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Annomayun. IlpencraBieHbl pe3ysibTaThl aHAIH3a XapaKTEPUCTHK CIEUCHHBIX H3MCIUN M3 XpOMCOJEpIKallux
NIEKTPO3PO3MOHHBIX  HOpOmKOB. OJHUM U3 OCHOBHBIX HANpaBICHUH pa3BUTUS  TEXHOJIOTHUH
MAIIMHOCTPOCHUS B HACTOSIEe BpeMs SIBISCTCS COBEPLICHCTBOBAHHE CYLIECTBYIOIIMX H pa3paboTka
HOBBIX 0€30TXO/HBIX, 9KOJOTHIECKN YHCTHIX, MaTepHanocOeperaomnx MPON3BOICTBEHHBIX IpolieccoB. B
penIeHny 3TOH MpoOIeMbl ONpeneNeHHas pojib NPUHAMICKHUT MMOPOMIKOBOH MeTaIypruu. B mocnennne
rofpl OONBIIOE BHUMAHHE YAGNACTCS Pa3BUTHIO METOJOB H3TOTOBJICHHS IOPOIIKOBBIX MaTepHalioB
BBICOKOH TIOTHOCTH. [[yisl peann3anuy HccieoBaHUK ObUIM BBIOPAHBI OTXOJBI XPOMCOZEPIKalleH cTaan
mapok IIX15 wu X13. IlyreM »5JI€KTpUUECKOH HPO3HM HA YCTAHOBKE 3JIEKTPOIPO3UOHHOTO
JMCTIEPTUPOBAHUS TTOMYUYHIIM MOPOIIKOBBIE MaTepHanbl. B kadecTBe paboued cpembl IUCTICPTHPOBaHUSA
6511 BBIOpaH OyTHNOBBIN cnupT. KoHconumanus mopourka npoBeieHa METOJIOM HCKPOBOTO IIa3MEHHOTO
criekaHus ¢ ucnosib3oBaHueM cuctembl SPS 25-10 (Thermal Technology, CIIIA). YcraHoBieHO, YTO
MHUKpPOTBEPAOCTh CIleueHHOro oOpas3uoB cranmu Mapok IX15 wu Xl13cocraBmser 154 u 461 HV.
Y CTaHOBJIEHO, YTO MOPUCTOCTH CIICUCHHBIX 00pa3ioB cTamu mapok X13 u IIX15 pasna 3,34 (95 % mop
uMeroT pasmep A0 2 Mkm) u 1,72 % (90 % mop umerot pasmep 10 1 Mxm). [lo pesynbraTtam nccienoBaHUA
YCTaHOBIICHO, YTO MUKPOTBEPAOCTH CIIEYeHHOTo oOpasna u3 cranu mMapku L1IX15 Hike, yem y obpasna u3
cramu Mapku X13. Tlopucrocts y 00pa3na u3 cranmu mapku LIX15 Hmke, ueM y o0pasna U3 cTald MapKu
X13. CredeHHBIC W3ACNHsS W3 IIOPOIIKOBOTO MarepHaia cTamu Mapku X13 umeroT 0Oornee TBEepAyIO
MOBEPXHOCTh U MOTYT MCIOJIB30BaTHCS IIPU IPOU3BOJCTBE MEJIKHUX HarpyKeHHBIX JIeTaJIeH.

