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Evaluation of the corrosion property on the welded zone of seawater pipe by A.C

shielded metal arc welding
Jae-Hyun Jeong® - Yun-Hae Kim? - Kyung-Man Moon® - Myeong-Hoon Lee* - Jin-Gyeong Kim?'

aok Auk 71w s B Gaele FEsh A7) Aol B At W
Aol ol oAl Bk, mebd A4l PR A o]0z I8 e Y-
S eAEE 497 $F sk ok 2aA 4 wigel T gle] dis) QutHow
A ole b Bl H S AHgStel WF o} HFEHS W

S Sof B4301, EA311, F4313 2 E43163} & mliolag4i o

M2 A Aol E 47158k o ua B, 27k

T
m oo ml
gl 4z px o o
fo o
S
o :
o -
=)
=
PN
X,
22
(i
o)
A

[
=
N
[
oM,
ki
il
i
o,
ol
s
2
=
&
5
o,
oo
3
fT
o
>,
O Ol:o
o
oo
iy
4
N
K}

7P S A g deERilod WA 7P e
Agle] &4 ZARG FiA oz Aol ¥ 33l

FAC: ¥4 A9, Auhd A4, 84 75, GFYY, oA gH

1

i
=
O
fuj
o O
bR
H v
2
ng ﬂ olo

=T

Abstract: A seawater pipe of the engine room in the ships is being surrounded with severely corrosive envi-
ronments caused by fast flowing of the seawater, containing aggressive chloride ion and high conductivity etc..
Therefore, the leakage of the seawater from its pipe have been often occurred due to its local corrosion by
aggressive chloride ions. Subsequently, its leakage area is usually welded by AC shielded metal arc welding
with various electrodes. In this study, when the sea water pipe is welded with several types of electrodes
such as E4301, E4311, E4313 and E4316, a difference of the corrosion resistance on the welding metal zones
was investigated using an electrochemical method, observing microstructure, measuring polarization behaviors
and hardness. The weld metal zone welded with E4313 electrode exhibited the lowest value of hardness com-
pared to other weld metal zones. In addition, its zone indicated also the best corrosion resistance than those
of other weld metal zones. Furthermore, all of the weld metal zones revealed a relatively better corrosion re-
sistance than those of the base metal zones. and also showed higher hardness than the base metal zones.
Keywords: Corrosion potential, Galvanic cell, Welding metal, Heat affected zone, Shielded metal arc welding

T Corresponding Author: Korea Institutu of Maritime and Fisheris Technology, Dongsam-dong, Yeongdo-gu, Busan,
Korea, 606-080, E-mail: jg2lkim@naver.com, Tel: 051-620-5791

1 Division of Mechanical & Energy Systems Engineering, Korea Maritime and Ocean University, E-mail: jhjeong@kmo-
u.ac.kr, Tel: 051-410-4292

2 Department of Marine Equipments Engineering, Korea Maritime and Ocean University, E-mail: yunheak@kmou.ac.kr
Tel: 051-410-4355, E-mail: lab@kmou.ac.kr Tel: 051-410-4352

3 Department of Marine System Engineering, Korea Maritime and Ocean University, E-mail: leemh@kmou.ac.kr Tel:
051-410-4264



1.4 &

A2 AR SR WA B K
7% gramel AME 343 F7ksta glov
EY o5 JTEEL §ES} AHGRY uet &
W71 ol gste] ARErta solw Hele of
Utk whebd] g4 e] Fage 9 X Ee] go
W gl Y §HTE Fo9 BeH 2 )
A% H4el wao] Ba A77h wel muww
SATHIMs] el Bl hEE A #30
AT A SRS RHOR A% FAY &
A AR AN RS 5 Jome A
el ggRAe e AT AAE tha Qo
[61-[20], Aute] a5 whzre] SR A
T e B 2

+F TR Aol sl o] 84 W
AxAdaE g BeggoR Jota &

HF A Wl A A Alskal ek g AW
oF 70% A=7} S5
o= defA Ak 1Ejar sfg bl
I = Ao 3mise fFEHow
47} f-53h 2~3kgflem® 9] 4=t

o mr
HE T«
oz Qste] G4 5T 2

=2 ¥ oE
o2 oo rfo ot rfr
2,

j=s)
==

J—r_g]o

= e
o
al
2

by
e
L)
2

)
it lo 2
=
-z
e
A
=2
i
=
=}
=3
<
o
=0
=<
@D
2
o
e
=51
i

2L
rir
o, M
o
ki
30
=
=
r
T
o
e,
T,
2
i)

