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Abstract

Mechanical and corrosion property of duplex stainless steel weldments made by the GTAW and SMAW
process were studied. Fracture toughness, general and local corrosion resistance of GTAW and SMAW
weldments were evaluated in terms of Charpy V notch impact test, anodic polarization diagram, pitt~
ing corrosion rate, respectively. SMA weld metal showed much lower impact toughness and higher
ductile-brittle transition temperature than GTA weld metal. Fractographic and EDX analysis on frac-
ture surface of SMA weld metal demonstrated the existence of (Si, Ti) oxide in large amounts. Potent-
iodynamic anodic polarization diagram of GMA weld metal showed much lower passive current density
than SMA weld metal in 4% H,SO, solution. And pitting corrosion rate test showed the same tendency.
Relating the microstructure, chemistry and property, it can be concluded that GTA weld metal gives
better toughness due to lower oxygen content, i.e. lower inclusion content, and better corrosion resi-
stance due to higher Pitting Index (PI) than SMA weld metal.
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Table 1. Chemical composition of duplex stainless steel(SAF 2205) and filler metals (wt. %)

| c | si | M ! p | S ] Cr II Ni [ Mo ’ N | Remark
1
Base Metal | 0.028 0.64 1.82 0.021] o0.019 2221 s s sl o3
TGS-0.017 | 0.017| 0.3 103 0.016 0.001 243 | 898 3.19 ! for GTAW
22.9.3LR 0.019) 0.920 .98 0.20] o.012 22.4 ‘ 8.94 808 0.1 for SMAW
i J

Table 2. Mechanical properties of duplex stainless steel and filler metals

Yield Strength 0.2% offset | Tensile Strength N/mm? Elongation
N/mm? (ksi) (ksi) 2
Base Metal 567(82. 2) 767(111.2) 35
GTAW 595(84. 8) 828(120. 0) 23
SMAW 652(94.5) 892(129. 3) | 28.8
}
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Table 3. Welding condition of GTAW and SMAW

l: Voltage Current Travel Speed Heat Input .
Process ] V) ‘ (A) (cm/min) ‘ (KJ/cm) Backing
GTAW ] 10 120-145 7.5-11 7.5-13 i Ar(15L/min)
SMAW | 21-23 63-75 8-25 6.5-11 | -
| l
: t&f? - \< 60° ~

Photo. 1. Typical microstructure of duplex stain-
less steel (etchant ; oxalic acid)
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Photo. 2. Macrostructure (a) and microstructure (b: HAZ, c:

weld metal) of GTA weldment,

whereas (b), (c¢) are magnified photos of B,C region in (a) (etchant ; oxalic acid)

Photo. 2.
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Macrostructue (a) and microstructure (b: HAZ, c¢: weld metal) of SMA weldment,
whereas (b), (c¢) are magnified photos of B, c region in (a) (etchant ; oxalic acid)
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Table 4. Chemical composition of GTA and SMA weld metal

[ c Si | Mn p S Cr Ni Mo | Ti N 0
GTAW 0.02 033 100 0.018 0.001 244 841 3.60 —| o1l o008
SMAW 0. 03% 105 0.8 0.02 0.013 224 838 313 o001 o0.16 0.084

Photo. 4. Inclusion distribution in GMAW and SMA weld metal
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Photo. 6. SEM fractographs of GTAW impact specimens having their notches at weld metal and
tested at —90°C (a) and —196°C (b), whereas notch tip is located at the upper part

of each photo

Photo. 7. SEM fractographs of SMAW impact specimens

having their noches at weld metal and

tested at 10°C (a) and —90°C (b), whereas notch tip is located at the upper part of

each photo

A& MY A%, s1E austenite RFY 28|l & #
s Ze) exd wE #HElitE BE Bse v
s A ¢ F Atk #@eElAd 7 Alse SEME
EFo o prEE s R oAz A 2 34 4
AR E e @ 3 ol - 196°Ce A Ekd—
Witk BB vehtssl ol photo. 59 vhebd sp-
lit Yool stEe Ea & 4 Uk
GTAW £32¢] 24 A& s}ulo Photo. 6] 4 M
o] —90°Crl#] & dimple 3ef o] %t Bt stz
7 A= 7 gleor, —196°Cel A& quasi-cleavage
o} EkiE slkalsb Al Vel BAS 3R E e
Wx gk & e 2 4 JdAAE 2d
SMAWS] 73 9% Photo. 7cl] A] &} 7Fo] iRl A= #k
skal7} skt —90°Col A ol HEtER k3]
T 3ydez WY 4 vk
1218t A= 23e GTAWH] #[ste] SMAWS] -
ksl =S wkME—REt: B BE (Ductile Brittle

