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HauioHanbHUI yHiBepcuteT Biopecypcis i NpupogokopuctyBaHHa YkpaiHu, Knis

Haseoeno pesynomamu 00CHiOHceH s 6NIUSY HAHOUACMUHOK 3aNi3d 8 000N0HYI 3 OKCUOY
Fe,O, wo npu 6sedenni ¢ posniag i nazpieanui 00 memnepamypu po3niagy nepemeopioenvCs 6
oxcud Fe O, na mixpocmpyxkmypy 3a2apmoeanoi ma ionyuenoi cmani 251’ CJI ma ii enacmusocmi.
Ilokazano, wo npu eapmyeanHi Mooughikoganoi cmani MoOSWUHA KPUCMANIE MAPMEHCUMY
3MEHULYEMbC NOPIBHAHO 3 BUXIOHOI cmannio y cepeOHvoMy 6 1,9 pasie, 0osxcuna Kpucmanie
gionyugenoco mapmencumy, nicia gionycky npu 200 °C 3azapmogarnol cmaii - 6 3 pazu, 0082iCUHa
nNACMuUH yeMeHmumy 6 mpoocmumi, nicis 8ionycky zazapmosganoi cmani npu 450 °C — 6 1,4 pasis,
dosarcura kapoioie nicis ionycky zazapmosaroi cmani npu 550 °C — 6 1,6 pazie. Bcmanosneno, uo
MOOUGIKYEAHHA HAHOYACMURKAMY 3aNi3a 6 000110HYi 3 okcudy Fe O, npusodume 00 OUCNepey6aHHs.
cybzepenoi cmpykmypu (obnacmeil KO2epeHMHO20 pPO3CIIOBAHHS MA 3MEHULEHHIO Napamempis
KpUCMANiNHOI epamKu meepoux po3yuHie. 3anponoHo8aAHO MeXAaHi3M 6NNu8y HAHOYACMUHOK Ha
SMEHUEHHIO NApamMempie KpUCmanivHoi epamxkyu meepoux po3uuHie, AKUl NONA2aE 8 NPUCKOPEHHI
oughysii amomis enemenmie mineHHs 8 30HU NIOBUUEHO20 HANPYICCHHS HA NOGEPXHI HAHOYACMUHOK.
Busnaueno, w0 onmumMaibHuM pelcumom 3MIyHIoI04ol mepMiuHol 06pobKu Mooupikoearnoi cmani
25I'CJI € eapmysanns npu memnepamypi 900 oC ma eionyck npu 550 °C. Ilpu yvomy medica
meKkywocmi ma MiyHocmi, a makoxc yoapua 8 ’a3xicme cmani ckiadae, gionogiono, 894 Mlla,
993 MIla i 92 [{oic/mm?, wo na 62, 41 ma 14 % 6Ginowe nioe suxionoi cmani. Beedenns 6 posnnas
cmaini neped KpUucmanizayicio HaHoYacmuHoK 3aniza 6 my2oniaskiu 000J10HYi 3yMOGIIOE edhexmusHe
MOOUGPIKYBAHHSA [ NIOSUUEHHSL i MEXAHIYHUX 8TIACMUBOCME.

Kniouosi cnosa: nanovacmunxu 3aniza, cmpykmypa, mMapmeHcum, mpocmum, copoim,
Kapbiou, Hanpyscenns, pazosi nepemeopenHsi.

BpoéoTi [1] HaBemeHo pe3yJsibTaté MOCTIXKEHHS BIIMBY HAHOYACTHMHOK 3aJ1i3a
B TYTOILIaBKiil 060JI0HIII HA (popMyBaHHS AeHAPUTHOI Ta (eppUTO-NepJIiTHOI
ctpyktypu cranai 25I'CJI. 3anponoHoBaHo MeXaHi3M BIIMBY HaHOYACTHHOK
Ha TepMOKiHeTMYHi TmapaMeTpu ¢Ha30BUX TIePEeTBOPEHb i CTPYKTYypy cTafi
[IPY OXOJIO/KEHHI IIicJid TBEepAHEHHS Ta B IIPOlleCi HACTYIIHOIO HarpiBaHHA i
OXOJIO/PKEHHST TIpW HopMaJiidamii. B mpomoBKeHHI MUX AOC/IiIKeHb BU3HAUMJIN
BIINB HAHOYACTMHOK HA (POPMYBaHHS CTPYKTYPHU i MeXaHiuHi BJAcTUBOCTI cTasi
25I'CJI npu rapTyBaHHi Ta Bi/IIIyCKY.

