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ABSTRACT

One of the most common defects occurring in welded metal structures that are exploited under water are
corrosion spots. For its repairing, wet underwater welding, including welding by powdered wire, is used. It is
necessary to ensure the corrosion resistance of the weld joint at the level of properties of the base metal. The
purpose of the work was to investigate the corrosion resistance of welded joints with ferrite and austenite
surfacing layers made by the method of wet underwater welding, in conditions that simulate the marine
corrosion.

Welded joints, surfacing layer of which were obtained by powder wires based on PPP AN-2 with
copper content of 0, 1 and 2%, and powdered wire with nickel coating were investigated. For investigating the
distribution of corrosion potential through the surface of welded joint, the potentiometric measuring method
under the drop applied. Potentials measured by chloride silver comparison electrode using the potentiostate
PI.-50.1. It was shown that the most corrosion-resistant surfacing layer is obtained when the wire of PPS AN-2 +
2% Cu wire and powdered wire with nickel coating are used. Taking into account that the area of surfacing layer
is much smaller than the area of metal construction, it will be expecting an increasing in the corrosion resistance
of this zone and weld metal construction in general.

According to results of corrosion studies of welding joints with surfacing layers under conditions of
variable wetting by 3% NaCl during 2000 hours, it was established that their surface of that specimens
undergoes non-uniform corrosion with corrosion spots. Prevailing local destruction and cracks in the heat-
affected zone of the butt weld joint and the surfacing layer on the specimens were not found, which is confirmed
by the results of metallographic tests.

KEY WORDS: pipe steel St3, potentiometry, periodic wetting, marine corrosion, wet underwater
welding, flux-cored wire.

BCTYII

OnHiero 13 NPUYMH BHUXOAY 3 JaJly METaJOKOHCTPYKIIH, MIO TMPAIiol0Th y BOJAHOMY
CEpPEIOBHIII, Y TOMY YHCJII B MOPCHKUX YMOBax, € Kopo3isd. Tak, HalpuKiIaa, KOpO3iiHe 3HOIIYBaHHS
JIUCTIB MIJBOJHOI YaCTHHHU KOPIyCy cyaHa Moxke pocsratd Big 0,3 mo 0,5 mm/year. Ille Oubmn
KpUTHYHA CHUTYallis 3 KOpo3i€ro 3BapHUX MBiB. [IIBHAKICTh iX pyHHYBaHHS NEpPEBUIYE MIBHIKICTH
KOpO3ii OCHOBHOI'O METally 1 y HHU3LI BHUNAAKIB Moxke gocsaratu 1...3 mm/year [1, 2]. Ilocuieny
BHUOIPKOBY KOpO3il0 y BUTJIAAI OOpPO3H Y3MOBX 3BapHUX IIBIB (10 oOuaBa OOKH) crocTepiraiu B
Mertani 30HH TepMiuHoro BIuMBY (3TB) ma3oBuX, CTHKOBHX IIBIB i HIBIB MPHUBAapPKH JI0 OCHOBHOI'O
BHUpOOYy — 10 1 mm/year, y 6aratbox BUIaJKax CIIOCTEpIrajan HacKpizHe KOpo3iliHe pyHHyBaHHS JiHiT
crutaBieHHs (yrBopeHHst cumiiB) [1]. Ha aymky aBropiB mpami [2] 3BapHi HIBH MiJIaIOThCS
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pYHHYBaHHIO BHACIIIOK BHHUKHEHHS TEPMOCIEKTPOPYIIIHOT CHIM MK 3BapEHHUMH JCTAISIMH B
YMOBaX BHCOKOI eIeKTponpoBimHOCTI Mopchbkoi Bomu (edekt 3eebeka). Ockimbku 30HAIbHA
TeMIIepaTypa MOPChKOI BOJIN MaiiKe 3aBXK/H JISSKOI0 MIPOIO BiIPI3HSAETHCS BiJl TEMITEPaTypH KOPITYCY
CyIHa, TO TICIsA 3BaplOBaHHSA LHUX JETajiei yTBOPIOETHCS TajbBaHIYHA T1apa MK METaJoOM IBa i
OUIAIIOBHOT 30HH, IO B KUIbKA Pa3iB MOXKE MPUIIBUALIYBATH KOPO3il0 MEHII «OJaropoaHOl 30HW
3BApPHOTO 3’ €THAHHA.

