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ABSTRACT

The research objective. Raising corrosion resistance and operational reliability of high-alloy steels by
means of goal-directed control of metal structure during deformation and heat treatment based on the principle of
grain-boundary engineering (GBE). Materials of research. High-alloy austenitic (03X18H11, 03X17H14M3)
and ferrite-austenitic (duplex and superduplex) steels (02X22H5SAM3, 02X25H7AM4) and the tubes made of
these steels. The research methods. Light quantitative and qualitative metallography; transmission and
scanning electronic microscopy; diffraction of backscattered electrons; energy dispersion X-ray analysis; proce-
dures of determining characteristics of the high-angle grain boundaries and the interface boundaries; chemical
and spectral analysis; comprehensive corrosion and electrochemical study; tests for mechanical properties.

The research results. Theoretical and technological foundation of development of innovative
technologies for manufacturing tubes of high corrosion resistance from high-alloy austenitic and ferrite-
austenitic steels has been elaborated. The study was based on application of new methods for examination of the
grain-boundary structure of polycrystalline materials; goal-directed control of the structuring processes on the
principle of grain-boundary design during thermal treatment and deformation in the manufacture of tubes; data
on physic-chemical and corrosion properties of a- and y- phases and phase transformations in ferrite-austenite
(duplex and superduplex) steels. It has been proved for the tube metal with a face-centered cubic (fcc) crystal
lattice, that the increase in the degree of cold deformation of the billets with € ~ 40...50 % to € > 75...80 % and
the subsequent high-temperature annealing at temperatures of 1150...1200°C with accelerated cooling, and an
additional annealing with subsequent hardening according to the conditions depending on the class and chemical
composition of the steel, result in a growth of specific content of special low-energy grain boundaries (SB) of
33" type in the structure of austenitic steels (on average, 45 to 70 %) and in y-phase of ferrite-austenite steels
(from 38 to > 65%); the content of a-a SB and the interface a-y boundaries with a reduced surface energy in the
structure of ferrite-austenite steels; ensure absence of excess phases on the grain boundaries and interface
boundaries and growth of tube resistance to intergranular corrosion (IGC) and pitting corrosion (PC), corrosion
cracking (CC), sulfide stress corrosion cracking (SSCC) and improve electrochemical characteristics of steels.
Influence of additives of surface active element of boron on the grain boundary structure and corrosion
resistance of grain boundaries in 03X18H11 and 03X17H14M3 steels has been established. A technology has
been developed that significantly reduces corrosion rate (up to 27 times) in tubes made of austenitic steels with
boron additives and tested for resistance to IGC in a highly oxidizing medium (boiling 65% HNO;) by the
method of DU, GOST 6032 or by the method C, ASTM A-262. This technology is based on the principle of
GBE and special physic-chemical properties of boron (segregation at grain boundaries, ultra-low solubility in
steels, high diffusion mobility and affinity for oxygen). This process includes an intensive deformation during
finishing rolling of tubes and subsequent double quenching from temperatures 1200 + 950°C and formation of a
structure containing no precipitates of borides and carboborides at the grain boundaries and a growth of
corrosion resistance of the boundaries and steel as a whole.

Theoretical and technological solutions implemented at CENTRAVIS PRODUCTION UKRANE
PJSC, the leading pipe and tube company of Ukraine, ensure obtaining of high-quality competitive products.

KEY WORDS: steels, tubes, deformation, tempering, microstructure, special grain boundaries, grain
boundary engineering, corrosion properties.
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BCTYII

