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Characteristics Evaluation on the Welding Zones
of Cast Steel Material for Piston Crown Welded
by 1.25Cr-0.5Mo Filler Metal

Da-Ae Kim

Department of Material Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Recently a fuel oil of the diesel engine for the marine ship is being
changed with heavy oil of low quality as the oil price is higher more and
more. Therefore the wear and corrosion in all parts of the engine such as
cylinder liner, piston crown, spindle and seat ring of exhaust valves are
predominantly increased with using of heavy oil of low quality. In
particular the degree of wear and corrosion of piston crown is more
seriously compared to the other parts of the engine due to operating in

severe environment such as the high temperature of exhaust gas and

— Vvill —



repeating impact. Thus the repair weldment of the piston crown is a
unique method to prolong the its life in a economical point of view.

By the way, their parts on the ships job site is often being actually
welded with electrodes of mild steel. However, in the case welded with the
electrode of mild steel, the mechanical property and corrosion resistance
of welding zone would be worse than other electrode.

In this study, the cast steel material for piston crown as a base metal
was welded with 1.25Cr-0.5Mo electrode. And each welding zone, that is,
the mechanical and corrosion characteristics of base metal(BM), heat
affected zone(HAZ) and weld metal(WM) were investigated using such as
measuring of Vickers hardness, corrosion potential, polarization curve,
cyclic voltammogram and impedance in 35% H,SO, solution. And the
morphology of corroded surface was also observed by micro photograph.
The base metal zone exhibited higher value of hardness compared to the
heat affected and weld metal zones. The corrosion potential of the base
metal indicated a lower value than those of heat affected and weld metal
zones, however, the corrosion resistance of the base metal zone was
better compared to heat affected and weld metal. Consequently, it is
considered that the lower corrosion potential, the lower hardness, the
corrosion resistance is to become better more and more. Furthermore, in
the case welded by 1.25Cr-0.5Mo electrode to the cast steel material for
piston crown, we can see that their mechanical properties and corrosion
resistance in the welding zones were significantly to be better compared to

the case welded by the electrode with mild steel.
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Fig. 2.2 Anodic and cathodic reactions by potential difference of
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Table 2.1 The series of electro motive force for various metals

metal/metal electrode potential (V) metal/metal electrode potential (V)

ion librium | vs normal hydrogen electrode | ion librium | vs normal hydrogen electrode
Pd/Pd* +0.987 Fe/Fe* -0.440
Ag/Ag” +0.799 Fe/Fe -0.036
Hg/Hg** +0.788 Cr/Cr* -0.744
Cu/Cu* +0.337 Zn/Zn* -0.763
Cu/Cu” +0.522 Mn/Mn** -1.029
Ho/H?* 0.000 Ti/Ti** -1.630
Pb/Pb** -0.126 Al/AP -1.662
Sn/Sn** -0.136 Mg/Mg** -2.363
Ni/Ni** -0.250 Na/Na" -2.714
Co/Co*" -0.277 K/K* -2.925
Cd/Cd* -0.403 Li/Li* -3.045
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Table 2.2 The galvanic series of various metals in sea water

Platinum

Gold

Graphite

Titanium

Silver

Hastelloy(62Ni, 18Cr, 18Mo)
18-8 stainless steel (passive)
Inconel (passive) (80Ni,13Cr,7Fe)
Nickel (passive)

Monel (70Ni, 30Cu)

Noble or cathodic Cupronickels (60-90Cu, 40-10Ni)
Bronze (Cu-Zn)

Copper

Brass (Cu-Zn)

Hastelloy b (62Ni, 18Cr, 18Mo)
Inconel (passive) (80Ni, 13Cr, 7Fe)
Nickel (passive)

Tin

Lead

18-8 stainless steel (active)
Cast iron

Steel or iron

2024 aluminum (4.5Cu, 1.5Mg, 0.6Mn)
Active or anodic Cadmium

Zinc

Magnesium and Magnesium alloy
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Fig. 2.5 Schematic diagram

of salt concentration cell
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Fig. 2.6 Schematic diagram of oxygen concentration cell
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Fig. 2.7 Schematic diagram of oxygen concentration cell

performed by rust
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Table 2.3 Corrosion potentials of metals in seawater

