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*lHeTnTyT «YkpHOIcneuctanby, 3anopixoks

3 gukopucmanHam MemoouKy MamemMamuyHo20 WiaHy8aHHs eKCNepuUMenmy 00CNi0NCeHO
BIIUB OBOCXOOUHKOBO20 (HUZbKOMEMNepaniypHe + ucokomemnepamypHe) Cmapints Ha meepoicio
ma eucoxomemnepamypry (750 °C) yoapuy 6’sizkicme wmamnoso2o cniagy mapku XH35BTHO
(OK39) ona eapauoeo npecysanns memanie. Heobxiowicme niosuwyenns sucoxkomemnepamypHoi
YOapHoi 8’a3Kocmi cnnagy 3YMOGIeHA 3HAYHUM i 3HUJICEHHSIM Npu 3POCMAHHI  memnepamypu
sunpodysansv 6io kimuamuoi 0o 700 —-750 °C.

Jna euoinenns npu cmapinHi yacmunok 3miyH8aivHoI y'-gpazu muny Ni3(ALTi) cnnas
nonepeoHvo niooasanu capmysannto 8 macii ¢io memnepamypu 1150 °C. Busnauenns Haubinou
ehexmuHUX PedCcUMi8 OBOCXOOUHKOBO20 CIMAPIHHS GUKOHYBANU 3 BUKOPUCTIAHHAM OPIOHOI penniku
OPMOSOHATLHORO NAAHY O0pYy2020 Nopadky muny 24-1. Ilepwa (nusbkomemnepamypHa) cxXoOuHka
8I0N0BIOAE NOYAMK) CRIHOOAILHO20 PO3NAOY NEPEeCUdeH 020 MEepo020 PO3HUHY HA CM A0l yMEOpeHH s
son T'in’e-Ilpecmona, a opyea (sucoxomemnepamypHa) — hOpMy8aHHO 4aCMuHOK cmabineHol y'-
pazu muny Ni(Ti, Al). Bapitosaruce mevnepamypa ma uac cmapinns Ha Kojchiti cxoounyi. 3a
OaHUMU Mampuyi NIAHY8AHHS 00EPAUCAHO PIGHSHHA pecpecii, a MmaKoiC Npo8edeHo 000aAmKoge
BUBHAYECHHSL DENCUMIB CXOOUHKOBO2O CMAPIHHA, KT 3a0e3neuyoms cniagy Oilbul GUCOKUI PiGeHb
0bpaHux nacmusocmell NOPIBHAHO 3 peKOMeHO08aHum o0uHapHum cmapinusm (780 °C, 10 2ooun).
Bcemanosneno, wo amina memnepamypu cmapinns Ha Opyeitl cxO0OuHyi cmapinHs He GNIueac Ha
meepoicme cnnagy 6 meodicax ii eapirosanns (750 °C — 800 °C). Hesnaunum € maxoxc eniug Ha
yoapHy 6 ’saszkicme aminu memnepamypu (650 °C — 700 °C) ma vacy eumpumku (2 — 6 200un) Ha
nepuLiii CXoOuHyi cmapinms.