Kniouesvie cnoea: 5IEKTPO3PO3UOHHOE AMcreprupoBanue, craidb Mapku LIX15, cranme wMapku X13,
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Abstract. The article presents the results of the analysis of the characteristics of sintered products made of chromium-containing
electroerosive powders. One of the main directions of the development of mechanical engineering technology at
present is the improvement of existing and the development of new waste-free, environmentally friendly, material-
saving production processes. Powder metallurgy plays a certain role in solving this problem. In recent years, much
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attention has been paid to the development of methods for the manufacture of high-density powder materials For the
implementation of the planned studies, waste chromium-containing steels SHX15 and H13 have been selected. Powder
materials were obtained by electrical erosion at the electro-erosive dispersion unit developed by the authors. Butyl
alcohol was chosen as the working medium of dispersion. The powder was consolidated by the spark plasma sintering
method using the spark plasma sintering system SPS 25-10 (Thermal Technology, USA). It is established that the
microhardness of the sintered steel sample SHH15 is equal to 154 HV. The microhardness of the sintered steel sample
H13 is equal to 461 HV. It was found that the porosity of the sintered steel sample H13 is equal to 3.34 %, and also that
95 % of the pores have a size of up to 2 microns. The porosity of the sintered steel sample SHH15 is 1.72 %, and also
that 90 % of the pores have a size of up to 1 microns. According to the results of the research, it was found that the
microhardness of the sintered sample made of steel SHH15 is lower than that of the sample made of steel H13. The
porosity of a sample made of steel SHH15 is lower than that of a sample made of steel H13. Therefore, it can be
concluded that sintered products made of powder material sta-li H13 have a harder surface and can be used in the

production of small loaded parts.
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OnHUM W3 OCHOBHBIX HANpaBICHUHA Pa3BUTHUS
TEXHOJIOTHH MAaIIMHOCTPOCHHUS B HACTOSIIEE BPEMS
SIBIIIETCSI COBEPIIIEHCTBOBAHUE CYIIECTBYIOMIUX H
pa3paboTKa HOBBIX O€30TXOIHBIX, IKOJOTHYCCKH
YHCTBIX, MaTepHanocOeperalnx Mponu3BOJICTBCH-
HBIX TIPOIECCOB, TO €CTh TAKHX IPOIECCOB, KOTO-
pBie 00ecnedrBaoT MOMyYeHNe 3ar0TOBOK C MUHU-
MaJIBHBIMU TIPHUITYCKAMU IO TIOCJIEAYIOIIYI0 MeXa-
HUYECKyl0 00paboTKy wim BooOImie 0e3 HUX TIpH
OJTHOBPEMEHHOM CHIKEHUH pacxojia JIeQUIMTHBIX
MaTepuanoB. B pemennn 3Toil mpoOiemMsl onpene-
JIEHHasi POJb TPUHAUICKHUT IOPOLIKOBOM MeTal-
nyprud. B mocnemHue roasl OONBIIOE BHUMAaHHE
YHAENSIeTCSl Pa3BUTHIO METOJOB HM3TOTOBIICHHS MO-
POIIKOBBIX MAaTEpUalIOB BBICOKOW ILIOTHOCTH (TO-
psdee BaKyyMHOE IIPECCOBaHUE, TopsYasi U XOJIO/I-
Hasl IITaMIIOBKA, SKCTPY3HUs, KOBKa, POKATKA).

Jliist nonyveHusi METaJUTMUECKUX MOPOIIKOB 0O0JTh-
IO WHTEPEC BBI3BIBACT METOJ| JIEKTPO3PO3UOHHOTO
JMCTIEPTUPOBAHUS. JTOT METOA SIBIACTCS OJHUM W3
HauboJiee TIePCIEKTUBHBIX CIIOCOOOB ITOYYEHHs TI0-
POMIKOB. MeToJ| 3NIeKTPO3PO3UOHHOTO JIUCTIEPTHPOBA-
st (O0/I) oTmuaercs OTHOCHTENBHO HEBBICOKUMU
SHEPreTHIECKUMH 3aTPAaTaMH M SKOJIOTHYECKOW YUCTO-
TOH Tporiecca, MO3BOJSIET MMOTYYNUTh TOPOIIKH U3 OT-
XOJIOB Mpon3BoicTBa U notpednenus [1 — 11]. Tem He
MeHee, IMIMPOKOe HMCHoNb30BaHue Metona D] caep-
KUBAETCSl OTCYTCTBUEM HH(MOPMAIMU TIO ONTHMHU3a-
MM PEKHUMOB TIOPOIIKOOOPAa30BaHUSI M CBOWCTBAM
TMOJIyYeHHBIX MOPOIIKOB. IS IIMPOKOro HCIOIb30Ba-
HHSI PACCMaTPHUBAEMOT0 MeToJ1a TPeOYIOTCs OOIIMpHBIE
TEOPETHYECKHE W IKCIIEPHUMEHTAIIBHBIC HCCIIEIOBAHMS
[12 —21].

