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Abstract

The weld overlay has been applied to the piping system in a nuclear
power plant to mitigate the occurrence of stress corrosion cracking (SCC).
The thermal history during welding will result in phase transformation,
and cause a great change in microstructures, especially in the
heat-affected zone (HAZ) near the interfacial boundary. In this study, a
stainless steel (308L) filler metal was employed to perform overlay
welding on CF8 cast duplex stainless steels with different ferrite contents.
Moreover, Gleebe thermal simulator was used to generate the thermal
cycles on the CF8 substrate. The simulated specimens were subjected to
microstructural examinations, tensile, impact, and stress corrosion
cracking (SCC) tests. The effect of ferrite contents and morphologies on
the mechanical properties was investigated. The SCC susceptibility of
simulated specimens was evaluated by using a modified smooth tensile
specimen, which was strained at constant extension rate tensile (CERT)
tests under simulated coolant conditions in a nuclear reactor.

The results indicated that an increase in ferrite content in a CF8
substrate will lead to a minor increase in hardness. The thermal cycle
provided by Gleebe thermal simulator caused a marked rise in ferrite
contents, especially for the CF8 substrate with inherently high ferrite
content. Near 50% ferrite was obtained in the high ferrite substrate after

being subjected to Gleebe simulation. By contrast, a slight increase in
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ferrite content from 8.0% to 18.3% was found for the low ferrite substrate
with Gleebe thermal simulation. Besides, the ferrite morphologies alter
from skeletal structure before thermal simulation to island-like of
chain-like ones after Gleebe thermal treatment. The yield strength of the
test samples increases with increasing ferrite content obviously, however,
the ductility varies in reverse manner. It seems that the ultimate tensile
strength of the samples reaches a plateau, if the ferrite content is greater
than 18%. The impact toughness of low ferrite substrate was minor
affected by the Gleebe thermal treatment. For the high ferrite substrate, it
was noticed that Gleebe thermal treatment causes a great increase in
impact toughness in comparison with the as-cast substrate. Moreover,
cleavage-like fracture were seen in all of the samples subjected to slow
extension-rate tensile tests in simulated BWR water condition with 10

ppm dissolved oxygen.
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C Cr Ni Si Mn | P S Fe |CreqNigq| .
IN1TEQ
MF
( FN: 0.054 1 19.42 | 850 |0.34|0.21|0.039|0.004 | Bal. {19.9|10.22.0
8.0)
HF
0.066 | 21.95 | 8.28 | 1.15]0.88|0.028 | 0.008 | Bal. 23.7(10.72.2
(FN:21.4)
308L
( FN: 0.01 |20.00|10.00|{0.40|1.70|0.015|0.010 | Bal. 20.6(11.2]1.8
10.0)

HF: high ferrite content

MF: medium ferrite content
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Sample FN Ave.
H 214 | 224 | 215 21.1 22.1 219 21.7
M 8.0 8.1 7.8 8.2 8.0 7.9 8.0

HG 454 | 46.6 | 475 48.8 45.5 48.0 46.9
MG 18.2 18.4 18.7 18.1 17.7 18.5 18.3
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Yield strength Ultimate tensile Elongation
Sample
(MPa) strength (MPa) (%)
H 217 598 40
M 185 526 53
HG 467 598 30
MG 274 602 46

32




10. (A ERERSYA A E SEM RIERERZUSE(2) H,(b) M,(c) HG,(d)
MG =4

33



1. B{RHERERZLE G SEM RIERERZMSE(2) H,(b) M,(c) HG,(d)
MG =4

34



*& 4. FNESENSNERERE

Sample

H

HG

M

MG

CVN
impact toughness
(Joules)