Iiosuwenns sucoxomemnepamypnoi yoapnoi 6’szxocmi ¢io 38 0o 120 Joc/cm? (npu
30epedceHHi meepooCcmi ma GUCOKOMEMNEPAMYPHOT MIYHOCMI HA MOMY HC PI8HI) 00CA2aEMbCs
nicns exoounxogozo cmapinus 700 °C, 20 2o0un +750 °C, 2 200unu. 3pocmants meepoocmi 3 29 0o
33 HRC npu 00HOuacHoMYy nioguuy eHti 3Haueny yOapHoi 6 siskocmi 00 55 Jloc/cm? 3abe3nevyempcs
cxoounxosum cmapinuam 725 °C, 10 cooun +775 °C, 6 eooun. 3a pezynemamamu e1eKmpOHHO-
MIKPOCKONIYHO20 OOCTIONCEHHSL MIKPOCMPYKMYPU GCMAHOGNEHO, WO 00CACHYMULL PigeHb YOApPHOT
8 ’S13KOCMI NICTISL CXOOUHKOBO2O CIAPIHHS 300e3neyyemucsl Ni0GULY eHHAM OUCNEPCHOCII CepuiHUX
vacmunox y-gpasu muny Ni(Al, Ti). 3pocmanna meepoocmi 3ymoeneno Oinbur pienomipHum
PpOo3n00inom ix 8 00'emi ma MeHWUM PO3KUOOM PO3MIPI6 NO nepepizy iHcmpymenma.
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Knrouoei crosa: cmapinns, oucnepcitine meepdins, yO0apHa 8 a3Kicms, MiKpOCMpYKmypa,
WmMamMnoguil iHCmpymenm.

Jisi BUTOTOBJIEHHS iHCTPYMEHTA TapsiyoTo IPeCyBaHHS, IO PO3irpiBaloTbCs
B Tpolieci ekcmuyaraimii g0 Temmeparyp monan 700 °C pospobiieno
(VkpH/lIcnencrans) cmmas mapkun XH35BTIO (9K39). Cmmas mae TIIK
KPUCTAJIiYHy TpaTKy Ta 3MIIIHIOETbCS JUCIEPCIiHHUM TBEP/iHHSIM 32 PaxyHOK
BU/IiJIEHHS YaCTUHOK Y'-das3u TUIY NiB(Ti, Al). CriaB peKoMeHI0BaHO IijiiaBaTu
HACTYIHII TepMiuHiii 06po6ui: raprysanHio Bijg 1150 °C (BurpuMka 2 roauHu) B
macJti + crapinag 780 °C, 10 rogun. Ilicas rapryBants (06po6Ku Ha TepecuYeHuit
TBEpPAMI PO3YMH) CIIaB Ma€ TBepAicTh 6/m3bko 75 HRB (Hmkue MiHiMaabHUX
3HayeHb MpHW BuMipioBauHi 3a mkamoro HRC), a miciag crapinHsg TBepaicTh
3poctae no 29 HRC.
Crpykrypa i 3MiHa MeXaHiYHUX BJIACTUBOCTEH CILJIABY BiJl TeMIleparypu

BUTIPOOYBAHb ITicJIsI BKa3aHoi TepMiuHOi 06poOKM HaBeeHi Ha puc. 1.
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Puc. 1. CTpykTypa Ta mexaHiyHi BnactusocTti cnnaBy XH35BTHO nicns ofuHapHOro CTapiHHS: a — BUXigHa
cTpykTypa, x200; 6 — 3miuHoBanbHa ¢asa B cnnasi  nicns opuHapHoro crapiHHA, x30000; B — MexaHidHi
BNacTWBOCTI 3aNeXHO Bif TemMnepaTypu BunpobyBaHsb.

