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Ultrasonic Nondestructive Evaluation of Microstructural Degradation
in Artificially Aging Heat Treated 2.25CrMo Steel
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Research Institute of Engineering and Technology, Korea University, Seoul, 136-701
*Division of Materials Science and Engineering, Korea University, Seoul, 136-701
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Abstract Artificial aging was performed to simulate the microstructural degradation in 2.25CrMo steel arising from
long time exposure at 540°C. It was found that the carbides became coarser and spheroidized as aging time
increased. An attempt was made to evaluate the microstructural degradation in artificially aging heat treated 2.25
CrMo steel by the ultrasonic attenuation and velocity measurements. Ultrasonic velocity was found essentially insen-
sitive to the microstructural changes resulting from aging heat treatment. However, the ultrasonic attenuation was
observed to increase with increasing aging time. Also, it was noticed that the change of ultrasonic attenuation with

aging time was more sensitive at high frequency regions.
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Table 2. Artificial aging heat treatment conditions

Artificial aging time at Simulated serviced time at
630°C Hours (Days) 540°C Hours (Years)
290 (12) 15,000 1.7)
340 (15) 20,000 (2.3)
550 (23) 30,000 (3.5)
730 (30) 40,000 (4.6)
1,200 (49) 65,000 (7.5)
1,500 (61) 80,000 (9.3)
1,800 (76) 100,000 (11.6)
2,700 (111) 145,000 (16.8)
3,700 (152) 200,000 (23.1)
| Pulser & Receiver
Panametrics S601A/TT
Position l
Controller
Digital Storage
Transducer Holder ————p m L Pcf:;:t:r
Transducer ————-——p
Water —{p
Spcinen e

Fig. 1. Schematic diagram of ultrasonic measurement
system.

Table 1. Chemical compositions of the 2.25CrMo steel(ASTM A387-22-CL2)

Component Fe C Si Mn

P S Al Cr Mo Ni

wt.% bal. 0.138

0.142 0.46

0.014 | 0.004 } 0.007 2.27 0.97 0.17
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Fig. 2. SEM images of the specimen aged at 630°C for various aging time; (a) as-received, (b) 290 hr, (c) 2700 hr and (d)

3700 hr.
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Fig. 3. FESEM images showing morphology of carbides
after various aging time; (a) as-received, (b) 290 hr, (c) 340
hr, (d) 1200 hr, (e) 2700 hr and (f) 3700 hr.
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Fig. 4. SEM photographs showing the Cr and Mo line
profile of grain boundary carbides; (a) as-received and (b)
3700 hr.
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Fig. 5. Composition analysis of grain boundary carbides
by auger spectroscopy.
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Fig. 6. Fractographs showing transgranular cleavage
fracture(aged for 3700 hours and then fractured after
cooling to liquid nitrogen temperature).
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Fig. 7. Typical ultrasonic signals of the as-received
specimen measured by broad band 35MHz transducer; (2)
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Fig. 9. Change of attenuation coefficient with aging time
(pulse echo method).
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Fig. 10. Change of attenuation coefficient with aging time at various frequency (frequency spectrum analysis).
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