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PE®EPAT

Po6ota Bmimye: ctop. — 83; puc. — 26; Tabn. — 17; mit. — 28.

Mera poOoTH —  BCTAHOBJIEHHS  3aKOHOMIPHOCTEH  (OpMyBaHHS
MikpocTpykTypd KM Ha OCHOBI MOpOLIKOBOI Mifi, 3MIIIHEHOT TUCHIEPCHUMHU
YaCTHMHKaMH BOJb(paMy, OTPUMAHUMH YAAPHUM TapsiYuM MIPECYBAHHSAM y BaKyyMi
Ta METOJIOM TOCJIIIOBHO1 AOMPECOBKU Ta BIJINATY Y BOJIHI.

OO0’exT MOCHTIKEHHS: KOMIIO3ULIMHI MaTepiadd Ha OCHOBI IMOPOIIKOBOI
Mi/Ji1, 3MIIIHEHOT TUCTIEPCHUMHU YaCTHHKaMHU BOJIb(ppamy.

[IpeameT AOCTIKEHHS: MIKPOCTPYKTYypa KOMIIO3MLIMHMX MaTepialliB Ha
OCHOBI MOPOIIKOBOI Mi/ll, 3MIITHEHOT TUCTIEPCHUMHU YaCTHHKAMHU BOJIb(hpamy.

MeTtonu JOCHIKEHHS: TEXHOJOIYHI 3acO00M TMOPOIIKOBOI METalyprii,
pacTpoBa €IIEKTPOHHA MIKPOCKOIIiS, MeTajlorpadiuHuii  aHami3, METOJUKa
MIPOBEJICHHS] KOMIT FOTEPHOTO aHaJi3y MapaMeTpiB MIKPOCTPYKTYpH MartepiajiB Ha
anamizaropi «SIAMS-600».

[IpoanainizoBaHO METOJIOM MeETAJOTpadiuHOTO aHaNI3y CTPYKTYpHI
O0COOJIMBOCTI 3pa3KiB €JIEKTPOINPOBIIHUX KOMIO3UILIMHUX MaTepiajiB Ha OCHOBI
MOPOIIKOBOI Mifl, 3MILHEHOI AUCHEPCHUMHM YacTUHKamMu Bosbdppamy (2, 5, 10
00.%), 1o Oynu OTpMMaHi METOJIaMU YJAPHOTO Tapsyoro MPeCcyBaHHS y BaKyyMi 1
METOJIOM TOCIJOBHUX JOMPECOBOK 1 BiAnaiB y BoaH1. [IpoBeneHo aHami3 3B’A3Ky
THUITY 1 TapaMeTpiB MIKpoCcTpyKTypH 3pa3kiB KM Cu-W 3 ix ¢izuko-mexaHidHUMU
xapaktepuctukamu. Otinka tumy mikpoctpykrypu KM Cu-W 6yna npoBenena Ha
OCHOBl CTPYKTypHOi Mojeni komno3uTHux cymimeit B.B.Ckopoxoga 1o
BEJTMYMHAM CTYIICHS MATPUYHOCTI.

JloBeneHo, 10 ONTUMI3aIlisl BIACTUBOCTEM KOMIMO3MUIIIMHI MaTepiaidiB Ha
OCHOBI1 TIOPOIIKOBOT Mill, 3MIITHEHOT JUCIIEPCHUMHU YaCTUHKAMHU BOJb(pamy mpH
BUKOPUCTAaHHI BUCOKOIMCIIEPCHOTO TIOPOIIKY BOJb(GpamMy 3MIMCHIOETHCS 3aBISIKU
CTBOPEHHIO B MPOIIEC] KOHCOJIAIii HEOOX1AHOTO TUITY MIKPOCTPYKTYPH, B SIKOMY
JUCTIEPCHI YaCTHHKU BOJh(paMy pO3TAIllOBaHI MO TPAHUIIM 3€peH MIIHOI (a3,

ajle HEe YTBOPIOIOTh MIKPOCTPYKTYpPY TMOBHICTIO MAaTpPUYHOrO THUMy. Taka



MIKpOCTPYKTYpa MEPELIKOIKAE MPOXOIKEHHIO MPOLIECIB peKpUCTai3alii 1 pocTy
3epeH Miji, MiJIBHUINYIOYH PIBEHbh MEXaHIYHHUX BJIIACTHBOCTEH KOMIIO3UTIB, aje
1CTOTHO HE 3MEHIITY€ €JIECKTPOIPOBITHICTD.

