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BJIMAHUE XUMHNYECKOI'O COCTABA U COCTABJIAIOIIUX
CTPYKTYPbI CIIABA 06XH28MAT HA EI'O KOPPO3MOHHBIE
IIOTEPU B HEUTPAJIBHBIX XJIOPUJCOAEPKAIIIUX PACTBOPAX

IIpoBeneH KOMIUIEKC PU3NKO-XUMUIECKAX MCCIECIOBAHUN 10 M3yUEHHIO 3aKOHOMEPHOCTEH 1
ocobeHHoCTeH B mporecce okucienus cmasa 06XH28M/IT. B pe3ynbraTe KOppO3HOHHBIX HCIIBITA-
HUH ompenesneHbl kopposuonubie motepu Cr, Ni u Fe ¢ mosepxtuoctn cruasa 06 XH28M/IT B xi0-
pHACOIepKALIEX pacTBopax ¢ pH=6; 7 M KOHUeHTpauueil XIopuaoB 600 Mr/am>. VCTaHOBICHBI 3a-
KOHOMEPHOCTH M MEXaHH3MBI KOppo3uoHHOro pactBopenusi Cr, Ni m Fe ¢ moBepxHOCTH cruiaBa
06XH28M/IT B 3aBUCHMMOCTH OT M3MEHEHHS €r0 XMMHUYECKOrO COCTaBa B Ipeleiiax CTaHxapTa U
COCTaBIIIIONINX CTPYKTYpHl. OOHApYKEeHO, YTO B XJIOpHACOAepKameM pactBope ¢ pH 6 xoppo3non-
HBIe ToTepy Fe 1o npsMoIHeHHOH 3aKOHOMEPHOCTH BO3PACTAIOT ITPH YBEJIIMUESHUH B CILIABE COAEP-
xanust Cr, Mo u ymensmenun P. AycteHHTOOpa3yromue 31eMeHTHl CTa0MIN3UPYIOT ayCTEHUTHYIO
CTPYKTYpY, cHIDKatoT AFe cmaBa. Crnoxxusie xapounst (Cr, Mo, Mn), C u P, cocperoroueHnsre Ha
IpaHMIAaX 3epeH ayCTeHHUTa, CHWKAIOT AFe, a Menkue OKCHCYNIb(UIBI U HUTPUIBI TUTAHA YBEIMYH-
BaroT. KpymHble BKIIOYEHHs KaTOMHO 3aIl[HIIAI0T CILIaB, CHKasi AFe. YcTaHOBIEHO, UTO B XJIOPHI-
cozepxkanieM pactBope ¢ pH 7 koppo3uonHsie motepu Cr o npsMOTHHEHHON 3aKOHOMEPHOCTH BO3-
PAacTaroT NpHU yBeaWUeHHH B ciutaBe coxepxanus Si 1 Ni. Menkue u cpepHne OKCUCYIb(OHUIbI U HAT-
puzabl TuTaHa noelmaoT ACr Ha TpaHULAX 3€PeH ayCTEHHTAa. XPOM, HAaXOMAIIMICA B TBEPIOM pac-
TBOpE, noBbimaeT ACY criaBa, a XpoM B cocTaBe KapOuIo0B NoHMKaeT. Maprasen i Si criocoO6CTByIOT
BBIXOIy B pacTBop P u, Takum ob6pazom, nosemuator ACr. ®octop, cerpernpoBaHHbIil Ha TpaHULAX
3epeH, cHmkaet ACr. Hukens Beitecuser Cr u3 Tena 3epHa K nepudepru 1 TakuM o0pa3oM yBeIHIH-
Baet ACr. [loka3aHo, 4TO KOPPO3HOHHBIE MOTEPH CILUIABA, B OCHOBHOM, 3aBUCAT OT €ro CTPYKTYPHON
TeTepOreHHOCTH.

KiioueBble cj1oBa: KOPpO3Ms MUTTHHIOBAs KOPPO3Hs, XJIOPHACOACpKAIIAs Cpeaa, XUMUYe-
CKHI{ COCTaB, OKCHCYNb(UIBI, HUTPH/bI TUTAHA, AYCTEHUT

Brenenne. Cruiae 06XH28M/IT uCmonbs3yrOT Uil U3TOTOBICHHS TEINIOOOMEHHOTO
000pyI0BaHUs, TPUMECHIEMOTO B TEXHOJIOTUICCKHUX IPOIECCaX ¢ y4aCTHEM CEpHOMU, XPO-
MOBO# ¥ (ocdopHoi KucnoThl [1]. B HacTosmee BpeMsi UMeeTCsl JOCTATOYHO CBEICHUH O
KOPPO3HOHHOM CTOMKOCTH 3TOT0 MaTepraiibl B OKUCIUTEILHBIX arPeCCUBHBIX cpeaax [2-4].
OmHaKo TEIUIOTIepeNalone 3JIEeMEHTH 000pyIOBaHHS, H3TOTOBICHHBIE W3 ATOTO CIUIABa,
9acTO MOJABEPTalOTCs MATTHHIOBOM M IMIENIEBONH KOPPO3HHU IO OCAIKOM CO CTOPOHBI 000-
POTHOH BOABI, coneprkaIieit xaopua-uoHsl. [IpoBenenHbie panee [S5; 6] uccieJOBaHUS MHT-
TuHrocToikocTr criaBa 06XH28M/IT B MoIenbHBIX OOOPOTHBIX BOJIAX MO3BOJIMIM TIpe-
JIOTBPATHUTh BBIXOJ TEIDIOOOMEHHOTO0 00OpYIOBAaHUS W3 IKCIUTyaTallH 10 MPHYUHE MTUT-
TUHTOBOU Koppo3ud. [IpemmaraemMpie POMBIIIICHHOCTH MEPOIPHUATHS HECKOIBKO OTpaHH-
YHBAIOT TEXHOJIOTHYCCKUE BO3SMOKHOCTH IPH MPOM3BOJCTBE MPOAyKIuu. [loaTomMy paHee
BEITIOJTHEHBI HCCIICAOBAHUS IO OMPEICICHUI0 3aKOHOMEPHOCTEH KOPPO3UOHHOTO PacTBO
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PEHHS CIUIaBa U CKOPOCTH ITUTTHHTOBOW KOPPO3UH B CIA0OKHCIIBIX W HEHTPAIBHBIX XJIO-
pHUACONepKAIKMX CIDIaBaX ¢ KOHIEHTpanued xmopumos 180 MF/,Z[M3 [7; 8]. Onnako, 060-
POTHBIC BOIBI 94CTO MMEIOT KOHICHTPALMIO XJIOPHAOB 10 600 MI/ IM° MOSTOMY IEIBIO
paboOTHI ABIAETCS OMpeAeTICHNEe 3aKOHOMEPHOCTEH M MEXaHH3MOB KOPPO3HOHHOTO PacTBO-
penus Cr, Ni u Fe ¢ noBepxuoctu cruaa 06XH28M/IT B MozaensHO# 000pOTHOH BoJE C
pH 6, 7 u koHUeHTparwei xmopumos 600 mr/ IlMg.

Marepuanbl H MeToAMKAa HccaedoBaHMid. VccinenoBanmm oOpasmpl HATH IUIABOK
cmuiaBa 06XH28M/IT. Xumuueckuii cocTaB U CTPYKTYPHYIO F€T€pPOr€HHOCTh CIIIaBa OIpe-
nemsmi padee [5; 6]. OOpasipl ucciaeyeMoro CIijlaBa BBIIEPXKHUBAIN B XJIOPHICOAEpIKa-
mpx pactBopax ¢ pH 6;7 1 KoHIeHTparmei xaopuaos 600 Mr/ av° npu Temmepatype 70°C
B Teuennn 240 gacos. Komuuectso Cr, Ni u Fe, pacTBOpHBILETOCs ¢ MOBEPXHOCTH HCCIIE-
JIyeMBbIX 00pa3IoB, OMPEIEIISITN 110 METOTy, OTIMCAHHOMY B pabotax [7; 8]. Koppensaiuon-
HBIH M PETPECCUBHBIN aHANIN3 PE3yIbTAaTOB HCCICIOBAHMSA HMPOBOIMIN MO MeTomuke [9].
Koshdunuents: cenexrusHoro pactesopenus Cr u Ni onpenensiiu mo ¢popmyie (1):
AMcriniy *Mire) .

