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COBPEMEHHOE COCTOSIHUE IIOPOIIIKOBOM METAJLTIYPTUA
B 3AIIAJTHOM EBPOIIE: TEHJAEHIIMA U IEPCIIEKTUBBI

A. ®. Uapomenko, B. B. CaBuu

Hncmumym nopowxosoti memannypeuu, yi. Ilnamonosa 41, 220005, Munck, bBernapycs,
e-mail: savich@pminstitute.by

Hocmynuna 05.11.2015 a.

Cmamovs nooecomosnena no mamepuanam Eeponeiickozo koHnepecca nopowikogol memannypeuu
EepolIM 2015 u npeocmasnsem cobou auaiu3z meHOeHYull U Nepcnekmus pa3eumusi Ompaciu,
npeoCmasieHHblX 8 Mamepuaiax O0OKIa008 U 6 NPe3eHmMAayusx, COelaHHbIX HA NIEHAPHOM U CEeKYUOHHBIX
3acedanusx KoHepecca. Aemopamu makoice 8bICKA3AHO U COOCMBEHHOe CYObeKmuUgHoe MHeHue No Nnoeooy
nepcneKmue pa3eumuis NOpowKo8ol memannypeuu 6 Eepone u ¢ mupe.

CURRENT STATE OF POWDER METALLURGY IN WESTERN EUROPE:
TRENDS AND PROSPECTS

A. Ph. llyuschenko, V. V. Savich

Powder Metallurgy Institute, Minsk, Belarus, tel. (+375 17) 292-25-26,
e-mail: savich@pminstitute.by

This article has been written following the European Powder Metallurgy Congress EuroPM 2015.
The paper analyses trends and prospects of powder metallurgy considered in the reports and presentations
delivered at the plenary and breakout sessions. The authors have also expressed their own opinions on the
prospects for the development of powder metallurgy in Europe and the rest of the world.
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KOMILIEKC TIPOTPAMM TESTCOAT JJISI UCCJIEJOBAHUSA
TEMIIEPATYPHbBIX IIOJIEH, HATIPSIDKEHUHN U JE®OPMAIIUIA
B IBYMEPHOM OBPA3ILE C MHOI'OCJIOMHBIM MOKPBITUEM

I.®o. FpOMbIKOl, A.D. I/IJILIOIIICHKOZ, AMN. IHeBIIOBZ, B.B.OKOBHTBIii

1HHcmumym mamemamuxu, yi. Cypeanosa, 11, 220072, . Munck, berapyco
2Hchwmym nopowkosou memannypeuu, yi. [lnamonosa, 41, 220005, 2. Munck, berapyco

3 . . .
benopycckuii nayuonanvHsill mexuuueckuu yHusepcumem, np. Hezasucumocmu 65, Munck, benrapyco
Hocmynuna 15.07.2015 e.

B cmamve onucan komniexc npoepamm TestCoat, npeonaznauenmviti 0na  uUccied08aHus
memnepamypHuIxX nojietl, HanpsaxXcenuti u depopmayuii 8 08yMepHOM 00paszye ¢ MHO2OCIOUHBIM NOKPbIMUEM
8 3A8UCUMOCU OM 2PAHUYHBIX MEMNEPAMYPHBIX YCI08U U YCIIOBUL HACPYIHCEHUSL.

COMPLEX PROGRAMS TESTCOAT FOR STUDY OF TEMPERATURE FIELDS, STRESSES
AND STRAINS IN THE TWO-DIMENSIONAL SAMPLE WITH A MULTILAYER COATING

G.F Gromyko®, A.PH. Ilyuschenko?, A.1. Shevtsov?, V. V. Okovity®

! Institute of mathematics, Minsk, Belarus
?Powder Metallurgy Institute, Minsk, Belarus
®Belarusian national technical university, Minsk, Belarus

This paper describes a complex of programs TestCoat, designed to study the temperature fields,

stresses and strains in the two-dimensional sample with a multilayer coating, depending on the boundary
conditions of temperature and loading conditions.
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KOHEYHO-3JIEMEHTHBIN AHAJIN3 PACIIPEJIEJTEHUS
HATPSIKEHHO-JIE®@OPMHUPOBAHHOI'O COCTOSIHUS U INIOTHOCTH IIPU
IMPECCOBAHMU JETAJIEN CJIOKHOU ®OPMBI.
COOBIIEHUE 1. MOJIEJIMPOBAHUE MIPECCOBAHUS 3YBA IECTEPHA

B. M. I'opoxos, B. H. I'yuek, U. H. Tapycos

Huemumym nopowkogou memannypeuu, yia. Ilnamonosa, 41, 220005, Munck, berapyco,
e-mail: gorokhov47@mail.ru

Iocmynuna 27.04.2015 2.

Ilposedeno uccnedosanue pacnpeoeneHuss NJIOMHOCMU U BEIUYUHbL YHPY2020 NOCe0elicmeus
8 3y0UamoM Genye npu npecco8aruy oemainel muna «uieCmepHsy OJisi pA3HLIX 3HAYeHUU Kodgguyuenma
gHewne2o mpenus. Iloxkazano, umo yeenuuenue O0AaGIeHUsl NPeCcCOBAHUSL CNOCOOCMEYem VYMeHbULeHUIO
2paduenma OMHOCUMENbHOU NJIOMHOCIMU 8 NPecCO6Ke, Gbl36AHHOU KOHMAKMHbIM mpenueM. Benuuumnvi
ynpyeoco nocnedeticmeusi cmeceri Densmix ma ocnose  Ouphyzuonno-1€2UPOBAHHBIX  NOPOUKOS
Distaloy AE u DC naxoosmces 6 unmepsane snavenuii 0,1 - 0,2 % 6 3agucumocmu om ycio8uil Npecco8anus,
umo obecneuusaem NPAsUIbLHOE NPOEKMUPOBAHUE NPECCOBOUHO20 UHCTPYMEHMA.

FINITE ELEMENT ANALISYS OF STRESS STRAIN AND DENSITY DISTRIBUTION
DURING PRESSING COMPLICATED POWDER PARTS.
MESSAGE 1. MODELLING OF GEAR TOOTH DENSIFICATION

V. M. Gorohkov, V. N. Guchek, I. N. Tarusov
Powder Metallurgy Institute, Minsk, Belarus

There have been investigated the distributions of density and springback after pressing powder gears
under different values of friction ratio. It has been shown that increasing the applied pressure leads to
decrease of density gradients caused contact friction. Springback values for the warm compacted Densmix
mixtures based on diffusion alloyed powders Distaloy AE u DC are in the interval of 0,1 — 0,2 % that allows
to proper calculate tooling for compaction and sizing the powder parts.
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CTPYKTYPA U CBOMICTBA UH®WUJIbTPUPOBAHHBIX
IMOPOLIKOBbBIX KOMITIO3ULIMOHHbBIX MATEPHUAJIOB
CUCTEMBbI BOJIb®PAM (KAPBU /] BOJIb®PAMA) - CEPEBPO

B. M. I'opoxos, HU. H. Tapycos

HUncmumym nopowrxoeoti memannypeuu, ya. Ilnamonosa, 41, 220005, 2. Munck, benapyces,
e-mail: gorokhov47@mail.ru

Hocmynuna 27.04.2015 2.

Hccnedosan npoyecc noayuenus, cmpykmypa U CcOUCMEA NOPOUKOBHIX KOMNOZUYUOHHBIX
mamepuanos, cooepaircawmux 8oavghpam (kapouo sorvghpama), cepebpo u nuxenv. JKuokoghasHvim cnekanuem
6 eaxkyyme u uH@urbmpayuei npu memnepamypax 1100-1200 °C nonyuenvr s1ekmpoxoHmaxmmbvie
mamepuanst ¢ niomuocmoio 11,4—12,6 olen®, cooepacawue 30—45% myeonnasxoii gazvl ¢ nopucmocmoio
0,5-2%. Onexmpoxonmaxmmuvie mamepuansi, ¢ 001ee BbICOKUM COOepIHCAHUEM MY20NIA8KOU (ha3vl
40-60% u nosviwennoti niomuocmoio 11,8—14,0 2/cm® noaYuenvl UHOUILMPAYUEll OMONCHCEHHBIX
npeccoBokK, NOOBEPSHYMbIX O0YNIOMHeHUI0 00 omHocumenvHou nromuocmu 75-90%.

STRUCTURE AND PROPERTIES OF POWDER INFILTRATED COMPOSITE MATERIALS
TUNGSTEN (TUNGSTEN CARBIDE) — SILVER

V. M. Gorohkov, I. N. Tarusov
Powder Metallurgy Institute, Minsk, Belarus

There have been investigated the peculiarities of manufacturing, structure and properties of powder
composites materials containing tungsten (tungsten carbide), silver and nickel. Shown that using liquid-
phase sintering and infiltration of powder compacts in vacuum allows producing composite materials
W-Ag-Ni, WC-Ag-Ni, W-WC-Ag-Ni at temperatures 1100-1200 °C with density of 11.4-12.6 g/cm®
comprising 30-45% of refractory phase. Electrical contact materials with higher content of refractory phase
40-60% and increased density of 11.8-14.0 g/cm® can be manufactured by infiltration annealed compacts
subjected to the re-pressing up to relative density 75-90%.
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MMPOLECCHI HIOJIYYEHUSA MATEPUAJIOB HA OCHOBE ME/I
AHTH®PUKIIMOHHOI' O HASHAYEHUS WHOUJIbTPAIIMEN

J. H. IbaukoBa

Hucmumym nopowxosou memannypeuwy, yi. [lnamonosa, 41, 2200052. Munck, berapycs,
e-mail: dyachkova@tut.by

llocmynuna 22.07.2015 2.

Ilpeocmasnensvt pesynvmamvl UCCLEO08AHUN  GIUAHUSL PEHCUMOB UHDUILMPAYUU ONI080M  HA
mpubomexnuieckue U MexaHuuecKue C80UCmed NOPOUKOSbIX AHMUDPUKYUOHHBIX MAMEPUALO8 HA OCHOBE
meou. Ilokazano, umo, umo uHuILMpayUs Meou OJ0B0M MNO360JiAem NOBbICUMb MPUOOMEXHUYECKUe
CBOUCMBA MEOHbIX MAMepuaios, MUHUMALLHGIL KOIPOUYyUeHm mpeHus u MAKCUMAIbHOE OdGleHUe
CX8aMbIBAHU HAONIOOAIUCL Y OBYXCIOUHO20 UHPDUILMPUPOBAHHO2O OJIOBOM MAMEPUALA, COCMOAUE20 U3
C0s1 Meou u cosi meou ¢ 00baskoll 3% nopoobpazosameis.

INFILTRATION-ASSISTED PRODUCTION OF COPPER-BASED ANTIFRICTION MATERIALS
L. N. Dyachkova
Powder Metallurgy Institute, Minsk, Belarus, e-mail: dyachkova@tut.by

We provided the results of studies concerning the influence of tin infiltration conditions on
tribological and mechanical properties of copper-based anti-friction powder materials. It was proved that
tin infiltration of copper improves tribological properties of copper materials. We observed the minimum
friction coefficient and maximum setting pressure in the two-layered tin infiltrated material consisting of a
copper layer and a copper layer with 3% of blowing agent.
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YUCJIEHHBIE SKCIIEPUMEHTDI JUIS1 BBIBOPA TEXHOJIOI'HYECKHUX ITAPAMETPOB
BBICOKOYHEPTETHYECKOM OBPABOTKH OBMA3KU C CBC —- PEATEHAMMU I1PH
®OPMHUPOBAHNHU N3HOCOCTOMKNX KOMIIO3UIIMOHHBIX TOKPHITHIA

A. D, I/IJILlOHIeHKOl, I. O. FpOMbIK()Z , H. IL. MauyKaZ, A. . HIeBImB1
1Hchwmym nopowkosou memannypauu, yi. Ilnamonosa, 41, 220005, 2. Munck, berapyco

2HHcmumym mamemamuxu, yi. Cypeanosa, 11, 220072, e. Munck, berapyco

Ilocmynuna: 15.07.2015 a.

