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B.C.JIyukun, J.I'.Ty6onbues, H.A.Ilaxyn, B.Il. Kopuenko
BJIMSIHUE ®OCPOPA HA CTPYKTYPY XKUJKHUX Fe-C CIIVIABOB

Hucmumym uepnoii memannypeuu um.3.1M. Hexpacosa HAH Ykpaunut

C noMouIbl0 KBa3UKPUCTAIUIMYECKONW SYCEYHON MOJEIU JKUIKOCTEH KaueCTBEHHO
U KOJMYECTBEHHO ompeneneHsl cTpykTypsl Fe-P u Fe-C-P pacnnaBos npu temmnepaty-
pax meperpeBoB HaJ JUKBHIYCOM U KOHLEHTpauusax ¢pocopa, HabM0gaeMbIX B USpHOU
METaJUTypTUH. Y CTAaHOBJIEHO, YTO B 3THX YCIOBHAX (ocdop He oOpaszyeT pacTBOpoB, a
o0pa3yeT TOIbKO XUMHYecKoe coequHenue B Buje dactun Fe;P. C yBennuenuem co-
JepkaHust (ocdopa WIM ¢ yMEHBIIEHHEM TEMIIEpaTyphl IeperpeBa Hajl JHMKBHIYCOM
aKTHBHOCTH yriiepoaa B Fe-C pacriaBax yBeIHUMBAETCS, YTO HMPOSIBISCTCS B yBEIHYe-
HUH B CTPYKTYPE XKHUIKOCTH MO0 YacTHI] CBOOOIHOTO yriepoaa, oo Fe;C.

KiioueBrble ciioBa: pacnias, Fe-P u Fe-C-P cucrembl, Mogenb, CTPyKTypa, Me-
TOIUKA

IlocTanoBka 3agaun. B HacTosmee BpeMst OTCYTCTBYIOT AaHHBIE O BIHUSHUN
¢dochopa Ha KadueCTBEHHO-KOIHYECTBEHHYIO CTpyKTypy Fe-C-P pacmmaBos.
[Hostomy mobast mHGOpMAIMA B MAHHON OONACTH SBISETCA AKTyaJdbHOU H
NPE/ICTaBISIET HE TOJIBKO TEOPETUUECKU, HO U TIPAKTUYECKHUI UHTEpEC.

[lenblo paboTHI SABJISIIOCH OnpeleneHne BiusiHue (ochopa Ha CTPYKTYpY
*unkux Fe-C criaBoB, B MEPBYIO o4epeib, IPU KOHIICHTPAILUAX U TeMIepaTy-
pax, XapaKTepHBIX JJIs1 yCIOBUM MPOU3BOJICTBA CTAIH.

Cocrosnue Bonpoca. MakcumasibHasi pacTBOPUMOCTH Gocdopa B TBEPIOM
o(6)—Fe mo pasnmuHbIM maHHBIM cocTtaBisieT 2,55% [1], 2,77% [2], u 2,64%
[3]. B xxnaxom xemese, COracHO BCEM MMEIOLIMMCS JIUTEPAaTyPHBIM JaHHBIM,
¢docdop pacTBopsieTcss HEOrpaHWYEHHO. MaKcHUManbHasi PacTBOPUMOCTE (oc-
dopa B y- Fe npu temneparype 1050°C cocrapnser ~ 0,23% [4], a npu Temme-
patype 1125°C — = 0,685% [4]. TIpu 3TOM, cormacHo auarpamme Fe-P coctos-
HUS, IPUBEICHHON Ha puc.l [5], mpy HU3KKMX KOHIEHTpAIsIX Gocdop BEIKIN-
HUBAET 00J1aCTh CyIIECTBOBAHUSA Y-(ha3bl, YTO OOYCIOBICHO HANWYINEM y HOHOB
(dochopa Ha BHelIHEH 00070UYKE OPTOTOHAIBHO HANPaBJICHHBIX P-OpOUTANCH,
nepeKpbIBaroIux d-opOuTanu HOHOB XKeje3a.

