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Abstract

The metallurgical and mechanical characteristics, toughness and corrosion resistance of dissimilar welds
between super duplex stainless steel UNS S32750 and carbon steel ASTM A516Gr.70 have been evaluated.
Three heat inputs of 21.12, 24.00, 26.88kJ/cm were employed to make joints of dissimilar metals with flux
cored arc welding(FCAW). Based on microstructural examination, vermicular ferrite was formed in the first
layer of weld at low heat input(21.12kJ/cm) and Cre/Nieq of 1.61 while acicular ferrite was formed in last
layer of weld at high heat input(26.88kJ/cm) and Cr./Ni,q of 1.72. Ferrite percentage in dissimilar welds
was lowest in the first layer of weld regardless of heat inputs and it gradually increased in the second and
third layers of weld. Heat affected zone showed higher hardness than the weld metal although reheated
zone showed lower hardness than weld metal due to the formation of secondary austenite. Tensile strengths
of dissimilar welds increased with heat input and there was 100MPa difference. The corrosion test by
ferric chloride solution showed that carbon steel had poor corrosion resistance and pitting corrosion
occurred in the first layer(root pass) of weld due to the presence of reheated zone where secondary
austenite was formed. The salt spray test of carbon steel showed that the surface only corroded but the
amount of weight loss was extremely low.
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Table 1 Chemical composition of base metal and
wires(wt.%)

C Cr Ni Mo Mn N

FCAW

(wire)

UNS 832750 | 0.030 | 25.30 | 7.0 | 3.8 | 1.20 | 0.25

0.02 125.00| 87 | 3.80 | 0.85| 0.17

ASTM

A516-70 0.27 | 0.035 | 0.15 0.85 0.035

Table 2 Welding conditions

Welding | Current Voltage Speed Heat input
Process (A) (V) (cpm) (kJ/cm)
220 32 20 21.12
FCAW 250 32 20 24.00
280 32 20 26.88

REIEH: - A5t 3246 49, 20144F 8H

ZA/ELLS A EE Ednt & Feph] §dE o]
afo] oAste] #FsIen, A LEHE A
o} &45-2 Fglo|E(ferrite) ‘&S Ferritescope
= 01%5}04 a3t

P FEY 2 2EQl o] FAA- ASTM
G48 method Eell JAtq 6%FeCls + 1%HCl &
dof] 50CelA] 5CHEo 2 30T7HA 24417 14138
Rom, gzl R4 AeE Hr] fJa KDS 9502
#E 95 (NaCl) 7 Alde Arsiid. &4 =
=% 50g/Lel™ AlZke- 2h, 6h, 24h, 48h, 96h, 168h
. 9] 9kEL (.12MPaclH 2%& 50TE #
'ES]—OﬂE]-IZ)
71AA B AEAE, 14 223 A
o2 AT AEAIGE mlo]AR H|A A FET)
st% 1kgf= AAlsAT. 44182 KS B 08099 4
3 AgHe AlFste] a5 30kg-me| AF2T] FF Al
712 Fgapion AZAES KS B 08019 H]H
A@dH F 14BEE sl Azek AlEE v %
A@71Z AFEE Imm/mine & T8ttt

E

)

3 As Aqf

al |
= = =

3.1 oM ==& 2

Fig. 18 &% vz Alelm ARl B3]
o BAE Flal 22T 5 Ak
g 2AAE FHE e
Al diste] Sgakez datsiol
$09 900 BIP AoItk(Fig, 1 B2, %
%ow ANH o 717 249 HeelE o] Ao
Holth dgeko] e Fig. 2(a)9] A% o 4de
o %7 ARG HelolE o] A Yelytt. Fig.
2()9 AL Gaze whagiFel 0.06%%
me] AR GARIHY . §3%-S Cr, Ni 22l
Mo &9 Zd&el 7242 2Hle|243t Hssit,
FEI A 2HQl At &