Z(Cr;Ni) = Am m ) @)
(Fe) (Cr;Ni)

rae Zcr,Niy — KOO(QOUIHMEHT CeNIeKTUBHOTO PACTBOPEHHS XpOMa U HUKENsT; A, njy— COIEPIKaHIe

XpOMa WM HUKENS B PacTBOPax IOCNE BBIIEPKKH B HUX 00pa3LOB, MI; AM g — COAepKaHue

JKeJle3a B PacTBOpax Mocje BBUIEPKKHM B HUX 00pasLoB, MT; Mg i) —COAEPKAHUE XpOMa

WM HUKEJIA B CIUIaBE, Macc. %; Mg —colepkaHue xkelesa B crase, Macc. % Kopposuon-

ueie morepu Cr, Ni u Fe u3 crmaBa 06 XH28M/IT npusenens! B Tabnuiie 1.

Tabnuua 1 - Kopposuonnsie norepu AFe, ACr, ANi crutaBa 06XH28M/IT mocsie BBIAEPKKH B XJIO-
pHUACOaEpIKAIINX PACTBOPAX™

ITapameTpbl IInaBka
pacTBopa Xnumudeckni 1 | 2 | 3 | 4 | 5
pH ME‘:/Clll-li/Ig SICMEHT Kopposuoususie otepu, mr-10°

Fe 4819 4307 1792 3306 2633

6 600 Cr 502 391 1317 2255 902
Ni 1763 2330 2188 1479 3039
Fe 1624 1484 1462 1479 1512

7 600 Cr 171 171 171 825 379
Ni 1479 1054 770 770 674

*Beiaepkka 240 gacos npu temneparype 70°C

Pe3yabTaThl Hecae10BaHUI M X 00cy:KIeHHe. VcTions3ys naHHbIe TaOIuIE! 1 1
pe3yNbTaThl XMMHUYECKOTO aHanu3a 1Ty 1iaBok criasa 06 XH28M/T [5] mo dgopmyste (1)
BBIYKCIISITA 3HaYCHUS KOAPPUIHeHTOB Zc, Zyi (Tabnuia 2).

B xnopunconepsxamem pacrsope ¢ pH 7 3nauenne ko3d¢unnenra Zq, kosedanoch
ot 0,17 (mnaBka 1) no 1,04 (miaska 4). Ussectro [10], uro npu Zc <1 xonuuectBo Cr Ha
TIOBEPXHOCTH cIulaBa 0oJblie, 4eM B ero oobeme. Takum oOpaszom, B iaBkax 1-3;5 craBa
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06XH28M/IT konmuaecTBo Cr Ha MOBEPXHOCTH 00PA3IOB YBEIMUUIIOCH ITOCIE BBIICPIKKH B
XJIOpUICOepKaIeM pactBope ¢ pH 7 i koHIeHTparueil xmopimoB 600 mr/am°.

Tabnuua 2 - Koabdumentsr Zc, u Zy; cwiasa 06XH28MT/] B ncciaeayeMbiX XJIOPHICOASPIKALIIX
pacTBopax

No IUIaBKH 1 2 3 4 5

pH ZCr ZNi ZCr ZNi ZCr ZNi ZCr ZNi ZCr ZNi
6 0,17 | 054 | 0,17 | 0,83 | 1,48 | 1,95 | 1,28 | 0,69 | 0,61 | 1,74
7 0,17 | 133 | 0,22 | 1,09 | 0,23 | 0,84 | 1,04 | 0,80 | 0,44 | 0,67

[Mpu cumkennn pH xsopuacoaepikaiiero pactBopa a0 6 3HaueHue Zc, yBEJIMUUIOCH
ot 0,61 (rutaeka 5) g0 1,48 (raBka 3). [lpu aTom Z¢, miiaBku | He U3MEHUIIOCH, @ ITABKU 2
HECKOJBKO CHHU3MIOCH Tabimma 2. OqHaKo Takas TCHICHIIHS CBsA3aHA C BHICOKOW MOTpeEI-
HOCThIO ompeneneHust Cr B pacTBope IOCIE BBIACPKKH 00pa3noB. [1o3ToMy MOXHO cuu-
TaTh, YTO TIPU CHIDKEHHH pH XIopuacomepikamiero pactsopa 3HaueHHe Zc, CIUIaBa
06XH28M/T Bo3spacraer. TakuM 00pa3oM, MUTTUHIOBas KOPPO3Ms CIUIaBa B XJIOPHICO-
nepkamieMm pactBope ¢ pH 7 Gosee omacHa, ueM B pactBope ¢ pH 6. DTo cormacyercs ¢
nanueiMu [11].

Crneyer OTMETUTh, 9TO 3HAYeHHs KOG (OUIIMEHTOB Zy; B XJIOPUACOAEpIKAIIEM pac-
tBOpe ¢ pH 6 xoneGamuck or 0,54 (mwiaBka 1) no 1,95 (mwraska 3). IIpu mosbimienun pH
XJIOPHUJICOIEPIKAIIETO pacTBopa 10 7 cpeanee 3HaueHue Zy; Bo3pocyio B 1,22 paza (Tabn
urna 2).

Kopposzuonnsie notepu Cr, Ni u Fe crutaa 06XH28M/T u 3HaueHust kodpduim-
eHTOB Z¢; U Zy;j 00YCIOBJICHBI BIMSIHAEM XUMHUYCCKOTO COCTaBa CIUIaBa B IIPEeiiaX CTaH-
JlapTa M €ro CTPYKTYPHOH reTepOTeHHOCTEIO.

KoppensauoHHbIM U PETPEeCCUBHBIM aHAIU30M PE3yIbTaTOB HCCICIOBAHHS YCTa-
HOBJICHO, YTO KOppo3uoHHbIe motepu Cr u3 crutasa 06XH28M/IT mo mpsiIMOJIMHEHHO# 3a-
KOHOMEPHOCTH BO3PACTalOT IPHU YBEIHUEHUH B HeM cojepxkanus Mn(2), Si(3), cpemnero
JraMeTpa 3epHa ayctenuTa d(4) u ymenpmenun Mo (5):

ACr = 10 (-1044,43+5000Mn); r=0,72 2)
ACr = 10°® (-3589,92+50008Si); r=0,87 (3)
ACr = 10 (-262,52+50000d); r=0,72 (4)
ACr = 10 (9840,20-3333Mo); r=-0,71 (5)

Kpome Toro, rpadudeckuM aHanIn30M ycTaHOBIeHO, uTo coaepxaunue C, Cr, Ni, P,
00beM HUTPHIOB THTaHa Vy, 00beM OKcHCYIbPHUIOB V.., a TakkKe CpelHee paccTOsHHE
MexIy HUTpuaamu L, u okcucynbdunamu L., He OIHO3HAYHO BIHMSAIOT Ha KOPPO3HOHHBIE
notepu Cr u3 ciulaBa B XJopuicoepskaneM pactsope ¢ pH 6 1 KOHIEHTpaluei XJI0puIoB
600 mr/am’. (pucyHok 1).

B wacrHoctH, Mexny ACr n mapaMeTpamMu CIUIaBa yCTaHOBJICHa Hapadoimdeckast
3aBHCUMOCTH (pHCYHOK 1, a-¢), a mexmy ACr u V,, Lok - runepbonnueckas (pucyHok 1,
k). [Ipy yBenmueHUn cpeHero pacCcTOSHHS MEXy BKIIOUEHUSIMH BO3PACTalOT MX pa3Me-
psl. [losToMy U3 aHanmu3a JaHHBIX pucyHka 1, e cinenyer, uro ACr cHmKaeTcs IpH yBEIH
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YeHUH Pa3MepOB HHUTPHUIOB THTaHa JI0 CpeAHero 3HadeHus. llocnenyroliee yBelHueHHe-
pa3MepoB HUTPUIOB TUTaHA crocoOcTByeT Bo3pactanuio ACK cruiaBa. Y4HTHIBas Takyko
TEHJCHLUIO U JaHHbIE pUC. 1, J, MOKHO MPEAINOI0KUTh, YTO HUTPHUIBI TUTAHA CPEIHHUX
pasmepoB katonHo 3ammmaioT cruias 06 XH28M/IT B mcciaemyeMoM XJIOPHIICOAEpIKAIEM
pacTBope U, TaKUM 00pa3oM, CHUKAKT Koppo3uoHHkie otepu Cr. Ha rpanuie 6oxpmmx
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cozepskanue: a - C; 6 - Cr; B - Ni; r - P; 1 -00beM HUTPHIOB THTaHa, VH; € - Cpe/IHEE PACCTOSIHUE
MEeX1y HUTPHUAAMHU THTaHa, LH; x - 00beM okcucynbduaoB, VOK; 3 - cpeiHee pacCTOSHUE MEXIY
oxcucynbpramu, Lok

Pucynoxk 1 - Kopposnonnsie morepu Cr crraBa 06XH28M/IT B xiopuacoepskaneM pacTBope
¢ pH 6 u xoHLIeHTpaLuel XI0pUI0B 600Mr/M° B 3aBECHMOCTH OT 1apaMeTpoB CIUIaBa