KirodoBi ciioBa (CITOBOCTIONYYCHHS): KOMHO3UYIUHI Mamepianu, Miob,
8obhpam, OucnepcHe 3MIYHEHHA, MIKPOCMPYKMYpd, CMYRIHb MAmMpuiHOCHI,

eneKmponpoBioHicms, meepoopazHe cniKkamHsi.



ABSTRACT

The work contains: p. — 83, fig. — 26, tab. — 17, source — 28.

Purpose - to establish patterns of microstructure KM based on copper
powder, hardened dispersed particles of tungsten obtained shock vacuum hot
pressing and consistent method dopresovky and annealing in hydrogen.

Object of study: composite materials based on copper powder, hardened
dispersed particles of tungsten.

Subject of research: microstructure of composite materials based on copper
powder, hardened dispersed particles of tungsten.

Methods: technological means of powder metallurgy, scanning electron
microscopy, metallographic analysis, methods of computer analysis of
microstructural parameters on material analyzer «SIAMS-600."

Analyzed by metallographic analysis of structural features examples of
conductive composite materials based on copper powder, hardened dispersed
particles of tungsten (2, 5, 10 vol.%), Which were obtained by the stroke of hot
pressing in a vacuum and by successive dopresovok and fell into the water.
Analysis of type and parameters of microstructure samples KM Cu-W with their
physical and mechanical characteristics. Evaluation of microstructure type KM Cu-
W was conducted based on the structural model of composite mixtures V. V.
Skorohoda largest degree matrychnosti. It is proved that the optimization of
properties of composite materials based on copper powder, hardened dispersed
particles of tungsten using tungsten powder highly performed through the creation
of a consolidation process necessary type of microstructure in which dispersed
particles are tungsten grain boundaries in copper phase, but not completely form
the microstructure matrix type . This microstructure prevents the passage of
recrystallization processes copper and grain growth, increasing the level of
mechanical properties of composites, but did not significantly reduce electrical

conductivity.



Key words (phrases): composite materials, copper, tungsten, dispersion
strengthening, microstructure, degree matrychnosti, conductivity, solid phase

sintering.



BUCHOBKU

1. TlpoanamizoBaHO METOAOM MeETAJOTPapIUHOTO aHaJi3y CTPYKTYpHI
O0COOJIMBOCTI 3pa3KiB €JEKTPOIPOBIIHUX KOMIO3UIIMHUX MaTepialiB Ha OCHOBI
MOPOIIKOBOT MiJi, 3MIIIHEHOI AMCIEPCHUMH YacTUHKaMHu BoJbhpamy (2, 5,
10 06.%), mo Oynu OTpMMaHi METOJaMHU YIAPHOTO Trapsvuoro MNpecyBaHHS Yy
BaKyyMmi 1 METOJOM IIOCIIJIOBHUX JOMPECOBOK 1 BijmaiaiB y BojHi. IIpoBemeHo
aHali3 3B’SI3Ky THUIy 1 mapamerpiB MikpocTpyktypu 3paskiB KM Cu-W 3 ix
Gb13uKO-MeXaHIYHUMH XapakTepuctukamu. OuiHka tuiy Mikpoctpyktypu KM Cu-
W Oyna mpoBeleHa Ha OCHOBI CTPYKTYPHOI MO KOMIIO3UTHHUX CyMIillIen
B.B.Ckopoxozaa no Benu4ruHaM CTYIEHS MATPUYHOCTI.

