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Creep Damage Evaluation on 2.25Cr-1Mo Heat Exchange Tubes
by Intra-granular Distortion Analysis

Hiroki Yosnizawa, Masashi Nakasniro, Shigemitu Kinara and Hideo Umaxi

Synopsis :

Creep damages of 2.25Cr-1Mo steel heat exchange tubes used for 80,000, 190,000 and 221,000 hours in fossil power

plants were quantitatively evaluated in terms of intra-granular distortion by TEM. A method for calculating the
average intra-granular distortion of 2.25Cr-1Mo steel developed in our previous study was applied. Average intra-
granular distortion used for 221,000 hours was calculated as 0.058 deg./um and estimated 2.494 creep strain. Relation
between creep strain and creep life consumption ratio indicated more than 7094 of creep life was consumed at service
condition. Heat exchange tube used for 80,000 hours was calculated 2094 of creep life was consumed. Among the three
specimens, creep life consumption ratio was linearly increased with operation period. Near the leak portion used for
221,000 hours high creep strain rate was anticipated from the dislocation structure and non-uniform distribution of intra

-granular distortion in the tube.

It was concluded intra-granular distortion (IGD) analysis was applicable for the

evaluation of 2.25Cr-1Mo heat exchange tube employed under and over designed period.
Key words : steel for elevated temperature ; tubular product ; creep ; maintenance ; metallograpy.
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Fig. 1. Flow of distortion analysis.
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Table 1. Shapes and operating conditions.

No. Opt?'rna;lon prS;::::e !emh:::::ure Size
(design) (design)
h MPa K ¢ Xt (mm)
C-1 80,000 17.2 855 45.0X11.0
C-2 190,000 16.8 867 62.0X15.0
C-3 221,000 119 821 50.8x8.0

Table 2. Chemical compositions.

(o] Si Mn Cr Mo S P
(%) (%) (%) (%) (%)  (ppm)  (ppm)
C-1 0.11 026 045 210 0.92 130 220

C-2 0412 031 045 206 095 90 110
C-3 013 040 045 2.16 0.93 60 150
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Fig. 2. TEM micrographs of 2.25Cr-1Mo heat
exchange tube used for 80,000 hours (C-1).
a) near inner surface. b) outer surface.
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Fig. 3. TEM micrographs of 2.25Cr-1Mo heat
exchange tube used for 190,000 hours (C-2).
a) near inner surface. b) outer surface.
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Fig. 4. TEM micrographs of 2.25Cr-1Mo heat
exchange tube used for 211,000 hours (C-3).
TEM specimens were cut from the portion
with thicker oxidation layer. a) near inner
surface. b) outer surface.
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Fig. 5. Microstructures of 2.25Cr-1Mo heat
exchange tube used for 211,000 hours (C-3).
TEM specimens were cut from 15 cm away
from leak portion. Locations of TEM speci-
mens are indicated in f).
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using the previous results®.
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of 2.25Cr-1Mo steels.
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