HUTPHUIOB THTaHa C AyCTCHUTHOM Marpuueil mHTeHcupuuupyercsi pactBopenue Cr u3
crmaBa. Hanbonee BepOsATHO aHAJIOTHYHBIE MPOIECCH MPOUCXOIAT HAa TPAHHULE OKCUCYIb
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(¢UIOB ¢ ayCTCHUTHOW MAaTPHUIIEH, IIOTOMY YTO NPH YBEIWYECHHUH UX Pa3MepoB 10 OIpere-
JICHHOTO 3HAa4YCHHsI CKaukooOpa3Ho Bo3pactaroT ACr cruraBa pucyHok 1, 3. Ciaemyer oTMme-
TUTh, YTO0 ACI CIJJaBa MHTEHCUBHO CHIIKAIOTCS, €CIIM 00beM OKCHUCYJIb(UIOB B CIUIaBE
oTpeeNAeTCs BKIIOYSHISIMU HEOObIIOTO pasMepa (puc.l, x). BeposarHo, Menkomucnepc-
HBIC BKJIFOUCHUS OKCHACYIH(GUAOB YIPOYHSIIOT aYCTCHUTHYIO MATPUILy CILIABa M CO3JAIOT
C)KMMAIOIINE HAINpPsDKeHUS] B OKCHIHOM mieHke. [locnenHsist cnocoOcTByeT cHinkeHuto ACK
crutaBa 06 XH28M/IT B xnopuacoaepx alieM pacTBope.

Cornacto (2; 3) Mn u Si yBenuuusatotr ACr criaBa. Takasi TeHISHIUsI 00YCIIOBIICHA
KapOuI000pa3yIOMIMMA CBOMCTBAMH 3THUX 3JIEMEHTOB, oToMy 4TO Cr Tarkke SBISETCS
kapbumooOpasyromumM 31meMeHToM. COTrjlacHO JaHHBIM puUcyHKa 1,6, 0 ompesesieHHOTO
cojepkanus B ciuiaBe cHikaercst ACK, yrpouHsisi OKCHIHYIO IUICHKY, a Jlajiee YBeJInunBa-
eTcsl B cocTaBe CIOXHBIX kapounos (Cr,, Mny, Si;) C. K tomy e, 4em Gonblie cpeHuii
IUAMETp 3epHa ayCTCHHTA, TeM OOJNBIIE CTEIeHb HEKOTEPEHTHOCTH MEXIY KPHUCTAJIAYe-
CKHMHU PEIIeTKAMHU CMEXHBIX 3epeH aycTeHuTa [12] u Tem Oosbiie KapOHIOB COCPEAOTO-
YEeHO B 3TUX MecTaX. KapOupl aHOTHO aKTHBHPYIOT CIUTAB Ha TPAHUIAX 3€PEH U IMO3TOMY
Bo3pactaet ACr mpu yBenuueHuu (3. Yriaepo, paCTBOPEHHBIN B TBEPAOM PacTBOPE aycTe-
Huta, cHwkaer ACr crutaBa (pucyHok 1,a). Takas TeHIaeHIus 00yciIoBiIeHa CTa0MIN3anuen
ayCTEHUTHOW CTPYKTYpBI, moToMy 4To C SBIISIETCS ayCTEHHTOOOPA3YIOIIUM 3JIEMEHTOM.
Crnemyer OTMETHTB, YTO 3Ta 3aKOHOMEPHOCTh corjacyercs ¢ AaHHbIMU [13] B "acTh Mak-
cuMmanbHOU pactBopuMocTi C B aycteHuTHOM ctanu a0 0,05 mace. %.

HesnaunrenpHoe u3MmeHenue copepxkanust Ni B CIUlaBe CyIIECCTBEHHO BIHSCT Ha
koppo3suoHHbie otepu Cr (pucyHok 1,8). B wactHocTH, pu yBenudeHuu cogepxanus Ni
or 27,4 o 27,6 macc.% ACr camxaercs or 1317-10°® 10 502-10° MT, a TIOCTIEIYIOIIee yBe-
nmaenne comepkanust Ni B crumase mo 27,7 macce. % cmocoberByet Bo3pactanuio ACK o
2255-10° mr.

[epBasi 3aKOHOMEPHOCTh, OYEBHIHO, 00ycnoBIeHa TeM, 4To Ni, Kak ayCTeHHT000-
pas3yIoIuiil 3JIeMEHT, CTA0MIN3UPYET ayCTEHUTHYIO CTPYKTYpY, a BTopas - Ooiee cTaOuiib-
HOM cBs3bi0 Ni Ha MOBEPXHOCTH ayCTEHUTHOTO 3epHa, ueM Cr. docdop, SBISACH MOBEPX-
HOCTHO-aKTHBHBIM 3JIEMEHTOM, J0 ONPEACICHHOW KOHICHTpAIMu B ctanu cHmkaeT ACr,
cerperupys K TpaHHIaM 3epeH aycTeHuTa (pucyHok 1, r). Ilpm mocTikeHNH KPpUTHIECKOH
KOHLIEHTPAl[MM Ha rpaHuiax 3epeH (ochop JoKalIbHO aKTHBHPYET MOBEPXHOCTh, WHTEH-
cuduimpys pacrsopenne Cr ¢ moBepxHocTu ciuiaBa. Mimerorcs: nannsie [14], uro Monau6-
JIaT-HOHBI YMEHBIIAIOT aJcopOIHoHHyI0 criocobHocTh Cl” Ha moBepxHOCTH MeTamios. [To-
3TOMY YBEIMUYCHHE coxaepkaHust Mo B ciutaBe cHibKaeT ACK 0 IpsMOJHHEHHONW 3aKOHO-
MepHOCTH (5).

KoppemsauoHHBIM U pEerpecCUBHBIM aHAIU30M PE3yJIBTaTOB MCCICIOBAHUS CIIaBa
06XH28M/IT B xnopunocoaepxkameM pactsope ¢ pH 6 u koHueHnTpanueit xaopunos 600
MI/IM° YCTAaHOBJICHO, Y4TO KOPPO3HOHHBIE noTepr Ni [0 MPSMOIHHEHHOI 3aKOHOMEPHOCTH
BO3paCTalOT MpH yBeNWYeHUH B HeM cogepxanus C(6), P(7), cpenHero paccTosHUSI MEXAY
mutpunamu L, (8), ymensmenunn Mn(9) u o6vema autpuaos V,, (10):

ANi = 10 (-1784,63 + 2064 C); r=0,85 (6)
ANi = 10 (-4580,32 + 224014P); r=0,78 (7
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ANi =10 (-269,45 + 3044 L,); r=0,77 ©)
ANi =10 (3670,71 - 3571 Mn); r=-0,72 ©)
ANi = 10 (4057,91 - 12500 V,); r=-0,79 (10)

Kpowme Toro, rpadudeckum ananuzom mexay AN cruiaBa u copepkaHueM B HeM P,
Cr, Ni, Mo, ycranoBieHa napabonnueckas 3aBUCUMOCTb (PUCYHOK 2, a-T), a Mexay ANi u
00bEMOM OKCUCYNIB(QUIOB, CPEITHHM PACCTOSHHEM MEXAy HUMH, CPEIHHM AWAMETPOM
3epHa ayCTCHHUTA - rUepOoIndecKas (PUCYHOK 2, 1-XK).

448510 Cor A 10 S AN 10 o
080 ol 3080 o 3080
7
A ¥ P, A
280 \ 2800 2800
220 / 2520 \‘ 2520 y
\ \
210 20 ] 0 y
7 \ h!
1960 ] 1960 Fi 1980
Fi L 1
1 1680 Hj 1550—”(
Fi \ [ [T
[ I L
> T, 1 .
B8 BB B BBy B0 2208 256 2 B ey BT ] 10 et
a 0 B
L6 " b
AANEL0 per AN »r AANT0 e
3080 3080 040
Y
2800 280
\
] 52 520
. I
224
el 24
N i
i
1904 1960 1960
Fi
N
1
’ . st
T om #  M L L > »
mach,Mo 08 0 T 80y ek 4 M2 BN B Lok
r bi [§]
bt 10 e
00
1
2800 i
520
{
240
1360 7
=
1550"{
|
I .
7B A W E 8wy
XK

cozepkanme: a - Si; 6 - Cr; B - Ni; r - M0; 1 - 06bem okcucynbhuaoB, VOK; € - CpejiHee pacCTosiHie
MEXIy OKCHCYIb(uaamu, Lok; x — cpenHuii fuaMeTp 3epHa aycTeHuTa, d3

