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Abstract

To estimate the reliability of 12Cr alloy steel, the material of turbine blade in the steam power
plant, Its corrosion susceptibility and fatigue characteristics in NaCl and Na;SO4 solution with the
difference of concentration and temperature was investigated. The polarization tests recommended in
ASTM G5 standard for corrosion susceptibility in the various corrosive solutions was estimated. It
showed that the higher temperature, the faster corrosion rates and corrosion rates were the fastest in
3.5 wt% NaCl and 1M Na;SO, solution. From these results, the degradation conditions were
determined in distilled water, 3.5 wt.% NaCl and 1M Na,SOs solution at room temperature, 60°C and
90T during 3, 6 and 9 months. Its surface had a few pits for long duration. But, it was not
susceptible in sulfide and chloride condition of several temperatures. If the degraded 12Cr alloy steel
and non-degraded one were compared with fatigue characteristics, Any differences were not found
regardless of temperature and degradation period.
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Table 1 Chemical composition and mechanical properties
of 12Cr alloy steel (wt.%)

Element C|Si{Mn| P S | Ni | Cr | Mo

Content(%)|0.16]0.34]0.46 (0.016(0.003/0.18 | 11.9|0.09

Yield strength Ultimate tensile
(MPa) strength (MPa)
989.4 1205 13

Elongation (%)

Dim. : 10x 10x 10
Fig. 1 Configuration of specimen for electro-
chemical corrosion tests (unit:mm)

Table 2 Test conditions for evaluating polarization
characteristics

NaCl (wt.%) NaySO4 (M)
25C | 60T | 90C | 25 | 60T | 90C
20 20 | 20 | 001 [ 001 | 001
35 35 35 | o1 0.1 0.1

5.0 50 | 5.0 1 1 1
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Fig. 2 Potentiodynamic polarization curves in NaCl
solution (90C)
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Fig. 3 Potentiodynamic polarization curves in Na;SO;
solution (90C)
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Table 3 Corrosion rates in NaCl and Na,SO; solutions
by potentio-dynamic polarization test (mpy)

NaCl solution (wt.%)

25T 60T 90°C

2 3.5 5 2 135 5 2 35 5

1.7 | 59 | 47 | 45 [294.9(285.6]1557.5|2967 | 2712

Na;SO; solution (M)

25T 60T 90°C

0.01 | 0.1 1 7001 0.1 1 1001} 01 1

0.008(0.012{0.056{0.0570.082(0.118|0.173|0.193{0.393

17 26 17 01 128
- . k|
12.7_@7 ‘|T: -]
632
498

Fig. § Configuration of specimen (unit:nm)
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Table 4 Test methods and environments for artificial

degradation (unit : month)

Distilled water 3.5wt.% NaCl IM NaSO4

25T | 60T | 90°C |25 | 60T {90°C | 25T | 60°C |90C

3 3 3 3 3 3 3 3 3

6 6 6 6 6

=)}

9 9 9 9 9 9
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Fig. 6 Comparison of the da/dN — 4K relations
of 12Cr alloy steel artificially degraded in
various environments (R = 0.1, f = 20Hz)

Table 5 Comparison of C and m of 12Cr alloy steel
artificially degraded in various environments

25T 60C 90T

Solution | Mon
C m C m C m

3 6x10” [3.01] 9x10” {2.83| 8x10” |2.88

Distilled ;
6 1x107 [2.00] 8x10® [2.24| 2x 10" |2.54
water
9 3x10° |2.77] 2x10™® |2.98) 7x10” [3.31
3 SX10° [2.36] 6x10° |2.38] 1x10® |2.98
NaCl

3.5 6 1x10° [2.80] 9x10” [2.82] 2x10® [|2.67
wt.%

9 1 6x10” |2.96| 7x10” |3.13| 5x10® {2.39

3 | 4x10° (244 5x10° (237| 4x10° |2.44
NazSO4

12.7 6 | 2x10® |2.65| 7x10” |2.66] 8x10® [2.19

wt.% -8 -5 -5
9 8Xx 107 |2.227 1x107 (272 2x107 |2.56
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