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Evaluation of Creep-Fatigue Damage Accumulation by Means of
Electrochemical Nondestructive Detection Method

Tetsuo SHOUJI*, Yutaka WATANABE*,
Shinichi KOMAZAKI* and Tetsuji KAWAHARA*

Abstract

In this study, for the purpose of development of a nondestructive detection technique of creep-fatigue
damage in Type 316FR stainless steel for fast reactors, application study of electrochemical methods and
the Induced Current Potential Drop(ICFPD) was done.

Applicability of electrochemical methods to evaluation of grain boundary precipitates which, provide
preferred site for cavities was investigated. Anodic polarization curves were measured both in 1IN KOH
solution and in 1N HZ2S04+KSCN solution. An anodic current peak that, corresponds to preferential
dissolution of the grain boundary precipitates was observed in the measurements using in the KOH
solution. It was suggested that evolution of the grain boundary precipitates which should be associated
with creep-fatigue damage can be evaluated by the electrochemical method using KOH solution. The
results of reactivation ratio of the material in IN H2S04+KSCN solution, which is recognized as the
sensitive indicator of Cr-depletion, suggested a correlation between the reactivation ratio and creep-
fatigue damage.

Clear differences between the as-received material and the creep-faticue damaged sample were found
in ICFPD results. Although more detailed investigation is required to make a conclusion, it was expected
that potential drop can reflect meep-fatigue damage in the microstructure, e.g. precipitates cavities,
surface cracks. Based on the preliminary result, the ICFPD technique may be expected to provide a

quantitative monitoring capability of creep-fatigue damage.

Work performed by Research Institute for Fracture Technology, Faculty of Engineering, Tohoku
University under contract with Power Reactor and Nuclear Fuel Development Corporation.
Contact Number : 070D0338
PNC Liaison : Structure safety Engineering Section, safety Engineering Division.
Y.Sakakibara
%) Research Institute for Fracture Technology, Tohoku University
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%2.2.1 316FR$A D144 B (wi%)

specimen C gi Mn

P S Ni

Cr Mo N
#1. #2 0.012 0.52 0.86 0.024 0.004 10.59 16.58 2.14 0.08
#3. #4 0010 0.59 0.84 0.026 0.003  11.19 16.87 223  0.08
F222 BMAEER.T)
specimen 0.2%IM 77 Nimn? 5[5R5& & Nmm? BT o
#1. #2 275 588 56.5
#3. #4 263 566 62.5
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2) BT L 512 .
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F23.17 ) —TEFERER D L URBREMG

Specimen Temperature Strain amplitude  Strainrate Hold time Cycles Usage factor L.M.P,C=20
C Det, % e, %/sec min N N/Nf
#1 550 0.5 0.001 60 14346 failure 1.0 19.9
#2 600 0.5 0.1 60 4171 failure 1.0 20.6
#3 600 1.0 0.1 60 218 0.4 #) 19.6
#4 600 1.0 0.1 60 121 0.2 ) 19.4
#) BEFTHYALH) Nf=550cyc. &L,

£00-96 TO96CL ONd



'PNC TJ9601 96-003

X2.4.1 7)) — TR AR O ETE
(#1 550 CREMTHE)



i

stress axis

g

x5000
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At l '

: Induction current

H : Magnetic field
A : Distance of probe

E : Electromagnetic field

V,Vc : Potential drop

"\ Width of crack

Induction wire

i Conductive metal

< >

Distance from the induction wire
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