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Effect of Grain Size and Sensitizing Treatment
on the Stress Corrosion Cracking of AISI 304 Stainless Steel

J. U. Bu* and S. |. Kwun**
*Gumi Research Lab. Gold Star Co.
**Dept of Metallurgical Engr. Korea Univ.

ABSTRACT

The effects of grain size and sensitizing heat treatment on the stress corrosion susceptibility of AISI 304

stainless steel in boiling 42% MgCl, solution have been studied using the slow strain rate technique.

The resistance of stress corrosion cracking increased with decreasing the grain size. The mode of failure

was strongly related to the grain size and the initial strain rate. The tendency of the transgranular cracking

decreased as the grain size decreased and the initial strain rate increased. This observation can be explained

by the slipdissolution model.

Any significant effect of sensitizing heat treatment on the stress corrosion cracking has not been observed.

Therefore, it is considered that even though chromium carbides or chromium depleted zone at grain boundaries

due to sensitization assist environmental reaction, they do not play an important role in stress corrosion cracking

of AISI 304 stainless steel.
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Table. 1. Chemical composition of the specimens.

C|[SiiMn|P S | Ni{Cr {Mo|Cu| Al

0.06 [0.56| 115 0.024 [ 0.012 j 8.48 | 18.31 { 0.01 [ 0.01 | 0.008

I 80 | Unii;mm
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Fig. 1. Schematic diogram of test specimens.
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Fig. 2. Heat treatments used in this investigation.
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Table. 2. The grain size and mechanical properties of test specimens.
Specimen Grain ASTM Yield Tensile Elongation

Heat Treatment Strength Strength

No. Size (u) NO. (kg / mm?) (kg / mm®) (%)

30

1 as received 7.2 35.5 76. 65 68. 78

2 1100°C X 10min 91 4.0 28.6 74.2 68.9

3 1150 X 1hr 138 2.8 27.92 74.0 69

4 1250C X 1 hr 243 L1 26.72 73.82 67.8
same as No. 1

5 - - 30. 76.0 57.4
+-650C X 10hr 2
same as No.2

5 - - 27.05 73.2 56. 2
+6507C X 10hr 0
same as No.3

7 - - 25.73 71.77 56.6
+650C X 10hr
same as No. 4

- - 24.12 69.5 56. 6
8 +650T X 10hr 4
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Fig. 3. Microstructures of annealed and sensitized specimens with grain size of 91 um.
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Fig. 4. Anodic polarization curves in 1IN HCI0O+0.2N
NaC| for AISI 304 stainless steel sensitized for
10hr at 650C for different grain sizes
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Fig. 5. Initial sirain rate vs. averge time to failure in 42

% MgCl, for different grain sizes
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Fig. 6. Fractographs of annealed specimens with different grain sizes £=8.23x10"%/s

a) 30um b) 91 um ¢) 138um
oo Fwe] Slip Stepg P43t TAAIHE
271% o] Slip Step® Anodic Dissolutionoll 2]}
o] AubEle Aede Aldd dbgAog Ygo
24 Hapsicke Aojupe,

£ Aol qe] AH o] i
o] Fig.5¢l vteht oot 27] W3

SORS
% gy AR WAl vergen A4
A7} el ME+E Aol Eobekn glek o]FA

HygEs sl Ly AeE Aol whet FHFA
A e o]zl Axle Ae =

Slip Step®] #4457} Silp Step? Dissolution 4
Exct =37 wi¥ol Slip Stepd 4ol T
A & 295k sl At z2disde
2 Foizl £4HYEHE 583571 {29 Slip St-
ep?l HAJo] golalxl 7] wiFolet olefdt AL
stz Adel AAd} A5 FA

Al Aol o] th? £x| Ksce’t 7Y & e

(d)

d) 243 um

s wigebeh shileh =@ ol A setwel
HE elstedl Fig bl 25o] 2} 2
el R4s el el FreAA Fho
2 gled 44 Aok

3-4, X7 HEKcol wWE nHol at

27 4345 dE spHg 24 2 A
i o2 27 HYPL et o ] Tl
o)k g4 stuiz o] JAIEA A 2 F =
Hrch Fx gopAch(Fig. 7). 27y S57} 7hat
wh2 4, 16X1075/sQ1 7§ &3 F 2ol & abIss
AAFAz Adso] 7tehrH(Fig.7a) #F shsist
Ao e 71HAA Azt & dozivh olfgt of
Ao 271 YE£57 2 74 Slip Step¥AEE
Slip Step Dissolution 4% 8.t iz} Slip Dissolu-
tion £E7F S&FAlst o &4 sHAE, ofu
= Slip Stepd Aol folstAl slo AlLH oz ¥



g4 ehslal A16d M1E 1987, 3

(a)

o) &=4.16X107%/s

49 9171 ARYAG A slol AR &
#Ho| F7tsHA Ha o] §3e] 43| AxA A
UAlell £AHH S doA YA TLE BolshA ek
g3 27Wg$Est 7bg =/ L65x107°/ sql
73 SollE gl Ed ol Aul Aol (Fig. 7b) oI A
& z7|H¥45r me{A 9 Slp Step FASG =7}
#4ctA 7t 5ol Slip Stepel ¥4 52wzl & Dis-
solutiono| oirt FAstd A& wEe Wt
o] Lolaf ) o714 YuFAH JATAl &
gtslo] thebibi= 7345 A7k A Foll = Slip Step
Dissolutione] &o]dted gl FdE Rol} T
o] Aol whek FAAE Flolo HPAFH
Abol oal AAAH HEFL = L 27l vl Frt
slo] 4577 Slip Step X322 FE Slip S-
tep Dissolution22.2] # o7} ddoji}r] wlfolet Ab
2 ot
3-5. ooist Mzlol mE SHEA A5y
650C ol A 10417t %ok <m1 3t M2l & A7 A&
o thall B4 A% Y3 A5t Fig 8ol
eht Ql=d o9l M2 5 A7) %2 Fig.59k vl
el ol lulsh Yl shkAl el Aok 4
 ole gt A Aol A i A
A dulg Hels & Asrt Aol Aste A
o} Azl Adelmaz A st Al
Crack Yarning &77F ololvba] ggohrt sk o 74

g oA B4R

2
7|
o

oAl Ewdoll vebdt #AFE 24 £ A (Fig

o) dieke Aol wAHA Wtk £Y $H%A

(b)

Fig. 7. Fractographs of annealed specimens fractured at different initial strain rate.
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Fig. 8. Inital strain rate vs.average fime to failure in
42% MgCl, of sensitized specimens for different

grain sizes
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Fig. 9. Numbers of visible crack vs. initial strain rate
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size 91 um.

Fig. 10. Froctograph of sensitized specimen with grain
size of 30um at &=8.23x107Y/s
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