Hapsiny ¢ yxasanHeIMH pacTBopamu (ocdop, corimacHo IaHHBIM [5,6,
TIpeACTaBIeHHBIM Ha pHc.l U 2], 0Opa3yeT C kKeiae30M MHTEpPMETaLIH] THUIIa
FeP. B obmactu xonuenTparmu gocdopa ot 2,55% no 15,6% obpasyercs cra-
6wnbHbl Gochun FesP, a B obmactn konuentpammii dgocdopa ot 3,5% no
15,6%, HO TpH BBICOKMX CKOPOCTSX OXJKACHUS — MeTacTaOuibHbeIH Fe,P.
Takum oOpazom, 10 KoHmeHTpanuit 2,55% dochun Fe;P cymectBoBate He
nomkeH. [lokaspiBast 310 ¢ momorpio Fe-P nmarpammer Ha puc.2 aBTOpHI [6],
OJJHAKO, YKa3bIBalOT Ha TO, YTO UMHU SKCIEPHMEHTAIbHO 0OHapyxeH Fe;P npu
Ooree HM3KOHM KOHIEHTpanwu B AByX(paszuoit XK+a obmactu (puc.2), rae 3ToT
(dbochun cyiecTBOBaTh HE TOJIKEH.
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Coaepxanue docdopa, %

Puc.1. Jna-
rpamma  Fe-P
COCTOSTHUSA [5]

Puc.2. Juna-
rpamma co-
CTOSIHUSL  CILIa-
BoB Fe-P [6]

®ochun Fe;P obnamaer cHIbHBIME KOBAJEHTHBIMHU CBSI3SIMH, 00pa3oBaH-
HBIMH, COTJIACHO [7], 1O JOHOPHO-aKLENTOpHOMY MexaHu3zMy. OO 3ToM ke
CBUICTENILCTBYIOT W JaHHEIE [8], Te paccmarpuBaercs BimstHEE (ocdopa Ha
CIITy MEXaTOMHBIX CBSI3€H Ha TpaHHIlEe 3epeH jxernes3a (puc.3) . [lo-cytu peup
nuzner o0 obpazoBaHum Kinactepa Fe;P, cooTBeTcTBYIOIETro pacTBOpy BHEZIpE-
HUs atoMa dochopa B aeMeHTapHyt0 ssueiky o(d)—Fe ¢ hopmyimoii Feo.

Ony6nukoBanHas B 1992 r. Fe — Fe;C — FesP nuarpamma (puc.4) [9] ¢ mo-
crnenyoumMy yrounesnusmu [10, 11, 12] ucnons3yercs 0 HACTOSIIETO BpeMe-
Hu. Ha meracrabunbnyto nmuarpammy Fe-C-P coctostHust npuOnmkeHHO HaHe-

ceHa koHoza [ aycrenut-rpadur[12].
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B orimmume ot Gorateix xene3om Fe-P crutaBos (puc.1, 2), Goratsrii sxene-
3oM yrox Fe — Fe;C — Fe;P nuarpammsel nMeeT sipKo BBEIpaKEHHOE TTEPETEKTH-
yeckoe mpespamenue (muHEs OU; Ha puc.4) Kak [UIE MeTacTaOMIBHOTO
(puc.5,a) Tak u ans crabuibHOro (puc.5,6) cocrosuuit [13]. BeiknuHuBaromas-
Cs1 C yBEJNIMYCHUEM cofeprkanust pocdopa y-00macth (puc.6) cogepxut Gpochua
Fe;P yxe nipu 0,4 % docdopa [14], a ¢ yBenudenuem coaepkanus dpocdopa B
Fe-C pacnnaBe npuBogut [15] k pe3koMy CHUKEHHIO PACTBOPUMOCTH YTIIEpO-
Ja.

Tpoiinas nuarpamma (puc. 4) mokassiBaer, uto npu Hamumuuu B Fe-C-P
paciuraBax coaepkanuii ¢ocopa 10 2% aBOIHHBIE W TpOHHBIE (ochUIHBIE
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9BTEKTUKU 00pa3yroTcsl B MPOLIECCEe KPUCTALIM3ALMH, T.€. TIOCNIE BBIIEICHUS
n30bITOUHON TBepaoi (asel [16]. TloaToMy B TaHHOM HCCIIEIOBAHUH 00pa30-
BaHUE (OCHUIHBIX IBTCKTHK HE OIICHUBAIOCH, KAK OTCYTCTBYIOUINX B CTPYK-
Type pacIiaBoB.
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Puc. 5. 3oTepmbl moBepXHOCTEH JTUKBUAYCOB Fe-yriia MmeractabuiabHOH (a)

u cTabunbHOM (6) nuarpamm Fe-C-P mo[13]

T2 o —

1600
1500 ﬁ —
- . s
e / ‘-\‘:‘0 e i Puc. 6. Ilomurepmu-
1300 M~ 0‘2 yeckde pesepsBbl Fe-
/\ ~_2 yrna auarpammsl Fe-
e 1N iy ~ C-P 0 [14]
08 =
{
B 4100 { P,om%p
= 1000 \
800 y\\. Ef Fﬂlc
800
i yro N ¥ F.'p ]
WP~ o
600!




