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BJIUAHUE JJETUPOBAHUSA HA TEMIIEPATYPY IPEBPALLIEHU A
«IIEPJIUT > AYCTEHHUT» B KOMIIVIEKCHO-JIEI'HPOBAHHBIX
BEJIBIX HYI'YHAX

Heab. B cTpykType M3HOCOCTOMKHMX CTajel U YyryHOB HE JIONYyCKaeTcs MPUCYTCTBUA IEpiUTa. Y CTpaHEHUE
MepJINTa IyTeM IPaMOTHOTO BBIOOpa pexuMa 3aKallK{ IpeJIojiaraeT 3HaH|ue TeMIepaTyp KPUTHUECKHX TO4YeK Ac,
1 Acs 17151 KOHKPETHBIX cTajield n 4yryHoB. Llesnbio paboTsl siBisiercst onpezenenue Baustaus V (ot 5 go 10 %) u Cr
(ot 0 1o 9 %) Ha TeMneparypHblii HHTEpBaJl (Pa30BO-CTPYKTYPHOT'O Mepexoja «IepIuT —> ayCTeHUT» (Touku Ac))
B KOMIIJIEKCHO-JIETUPOBaHHBIX Oenbix V-Cr-Mn-Ni uyryHax co cdepouau3upoBaHHBIMH KapOWIaMH BaHAIMs.
MeToauka. Vcnonb30BaHBl YyTyHBI JEBSTH PAa3IMYHBIX COCTaBOB, BBHIIUIABICHHBIE B JaOOPATOPHBIX YCIOBHAX
U TIO/IBEPTHYTHIe Moauduuupyomei oopadotke Mg-conepskamiei iuratypoil. B pabore mpuMeHeHB MeTaIorpa-
(bryecknii METOA aHANM3a, ONTHYECKAs AWIATOMETPHUS, SHEPTrOAUCIEPCHOHHAs cieKTpockonus. PesyabTarsl. Io-
Ka3aHO, 4YTO B HCCIEJOBAaHHBIX UyI'yHaX KpUTHYECKas TOYKa Ac; HaXOOWTCS B TEMIIEPATYpPHOM HHTEpBaJe OT
710-780 °C (amxusis rpanuna) go 730-850 °C (Bepxuss rpanuua). [IpeacraBneHsl JaHHBIE 10 KOHLIEHTPALUHA XPO-
Ma U BaHaAWSA B MaTPHIE YyT'YHOB, NOJYYEHBI PETPECCHOHHBIC BBIPA)XKEHHS, ONHCBHIBAIOIINE BIUSHUE COACPKAHUS
BaHaJWs U XpOMa Ha TEMIIEPATYPHbIE TPAHULIbI IPEBPALICHUS «IEPIUT —> aycTeHUT». HayuHass HoBu3Ha. [Tokasa-
HO, 4TO B MCCJICAOBAHHBIX UYT'YHAaX POCT COAEPKaHUS XpOMa MPHUBOIUT K MOBBIIICHUIO HI)KHEH M BEpXHEH IpaHuI]
TEMIIEPaTypHOTO MHTEpBaia MPEBPALICHUS «IIEPIUT —> ayCTCHUT»; BaHAIUH MOBBIIIAET JIHIIb BEPXHIOI I'PAHUILY
HHTEpBaJa. Y CTaHOBJICHO, YTO BIMSHHE XpOMa Ha KPUTHYECKYIO TOUKY Ac| peanusyercs Oiaronaps ero 4acTUIHO-
My pacTBOPEHHIO B MeTajndyeckoil Marpuile (koHneHtpanust Cr B aycrenute nocrturaet 7,0 %). Banamauii, BBUaYy
€ro He3HAYUTEIbHOT0 PACTBOPEHUS B MaTpHUIle (colep’kaHue BaHAAMs B TBEPJIOM pacTBOpe He mpesbiiaet 1,75 %),
BIIMSIET HA KPUTUYECKYIO TOUKY OINOCPEOBAaHHO, 3a CUET YBEIMUEHHs KOHIEHTPALUU XpOMa B MaTpPULIE BCIEACTBUE
Oostee akTUBHOTO CBA3bIBaHUS yriepoaa B kapouasl VC. IlpakTuyeckast 3HAYNMOCTB. [Ipe/yioskeHbl TemMiepaTyp-
HBIE€ MHTEPBAJIbI Harpesa noj 3akaiky Oesnbix V-Cr-Mn-Ni 4yryHOB co cdeponIu3npoBaHHBIMU KapOujaMu BaHa-
Jvst, 00EeCIICUYNBAIOIINE TIOyYCHNE B CTPYKTYpPE YyTYHOB ayCTEHUTHO-MAapTEHCUTHOM MaTPHIII IIPH TTIOJIHOM OTCYT-
CTBHH TIEPJINTA B CTPYKTYPE.

