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Inhibition of Sensitization in Reactor Pipe Materials by Grain Boundary Structure Control
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Grain boundary structure control of type 304 austenitic stainless steel and nickel base Inconel Alloy 600
used in reactor pipe materials was studied to inhibit intergranular corrosion (IGC) due to sensitization. A
transmission electron microscopic study showed that low-energy grain boundaries, such as coincidence site
lattice boundaries are highly resistant to sensitization, i.e., to intergranular precipitation, chromium depletion
and corrosion, compared with ordinary high-angle (random) boundaries. A thermo-mechanical treatment was
tried to control grain boundary structure of type 304 austenitic stainless steel for producing a highly
intergranular cormosion-resistant material. The effects of process parameters in thermo-mechanical treatment
such as pre-strain, annealing temperature, time, etc., on grain boundary characteristics and IGC resistance
corrosion of type 304 austenitic stainless steels were examined. The excellent IGC resistance was obtained by
slight pre-strain annealing at a relatively low temperature due to the optimized grain boundary character
distribution. The uniform distribution of a high frequency of ooincidence site lattice boundaries and
consequent discontinuity of random boundary network were observed in the material. The optimum
distribution can be formed by introducing low energy segments on migrating random boundaries during twin
emission and boundary-boundary reactions in the grain growth without additional generation of random
boundaries.

Keywords: Austenitic Stainless Steel, Grain Boundary Engineering, Thermomechanical Treatment,
Sensitization, Intergranular Corrosion, Orientation Imaging Microscopy, Grain Boundary Structure
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Grain A

Grain B

(b)

Fig.1 TEM micrographs of grain boundary structures deviated (a) 7.25 degrees and
(b) 12.72 degrees from the 29 CSL orientation relationship in 304 austenitic
stainless steel heat-treated for 100 s at 1000 K.
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Fig.2 Intergranular carbide precipitation and the deviation angle from the CSL
relationship in 304 austenitic stainless steel during sensitization at 1000 K.
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Fig.3 Chromium depletion at grain boundaries in Inconel
Alloy 600 (J310) sensitized at 700 C for 0.1 h and 1 h.
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Fig.4 Effect of grain boundary structure on chromium depletion in Inconel
Alloy 600 (J610) sensitized at 600 ‘C for 24 h and 700C for 1 h.
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Fig.5 The effect of roll reduction (0-60%) on the reactivation current
ratio during the DL-EPR test after sensitization treatment for 1 h
and 5 h, indicated by solid and open symbols, respectively.
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Fig.6 The effect of roll reduction (0-60%) on the frequency of CSL boundaries.
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Fig.7 The effect of roll reduction (0-10%) on the reactivation current ratio
during the DL-EPR test after sensitization treatment for 1 h.
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Fig.8 The effect of roll reduction (0-10%) on the frequency of CSL boundaries.
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r5%-1300K-0.5h

Fig.9 Grain boundary character distributions shown by OIM images for BM (a)
and r5%-1300K-0.5h (b, c¢). Random and CSL boundaries are indicated by

thick black and thin gray lines, respectively, in (a), (b) and (c), while only
random boundaries are indicated in (a’), (b’) and (c’).
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Fig.10 Grain boundary character distribution by OIM in the border area at the
front of the high CSL frequency layer in the 15%-1200K-48h specimen.

Boundary levels: 55°

200.0 pm = 100 steps
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Fig.13 The corrosion mass-loss of the BM and the strain-annealed specimens
during the ferric sulfate-sulfuric acid test.
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Fig.15 Annealing twins at random boundaries shown by SEM and OIM.
Random boundaries were partially transformed by twin emission to
29 (a) and 229a CSL structures (b).
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Fig.16 Arrest of percolation of intergranular corrosion from the surface
by distributed low energy segments.
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