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Comparative Verification of Accelerated Degradation
Mechanism of Heat-Resistant Steel for High Temperature Plant
with that Used in the Field"

Seung-Mi Lee' - Jae-Yeon Kim® - Jai-Won Byeonrr

"Department of Graduate School NID Fusion Technology, Seoul national university of science & technology

2Department of Materials Science and Engineering, Seoul National University of Science and Technology

Accelerated degradation mechanism of the heat-resistant steel for high temperature plant was analysed in terms of
microstructure and hardness. In order to simulate the microstructure of the steel actually used at 540 C in the field,
isothermal exposure was carried out at 630C up to 4,800 hours. The artificial degradation mechanism was
comparatively verified to successfully simulate degradation of the long-time used field material. For the artificially
degraded specimens, databases including size and aspect ratio of carbide, chemical composition (i.e., Cr/Mo ratio)
of grain boundary carbide were built up. These degradation parameters were suggested as fingerprints for PHM (i.e.,

prognostics health management) of power plants.
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<Figure 1> Scanning Electron Micrographs Showing
Coarsening of Carbides after Accelerated
Degradation at 630C : (a) As—received
and (b) 3,100 hr
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{Figure 2> TEM Micrographs Showing the Morphology of Carbides in the as— Received Specimen :

(a) x20,000, (b) x100,000(acicular carbides),
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{Figure 3> TEM Micrographs Showing the Morphology of Carb|des in the Degraded Specimens :
(a) 920hr (x20,000), (b) 1,800hr (x20,000/grain boundary carbide), (c) 3,700hr (x20,000), and

(d) 3,700hr. (x20,000/grain boundary carbide)
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{Table 1> Results of Size Measurement of Carbide in the as—Received Specimen
globular-shaped carbide
No. ax%s()(i%n ) axsill((;rrtn) Aspect ratio Size(pum) No. axl;s()(i%n ) axsi?(ourrtn) Aspect ratio Size(um)*
1 0.32 0.16 2.00 0.13 16 0.16 0.07 2.29 0.07
2 0.19 0.14 1.36 0.09 17 0.11 0.05 2.20 0.05
3 0.29 0.12 2.42 0.12 18 0.20 0.08 2.50 0.08
4 0.17 0.09 1.89 0.07 19 0.19 0.09 2.11 0.08
5 0.21 0.13 1.62 0.09 20 0.10 0.08 1.25 0.05
6 0.26 0.18 1.44 0.12 21 0.22 0.20 1.10 0.11
7 0.20 0.15 1.33 0.09 22 0.23 0.05 4.60 0.09
8 0.18 0.07 2.57 0.07 23 0.18 0.12 1.50 0.08
9 0.15 0.10 1.50 0.07 24 0.26 0.12 2.17 0.11
10 0.18 0.14 1.29 0.08 25 0.14 0.07 2.00 0.06
11 0.13 0.06 2.17 0.05 26 0.18 0.09 2.00 0.08
12 0.31 0.19 1.63 0.14 27 0.29 0.15 1.93 0.12
13 0.52 0.15 3.47 0.20 28 0.11 0.04 2.75 0.04
14 0.25 0.21 1.19 0.12 29 0.29 0.22 1.32 0.13
15 0.22 0.07 3.14 0.09 30 0.41 0.21 1.95 0.17
pipe-shaped carbide
No. axI;s()(ILIJ%n ) axsiil((ilrrtn) Aspect ratio | Size(um) No. axI;s(J(i%n ) axsiil((ilrrtn) Aspect ratio Size(pm)*
1 0.31 0.08 3.88 0.12 16 0.16 0.04 4.00 0.06
2 0.25 0.05 5.00 0.09 17 0.67 0.16 4.19 0.25
3 0.31 0.09 3.44 0.12 18 0.38 0.11 3.45 0.15
4 0.39 0.10 3.90 0.15 19 0.50 0.13 3.85 0.19
5 0.50 0.13 3.85 0.19 20 0.55 0.14 3.93 0.21
6 0.19 0.07 2.71 0.08 21 0.36 0.11 3.27 0.14
7 0.39 0.05 7.80 0.14 22 0.34 0.07 4.86 0.13
8 0.43 0.06 7.17 0.15 23 0.43 0.07 6.14 0.16
9 0.43 0.09 4.78 0.16 24 0.31 0.08 3.88 0.12
10 0.41 0.10 4.10 0.15 25 0.34 0.10 3.40 0.13
11 0.35 0.10 3.50 0.13 26 0.40 0.11 3.64 0.15
12 0.31 0.05 6.20 0.11 27 0.26 0.12 2.17 0.11
13 0.26 0.08 3.25 0.10 28 0.28 0.04 7.00 0.10
14 0.34 0.07 4.86 0.13 29 0.23 0.08 2.88 0.09
acicular-shaped carbide
No. axI;s()(I;%n ) axsiil(lrrtn) Aspect ratio | Size(um) No. axl;s(J(rlll%n ) axsiil(ourrtn) Aspect ratio Size(pm)*
1 0.077 0.022 3.51 0.029 16 0.117 0.026 4.52 0.043
2 0.078 0.018 432 0.029 17 0.070 0.032 2.19 0.029
3 0.071 0.022 3.22 0.027 18 0.063 0.026 2.43 0.025
4 0.071 0.016 443 0.026 19 0.059 0.026 2.26 0.024
5 0.110 0.022 5.02 0.040 20 0.093 0.026 3.59 0.035
6 0.109 0.028 3.91 0.041 21 0.083 0.028 2.96 0.032
7 0.182 0.028 6.52 0.065 22 0.075 0.034 2.20 0.031
8 0.074 0.018 4.13 0.028 23 0.086 0.022 3.91 0.032
9 0.120 0.030 3.99 0.045 24 0.059 0.026 2.29 0.024
10 0.091 0.030 3.04 0.035 25 0.041 0.014 2.95 0.016
11 0.059 0.022 2.66 0.023 26 0.089 0.044 2.03 0.037
12 0.059 0.030 1.95 0.025 27 0.081 0.028 2.88 0.032
13 0.051 0.034 1.50 0.023 28 0.096 0.028 3.44 0.037
14 0.073 0.024 3.06 0.028 29 0.055 0.040 1.37 0.025
15 0.067 0.034 1.98 0.028 30 0.034 0.026 1.32 0.016

