Enterprise Tech-
nologies, 5 (5 (77)), 42-51. doi: 10.15587/1729-4061.2015.51836
Marushchak, U., Sanytsky, M., Mazurak, T., Olevych, Y. (2016).
Research of nanomodified portland cement compositions with high
early age strength. Eastern-European Journal of Enterprise Techno-
logies, 6(6 (84)), 50-57. doi: 10.15587/1729-4061.2016.84175
Leshchinskiy, M. Yu. (1980). Ispytanie betona. Moscow: Stroyiz-
dat, 360.

Marushchak, U., Sanytsky, M., Olevych, Y. (2017). Effects of eleva-
ted temperatures on the properties of nanomodified rapid hardening
concretes. MATEC Web of Conferences, 116, 01008. doi: 10.1051/
matecconf/201711601008

Marushchak, U., Sanytsky, M., Sydor, N. (2017). Design of rapid
hardening engineered cementitious composites for sustainable con-
struction. Selected Scientific Papers — Journal of Civil Engineering,
12 (2). doi: 10.1515/sspjce-2017-0026

DOI: 10.15587/1729-4061.2018.126928
DEVELOPMENT OF THE ELECTROCHEMICAL
SYNTHESIS METHOD OF ULTRAFINE
COBALT POWDER FOR A SUPERALLOY
PRODUCTION (p. 41-47)

Vadym Kovalenko

Ukrainian State University of Chemical
Technology, Dnipro, Ukraine

Vyatka State University, Kirov, Russian Federation
ORCID: http://orcid.org/0000-0002-8012-6732



Valerii Kotok

Ukrainian State University of Chemical
Technology, Dnipro, Ukraine

Vyatka State University, Kirov, Russian Federation
ORCID: http://orcid.org/0000-0001-8879-7189

Sergey Vlasov

National Mining University, Dnipro, Ukraine
Vyatka State University, Kirov, Russian Federation
ORCID: http://orcid.org/0000-0002-5537-6342

The electrochemical synthesis method for the preparation of
ultrafine cobalt powder from the sulfate-ammonium electrolyte
for the preparation of superalloys; has been developed. It was pro-
posed to introduce ammonia to the electrolyte until pH=11. The
electrolyte composition and the mechanism behind electrochemical
processes during cobalt powder synthesis have been studied. The
formation of the Co**ammine complex has been observed. The
precipitate dissolved in the mother liquor during a week, with
the formation of a purple-red solution. By recording cathodic and
cyclic cathodic-anodic curves, it was discovered that the solution
with dissolved precipitate contained Co®*. It was revealed that the
synthesis process occurs in two stages «Co?"—Co**—Co%, which
results in the increased polarization and formation of ultrafine cobalt
powder. The influence of electrolyte temperature on electrolysis and
powder characteristics has been studied. It was revealed that higher
temperatures lead to larger particle size and formation of compact
metal particles. It has been determined that the maximum electrolyte
temperature should not exceed 30 °C. It is shown that under these
conditions, the Co powder is composed of spherical particles that
form coral-like aggregates with the size of 35-150 pm, which can be
easily ground. The cobalt powder forms with the cathodic current
yield of 39 % and specific power consumption of 48 kW-h/kg, which
indicates a high effectiveness of the developed method.

Keywords: cobalt (+3) ammine complex, cobalt powder, super-
alloys, dendrite.
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This paper investigates the process of chemical deposition of
CdS films from ammonia-thiourea solutions. It was established that
a change in the turbidity of solution occurs in the process of chemical
deposition. The results of visual observations and measurement of
turbidity of solution allowed us to establish that these dependences
could be used to monitor the status of the process. Visual obser-
vations correlate with the obtained dependences for turbidity and
suggest that the chemical deposition of CdS includes the accumu-
lation of colloidal-dispersed precipitate in the volume of solution,
agglomeration of CdS particles, and a stationary mode of the CdS
film growth at the surface of a sample. The first stage of the process

is matched by a sharp increase in the turbidity of solution; the second
stage is accompanied by the emergence of a maximum in the depen-
dence. No significant change in turbidity occurs at the third stage.
The observation of morphology of the resulting precipitate allowed
us to establish working concentrations of reagents in solution, which
ensure obtaining a high-quality CdS film with a thickness not less
than 100 pm. The working concentrations of cadmium chloride, am-
monia, and thiourea are, respectively, 1.8, 0.6, and 8.4 g-1-!.

It was assumed that the CdS formation is accompanied by the
formation of thiourea. This is confirmed by data on the analysis of
a working solution. An analysis of the solution revealed high con-
centrations of the COZ~ ions, which are a product of the thiourea
decomposition. The data obtained are a preliminary stage in the de-
velopment of a technology of chemical deposition of CdS films from
ammonia-thiourea solutions.

Keywords: photoelectric converters, cadmium sulfide, chemical
deposition, turbidity, ammoniac-thiourea solutions.
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We have studied regularities of the epoxidation process of
the Cq fraction of liquid by-products of the pyrolysis of hydro-
carbons and co-oligomers based on the Cy fraction with peracetic
acid. It is established that the use of the specified system makes it
possible to achieve high values of conversion for double bonds and
the selectivity of epoxidation process, sufficiently high yield of ep-
oxy-containing co-oligomers. We established the possibility to use
the Cq fraction of liquid by-products of hydrocarbon pyrolysis (the
accompanying product of ethylene production) as a raw material for
obtaining epoxides, which is a rational method in order to dispose
of the fraction. We analyzed experimental dependences of reagents
consumption and the formation of epoxide in the reaction of the Cy
fraction epoxidation. It was established that the resulting values
for selectivities of the epoxidation process by double bonds when
obtaining epoxy-containing co-oligomers are the highest in the case
of epoxidation of co-oligomers, synthesized by the heterogeneous ca-
talytic co-oligomerization of the Cg fraction S9 hydrocarbons using,
as a catalyst, activated bentonite clay. The synthesized epoxy-con-
taining co-oligomers retain residual unsaturation. It is obvious that
the unsaturated bonds of styrene, vinyl toluene, a-methyl styrene,
allylbenzene links at the ends of a co-oligomer macromolecules
are easily epoxidized. The selectivity of epoxidation of co-oligo-
mers, obtained by different methods of co-oligomerization of the
Cy fraction hydrocarbons (homogeneous catalytic, heterogeneous
catalytic, initiated, and thermal) is different (60.2-96.1 %) and de-
pends on the nature of the starting co-oligomer. Using the methods
of 'H NMR-, Raman-, and infrared spectroscopy, we confirmed the
high content of epoxy groups in the composition of epoxy-con-
taining co-oligomers and the progress of the epoxidation reaction.

Applying the method of 'H NMR spectroscopy, we established the
presence of epoxy groups formed based on the resulting vinyl double
bonds of co-oligomers. Due to the content of oxirane oxygen and
a high reaction ability of the oxirane ring, epoxy-containing co-oligo-
mers can act as the raw material for subsequent obtaining of various
chemical substances: glycols, carbonyl compounds, plasticizers,
polymers.

Keywords: Cy fraction, epoxy-containing co-oligomers, epoxi-
dation selectivity, epoxy number, IR spectroscopy, Raman spectro-
scopy, 'H NMR spectroscopy.
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