Kniouegvie crosa: KOMIUIEKCHO-JIETMPOBaHHBIE UYTYHBI; KPUTHYECKasl TOUKA; XpOM; BaHAIMH; KapOWIbl BaHa-
JIST; TIEPIIUT; AyCTEHHT; (ha30BBIi Mepexo.

Beenenne METaJJIMYecKasi MaTpula [OJDKHAa COCTOSTH W3
MapTEHCUTAa U OCTAaTOYHOTO ayCTeHHWTa B pa3iy-
HOM COOTHOIIEGHMH B 3aBUCHMOCTH OT YCJIOBHH
n3HamuBaHws [5, 8]. IlepauT B CTpyKType IyTryHOB
yCTpaHsieTcs 3aKalKoW M3 ayCTCeHHUTHOH oOxiacTu
[1, 4]. Jlnsg mpaBUIBHOTO BBIOOpA TEMIIEPATyPHI
HarpeBa Mo/ 3aKaJKy HeoOXOJUMO 3HATh IMOJIOXKe-

benble sernpoBaHHbIE YyTYHbI HALUIU IIUPOKOE
MPUMEHEHUE B TIPOMBIILJICHHOCTH Onaroaapsi cBoei
BBICOKOH HM3HOCOCTOHKOCTH [2—6]. M3BecTHO, 4TO
C LeNbI0 o0ecreveHnsT MaKCUMAaIbHOTO COTIPOTHB-
neHusl abpasUBHOMY HW3HANIMBAHUIO B CTPYKType
YyryHa HE IOIyCKaeTCsA IPUCYTCTBHUS IEPIINUTA;
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HUe Touku Ac;. M3BecTHO, UTO Ha TeMIlepaTypHBI
MHTEpBaJl OOPaTHOTO MPEBPALICHUS «IEPIUT —>
ayCTeHHUT» (T.. HA KPUTHIECKYIO TOUYKY Ac|) OI-
penensioniee BO3ACHCTBHE OKa3bIBa€T CKOPOCTh
Harpesa W, TJIaBHBIM 00pa3oM, — XMMHUYECKHUil COo-
ctaB ciutaBa. MHpoOpMaIys mo KpUTHYECKHM TOY-
KaM BBICOKOXPOMHCTBIX YYT'YHOB IpHBEIICHA B pa-
borax [3, 5, 7, 10]. B To *xe Bpems B TuUTEpaType
OTCYTCTBYIOT [JaHHBIE O KPUTHYECKHX TOUYKax
CIUIaBOB HOBOT'O Kjacca — YyI'yHOB co chepounu-
3UPOBAaHHBIMH KapOWaaMu BaHaIus. DTH YyTYHBI
B IOCIIEIHEE BpEMsI INPHUBIEKAIOT TOBBIIICHHBIN
HMHTEpEC HMCCIEeNoBaTeNe B CBSA3U C UX BBICOKUM
ypoBHEM TpuOOTexXHHUYeCKHX cBoWcTB [11-13, 16].
CdeponnnzupoBaHHOE COCTOSIHUE KapOUIOB BaHa-
Iusi 00ecreunBaOT 00pabOTKON paciiaBa JIUraty-
pamu, coaepxamumu Mg unu P3M [9, 15]. Ontu-
MHU3alMA XMUMUYECKOTO COCTaBa M TEXHOJIOTUH
TEPMHYECKOW 00pPabOTKH TaKUX Yyr'yHOB TpeOyeT
3HAHMS TEMIICPAaTyPHOro MHTEPBala MPEBPAILCHHS
«IepIuT —> aycTeHuT». B TO ke Bpems, ocoOeH-
HOCTH (ha30BO-CTPYKTYPHBIX TPEBpAIlEHHUI B yKa-
3aHHBIX YyTyHaX, BKJIIOYas U JaHHbBIE 00 HHTEpBa-
nax (ha30BBIX IEPEXOJO0B, OCTAIOTCS INPAKTHUCCKH
HEU3y4YeHHBIMHU, YTO TpeOyeT MpOBeNeHHs JOIOJI-
HUTEJBHBIX HCCIEIOBAHUM.

Hean

Henbto nanHOM paboTHI SBISETCS ONpEACIeHUE
TeMIIepaTypHOTro MHTepBana (ha30BOroO IpeBpalle-
HUSl «epaut —> aycteHuT» B V-Cr-Mn-Ni gyry-
Hax co c(heporIU3UPOBAHHBIMU KapOHIaMH BaHa-
JUsl, a TakKe OLIEHKAa XapakKTepa BIMSHHA COJEp-
JKaHWs BaHAIWs U XpoMma Ha TeMmIlepaTypHbIe Ipa-
HUIIBI 3TOT0 MHTEpBAJIa.

