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Lithium Titanate (Li;TisO12 or LTO) is one of the best can-
didates to replace graphite as anode material in the lithium-ion
battery (LIB), due to unwanted solid electrolyte interphase (SET)
layer formation that consumes Li* ion and reduces LIB performance
and may cause thermal run-away. The ability of LTO to avoid SEI
formation and undergo zero-strain during intercalation makes LTO
has excellent safety during application. However, the spinel lithium
titanate has the low theoretical capacity and poor electronic con-
ductivity. This less conductivity brings limitation to its application.
The sol-gel method and combining the LTO with Si that possesses
a high theoretical capacity are the key factor to overcome the LTO
disadvantages. To attain its high power, safety factor and low-cost
fabrication properties, hydrothermal-mechanochemical treatment
were used in sol-gel synthesis method in order to outgrowth (Li-
4Ti5019) nanostructure. Then, the 5 %, 10 %, and 15 % weight ratio
percentage of silicon nano-particle were added into electrode com-
posite in order to enhance the capacity of lithium titanate anode.
All samples were characterized using XRD, SEM and TEM. The
active anode material LTO/Si nano was coated and prepared into
coin cell battery. The assembled coin half-cell used lithium metal foil
as the counter electrode. The battery performance was tested using
electrochemical impedance spectroscopy (EIS), cyclic voltammetry
(CV) and charge-discharge (CD).

The XRD results showed that the obtained compounds of lithi-
um titanate (LisTi5sO1y) crystalline spinel and the impurities of TiO,
rutile. The SEM micrograph results showed almost uniform morpho-
logical structures as agglomerates in most of the samples. While, the
TEM image of Si nano had a crystalline phase with the particle size
less than 100 mm. However, the presence of unwanted SiOy layer was
not clearly observed. Addition of Si-nanoparticle could increase the
specific capacity to above the LTO theoretical capacity, however, the
formation of SiOy insulating layer is predicted to be the main hin-
drance that reduces the effectiveness of addition of Si nanoparticle
to the present LTO compound. The hydrothermal treatment of the
sample could enhance the performance of nano-composite LTO/Si
anode. Based on CD results, the obtained LTO/Si compound pos-
sesses the discharge capability up to 12 C.

The CV and CD results showed the optimum percentage of 10 %
wt. Si and best capacity of the sample was obtained at 229.72 mAh/g
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We have studied the interaction between contact elements in the
pantographs of electric transport under operation at the sections of
railroads powered by direct and alternating current. In contrast to
known techniques for bench tests, we investigated the mechanism of
current collection and wear resistance at the new testing installation
over a minimally narrow region of the sliding contact, simulating
the phenomenon of a pantograph “cut”. This installation can be used
both industrially when manufacturing new contact elements and
under laboratory setting when studying wear resistance.

The experimental research confirmed that the wear intensity
of contact elements at pantographs depends on current load over a
contact area, the magnitude of contact pressure, the area of a contact
surface, and motion speed. We have practically proven a possibility
to maintain a reliable contact connection in the sliding contact under
extreme operating conditions when using a reliable contact material
for the current collector pads.

It has been proposed to use the powder composition BrIG based
on bronze, iron, and graphite, for making contact elements for pan-
tographs that could provide for reliable contact when interacting
with the contact wire. Application of new and high-quality contact
materials affects the tribology and stability of interaction between
plates and the contact wire.

Owing to our study, a possibility has been established to manu-
facture a reliable contact element BrIG, which would prolong the
time of interaction in the contact pair “pantograph at electric trans-
port — contact network”.

The practical significance of this research relates to the proven
efficiency of utilizing the new contact material BrIG for electric
railroad transport network, in trolley buses and trams.

Thus, one can argue about the possibility to prolong the time
of operation for the contact pair “pad in a pantograph at electric

transport — contact network” by applying the new contact mate-
rial BrIG.

Keywords: pantograph pads, current collector inserts, contact
material, contacts wear, contact plate, electric vehicles.

References

1. Diakov, V. O, Bosyi, D. O., Antonov, A. V. (2017). Kontaktna
merezha elektryfikovanykh zaliznyts. Ulashtuvannia kontaktnoi
merezhi. Dnipro: Vyd-vo PF «Standart—Servis», 228.