Baxknuso, mo npu temmeparypax Buiie 700°C crniaB 3a MiIHICTIO CyTTEBO
nepeBa’kae HaBiTb TaKy cepiiiHy BHCOKOTEIIOCTiHiKy ctasb, Ak SX3B3MDC [1]:
rpanung Texkydocti 520 Mlla mporu 170 Mlla, a rpanmutsa mimxocti 620 Mlla
nporn 220 MIla mnpu Temneparypi BumnpoOyBanb 800 °C. lle 3ymoBiioe
eeKTUBHICTb BUKOPUCTAHHS CILJIABY /IJISI BUCOKHUX TeMIepaTyp eKcIayaTallii
3aMicTh CcepilfHMX MITAaMIOBUX CTajieii MapTeHCUTHOro Kjaacy. BomnHodac
dakTopom, 10 o6MeKye Tpale3/laTHICTh CILIaBy €, SIK BHJIHO 3 puc.l, 3HayHe
sHmKeHHs (IIpoBaJI) yAapHOI B'SI3KOCTI MPH 3POCTaHHI TeMIlepartypu BUITPOGYBaHb
Biz kimuaruoi mo 700 °C (3 71 no 30 3k /cm?). IlosicHeHHSI TAKOTO 3HUKEHHS
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yJapHoi B’S3KOCTi CIJIaBiB, MO 3MIIHIOIOTbCS Y'-da3o0 TUIY Nig(Ti,Al),
HaBe/leHo B pob6ori [2]. Husbki 3HavenHs ypapuoi B's3KocTi B 06JacTi OiJbI
BHUCOKUX TeMIlepaTyp eKcILTyarailii poOUTh CIJIAaB CXUJBHUM IO YTBOPEHHS
TPIilliH, 10 TOTpe6y€e Mi/BUINEHHS Ii€] XapaKTepUCTUKu. BakJuBUM TaKoX €
nigsuients tBepaocti ciasy XH35BTIO, ockisbku 3a 1i€10 XapaKTepUCTHKOIO
BiH [IOCTYIIA€THCS CEPiHUM IITAMIIOBUM CTAJISIM MapTEHCUTHOTO KJacy. BojiHouac,
3rijiHO focaipkerp [3-5], MiABUIEHHS IJIACTHYHOCTI Ta MIITHOCTI /IS CILJIABIB i3
JIACTIEPCiTHUM TBEP/IiIHHAM MO3KHa JIOCSTTH IIPU BUKOPUCTAHHI NEBHOTIO PEXUMY
CTapiHHA.

BpaxoBytoun BuKJa/ieHe, mocTaBieHa MeTa MOMIyKy eeKTUBHUX PesKIMiB
cxoauHkoBoro crapinns ciiaBy XH35BTIO pis migBuiienHss KOMILIEKCY HOTO
BJIACTUBOCTEH, 30KpeMa yaapHoi B g3KocTi mipu temmepatypi 750 °C ta TBepaocTi.
s pocmimkeHb BUKOPHUCTOBYBAIW KOBaHi MPYyTKH AiamerpoMm 90 MM criaBy
XH35BTIO nacrynnoro ximiunoro ck/iaay (Macosa yactka eaemenris, %): C 0,07;
Cr 13,0; Ni 35,0; W 6,0; Ti 2,0; Al 1,1; Si 0,4; Mn 0.6; Fe — pemra. Ilepen
CTapiHHSAM 3paskM HiggaBann raprysanio 3a pesxkumoMm (1150 °C, Burpumka
2 roamHM, OXOJ0/KeHHS B Mac/i). O6paHo cxeMy ABOCXOAMHKOBOTO CTapiHHS
3 MOCJIi/IOBHICTIO: CIIOYATKy HU3bKOTEMIlepaTypHe, IOTIM BUCOKOTeMIlepaTypHe
(HT + BT). /lns BusHadeHHs Haf6Giabil eeKTUBHUX PEXKHUMIB CXOAMHKOBOIO
CTapiHHS 3aCTOCOBAHO METO/I MaTeMaTU4YHOro IIJIAHYBAHHS €KCIIEpUMEHTY 3
BUKOPHUCTAHHSM [IPiOGHOI peIJIiKM OPTOTOHAJBHOTO TIJIAHY JIPYTOTO TOPSIIKY
tuiy 2*' 3 renepyiounm cuissignomennam X, = X X, X,. Horupma He3aie;KHUMH
3MiHHUMH OOpaHi TeMIeparypu Ta TPUBATICTh CTApiHHS HA TepIIiil Ta JApyTiii
cxo/inHKax crapinas. O6paHi 3HaAUeHHS TeMIlepaTyp Ta TPUBAJIOCTEH CTApiHHS HA
6azoBomy (HyJIbOBOMY), HUKHBOMY, BEDXHbOMY PiBHAX i BiZOBiAHI iHTepBain ix
BapiloBaHHS HaBe/leHi B Ta6I. 1.

