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Corrosion Resistance of Welded Joints in Some Duplex Alloys

Synopsis:

Hiroo NAGANO and Masamichi KOWAKA

Since type 329 J1 duplex alloys have good resistance to pitting, crevice corrosion and stress corro-
sion cracking in chloride media, they have widely been used in the heat exchangers of chemical plants
or seawater condensers. However, it has often been said that type 329 J1 duplex alloys are susceptible

to welded joint corrosion.

Therefore, this study is aimed at investigating the corrosion behavior of welded joints in duplex
alloys in various kinds of corrosive environments compared with base metals. Tests include acid
immersion, intergranular and crevice corrosion tests, and also electrochemical measurements.

The test results are described as follows:

(1) Distribution of principal a110y1ng elements in 25Cr-6Ni- 2Mo N and 25Cr-6Ni-0.4Cu-3Mo-N
duplex alloys have been observed, i. e., Cr and Mo concentrate in « phase, and Ni, N, and Cu do

in 7 phase,.

(2) Welded joints having a poor area ratio of y phase in 25Cr-6Ni-0.4Cu-2Mo-low N steel are
more severely been attacked than base metal; because chromium depletion at grain boundaries due to
chromium carbide or nitride precipitation has induced intergranular attack both in acid and chloride

media.

(3) Selective dissolution of y phase in base metal occurs in 25Cr-6Ni-2Mo-N steel at crevice,
whereas no selective corrosion does in 25Cr-6Ni-0.4Cu-3Mo-N steel.
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Base metal H.A.Z., Weld metal 3. 2 B B %
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3-1 ft=4

fHEM Dbz % Table NiR3. A~Cai =
FYVAST, ARIOBIZISUS329J1 x4 70
25Cr-6Ni-2Mo-N  §f & 25Cr-6Ni-0.4Cu-2Mo-lowN

tr
WMTHY, Cix Mo OFHELHELY 1% i 25
Cr-6Ni-0.4Cu-3Mo-N $iTh 5. “hbit, Wwihd
RAPE T S0 kg IR L, BRERE, HHEELEE, 1050
. *Cx20minWQ OEELBI & FTD7c. SUS 316 1%
HBeH & LT e,
Qv 3-2 REFE
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Photo. 1. Example of microstructure of welded 7o 5t (mm) ORCEEIETFRICH L CERE OJ7 i
- joint in duplex stainless steel. Lic, Z D& &oBESEM% Table 2R3, BELE
- SODEROLMS 441 (G<0.03-26Cr- g opyEesifi L b 3 ¢ (mm) DRBHES b 5 L

(Fig. 1), UTFofERBRET k.
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X Mo ARG shs WSS BEShs, zork (1) REHER
Bl M A5 v 1 288 UDDEHOLM’S 44L 0 (£

u % 26Cr-5Ni-1.5Mo) 1©2\»C Photo. 1 R340, & , °
BEBR LORMH T~ )y 7 AR a T, FHI o l .
3 D7 MOZMEBTH B35, AV VEHFOREER T [ . I
aMEPRIEFIY » FI D, KMRCOR r %y b7 0444 M2
— 7 RCFELET DT E .
. DX, FEROTHAT v U AR TR B @ Immersion test @ Crevice corrosion test
BRCOZy #23%y + 7~ VRCEET B2, BB with crevice
> tae—BoEF LY, BE7=2514 rRAT VLA ﬂ
- TROLNWBHFCIKT S 7 v &R b4, SEHoHo . Teflon
d fed, BEBRORMEMOBEILESRD. 2L, Aol i
BHHEDOZKAT v VAROBEE I KBER T2 » — 20—
@F’aﬂﬁﬁﬂﬁ & ht%% (ﬁﬂ(ﬁﬁ 35~53°C, ﬁ;@ 2.6m/ ® Electrochemical measurement
$), bOORFCEE Y — A AROTDCHBR Fig. 1. Types of specimens for corrosion test of
WRE LIcZ R HE IR T 5. both base metal and welded joint.

