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It is a relevant and practically important task for envi-
ronmental protection to devise effective means to protect 
metals against corrosion in aggressive media containing 
water, petroleum products, carbolic acids, and mineral salts. 
To stop corrosion, corrosion inhibitors are used that must 
be constantly improved and whose composition must be 
properly adjusted. The main drawback of the highly effective 
inhibitors based on alkyl imidazolines, a mixture of alkyl 
imidazolines with alkyl pyridinium and/or quaternary am-
monium compounds soluble in a methanol medium, is their 
high prices at relatively significant consumption in the cor-
rosive environment. This paper reports the synthesis of steel 
corrosion inhibitors in oil-containing aqueous environments 
that meet the stricter ecological and economic requirements. 
It has been shown that increasing the level of water mine
ralization improves the corrosive activity of aqueous envi-
ronments relative to unalloyed steels. The presence of carbon 
dioxide, hydrogen sulfide, or carboxylic acids leads to the 
oxidation of water-oil mixtures resulting in the increased rate 
of steel corrosion. We have studied the effectiveness of the 
synthesized inhibitors based on oil and polyethylene poly-
amines containing imidazolines. At a temperature of 80 °C, 
the mixture that contained 200 cm3of a 3 % sodium chloride 
solution, 800 cm3of oil, and at the concentration of acetic 
acid of 0.5 and 3.0 g/dm3 at the inhibitor dose of 50 mg/dm3, 
has reached the degree of protection of steel against corrosion 
at the level of 90–92 %. Based on a full factorial experiment, 
the regression equation has been derived that makes it pos-
sible to easily enough calculate an optimal dose of the steel 
corrosion inhibitor in water-oil mixtures. It has been shown 
that the synthesized inhibitor shows prospects for protect-

ing metals against corrosion both in the mineralized waters 
containing oil and in the presence of petroleum products 
containing water.
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An attempt was made to co-deposit nickel and manganese 
hydroxide films to be used as anodic electrochrome. Cathodic 
template method with polyvinyl alcohol was used for this. 
Deposition was conducted in the galvanostatic regime from 
the solution containing nickel and manganese nitrates in  
an 8:1 molar ratio.

As a result of the work, two films were deposited: one 
from pure nickel nitrate and one from nickel and manganese 

nitrate solutions. Analysis of the synthesized films, revealed 
significant differences in structural, electrochemical and 
optical properties. The film deposited from the pure nickel  
nitrate solution was composed of a single α-like form Ni(OH)2. 
On the other hand, the film deposited from the manga-
nese-containing solution was composed of two phases. Mor-
phology comparison revealed that the surface of the undoped 
film is rather flat, with small bumps up to 160 nm. The Mn-
doped film had many ridges of up to 1200 nm.

Electrochemical properties of the film deposited in the 
presence of Mn were inferior to the film deposited from the 
pure solution. This is manifested in lower current densities 
and lower specific capacities of oxidation and reduction pro-
cesses. Electrochromic properties of the film deposited in the 
presence of manganese were somewhat worse as well.

A mechanism explaining the decrease of specific charac-
teristics of the film in the case of using such deposition me
thod was suggested. The mechanism lies in the formation of 
the second manganese-containing phase. This phase is rather 
inert and decreases the content of electrochemically active 
Ni(OH)2 in the film.

The authors also suggested possible uses of the resulting 
structure.

Keywords: electrochromism, nickel hydroxide, layered 
double hydroxide, dopant, manganese, polyvinyl alcohol, 
electrodeposition, cycling.
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The synthesis of ceramic pigments is conventionally car-
ried out at a high temperature (not less than 1,200 °C). Its 
reduction implies using mineralizing additives, which have 
a different mechanism of action on the starting components 
of pigment charges. The effectiveness of the mineralizers 
is determined by their nature, content, degree of disper-
sion in the activated reagent. Thus, searching for the most 
effective mineralizers in the synthesis, in particular, of sili-
cate-spinel ceramic pigments is an important scientific and  
practical task.

