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composition of the ingot, wt. % Fe — 0.05%; C — 0.030%; Si — 0.06%; O — 0.031%; N — 0.058%; H —
0.0012%; Ti is the base. Compared to VT1-0 titanium (GOST 19807-91), the oxygen and nitrogen
content in the electroslag ingot was 1.51 and 1.45 times higher, respectively. Samples were made
from the obtained ingot for studies of macro-microstructure and mechanical properties (o8, or, 9, ¥,
KCU) in the cast state and after hot forging with deformation coefficients € = 40% and e = 90%.

The macrostructure of ingots of secondary cast titanium is coarse-crystalline, dense, and
homogeneous. The size of the cast grain corresponds to 9-10 points. The microstructure is typical
for a-titanium alloys and consists of a-phase plates, which are assembled into bundles with a
thickness of 15-20 um and a length of 300-500 um. With such structural components, the plasticity
characteristics of cast secondary titanium turned out to be not very high (6 = 11.5%, ¥ = 12.5%;
KCU = 0.28 kgfxm/cm?, and the increase in strength (o8 = 560 MPa and or = 505 MPa) can be
explained by the influence of oxygen and nitrogen.

During hot forging of experimental samples, it was established that secondary titanium is well
amenable to pressure treatment, which also significantly grinds the structure. Thus, at deformation
with a coefficient of € = 40%, a grain score of 5—6 was obtained, and with € = 90%, a score of 3-4
was obtained. The characteristics of plasticity are 6 = 20%; y = 31.5%; KCU = 0.45 kgf xm/(cm)?
and 6 = 24.5%; y = 47.5%; KCU = 0.58 kgfxm/cm? respectively. The strength of secondary hot-
forged electroslag titanium is affected by the degree of deformation and the increased content of
oxygen and nitrogen. At ¢ = 40% o8 = 625 MPa; or = 540 MPa, and at ¢ = 90% o = 700 MPa; ot
= 580 MPa.

Keywords: secondary titanium, electroslag technology, hot forging, microstructure,
macrostructure, mechanical properties, grain size.
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IHOPIBHAJVIBHA OIIHKA EJIEKTPOJHUX MATEPIAJIIB JIJI51 3BAPIOBAHHS
XPOMOHIKEJEBHUX CTAJIEM

