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Effect of Oxyanions on the IGSCC Inhibition of Sensitized
304 Stainless Steel in High Temperature Water

Hiroyuki TSUGE, Junichiro MURAYAMA, and Hiroo NAGANO

Synopsis :

Effect of oxyanions such as MoO.*, WO.*", and CrO.? on the intergranular stress corrosion cracking
(IGSCC) of Type 304 stainless steel in high temperature water was studied. The results obtaired are as

follows :

1) Addition of such oxyanion as MoO4*, WO,*", and CrO* suppresses IGSCC of sensitized Type 304

stainless steel in high temperature nondeaerated water.

The effectiveness of the inhibitive action by the

oxyznion is ranked in the order of MoO >WQ, >Cr0O.

2) The mechanism of IGSCC inhibition by MoO.*” ion for sentized Type 304 stainless steel in high
temperature water is considered as follows, i.e., the presence MoO.4* ion decreases the dissolution rate of Cr
depleted zone at grain boundaries to the level of matrix by helping the formation of the Crrich film containing
MoO; or adsorbed MoO4*™ ion on the surface of Type 304 stainless steel.
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Table 1. Chemical composition (wt%).

C Si Mn P S Ni Cr Mo

SUS 304 0.050 0.44 1.58 0.027 0.006 9.3 184 —
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Fig. 1. SCC test specimens.
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Photo. 1. Caribide precipitation at the grain
boundaries of 304 stainless steel as a function of
heat treatment condition (Extraction replica).
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Fig. 2. Effect of oxyanions on the IGSCC inhibi-
tion of sensitized 304 stainless steel in high tem-
perature water (double U-bend method, nondeaer-
ated, 250°C, 500h).
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Fig. 3. Effect of oxyanions on the IGSCC inhibi-

tion of sensitized 304 stainless steel in high tem-

perature water (CERT method, D. O. 36ppm, 250

°C, strain rate of 4.17x10-¢/s).
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Fig. 4. Electric conductivity and pH changes of
water as a function of MoO?~ ion concentration
(measured at room temperature).

Photo. 2. Scanning electron mi-
crographs of sensitized 304 stainless
steel fracture surface after CERT
in high temperature pure water
(304, 650°C//3h, 250°C, D. O. 36
ppm, strain rate of 4.17x10-8/s).

Photo. 3. Scanning electron mi-
crographs of sensitized 304 stainless
steel fracture surface after CERT
in high temperature water with 3
X10-3M MoOj}- addition (304,
650°C/3h, 250°C, D. O. 36 ppm,

" strain rate of 4.17x10-8/s).
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Fig. 5. Effect of electrolytic conductivity on the 5 10 :'
IGSCC of sensitized 304 stainless steel in high o '
temperature water with Na,SO, addition (CERT !
Ll 1 I 1 1 i 1 1 I

method, 250°C, D. O. 36 ppm, strain rate of 4.17
x10-6/s).
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Fig. 6. Effect of pH on the IGSCC of sensitized
304 stainless steel in high temperature water
adjusted with H,SO,, NaOH or N;OH(CERT
method, 250°C, D. O. 36 ppm, strain rate of
4.17x10-¢/s).
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Fig. 7. Anodic polarization curves for Fe-xCr-~
11Ni alloys and 304 stainless steel in deaerated
water with 5x10-2M Na,SO, addition at 250°C
(scan rate of 20 mV /min).
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Fig. 8. Anodic polarization curves for 12Cr-11Ni
and 304 stainless steel in deaerated water with 3
x 10-2M Na,MoO, addition at 250°C (scan rate
of 20 mV /min).
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Fig. 9. Corrosion potential for sensitized 304 stain-
less steel in high temperature water with 5x 10-2M
Na,SO, at 250°C.
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Fig. 10. IMMA analyses of the inner double

U-bend specimen surface film of 304 stainless

steel in high temperature water with 3x 10-2M

Na,MoO, addition (250°C, 500 h).
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Fig. 11. IMMA analyses of the outer double
U-bend specimen surface film of 304 stainless
steel in high temperature water with 3x 10-2M
Na,MoO, addition (250°C, 500 h).
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Fig. 12. Effect of MoOZ- jon concentration on
the IGSCC of sensitized 304 stainless steel in high
temperature waters at different temperatures and
oxygen levels (CERT method, strain rate of 4.17
x 10-¢/s).
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Fig. 13. Effect of strain rates on the IGSCC of
sensitized 304 stainless steel in high temperature
water (CERT method, 250°C, D. O. 36 ppm).

FkTehb. 250°C ki 5 BHEBROFECOWTUL,
mEfaf (D. O. 36ppm) DHHF LY, D. O. 2ppm
DFnb e SCC BEZMITEL 72505, 14 ViK X
5 IGSCC BHIE#RIE & A EAMED e,

BLED X 51 BREER T 4 vic & % gk 304 A5 v
vago IGSCC Bhi-#hEus 300°C wins L41d
BRFNRTHEHEMA A VEE 3x10-2M Tl OZER
IEEL.

3.7 EHEEOEE

Fig. 13 1 £tk 304 25 v v ASRD BER A 4+ v
&hEiRAPo CERT #Eto IGSCC e RiTTEAR
WEOEEL R, Bido CERT REEREL T N C
4.17x10-%/S DELIEE CTIT0TeD’, BHREED 4.17
x10-8/s X h < /a5 & SCC EZHIIBA L, BHRE
EAEL 7 & SCCEEZMITMKT 5. L L MoO;~
A A vEEBEK MoOj- 14 vigE 3x10-2M) i
BWTRELEEY 4.17x10-7/s LEL LTHEHHIL
304 25 v L Ao IGSCC »FhlkTcZ 5.

1. = =

ZEMERR A A+ VML ERAKPOSEIL 304 2
7 v v ASD IGSCC ZFx KRt L /R, MoOi- 1
F VIEOWTIE, Win A4 v BE 3x10-2M [l kT
IGSCC DBFIEZEMNZE L WZ ERB LM LD, £
o IGSCC B #kEx

1) Mo &R T%EE e REBEDTL

2) kfuEtso Cr RzBOWEEEY Cr & 18%

ORNORBERE F T XTI HC LI X ARAHE
W OMEH
ThrEE2 RS BWR EESH 304 25 v LA
DR E LT Mo 2EFTHRETIH 316 25 v v

Density (uA/cm’)

Current

-800  -400 0 400 800
Potential (mV vs. SCE )
Fig. 14. Anodic polarization curve for Mo metal

in deaerated water with 5x 10-2M Na,SO, addi-
tion at 250°C (scan rate of 20 mV/min).
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Fig. 15. Anodic polarization curves for 12Gr-11
Ni and 304 stainless steel in deaerated water with
3% 10-2M Na,CrO, addition at 250°C (scan rate
of 20 mV /min).
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