B pabome npedcmasnenvl pezynbmamvl  8bIMUCIUMENLHO2O IKCHEPUMEHMA NO  UCCAEO08AHUIO
MENIOBLIX NPOYECco8 Npu QOPpMUPOSAHUU KOMHOZUYUOHHO2O NOKPbIMUSL HA OCHO8e Kapouda mumaud.
Paspabomana mamemamuueckas mooenb menniogulx NPoOYecco8 npu 6030€lCMEUY UMNYIbCOM NAA3Mbl HA
oomasky, cooepocawyro CBC - peacenmsvl, ¢ UHUYUUPOBAHUEM  CAMOPACHNPOCMPAHAIOUE20C S
gvblcokomemnepamypHozo cunmesa. Kpaesas 3adaua pewanace memooom KoHeuHbIX 00beM08 6 08YMEPHOU
NOCMAHOBKE C UCNONb308AHUEM UMEPAYUOHHBIX npoyeccos. Tlposedena cepusi YUCIEHHBIX IKCNEPUMEHNO8
1O U3YYEHUI0 NOBEOEHUS UCXOOHOU WUXMbL NPU PA3IudHOU obpabomke oopasya. [lokazano, umo xapaxkmep
CBC cywecmeenno 3asucum om MOWHOCMU NIA3MEHHOU Cmpyu, OUCMAanyuu 00pabomku, noodocpesa
noonodcku u op. C noMowpio BbIYUCTUMENbHBIX IKCHEPUMEHMOE YCIMAHOBNIEHbl ONMUMATIbHbLE PEHCUMDBL
00pabomku u nPeod8apumebHO20 N0002PeBa NOONONCKU.

NUMERICAL EXPERIMENTS FOR THE TECHNOLOGICAL PARAMETERS CHOICE OF
HIGH-ENERGY PROCESSING AT A FORMING ANTIWEAR COMPOSITE COVERIATING OF
THE PLASTERING WITH SHS - REAGENTS

A. Ph. llyuschenko®, G. F. Gromyko?, N. P. Matsuka?, A. I. Shevtsov*

'Powder Metallurgy Institute, Minsk, Belarus
2|nstitute of mathematics, Minsk, Belarus

The mathematical model of thermal processes at influence by a plasma impulse on the plaster
containing SHS-reagents with initiation of the self-propagating high temperature synthesis is developed. A
series of numerical experiments on studying of behavior of initial charge at various processing of a sample
is carried out. It is shown that a character of SHS significantly depends on the heating of a substrate,
duration of an impulse, material of an inert matrix, preliminary mechanoactivation of SHS-reagents.
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INOJYYEHMUE YJIbTPA- © HAHOJAUCIIEPCHBIX IIOPOLIKOB
®EPPOMATHETHUKOB-IIMAHEJIEA METOJIOM MEXAHOAKTUBHUPYEMOI'O
CAMOPACITPOCTPAHAIOIEI'OCS BBICOKOTEMIIEPATYPHOI'O CHUHTE3A

A. U. Jlenko, T. JI. Tanaxo, H. M. Ilapaunkuii

HUncmumym nopowrxoeoti memannypeuu, ya. Ilnamonosa, 41, 220005, 2. Munck, benapyces,
e-mail: skeyone@rambler.ru
Iocmynuna 15.07.2015 2.

Maenumomsekue ynompa- u nanooucnepchvle nopouiku geppomacnemuxos — wnunenei NiFe;,0Oy
u CoFe;O4 nonyuenvl memooom Mexamoaxmusupyemozo camopacnpoCmpansoue2ocs 6blCOKOmem-
nepamypuoeo cunmesa. Ilonyuennvle nopowiky umenu CJLONCHYIO MHO20YPOGHEBYI0 CIMPYKMYPY CO CPEOHUM
pasmepom nepsuunvix yacmuy om 20 0o 150 Hm.

PREPARATION ULTRA- AND NANO-DISPERSED FERROMAGNETIC SPINEL
POWDERS BY MECHANICALLY ACTIVATED SHS

A. l. Letsko, T. L Talako, N. M. Parnitsky
Powder Metallurgy Institute, Minsk, Belarus, e-mail: skeyone@rambler.ru
Ultra- and nano-dispersed soft magnetic powders ferromagnets - spinel CoFe,O4 and NiFe,O4, prepared

by a method mechanoactivated by SHS. The synthesized powders using mechanical activation complex had
a layered structure with an average primary particle size of from 20 to 150 nm.
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INOBEJEHUME HIJIAKOB METAJIVTYPITHYECKHUX 3ABO/10OB
P MEXAHOXUMHWYECKOMN AKTUBAIIUA

B. A. Maanpoc;ml, B. B. Casuy?, 10. O. JIucockas’, M. D. Cacynusml, J.T. 3211cap;m3

' ocyoapcmeenHblll undiceHepHulil yrusepcumem Apmenuu ([lonumexnuk), Epesan, Apmenus
2HHcmumym nopowikosou memaniypeuu, yia. Ilnamownosa, 41, 220005, 2. Munck, berapyco
3340 « T exymy , Epesan, Apmenus

Iocmynuna 17. 08. 2015 2.

Obcysicoaemess npoyecc MeEXAHOXUMUHECKOU aKmueayuu wiaKko8 MeoOH020 U MOIUOOEeH08020
npou3B00Cmea 0etucmeyIiouux Memauilypeudeckux 3a60008 Apmenuu mMemooom ux moHKo20 UsMelbyeHUs 8
subpomenvHuye 8 600HOM pedcume. llokazano, umo npu MmMoHKoM usmenvueHuu (0o 10 mxm) wnaxu,
codepocawjue CLONCHbIE MANOPEAKYUOHHOCNOCOOHbIe COEOUHEHUsl Jicelle3d U KpeMHUs, NO008epearomcsl
2NYOOKUM XUMUYECKUM UBMEHEHUM, Npespaujasich 6 amop@uvie okcuowl. llonyuennvie akmusuposanHvle
OKCUObL  MO2YM  CIYHCUMb  CblpbeM O NOAYYEHUs Jicelle30- U KpeMHulicooepicaujeeo Cnaaea -
Geppocunuyus. Pezynomamut uccneoo8anus NnOOMeEePIHCOeHbl Memooamu XUMUYECKO2O,
CPAHYIOMEMPUYECKO20 U PEHMSEHOPDA308020 AHAIU30B.

BEHAVIOUR OF SLAGS OF STEEL WORKS AT MECHANOCHEMICAL
ACTIVATION

V. H. Martirosyan', V. V. Savich?, Yu. O. Lisovskaya®, M. E. Sasuntsyan, E. G. Zakaryan®

1State Engineering University of Armenia, Yerevan, Armenia
Powder Metallurgy Institute, Minsk, Belarus
3 «Teghout», Yerevan, Armenia

Process of mechanochemical activation of copper and molybdenic production of the operating steel
works of Armenia by method of their thin crushing in a vibromill in the water mode is discussed. It is shown
that at thin crushing (before -10 um) the slags containing difficult a little reactive compound of iron and
silicon are exposed to profound chemical changes, turning into amorphous oxides. The received activated
oxides can serve syry for receiving an iron-and siliceous alloy - ferrosilicium. The received results are
confirmed with methods of chemical, granometrichesky and X-ray phase analyses. Keywords: slags of steel
works, mechanochemical activation, crushing, iron, silicon.
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HEPEXO/J U3 KPUCTAJTJINYECKOI'O COCTOAHUA B AMOP®HOE
P JMHAMMUYECKOU OBPABOTKE CTAJIEM BBICOKOCKOPOCTHBIMH
ITIOTOKAMU MUKPOYACTHUIL]

B. 1. OpunnaukoB, A. ®. HiabpomeHko

Hayuno-ucnedosamenvckuti uHcmumym uMnyibCHbIX NPOYECCO8 C ONIMHLIM NPOU3BOOCHBOM,
ya. IInamonosa, 126, 220005, . Munck, berapyco

Ilocmynuna 06.07. 2015 2.

B cmamve onucano cospemennoe NOHUMAHUe MeXAHUIMA ~amMopuzayuu  MaAmepuanos,
00paboOMAHHBIX 8bICOKOCKOPOCMHLIMU nomoxkamu yacmuy. Ilokazano, umo 6 yclosusx 8blCOKOU cmeneHu
naacmuyeckoll degopmayuu u npu 88e0eHUU MUKPOUACMUY 8 8euecme0, HAYUHAemCcs npoyecc nepexood
CMPYKMypbl 8 AMOppHOEe COCMOSIHUE, YMO NPUBOOUM 8 KOHEUHOM Umoze K 00pa308anuio amop@Hotl ghasol.
Junamuueckoe necuposanue Memanno8 U CHIAB08 uYAcmuy cnocoocmeyem dazoeomy nepexooy
KPUCMATLIUYECKO20 8eueCmaed 8 amophHoe cocmostue.

TRANSITION FROM CRYSTALLIC TO AMORPHOUS STATE DURING DYNAMIC
TREATMENT OF STEEL WITH HIGH-SPEED FLOWS OF PARTICLES

V. 1. Ovchinnikov, A. Ph. llyushchenko

Research Institute of Pulse Processes with Pilot Plant, Minsk, Belarus

The article considers the modern understanding of the mechanism amorphization of materials
treated with high-speed flows of particles. It is shown that in the field of extremely high degree of plastic
deformation and the introduction of micro-particles in the material is the process of amorphization
structure, leading eventually to the formation of the amorphous phase. Dynamic alloying of metals and
alloys particles contributes to the phase transition of crystalline material in the amorphous state.
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AHAJIN3 ITPOLNECCOB BBICOKOCKOPOCTHOI'O COYJAPEHUSA ITIOTOKOB YACTHUII C
MPET'PAJION Y X BJIUSITHUE HA CBOMICTBA MUKPOCXEM

B. 1. OBUHNHHUKOB

Hayuno-uccneoosamensckutl UHCMUmym umnyibCHbIX NPOYECCO8 ¢ ONbIMHBIM NPOU3600CIEOM,
ya. ITnamonosa, 126, 2. Munck, Beaapycs, e-mail: OvchinnikovVIi@yandex.ru

Hocmynuna 21. 07. 2015 2.

B pabome npedcmaenen anmanuz npoyeccos 6blCOKOCKOPOCHMHO20 B63AUMOOCUCMBUSL HOMOKO8
MUKpoYacmuy ¢ npespacol, pe3yibmamvl IKCHEPUMEHMANbHbIX U MeopemuieckKux uccnedosanuil
3aeucumocmu 21yOUHbl NPOHUKAHUSL MUKPOYACMUY 6 DA3TUYHbIE MAMepUualbl Om dHepeUu YCKOpumeis,
cKOpocmu U pasmepa  MUKpOYACMUY, 6IUAHUS COYOApeHUus U HNPOHUKAHUS MUKPOHYACmUYy Ha
degpexmoobpazosanue 8 cmpyKmype Mamepuanog nocie 6030elCmeUs GblCOKOCKOPOCHHBIM — HOMOKOM
MUKPOUACTUY HA PA3TIUYHBIX CYOCMPYKMYPHBIX YPOBHIX NPOMEKaHUs npoyecca.