Pucynok 2 - Kopposuonnsie morepu Ni craBa 06 XH28M/IT B XJ10pHICOAEPIKAILIEM PACTBOPE C
pH 6 1 KoHUEHTpamHei X10pua0B 600M/IM® B 3aBHCHMOCTH OT IAPaMETPOB CIITABA
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Cornacuo (8), yem OoJblIe CpeHEE PACCTOSHHE MEKAY HUTPUAAMU THUTAHA, TEM
6oubine ux pa3mepsl U AN crutaBa. BeposiTHO, Ha rpaHHUI[AX HUTPUIOB THTAHA C AyCTEHUT-
HO¥ Marpurieii naTeHcuduImpyetcst pactoperne Ni w3 cmaBa. Omrako, cornacho (10),

yeM GoJblile B cIulaBe 00beM HUTPHIOB THTaHa, TeM MeHbine AN cruaBa. O4eBHIHO He-
OOoJIbIIME HUTPUIBI THTAHA M clIoxHbIe Kapouasl (Cr, Si, Mo, Mn) C, pacroioxeHHBIE 10
TPaHUIAM 3€PEH ayCTCHMTA, NMOBBIMIAIOT JIOKAIbHBIC HANPSDKCHUS B 3THX MECTaxX W, TAKHM
o6pazom, ymenpimaoT ANi crutaa. Takasi TSHACHIMS TOATBEPIKAACTCS PE3yIbTATAMH aHa-
JM3a JAHHBIX (PHCYHOK 2, a, 0, T') U 3akoHOMepHOocTH (9), motomy urto Cr, Si, Mo u Mn
SIBIISIFOTCST KapOMI000pa3yIoyuMK 3IEMEHTaMHt, a HacCBIIIEHHE TBEPAOTO PacTBOpa STHUMH
3JIEMEHTaMH CIIOCOOCTBYET BBINaACHUIO KapOuaoB. CieayeT OTMETHTh, YTO 4eM OoJblie
CPeIHUH AnaMeTp 3epHa ayCTeHHUTa (PUCYHOK 2, %), TeM OOJIbIIe CTeleHb HEKOT€pPEeHTHO-
CTH MEXJly KPHCTaJUIMYECKUMHU PEIIeTKaMU CMEXKHBIX 3epeH [12] m TeM MeHbIIe JoKalb-
HbIE HANpPSHKEHUS] OT KapOWIOB M MEJKMX HUTPHIOB THUTaHA, COCPEJOTOYEHHBIX HA ITHUX
yuyacTkax cmaBa, u TeM Oossiie ANi. Yceranosneno, uto ANi criaBa BO3pacTaroT mpu
yBennueHuu B HeM cogepxkanust C(6), P(7), Ni mo 27,54 macc. % (pUCYHOK 2, B) U CpejHe-
ro JUaMeTpa 3epHa aycTeHuTa (PUCYHOK 2, k). MOXHO MpPeAnoaokuTh, uto Ni, B OCHOB-
HOM, pacTBOpPSIETCSl Ha IpaHMIAX 3epeH, a P, kak MOBEpXHOCTHO-aKTHUBHBINA JJIEMEHT, WH-
teHcuuuupyet 3toT npouecc. C u Ni 10 ompeneneHHONW KOHLUCHTPAaLUH MOCIEAHErO B
CIUIaBe CTaOMIM3HPYIOT ayCTEHHT OT LIEHTpa 3epHa K Nepudepuy, yBeIUUUBas PU 3TOM
IpaJMeHT KOHLEHTPALUH 3THX JJIEMEHTOB, YTO CIOcoOCTBYeT yBeinueHuto ANi crasa.

IMpu nmocnenyroeM HoBbIMIeHHH conepxxanust Ni B criaBe ycTpaHseTcs TPaiueHT
KOHLIEHTPALMK 3TOTO 3JIEMEHTA B LIEHTPE 3epHa W HA €ro nepu(epuu 1, COOTBETCTBEHHO,
camxkarorest ANi u3 crutaBa (pucyHok 2, B). VI3 aHanmu3a naHHbIX (PHCYHOK 2, 1T, €) CIeIyeT,
YTO MEJIKHE OKCHUCYIb(HIBI CHIXKAIOT, a Oonbiime yBenmuuBaoT ANi crmaa. Bepositao,
MEXaHH3M 3TOTO Mpolecca aHaJOTHYCH MSHCTBUIO KapOHIOB U HUTPHIOB TuTaHa Ha AN
CIuiaBa.

KoppensioHHbIM U perpecCMBHBIM aHAIN30M PE3YJIbTATOB HCCIENOBAaHMS CILIaBa
06XH28M/T B xnopuacoaepxaiueM pactsope ¢ pH 6 u koHueHrpauuei xsuopunos 600
mr/nv® ycranoBieHo, uTo AFe CIUIaBa Mo NpPSMOIHHEHHON 3aKOHOMEPHOCTH BO3DACTAIOT
npu yBenuueHun B HeM conepskanust Cr (11), Mo (12) u ymensmenun P (13):

AFe = 10° (-17533,53 + 909,1Cr); r=0,72 (11)
AFe = 10 (-15560,07 + 7142,9Mo); r=0,89 (12)
AFe = 10° (16420,30 - 446203P); r=-0,83 (13)

Kpowme Toro, rpadudecknm anamuzom Mexay AFe craBa u cogepxanueM B HeM C,
Mn, Si, Ni, 06b€MOM HHUTPHIOB TUTaHA M CPEIHHUM PACCTOSHHEM MEXKIY HHMH, a TAKKe
CPeIHUM INAaMETPOM 3E€pHaA ayCTCHUTA YCTaHOBIICHA MapabosimuecKas 3aBUCHMOCTh (pHUCy-
HOK 3 a-¢, H).

Mexny AFe crimaBa 06XH28M/IT 1 00beMOM OKCHCYNIB(HIOB, a TAaK)Ke CPEIHIM
paccTosTHHEM MEXIY HUMH yCTaHOBJICHA THUNEPO0INIecKas 3aKOHOMEPHOCTb.

W3 anamuza naHHBIX (pucyHOK 3, a,0,r,u) u 3akoHOMepHocTted (11, 12) moxHO
NPEoNIOKUTb, 4TO cioxkHble Kapouasl (Cr, Mo, Mn) C, pacnonoxeHHble Ha TpaHHUIAX
3epeH ayCTeHHTa, OJOKHPYIOT pacTBopeHue Fe m3 crmaa. Yrimepox u Ni, siBisisce aycre
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HUTOOPA3yIOIUMH 3JICMEHTAMH, CTAOWIN3UPYIOT ayCTCHUTHYIO CTPYKTYpy CILIaBa H, Ta-
KuM o0pasoM, cHmkaroT AFe. Criexyer orMetuTh, 9ro Ni mpu coiepkaHud B CIUIABE 0
27,5 macc. % camxaet AFe, a mocnemyromee MOBHIIIEHUE ero KOHIIEHTpaIuu a0 27,7 mMacc.
% moBeIacT AFe.
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cozepskanue: a - Cr; 6 -Mn; B -Si; r -Ni; 1 - 00beM HUTPHUIOB TUTaHA, VH; € - CpeIHEe PACCTOSHUSI
MEXIy HUTpUAaMH TUTaHa LH.; & - 00beM OkcHCYnbhUa0B, VOK; 3 - CpeTHEE PACCTOSTHUS MEXKITY
okcucynbdumamu, Lok; u - cpenauii quamerp 3epHa aycreHura, dz

Pucynok 3 - Kopposnonnsie norepu Fe crmaBa 06 XH28M/IT B xsopuacoepskamnieM pacTBope ¢
pH 6 u xoHuenrpanueit xnopunos 600 Mr/1IM® B 3aBHCHMOCTH OT IapaMeTpoB CIUIaBa

BeposiTHo, Takasi TeHIEHIUsT 00YCIOBIIEHa MEPECHIICHUEM TBEPIOTO PacTBopa ay-
crernta Ni 1 yBeIHUeHHEM CONEPKAHMS MTOCIIEIHETO HA TPAHHUIIAX 3¢PCH 110 OTHOIICHHIO K
Teny 3epHa aycreHura. Pocop, ABISSICH MOBEPXHOCTHO-aKTHUBHBIM JJIEMEHTOM, CErpery -
pYyeT KrpaHHUIlaM 3epeH ayCTeHUTa U, KaKk KapOubl, OJIOKUPYET pacTBOpeHHe Fe u3 crasa
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(13). IIpu oTOM ClleyeT OTMETUTD, YTO Si Mo JaHHbIM [15] crocoGeTByeT cerperanuu P
rpaHULaM 3epeH.

