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Effects of Cold Work, Heat Treatment and Volume Fraction of
Ferrite on Stress Corrosion Cracking Behavior of (a-v) Duplex

Stainless Steel - -

Kikuo TAKIZAWA, Yasuhike SHIMIZU, FEisaku YONEDA, and Imao TAMURA

Synopsis:

The effects of cold rolling, heat treatment and volume fraction of ferrite on stress corrosion cracking
(SCC) behavior of duplex stainless steel have been studied with means of U-bend method in boiling
429, MgCl, solution. The main results obtdined are as follows:

(1) SCC susceptibitity of the solution treated material is small at about 50% e, but it has a tend-
ency to be increased with either way of increase or decrease of a content from about 50% a. So-
lution treatment temperaturc resulting in abrupt increase of SCC susceptibility shifts to higher temper-

ature with the decrease of « content.

(2) SCC susceptibility is increased by grain growth of a and y that occurred with extension of
holding time at solution temperature, and otherwise, by cold work in the case of the materials having

much volume fraction of a.

(3) On aging at 475°C, the hardness is increased by spinodal decomposition of «. The crack re-
sistance increases remarkably with the progress of aging in the case of materials having much «, and

corresponds to age hardening behavior.

(4) In the case of heating at 700°C, the SCC behavior of aged materials has not been made clear

by U-bend method because of ¢ embrittlement.
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Ni &% 4.5, 6, 7.5 11% L L7:. SCHEAFFLER ODIR
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min £ LA #%2ed (A.C) L, A 0% mIHe
13, 50% mnT#% 1050°C ¢ 3min {fiF LI RKE
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Fig. 2. Schematic illustration of U-bend test
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HEE, TELOMOMUEE EPMA (IngEE 20kV,
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Photo. 1 Iw&R K% 1050°C THfALME (LIFO
% IMIHETH) Lok T, B, B
By y TXBEYTERS b a OFEEEN, thth(a)
80% (b)6l% (c)51% (d)23% »bicd 2HR
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Mo #3485 < r iy Ni AEHE LTV 5. &ikE b HER
MR AEEZY B LT VW52, REDTR a-r ©
BECLLIBERIIS.

Table 1. Chemical compositions of materials. (wt%)
Specimen C Si Mn P S Ni Cr Mo N Q%)
A 0.025| 0.46 | 1.32 | 0.020|0.005| 4.65|22.82| 1.11|0.016| 80
B 0.025| 0.49 | 1.42 {0.019]0.005| 5.92{23.15| 1.11 | 0.016| 61
C 0.029|0.49 | 1.38 {0.020|0.005| 7.60(23.16{ 1.11|0.018] 51
D [0.024{0.48 | 1.39 |0.020/|0.005/10.52]|22.84| 1.08 | 0.016| 23
o Hot rolled 1050°C x 10minA.C. 1050°C x 3minA.C. o |
(1004 51) (50%—~11055;cx3mm w.Q.)‘L -
Cold rolled 2% 44:5?;;30%)

(0.2~0.41)

{2.01)

Fig. 1.

0.27)

920~ 1150°C x 1~300min

Preparation of specimen.
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Photo. 1.

Typical microstructures after solution treatment.
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Fig. 3. Mechanical properties of materials after
cold rolling.
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Fig. 4. Effect of volume fraction of « on time to

MgCl, solution of

materials after solution treatment (water
quenched and air cooled from 1050°C),
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(a) Sample A, (b) Sample B, (c) Sample D
Photo. 2. The fracture mode of materials in

boiling 429, MgCl, solution.
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Fig. 5. Effect of solution treatment temperature
on time to failure in boiling 429, MgCil,
solution.
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Eomhigsir EL TR CTE L, —&KKk 10~
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(a) Sample B, (b) Sample C

Photo. 3. The fracture mode in boiling 429
MgCl, solution of materials after so-
lution treatment at 1150°C.
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s sBhhd, KRENEEME T 54H& 4D
FEC OB 2T > Twinna, Ao Xk
DTEDFENHNT VL8 ERB T LERTEX IR
FIETHY a DEVRARA S L OB ¢ Fig. 4, Fig.