2. Rekomendacii po primeneniyu naibolee celesoobraznyh mate-
rialov dlya vstavok (plastin) tokopriemnikov i ih konstrukeii.
Available at: http://osjd.org/doco/public/ru?STRUCTURE _
ID=5070&layer_id=4581&refererLayerld=5315&refererPageld=
4&id=732

3. TI-514. Tekhnicheskoe obsluzhivanie i remont tokopriemnikov
otechestvennyh elektrovozov postoyannogo i peremennogo toka.
Tekhnologicheskaya instrukciya (1988).

4. «Pravyla kapitalnoho remontu KR-1, KR-2 elektrovoziv zminnoho
strumu seriy VL80v/i, VL82M» TsT-0134, zatverdzhenykh nakazom
Ukrzaliznytsi vid 16.03.2006 r. No. 253-TsZ.

5. TsT-0038. Pravyla tekhnichnoho obsluhovuvannia ta potochnoho
remontu elektrovoziv zminnoho strumu VL60k VL60p, VL80k,
VL80s, VL80t, VL82m, zatverdzheni nakazom Ukrzaliznytsi vid
30.01.2002. No. 40-Ts.

6. Baranovskyi, D. M. (2007). Teoretychni peredumovy pidvyshchen-
nia nadiynosti systemy “kontaktna pidviska — strumopryimach”
zmenshenniam intensyvnosti znoshuvannia yii elementiv pislia laz-
ernoho modyfikuvannia. Problemy trybolohiyi, 2, 34—38.

7. Bolshakov, Y. L., Antonov, A. V. (2015). Investigation of properties
of current collector elements and their effect on the performance of
tribosystem «contact wire — current collector element». Science and
Transport Progress. Bulletin of Dnipropetrovsk National Univer-
sity of Railway Transport, 6, 35—44. doi: https://doi.org/10.15802/
stp2015/57006

8. Koval, V. A. (2013). Results poster research slider municipal electric.
Elektryfikatsiya transportu, 5, 41-46. Available at: http://nbuv.gov.ua/
UJRN/eltr 2013 5 8

9. 539-TsZ. Pravyla remontu KR-1, KR-2 elektrovoziv seriy VLS,
VL10, VL11. TsT-0119 (2006). Kyiv, 172.

10. GOST 434-78. Shiny mednye elektrotekhnicheskogo naznacheniya.

11. TsT-0188. Pravyla tekhnichnoho obsluhovuvannia ta potochnykh
remontiv elektrovoziv postiynoho strumu VL8, VL10, VL11. zatv.
Nakaz Ukrzaliznytsi 28.07.2009 r. No. 418-TS.

12. Belyaev, 1. A. (1986). Mashinistu o kontaktnoy seti i tokos’eme.
Moscow: Transport, 127.

13. Berent, V.Ya.(2002). Perspektivy uluchsheniyaraboty sil’'notochnogo
skol’zyashchego kontakta «kontaktnyy provod tokos’emniy element
poloza tokopriemnika». Zheleznye dorogi mira, 10, 46-51.

14. Gershman, I. S. (2002). Tokos’emnye uglerodno-mednye materialy.
Vestnik VNIIZhT, 5.

15. Bogatov, O. S., Stepancyuk, A. M. (2018). Operating properties
of antifriction materials based on dispersion-strengthed copper by
using them as current collectors of trams. Problems of friction and
wear, 1 (78), 50—55. Available at: http://ecobio.nau.edu.ua/index.
php/PTZ /article/viewFile/12758 /17591

16. Romanov, S. M., Romanov, D. S. (2006). Pat. No. 84599. Antyfryktsi-
ynyi material romanit-uvlsh, sposib yoho oderzhannia ta element
vuzla tertia. No. a200610502; declareted: 04.10.2006; published:
10.11.2008, Bul. No. 21.

17. Aydin, L., Karakose, M., Akin, E. (2014). A New Contactless Fault
Diagnosis Approach for Pantograph-Catenary System Using Pattern
Recognition and Image Processing Methods. Advances in Electrical
and Computer Engineering, 14 (3), 79-88. doi: https://doi.org/
10.4316/aece.2014.03010



20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

. Zhao, H., Barber, G. C., Liu, J. (2001). Friction and wear in high
speed sliding with and without electrical current. Wear, 249 (5-6),
409—-414. doi: https://doi.org/10.1016 /s0043-1648(01)00545-2

. Chen, G. X,, Yang, H. J., Zhang, W. H., Wang, X., Zhang, S. D.,
Zhou, Z. R. (2013). Experimental study on arc ablation occurring in

a contact strip rubbing against a contact wire with electrical current.
Tribology International, 61, 88-94. doi: https://doi.org/10.1016/
j.triboint.2012.11.020

