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Synopsis :

Stress Corrosion Cracking (SCC) in 35% MgCl, aqueous solution was investigated at 363K for a sheath-
core type composite material comprising two types of stainless steel : SUS316L. in the core and SUS304 in
the sheath. Followings are main points of the obtained information.

a) The value of the Kiscc for the composite was lower than those of the component steels.

b) The rate of the crack propagation, which was initially identical with that of SUS304, suddenly
decreased at the SUS304/316L. interface to a value which was lower than that of either component.

¢) After the crack arrived at the SUS304/316L interface, it propagated through SUS304 as well as
through SUS316L, although the rate of propagation was much slower in the latter.

d) The slow rate of propagation in SUS316L in the composite was explained from Evans diagram taking

account of a shift of the potential by applied stress.

Key words : SUS304/SUS316L. composite material ; stress corrosion cracking; 35%MgCl, aqueous
solution ; crack propagation rate ; crack opening displacement ; anodic polarization curve ; galvanic corrosion ;

Evans diagram.
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Table 1. Chemical composition of specimen.
C Si Mn P ] Ni Cr Mo Cu Ti Al N
SUS304 0.036 0.78 0.84 0.022 0.008 9.37 18.71 0.13 0.11 0.001 0.03 0.021
SUS316L 0.018 0.34 0.58 0.029 0.016 12.32 16.20 2.02 0.32 0.005 - 0.04 0.027
C it 304 | 0.040 0.78 0.74 0.023 0.007 . 9.38 18.63 0.18 0.09 0.001 0.07 0.020
OMPpOSIte  316L | 0.022 0.33 0.81 0.029 0.016 12.09 16.16 2.02 0.35 0.005 0.04 0.035
Table 2. Mechanical properties of SUS304 and
SUS316L tested at 363K.
0.2%o0, UTS Elongation | Red. of area
(MPa) (MPa) (%) (%)
--lo—m—nl—' SUS304 191.0 475.3 72.1 61.8
SUS3I6L 214.6 460.4 50.6 60.7
Photo. 1. Cross-section of the 304/316L. com- Test piece size L:30mm Diameter : 4 mm

posite material after forging, hot rollmg and heating
(316L in core).

Photo. 2. Microstructures of SUS304(a)), SUS
316L(b)) and 304/316L composite material(c)).
Electrolytically etched in nitric acid.
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Fig. 1. Specimen geometry for the SCC test.
The shadow depicts position of 316L in the core
of SUS304/SUS316L composite material. The
distance “/” were 9.3mm, 7.3mm and 4.6 mm
for TP1, TP2 and TP3, respectively.
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Fig. 2. Schematic illustration of cantilever type
SCC tester.
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Fig. 3. An example of the plots of crack length
against SCC test time for SUS304 loaded by 5kg
in 35%MgCl, solution 363 K.
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Fig. 4. Effect of stress intensity factor on the
crack growth rate in SUS304 (a), SUS316L (b)
and composite material (c) tested in 35%MgCly
solution at 363 K. In Fig. 4 ¢ line A combines plots
of crack growth rate for the crack tips located in
non-composite region, while line B in composite
region.
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Fig. 5. Relationship between beam deflection and

SCC testing time of composite material loaded

by 5.5 kg in 35%MgCl, solution at 363 K.
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Fig. 6. Effect of stress intensity factor on beam
deflection rate of composite material in 35%MgCl,
solution at 363K. Line A is obtained from beam
deflection when the crack tip being in the non-
composite region of the specimen TPl and TPZ2,
and line B in the composite region of the TP1, TP2
and TP3.
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a : SCC fracture region b : Mechanical fracture region
X -X line : Cutting plane for Photo. 6

Photo. 3. Low magnification fractograph of the
304/316L composite material.

a : Fan shape pattern in region a in Photo. 3

b : Dimple pattern in region b in Photo. 3
Photo. 4. High magnification fractograph of
SUS304/SUS316L composite material.
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Photo. 5. SEM fractographs of SCC of SUS316L
(a) and SUS304 (b).
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Small block of 304 attached to 316 (Arrow). This block is
separated from the main block by SCC crack to compensate
elongation of 316L.

Photo. 6. Cross-section along X-X plane in
photo. 3 for composite material.

a : Crack tip passed through the 304/316L interface
b : Crack tip stopped at the interface

Photo. 7. High magnification micrographs from
parts of photo. 6.
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Fig. 7. Polarization curves and corrosion
potentials (E,,,) of SUS304, 316L and composite
material in 35%MgCl, deaerated solution at

353 K. Area ratio of SUS304 to SUS316L of the
composite material is 2 : 1.
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Fig. 8. Schematic illustration of Evans diagram to
explain electrochemical process of SCC in
304/316L. composite material.
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WERI D bS5

(3)EAEMD SCC 2BV -TENKHEA 304/316L F
HICE L Aok, 304 oo dhik & 3161 s & CTid
da/dt BXR%Z VD, BEBOD da/dt EWDT/HhEVHDEE
P (WA

(4 )EAEMPE D 316L FHIKIZ BT 5 da/dt H 1R
WIRTS28M%E, BT E,, 0Lz EEL 72
Evans XOEF V953 L 72,

SOFRICHD, THET S o B BBTTZE
OFEARFR, BREEL, AR, AHEZ&EER
B R UHLAMOIER %Y &S h - EABIEE, &G
BE, AHY-—, FEEOHKK, ABHEORELEY S
N7-FEF OB RKICERH L 5.
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