Table 1. Chemical composition of steels (25).

Mark Steel C Si | Mn P S Cu | Ni Cr | Mo N
A 25Cr-6Ni-2Mo-N 0.023 0.51 | 0.87 | 0.006| 0.009] — | 5.93 | 24.7 | 2.07 | 0.193
B 25Cr-6Ni-0.4Cu-2Mo-low N 0.016| 0.52 | 0.87 | 0.006| 0.012| 0.48 | 5.77 | 24.8 | 2.07 | 0.072
C 25Cr-6Ni-0.4Cu~-3Mo-N 0.016| 0.43 | 0.83 | 0.006| 0.007| 0.40 | 6.12 | 24.8 | 3.08 | 0.185
D SUS 316 0.016/ 0.53 | 1.57 0.023 0.008f — |13.6|16.8]2.13 | —

— 97 —




1152 o oM

i 66 4= (1980) %5 8 %

Table 2. Welding condition.

Steel TIG welding A {TIGwelding B
Duplex phase . N
Slainless steels No filler metal | 25C7Ni-2Mo
Electrode
SUS 316 ’ SUS 316
Plate thickness 5mm 5mm
Condition Current 150 A 140A
Voltage 24~28V 24~28 V
Welding speed 150~180™M M| 120~150™™ 4|
Ar flowing rate 15 Ynin 15 Lain

(a) MRERE: (1)K 5%H,S0O,x6h
(il ) ¥l 1% HCI x 6h

(b) KB AR - (1) B -TRERSRA IR AR
Mod. Strauss 5 A +C, #ijEo H,S0,+
CuSO,+CuTip %Wk (JIS G 0575) daiz. 72h
BEL, BEBMTHE 1 7 nfiggd 5. (i)
TSEAEER. Huey7 2 +C, Wi 65% HNO,,
48h,3 EIEE.

(¢) BRREImEARE : 3%NaCl+1/20M Na,SO,+
EREBW, pH5,80°C D&MAET T, ZERMKIA
T 30 HHRERR

(d) BEx2HETALIEBRO7 2 — FOBELEORE
: 8% NaCl+1/20M Na,SO, ¥ (pH5,80°C,
Ar THi%) FCEMMSEE 20mV/min ©
HI5E.

4. X R B R

41 BEBOWE

BEBELT TIG 2Lt o HA7T v A
$R 25Cr-6Ni-2Mo-N $f%s X 0t 25Cr-6Ni-0.4Cu-3Mo-
N MOREMOEE R, SUS 316 LixEicoT, %5
mLEBEASRAE DRS. Tihh, B OWEL Hy
250 R CH DK L, WEH T Hy 270 i &
o Twb. ek, o HAT v v AoOBEEY
FRLEEAGD TIG B0 ¥ OBRETCIL, BED
L I A EEE R bR,

42 BAEBOIIOE#E EPMA CL3TED a
BEUOrBEBIT35mRR

ZHATF v Ao TIG 5 2 04D As welded
DYWEHD 3 7 wiiik% Photo. 2 3. 25Cr-6Ni-
2Mo-N §f, ¥ X ¢ 25Cr-6Ni-0.4Cu-3Mo-N Dz
i, BUPEE, MEE b REFATHBER SO TnS
3, 25Cr-6Ni-0.4Cu-2Mo-lowN §ff-Ci 8 B8 233
LA Eaflo— L > Tw 5.

DA Eo#ifE D pisy & RGBS ORERE & OBIR %,
Delong o3 : [Ni 34&]1=1.36[Cr 48] —-11.59
IZEWT,

[Cr ¥E]1=Cr+Mo+1.581(wt%) - (2)
[Ni 4E]1=30(C+N) +Ni+0.5Mn --:-:- (3)
2 HEIEA L LT

[Cr 58] —[Ni %E+11.59] TEHETSL,
Table3 DBAFEARED7. [Cr YE]-[Ni YE+
11.591 DERTLL DG, BEREWERIIZEAE 7
=74 PR EEPHEININSD.