Benuxoio npobaemoro 3anumacmocs ompumants 36apHux 3 €OHAHb 3 HePHCABIloUUX cmainel,
AKI  eKCHIyamylomvpCs 6 d2PeCUBHUX cepedosUUax pPISHOMAHIMHUX GUPOOHUYMS, 3 BUCOKUMU
Xapakmepucmukamu i mpueaium mepminom podoomu. Bumocu 0o 38apHux 3’€OHanb: KOpO3itiHa
cmitikicmes 1 docmamui mexaniyni noxasuwuxu. IIpobnema nonsieac 8 momy, wjo eKcniyamayis
36apHO20 0ONAOHAHHA 8 ASPEeCUBHUX Cepedo8UAX BUKIUKAE, NO-nepuie: 8UbipKoee pYUHYBAHHSL
HAan1ae1eH020 Memary 36apHux weie, a no-opyze. 8UbOIpKose po3yuHeHHs 0OHIci 3 ¢paz 6 cmpykmypi
Memany, max 36ame, CmpyKmypHo-eubipxose pyunyeanus. Bioomo, wo enacmugocmi HaniagneHo2o
Memany 36apHUX WEI8 3anexicams 6i0 KilbKOCMI 1e2y8albHUX elemenmis. Ll neobxiona KinvKicms
BU3HAYAE CMPYKMYPHUL CMAH MA MEXAHIYHI XapaKMepucmukyu Hanaaeneno2o memainy. Icnye eenuxa
KibKiCMb e1eKmpoOHUX Mamepianie Ojisl 8UCOMOGIEHHS 36APHO20 OONAOHAHHA 3 HEpHCABIIOUUX
cmanetl, HageOeri 008I0K08I OAHI iX MEXAHIYHUX elacmusocmetl, aie OaHi NPo KOPO3ilHY NOBEOIHK)
YUX 36apHUX 3 €OHAHb ab0 HedocmamHui, abo 308cim eiocymui.  Memor — yiei  pobomu  6yn0
3pobuUmMU NOPIBHANLHY OYIHKY OCHOBHUX eJIleKMPOOHUX MAMeEPIalis, AKi MONCYMb OYMu 6UKOPUCTIAHI
npu  BU2OMOBNIEHI 36APHO20 MEXHON02IYHO20 OONAOHANHA, AKEe eKCNIYamyEmvcsi 6 JYHCHUX
cepedosuwiax. /s ybo2o 00CHiONHCY8aNU NAUE XIMIUHO20 CKIAOY HA CMPYKMYPHUU CMaH ma
KOpO3iiHYy CMILKICMb HANLABLEHO20 Memany 36apHux 3’€OHanvb. Ha nepwomy emani eusnauanu
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BNIUG PI3HUX XIMIUHUX e/leMeHmis8, d MAaKodiC iX KiIbKICmb ) CKAA0T 36ApPIOSAIbHUX MAMePIanié Ha
KOPO3IliHY NOBEOIHKY I CMPYKMYPHULL CmakH Hanaaeneno2o memainy. Ilokazano, wo Hikenv, Xpom i
HIOOILl Ni08UWYIOMb KOPO3IUHY cmilikicmb. Bniug moniooeny oonosnauno e susiginero. Ilpu ceoiil
30AMHOCMI 3MEHULY8AMU CMPYM KOPO3ii 8iH Cnpuse nidGUweHH0 weuoxocmi koposii. Lli docrniou
00360IUNIU BUSHAYUMU BMICI 1€2YBATbHUX eeMEeHMI8 015 3a0e3NeUeHHsl BUCOKUX NOKA3ZHUKIE ONOpY
Koposii. Kopo3is xpomoHikeneeo2o memany 6 JYHCHUX CepeooBUUax MA€E CMPYKMYPHO-8UOOpUULL
xapakmep no o-¢hepumy. Depum 6 HepAHCABIIOUUX CMANAX 30A2AYEHULl XPOMOM, alle MICIumb
HeBeNuKy Kiibkicmo Hikento. Tomy hepum 6 enekmpoximiunii napi aycmenim-gepum sucmynae 8
AKOCMI aHOO0a I nionsgedae NepesajdiCHOMy PYUHYBAHHIO 8 JYICHUX cepedoguujax. Enexmpoximiuni
00CNiOJCEH s NIOMBepOUnU 3po0OaeHi GUCHOBKU. [l HAOAHHA BUCOKO2O ONOPY KOPO3IHOMY
PYVUHYBAHHIO HANIAGNEHUN Memal 36apHUX 3 €OHAHb NOSBUHEH MICMUmU NeeHy KIIbKIiCmb HIKelo,
Xpomy ma Hio0ito (AK eghekmusHo2o ymeoprosaua Kap0Oioig i, mMum camum, 3anobieaHHs
Midckpucmanimuin kopo3sii). Haseoeno pexomenoayii uy000 uKOpUCMAHHI MAPOK e1eKmpooié 0
001A0HANHSL 3 HEPIUCABIIOYUX cmalell npu iX eKcniyamayii, K 8 IYICHUX CepeoosUuax HeeeauKux
KOHYeHmpayii, max i 8 Oinbut KOHYEHMPOBAHUX.

Knrouoei cnosa: nyxcue cepedoguuye, Koposilina cmilikicms, 36apHe 3 €OHAHHS, HANLAGIEHULL
Meman.

IMocTanoBka npodaemu. [llnpokoro nmomupenHs: HaOyIM HEP)KaBilOUi XPOMOHIKENEBI CTai,
10 3aCTOCOBYIOTHCSl, B OCHOBHOMY, IIPH BUTOTOBJIEHHI O0'€KTIB XIMIYHOTO MAIIMHOOYAYBaHHS,
3aBISKMA CTIMKOCTI MPOTH aTMOC(EpHOi, PiTUHHOI Ta Ta30BOi KOpO3ii, KApPOMIIHOCTi, a TaKOX
BHUCOKHUX Ta CTa0UIBHUX MOKA3HUKIB MILIHOCTI Ta IUIACTUYHHX BIACTUBOCTEH y HIMPOKOMY Jiarna3oHi
temreparyp. [Ipu BUPOOHHUIITBI KOHCTPYKIIH 13 >KapOMIIHUX Ta KHUCJIOTOCTIMKHUX ayCTEHITHUX
xpomonikeneBux cranei (08X18H10T, 10X18H10T, 12X18H10T To1I10) OCHOBHHM BHAOM
3BapIOBaHHS € JIyTOBE 3BapIOBAHHS IUIABJICHHSM. YCTAaTKyBaHHS TJIMHO3EMHOTO 1 TiIPOJi3HOTO
cnoco0y BUpPOOHMLTBA (TpyOONMpOBOAM, IMKJIOHM, NPOMApIOBAIbHI KamMepd ¢ 1H.), IO
BUTOTOBJISIETHCS 31 cTani 12X 18H10T, 3a3Hae iIHTEHCUBHUX pyHHYBaHb 110 3BAPHUX IIBaX. 3 aHAII3y
XapakTepy i Npu4YMH pyHHYBaHHS YCTaTKyBaHHs BUILUIMBAE, 1110 PyHHYBaHHS — HACII10K KOPO31MHUX
MPOIECiB y JIy)KHUX TEXHOJIOTIYHHX cepefoBumIax. lle Moxke CIpUYMHUTH 3HAYHE 3HUIKCHHS
Mpale3JaTHOCTI 3BapHUX KOHCTPYKLIH. Y 3B'A3Ky 3 LIMM BHUHHUKJIA MOTpeda 3MIHM TEXHOJOTI]
3BapIOBaHHS TAKWX 3’ €HAHb.

