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Assessment of Residual Life for In-Service Fossil Power Plant Components
Using Grain Boundary Etching Method

Sang In Han, Kee Bong Yoon and Se Hi Chung
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Abstract

The grain boundary etching method as a method for assessing

degradation of structural

materials has received much attention because it is simple, inexpensive and easy to apply to real

components. In this study. the effectiveness of the method is verified by successfully applying the

technique to in service components of aged fossil power plants such as main steam pipes, boiler

headers and turbine rotors. A new degradation parameter, intersecting number ratio (N;/N.,),

is employed. The intersecting number ratio
number (N

from nital etched surface.

NN,
obtained from 5 minute picric acid etched surface to the number (N,)
Two kinds of test materials, 2.25Cr-1Mo steel and 1Cr 1Mo 0.25V
steel, were artificially thermal-aged at 630°C in different levels of degradation., (N,/N,}

is defined as the ratio of intersection

obtained

were

measured. And, corvelations between the measured values and LMP values calculated from aging

temperature and aging time were sought. To check the validity of the correlations obtained in

lahoratory, similar data were measured from service components in four old Korean fossil power

plants. These on-site measurement data were in good correlation with those obtained in the

laboratry.
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Table 1 Chemical composition in weight percent
Material C Si Mn P S Ni Cr Mo \%
295Cr-1Mo | 013 | 001 | 042 | 002 | 029 0.2 | 223 2 | -
Cr-Mo-0.25V 0.31 0.23 0.76 0.006 0.001 0.36 1.11 1.32 0.27 -
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Table 2 Accelerated aging time at 630°C
(a) 2.25Cr-1Mo steel

Simulated time Accelerated
in service at aging time at
538°C (hr) 630°C (hr)
1,762 32
7,103 129
18,171 330
37,444 680
62,995 1,144
88,381 1,605
100,200 1,820
(b) 1Cr-1Mo-0.25V steel
Simulated time Accelerated
in service at aging time at
538°C (hr) 630°C (hr)
14,317 260
25,000 454
37,995 690
51,376 933
62,885 1,142
76,101 1,382
87,995 1,598
100,200 1,820
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Table 3 Mechanical properties

(a) 2.25Cr-1Mo steel (Virgin)

Ultimate tensile
strength (MPa)

Yield strength
(MPa)

Vickers Hardness

Elongation (%) (49N)

306 516

28.8 122

(by 1Cr-1Mo-0.25V steel (Virgin)

Ultimate tensile
strength (MPa)

Yield strength
(MPa)

Vickers Hardness

Elongation (%) (49N)

680 847

264

21.8
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Table 4 Power plant components and their opera-
tional history for on-site measurements
using grain boundary etching method

. Operating temp.| Operating time
Units .
('C) (hr)
Unit Al 515 151,000
Unit A2 480~500 183,000
Unit Bl 523 174,000
Unit C2 538 100,000
Unit D1 510 200,000
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Table 5 Results of on-site GEM measurements at several domestic GED power plants

(a) Cr-Mo steel

Power LMP
. N,
plants Components Locations N,/ < 10°
B h
Unit Al Main steam line end superheater 0.51 19.72
outlet
S heat
Superneaer Rear buttweld 0.42 19.53
inlet header
Unit A2 S
heat
uperneater Rear buttweld 0.53 19.91
outlet header
Lefthand leg
Y-Pie 0.73 20.90
e (lefthand flank)
Unit Bl >
0 st i
ain steam fne Bend 0.77 20.90
terminal weld
S heat
. uperheatet Left buttweld 0.53 20.28
inlet header
Unit C2 5 -
t
uperneater Left buttweld 0.57 20.28
outlet header
(b) Cr-Mo-V steel
Power LMP
C t Locations N/N,
plants omponents ocatio W % 109
Unit D1 LP rotor Exhaust 0.143 19.81
Unit Bl LP rotor Exhaust 0.085 19.76
1.0 r T .
1.0 ¥ T T T
2 25Cr— 1Mo Cr-Mo-0.25V |
0.9 k 0.8+ o Aged specimen b
. O Aged specimen h data
v D #1
. 0.6 m B #1 ]
-]
z
N
z
h 0.4 | ]
1 0.2 N
v
4 [ |
0.0 1 1 1
o ] , . , 1.5 200 20.5 21.0  21.5
19.0 19.5 20.0 20.5 21.0 21.8 LMP X 1000
. ] LMP X 1000 Fig. 10 On-site measurement results for Cr-Mo-V
Fig. 9 On-site measurement results for Cr-Mo steel steel
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Fig. 11 An example of Cr-Mo steel microstructures of on-site components
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