We have investigated the effect of various mineralizing 
additives (B2O3, Na2B4O7, Na2O, NaF) on the processes of 
forming the crystal-phase composition of slag-containing 
ceramic pigments and the change in their color indicators.  
A direct dependence has been established between the 
melting point of the mineralizers and the efficiency of 
their influence on the formation of spinel phases, which 
are color carriers in such pigments. The tangible effect of 
the introduction of sodium fluoride, which has the highest 
melting point among the examined additives, is achieved 
as a result of the firing of pigments at a temperature not 
lower than 1,150 °C. The effect of sodium oxide is effective 
starting at a temperature of 1,100 °C. The most expedient 
to apply are the boron-containing compounds. Their intro-
duction makes it possible to lower the firing temperature 
of slag-containing pigments to 1,050 °C while completely 
binding the starting components in the spinel solid solutions. 
The ceramic pigments that are thus synthesized enable the 
formation of glazed coatings, which, in terms of qualitative 
indicators, are not inferior to coatings obtained with the ad-
dition of high-temperature pigments (a firing temperature of  
1,200–1,250 °С). The formation of silicate phases (diopside 
and wollastonite), which are not color carriers in the exam-
ined pigments, undergoes effective mineralized action from 
the supplements of NaF and B2O3.

Keywords: ceramic pigments, mineralizers, firing, crys-
tal-phase composition, color indicators, glaze coatings.
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Silicon carbide is characterized by a wide range of bene-
ficial electrophysical, anti-corrosion, and strength properties. 
A promising raw material for the synthesis of silicon carbide 
is the waste of rice production, which includes compounds 
of silicon and carbon-containing organic substances. The 
cheapness and availability of such raw materials necessitate 
the development of technologies to obtain silicon carbide 
from it. An important direction in silicon carbide synthesis 
technology is to obtain a high purity product. To remove 
impurities from rice husks, it is necessary to carry out its 
pre-extraction treatment. It has been established that the 
extraction treatment of rice husks with acid solution makes 
it possible to clean the raw materials from metal compounds 
and the excess amount of carbon-containing components. 
To remove impurities of metal compounds and the excess 
amount of carbon-containing compounds from rice husks, it 
has been proposed to perform the extraction with an aque-
ous solution of the mixture of 10 % sulfur and 15 % acetic 
acids. We have derived the time dependences of the degree 
of extraction of cellulose from rice husks. Two temporal 
sections of the process have been identified. It is shown that 

the extraction of cellulose from rice husks obeys a pseudo 
first-order reaction. We have calculated the constants of 
speed and activation energy in the course of extraction for 
the two time sections of the process. The activation energy 
of extraction over a first period is 10.75 kJ/mol; over a sec-
ond period, the activation energy value is 26.10 kJ/mol. It 
has been established that an increase in the extraction tem-
perature from 20 to 100 °C leads to a two-fold improvement 
in the process efficiency. It is shown that silicon carbide, 
synthesized from rice husk after its extraction treatment, is 
a pure crystalline material whose particles’ size is from 1 to  
20 micrometers.

Keywords: rice husk, extraction, cellulose, silicon car-
bide, speed constant, activation energy.

References

1.	 Neudeck, P. G., Meredith, R. D., Chen, L., Spry, D. J., Nak-
ley, L. M., Hunter, G. W. (2016). Prolonged silicon carbide 
integrated circuit operation in Venus surface atmospheric 
conditions. AIP Advances, 6 (12), 125119. doi: https:// 
doi.org/10.1063/1.4973429 

2.	 Ou, H., Ou, Y., Argyraki, A., Schimmel, S., Kaiser, M., Well-
mann, P. et. al. (2014). Advances in wide bandgap SiC for 
optoelectronics. The European Physical Journal B, 87 (3). 
doi: https://doi.org/10.1140/epjb/e2014-41100-0 