IMostomy Si mpu conepskanuu B cruiase 10 0,6 mace. % (pUCYHOK 3, B) CIIOCOGCTBY-
et cumkenuio AFe. Ilpu mocenyromiem HOBBIICHIH COACPKAHUS Si B CIUIABE POMCXOINUT
BBINIa/ICHHUE TTOCIIEAHEr0 U3 TBEPAOT0 PacTBOpA AyCTEHHTA B COCTABE OKCUCYIBGUIOB. Y-
TAHOBJICHO, YTO IIPH TOBBIIIEHHN 00beMa OKCHUCYIb(HUIOB B cIulaBe BodpacTtaoT AFe (pu-
cyHOK 3, k). OfHaKo Takasl TEHJEHIMS CBS3aHA C MEJIKUMH OKCHCYJIb(UAAMH, PacoIio-
KEHHBIMH TI0 TpaHHMIAM 3€peH ayCTCHUTa, MOTOMY YTO IPH YBEIHMYEHUH CPEIHETO pac-
CTOSTHHSI MEXAY OKCHCYNb(huaamu cHmkatoTes AFe crmaBa (pucyHok 3, 3) U, TakuM o0pa-
30M, KpPYITHBIE OKCHCYJIb(UIBI KATOAHO 3AIIUIIAIOT CIIaB U cHIKaloT AFe. BnusHue HUAT-
punoB TuTaHa Ha AFe crutaBa B HEKOTOPOH CTENEHHM aHAJIIOTHYHO BIUSHHUIO OKCUCYTh(U-
JOB. HOCKOHBKy IIpyu YBCJINYCHHUU B CILJIaBE 00beEMa MEJIKUX U CpCAHUX HUTPUIAOB TUTAHA
Bo3pactatoT AFe (pucyHok 3, 1-e). DTa KaTeropusi HUTPUAOB THTaHA PACIIONIOKEHA Ha rpa-
HHIAX 3€PEH ayCTEHHTAa M JIOKAIBHO aKTMBUPYET 3TH YYacTKH CIUIaBa, CIIOCOOCTBYS pac-
TBOpeHHI0 Fe. 3akoHOMepHOCTh (PUCYHOK 3, M) KOCBEHHO HOATBEPIKIAET MOCIENHEee, Mo-
TOMY YTO IIPH YBEIMYCHHH CPEIHEr0 JHAMETpa 3epHa ayCTCHHTA yBEIUYMBACTCS CTEICHb
HEKOTePEHTHOCTH MEXIY KPUCTAIUTMYECKUMHU PEIIeTKAaMU CMEKHBIX 3epeH. [Ipu aToM Bo3-
pacTaeT KOJMYECTBO MEJIKHX HHUTPHIOB TUTAaHa Ha TpaHHIAX 3€PeH W, COOTBETCTBEHHO,
Bo3pacTatoT AFe crumaBa. KpynHple HUTpUABI THTaHA KATOJHO 3aLIMIIAIOT CIUIAB U CHUXKA-
10T AFe.

KoppensiMoHHbIM U PEerpecCUBHBIM aHAIM30M YCTaHOBJICHO, YTO B XJIOPHUJICOZIEP-
xKameM pactBope ¢ pH 7 u koHuentpanmeil xmopumos 600 wmr/am® ACr crmasa
06XH28M/IT mo mpsIMOJIMHEHHON 3aKOHOMEPHOCTH BO3PACTAlOT TPH YBEIMYEHUH B HEM
conepxanus Si(14) u Ni(15):

ACr = 10° (-1547,16 + 3333Si); r=0,94 (14)
ACr = 10° (-44068,70 + 1612,9Ni); r=0,72 (15)

Kpome Toro, mexny ACr crutaBa u conepxanueM B Hem C, P, Mo, o6bemMoM okcu-
Cyb(UI0B, a TAK)KE CPEIHUM JHaMETPOM 3epHa ayCTEeHNTA rpaMdecKUM aHAIN30M yCTa-
HOBJIEHA TUNEPOOIMYECKast 3aKOHOMEPHOCTh (pUCYHOK 4, a T, 1, 3, K). Mexny ACr cruiaBa
u comepkanueMm B Hem Mn, Cr, 00beMOM HUTPUIOB THTaHa V,, CPCIHHUM PACCTOSHHEM
MEXAYy HUMH L, a Takke CpeJHHM PacCTOSHHEM MEXAY OKCHUCYIb(GHUIAMH yCTaHOBIICHA
napaboymyeckas 3aBUCUMOCTD (PUCYHOK 4, 0, B, €, )k, u). V3 aHanm3a maHHBIX (PUCYHOK 4,
e, K, 3, i) CIEAYEeT, 4TO MEJIKAE ¥ CPETHUE OKCUCYNb(UABI 1 HUTPHB! TUTAHA MTOBBIIIAIOT
ACr cnnaBa. BepositHo, 3TOT mpornecc HanOojee MHTEHCHBHO MPOMCXOIUT Ha TPaHHUIAX
3epeH ayCTEeHHTa, IIOTOMY YTO NPU YBEIWYEHHH CPEIHEro AuaMeTpa 3epHa ayCTCHHTa yBe-
JIMYMBACTCS CTENIEHb HEKOTEPEHTHOCTH MEXKAY CMEKHBIMH KPUCTAJUTMUECKUMH peIIeTKaMHU
3epHa [12] n Bo3pacrator ACr u3 cmnasa (pucyHok 4, k). [Ipu 5ToMm, yeMm Gosble cTEneHb
HEKOT€PEHTHOCTH MEX/Y CMEKHBIMHU pEIIeTKAMH 3€pHA, TeM OOJIbIIe MEJIKHX M CPEAHUX
OKCHCYIB(UIOB U HUTPUIOB TUTAHA COCPEIOTOUCHO B ATHX MECTaX. BKIIIOYECHUS TOKAIbHO
aKTHBHPYIOT CILJIAB HA TPAHMIAX 3ePEH U YBEJIMYHUBAIOT pacTBOpUMOCTb Cr.
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coxepxanue: a - C; 6 -Mn; B -Cr; r -P; 1 MO; e - 06beM HUTPUIOB TUTaHa, VH; X - CpeiHee paccTos-
HHE MEeXAY HUTPUIAMH THTaHa, LH.; 3 - 00beM okcucynbGuaoB, VOK; U - CpeiHee pacCTOSTHUE MEX-
Iy okcucynbdunamu, Lox; k - cpenHnii quaMerp 3epHa aycTeHuTa, d3

Pucynok 4 - Kopposnonnsie norepu Cr crmaBa 06 XH28M/IT B xsmopuacoepskanieM pacTBope ¢
pH 7 u xoHUeHTpanueid XJIOPUIOB 600Mr/mM° B 3aBHCHMOCTH OT [1apaMeTpoB CILIaBa
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XpoMm, pacTBOPEHHBIH B TBEPIOM PAaCcTBOPE ayCTEHHTA, CIOCOOCTBYET yBEIHYe-
uuro ACr craBa (pucyHok 4, B). Onaako Cr, BXoasInuii B coctas cla0KHBIX kapoumos (Cr,
Mn, Mo) C, ctiocobctByeT cHmkenuio ACT crutaBa (pUCYHOK 4, a-B, 1).

docdop, cerperupoBaHHbIil K rpaHULIAM 3€PEH ayCTCHUTA, OJOKUPYET PACTBOPEHHE
Cr u3 cmiaBa 3a CUCT MOBBIIICHUS CKUMAMOIIUX JOKAJIBHBIX HANPSDKCHUH Ha TpaHHIAX
3epeH ayctenurta (pucyHok 4, r). Umerorcst nanusie [15], uto Mn u Si criocoGCTBYIOT BbI-
xony P B pactBop. OueBHIHO NP TOBBIIIEHHOM COJCP)KAaHUU 3THX JIEMEHTOB B CIIIaBe
(pucynok 4, 6), (14) uareHcuduIUpyeTCsS Npollecc BbIXoaa P B pacTBOp M, COOTBETCTBEH
Ho, noBbrmaroTcest ACr crutaBa. Hukens, SBISSICH ayCTEHUTOOOPA3YIONIMM JJIEMEHTOM, Be-
positHO, BhITecHsieT Cr U IIEHTpa 3epHa ayCTeHUTa K ero nepudepuu u TeM caMmbiM Croco0-
CTBYET BBIXOJly MOCIIEJHETO B PACTBOP.

