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Analysis of Mechanical and Ultrasonic Properties for the Evaluation
of Material Degradation in Modified 9Cr-1Mo Steel

Y. K. Hyun', S. H. Won, S. H. Lee, Y. H. Son, J. H. Lee, I. B. Kim*
Industrial Technology Support Division, Korea Institute of Materials Science,
Changwon 641-831, Koera
*School of Materials Science and Engineering, Pusan National University, Busan 609-732, Korea

Abstract Modified 9Cr-1Mo steels possess excellent high-temperature mechanical properties and are widely
used in energy conversion industries. However, in-service materials degradation, such as softening, carbide-
induced embrittlement, temper embrittlement, etc., can take place during long-term operation. Evolution of micro-
structure due to service exposure to high temperature has a strong effect on the performance of heat resistant
steels. In case of modified 9Cr-1Mo steels, precipitation of Fe,Mo-type laves phases and coarsening of M,;Cq-
type carbides are the primary cause of degradation of mechanical properties such as toughness, hardness, ten-
sile strength and creep resistance. This study was aimed at finding reliable parameter for assessing the integrity
of modified 9Cr-1Mo steels. Characteristic parameters were attained between mechanical and ultrasonic properties.
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Table 1. Chemical composition of Modified 9Cr-1Mo steels [wt.%]

Elements C Si Mn P S Cr Mo \% Nb W
Spec. [0.07-0.14| 0.2-0.5 | 0.3-0.6 0.020 0.010 8.0-9.5 |0.85-1.05|0.18-0.25 | 0.06-1.0
Specimen 0.11 0.29 0.48 0.014 0.001 8.49 0.93 0.21 0.069 | 0.060
Table 2. Conditions of modified 9Cr-1Mo steels by artificial aging. (700°C)
Material No. BO B1 B2 B3 B4 B5 B6 B7
Aging Time (hrs) 0 200 400 500 750 1000 1200 1500
Table 3. Conditions of modified 9Cr-1Mo steels by interrupted creep test. (650°C, 95MPa)
Material| Gauge/loaded| BO | B'1 | B2 | B3 | B4 | B5 | B6 | B7 | B8 | B9 | B10 | B'11 | B'12 | B'13 | B14 | B'15
No. |Grip/unloaded B'lu|B'2u|B3u|B'4u|B'5u|B'6u|B'7u|B'8u|B'9u| B'10u | B'11u | B'12u | B'13u | B14u | B'15u
Seizing Time (hrs) 0]20| 40|60 | 8 |100|120|140|160|180| 200 | 240 | 270 | 300 | 330 | 400
Life Fraction (t/tr, %) 0| 5 [10]15]20| 25|30 |35]|40 | 45| 50 60 | 675 | 75 | 825 | 100
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Fig. 1. Change of mechanical properties with aging
time.
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Fig. 2. Change of hardness ratio with aging time.
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Fig. 3. Change of tensile strength ratio with aging time.
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Fig. 4. Tensile strength ratio between the calculated by
Hv and real tensile test.
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Gauge/loaded | B0 | B1 | B2 | B3| B4 |[B5|B6|B7 | B8 |B9| B10 | B1l | B12 | B13 | B14 | B15
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