=]

R

(]

N

Transition Temperature : DBTT)E #= 8t & &
o 4 gleh, obgEl AR AfERl EAl 2
sha] AP AJel FAs5]E dimple?] =717 HLR{ES

d
34 Q44T 4% 2FE RS ¢ F A%

W

2

3.3, IaiEafol et £E
3.3. 1. —#% Bk

Fig. 8¢ A= MR 2wl =l = e &4, GTAW
 SMAW $33-0] —i B BEE JlE B
R S 304 26 e 2 @k vl astel i

Qubd o2 GHE 8 e B Jehd: TEE
o o (passive regiom)| 48 AFUE B A+
Wwot sz A Bl B S e w2 A
29 FEEE 949 0 mVscesl] 4] 800 mVsce T7kel]
A2 BR A% Uei B, GTAW, SMAWS Jg

=

Journal of KWS Vol.4, No.3, Dec., 1986



(VSCE)

Potential

4329

SR el old 2 @ S b Ak A E

A: Base Metal

o

B: GTAW ]

Z csmaw |

T T 0 Type 304
1 LT

0 o’ 0 6 10

Current demsity (A/cm®)

Fig. 6. Anodic polarization curves tested in an ae-
rated 4% H,S04 solution

o=

e gom® SMAW BT 5
i fibEe 2y 98-S ¢ 4 Fh olehFol
FA gAY —f B Ade]l @
SMAWS] 3% obAl qlFa uhsh 2ol chabel Jdx
B A A8 st R M Btk (local
corrosion cell) E7F Arfetmst F4 FHi & Bkl
gARes Qg Aow ekdeh &, B Wikl
A B SMAW BEist S-dAe 2 EuEs
o = BHRAFE =4 He Aoz 44
EER

A

T

o

>)£.

Z%zs] WA wadel Wk Fie7 dAE 10
FeCly-6H.02-0 o 41 9] pitting FEALTES 7 <]
2 febgled, R AsldeEi 2~ @8 Bt
7H = ikkEE Za o]0 GTAW, SMAW

21.2] . austenite @] Qlel & #§ S34HY 42 7

aL

£E B Fot
olubd o Z pitting ¥-4lel] g A FFA-2 Crab Mo,
N 48] ghake oEslm gl 2l Basm g)
=k 2wl o] B pitting 4lel =g 24 MY

3l Pitting Index(PI=Cr+
S DR IR L
Fig. 83} 7row, ole{gt
o A ge welFu
wrebAl A 2.9] pitting {4
ol A A

k& PI gkl =

3.3Mo + 16N, %)= 1}E}
Pigte2 e
F> arf] Fig.7¢9 #Aa

e
A3

gl

1S I R S A L [
ek, e e A
Tn MEASLS S5

T3k
KEBEREIE H4% EIM, 19864 124

T

TG
o
A Q-

3
-
g
=N
=y

Index

Pitting

Pitting corrosion rate (gf/mz-hr)

63
03 10% FeCl,6H0
45°C, 24 Hrs
308 i
3oaL §
T 00 §
316 i
0.1 i
¢
0 EE | | i

Base GTAW SMAW Austenite
Metal S.5.
Weld Metal
Test specimen

Fig. 7. Pitting corrosion
steel base metal,

rate of duplex stainless
GTA, SMA weld metals

in 10% FeCl; 6H.0 at 45°C
40
o
®
35— —
®
30 -
@ e
25— @309
T Plx Cr + 33Mo+ 16 N 200 @@ 08
1 [ | L
Dase CTAW SMAW Austenite
Metal 5.5.
Weld Metal
Test specimen