Potential Potential
Metal Metal
(mV/SCE) (mV/SCE)
Active Mg -1600 Active Ni %0
/n -1070 Bronze(70-30) 250
Al(99.95%) -780 Stainless steel 0
Cd -450~-650 Steel 0
Steel =500 Monel(70-30) 120
Pb -460 Ag
+90
Sn =270 Au
+160
Noble | Bronze(60-70) -240 Noble Pt
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Fig. 2.10 Schematic diagram of pitting corrosion occurrence
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Fig. 2.11 Schematic diagram of crevice corrosion

2.1.7 # 2J(Potential)

EAE olRE AAEC] AT dUAE zta AR AFsta Ut
F&o] EAR EAEte oy 4t e SUNkgo] dojues olf =
o] duUAZt & FHE HWHIE duUAY WHEe dstn
A= ETH1T7].

M%Mmme (2 13)

AG = —-nFAE (2.14)
=, a5WMe] 4 2134 FHo]2MMY HFElzE W wfo] YA
W AGeH oA gEe WEE fRele TEY AEC] S B4

EZ Z7|sith)os 2 21409 2e AaAA=Z Jepdoh 2 (2.13)3%
2ol F&Ho] FE&EHAA  HEZI} g
Nernst&l o2 FA|StH 24 (2183 2o =

F&oleel FEsl Wad FEsh Astd



GEA A ==, o9 A% 313t xEld(Potential)

p=u"+ RTla (2.15)

oty FE&NUA WM F&EH} F&Hol2e HA JduA HEE
aEsfoF 5t7] wWEelHle] 4 (2.13) ¥hso| A=

ﬂG=ﬁG”+RTm% (2.16)

o2 vehd F 9lom, [elet M Fefel o3 TYRE 534 ok
aHBEE A7) A (21608

A = AGY + RTIn[A4™] 2.17)

BT, [Maiso|geg
_ g0 BT
b=5 +mﬁm{%%%*2|%*%5}

(2.18)

n kgl Aol Hzpe] F o2t o] “d<2(96,487 C/mol)



R :71A)7%¢<(8.314 J/mol ° K) T A= K

21 (2183 2 JdyA A=

ATE Nernst 2leA T3 F&o ¥H-& F5EHA AJEE AL
st=d] 2 (2.18) oA 1 atm, 25C, =%£o]< 1 mol AEjolA T3
e EEAS AHE0E YeEa Aok dEE Feol EEXAF

95 FRHE o594 2o
1 %, -t Standard chemicalpotentinll = 20, J0ca (2.19)
B ==2023000] f nF (2.20)
- — 20300 X4'2J—=—D.44
2 o= 98500 &

oj¢} o] F3 AF M EFHE Table 2.4 HEHAH[18]

Table 2.4 Standard potentials for various metal-ion, gas or redox
electrodes vs. SHE at 25C.

Electrodes Electrode reaction E°/V
Au*/Au Au**+3e= Au + 1.50
CI/Cl, Clo+2e= 2CI + 1.3595
0,/H,0 O,+4H"+4e= 2H,0 + 1.229
O,/OH 0,+2H,0+4e= 40H + 0.401
Pt**/Pt Pt**+2e= Pt + 1.20
Pd*/Pd Pd**+2e=Pd + 0.987
Ag'/Ag Ag'+e= Ag +0.799
PbO,/PbSO4 PbO,+SO4+2H+2e = PbSO4+2H,0O + 1.685
Hg,**/Hg Hg,**+2e= 2Hg + 0.789
Fe¥/Fe* Fe¥+e= Fe® + 0.77
Cu’/Cu Cu™+e= Cu + 0.521
Cu®/Cu Cu®*+2e= Cu + 0.337
sn*/Sn** Sn**+2e= Sn* + 0.15
pt/Hg/H+ 2H +2e= H2 0.0




Pb**/Pb Pb*+2e= Pb 0.126
Sn?*/Sn Sn®*+2e= Sn -0.136
Ni**/Ni Ni**+2e= Ni -0.250
Co?/Co Co**+2e= Co 0.277
Cd*/Cd Cd*+2e= Cd -0.403
Fe?[Fe Fe**+2e= Fe -0.44
Cr**/Cr Cr¥*+3e= Cr 0.74
Zn*|Zn Zn*+2e= 7n -0.76
Nb**/Nb Nb**+3e= Nb -1.10
Ti**/Ti Ti*¥+2e= Ti -1.63
AI*/Al AP +3e= Al -1.662
Mg* /Mg Mg*+2e= Mg -2.363
Na‘/Na Na'+e= Na -2.714
Ca%/Ca Ca*+2e= Ca -2.870
K*/K K*+e= K -2.925
Li*/Li Li+te= Li -3.045
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Z. Z2= R+Z? |

Fig. 2.15 Vector sum of resistance and capicitor.