3.	 Anisimov, A. N., Simin, D., Soltamov, V. A., Lebedev, S. P., 
Baranov, P. G., Astakhov, G. V., Dyakonov, V. (2016). Opti-
cal thermometry based on level anticrossing in silicon car-
bide. Scientific Reports, 6 (1). doi: https://doi.org/10.1038/
srep33301 

4.	 Chen, D., Wong, S. P., Yang, S., Mo, D. (2003). Composition, 
structure and optical properties of SiC buried layer formed 
by high dose carbon implantation into Si using metal vapor 
vacuum arc ion source. Thin Solid Films, 426 (1-2), 1–7.  
doi: https://doi.org/10.1016/s0040-6090(02)01298-1 

5.	 Tablero, C. (2013). Optoelectronic Application of the 3C-Si
licon Carbide with Substitutional VIII-Group Atoms. The 
Journal of Physical Chemistry C, 117 (42), 21949–21954. 
doi: https://doi.org/10.1021/jp4074015 

6.	 Xu, C., Xu, C., Han, F., Zhang, F., Wei, W., Zhong, Z., Xing, W.  
(2018). Fabrication of high performance macroporous tu-
bular silicon carbide gas filters by extrusion method. Cera
mics International, 44 (15), 17792–17799. doi: https:// 
doi.org/10.1016/j.ceramint.2018.06.247 

7.	 D’Elia, R., Bernhart, G., Hijlkema, J., Cutard, T. (2016). 
Experimental analysis of SiC-based refractory concrete in 
hybrid rocket nozzles. Acta Astronautica, 126, 168–177.  
doi: https://doi.org/10.1016/j.actaastro.2016.04.034 

8.	 Saddow, S. E. (2012). Silicon Carbide Biotechnology:  
A Biocompatible Semiconductor for Advanced Biomedi-
cal Devices and Applications. Elsevier, 495. doi: https:// 
doi.org/10.1016/c2010-0-67866-7 

9.	 Malanchuk, V., Astapenko, E., Chepurnoii, Y., Zhukovtce-
va, E. (2013). Experimental research into the uses of new 
composite materials in maxillofacial surgery. Sovremennaya 
meditsina: Aktual’nye voprosy, 23, 92–102.

10.	 Matizamhuka, W. R. (2019). Gas transport mechanisms 
and the behaviour of impurities in the Acheson furnace for 
the production of silicon carbide. Heliyon, 5 (4), e01535.  
doi: https://doi.org/10.1016/j.heliyon.2019.e01535 

11.	 Makornpan, C., Mongkolkachit, C., Wanakitti, S., Wasana
piarnpong, T. (2014). Fabrication of Silicon Carbide from 
Rice Husk by Carbothermal-Reduction and In Situ Reac-
tion Bonding Technique. Key Engineering Materials, 608, 

54

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 1/6 ( 103 ) 2020



235–240. doi: https://doi.org/10.4028/www.scientific.net/
kem.608.235 

12.	 Shariatmadar Tehrani, F., Fakhredin, M., Tafreshi, M. J. 
(2019). The optical properties of silicon carbide thin films 
prepared by HWCVD from pure silane and methane un-
der various total gas partial pressure. Materials Research 
Express, 6 (8), 086469. doi: https://doi.org/10.1088/2053-
1591/ab2843 

13.	Ezdin, B. S., Yatsenko, D. A., Kalyada, V. V., Ichshenko, A. B.,  
Zarvin, A. E., Nikiforov, A. A., Snytnikov, P. V. (2020). 
Pyrolysis of a mixture of monosilane and alkanes in a com-
pression reactor to produce nanodispersed silicon carbide. 
Chemical Engineering Journal, 381, 122642. doi: https:// 
doi.org/10.1016/j.cej.2019.122642 