Fig. 8. Pitting index value of each specimen of whi-
ch pitting corrosion rate is shown in Fig.7

WigitE-S 2= AL BEY Sx z24o] RRY
Hel S oz 2 AF Crak Mo5s] 298 JLESo|
EddstA £ZE aFelch &, Bk =39



66

BLH(dendrite core)el & o]zl W4E AYF
o HAHel SAMeE FEME Hfgel el
pitting2] Wrae] 447 Qejrbi Zol w1

4. ¥ i

—R ol olel 2 el wEEel AAA 435
WgabEe 375t Skl £AYel Aol S5
GTAWS A = AL A7h W& SMAW 9%

] i it

o] st Q4] Efdke] oFshd AR vebAal
t}.

2) GTAW £4 %= SMAW 2A¥uc} 22 F
Aol e A —FA Aol LrFE 7 =)=, o]

L. SMAWY
o} kY

A SAENY B ALFE
REEE ;o /‘éZH o
£ 2% L% Hukx
3) GTAW $7 ~‘?—~t— SMAW £ 3uv} 44 2L

AFRUEE Ve T w3 AL pitting 2

b o}

.é{
g

y Mo wo
_>I"_r _Y__, Py
L
£y
‘{O

—fREEfh B pitting¥-Ale] wis} ®rh
2yl o] SMAWS AS- A

e

Y
X,
o,

.
o
ES)
>
o,

O
-
—\\:—J‘ .Ji
2
o
o
Y
ldi)‘
Er
fo
ot
b
2
(o]
o
PO

1)

fo

R,
do
=
A

[o dr fo oy o
it oy

e ey

‘._|YL

i,

o

References

1. B. Larsson and B. Lundqvist, Fabricating fer-
steel, Sandvik Steel,
Stockholm, (1984), pp.1-3.

ritic-austenitic stainless

2. H. Tsuge, Y. Tarutani and T. Kudo, Corrosion

resistance of duplex stainless steel weldments in

o

10.

. S. Mukai,

. H. Miyuki.

. T.H.North, H. B, Bell,

W] - A HA - T

of Conf.
(1986, pp-

Proc.
on Corrosion/86, NACE, Houston,
156/1-156/14.

H. Okamoto, T. Kudo and A.Ikeda,

Corrosion behaviour of 25 pct duplex

wet CO, and H,S environments,

stainless
of Mat-
erials for Energy Systems, ASM, vol.5, No.1,
(1983), pp. b9-66.

J. Murayama, T.Kudo, and T.Mor-~
of duplex

steel in CO,~H,S-Cl~ environments, Jr.

oishi, Lccalized corrosion
steels in COy,~H,S-Ci~

temperatures,

stainless
environments at  elevated
Proc. of Conf. on Corrosion/84,
NACE, New Orleans, (1984), pp.293/1-293/17.
N. Sridhar, J.Kolts and L. H. Flasche, A duplex
stainless steel for chloride environment, Jr. of
Metals, vol. 37, No.3, (1985), pp.31-35
A.lkeda, M. Miura, S. Mukai, M. Ueda and
K. Koso, Corrosion behaviour of duplex stainless
of Conf.
on Corrosion/86, NACE, Houston, (1986), pp.
333/1-333/17.
g, 2o,
tinte} 8- H. ¥ z7ie] pitting corrosion =] &
Aol mlX e g, A TEWL 25, g
22133, (1986), pp.73-75.

A. Nowicki,
Slag/metal interaction, oxygen and toughness in

SAW, Welding Jr., Vol. 57, No.3, (1978), pp.
63s-75s.

steel for wet CO,; environment, Proc.

Duplex stainless steel®] heat

and I. Craig,

G. Wranglen, An Introduction to Corrosion and

Protection of Metals,
(1972), pp.57.

Halsted Press, London,
A. Garner, Pitting corrosion of high alloy sta-

inless steel weldments in oxidizing environments,

Welding Jr., vol. 62, No.1, (1983), pp.27-34.

Journal of KWS Vol.4, No.3, Dec., 198¢