[Toxazano, 1o npu raptyBanHi MoaudiKOBaHOI CTaJi TOBIIMHA KPUCTAJIB
MapTEHCUTY 3MEHINYEThCS TOPiBHAHO 3 BuxigHoo 3 0,85-3,63 (cepemne —
1,88) mxm 10 0,18~ 3,16 (cepeane — 0,98) mkm, To6TO y 1,9 pasis (puc. 1a,6).
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[Micna Bigmycky 3araproBanoi crasi npu 200 °C qoBkHA KPUCTATIB BiIITyIIEHOTO
MapTeHcuTy 3Meninyerbes 3 4,9-10,5 (cepeane — 7,2) mxm g0 1,3- 5,0 (cepeane
— 2,4) MM, 10610 y 3,0 pasu (puc. 1 B, r). J[OBKMHA ILIACTUH LIEMEHTUTY B
TPOOCTHTI, TicJs BifmycKy saraproBanoi crasi mipu 450 °C, ckuamae Bix 3,2 10
11,9 (cepeane — 6,6) MM g Buxignoi cranai ta Big 3,0 go 7,0 (cepemne —
4,8) MKM 1151 Moan(iKOBaHOT, TOGTO CIIOCTEPIra€Thesl AUCIEpPryBaHHs KapOiliB B
cepennbomy y 1,4 pasis (puc. 1 1, x).

fiNE =

WD*17.2nm

Puc. 1. Bnnue moaundikyBaHHs Ha cTpykTypy ctani 25I'CJ1 nicnsa rapTtysaHHs Big 900 °C (a, 6) Ta Bignycky npn
200°C (B, 1), 450 °C (g, ), 550 °C (3, €). a, B, 4, 3 — BUXigHa crans; 6, I, x, € — gobaska 0,0035 % HaHO4aCTUHOK.
a, 6 — 36inbweHHa x5000.
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B pasi Bucokoremmneparypuoro Bianmycky nipu 550 °C mom:xuHa KapO6ifiB
BUXiHOI cTasi 3MiHoeTbes 3 3,2-9,3 (cepeare — 5,5) MKM, a MoaudikoBaHoi — 3
1,7-4,8 (cepemne — 3,4) MKM, 110 BKasye Ha mojpiGHeHHs Kap6igis B y 1,6 pasis
(puc. 1 3, e)

JlocnipkeHHST TOHKOI CTPYKTYpHW CTaJli TIOKa3ano, MO MoAuQiKyBaHHS
HaHOYACTUHKAMM 3afi3a B 060JOHNI 3 okcuay Fe,O, mpusBoauth 10 3MEHIIEHHS
o6J1acTeil KorepeHTHOTo po3citoBanHsa (puc. 2 a) Ta mapaMeTpiB KpHCTATiuHOI
rpaTki TBepAuX posumHiB (puc. 2 6), 4K y JUTOMY CTaHi, Tak i Mic/as
HOpMaJi3allii, rapTyBaHHA Ta IOJIIIIeHHI.

90 0,2872
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Puc. 2. Bnnue moaudikyBaHHSA, CTaHy Ta peXumiB TepMi4HOi 06pobkum Ha napameTpu KpucTaniyHol rpaTtku
TBEPAOro PO34mMHy (a) Ta po3mipu obnacrteil KorepeHTHOro poscitoBaHHs (6) crani 25ICJ1. 1 — nuTwii cTaH; 2 —
Hopmanisadia Big 900 °C; 3 — rapTyBaHHsa npu 900 °C; 4, 5, 6 — rapTyBaHHs npu 900 °C Ta Bignyck npu 200 °C;
450 °C i 550 °C, BianosigHo.
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3MeHIIIeHHsT TapaMeTpiB KPUCTAJMiUYHOI TPAaTKU TBEPAUX PO3UUHIB TpU
MoandiKyBaHHI BKa3ye Ha Te, 1O TPU BBeJAEHHI HAHOYACTWHOK 3MEHIIYETHCS
KiJIbKIiCTb eJIeMeHTiB BTiJIEHHS (Byrﬂeub, a30T i iHTm) B KPHUCTATIYHIN TpaTIIi.
Taka i HaHOYACTUHOK TIOB’S3aHAa, B OCHOBHOMY, 3 HAIPY}KEHUM CTAaHOM iX
TOBEPXHi, 10 BUHUKAE B IIPOIeci OXOJIO[KEHHS BUJIMBKA IIiCJA TBEPAHEHHS Ta
HArpiBY cTaji TP TepMiuHiil 06poO6ITi.

