Creep-to-Rupture of 12Cr- and 14Cr-ODS Steels
in Oxygen-Controlled Lead and Air at 650°C
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Intensive study of ferritic and ferritic/martensitic oxide dispersion strengthened (ODS) steels has arisen
with increased interest in these materials as candidates for application in nuclear power plants of 4"
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generation and for fusion reactors. High-temperature strength obtained due to randomly dispersed, fine £
second-phase particles in a metallic matrix by powder metallurgy process broadens the application range B
with respect to temperature. Strengthening mechanisms such as precipitation hardening and solid solution * 1 . ! Eoo
strengthening became more derivative for the fine dispersoids in comparison to conventional steels. The " o Pb Air L.
properties of ODS steels are strongly influenced by the production route, in addition to chemical «” §m,
composition leading to formation diverse structural compositions or bimodal structures. EN w
Ferritic 12Cr- and 14Cr-ODS steels produced by powder metallurgy technique in form of plates and bars, i e e
respectively, are studied with respect to creep-to-rupture behavior in stagnant, oxygen-controlled lead ) g, Stress-secondary creep rate
(c,=10® mass.-%) at 650°C. Similar experiments were performed in air so as to understand the effect of . for the steel i
liquid metal on creep. T e e curves for the steel in
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Determination of the creep-rupture parameters:
Timetompren Tivedoeupture

K : O o Lr= Lc+22,—[(D/di)2"li)] Stress-rupture and stress-secondary creep rate curves for the ODS and P92 steels in stagnant Pb and air
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- The higher stress, the higher ¢,z and Z are.

Creep-rupture specimen

Table 1: Composition (in mass%) and heat treatment of the extruded 12Cr-ODS plates

Si Mn P S Ni Cr w Ti Y o N Ar Y03 O
0.02 <0.01 <0.005 0.002 <0.01 122 194 025 0.17 0.12 0.01 0.005 022 0.08

12Cr-ODS steel tested at (a) 400 MPa, (b) 375 MPa, (c) 350 MPa, (d) 329 MPa.
Table 2: Composition (in mass%) and heat treatment of the cold worked 14Cr-ODS bars Structures formed at different stresses:

032 028 1346 088 039 022 029
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e f . e strength of r- an r- steels is similar at and independent on the environment
e e licntelstect » Th h of 12Cr- and 14Cr-ODS steels is similar at 650°C and independ he envi
i . . . in stagnant Pb and air :
Strain-vs.-time curves for the steel in stagnant Pb and air (Pd and air).
®» The 12Cr-ODS steel features change in the deformation mechanism at ~330 MPa in Pb. In contrary,
Table: G t " h teristi f only one n that is very close in Pb and air was obtained for the 14Cr-ODS steel at <375 MPa.
aole: three{)- TjLUPtUFi cmag:)c etrg,5l(():csco ® Failure structure of the 14Cr-ODS steel is characterized by constant dimension of ductile area at
© steelin stagna ) a Table: Creep-to-rupture characteristics of the <375 MPa (g, and Z are constant ), while the 12Cr-ODS steel features growth of columnar
P ;" o ; ;/h ';j e : steel in stagnant air at 650°C transgranular structure in comparison to the ductile one with decrease of stress. Therefore,
400 052 2 4 250 02 018 . " — B . P - decrease of the secondary creep rate resulted in decrease of .,z and Z.
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350 170.2 11 30 0006275 62.9 113.2
320 29824 6 17 0000432 471 29823 284* | >4,200 = B 0.000088  1.23
300 2,100 - - 0.0002064 320 - *_ i
w0 - oo as — Acknowledgment
250* >3,500 - - 0.0000398 191 -
::f:m Funding by the EURATOM 7" Framework Programme within the cross-cutting project GETMAT

(contract no. FP7-212175) is gratefully acknowledged.

KIT — University of the State of Baden-Wuerttemberg and
National Research Center of the Helmholtz Association