AHaJi3 ocTaHHIX AocaixKeHb i myOaikanii. Sk BiomMo, Ipu 3BaproBaHHI TPYOHHUX CHCTEM,
SK1 BUTOTOBJIEHI 3 aycTeHITHUX craied tumy 12X18HIO0T, 3a3Buuail 3acTOCOBYIOThCS IMpHCAIHI
Mmarepiaiy, ki 3a0e3MeuyoTh BUCOKOHIKEIEeBUI HalJIaBIeHUH ayCTeHITHUH MeTa. [{s 3BaproBaHHs
ayCTEHITHUX XPOMOHIKEJIEBUX CTajiell Ta iX CIUIaBiB MOKPUTHUMH €JIEKTPOJaMH 3aCTOCOBYIOTh TaKl
BiTum3HsHI [1] Mapku enekrponis: 1IJI-11, IIJI-11P, I[T-15, EA-395/9, 3A-400/1, O3J1-6, O3J1-8,
O3J1-40, O3JI-41 i Oarato iHmux [2]. BoHM MaroTh MEpeBa)KHO OCHOBHHUI BHJ TOKPHUTTS,
knacudikamiianii Tun 04X20H9, 07X20H9, 02X21H10I2, 06X22H9, 08X16H8M2, 08X 17H8M2,
06X19H11I2M2, 02X20H14I2M2, 02X19H9b, 08X19H10I'2b, 08X20H9I"25,08X19H10I"2MB,
09X19H10I2M2b, 08X19H9®2C2, 08X19HID2I2CM, 09X16H8I'3M3®D, 07X19H11IM3120,
08X24H12I'3CT, 10X25H13I2, 12X24H14C2, 10X25H13I2b, 03X15H9AT4, 10X20HIT'6C,
28X24H16I'6, 02X19H15T'4AM3B2, 02X19H18T'5SAM3, 11X15H25M6AI2, 09X15H25M6I 2D
[3].

Takox MIMPOKO 3aCTOCOBYIOTH €IEKTPOAU 3apyOiKHOro BupoOHHuTBa [4,5]. Tak, mupoky
HOMEHKJIATYpY €JIEKTPOIIB JJIsi 3BapIOBaHHS HEPXKABIFOUMX Ta JKAPOCTIMKUX CTaJlel BUITYyCKAlOTh,
Hanpukian, pipmu ESAB (OK61.25, OK61.30, OK61.35, OK61.85, OK63.34 [6]), Bohler-Uddeholm
(BOEHLER FOX EAS 2-A (AWS A5.4: E308L-17), BOEHLER Q E 308L-17 (AWS A5.4: E308L-
17), BOEHLER FOX EAS 4M-A (AWS A5.4: E316L-17), BOEHLER AWS E316L-17 (AWS
A5.4: E316L-17), Thermanit 19/15 H (AWS A5.4: E316LMn-15), BOEHLER FOX SAS 2-A (AWS
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A5.4: E347-17), BOEHLER FOX SAS 4-A, Thermanit 25/22 H, BOEHLER FOX EASN
25M,BOEHLER FOX CN 20/25 M-A (AWS A5.4: E385-17), ,BOEHLER FOX FFB (AWS A5.4:
E310-15 (mod.)) [7].