PROCESS ANALYSIS OF HIGH-SPEED PARTICLE FLOW IMPACTS WITH OBSTACLES AND
THEIR INFLUENCE ON MICROCIRCUIT PARAMETERS

V. I. Ovchinnikov

Research Institute of Pulse Processes with Pilot Plant, Minsk, Belarus,
e-mail: OvchinnikovVIi@yandex.ru

The paper provides the analysis of the processes of high-speed interaction of the flows of
microparticles with an obstacle, the results of experimental and theoretical studies of the dependence of the
depth of penetration of microparticles in various materials from the energy of the accelerator, the speed and
size of the particles, the impact of the impact and penetration of microparticles on defect formation in the
structure of the materials after the impact of the high-speed stream of particles at different substructures
levels of the process.
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KOMITO3ULIMOHHBIN MATEPUAJI JUISI TETEPOT'EHHOI'O KATAJIU3A
E. E. l'[enommcl, C. d. TI/IXOBZ, B. E. POMaHeHKOBZ, T. W. Hmmylcl, T. E. EBTyXOBaZ

1HHcmumym nopowkosou memaniypeuu, yi. [lnamownosa, 41, 220005, Munck, berapyco,
e-mail: pet65@bk.ru
2H)Hzcmumym kamanuza um’ I.K. Bopecxosa CO PAH, np. akao. M.A. Jlaspenmvesa, 5, 630090,
2. Hosocubupck, Poccus
3Beﬂ0pyca<ub7 HAYUOHAIbHBIU mexHudeckuu yHusepcumem, np. Hezasucumocmu, 65, 220113, Munck,
benapyce, e-mail: rom52@mail.ru

Ilocmynuna 01. 10. 2015 2.

Hccnedoseana cmpykmypa nopucmoeo mamepuand, CUHME3UPOBAHHO20 U3  MeXAHUYECKU
axmueuposannozo nopowka CU-Al (13 sec.% Al) na xomnaxmmnoi noonodxcke us Koppo3uUOHHO-CMOUKOU
cmanu 12XI8HIT, uccreoosana cmpykmypa nepexooH020 C10si U YCMAHOBIEHO HAludue @azoevix
KOHMAKMO8 MeNCOy CUHMEIUPOBAHHBIM NOPUCIBIM MANEPUATOM U KOMIAKMHOU NOOIONHCKOI.

COMPOSITE MATERIAL FOR HETEROGENEOUS CATALYSIS
E. E. Petyushik?, S. Ph. Tihov?, V. E. Romanenkov?, T. I. Pinchuk®, T. E. Evtuhova?

'Powder Metallurgy Institute, Minsk, Belarus, e-mail: pet65@bk.ru
2 Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia
3Belarusian National Technical University, Minsk, Belarus, e-mail: rom52@mail.ru

This paper presents a structure investigation of the porous material synthesized from mechanically
activated powder Cu-Al (13 % wt Al) on a compact substrate of corrosion-resistant steel 12X18H9T. We
studied the structure of the transition layer and revealed presence of phase contacts between the synthesized
porous material and compact substrate.
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CIIEKAHME 110 JABJEHHUEM AJIIOMOMATPUYHOI'O KOMIIO3UIITUOHHOI'O
MATEPUAJIA, MOAUDPUTINPOBAHHOTI'O ITYHI'UTOBBIM YIJVIEPOJOM

ILA. BI/ITSBLl, A. D, I/I.]Iblomemcoz’3, B.T CeHI()TLS, ML Xeiflg)euﬂ', HN.H.Yepusak 3,
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Hocmynuna 05. 08. 2015 2.

B pabome nposedeno ucciredosanue cmpykmypul aitOMUHUEB020 CHIABA, MOOUDUYUPOBAHHO2O HAHO-
CMPYKMYPUPOBAHHBIMU 000ABKAMU ULYHSUMOBO20 YeNepood, NOCie MepmMoodOpabomKu 8 YClo8UAX 8blCOKO2O0
Oasnenus. Ilokazano, umo moouuyuposarue wYHUMOB02O Yenepood allOMUHUEM CHOCOOCmEyem
NOBBIUEHUIO XUMUYECKO20 CPOOCMEA U NPOYHOCTU YOEPIHCAHUS HANOIHUMENSA 6 ATIOMUHUEBOU Mampuye.
CHudicenue 8 wiuxme KoHyenmpayuy HanoaHumens ¢ 5 0o 1,5 mac. %, a makaice nogvluieHue memnepamypbl
CNeKaHUusi NPUBOOUM K YMEHbUEHUIO PA3MEPO8 BKIIOUEHUU WYHeUMO08020 yaaepooa 0o 10—15 mxm, npu
IMOM e20 pacnpeoeienue 8 KomMnosume Oojee pagHOMEPHO. YCMAHOBIEHO, YMO ¢ POCHOM MeMNePamypbl
ChekaHusi Habo0aemcs ygeaudeHue MUKpOmaeepooCcmu KOMNo3umad.

PRESSURE SINTERING OF ALUMINUM-MATRIX COMPOSITE MATERIAL MODIFIED
WITH SHUNGITE CARBON

Vityaz P. A%, Ilyushchenko A. F.23, Senyut V. T .3, Kheifez M. L.#, Charniak I. N.3, Kusin R. A2,
Zhehzdryn D. 1.3, Kolmakov A. G.°

Presidium of NAS of Belarus, Minsk, Belarus
®The State Scientific and Production Amalgamation of Powder Metallurgy, Minsk, Belarus
3State Scientific Institution The Powder Metallurgy Institute, Minsk, Belarus
*The State Scientific and Production Amalgamation “Center”, Minsk, Belarus
*Institute of Metallurgy and Material Science of RAS, Moscow, Russia

In this paper we investigated the structure of aluminum alloy modified with additives of shungite
carbon after heat treatment under high pressure. It has been shown that the introduction of shungite carbon
in aluminum matrix inhibits growth of the aluminum grains in the high temperature sintering region and
increases the microhardness of the composite material. Reducing the concentration of shungite from 5 to 1.5
wt.% leads to a decrease in size of the inclusions of shungite and promotes their more uniform distribution
in the aluminum matrix.
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NCCIEJOBAHUE CTPYKTYPbI U TPUBOTEXHUYECKHUX XAPAKTEPUCTHUK
MHOTI'OCJIOMHBIX HAHOCTPYKTYPHBIX HOKPBITHUM C PA3JIUYHOM TOJIIIMHOMN
MOHOCJIOsA

A. ®. UnbomeHko 1, M. A. AnapeeB 2, JI. B. MapkoBa 1, 0. O. JIucoBekasn -

1Hchwmym nopowkosou memannypauu, yi. [lnamonosa, 41, 220005, 2. Munck, berapyco
20X11 Hncmumym ceapru u 3auummusix nokpeimuil, yia. Ilnamownosa, 126, 220005, 2. Munck, berapyce

Ilocmynuna 24. 08. 2015 2.

H3yuaemcs enusHue moawuHbl MOHOCIO0S 8 MHO2OCIOUHOM HAHOCMPYKMYPHOM HOKPLIMUU HA €20
CMPYKmMypy u mpubomexHuyeckue Xapakmepucmuku. YCmamoeieHa 3a8ucumMocmv pamepa 3epHa U
napamempa uepoxosamocmy HNOBEPXHOCMU OmM MOIWUHbL MOHOCI0 8 Nokpuimuu. Hccredosanue
MpUOOMEXHULECKUX XaApaKmepucmuk noKazauno, 4mo oopaszyvl ¢ moawunou monociosi 20 u 40 um Ha
npomsidicenuu nymu mpenus oonee 8 m umerom kodppuyuenm 0,25 — 0,35, umo ceudemenvcmeyem o
8bICOKUX mpubomexnHuveckux xapaxmepucmuxax. I[lpuuem npu paspyuieruu 00HO20 UIU HECKOAbKUX
@DYHKYUOHATbHBIX OI0OKO8 NOKPbIMUE 8036PAYAETNCS 8 PAOOYULL PEXCUM, 3d Cuem NOCMYNIIeHUs Ha padboyyo
NOBEPXHOCb HOBbIX MPUOOMEXHUYECKUX MOHOCIL0E8 COOEPHCAUUX OUCYTbPUO MOTUOOEHA.

INVESTIGATION OF THE STRUCTURE AND TRIBOLOGICAL CHARACTERISTICS OF
MULTILAYER NANOSTRUCTURED COATINGS WITH DIFFERENT THICKNESS
MONOLAYER

A. Ph. Ilyushchenko®, M. A. Andreev?, L. V. Markova’', Yu. O. Lisovskaya®

Powder Metallurgy Institute, Minsk, Belarus
SSSI Institute of welding and protective coatings, Minsk, Belarus

Influence of thickness of a monolayer in a multilayered nanostructural covering on its structure and
tribotechnical characteristics is studied. Dependence of the size of grain and parameter of a roughness of a
surface on monolayer thickness in a covering is established. Research of tribotechnical characteristics
showed that samples with thickness of a monolayer of 20 and 40 nanometers throughout a way of friction
more than 8 m have coefficient 0,25 — 0,35 that testifies to high tribotechnical characteristics. And at
destruction of one or several functional blocks the covering back to an operating mode, due to revenues to a
working surface of the new tribotechnical monolayers containing a molybdenum disulfide.
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TEOMETPUUYECKHWH KPUTEPUI HAHOPASMEPHOCTH

B.A.JInono, E.B.OBunnnukoB, B.A.Ctpyk, M.I'pancka-/lajake

'n poonenckull 2ocyoapcmeeniulil yrusepcumem um. Anku Kynane,
yi. Oxcewxo, 22, 230023, 2. ' poono, benapyce, e-mail: ovchin_1967@mail.ru
2 Benocmoxckuti mexnuveckui yHueepcumem, 2. Benocmox, Ionvua

Iocmynuna 24. 08. 2015 2.

AMOMHO-MONEKYNIAPHASL CMPYKMYPA HAHOKPUCIALIO8 3A8UCUM  OM  CMPYKMYPbl UX 00beMHbIX
ananozos. Qouaxko ciredyem YUumol8amvp, YMO YOelbHASl NOBEPXHOCMHAS dHepausi 6ausiem Ha
9Hepeemuyeckoe COCmosiHue HaHokpucmannos. Kpome dsmoco 6 Hamokpucmaiie OMCYymcmeyem
mpancaayus. Pazmepvt kpucmaniumos amomog cousmepumvl ¢ OIUHOU C80000H020 npobezca (PoHOHA, a
makyce ¢ pasmepamu Nia3MoHo08. g MaxKpooOvbeKmos HNpuMeHsemcs aouabamuieckas Mooelb
CB80000H020 371IEKMPOHA, a OJIsl HAHOKPUCALI08 He0OX00UMO UCNONb308AMb MOOelb «INeKMPOHHO20
arceney. s 60abuux KpUCMAaiio8 npUMeHUMAa Kiaccuieckds. meopus, a 01si HAHOKPUCMAILL08 mpedyemcsi
npugiekams annapam Keanmosou mexanuxu. Ilpu onucanuu ghopmol (cabumyca) HAaHOKPUCMANLO8 Cledyem
VUUMBLEAMb MOYEUHYIO 2PYNNY MAKPOKpUcmaiid. B udearvnom cnyuae kpucmannoepaghuyeckue uHOexcol
NOBEPXHOCMHBIX amomos [[UVW]] coomeemcmayem ux 0OUHAKOBLIM paoduyc-6eKmopam U max U UHOEKC bl
epaneiti (hkl) ceszanvt Opye ¢ Opyeom epynnou moueunou cummempuu.