AR FF YA 2E o5 AA] thF wWEHe Fo| Hid, 94
o] AR T2 ASd: d5de AF AT 5 gong ZASE 3
Fete AL ey 98t 4 445 i/ -DE gE9A 2 2307
2ol =3

E

i
e

%7
Z =R -iZ (2.37)

ot AFL FA/ZRE A gt A HHAL W+ gee AN

it} olwl o] 9]A4+ZH(phase angle)@ 2 2] (2.38)°] H T}
@ = tan'[( R? + ZA/R] (2.38)

ol F 4 23D e
Zov @A A9 Ao dudXE
Cartesian W45 o] AMgstE=E, 4 (2.37)< WA Cartesian W4 o=

x4 (2393 Zo

e

=

ofo

o
V.
=

Y

f

M g
>

-

o

=

X

_olh

4

ot

Z(w) =27 -jz° (2.39)



BHA
FUS ¢ F Ytk 29 o] AT YoE AL y=o] e (-) ©
<]

}e FHRHEZ FASHE 24 (24007 2T

Zw) = |1 Z1]e® (2.40)

y-axis

z" Z sin® y4

X-axis
Z cosd

v

Zl

Fig. 2.16 Representation of the impedance, Z, of a cell on a vector.
Z’ and Z“ are respectively the real and imaginary
components of the complex impedance.



Viax/lmaxy THOE e = A 9] %7}‘%5—}1, ATt At KA

74 g Agtelt o] we] AR SHe

= =
Mo Vr ok O A4S 21 4 (24202 UehfolRIT)

I = inay eXpot + j@) (2.42)

Fig. 2.17 Representation of the sinusoidal voltage and current, at a
given frequency, associated with a cell.

*=yoltage, I*=current, @= phase difference between the voltage and current.



2.2 839 Ns

2.2.1 £39] 99

gHe 1A el e F AL FE ARE Dol 4 wE At
g BAG A AR HTE AVE AEela, oY 717] 8 FREe)
. H o

HE goFsttt. w83 719 F 8ol oAM= &4
A AR &4 o= 71A4, &84, 3ed 44 5 AN s
S5 aysty AT &3 WRoly 8H ARE AAS= Zlo] AFY
AF oy kAol gRe A% x1lo] dAnt
&, &4 7led JEe THY A 2okl 2H 1 T a4l vl% =
A= stow, = Al&E ARHIL = ME2 &3 7led 483 7]
= a Ao

2.2.2 839 99

w53 552 AR FES JAZAZIYE, ol Atolel= wH(Newton) 9
= i Zhgste] A= AgdsiA d
, S BHE Icme 1989 1A=
< At} o9} 2 AE b2 9
o 49 &% (welding)olg} 3t}
AR oM eE F 55