Jnst peMOHTY MPOKOPOJOBAHUX 3BapHHUX INBIB TPYOONPOBOIIB, IO EKCITYaTYIOTBCS IIif
BOJIOI0, 3aCTOCOBYEThCS MOKpe migBoaHe 3BaproBanHs. B IE3 im. €.0. Ilarona po3poOieHi
CIeliaai3oBaHi MOPOIIKOBI APOTH, MIPU3HAYCHI JIJIsl 3BapIOBAHHS MAJIOBYTJICIICBUX 1 HU3bKOJICTOBAaHUX
cTalieif, y TOMY YHCJII MiIBUIIEHOI MIIHOCTI. B ocTaHHROMY BHIamKy i 3a0€3MEUeHHS CTIHKOCTI
MPOTH YTBOPEHHS XOJOMHHX TPIIMH Y 30HI TEPMIYHOTO BIUIMBY BHKOPHUCTOBYIOTH EIEKTPOIHI
MaTepiaiu aycteHiTHoro tuny [3]. Meroro pobotu Oyno qociiKeHHsT KOpO3iiHOI TPUBKOCTI 3BapHUX
3’€HaHb 13 (QEPUTHUMHU Ta AyCTCHITHUM HAIUIABICHHMH IapaMH, BUKOHAHHMMH METOJOM MOKpPOTO
MiZIBOJHOTO 3BapIOBAHHS B YMOBAX, 10 MOJEITIOIOTH MOPCHKI.

MATEPIAJIN TA METOAU JOCIIIKEHDb

Meroauka MArOTOBKM 3pa3KiB Ui JOCTIKEHb aHaJoriyHa 0 HaBeaeHoi y mpaii [4] i
nojsrana B HacTtynmHoMy. [lomepeaHbo y ToBiTpi Oynu 3BapeHi CTHKOBI 3’eaHaHHs 31 crami Ct3.
Y310k onHiel 31 CTOpiH IIBa MO JIHIT CIIaBlIieHHS Oyna 3po0JjieHa KaHaBKa TIMOMHOK 8§ mm.
3aBapioBaHHs KaHABOK BHKOHYBAJIU IIiJ BOJIOKO MOPOIIKOBUMHE JApOTaMH (EPUTHOTO Ta ayCTEHITHOTO
TUIIB Ha pekuMi: I, = 180...200 A, U, =33...34 V.

XapaKTepucTuKa JOCTIDKEHUX 3pa3KiB 3BapHUX 3’€HaHb 13 HAaIlJIaBICHUMHU IIapaMH
HaBeJieHa B Ta0uI. 1.

Tabnungs 1. XapakrepucTuka 3pa3kiB 3BapHHUX 3’€HaHb TpYOHOI craui Ct3 i3 GpeputHUM Ta
ayCTEHITHUM HAIUIaBICHUM METaJIOM

Table 1. Characteristics of the samples of welded joints of pipe steel St3 with ferrite and austenitic weld metal

Ne 3paska | Bwuj HammaieHoro merany
1 (bepuTHMiA, BUKOoHaHMIA Apotom [ITIC AH-2
2 ¢depurHuii, BukoHanuii apotom [1I1C AH-2 + 1 % Cu
3 ¢depurHuii, BukoHanuii aporom [1I1C AH-2 + 2 % Cu
4 ayCTEHITHUH, BUKOHaHUH qpoToM 3 Ni cTpiuku

Sk BUNpoOyBaIbHUI po34urH 3acTocoByBanu 3% NaCl.

