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Abstract. Intergranular stress corrosion cracking (IGSCC) and transgranular stress corrosion
cracking (TGSCC) of Type316L stainless steel are examined by a slow strain rate test (SSRT)
in a dilute sodium sulphate solution at 288 °C. Crystallographical orientation measurements on
Type316L are performed by electron backscatter diffraction (EBSD) in order to grasp crack
initiation during SSRT. The relationship between crystal orientation and crack initiation of
IGSCC and TGSCC can be characterized using EBSD data.

1. Introduction

Stress corrosion cracking (SCC) of austenitic stainless steel is classified into two types — intergranular
stress corrosion cracking (IGSCC) and transgranular stress corrosion cracking (TGSCC). IGSCC
occurs as a result of the sensitization of stainless steel, that is, the formation of Cr depleted zone
induced by Cr carbide precipitation at grain boundaries. TGSCC has been observed in concentrated
chloride solution. Since the middle 1990’s it has been reported that even low carbon stainless steels
such as Type316L stainless steel are subjected to SCC in high temperature and high pressure water
environments [1-3]. TGSCC is initiated at surface where severe plastic deformation is introduced by
surface machining and then shifted to IGSCC. Although extensive studies have been achieved on
stress corrosion cracking of low carbon austenitic stainless steels in such environments, neither the
crystallographic features nor their relationship to crack initiation have been clarified.

In the present work, we establish procedures to characterize the crystallographic features of crack
initiation observed for cold worked Type316L stainless steel in high temperature and high pressure
water environments using the slow strain rate test (SSRT) and electron backscatter diffraction (EBSD).
SSRT is known to provide the SCC susceptibility of materials in any corrosive environment within a
relatively short experimental time [4-6]. EBSD is a technique that is useful for obtaining
crystallographic characteristics of metals. For example, plastic deformed metals or alloys were
investigated using EBSD [7-8].

2. Experimental procedures

2.1. Material

The material examined was Type316L stainless steel (0.015% C, 0.52% Si, 0.96% Mn, 0.020% P,
0.004% S, 12.39% Ni, 16.28% Cr, 2.12% Mo and the balance Fe). The steel was subjected to cold-
rolling with a reduction ratio of 20 %. Tensile specimens, cut from the material, were mechanically
ground with SiC abrasive paper and diamond paste, and then mirror-finished by mechano-chemical
polishing. The shape and dimensions of a tensile specimen is shown in Fig. 1.
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Figure 1. The shape and dimensions of a tensile specimen.

2.2. Slow strain rate test (SSRT)

The slow strain rate tests were performed in dilute sodium sulphate solutions controlling dissolved
oxygen contents (8 ppm or less than 2 ppb) at 288 °C. The specimens were elongated with a strain rate
of 5x107 s by 10% and then the strain was maintained for 10 hours.

2.3. Electron backscatter diffraction (EBSD)

Crystallographic characteristics of Type316L were determined by EBSD in a scanning electron
microscope (SEM). The EBSD measurements were conducted before and after SSRT. In the former
case, SEM observations were required after SSRT on the same locations as EBSD analyses were
carried out. The positions of analyzed areas were identified by micro-indent marks as illustrated in Fig.
2. In the latter case, on the other hand, EBSD analysis was conducted after SSRT on selected areas to
obtain crystallographic characteristics of crack initiation sites. However, in this case, granular hydrous
oxides formed during SSRT were removed by Ar ion sputtering. From the EBSD analysis and SEM
observations we characterized the crack initiation sites in terms of crystallographic features such as the
grain boundary misorientation.
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Figure 2. Positions of the micro-indent mark and EBSP analysis areas
on the gauge area of the tensile specimen surface of the type316L
stainless steel

3. Results and discussion

3.1. SEM and EBSD observations

Figure 3(a) and 3(b) show the Image Quality (IQ) map and the Inverse Pole Figure (IPF) map,
respectively, obtained from the EBSD measurement. The maps were acquired before SSRT.
Corresponding SEM top-view image is also included in Fig. 3(c). The SEM image was taken at the
identical position as the EBSD maps. Black lines in Fig. 3(b) indicate the positions of cracks
confirmed by the SEM observation. The maps and image shown in Fig. 3 were obtained from area | as



International Conference on Advanced Structural and Functional Materials Design 2008 IOP Publishing
Journal of Physics: Conference Series 165 (2009) 012009 doi:10.1088/1742-6596/165/1/012009

presented in Fig. 2. The clear 1Q map reflects the fact that crystallographic data were obtained with
high reliability. Figure 3(b) clearly indicates that both intergranular and transgranular cracks were
initiated on 20% cold-worked Type 316L stainless steel in high temperature and high pressure water.

IQ map, IPF map and corresponding SEM top-view image obtained after SSRT are shown in Fig. 4.
The SSRT was conducted in high temperature and high pressure water containing dissolved oxygen
less than 2 ppb. The environment resulted in the formation of granular hydrous ferric oxides on the
stainless surface. Prior to the EBSD measurement, therefore, the oxides formed during SSRT were
removed by Ar ion sputtering. Remarkable is that clear IPF map could be obtained even after SSRT in
a high temperature and high pressure water though 1Q map shown in Fig. 4(a) is less clear compared
to Fig. 3(a). These results clearly demonstrate that this procedure is effective to get crystallographic
information.

Flgure 3. (a) 1Q map (b) IPF map with crack posmons and (c) correspondlng
SEM top-view image. The maps and image were obtained from area | as
indicated in Fig. 2. The EBSD measurement was carried out before SSRT and
the crack positions were confirmed from the SEM image taken after SSRT.

Flgure 4. (a) 1Q map (b) IPF map with crack positions and (c) corresponding
SEM top-view image. The maps and image were obtained after SSRT. Prior to
the measurement, the granular oxides formed during SSRT were removed by
Avr ion sputtering.

3.2. The relationship between crack and crystallographic characteristics

IGSCC and TGSCC are discussed using EBSP data obtained before SSRT. EBSD data not only shows
crystal orientation at the metal surface but also allow us to characterize several crystallographic
parameters such as misorientation angle. Misorientation angle is defined as angular difference between
adjacent crystals. Misorientation angles at grain boundaries can be related to crack initiations at the
boundaries. Figure 5(a) shows the relationship between crack probability and misorientation angle.
Crack probability is defined as the ratio by the number of grain boundaries with specific
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misorientation angle to the number of cracks initiated at the grain boundaries. It is apparent from Fig.
5(a) that most cracks are initiated at the misorientation angle of about 30° and 50°.

For the TGSCC, we measured the crack angle. The crack angle is defined as the angle between the
load direction and the crack direction on the surface. Figure 5(b) shows the number of cracks for each
crack angle. It is clear that there is preferential crack angle at 60° for TGSCC. One can deduce from
this result that slip deformation is one of main factors for TGSCC.
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Figure 5. Relationship (a) between misorientation angle and crack probability and (b) between
crack angle and number of cracks. The numbers in (a) indicate the number of grain boundary
with each misorientation angle.

4. Conclusion
In the present work, we established the procedures to obtain crystallographic characteristics on cold-
worked Type 316L stainless steel even after SSRT in high temperature and high pressure water
environment and clearly demonstrated that samples can be analyzed using EBSD data.

Most IGSCC were initiated at grain boundaries with specific misorientation angles (30° and 50°).
For TGSCC, most cracks were initiated at an angle of 60° against load direction.
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