239

Jna meractabunpHOro cocrosiuus Fe-C-P cructeMbl XapakTepHO Halnu4ue
YETHIPEX IBOMHBIX IBTEKTUK, OTMEUEHHBIX Ha puc.4 nuausmu ¢ E, e;U;, U E u
e;E, a Taxxe tpoitnoit Fe- Fe;C- Fe;P aBrextuku B Touke E ¢ xoopanHaramu
2,4%C u 6,89%P. 3 mBOWHBIX 3BTEKTHK 0c000€¢ BHUMaHHE OOpamacT Ha ceos
muans e;U E, rne Ha yuactke e;U; Bhimensercs o(o)+FesP sBrekTHka, a Ha
yaacTke e,E , Beigensercs y+Fe;P aBTekTHKa, XapakTepHbIe KaK IS MeTacTa-
OWIIBHOTO, TaK U JUISI CTAOMIBHOTO COCTOSIHUH.

B pabote [17], Toe obOcyXmaroTcs CTPYKTYPHI 3aKpHCTAJUIM30BaBIICHCS
TpoitHO# (ocuaHOI IBTEKTHKH, OTMETALTCS, YTO IMOMHUMO YKa3aHHOU TPOH-
HOIl MeTacTaOMIBbHOM 3BTEKTHKH B cucreMe Fe-C-P mabGmromaercs u cTaOmiIb-
Has Fe-rpadut- Fe;P aBrektuka. B TBepaoM cocTosHWM OHa HaOMIOmaeTcs B
BHUJIC TaK HAa3bIBAGMOI TICEBI0JBOMHOM IBTEKTHKH, IIOCKOJBKY «Ipa(uiT B 3TOM
cllydae KpUCTATU3YETCS Ha UMEIOIIUXCSl BBIICNEHUSIX». 31eCh Ke yKa3bIBaeT-
Csl, 4TO, OAOOHO KpeMHUIO, GOCOp MHTEHCHBHO MOHMKAET PAaCTBOPHMOCTH
yriaepoja B XKHUAKOCTH, TOBBIIIAs €M0 aKTUBHOCTb.

Panee OpuI0 ycTanomieno [18,19], 9yTo mpu TemmepaTypax IEperpeBOB
100-200°C Hayx TUKBUIYCOM, CTPYKTYphI KuaKkuX Fe-C- CIIaBOB MOKHO Kaue-
CTBCHHO M KOJHMYECTBCHHO OMPEACIATh C IMOMOIIBI0 KBAa3HKPHCTAILTIYECKON
SIYECTHON MOJIENN JKUAKOCTH M OTOOpakaTh WX B BHIIE COOTBETCTBYIOIIHX
¢dopmyn. Ilpu sToM monmumopdHBIE MOIUGDUKAINH JKAIKOTO JKele3a MMEIOT
¢dopmynsl Monekyn Feg(5-Fe) u Fey4(y-Fe). PactBopenne (BHempeHue) B 3TH
MOJIEKYJIBI OJHOTO aToMa yriepona MpUBOIUT K mosBieHHo (Geppura FeoC ¢
2,325% yrnepona wiun ayctenuta - Fe4C ¢ 1,508% yriepoaa. B atux e pabdo-
Tax yCTaHOBJICHO, 4TO Jr000M xunkuii Fe-C- cruiaB kak Obl COCTOMT U3 JBYX
BHI0B XKuaKocTeit: Husko- (K') i BeIcOKOyrIepomuctoit (K?), mMeromux cod-
CTBEHHBIE CTPYKTYPHBIE YacTHIBI. MUKPOOOBEMBI ATUX KUAKOCTEH B YCIIOBH-
SIX PaBHOBECHs JOJDKHBI PABHOMEPHO pACHpenensaThCsi APYr OTHOCUTENBHO
JpyTa B 3aBUCUMOCTHU OT UX KOJIHUYECTBA.

Tak>ke Moka3aHo, 4YTO B OTIUYME OT HAWJEHHOW MaKCUMAaJIbHON pacTBOPH-
MOCTH yTJIepofia B aycTeHuTe, paBHoil 1,508mac.%C, panee npuHUMaeMbIe IS
crabmnpHoi 2,01%C u HectabmmpHOU 2,07%C cucTeM SBISAIOTCS KOOPAWHA-
LOMOHHBIMU TIapaMeTpaMH Mepexoja OT CTPYKTYp CTallell K CTPYKTypaM UyTy-
HOB, T.€. K TOSBJICHUIO T'PapUTO-ayCTEHUTHON WM IIEMEHTHTO-ayCTEHUTHOU
9BTEKTHK B CTPYKTYpE CILIaBOB.