Bimomo [2], mo mpu 3MiHI TeMmepaTypu CTPYKTYPHUX CKJIAJOBUX,
SIKi MaloTh pi3Hi 3HAYEHHS MOMYJIB TPYKHOCTI Ta KoedillieHTiB TepMidHOTO
pO3IIMpPEeHHsI Ha TPaHUIll IX KOHTAKTy PO3BUBAIOTHCI HAMPYKEHHS, SKi
PO3PaxoBYIOThCA 3a HOPMYJIO:

_E Ey-Ar-(ay-ay) Mlla, (1)
E +E,

ne E, E, i a, o, — mMogym mpysxsuocti (MITa) Ta koedinieHtn TepMidHOTO
posmmpenns (K ') ¢asu ta marpuii, BignosigHo; At — 3mMiHa teMnepatypu, °C.

BpaxoByioun, mo MoOAyJi TIPYXKHOCTI Ta KOeillieHTH TepMidHOTO
posmmpenns okcupy Fe O, ta crami 25I'CJI mopismiotors, Bignosigno 230,6 i
212 MTIla ta 9,310 i 11 e 106 °C" [3-5] BcTaHOBUIM PIBHSIHHS /ST PO3PAXYHKY
BEIMYMHK HANPY’KEHHS Ha MexXi posmofixy mosepxHi o6omonkn 3 Fe,O, Ta
TBepaoro po3unny craui 25I'CJI 3amexxHo Bijl 3MiHU TeMTIepaTypH.
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c=0,2 - At , MIla, (2)

Ananis Bupady 2 mokasye, 10 MPU OXOJIO/PKEHHI TicJsl TBep/IHEHHS, Ha
[IOBEPXHi HAHOYACTMHOK BUHMKAIOTH HarpyskeHHs1 nopsaky ~ 300 Mlla; micasa
HopMautizanii ta rapryBanus ~ 170-200 Mlla; micasg Biamycky 3araproBaHoi
crami B intepBasii temmeparyp Bijg 200 mo 650 °C ~ 40-160 Mlla. IligBumenuit
HAIpy>KeHWil CcTaH OGOJIOHOK HAHOYACTUHOK YWHWUTH /IO/JIATKOBUI BIIUB HA
¢opMyBaHHS CTPYKTYypU Ta BJIACTUBOCTEW KOHCTPYKIINHOI cTasi, OCKiJIbKH
BijloMO, 1o audy3isd eeMeHTiB B MeTaseBUX Marepiajax oOyMOBJIeHA He TiJbKU
Ipa/lieHTOM KOHIIEHTpaIllii ajie TAaKOXK TPAJ[iEHTOM HarpyskeHHs [6].

B pobGori [7] mnokasano, 10 HAIPY’KEHHS MPUCKOPIOIOTL Audy3iio
eJIeMEeHTiB 1 MIBUJKICTb 3apo/KeHHS Ta PpOCTy I1eHTpiB HoBuUX ¢a3 1pu
mudysiitnomy Ta 6e3audysiiiHOMy TlepeTBOpPeHHi ayCTeHiTy Ta BiJlITyCKYy
MapTreHcuTy. ToMy 3MeHIIEHHSI TapaMeTpiB KPUCTAJIYHOI T'pPaTKA TBEPAUX
pPO3uYMHIB 1pu MOAUQiKyBaHHI MOXKJIMBO TOSICHUTUA TPUCKOPEHHSIM Audy3ii
€JIEMEHTiB BTiJIECHHA 3 KPUCTAJIIYHOI TpaTKi B 30HU IIi/BUIIEHOTO HAIPY’KEHHA Ha
MMOBEPXHi HAHOYACTUHOK.

Momudikysanusg crpykrypu crami 25I'CJI nHaHouacTMHKaMu 3aJjiiza
CYIIPOBOIKYETHCS 3MiHOIO 1i MeXaHiYHUX BJacTUBOCTed. Pe3ysbTaTh BU3HAUYEHHS
MeXaHIYHUX BJIaCTHBOCTeN BuXijHOi Ta MoaudikoBanoi crami 25I'CJI micas
TBEPJHEHHS i Pi3HUX PeKUMIB TepMiuHOI OOPOOKM HaBejleHi HA puc. 3-5.

Ananiz ganux (puc. 3) mokasye, 1o y JUTOMY cTaHi pu MoandiKyBaHHI
clriocrepiraeTbcs IiJABUIINCHHA 3HAUYEHb MesKi TeKydocTi Ta MillHOCTi, a TaKoX
yaapHoi B’s3Kocti, Bigmosigno, 3 22810 370 Mlla, 3 421 MIla no 639 Mlla Ta 3
2810 39 /Ixx /mm?, ToGTO, BiAnOBiAHO, HA 62, 52 Ta 41 %. Ilpu 1pomy BigHOCHE
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= 30 — — —— ——
o LI
JIatTa 1 2 3

B

HaykoBo-texniunmii sxypHan "MeTa103HaBCTBO Ta 06po6Kka Meraxis” 42020 13



MnaBneHHs i KpucTanisadis

BU/IOBKEHHS Ta 3BY’KEHHS 3QJIMMIAIOTHCS MTPAKTUYHO O/THAKOBUMHU, Bi/lOBi/IHO, 18
i 30 %. Ilogi6Ha 3aKOHOMIPHICTB CIIOCTEPITAETHCS TIPU HOPMAJTi3allii cTaJIi.

