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Quantitative Analysis of Cr Depletion Layer
at Heat Affected Zone in Low Carbon Martensitic Stainless Steel
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Abstract:

A new type of intergranular stress corrosion cracking (IGSCC) has been observed at heat affected zone (HAZ) in
low carbon martensitic stainless steel. Nano level analysis was carried out to investigate IGSCC factors. It was found
that cracks propagated along prior austenite grain boundaries where a row of carbides had been formed. Cr
depletion at grain boundaries was characterized by scanning transmission electron microscopy-energy dispersive
X-ray spectroscopy (STEM-EDX) analysis and the morphology was obtained by deconvoluting the measured STEM-
EDX profiles. It is concluded that the Cr depletion with only 10 to 15 nanometers in width is enough to cause IGSCC

at HAZ in this type of steels under particular circumstances.
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Table 1 Chemical composition of the low carbon martensitic
stainless steel used in the present paper

(mass%)
Fe C Si Mn P S Cr Ni
Balance | 0.013 | 0.15 | 1.1 | 0.017 |0.0027| 11.1 1.5
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Photo1 SEM micrograph of crack morphology after SCC
test (Small white dot contrast corresponds to small
carbides.)

(Micrographs are taken with a defocused bright field
technique and small carbides are identified as black
dots within the image.)
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Photo 3 A STEM bright field image of a prior austenite grain
boundary (Lines for EDX spectrum analysis are
shown on the figure.)

EDX detector Electron beam

Grain
boundary

Wedge shape specimen

Fig.1 Ideal geometric relations between the X-ray detector
window and specimen grain boundary for precise
TEM-EDX analysis (The grain boundary should be

perpendicular to the X-ray window.)
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Fig.2 Typical EDX spectra of the line analysis across the grain boundary (Here measured Cr concentration values, which are
calculated by the thin film model using Fe and Cr binary elements, are shown together with the spectrum.)
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Fig.3 Cr distribution across the prior austenite grain boundary
(Cr depleted zones are identified along line A and C.)
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Fig.4 Schematic model of electron beam spreading in TEM
specimens (The measured and actual Cr distribution
profiles in a TEM specimen are also shown.)
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Fig.5 EEL spectrum from the STEM-EDX analysis area (In
the present experiment, the In(le/f) value is 0.54.)
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Fig.6 Photograph and intensity profile of the incident electron
beam (The beam diameter is estimated to be 2.1 nm at
FWHM.)
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Fig.7 Deconvoluted Cr profiles for lines A and C (in Fig.3) (Cr distributions are estimated based on two distribution functions. A
summary of the distribution morphologies is shown in Table 3.)

Table 2 Assumed functions and parameters for the Cr
distribution

Linear

3 B _ 2 Cx)=*ax+b

Cx)=12.5 Coexp( _) {7(12,5—b)< (12‘5—b)}
" =X= a

Gaussian

Function

X
02

Parameters Cy, 0 a, b

Table 3 Definition of Cr distribution parameters. Values of Cr
depletion (AC) and depleted zone width (w) are also

shown in this table

Gaussian Linear
AC w AC w
Results | Gy (mass%) (nm) a4 (mass%) (nm)
LineA | 3.3 6.7 33 11.4 1040 8.7 3.8 8.2
LineC |35 93 3.5 152 10.36 8.2 43 11.8
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