" Mean Equivalent size = (2xLong axis+Short axis)/6.
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<Figure 5> Change of Mean Aspect Ratio of Carbides with

Accelerated Degradation Time

{Table 2> Summarized Results of Auger Electron Spectroscopy Analysis for Grain Boundary Carbides with Degradation

Time
Time(hr.) Element 1 2 3 4 5 6 7 8 9 10 11 12
Mo(at%) 18 | 3.5 17 | 17 | 23 19 | 27 | 40| 36| 20] 21| 36
A Cr 63 | 91| 40| 44| 60| 51| 97| 106]| 85| 65| 42| 98
srece. Fe 768 | 676 | 855 | 823 | 781 | 799 | 548 | 535 | 661 | 757 | 802 | 63.5
C 152 | 197 | 89 | 11.6 | 136 | 131 | 329 | 319 | 218 | 158 | 13.5 | 23.1
Mo 46 | 74 | 14| 48| 23| 36| 49| 20| 165| 46| 174 ] 51
460 Cr 57| 47| 59| 50| 55| 64| 86| 55| 40| 135 43| 124
Fe 76.6 | 783 | 657 | 822 | 812 | 763 | 738 | 773 | 611 | 595 | 628 | 650
C 132 | 95| 170 | 81| 111 | 138 | 126 | 151 | 185 | 225 | 154 | 176
Mo 129 | 64| 26| 40| 42| 47| 29| 241 | 162 | 239 75
1500 Cr 71| 99 | 46| 118 | 139 | 64 | 48| 39| 40| 35| 86
Fe 652 | 703 | 825 | 71.0 | 61.1 | 749 | 807 | 559 | 689 | 550 | 69.9
C 148 | 135 | 104 | 131 | 208 | 140 | 116 | 161 | 11.0 | 17.6 | 140
Mo 73| 28 | 19| 42| 16| 149 | 221 ] 200 99| 206 | 57
1100 Cr 72| 81| 50| 112 ] 23| 40| 31| 31| 170 | 56 | 150
Fe 66.4 | 760 | 83.0 | 688 | 807 | 614 | 57.5 | 582 | 42.1 | 52.1 | 483
C 190 | 13.0 | 100 | 158 | 154 | 197 | 173 | 187 | 310 | 21.6 | 31.0
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<Figure 6> Optical Micrographs: (a) as—received specimen, (b) artificially degraded specimen at 630C for
4,800hr, (c) specimen used at 540°C for 120,000hr on site #1, and (d) specimen used at

540°C for 120,000hr on site #2

<Figure 7> FESEM Images Showing the Morphology of Carbides: (a) as—received specimen, (b) artificially degraded
specimen at 630°C for 2,200hr, (c) specimen used at 540°C for 120,000hr on site #1, and (d) specimen

used at 540°C for 120,000hr on site #2
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(Table 3> Accelerated Degradation Time at 630C to
Simulate Service at 540C

Accelerated degradation time Simulated service time
at 630 C/Hours(Days) at 540 C/Hours(Years)

290(12) 15,000(1.7)

340(15) 20,000(2.3)

460(19) 25,000(2.9)
550(23) 30,000(3.5)

730(30) 40,000(4.6)

920(38) 50,000(5.8)
1,200(49) 65,000(7.5)
1,500(61) 80,000(9.3)
1,800(76) 100,000(11.6)
2,200091) 120,000(13.9)
2,700(111) 145,000(16.8)
3,100(129) 170,000(19.7)
3,700(152) 200,000(23.1)
4,200(175) 230,000(26.6)
4,800(199) 260,000(30.1)
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<Figure 8> Comparison of Micro—Hardness Value
among the as—received Specimen, the
Specimen Atrtificially Degraded at 630°C for
2,200hr, and the Specimen Used at 540°C for
120,000hr on site #1
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