€ B1IOMOCTI PO MEXaHi4YH1 BJIACTUBOCTI HAIJIABJICHOT'O METAJTy IIUMH €JIEKTPOIaMH; HaBEICHO
CTPYKTYpYy, XIMIYHHMNA CKJaJl, MEXaHI4HI Ta KOpO3iiHI BJIACTUBOCTI 3BapHHUX IIBIB Ta 3’€HAHB;
ICHYIOTb CcrocoOM 3MEHILIEHHS Ta YCyHEHHsI HamlpyXeHb Ta JedopMaliiif, 10 BUHUKAIOTH MpPU
3paproBanHi [8]. OnHak, KOpHCTYBaTHCsS TaKUMH JaHHUMHU JUIs TOPIBHSUIBHOI OILIHKU IpH
BUT'OTOBJICHHI 1 pO3pO0Ill 3BapHUX KOHCTPYKIIii, 10 MPALIOIOTh y JTYKHUX CEpEelIOBUIIAX, JOCUTh
BaXKO 4Ye€pe3 BiJICYTHICTh MOKA3HHUKIB KOPO3iHHOI CTIHKOCTI HAILIABIEHOTO METaly 1 KOHKPETHHX
pPEKOMEH1allii 31 3BaprOBaHHS.

MeTta gociiaxeHHsi. AHali3 BIUIMBY XIMIYHOTO CKJIaay i CTPYKTYPH Ha KOPO3iiHY CTiHKICTB
HAIUTaBIIEHOTO MeTaixy 1 BHOIp MPUCAJAHMX MaTepialiB JUisl 3BaplOBaHHS YCTaTKyBaHHS, IO
eKCIUTyaTy€eThCS B JTY)KHUX CEpeIOBHILAX.

OcHoBHuIi MaTepiana pociigxenns. J{ocnimpkeHns Qi3UKO-XiMiYHUX BIACTUBOCTEH METalTy
BUKOHYBaJIH Ha 3pa3kax OararomapoBHX HaIJIaBJIeHb 1 3BapHUX 3'¢HaHb cram tumy 12X18H10T
eJIeKTpo/IaMu pi3HUX Mapok (Tabn. 1). BmicT d-deputy po3paxoByBasid aHATITUYHO 1 BU3HAYAIU
eKcrepuMeHTanbHo Gepuromerpom OM-10i.

Tabmurs 1 — @i3uKo-XIMIYHI BJIACTUBOCTI HAIUTABICHOTO METaTy
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g & BJIACTUBOCTI >
% g r/MXronq
< § > v o

3} . A < = 9 I © T
5 C | Si {Mn|Cr| Ni|Mo|Nb| V & 5§ 5%l o2 5%
Y| 2z | wz

0O3JI-8  10,07{0,60{1,40(20,0189| - | - | -
O3JI-6  |0,09(0,55|1,25/25,6{12,5] - | - | -
0O3JI-9  10,20{0,50{ 6,0 (24,5]16,9] - | - | - 598| 372 | 1373 |0,0175 | 0,0835
310-8  |0,07|0,55]1,89(23,8/12,6] - | - [ - |[3,5/549] 333 | 981 |0,6007 |0,8894
IJI-11  ]0,10{1,00|1,55/19,8{9,5| - [0,98] - | 6 |608] 353 | 990 | 0,590 |0,6249
310-3  |0,09(0,65|1,67]18,5[10,0] - |0,90] - [ 5 (598 343 | 980 | 0,420 |0,7877
1JI-9 0,11/0,85|1,50{21,0{11,2| - [0,80] - [ 4 |677] 372 | 981 |0,1270]0,5971
I1T-15  10,09|0,35]1,90/19,0{9,4| - [0,80] - |4 |589 314 | 971 |0,4510(0,7112
AHB-13 ]0,03(0,12|0,65|18,4|10,3| - |[1,00{ - |3,5|578] 305 | 981 | 0,840 |1,1218
AHB-23 10,08/0,80|1,45/18,7{9,1| - [0,36] - |3,5/579| 314 | 981 |1,87001,3773

598| 353 | 1177 |0,6921 | 0,9937
559| 343 | 1079 |0,59720,8862

©[&|| depury

1JI-4 0,07]0,50|1,95(18,5(9,2|12,3] - | - [ 7 (589 334 | 981 |1,8011|2,3672
HUAT-1 10,09(0,72|1,25(18,3|8,7 |2,1| - | - | 5|579] 343 | 1079 |0,7812|1,5243
EA-395/9 10,09(0,69(1,70[15,5[25,0{58] - | - | - |608] 462 | 1177 |0,0290 | 0,0438