KoppensioHHbIM U perpecCHBHBIM aHAIN30M PE3YJIbTATOB MCCIICIOBAHMS CILIaBa
06XH28M/IT B xmopuacoaepxaieM pactBope ¢ pH 7 u koHmeHrpaiueit xiopuaos 600
mr/mm° yeranosiiero, uto ANi [0 MpsIMOTHHEHHO# 3aKOHOMEPHOCTH BO3PACTAIOT IPH yBe-
nudeHud B HeM conepxkanus Cr(16), Mo(17), oobema okcucyabhunoB V,(18) u ymens-
mernu P(19), a Taxke cpeHero paccTosHus Mexay okcucyabdunamu Ly, (20):

ANi = 10° (-4373,34 + 231,56 Cr); r=0,72 (16)
ANi = 10° (-4504,42 + 2040,82 Mo); r=0,97 17)
ANi = 10 (338,80 + 100000 V,,); r=0,87 (18)
ANi = 10 (3990,77 - 100000P); r=-0,72 (19)
ANi =10 (2480,58 - 3,42 L,,); r=-0,82 (20)

Kpowme toro, mexay ANi criaBa u comepxkanueM B Hem C, Mo, AN, a Takxke cpen-
HHUM PacCTOSHUEM MEXIy HUTPHIAMHU THUTaHa L, ¥ cpelHHM ITHaMeTpoM 3epHa ayCTCHUTA
d3 rpaduueckuM aHATM30M YCTAHOBICHA MapabosMyecKas 3aKOHOMEPHOCTh (PUCYHOK 5,
a,0,r,¢,5k). Mexxny ANi crumaBa u comepkanueM B HeM Si, a Takke 00beMOM HUTPHAOB TH-
TaHa V), yCTaHOBJIEHA rMIEPOOINYECcKasi 3aKOHOMEPHOCTh (PUCYHOK 5, B, 1T).

CornacHo 3akonoMepHocTsiM (18, 20) ANi craBa BO3pacTaroT HpH YBEIHYCHUH
o0beMa OKCHUCYNB(GUIOB M YMEHBUIEHUH CPETHEr0 PacCTOSHHS MEXIy HUMH. O4eBUIHO
MEJIKHE OKCUCYNb(UIBI, PACIIONOKEHHBIE 110 TPAHULAM 3€PEH ayCTEHUTA, JTOKAIBHO aKTH-
BHPYIOT CIUIAB Ha ITHX ydYacTKax, 4To crocobcrByer Bospactanuio ANi. K tomy xe u3-
BecTHO [12], yTo uem Oourbllie cpeHUil AMaMETp 3epHa ayCTECHHUTA, TEM BBIIIE CTEIICHb HE-
KOI€pE€HTHOCTU MEXKIAY CMEKHBIMU KPUCTATINIMYCCKUMU PECIICTKAMHU 3€PEH ayCTCHUTA U TEM
0oJIbIlIe KOJIMYECTBO OKCHCYJIb(QHIOB COCPENOTOYCHO Ha ITHX ydyacTKax ciiaBa. Takyro
TEHJICHIIUIO TTOJTBEPKAAET 3aKOHOMEPHOCTh pUCYHKa 5, k. KpynHble okcucynbhuusl ka-
TOJIHO 3aLIMINAIOT CIUIAB M, TAaKMM o0Opa3oMm, ymeHbwaoT ANI. M3 aHanu3a 3aKOHOMEpHO-
cTei (PUCYHOK 5 I, €) BEIXOJUT, YTO YeM OOIbIIe 00bEM KPYIHBIX HUTPUAOB TUTAHA, TEM
Beiie ANi croraBa. TakuM 00pa3oM, Ha TPaHHLE KPYMHBIX HUTPUAOB THTaHA C ayCTCHHT-
HOIl MaTpueil HabIroaaeTcss nHTeHCHBHOE pacTBopenue Ni u3 craBa. Menkue HUTPUABI
TUTaHa, PACIIOJIOKECHHBIE 110 I'PAaHUIAM 3€PEH ayCTeHUTa, U P, cerperupoBaHHbIA Ha ITHX
yuacTkax cmiasa, cHmkaoT ANi (19). Yriepon npu comepkanuu B cruiase 10 0,054 u Ni
1o 27,55 macc. %, ABISSICh ayCTEHUTOOOPA3yIOIIMMHY IEMEHTaMH, CTa0MIU3UPYIOT aycTe-
HHUTHYIO CTPYKTYpY W, Takum o6pasom, cumkaoT ANi (pucyHok 5 a, r). Ilocmemyromiee
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NOBBICHUE COJEPIKAHUSA ITUX DJIEMEHTOB B CILIABE CIIOCOOCTBYET MOBBIILEHUIO COAEPIKAHUS
Ni Ha rpaHunax 3epeH aycreHuta W BospacTaHuio ANi. VCTaHOBJIEHO, YTO yBEIUYEHHE
conepxxanus Si B crutaBe cHmkaeT ANi. Takas TeHaeHIUS 00yCIOBIeHa TeM, 4TO Si 0OHa-

PYXKEH 3HEproANCIICPCHOHHBIM MHUKPOAHAJIN30M B OKCHIHOW COCTAaBIIIONICH OKCUCYNb(H
1oB [6].
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cozxepxanue: a - C; 6 -Mn; B -Si; r -Ni; 1 - 06beM HUTPHUIOB THTaHA, VH; € - CpEeIHEE PACCTOSTHIE
MEXK1y HUTPHUAAMH THTaHa, LH.; % - cCpeiHuil 1naMeTp 3epHa ayCTeHUTa, d3

Pucynok 5 - Kopposuonnsie morepu Ni craBa 06 XH28M/IT B XJ10pHICOAEPIKAIIEM PACTBOPE C
pH 7 n KoHUEHTpammei X10pua0B 600Mr/IM® B 3aBHCHMOCTH OT IApaMeTPOB CIITABa

93



UccnedosaHue memannuyeckux cucmem

Cornacuo 3akonomeproctsiM (16; 17) Cr u Mo nossiratot ANi cruiaBa. YuutbiBas
JIaHHBIE PUCYHKA 5, a, MOXHO INpPENookHuTh, yTo C, He PacTBOPEHHBIH B TBEPIOM pac-
TBOpE ayCTeHHTa, 00pa3yeT C 3TUMHM JJIEMEHTaMH KapOW[bl, KOTOPbIE CIOCOOCTBYIOT MO-
BeimeHnto ANi cruiasa.

Mapranern, pacTBOPEHHBIH B TBEPIOM PAaCTBOpPE ayCTCHHTA, SIBISSCH ayCTECHUTOOO-
pas3yIoInuM 3JIEMEHTOM, CIIOCOOCTBYET MOBBIMICHHIO coxepxanust Ni B mepudepuiiHbIx
30Hax 3epHa, nHTeHCHHUIHpyeT pacrBoperre Ni u3 cruiasa (pucyHok 5, 6). OHAKO TOBBI-
menue copepkanust Mn B crutase ot 0,45 mo 0,55 macce. % cnoco6erByer camkennio ANi
BCJIC/ICTBHH JIOKAJILHOTO YIIPOYHEHUSI TPAHUILL 3€PEH ayCTEHUTA 110 TPHYMHE MEK(Pa30BOro
HaKJIerna.

KoppenaimoHHbIM U perpecCHBHBIM aHAIN30M PE3YJIBTATOB HCCIECJOBAaHMS CIIaBa

06XH28M/IT ycTaHOBIEHO, YTO B XJOPHACOAEpKameM pacTBope ¢ pH 7 1 KOHIIEHTpaIu-
eil xnopunos 600 mr/nv® AFe cruiaBa mo IPSIMOJIMHEIHON 3aKOHOMEPHOCTH BO3PACTarOT
IpH YBEIHYCHHU B HeM cozepxkanus P (21), cpeaHero paccTosiHUS MEXAy HATPHIAMH TH-
tana L, (22) n ymensiiennn Mn (23), o0bema HUTpHAOB TUTaHa (24):

AFe = 10 (-2505,58 + 135716P); r=0,72 (21)
AFe = 10° (-2092,40 + 58,74L,); r=0,89 (22)
AFe = 10 (4333,89 - 6250Mn); r=-0,72 (23)
AFe = 10 (2556 - 5892V,); r=-0,92 (24)

Kpome Toro, mexny AFe cmiaBa 06XH28M/IT u conepxannem B Hem C, Cr, Ni u
CPEeIHUM JHaMETPOM 3€pHA ayCTCHUTA yCTAHOBJICHA TUIEepOOIMYecKas 3aBHCUMOCTD (pH-
CYHOK 6 a-T, 3).