Lenbto HacTosAIeH pabOTHI ABISIIETCS MPOBEC-
HUE WCCIIEJJOBAHUN XapaKTEPUCTUK CIICYEHHBIX W3-
T U3 XPOMCOJAEPKAIIUX 3IIEKTPOIPO3NOHHBIX
MOPOLIKOB.

MeToabl M NPUHUMNBI UCCIETOBAHUS

Jns peanmzanuy HaMEYEHHBIX HCCIEIOBaHUH
OBLTH BBIOPAHBI XPOMCOJEPXKAIIUX CTaled MapoK
HIX15 u X13. [IyTem 31€KTpUYECKOM 3pO3Ud Ha
YCTaHOBKE 3JIEKTPO3PO3HUOHHOIO TUCTIEPrUpPOBaHUS
MOJYYMJIM TOPOLIKOBBIE Marepuanbl. B kauectse
paboueil cpemsl AUCTIEPrUpOBaHUS OBUT BHIOpaH
OYTHJIIOBBII CIHPT.

Konconupanusi mopomika NpoBeleHa METOI0M
MCKPOBOIO IUIA3MEHHOT'O CIEKaHMs C HMCIOJIb30Ba-
HUEM CHCTEMBI HCKPOBOTO IJIa3MEHHOTO CIIEKaHUS
SPS 25-10 (Thermal Technology, CIIA). Hcxon-
HBIH MaTepuasl pa3Mellaiyd B MaTpule u3 rpadura,
MOMEIaeMO TMOJI Mpecc B BaKyyMHOW KaMmepe.
ONeKTpoAbl, MHTETPUPOBAaHHBIE B MEXaHHUYECKYIO
4yacThk Npecca, MOABOIST IEKTPHUUECKUH TOK K MaT-
pHILIE U CO3JAI0T UCKPOBBIE Pa3psabl MEXIY CIIeKa-
€MBIMHM YaCTHMIIaM{ MaTepuana, obecrieunBas HH-
TeHcuBHOE B3ammogeiictBue. Cucrema SPS 25-10
npeJHa3HavYeHa Uil CIIEKaHWs IOPOIIKOBBIX Mate-
pHaJIOB TOA JaBi€HHEM (METOJ HCKPOBOTO IIa3-
MEHHOTO CHeKaHus). B HCKpoBOM mia3MeHHOM
CIEKaHWHU MCIIOJIB3YETCS] UMITYJILCHBIN TTOCTOSHHBIH
TOK C BBICOKMM 3HA4YE€HHEM CHIIBI TOKa JJIs1 OBICTpO-
0 M PaBHOMEPHOTO pAaCIpENeNeHNs] DHEPTUU FHC-
KpOBOH IIa3Mbl Mex1y dactunamu. Cucrema SPS
25-10 mo3BOJISET CIEKaTh IEKTPONPOBOAHBIE, HE-
3JIEKTPONIPOBOHBIE U KOMIIO3UTHBIE MaTepHAIIbI 10
BBICOKOUM CTENEHM IJIOTHOCTH TMPU MaKCUMaIbHOMN
temneparype 2400 °C B aprone, a30Te Uil BaKyyMe
(OTHOCHTENBHO KOHCTPYKIIMHM MAaTPHIIBI, pa3Mepa
o0pa3ia v MepBOHAYAIBHBIX XapaKTePUCTUK MaTe-
pHara) mpu IpeaeIbHOM ypoBHE Bakyyma 107 mm.
pT. cTonba (ducras, mycras, cyxas KOMHATa U Jiera-
3WpOBaHHAs Kamepa) U MOIIHOCTH Tpecca 25 T 00-
LIETr0 YCHIINSL.
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Puc. 1. MukpoctpykTypa 00pa3ios cramu Mapok X 13 (a) u IIX15 (6)
Fig. 1. Microstructure of samples of steel grades Kh13 (@) and ShKh15 (6)

