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Improving Stress Corrosion Cracking Resistance of AISI
410 Stainless Steel By Thermally Grown Oxide Films
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ABSTRACT

In this study , the AIS 410 martensitic stainless steel was oxidized to form an iron or chromium rich
oxide film. The latter has been considered to be protective in some corrosive environment. Through im-
mersion tests, hydrogen permeation tests, and slow—strain rate tests(SSRT), it was found that the speci-
men oxidized at 300°C for 20min was protective in 1 N H,SO, or 0.6 M NaCl solutions and the elonga-
tion was increased in 0.6 M NaCl + 1072 M Na,S solutions under the SSRT.

The oxide film also showed the retarding effect on hydrogen entry and reduced the hydrogen concen-
tration in the metal substrate. It is suggested that those protective effects are due to some chromium-rich
layer formed between the iron-rich oxide film and the metal substrate. After iron-rich oxide was etched
by the corrosive solution, the chromium rich layer will face environments and show protective.
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Fig. 1 Illustrations of Hydrogen permeation; A:anodic compartment contained 0.1 N NaOH solution, C:cathodic
compartment contained 0.2 N CH;COOH + 0.1 N CH;COONa solution, W:working electrode, R:reference
electrode, S.C.E:saturated calomel electrode, P:platinum electrode
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Fig. 2 AES component depth profiles of specimen oxidized at 300 °C for 20 min
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Fig. 3 AES component depth profiles of specimen in Fig. 2 after immersed in 1 N H,SO, for 3 month.
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Fig. 4 AES component depth profiles of specimen oxidized at 500 °C for 10 min.
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Fig. 5 AES component depth profiles of specimen oxidized at 700 °C for 10 min.
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Table 1 Results of polarization tests
Ecotr Icorr Ep Epp B a Bc
Unoxidized -0.34 0.37 0.10 -0.33 2.62 0.23
300 ‘C— 10min -0.22 0.08 0.02 -0.33 1.94 0.12
300 °C— 20min -0.20 0.63 0.16 -0.26 2.01 0.19
300 °C— 40min -0.20 0.17 0.11 -0.26 1.36 0.17
300 °C— 2hr -0.19 0.24 0 -0.33 0.36 0.18
400 °C— 10min -0.23 0.10 0.01 -0.30 0.46 0.16
400 ‘C— 40min -0.25 0.25 -0.04 -0.34 0.18 0.21
400 °C— 2hr -0.27 0.07 -0.08 -0.35 0.24 0.16
500 °C— 10min --0.25 028 | - 034 | - 0.23
500 °C— 40min -0.28 009 | - -039 | esee- 0.24
500 ‘C— 2hr -0.29 025 | - -039 | - 0.23
600 ‘C— 10min -0.28 036 | - 035 | - 0.22
600 °C — 40min -0.28 038 | - 037 | - 0.26
600 °C— 2hr -0.27 039 | - 039 | - 0.28
700 ‘C— 10min -0.15 0.14 - 033 | eeee- 0.18
700 "C— 40min -0.16 020 | - 029 | - 0.19
700 °C— 2hr -0.22 1.36 - -0.28 e 0.19

Ecorr(V) : corrosion potential

Icorr(z A /cm?) : corrosion current density
Epp(V) : protection potential

Ep(V) : pitting potential
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Table 2 Results of Immersion tests

3.5wt 9¢ NaCl

I N CH,COOH

0.1 N HCI 1N H,S0,

Unoxidized E

A

B

300 °C— 10min

300 °C— 20min

300 ‘C— 30min

* Dt

300 °C— 40min

300 °C— 2hr

babgbgb g db g

400 °C— 10min

400 °C— 40min

400 °C— 2hr

500 °C— 10min

500 °C— 40min

500 °C— 2hr

600 °C— 10min

600 °C— 40min

600 ‘C— 2hr

700 ‘C— 10min

700 °C— 40min
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700 °C— 2hr

* no corrosion

! serious corrosion

. oxide film peeled off but no further corrosion
. oxide film peeled off and slight corrosion
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: serious pitting

. oxide film partly peeled off and slight pitting

: iron dust and large-area pitting found on the specimen
- corrosion resistance improved obviously

