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Macro and Micro-electrochemical Characteristics on
Dissimilar Welding Metal of Double Wall Gas Pipe for Duel Fuel Engine

Seong Jong Kimf, Jae Cheul Park, Min Su Han, and Seok Ki Jang

Division of Marine system Engineering, Mokpo Maritime University, Mokpo, Korea
(Received December 15, 2010; Revised December 29, 2010; Accepted December 29, 2010)

This study compared the macro and micro electrochemical characteristics at the local area of welding metal on
dissimilar welding parts for type 304 stainless steel (SS) and type 316L SS. The materials are used for double
wall gas pipe of duel fuel engine for a ship. The various potentiodynamic experiments were performed several
times in 10% H>C>O, - HyO solution using macro and micro methods, respectively. The micro electrochemical
experiments conducted to resolve at local area on cross-section of dissimilar welding materials by micro-droplet
cell device. The micro-droplet cell techniques can be used almost electrochemical experiments to resolve corrosion
characteristics of the limited electrode area of the metallic surface between wetted spot of working electrode
and tip of sharpened capillary tube. The results of macro electrochemical experiments show that resistance of
active dissolution reaction at welding zone was high due to low current density by formation of passivation
protection film at passive region. According to the micro electrochemical experiment, the corrosion current density
of welding zone and bond zone were relatively high.

Keywords : double wall gas pipe, macro and micro electrochemical experiment, micro droplet cell, welding

. £ Ak Ao] ks Fesht) o)W kA Wi (double
wall gas pipe) ol AFE-E&= 7|A A= AY 25l A vtz
Flskar lov g LRI A AelA =9 AAI7 S

71E kg Aade] A, Aol g dAE
tn ol SHIG S A% HH0® AFAGE ARE sk Aslaal s g Ao R Selux] i 9 8 EA)
ol v dA F wEEE NOx, SOx ¢ i&%‘ el Zo) Al 7)ojskuAl sk AxpA o7 o) sl aulw
w77k st} AzdskA 4.9 w7t sl ol digk 572 SRS Bl 2 AAA o555 ds 7
A

U= Aot

QoA = ol Tt A galr] 9l 52
=3 Qi dA) O]Z?i?;.(due fuel, ©]3} DF) °i7‘J°] N5} 2 7% 9 YaAo] sk FujjelA] | /\}‘%Q% type
A A7} (liquid natural gas, ©]3F LNG) Al H8-w 1 304 SS9} type 316L SSof thslo] 7FAEAEl o} 85

;
OFO
L2
S.:
rol
r
sk
2
ol

Qg Bul opg}l &4F vbdAdn]o| = DF Qe tish =2 (gas tungsten arc welding, ©]3F GTAW) 442 A A3t
7 Holha Qi FAlolh? e DF dRlel ALSE T % e AS Hoks

e At Al dgos At shea
A Ut Aol A2 WSS 58 S Tk DF 1 . o ey
U 7FA54E vl o] (double wall) 2 /\]-ﬁ"ﬂoiﬁﬁ
R4 ) s HA gddl 7]A% FEALE o] W B Qo) AFH A B E type 304 SS9} type 316L SS

ol GTAWH& AH&-3sto] o]F &35 A &4

' Corresponding author: ksj@mmu.ac.kr TFH G VERI O R FEAE 2~4 mm, 747} 60°

331



SEONG JONG KIM, JAE CHEUL PARK, MIN SU HAN, AND SEOK KI JANG

Table 1. Chemical composition of stainless steels and welding electrode

Element [wt%]

C

Si

Mn

P

S

Cr

Ni

Cu

Fe

type 304 SS BM

0.058

0.406

1.013

0.029

0.004

18.10

8.03

0.254

0.1

0.039

balance

type 316L SS BM

0.019

0.650

1.070

0.027

0.002

16.70

10.49

0.310

2.0

0.015

balance

ER 316L

0.020

0.410

1.840

0.028

0.011

18.24

11.60

0.310

2.1

balance

Fig. 1. Composition of the micro droplet-cell and micrograph
of the capillary tip.
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Fig. 2. Potential variation for type 304 SS, type 316L SS BM
and dissimilar WM.
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Fig. 3. Anodic polarization curves for type 304 SS, type 316L
SS BM and dissimilar WM.
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Fig. 6. 3D analysis for the micro-area of dissimilar WM in macro-galvanostatic experiments
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Table 3. The average damage depth for the micro-area of dissimilar
WM in macro-galvanostatic experiments at 1.0x10° A/em” and

Table 4. Results of the Tafel analysis for local area of dissimilar
welding metal parts using the droplet cell

1.0x107* A/em’ (unit :m) : :

. Corrosion Corrosion current

applied current density 1.0x10°A/cm” | 1.0x107A/cm’ Tafel analysis potential [V] density [A/cm’]

type 304 SS BM 3.4 34.0 type 304 SS BM 0.22949 571746 x 107

type 316L SS BM 6.4 342 type 316L SS BM 0.23152 9.43535 x 10
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dissimilar WM 2.6 18.2 type 316L SS HAZ -0.23611 136442 x 107

bond zone 33 74.2 type 304 SS bond -0.18258 3.56788 x 107

type 316L SS bond -0.40736 4.98938 x 10
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Fig. 7. The micro Tafel curves for local area of dissimilar welding
metal parts using the droplet cell
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