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Influence of Tempering on Mechanical Properties of Ferritic-Martensitic Steels
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1. Introduction and two experimental alloys (i.e., F164 and F168)
currently being developed by the present authors.

In the mid-1980s research programs for developmentRectangular shaped ingots were produced by vacuum
of low activation materials began. This is basedtten  induction melting (VIM) in the POSCO. The ingots
US Nuclear Regulatory Commission Guidelines Were hot rolled to 15mm-thick plates, following eep
(10CFR part 61) that were developed to reduce long-heat treatment at 1200 for 2 h. The hot-rolled plates
lived radioactive isotopes, which allows nucleaacater were heat treated to produce a fully martensitgciire
waste to be disposed of by shallow land burial whenand then tempered at three different conditions
removed from service. Development of low activation according to the schedules given in Table I: e i
materials is also key issue in nuclear fusion systeas normal tempering condition which has been optimized
the structural components can became radioactiee du for each alloy by its developer [6, 7], and theeothare
to nuclear transmutation caused by exposure to- high those with a shorter or longer annealing time, Whic
dose neutron irradiation. Reduced-activation fierrit  leads to the under- or over-tempered microstructure
martensitic (RAFM) steels have been developed én th respectively.
leading countries in nuclear fusion technology [1-3 Plate-type sub-size tensile specimens with a gage
and are now being considered as primary candidatedimension of 2.5 mm in thickness, 6.25 mm in width
material for the test blanket module (TBM) in the and 25 mm in length (ASTM E8) were machined from
international thermonuclear experiment reactor RJE  the tempered plates, and an uniaxial tensile test w
RAFM steels developed so far (e.g., EUROFER 97 andperformed at temperatures between 25~600at an
F82H) meet the requirement for structural applarain initial strain rate of 18 s®. Creep rupture test was
the ITER. However, if such alloys are used in the conducted at 550C under an applied stress of 240 MPa,
DEMO or commercial fusion reactor is still uncleas, using a rod-type specimen with a gage dimensiof of
the reactors are designed to operate under mueltesev. mm in diameter and 28 mm in length. A ductile-heitt
conditions (i.e., higher outlet coolant temperatarel transition temperature (DBTT) of the tempered ate
neutron fluences). Such harsh operating conditiead was determined by the Charpy impact test, for wisich
to development of RAFM steels with better creep and full-size notched bar was used according to the MST
irradiation resistances. E23.

Mechanical properties of RAFM steels are strongly
affected by microstructural features including the Table I: Normalizing and tempering schedules emediofpr
distribution, size and type of precipitates, dighicn the RAFM steels studied in the present work. Allshenples

density and grain size [4, 5]. For a given composit were air-cooled following each heat treatment.
such microstructural characteristics are determined Normalizing Tempering

mainly by thermo-mechanical process employed to Under Normal Over
fabricate the final product, and accordingly a ffihaat F82H 1040C/38m|  750°C/30m|  75C°C/60m| 75C°C/180m

tre_atment, .., tempering IS the key SFep to abritre EUROFER97 980°C/30m| 760°C/30m| 760°C/90m| 760°C/180m
microstructure and mechanical properties. In tlesent
F164

work, we investigated mechanical properties of the Fle8 105°C/30m| 76(°C/30m| 76(°C/90m| 76(PC/180m
RAFM steels with a particular attention being péd
effects of tempering on impact and creep properties

2.2 Results and Discussion

2. Methods and Results ) . . . .
The increase in tempering time lowers the yield

2.1 Experimental procedures strength but enhances the total elongation of tloysa

examined. The yield strengths of the tempered plate

The materials investigated in the present workigel ~ Shown in Fig. 1. In the under-tempered conditidrg t

two reference alloys (i.e., F82H and EUROFER97) Yield strength of F82H and EUROFER97 is ~680 MPa
developed in Japan and the Europe Union, respégtive at room temperature, while experimental alloys show
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slightly lower values, i.e., 654 and 615 MPa foil6&1 three times longer than that of the normally terager
and F168, respectively. Increase in tempering torg0 counterparts.

or 90 min. results in a significant reduction irelg Transmission electron microscopy reveals a high
strength and the extent of which is much greater fo density of dislocations in the under-tempered saspl
EUROFER97. In the over-tempered condition, yield which is significantly reduced in the normally-teenpd
strengths of the alloys are quite similar each mthe one. The over-tempered samples show a well-defined
showing values ~430 MPa. The increase in temperingsub-grain structure and a huge number of precgstat

time, on the other hand, enhances ductility ofateys: Most of precipitates formed are found to be carbide
the under-tempered samples show 16~20% in totalwhich are much larger than those formed in the unde
elongation and it is ~25% when over-tempered. and normally-tempered counterparts. It is surmibed

a higher dislocation density in the as-temperedesta
enhances the creep resistance but impairs impact

750

oo N resistarjce. This_ _in tl_Jrn suggests thgt a _propeim_a}m‘
= —A—Fl64 tempering condition is the key to optimizing medbah
——F168 .
% 650+ properties of the RAFM steels.
‘_g‘ 600 3 C S
5 ss0 . Conclusions
()
7 7 The present work has demonstrated that the tensile
% 450+ properties, impact resistance and creep propesties
> 400 Testtemperatures 25°C significantly affected by the degree of temperidg
a5 | e v e 1x10%s attempt was made to correlate the mechanical ptieper
0 30 60 9 120 150 180 210 with microstructural characteristics and it is doded
Tempering time [min.] that dislocation density and distribution of pretes
have great influence on mechanical properties. Trhis
Fig. 1. Effects of tempering time on yield strengftihe turn emphasizes an importance of optimizing tenmgeri
RAFM steels studied in the present work. condition of the RAFM steels.
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