AHB-17 10,22|0,35|6,50/24,5|16,0{2,1| - | - | - |589] 353 | 1275 |0,04800,1615
EA-400/10Y |0,07/0,48|2,10(18,0{10,5|2,5| - [0,52| 6 |550{ 363 | 1079 |0,6900 | 3,2094
EA-981/15 |0,08/0,50(2,00(15,3|25,0/5,8]| - 677] 490 | 1079 |0,0440 | 0,0507
HX-13 |0,06|0,60| 1,3 ]18,0{10,5|2,2]0,65| - 608 470 | 981 |0,2930 | 3,2110
HM1N-48 |0,18(0,38/5,60(19,8{10,2|0,1| - | - | - |550[ 372 | 981 |0,2511]0,9596
12X18H10T |0,11/0,80|2,00/18,5[10,0f - [0,7] - 490 210 | 981 |0,4807|1,3775
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MexaHiuHi BIaCTHBOCTI HAIUIABIIEHOTO METaTy BU3HAYa M BUMPOOYyBaHHsM 3pa3kiB ['arapina,
SIK1 BUpi3aHi 3 0araronapoBUX HAIUIABJICHB; YJApHY B'S3KICTh METaJIy 3BapHUX IIBIB — HA 3pa3Kax
tuny V 3a JICTY 8817:2018. KoposiiiHy CTIMKICTh BH3HAYalIM TPaBIMETPUYHHM METOJIOM.
[ToTenmiocTaTuyHi Aiarpamu Oy yBaid 3a AornoMororo noreHiiocraty [1-5827M. KpuBi oriHoBaIu
3a BEJIMYMHOIO IMIJIBHOCTI CTPyMy B aKTHBHIM 00macTi (ixp), 3cyBy noreHiiany nacupaiii (Enn),
IJIBHOCTI CTPYMY B MacuBHiN 00acTi (inn) 1 moteHmiany @musaa (Exp).

TexHonoriuna MiIHICTG 1 KOpO3iHA CTIMKICTh 3BapHUX MHIBIB 3a0€3MEUy€ThCS TEBHOIO
CTPYKTYpPOIO 1 XIMIYHMM CKJIQJIOM HaIUIaBJICHOro Metany. Buxomsuum 3 1p0oro, mpu BHOOPI
3BapIOBAIBHUX MarepiajiiB 1 BCTAHOBJIEHHI MPHUITyCTUMOTO CTYIEHS INPOILIABIECHHS OCHOBHOTO
MeTajy OIIHIOBAJIN CTPYKTYPY 1 MOXIIMBI BJACTUBOCTI Pi3HUX JUISHOK IIIBA.

Amnaniz poounn 3a monomoror giarpamu Illeduiepa [9] crocoBHO 10 yMOB KpHcTamizariil
MeTtainy npu 3BaproBanHi ctam 12X18H10T (puc. 1).

) FA-981/15
Vo FA-395/9 ? /U
y
7/ AHB-77—
FA-395/9 /
23
Aycrmerim
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HM-48
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70 %
75 2X18H10T
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Aycmerim+ L/ETT FA-400,/10Y
|
HX-13
Mapmercum Uh_4 0%
UYT-75 AHB-23
AHB-13 HIAT-7
11 — —

8 20 22 24 (r. %

Pucynok 1 — Bu3HaueHHS CTPYKTYpHOTO CTaHy HaIlJIaBJIEHOT'O METaJy 3a JIONIOMOTOI0 Jiarpamu
[ednepa aya HEepkaBirOUUX CTaNEi

BinnosinHo 710 mpaBui moOyIoBH MOAIOHMX JiarpaM yci ayCTeHITOyTBOPIOBAJIbHI €JIEMEHTH
NpUBEJICHI 10 eKBiBaJICHTHOTO BMicTy Hikento [10]:

Nie = % Ni +30 % C+30 % N+0,5 % Mn, (1)

a BCl (hepuTOyTBOPIOBAIBHI - 10 €KBIBAJICHTHOTO BMICTY XPOMY:
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Cre= % Cr+% Mo+1,5 % Si+1,5 % V+0,8 % W=+0,5 % Nb+4 % Ti+3,5 % Al (2