Jis  IOCHI/DKEHHS pO3MOITYy IOTEHIIAMB KOpO3ii IO IMOBEpXHI 3BapHOro 3 €IHAHHS
3aCTOCOBYBAIM METOJ Iija Kparuicto. [loTeHIiaay BHUMIPIOBAIM BIJHOCHO XJIOPCPIOHOrO €IeKTpoaa
MOPIBHSIHHSA 3a qonomoroto noreHmiocrata [11-50.1 ynpomork 30 min Ha pi3HHX 30HaxX 3paskiB 33:
ocHoBHOMY MeTtani (OM), 30HI TepMIYHOTO BIUIMBY Mi’K OCHOBHHUM MeTasioM 3a 3BapHuM 1mBoM (31)
(mami 3TBowm.3u1), 3BapHOMY 11IBi, 30HI TEPMIYHOI'0 BIUTMBY MiXK 3BAPHUM IIIBOM 1 HAIIJIABICHUM IIAPOM
(3TBsu1.um), 30HI TEPMIYHOTO BIUIMBY MK HaIUIaBJIEHUM MIapoM Ta oCHOBHUM MeTaioM (3TByurom)-
[lepen BUMIpIOBaHHIMH 3pa3Kd 3HESKHPIOBAJIM OKCHIOM MAarHito, MPOMUBAIN BOAOTIHHOIO, MOTIM
JMCTHIILOBAHOKO BOJIOKO, BUCYIIYBAIU (QiTbTPYBaJIbHUAM IAIIEPOM.

Kopo3iitHi BUIpoOyBaHHsS 3pa3KkiB 3BapHUX 3’€HAHb BHKOHYBAalld B yMOBax 3MiHHOTO
3mouyBaHHs 3% pozurHom NaCl 3a temmneparypu (20+2) °C ympomosx 250, 700, 1000 i 2000 hours.
3pa3ki HaBaHTaXXyBall 32 YOTHPUTOUKOBOIO cxemor 10 0,80, ocHoBHoro wmeramy [4]. Ilicns
KOpO3iMHUX BHUNPOOYBaHb METOJOM OINTHYHOI MIKPOCKOIMIi JOCTI[DKyBaJld 00JacTh B OKOJi
HaruaBjieHoro mapy. Meranorpadivyai noTiu roTyBaiy 3a CTaHAAPTHOI METOTUKOIO.

EKCIHEPUMEHTAJIBHI PE3YJIbTATH TA iX OBTOBOPEHHSI

Sk BiIOMO 3 JOCBiIy €KCILTyaTallii METAJIOKOHCTPYKIIIH Y MOPCHKUX YMOBaX, MEPEBAKHOMY
KOpO3iifHOMY pYHHYBaHHIO MiJJa€ThCsl 30Ha cIuaBieHHs. Jlias i1 peMOHTY 3ampoIriOHOBaHO
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BUKOPUCTOBYBAaTH PEMOHTHY TEXHOJIOTIIO HAIUIABJICHHIM, MPUYOMY MaTepiall HaIUIaBJICHOTO IIapy
BHOW AN OLIBII JISTOBAHUM, 1100 MIABUIUTH KOPO31HHY TPUBKICTH IIi€1 30HH.

Alle KOHTAaKkT OUIBII 1 MEHII JIETOBAaHWX MIApPiB y KOPO3WBHO-aIPECHBHOMY CEpEIOBHII
MPU3BOAUTL O EIEKTPOXIMIUYHOI TeTeporeHHocTi. /I OTpMMaHHS MOMNEPENHIX TaHUX IIOJ0
CNEKTPOXIMIUYHOI TeTepPOreHHOCTI 3BapHOrO 3’€JHAHHS 13 HAIJIABICHHM [IapoOM aHalli3yBalid Ix
MOTEHIIiaI Kopo3il. Pe3ynbpraTi BUMiproBaHb HaBeJICHO B TaO. 2.

Tabnuug 2. [ToTeHuianu kKopo3ii pi3HUX 30H 3BapHOTo 3’€qHaHHs 3i cTaii Ct3 i3 pepuTHUMU
Ta ayCTEHITHUM HaIUIaBICHUMHU IIapaMu

Table 2. Corrosion potentials of different zones of welded joint of St3 steel with ferrite and austenite

cladding layer
IMorenuian, V
Ne 3pa3ka OM 3TBOM-3II_I 31 3TB3[]_|_H[]_| HIII 3TBHII_I-OM OM
(BM) (HAZgy.waa)| (Weld) | (HAZweas) | (SL) (HAZs, pv’ (BM)
1 -0,550 -0,591 -0,500 -0,532 -0,548 -0,575 -0,550
2 -0,550 -0,591 -0,500 -0,537 -0,554 -0,580 -0,550
3 -0,550 -0,591 -0,500 -0,550 -0,499 -0,557 -0,550
4 -0,550 -0,591 -0,500 -0,566 -0,185 -0,450 -0,550

Cxopouenns: OM — ocaoBHuit Metai, 3TBoy.3y — 30Ha TEPMIYHOTO BIUIMBY Mi)K OCHOBHUM METaJIOM Ta 3BapHU
mBoM, 3111 — 3Bapuwmii 1108, 3T B3y — 30Ha TEPMIYHOTO BIUIUBY MIK OCHOBHMM METAJIOM 33 3BapHHM IIBON
HII — wammaBnenwit map, 3TByuom — 30Ha TEPMIYHOrO BILIMBY MK HAIUTaBIEHHM IApOM Ta OCHOBHHU]
METaJIOM.