THE GEOMETRICAL CRITERIONS OF NANOPARTICLES
V. A. Liopo, Y. V. Auchynnikau, V. A. Struk, M. Gradzka-Dahlke

Grodno State University, Grodno, Belarus
Politechnika Bialostocka, Bialystok, Polska

The structure of the bulk crystals allow to determine the habit of the nanocrystales on their
base only as a source point. It is impossible to neglect the size, form and influence of surface. The
liquids surface relatively quickly passes to equilibrium form when free energy is minimum. Debye’s
temperature is rather arbitrary parameter. Its determination is based on some approach. However this
parameter is introduced to the reference books and is broadly used in the crystal physics. Proposed
strategy allows to define habit maximum size of nanoparticles on the base well known physics
representations. The L—value is determined the bounder between sizes where it can be done value
description and where it’s necessary to take into account the particle sizes.

105



VIIK 669.018
OCOBEHHOCTH ITIOJIYYEHUSA HAHOCTPYKTYPUPOBAHHBIX
YINPOYHEHHBIX AIFOMUHHUEBBIX CIIJTABOB

B. 1. OpunnHukoB, JI. B. Cynauk, M. H. Uypuk, U. H. KazaneBckas

OXII «Hayuno-uccreoosamenbckuil UHCMUMYM UMNRYAbCHBIX NPOYECCOB C ONLIMHBIM NPOU3BOOCTBOM Y,
ya. Ilnamonosa, 12 6, 220005, Munck, berapyce

Iocmynuna 23. 07. 2015 2.

Hccneoosarn cnocob noJjly4eHus KOMNO3UYUOHHO2O mamepuaild Had OCHOBE 3A36MEKMUUECKO2O
AJNIOMURUEB020 Chla8d HAHOCMPYKmMypuposanuem ¢ CUHME30M YNpPOUHAIOWUX QbCZS’ Henocpedcmeeﬂﬂo 6
pacnuaee.

PECULARITIES OF MANUFACTURING
HARDENED NANOSTRUCTURED ALUMINUM ALLOYS

V. I. Ovchinnikov, L. V. Sudnik, M. N. Churikov, I. N. Kazanevskaya
SSSI RIPPPP at SSI PMI of NAS of Belarus, Platonova 12b, 220005, Minsk, Belarus

We studied the method of manufacturing a composite material based on hypereutectic aluminum
alloy using nanostructuring with reinforcing phase synthesis directly within the melt.
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CHUHTE3 KYBUYECKOI'O HUTPUJA BOPA B CUCTEME BN — NaN3

JI. M. I'ame3a, I1. A. Butsasp, . B. AuToHoBuY, E. 1. MocyHoOB,
B. T. Ceniors, JI. C. Yasapxa
Obvedunennvlll uncmumym mawunocmpoenus, yi. Axademuuecxas, 12, 220072, e. Munck, benapyco
Iocmynuna 13. 05 .2015 2.

Bnepgvle npu 6biCOKUX 0aGNeHUAX U MeMnepamypax noayyeHvl MUKPONOPOWKU KYOUYecKoeo
HUMpuoa 60pa ¢ NOMOWbIO a3uda Hampus 8 Kauvecmee unuyuamopa cunmesa. OnpeoeneHo onMmuUMalbHoe
codeparcanue azuoa Hampus 8 wuxme, a MaKdxtHce ONMUMALbHbIE YCI08US CUHME3d KYOUUeCKo20 HUmpuoa
oopa ¢ cucmeme BN — NaNsz. Maxcumanvnoe 3nauenue cmenenu npespawjeHus epagumonooodHo2o
Humpuoa 6opa 6 Kyouueckuil 8 npo8eOeHHbIX IKCNEPUMEHMAX 3ApuUKCcUpo8ano Ha yposue 72 macc.%, a
pasmep nopouKos 0CHOBHOU (ppakyuu Kyouuecko2o numpuoa 6opa cocmagun 2 — 4 MKm.

SYNTHESIS OF CUBIC BORON NITRIDE IN THE BN — NaN; SYSTEM

L. M. Gameza, P. A. Vityaz, Ya. V. Antonovich, E. I. Mosunov, V. T. Senyut, L. S. Unyarkha

The Joint Institute of Mechanical Engineering, Minsk, Belarus

The cubic boron nitride micron powders have been first synthesized at high pressures and temperatures using
sodium azide as the catalyst. The optimal content of sodium azide in the mixture as well as the optimal conditions of
the cubic boron nitride synthesis in the BN — NaN; system were determined. The maximum value of the degree of
graphitelike boron nitride to cubic boron nitride conversion in these experiments was fixed to be 72 mass. % and the
size of powders of basic fraction of cubic boron nitride varied from 2 to 4 um.
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JNEKTPO®UINYECKHUE CBOMCTBA KOMIIO3UIITUOHHOI'O
MATEPHAJIA Ti-Al-N B TUAIIA3OHE PAJIMUOYACTOT

A. @. Wabomenko’ ,C.T. Bapai/i1 ,A. A .JIemcol, E. A. Kamaenl,
E. B. )Kylcl, H. B. Haconosa’

YYnemumym nopowosoii memannypeuu”, yn. Inamonosa, 41, 220005, Munck, Berapyce,
e-mail: baraysg@yahoo.com
2BI'VHP, yn. I1.Bposku, 6, 220013, Munck, Berapycw, e-mail:nasonovaN@bsuir.by

Hocmynuna 29. 07. 2015 e.

Hzyuenvr  anexmpoghuzuueckue — ceoticmea  Komnosuyuonrozo — mamepuara  TIAI-N,
cunmesuposannozo memooamu CBC u MACBC. [lokazano, umo mamepuan OmHOCUMCS K KIACCY MPOUHbLX
cucmem Mp1AXn ¢ mak Haswvieaemon MAX-gpazoti u obradaem xapaxmepucmukamu, HPUCYUUMU
PEUCMUBHBIM MAMEPUATAM.

ELECTROPHISICAL PROPERTIES OF COMPOSITE MATERIAL
TI-AL-N IN RADIO FREQUENCY RANGE

A. PH. llyushchenko!, S. G.Barai !, A. I. Letsko!, E. A. Kashaed®, E. V. Zhuk?,
N. V. Nasonova?

'Powder Metallurgy Institute, Minsk, Belarus
*Belarusian State University of Informatics and Radioelectronics, Minsk, Belarus

Electrophisical properties of the composite Ti-Al-N, synthesized by SHS and MASHS are studied. It
is shown that the material belongs to the class of ternary system M,.1AX, with so called MAX-phase and has
the characteristics inherent resistive materials.
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NCCIEJOBAHUE ITPOLNECCA KATAJIMTHYECKOI'O YJAJIEHUA
TEPMOIIVIACTUYHOI'O CBA3YIOLLEI'O
N3 3AOTOBOK UH) KEKIIMOHHOI'O ®OPMOBAHUA

A. ®. Unbomenko , C. I'. bapaii , K. B. Murais, E. B. Kyk

Hnemumym nopowkogot memannypeuu, yi. Ilnamonosa, 41, 220005, Muncxk, Benapyco,
e-mail: baraysg@yahoo.com

Iocmynuna 27.07. 2015 2.

H3yuen npoyecc Kamanumuyecko2o YOaaeHusi MepMONIACMUYHO20 C8A3YIuWe20 HA OCHO8e
noauayemans U3 Kepamudeckux 3a20moO8OK UHMCEKYUOHHO20 Gopmosanus. Hccrnedosanvl pesscumol
npoyecca u yCmaHo8ieHvl napamempul, onpeoeisiouue noayieHue 6e30eh)eKmHou cmpyKmypul.

STUDY OF CATALYTIC REMOVAL THERMOPLASTIC BINDER FROM INJECTION
MOLDING PREFORMS

A. PH. llyushchenko, S. G. Barai , K. V. Migal, E. V. Zhuk
Powder Metallurgy Institute, Minsk, Belarus

The process of catalytic debinding of the thermoplastic binder based on polyacetal from ceramic
injection molding parts are study. Modes of the process are investigated and parameters defining obtain
defect-free structure are indentify.
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BJIMAHUE APMHAPYIOHINX TOBABOK U TEMIIEPATYPbI CUJINIIUPOBAHUSA
HA CTPYKTYPY U CBOUCTBA PEAKIIMOHHO-CBA3AHHOU KEPAMUKHA
HA OCHOBE KAPBMJIA KPEMHMUAA

A. ®. Unbomenko, B. A. Ocunos, E. B. 3sonapés, K. A. Butko, /I. B. Badypa
HUncmumym nopowrxoeoti memannypeuu, ya. Ilnamonosa, 41, 220005, 2. Munck, Pecnyboauka benrapyco
Iocmynuna 09. 09. 2015 2.

B pamkax mnacmoaweli pabomvl paccMOmpeHvl B0NPOCHL NOGBIUUEHUS NPOUYHOCMHBIX CBOUCME U
mpewunocmotikocm SiC-kepamuxu — nymem Mooupuyuposanus ee MeIKOOUCNEePCHbIMU YaACTUYAMU
OecKuc10poonbIxX MY20NiaA6KUX coeounenuti. OmauuumenvHol 0COOEHHOCMbIO 8 NPOBEOEHHbIX
IKCHEPUMEHMAX SBNISIEMCsl UCNONb308AHUE 8 Kayecmee apmupyowell hazbl OmHOCUMENbHO KPYNHBIX NO
CPABHEHUI0 C NPUMEHAEMbIMU 0N APMUPOBAHUS  MUKPONOPOUKOS MY20NIA6KUX — COeOUHEHUT
3eprHucmocmvio 3-5 mrm. Kpome moeo, 015 nonyuyeHuss NOIHOU KAPMUHbL GIUSHUS MAKUX 000ABOK HA
CBOUICMBA  KePaMuKu, NOJIV4EeHHOU Npu PA3HbIX MEeMNepamypax peakyuoHHO20 CheKauus 6 Ouanasoue
1500-1800 °C, npeononazanocs, Ymo HOLONCUMENbHLIL Pe3yabmam no HOSbIUUEHUIO NPOYHOCHU MOHCEM
ObIMb QoCMUSHYmM U 3a Cuem NoBblUEeHUs MeMNepPamypbl CUTUYUPOBAHUSL.

INFLUENCE OF REINFORCING AGENTS AND SILICONIZATION TEMPERATURE ON
THE STRUCTURE AND CERTAIN PROPERTIES OF REACTION-BONDED CERAMICS
BASED ON SILICON CARBIDE

A. Ph. lluyshchenko, V. A. Osipov, E. V. Zvonarev, Zh. A. Vitko, D. V. Babura
Powder Metallurgy Institute, Minsk, Belarus

In this paper we addressed issues of increasing strength properties and crack resistance of
SiC-ceramics by modifying it with fine particles of oxygen-free refractory compounds. A distinctive feature
of the performed experiments is usage of refractory compounds with grains of 3-5 microns, as a reinforcing
phase. They are relatively large, compared to the compounds applied for reinforcement of industrial
micropowders. Furthermore, for better understanding of the influence of such additives on properties of
ceramics, obtained at different temperatures during reaction sintering in the range of 1500-1800 °C, it was
assumed that strength improvement can also be achieved by raising the temperature of siliconization.
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MNOJYYEHUE METOJOM TEPMOBAPUYECKOI'O CIIEKAHUA KOMITIO3UTOB HA
OCHOBE AJIMA3A U KHb, MOAU®UIIUPOBAHHBLIX Si U SiC

B.T. CeHlOTbl, B.H. )Kopﬂmcl, I/I.B.BaJILKOBI/I'-Il, A.M. Hap}muxnﬁl,
C.A. KoBanesa', E.H. MocyHOBl, JI.B. MapKOBaZ, T.B.Fam3eieBa’

L06veounennviii uHCMUmMym mawuHocmpoeHus, yi. Akaoemuueckas, 12, 220072, 2. Munck, berapyce
2Hchwmym nopowkosou memannypauu, yi. [lnamonosa, 41, 220005, 2. Munck, bearapyco

IHocmynuna 12. 05. 2015 2.