TpyOu 3 BHCOKOJIETOBaHMX AayCTEHITHUX 1 (PepUTHO-ayCTEHITHHX (AYIUIEKCHUX 1 cyrep-
NYIUIGKCHMX) CTalie eKCIUIyaTylOThb B OCOOJIMBO arpeCMBHUX CEPEIOBHINAX B  XIMIYHIH,
HaTOXIMIUHIH, IIETFONI03HO-TIANEPOBil, SHEPTeTUYHINA Ta HIINX Tally3sX IMPOMHUCIOBOCTI U 3aBISKH
CXUJIBHOCTI IIMX CTajled 10 MmacuBallil miIaaroThCs HAHOLIbII HeOS3MEUHUM JIOKAJIbHUM BHIaM KOPO3ii
— wmibkkpucramithin  (MKK), mituarosiii  (I1K), kopoziiiHomy postpickyBanHio (KP), ski
3apOKYIOTHCS 1 PO3BUBAIOTHCS MEPEBAXKHO HA TPaHUIAX 3epeH 1 Mibkdasnux rpanunsx. [locriiiHe
MiZIBUIICHHS JKOPCTKOCTI YMOB €KCIUTyaTalii Takux TpyO mMoTpeOye MONIyKy MPHHIMIIOBO HOBHUX
HAYKOBHX 1 TEXHOJOTTYHHMX pillleHb, CIPSIMOBAHMX HA IIBUIICHHS iX SKICHUX XapaKTEPUCTUK IS
3aJI0BOJICHHSI 3POCTAI0YMX BHMOT CIIOXKHMBAUiB. AHAII3 JIITEpaTypH 1 BIACHUH JTOCBiJ MOKA3yIOTh, 110
MEpCIIeKTUBHUM 3 OIJIsiy Ha 1e € 3amnponoHoBanuii T. Batanabe npwHIMI 3epHOrPaHUYHOTO
koHctpytoBanHs (3['K), sikuit € cykynHicTio qeopMaliiiHiX, TEMIIEpaTypHHUX Ta iHIIUX MPOIIECIB, SIKi
CTIPUSIIOTh YTBOPEHHIO CTPYKTYPHU MOJIKPUCTAIIYHUX MaTepiaiiB (CTaliei 1 CIuiaBiB) 3 MaKCHMaJIbHO
MOKJIMBOIO KUTBKICTIO crienianbaux rpanuilb (CI') 3epen tumy X3" y KOHIETIIIT IPaTOK CITiBIIAIar0YnX
By3:iB (I'CB), siki BOJIOIFOTH OCOOMBHMH BIIACTHBOCTSIMHU, B TOMY YHCITi, IIOHMKEHOIO TIOBEPXHEBOIO
SHEepTi€ro 1 MIBUIICHOI0 KOPO3iifHOIO cTifikicTio [1-3].

Meta po0oTH: MiIBUIICHHS KOPO3iHHOI TPHBKOCTI Ta eKCIUTyaTaliiHOi HaJiiHOCTI TpyO i3
BHUCOKOJICTOBAaHMX CTajied [UIAXOM  IIUJIECIPSIMOBAHOTO KEPYBaHHS CTPYKTYpPOK TMijJ  dac
nedopmaiifHuX i TeMIepaTypHIX 00pOOOK 3a MPHHIMIIOM 3€pHOTPaHUYHOTO KOHCTPYIOBaHHSI.

MATEPIAJIA I METOAU JOCJII?)KEHHS

MarepianaMu JOCTIDKEHb CIYXWIH TpPYyOM 3 PpO3MOBCIOKCHUX AayCTEHITHHUX cTajel
03X18HI11 (304 L), 03X17H14M3 (316 L) i 3 (epuTHO-ayCTSHITHUX CTajei HOBOI'O MOKOJIHHS —
nymuiekcHoi 02X22HS5AM3 (UNS S 31803) i cynepaymiekcnoi 02X25H7AM4 (S 32750), tadmn. 1.

Tabmuug 1. XiMivHu# cKinaj qOCIiKyBaHUX (DEpUTHO-ayCTEHITHUX CTallei

Table 1. Chemical composition of the investigated ferrite-austenitic steels

Craip C Si Mn P S N Cr Mo Ni
02X22H5AM3 0,020 | 0,48 1,6 0,022 | 0,001 0,18 22,3 3,1 5,2
02X25H7AM4 0,020 | 0,52 1,2 0,020 | 0,004 | 0,26 24,6 3,4 6,3

[Mapamerpu nedopmamiiHuX i TeMIepaTypHIUX 00OpOOOK NIPY BUTOTOBIICHHI TPYO BapiloBaiM:
CTYImiHb XononHoi aedopmamii (¢) y mnmianasoni 40...80 %, pexumu BigmaigiB — y Jiama3oHi
temmeparyp: 1050...1200°C 1 1150...1200 + 950...1200°C i wacy Butrpumku 10 i 30 min i3
HACTYITHUMH TapTyBaHHIMH, 3aJISKHO BiJI CTPYKTYpH, (ha30BOT0 CTaHy 1 XIMIYHOTO CKJIaay CTalli.

SIKicHy Ta KUTBbKICHY OIIHKY CIEIiaJbHUX TpaHuilb 3epeH tumy 23" (Bix X3 1o X27) B y-¢asi
AyCTCHITHUX 1 (pepUTHO-ayCTEHITHHUX CTajici Ta MDK(A3HUX TIpaHMIb O~y 3 MOHMKCHOH MUTOMOIO
ITOBEPXHEBOI0 CHEPIri€l0 3MIMCHIOBAIIM METoJAaMK Merajorpadii # eIeKTpOHHOI MIKPOCKOIIT 3rigHO 3
PO3pOOICHUMU METOAUKAMH [3], @ TAaKOXK METOJIOM IU(PaKIIii 3BOPOTHO po3cisHuX enekTpoHiB ([I3PE).
CI' o-0 y depurHiii ¢pa3i GpepuTHO-ayCTEHITHUX cTalled BU3HAYAIH 32 METaJorpadiyHOr0 METOIUKOIO,
3aCHOBAHOI0 Ha XapaKTEpPHUX O3HAKaX IMX TPaHHIb: HASBHOCTI MPOTHISKHHX iM OMHM3bKUX 10 180°
KYTiB y MOTPIMHKUX CTHKAX i MHOXXHHHHUX CTUKIB [3].