Abbreviation: BM — base metal, HAZgy.weq — heat affected zone between base metal and weld, Weld, HAZ 4.
pw — heat affected zone between weld and cladding layer, SL — surfacing layer, HAZg; pv — heat affected zone
between cladding layer and base metal.
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Puc. 1. Po3noxin moreHmianiB no noBepxHi 3paszka 33 i3 ¢pepurHumu Ta aycreHitnum HIL: / — pepurhmii,
BukoHanu#t nporom [1IIC AH-2; 2 — deputhmii, Bukonanuii aporom [I1C AH-2 + 1 % Cu; 3 — dpepurHui,
BukoHanu#t nporom I[IIC AH-2 + 2 % Cu; 4 — aycTeHITHUIA, BUKOHaHUH ApoTOM 3 Ni CTpiuKy.
Fig. 1. Distribution of potentials through the surface of the welded joint sample with ferrite and austenite

cladding layer: / — ferrite, made by wire PPS AN-2; 2 — ferrite, made by wire PPS AN-2 + 1% Cu;
3 — ferrite, made by wire PPS AN-2 + 2% Cu; 4 — austenitic, made using of Ni strip wire.

BcranoBiieHo, 1o noreHirian kopo3ii ocHoBHoro merany crajii CTt3 JopiBHIOBaB MPHOIU3HO
-0,550 V, merany mBa — -0,500 V, 30HM TEpMIYHOIO BIUIMBY CTHKOBOI'O 3BapHOro 3’€IHaHHS OYyB
BiJl’ EMHIIIMA, HI)K OCHOBHOTO METaJIy Ta MeTaiy 1Ba i craHoBuB ~-0,591 V. [IpucyTHICTh Y 3BapHOMY
3’€IHAHHI 30HU 3 OUTBII BiJI’€MHHUM ITOTEHINIAJIOM ITiJ] Yac KOHTaKTYBaHHS i3 KOPO3WBHO-aIPECHBHUM
CEpPEIOBHUIIEM CTBOPIOBAJIO YMOBH TS 1i pyHHYBaHHS, 10 1 CIIOCTEPIraiiy Imij Yyac eKCIUIyaTallii TAaKuX
3BapHHUX METAJOKOHCTPYKIIIH.
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Puc. 2. Mikpodotorpadii 6isimoBepxaeBux mapis 3paskis 33 3i crani C13 i3 HaIUIaBJIEHUMH IIApaMH Pi3HOTO
XIMIYHOTO CKJIaly MicCIIsl JOCIIPKEHb B YMOBaX CYMiCHOT'O BIUIMBY TIOCTIHHOTO HABaHTa)KEHHS Ta 3MiHHOT'O
3MouyBaHHs ynponosx 700 ronuH: a — deputHuii, BukoHanuii gporom [1I1C AH-2; b — pepuTHMIA, BUKOHAHUI
nporom IITIC AH-2+1 % Cu; ¢ — pepurnuii, Buxonanuii aporom III1C AH-2+2 % Cu;

d — ayCTEeHITHUI BUKOHAHUM JIpOTOM 3 Ni CTpiuKH.

Fig. 2. Microphotographs of near surface layers of welded joint samples of St3 steel with cladding layer of
different chemical composition after investigations under conditions of complex exposure of constant load and
different wetting by 3 % NaCl during 700 hours: a — ferrite, made by wire PPS AN-2; b — ferrite, made by wire
PPS AN-2 + 1% Cu; ¢ — ferrite, made by wire PPS AN-2 + 2% Cu; d — austenitic, made using of Ni strip wire.

