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A Study on the Evaluation of Material Degradation for 2.25Cr-1Mo
Steel by Ultrasonic Measurements
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{ Abstract 1‘

The remaining life estimation for the aged component is very impertant because mechanical properties of the compo-
nents are degraded with time of service exposure in high temperature etc. The destructive method is widely used for the
estimation of material degradation, but it has a great difficulty in preparing specimens from in-service industrial facilities.
In order to evaluate the feasibility of ultrasonic evaluation method for properties degradation of high temperature materials,
2.25Cr-1Mo steel specimens which were prepared by the isothermal aging heat treatment at 630°C were evaluated by ultra-
sonic measurements investigating the change of velocities and attenmation coefficient. In this results, attenuation coefficient

was found to be sensitive to material degradation mainly attributed to the change of grain size and the precipitation of
impurities in grain boundaries, but velocity was not for all specimens.
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Table 1 Chemical compasition of 2.25Cr-1Mo steel (wt.%)

-

C Si Mn P &) Cr Mo | Fe

012 | 024 | 045 | 0024 [0.008 | 215 | 097 | Bal

Table 2 Equivalent service time at 53§C and aging time at

6307
Time served at 538°C(lr) | as-received | 3,000 | 12,000 | 60,000
Agng time at 630 C{(hr) 0 50 | 200 I,OOOJ

| 9%
&
% 630 C, 50hr 200 hr 1000 hr
&
<y WQ WQ,630°C
& tempering
fumack cookng
Tume ( hr )

Fig. 1 Schematic diagram of heat treatment
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Fig. 2 Schematic diagram of ultrasonic experimental apparatus
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Fig. 3 Effect of degradation on the microstructure of 2.25Cr-
1Mo steel
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Fig. 4 Microstructure of austenite grain size as a function of
austenitizing temperature
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Fig. 5 Relation between average prior austenite grain size
and austenitizing temperature
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Fig. 7 Ultrasonic pulse echo waveform of As-received and
1000hr. degraded specimen
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Fig. 8 Frequency dependence of attenuation on aging time

37 A FBHEoM 2Eale] T wkilel|ze] ¢ ME
2T T Aol et RF-signal W38 Jehiigleh. g4 o]
WAdol 2 oA UdAME 220 FA UAd 9
g sl o Ul BobEd o3 ni e AR
sy 2 dgdMe BF gyite b o2kl
olExA oz Foadd vjAe 9% T8 A7) WF
of FAlglEEr B3 al2dilo| B Ay, T4
el oz 249 dee gln Uy 239 Uean
dAgoR oS W} A uAE G A 24
ahloh

Fig. 8& #dAle} dald Addne 7raA s F3)

F &4 e el stk § AlEW 25 15MHz o
Aol A ZAFE 348 Are S ¢ £ 9o 93t
o M2 ZF9 A7 2FYAGN HEY FY vl
A 22 Wz 15MHz o] 49 n34e 2298 A
&3t Ao #y¥e ¢ 4 9ot Fig 9¢ A3y a2
719 2 Aeete FHAAE Ye 2 9ok e 2H Y
ol =7t F7hetel weby A} 277 Frlkstan
259 A7 AL E & 5 vk ole AAY] 2
S3te] Az F4E a2 (2)8 go| yYAFE
A9 AR¢ AxgrRen S ¢ & Uk
EF FUd A3 Y AviAA At RN R &
+ 3 gaAe7E 2 AL e FHU0R 2ZHLA
A gzlEe] A3 371 59 nl4 27 Wgst 28
Tte] AHEA R Agele] AR Gt 2 A
velliGea Adge 2 gy 2 GAldl 42de @

i=] (=] -] a (=]
N @ B r
“ < “ k-1 o
T T T

e
b
&
T

Attenuation C oefficient (dB/mm)

015 R
|—=— As-received
-t 1 D0 Bhr.
0.10
1 L 1 1 1 A
20 40 [:1) 80 100 120 1o

Grain Size (um)

Fig. 9 Effect of degradation on the grain size of 2.25Cr-1Mo
steel
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Fig. 10 Variation of ultrasonic velocity of 2.25Cr-1Mo steel
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