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Effects of Cold Work and 475°C Aging on Corrosion Behavior of
Duplex Stainless Steel

Kikuo TAKIZAWA, Yasuhiko SHIMIZU, Yoshihiro Hicucut, and Imao TAMURA

Synopsis::

The effects of cold working and 475°C aging on corrosion behavior of the active and pitting region of
duplex stainless steel have been studied in sulfuric acid and chloride media. The main results obtained
were summarized as follows:

In a 5% H,SO, solution at boiling or 60°C, the corrosion loss and the critical current density for pas—
sivation of duplex stainless steels increased with the progress of aging and the increase in « content. The
anodic current maximum in the active region was separated into two peaks with the progress of aging.
This separation was observed obviously with specimens containing large amount of «, aging for long time
and undergoing large degree of working, and that was attributable to the decrease in corrosion resistance
of . In case of a 5% H,SO, solution containing NaCl, the separation of the anodic current maximum
in the active region was not clear, however, preferential dissolution phase of specimens in active region
was the same as that in the solution free from NaCl.

In 39, NaCl solution at 30 and 70°C, it was found that pitting potential had a tendency to become less
noble with the progress of aging, and by preworking before aging for specimens containing large amount
of o . When unworked specimens were subjected to aging, pitts produced with anodic poralization

occurred in « and grew preferentially in a.
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Table 1. Chemical composition of specimens (wt2,).

specimen [ C S [ M| P S| N |Cr | M| N |
0.025{ 0.46 | 1.32 |0.020)|0.005| 4.65/22.82| 1.11 {0.016| 80
0.025|0.49 | 1.42 {0.019/0.005| 5.92/23.15{ 1.11 ] 0.016{ &1
0.029{0.49 | 1.38 |0.020|0.005| 7.60]/23.16| 1.11 |0.018| %1
0.024| 0.48 | 1.39 | 0.020{0.005| 10.5222.84| 1.08 | 0.016| 23
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Fig. 1. Effects of 475°C isothermal aging and

cold working on the corrosion loss of specimens
in boiling 5% H,SO,.
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Fig. 2. Effects of cold working and 475°C iso-

thermal aging on the corrosion loss of specimens
in boiling 5% H,SO,.
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Fig. 3. Effects of 475°C isothermal aging and
cold working on the anodic polarization curves of
specimens in 5% H,SO, at 60°C.
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(a) Specimen A, 50% C. W., —=0.32V (b) Specimen A, 50% C. W., —0.47V
(c) Specimen D, 0% C. W., —0.43Ve~0.10V
(d) Specimen D, 0% C. W., —0.43V

Microstructures of specimen A and D aged at 475°C for 246 h after dissolution at
constant potential in 59, H,SO, at 60°C. (no etching)

Photo. 1.
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Table 2. Preferential dissolution phases in the
active region of specimens aged at 475°C for 246 h.

Specimen  Potential (Vvs.S.C.E)) 0% C.W. 50% C.W.
Ecorr aty (r*) aty
A —-0.32 r 7
—0. 40 a+y a+ty
B Ecore a+y a+y
—0.36 a a+y
Ecorr a a
C —“c. a (24
Ecoer a a
D —0.36 a a
* 60°C
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Eoa VWL r R EAEBBE L. Thbb,
MEDE ST L M7 2 — V-2, Bl —
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H AR RZE L35 & OB LB MAHIT 0%, 50% T oy
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Fig. 4. Change in corrosion potential and anodic
and cathodic polarization curves of specimen A

and D in 59, H,S0, at 60°C.
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Fig. 5. Schematic figure illustrating potential de-
pendence of preferential dissolution phase in 59,
H,SO, of specimen A and D aged at 475°C for
long time.
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Fig. 6. Effects of cold working and NaCl concent-

ration on the anodic polarization curves in 59

H,SO, at 60°C of specimens aged at 475°C for 246 h.
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Fig. 7. Effects of cold working and NaCl concent-
ration on the critical current density for passiva-

tion of specimens in 59, H,S0, at 60°C.
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Photo. 2. Microstructures of specimen A and D
aged at 475°C for 246 h after dissolution in boi-
ling 59, H,SO, containing 19, NaCl. (no etching)
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Fig. 8. Pitting (V'gy) and protection potential
(V'p1e) in 39, NaCl at 30°C of specimens aged at
475°C for 246 h.
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Fig. 9. Pitting (V'Gu) and protection potential
(V'pe) in 39 NaCl at 70°C of specimens aged
at 475°C for 246 h.
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(a) Specimen A, 0% C. W., 475°C X310 h aging
(b) Specimen C, 0% C. W., 475°Cx310h aging

Photo. 3. Appearance of the pitting within a.