S
= =1
wsteto 2 Wel glojA T4 fake] Ao o3



i)
i
>
my
4
N
g ¥
o

A
S
Bt
b

rlo
o
ok
_O‘L
X
27
2
b

A FAA B o5 EE5S 9

197 e Aol A §Y Hwo}

a P

il
N
s
_OIL
[d
il
o
Hv)
o
il
dt

al

k]
%0
N
A
-3
[
=
fu
rr
tlo gt
rlo
g
_pi
2
Sv

ek
N
£
o

R=)
ic)
Rl
ofo
iy
1o
>
ofo
2
I
iy
flo
il
ox
ol
ol
N
o
:?L_'.
X
rlr
\

ol
ol

HA Abstee A

RS0 Mz HoF

2
ot
il
lo
(2
ox
flo
ok
N
ol
=
[
u)
alle
2
rlr
k4
W)
lo

ofo
i)
lo
182
>
rlr
M o
L
ol
to
=
>
o
o
Ip
lo
o
ofo
i)
i
N
1TR
v
ro
PR
(o
u
X

X UU
al
I
o
o
A
of
o

ue
o
b
rlr
Dad
- of

N
-
N

ok
rE
o
=
i
i,
o
ol
o
o =

ﬁiﬁ
o -\
i)
N il
PR\
L e\ \ B
2 oy
-

sk
32
)
I
A1)
T
ry
u)
1o
o
2 o
N
i)
ned
ot
rlo
&
S
r\“

(arc)e] A7 o] of7 ES& o] 83 &4

ThS Table 255 F& £dWo| 7fuapel 1
Holl A 19021 d Abolol] A 2&3EEHo| A= 2] &l B =
ow, 71 % 192614 19361 Abolol= o] F/Fo &Rl /MEE
o O FAAMNE BEA 7t ol3 8F H(nert gas arc welding)# A 2.
ol & o= & W (submerged are welding)S A= FQ3}A 2201
At

g
fu)
it
iv
o
iv
k
s
v

slag Weldirlg)ﬂr o] k3lekA o= &FHW(CO, gas arc welding) 5 M2
SHHo] T AT HAoh
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Fig. 3.1 Photographs of the test specimen sample with base metal(BM),
heat affected zone(HAZ) and weld metal(WM).



Table 3.1 Chemical composition of cast steel for piston crown material

YS | TS | EL

(Mpa) | OVipa) | (%)
0.18 (0.5 0.69 | 0.014 [ 0.008 [ 1.29 [0.48 | 0.02 [ 489 | 631 | 22.8

C|Si|Ma| P S Cr | Mo | Ni

Table 3.2 Chemical composition of 1.25Cr-0.5 Mo filler metal

¢lam|si|p | s |c|no|m|owm|r|Ys| IS |5
Opa) | M) | o)
0.07 | 0.72 [ 051 | 0.012 | 0.004 | 126 [0.51| - | - |bal| 550 | 640 | 25
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Fig. 3.2 Schematic diagram for experimental apparats
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HAZ WM
Figure 3.4 Comparison of microstructures of weld metal zones,
welded with 1.25Cr-0.5Mo electrode (x100)




HAZ

Figure 3.5 Comparison of microstructures of weld metal zones welded
with 1.25Cr-0.5Mo electrode (x200)



WM

Figure 3.6 Comparison of microstructures of weld metal zones welded
with 1.25Cr-0.5Mo electrode (x500)




1.25 Cr-0.5 Mo
—s— BM

N 1 N 1 N 1 N
¥ [&\]
S 2 g
(— [—) (—]

(ADS/A)enudjod uoiso.L1o)

| | L |
e} v
g S g
(—} [—} (—}

0.06+-
-0.011

200 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Immersion time(S)

Fig. 3.7 Variation of the corrosion potentials for various welding

in 35% H,SO, solution

Zones

1 2] Al

=

245 o A

(€]

Fig. 3.7 35%

I

ol

ojuf EA o BIM = =

)

A A7ke] 7ol mhet 5279

=]

e W o

A% S

o St Fig. 3.79] F-43d 937t s

AR s A7 M B3 ®

of A7 713 %) o

o)
=

A

A9ehm

o
et
T

ojo
+



F2-(0, + 2H,O + 4e™— 40H)o|H ¢

sjvbe] shalo] weh Gfubgel Sl net ¥R

i

)
yal

T

T

57}

<l

o

om mAZ WAl HE £
A

dazol o 9

obd 35%

N

I®

=]
R

=
=

of ¥F= vAA Ao webA o

4H'+ 4e” — 2H,0)3} 4-0] 29 SUdih-g3@2H" + 26 — HyolB 2 o] 5 W&

ol

—_
file)

WA Bk Aoz WA vl

ATk AZE T whea

+

B B4

4 e

o

74 44 ol

1.25Cr-0.5Mo &% %

o

-

Fig. 3.701 4 F217d 97} 7}
Fig. 3.8

o

il
M

wF

o
N
mjJ

L

o

%

™
N



o] G4 #Zo]

A

o
1=
9|

o}

glo] el ¢

i

bl HE AR

S

Stern-Geary 2] o] &

(3.1)

\B.+ 5,

N
1Cor W

Lo B F= R == B V=7

4719 DA o5
N7} B3:Ae] Fejol weh W

A Eof Ao 2o AlgEe] Ao

S

0%

o
o

—_
o

Hlo

T

i
il

ok meb B AToAe A

il

11
—

}el Fig. 3.99 Yek

S

8¢

o
=

At 28 ol @

712 3

S

A3 vlal

0

B!