o
i)
Jr
1o
2
ne
4z

ﬁ
o x
. ofo
i)
°,
rir
N,
e
o
ro J

ASTM A516
& M‘\

Fig.3(b) =~ =

Fig. 1 Macrograph of weld section

365



08 FAF - A5G- gAE - 248
21.12kJ/cm 24.00kJ/cm
lst
layer
2nd
layer
3rd
layer

o 2 o o o
e
1o,
P
of
o
o,
o
¢
B~
o
1o

o
Ce gHrEol 0.27%c°lx, T
¥ FZUs 2892 22 UNS S32750) & 0.03%
2 3 o7} uj$ At ZZdA e gldPgon &
SEAA gad FREel | 7F SHFS B
o] +58 Aoz AN, wehd g4y
ksl FEUa7te]l A HTE a7t

o3
Py
>
(@3
—
i
3
e
=

ol

BN e

:

s
Zl
o=

T3 dd o] 7 W Fig. 2(a)Z2AS HE
(planar interface) $3l ¥/%4< HLlth A%
v A AAEE Ao FAARYLS BHEA ¥
o}, &3 WulEel(Vermicular) #2lo]lE %4

—@rﬂ

¢

tlo
=B g
B3

366

oM Cre/Nie® #tel 4L ul A= dgeolE
oltH¥  ¢ld# 24.00kJ/cmSl Fig. 2(b)dllA=
Jo] gk Wheko 2 ZA| AAdste] 233} vt ¢

—

| 7M¢ =& 26.88kJ/cm Fig. 1(c)9 7%
Zo] Al(cell) FAJolth. A 22 H7) 4 vjdF
AT S FoN &3] A= SuxFo|y,
A e AFHEY Wik
Aol wat B4 A% (competitive growth)S 1A
A o3 e 7 Sudt uRFe FAAH %
o] M Ho|z] ¢grom HIAHOoR XA Fo=
Ay Aol del & AAelA ok

2" Nayer (Fig. 2(d),(e), (D)9 %27 AXE &A%

Journal of Welding and Joining, Vol. 32, No. 4, 2014



FruFEE s 2E Qe UNS 8327502 &7

Ab516-70¢] °|F5<4 FCA &

A 57l tg A7 29

sefol et 39 wrlet W} Creg/Nid @] ¥
& ) ek sletolE ele] £53 shioltt

s 3 F WA S 2e esEolE 4
o 44 T A5 wAEA g ge
mete] A7bgl % Dolzo] glomf e
Y= 7] wZol] G AEHTbe 22o] W
e Aoz meiAlt

Fig. 3¢ ALH(@), (b)) DI, (D)e]
27 Aol 240 AXE Fig. 19 tehigl
o GIPRE SERsh DAl 3EHE 9
o= N BA vde] FEEAIA U e
WEh Qo Fiolth AGeRE Ag 344
£ R 353 A9 £ 3453 W7
ol o] el A2y 5 @ AT 5o 1§ =

A
I

T

7}
t}
b

~

o fz o

S

W
2 o

hu}

2 5 Mw%—esmw FEYs 2w|le 27

( 2 JEE(RZ)ANAE vHEdFe = g

o]E_rzTa ool ol et

2 o] FypAel AA Ay o)z o~

°] 3”5]‘:} Fig. 3(a)9} (b)e] =4

1 nlAIRE 2411 o]
J

o] AL ol

T

) >’
-

'z} 014 }

Holmele Hoz del

ok

2 o
%0,

o)A exEelES] A vAYEE
7k gk e el V)RS exHuel By
E olaL, F WAlE CroNe| 9¥o|tt

T2 2 2EQl Al HEE] il CroNe
Helo| Bt 2B E AN AdEnt. CroNel
A HgelB 21949l Cro] nAEWA CroNol &
=71 AlAet om) N2 do] Q13gt e zHUelE

A F 7
P g

Weldmetal

100/zm

Fig. 8 Microstructures of reheated zone((a),(b))
and weld metal-base metal interfaces ((c),

(d)
KIS - RAEEEE 324 498, 20144F 8H

Aol AW A WA AAAs) olu AR A

o] o]z} QAHUo|E Ao]tHT18)

Fig. 3(c)& g |~ ~Elolg] a7 £ g,
3(de g2 & .4 AAM 22 A}Rolt}. Fig,
3(c) %= 29 Fig. 3 Yo Ae Bz 223 Ve
242 wolw 8¢ HAolA 02 2719 Cr 2 Nig]
Ta 229 Pigo] b oz vy,