2. BcraHoBieHO, 10 OCHOBHUW BIUIMB Ha THI MIKPOCTPYKTYpH,
eJIEKTPOTIPOBIAHICTH 1 MexaHiuHi XapakTtepuctuku KM Cu-W crpuunnse 06’eMHa
JI0JI TUCTIEPCHUX YacTHHOK Boibbpamy. Ilpu o6’emuiit gomi 2% W Bennunna
crynenss marpuyHocti KM Cu-W Hesnauna 1 ckiagae mjume 13-14%. Ilpu
o0’emHii gomi 10% W BenuumHa CTyneHs MaTPUYHOCTI 3pa3KiB YK€ CTaHOBUTH
46-48% 1 KOMIIO3UTH XapaKTEPU3YIOTHCA MATPUYHO-CTATUCTUYHUM THUIIOM
CTpyKTypHu. BonHodac 3pa3ku, oTpuMaHi METOJIOM YAApHOTO MPECyBaHHS, MAIOTh
OUIbIIl BEJMYMHU CTYNEHS MATPUYHOCTI, HIK 3pa3Kd, OTPUMaHI METOIOM
JOTPecoBKH 1 Bianamy. Lle kopentoe 13 JaHUMHU eIeKTPOOIIOpy 1 TBEPAOCTI 3pa3KiB
KM Cu-W. Kowmmnosutiitni matepianu Cu-W, oTpumaHi METOIOM IOTPECOBKH 1
BIJIIATTy XapaKTePU3YIOThCS KPAIMMU  EJIEKTPONPOBIAHUMH 1 MIIIHICHUMHU
XapaKTEPUCTHUKAMHU, HE3BaXKAlOUM HA Te, 110 BOHM MAalOTh BHUINY MOPHUCTICTH
(2,5-4,5%).

3. BcranoBneHo, mo cepeaniit po3mip 3eper miai B KM Cu-W 3Haxonutbest
B Jiama3oHi Big 2,2 10 2,8 MKM 1 XapakTepu3yeTbcsi B 4-5 pas3iB MEHIIOIO
BEJIMYMHOIO, HXK B CIICUCHIN MiJi, e cepeaHiil po3Mmip 3epHa ckiamae 10,5 MKM.
Taxi mapamerpu wmikpocTpyktypu KM Cu-W 3abesneunnu  MigBUINECHHS

XapaKTEPUCTUK MILHOCTI 1 TBEPAOCTI IPU HE3HAYHIN BTPATI MJIACTUYHOCTI.



4. TlokazaHOo, L0 MpPH BHCOKOIIBHIKICHOMY BHXPOBOMY 3MIIIyBaHHI
BuxigHuX nopomkiB B KM Cu-506.%W dactuHku Boiab(hpamMy OUIBII JOCKOHAIO
OOBOJIIKAIOTh 3€pHA MiJl, OJHAK Y MIKPOCTPYKTYpl 3pa3KiB BHUSIBICHO YaCTHUHKU
anMasy, SKUMU Oyld TOKPUTI CTIHKH 3MimryBada. lle CBiq4uTh TpO MOSBY

3a0pyAHEHHS, 1110 BIUTUHYJIO HA 301IBIICHHS €JIEKTPOOIOPY IIUX 3pa3KiB.



CONCLUSIONS

1. The analysis by metallographic analysis of structural features examples of
conductive composite materials based on copper powder, hardened dispersed
particles of tungsten (2, 5, 10 vol.%), Which were obtained by the stroke of hot
pressing in a vacuum and by successive dopresovok and annealing in hydrogen.
Analysis of type and parameters of microstructure samples KM Cu-W with their
physical and mechanical characteristics. Evaluation of microstructure type KM
Cu-W was conducted based on the structural model of composite mixtures
V. V. Skorohoda largest degree matrychnosti.

2. It is established that the main impact of the type of microstructure,
electrical and mechanical characteristics KM Cu-W causes the volume fraction of
dispersed particles of tungsten. In volume fractions of 2% W size degree
matrychnosti KM Cu-W insignificant and is only 13-14%. In volume fractions of
10% W size degree matrychnosti samples is already 46-48% and composites
characterized by statistical matrix-type structure. However, samples obtained by
shock compression, with higher values matrychnosti degree than samples obtained
by dopresovky and annealing. This correlates with the hardness and electrical data
samples KM Cu-W. Composite materials Cu-W, obtained by dopresovky and
annealing conductive and characterized by better strength characteristics, even
though they have higher porosity (2,5-4,5%)

3. It is established that the average grain size of copper in KM Cu-W is in
the range from 2.2 to 2.8 microns and characterized by 4-5 times smaller size than
sintered copper, where the average grain size is 10.5 microns . These parameters
microstructure KM Cu-W provided increasing strength characteristics and
hardness with negligible ductility.

4. 1t is shown that the initial high-speed vortex mixing powders KM
Cu-5 vol.% W tungsten particles are more perfectly envelop the grain of copper,

but the microstructure of the samples detected particles of diamond, which were



covered with wall mixer. This suggests the emergence of pollution that has

affected the increase in electrical resistance of these samples.