MeTtoanka

B pabote nccnenoBamm 6emsie V-Cr-Mn-Ni uyry-
HBI CO C(hepOouM3NUPOBAHHBIMU KapOUAaMH BaHA WS
JICBATA BapUaHTOB XUMHUYECKOTO COCTaBa. UyryHBI
BBITUIABJIUIA B JTAOOPAaTOPHOM J1Ba IIIATUKUIIOTPAMMO-
BOM MHIYKUIMOHHOW TIEYM W Pa3IMBAIM B T€CYAHBIE
¢opmel. Bee crnarer copepaxamu 3,0-3,3 % C, ~ 1,0 %
Si, 1,5-1,7 % Ni, 4,04,4 % Mn. BapsupoBamu co-
neprkanue BaHaaus — oT 5 1o 10 % u xpoma — ot 0 10
9 % (1abn. 1). B mpomuecce BeIUIABKK YyTYHBI 00pa-
OaTpIBaM JMTATYpOMl, comepkamen 5,68 % Mg, oc-
tanmpHOE — Ni, 171t cpeponmm3zalin KapOUIOB BaHa-
must. [locne BEIOMBKY 13 (DOPMBI M3 CIIMTKOB BhIpe3a-
JIM C TIOMOIIIBIO JIEKTPOUCKPOBOW 00paboTKu 00pas-
11bI, KOTOPBIE HITH(OBAIM B HYKHBIN pasmep.

Tabnuna 1

XHMHYECKHUI COCTAB ONBITHBIX CILIABOB

Table 1
The chemical composition of experimental alloys
g&l‘;}; ¢ Si | Mn | Ni | V | Cr
1 3,23 1 0,99 | 4,02 | 1,56 | 9,87 | 0,01
2 3,00 | 1,07 | 3,92 | 1,60 | 9,14 | 4,37
3 3,10 | 1,05 | 3,99 | 1,71 | 9,49 | 9,10
4 3,33 | 1,02 | 441 | 1,51 | 7,42 | 0,01
5 3,11 | 1,05 | 4,12 | 1,59 | 7,34 | 4,32
6 3,11 | 0,98 | 4,11 | 1,59 | 7,50 | 9,08
7 3,39 | 1,04 | 424 | 1,71 | 5,22 | 0,03
8 3,31 | 1,08 | 4,14 | 1,53 | 5,28 | 4,60
9 3,26 | 1,09 | 3,97 | 1,59 | 5,27 | 9,10

TemneparypHslil HHTEpBal NPEBPALLEHUS «IIE-
pPJIUT — ayCTEHUT» HAXOIWIU C MOMOIIBIO ONTHU-
YeCKOro IUIaToMeTpa Ha oOpas3lax IuaMeTpoM
2 MM 1 gymHOM 20 MM. CKOPOCTH HarpeBa COCTaB-
asura 0,5 °C/c. Vicnonb30Bajn JUThIE 00pasibl 9y-
TYHOB, cojepkauux He Ooinee 4,5 % Cr, B ux
CTPYKType MpHCYTCTBOBaja o-asza B BUAE Map-
TeHcuTa W mepnurta. Yyrysel ¢ 9 % Cr umemn
B JIUTOM COCTOSIHUM ayCTEHHWTHYIO MaTpHIy, IIO-
3TOMY HX IPEABAPUTEIIFHO MOABEPTald BhIICPKKE
npu 650 °C B TeyeHue 6 9 A7 IPEBPALICHUS ay-
CTCHUTA B IIEPIIHUT.

MHUKpPOCTPYKTYpY H3Yy4aiH C MOMOIIBIO ONTH-
geckoro mukpockoma «Nikon Eclipse L150». ®a-
30BBI XUMHUYECKUH COCTaB MCCIEAOBAIN C MOMO-
IbI0 YHEPTOAUCIIEPCHOHHOIO CHEKTpoMeTpa Gup-
Mbl «Oxford Instruments», BCTpOGHHOTO B 3JI€K-
TpouHHBIH MuKpockon JEOL JSM-6510.

Pe3yabTarthl

Meramtorpadudecknii aHaJM3 TIOKa3ajl, YTO
BCEC WCCJICJIOBAHHBIC UYTyHBl HMEIM B CBOEH
CTPYKType CQepOuIN3NpPOBaHHBIE  BKIOUEHUS
KapOWJIOB BaHAIUSA, OTHOCHUTEIHFHO PaBHOMEPHO
pacmpenenaeHHsIXx B o0beMe criaBoB (puc. 1, a).
OBrekTHKa Ha 0a3e kapouma VC He Oblia BhISIBIIC-
HA HU B OJHOM M3 CIUIaBOB. [loMHMO KapOHIOB
BaHAJHWA B XPOMCOZEPKAIUX YyTYHAX MPHCYTCT-
BOBajia PBTEKTHKA Ha 0a3e kapOuaoB xpoma Me;C;
(puc. 1, 6).
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Puc. 1. Mukpocrpykrypa uyryHoB Ne 1 (a), Ne 5 (6)
Fig. 1. Microstructure of cast irons Ne 1 (a), Ne 5 (b)

Pe3ynpraTel OuIaTOMETPUYECKHX HCCIEI0Ba-
HUH NpeacTaBIeHbI Ha pUC. 2.