(
=z

fr M oot o ~

LY
R
X 0
e o
S

2
o v
ol

>
=

o 2 o2 X oo
_mjl 0170 X o

% o
_MTE—E_?LFLJE
o &
o
HUFlﬂﬁi
R
&l
NS
NZL‘_OL
% 38
EH
i)

o
T e
=
=

2
X
rlr
=
)
>
ol
e
o
4

X FHI 2 1")‘1

N
—_>H-",
o
f
&
op
oy
2
N
fru
>
op
ol

o 2
ro

> ;&m
& oz
N
=
H
ofo
)
of
o
fu
£
i

A
o,
o

> o}‘:o
i
I
do
=2
=
ot
=)
X

o
iz
Ho
Lo
4
1>
|
o,
tio
=1
o
o
=
o

ol

Ak olgE 437
2. M8 A2 2 4P WY
21 SENE U SHH

Aol ALgg s wiHg A F=r4
GB/T 8163-20082] o]-3-ull §li= ¥H(seamless pipe)©]
™, 71 spetAd 3t 714 dHE S Table 13 7t}
|4k AlFHe Ag= ¢ 76x6Tx100L0]H
Figure 13} o] 7hgste] gtgl7] 848 2502
stttk 2¥]aL Figure 19 &A1 dAdslal o
vlate] Figure 29} o] A&t
W, v A A 54 3 d7)8EH AE
& Ao E ARSI

|18 wH  IHolaLF(SMAW;  Shielded
metal arc welding)S 3tom, FT=5+24 GBIT
5117-1995¢] 8% E4301, E4311, E4313 4
E4316 5 4 £Fo|x, ¥ A7 ¢ 320ty
Hkeko g2

AEER PER

el A5 Uy Ze] 3ommE £33k
tl A 359 E4316S AMgSl7] Ao

300 Cx1IAIZE YAl A=A ohg ARESRiT) A
A nF T 5083 (SMAW;  Shielded
metal arc welding)e] €4 =13 7+ 8559 &

J& Table 2 2 Table 33} Zt}.

& O
a4

Table 1: Chemical composition and properties of
base metal(GB/T8163-2008)

Chemical Composition (%) YP[TS| E
C[Si|[Mn| P | S |Cr|Ni|cCul|(Nmm )
0.21|0.23/0.50( 0.017 | 0.006 {0.02{0.01|0.01 300‘485 26.5

és’ 35 35° %

] T
N |
Welding

! 50 50

Figure 1: Schematic diagram of welding specimen of
pipe.
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Figure 2: Photographs of the test specimen sample
with base metal(BM), heat affected zone(HAZ) and
weld metal(WM).

Table 2: Comparison of mechanical and chemical
composition properties of electrodes.

Type Chemical composition(%) |Y.P.|T.S.| E
C|Mn|Si| P S | (Nfmm?) |(%)
E4301/0.08|0.42|0.10|0.016 | 0.010 | 400 | 470 | 32
E4311/0.12|0.48|0.22| 0.014 | 0.011 | 420 | 490 | 30
E4313/0.08|0.38(0.28|0.017 | 0.011 | 430 | 480 | 29
E4316/0.08|0.96|0.45| 0.012 | 0.009 | 470 | 550 | 33

Table 3: SMAW welding condition for various
electrodes.
Electrode

. E4301 | E4311 | E4313 | E4316
Condition

Current | pass 1| 85 85 85 85
(A) |pass 2| 110 93 93 105
Voltage | pass 1| 215 | 215 | 215 21
(V) |pass2| 215 | 205 | 215 21
Polarity AC AC AC AC
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Figure 3: Variation of Vickers hardness of welding
zones welded with various electrodes

Figure 4: Comparison of microstructures of each
welding zone welded with E4316 electrode (x 500)
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Table 4: Relationship between corrosion potentials
and corrosion current densities for weld metal
zones welded with various electrodes

Types | Ewd(V:SCE) V)

E4301 0.604 8.73x10°

E4311 0.443 1.71x107

E4313 0.448 2.37x10°

E4316 10.654 1.42x107
a—1.6x10

1.2x107

2.0x10"

4.0x10™

Corrosion current density(Alcm

4316

4301 1 43

431 13
Types of filler metals
Figure 9: Comparison of corrosion currents for
weld metal zones welded with various electrodes
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