[Ipu BHOOPI 3BaprOBaAIbHUX MaTepiajiiB CIIiJ BpaXOBYBAaTH MOJKJIUBICTh PO3BUTKY y 3BapHUX
3'€MHAHHSAX CTPYKTYPHOI, XIMIYHOI 1 MEXaHIYHOi HEOJHOPITHOCTEW, IO 3HAYHO 3HHKYE
Mpane3/1aTHICTh 1 HAIIMHICTh 3BApHUX KOHCTPYKIIIHA. Pe3ynbpratét BUMpoOyBaHb 1O BHU3HAYEHHIO
MEXaHIYHUX BJIACTHBOCTEH HAIUIABJICHOTO METATy MMOKAa3alld, 0 XapaKTEPUCTUKH MIITHOCTI HOTO
TICIIs 3BapIOBaHHS MEPEBHINYIOTh PiBEHb MOKa3HUKIB OCHOBHOTO MeTainy tuiy 12X18H10T. Bmict
XpOMy, HIKEN0, MOJiOAeHy 1 Hio0if0 30UTbIIye BIIACTUBOCTI MIITHOCTI, MPO MO CBIAYUTH
CIIBCTABJICHHS JaHUX, SIKI OTpUMaHi Mpu HamuiaBieHHi enektpomamu O3J1-9, 11JI-9, AHB-17,
EA-395/9 1 iH. Mexi TeKy4oCTi HAIUIaBJICHOTO MeTally IepeOyBaloTh HAa BHUCOKOMY piBHI, IIIO
00yMOBJIIEHE JIETYBaHHSIM XPOMOHIKEIIEBOTO METaly €JIeMEHTaMH, SIKi 3MII[HIOIOTh TBEPAU pO3UUH
(Mo, Nb i V). YnapHa B's3kicTh MeTany, HarutaBiieHoro enekrponamu 310-3 1 [[T-15, Ha piBHI 3
nokasHukamu ocHoBHoro mertany. Enextpomau O3JI-9, AHB-17,03J1-8, EA-395/9 3abe3neunnu
MeETaJI 3BapHUX IIBIB 3 IJIACTHYHICTIO, sika Ha 22-40 % OiibIa, HiXK Y OCHOBHOT'O METaIy.

PesynbpTat KOpo3iiiHUX BUIIPOOYBaHb MOKA3aly, 10 3MiHA BMICTY JIETYBAJIbHUX €JIEMEHTIB,
BYTJICHIO ¥ PO3KHUCIIOBAYiB 3HAYHO BIUIMBAE HA KOPO3iiiHY CTIMKICTh MeTally 3BapHUX IIBIB (IUB.
tabun. 1). Taxk, 31 3miHOO BMICTY Xpomy Bif 20 % 1o 25,6 % 1 mikento Big 10 % mo 12,5 % xopo3siiina
CTiHKiCcTh MeTay 301IbITyeThest (3pasku Ne 112, mus tadm. 1). [Ipu BmicTi Hikemto 16,9 % mBUIKICTh
Kopo3ii 3HmKyeThes 10 0,0175 r/m?s rox, mpotu 0,4200 r/m?s rox (B 24 pasu) s BMicTy Hikemo 10
% (3pa3ku Ne 3 ta 6 BiAMOBITHO, AUB TAOM.1).

JleryBaHHSI XpOMOHIKENIEBOTO METally HI001€M MO3UTHBHO BIUIMBA€E HA KOPO3iiHY CTIHKICTB.
Taxk, narmaBnenuit Metan tuny X 19H10b Mae mBuaKiCTh KOPO3ii HE3HAYHO MEHIIY, B IOPIBHSAHHI 3
OCHOBHUM MeETaJIOM. BUKITIOYEHHS CTaHOBJATH 3pa3ku, sKi HamjaBieHi enekrpogamu AHB-13 i
AHB-23. Hamutapnenuit meran 3 momaionenom — X18HIM2 (3pazox Ne 11) mae HU3BbKY KOpO3iiHY
CTiIMKiCTh. MapraHeup HE3HAYHO MiJBHUINYE KOPO3iiHY CTIHKICTh, a BIUIMB KPEMHIIO B JIYXKHHMX
CepeIoBUINAX HE BU3HAUECHO.