H30:xeHne MaTepUaJIoOB HCCIET0OBAHMS.

C y4eToM BCero NMpUBEIEHHOTO U3ydanoch BiusHuE hochopa Ha CTPYKTY-
pooOpa3zoBanue B xuakux Fe-C- criaBax mpu temrepaTtypax MpOMBIIIIEHHBIX
NIEPErpeBOB.

B nureparypHbix ganubix st Fe-P crtaBoB oOpamaror Ha cebst BHUMaHHe
pa3nuuusi pacTBOpUMOCTH (ocdopa B TBEpABIX MoAupUKAIMIX Keae3a. ITo
MOJKET OBITh CBS3aHO KaK C TOYHOCTBHIO 3KCIIEPHMEHTAIBHBIX JAHHBIX, TAK U C
camMoif BO3MOXXHOCTBIO (pocopa 0Opa3oBEIBATE pacTBOPHI ¢ xene3oM. Pac-
CMaTpHuBasi BO3MOXXHOCTh 00pa30BaHUs PACTBOPOB HEOOXOAUMO OTMETUTH, YTO
PacTBOPHI JIEMEHTOB B Xkelese, cornacHo [20,21], o0pa3yroTcs B TeX ciaydasx,
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KOTJ]a IIOTeHLIMAJI HOHNU3ALUH TIOCJIEHEr0 BAJICHTHOTO AIEKTPOHA 3JIEMEHTa He
BBIIIE 6575 5B. B 9TOM Cilyuae moTeHmmanbHOE mojie HoHOB Fe’' He Mosker
HMOHHU3MPOBATh aTOM 3TOTO 3JIEMEHTA U MOTOMY OH HE MOXET PacTBOPSTHCA B
xenese. [l noHa P°* MOHM3AIMOHHBII IOTEHIMAN cocTaBseT 65 3B, uro co-
OTBETCTBYET HIDKHEHM TpaHHIE yKa3aHHBIX INPEJENIOB, U 3TO YK€ MO3BOJSIET
COMHEBAaThCS B BO3MOKHOCTH PacTBOpeHHs Gocdopa B JKemnese.

BaxneimmM u3 ycrnoBnii BO3MOXHOCTH 00pa30BaHUSI pacTBOPOB 3JIEMEH-
TOB B JKele3e SBIAETCS Pa3HOCTb 3JIEKTPOOTPHIATENIBHOCTEH, KOTOpas He
nomkHa npesbimath 0,2-0,4 [21]. [ns sxene3a u gocdopa 3Ta pa3HOCTE B ABa
pa3a IpeBBIIAacT BEPXHUH M3 yKa3aHHBIX Ipenenos u cocrasiser 0,8, 4To 3a-
mpemaeT o0pa3oBaHue TBEPIOTro pacTBopa ocdopa B xxenese.

U nakowner, pactBopenuio Gochopa B jkene3e MPErmsITCTBYIOT TeOMeTprye-
CKHE pa3Mephl BHEIPEHHOIO B MOPHI MJIM 3aMEIAIOIIEero aTOMBI XKejie3a, KOTo-
peie cornacHo [21] momkubel He Oosiee uem Ha 10-15% mnpeBbimaTh pa3zMepsl
T0p MIM BakaHcHii. JIjis pacTBOPOB BHEIPEHHS 3TOT pasMep HoHa P°' Ha 46%
MPEBBILIAET pa3Mep OKTadApHUecKo mopel M Ha 221% - TeTpa’apuyeckoi.
JUi1s pacTBOpOB 3aMeEIIEHUs 3TOT pa3Mep NMPUMEpHO Ha 5% MeEHbIIe pa3Mepa
BaKaHCHHU.