Kak crmemyer W3 3TOro pHCyHKa, B IIpolecce
HarpeBa 10 ~ 700 °C (uKCHpOBaI MOHOTOHHOE
yBEeNIMYEHHE IJIMHbI O00pas3loB, CBA3aHHOE C HX
TEpPMUYECKUM paciuupeHueM. [Ipu Gonee BHICOKHX
TeMIepaTypax Ha AWIATOMETPUYECKHX KPHUBBIX
HarpeBa BCeX UyI'YHOB ObII BBISBJIECH y4acTOK, Ha
KOTOPOM HPOUCXOAMIO JINOO0 3aMEeAJICHUE YAIHHE-
HUsL 00pa3uoB, MO0 MX yKOpauuWBaHHE, YTO yKa-
3bIBAJIO Ha MPOTEKaHWE O—>Y MPEBpalleHus, uay-
mero ¢ yMmeHblieHHeM oObeMa. Takum oOpaszom,
BBISBJICHHBIH y4YacTOK (DAKTUYECKH YKa3blBall Ha
noJyiokeHue Kpurudeckoi Touku Ac;. Ilo meperu-
0aM Ha KpHUBBIX OBUIM ONpENENeHBl TeMIeparyp-
HbI€ MHTEPBAJIbI KPUTHYECKON TOYKH, T.€. €€ HIXK-
Hss (Acyy) U BepxHss (AC),) TPaHUIBL.

AHanu3 KpUBBIX TOKa3all, YTO B 3aBUCHUMOCTHU
OT JIETMPOBAHUS MHTEPBAJ MPEBPAILECHUS N3MEHS-
ercs ot 710-780 °C (Acy,) no 730-850 °C (Acyy)
(tabm. 2).
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Puc. 2. lunatomeTpudeckue KpUBbIe HarpeBa
HCCIIEIOBaHHBIX YyTYHOB:
a — 6e3 xpoma; 6 — coaepxkamux 4,5 % Cr; 6 — 9 % Cr

Fig. 2. Dilatometric heating curves of studied
cast irons:
a — Cr-free, b — bearing 4.5 % Cr, ¢ — bearing 9 % Cr

Tabauna 2

Temmneparypbl Acy, 1 AC; B HCCJAET0BAHHBIX
YyryHax

Table 2

Temperature Acy, and Acy, in the studied cast irons

t, Howmep crumaBa
Cluil234|5]6]7]8]09

Acy, | 710|710 | 720|720 | 720 | 730 | 710 | 710 | 720
Acy, | 780 | 840|840 | 780 | 810 | 850 | 780 | 790 | 820
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C 1enpio mOCTPOEHUsI MaTeMaTHYeCKOW MoJie-
T BIWSHUS BaHAIUs W XpoMma Ha TeMIepaTyp-
HBI WHTEpBAJI NPEBpaAlICHUS SKCIEPUMEHTANb-
HBIC JaHHbIE OBUTH TOIBEPTHYTHI PETPECCHOHHOMN
00paboTKEe ¢ TOMOIILI0 TAOIWIHOTO IIpoIeccopa
MS Excel. [TonyueHHbIE perpecCUOHHbBIC ypaBHE-
HUS IMEIOT CIEeIYFOIINN BU:

Acy,=711,5+ 0,93 [% Cr] +,02 [% V] +
+0,023 [% Cr] [% V], (1)
Acy, = 667,8 + 4,86 [% Cr] + 29,08 [% V] +
+0,50 [% Cr] [% V] - 0,27 [% Cr]* —
— 1,75 [%V]*, (2)

rae [% Cr], [% V] — comepkanue xpoMa U BaHa-
nsi, Macc. %, COOTBETCTBEHHO.