IIpeocmasnenvl pesyibmamvl CNEKAHUsl 8 YCIOBUSIX GbICOKUX CMAMUYECKUX OAGIeHULl U MeMnepanmyp
muxponopouwixog ammasa u KHEB nocie ux mooughuyuposanusi kpemruem u kapouoom xpemuus. Ilokasano, umo
npuU  BbICOKUX MEMNepPaAmypax CHeKaHusi NPOUCXOOUm YACMUYHAs 2papumu3ayus aIMA3HbIX 3€peH U
obpazosanue SIC, mopmozsaueeo OanvHetwyio epapumusayuro aimasa. Mooupuyuposanue nopouikos
armaza u KHE kapbouoom xkpemnus SiC nozsonsem npogooums ux KOMRAkmuposanue npu 0oiee Hu3Kom
Oasnenuu u Hojiee bICOKOU memnepamype no cpasHeHuro ¢ ucxooHvimu nopowramu CTM.

OBTAINING BY THE METHOD OF THERMOBARIC SINTERING
COMPOSITES BASED ON DIAMOND AND c¢cBN MODIFIED WITH Si AND SiC

V.T. Senyut *, V.I. Zhornik *, 1.V. Valkovich !, A. M. Parnitsky *,
S. A. Kovaliova %, E.l. Mosunov !, L.V. Markova 2, T.V. Gamzeleva >

The Joint Institute of Mechanical Engineering, Minsk, Belarus

?Powder Metallurgy Institute, Minsk, Belarus

The results of sintering at high static pressures and temperatures of diamond and cBN micron powders
after modifying by silicon and a silicon carbide are presented. It is shown that at high temperatures of
sintering partial graphitization of diamond grains and formation of SiC, retarding further graphitization of
diamond, takes place. Modifying of diamond and cBN powders by silicon carbide SiC allows to compact
them at lower pressures and higher temperatures compared to the initial powder of SHM.
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OCOBEHHOCTH INOJIYYEHUSA IOPUCTBIX MATEPHUAJIOB
HA OCHOBE MOHI'OJIBCKOI'O KBAPIHEBOI'O CbIPbs

T. A. A3apOBal, C.M. A33p0Bl, A. W UBanen’, E. E. Herromuxk?,
JI. B. Ky.m)ﬁmucaﬂl, C. B. Illemuenox”

1HHcmumym oowell u Heopeanuueckou xumuu HAH Benapycu, yn. Cypeanosa, 9, 220072, Munck, Benrapyco,
e-mail: azarova@yahoo.com
2[ocydapemeennoe HayuHO-NPou3E00CmEeHHOe 06beOUHeHIEe NOPOUKOBOT MEMANIYP2Ul,
ya. Ilnamonosa, 42, 220005, Munck, benapyco
Iocmynuna 20.07.20135 e.

B cmamve ananusupyemcs 603MO02CHOCMb NONYYeHUsT NOPUCMOU CUTUKAMHOU KePaAMUKU HA OCHO8e
MOH2OILCKOU  0CA0OYHOU Nopoovl mecmHocmu Xycmaun Hypyy, Jlyn cymon, Tae aiimae. Buisgnensvi
memnepamypo3sasucumvie, CMpyKmypoonpeoensioujue pakmopbul, Iusauue Ha C80UCMEA Mamepuaos.

THE FEATURES OF OBTAINING OF POROUS MATERIALS BASED ON MONGOLIAN
QUARTZ RAW

T. A. Azarova’, S. M. Azarov!, A. I. Ivanets', Y. Y. Piatsiushyk?, L. V. Kulbitskaya®, S. V.
Shemchenok®

! Institute of General and Inorganic Chemistry, Minsk, Belarus, e-mail: azarava@yahoo.com
“State Research and Production Powder Metallurgy Association, Minsk, Belarus

The possibilities of obtaining of porous ceramic based on Mongolian sedimentary rock have been

analyzed in manuscript. The temperature-depended and structure defining factors which effect on properties
of materials have been presented.
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UCCIEJOBAHUE BJIUAHUSA ITPEABAPUTEJIBHOI'O OKUCJIEHUSA IIOPOIIIKA ME/IU HA
YCAAKY KAINMJIVIAPHBIX CTPYKTYP TEIIVIOBBIX TPYB

JloxkToposB B.B.l, Ma3ziok B.B.Z, Anuescknii I1.C.
! Beropycckuii 2ocydapemeentbiii ynugepcumen un@opmamuxi u paouodneKmpoHuKi,
yn. I1. bposku, 6, 220005, . Munck, benrapyco
2 Hncmumym nopowkosou memannypeuu, yi. Ilnamonosa, 41, 220005, 2. Munck, bBerapyco
Hocmynuna 24. 07. 2015 2.
B pabome nokasano enuanue npeosapumenbHo20 OKUCAEHUS MEOHLIX NOPOUKOBLIX KANUIIAPHBIX

CMPYKMYp HaA YCaoKky npu CHeKaHuu. YCmaumoeieHo, 4mo npedsapumenbHoe OKUCTIeHUe MeOH020
chopmosannozo nopowka 6 unmepeane memnepamyp 325-400 °C chusicaem ycaoxy npu cnekanuu.

INVESTIGATION OF INFLUENCE OF PREVIOUS OXIDATION OF THE COPPER
POWDER ON THE SHRINKEGE OF THE HEAT PIPES CAPILLARY STRUCTURE

V.V. Doktarau®, V.V. Maziuk?, P.S. Ancheuski®

'Belorusian State University of Informatic and Radioelectronic, Minsk, Belarus
ZState Scientific Institution “Powder Metallurgy Institute” of National Academy of Sciences of Belarus

The article shows the influence of the previous oxidation of copper powder capillary structures for
heat pipes on the shrinkage while sintering. Previous oxidation of copper powder in the temperature range
from 325°C to 400 °C is established to decrease the shrinkage while sintering.
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ITPOHUIMAEMBIE MATEPHUAJIbI U3 MEJHbBIX KABEJIBbHbBIX OTXO/10B.
COOBHIEHME 4. COBEPHIEHCTBOBAHHME METOJA CYXOI'O
N30CTATUYECKOI'O TIPECCOBAHMUAA JIA U3I'OTOBJIEHUA KOMITIO3UIIUMOHHBIX
MHOT' OCJOMHBIX TPYBYATHIX ®UJIbTPOIJEMEHTOB
HA OCHOBE MEJHbIX BOJTJOKHOBBIX OTXOA0B

A.D. I/Inbmmemcol, B.M. KanueBnqz, B.K. KopHeeBaz, HN.B. 3aerBc1cm“42

Tocyoapcmeennoe HayuHO-npou3800CmeeHHoe 00beOUHEeHUe NOPOULKOBOU MEMALLYPUlL,
ya. ITnamonosa, 41, 220005, 2. Munck, benapyce, e-mail: alexil@belpak.minsk.by
Benopyccruii cocyoapcmeennwiii acpaphwviii mexHuwecKuil yHugepcumenm,
np. Hezasucumocmu, 99, 220023, 2. Munck, Beaapycw, e-mail: lerakor1974@yandex.by

Hocmynuna 24.09. 2015 e.

HpedﬂoofceH u anpo6up06aH Mmemoo CYX020 Uusocmamudeckozco npeccoeanus 07151 U3COMOBIEHUS
KOMNO3UYUOHHbBIX MHO2OCTIOUHBIX mpy6ltamt,1x qbuﬂbmpoaﬂemeHmoe HA OCHOB€ NOPOUIKOBbLX, 60JI0KHOBbIX U
cemuanisvlx mamepuanos, npedycmampueaiou;uﬁ UCNONb308AHUE MENECKONUYECKOU DNIACIUYHOU OCHACMKU.

PERMEABLE MATERIALS FROM COPPER CABLE WASTES.
REPORT 4. IMPROVEMENT OF DRY ISOSTATIC PRESSING TECHNIQUE FOR
MANUFACTURING COMPOSITE MULTILAYER TUBULAR FILTER ELEMENTS BASED ON
COPPER FIBER WASTES

A. Ph. llyuschenko', V. M. Kaptsevich? V. K. Korneeva? I. V. Zakrevskiy?

State Research and Production Association of Powder Metallurgy,Minsk, Belarus,
e-mail: alexil@belpak.minsk.by
Belarusian State Agrarian Technical University, Minsk, Belarus,
e-mail: lerakor1974@yandex.by

We proposed and tested the method of dry isostatic pressing for manufacturing composite multilayer

tubular filter elements based on powder, fiber and mesh materials, involving usage of telescopic flexible
tooling.
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ITPOHUIMAEMBIE MATEPHUAJIbI U3 MEJIHBIX KABEJBHbIX OTXO/10B.
COOBHIEHME 5. PABBUTHUE METOJA CYXOI'O H30OCTATHYECKOI'O IPECCOBAHUA
JIJIA U3TOTOBJEHUS KOMIIO3UIIMOHHBIX ®UJIHTPOSJIEMEHTOB C PA3BUTOM
INOBEPXHOCTbBIO ®UJIbTPOBAHUSA U3 ME/IHBIX BOJIOKHOBBIX OTXO/J10B 1
METAJUIMYECKOM CETKH

A.®. Masiomenko’, B.M. Kannesuu’, B.K. KopHeeBaz, n.B. 3aerBCKHﬁ2

Tocyoapcmeennoe Hayuno-npou3600cmeeHHoe 00beOuHeHue NOPOUKOBOL Memaliypeull,
ya. ITnamonosa, 41, 220005, 2. Munck, benapyce, e-mail: alexil@belpak.minsk.by
Benopycckuii 2ocyoapcmeennulil azpaphbiii MEXHUYECKU yHusepcument,
np. Hezasucumocmu, 99, 220023, 2. Munck, Beaapyce, e-mail: lerakor1974@yandex.by

Ilocmynuna: 24.09.2015 e.

HpedﬂoofceH u anp06up06aH Memoo CYX02c0 Uuszocmamuieckoco npeccoeanus Ol U320MOBIeHUS
KOMNO3UYUOHHbLX bel]lbmp03]l€M€Hm06 C paaeumoﬁ noeepxHocmbvio qbwlbmpoeaHuﬂ nymem ucnojlb306aHus
3AKTIAOHBIX HCECNKUX MEMAIUYECKUX Cmep.?fCHelZ, ycmanasiueaemslx Me.?fC()y INACMUYHBIM IJ1EMEHIMOM U
MOHOIUMHBIM CMEPIHCHEM.

