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Effect of Cold Work and Volume Fraction of Ferrite on Corrosion
Resistance of (a-7) Duplex Stainless Steel

Kikuo TaKIZAWA, Yasuhiko SHMIZU, Yoshikiro HicucHI, and Imao TAMURA

Synopsis :

The effects of cold working and volume fraction of ferrite on corrosion behavior of the active and pitting

region of duplex stainless steel have been studied in sulfuric acid and chloride media.

obtained are summarized as follows :

The main results

(1) In boiling 5% H,SO, solution, the corrosion loss and the critical current density for passivation
of specimens decreased with the progress of working and the increase in « content.
In all of the specimens, the preferential dissolution phase in the active region was y, but the dissolution

of y was retarded by working.

(2) In boiling 5% H,;SO,;+NaCl solution, the corrosion loss, in not more than 0.19 NaCl, was less

in specimens containing much « and undergoing much degree of working.

it was more in those specimens.

In case of 19, NaCl, however,

The preferential dissolution phase in the active region, on additions of

1%, NaCl, changed by working and « content and it changed obviously with potential in specimen con—

taining the least .

(3) In 39% NaCl solution at 30°C, it was found that pitting potentials had a tendency to become noble
with the increase in « content, the effect of working on that, however, was not obvious. In all of the speci-
mens, the pitts produced with anodic polarization occurred in p and grew preferentially into y.
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Table 1. Chemical composition of specimens.

(Wt%s)

Specimen | Si Mn P S Ni Cr | Mo N
A ]0.025]0.46 | 1.32 |0.020|0.005| 4.65|22.82| 1.11 |0.016
B 10.025]0.49 | 1.42 |0.019]0.005| 5.92{23.15| 1.11 10.016
C 10.029]0.49 | 1.38 | 0.020|0.005| 7.60|23.16{ 1.11 | 0.018
D 10.024]0.48 | 1.39 |0.020|0.005/ 10.52|22.84| 1.08 | 0.016

\naot Hot rolled 1050°C x 10minA.C.  1050°Cx3,20minA.C. W Q.
ngo

0% AcC.
(100-4.51) (50%—1050C W.Q.)

Cold rolled

(0.2. 0.41)

{2.01)

Fig. 1. Preparation of specimen.

7o, R OWHEER O BEL ¢ 0.2mm 23 1050
°C x 3 min fi#ig7ess (A.C.), t 0.4mm FiL]REE
T 20min mEHAKSE W.Q.) &L, T, 0% It
E1% 50% Db % MER D BOLER &b Thndh, BHEILI:
TEORBOC x5 ik, LAMIMEERIICRAE,
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min F# L, FORENS a-r 2 HEKD 1050°C #
THK 10h 2 TRy (F.C.), ZoiRE T 30min &
Lk, KREKPESTHZ LRI VTR, X
Hic, HARAHMMO I 70% OBEIFEIES #E L
7o DR, BUuBiz-_CEEd itk
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I oTHBEIR T W\ Z &% BRUE (v vE-FEE
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15 5, 25%H,S0, ¥ XV 5%H,80,+0.01~1%NaCl
DEPEERH COBRC L HEERLVEYREARC
IoTKRDI. Fi, HSO, EA LT KBWHICE
T 5RO BESILERN D BBE OB s DO BERR
MOBEE{Tok. BEBBHOBEIIERRED D\
T EEM TR L gT ok, —, WAk
AMED 3%NaCl g (30°C) ekl sfL A EA
TRHE L7, 7, FLEVEBEMCRA T HLHERT
B icdic, HRESHEBC L3Ry Aigo Bk ol
REMBEET7 7 — VOB LcEERES 7ok B
SALFER O BBE LR OHEREZ lem2 R 1L TY ) =
VIR CHE L, BARSIEE R 60mV/min, BFERE
Wik ArJESRORETITV, BREBBRIZETY » 2
E|iE (SCE) &R, ¥, Sty ERE
AW
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3-1 HEEs