Tabnuusa 1
YMoBu nobyaoBu chakTopHOro nnaHy 24-1
IMepma cXoanHKa cTapiHHS Ilpyra cXoiuHKa cTapinHs
HatimeryBatHs Temmneparypa |Yac Butpumkn,| Temneparypa | Yac BUTPUMKH,
puTpumkn, “C TO/IMHYT Butpumkn, °C TOINHHT
Kojoe
X, X, X, X,
[103HAYEHHS
Cepe/Hiit
P 675 5 775 4
piBeHD
LHTepBaJ _
) 25 B 25 2
BapiloBaHHs
Hyoxniit
) 650 10 750 2
piBeHD
BepxHiit
. 700 20 800 6
pIBEHb
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[Tepura (HU3bKOTEMIIEpPATYPHA) CXOJMHKA OGpaHa s peasizallii 1moyarky
CIIIHOIAJIBHOTO PO3MaJly MepecuYeHOro TBEPAOTO PO3UMHY Ha CTalii yTBOPEHHS
son Tin’e-Tlpectona, a apyra (BucOKoTeMIlepaTypHa) CXOAMHKA BiJIIOBigaa
dopmyBanni yacTuHOK cTa6iabnoi y'-asu Ty Ni,(Ti,Al).

DyHKIIIMU BiJITYKy CJOYTyBaJu TBEpHAiCTb TpU KiMHATHIfl TeMIlepaTypi
Ta ygapHa B’'g3kicTb npu temmeparypi 750 °C. /laHi eKkcriepuMeHTY HaBefleHi B
Ta6s. 2 (Ha KOKHY TOYKY BUIIPOOOBYBaIM 10 4 3paska). Jlociau 3 HoMepamu 9,
10, 11 BignmoBi/iaau HYJIbOBOMY PiBHIO MATpHIli TJIaHYBaHHS i BUKOPUCTOBYBAJINCH
JIIsI BUBHAUEHHSI 3HAUYIIOCTI KoedillieHTiB perpecii (soBipya BiporifHicTh 1IpH
pospaxyHKax ckaagana 95 %).

Tabnuus 2
Pexvnmun cxoaMHKOBOroO CTapiHHA Ta 3HAa4YEHHS XapaKTePMCTUK MaTpuLi NnaHyBaHHS
[Tepwa cxonunka Jlpyra cxoanHka XapaKTepuCcTUKU
ﬂl_(l)gjfizl; t, °C t, ronuHM t, °C t, ronuHM HRC KCU,
X, X, X, X, Ik / em?

1 650 10 750 2 25,7 127
2 650 10 800 6 29,7 38,6
3 650 20 750 6 29,4 94,1
4 700 10 750 6 31,2 80,9
5 700 20 750 2 29,3 119,8
6 650 20 800 2 28,8 96,1
7 700 10 800 2 26,4 103,6
8 700 20 800 6 31,2 42
9 675 15 775 4 29,4 44,2
10 675 15 775 4 31,0 44,8
1 675 15 775 4 31,5 45,4

3a pesyJbTaTaMU pO3paxyHKiB OTpUMaHi HACTYIHi PiBHSIHHS perpecii:
HRC =289+ 0,6X + 0,7X, + 1,4X, — 0,8X, X, + 0,3X X ; (1)
KCU, [Ix/cm* = 87,8 = 17,7X, — 23,9X,. (2)

3 HaBe/leHUX PiBHIHb BHUJHO, 110 3MiHAa TeMIepaTypu CcTapiHHg Ha
JIPYTiii CXOJWHII CTapiHHS (X3) He BIJIMBAE Ha TBEepJiCTb CIJIAaBYy B MeXax Ii
BapitoBarns (750 — 800 °C). Hesnauymnum € TakoK BILUIMB HA yIapHy B’ SI3KiCTb
sMiru temneparypu (650 — 700 °C) ta yacy Burpumku (2 — 6 To[MH) Ha mnepiiii
cxopunii crapinus (X, ta X, BiAmoBigHO).

