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PEDEPAT

Jumnomuas pabota 46 crpanuil, 3 4acT, 28 pUCYHKOB, 12 UCTOYHHKOB.

KJIIOUEBBIE CJIOBA: P6M5, HHUOBWM, MEJb, JIETMPOBAHUE,
KOMIIPECCUOHHBIE IIJTASMEHHBIE IIOTOKH, MUKPOTBEP/JOCTD,
CKAHUPYIOLIAA SJIEKTPOHHAA MUKPOCKOIINA.

OOBEKTOM WCCIIEIOBAaHUSL SBISIETCS OBICTpOpexymas craab POMS c
nokpbiTusiMu Nb u Nb+Cu.

Lens paGoTel — U3y4eHUE CTPYKTYpPHO-(PA30BOTO  COCTOSHHS U
MEXaHUYECKUX CBOMCTB IIOBEPXHOCTHOTO clos MHCTPYMEHTAIILHON
opicTpopexyiie cramum P6MS, nerupoBanHoro aromamu Nb u Cu mnpu
BO3/ICMCTBUM KOMITPECCUOHHBIX T1a3MeHHBIX MOTOKOB (KIIIT).

Meronabl HCClIeIOBAaHUS: PEHTTEHOCTPYKTYPHBIM aHAIM3, CKaHUPYIOIIAs
AIIEKTPOHHAsA MUKPOCKOIIHSI, U3MEPEHUE MACChI, U3BMEPEHNE MUKPOTBEPAOCTH.

JlerupoBaHue TPOBOAWIOCH MYTEM  IPEABAPUTEIBLHOTO  OCAXKACHUS
nokpbiTist Nb mwim Nb+Cu u nmocnenyromero Bozzaeiictsust KIIII. Ycranosneno,
YTO IpPH MJIA3MEHHOM BO3JIEUCTBUM MPOUCXOIUT pacTBopeHue kapouaoB Fe;W;C,
a Taxke oOpasyercst HuTpug NbN. Jlo6aBnenue B coctaB nmokpeITsi Cu NpUBOJIUT
K YMEHBILIEHUIO0 3po3un mpu o6padbotke obOpasuoB KIIII. Ycranosieno, uro c
YBEJIMUYEHUEM DHEPTUH, MOTJIOIIEHHON MOBEPXHOCTHIO, CHUXKAETCA KOHIICHTPALIUS
JIETUPYIOLIUX 3JIEMEHTOB B TOBEPXHOCTHOM CJIO€ U PACIIPENEIICHUE 3JIEMEHTOB 110
MOBEPXHOCTU CTAHOBUTCS Oojiee OAHOPOJHBIM. PacTBopeHume kapOumHoOU Ghassl
Fe;W;C B pesynbprate 006padotku KIIII npuBoaAUT K CHUKEHHIO MUKPOTBEPIOCTH
00pasIoB.

OTXHT JICTHPOBAHHBIX 00pasmoB mpu Temmneparype 900°C B teueHue 3
4acoB MPHUBOJIUT K oOpasoBanuio okcujioB Fe,O; u Fe;O4. Hutpung NbBN npu
OT)KHTE HE PaClagaeTcs, YTO CBUAETEIBCTBYET O €r0 TEPMUUYECKONW YCTOMUYUBOCTH.
M3mepenne Macchl MPOJEMOHCTPUPOBAJIO, YTO JIETUPOBAHUE 3HAYUTEIBHO
MOBBIIIAET KOPPO3UOHHYIO CTOMKOCTb K OKMCJICHHUIO Ha Bo3ayxe. OJHOBpEeMEHHOE
aerupoBanue Nb ¢ Cu maet 6ombliee yBeTU4eHHEe KOPPOSHOHHOM CTOWKOCTH, YeM
agerupoBanne Nb. Takxke oOTXKUr 00€cleuyMBaeT 3HAUUTEIBHBIM MPUPOCT
MUKPOTBEPJOCTH — MAaKCUMaJbHOE 3HAYEHUE [UIsl JIETMPOBAHHBIX 0O0pa3loB
coctaBwio 8,5 I'Tla y oOpasia, terupoBanHoro Nb ¢ Cu u ¢ IJIOTHOCTBIO YHEPTHH,
TOTJIONIEHHOH ITOBEPXHOCTBIO, paBHOM 23 Jhx/cM”, TOrja Kak MHKPOTBEDJOCTb
UCXOJHOTO 0o0pas3iia nocjie orxura cocrapuia 6,6 I'la.

[Tonmy4yeHHbI€ pe3yabTaThl MOTYT JIEYb B OCHOBY TEXHOJOTWHU ITOBBIIICHUS
HKCILTYaTAlIMOHHBIX XaPAKTEPUCTUK PEKYIIEr0o MHCTPYMEHTa KOHCTPYKIMOHHBIX
MaTepHaioB KOMIIPECCUOHHBIMU TIa3MEHHBIMU MTOTOKAMH.



PODEPAT

Jeimmomuas pabota 46 ctapoHak, 3 vacti, 28 peICyHKay, 12 KpbIHIII.

KJIKOYABBIS CJIOBBI: P6M5, HIEBIN, MEJ3b, JIETTPABAHHE,
KAMITPOCCIOHHBIE TUVTIASMEHHBIA ITATOKI, MIKPALIBEP/IACLIb,
CKAHABAIJIbHAA 5JIEKTPOHHA I MIKPACKAIIIS.

AG'exTaM nacnenaBaHHs 3'syIsera XyTkapaszHas ctains POMS 3
nakpsiiisiMi Nb 1 Nb+Cu.

