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Microstructural Development of Ferritic 11Cr-3.45W Heat-resistance
Steel for Ultra-supercritical Power Plant During Creep
and Thermal Aging
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Abstract Microstructural development of ferritic 11Cr-3.45W heat-resistance steel for ultra-supercritical power
plant during creep and thermal aging was investigated using electron microscopy. The test samples were isother-
mally aged at 700°C for up to 4000 hours and subjected to creep loading at 700°C for predetermined periods of
lifetime to prepare the damaged materials. In this structural material, a various secondary phases are the primary
influence on mechanical properties of ferritic heat-resistance steel. The typical precipitates of M,,C,, MX and M,X
secondary phases had been analyzed through qualitative and quantitative manner. Coarsening of precipitates
and increase of lath width were observed during creep and thermal aging. This phenomenon was remarkable for
creep process compared with isothermal aging process.
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Table 1. Chemical composition of ferritic 11Cr-3.45W heat-resistance steel specimens for ultra-supercritical power

plant investigated in this study (wt.%)

C Si Mn Ni Cr Mo W A%

Nb B N (pm) | Co Cu Al Fe

0.19 | 0.06 | 0.13 | 0.52 | 11.01| 0.09 | 3.45 | 0.2

1

0.06 | 0.01 332 297 | 0.01 |0.004 | bal.
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Fig. 2. SEM SE and BSE images showing morphology of precipitates at each degradation mechanism: (a)-(b)

isothermal aging and (c)-(d) creep.
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Fig. 3. TEM micrographs showing dislocation substructure and coarsening of precipitates: (a) 4000 h aging and (b)

3286 h creep.
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Fig. 4. XRD patterns of electrolytically extracted
residues from isothermally aged and crept specimens:
(a) isothermally aged specimen, (b) crept specimen.
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Table 2. Average size, morphology, precipitated region and EDS result of various precipitates

.. . Average size (nm)
Precipitate type | Morphology EDS results (wt.%) Regions -
As-temp. | Aging | Creep
M23C6 Elongated 58.7Cr-21.4W-19.9Fe PAGB,lath | 95 | 232 | 284
equiaxed
93.3Nb-6.7V
MX Sphere Lath, 55 62 | 65
platelet 76.2V-23.8Nb lath interior
Fe,W Equiaxed 47.9Fe-39.9W-12.2Cr Lath, PAGB| 0 378 | 504
(coarsened)
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Fig. 5. Schematic diagrams of microstructural evolution during isothermal aging and creep: @ movement of Y-

junction, ® recombination of lath boundaries.
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