YpaBHEHHS BKIIOYAIOT CTATUCTUYECKH 3HAYH-
Mble KO3(QQUIMEHTHI perpeccud. Jl0CTOBEPHOCTH
YpaBHEHHH ITOITBEPKIACTCS BHICOKUMH 3HAYCHUSI-
Mu kooddummenta qerepmuHarmn: R* = 0,88 — st
yparenns (1) u R* = 0,97 — q1s ypaBHenus (2).
I'padmueckoe m3o0pakenust ypaBHenus (1) mpen-
cTaBJieHO Ha puc. 3. 13 3TOr0 pUCYHKA CIIeIyeT, 4To
XpOM TIOBBIIIAET Kak AcCp, Tak U AcCy,, NpUYEM
B OOJIbIIEH CTENEHW — TEeMIepaTypy OKOHYAaHUS
I[I—>A mpeBpamenus. Bnusiaue xpoma Ha Temrepa-
TYpHBIH WHTEPBAJI MPEBPAICHHUS BO3PACTALET C YBeE-
JMMYEHUEM coJiepKaHusl BaHamus B cruaBe. Oco-
OeHHO 3aMeTeH PocT Acy, B uyryHax ¢ 7,5-10 % V:
TeMIeparypa OKOHYAaHUS MPEBPAICHUS O] BITUS-
HHEM Xpoma moBbimaercs or 780-790 °C  mo
845-855 °C. Takoe BIMsSHHE XpOMa CBA3aHO C €ro
(hepputooOpasyroliell CHOCOOHOCTBIO, TPOSIBIISIO-
Ieicsl B Cy>)KeHHH 00JIacTH CyIIECTBOBAHUS ayCTe-
HUTa (B TOM YHCJIE — U 32 CUET MOBBIIICHUS HIKHEH
TEMIIepaTypHOH TPaHWIBI CYIIECTBOBaHUS Y-(hasbl)
[1, 3]. Banagmii akTuBHEE XpoMa CBSI3BIBACT yTJIe-
POl B CHEIUalbHBIC KapOW/Ibl, TIO3TOMY IOBBIIIIC-
HUE COJICpKaHWA BaHAAWA CHW)KAaeT KOIHYECTBO
yTaepoaa, KOTOpOoe MOKET OBITh CBSI3aHO XPOMOM
B Kapounel Me,C;, ciaenoBaTensHO, OOJBINE XpoMa
0CTaeTcsl B METAJUIMYCCKOW MaTpHIle, BIMsIS Ha TO-
JIOXKEHUE KPUTHIECKOH TOUKH.

[lonTBepkaeHUEM 3TOMY SIBJISIFOTCSL PE3yJIbTaThl
(a30BOr0 XMMHUECKOTO aHAJIM3a METAJUIMYECKON
MaTpHIIbI (2yCTEHNTAa) YyT'YHOB, IOKa3aHHbIE Ha PHC.
4. BunHo, 4TO KOHIIEHTpalusi XpoMa B ayCTEHUTE
MOHOTOHHO BO3pacTacT Mo Mepe yBEeJIHUUEHHs 00IIe-
TO coepXaHus BaHaaus B civiase: ¢ 3,14 mo 4,64 %
—BcmiaBax ¢ 4,5 % Cru c 5,21 go 7,01 % — B cruna-

Bax ¢ 9 % Cr. Takum 00pa3om, BaHAAWH yCHUINBAET
BJIMAHHC XpOMa Ha MOBBIIIICHHUEC TOUYKHN ACl.
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Puc. 3. Bnusiaue xpoMa Ha TeMrepaTypy HUXKHEH (a)
u BepxHel (6) rpanunbl uHTepBana [1>A
MIPEBpalleHHs B UCCIICTOBAHHBIX YyTyHAX

C pa3IMYHON KOHLIEHTpAlUel BaHa us

Fig. 3. Influence of chromium on the temperature
of lower (@) and higher (b) limits of interval
of P—>A transformation in cast irons with
different concentration of V
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Puc. 4. Biusinue oO1iero cojep)xaHust BaHaans
B 4yryHax, JerupoBaHsbix 4,5 u 9,0 % Cr, Ha conepxa-
HHUE XpoMa B aycTeHnuTe (nanaeie EDS-ananmm3a)

Fig. 4. Influence of V content in cast irons, alloyed
by 4.5 and 9.0 % Cr, on concentration of
chromium in austenite (data of EDS-analyze)
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I'padmyeckoe wm3o0paxkenus BoIpakeHUs (2)
MoKa3aHo Ha puc. 5. Ero aHanu3 mokasbIBaeT, 4To
B OTJIMYHME OT XPOMa, BaHAAWN MPAKTHYECKH HE
BIHMSET Ha TeMIepaTypy Hayajla NpeBpalleHus
(puc. 5, a), oAHAKO MOBBIIIAET TEMIIEPATypPy OKOH-
YyaHus mpeBpaileHus (puc.5, 6) o Mepe yBenude-
HUS ero KOHIEHTpaIuu oT 5 1o 7,5 %; mpu nais-
HEWIIeM TMOBBIICHUH COJIEPXKaHUsl BaHAIUS POCT
Acy, 3amemsiercs (pu 9 % Cr), mubo cMmensiercs
crabunmsanueit (npu 0—4,5 % Cr).

a—da 724
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©
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Temnepartypa, °C

Puc. 5. Biiusinue BaHaauist Ha TeMIlepaTypy HIKHEH
(a) n BepxHeii (6) rpaHuLbl HHTEpBaANa [I>A
NPEBPAIEHHS B HCCIIEIOBAHHBIX YyT'yYHaX
pa3nUYHOM KOHIEHTpalKel Xpoma

Fig. 5. Influence of on the temperature of lower (@)
and higher (b) limits of interval of P>A
transformation in cast irons with different
concentration of Cr