Takxum 00pazoM, MOKHO YTBEPKIATh, 9TO Gochop HE 00pa3yeT ¢ KeIe30M
pacTBOpoB, a 0OpasyeT TONbKO (ocdumpl, B nepByo ouepens FesP. IToatomy
0] PaCTBOPUMOCTEIO (hocopa cliemayeT NMOHUMATh PACTBOPHMOCTh B JKeJIe3e
xiactepoB FesP. B cBsizu ¢ 3TUM MOKHO paccMmarpuBaTh pacTBophl Fe;P B xe-
sese, korga Fe;P pazMeniaercs Ha rpaHunax MEKYaCTUYHBIX IIPOCTPAHCTB JKe-
JIE3HBIX U JKEJIE30YTJIEPOAUCTBIX 4acTuIl. [Ipu 3TOM, HaXoIsACh Ha TpaHHUIAX
aTOMHBIX TPYNITHUPOBOK KeJie3a U OTPHIBAsICh OT HUX, YETHIPEXaTOMHbIE Kia-
crepsl FesP MoryT nepenBurarbcsi mo MeXXYaCTHYHBIM ITPOCTPAHCTBAM KHIIKO-
CTH W B3aHMOJICHCTBOBATh JIPYT C APYroM, oOpasyst Oosee KpyITHbIE KIacTephl
(ppaxransr), BIIOTH 1O 00pa30BaHMs XKHUIKON 3JIEeMEHTapHOH stueiikn dochuna
¢ hopmymnoii Fe,,Pg. TlogoOnas staeiika, cormacHo [22], SBISIETCS TETparoHab-
HOW OOBEMHOIICHTPHPOBAaHHOW W wWMeeT mapamerpel: a=9,090 kX wu
¢c=4,446 xX. [locnenyromee B3aUMOICCTBUE MOAOOHBIX KHUIKAX SUECK MOMKET
MIPUBOJUTE K OOpa30BaHUIO MX TPYNIHPOBOK, B T.4. 00JaJarONINX JaJIbHUM
TIOPSIIKOM C ONITHYECKH Pa3THIMMBIMHU Pa3MEpaMH.

B mpomnecce kpuctaimzanyuu yka3aHHBIE TPYIITUPOBKH OYyIyT pacroia-
raThCsl Ha rpaHuIax OJOKOB, Cy0O3epeH U 3epeH kenesa. Haxoxknenue ontuye-
CKH M pEeHTeHOrpaduuecku HEBUINMBIX KIACTEPOB Ha rpaHMIax OJOKOB U CyO-
3epeH U BHYTpH 3epeH o- Fe u y- Fe u coznaer mro3uro pacrBopuMoctH oc-
¢dopa B xenese.

AmHanorn4yHoe sBJICHUE JODKHO HaOmomathes W B cucteme F-C-P. Ilpm
9TOM Kiactepsl Fe;P WacTHUHO 3aXJI0TBIBAIOTCS B YK€ YKa3aHHBIX <«JIOBYII-
Kax». boripmas e WX 4acTh, MepenBUrasch 10 MEXYacTHYHBIM IIPOCTPAHCT-
BaM W B3aMMOJEHUCTBYS YT C IpyroM, oOpasyroT Oojee KpymHbe (paKTasl,
KOTOpBIE JIOJDKHBI COCPENOTOUNTHCS BOIM3M IpaHHL OyIyIHUX TBEPABIX 3€PEH
WM B MEKACHAPUTHBIX MpocTpaHcTBax. OOpasyronyecs: B yCIOBHAX KPUCTAI-
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JIU3aLUH IBOWHBIE U TPOWHYIO (hochuaHBIE IBTEKTHKH OyIyT pacroyiaraTbCs B
MEXICHAPUTHBIX yUacTKaxX M Ha TpaHunax 3epeH. Cka3zaHHOE MOJTBEPIKAACTCS
9KCIIEPHUMEHTATBHBIMH JaHHBIMU [7], MPUBECHHBIMU Ha PUC.7 B BUJIE pacipe-
nenenust ¢pocpopa B K, mzmydyennn s no- (puc.7,a) ¥ MEPUTEKTHIECKOTO
(puc.7,0) crutaBoB. M3 gopmyier FesP crenyer, uto B cocraBe 3Toro gochuna
conepxwurcs 25 at.% wm 15,578mac.%P.

a ' ’ 6
Puc. 7. JluxBauust pocdopa B a — noneperekruueckom cruiase ¢ 0,1%C,0,4%
P; 6 — nepurextryeckom ciuiase ¢ 0,4%C, 1,3%P; pacnpenenenue docdopa B
K, u3nyaenuu. x320 mo [7].

Taxum o6pazom, 3Has conepxanue pocdopa B xunkom Fe-P- crimase, He-
00XO0IMMO OIIPEAEIINTH KOJIMYECTBO B €0 CTPYyKType dacTull B Buae Fe;P. Oc-
taBmreecs oT 100% >XKHUIKOCTH KOJTMYECTBO OYAET MPEACTABICHO YaCTUIIAMH O-
xene3a B Buae mosekyn Fey. Hanpumep, ms Fe-P pacrmasa ¢ 0,03%P komirue-
ctBo yactull B Buae Fe;P cocrasut 0,193%, comepkamux, Kak CKa3aHO BHIIIE,
15,578%P. Torma KoIM4YeCTBO KHUAKOCTH, COCTOAIIEN n3 yacThl] Fey coctaBuT
100% c 0,193%FesP.

