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Stress Corrosion Cracking of Chromium-containing High

Manganese Austenitic Steels

Synopsis :

Hideaki Mivukyt and Taishi MOROISHI

Effect of several factors on the IGSCC susceptibility of chromium—containing high manganese austenitic
steels has been investigated. As a result, a corrosion resistant high manganese steel to IGSCC has been

developed. The mechanism of IGSCC is discussed.

0.49%,C-18%Mn—-59%,Cr steel posesses the susceptibility to IGSCC at HAZ of weldment.
treated at temperatures from 500 to 900°C shows the susceptibility.
even in pure water as well as in chloride solution.

The steel heat
IGSCC of the alloy is possible to occur

However, solution treatment above the temperature

of 950°C prevents the alloy from IGSCC. Chromium depleted zone at grain boundary associated with
the precipitation of chromium carbide (Cr,3C;) is seemed to be prefferentially attacked resulting in IGSCG

in corrosive media.
content lowers below 2.5%,.
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The prevention of 0.4%C-18%Mn steel from IGSCQC is possible to attain if the Cr
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Table 1. Chemical compositions of the steels in-
vestigated. (mass %)

Element C Si Mn P S Ni Cr Sol Al
Standard 0.40 0.41 17.96 0.016 0.004 0.04 502 0.012
Range of o‘sos ~ 125.0 _ _ o.s01 0.301 B

variation g gg 24.5 140 14.0

30mm DL L, BO 1250°C InshEsEt w X o 7
mm B HIE L, BAIBERESDEIOLD
(As Rolled #), As rolled #% 650°C T Sh4LER |-
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Photo. 1. Intergranular cracking of a weldment
of 0.49%,C-18% Mn~-5%,Cr steel after cyclic immer—
sion test in synthetic sea water at 50°C for 456 h.
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Fig. 1. Effect of heat treatment on the SCC sus—
ceptibility of 0.4%,C-18%Mn-5%Cr steel. (SCC
test ; immersion in synthetic sea water at 50°C for
720 h)
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Fig. 2. Effects of Cl~ concentration and temper—
ature on the SCC susceptibility of 0.4% C-18%, Mn~
59%,Cr steel. (SCC test ; immersion for 168 h)

RO FEIR T, 650°C BULBRH T3 RBRIREE 30°C
BTz ClI- BECI LINAENARETS. KR
» 10°C w3\ Tk 3% NaCl Bigp e MR A EIhS
A H, BiA A KIS X 07500 ppmCl- FEHRA T
HNFAEREE I DN, 20 X5 EROMKD
X5 HEREREOEVEFEL bhARECE VT
BLRE DR T B LavbhDie.

Kz D X 5 iR ERE ) 5 SCC KEZHER N
ETEERE S X ORHEoEEY Fig. 3 WRd. &
EaRpfEi: Fig. 1 B X b by 250h L Lic. ¥
RE AR, KTk 600~700°C 3 XUt 500
°C oERMERTHY, Cl- BENSL b LHREN
TLERIMET S, 1000°C L FofEsk ciz Cl- &
wk oTEhetT s REE YR TS, REFEAITOE
NEAED FRBSIEEE L Z O &£ B LT 400~500
°C tEx bnd. DlboXdie, NMASHNWRZIELYF
T 3 BER R 500~900°C TH 5 H, B b RSH
DEN DL 600~700°C OFEFETH D, L<HbBR T
% SUS 304 g Zh il LTw%.

3-1-4 #HWERFHERITTEMK IV pH OFE

AT#EAK (pH 8.1) & HCL % %\ ik NaOH ®¥Ein
LT pH 2L X BKh T, v 7rUxv Pk
Fa—EBBMcfFIe cEnBECRFTEML pH