Bananwmii, kak ¥ XpoM, OTHOCHUTCSA K (pepputo-
00pa3yroIIuM 3JIEMEHTaM, PAaCIHIUPSIONIMM 00-
JIACTh CYIECTBOBAHUS O-(a3bl U CYKAIOIIMM ay-
CTEeHHTHYI0 00nacth. OTCYTCTBHE BIHSHHUS BaHa-
st Ha Ac), OOBSICHSIETCS €ro MaJIol KOHIICHTpa-
nyMel B MaTpHIle: Kak cieayeT u3 puc. 6, naxe
B uyryHe ¢ 10 % V coxmepkaHue JaHHOTO dJIEMEH-
Ta B ayCTeHHUTE Aocturaet aumb 1,75 %. Hecmot-
ps Ha 3TO, BaHaIWH TMOBBIIIAET Acy, (puc. 5, 6).
Takoe BrusHUE BaHAIUSA TPEAIIOIOKHUTEIHHO CBS-

3aHO C POCTOM COJICpXKaHUSI XpOMa B MaTpulle
(mepnuTe), MPUBOAAIIEM K JIETHPOBAHUIO 3BTEKTO-
UIHBIX KapOUJOB XPOMOM, UTO 3aTpyIHSET UX pac-
TBOpeHue npu II—A mpespamiennu, cisuras Acy,
BBEPX IO TeMIepaTypHoil mkane. Takum oOpazom,
BaHaJWH BIMSIET Ha TOYKY Ac; ONOCPEIOBAHHO
yepe3 U3MEHEHHE KOHLEHTPAalUU XpoMa B MeTall-
JINYECKOW MaTpHIIE.

—e—45%Cr
——9,0% Cr

Copepxanue V B ayctenute, %

0,5 T T T T T T
4 5 6 7 8 9 10 11
CogepxaHue V B uyryHe, %

Puc. 6. Biiusinue oO1iero cojiep)kaHust BaHaAMs
B UyTyHax, JerupoBaHssix 4,5 u 9,0 % Cr,
Ha KOHIIEHTPALIUIO BaHa Usl B ayCTEHUTE
(mannble EDS-ananusa)

Fig. 6. Influence of V content in cast irons, alloyed
by 4.5 and 9.0 % Cr, on concentration of V
in austenite (data of EDS-analyze)

[IpencraBienHple TaHHBIE ITOKA3aIH, YTO LIS 3a-
BepuieHus [I—>A mpeBpaiieHUs U JUIA TOJTY4EHUS
ayCTEeHUTHON CTPYKTYpHl TEeMIlepaTypa HarpeBa Wc-
CIIEZIOBaHHBIX YYTYHOB TOJ 3aKalKy JOJDKHA TIpe-
Boimath 815 °C npu 5 % V, 845 °C —npu 7,5 % V
1 855 °C — mpu 10 % V. D10 GBUIO MOATBEPKICHO
MOBEJICHUEM 3aKAIKH C HarpeBOM JO Ha3BaH-
HBIX TeMIlepaTypHbIx oOiacteil. Bo Bcex ciyuasx
B CTPYKTYpE CIUIaBOB OTCYTCTBOBAJIA IEPIUTHAS CO-
CTaBILAIONTAs, MATPHIla ObUIA TIPEACTaBIIEHA CMECHIO
MapTEHCUTA U OCTATOYHOTO ayCTEHUTA.

Hay'maﬂ HOBHU3HA U MPaKTHYECKasA
3HAYUMOCTDH

ITokazaHo, 9yTO B OENbIX KOMIUIEKCHO-JIETHPO-
BaHHBIX V-Cr-Mn-Ni 4yryHax co cdepouansupo-
BaHHBIMUA KapOWJaMU BaHAIUS, COJEPKAIIUMHU
5-10 % V u 50 9 % Cr, poct conepxaHus Xxpoma
MPUBOJIUT K TOBBIIICHUIO HUXKHEW U BEpXHEW rpa-
HUI] TEMIIEpaTypHOIO HHTEpBaja MpEeBpalleHus
«IepauT — aycTeHuT; npu 9 % Cr BepxHss rpa-
Huia nocturaer 845-855 °C. BiusHue BaHaaus
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TIPOSIBIISIETCS JINIIH B MTOBBIIIICHUN BEpXHEW TpaHU-
16l UHTEPBAJIA.

YCTaHOBJICHO, YTO BIUSHHE XpOMa Ha KPHUTHU-
YeCcKyl TOYKy Ac; peanmsyercss Omaromaps ero
pPacTBOPEHHI0O B METAIIMYECKON Marpure (KOH-
nentpamus Cr B aycteHute nocturaer 7 %); BaHa-
Ui, BBUIY €ro HE3HAYUTEIHLHOI'O PACTBOPEHUS
B MaTpHIle, BIUSAET HA KPUTHUECKYIO TOYKY OIIO-
Cp€a0BaHHO, 3a CYET YBCIIMUCHHA KOHICHTpALUH
XpoMa B MAaTpHIIE BCJICIACTBHE OOJice aKTHBHOTO
CBsI3BIBaHUS yriieponaa B kapounsl VC, a He B Kap-
OuaBI Xpoma.

