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Nondestructive Evaluation of Temper Embrittlement of Cr-Mo-V Cast
Steels by Electrochemical Method Using Calcium Nitrate Solution

Yutaka WATANABE and Tetsuo SHOJI

Synopsis :

Quantitative evaluation of temper embrittlement of turbine casing material, Cr-Mo-V cast steel, by means
of anodic polarization behavior in calcium nitrate solution was investigated. Furthermore, based upon
these results, nondestructive electrochemical method for detection ‘and evaluation of temper embrittlement
of Cr-Mo-V cast steel is newly developed with high sensitivity. Intergranular Corrosion (IGC) occurs
only on temper embrittled samples during anodic polarization process in calcium nitrate solution. In
polarization curves measured at 60°C, the characteristic changes such as increases in current density at
passive potential range and in passivation potential attributable to IGC have a excellent correlation with
shifts in FATT caused by temper embrittlement. On the other hand, in polarization curves measured at
30°C, increases in the current density of the second peak current attributable to IGC have a good
correlation with shifts in FATT. By use of these electrochemical characteristic values, the degree of
temper embrittlement can be quantitatively estimated.

Key words : nondestructive inspection ; electrochemical technique ; temper embrittlement ; steel for elevated

temperature ; Cr-Mo-V castings.
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Table 1. Chemical composition of Cr-Mo-V cast steels.
Chemical composition (wt% ) ASM grain
Heat size No
C Si Mn P S Ni Cr Mo v As Sn Pb .
VCL 0.12 0.52 0.80 0.013 0.007 0.29 1.37 0.96 0.16 0.016 0.014 0.0022 6.1
VCH 0.15 0.43 0.76 0.020 0.003 0.26 1.40 0.98 0.16 0.008 0.008 0.0018 6.4
NGC 0.13 0.35 0.76 0.008 0.007 0.09 1.23 0.85 0.20 0.028 0.018 0.0036 7.0
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Table 2. Aging or service exposure conditions.
History
Material
Temperature (°C) Time (h)
VCL-1 As received*
VCL-2 450 1000
VCL-3 450 - 3000
VCL-4 450 6 000
VCL-4DE VCL-4—+De-embrittling heat treated
(660°C, 1 h, Oil quenched)
VCH-1 As received *2
VCH-2 . ' 450 1000
VCH-3 450 3 000
VCH-4 450 6 000
VCH-4DE VCH-4-+De-embrittling heat treated
(660°C, 1 h, Oil quenched)
NGC-A 538*3 126 000
NGC-B 319*3 126 000
NGC-ADE NGC-A—De-embrittling heat treated
(650°C, 1 h, Air cooling)
NGC-BDE NBC-B—De-embrittling heat treated
(650°C, 1 h, Air cooling)

* 1050°C, 8 h, AC—705°C, 8 h, FC—690°C, 8 h, FC
*2 1 050°C, 14.5 h, AC—705°C, 8 h, FC—690°C, 8 h, FC
*3 Steam temperature

Table 3. Measured FATT and shifts in FATT.

Material FATT (°C) AFATT (°C)
VCL-1 32 —
VCL-2 71 39
VCL.-3 140 72
VCL-4 104 108
VCL-4DE Not Measured
VCH-1 38 —
VCH-2 80 42
VCH-3 104 66
VCH-4 145 107
VCH-4DE Not Measured
NGC-A 105
NGC-B 80 3
NGC-ADE 80 —
NGC-BDE 77 —
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(a)VCL-1 (b)VCL-2 (¢)VCL4
Photo. 1.
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Fig. 1. Change in polarization curves of VCL-
heat materials measured in 60°C nitrate solution
depending on embrittling or de-embrittling heat
treatments.
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Fig. 2. Comparison between the polarization curve

of embrittled portion of casing (NGC-A) and that of
non-embrittled portion (NGC-B).
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Photo. 2. Specimens surfaces after polarization measurements at 60°C, IGC

occurs only on embrittled samples.
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(a)lnterrupted at OV (b)Interrupted at 200 mV  (c)Interrupted at 1000 mV  (d)Polarized up to 1500 mV

Photo. 3.

polarization.
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Fig. 3. Change in polarization curves of VCH-

heat materials measured in 30°C calcium nitrate
solution depending on embrittling or de-embrittling
heat treatments.
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(a)VCL-3 specimen potentiostatically etched at 140 mV following
potentiodynamic polarization up to 140 mV

(b)VCI.-1 specimen potentiostatically etched at 140 mV following
potentiodynamic polarization up to 140 mV

(¢)VCL-3 specimen potentiodynamically polarized up to 0V

Photo. 4. Specimens surfaces polarized in 30°C
calcium nitrate solution.
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Fig. 4. Schematic illustration of measured

polarization curve in 60°C nitrate solution and
the definition of Epgg and Ipss.
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Fig. 5. Correlation between shifts in FATT

(AFATT) and shifts in passivation potential
(AEpgs) in 60°C solution.
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Fig. 6. Correlation of AFATT with shifts in
passive current density (AE,,/2%?) in 60°C
solution.
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Fig. 7. Correlation between AFATT and shifts
in current density of the second current peak
(Al 72™?) measured in 30°C solution.
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