PERMEABLE MATERIALS FROM COPPER CABLE WASTES.
REPORT 5. IMPROVEMENT OF DRY ISOSTATIC PRESSING TECHNIQUE FOR
MANUFACTURING COMPOSITE FILTER ELEMENTS WITH DEVELOPED FILTERING
SURFACE MADE FROM COPPER FIBER WASTE AND METAL MESH

A. Ph. llyuschenko?, V. M. Kaptsevich?, V. K. Korneeva?, I. V. Zakrevskiy®

!State Research and Production Association of Powder Metallurgy, Minsk, Belarus,
e-mail: alexil@belpak.minsk.by
*Belarusian State Agrarian Technical University, Minsk, Belarus,
e-mail: lerakor1974@yandex.by

We proposed and tested the method of dry isostatic pressing for manufacturing composite filter

elements with a developed filtering surface, through the use of embedded hard metal rods installed between
the elastic element and monolithic rod.
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OCOBEHHOCTHU IITPUMEHEHMUS ITIOPOIIKOBBIX KAITMJIJIVIAPHBIX CTPYKTYP
MMHHUATIOPHBIX KOHTYPHBIX TEIIJIOBBIX TPYB C IEPEBEPHYTbBIM N
HEIIEPEBEPHYTbBIM MEHUCKOM

B. B. Masiok', B. B. I[OKTopOB2

! Hncmumym nopowxosoti memannypeuu, yi. Ilnamonosa, 41, 220005, e. Munck, Berapyce
Llenmp c6emoOu0OHbIX U ONMOINEKMPOHHBIX MEXHOIO2U,
Jlozotickuii mpaxm, 22, kopn. 2, 220090, 2. Munck, berapyco

Ilokazanvl  pesynrbmamol HpUMEHEHUs NOPOUIKOBbIX KANUWIIAPHLIX CMPYKMYP MUHUAMIOPHBIX
KOHMYPHBIX MENI06bIX Mpyd ¢ HenepeeepHymviM MEHUCKOM. Ycmanosneno, 4mo ux Kodgguyuenm
menioomoayu npegvluiaem Kodphuyuenm menioomoayy NOPOUIKOBbIX KANWIAPHLIX CMPYKMYp C
nepesepHymviM MEHUCKOM.

FEATURES OF THE APPLICATION OF MINIATURE LOOP HEAT PIPES POWDER
CAPILLARY STRUCTURES WITH INVERTED AND NOT INVERTED MENISCUS

V. V. Maziuk %, V. V. Doktarau?

'Powder Metallurgy Institute, Minsk, Belarus
?Center of LED and Optoelectronic Technologic, Minsk, Belarus

There are some results of the application of miniature loop heat pipes powder capillary structures

with not inverted meniscus in the article. It id shown that heat transfer coefficient for not inverted meniscus

is greater that for inverted one.
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YK 621.315.616.9-496
HEPCIIEKTUBHBIE METO/bI COBEPIIEHCTBOBAHU A KOMIIJIEKCA CTPYKTYPHBIX U
IKCINIYATAIHMOHHbBIX CBOUCTB IIOPUCTBIX MATEPHUAJIOB U3 IIOPOLIKOB
TUTAHA

B. B. CaBuu

Hncmumym nopowxoeoti memannypeuu, yi. Ilnamonosa, 41, 220005, 2. Munck, berapycew,
e-mail: savich@pminstitute.by

Hocmynuna 16.07.2015 a.

B nawux npedvioywux pabomax Oviio ommeuero, umo 2ybuamole HOPOUWKU MUMAHA 001a0aom KOMIIEKCOM
VHUKAIbHBIX CBOLICTNG, KOMOPble XAPAKMEPHDL U OJi NOPUCTNBIX MANEPUAILO8, NOJIYYEHHbIX U3 MAKUX NOPOWKO8. Mo
npoucxooum 01a200aps MUKpo- U HAHOCMPYKMYPUPOSAHHOU HOBEPXHOCMU YACMuYy U OKCUOHOU MNIEHKe C
yeeauuenHou 0o 100 um monwurol, Komopas obpazyemcs 6 npoyecce npouzgoocmea nopouwika. Ilopucmule
Mamepuansl U3 2youamvlx HNOPOWKO8 MUMAHA  004a0aiom: B8bICOKOU KOPPOZUOHHOU  CMOUKOCMbIO U
OUOCOBMECMUMOCTNBIO, VEETUHEHHOU YOeIbHOU HOBEPXHOCMbIO NO CPAGHEHUIO ¢ NOPUCTILIMU MAMEPUALAMU U3
INEKMPOIUMULECKUX NOPOUKOB, 8bICOKOU COPOYUOHHOU EMKOCMbIO, MATbIM KPACGLIM Y2IOM CMAYUBAHUSL 60OHLIMU
pacmeopamu u m.o. B 0anHoll cmambe Mbl ROOLIMONCULU PE3YTbMANbl COOCMBEHHBIX UCCLe008AHUL U paccMompeni
nepCcneKmusHvle CnocoObl noayuerus nopucmvix mamepuanos (I[IM) uz eybuamoeo mumanogoeo nopowka. Cpedu
HUX: pazpabomka HOBbIX MemoO08 NOBLIUECHUS MEXAHUYECKOU NPOYHOCMU NOPUCTHBIX  MAMEPUdiog —
MUKDOJIe2UpOsanue U UCHONb308AHUE OUOUCNEPCHOU UCXOOHOU WUXMbl, KOMOpble MAKHCE KOCBEHHO HO380JAI0M
CHU3UMb Mamepuanoemkocms 1 M Komnonenma NOPUCMO20 NOPOUKOBO20 MAMEPUANA U BHOCIEOCMEUU €20
cebecmoumocmy 3a 1 M. Bvina PACCMOMPEHA BO3MOICHOCHb HOAYYEHUSL 00PA3Y08 NOPUCTBIX MAMEPUAIO8 U3
2yonamo2zo nopouKa Mmumana Memooom 3eKmpouUMnyibCHO20 cnekanus. Taxot mamepuan umeem 20pazoo OOabULYIO
NPOHUYAEMOCHb, YeM 00pa3ybl NOPUCTHBIX MAMEPUALO8, NOJYYeHHble NPpU NOMOWU MPAOUYUOHHOU MEXHON0SUL:
npeccosanuem CMAaibHbIM NYAHCOHOM U CHEeKaHuem 8 BGaKyyme Ulu apeoue, Npu CONOCMABUMOU MeXAHUYecKou
npouyHocmu.

ADVANCED METHODS FOR IMPROVING STRUCTURAL AND OPERATIONAL
PROPERTIES OF POROUS MATERIALS MADE OF TITANIUM POWDER

V. V. Savich
Powder Metallurgy Institute, Minsk, Belarus, e-mail: savich@pminstitute.by

Our previous reports have shown that spongy titanium powders possess a complex of unique
properties that preserve their inheritance in porous materials obtained from these powders due to micro-
and nanostructured particle surface and oxide film thickness increased to 100 nm, which are formed during
the production of powder: high corrosion resistance and biocompatibility, increased specific surface area
compared to electrolytic powders, high sorption capacity, low contact angle of water solutions, etc. Results
of own researches are summarized and promising ways of producing porous materials (PM) from spongy
titanium powder are shown in this paper: development of new methods to increase mechanical strength of
PM — microalloying, using bidispersed initial charge, etc., which also indirectly allows reducing the
material capacity of 1 m? element from PPM and subsequently its cost price (for 1 m?). The possibility of
obtaining PM samples from spongy titanium powder by electroimpulse sintering has been shown. Thus they
have much greater permeability than the PM samples pressed by a steel punch with their comparable
mechanical strength.
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MOJUPUKALUSA NOBEPXHOCTHU NIOPUCTBIX MATEPHUAJIOB
N3 I'YBYATOI'O NIOPOUIKA TUTAHA METOJ1OM AHOJHOI'O OKCUAUPOBAHUS
A.I/I.I_Henyxnnal, K.B. Crenanosa®, A.H. Kokares’, B.E. Toxcruk’
YYnemumym nopowosoii memannypeuu, ya. Inamonosa 41, 220005, 2. Munck, Berapyce,
e-mail: savich@pminstitute.by
2 Ilempo3zasoockuti 2ocyoapcmeenHblil yHugepcumem, np. Jlenuna, 33,
185910, e. Ilemposasoock, Kapenus, Poccus

Ilocmynuna 03. 08. 2015 2.

H3yuenvr obpasyvl nopucmuix nopouwikosvix mamepuanog (IIIIM) uz eybouamozo nopowka mumana
mapxu  TIIII, nonyuennvie mMpaouyuoHHOU MeEXHONO2UECU NPEeCCOBAHUSA CMANbHBIMU NYAHCOHAMU C
NOCAe0VIOWUM AHOOUPOBAHUEM NPU  PA3TUYHLIX YCA08usx. Memoodom cranupyrower 31eKmpoHHOU
muxpockonuu (COM) nokasano, umo 06pasyvl 00 21eKMPOXUMUYECKO20 OKCUOUPOBAHUS UMEION PA3BUNYIO
NOBEPXHOCHb ¢ 00CMAMOYHO 0OHOPOOHBIM NEPBUUHBIM OKCUOHBIM clioem. [lokazano, ymo anoouposanue &
800HOM ¢pmopcooepocawem a1ekmporume 10% HSO4 + 0,15% HF noszsonsem mooughuyuposamo
cmpykmypy — nosepxwocmu  IIIIM, 6 uacmnocmu nymem  opmuposanus camoopeaHu308aHHOU
HAHONOPUCOU AHOOHO-OKCUOHOU NIEeHKU.

SURFACE MODIFICATION OF POROUS MATERIALS MADE
OF SPONGE TITANIUM POWDER BY MEANS OF ANODIC OXIDATION

A. 1. Sheluhina®, K. V. Stepanova? A. N. Kokatev?, V. E. Tolstik!

! Powder Metallurgy Institute, Minsk, Belarus, e-mail: savich@pminstitute.by
2 Petrozavodsk State University, Petrozavodsk, Karelia, Russia

We studied samples of porous powder materials (PPM) made of TPP sponge titanium powder,
obtained using a traditional technology of pressing with steel punches followed by anodizing under different
conditions. Scanning Electron Microscopy (SEM) showed that prior to electrochemical oxidation the
samples have a developed surface with a sufficiently uniform primary oxide layer. It has been shown that
anodization in aqueous fluorine-containing electrolyte 10% H2SO4 + 0,15% HF can modify PPM surface
structures, in particular through formation of a self-organized nanoporous anodic oxide film.
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®OPMOBAHUE BCTABOK M3 JIET'KOIIJIABKUX METAJIJIOB
JJIAA CUCTEM I'A3OCHABKEHUA

B. M. Anexkcanapos, B. A. Jlodaues, A. B. /lpo3nos

Hayuno-uccredosamensckuil uHCMunym uMnyJibCHbIX NPOYECCO8 ¢ ONbIMHBIM NPOUIEOOCIBOM,
ya. ITnamonosa, 126, 220005, 2. Munck, berapycsy, e-mail: impuls@bn.by

Iocmynuna 05. 08. 2015 2.
Paccmompenvr  mexunonozuyeckue cxemvl HNOLYYEHUs NAABKUX BCMABOK U3 2PAHYIUPOBAHHLIX
JIe2KONA8KUx Memannos. llposedenvt mamemamuyeckue pacuemsl npoyecca niacmuieckoi degopmayuu

01151 ompeodenienuss YCUlUus HA NYAHCOHe Npu BblOAGIU8aHUU 3a20mo6oK. OnpedeneHvl napamempul
Hazpyicenus npu popmosanuu 3a20moeoK NIABKUX 6CMABOK yepes (uivepy.