[Tosy4eHbl perpecCHOHHBIC BBIPAXKCHHS, OIIH-
CBHIBAIOIIIME BIMSHHUE BaHAIUS W XpoMa Ha TeMiIle-
paTypHbIE IPaHUIBI TIPEBPAILCHUS «IEPIUT —> ay-
CTEHHT» B HCCJIETOBAHHBIX UYT'YHaX.

BriBoabI

1. ITokazaHo, 4TO B OENBIX KOMILIEKCHO-JIETH-
poBanHBIX V-Cr-Mn-Ni uyryHax co cdeponansu-
POBaHHBIMHM KapOHIaMH BaHaIus, COAEPKAIIUMHU
5-10 % V u 1o 9 % Cr, xpurudeckas Touka Ac,
COOTBETCTBYIOIIAs ()a30BO-CTPYKTYpHOMY IMEPEXO0-
Ny «IepIUT—>ayCTEHUT», HAaXOAUTCA B TeMIlepa-
TypHOoM uHTepBaie oT 710-780 °C (HmkHssA rpa-
auna) 10 730-850 °C (BepXHsisi IpaHuLIa).

2. KoHuentpamus xpomMa B METaNIM4EeCKON
MaTpule 4yryHos coctasiseT 3,14-7,01 %, yse-
JMYUBAsCh 110 Mepe IOBBIIEHUS OOIIEro couep-
JKaHHsl XpoMa M BaHaJus B cruiaBax. KoHIeHTpa-
1M BaHaUs B MaTpHIle He mpeBbimaet 1,75 %.

3. VCcTaHOBJIEHO, YTO XpPOM IMOBBIIIAET HIXK-
HIOIO U BEpXHIOI0 T'PaHUIBl MpPEBpaIlleHus «Iep-
JUT—>ayCTEHUT» B MCCICAOBAaHHBIX 4yTryHax; Ba-
HaJWU{ TOBBIIIAET JHIIb BEPXHIOK TPAHUILY, MpaK-
TUYECKH HE BIMSS HA HIDKHIOIO TPaHUILY.

4. VccnenoBaHHbIe YyTYHBI PEKOMEH/yeTCs Ha-
rpeBaTh MOJ 3aKaJKy J0 TeMIIepaTyp, MPEBBHIIIa0-
mux 815 °C mpu 5 % V, 845 °C —mpu 7,5 % V
1 855°C—mpu 10 % V.
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BIIJIMB JIET'YBAHHSA HA TEMIIEPATYPY IEPETBOPEHHSA
«JIEPJIUT - AYCTEHHUT» Y KOMIIVIEKCHO-JIEI'OBAHUX
BIJ/INX YABYHAX