Bucca, G., Collina, A. (2009). A procedure for the wear predic-
tion of collector strip and contact wire in pantograph—catena-
ry system. Wear, 266 (1-2), 46—59. doi: https://doi.org/10.1016/
j-wear.2008.05.006

Ding, T., Chen, G. X., Wang, X., Zhu, M. H., Zhang, W. H., Zhou, W. X.
(2011). Friction and wear behavior of pure carbon strip sliding
against copper contact wire under AC passage at high speeds. Tribol-
ogy International, 44 (4), 437—444. doi: https://doi.org/10.1016/
j.triboint.2010.11.022

Ding, T, Li, Y, Xu, G,, Yang, Y., He, Q. (2017). Friction and Wear
Behaviors with Electric Current of Carbon Strip/Copper Contact
Wire for Pantograph/Centenary System. DEStech Transactions
on Engineering and Technology Research. doi: https://doi.org/
10.12783 /dtetr/apetc2017/11246

Ding, T., Xuan, W., He, Q., Wu, H., Xiong, W. (2014). Study on
Friction and Wear Properties of Pantograph Strip/Copper Contact
Wire for High-Speed Train. The Open Mechanical Engineering Jour-
nal, 8 (1), 125-128. doi: https://doi.org/10.2174/1874155x20140
501005

Tekhnicheskie trebovaniya k tokopriemnikam elektropod-
vizhnogo sostava dlya skorostey dvizheniya do 250 km/ch.
Available at: http://osjd.org/doco/public/ru?STRUCTURE _
ID=5070&layer_id=4581&refererLayerld=5315&refererPageld=
4&id=672

GOST 32204-2013. Tokopriemniki zheleznodorozhnogo elektropod-
vizhnogo sostava. Obshchie tekhnicheskie usloviya.

DSTU HOST 32680:2016. Strumoznimalni elementy kontaktni
strumopryimachiv elektrorukhomoho skladu. Zahalni tekhnichni
umovy (HOST 32680-2014, IDT).

EN 50318:2002. Primenenie na zheleznyh dorogah. Sistemy to-
kos’ema. Tekhnicheskie kriterii dlya ocenki vzaimodeystviya toko-
priemnika i kontaktnoy podveski.

Fedorchenko, I. M. (Ed.) (1985). Poroshkovaya metallurgiya. Mate-
rialy, tekhnologiya, svoystva, oblasti primeneniya: spravochnik. Kyiv:
Naukova dumka, 442.

Minieiev, O. S., Babiak, M. O., Minieiev, A. O. (2014). Pat.
No. 90838. Kompozytsiya dlia vyhotovlennia strumoznimnoho ele-
menta strumopryimacha elektrorukhomoho skladu. No. u201400462;
declareted: 20.01.2014; published: 10.06.2014, Bul. No. 11.

Minieiev, A. O., Babiak, M. O., Miniciev, O. S. (2014). Pat.
No. 93116. Sposib podachi mastyla v zonu tertia mizh kontakt-
nym drotom ta strumoznimnym elementom. No. u201400457; dec-
lareted: 20.01.2014; published: 25.09.2014, Bul. No. 18.

Babyak, N. (2018). Resource-saving technology for operating panto-
graph linings, taking into account their interaction with the contact
wire. Visnyk Skhidnoukrainskoho natsionalnoho universytetu imeni
Volodymyra Dalia, 2, 32-37.

Babyak, M., Gorobets, V., Artemchuk, V. (2016). Investigation of
physical and mechanical properties of the pantographs linings used
as current collecting elements of electric locomotive. Elektricheskie
kontakty i elektrody. Seriya: Kompozicionnye, sloistye i gradientnye
materialy i pokrytiya, 89—100.

TsE-0023. Pravyla ulashtuvannia ta tekhnichnoho obsluhovuvannia
kontaktnoi merezhi elektryfikovanykh zaliznyts (2008). Kyiv: TOV
"Inpres”, 208.

DOI: 10.15587,/1729-4061.2018.151038
STUDYING FIBERREINFORCED CONCRETE FOR
CASTING HOUSING PARTS OF PUMPS (p. 22-27)

Leonid Krupnik
The Kazakh National Research Technical University after K. 1.
Satpaev, Almaty, Republic of Kazakhstan

Kassym Yelemessov
The Kazakh National Research Technical University after K. I.
Satpaev, Almaty, Republic of Kazakhstan

Saiyn Bortebayev
The Kazakh National Research Technical University after K. 1.
Satpaev, Almaty, Republic of Kazakhstan

Dinara Baskanbayeva
The Kazakh National Research Technical University after K. I.
Satpaev, Almaty, Republic of Kazakhstan

Many enterprises of the mining and metallurgical industry
use pumps transferring aggressive liquids and slurries containing
abrasive particles. For the manufacture of pump housings, taking
into account their operating conditions, expensive alloy steels with
increased wall thickness are used.