Heniniiinicte  piBuauus anag  HRC  yckjaaaHioe  aHaJjiz — BIJIUBY
CXO/IMHKOBOTO CTapiHHg Ha II0 XapaKTepUCTUKY, a s yAapHoi B’ S3KOCTi
BU/IHO ii 3MeHIIIeHHS TIpU 3POCTAaHHI TeMIlepaTypu Ta TPUBAJIOCTI BUTPUMKHU Ha
BHUCOKOTeMIIepaTy pHiii (zlpyril‘/’l) CXO/IUHII.

3 aHaJsisy gaHux TabJ. 2 BUJHO, 1O yJapHa B 43KicTb HAMOINbII CYTTEBO
(6isbun HisK B 3 pasu TOPIBHAHO 3 OJAMHAPHUM CTAPiHHAM) 3poc/a IS JOCTi/IiB
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1 ta 5. OpHak mepeBaroio JOCHIAY S5 € 3pOCTaHHS yJAapHOi B SI3KOCTI [0
120 /I>x /cm? 6e3 3MenienHsi TBepjocti. HaiiGisblioMy 3poCcTaHHIO TBEP/OCTi
(na 2 oauHMIli NOPIBHAHO 3 OAMHAPHUM CTAPiHHAM) IIPU  OJHOYACHOMY
CYTTEBOMY (82 paSI/I) 36isbIlIeHHi ynapHOi B’SI3KOCTi BiamoBigaB gocmain 4.
[ns pochigiB 4 ta 5, AK s HaGiAbIl eeKTUBHUX, JOAATKOBO BU3HAYEHi
MeXaHiuHi BJACTUBOCTI NpHU BUIPOOYBaHHi Ha po3Tar npu temmeparypi 750 °C.
Orpumani nani HaBefieHi B Ta61. 3y MOPiBHSHHI i3 3HAYEHHSIMHU IiCJIS BUXiTHOTO
(ogunaproro) crapinns. Buano, mo npu 3poctaHHi yzapHoi B’SIBKOCTi cILIaBy
MicJIT CXOJIMHKOBOTO CTapiHHS 3a JociijiaMu 4 ta 5 He BiGyBa€TbCS CYTTEBOTO
3MEHUIEHHS BUCOKOTEeMIlepaTypPHOI MillHOCTI.

Tabnuuga 3
3MmiHa mexaHivyHux Bnactusocten cnnasy XH35B6THO nicnsi cxoaAnHKOBOro cTapiHHA
Temmeparypa Bunpo6yBanb 750 °C
HOﬁi;BZ’Oii?ﬂy Pexxum crapinus HRC KCU
6., Mlla|s;, Mlla 8,% | w,% II}K/CII/IQ
Buxignunii cramn 780 °C, 10 roauit 29,5 647 752 6 10 38
(ogunaprmii)
700 °C, 10 roaun + -
Ne4 750 °C. 6 rogum 31,2 620 775 5 9 81
700 °C, 20 romumn +
Ned 750 °C. 2 romumm 29,3 597 729 5,3 9,6 120
OrnruMisoBaHmil 700 GC’ S TOMMH + 33 642 777 4,9 7,3 35
775 °C, 2 roguHu