25Cr-6Ni-2Mo #fffs L 0¢ 25Cr-6Ni-0.4Cu-3Mo-N
S TIG 7 2B DA, BMEERE LORMITK
B 5FEELREROSHRIALE Fig. 2 wrd. i, &
DR X Y FiH & 2% Table4 i35, a fHick
Cr, Mo 2\i&#E L, r#MEwi: Ni, N, Cu 7e EHNEHEL

Table 3. Relationship between the value of [Cr]—
([Ni]+11.59) and the microstructure of
heat affected zone.

[Cr]— ([NiJ+ | Microstructure
Steel 11.59) of HAZ
%\150r~6Ni—2M0~ 3.10 a7
25Cr-6Ni-0.4Cu
~-2Mo-low N 7.18 @
250r-61%i-0.4Cu 4.48 @+

Table 4. Distribution of principal alloying elements between duplex phases in base metal.

Steel Cr Ni Cu Mo N
) Analysis of base metal 24.72 | 5.93 — 2.07 0.193
25Cr-6Ni-2Mo-N EPMA of a phase 28.1 | 4.3 — | 2.4 | almost
EPMA of 7 phase 24.0 | 7.0 — 1.6 0.23
Analysis of base metal 24.78 | 6.12 0.40 3.08 0.185
25Cr-6Ni-0.4Cu-3Mo-N EPMA of a phase 28.4 | 4.4 0.28 | 4.2 almg’“
EPMA of 7 phase 24.2 | 7.6 0.73 | 2.8 0.23
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Weld metal

Base metal

25Cr-6Ni-2Mo~-N

Weld metal

{

L S

H.A.Z. Base metal

Vo v

25Cr-6Ni-0.4Cu-2Mo-1owN

Base metal H.A.Z.

Weld metal

25CT-6Ni-0.4Cu-3Mo-N ~ 1000p

Photo. 2. Microstructures of post-test welded joints in duplex stainless steels.
(TIG welded, crevice corrosion test at 35°C)
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WEE 5% H,SO, Hhop—MAT v VvASOEAMR
SUS 316 & b IEEiciEh, As welded 3 L OWEE L
DR LN O TR DEL R (Fig. 3).
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(i) 1000°Cx 20 min WQ
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Fig. 2. Electron probe micro analyses of alloying elements in duplex stainless steels.

(ii) 1050°Cx20min WQ

(iii) 1150°Cx 20 min WQ

(iv) 1000°C %20 min WQ—1200°Cx20min AC
ThH. o a : r oG, 1000°C~1150°Co
BB TR & A EEDH BT, 25Cr-6Ni-2Mo-N % X
¢ 25Cr-6Ni-0.4Cu-3Mo-N #fi345 40% a +60% 7
¢, 25Cr-6Ni-0.4Cu-2Mo-lowN #1314 60% « +40
%r LieoTn5. BEREY 12000C FC R
&, BizEOMBCcE a—HOMB LS.

BN LR 1 BHCL Fofif &tk & OBRY
Fig. 4 wrd. NE&FEDOEL 25Cr-6Ni-0.4Cu-2Mo
—lowN iciz 1150°C, N &H5BDOE 25Cr-6Ni-
9Mo-N $f% L 0% 25Cr-6Ni-0.4Cu-3Mo-N- gﬁj*cai
1200°C Clit&M:OHILIEE 5.