[Ipu nocnigxkeHH] eNeKTPOXIMIYHIX XapaKTePUCTUK 3BAPHUX 3'€THAHB (Ta0J. 2) BCTAHOBICHO
oca0JIeHHs aKTUBHOTO PO3YMHEHHS 1 3MEHIIEHHS KPUTHYHOI IIUTBHOCTI CTPyMy B JYXKHHX
pO3uMHAaX 31 3pOCTaHHAM BMICTy XpoMmy. KpiM TOro, miABHMIIEHHS KOpPO3iHHOI CTIHKOCTI
XPOMOHIKEJIEBOIO METaly 3B'A3aHe 31 3HMWKEHHSM CTpyMy Kopo3ii. 30UIbLICHHS BMICTY HIKEIIO
MOJIINIITYE€ TACUBYBAJbHY 3/aTHICTh HAIJIABICHOTO METaly, TOMY IO 3HWXKYIOThCS KPUTHYHA
LIUIBHICTh CTPYMY MAcUBAaLlli 1 CTPyM KOpO31i CUCTEMH “IIIOB — OCHOBHUI MeTai .

Tabmuis 2 — EnexTpoximMiuHi XapaKTepUCTHKHU 3BapHUX 3'€THAHb

Tun [TapamMeTp KOpO31WHUX MPOIIECIB
Ne 3paska | HaAIUIaBIEHOTO lp, I, Exp, Enn, CTPYM KOpO3ii,
MeTamy nA/cm? wA/cv? B B WA/eM?
19 12X18HIOT 1,06 0,12 -0,065 +0,04 6,8
1 07X20H10 1,70 0,22 -0,105 +0,14 6.4
3 20X25H17 0,88 0,14 -0,045 -0,01 6,3
11 07X18HI10M2 0,96 0,12 -0,020 +0,04 6,0
5 10X19H10b 1,27 0,12 -0,060 -0,01 54
17 06X18H10b 1,22 0,13 -0,070 -0,01 4,2
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MomnibaeH 3Bykye 007acTh aKTUBHOTO PO3UMHEHHS 1 HE3HAYHO MOJIMIITYE HOT0 MacCuBYBaIbHY
3matHicTh. OJIHAaK, CTPyM KOpO3ii, MpH J0JATKOBOMY JIETYBaHHI 3BAapHOTO IIIBa MOJIIOICHOM,
MIEPEBUIIYE TAKHI IS ACSKUX 1HIIUX THITIB HaruiaBiaeHoro Metany (3pasku Ne 11, Ne 5, Ne 17, nuB.
Ta0:1.. 2). BoueBunp, MosiOeH, IPU CBOIM 3aTHOCTI BIUIMBATH Ha MAaCHBYBAJIbHI XapaKTEPUCTHUKH,
BCE JK-TaKW, aKTUBHO PO3YHMHSETHCS 1 cCripusie 301IbIICHHI0 MBUAKOCTI KOpo3ii. Hiobiii yTpynHioe
MaCHBYBAJIbHY 3/IaTHICTh XPOMOHIKEIEBOTO METaly, 30UIblIyI0un BMICT O-pepuTy. BigznauaeTncs
3MEHIICHHS CTPYMY KOpPO3ii CHCTEMH II0B — OCHOBHUH METaJl.

Kopo3zis XxpoMoHikeIeBOro MeTalxy B JIY)KHHX CEPEJOBHILAX Ma€ CTPYKTYpHO-BUOOpUMIA
xapakrtep 1o o-peputy. Metanorpadivuai JociKeHHS TOKa3alu epeBakHEe TPaBIeHHS i€l (a3u B
JTy>KHUX cepefoBuIax. Pe3ynpTaTi BUIPOOYBaHb 32 KOPO31MHOIO CTIHKICTIO HAIJIaBJICHOTO METaly
MiATBEPANIIH 3aJISKHICTh MBUAKOCTI KOPO3ii MeTainy Bif BMICTy O-(QepUTy y 3BapHOMY IIBi (JMB.
tabu. 1). HaiiGinbin BUCOKY KOPO3iiiHY CTIMKICTh MatOTh 3BapHi LIBU 3 OJHO(A3HOI ayCTEHITHOIO
cTpykrypoto (enexkrpoau O3JI-9, EA-395/9, EA-981/15, AHB-17). 3 nosiBoro JIpyroi CTpyKTYypHOI
CKJI1a/10BO1 (O-(pepuTy), MBUAKICTH KOPO3ii HaIIaBIeHOTO MeTaly 3poctae (enexkrpoau O3J1-8, 310-
8, AHB-13, IIJI-9 i in.). OnHak, MK MIBUAKICTIO KOpPO3ii 1 BMICTOM O-(hepuTy HEMae OJHO3HAYHOT
3aIeKHOCTI

BUCHOBKHA

IIpoBeneno BuOIp mpUcaaHUX MaTepialliB ISl 3BapIOBAHHs yCTaTKYBaHHS, 110 €KCILUTyaTyeTbCs
B JIy’)KHUX CEPEJOBHUINAX Ta KOMIUIEKC €KCIIEPUMEHTIB 3 JOCHIKEHHS BIUTUBY XIMIYHOTO CKJIATy i
CTPYKTYpPHU Ha KOPO31iHY CTIMKICTh HAIUIaBJICHOTO METAIy.