RIRBEE TS REREZRALL Fe - B 5
£ 700 °C-10min &4k AES HTAE SR - 1 Cr &
BEHE34% - FeHIFR 27 % - BRESMEE
i ZE 700 CHF » CrLth Fe B2 ELFE
B o
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410 EESHAL 300°C ~ 400°C ~ 500°C ~ 600
C~ 700 CiRfE » REAFERFEE > 1206 M
NaCl /K& > EW| T LABB AL O AT S 2 I8
AR MEFIRER 1 BRRE R - REENL
(Ecorn)# 5 iz B & 5 (H 8 & M (active) AL 1 &
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Table 3 Diffusivity (D,,) and hydrogen surface con-

+ 313 % 323K BIHEEL

centration of specimen permeater at 303 -
313 » and 323K(specimen area=3.14 cm ?
thickness = 0.078 cm)

Temperature |Diffusivity,Dy [Surface Conc.Chy
(X,T) (X 10°%/em?/s) [(X 10%mole/cm?)
303 1.2 7.5
313 1.6 5.5
323 2.4 3.9

D=D,e URT
D,=8.7 X 10*cm?/s » Q=6.8Kcal/mole

F 4 1E 300 ~ 700 CAREEMEBIESFT
WAV RIEERE AR EREREEE
i -

Table 4 Diffusivity (D) and steady state permeation
cuttent / - of specimens oxidized at 300 °C
~ 700 °C for 10min ~ 2hr (measured at T
= 30 °C > specimen area = 3.14 cm * °
thickness = 0.078 cm)

D(X10®* /em?/ s) | I=(u A)

Unoxidized 1.2 35
300 “C— 10min 1.0 2.2
300 ‘C— 20min 0.9 1.7
300 °C— 40min 0.9 2.2
300 °C— 2hr 09 2.8
400 °C— 10min 0.9 1.8
400 °C— 40min 09 2.8
400 °C— 2hr 1.0 2.0
500 ‘C— 10min 0.7 2.5
500 °C— 40min 0.9 1.3
500 °C— 2hr 0.9 4.1
600 “C— 10min 0.9 2.2
600 °C— 40min 1.2 4.1
600 °C— 2hr 1.3 2.5
700 °C— 10min 1.9 2.9
700 ‘C— 40min 22 2.7
700 ‘C— 2hr 23 2.6

P L S e B (7 F| B S s ] 2 38 R T B S e L
G - AEFLBLE(L Ep HIEFR 300 °C-20min

40min FEE A - HERBIELRBEEIK - HE 2 -
3 2 AES TTHEMESMET T - &5 5Eek

unoxidized

St oxidized 300 °C-20 min

stress (10.0kg/mm ~2)
(=2}

0 5 10 15 20 25 30
strain (0.5 9%)

B 6 R&MFHFK 300 °C-20min EAEIHAR
7£ 0.6 M NaCl + 10?M Na,S &< FEH
JE %2 il SR -

Fig.6 Stress-strain curves of specimens tensile tested
in 0.6 M NaCl + 10 M Na,S solution
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Fig.7 Fractography of specimens in Fig.6; (a)

unoxidized,(b) oxidized for 20 min,(c) side
view of unoxidized
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3.5 FESIERL

6 HIS BB 0.6 M NaCl + 107 M
Na,S ¥Rz @b iR - REEFF8R
SERA EEfE R B A TR PR B N BN T R &
B R e o A ) o ) — R B e A o LRI A
=Z 83kg / mm® - [RFEZE R FRLEZ FibLEE
75kg / mm’(BZETTREE 54.6kg / mm®)FEEFLR
e ERERRER P RIRZ 4.1 B 3.5%
FER 410 85 80 S50 L8 0 8 ekl 4 IF U 1
300 “C-20min £ b E F 7F 0.6 M NaCl + 102M
Na,S i FIT 18 22 58, Hh 8 S 7 e L 4 R B 34 o7 A
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Na,S ¥R h (R B E BT R RE » B
AR Z  WEE B HHEEE SRR
45° FrErzl FERRENE &R T B BRI
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coalesence) » 55— BLAUSEVENY Y - SR BT E S
& e LU - DL ERS R » SR
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FHUETERERE o FIRF AR AR SR AL 4 0.6
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e BEMMER —E#E L E /gt
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