(2) PR At

REAFFE]AS 72h © Mod. Strauss 3RERHEE % Table
5 Wnd. BEEXFER L TIG J 2 % LcDXk
® 25Cr-6Ni-0.4Cu-2Mo-N #f ([Cr ME]—[Ni 4

B +11.591=7.18) OWEEICKIERANLEE L. N

B 0.1% D EoZMHAT v AMopss © kg
ANFELTHR. ik, HEBRREESDY = 5
A+ —HE & ot R s BFE LT\ % (Photo. 3)

F72, PhlE 65%HNO, 1= x5 Huey test ODIERT
X, 3TEOMAT vV AMOBMEE L OBER L L
JEREREL 0.1g/m?h BT, TR OREDOHE & b
BEBEARZE LTWw. HEd o SUS 316 $iTi3,
BAERCix 0.3 g/m?h, PEEHCI1Z 0.6 g/m?h DFA
HETHS.
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| s (3) W& Al

4 1 Base metal (i) 39%NaCl+1/20M Na,SO,+ FEH Rz (pH5
Weld without filler 35°C = L O 80°C, LRMIALR) 1 X % AERER

. W Wetd with filler MR AW, 35°C, &A%, 30 HREIORE

‘ 10} #HR% Fig. 5 3. SUS 316 RoBEEENEKRT,

o

wic. 25Cr-6Ni-0.4Cu-2Mo-lowN DOEEENK X\ .
BECECUL, BCBESOBARENMIEL b
1 L. 25Cr-6Ni-0.4Cu-3Mo-N RO 3 X 0%
BERELTEEIRABIREL T,

HEHERBAES, 80°C, 25MiA%,30 HEIOLMHET
TRTEFEAELN XV L\, WTFhokhicd 3
SERENRAEL, TOBEIX 35°CDBA LD i
DiF LV (Fig. 6).

Corrosion Rate(g/mzh)

60
Fig. 3. Corrosion of the welded joints in duplex 50+
stainless steels in boiling 59,H,SO,
solutions.
<
£ so0p
Table 5. Intergranular corrosion of the welded A 25Cr-6Ni~2Mo-N —=—.
joints in duplex stainless steels in the *g
solutions of H,SO,-+CuSO,+Cu tips o
at boiling point for 72 hours. 5 30F A
0
. o 4
Intergranular corrosion* S A// r
Steel Base  |Weld without Veld With O 20f Zgﬁr—GINFOI.\?Cu S /
metal ffiller filler revoTiowN T=— /
25Cr-6Ni-2Mo-N | O O ® 10r 3 Py /
TTTTAT5CRENIS04CU
25Cr-6Ni-0.4Cu o 3Mo-N —=/
-2Mo-low N X O — s |
P—— 1000 1100 1200
—3Mro—Nl_ -xlu 0 e O Heating Temperature (°C)
Fig. 4. Effect of heating temperatures on the cor-
SUS 316 O o O rosion resistance of base metals in duplex
* Intergranular corrosion : O none, X occurred stainless steels in boiling 19,HCI solutions.

300u

Photo. 3. Intergranular corrosion of 25Cr-6Ni-0.4Cu-2Mo-low N welded joint without a
filler metal in Mod. strauss test.
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25Cr-6Ni-2Mo-N  §lj Cl3is ey, FHI-Fhicd
TEERENFEE L, BB Tk r HOLEHR
R E LT A EF % bh 5 (Photo. 4) .&REH
BEOEV 25Cr-6Ni-0.4Cu-2Mo-lowN #ic i3 ki g A
Hod 2 FEaNRE Lic. okt TIG &

] Base metal
BZZZ3 Weld without filler _|
g Weld with filler

Corrosion Loss (mg)

Fig. 5. Crevice corrosion of the welded joints in
duplex stainles steels in the solution of
394NaCl +1/20M Na,SO,-+activated car-
bon (35°C, 30 days).