MbTa paboThl — BBIBYYIHHE CTPYKTypHa-(ha3zaBara CTaHy 1 MEXaHIYHBIX
yJaciiBacusay maBsipXoyHara Ijiacta IHCTpyMEeHTallbHall XyTKapa3Hai ctani POMS,
neraBanara aramami Nb 1 Cu mipsI ¥3/13€sTHHI KaMITPACCIOHHBIX TUTA3MEHHBIX
narokay (KIIIT).

Mertaspl nacienaBaHHs: PIHTTEHACTPYKTYPHBI aHalli3, CKaHaBaJIbHAS
AJIEKTPOHHAs MiKpacKarlisi, BRIMAPIHHE MacChl, BBIMAPIHHE MIKpallBepIaCIIl.

JleripaBanHe npaBoa3iaacs MIIsIXaM Marsip3iHsIra adaori makpseisg Nb a6o
Nb + Cu 1 HactynHara y3n3esans KIII1. Ycranoynena, mro npel mia3MeHHBIM
y313esiHH1 aj0bIBaela pacteapaaae kapoinay Fe;W;C, a Takcama yTBOpBIIIa
HITpbLA NbN. Jlananne ¥ ckiaa makpseiis Cu NpeIBOA3Ib Aa TaMSHIIPHHS 3p03il
npsl anpanoyusl yzopay KIIII. Ycranoynena, mto 3 naBeaiusHHEM 3HEPTii,
NarJbIHYTal MaBepXHsIi, 3HKACIIA KAHI[PHTPAIIIS JIETIPYIOYbIX SJIEMEHTaY Y
NaBSPXOYHBIM TIIACIIE 1 pa3MEepKaBaHHE AJIEMEHTAY Ia MaBEepPXHi CTAHOBIIIIIA
0o agHactaiiHeiM. PacTBapanne Kap6innaii ¢passr FesW5C y BeIHIKY amparioyki
KIIIT mpeIBoA3iLb 12 3HIKIHHS MiKpalBepAacili y3opay.

Anman neripaBaHbix y3opay npsl Tamreparypbl 900°C Ha mparsry 3 raazin
NpBIBOA3ILG 2 3's1yineHHs akcinay Fe,0; 1 Fe;O4. HiTpein NbN npel agnane He
pacmajaenia, mTo CBeIUbIIb ad Aro TApMiuHal ycToiiBacii. BeiMspaHHe Machl
paJdMaHCTpaBaja, LITO JIETipaBaHHE 3HauHa NaBblllIae Kapas3iiiHyo YCTOUIIBACb
Jla aKiCJICHHA Ha maBeTpbl. AqHavacoBae seripaBanne Nb 3 Cu nae Oonblae
naBesiusHHE KapasiiiHail croiikaciii, 4bIM JieripaBanne Nb. Takcama aaman
3a0sicrieyBae 3Ha4YHbI IPHIPOCT MIKPALBEPAACII — MaKCIMaIbHAE 3HAYIHHE JIS
jeripaBaHbIX y3opay ckiana 8,5 I'Tla ¥ y3opy, neraBanara Nb 3 Cu i3
ITYBIILHACITIO SHEPTil, NarJIbIHyTal MaBepXHsH, poyHah 23 I[}K/CMZ, TaJbl SIK
MHUKPOTBEPAOCTh 3bIXOAHAra y30py nacis agnainy ckiana 6,6 I'Tla.

ATpBIMaHbIS BBIHIKI MOTYI[b JIETUbI § aCHOBY TIXHAJIOT11 TTaBBIIIIHHS
AKCIUTyaTaIbIMHBIX XapaKTapbICTHIK paKydara IHCTPYMEHTA KaHCTPYKIIBIMHBIX
MaTAphIsIay KOMIIPECCIOHHBIE MJIA3MEHHBIMI MaTOKaMI.



ABSTRACT

Graduate work 46 pages, 3 parts, 28 figures, 12 sources.

KEYWORDS: R6MS, NIOBIUM, COPPER, ALLOYING,
COMPRESSION PLASMA FLOWS, MICROHARDNESS, SCANNING
ELECTRON MICROSCOPY.

The object of the study is high-speed steel R6MS with coatings of Nb and
Nb+Cu.

The aim of the work is to study the structural and phase state and mechanical
properties of the surface layer of high-speed tool steel R6M5 doped with Nb and
Cu atoms under the influence of compression plasma flows (CPF).

Research methods: X-ray diffraction analysis, scanning electron microscopy,
mass measurement, microhardness measurement.

Doping was carried out by pre-deposition of the Nb or Nb+Cu coating and
subsequent exposure to CPF. It has been established that plasma exposure causes
the dissolution of FesW;C carbides, as well as the formation of NbN nitride. The
addition of Cu to the coating reduces erosion during the processing of CPF
samples. It has been found that with an increase in the energy absorbed by the
surface, the concentration of alloying elements in the surface layer decreases and
the distribution of elements over the surface becomes more uniform. The
dissolution of the Fe;W;C carbide phase as a result of CPF treatment leads to a
decrease in the microhardness of the samples.

Annealing of doped samples at a temperature of 900°C for 3 hours leads to
the formation of Fe,O; and Fe;O,4 oxides. NbN nitride does not decompose during
annealing, which indicates its thermal stability. The mass measurement
demonstrated that alloying significantly increases the corrosion resistance to
oxidation in air. Simultaneous alloying of Nb with Cu gives a greater increase in
corrosion resistance than alloying with Nb. Annealing also provides a significant
increase in microhardness — the maximum value for doped samples was 8.5 GPa
for a sample doped with Nb and Cu and with an energy density absorbed by the
surface equal to 23 J/cm®, while the microhardness of the initial sample after
annealing was 6.6 GPa.

The results obtained can form the basis of a technology for improving the
performance of cutting tools of structural materials by compression plasma flows.