Hapani nocain 4 o6pano, sk 6a3oBuii, IpH MONIYKY PEKNUMY CXOJAWHKOBOTO
CTapiHHS /I MOAAJBINOTO 36iJbIIEHHS TBEP/OCTi CIJIaBy 3i 36epeKeHHsM
yJlapHOi B’SI3KOCTi BHMIIle, HiXK TicJg OJIMHAPHOIO cTapiHHA. [/ 11boro BUKOHAJIN
PO3paxyHKHU TBEP/JOCTi 3a piBHAHHAM perpecii (1) 1npu 3MiHi 3HaYeHb ITapaMeTpis
X, ra X, Bix =1 no +2, TOOTO 3 BUXOJIOM 3a MeXKi iX BapilOBaHHS B MaTpHIIli
mianyBanHs (BpaxoByloud, IO IIi IIapaMeTpu He BILIMBAIOTh Ha yAapHY
B’a3kicth). IIpoBe/ieHHs peaJbHUX eKCIIEPUMEHTIiB B o6paHiil 06/1acTi J03BOJINIO
BU3HAUYNTH, 110 TifBuiierHs TBepaocTi 10 33 HRC 3a6e3neuyeTbcsi CXOMMHKOBUM
CTapiHHSM 3a peXXuMoM, sSkuili B TabJ. 3 BKazaHo sk «OnrumizoBanuii». [lemnro
MeHIlle B 1IbOMY BHUIIQ/IKy 3HAY€HHS y/JapHOI B'43KOCTi MOPIiBHAHO 3 JOCJijloM 4
(55 [Ix /cm? nopisasuo 3 81 [,/ cM?) Moke OyTH 3yMOBJIEHO PO3HIMPEHHIM
MeXX BapifoBaHHA mapamerpiB X1 ta X2 MopiBHSIHO 3 MaTpHIlEO TIJIAHYBAaHHS.

EstekTpoHHO-MiKpOCKOTIiYHE JIOCJi/[PKEHHSI MiKPOCTPYKTYPH OKa3aJio, 110
61JThIII BUCOKMM 3HAYEHHSIM YAApHOT B’SIBKOCTI MICJSI CXOJAMHKOBOTO CTapiHHS 32
PESKMMOM 5 BiJINTOBi/Ia€ BUCOKO/IUCIIEPCHUI CTAH YACTHHOK 3MIiI[HIOBAJIbHOI y'-hasu
TUTTY Ni3(Ti,Al). [licast onuHapHOro CTapiHHS Ccepe/lHill pO3Mip YaCTUHOK CKJIa/aB
6/m3bko 20 HM, a Tic/asg cTapiHHSA 32 PeKUMOM 5> BiH OYyB B/IBiUi MEHIIUM IIpU
6iJbILI PiBHOMiPHOMY PO3IO/iIi yacTHHOK B 06’eMi (puc. 2). Bkasane 3ymMoB.oe
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6171 PIBHOMIpHUI PO3MO/IiJI HAPYKeHb Ta 36epesKeHHsT MHOKMHHOTO KOB3aHHS
JIACJIOKAIlill TIpW TIJIAcTUYHIN fedopmartiii craBy IMmicjsi TakoTO CXOMHKOBOTO
crapinng [2].

Puc. 2. 3miuHioBanbHa ¢asa B cnnasi XH35BTHO nicnsi cxopuHkoBoro crapiHHs 3a pexumom 700 °C, 20 roguH
+ 750 °C, 2 rogunHun. x30000.

B pasi cXoAMHKOBOro cTapiHHsS 3a PeKUMOM, IO 3a6e3neuye HanOiIbITy
tBepicth («OnrumizoBanuii» B Taba. 3) cepeaHiii po3mip yacTuHOK Y'-dasu 6yB
MIPAaKTUYIHO TAaKUM Ke, SIK i micjst oguHapHoro crapinbsg. OpHak, K MOKa3aHo
Ha puc. 3, PO3KH/ YaCTHHOK 3a po3Mipom OyB MeHINM. To6To 3pocTae BiHOCHA
YacTKa YaCTUHOK TAKOro Po3Mipy, SIKWil, BOUEBU/Ib, 37aTeH Hal6iibil e(eKTUBHO
3MII[HIOBaTHU CILJIaB.