—=— BM

—s— HAZ

s
n
S
)
S
i)
[ ]
—

it T it

Current density(A/cm

it

)

I
7 = : el : =

Am—m.ulw.@r \C_M_a:oac& Nc_aﬂn_._ﬂ.n_uc_m

Fig. 3.8 Variation of anodic polarization curves for each welding zone

in 35% H,SO, solution

b vER 2

S|

H| 2!

o)
M

Fig. 3.9= 2t
9t} Fig. 39014 ¢ &

AREETE Ao v dizez A9

o

9ok,

meby A F7A e ARAT A 7

)
—

file)

N

el

%

A+
o
)



1.25Cr-0.5Mo

BM HAZ WM
Types of welding zone

Fig. 3.9 Comparison of corrosion current densities obtained from anodic

polarization curves for each welding zone in 35% H.SO, solution
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HAZ
Fig. 3.10 Morphologies of corroded surfaces for each welding zone

after measuring of anodic polarization curves in 35% H;SO,
solution(x60)




Fig. 3.11 Morphologies of corroded surfaces for each welding zone
after measuring of anodic polarization curves in 35% H;SO,
solution(x160)



Fig. 3.12 Morphologies of corroded surfaces for each welding zone
after measuring of anodic polarization curves in 35% HjSO,
solution(x300)
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Table 3.3& A= AL88 77 554007 sHstz4e Ue W1 3
ot 739 A A7 SS4007e) HlEA AEF E8]Hdl dhako] A XA st
Al ol o) A AL & % Uk 127 Table 3494 E 7H7e] &

AA el o ot e ek v vk 92858 49 5 A4t
T2 FFEo Jdoy 1.25Cr-0.5Moe] Zf-dd&= 53 &8 B o
FhEol dee ¢ 5 Ak

Table 3.3 Comparison of chemical compositions between cast and
S5400 steels as base metals

Base c | si|vmn]| P s | o | mo| Ni
metal

Cast steel | 0.18 [ 0.5 | 0.69 | 0.014 | 0.006 | 1.29 | 0.46 | 0.02
SS400 | 0.071 | 0.21 | 0.73 | 0.006 | 0.004 | 0.04 [ 0.01 | 0.03

Table 3.4 Chemical compositions of various filler metals

Types of .
filler metals C Mn | Si P S Cr Mo

1.25Cr-0.5M0 | 0.7 | 0.72 [ 0.51 | 0.012 | 0.004 | 1.26 | 0.51

E4301 0.08 | 0.42 | 0.10 | 0.016 | 0.010
E4313 0.08 | 0.58 | 0.27 | 0.014 | 0.011
E4316 0.08 | 0.96 | 0.45 | 0.012 | 0.009

Table 3.5+ 24219 4B o= &3
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Table 3.5 Comparison

of Vickers

hardness

for each welding zone

between 1.25Cr-0.5Mo and E4301, E4313 and E4316 filler metals

filler metals

Types of | 4 550-0.5Mo

E4301

E4313

E4316

BM

224.1

181,2

173.6

181.4

HAZ

297.7

193.4

170.6

194.5

WM

296.7

195.8

181.8

196.1

& 100
75

Vickers hardn
3

&

° T

Types of filler metals

Fig. 3.16 Comparison of Vickers hardness of base metal in the
case welded with various filler metals
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Table 3.6 Comparison of corrosion current densities of welding metal

zones welded by various filler metals in different test

solutions
Types of .
A Corrosion current .
fill Heat treat. . Test soluti
mztals er eat trea density(A/cn) est solution
BM 6.7 x 10° 35% H,SO;,
1.25Cr-0.5 5
HAZ 8.9 x 10° 35% H,SO,
Mo
WM 9.0 x 107 35% H,SO
WM(No heat) 9.1 x 10° Seawater
E4301 3
WM(Heat) 39 x 10° Seawater
WM(No heat) 2.8 x 107 Seawater
E4313 p
WM (Heat) 9.6 x 10° Seawater
WM(No heat) 1.8 x 107 Seawater
E4316 2
WM(Heat) 6.2 x 10° Seawater
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