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2.2 BUFEMKER WAl LR B AR O3 52 B B R sl . it

LTI B A BRI AN R DXk LA 2 2 00
T PR, B 1 AR SRS AN R XL T K

M 2 AT LLE L AR K IR 1 h 5 . SR
G IR SRR B X PG i) X R L 4 [X A% Ak it

%%E’»JI?H*&%B%%ZL‘E G R B TR VR R AR R AT 8 S Tl L7 () LB I 5 R IX IR
0zr T ) S Tl H 2 B (T o) SR/ DN s TR PR BT
-0.4f *1 BREESSWIEEELAEXERMNL LN
el BALESH
E Tab. 1 Electrochemical parameters of polarization curves of
-0.8} different zones in high strength low alloy steel welded joint
-1.0} X3 E. ./V J o/ (Ascm™?)
BERFIX —0.678 2.02X107°
B (R A T T TR TR T = P X —0.680 1.23X10°°
J/(A-cm™) JR4E X —0.684 8.99X 107"
2 BREAENEEEIARAREESKHRIE L hWEH
RAL B P 3 i AR B AR S AN [ DX A T K

IR 1 h R R ERAAESERLTIE . RF APRH BT
AL VP AG B R T MY . K Bode [ AT

Fig. 2 Polarization curves of different zones of high strength low alloy

steel welded joint immersed in seawater for 1 h *ﬁ %



XU HE 45 < o iR T < AR Sk AR IR K TR B B B ok A 7 o

2400 80
= Bt
2000 o FGZE X
smsg 60
2 1600
e Uk >
& 1200f — S
N\ 800F |5
400 t
ol 0
102 107 10° 10' 10® 10° 10* 10°
fHz
(a) Bode[

Z'/(Q- cm?)

2000
1600 F
1200}
S0y JR44IX
400 F ..
B IX
o T MK
0 400 800 1200 1600 2000
Z'/(Q-cm?)
(b) Nyquist&

E3 BERASNERELARXIBESKDRE L hFHELFARIE
Fig.3 Bode plot (a) and Nyquist plot (b) of different zones of high strength low alloy steel welded joint immersed in seawater for 1 h
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Fig. 4 Equivalent circuit diagram for different zones of high

strength low alloy steel welded joint in seawater
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Fig. 5 SKP scanning maps of high strength low alloy steel welded joint immersed in seawater for different periods of time
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Fig. 6 SVET maps of high strength low alloy welded joint immersed in seawater for different periods of time

2.5 B

FEMGK AR 1 h 5 (G A R Sk
JEMIESANE 7 fR . FEEEK e R A A B R
F K %) JB8 i R LA e T ok R ok RO SR
B 1 h S B X BRSO A R ol IR — 2
TP T o = B 5 A M DXt Db T S A B I, s i
BHAREOR s R X R AR B e %, b T AR B/
RBRT AR 2 7 b J5 s JE iloin R, B4 DXCR#AGY

o« 52 .

M) DX 25 TRT 17465 1l ™= 34 22, 4 1T T8 Do AR TIE 5 R W A 5
FRGE XY S ET OOT 5 HAth s P BT % 422 3B i
JE AR 5 R

W PLEO TS 25T T R R AR AR
LB IRy S5 RN E 8 s . AETg K i
M1 h 5 B XORTEAGE i XY 555 )23 9 20 B LE B4
I FEESH aFe, 0y, «FeOOH Hl y-FeOOH
JE 5% DX PR Bl ) DL a-Fe, O, 28 3 121



XUFHE 26 < o SR AR A B R SR AR K PP DU B 1A

(a) BMX,1h

(d) #AFMEX,7h

+a-Fe,0,
* o-FeOOH -
vy-FeOOH

v

(b) B#EX,7h

(e) 842X, 1h

() AYMEX,1h

(D) BERX,7h

7 FEiBKHBERE 17 hEERESSNEERLSRRIGEHE MR
Fig.7 Corrosion morphology of BM (a, b), HAZ (c, d) and WM (e, f) of high strength low alloy welded joint immersed

in seawater for 1 hand 7 h

»a-Fe,0,
+ a-FeOOH
v y-FeOOH

+o-Fe,0,
- + a-FeOOH
v y-FeOOH

1h

lh
L 1 L L ] L L L i L " L L ]
0 400 800 1200 1600 0 400 1200 1600 0 400 800 1200 1600
2 A /cm™ fr 2 /em™ fr 2 /cm
()BH X (b)FAFM X ()REX

B8 FEg/kHiEiE 1 h 7 h EERESSNEEELARRIBEENA S NE
Fig.8 Raman spectra of rust layers on different zones of high strength low alloy welded joint immersed in seawater
for 1 hand 7 h: (a)BM; (b) HAZ; (¢c) WM