7

0
10 20 30 40
Poamip 4aCTHHOK, HM

Puc. 3. Po3nogin 3a po3amipom YaCTUHOK y'-cpasm nicnsa ognHapHoro (kpuea 1) Ta CXOAMHKOBOTO (KpuBa 2) CTapiHHA
3a pexumom 725 °C, 5 roguH + 775 °C, 6 roguH.

BigHocHa wacTka, %

Takum uymHOM, 3a pe3yJibTaTaMW BUKOHAHUX JIOCJi/PKEHb BCTAHOBJIEHO
PEKUMH CXOJMHKOBOTO CTApiHHS, $IKi TOPIBHAHO 3 OJAWHAPHUM 3a6e31e4yi0Th
ciiay XH35BTIO a6o cyrrese (B Tpu pasu) mifiBUILEHHS BUCOKOTEMIIEPATYPHOT
yaapHoi B’S3KOcTi 6e3 3HMKEHHsS TBEpPJOCTi Ta MillHOCTi, abo IiJBUILYIOTh
TBEP/ICTh TPU OIHOYACHOMY 36epeskeHHi Y/apHoi B'SI3KOCTI Ha OiJbIll BUCOKOMY
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piBHi. IlizBumniennss ymapHOi B’S3KOCTi 3abe3redye Kpally CTilKiCTh TPOTH
YTBOPEHHS TPIllITH, a 3POCTAHHS TBEP/IOCTi 36iTBINYE OMip TJIACTHYHIN fedopMarrii
iHCTPYMEHTIB JIJII Tapgyoro IipecyBaHHs1 MeTandiB. [locarHyre 3pocTaHHS
KOMILIEKCY MEXaHIUHWX BJIACTHUBOCTEN CIIJIABY 3yYMOBJEHO OiJbIl IUCTIEPCHUM
CTaHOM, PIBHOMipHUM PO3NOZiJOM Ta MEHIIUM PO3KUIOM 3a PO3MIpOM YaCTUHOK
aMinHoBaabHOi y'-¢asu Tumy Ni(Ti,Al) mopiBHAHO 3 ofMHAPHUM cTapinHAM. B
pesyabrari criytaB XH35BTIO nabyBae kpamioi mparesaTHOCTI, K MaTepias st
rapsyeniTamMIioBuX iHCTPYMEHTIB.

Jlitepatypa

1. Kanroka B.U., Tepexos B.H., Mopo3 A.H. CrnpaBoyHUK 110 HHCTPYMEHTAJbHBIM CTa-
asm. — X.: Meraannka, 2008. — 224 c.

2. T'pa6osekuit B.4., Jlesutun B.B., Kantoka B.V. O Biustun y'-pasw Ha TeMieparyp-
HYTO 3aBUCHMOCTb paboThl pa3pylenus skaponpouynoro ciaga XH35BTIO / /AH
CCCP. ®usuka merannos u Merapnosenenne. — 1980. — T. 49. — Bom. 4. — C. 880-
883.

3. Pomanosa P.P., Ykcycunukos A.H., YctioroB IO.M. CTpykTypa 11 MexaHIYecKe
CBOIiCTBA CIIJIABOB, TIOJBEPTHYTHIX CTyIleHYATOMY cTapeHuio / /Dusnka MeTassioB u
Metasitosenenue. — 1994 — T. 78. — Bpix. 5. — C. 5-18.

4. Ileprosekuii H.3., Kopo6os O.C., Pwi6anos JI.I'. u ap. VccaenoBatnne KHHETHKN
cTapenus kaponpoutoro ciasa dM698. // TexHosorns JeTKNX CIJIABOB, HAY4-
Ho-TexHn4eckuit 6roserenp BUJICa. — 1975. — Ne9. — C. 52-56.

5. I'pabosepkuit B 4., mno /[.O. EdextuBHicTb cTymiHYacTOro cTapiHHs CILIaBY 3
iHTEepMeTAiIHO-KApOIAHIM 3MIIIHEHHSIM JIJIsl iHCTPYMEHTIB rapsiioro jgedopMyBaHHS
meranis // Hosi martepianu i TexHosorii B Metasnyprii ta MammHoGy1yBanHi. —
2019. — Ne 2. = C. 14-18.