Mexny AFe cruiaBa u copepkanueM B HeM Mo, o0beMoM okcucynb¢Gunos V, u
CPEeIHUM DPAcCTOSHHUEM MEXIY HUMH YCTaHOBJIEHa HapabojHndeckas 3aBUCHMOCTH (pHCY-
HOK 6, 1-x). I3 aHanm3a naHHBIX (PUCYHOK 6 €, K) BHJHO, YTO MEJIKHE U CPEIHHE OKCH-
cynbhuabl cHwKaoT AFe criiaBa, a KpynHbIe HHTCHCH(HUIMPYIOT Ipolecc pacTBopeHus Fe
n3 crasa. OueBUIHO, YTO MHTEHCUBHBIN MPOLIECC PACTBOPEHHs FE€ U3 cIijIaBa MPOUCXOJUT
13 MUTTUHTOB, 3aPOAMBIINXCS Ha TPAHUIE KPYIHBIX OKCUCYNb(HUIOB C ayCTCHUTHON MaT-
pureit. 3akoHoMepHOCTH (22, 24) CBUAETENHCTBYIOT O TOM, YTO MUTTHHTH HA TTOBEPXHOCTH
CITaBa TAKXKE 3apPOXKJAIOTCS OKOJIO KPYIHBIX HUTPUAOB THTaHA. [loaToMy Ha 3THX MecTax
MHTEHCUBHO pacTBopsieTca Fe u3 crmaBa. Menkue HUTPUABI TUTaHA, KaK U MEJIKHE OKCH-
cynbdumasl, camxaot AFe crumaBa. CornacuHo 3aBucumoctH (23) u pucynka 6 6, Si u Mn
camxator AFe crmaBa 06XH28M/IT. YunTeiBas 3aKkOHOMEPHOCTh PHCYHKa 6 a, a Takxke
BBIILICYKa3aHHbIEC JAHHBIC, MOKHO MPEAIOI0KHTh, YTO MeEJKOIUcHepcHbie Kapouasl (Si,
Mn) C, kak 1 COOTBETCTBYIOIIEr0 pa3mMepa OKCUCYNb(UABI U HUTPUIBI TUTAHA, PACIIOJNO-
JKCHHBIC HA TPAaHHUIAX 3€PEH ayCTEHUTA, CHIDKAIOT HHTEHCUBHOCTh pacTBOpeHus Fe Ha aTux
ydacTKax.

UzeectHo [11], uto Cr 1 Mo ynpo4HSIOT OKCHAHYIO IUICHKY Ha IMOBEPXHOCTH Iac-
CHUBHPYIOIUXCS] METAJUIOB U NPH MPOYUX PABHBIX YCIOBUSIX YMEHBIIAIOT KOJHYECTBO MUT-
THUHIOB Ha UX MOBEPXHOCTH. [IpK 3TOM OCTaBIIMeCss MUTTHHIY UHTEHCUBHO Pa3BUBAIOTCS U
B PAacTBOP MEPEXOTUT OoIblIee KOIN4ecTBo Fe.

B uccnenyemom pactope crutap 06XH28M/T noxaseprcst TUTTUHIOBOMH KOPPO3HH,
MIO3TOMY YCTaHOBIJIEHO, 4yTo AFe crmaBa Bo3pacTaeT IpH YBEITHUCHHH B HEM COJIEP)KAHHS
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Cr u Mo 6oJibllie KpUTHYECKOTO 3HAYeHUs (PUCYHOK 6, B, ). Hukeb, SBISSICH ayCTEHUTO-
00pa3yIonM dJIeMEeHTOM, CHIDKaeT AFe crutaBa B MUTTHHTAaX W HAa TpaHUIAX 3€PEH ayCcTe-
HUTA. DTO COTJIACYeTCs ¢ NaHHBIMHU [11] 0 TOM, 9TO TOMOTE€HHAsI CTPYKTypa CcTajeil u cruia-

BOB 0o0Jiee CTOMKash K MUTTUHTOBOW KOPPO3HH.
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cozmepskanue: a - C; 6 - Si; B -Cr; r -Ni; 1 -Mo;e -06bem okcucynb(uios, VOK; % - cpe/iHee paccTos-
HHE MEeXIy oKcucynbdumamu, Lok; 3 - cpeHuil uaMeTp 3epHa aycTeHuTa, O3

Pucynok 6 - Kopposuonunsie norepu Fe crmasa 06xH28M/IT B xitopucoepikalieM pacTBope ¢
pH 7 n KoHUEHTpammei X10pua0B 600Mr/IM® B 3aBHCHMOCTH OT IApaMeTPOB CIITABa

BoiBoabl. I1o pe3ynbTaTaM KOPPO3HOHHBIX UCIIBITAHUHN, KOPPEISIIIMOHHOTO, perpec-
CHBHOTO U Tpa()MuECKOTO aHAJIN3a YCTAHOBJICHBI 3aKOHOMEPHOCTH M MEXaHU3MBI KOPpPO -
suoHHOTO pactBopenust Cr, Ni u Fe u3 craBa 06XH28M/IT B Xn0opuICOAepKaIIMX pac-
TBOpax ¢ pH 6; 7 n xoHueHTpanueit xaopugos 600 mr/mv’,

B xmopunconepxaniem pactBope ¢ pH 6 xoppo3uonnsie norepu Cr mo mpsiMosnu-
HEWHOH 3aKOHOMEPHOCTH BO3PACTAIOT MPU YBEIMYCHHM B CIUIaBe cojaepxkanus Mn, Si,
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CPEIHETo IuaMeTpa 3epHa ayCTeHHTa M yMeHbIneHHH Mo. Oxcnucynb(uabl 1 HUTPHUIIBI TH-
TaHa CPETHUX Pa3MEPOB KAaTOAHO 3aIUIIAIOT cIulaB U cHmxkaloT ACr. Ha rpanumax xpym-
HBIX BKJIIOYEHHII ¢ ayCTEHUTHOW MaTpueil nHTeHcudumpyercs npouecc pactsoperus Cr
u3 ciuaBa. Kapoumst (Cr, Mn, Si) C aHOAHO aKTHBHPYIOT CILUIAB Ha FPAaHMIAX 3€PEH ayCTe-
HuTa, yBennumBas ACr. AycTeHHTOOOpa3yloliue 3JEMEHTHl CTaOWIM3UPYIOT CTPYKTYpY
aycrenutra u ymenbmaioT ACr. Xpom, pacTBOPEHHBIH B TBEPJOM pPacTBOpE, YIPOUHSET
OKCHAHYIO IUIeHKY M yMmeHbinaeT ACKr crutaBa. Mo, pacTBOpeHHBIH M3 CIlaBa, oOpasyer
MOJMO/IAT - MOHBI, 3alIMIIAIOIINE CIUIaB OT KOPPO3HOHHOTO pacTBopeHus Cr 3a cyeT MHIH-
OHMpyFOIIEero NeHCTBUS.

B xnopuncomepxamem pactsope ¢ pH 6 xopposuonnsie motepr Ni 1o mpsiMosiu-
HEWHOW 3aKOHOMEPHOCTH BO3pacTaloT IPH YBEJIMUEHHUH B ciuiaBe cozaepxkaunus C, P, cpen-
HETO PACCTOAHUA MEXKIAY HUTpHUIAMU TUTAaHA U YMCHBIICHHUU Mn, a Takke o0beMa HUTpU-
JI0B THTaHa. Ha rpaHuiax KpynHbIX OKCUCYJIb(GHIOB U HUTPUIOB THTAHA HHTEHCUBHO pac-
tBopsiercst Ni u3 crutaBa. HeGosbiie OKCHCYIbGHUIBI, HUTPUABI TUTAHA U CIIOKHBIC Kap-
Ouzpl Ha rpaHuLax 3epeH OnokupyroT pactBoperue Ni, a P, kak MOBEpXHOCTHO aKTHBHBIH
3JIEMEHT, HHTEHCU(HUIUPYET ITOT MPOIIECC.

B xmopunconepxamniem pactsope ¢ pH 6 koppo3nonHsle notepu Fe mo mpsiMornu-
HEWHON 3aKOHOMEPHOCTH BO3PACTAIOT NPH yBEIWYEHHH B ciuiaBe coaepxkanus Cr, Mo u
yMeHbIeHnu P. AycteHnTo00pasyronye 3J1eMeHThl CTaOMIN3UPYIOT ayCTEHUTHYIO CTPYK-
Typy, cHmkaroT AFe crmasa. Crioxussie kapouas! (Cr, Mo, Mn) C u P, cocpenoTodeHHsie
Ha rpaHHLaX 3epeH ayCTeHUTa, CHIKAT AFe, a Meskue okcUCyIb(QUIbl 1 HUTPUIBI THTA-
Ha yBeNWYHMBAIOT. KpymHble BKIIIOUEHUS KaTOIHO 3alUIIAIOT CIIaB, cHIbKas AFe.

B xnopunconepxaiiem pactsope ¢ pH 7 xopposuonssie motepu Cr mo mpsiMosu-
HEWHOH 3aKOHOMEPHOCTH BO3PAcTalOT MPH YBEJIHYEHHWHU B CruiaBe cojepkanust Si u Ni.
Menkue u cpegHue OKCUCYNb(UIBI M HUTPHUIB! THTaHa NOoBBIIAa0T ACr Ha rpaHuIax 3epeH
aycTeHHTa. XpoM, HaxXOJSIIUHCS B TBEPAOM pacTBope, nosbimiaer ACr criaBa, a XpoM B
cocTaBe KapOUJIOB IOHIKaeT. Maprasel u Si ciocoOCTBYIOT BEIXOAY B pacTBop P u, Takum
o0pazom, mosermaioT ACr. @ocdop, cerpernpoBaHHBIN Ha TpaHUIAX 3epeH, cHmkaeT ACT.
Hukens BerTecHseT Cr u3 Tena 3epHa K nepudepruu 1 TakuM odpa3om yeenmuusaeT ACT.