KomrmnekcHi KOpo3iiiHi gociipKeHHs TPYO MO JHYBANIN: BUIIPOOYBaHHS 3pa3KiB Ha TPUBKICTh
1o MKK, I1K i KP 3a cranmaptaumu merogamu 3a I'OCT 6032 (ASTM A-262), ASTM G-48, ASTM
G-36; BumpoOyBaHHS Ha CTIHKICTh TPOTH CYIb(ITHOrO KOPO3IMHOrO PO3TPICKYBAHHS ITij
HanpyxenusMm (CKPH) y pozuuni: 5 % NaCl + 0,5 % CH;COOH + H,S (Hacuuenuii), — 3a METOIOM
A, NACE TM 0177 1 enekTpoxiMiuHi JOCTIPKCHHS HUISXOM ITOOYIOBH aHOMHUX MOISIPU3AIIHHIX
KPHUBHX MPSIMOTO 1 3B0poTHOrO X0y B po3urHi NACE.

AHAJII3 PE3YJIBTATIB JOCJIKEHb
Anami3z cTpykTyp cranedl micns jgedopMaiiiiHuX 1 TeMIepaTypHHX OOpOOOK 3a pi3HHUMH
peXMUMaMHU TOKa3aB HacTymHe. Y TpyOax 3 ayCTEHITHHX CTalled 3 MiJIBUIICHHSIM CTYIMEHS XOJIOTHOI
nedopmarii 3 40 1o 80 % 1 temmneparypu Bignany 3 1050 mo 1200°C cmocTepira€rbes 3pOCTaHHS
BEJIMYMHU 3epHA (3 32 10 63 um) 1 30UIbIIEHHS TUTOMOT KUTBKOCTI CIeIliaIbHUX HU3bKOCHEPTreTHUHUX
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rpanuilh 3epen tumy X3" (3 42...45 1o = 70 %), Tabm. 2, puc. 1 a.

Tabnuug 2. Brutus crynens nedopmariii i temnepatypu Bianany Ha Kinbkicts CI' 3epen
B ayCTEHITHi# cTaii i B y-(ha3i xymiekcHoi craii

Table 2. Influence of deformation ratio and annealing temperature on the quantity of SB grains
in austenitic steel and in the y-phase of duplex steel

Cranb tainmanys “C Crymise aedopmartii, €, % / cepenns kinbkicts CI' X 3, %
1050 40 /45 50/48 60/53 80/55
03X18HII 1180 40 /57 50/ 61 60 /65 80/70
1050 40/38 50/42 60 /48 75/50
02X22H5AM3 1150 40/50 50/53 60 /57 75762

Puc. 1. Inentudikamis i migpaxyHok kinbkocti CI' 'y cTpykTypi TpyO: a — 3 aycreHitHoi craixi 03H17H14M3
micis Bignany npu 1200°C, x 400; b — 3 dpeputHO-aycTeHiTHOI cTani 02X22HSAM3 micns Bianany
npu 1150+1050°C, x 1000). @ — CI y-y; O — rpaHuIli 3arajJbHOrO TUITY B Y-]asi.
Fig. 1. Identification and calculation of the SB quantity in the structure of tubes of austenitic 03Cr17Ni14Mo3

steel after annealing at 1200°C (a, x400) and of duplex steel 02Cr22NiSNMo3 after annealing
at 1150+1050°C (b, x1000). @ SB y-y; o the boundaries of general type in the y-phase.