14.	 Silicon Carbide: Synthesis and Properties (2011). InTech. 
doi: https://doi.org/10.5772/15736 

15.	Rodriguez-Lugo, V., Rubio, E., Gomez, I., Torres-Marti-
nez, L., Castano, V. M. (2002). Synthesis of silicon car-
bide from rice husk. International Journal of Environment 
and Pollution, 18 (4), 378. doi: https://doi.org/10.1504/
ijep.2002.003734 

16.	Ahmad, K. (2014). Optimising the Yield of Silicon Carbide 
Synthesised from Indigenous Biomass Husk using Diffe
rent Catalysts. Journal of Material Science & Engineering,  
03 (03). doi: https://doi.org/10.4172/2169-0022.1000147 

17.	 Johar, N., Ahmad, I., Dufresne, A. (2012). Extraction, prepa-
ration and characterization of cellulose fibres and nanocrys-
tals from rice husk. Industrial Crops and Products, 37 (1), 
93–99. doi: https://doi.org/10.1016/j.indcrop.2011.12.016 

18.	Rosa, S. M. L., Rehman, N., de Miranda, M. I. G., Nachti-
gall, S. M. B., Bica, C. I. D. (2012). Chlorine-free ex-
traction of cellulose from rice husk and whisker isolation. 
Carbohydrate Polymers, 87 (2), 1131–1138. doi: https:// 
doi.org/10.1016/j.carbpol.2011.08.084 

19.	Shukla, S. K., Sagar, Naman, Deepika, Sundaram, Prateeksha 
et. al. (2015). Extraction of Cellulose Micro Sheets from 
Rice Husk: A Scalable Chemical Approach. DU Journal of 
Undergraduate Research and Innovation, 1 (3), 187–194.

20.	Oliveira, J. P. de, Bruni, G. P., Lima, K. O., Halal, S. L. M. E.,  
Rosa, G. S. da, Dias, A. R. G., Zavareze, E. da R. (2017). 
Cellulose fibers extracted from rice and oat husks and their 
application in hydrogel. Food Chemistry, 221, 153–160.  
doi: https://doi.org/10.1016/j.foodchem.2016.10.048 

21.	 Kalapathy, U. (2000). A simple method for production 
of pure silica from rice hull ash. Bioresource Technolo-
gy, 73 (3), 257–262. doi: https://doi.org/10.1016/s0960-
8524(99)00127-3 

22.	Nikitin, V. M., Obolenskaya, A. V., Shchegolev, V. P. (1978). 
Himiya drevesiny i tsellyulozy. Moscow: Lesnaya promysh-
lennost’, 368.

23.	 Gridneva, T., Kravchenko, A., Barsky, V., Gurevina, N. (2016). 
Obtaining of High Purity Amorphous Silicon Dioxide from 
Rice Husk. Chemistry & Chemical Technology, 10 (4),  
499–505. doi: https://doi.org/10.23939/chcht10.04.499 

DOI: 10.15587/1729-4061.2020.193383
A RESEARCH OF CHEMICAL NATURE AND 
SURFACE PROPERTIES OF PLANT DISPERSE 
FILLERS (p. 32–41)

Danchenko Yuliya
Kharkiv National University of Civil Engineering  

and Architecture, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-3865-2496

Kariev Artem
Kharkiv National University of Civil Engineering  

and Architecture, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-7726-0359

Andronov Vladimir
National University of Civil Protection  

of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-7486-482X

Cherkashina Anna
National Technical University  

«Kharkiv Polytechnic Institute», Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-5239-6364

Lebedev Vladimir 
National Technical University  

«Kharkiv Polytechnic Institute», Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-6934-2349

Shkolnikova Tetiana
National Technical University  

«Kharkiv Polytechnic Institute», Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-3803-4156

Burlutskyi Oleksii
Ukrainian State University  

of Railway Transport, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-1902-5809