7 h g X E =R o Fe, Oy A1 oo FeOOH AHX}
B W R TR XREAGE A DX, SR THTTE 8 A g ol
YIE M R, PSR I A R R B = R AT
B A IR T ™= ) R «Fe, Oy 5
FeOOH F1 -FeOOH,
2.6 Btz
RIS A AN TETRE K T BB D R L S A
R fR B s g WL (2) o BEAR S i L= (3) o
O, +2H,0+4e — 40OH" (2
Fe— Fe*'+2¢ 3
TEASAERTN ARG S 7E K AT GEIE BUER 1)
I AL W o« FeOOH, ¥-FeOOH, B-FeOOH I
Fe, O, 5 IEBLfo7 AR S 7 547 17 Al 1) S8 7 45
BB U B AR Y R Fe, Oy, U ANl (4) ~
(®OFIR,

Fe*™+2CIT — FeCl, 4)
FeCl, +2H,O—> Fe(OH), +2HCl ~ (5)
4Fe(OH), + O, +2H,O—> 4Fe(OH), (6)
Fe(OH); —> FeOOH + H; O )
2FeOOH — Fe,O; + H,O (8
JE i SR T 8 ) 455 J2 W LABEL SIS il A Jot 5 kA
GBI, —E R LIRS E R R, X it
B PRI AR SVET AR5 1Y 45 Ja8 V5 A 180 56 ol e 1]
RS R RFIEARST 5
3 % it
(D BRI AT Ak 2 BR BT RE R T, o
A A MR S 5 4 X AR K R I W D ok e
T B /)N s AT AL H SR R TR P P A
(2) SKP MHAZERERM  mom (& e B p ek
. 53 .



XU HE 45 < o iR T < AR Sk AR IR K TR B B B ok A 7 o

B X A0 L (o7 F A i e K. AEIEE K PR
Je BERF IX ST FL S Sl iR M e ™ B

(3) SVET IR ARR W L o (k5 e A4 I%

SKANTR] XSRS ol e g 2 B v 3 ) I SR A O RPALE
B DX EAR 56 R L B B K

(4) R I AR Sk AR K TP L 42

T A S5 b P RO =% e, J il 7= ) 32 22 1 oA
oaFe, Oy 5 awFeOOH 1 v-FeOOH,

S

[1]

[2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

WINT N, LEUNG J,SULLIVAN ] H,et al. The galvanic
corrosion of welded ultra-high strength steels used for
automotive applications[ J]. Corrosion Science, 2018, 136
366-373.

LIU W M,PAN H B,LI L S, et al. Corrosion behavior of
the high strength low alloy steel joined by vertical electro-
gas welding and submerged arc welding methods [ ] .
Journal of Manufacturing Processes,2017,25:418-425.
ASHRAFI H, SHAMANIAN M, EMADI R, et al
Comparison of microstructure and tensile properties of
dual phase steel welded using friction stir welding and gas
tungsten arc welding [ J ]. Steel Research International,
2018,89(5) :1700427.

OYYARAVELU R, KUPPAN P, ARIVAZHAGAN N.
Comparative study on metallurgical and mechanical
properties of laser and laser-arc-hybrid welding of HSLA
steel[ ] ]. Materials Today : Proceedings, 2018,5(5) : 12693-
12705.

DENISA M, MICHAL J, TIBOR V, et al. Examination of
fatigue life of HSLA Domex 700 MC welded joints[ ] ].
Transportation Research Procedia, 2021,55:533-537.
SRIZWE R RLAE T RRERRE A5, M AT G 4 A9 K 1 1 JE o
Fi R mFFE ). A BABE T/, 2017, 14(6) : 97-101.
ZHANG P H, GU L H, DING K K, et al. Corrosion
behaviors of welded low-alloy hull steel [ J]. Equipment
Environmental Engineering,2017,14(6) :97-101.

ZEERI. APRUE Ph 5 B3 M. K70 H s K AR AL,
2009:107-124.

LI X G. Corrosion and Protection of Materials [ M .
Changsha: Central South University Press,2009:107-124.
NOVY F,PETRU M, TRSKO L, et al. Fatigue properties
of welded Strenx 700 MC HSLA steel after ultrasonic
impact treatment application [ ] ]. Materials Today :
Proceedings, 2020,32:174-178.

AR RS, 2806, Sk R PR I IS it JR L.
AT, 2017,31(11) : 158-1665.

LI'Y D. TANG X, LI Y. Research progress of localized

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

corrosion of welded joints[ ]]. Materials Reports, 2017, 31
(11):158-165.
CHRIST M, GUO X F, SHARMA R, et al. Hydrogen
embrittlement susceptibility of gas metal arc welded
joints from a high-strength low-alloy steel grade S690QL
[J]. Steel Research International,2020,91(11):2000131.
SNIHIROVA D,LAMAKA S V,GONZALEZ-GARCIA
Y, et al. Influence of inhibitor adsorption on readings of
microelectrode  during SVET  measurements [ ] .
Electrochimica Acta,2019,322:134761.
SUNJ P,SUN Q S, LIU Y, et al. Improving corrosion
resistance of selective laser melted 3161 stainless steel
through ultrasonic severe surface rolling[ ]J]. Journal of
Materials Research and Technology ,2022,20:4378-4391.
ZHAO Y,XIONG H, LI X P, et al. Improved corrosion
performance of selective laser melted stainless steel 3161
in the deep-sea environment[ ] ]. Corrosion Communica-
tions,2021,2:55-62.
ORNEK C, LEYGRAF C, PAN ] S. On the Volta
potential measured by SKPFM—fundamental and
practical aspects with relevance to corrosion science
[J]. Corrosion Engineering, Science and Technology,
2019,54(3):185-198.
XU P, ZHANG C, WANG W, et al