32 HzZo|E

H o x
== 54

Fig. 4& Sgo|E ~A3Z 35 o] &3] 333 #elo]
E dH3S HolFa v} Fig. 19 284413 vla
ot S<tem #E & & g3l dFAolE FHFE
& slem 2AARIN vlasie] dAHor AR
2 AT dPelE gl SRk 23l
FefolE kel 7P Wkt ol AFA v=
g7 Exo|t} A el E Bgo] %
FANE 16%8 == T2 ALl vlal @A @A
=74 =it

2ol ez i}°17} Ae 2 g as%—ur %
A ZAE Crat Niel #adol 247 5%, 3%FE

Aol7h Yok, 53] Crel g 20%cl3t= "ejxl
AL gelaitt. Aoz qdgo] Aol glojo]¢]
LAY Hom ofF I Aol Wil &84 7
Ed 2 2uQle]addd) gadto] 7 &gddl uwet
L oolo] 9 FEYx 2EQI 2] AF FRFE

o
B
T

[ ]

Ferrite percentage (%)
g 8
\
.\\\\
u

Do
o
T

u [—m—21.12-0—24.00-426.88 (kJ/cm)]

,_.
o

1 2 3
Layer

Fig. 4 Ferrite percentage in the weld metal according
to heat inputs and weld layers

367



w0 B1E - AE5 - YA - 209
30 . A 30
—&— Cr —@— Ni Mo ‘+ Cr -@— Ni—&—NMo
95 | 251 - "
&
é} 20 F § 20 F
: 2
15
g1 s 15|
2 -
10 F Mo 10}
.//’.__’_—. Ps L 4 —
5F Y N — A 5L
o A A A
0 T T T 0
1 2 3 :
L ' . ’
ayer
y Layer

Fig. 5 Elements profile (Heat input : 21.12 kJ/cm)

30

—=—Cr —@— Ni —&— o]

R 20f
>
2
S 15f
=
)
m 10}
5 N N A

Layer

Fig. 6 Elements profile (Heat input : 24.00 kJ/cm)

8

A En A 2FEY T REAA|(FE) 0]
A gtoloje] &gFo] M g Aol
o] gk dolo] 917] wjizel W3} A& Aow WX,
Fig. 62 9% 24.00k)/emeld 4% 92 4
Folth. Cr 3¢ AUEH vlszeA 2353 + AA 5
o ol A7 Ael7k WA Crol 2 20%
ofder A dAEY =/ UeHth Niel 45 F ¥
kel Ao} At

A S3 Al 1A FALe]
Fig. 7& 1 4¥ 26.88kJ/cmolAe] AEd4
Freltt. te dEFH vluste] SHF Al

Cr, Ni, Mo<9l ¢
7P Ak =3 Cro] e 25%8 =R
olo] 9 FEY 7S] Cr THEdH vl e UE
LH/«}\E]-.

ol¢} o] {jdTo] FIEFHE gojojo LAk
7kt ¢feloje Crt Niol o] FEdxs
gl le] e &gt °1€1ﬂ olfrZ T YE
Hlgto] YFA F3F Ad4he] Afol= Aom Cr,
Nizt Mo¢l FHrdw olo] B FE A AH]QlZ 2~
73} 2pol 7y 24| %%

aF w37F 2 SRSl Aolrt
SR

slo
1o,

368

Fig. 7 Elements profile (Heat input : 26.88 kJ/cm)

Table 3 Microstructural change in accordance with
Creq/Nieq in weld metals'®

Heat

Input Cleq/Nicq M1c1;(}>ls;£uztua1
(kJ/cm) g
1% layer | 1.61 .
. Austenite

21.12 2 Jayer 1.64
3" layer 1.66
1% layer | 1.67
24.00 2% layer | 1.68
3" layer 1.69
1% layer | 1.67
26.88 | 2" layer | 1.82
3 Jayer 1.72

. Inter cellular ferrite

. Vermicular ferrite
Lathy ferrite
. Acicular ferrite

. Widmanstatten austenite

N o on s W o

. Ferrite
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