[locmipkeHHST TITMBY TeMIlepaTypyu TapTyBaHHS Ta BiJIMyCKYy HAa TBEP/iCTb
BUXi/IHOT Ta MOAM(IKOBAHOI cTaJi TOKA3aJ10 (pI/IC. 4), 1110 ONITUMAJIbHUM PEKAMOM
TepMiuHOi 06po6KK MomdikoBaHol cTasi € rapryBanus Bij temieparypu 900 °C
ta Biamyck mpu 530 °C.
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Puc. 4. BnnuB TemnepaTypu rapTyBaHHs (a) Ta Bignycky (6) Ha TBepaicTb BUXifHOI Ta mMoandikoBaHoi cTani
25ICI.

[lani puc. 5 moKas3yoTh, IO TPU TAKOMY PEXKHUMi MOJIIMIIEHHS MeXXa
TEKYYOCTi Ta MIiITHOCTi, a TaKOXX yJapHOi B'sg3K0cTi Mo/ndikoBaHOi cTasi CKJIA/IAE,
Bignosigno, 894 MIla, 993 MIla i 92 [Ixx /mm?, mo Ha 62, 41 ta 14 % nepesurye
BJIACTUBOCTI BUXijHOI crasi. 3MiHAa TeMmMuIepaTypu TapTyBaHHS Mo/udikoBaHOi
CTaJi NMPU3BOJUTD /10 3MeHIIeHHs edpekTuBHOCTI MosudikyBanusa B 1,2 -2,0 pasu.

TakuM UYMHOM BCTAHOBJIEHO, 1[0 BBE/IEHHSI B CTajJb HAHOPO3MipHUX
YACTMHOK 3aJli3a B TYTOIUIABKOI OOGOJIOHIII TIPU3BOIUTH [0 €(PeKTUBHOTO
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Puc. 5. Bnnue moaudikyBaHHA Ta TeMnepaTypu rapTyBaHHS Ha MexaHivHi BnactuBocTi ctani 25ICJ1 nicns
Bignycky npu 550 °C. CyuinbHi niHii — ctanb 25MCJ1. MyHKkTUPHI niHii — ctanb 25ICJ1 + 0,0035 % HaHOYaCTUHOK.

MonudiKyBaHHSI CTPYKTYPHM, $IK 3arapToBaHoi, Tak i BiJIylIeHOi cTaJi.
CriocrepiraeTbcsd Ti/[BUIIIEHHS 3HAUYeHb MeKi TEKy4yocTi Ta MiI[HOCTi, a TaKoX
yAapHOi B’g43K0cTi Ipu 36epeskeHHi PiBHS TIACTUYHOCTI.
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Opnep:xano 09.07.20

Y. G. Aftandiliants, K. G. Lopatko

Iron nanoparticle influence on the structure of improved structural steel and
its properties

Summary

The results of the study of the effect of nanoparticles in the shell of iron oxide
Fe,O,, which when injected into the melt and heated up to melt temperature is converted
into oxide Fe304, on the microstructure of hardened and tempered steel 25GSL and
its properties. It is shown that in modified steel martensite crystals thickness is reduced
compared to the original steel in average 1.9 times after the quenching, tempered
martensite crystal length after tempering hardened steel at 200 °C- 3 times, the plate
cementite length in troostite after tempering hardened steel at 450 °C — 1,4 times, the
carbide length of after tempering of steel at 550 °C — 1,6 times. It has been found that
modification of iron nanoparticles in a shell of Fe,O, oxide leads to dispersion of the
subgrain structure (regions of coherent scattering) and to the decrease of the crystal
lattice parameters of solid solutions. The mechanism of nanoparticle influence on the
reduction of the crystal lattice parameters of solid solutions, which is to accelerate
the diffusion of interstitial atoms of the elements into the zones of high stress on the
nanoparticles surface, is proposed. It is determined that the optimal improvement mode
of the modified steel is quenching at 900 °C and tempering at 550 °C. The yield, tensile
strengths and toughness of the modified steel are 894 MPa, 993 MPa and 92 J/ mm?,
respectively, on 62, 41 and 14 % higher than the original steel. The injection of iron
nanoparticles in a refractory shell into the steel melt before crystallization predetermines
the effective modification and enhancement of mechanical properties.

Keywords: iron nanoparticles, structure, martensite, troostite, sorbite, carbides,
stresses, phase transformations.
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