VY T1pybax i3 GepuTHO-ayCTEHITHUX CTaJICH 3 MIABUIICHHIM CTYIEHS XOJIOAHOI nedopMailii 3
40 mo 75% 1 TemmeparTypu BiAnandy Tmepel TapTyBaHHSIM BiIOYBA€TbCsS ITOBHE MEPETBOPEHHS
IIKIJUTMBUX THTEpMeTalmiiHuX ¢a3, 30kpema, o-pa3u (3a 1 HAsIBHOCTI y BHUXIIHIA CTPYKTYpi),
30inbieHHs nmutomMoi moBepxHi CIT B y-asi it momipHe 3poctanHs o 1 y 3epeH. [lopyu 3 mum,
criocrepirany miaBumieHHs 10 > 60 % BMmicty deputHOi dazu — BHACTIIOK ¥ — o (O) MepeTBOPEeHHH,
sIKe BiIOyBa€ThCs i Yac HArpiBy 3a3HaueHHMX cTajici Buile Temmeparypu 1150°C (tabma. 3), mo He
JIONTYCKAEThCSL CTaHAAPTAMHU 1 TEXHIYHUMH yMOBaMH Ha TPyOH, OCKUIbKM HEraTHBHO BIUIMBAE Ha iX
eKcIlTyaraliiiHi BnacTuBocTi. HactymHi Bignanu TpyO i3 AYIIIEKCHOI i CyNepayIUIeKCHOI cTanei mpu
temriepatrypax 1050 i 1100°C, BinmoBimHO, 3 rapTyBaHHSMH, BiJHOBIIOIOTH Oananc o i y ¢a3 1o
criBBigHomeHH =~ 50:50 %, — 3aBASKH 3BOPOTHOMY 0 (8) — Y MEPETBOPEHHIO, JCIIO MOAPIOHIOITH
CTPYKTYpY CTaJieid MOPIBHSIHO 3 BHCOKOTEMIIEPATYPHUM BIIMANOM i MiIBUILYIOTH BMIcT B y-¢a3zi CI’
>3 1o = 67 % (puc. 1 b, Tabm. 3).

Tab6mung 3. Brume Temmiepatypu Binany 3 HACTYITHUM TapTyBaHHSM Ha CEPEIHIM po3Mip o 1 Y 3epeH,
(ha30BUif CKJIA 1 3ePHOIPAHUYHY CTPYKTYPY XOJIOAHOKATaHUX TPYO 31 ctam 02X22H5AM3

Table 3. Influence of temperature of annealing with subsequent hardening on the average size of a and y grains,
phase composition and grain boundary structure of cold-rolled tubes of 02Cr22Ni5SNMo3 steel

t, °C /Yy 3epHO, MKM CT, % a-aza, %
1050 7,2/6,8 50 46...51
1100 8,5/7,8 — 52...55
1150 9,6/8,7 62 56...64
1200 10,3/8,9 64 62...66
1150+1050 7,8/8,2 66 50...52
1200+1050 8,3/8,3 67 52...54

Brepure meronamu meranorpadii [3] 1 mudpaxiii 3BOpOTHO PO3CISIHUX EIEKTPOHIB y QepuTHIN
CKJIaJIOBIH TPYO i3 (DepUTHO-ayCTEHITHHUX CTaNEH 3HAMIEHO crielialibHi HU3bKOCHEPT eTHYHI TPAaHMIII 0.0,
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K1 xapakrepuzyBanucs Onuzbkumu 10 180°C npoTHISKHUME IM KyTaMH B MOTPIHHUX CTHKAxX (pHc. 2).
Kinbkicts CI' a-00 3 TIBUILICHHSM TEMIIEpATypH Binany 301IbITyBaiacs.

Puc. 2. Mikpocrpykrypa crani 02X25H7AM4 nicis
Bignany rpu 1250°C 3 rapryBanHsaM. [IpsiMOKyTHUKOM
BHJIUIEHA MIISHKA 3 miaBuineHuM BmicroMm CI” a-a,
KpamKaM¥ — CTUKH, B IKi TPaHHII BXOJSTh i KYTOM,
omusekuM 10 180°, x 1000.

Fig. 2. Microstructure of 02Cr25Ni7NMo4 steel after
annealing at 1250°C with hardening. The rectangles
shows the area with high content of SB a-a, the dots
show the joints in which grain enter at an angle close to
180°, x1000.

Amnani3z Mibk(pazHUX TPaHUIlb 0-y B TpyOax i3 GepuTHO-ayCTEHITHUX CTalel Mmokas3aB iX 4iTKy
OpiEHTAIIF0 Y HAaNPsIMi TIPOKATKH (pHUC. 3), 10 BKa3ye Ha iX MMiJBUILIEHI MUTOMY ITOBEPXHEBY EHEPTIIO 1
JIHIAHUI HATAT MOPIBHSAHO 3 MDK3EPEHHUMH TPAHUIISIMH Y-V 1 0-CL.

Briepiie Ha ocHOBi aHami3y KpucTtamorpadiqHUX MapameTpiB CTPYKTypu TpyO i3 (depuTHO-
AyCTEHITHHX CTaJeH, MijlaHuX Bifmanam, i3 3acrocyBanusm merony [A3PE i1 po3pobienoi Mmeronuku
[3] 3HaimeHo ocoOuuBi Mixk(pa3HI IpaHHMIl, SKi YTBOPIOIOTh 13 MDK3EPEHHUMHU TPAHUIISIMH MHOKHHHI
(30Kkpema, 4eTBepHi) CTUKM (puc. 3) Ta XapaKTEepU3YIOThCsS OLTBII YMOPSIKOBAHOIO CTPYKTYPOIO,
OCKLJIbKH MalOTh IIOHMKEHI TTOBEPXHEBHI HATAT 1 MUTOMY ITOBEPXHEBY SHEPTIIO.