B ¥ N iy
| (éi)’/’F‘C‘ * - e AC.
B o A 1000T
& 8 1000T
= ol ° C 1030T
E oE = D 1000T
3 £
L _Fc
2 wre
s L
©.
L o
2
giot \k )
=R e
B .
o0 \
~.
IL_.\;IIIIIAJ 1 llllllll 1 1 IIIAIAl
10 10
Keeping Time(min)
Fig. 6. Effect of keeping time for solution

treatment on time to failure of ma-
terials in boiling 4294, MgCl; solution.
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¥ IOV oy R HRFRE O ER T X oTEbT
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DWT 1030°C ¢ Sh X h EhnshfRiF Lick, 68
REINABR LB A& DEIREAE % Photo. 5 Rd. &
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Photo. 4. Optical micrograph after solution
treatment. (1030°C x5h)
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(a) Sample A, 1000°CGx3.5h, (b) Sample C,
1030°Cx5h, (c) Sample D, 1000°Cx3.5h

Photo. 5. The fracture modes in boiling 429, MgCl,
solution of materials after solution treat-
ment.
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Fig. 7. Effect of cold rolling on time to failure
of materials in 429, MgCl, solution.
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(d) Sample D, 50% cold rolled

(a) Sample B, 15% cold rolled, (b) Sample C, 30% cold rolled, (c) Sample D, 30% cold rolled,

Photo. 6. The fracture modes in boiling 429, MgCl, solution of cold rolled materials.
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200

10
Aging Timelhr}

Fig. 8. Change in hardness of 024 and 502 cold
rolled materials with isothermal aging at
475°C .
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Fig. 10. Effect of isothermal aging at 475°C on
time to failure of 509 cold rolled ma-
terials in boiling 429, MgCl, solution.
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hcBES L /£ o @ —& Uity 50% InLés
475°C THRM ) LcHE Fig. 10 wiRd X 5 il
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FR2ZHEAT VAP E—H LTS, Lhl, add
IWERRI DI DWW TR N X B RFHOETFED K
<\,

DA Enn, 475°CHghicdE 5 IG T B EIhRZ 0K
Tie DB LB Lz ANKEL, a0 2B M
&7 SIREWER L LT Tvs 0L #\REXHh
5. Pl REARLIUBD 0% i 2w TRREE
Fhs LU 475°Cx 690 h SRKEE) Licd D% Bl 42%
MgCl, 1 350 h #5255, 7 DEFHATE O XFREHTHS o
Lad*ERETAHE, BLDIELOERD D S DODOKKER)
HIXRERBRE L RETHSHH, 690h RehfiRER
ERRTC N T a fgds S~10% WA LTw5%. Zhix, B
YO a BN BB LIS ExREL, 18-8 =7
VUASOMITER LT YA+ (@) mounThY
BARE D CTEHABRT S Z ENHHEMIC I OTHES
hTws, SLEEGHO a AKBERBAK (HE
RIE) KIBEENRESRS. ChboENrbd all
R OETCHECERENEL, 7/ — FHRENHEX
LENRBRSHETREGSLTWSZ ERNELBRS., L
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i bt WiBEMRE L, S HEERRICKST At

solution of sample A (09 cold rolled) aged
at 475°C for 690h.

475°C e Lo TE LT, Do TETRIFCRS
EORESLDHB.

Photo. 7 it A% 475°C T 690 hsihes, S Hysk
THRABRINRR LAk ErT. Hhck>oTao
R RFIH I BT L o WBCBEIh3 XI5
e, EIhOEKT 7 X0 THIED B VIR R &
NABEBENE D, BREIBIARLTRRVD, Thbd
fHE e oW E blsoThie iy, BEED T
475°C W ah O A5 # I BITR7e < a, r KBS ic b, KELD
DEPIRDIEL D, 2D X 5RERGENNEL I
DA O a ik 475°C MEhic X2 TEIheT 5.

Fe-Cr-Ni &It % o fHE R E X 700°C T
KDLt n, ZORETORINC L OTE LK a>r+
cERR ZHAT Vv AMOR BRI NEZEYEL
KEDBH T EHRFHD TR, REBRTE 700°C B
HEOIENBEEMHEZHC I T « BOHEH% 0% #
F LT 50% LT 2T SHIRRBR O b & Tl
tr. FDFE%, Table 2 k. 700°C T 5min B
ZLicEE, HEA L 100min BLRTER S 53K B &

Table 2. Effect of volume fraction of a« phase on
time to failure in 429, MgCl, solution of
materials after aging at 700°C.

700°C Aging

Specimen 5 min 30 min 300 min

A X e](e)] —
B O oJ(®)) -
c O o(-) —
D A (=) -
( ) 503 C. R.

X < 100 min O>10000min

A <1000 min — impossible to Ubend
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fe b T AR OFELREVDDEZELDRS.

2) BHLRERFEROERC XS a, v kO
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KDzl bivicy, aREERcEh, MR
feb,
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b & aDERYED BT O r OB EIN TR TA

HEELTW5.
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