As a result of the study, the analysis of possible materials for the
manufacture of fiber-reinforced concrete with the required strength
characteristics was carried out. The selection of the optimum ratio
of the components, providing, on the one hand, cost minimization of
fiber-reinforced concrete and, on the other hand, rational technol-
ogy for the manufacture of housing parts of fiber-reinforced concrete
without additional machining, was carried out.

It was found that the specified conditions are met to the great-
est extent by the mixes containing crushed rubble, quartz sand and
ground quartz as aggregate, anchor steel fiber, as well as resin and
hardener.

Theoretical and experimental studies showed that the aggregate
must meet the following requirements: it must be three-component
by particle size distribution, and the particle size of each component
must differ by an order of magnitude from the previous one. This
allows obtaining dense mixes by filling voids in large fractions with
smaller particles.

As a result of laboratory studies, it was found that the compres-
sive strength of such hardened mixes is 230...240 MPa.

It was found experimentally that the optimum fiber additive
(steel anchor) should be within 3...5 % by weight.

The results of the study allow carrying out calculations of the
parameters of pump housing parts with reduced wall thickness, lower
weight, and also developing a technology for casting such parts with
a high degree of readiness for use.

Keywords: fiber-reinforced concrete, fiber, housing parts, wear-
resistant material, composite materials, strength characteristic, fill-
ing polymer.
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Improved effectiveness of ice protection systems of aerospace
crafts can be achieved with the development of more effective heat-
ers. Self-regulating electric heaters based on positive or negative
temperature coefficient have achieved the highest demand. Develop-
ment of heaters with such properties involves various matrixes based
on cement, glass frit, asphalt mastic, and polymers. Conductivity in
such matrixes is governed by metallic or carbon filler. Carbon nano-
structures possess the greatest effectiveness. The synthesis method of
carbon nanostructures and composites to which they are introduced,
the basic properties of resulting electric heaters are determined. To
study the effectiveness of electric heaters, a non-contact method of
temperature field measurement was used. CNT were synthesized
using the Ni/MgO catalytic system, using the thermal decomposi-
tion method. CNT morphology was studied using the field emission
electron microscope Hitachi H-800. During the investigation, it was
found that for the electric heater based on paraffin modified with
CNT, the basic specific power was 800+10 % W,/m? at an ambi-
ent temperature of +10 °C. When the temperature was lowered to
—40 °C, specific power increased to 1,600£20 % W /m? Dynamic
change of power at different temperatures indicated the presence
of a self-regulating effect. Thermal images of the heat contact have
revealed that heat radiation stabilizes at 56 °C. The developed
heaters can operate at a voltage up to 200 V and possess rational
electrophysical and functional parameters, which allow for effective
operation in ice protection systems for aircrafts.

Keywords: electric heater, carbon nanotubes, self-regulation,
heat exchange, paraffin, self-installing heat contact
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Based on measurements of infrared Fourier spectroscopy, Hall
effect, and the tensor Hall-effect, we have established the nature,
and determined the concentration, of the main types of radiation
defects in the single crystals n-Si <P>, irradiated by different
fluxes of electrons with an energy of 12 MeV. It is shown that for
the examined silicon single crystals at electronic irradiation, it is
quite effective to form a new type of radiation defects belonging
to the VO;P complexes (A-center, modified with an additive of
phosphorus). Based on the solutions to electroneutrality equation,
we have derived dependences of activation energy for the deep level
E1=E¢-0,107 eV, which belongs to the VO;P complex, on uniaxial
pressure along the crystallographic directions [100] and [111]. By
using a method of least squares, we have constructed approxima-
tion polynomials for calculating these dependences. At orienta-
tion of the deformation axis along the crystallographic direction
[100], the deep level E;=Ec—0.107 eV will be decomposed into
two components with a different activation energy. This explains
the nonlinear dependences of activation energy of the deep level
Ei=Ec-0.107 eV on the uniaxial pressure P<0.4 GPa. For pres-
sures P>0.4 GPa, the decomposition of this deep level is significant
and one can assume that the deep level of the VO;P complex will
interact only with two minima in the silicon conduction zone while
a change in the magnitude of activation energy would be linear for
deformation. For the case of uniaxial pressure P<0.4 GPa along the
crystallographic direction [111] a change in the activation energy
for the VO;P complex is described by a quadratic dependence. Ac-
cordingly, the offset in the deep level E;=Ec—0.107 eV for a given
case is also a quadratic function for deformation. Different depen-
dences of activation energy of the VO;P complex on the orientation
of a deformation axis relative to different crystallographic direc-
tions may indicate the anisotropic characteristics of this defect.
The established features in defect formation for the n-Si <P> single
crystals, irradiated by electrons, could be applied when designing
various instruments for functional electronics based on these single
crystals.