Puc. 3. UerBepHi cTukH (ITOKa3aHi CTPLIKaMU 3
qiteporo «U») B cram 02X25H7AM4,
YTBOpPEHI 32 y4acTio Mik(ha3HUX TpaHHUIb O-).
Fig. 3. Multiple joints (shown by arrows with the letter
«U») in 02Cr25Ni7NMo4 steel formed with
participation of the interface a~y boundaries.

KpiM Toro, BBa)Ka€eThcs JOBEICHUM, 110 MHOKHHHI CTUKH O0OB’S3KOBO MICTATH CIICIliaIbHi
MDK3EepeHHI TPaHMIli, TOMY MiJIBUILEHA iX KUTBKICTh CBIJYUTH MPO 3HIKECHHS CHEPTETHYHOTO PIBHS, SIK
MDK3EpEHHUX, TaK 1 MbK(a3HUX TpaHUIb 1 CIIPUsE 3HIKEHHIO HA/UTUIIIKOBOI SHEPTii CTali B IIIOMY.

KinpkicHu# aHami3 4eTBepHHUX CTUKIB Y CTPYKTYpi TpyO 31 crani 02X22H5AM3, yrBOopeHux 3a
yuacTio MibK(a3sHHX TpaHUIlb, IOKa3aB TEHJICHII0 iX 30impmieHHs B Husmi Bigmanie  (°C):
1050 — 1150 — 1150 + 1050. CepenHs KiIbKiCTh TaKUX CTHKIB, 3HaWJICHA IiJ] 4aC CTaTHCTHYHOTO
aHalli3y CTPYKTYp 3pasKiB, MiJJIaHUX 3a3HAaYCHUM Bilnaiam, mokasana BemnywHd 5,8, 7,6 i 9,8
BignoBinHo. OTke, noABifiHui Bianan npu 1150 + 1050°C, 3a sxoro BinOyBa€eTbes MojBiliHE (a3oBe
neperBopeHHs crami: Yy — o (8) mpu 1150°C i a (8) — y mpu 1050°C, cripusie 301LIbIICHHIO KiJIbKOCTI
T'PaHMIIb (-} 3 TIOHMKEHOIO MOBEPXHEBOIO SHEPTIE0 MOPIBHIHO 3 OIMHAPHUM BiJIIIaIOM.

Kopo3iitHi fmocmipkeHHsT TpyO 13 ayCTEHITHHX CTajeld Mmicis pi3HUX JedopMaiiifiHux i
TeMIiepaTypHux oOpoOOK IMoKa3ayd, MO MiJBUIIEHHS CTYIEHs XOJoAHOI aedopmariii, TemnepaTypu
HactymHoro Bignany (3 1000...1050 mo 1200°C) 3 rapTyBaHHSM i 4acy BUTPHMKH IIpH BiInanax, a
TaKOXX 3aCTOCYBaHHS MOABIMHUX BIAMANIB i3 TapTYBaHHSMHU, 1 BiIMOBiIHE 30UIbIICHHS Y iX CTPYKTYpi
nUTOMOT MoBepXHi Hu3bKoeHepreTnyaux CI' Tummy X3", CynmpoBOKY€ETHCS MiABUICHHIM X TPUBKOCTI
70 MDKKpPHUCTaNITHOI W MITHHToBOI Kopo3ii (Tadm. 4). IIpu mpoMy BEpXHIO TPaHUIO TeMIEpaTypH
Bifmany TpyO0 OOMEXKEHO HEOOXiTHICTIO JOTPHUMAHHS BHUMOT INOJO X MIIHICHHX XapaKTEPHCTHK,
30KpeMa, TpaHMIli IJIMHHOCTI, a TeMIiepaTypa JPYroro BiAlany BHU3HAYA€ThCS XIMIYHUM CKIIaJIOM
cTaji 32 OCHOBHUMH JIETYBAJIbHIMH 1 JIOMIIKOBUMH TIOBEPXHEBO aKTUBHUMH eneMeHTaMu. Kpim toro,
JUIsl 3a100IraHHsl KPUTUYHOMY POCTY 3€pHa M yTBOPEHHIO HEMPHUHATHOI Pi3HO3EPHUCTOI CTPYKTYpH
cTali, Ipyre rapTyBaHHs CIiJl 3A1HCHIOBATH Tepe]] KIHIIEBOIO OIEpaIli€lo IMiJ] Yac BUTOTOBICHHS TPYO
— XOJIOTHOIO MPABKOIO, sIKa 3a3BHYail BiIOYBAa€ThCS MPU KPUTHYHKX jAedopmarliisx 5...7 %.
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Tab6muus 4. Bruius TemiiepaTypu Bianaiy (3 rapryBanism) Ha kibkicts CT' 23, mBuakicts MKK, TTK