AHaNOrn4YHBIM 00Pa30M MOXKHO OIPEeNUTh CTPYKTYpHI JIto0bIX Fe- u Fe-
C-P pacruiaBoB npu TemrepaTtypax IeperpeBoB W KOHIEHTpauusx docdopa,
XapaKTepHBIX sl BbITUIaBKU MeTtaina. Tak, ctpykrypa Fe-C-P pacmnasa, co-
nepxamero 0,08%C u 0,03%P B cTaOWIBHBIX YCIOBHUSX, MPH TEMIEpPaType
neperpeBa >0°C, T.e. 4yTb BBIIIE TEMIIEPATYPHI JINKBUILYC, PABHOH B 3TOM CIIy-
gae 1535°C, maxomures cremyronmM obpazoM. BHauane ompenensiercs: KOIH-
yecTBO oOpasyromuxcs gacturl Fe;P. T 0,03%P B pacmiaBe, kak ycTaHOBIIe-
HO panee, oHO coctaBisieT 0,193%. Torma ocraercsi onmpenesuTb CTPYKTYpY
99,807% >xunxoctu, conepxarieit 0,08%C.

Jmns storo, cormacHO MeToamke, ImpuBeneHHOU B [18,19],mepBoHavanbHO
ompesieNnseM COOTHOIICHHE HU3KOyTIepoaucToil (6e3yriaepoaucroii) XK' k BbI-
cokoyraepoaucToit K. 31ech HEOOXOAMMO CeNaTh CIEYIONee CyIeCTBEH-
HOe yTouHeHHe. B mpuBeseHHON paHee MeToamke cocTas JK' ompenensics ¢
TIOMOIIBIO TIPaBUJIa OTPE3KOB U JICBOH JIMHUM JIMKBUAYC. B TO ke Bpems, Iuis
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SBTEKTHUECKUX COCTABOB JKUAKOCTH HCIIONb3yeTcs JieBas JTuHUA coiunyc. Ilo-
STOMY JJISl OIPEAETICHUS COCTABOB JKUAKOCTH IPU BBICOKOH CKOPOCTH IIIaBKH,
KOTJIa CYIIECTBYET KaK JKUJAKasl, TaK U TBepJas (aza paciuiaBa, bosiee eneco-
00pa3HO HCMOJIB30BATh JIMHHUIO COJIUAYC M JUIS JPYTHMX COCTaBOB pacIliaBa.
PyKOBOJCTBYSICh STHM HAXOMM, 4TO TOUKH mepecedenus u3otepms 1350°C ¢
yKa3aHHbIMU JIUHUAMU 0% 175 K u 5,551%)1(2.

Janee ¢ momompo paBuia 0Tpe3koB HaxoauM Ha npsamoit 0-0,08-5,51%C
coornomenre XK' k A n colepkaHus B HuX yriepoga anst 100% ucxonHoro
pacmiaBa ¢ 0,08%C. HameHHoe KOIM4YeCTBO XK' cocramser 98,548% u oHa
conepxut 0%C, a komdectso XK — 1,452% c conepkanueM yriaepona 0,08%.
IIpupaBruBaem paccmatpusaemsbie 99,807% sxunkoctu k 100% un Haxomum,
ato oHH cocTosT (98,548%K) 13 98,358%XK' ¢ 0%C u (1,452%) - 1,449%K>
¢ 0,08%.

Ipu stom ctpykTypa 98,358%K' GymeT coCTOSTh M3 GE3yrIepoaHCTHIX
gacTuil B Buae Feo, a s HaxoxaeHHe cTpykTypsl 1,449%K ¢ 0,08%C co-
CTaBJIsIEM CJIEIYIOIIYIO CHCTEMY YPaBHEHHUH C IBYMsI HEM3BECTHBIMU:

COCTaB JaHHOM CTaOMIBHOW >kuAKocTH ompenensiercs 5,51%C, pacrnono-
JKCHHBIMH, COTJACHO JOCTpoeHHOW Ha puc.8 Fe-C aumarpammsl, MexIy
4,545%C (FeoCy) n 100%C (Ceye.):

x+y=1449 (conmepxaHue )K2)

4,545x 100y
—+_

100 100

Pewas sty cucremy, HaXoAUM, 4YTO K2 cocrout m3 0,015% gacTui cBo-
6oxnoro yriepoxa u 1,434% gactun B Buge FeyC, ¢ 0,065%C. Takum obpa-
30M, Haﬁ}:[eHBI BCE€ BUJIbI HaCTUIl U UX KOJIUYECTBA OMIPEACIIAIOIMINX CTa6HHI)HyIO
*Kuakyo crpykrypy Fe-C-P crmumasa, comepixkamero 0,08%C u 0,03%P, npu
TeMIlepaType neperpena HaJ JUKBUIycoM > 0°C, T.e. 4yTh BBIIIE TEMIIEPATyphl
JUKBUIYC. B CBSI3M € 3THM HaiiIeHHYIO CTPYKTYpY CTAaOWJIBHOM JXHIKOCTH
MOJKHO OTPa3UTh CIEAYIomeH (opMyIou:

7K=0,193% Fe;P+98,363% Feqt1,434% FeoCy+0,015%C 6.