Photo. 1 = £&3k% 1050°C 7 5228 Ui eDiERE
B 0% mTH) =rd. BAait o, BEWHIE 7
T a BFEER2REh Eh (2a)80%(b)61% (c)51%
(d)23% 7 oics 2HBAHEBR A S, 2%, a, 7
FROERSE L BET 512 LRERPEDWI LTS X
51 e ik Gr, Mo 234 < 7 iiX Ni, Mn %2385
LTwa5, XFARCEULCHEHER S5 2825 v
v ASDEZE b ORI OV TR R, DNEBEZ X

) —

I ‘v a

(a) Specimen A, (b) Specimen B, (c) Specimen C, (d) Specimen D

Photo. 1.

Typical microstructures after solution treatment.
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Boiling 6%H.S0,

6.0, . Specimen D
o $ c

2 5.0 pecimen
(3
Sa0
3 N Specimen B
& 3.0
) 0\
k3 Specimen A
2 200

1-0% 10 26 30 a0 %0

Degree of cold working (%)

" Fig. 2. Effect of cold working on the corrosion
loss of specimens in boiling 5% H,SO,.

1.51 (a) Boiling 5%H,S0,
Speci
1.0} pecimen A
0.5
_T C.W.
ui c.W.
O of C.W.
0 C.W.
é
3 -05 : !
E 15 @
-
c
8
& 1.0
0.5}
o_
_O- 1 I 1 1 1
§o7 707 100 10 10 100 0
Current density(mA/cm?)
Fig. 3. Effect of cold working on the anodic

polarization curves of specimen A and C in boil-
ing 5% H;SO,.

hEMCHRIh T 5.
3.2 WmEBRCHTIERED

Fig. 2 g 5%H,SO, BRI KT 5E4ABDORE
ABIMTROBEFEETRT. FRNORREIMIHEN
Bl Il onTHEA L, 50% ITH Tk 0% M
N2 1/2 ©inb. ¥, a BEXREZGEAREEY
BREZEA L, R A oFAREXFHMDD 1/2 LI
ThHhH., ZDXBI a BHAMAL, MIEIF b
L g 5% H,SO, i COBRMEEMNIMHE S h T L
%. SUS 329 ]I $Ak\\THmTic X>T HSO,
TORAVMEINS 2 LEBEOIRT V5.

Fig. 3 il 5%H,S0, BWH CHIE LR AL
IOCo7 /7 — PR R Tm ToPE Y RT.
H,80, %W TONMBEBRO BT XTI REEEHE
BB LLEEDIE —0.1mA ¢ lmin sV —F

(a) Bolling 5%H.SO.,

—-0.2} Specimen A 30%C.W.

anodic current

{b) Specimen C
-0.2} 1,32

03 :24//

—0.41 1. 0%C.W.
—os| 2 15%C.wW.

3. 30%C.W.
—0.6| 4. 50%C.W. 13

dic current

Potential(Vvs. S.C.E.)

107 102 107" 10° 10’ 10°
Cathodic current density( mA/cm?)

Fig. 4. Effect of cold working on the cathodic
polarization curves of specimen A and C in boil-
ing 5% H,SO,. i

MP L, FDOBBERENM (Ecorr) PMIERELTHDSY
MEABHRA Lic. WAk & S TNEEBIEBABREE (erit)
BIMTENEL B2 TPHEL 5. MmEkT 2w
THRFETH oM. 1o, R AR C T deris AV
X<, Zhboz bt Fig. 2 TR L-RBERRBOEN
EEL—FKT5. ik, EEEY- 7B CHIETS
—0.26V CTEBMERLIEE, WTho Ahickyv
THLMIMERMIH & KR THERBREEI NI E
72 Ni o WREHE E X DEIVNE L I BREREB T
W5, UL, BIKEREM 30°C oAz W-Thodlk
R \Th BRREERES BT, 7/ — FBER
CRIETIM TOEEIRD bhishoic.