1 MeXaHI4Hi BJaCTHBOCTI XOJIOAHOKaTaHUX TPyO 31 crami 03X17H14M3 (e=80 %)

Table 4. Influence of temperature of annealing (with hardening) on quantity of SB >3, IGC, PC

and mechanical properties of cold-rolled tubes of 03Cr17Nil4Mo3 steel (e=80 %)

t Bigmany, °C MKK, mm/year IIK, mg/cm2 Go2, MPa o, MPa ds, %
1050 1,0-1,2 0,85 260-300 580-620 40-42
1100 0,8-0,9 0,23 250-270 560-600 45-48
1200 0,42-0,45 0,08 220-235 530-535 62-64

120041200 0,28-0,33 0,06 220-225 520-525 63-66

Bumorn HJJ| <0,5 <0,1 >220 > 520 >40

BcTaHOBIEHO CYTTEBUI HEraTUBHUN BIUIMB OOMIULOK NOBEPXHEBO AKMUBHO2O eNleMeHma 6opy
(HaBiTh y kiabkocTi 0,0025...0,003 %) Ha TpuBkicTh 10 MKK craneiit 03X18H11 i 03X17H14M3 nipu
BUIPOOYBaHHI B CHIIbHOOKHCHIOBATBHOMY cepenoBuii (Kumuntdid 65 %-iit HNO; 3a meromom /1Y,
I'OCT 6032 a6o C, ASTM A-262), sikuii posSIBISBCS B 3HAYHOMY MiABHINEHHI IIBUJIKOCTI iX KOpo3il
MOpPIBHSIHO 31 cramsaMu 6e3 Oopy. Hns orpuMmaHHS TpyO BHCOKOI KOpPO3iHHOI TPUBKOCTI 3 TpyOHOT
3aroToBku ctaimi 03X18HI11 i3 pmomimkamu Gopy i Huzbkoro TpuBkicTio g0 MKK (31 mBuakicTio
Kopo3ii > 8§ mm/year), po3po0iieHO TexHoorito, 3acHoBany Ha npuHImm 3['K 1 ocobnuBux ¢izuko-
XIMIYHHX BJIaCTHBOCTSIX OOpy (cerperariii Ha TpaHUIIX 3epeH; YIbTPAHU3bKIH PO3YMHHOCT] y CTANSX;
BHUCOKUX NUQY3i1HHIA PyXJIMBOCTI i CIOPITHEHOCTI 0 KUCHIO 32 IMiJIBUICHUX TEMIIepaTyp; 3BOPOTHiii
nudysii 3 Tpanuie npu Temmeparypax < 950...1000°C) [4]. Bona BkIto4ae iHTeHCHUBHY JedopMmarltito
Mi/T 9ac XOJIOJHOI MPOKATKH TPpyO HA TOTOBWE PO3Mip 1 HACTYIHHWI NMOABIMHUH BiANal 32 TEMIIEPaTyp
1180...1200°C+950...1000°C i3 rapryBanHsM. [Ipu BHCOKOTEMIIEpaTypHOMY HarpiBi BiOyBaeThCs
OKWCHEHHsI 1 BUJalieHHs Oopy Audy3iifHMM NDISIXOM i3 TMOBEpXHEBUX MIApiB MeETany, a TaKoXK
30UTbIIEHHS] TUTOMOI TOBepxHI HHU3bKoeHepreTnunux CI' 3epeH y CTpyKTypi crami, a HarpiB npu
MOHWKEHI TeMIepaTypi Crpusie 3BOPOTHIN qudy3ii O0py 3 TpaHHIls Y TUIO 3e€pHA i 3MEHIIIEHHS 0ro
KOHIICHTpAIlil Ha TPaHUIIX 0 BEIWYMHM, MEHIIOI BiJl TPAaHUIIl PO3UYMHHOCTI B CTajl. ¥ KOMILICKCI 3
MPHUIIBH/IICHUM OXOJO/PKEHHSIM [I€ TPU3BOAWTH JIO 3MCEHIICHHS KOHIEHTpamii Oopy sK Yy
MOBEPXHEBHX IIapax MeTaly, TaK 1 Ha TPaHUISIX 3ePEH B yChbOMY HOTro 00’ €eMi.