Meta. Y cTpyKTypi 3HOCOCTIMKHX CTaJIeil Ta YaByHIB HE JJOIYCKA€ThCS NMPHUCYTHOCTI MepiTy. 3arnobiraHus Bu-
HUKHEHHIO MEpIiTy HUIIXOM IPaMOTHOTO BUOOpY PEXHMMYy TapTyBaHHS Iepelndavac 3HaHHS TeMIlepaTypd KpUTHY-
HHUX TOYOK Ac; i Ac; Ul KOHKPETHUX cTajiel 1 4aByHiB. MeToto poOoTH € Bu3HauYeHHs BILIMBY V (Bix 5 no 10 %)
1 Cr (Big 0 10 9 %) Ha TemneparypHUi iHTEpBaT (Aa30BO-CTPYKTYPHOT'O MEPEXOAY «HEPIIT —> ayCTEHIT» Y KOMILIe-
KcHo-neroBanux Oummx V-Cr-Mn-Ni gaByHax 3i cdepoinizoBannMu kapdimamu Banaziro. MeToauka. Bukopucrano
YaBYHH JIEB’SITU PI3HUX CKJIAIIB, sKi OyJIO BUIUIABICHO B JIAOOPATOPHUX YMOBaxX Ta MianaHo moaudikyBaHHIO Mg-
BMIIIYIOYOIO Jiratypor. B po6oTi BukoprucTano meranorpadivyHumii METO aHalli3y, ONTHYHA AUIATOMETPIisl, eHep-
roguciiepciiiia cnekTpockornis. PesyasTaTn. [Tokasano, mo B JOCTIHKEHNX 9aByHAX KPUTHYHA TOYKa AcC; 3HAXO-
JMTHCs B TeMIieparypHomy inrepsaii Bix 710780 °C (nmkus mexa) g0 730-850 °C (Bepxus mMesxa). IIpencrasieHo
JIaHl 10 KOHIIEHTpALlii XpOMy Ta BaHAIiI0 B MAaTPHUIll YaBYHIB, OTPUMAHO pPerpeciiiHi BHpa3u, 10 OMUCYIOTh BILTUB
BaHA/IiI0 Ta XpOMY Ha TEeMIIEpaTypHi MeXi IEpETBOPEHHS «IIepIiT — aycreHiT». HaykoBa HoBu3Ha. [Toka3aHo, 110
B JIOCJII/DKEHUX YaBYHaX 3POCTaHHS BMICTYy XpOMY IPHU3BOJIMTH JIO IiJIBUILEHHS HIKHBOI Ta BEPXHBOI MEX TEeMIIe-
paTypHOTO iHTEpBaly MEPETBOPEHHS «IIEPJIT —> AyCTEHIT»; BaHAAIA IiABHIIYE JUIIE BEPXHIO MEXY IHTEpBaly.
BcTaHoBIIEHO, 1110 BILIMB XpOMY Ha KPUTHYHY TOYKY AC| pealli3yeThCsl 3aBASKHA HOTO PO3UMHEHHIO B METalIeBil Ma-
Tpuui (koHuenrtpauist Cr B aycreniti nocsirae 7,0 %). Bananiii, 38akaroun Ha oro He3HayHe PO3UMHEHHS B MATPHLI
(BMiCT BaHail0 B TBEPJOMY PO3uMHi He niepeBuiye 1,75 %), BIUIMBae Ha KPUTHYHY TOYKY ONOCEPEAKOBAHO, 33 pa-
XYHOK 301JIbIIIEHHS] KOHIIEHTPALlil XpOMY B MaTpHIIl BHACIIJIOK OiJbII aKTHBHOTO 3B’SI3yBaHHS BYIJICLIO B KapOian
VC. IIpakTH4yHa 3HAYUMICTb. 3allPOIIOHOBAHO TEMIIEPATypHi IHTEpBaJIM HArpiBy iJ 3arapTyBaHHs Oimux V-Cr-
Mn-Ni 4aByHIB 31 cdepoigizoBaHuMHU KapOizamu BaHaJiro, 1100 3a0€3MEYUTH OTPUMAHHS ayCTEHITHO-MapTeH-
CHUTHOI MaTpHIIi 32 TIOBHOI BiZICYTHOCTI MEPIITY B CTPYKTYPi.

Kniouosi crnoea: KOMIUIEKCHO-JIETOBAaHI YaBYHH, KPUTHYHA TOYKa; XpOM; BaHAJiH; KapOiaW BaHAIIO; MEPIIT;
aycTeHiT; (ha3oBui nepexin
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EFFECT OF ALLOYING ON TEMPERATURE OF TRANSFORMATION
«PEARLITE—->AUSTENITE» IN COMPLEX-ALLOYED WHITE CAST
IRONS

Purpose. Pearlite is not accepted in the microstructure of wear resistant steels and cast irons. To prevent the
pearlite by means of appropriate selection of mode of quenching requires the knowledge of the temperature of the
critical points Ac; and Ac; for various steels and cast irons. Purpose of work is determine the effect of V (5-10%)
and Cr (up to 9%) on the temperature range of the phase-structural transformation "pearlite—austenite in the com-
plex-alloyed V-Cr-Mn-Ni white cast irons with spheroidal vanadium carbides. Methodology. Nine Mg-treated cast
irons smelted in laboratory furnace were used for investigation. The metallographic and optical dilatometric analysis
methods as well as energy-dispersive spectroscopy were used. Findings. It is shown that in irons studied the critical
point Ac, is in a temperature range from 710-780 °C (lower limit) up to 730-850 °C (upper limit). The data on the
concentrations of chromium and vanadium in a matrix of iron are presented, the regression equation describing the
effect of vanadium and chromium on the temperature limits of the transformation «pearlite — austenite» are ob-
tained. Originality. It is shown that increase the chromium content leads to growth of lower and upper limits of the
temperature interval of transformation "pearlite — austenite"; vanadium increases only the upper limit of the range.
It was found that the effect of chromium on the critical point Ac; is attributed to its solubility in the metallic matrix
(concentration of Cr in the austenite reaches 7%); vanadium, due to its slight dissolution in the matrix (vanadium
content does not exceed 1.75%), affects the critical point indirectly by increasing of chromium concentration in the
matrix due to enhanced carbon sequestration in VC carbides. Practical value. The temperature ranges of heating for
quenching of V-Cr-Mn-Ni cast irons with spheroidal vanadium carbides, which provides the formation of austenitic-
martensitic matrix without pearlite, is transformation proposed.

Keywords: complex-alloyed cast iron; the critical point; chromium; vanadium; vanadium carbides; pearlite; aus-
tenite; phase transformation
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