Fig. 4 wiphé 5%H,S0, B CTHE LIRARASR
YOCo» v — PR RIFTmToOEEYRT.
RGBT 7 — PR L AT Ecorr DoAY B
Bl WRAKE L OHRBEBERKLT / —F-AY — F
FHCEROEE L HEOTHBEFRETH vV — FRIG
NETTS. FLT, RECHLLHLMRIOSRAY
—- F3Esb B S 7 2 — FERERENLEORE
BENIEECHB. KB, ZOBRBOEENIAKC
I HADHNRELL, AEOBEFOWTIRFEH BT
9 DEMIREN S D, Lnl, BRREY 30°C 1o
THENBHDH BB TS X 51 NaCl % 1% Bl
B4, Ecorr XTHhZhANEER XTSRRI TREL
LEOBIBLTE 2D X 5 i BROLENIHBL L
o, Thbb, 77— FBILBR/KE A VORY
~ FRTERCERA L7 2 —F-2 v —F HFA~DE
ROBEORRD LN ADIX2HAT vV A 5%
H,S0, % cHORBRRLIAMD S KH, REOXE
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" 20,m

(a) 0% C.W. (b) 50% C.W.
Photo. 2. Microstructures of specimen A after
dissolution at constant potential of —0.26V for
90 min in boiling 5% H,SO,. (no etching)

fbic Lo TEBRB-TNMEE O R ERHIRICE AL T
R BB EE2TR LTS, —F, KERBBEF OV
TH 5B EEER LOMIOBEIIRD bhFiziER—&
HWrcx 5.

wi, FBA T 5%H,SO, B CIEHBE#E v —
7 ED —0.26V T 90min U758 DM ARG
% Photo. 2 VZiRT. BEOIRD LA \WEELL a,
EIROBERIRL 7 T, 7 120% LM cizgE 50%
MIFMCRELSBEMLTE D, MIK X >THEMIE
TNRTVHEDRRD bID, 2D k5 BEEER o
AR iE R OMO B CHREF LIBEL S WVITEA
BELIBAETHLLL AR Dd bhlc. Tibb, ¥
& 5% H,SO, I I\ 5 RBBI O HEHEBIR coBL
WM 7 T, FRXEMKEE R, TR, 7
DEMIMTIC X > THHEIND Z AP 51 THS.
2T, ¥ OB T Lo THHI S s B HYH#
8235, ¥, r BHME L TELLEES, ko
T Eeorr NEWTISAZ LIZBEII SO DHEN S § FEx
bha, FOREO—>E LTI 5 BEpg ek
FRABEDETO R L0 hciEH L - REge b o g
EHTHZEMTESL., ZOX5EEYL D v &t
BEOIVEN: a BIXETE2HECE ¥ 27/
— V& UTIERT %0, MLAZF 8 &iRoR i

-0.2

Boiling 6%H.S0. Specimen C.W.(%)"

- 1. A 0

ui 2. A 50

4] 3. C ]

b 4. c 50

§ 6. D [+)

3 6. D 60

£

£ 12
1 el PR | L

o1 [ 10 00
Time({min)

Fig. 5. Change in corrosion potential of specimen
A, C and D in boiling 5% H,SO,.

IoT v BEBEMIENCBT L, ThZ2DEARRG
DEREN B L 7 OBMAIHIEOhB D LE
zbihb.