3acrocyBaHHSI PO3pOOJICHOI TEXHOJIOTIi Jajo 3MOry OTpUMAaTH TOTOBI TpyOHM 31 crami
03X18HI11 3i cTpykTypOIO, BUIBHOIO BiJl BUAUICHb HAIMIIKOBUX (a3 (BUCOKOXPOMHCTHX OOpHUIB i
KapOOOOpHIIB) HA TpaHMLAX 3epeH, 3 BMicToM 10 70 % CI' X3 i Bucokor crifikicTio nporu MKK (31
mBHUAKICTIO Kopo3ii < 0,3...0,4 mm/pik), 110 B 20...27 pa3iB HUKYe, HOK OyJja B TpyOHii 3aroToBIII Ta
B 1,25...1,7 pa3iB HIKYE TPAHUYHO JJONYCTHUMOI TEXHIYHIMH YMOBaMH Ha TPYOH.

KomruiekcHIME  KOPO3iHHUME  JIOCTiIKEHHIMH TpYO i3 (epUTHO-ayCTEHITHUX JYIUIEKCHOT i
CYNEpIyIUIEKCHOI CcTalied BCTAHOBJIGHO, IO MiJIBUIICHHS CTYIEHS XOIoAHOI aedopmarii Ta
3aCTOCYBaHHS MOJABIHHOIO Bigmany mpu temneparypax 1150...1200 + 1050°C i 1200 + 1080...1100°C,
BIJIMIOB1THO, 3 HACTYITHUMU TrapTyBaHHSIMH, 320€3I1CUNIIH:

® [IJBUINCHHS TEMIEPaTypHOI TpaHMIll IMITHHTOCTIHKOCTI Ta 3HIKeHHs mmBHakocti [TK mpu

BUnpoOyBanHi B 6 %-my po3unti FeCl; 3a ASTM G-48 — 3pa3kiB TpyO 3i crani 02X22H5AM3 3 20...30
110 40°C i3 0,9 1o <0,1 mg/cm’, a 3paskis Tpy6 3i crani 02X25H7AM4 3 40...50 no 65°C i3 0,7 10
<0,1 mg/cm’ BiIMOBIIHO — 3a PaXyHOK IiJBMIIEHHS MITiHIOCTIMKOCTi 3a3BMuaili MEHII KOPO3iiHO-
TpuBKOi y-¢aswm; micis Bigmany npu 1080°C 3 rapTyBaHHsIM MITHHTOBa KOpO3is Oyna 30cepe/keHa B y-
¢asi (puc. 4 a), a micns Bignany npu 1200+1080°C 3 rapryBannsm [1K Oyra maiixe Bincytas (puc. 4 b);

e 30UIbIICHHS MOHaA 2 pasu (3 125 mo 255 roaun st Tpy6 3i cram 02X22H5AM3 i3 175 no 380
h ans tpy6 3i cram 02X25H7AM4) vacy no KP mix wac BunpoOyeanHs C-momiOHHX 3pa3KiB y
kursiaomy 44 %-my poszuuni MgCl, ipu 6, = 0,7 o, craneit (315 1 370 MPa BianoBigHo);

® [JBUINEHHS KPUTHYHOTO HANPYXEHHS PO3TPICKYBaHHS IIiJ] 4ac BUNPOOYBaHb HA TPUBKICTh
npotu CKPH y xmopuaHoMy cipkoBojeHbBMICHOMY po3umHi 3a MerogoM NACE TM 0177: 3pa3kis
Tpy6 3i crami 02X22H5AM3 3 1,0 mo > 1,1'Go, (To6TO, 3 450 1m0 >490 MPa) i Tpy6 31 crami
02X25H7AM4 —3 1,0 1o > 1,2°Go (3 530 1o > 635 MPa);

® T[IONIMNIIEHHS EJIeKTPOXIMIYHMX XapaKTepPHCTHK CTajeld — 3HWXKEHHS J0 9 pa3iB HIUTBHOCTI
CTPYMY aHOJHOTO PO3YMHCHHS Ha aHOJHUX IOJISIPHU3ALifHUX KPUBUX 3BOPOTHOTO XOJAY B PO3UMHI
NACE 3pa3kiB, miIaHuX MOABIHHOMY BiANANY 3 rapTyBaHHIM MOPIBHSHO 3 OMMHAPHUMH BijMaIaMH.
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Puc. 4. Ilitunru B y-¢asi crani 02X25H7AM4 nicns Bianany npu 1080°C i BunpoOyBaHHs Ha CTIHKICTh POTH
I1K 3a ASTM G-48 (a) i BiacyTHicTh niTHHTIB micas Bignany npu 1200 + 1080°C (b) (PEM).