OcHoOBHBIE Pe3yabTATHI

MeraorpaduueckuM METOJIOM HUCCIISIOBATIN TTOPH-
CTOCTH CIEYEHHBIX 00pa3LoB (1o norepeyHoMy Humdy)
(puc. 1, 2(N — OTHOLICHHE KOIMYECTBA TIOp, OMPEIETICH-
Horo pa3mepa. Ko Bcemy obbemy niop; D — cpeanmii paz-
Mep Top), Tabm. 1). YCTaHOBJICHO, YTO MHUKPOTBEPIOCTh
CrieyeHHbIX 00pasuoB cramy Mapok LIX15 u X13 co-
craBistier 154 HV 1461 HV.

MHEKpOTBEPIOCTh CIEYEHHBIX 00pa3loB MpHBE-
JeHa B a0 2.

VYCTaHOBIICHO, YTO TOPHCTOCTH CIEYEHHBIX 00-
pasuos ctanu Mapok X 13 u LIIX15 pasna 3,34 (95 %
mop UMeroT pasmep 10 2 mkm) u 1,72 % (90 % mop
UMEOT pa3Mep 10 1 MKm).

BriBoabl

[lo pe3ynbTaTtam uccrie10BaHUA, HAMIPABICHHBIX HA
M3y4YEHHE XapaKTCPUCTHK CIEYCHHBIX W3IEINN U3
XPOMCOJIEPKAIIMX  3NEKTPOIPO3HOHHBIX  ITOPOIIKOB,
YCTaHOBJIEHO, YTO MHKpPOTBEPAOCTH CIIEYEHHBIX 00-
pasuoB u3 cramu Mapku IIX15 Hmke, yeM y cramm
Mapku X13. TTopuctocts y 00pa3iioB U3 CTAIM MapKu
IX15 Hmxe, yeM y 00pa3loB u3 crany mMapku X13.
CrieueHHbIEe U3EUsI U3 MOPOLIKOBOrO Mareprasa cra-
ym Mapku X13 umeroT Goliee TBEpIyI0 TIOBEPXHOCTh U
MOTYT HCIIONB30BaThCSl TPH TPOM3BOJCTBE MEJKHX
Harpy>XeHHBIX JIeTajied, Oonbliiast MOPUCTOCTh B CPaB-
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HEHUU CO CIECYECHHBIMM W3JCIUAMU U3 CTAIA MapKy
[IIX15 mo3BonUT JTyyllle yAepKUBATh CMa3KYy.
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Puc. 2. Tlopucrocts 00pa3nos cramu Mapok X 13 («) u IIX15 (6)
Fig. 2. Porosity of samples of steel grades Kh13 («) and ShKh15 (6)
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Tabaungal

IHopucrocts (MeTa/IOrpaduyecKuii MeTOx)

Table 1. Porosity (metallographic method)
Ob6pa3sery Iopucrocts, % Dmin Dmax Dined
X13 3,34 0,1 15,3 0,6
IX15 1,72 0,1 9,8 0,1

IMMpumeuanue. Dyin, Dyax 1 Dmeg — MUHHMATBHBIIH,

MaKCUMaJIbHBIN M CPEJHUI pa3Mephl Mop B 00pasIie.

Tabnuma?2
MuxkporBepaocTb

Table 2. Microhardness

3nauyenue HV npu Harpyske 200 r
Howmep

oTIeuATK 00pasloB CTaNy MapKH
X115 X13

1 152 436

2 146 485

3 141 469

4 139 478

5 143 436

6 144 453

7 149 456

8 277 450

9 136 475
10 112 472
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