mechanism in a stainless steel-reinforced Fe-based

Pitting

amorphous coating [ ] ]. Electrochimica Acta, 2016,
206:61-69.

SEH, B4, ERAE SRR BORTERG AT i
BEHILT . iR 5 B AR . 2015, 27(4) : 375-381,

XU R, WANG J. WANG Y H. Application of
scanning vibrating electrode technology in corrosion
research [ ] |. Corrosion Science and Protection
Technology,2015,27(4) :375-381.

DONG Q S.ZHOU X X,FENG Y J,et al. Insights
into self-healing behavior and mechanism of dicalcium
phosphate dihydrate coating on biomedical Mg/[ ] ].
Bioactive Materials,2021,6(1) :158-168.

HUANG C,HUANG F,LIU H X,et al. The galvanic
effect of high-strength weathering steel welded joints
and its influence on corrosion resistancel J ]. Corrosion
Engineering, Science and Technology, 2019, 54 (7).
556-566.

LIU X H,SUI Y Q.ZHANG H X, et al. Corrosion
behavior of high strength steel welded joint in
seawater:a combinatorial study based on general and
localized electrochemical methods [ J ]. Journal of
Materials Engineering and Performance, 2023, 32
(18):8337-8345.



XU HE 45 < o iR T < AR Sk AR IR K TR B B B ok A 7 o

[20] ZHANG T Y.LIU W,CHEN L J,et al. On how the [21] LIUX H,SUI Y Q.ZHOU J Y, et al. Influence of

corrosion behavior and the functions of Cu.Ni and Mo available chlorine on corrosion behaviour of low alloy
of the weathering steel in environments with different marine steel in natural seawater [ J |. Corrosion
NaCl concentrations[ ] ]. Corrosion Science,2021,192; Engineering, Science and Technology, 2023, 58 (5):
109851. 475-481.

Initial Corrosion Behavior of High Strength Low Alloy Steel Welded Joint in Seawater

LIU Xuehui, ZHANG Huixia, SUI Yonggiang, TONG Hongtao, LI Xiangbo
(Key Laboratory of Marine Corrosion and Protection, Luoyang Ship Material Institute, Qingdao 266237, China)

Abstract: The initial corrosion behavior of high strength low alloy steel welded joint in seawater was studied by
electrochemical methods and surface analysis. The results show that the base metal zone with low initial potential displayed the
highest corrosion tendency before immersion. After immersion in seawater, the surface potential of base metal zone showed the
largest fluctuation. The welded joint exhibited a transition of anodic dissolution from high speed to low speed during the initial
corrosion, and the base metal zone of the joint had the highest current density. The initial corrosion process of welded joint
developed in two forms of general corrosion and pitting corrosion in seawater. The composition of the corrosion products was
mainly composed of a-Fe, O3, a-FeOOH and y-FeOOH. The corrosion resistance of different zones of the high strength low
alloy steel welded joint in seawater increased in order of base metal zone, heat affected zone, weld zone, at the initial stage of
immersion in seawater,

Key words: high strength low alloy steel; welded joint; initial corrosion; scanning kelvin probe (SKP); scanning vibrating
electrode technique (SVET)
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Corrosion Matching of Three Stainless Steels for Ship in Seawater

WU Zhengjiang', MAO Xuyao', ZHANG Runlin', WANG Nei' ., ZHANG Huixia’, SONG Qingyuan”
(1. Wuhan Second Ship Design &. Research Institute, Wuhan 430064, China; 2. State Key Laboratory for
Marine Corrosion and Protection, CSSC Luoyang Ship Material Research Institute, Qingdao 266237, China)

Abstract: The corrosion properties of 05Cr17Ni4Cu4Nb, 0Cr16Ni5Mo and ZG03Cr26Ni7Mo4N stainless steels in natural
seawater were studied by electrochemical test, crevice corrosion test and galvanic corrosion test, combined with corrosion
morphology observation, corrosion rate calculation and potentiodynamic polarization curve. The results show that when the
three types of stainless steel materials were coupled in pairs, their corrosion rates did not change significantly compared to their
free corrosion rates., the galvanic potentials rapidly shifted positively and reached stability. and the galvanic current was far less
than 0. 3 pA/cm’. Therefore, when the three stainless steel materials are used in couple, galvanic corrosion will not occur, and
there is good matching performance among the materials.

Key words: stainless steel; marine; matching performance