A DG E BB IEROCEE I, BEEY
R LIz &0 TIG BECREAFELIIEZCEES R
T\+% (Photo. 5).25Cr-6Ni-0.4Cu-3Mo-N R oifit-3
XFRAMEIRD 2Mo ZO— AT v LA 5
NEBNENDD, 80°C DLET IR CIL, B

1 Base metal
EZzzZaWeld without filler [ ]
e Weld with filler

100

Corrosion Loss (mg)
>

—

Fig. 6. Crevice corrosion of the welded joints in
duplex stainless steels in the solution of
39,NaCl+1/20M Na,SO, +activated carbon
(80°C, 30 days)

Weld metal

1000.M

Base metal

75

Photo. 4. Post-test appearance of 25Cr-6Ni-2Mo-N welded joint with a filler metal in

the crevice corrosion test at 80°C.
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Weld metal HAZ.

Base metal

5.1

Photo. 5. Post-test appearance of 25Cr-6Ni-0.4Cu-2Mo-low N welded joint with a
filler metal in the crevice corrosion test at 80°C.

Base metal HAZ.

Weld metat

Su

L ——

Photo. 6. Post-test apperance of SUS 316 steel welded joint with a filler metal in

the crevice corrosion at 80°C.

BRHED 2Mo RO HAT vV AREER LEE
LA TIG 2 0BE LY bREELNTG
PpREV., ZoZEnD, HREKCHT TS EE
AR A LIRS 0D B0 Mo B% N7
4, BEBCRW T LOBREROMT & ERAEEER
e bEXe s NnENSS. ik LT SUS 316 o
AR A Photo. 6 RT3,
(ii) 3%NaCl+1/20M Na,SO, %W (pH5,80°C)

Rkl 5T & FEARAEBA

Fig. | o3& z@AABF B\ ¢, BEMFETEE
20mV/min CHE LIt EOTE EH/AEOFREBMAE
Table 6 w/x3. FEH, Ecorr, Air X370 #
FCHIE T COBRENM. Ecorr, Ar 124 D1% Ar THi
BELI-BE P CcoOBAEN, Ecrevice 137 7 — K&
MBEDN 20 pAjem2 Ligh, F7 v v i&BRABRFE
OECTEEWANRE L L EDEMEEIRT 5.
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Table 6. Electrochemical parameters of welded
Jjoints in the solution of 39, NaCl+
1/20MNa,SO, at 80°C and pH 5.

Steel Specimen | ECOrLAir|EcorrAr | Ecrevice

(mv) [ (mv) ]| (mv)
Base metal [— 125 | -360 0
25CroNi-2MoWeld without [ 410 | _330 | 40
Weld with | _135 | -355 | 40
- -3 -3
J5ckgNi LBAse metal 120 50 0

Weld without| _ 130 | _395 | 40

F04Cu2Mo filler
Weld with

~lowN filler -115 | =360 | 15

25Cr-6Ni \'i/‘:: ”T::ﬂlt -120 | =330 | 40
withou

-04Cu3MoN|__ filler -140 | -170| 60

Weld with | 130 | -335] 50

Base metal | =145 | =550| -90

Weld without | _ _
SUS 316 filler 130 500 _50

Weld with | _ N
Eiller 130 | -460| -40

T E IREREBND DFFET A& AN,
(#Bh %) 25Cr-6Ni-0.4Cu-3Mo-N $§> 25Cr-6Ni-2Mo
-N $fi>25Cr-6Ni-0.4Cu-2Mo-lowN $f>316 0 (%
%) DIRE7ey, Fig. 6 i 80°C oiEMRIESE
W BRER ED T 0 OMEBAMNR BRS. LasL, 3
EERARBLEBEMC L 5T & RO, EE
BHTHY, 2»oFEERAOHEBRCE LT Mb
FHIECE o LD, F—EC 1T 5 06 & BB
& DI B DHER 7 BRECILEHE T & T\ /o &
SIBbhab.