Ha ocHoBi aHanizy Kopo3iiiHOi OBEIIHKH Ta €IEKTPOXIMIYHMX JIOCHIIKEHb METaly 3BapHUX
IIBIB Ha HEP)KaBIIOUMX CTaJsIX MOXKHA 3pOOMTH BHCHOBOK, IIO BIUIMB JIETYBAJbHHX €JIEMEHTIB
MpOSABISAETECS Yy (OpPMYyBaHHI CTPYKTYpH, 3MIHI €JIEKTPOXIMIYHOT 1 KOpO31HHOI TOBEIIHKU
HaIUIaBJICHOTO METaly.

[lopiBHsIbHA OIIHKA €JNEKTPOJHUX MaTepiayliB JI03BOJISIE PEKOMEHyBaTH HACTYIHI
3BaplOBalIbHI MaTepiaiy P po3poOLli TEXHOJIOTIYHUX MPOLIECiB BUTOTOBICHHS KOHCTPYKIIiH 31 cTasi
12X18HI0T: I[JI-9, I11JI-4, 310-3 (;myxH1  CcepenoBUIA HEBETUKUX KOHIEHTpamii). st
yCTaTKyBaHHS, 110 €KCIUTyaTyeThCs B O1IbII arpECUBHUX TEXHOJIOTTYHUX CEPEIOBUIIIAX, — €IEKTPOAN
EA-395/9, EA-981/15, O3J1-9, O3JI-6.
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Savonov Y.M, Kapustian O.Ye., Parahnevich E.M., Ershov A.V.

COMPARATIVE EVALUATION OF ELECTRODE MATERIALS FOR WELDING
CHROME-NICKEL STEEL

A big problem remains the production of welded joints made of stainless steels, which are
operated in aggressive environments of various industries, with high characteristics and a long
durability. Requirements for welded joints: corrosion resistance and sufficient mechanical
parameters. The question at issue is that operation of welding facilities in aggressive environments
causes, firstly: selective destruction of deposited weld metals, and secondly: selective dissolution of
one of the phases in the metal structure, the so-called structural selective destruction.

It's well known, that the properties of deposited weld metals depend on the amount of alloying
elements. This required amount determines structural condition and mechanical properties of the
deposited metal. There is a big variety of electrode materials for fabrication of welded equipment
from stainless steels, specified their reference mechanical parameters, but the data about the
corrosion resistance of this welded joints are either deficient or completely absent.

The goal of present research was to make a comparison of main electrode materials that can
be used for fabrication of welded equipment that is operating in alkaline environment.

For this purpose, the effect of chemical composition on the structural state and corrosion
resistance of the deposited metal of welded joints was investigated. At the first stage, the effect of
various chemical elements on the corrosion behavior and structural state of the deposited metal, as
well as their amount in the composition of welding materials, was quantified.

Nickel, chromium and niobium have been shown to increase corrosion resistance. The effect of
molybdenum was not clearly detected. With its ability to reduce the corrosion current, it helps to
increase the rate of corrosion. These researches made it possible to quantify the content of alloying
elements to ensure high corrosion resistance.

Corrosion of nickel-chromium steel in alkaline environment has a structural selective nature
for delta ferrite. Ferrite in stainless steels is enriched with chrome, but contains a small quantity of
nickel. That’s why in electrochemical couple of austenite-ferrite the last one stands as anode and is
subject to preferential destruction in alkaline environments. The electrochemical researches
confirmed the drawn conclusions.

To attain high corrosion resistance, the deposited metal of welded joints may contain certain
quantity of nickel, chrome, and niobium (as an effective former of carbides and, thereby, preventer
of weld decay).

The given recommendations of electrode grades for fabrication of welded equipment from
stainless steels during their operation in alkaline environments, as low-, as well higher concentrated.

Keywords: alkaline environment, corrosion resistance, welded joint, deposited metal.
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