FORMING INSERTS OF LOW-MELTING METALS FOR GAS
V. M. Aleksandrov, V. A. Lobachev, A. V. Drozdov
'|SFU «Research institute of pulsing processes with pilot production», Minsk, Belarus
Reviewed flow diagrams for fuse links of granular fusible metals. Mathematical calculations of

plastic deformation process to determine the force on the punch at extrusion billets. Identified loading
parameters for forming blanks of fusible inserts through a die.
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YK 621.531.43

HNCCIEJOBAHUE KOHTPTEJIA U3 CTAJIA 65T,
PABOTAIOIIETO B THIPOMEXAHUYECKOM KOPOBKE ITEPEJIAY
COBMECTHO C ®PUKIIMOHHBIM /IUCKOM U3 ITIOJIMKOMIIOHEHTHOI'O
KOMIIO3UITUMOHHOI'O ®PUKIIUOHHOTI'O MATEPHAJIA
B YCJIOBUAX T'PAHUYHOI'O TPEHUA

A. A. [ImutpoBuy, A. B. Jlemok, A. H. Porosoii, /I. U. Capoka

HUncmumym nopowikogoti memannypauu,
va.Ilnamonosa, 41, 220005, 2. Munck, Berapyco

Iocmynuna 22. 07. 2015 2.

B cmamve npeocmasnenvl pezynomamsi ucciedosanus Konmpmena uz cmanu 652, pabomaiowezo ¢
DPUKYUOHHBIM OUCKOM U3 NOTUKOMNOHEHMHO20 KOMNOZUYUOHHO20 (DPUKYUOHHO20 MAmMepuana 8 yCio8usx
NONY2PAHUYHO20 MPEHU 6 HOPMATbHOM pedicume IKCILYamayuu u ¢ ux Hapyuenuem. Ycmarnosneno, umo
npu HAapyweHuu HOPMAalbHO20 pedcuma padbomsl GpuKyuoHHO20 y31a HAbOM00aemcs NepeHoc OCHOBHLIX
COCMABNANOWUX MEMALIOKEPAMUYECKO20 (DPUKYUOHHO20 Mamepuana (mMedu u 07108a) HA NOBEPXHOCMb
CMANbHO20 OUCKA U YMO 8 Meche NePeHOCad MAmepuand 8 CmaibHoM Oucke gopmupyromes mpu ooracmu ¢
paznuynou meepoocmvio. Ilokasano, ymo 8 YCI08UAX HOPMAILHOU IKCHAyamayuu GpUKYUOHHO20 Y31d
nepeHoca Mamepuana Ha KOHMpmeno NPaKmu4ecku He npouUcxooum.

STUDY OF A COUNTERBODY MADE OF 65G STEEL ENGAGED IN HYDROMECHANIC
TRANSMISSION TOGETHER WITH A FRICTION DISC MADE OF MULTICOMPONENT
COMPOSITE FRICTION MATERIAL UNDER HALF-BOUNDARY FRICTION CONDITIONS

A. A. Dmitrovich, A. V. Leshok, A. N. Rogovoy, D. I. Saroka
Powder Metallurgy Institute, Minsk, Belarus

This article presents the study results regarding a counterbody made of 65G steel
which was tested along with a friction disc made of a multicomponent composite friction
material. Testing was performed under semi-boundary friction conditions in normal
operation and with operational disturbances. It has been found that when normal operation
of the friction unit is violated, we observe transfer of main components from the cermet
frictional material (copper and tin) onto the surface of the steel disc. As a result, three areas
of different hardness appear on the steel disk where materials are transferred. It has been
shown that in normal operation of the friction unit, the material transfer to the counterbody
Is close to nothing.
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MOJEJTUPOBAHUE MPOLECCOB UMITYJIbLCHOI'O
®OPMOBAHUA U3AEJIUU C TEOMETPHUEU ITOJIOT'O HUJIMHIPA

B. A. Jlo6aues’, A. B. I[p03n0131, B.T. IIIMypamco2

toxin «Hayuno-uccredosamenvbckuti uHCmMumym umnyibCHbIX NPOYECCO8 C ONbIMHLIM NPOU3BOOCMBOM,
ya. IThamonosa, 126, 220005, 2. Munck, Pecnybauxa benapyce, e-mail: impuls@bn.by
ZBeropyccxuﬁ HAYUOHAIbHBIU mexHu1YecKul yHusepcumem, np. Hezasucumocmu, 65, 220013, 2. Munck,
benapyco

Paspabomana ynueepcanvhas mamemamuieckas MOOeib U NPOSPAMMHOe 0becneyeHue UMNYIbCHO20
Ghopmosarus nopowKoswix uzoeiuil 8 2UOPOOUHAMUYECKOU MawuHe 6e3 yuema 60JHOBbIX NPOYeccos (HYjb-
MmepHas nocmarnoska). Ilposedeno modenuposanue UMnYIbCHO20 GOPMOBAHUS 3A20MOBOK C NEPeMEeHHOl
MOIUWUHOU 3ACBINKU.

MODELING THE PROCESSES OF PULSE FORMING PRODUCTS WITH A GEOMETRY
OF A HOLLOW CYLINDER

V. A. Lobachev?}, A. V. Drozdov?, V. T. Shmuradko?

'ISFU «Scientific and Research Institute of Impulse Processes with Pilot Production», Minsk, Belarus,
e-mail: impuls@bn.by
?Belarusian National technical University, Minsk, Belarus

Developed a universal mathematical model and software pulse forming of powder products in a

hydrodynamic machine without consideration of wave processes (zero-dimensional formulation). The
simulation of pulse forming workpieces with variable thickness of the backfill.
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OCOBEHHOCTH UCCJIIEAJOBAHUSA I'PAHYJIOMETPUYECKOI'O COCTABA
INOPOLIKOB HA JIASEPHOM AHAJIU3ATOPE «MASTERSIZER»

JI. B. Mapkoga, B. B. KoJsena, H. C. Kononnnckas

Hncmumym nopowxoseou memannypeuu, yi. Ilnamonosa, 41, 220005, Munck, berapyce,
e-mail:iscentr@tut.by

Ilocmynuna 18. 08. 2015 2.

Ilpeocmasnenvi pe3ynbmamol UCCIEO08AHUS SPAHYIOMEMPUYECKO20 COCMABA 00PA3Y08 HA NA3EPHOM
ougpparxyuonnom ananuzamope «Mastersizery. B pesyriomame npoeedenHvix UCCIe008aHull  Obliu
pazpabomanvl. MemoOUKY BbINOJHEHUS USMEPEHUs SPAHYIOMEeMPUYECKO20 COCMABA HAHOCMPYKMYDHBIX
MAmMepuanos 8 8Ude CyXux nOPOUIKO8, IMYIbCUll U CYCNEH3ULL.

PARTICULARITIES OF STUDYING POWDER GRADING BY MEANS
OF ‘MASTERSIZER’ LASER ANALYZER

L. V. Markova, V. V. Koleda, N. S. Kolodinskaya

! Powder Metallurgy Institute”, Minsk, Belarus,
e-mail: iscentr@tut.by

The paper describes the results of studying size distribution of samples using Mastersizer laser
diffraction analyzer. In consequence of the studies we designed measurement procedures for granulometric
composition of nanostructured materials in the form of dry powders, emulsions and suspensions.
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NNPUMEHEHHUE TOHKOANCIIEPCHBIX MATEPHAJIOB
I MOAUPUIINPOBAHUA CIINTABOB HA OCHOBE IIMHKA

JI. B. Cyzmmcl, dD. . PyZ[HHHKHﬁZ, K. ®. Pyuﬂnmmi/il, 10. A. Hukosaiiuuk’
Yoxir «MnyibCHbIX npoyeccos ¢ ONbIMHBLIM NPOUZBOOCTBOMY,
ya. IThamonosa, 41, 220005, 2. Munck, benapyce, Isudnik@tut.by; impuls@bn.by ;
ZBeropyccxuﬁ HAYUOHAIbHBIU mexHudecKuu yHusepcumem, np. Hezasucumocmu, 65, 220013, 2. Munck,
benapyce, e-mail: stl_minsk@tut.by;
Ilocmynuna 24.08. 2015 2.

B pabome paccmompenwvi 6onpocvl  GMUAHUA  MOOUDUUUPOBAHUS  VIbMPAOUCNEPCIHbIMU
Mamepuaiamy Ha CMpyKmypy u (usuKko-mexanuieckue aHmuppUKYUOHHbIX CNIAB08 HA OCHOBE YUHKA.

APPLICATION OF FINE MATERIALS FOR MODIFICATION OF ZINC-BASED ALLOYS
L. V. Sudnik®, F. I. Rudnitskiy?, K. Ph. Rudnitskiy®, Y. A. Nikolaychik?
SSSI Research Institute of Pulse Processes with Pilot Plant, Belarus, Minsk, e-mail: Isudnik@tut.by;
impuls@bn.by;
Belarusian National Technical University, Minsk, Belarus, e-mail: stl_minsk@tut.by;

The paper deals with the influence of modification with ultradispersed materials on the structure and
physical mechanical properties of zinc-based anti-friction alloys.
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TBEPJOCMA3OYHBIE ITOKPBITUSA HA OCHOBE JUCYJIb®UJA BOJTb®PAMA
M. A. A}mpeesl, JI. B. MapKOBaZ, A. H. CyBOpOBl, T. B. Fam3eseBa’

Loxn «HHcmumym ceapku u 3auumusix nokpvimuily, yi. Illnamonosa, 126, 220005, . Munck, berapyco
2 Hncmumym nopowxosoti memannypeuu, 220005, ya. [lnamonosa, 41, . Munck, Berapyce

Ilocmynuna 18.08. 2015 .

Hccnedosanvl cmpykmypa u c80UCmea UOHHO-TYHesblX MEEePOOCMA30UHbIX NOKPLIMULL HA OCHO8E
Memaiios u Cniagos ¢ 000asKamu 8 Kavecmee meepool cmasku oucyivguoa sonvppama. Paccmomperni
omaudumesnbHvle 0COOEHHOCMU MBEePOOCMAZOUHBIX NOKPLIMULL ¢ 000asKamu Oucyibghuoa 8oib@pama no
CPABHEHUI0 ¢ MPAOUYUOHHO UCHOTIb3YEMbIM OUCYIbHUOOM MOAUOOEHA.

TUNGSTEN DISULFIDE-BASED SOLID LUBRICANT COATINGS
M. A. AndreeV?, L. V. Markova?, A. N. Suvorov!, T. V. Gamzeleva®

' SSSI Institute of welding and protective coatings, Minsk, Belarus
2 powder Metallurgy Institute, Minsk, Belarus

We studied the structure and properties of ion beam solid lubricant coatings on the basis of metals and alloys
with addition of tungsten disulfide as a solid lubricant. We discussed features of solid lubricant coatings with addition
of tungsten disulfide as compared to the conventional molybdenum disulfide.
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K BOITPOCY ®OPMHUPOBAHUA N3HOCOCTOMKHUX
KOMIIO3UIIMOHHBIX ITOKPBITUU U3 OBMA3KHU C IPUMEHEHUEM
CBC - ITPOIIECCA ¥ BBICOKOSHEPTETHYECKHNX BO3JENCTBUM

A.D. HJIL]OHICHKOl, AMN. I_HeBIIOBl, B.M. Acmmnncxnﬁz, A.M. Ky3bMHHKHﬁ2,
Ir.o. Fp0M51R03, JI.B. MapKOBal, AWM. Jlenko’, K.B. Eyl“myc4, A.A. I(o30pe34

1Hchwmym nopowkosou memannypauu, ya. Ilnamonosa 41, 220005 Munck, benapyce
2H}Ltcmumym menio- u maccooomena um. A.B. Jlvikosa, yn. I1. bposku, 15, 220072, 2. Munck, bBerapyco
3HHcmumym mamemamuxu, ya. Cypeanosa, 11, 220072, e. Munck, benapyce
*Benopycexuii nayuonanvhuiii mexnuyeckuti yuusepcumem, np. Hesasucumocmu, 65, Munck, Berapyce

Ilocmynuna 02. 07. 2015 2.