[ M—
(a) Appearance of the pitting in a and ¢
(b) Enlarged photograph of 7

Photo. 4. Microstructures of specimen C aged at
475°C for 310 h after cold working.

7, BOoORHEIT a ThHDH. RBARRY LSS, a
ERFEL S IO TR REER LR T IS
wieh. FLT, (a)emd X5l EEL
B ETRAELT a AERE LT, B
2R U AR Lic. 30k Cds X OVD TR IR
Sivscuad, FLARIRER A, B LRAKRK a HTHEE
L, 7 ZRTan b a hZERFCEE LTV ((b)
CRECIOWTRT). 20X 51 a OMFLAMIIR
M I TETEEbRA. LT a E0% 0w A ART
WSRO REC S, — RS OBE, LA
DOFE, RESHIVTRORICE T, FAT
OHEEC L BLTET ¥ ThHok.

wic, ECo 70% IIH% 310h REZh LicHED
g% Photo. 4 iR, Rl X ok, 0% MTH
RWTILEDRE, METAHAHIL a ThHhoks, ML
MEEDT5 & (a) iR T X5 fRIX a, ¥ B
BIRAE LIZHE LTV 2 %L b ¢ Olitfliatk

— 143 —



910 B & M

% 70 4 (1984) %8 =

LETLTCBE Epvbhd. 2T L oCliE
7 1 (0% M : HV, =200, HV,=240) dz %0
BRHENRTE, I LR LDOBEOIHEL T h OB
WZ(b)ird ko Cr RILY L Bbh b & DREHT
HL, £oikcdie v o Cr BENEA LT 7 Ot
REMETF L2 D EEZ bRD. —F, a dTix 7
Hic sl % X 0 IKBDVE S T L S RIE N T 51
bbb bT DX RITHIIED bhl\w., 2o
L, a P TREROBRLE, REC X ARILYITHR
RERADORIE, FTihhbbA ¥, — X ANRCERALE:
2HABENRCOTHWAZ LT LTED, Fhick
DTHIRDOTEEBROLE L AT a OMFLEMEN E
TIebhi-bo b rcx s,
4. & =

2HAT v v ASOIEMBRIC 81T 5B ME LOILA
HENC KT THRBIMT & 475°C Bsh o2 Hilg s X
CHEb £ & L KB el L, DT oERE
7o

(1) ¥iEDH 5% 60°C » 5%H,S0, BikhoE
B, B BRER XU i XEHOETI D R
T, ¥ a EXAHEINT5on TR USRS 5
Fwcie s, a B0 RN TI X o> TR % O
WM I B, a BORCONTE DB
S kh, a HBORH D VCEHRHDC#cinTie Lo
TR B D EREFINEIEh S, B XoT7/ —
N REEAR D IGHERE © — 213 2 D4y B X RIS B 3
BKT5. ZOSHERET a Bais BRI B
Itz EWRC a offatoE T B8R LT3,
sk, BUlomEMEY— 713 r, BAOEME Y — 2712
T a OBEMEMIELTE D, B+ 5 L HEHERe
B AEEBHRHIEMREEERT IS5,

(2) 60°C » 5%H,SO,+ NaCl kPB4, Bk
D deris 13 0.01%NaCl o HINTIR I3 & A EHES
ZF ey, 1%NaCl iwie s 2L <HAkT 5. 0.01,
12 NaCl FEMD \NFROBEC R T B D deris

Xa BARSL FLM T 2T R EREV a 0
BT VRAE D TN X /N < I ) iGN
MHEIZ D, 7k, NaCl T2 LiEREY— 270
SEEIRHBC I 508, TEHEREIR © o 1 5 % AR M
NaCl #& ¥ 7c\WBE & ABEA S EEZ /.

(3) 80°C & XU 70°C 0 3%NaCl Btz kit
5B BRI OILRBOIIFEZIT 5 L B i b LA ME
TI%. Th, a BOSVEHIMTI X > THMED
M LB B LK F I SRLEETH B2, a BO
WA O T FOEENL el 7eb. 30°C & 3%NaCl
BHRAT7 7 — VoMRiz X oTE URILAI, 0% T
MuERRLIcEE, a »OREL a huERMICEE
LTS, ZLTC, a B0 HAR izl drfla ok
Rieh., —7F, 710% WMIM% i Licge, L
a, 7 DTFhs by RE L THBER~EREL T <.

(4) REFRBIBERNT2 & a (X 2HHB X 0T, *
o 7k Gr RILHOWHIZ X2 TERFhofitaits
ETIELhBLDEHEEINS.
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