Fig. 5 i 5%H,SO, Bk i 23K A,
C,D @ Ecorr DEALERT. Ecorr DUEZD BT
DR, gL THLIBRPCARNTBE LCERND
107, BEHBK 20min ¥C1x0% MITH I 50
% MIMOFEHITh ERBEMLERLTNS. L
L, BEEHIEL b R EBRER A CBRE
B IO TBARRIGIRE 2 5 TORERHERIE D
ot 0% X0V 50% MIMOBEI—F LT
%, F/E, WEMI—FT DHEICHIE UTERBER
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4 pHLHERTEEIHICARBO D v — FRIBITIMI
CXoTidE A ETELicw. §£2T,Photo. 2 253
BB X SR Lo TARED Eeorr MEITL
LZERFRRT 7 — FRIGTbY 7 OBMBHIIHE
hoaztiehsbivzrsd, MLREDT Ewprr HEH
BT TAB5T, 1 RAT Y UVASIKESWTHINTE
AT viA P EREEFLRVGEBEICTED bR T,
5. AREO 5 AT IOoT=AT v FERESR
BT HENC TR LT\, 7 DRE
MEORE L LT ANGELED, 2 L3R LT 5 Mdy,
L Nigqg R A, C oW THETS LHABA
Tit Mdg=—128°C, Nieq=26.8, RBCTCRLhFZ
o —114°C, 28.8 Lith, v BANITEHE T CREE
ThHHEHEEINRS, Itk, Mdg B LU Nieq FIE
THEYo>T ¢ POBEKRET AR, PNEFRORL
R I DOTH LA ULDORDTRE, i, Nieg 2R
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L, B 25%H,S50, BEFD L 5 X LIBARMEOMH
WEETF T, #RILR LTV 5SH,SO, thn B4
Lt o EXSLSMIROEVRHE SRR ER X
W deriy DR EL IR D IEHBHENREIR OIS, Th
CDOWTUIEBE TEETS.

3.3 HEAFEECHEBRTORERED

Fig. 6 1= NaCl #%4¥:#ilE 5%H,SO, Bikic kit
HEABDOBABCKITTMIE NaCl EBEOHEL
Y. —BCEARRERT VbR TWAE R A 4 v
(NaCl) %2 LB a& 0B N5 2hTURR
EL188725,0.1%NaCl  CIIINCRIE R E, ¥
a BRSOV EBRENDV. L L, 1%NaCl
ied EZh BOFEHAIHEL, MIENEL a ED
SV VBREI AT AHEACH S.

iz, NaCl % 0.01 X081 % GALHE 5%H,
SO, B TcoRk A, C D7/ — FRREEICKITT
MToEZ% Fig. 7 wiT. 0.01%NaCl 054, W
R E D deris I XD TRIL e h. 18K A
C XD A deris VNI, LinL, 1%NaCl izin 5 &
foris XELSBWARL, 0% MITH X v b 50% INITHD

Boiling 5%H.S0,+NaCl

1000

Specimen A
—-— Specimen C
BOOf —~———- Specimen D

O 0% C.W. /e
© 15% C.W. Y -
® 30% C.W. b 7
100

50

Weight loss{g/m?+h)

10

5.0 g’)/

1.0

o 0.01 01 1.0
Concentration of NaCl(%)

Fig. 6. Effect of cold working and NaCl concen-

tration on the corrosion loss of specimens in boiling

5% H,S0;,.

(a) Boiling 5%H.S0.+0.01%NaCl

1.0}
—— Specimen A
05+ /i e Specimen C
1. 0% C.W.
or 2. 50% C.W,

Sos—1.2

21
L

(b) Boiling 5%H.80.+1%NaCl

Potential(Vvs. S.C.E.)
&
o

—0.5 T n = . s
10° 107° 10" 10° 10' 10°

Current density(mA/cm?)
Fig. 7. Effect of cold working on the anodic po-
larization curves of specimen A and C in boiling
59, H,SO, containing 0.01 and 19 NaCl.

Has, Ere, RBRCIDSADHD e IR EL T2
R, RBCD iy KEIFTMTOFES Fig. 7 7
HEMTTADITE LA, flzi¥ 1% NaCl Tk 0,50
GIMTH D derie DEREIZZN T 20 58 LT 22mA/
cm? LA W MTHOFTAKREL. ZUT, ZDX 57t
M RERBER L BLIGT 5. Fi, 1%NaCl #in
X THABD Eeorr 13 25%H,50, 0FH L RIKRIC
Bl (—0.43V fhE) BT LIRS IER TS, —
77, BBEHTOH Y — FOBEENCIE TN TORE
XERD bl ote.