B xnopunconepxamenm pactsope ¢ pH 7 ANi criasa no npsmMoJMHERHON 3aKOHO-
MEpPHOCTH BO3PacTaeT IpH yBEIMUEHUH B HeM cozepkanus Cr, Mo, o0bemMa oKcuCynbhu-
JIOB M YMEHBILICHNUH P, a Taxke cpesHero paccTosHUS MeXIy okcucyiabpuaamu. KpymHsie
OKCHCYNb(UIBI KATOJHO 3AIMINAIOT CIUIAB U TaKUM 00paszom cHmxkaroT A Ni. Menkue u
CpemHHe OKCUCYNb(GUIBI aHOJHO aKTUBHPYIOT CIUIAB HA TPAaHMIAX 3€PCH ayCTEHHTA U II0-
peimaroT A Ni. Ha rpaHunmax KpynHBIX HHTPUIOB THTaHA C ayCTEHHTHOM MaTpHLEH HH-
TEHCHUBHO pacTBopsiercs Ni. Melkue HUTPUIbI TUTAaHA M CETPeTUPOBAHHBIN P OJIOKHpYIOT
pactBopenue Ni Ha TpaHHIAX 3€PEeH aycTeHuTa. YTiepoa U Ni cTabMIN3UpYIOT ayCTCHUT-
Hyto ctpykrypy u cumkarot A Ni. Kapounst (Cr, Mo) C UHTEHCUPUIUPYIOT PACTBOPEHHE
Ni Ha rpaHHIax 3epeH aycTeHnTa, a Mn BeiTecHsieT Ni U3 Tena 3epHa K ero nepudepun u
TakuM 06pasom nosbimaer A Ni.

B xnopuacoaepsxameM pactsope ¢ pH 7 A Fe crumapa 1o mpsAMonMHENHOH 3aK0HO-
MEPHOCTH BO3pAcTaeT IPH YBEIWYCHUH B HEM COAEp)KaHUA P, cpemHero pacCTOSHUS MEX-
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Iy HUTPUJAMH TUTaHa W yMEHbIIeHHH Mn, a Takke o0beMa HUTPUAOB THUTaHA. VIHTEHCHB-
HOe pacTBOpeHHe Fe W3 crmaBa MpOMCXOTUT B MUTTHHIAX, 3aPOIMBIINXCS B pallOHE KPYTI-
HBIX OKCHUCYJb(QHIOB M HUTPUAOB THTaHA. MeJiKHe OKCHUCYTb(HIBI, HUTPUAB TUTaHA U

kapOusl cumkaotr A Fe Ha rpanuiax sepen aycrenuta. HUKeNnb cTabUIM3UpyeT ayCTEHUT
u ymenbinaer A Fe cruiasa. Xpom 1 Mo yIpoUHSIIOT aHOJHYIO MUIEHKY. [Ipi 9TOM yMeHb-

IMacTCA KOJIMYCCTBO MMTTUHIOB HA IMTOBEPXHOCTH CIIaBa U BO3pacTacT AFe.
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Tyiiingeme

06XH28M/IT KocrmaHbIH KbIIIKbUIAHY IPOLECIHACTI epeKIIeTIKTep, MEXaHU3MIep JKOHE
3aHJIBUIBIKTap/Ibl YHpeHyTe (H3HKA — XUMISIIBIK 3epTTeyiep KOMIUIEKCI >kypri3inmi. Kopposusiisix
CBIHAK_HOTIDKECIHIE XJOopuaKypamaac epitinainepae pH=6;7 xone xmopun koHmeHTpanuscel 600
Mr/iM° GomaThH 06XH28M/IT KocmachlHBIH OCTiHEH KOPPO3WSUIBIK IKOFAITYJAphl AHBIKTAJIIBL.
06XH28M/IT xocnacemsig Oetine Cr, Ni xoHe Fe Koppo3msiibIK epyiHiH ,0HBIH CTAHZAPTTHI IICKTE
KOHE KYpbUIBIMJA XUMHSIBIK KYPBUIBIMBIHBIH ~ ©3repyiHe OyeJAUIIK MeXaHu3MIepi MeH
3aHIbUTBIKTaphl KoWbuiabl. Kypambinga xmopun Gap epitinai ne pH 6 kesne Fe koppo3umsuibik
KOFITYbl TYPachI3bIKTBI 3aHJIBUIBIKKA Colikec eceli, anm P Gonca keMumi. AYCTEHHT TYIbIPAaTbIH
JNMEMEHTTEpP AayCTEHHT KYPBUIBIMIAPBIH TYpaKTaHAbIpanbl, an AFe OankbIManapbslH a3aiTajbl
Kypmeni xapounrep (Cr, Mo, Mn) C xeHe P aycteHur TyHipIIiKTepiHIH IIeKapacklHAA
morslpaanranga AFe TemeHze#i, am ockl Ke3lle OKCHUCYIb(QHATEp >KOHE THTaH HUTPHIATAPHIH
yikedreni. Ipi kaToxTsl Kocymbeutap GankeiMaHbl Koprar, AFe remennereni. Kypamsrana xmopun 6ap
epitingi ne pH 7 kezge Cr KOpPpO3HSUIBIK JKOFAITYBI TYpPAachI3bIKTHI 3aHIBUIBIKKA COHMKeC eceni,
GankpiMaza SixoHe Ni OosypiHa OGailnaHbICTBI ocei.¥cak jKoHE OopTaiia OKCHCYIbGHUATED JKOHE
TUTaH HUTPUATAPH! AyCTCHUT TYHipIIiKTepiHiy mekapacbiHga ACr OaJKpIMAChIH KOFAapIIaTabl, XpOM
KapOua KypamblHOa OonFaH Keszne TeMeHneini. TyHipmiik mekapacblHIa cerperupieHres ¢ocdop
ACr temengereni. Hukens mepudepus tyiipurikrepiHin aeHeciHeH Cr BIFBICTBIPabl, COHIAN
tocimmen  ACr korapeimaiinsl.  Kem jkaFmaiiia  KOCHAHBIH —KOPPO3HSUIBIK JKOFANTYbl OHBIH
KYPBUIBIMJIIBIK TETEPOTCHIUTITIHE OaliiIaHbICThI €KCH/IIT KOPCETIITeH.

Tyiiingi ce3nep. Koppo3wsutblk sKOFanTynap, MHTTHHITIK KOPPO3HS,XJIOPHIKYpamIac opTa
KYPBUIBIM, XHMHSUIBIK KYpam,0KCHUCYIb(UATEp,THTAaH HUTPUATEPi,ayCTEHUT TYHIpIIriHiH oprama
JMaMeTpi.

Summary

The complex of physical and chemical researches on studying of regularities and features
during oxidation of 06XH28M/IT alloy are carried out. As a result of the corrosion tests specified
corrosion losses of Cr, Ni and Fe from 06XH28M/IT alloy surface in chloride solutions at pH 6, 7
and chloride concentration of 600 mg/l are determined. The regularities and mechanisms of corrosion
dissolution of Cr, Ni and Fe from 06 XH28M/IT alloy surface depending on changes in its chemical
composition and components structures within the standard are established. It is found, that in chlo-
ride-containing solution with pH 6 corrosion losses of Fe increase according to rectilinear law at in-
crease of Cr, Mo content and decrease of P content in the alloy. Austenite-forming elements stabilize
austenite structure, reduce AFe of the alloy. Complex carbides (Cr, Mo, Mn), C and P, concentrated at
borders of austenite grains, reduce AFe, and fine oxy sulfides and nitrides of titanium increase it.
Large inclusions as cathode protect the alloy, reducing AFe. It is established, that in chloride-
containing solution with pH 7 corrosion losses of Cr increase according to rectilinear law at increase
of Si and Ni content in alloy. Both fine and medium oxy sulfides and nitrides of titanium raise ACr on
borders of austenite grains. Chromium in solid solution raises ACr of the alloy, and chromium in
structure of carbides lowers it. Manganese and Si promote leaving of P into solution and, thus, raise
ACr. The phosphorus segregated on borders of grains, reduces ACr. Nickel supersedes Cr from a body
of grain to periphery and thus increases ACr. It is shown that the alloy corrosion losses mainly depend
on the structural heterogeneity.

Keywords: corrosion, pitting corrosion, chloride environment, chemical composition, oxy-
sulfides, titanium nitride, austenite
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