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ABSTRACT

Pareriuk O A. Obtaining special copper alloys, strengtherg by ultra-
disperse FeCrC based inclusions, formed in the melt under the action of an
alternating electromagnetic field.i On the rights of the manuscript.

Thesis for a Candidate Degree in specialty 05.16.0detallurgy of ferrous and
nonferrous metalsand special alloys". The Physitechnological institute of metals
and alloysNational Academy Sciences of Ukraine, Kyiv, 2019,

The dissertation work is devoted to the solution of the actual scientific ar
technical task: development of the melting tedbgp in the micreemulsion state
special copper alloy with FeCrC addition on the theoretical basis, particularl
determination of the peculiarities of the effect of variable electromagnetic field on tl
melt, taking into account the ideas about the a@pes of magnetohydrodynamic
micro-currents around the additive, due to different electromagnetic properties of t
ligature and the basis of the alloy in an induction crucible furnace.

It is experimentally confirmed that due to the structural heterotyewnéithe
additive, the electric current generated in the melt by an alternating electromagn:
field is redistributed, which causes a local concentration of the electric current density
the more electrically conductive phase of the additive, incréhedseat emission in it,
and contributes to the appearance of channels through which the matrix melt penetr
and wedges the additive, thus accelerating its dispersion.

The conditions of dispersion of the additive to micron sizes at the initial stage
its smelting with the copper base, including the formation of an induction furnace in t
crucible of a local area of high electrical current density and the retention of an alloyi
additive in this area, which significantly intensifies the procesgsodlissolution, are

determined. The influence of the additive concentration on the size of inclusions
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determined and rational modes of formation of frozen microemulsion in the ce
structure of the alloy cooling and hardening are established. On tie diathe
established dependencies, a new MGD technology was created, which allows to fix |
solid-state the inclusion of ulttrdi sper se di mensi ons ( O1
their homogeneous distribution

The scientific_originality of disseration of the results is in_the following

provisions:
1. Have further developed the ideatbé process of monotectic alloy components

melting in the case when the additive is refractory, has a crystallization interval, and
its composition there ia eutectic phase, which has a much higher viscosity than tr
basis of the alloy. It is established that the interaction of FeCrC solid ligature with liqu
copper in the temperature range between the liquidus and solidus of the additive ens
the trandion to a liquid state of fusible hig¥iscosity component and its dispersion at
the initial stage ofmelting, while refractory and fusible phases of the ligature disperse.

2. The idea of the influence of an alternating electromagnetic field on the proce
of dispersion of irorbased additive in liquid copper with the temperature of the additiv:
included in the crystallization interval and its intensification due to the occurrence
MHD microcurrents is developed. It is established that acceleration of tnaasfer in
the melt occurs when the value of volumetric electromagnetic forces excaef® 1
(AN

3. For the first time it was determined that the formation of a homogeneot
microemulsified alloy of the monotectic system Cu with 4% of the masses ke@r€
process of its melting is possible at the expense of MHD influence by varying the act
of the alternating electromagnetic field at the corresponding stages of melting. Nam:«
the destruction of the additive to the disperse sizes due to its fhgiots fusion
component at the specific power of the field of 6485 kWKkg, the conversion of the
melt into the micremulsions state at the specific power of-Q,8 kW/kg.lt is establis
hed that at cooling of the melt from the temperatures of the abmicroemuion state
to the temperature of monotectics due to reduction of the level of thermal influence

the electromagnetic field (0,4%/20 kW/kg) with the following casting by the laminar
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flow and cooling with the speed ~ 1000 K/s the structuth the size of inclusions of
strengthening phase 01 mi clrAddffBiafixatl. d e n s

4. It is established for the first time that the application of the developed modes
electromagnetic influence at melting of monoteetioy CuFeCrC and at the expense
of decrease in the FeCrC content to 1% of masses at the rate of cooling ~ 100 K/s
size of inclusions of strengthening phase <1 microns is fixed, and at decrease
concentration of ligature to 0,7% of masses the dizectusions decreases to an ultra
di sperse range (00,5 microns).

The practical value of the results The technology of smelting copper alloys

with ultra-disperse inclusions on the basis of FeCrC, which are formed endogenou
with the use of electromagnetic influence in the conditionsr@lteng in the induction
crucible furnaces, developed according to the received scientific and practical result:
introduced into the production of LLC "Int€ontact Prior" (Kiev). Copper alloy with

i nclusions of O1 mi cr obatien densig>el Rahii’ wab e i
obtained with the usef industrial induction crucible furnacd the type §F 0,16, from
which currentcollectorinserts for direct current railway electric transport were made
Compared to the chacteristics of the contaetire, experimental inserts have a more
effectively balanced set of properties (ratio of specific electrical conductivity of th
insert and contact wire is equal t® @nd the ratio of hardness of the working layer of
the insert and contact wire8) amory the materials of other manufacturers, uses-oint
stock company "Ukrainian Railwaylt allows to predict decrease in wear of a contact
wire, decrease in quantity of cases of overheating and its destruction, thanks
improvement of conditions of a dryidtion, economy of the electric power at the
expense of decrease in specific electric resistance of cwobecttorinserts, and as a
result increase in a resource of run of research inserts of pantographs on ele
locomotives of a direct current immpars on  wi t h ser i Roén 2% %,s e
with pantograph ¢ opp-487in@5 thnest Alsmthe technology
has prospects of use for manufacture of curcenducting contact wires that is confir
med by interest of foreign partners (D.l@ANew Material Technology Ltd. (Kunshan,
PRC)) and signing on 30.03.201&meworkagreement orcooperation withPhysical
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and Technological Institute of Metals and Alloys of the National Academy of Scienc
of Ukraine

Keywords: special copper alloys, nemixing zone, micreemulsified melt,
electromagnetic influence, ultdisperse inclusions, current collector inserts, an

increase of service life.
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