Paccmompenvr meopemuueckue npednocvliku opmuposanis NOKpulmull ¢ HaHeceHuem oOMa3Ku u3
CBC — peacenmog u eé 00pabomkol UMNYIbCAMU 6blCOKOKOHYEHMPUPOBAHHBIX NOMOKO8 SHEPUlL.
Paccmompenwvr 6onpocvl onmumuszayuu 00Ho020 U3 2manos mexHoI02uu, KOMopbvlli Kacaemcs aKmueayuu
UCXOOHOU peaKyYUOHHOU WUXMb OJis1 OOMA3ZKU.

TO QUESTION OF FORMING OF THE WEAR-RESISTANCE COMPOSITION
COATINGS OF PLASTER USING SHS-PROCESS AND HIGH-ENERGY INFLUENCES

A. PH. llyuschenko®, A. 1. Shevtsov', V. M. Astashinsky?, A. M. Kuzmitski?,
G. F. Gromyko®, L. V. Markova', A. I. Letsko', K. V. Buikus®, A. A. Kozorez*

'Powder Metallurgy Institute, Minsk, Belarus
?Luikov Heat and Mass Transfer Institute, Minsk, Belarus
%Institute of mathematics, Minsk, Belarus
*Belarusian national technical university, Minsk, Belarus

Theoretical premises of coatings forming with application of SHS-reagents plaster and its processing

by impulses of the high-concentrated flows of energy are considered. Questions of optimization of one of
technology stages which concerns activation of initial reactionary charge for plaster are considered.
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NCCIEJOBAHUE U OIITUMU3ALIUA TIPOHECCOB ®OPMUPOBAHUA
MOKPBITU ITPU OBPABOTKE OEMA3KHM U3 CBC — PEATEHTOB UMITYJIbCAMHU
BBICOKOKOHUOEHTPUPOBAHHBIX ITIOTOKOB SOHEPI'MH

A. D. I/I.Hblomenlcol, A. . IHeBIIOBl, B. M. ACTamHHCKHﬁZ, A. M. KySLMI/IIIKI/IﬁZ,
I'. ®. Fp0M51K03, H. II. Mauylcas, H. B. (I)OMI/IXI/IHal, A. H. JIemcol,
T. A. Wablomenko’, A. C. Koz.ope,’.4

1HHcmumym nopowkosou memaniypeuu, yia. [lnamonoea 41, 220005, Munck, bearapyco
2H}Ltcmumym menio- u maccooomena um. A.B. Jlvikosa, yn. I1. bposxu, 15, 220072, 2. Munck, Berapyco
3HHcmumym mamemamuxu, yia. Cypeanosa, 11, 220072, e. Munck, benapyce
*0A40 “3as00 Ilpombypeoo”, yn. Acananuesa, 29, 220024, . Munck, berapyco

Ilocmynuna 02.07. 2015 .

Hccnedosanvt u onmumusuposamsbl npoyeccyl Gopmuposanus NOKpblmuil npu oopabomke ooMa3xu
us CBC — peacenmog umnynrvcamu naasmol. H3yuenvl ceoucmea NOKpvlmuil, HNOJIYYEHHLIX NHpU
ONMUMUZUPOBAHHBIX MEXHOTIO2UYECKUX NAPAMEMPAXx.

RESEARCH AND OPTIMIZATION OF COATINGS FORMING PROCESSES AT
PROCESSING OF SHS-REAGENTS PLASTER BY IMPULSES OF THE HIGH-
CONCENTRATED FLOWS OF ENERGY

A. PH. llyuschenko?, A. I. Shevtsov', V. M. Astashinsky?, A. M. Kuzmitski®, G. F. Gromyko®,
N. P. Matsuka®, I. V. Fomikhina®, A. I. Letsko, T. A. Ilyuschenko®, A. S. Kozorez*

'Powder Metallurgy Institute, Minsk, Belarus
2| uikov Heat and Mass Transfer Institute, Minsk, Belarus
3Institute of mathematics, Minsk, Belarus
4Joint-Stock Company «Zavod Promburvod», Minsk, Belarus

Coatings forming processes at processing SHS - reagents plaster by plasma impulses are investigated
and optimized. Properties of the coatings received at the optimized technology parameters are studied.
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HENPEPBIBHOE I'A30IIVTAMEHHOE HAHECEHHE HQKPI)ITHfI
HA PEXXKYIIUE KPOMKHU AETAJIEM KOPMOYBOPOYHOU TEXHUKMU.

E. I. Mamnoiino, A. E. 3aToka, ®. E. OnameHnko

THY «Mncmumym nopowrxogoti memannypeuuy, yi. [lnamonosa 41, 220071 Munck, benapyco

IHocmynuna 31. 08. 2015 2.

Ilpeocmasnenvl pe3yiomamol UCCLEO08AHUL OCHOBHBIX CEOUCME NOKPLIMUSL U3 CAMOPIIOCYIOuje2ocs
mamepuana T-Tepmo Ne655, nonyuennoco MmemoooM HeNpepvleHO20 2A30NJIAMEHHO20 HANBLICHUSL.
IIpoussedeno cpaenenue NOIYYEHHBLIX OAHHBIX CO CEOUCMEAMU NOKPLIMUL, NOJIYYEHHbIX 2a30NI1AMEHHbIM
HanvlieHueM ¢ nociedyrowum onnasienuem. I[lokpvimus xapaxmepuszyomcs 6blCOKOU MmMeepooCcmvio U
He3HauumenvbHou  nopucmocmvio. lIpouzeedena  oyeHka  B03MONCHOCMU — peanusayuu  npoyecca

HeNpepulBHO20 2A30NJIAMEHHO20 HANbLICHUS NPU HAHECeHUU NOKPbIMULl HA pedcywue KpoMmKu Oemaetl
kopmoyoopounou mexuuku Ha OAO «I omcenomaur.

CONTINUOUS GAS-FLAME APPLICATION OF COATING ON CUTTING EDGES
OF FORAGE HARVESTER PARTS

E. D. Manoilo, A. E. Zatoka, F. E. Onaschenko
Powder Metallurgy Research Institute, Minsk, Belarus

In this paper we presented the research results concerning basic properties of the coating made of
the self-fluxing material T-Thermo No0.655, obtained by continuous gas-flame spraying. We compared the
resulting data with the properties of the coatings obtained by means of gas-flame spraying with subsequent
fusion. The coatings are characterized by high hardness and slight porosity. We assessed the feasibility of

continuous gas-flame spraying during application of coatings on cutting edges of forage harvester parts at
OJSC “Gomselmash™.
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HOJYYEHHUE KOMITIO3UIINOHHBIX IINTAKHPOBAHHBIX ITOPOIIKOB.
PEXKUMbI PABOTbBI PACTBOPA XUMHNYECKOI'O HUKEJIMPOBAHUSA

B. A. Mmcymcm“al, 0. J1. CMOprFOl, A. D, HJILIOHIBHKOl,
V. Stathopoulos?, I. Trusca®, O. D. Trusca®

1«HHcmumym nopowkosou memasnypeuuy, yi. Ilnamonosa 41, 220005, Munck, berapyco
2 «Technological Educational Institute of StereaEllada», 34400 PsahnaEvias, Greece
3 «Plasma Jet s.r.I». Atomistilor, 410E, Magurele-llfov, 077125, Romania

Tlocmynuna 04. 09. 2015 a.

Paboma nocseawena usyuenuro npoyecca Memaiiuzayuu OUCNEPCHBLIX MAMEPUALo8 MemoooM
XUMUYECKO20 BOCCHMAHOBICHUS HUKeNsl U3 2UNOMOCHUMHBIX PACMEOPO8 Osi NOLYYEHUSL KOMNOZUYUOHHOZO
NIAKUPOBAHHO20 NOpowKa Ha baze kommepueckoeo nopowika mapxu Metco 204 NS, xapakxmepusyrowezocs
cghepuueckou mopghonoeueti wacmuy pazmepom -125...+11 mxm u cocmasom ZrQO, 8Y,03. B pabome
U3YUANOCH BIUAHUE 3A2PY3KU PACMEOPA HUKEIUPOBAHUS NOPOUKOM U CKOPOCMU NOOAYU B0CCHAHOBUMEIIS
(cunogpocpuma  Hampus) Ha IppexkmusHocmb  UCNONL30BAHUS  BOCCMAHOBUMENSL U CKOPOCHIb
80CCMAHOBNICHUS HUKEIS. YCMAHOBIEeHbL PeAHCUMbBL XUMUYECK020 HuKeauposanus nopowka mapku Metco 204
NS npu xomopom ne nabmodaemcs “‘napasummnoe” ocadjicoeHue NOKPbIMUsL HA CMEHKAX peakmopd, a
Gopmupyemcs nokpvimue HaA NOBEPXHOCMU NOPOWKA 6 GUde CHIOWHOU 000N0UKU, U30AUPYIOUel
yacmuyy-a0po.

MANUFACTURE OF COMPOSITE CLAD POWDERS
OPERATING REGIMES OF THE SOLUTION FOR ELECTROLESS NICKEL PLATING

V. A. Mikutski !, O. L. Smorygo !, A. Ph. Ilyushchenko!
V. Stathopoulos?, I. Trusca®, O. D. Trusca®

'Powder Metallurgy Institute, Minsk, Belarus
2 Technological Educational Institute of Sterea Ellada, 34400 Psahna, Evia, Greece
®Plasma Jet s.r.l., Str. Atomistilor 401E, Magurele-Ilfov, 077125, Romania

The paper is devoted to studying metallization of dispersed materials through chemical reduction of
nickel from hypophosphite solutions for obtaining composite clad powder based on the commercial powder
Metco 204 NS, characterized by spherical particle morphology with a size of -125...+11 microns and the
following composition: ZrO, 8Y,03;. We studied the effects of loading the nickel-plating solution with
powder and the feed rate of the reducing agent (sodium hypophosphite) on the effectiveness of the reducing
agent and nickel reduction speed. We determined the operating regimes of chemical nickel plating for the
powder Metco 204 NS which do not involve parasitic deposition of coating on the reactor walls, but
encourage formation of a coating on the surface of powder particles as a continuous shell, insulating the
core.

233



VIIK 629.115
KOMITO3UIIMOHHBIE ®PUKIITUOHHBIE MATEPUAJIbBI:
OCHOBHBIE BU/Ibl U TPEBOBAHUS K HUM
A. A. ImutpoBuy, A. B. Jlemok, ®. H. Porosoii, /I. U. Capoka

Hncmumym nopowxoeoti memannypeuu, ya. Ilnamornosa 41, 220005, Munck, berapyco

Hocmynuna 20. 11. 2015 2.

B pabome npedcmasnen 0630p numepamypHuix OAHHLIX, HEKOMoOpbvle COOCMEEHHbIe Pe3Vibmambl
agmopos, NOCEAUIEHHblEe OCHOBHBLIM BUOAM KOMHO3UYUOHHBIX (DPUKYUOHHBIX MAMepuanos, UCmopuu ux
paspabomku U NpPUMeHeHus,

IKCnyamayuoHHbvle mpe606anz K  HUM. Hpu@eOeHbl HeKomopwvle
xapakmepucmuKku maKkux mamepualos.

COMPOSITE FRICTION MATERIALS: MAIN TYPES AND REQUIREMENTS
A. A. Dmitrovich, A. V. Leshok, A. N. Rogovoy, D. I. Saroka

Powder Metallurgy Institute, Minsk, Belarus

This paper provides an overview of related literature sources, some authors' own findings on basic

types of composite friction materials, their development and application history, as well as the operational
requirements and certain characteristics of such materials.

241