Photo. 3 13k A,C,D % ¥l 5%H,S0,+1%
NaCl AW rh CEBMB M Lk oEMSEHEY =T,
REBMIIERER - 7B LY T2 B —0.26
V CRFBERNT 5~10min L L. 0% Iy
hoREd r OBMNEETHSH. —JF, S0Z%MIH
OB, AR ETORRIRED AR TREIA R LG,
a L v O2HENEMLUTVEERRD T 0 T
LRk 7 PMBENCERL o OBMIIED bhi
VW, TS, TR X2T a OB EEIND
231 DFRIWThOREC BT IS h S A
kb, BERIIRLUTRUW AR BRBE LIS
HOEEEFAR, RBAN0Y, 50% mIMHEd 7,
ABCI1X 0% s R, 50% TH2 a & 7 ThH
5. LaL, REDTIX 0% MITHH a, 50% Lt
X oa BEO r ©ied (Table 2888, ok, T
IoTERE A, C T2 v OBEMIMHIhERaD
BRIMEEIh, FRARDTR 1 OBBIELIR
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(a) Specimen A, 0% C.W. (b) Specimen C, 0% C.W.

(e) Specimen C, 50% C.W. (f) Specimen C, 50% C.W.

(c) Specimen D, 0% C.W.

20;,¢m

(d) Specimen A, 50% C.W.

Photo. 3. Microstructures of specimen A, C and D after dissolution at constant potential
of —0.26V in boiling 5% H,SO, containing 1% NaCl. (no etching)

Table 2. Preferential dissolution phase in the ac-
tive region of specimen A, C and D in boiling
5,259% H,SO, and 5% H,SO,-+19%NaCl.

Speci Potentisl | 5%H2S0. 25%H:S04 | 5%H.50,+1%NaCl
¥ (WvaS.CE) | 0%C.W. |50%C.W.| 0%C.W. 50%C.W.| 0%C.W. |50%C.W.
A Ecor. Y 4 7 Y+a Y Y

—0.26 Y 4 7 7+a Y Y+a
c Ecor. Y Y Y Y+a 7 Y+a

-0.26] 7 4 Y - 7 T+
D Ecor. 14 7 a 7+a a T+a

-0.26| 7 Y - - 4 7

HEERAEECHD. DX dKrc 5%H,S0,+1%NaCl
R RTHBEBHREL ¢ ERXIOMIR X >TE(EL
L, ARD IR B KFEE YR TI Ok s. &
LT, @EEsgy — 7 BRI th X b RiciE:
BEIR I —0.26V EEB/M T, FloTh X b EIciEME
B HRBE CLNLHIER LIHENMEEE A & s
5.
Table 2 &K OBEBBACOWTERE LER
BT, BB 5%HSO, B COBREHML 0%,
50% MIH EHFTXT 7 THBH, HE—RIT ieris
NI LUERBRETNFHT 5 oW E LTabhT
W5 Cr, Mo REHELTWS a THhXT, hbo
P v OFPBERBIAVNENICDTH A H EE L
bha. —J, B 25%H,S0, 5\ 5%H,SO,+
1%NaCl BBEFEOBHE, a LI X > TEENMEE
IhBEACHADBZIIROBRHIZI DD EEZD
ha. Tihbb, a-y 2HME2SEMTT5 & e
CIXERE . 7(0 9% i Hy(y)=200, Hv(a)=240) =7

LOERTBH, MITOETIE - r 2SN TEET 50D
T (509 InT# : Hv(y)=360, Hv(4290) a %, 7 L3tz
R L adNBELANHERIDTE., ZODIC a (3R
BHAVRZ L Teh, BOEARECH 2 bhinl ook
LD LHEIND. T, H,SO, BB ET % a BH
AT VVARRDT 7 — FRBEENISEM LOEE Y%
Figholez &b, WMELZOBRICER FlxiXf
BB EOBTFRIE) LK ABEOHE® L E 2
LNANARER CRIHERTE ol #2o7T, KR K
DIEBMERN S % L 25%H,SO, BHWHTHBH\
i Fig. 6, 7 /R LA H,SO,+NaCl BEEFHDOEKERE

0.6
0.5
0.4
3%NaCl, 30°C
.3F Specimen
= @]
o L

V’ci00 and V’'p10o{Vvs. S.C.E.)
)

0 10 20 36 40 50

Degree of cold working(%)
Fig. 8. Effect of cold working on pitting (V' ¢;9e)
and protection potential (V'p,,) of specimens in 3
% NaCl at 30°C.