Kosse Anatoliy
National University of Civil Protection  

of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-8490-0695

Lutsenko Yuriy
National University of Civil Defence  

of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-7393-9268

Yavors’ka Dayana
V. N. Karazin Kharkiv National University,  

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-0670-4052

Chemical nature and surface properties of plant disperse 
fillers are investigated: buckwheat (BH) and oat (OH) husk, 
wood (WF) and conifer flour (CF). Using IR spectroscopy, 
it was found that oxygen-containing atomic groups –OH, 
–C–O–, –C = O prevail in the filler components. It was 
found that a hydroxyl-hydrate layer of functional groups is 
present on the surface of air-dry fillers. By potentiometric 
titration of aqueous suspensions using the Parks–Boby-
renko method, it was determined that all fillers are of the 
«polyfunctional solid» type. It is shown that the hydrox-
yl-hydrate surface layer consists of functional groups with 
similar values of acid-base characteristics. Functional groups 
of acidic nature were additionally found on the surface of 
the fillers: groups with pKa ≈ 4.37–5.66 on the BH surface, 
groups with pKa ≈ 4.49–4.90 on the CF surface and groups 
with pKa ≈ 3.91–4.30 on the WF surface. As a result of po-
tentiometric titration, it was shown that the surface acidity 
of the fillers decreases in the WF>CF>BH>ОH series, 
which coincides with the one in which the total cellulose 
and lignin content decreases, and the resistance of fillers to 
thermal-oxidative breakdown increases. It was found that  
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the rate of hydrolytic processes in aqueous suspensions at 
the interface decreases in the ОH>CF>BH>WF series and 
inversely depends on the concentration of functional groups 
on the surface of the fillers, and also that the change in the 
rate of hydrolytic processes at the interface depending on the 
content of fillers is described by step functions. It is revealed 
that for the effective use of the studied disperse waste in 
composite materials and as adsorbents for the extraction of 
pollutants, dispersion media with the following ranges of 
the hydrogen index are required: for BH – pH>4.4; OH – 
pH>6.4; WF – pH>3.9; CF – pH>4.5. The results obtained 
make it possible to predict and control acid-base interfacial 
interactions, as well as reasonably approach the development 
of new effective technologies.

Keywords: plant waste, surface, chemical nature, func-
tional group, acid-base characteristics.
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Unrefined Camelina oil was transesterified on an alkaline 
catalyst with the application of commercial fuel ethanol of 
high hygroscopicity. It was shown that the rise of moisture 
content in alcohol up to 1 % leads to the low output of ethyl 
esters. The technological scheme of production of a pilot 
batch of Camelina oil ethyl esters in laboratory conditions 
was proposed. The scheme includes: preparation of catalyst 
solution, transesterification of oil with ethanol, sedimen-
tation, alcohol stripping, separation, washing, drying and 
filtration. This allows obtaining products with the content 
of esters of about 92–93.5 %. The chromatographic analysis 
of the products of Camelina oil transesterification was done. 
The obtained products contain mostly unsaturated esters of 
fatty acids with the carbon chain length of 18 atoms.

The comparative analysis of the fatty acid composition 
of the obtained ethyl esters of Camelina oil and ethyl esters 
of rapeseed oil, studied during previous researches of the au-
thors, was done. The fatty acid composition allows forecast-
ing lower viscosity, pour and freezing point of Camelina ethyl 
esters compared to rapeseed oil ethyl esters. The proposed 
assumption was proved by experimental data of researches 
of the basic physical-chemical characteristics of methyl and 
ethyl esters of rapeseed and camelina oils. The obtained ex-
perimental data proves the perspectiveness of using products 
of Camelina oil transesterification as components of jet fuels. 
In the future, compounding of synthesized fatty acid ethyl 
esters of Camelina oil with jet fuels will allow obtaining bio-
fuels with improved quality parameters compared to biofuels 
with rapeseed oil esters.

Keywords: Camelina oil, transesterification, ethyl esters, 
jet fuel biocomponent.
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