VY pasi pyiiHyBaHHsS Ili€]l 30HM Ta BIJIHOBJICHHSA I HAIUIABJICHHSAM OTPUMYBAJIM OLUIBII
seropanuii, mopiBHssHO 31 3TB, map. [loTeHmianm Kopo3ii HBOro IMapy BiIpIi3HABCSA 3aJEKHO BiJ
3aCTOCOBYBAHOTO 3BapIOBAIIbHOrO ApoTy. Tak, MOTeHIlad Kopo3ii HAIIaBICHOTO Iapy, BUKOHAHOTO
nporom [ITIC AH-2, nopisaroBaB 6mu3sko -0,548 V. [lpu BBenmenHi o ckinaay apory 1 % wmini
MOTEHIIia] Kopo3ii Maiixe He 3MIHUBCS 1 CTAaHOBHUB OJn3bKo -0,554 V. 30inbmenHs BMicty Miai 1o 2 %
CIIPHSLIIO «00JIarOPOPKYBAHHIOY» MOTEHIIIATY KOPO3ii HaIlIaBJICHOTO I1apy, BiH HaOyB 3HaueHHs -0,499
V. Ilpu 3acTocyBanHi apoTy 3 Ni CTpiuky MOTEHIIa] HaIUIaBjeHOro mapy craHoBuB -0,185 V. Takum
YUHOM, 3aCTOCYBAaHHS PEMOHTY METOJIOM HAIUIABICHHS HABEICHUMH BHIIE 3BAPIOBAIbHUMH JIPOTAMU
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CIpuse 3MIIICHHIO TOTEHIially KOpo3ii 30HM J0 MO3MTHBHIIIKMX 3Ha4eHb. HaHOUIbII
KOpO3IMHOTPUBKUI HaIUIaBJICHUH 1map 3abe3nedyeTses npu 3actocyBanHs Apoty [IIC AH-2 + 2 %
Cu Ta aporty 3 Ni crpiuky. BpaxoByrouw, 1110 IjIolia HamIaBASHOro mapy HadaraTo MEHINa BiJl MIOIII
METaJOKOHCTPYKIil, MOXKHA OYiKyBaTH IiJBHIICHHS KOPO3iiHOI TPUBKOCTI Ii€l 30HU Ta 3BapHOI
METaJOKOHCTPYKIIIT B LILIIOMY.

[Mix wac ekcrryaTarii METalOKOHCTPYKIii Y MOPCHKAX YMOBax HaiHEOE3MEUHIIlIow € 30Ha,
gKa MIJJAEThCS TIEPIOANYHOMY 3MOYYBaHHIO 3 OOKy KOPO3UBHO-arpecHBHOTO CEPEOBHUIIA.
HocmijpkyBany KOpO3iifHYy TPHBKICTh 3BApHOTO 3’€HAHHA i3 HAIJIABICHHMH IIapaMu Pi3HOTO
XIMIYHOTO CKJIaJly B yMOBaX, II0 MOJECTIOIOTh CYMICHHH BIUIMB MOCTIHHOTO HaBaHTa)KEHHS Ta
MEepioMYHOr0 3MOYyBaHHA. BHacmizok pizHoi koposiiiHoi TpuBkocTi 30H 33 3 HII, B ymoBax
HaBaHTaXeHHS 33 MOrjo BigOyBaTHCs iX pO3TPICKyBaHHS, TOMY Iicisi BHIPOOYBaHb 3a 3MiHHOTO
3MouyBaHHs Brpomosxk 250, 700, 100 ta 2000 hours mgocmimkyBalud BIUIMB HANPYXEHb, IO
CTHUCKAIOTh 1 HAMPYKEeHb, IO PO3TATYIOTh. Jisl BOTO Micis BUMIPOOYBaHb 32 3MIHHOTO 3MOYYBaHHS
3pa3kd 3aruHand Ha KyT 180°, micms woro MeramorpaiuHEM METOIOM JOCTIDKYBAJIH 30HY
CILTABJICHHS JUTS BUSBJICHHS MOXIIMBUX JIOKAITBHUX YIIKOJKCHb.