AHaNOTHYHBIM 00pa3oM OIpeAessieM XHUIAKYI0 CTPYKTypy IaHHOTO CTa-
GUIBHOTO CIUIaBA MPH TEMIepaType Imeperpesa Haj IukBuaycoM B 100°C, T.e.
npu Temnepatype 1635°C. TIpu a1oii Temnepatype coctas XK' n XK no yriepo-
IOy cocrtaBiseT coorBeTcTBeHHO 0% wu 5,53%. IlomydeHHass KauecTBEHHO-
KOJINYECTBEHHAs! OPMYJIa )KUAKOH CTPYKTYpBI IMEET B!

K=0,193% Fe;P+98,358% Feqt+1,429% FegCy+0,015%C 6.

= 0,08 (comepxanue yriepoza B K%
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Puc.8. Hoctpoennas no [19] nyst sxuakoro cocrosinus Fe-C- auarpamma.

IMomoOHBIM 00pa3oM paccumtana crpykrypa eme 46-tu FenCmFe-C-P
pacmraBoB ¢ 0,08%C, 2,67%C u 4,26 (4,3)%C, B KaXXI0M U3 KOTOPBIX COIEp-
xainock 0,03%P, 0,064%P, 0,1%P u 1%P. PacdeTsl cTpykTypbl NpOU3BOAMIACE
KaK U CTaOWMIIBHBIX, TaK M METACTAOMIBHBIX YCIOBHI COCTOSIHUS JKHUAKOCTEH
IIpM TeMIepaTypax meperpesa uyTh Bbime u Bbime Ha 100°C cooTBETCTBYIO-
IIMX TeMIIepaTyp JIMKBHAYC. Bo Bcex pacuerax BBIMOJIHSIUCH TpeOyeMble KO-
JTUYECTBEHHBIC OalaHCHI.

Pacuer kauecTBEHHO-KOJIMYECTBEHHOI CTPYKTYpHI pacilaBa MoKa3al, u4To
KonuecTBO (hocopoconepkalux 4acTHIl KUAKOCTHA 3aBUCHUT TOJIBKO OT KO-
nmuaecTBa pocdopa B pacruiase (puc.9).

Konun4yectso4actuy Fe3P e Fe-Ccnnase

-

0,9
0.8 =6,418x

0,7

0,6 =4

0,5

0,4 o

0,3

0,2 &

0,1 P

0 ; ; ; ‘

0 0,05 0,1 0,15 0,2

docdop, %

KonuuecTBouacTiu, cogepmalyux

Cogepxanue dpocdopa B metanne, %

Puc.9. Komnuectso uactun Fe;P B Fe-C pacmiase.
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HOJ’Iy‘IeHHBIe JaHHBIC TIOATBECPKAAIOTCA TAKKEC pPE3YJIbTaTaMU XUMHUYCCKO-
r0 aHajan3a KUCIOPOJIHO-KOHBEPTEPHOTO MeTallIa B Ipollecce iaBku (puc.10),
KOTOpBIC MOJTBEPIKAAIOT JaHHBIE O TOM, 4TO CofiepkaHue pocdopa B MeTamIe
3aBHCHUT OT UCXOJHOTO cofepkanus docdopa B uyryHe, a yaajnenue Gocdopo-
COJIEpIKAIMX YACTHI[ U3 PaCIUIaBa MPOUCXOIMUT TONBKO MyTeM HLIaKOOOpa3o-
BaHus. M3BecTHO, 4TO mporiecc aedopchopaliin MeTauia IPOXOAUT M0 Peak-
i [23]:

2[P]+ 5 (FeO) + 3(Ca0) = (3CaO*P205) + 5[Fe]

0,06
0,05 -
|
- y - 0,001x+ 0,022 [ ]
g oo -
g " o
o
b4 ™ n m n [ 7
o 0,03 . u
= [ ] A
I
o
g /
o A
g 002 = [ B ]
8 N A A
A afia
0,01 A A P
, W a y=0,004x+ 0,005
A
A
1] T T T T
0 0,5 1 1,5 2 3,5 3 3,5 4 45
CopepaHue yrnepogas meTanne, %
A WcxopgHoe copepxkanne dochopa=0,02-0,03%
M UcxogHoe copepikaHue pocdopa=0,04-0,05%

Puc.10. M3menenne comepkanus Gocdopa B MeTase IpU W3MEHEHHUHU CO-
JeprKaHMs YTIIepoa M0 X0y MPOAYBKH.

