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Abstract

The structural steels of power plant show the decrease of mechanical properties due to degradation
such as temper embrittlement, creep damage and softening during long-term operation at high
temperature. The typical causes of material degradation damage are the creation and coarsening of
carbides(M2Cs, M¢C) and the segregation of impurities(P, Sb and Sn) to grain boundary. It is also
well known that material degradation induces the cleavage fracture and increases the ductile-brittle
transition temperature of steels. So, it is very important to evaluate degradation damage to secure the
reliable and efficient service condition and to prevent brittle failure in service. However, it would not
be appropriate to sample a large test piece from in-service components. Therefore, it is necessary to
develop a couple of new approaches to the non-destructive estimation technique which may be
applicable to assessing the material degradation of the components with not to influence their essential
strength. The purpose of this study is to propose and establish a new electrochemical technique for
non-destructive evaluation of material degradation damage for Cr-Mo steels which is widely used in the
high temperature structural components. And the electrochemical anodic polarization test results are
compared with those of semi-nondestructive SP test.
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Table 1 Chemical compositions. of used specimens (wt.%)

Steels Symbol C Si Mn P S Ni Cr Mo v
2.25Cr-1Mo A 0.15 0.5 0.4 0.03 0.03 — 2.1 0.96 —
1.25Cr-1Mo B, D 0.2 043 0.71 0.02 0.013 0.09 1.33 1.02 0.10
2.25Cr-1Mo K, L T| 0I5 0.41 0.66 0.02 0.03 — 22 0.92 —

2.25Cr-0.5Mo P, N 0.15 0.45 0.55 0.031 0.03 — 22 0.46 —

2.25Cr-0.5Mo E 0.15 0.35 0.5 0.045 0.045 — 2.11 0.44 —
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Table 2 Specimen locations and service temperatures

Symbol Specimen location Service temperature(C)
A Iry superheater tube 440
B 1ry superheater tube 430
D Iry superheater tube 450
E 2ry superheater tube 520
K Iry superheater tube 400
L 1ry superheater tube 460
N 2ry supetheater tube L 530
P 2ry superheater tube | 537
T 2ry superheater tube | 535
L-direction R-direction
outer surface
=
SP specimen
(10X10X0.5mm)

Flectrochemical spedmﬁn
(12X12X3*mm)

Fig. 1 Preparation of specimens for SP and
electrochemical tests
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Fig. 2 Schematic diagram of SP test equipment
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I : Elastic bending region
II : Plastic bending region
111 : Plastic membrane stretching region
1V : Plastic instability region

(2) Typical load-displacement curve

A=Max. SP-energy

-

A+B/2

SP energy, (kN mm)

B = Min. SP-energy

Temperature, (° C)
m SP-Energy (E sp)= The area under P- § curve
m DBTT=Temperature of 0.5(E sp.max*Esp.min)
® ADBTT=(DBTT) yscd materiar(DBTT) New material

(2) Typical SP-energy ductile-brittle transition curve

Fig. 3 The load-displacement curves and the
definition of ductile brittle transition
temperature(DBTTsp) and A DBTTsp in SP
test
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Fig. 4 Schmetic diagram of electrochemical test
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function of temperature
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Table 3 Results of degradation damage degree by

SP test
Material [DBTT]sp [4DBTT]sp
Symbol .
conditions (T) )
de-embrittled -178
A 17
as degraded -161
de-embrittled -169
B 3
as degraded -166
de-embrittled -169
D 10
as degraded -159
de-embrittled -167
E 21
as degraded -146
Ferrite de-embrittled -179
K 14
steels as degraded -165
de-embrittled -166
L 5
as degraded -161
de-embrittled -170
N 4
as degraded -166
de-embrittled -176
P 27
as degraded -149
de-embrittled -174
T 23
as degraded -151
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Fig. 10 Anodic polarization curves for service A,
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Fig. 11 Anodic polarization curves for service B,
D, L, and P materials in 50%-Ca(NO;),
solution
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