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A Study on the Evaluation for Material Degradation of 1.0Cr-0.5Mo Steel
by a Electrochemical Polarization Method
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Abstract

The contents of this paper include a non-destructive technique for evaluating the degradation
of the boiler superheater tube in a fossil power plant through an electrochemical polarization test.
Correlation between Ip of polarization parameter and SP-DBTT for the superheater tubes in long-
term use was obtained. 1.0Cr-0.5Mo steel was degraded by softening, and the degree of degrada-
tion was dependent upon carbides with Cr and Mo elements. Since brittle fracture at low
temperature and ductile fracture mode at high temperature were shown, similarity between
standard Charpy and small punch tests could be found. In addition, SP-DBTT showing the degree
of degradation was higher, as the time-in use of the materials got longer. Electrolyte including
picric acid of 1.3 g in distilled water of 100ml at 25C temperature and sodium tridecylbenzene
sulfonate with 1g could be applied to evaluate the degradation of 1.0Cr-0.5Mo steel by means of
the electrochemical polarization test. Ip and Ipa values measured through the electrochemical test
are the appropriate parameters for representing the degradation of the superheater tube(1.0Cr
-0.5Mo steel) for the fossil power plant. It is possible to evaluate the degradation of materials

with different time histories electrochemically, by Ip value only, at field test.
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Table 1 Chemical compositions and mechanical
properties.
(a) Chemical compositions (Wt%)

C Mn P S Si Cr Mo

0.15 | 0.45 [0.025}0.025| 0.25 | 1.0 | 0.55

(b) Mechanical properties

Yield strength | Tensile strength | Elongation
(MPa) (MPa) (%)

275 415 20
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Table 2 History of the boiler superheater (S/H) tube materials used in this study.

Material Component Operation temperature (°C) Operation time (hr)
P-1 Parent
U-1 S/H tube 308 26,897
- 1.0Cr-0.5Mo
U-2 S/H tube 520 120,000
U-3 S/H tube 520 165,786
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Fig. 1 Schematic diagram for electrochemical polarization measurement.
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Fig. 5 Microstructures photoes of the used material.

(c) 165, 786 hr
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Table 3 Results of hardness and LMP values.

Materials | Hardness, Hv A Hy LMP
P-1 16.22
U-1 12.5 —3.72 14.193
U-2 5.4 —10.82 | 17.380
U-3 3.02 —13.22 17.484
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Table 4 Electrochemical parameters obtained in this study.
Symbols Ecore (MV) Ip(pA/cm?) | Ipa(pA/cm?) | Ipnose(pA/cm?) | Alp(pA/cm?)
P-1 —118 13 5.2 1,200
U-1 —110 1,950 1,100 25,000 1,937
1.0Cr-0.5Mo
u-2 —122 5,000 2,050 21,000 4,987
U-3 —129 10,000 6,000 30,000 9,987
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Fig. 10 Relationship between SP energy and temperature for the parent with used materials.
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Table 5 Results of SP test for the various materials used in this study.

Symbols Material conditions| Used time, (hrs) | (SP DBTT), ¢ (aDBTT)sp, C
P-1 Parent —153.5
U-1 As-degraded 26,897 —144.5 9.0
1.0Cr-0.5 Mo
U-2 As-degraded 120,000 —130.3 23.2
U 3 As-degraded 165,786 —128.7 24.8

.

ime 978318

(a) —196C (b) —1507C

- 100°C

(a) —196C (b) - 150C ()

(h) Fractured surfaces

100C

) —75%C

Fig. 11 Macro-photoes and fractured surfaces by SEM for the SP specimens (120,000 hr).
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