5. = =

ZHAT v v ASOM RO, o,

Thbbal, r HOFEEGOHENKE D~ Kk

KRR, BMESTK T, afficit Cr, Mo o
WetE, v ML Ni, Cu, N OEfEOAZ = & 23 b
pote. BlziE, 25Cr-6Ni-2Mo-N £ ¢ i3, « Hit
28.1%Cr-4.3%Ni-2.4%Mo, 7 4% 24.7%Cr-7.0 %
Ni-1.6%Mo-0.23%N, 25Cr-6Ni-0.3Cu-3Mo-N %
¥, edgix 28.4%Cr-4.4%Ni-0.28%Cu-4.2%Mo, 7
AL 24.2%Cr-7.6%Ni-0.73%Cu-2.8%Mo-0.23%N
Els o5,

ER LXK, ZHHAT v Ao © s v
i, aff, rHACECTASTROBEDRINS Z &b
b, BERBECHILGL T, WEOMAEDOES DETS
BEWCIERWISBHBIRET S, T, BERCK

T, el LD HHEBESHEARTHEAC H D, &<
T, BWEHOHEMIIEEA L ali—HRITL IeokBy
Zix,  afl-af{ioRED B\ ik a - r ORI R Cr
DEALY, pAHER L, Cr BEREERSRET S
DRSS T D Lalomnote.

AT, ZHAT v v A ORI L O

DR By LT,
L. 595 % P BER BRI I 1) 5 REieE-TEM:ae
BE

2. WREAMEBRIEIC R G A

3. WAKBBECRTHILAE, TXTHA
COWTHD Teovehs, BRACFANCHB 5 & Fig. 7
DX B.

595 5 TP EBRERE T, BMoeHs IO r
EHNEBEBICH 5. WERCR\ T, BER, 8
VIR, BB Lol ) 2 A AT
CHEETHMAT v v A\ TiE, RMEBD 5
B, BETrHNZEAEFELE LRV DD B\ IR
WD & b v —7 R UL BEE L Sl
X, ef-alB s\ ie -y Rk T % Cr &R
FIROERIC X 2R FBRY O LHEEE, S R
Fig. 7-a).

HMRERECR X, a0 r #HE ISR
BERETLN, afck\ it Cr 823 » FICH D1

Base metal Welded joint
ol
ot t
@ 2 ¥ poor joint
ct vphase — , [l <sz ferrich joint
Bl et | B\
;_C: ,’"\ e § //\-\.____,/
3L /T e
Potential —— Potential ——
a) Active - pasive dissolution in weak acid - icint
4 - ey rjoiny
4 T phase»,’ /| 1 Ay ¥ poor
[ & phasexl” i
L S gL
g @
ol °l
A\ -
Bl £
3l 3
Potential —— Potential ———
b) Active dissolution in strong acid
4 1
L L
7 2
[ al
3 rphqse—\, K ¥ poor join't
E i « phase % E_ ./ ferrich joint
5 A s /l é L L .

Vcrev,{ /\'/crev g
Potential ——>

= '
Verev, p ZVcrev,a
Potential ——

c) Crevice corrosion in| chloride solution or sea

Fig. 7. Anodic and cathodic polarization curves
for both base metal and welded joint.
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DT ) — FEMENKE V. r HABTHCEET 2B
xR L EREOBRETH DM, rHOFRTHT
BB QLB EEN X DI T % (Fig. 7 0b).

PR (BRSSP AR ST, BEXERL,
BEOTXEFHEAEENEOLL RoBarit, B
FTUR 7y BRI R I RS E . 7 H
NE DT A BERCR T, Bo BEe LR
T, aff-af, aff-r HOKRFELBRPCEHIND
TEETEENRETS (LE Fig. 7 oc). ERo%E
LB D 5 \ T KBEC BT 585 O r 08N
EERROIE, BEFOMABMOTEERADHIED
DI, BT B Tt Cr, Mo B0 #1, #BEK
BT, N, N BoM#nc 5.5 vanthicrH
DEENLETHS.

Dk, —HAT v v AEROTERBAZRENCE LT3,
77— FRIGEE LTI, e8I r§odEo7
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