AHanu3 MOMyYeHHBIX JaHHBIX MoKa3ai, 9To ¢ochop B Fe-C crmaBax, xak
9TO cKa3aHo B [15], MpUBOAMT K YBEIMUEHHUIO aKTUBHOCTH YTJIEPO/a, a 3HAYUT -
K YMEHBIIIEHUIO €T0 PACTBOPUMOCTH B KHUAKOCTH. CTPYKTYPHO 3TO TPOSBISAET-
sl B 00pa30BaHUM CBOOOJHOTO yIJIepoa.

3akmouenue. [Tokazano, uyto ¢ochop He 0Opa3yeT pacTBOPOB B KHUIKOM
xenese n xuakux Fe-C cruiaBax, a IpH ero cofepKaHUsIX, XapaKTepPHBIX UL
YEepHOI MeTaJuTypruu, oOpa3yeT TONbKO XHMHUECKOe COeANHEHUE B BHIE Jac-
1 FesP.

[TokazaHO, YTO C MOMOIIBIO KBA3UKPUCTANIMIECKOW SYEEIHONW MOAEIH
KHUJKOCTEH MOXKHO KaUECTBEHHO U KOJMYECTBEHHO OIIPEAEINTh CTPYKTYpHI Fe-
P u Fe-C-P pacruaBoB mpu TemmepaTypax IEperpeBOB Hal JUKBUIAYCOM H
KOHIIeHTpanusax (ocdopa, HaOMOMaeMBIX B YepHOH MeTaurypruu. Ha ocHoBe
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pa3paboTaHHON METOIUKHU ompereneHbl cTpykTypsl Fe-C-P paciuiaBoB amst ux
CTaOMWJIBHBIX U METacTaOMUIBHBIX COCTOSHMI NPH Pa3IHMUYHBIX IeperpeBax Haj
JIMKBHJTYCOM M Pa3IMYHBIX KOHIEHTpauusx yriepoaa u docdopa.

AHanmn3 KauyeCTBEHHO-KOJIMYECTBEHHBIX CTPYKTYp Fe-C pacCiuiaBoOB MOKa-

3aJ, 4TO C yBEJIMYEHUEM cojepkaHus (ochopa WM YMEHBIICHHEM TeMIepa-
TYpHI TeperpeBa Haja JHKBHIYCOM akKTHBHOCTH yrieposaa B Fe-C pacrumaBax
YBEITMUUBAETCS, YTO MPOSIBISETCS B YBEIMUCHUH B CTPYKTYPE XHUIKOCTH JTHOO
JacTHIl CBOOOIHOTO yriepoaa, 6o Fe;C.
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B.CJIyukin , JI1.I. Tybonvuyes , H.1.Ilaoyn , B.I1. Kopuenxo
B docdopy Ha crpykTypy pinkux Fe - C ciuiaBis
MerToro poOOTH € BH3HaYCHHS BILIHBY (hocdopy Ha CTpyKTypy pimkux Fe -

C cnnagiB. 3a IOMOMOTOI0 KBa3iKPHCTAIIYHOT OCEPEIKOBOI MOJIETI PiANHHM SIKi-
CHO 1 KiIbKiCHO BU3Ha4YeHO cTpykTypH Fe -P i Fe -C -P po3mnasiB npu temie-
parypax meporpiBiB HaJl JINKBUIyCOM 1 KOHIIEHTpauisx ¢ochopy, mo crocrepi-
raloThCsl y 4OpHiH Meramyprii. Becranosneno, mo B nux ymoBax Qocdop He
YTBOPIOE PO3YHHIB, @ YTBOPIOE TUIBKM XIMIUHY CHONYKY Y BHUIISIII YaCTHHOK
Fe;P. I3 30inpmennsm BmicTy gocdopy abo 3MEHIIEHHSIM TeMIEepaTypH Iepe-
TpiBy HaJ JIMKBHIYCOM aKTHBHiCTh Byriemio B Fe -C posmiaBax 3pocrae, 1mo
TIPOSBISIETHCS Y 30UTBIICHHI B CTPYKTYpPi PIAMHU YaCTHHOK BUTHHOTO BYTJICIO
abo Fe;C.
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