BigMiueHo, 110 i Yac KOHTAKTY 31 CepPeIOBUILEM MOBEPXHS 3BAPHUX 3’ €HAHD IiagaBagacs
CYIUIbHIM HEpIBHOMIpHIH KOpO3ii, Ha TMOBEPXHI YTBOPHIUCS KOpO3iiiHI IUIIMH Ta BHpPa3KH.
[NepeBasxHOTO JTIOKANBHOTO PYHHYBaHHS 30HH CILIABICHHS CTHKOBOT'O 3BaPHOTO IIIBA Ta HAILIABICHOTO
[Iapy TaKoXX HE BUSBIICHO HA >KOJJHOMY 31 3pa3KiB.

Ha puc. 2 nmpencrasieni mikpodotorpadii 30H 3BapHUX 3’€JHAHb 13 HAIUIABICHUM IIApOM
micinsg 700 hours. BcraHoBiieHO, 10 TJIMOMHA JIOKAJBHOTO KOPO3IMHOr0 pyWHYBaHHS OCHOBHOI'O
Metany cranoBuia Bix 100 mo 400 um. Ha namiaBiieHuX mapax, BukoHaHux apoTtamu [ITIC AH-2,
[IIC AH-2+1 % Cu, IIIIC AH-24+2 % Cu riuOuHa KOpO3iHMX BHPA30K CTAaHOBUJIA HPUOJIM3HO
(400...500) pum, (200...400) um i (200...700) wm Bimnosimuo. HII, Bukonanuii mporom i3 Ni
CTpIUKH, 3aJUIIUBCS 0e3 3MiH, MIMOMHA KOPO3IMHOT0 pyHHYBaHHS JIOpiBHIOBaJa HYNHO. JIokanbHHUX
KOPO31MHUX TMOLIKO/UKEHb Y BHIVISAI TPIIIMH HE BUSBICHO HAa JKOJHOMY 3BapHOMY 3’€JHaHHI 3
HaIUTaBJICHUM IIapoM. 31 30UIbIIEHHSAM TPUBAJIOCTI €KCIIOHYBaHHS y cepenoBuil mo 2000 hours
CIIOCTEpIrajii HECYTTEBE 30UIbIICHHS TIMOWHU HEPiBHOMIPHOI KOpO3ii, ane TPIlUH i JIOKaJIbHOTO
pYHHYBaHHS 10 30HI1 CIUIABJICHHS HE BUSBIIIH.

BUCHOBKH

1. PemoHT i3 3acTocyBaHHsSM TexHONOrii HaruaBieHHsM aporamu [ITIC AH-2, TIIIC AH-2+
1 % Cu, [ITIC AH-2+2 % Cu i apoty 3 Ni CTpiuKH Ja€ MOXKIUBICTh OTPUMATH OUTBII JIETOBaHUH mIap.
Haii6inbm xopo3iiHOTpUBKHN HarulaBiIeHUi mmap 3abe3neuyeThes mpH 3actocyBaHHi apotis TITIC
AH-2 + 2 % Cu Ta 3 Ni crpiuku. BpaxoByroun HabOarato MEHIINY IUIONIYy HAILJIABJICHOI'O IIapy
MOPIBHSIHO 3 IJIOMICI0 KOHCTPYKIIii, MOYKHA OYIKYBaTH ITiBUINECHHS KOPO31HHOT TPUBKOCTI ITi€] 30HU Ta
3BapHOI METAJIOKOHCTPYKIIIT B LILJIOMY.

2. B ymoBax 3MiHHOro 3MouyBaHHs po3dunHOM 3 % NaCl moBepxHs 3BapHUX 3’€JHaHb i3
HATUIABJICHUMH [IapaMd 3a3HA€ CYIUIbHOI HEPIBHOMIPHOI KOpO3ii 3 YTBOPEHHSIM KOPO3iHHUX TUISAM 1
BHpa3oK. [lepeBakHOro TOKABFHOTO PYHHYBAHHS 1 TPILIMH 110 30HI CIUIABJICHHS CTUKOBOTO 3BApHOTO
IIBa Ta HAIUIABJICHOTO IIApy Ha 3pa3Kax 3BapHUX 3’€HAHb 13 HAIUIABICHUMH IIapaMy HE BUSBIICHO.
306iTbIIICHHS TPUBAJIOCTI €KCIIOHYBAHHS y CEPEIOBHUIN HE CIPUSIE MEPEBAKHOMY PYWHYBAHHIO 30HU
CILTABJICHHS.
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