Keywords: silicon single crystals, infrared Fourier spectros-
copy, Hall effect, uniaxial pressure, radiation defects, deep energy
levels.
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We investigated the structure of composites based on the system
NbC with a copper bond, obtained by impregnating the porous car-
bide skeletons with a metallic melt in a vacuum. In order to receive
a porous skeleton, the powder of NbC, the average size of ~1 um,
was mixed on a 5 % solution of rubber in gasoline. After drying, the
mixture was ground at a sieve into granules, which were pressed into
briquettes of dimensions 55x30x10 mm. To ensure the intensification
of the process, as well as wetting, impregnation was carried out at a
temperature of 1,400 °C. The result was the obtained material with a
fine-grained two-phase structure.

The microstructure was investigated using a method of scanning
electron microscopy (SEM), the chemical composition — applying a
method for energy dispersion analysis (EDS).

The hardness was measured by Rockwell (scale C), the fracture
toughness — by the indirect Evans-Charles method.

The composite’s structure consists of rounded grains of NbC,
which form a continuous skeleton, and the layers of copper bonding.
The average size of grains and the intragrain layers of bonding is 1.8
um and 1.1 pm, respectively.

An analysis of the interaction zone between NbC and Cu via
EDS method revealed the presence of a 0.5 um thick zone of dif-
fusion, resulting from the redistribution of Nb and Cu by limited
solubility. The presence of the diffusion zone makes it possible to
provide a solid interphase bonding and, accordingly, the high level
of mechanical properties. The hardness and fracture toughness of the
obtained material are 40 HRC and 24 MPaxm'/?, respectively.

Given the phase composition and properties of the developed
composite, it is recommended to apply it as an alternative for com-
posites of the system WC—-Cu in the form of a monolithic material or
coatings. A coating was applied using the method of electric-spark
doping, using the manual installation MP-EL2. The coating’s thick-
ness is 30 um, microhardness is ~500 MPa, and the friction coeffi-
cient against steel without lubrication is 0.04.

The designed materials are recommended for use in friction pairs
in the form of a monolithic material, or anti-friction coatings.

Keywords: ceramic-metallic materials, matrix-reinforced struc-
ture, tribotechnical characteristics, electric-spark doping, anti-fric-
tion coatings.
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A method for obtaining information on the distribution of the
parameters of a crystalline structure in the thickness of a near-
surface ion-implanted layer, types and characteristics of radiation
defects (size, concentration, etc.) has been developed. The influ-
ence of the main diffraction parameters on the rocking curve was
established, which made it possible to develop an algorithm for the
approximation of the theoretically calculated rocking curves to the
experimental ones. It is shown that at small doses of implantation,
the value of the extinction coefficient pgs influences most signifi-
cantly on the intensity of the rocking curves outside the additional
oscillatory structure, and the value of the static Debye-Waller factor
E influences most significantly on the intensity of the last oscilla-

tions of the additional oscillatory structure that correspond to the
maximum deformation. To characterize a defective system, it is nec-
essary to analyze the diffuse component using a part of the rocking
curve, which is located behind an additional oscillatory structure
and in which the contribution of the coherent component is minimal.
The method is tested in the analysis of boron-implanted iron-yttrium
garnet films. The presented approach provides an opportunity to
obtain much of information about the structure of the ion-implanted
layer, since it uses the statistical dynamic theory of X-ray scattering,
which takes into account the defects of the crystalline structure of
any type and size. Also, this approach makes it possible to use all the
information contained in the rocking curves and to assess the degree
of uniqueness of the specified parameters.

Keywords: strain profile, X-ray diffraction, ion implantation,
defects of structure, statistical dynamic theory of X-ray scattering.
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