 DERBRRA. BRBREBOBRKO pH OEENI 7o

EnlBEChO. TOENARERY Fig. 4 &R
3. AR O A MR ERZ IR A L feo T
%. —0.4V vs SCE X b B CRLEBREXF LK
DENORETED bhielfeb. —F, Ecorr X DK
XL AV — FRMBIBTIBECIL, KEFALRRELETS
MEINREITRD BRI, Dz Lanbh, RAERIX
KEC X5 bD TR, TEUEMs 1 70 SCC X

o Syntheti
%1000 o o No Crack /syell vsq|tcer
5 e o T "9
g 800 o ° o o
3 e ° oc e e
@ L\ IGSCC
= 600 >~2_ ¢ Pure water
N
F=WA o) O &~ —
]
o oNo Crack o ° EOP;?mel'
olution
200F-
1 10 102 10°
Holding Time (h)
Fig. 3. Effects of CI- concentration and heat

treatment on the SCGC susceptibility of 0.49%,C—
18%Mn—-59%Cr steel. (SCC test ; immersion at
50°C for 250 h)

— 167 —



2032

Gk X W 3 68 &£ (1982) ml4z

® General Corrosion
x IGSCC
O Cathodic Protection

E:Ecorr

Potential (Vvs SCE)

pH
Fig. 4. Effects of applied potential and pH on
the SCQC susceptibility of 0.49%,C-18% Mn—-5%Cr
steel. (Synthetic sea water, 50°C, pH adjusted
with HCl or NaOH addition)
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Fig. 6. Effect of G content on the SCC suscep—
tibility of 18%Mn-5%Cr and 15%Mn-10%Cr
steels. (SCC test ; immersion in synthetic sea
water at 50°C for 720 h)
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Fig. 7. Effect of Cr and Mn content on the SGC
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Fig. 5. Relation between applied stress and time

to failure of 0.4%C-18%Mn-5%,Cr steel.

(Syn—

thetic sea water, 50°C, constant load method)

— 168 —

susceptibility of high manganese steels. (Heat
treatment ; 650°C x 8hAC, SCQC test ; immersion in
synthetic sea water at 50°C for 720 h)
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Fig. 8. Effects of Cr content and heat treatment
on the SCC susceptibility of 0.4% C-18% Mn steels.
(SCC test ; immersion in synthetic sea water at
50°C for 500 h)

OEFAD 7 v ARZBOFEELBEFELTCVS3DEEL
Lhd., b Cr BEXERI® 2%Cr #iks XU Cr
whnTe LEA LT h o BB X 0T b Bl o R4
7ol :
3.3 BMEESIOCRRTHDOER
AT#ARBTEhORE Ly v 7 AUy FikE R
oEREE O SEM X % B Ro—F% Photo. 2
. B HAEREEEYE L TR D, WEO 3
yeBBREREL I —HK LTS,
0.49C-18%Mn-5%Cr $HRIFAT H 4 BT BEBEE
X %R Photo. 3 iRd. 1050°C ALt
CILEL RO FT D S\ A%, 950°C LB i
K R HT s SRS FE LTV 5. LA L, As rolled
s Lot 650°C SUERA Ci b RATHId 2 T LTAE
BLTWA. BED2ONASNBRZIEHEORHOT
B0, BRENBRSM &R YOI HRI & 23
CEELTWA 25, Fh, ZORFAHHBHI

Photo. 2. TFractograph of fractured surface of
0.4%,C-18%Mn-5%Cr steel by SCGC. (Heat
treatment ; 650°C:x 8 h, AC, SCC test in synthetic
sea water at 50°C)
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>650° Cx8hAC

As rolled
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Photo. 3. Electromicrographs of grain boundary

precipitation of 0.4%C-18% Mn—-5% Cr steel under
various heat treatment conditions.

(111)

(220)
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Photo. 4. Electron diffraction pattern of grain
boundary precipitation of 0.4%C-18%Mn-5%Cr
steel. (Heat treatment ; 650°C x8 h, AC)
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Fig. 9. Relation between Cr content and corro—
sion resistance to sea water. (Synthetic sea water,
50°C, total test duration ; 720 h)

Table 2. Result of X-ray diffraction analysis of
the deposit formed on 0.49,C-18%Mn-52,Cr steel
after cyclic immersion test in synthetic sea water
at 50°C for 720h.
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Fig. 10. Effect of Cr content on the polarization
behaviours of 0.4%,C-189%Mn steels. (Deaerated
synthetic sea water, 50°C, sweep rate ; 50 mV/
min)
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Photo. 5. Immunity of weldment of 0.4%C-
18%Mn—-2%Cr steel to SCC test in synthetic sea
water at 50°C for 360 h.
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