16

32

40

40

35




12. EEEEESENZA 4 SEM RERERZYSE(2) H.(b) M,(c) HG,(d)
MG =4

36



13. EEEEESEZA 4 SEM RERERZYSE(2) H.(b) M,(c) HG,(d)
MG &4

37



NTOUS3400 15.0kV 39.4mm x25 SE

NTOUS3400 15.0kV 43.4mm x25 SE

14. REPARERDBEHEE A M. MS, MG, MGS , SEM &}

ERZI5E

38



i

(
)
i
E

kV 40.5mm x750 Si

15. [ERE#E A M, MS, MG, MGS SEM , {RERERZAHE]

39



NTOUS3400 15.0kV 46.1mm x25 SE

NTOUS3400 15.0kV 39.9mm x25 SE

16. =EAPAREAEDEERELA Ho HS, HG. HGS , SEM E&iEh

I5E

40



100£1 m

S3400 15.0kV 43.7mm x800 SE

17. [EAfEe#aEA He HS. HG. HGS , SEM fERERRF=]

41



BE. 2EXRK

[1] K. J. Kim,H. Ju,Y. Moon,J. H. Hong and S. J.Pak, Effect of the Solution Annealing

and Chemical Passivation Followed by Aging on the Corrosion of Shell Mold Cast

Cf8 Stainless Steel

[2] W. Y. Chen,M. Li,M. A. Kirk,P. M. Baldo and T. Lian,Effect of Heavy lon

Irradiation on Microstructural Evolution in CF8 Cast Austenitic Stainless Steel

C. Pareige,J. Emo,S. Saillet,C. Domain,P. Pareige,Kinetics of G-phase Precipitation

and Spinodal Decomposition in Very Long Aged Ferrite of a Mo-Free Duplex

Stainless Steel

[3] M. Li,M. K. Miller and W. Y. Chen,Phase Stability in Thermally-Aged Cass Cf38

Under Heavy lon Irradiation

[4] W. Y. Chen,M. Li,X. Zhang,M. A. Kirk,P. M. Baldo and T. Lian,In Situ TEM

Study of G-Phase Precipitates under Heavy lon Irradiation in CF8 Cast Austenitic

Stainless Steel

[5]T. S. Pertile and E. J. Birriel,Corrosion Resistance of Investment Casting Samples

of Cf8 Stainless Steel

in Different Passivation Conditions

[6] L. M. Cirdi,J. L. Lebrun,K. Inal and G. Barbier,Experimental Approach of A

Crystallographic Cleavage Criterion in A Cast Aged Duplex Stainless Steel

[7] S. Mburua,R. P. Kollia,D. E. Pereab,S. C. Schwarma,A. Eatonb,J. Liub,S. Patela,J.

Bartrandb and S. Ankema,Effect of Aging Temperature on Phase Decomposition and

Mechanical Properties in Cast Duplex Stainless Steels

[8] Y. Wang,D. Li,L. Sun,N. Li,M. Liu,W. Shen and H. Jing,Pitting Corrosion of

Thermally Aged Cast Duplex Stainless Steel for Primary Coolant Pipes of Nuclear

Power Plants

[9] Y. Wang,Y. H. Yao,Z. P. Wang,Y. H. Jin, X. L. Zhang and J. N. Liu,Thermal Ageing

on The Deformation and Fracture Mechanisms of A Duplex Stainless Steel by Quasi

in-Situ Tensile Test under OM and SEM

[10] T. S. Byun,Y. Yang,N. R. Overman and J. T. Busby, Thermal Aging Phenomena

in Cast Duplex Stainless Steels

[11] D. Mareci,S. 1. Strugaru,C. Munteanu,G. Bolat and R. M. Souto,Evaluation of

The Corrosion Resistance of Plasma Nitrided Austenitic Stainless Steel

[12] B. Kalandyk,M. Starowicz,M. Kawalec and R. Zapata,Influence of The Cooling

Rate on The Corrosion Resistance of Duplex Cast Steel

[13] T. Hamaoka,A. Nomoto,K. Nishida, K. Dohi and N. Soneda, Effects of Aging Temperature

on G-Phase Precipitation and Ferrite-Phase Decomposition in Duplex Stainless Steel
42



