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Microstructural Characterization for Structural Health Monitoring
of Heat-Resisting Rotor Steels
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Abstract The typical heat-resisting rotor steels such as 2.25CrMo, 9CrMo and 12CrW steel were experimentally
studied in order to understand their materials degradation under high temperature and pressure during the long-term
service, and then use the basic studies for the structural health monitoring. In order to monitor the materials
degradation, it was conducted by the isothermal aging for 2.25CrMo steel, creep-fatigue for 9CrMo steel and creep
for 12Cr steel with the incremental step test. The ultrasonic wave properties, electrical resistivity and coercivity
were interpreted in relation to microstructural changes at each material and showed strong sensitivity to the specific
microstructural evolution.
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(a) Isothermal aged 2.25CrMo
Fig. 1

(b) Cregp-fatigued 9CrMo
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(c) Creep damaged 12CrW

Optical micrographs showing the surface morphology and grain boundaries after normalizing and

tempering at each specimen; {a) 2.25CrMo steel, (b} 9CrMo steel, (c) 12CrW steel

(a) Isothermal aged 2.25CrMo

Fig. 2 Scanning electron micrographs showing the grain boundary and carbides after normalizing and
tempering at each specimen; (a) 2.25CrMo steel, (b) 9CrMo steel, (¢} 12CrW steel

(b) Creep—fatigued 9CrMo

{c) Creep damaged 12Crw
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g z-dZ /\]?ﬁ% FYPstact Zez-H2 AgEH 3} 12CrW 79 BAEAEAHY] A 30% HO, +
o FuinlE (N/Ny) w4rt 01, 02, 04, 06 1 20% SAA A 1587 FAFERE HE FHE
gz 080 HEE AR FHEAH. 12GW gtk ol 2ol Fo] A APHL Fulsle]
7o Agx AP 700ToA 60 MPas] d8& Nl AIFA] AlgEe] B Rl 2=
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z &AAE AFsy] A8 A ZEE ARtelA Aok
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Fetdudon  wIE  ARe el RERE F438 5 e FANE o8 B
225CMo A€ delUelERZE uEiE  2-o:HE olfdlel FASAY T3 gt
9CrMo 73 12CGW 7L w2l ExdS U $Ad $Ae FAFRSTE 28 MHzA FEF B
A Y gEAE ARt AZAxdloze
AN ARY Zole 2427 of 45,18, 0 um 35 MHze] Bl $5AE EgWFA (Pana-
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o} =Y NaE M2EH A4Y 5 #F =X (LeCroy, 9374M)] q g 2EHH AN E
33 EAQ AMKS Fig 20) Jehiich B o AHeEtgh Faldlsel FEs A 3ESs 53
FAH3,5,6,8]9 NEATFAH10-12]9] Be} Zol & 517 Y5 AHEWS (Hlllbert transform)& &
A& 225CtMo - ZollMe MG, Mo, MeC, 5l AN e AWy (envelop)S 3
MxnGCs 59 4&Eo] ZA3Y1, 9CrMo 3% Ao o= (peak)E AAsl] 1 Fo]ZTh] A
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Table 1 Chemical composition of the rotor steels (weight percent)

C Si | Mn | Ni Cr |Mo| W | V | Nb| B |N{ppm)| Co P Al | Fe
2.25CrMo | 0.138 | 0142 | 046 | 017 | 2.27 | 0.97 - - - - - - 0.014 | 0.007 | bal
9CrMo | 0.09 | 023 | 0.38 | 0.065 | 866 | 0.9 - 021 | 0.07 - 350 - 0.015 | 0.01 | bal
12CrW | 019 | 0.06 | 013 | 052 | 11.01 | 0.09 | 345 | 0.21 | 0.06 | 0.01 | 332 |297| - 0.004 | bal.
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