— 87 —



1454 & &

69 4 (1983) wlle

i

NaCl fij - E®E NaCl fil & s U3 e BRI,
Fh HOBBR BT % a OBREILO KD, Thbb
ADRERTHEDBENCHH LD LB TES.

3.4 gEKPICHITIMILRY

Fig. 8 1= 30°C » 3%NaCl ¥ibic :iF 5 4%
DT 7 — PR, HDRDIFLBEE (Vews) B X
OFRE LB (V) EMLROBFREZRT. Vs
17 7 — FRAEED 100 A /em? 3 L OB,
Vioww GIEREHRT / — FERBEN lmA/cm? 1o
Z LUy, BARSIHREE» DR R B2 E
TMBRE(LT 5B (BREBES 10 pA/cm? ¥ TR L
EEDBA) & Li. ToB, 7 — FORMEEHE L
7B EmM Y B T5 L EESRAmCILARY bbb
WIIBRHMOTEFEREZIEEL D0 —RD 5
Richs, TR OIEREILANEREIIZIFE T L
FeBRBI D EHARD D Viewe BX O Vipw ZH%E L
Foo VVeweo L (35) 30 ASB>D=C(8.) Dl %
MARH Y, &bETHMME L) OHILARSER TV
3 LHEIRBRBATH 0.55V ThH5H. Lal, M
T XD Viwe DELIXIZEA ERD BRI —F,
Vipe & DOWTIXEAK B BT ie B HAS B B DY, flid
AR L oBEERIN TORELRBIZ LA ERD L
g,

Photo. 4 il KESHERE LA I UCER 30
°C » 3%NaCl BHPCIRBREE? 1 mA/cm?
RiDETT /) — FoELLBOHBY RT. i, a,
7 HEHBNT 5 b gk R 2K EREC=
Fv 7Lk, 0% B IO 70% IIHOWThICET
LILBITTRT 7 BREL, v PEHERPHCEEL
T EEABEV. D X 5 TeBG o H 5\ ik
FeCly B ~OBEEEWTHERCEE X h 2. *
LT, LAY r 2B RE LWL HiAaka BD
Aok EBE TN TOEEIZT .

() 20um

(a) Specimen A, 0%C.W. (b) Specimen C, 0 %C.W. (c) Specimen C, 70% C.W.
Photo. 4. Appearance of the pittings within 7.

4. #& B

2HAT v v ASOESERBRC BT 5B S LULE
FEICIFTHEINLE a BEOFERGERE X OYE1L
WaE L LIokBlRFP iR L, UToRREB

(1) b 5% H.SO, B AR DB E, FARDOEEE
BIO ieit BMTERIAFL B2 oNT, Floa g
LB ONTEA L, EEREEIAHII RS, W
NORBHC R WT L IERBIR TOBEBRERr TH 5
A, 7T OBRINMT X >TMEIE b, F-BERME
HXBEMERFE 2RI .

(2) Pk 5%H,S80,+ NaCl BEFROHE, %k
DEAEEIZ NaCl BEAMITONTHKT S22, 0.1
%NaCl F CIEIMTERE G E, Tl a BEREVER
HearBaEixdie. LrL,1%NaCl wiss L zh
LORKHZ EBRELWATHEMCHS. ik, &R
B ferie WEBAERGLTEMRTS. NaCl %1%
W L7254 o SRR 1T 5 BABHELa Bl X
ULk >TEIL, ¥haBoii WA RDT
IR B A AN T _

(3) 30°C » 3%NaCl BEHFHIERT? & E M
i1, a BOS VWA EEERNCH AL E L0
TOEERHE V. WIFhoRks\\Td, 30°C
D 3%NaCl BFEHT7 7 — Fofic Lo Th Uil
oy BFEAEL v hERERPEERL TN, O
B a BodiwBkhiz SN ToRE LT
7uo.
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