Fig. 4. Pits in the y-phase of 02Cr25Ni7NMo4 steel after annealing at 1080°C and testing for resistance
to PC according to ASTM G-48 (a) and absence of pits after annealing at 1200+1080°C (b) (REM).

Ha ocHOBI aHamizy OTpUMaHUX Pe3y/IbTaTiB CTBOPEHO TEOPETHYHI W TEXHOIOIIYHI OCHOBHU
pPO3pOOKM IHHOBAIIfHUX TEXHOJOriH BUPOOHUITBA TPyO MiABHINEHOT KOPO3iHHOI TPUBKOCTI 3
BHCOKOJIETOBaHMX CTaJei, 3aCHOBaHi Ha: 3aCTOCYBAaHHI HOBHX METOJMK JTOCITIKEHHS 3€pPHOrpPaHIYHOT
CTPYKTYpH  TONIKPUCTANIYHUX MaTepialiB i3 pi3HUMHA (a30BUMU CTaHAMH 1 TNPHUHIUILY
3epPHOTrPAHUYHOTO KOHCTPYIOBaHHSI, JAHWX PO BIUIMB TTOBEPXHEBO AKTHBHHUX €JIEMEHTIB, 30Kpema,
0opy, Ha 3epHOTPAaHUYHY CTPYKTYPY Ta KOPO3ilHY TPUBKICTh IPAHUIL 3€PEH B ayCTEHITHUX CTAJSX Ta
npo ¢i3uKo-XiMivHI BIacTUBOCTI a 1y a3 i (a3oBi mepeTBOpeHHS Y (EPUTHO-AyCTEHITHUX CTalIsX.
TexHomorii BKIIOYAIOTH X0I0AHY AedopMmartito 3i crymneneM 75...80 % npu npokaTii TpyO Ha roTOBUi
PO3MIp 1 BHCOKOTEMITepaTypHi abo MOJBIiHI BilNaln 3 MPUIIBUIIICHUMH OXOJOKEHHSMH: TPYO 13
ayCTEHITHHX cTajieil — 3a TemmepaTyp 1150...1200°C a6o 1150...1200°C+950...1200°C, 3anexHO Bixg
ix XIMIYHOTO CKIagy, a 3 (QEepUTHO-ayCTeHITHHX cTaned — 3a Ttemmeparyp 1150...1200°C+
1050...1100°C, i 3a6e3nedyoTh GOpMyBaHHS CTPYKTYp cTaliel i3 migBumeHuM Bmictom CI™ y-y, a-o i
0~y Ta 3Ha4YeHe IMiJBUILEHHS TPUBKOCTI TPYyO 10 MIKKPUCTANITHOI, MITHHTOBOI KOPO3ii, KOPO3iHHOTO
pO3TpicKyBaHHSI, CYIb(iTHOr0 KOPO3iiHOTO pO3TPiCKYBaHHS Mijl HANIPYXKEHHSIM TOIIIO.

BUCHOBKH

1. CTBOpPEHO TEOpPETHYHI OCHOBH Ta IHHOBAIlIMHI TEXHOJIOTIT BUPOOHHUIITBA TPYO MiIABHUIICHOT
KOpO3iifHOT TPUBKOCTI 3 BUCOKOJIETOBAHHUX ayCTEHITHUX 1 PepUTHO-ayCTEHITHUX CTajel, 3aCHOBaHI Ha
JIOCIIJPKEHHI 3epPHOTPAaHUYHOI CTPYKTYPH CTajell 1 MPUHIIUITI 3epPHOTPAHUYHOTO KOHCTPYIOBaHHS.

2. TexHOMOTIi BKIIOYAIOTh IHTEHCHUBHY XOJOAHY JAedopMallito mpu MpoKaTili TpyO Ha TOTOBUH
PO3MIp 1 BHCOKOTEMITepaTypHi abo MOABiliHI Bilnaiu 3a po3poOJICHUMHU peKUMaMHU 1 3a0e3MeuyoTh
OTPUMaHHS CTPYKTYp cTajed i3 IMiJABHMIIEHMM BMICTOM HH3bKOCHEPI'CTUYHMX MDK3CPCHHHX 1
MiK(]a3HHX TpaHHIb Ta 3HAUEHE MiIBUIICHHS KOPO3iiHOI TPUBKOCTI TPYO.

3. Po3pobmneHi TexHONOTii BIPOBAHKEHO Ha MPOBIHOMY TPYOHOMY MiANIPHEMCTBI YKpaiHu
I[IpAT «CEHTPABIC ITPOJAKIIH IOKPEﬁH», M. Hikomonb, 1 CHOpPUAIOTH IiIABUIICHHIO
KOHKYPEHTOCITPOMOYKHOCTI IIPOAYKII.
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