References

1. Kanyuka V.I., Terehov V.N., Moroz A.N. Spravochnik po instrumentalnyim
stalyam (Tool steels reference), Harkov, Metallika, 2008, 224 p. [in Russian].

2. Grabovskiy V.Ya., Levitin V.V., Kanyuka V.I. Fizika metallov i metallovedenie,
1980, Vol.49, Issue 4, pp.880-883 [in Russian].

3. Romanova P.P., Uksusnikov A.N., Ustyugov Yu.M., Fizika metallov i
metallovedenie, 1994, Vol.78, Issue. 5, pp.5-18[in Russian].

4. Pertsovskiy N.Z., Korobov O.S., Ryibalov L.G., Tehnologiya legkih splavov,
nauchno-tehnicheskiy byuleten VILSa, 1975, No. 9, pp. 52-56 [in Russian].

5. Hrabovskyi V.Ia., Shylo D.O. Novi materialy i tekhnolohii v metalurhii ta
mashynobuduvanni, 2019, No. 2, pp. 14-18[in Ukrainian].

Opnepskano 20.05.21

38 HaykoBo-texHiunuii skypHaa "MeTa103HaBCTBO Ta 06po6Ka MeTaJiB" 32021



TepwmivHa i Ximiko-TepMivyHa obpobka

V. Ya. Grabovsky, V. I. Kanyuka, O. V. Lysytsia

Determination of step aging effective modes of a stamped alloy for hot
deformation

Summary

Using the method of mathematical planning of the experiment, the influence
of two-stage (low-temperature + high-temperature) aging on the hardness and high-
temperature (750 °C) impact strength of a stamped alloy XH35BTIO (EK39) for hot
pressing of metals was investigated. The need to increase the high-temperature impact
strength of the alloy is a significant decrease (failure) with increasing test temperature
from room temperature to 700... 750 °C.

To isolate the particles of the reinforcing y-phase of the Ni,(Al,Ti) type
during aging, the alloy was previously hardened in oil from a temperature of 1150 °C.
Determination of the most effective modes of two-stage aging was performed using
a small replica of the orthogonal plan of the second order type 24!. The first (low-
temperature) stage corresponds to the beginning of spinodal decay of supersaturated
solid solution at the stage of formation of Guinness-Preston zones, and the second
(high-temperature) - to the formation of particles of stable y’-phase type Ni,(Ti,Al).
Temperature and aging time on each step varied. According to the planning matrix,
regression equations were calculated, and additional experiments were performed to
determine the modes of step aging, which provide the alloy with a higher level of
selected properties compared to the recommended single aging (780 °C, 10 hours).
According to the obtained regression equations, the change in the aging temperature
at the second stage of aging does not affect the hardness of the alloy within its
variation (750 °C— 800 °C). The effect on impact strength of changes in temperature
(650 °C— 700 °C) and holding time (2 — 6 hours) at the first stage of aging is also
insignificant.

According to the results of processing and analysis of experimental data,
it is established that the increase of high-temperature impact strength from 38 to
120 J / cm? (while maintaining hardness and high-temperature strength at the same
level) is achieved after step aging 700 °C, 20 hours + 750 °C, 2 hours. The increase
in hardness from 29 to 33 HRC with a simultaneous increase in impact strength to
55 J / cm? provides step aging of 725 °C, 10 hours + 775 °C, 6 hours. According
to the results of electron microscopic study of the microstructure, it was found that
the achieved level of impact strength after step aging is provided by increasing the
dispersion of spherical particles of the y-phase of the type Ni,(Al,Ti). The increase
in hardness is due to a more uniform volume distribution and a smaller cross-sectional
scatter of y'-phase particles.

Keywords: aging, dispersion hardening, impact strength, microstructure, stamping
tool.
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