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Please report your samples, experimental method and results, discussion and conclusions. Please add figures and
tables for better explanation.

1. 5% Name of sample(s) and chemical formula, or compositions including physical form.

The chemical compositions of high nitrogen martensitic steel are 0.1C-0.6N-16Cr—1.0Mo—0.6V (mass %). The
steel was melted in a nitrogen atmosphere and an ingot was forged to a plate. Small specimens cut from the
plate were homogenized and solution treated at 1423K for 1.8ks followed by quenching into water. The
microstructure of the as—quenched specimen consists of martensite and the retained austenite. Another steel
with chemical compositions of 0.79G-1.51Si-1.98Mn—0.98Cr-0.24Mo—1.06Al-1.58Co (mass%) was also used for
reference. For this steel, the microstructure was adjusted to be bainitic ferrite with the retained austenite.

The dissolution of austenite with tempering was common objective to be made clear.

2. ERFZERVER (EBRISEKWDEAITIGE . TOEBRZEHRLTZEL,)
Experimental method and results. If you failed to conduct experiment as planned, please describe reasons.

The size of a specimen used for simultaneous

measurement of dilatometry and neutron diffraction was 5

) Start specimen : 1150°C 30min holding
by 5 by 30 mm (rod). A dilatometer was set at the and water quenching

Engineering materials diffractometer (TAKUMI) in such a
way that the longitudinal direction of the rod specimen was
45 degrees with respect to the incident neutron beam.

Hence, the data along the longitudinal and transverse

directions were obtained at the north and south detector

Furnace

bank. In order to examine microstructure change with C cooling

tempering, a specimen was heated step by step like in Fig. 1. RT

A little different heating schedule was also examined. In
case of bainitic steel, the specimen heated up to 900°C  Fig. 1 Heating schedule for tempering

were cooled down to 300°C and kept there to observe study for the high nitrogen bearing steel.

bainitic transformation..




2. REBAZERUVFER (DDEF) Experimental method and results (continued)

Examples of diffraction profiles obtained are
presented in Fig. 2. As seen, the starting ¥ (311) a@11) y/(zzo) ‘a/(zom 7(200) @(110) ;(111)
microstructure is composed of martensite and !
austenite. At 600°C, all the peaks shift toward

right hand side because of thermal expansion. 3

<
The FWHM was decreased at 600°C and =
became much smaller after heating indicating = i ‘ ! P
the tempering of martensite. The precipitation szN '
of Cr nitride was found at 600°C. To be noted | ‘L \ ;L ‘
here is the decomposition of the retained — et 2 — w 3;
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austenite as is summarized in Fig. 3. In case of
Fe-C martensite, the retained austenite is Fig. 2 Example of neutron diffraction profiles
decomposed to ferrite and cementite around obtained

280°C. However, the present high nitrogen

bearing austenite is stable even heating at 4512 F
400°C and starts to decompose around 500°C.. ;\gg I
The decrease in FWHM for martensite peaks %30 r
suggest that transformation induced é;g :
dislocations in the quenched martensite are = ig :
more difficult to be annihilated than in the 5 L
0

conventional carbon martensite. This high
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nitrogen steel is characterized by showing the
& 4 & Temperature (°C)

secondary hardening by tempering as is

observed in Fig. 4. so that high strength can be Fig. 3 Diffraction intensities as a function of

achieved at higher temperature like 500°C. The temperature for 200 martensite (or ferrite) and

secondary hardening is caused by the 200 austenite.

precipitation of nano—sized Cr nitride, that was

700
confirmed by means of small angle neutron 600 |
scattering study. But the present data claim the Esoo -
high density of dislocations at higher §400 i

. £300 | ,
temperature contributes also to suppress =

_ . _ $£200 |
softening with tempering. 100 L

The change in specimen length informs us 0
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microstructure evolution, for example, Temperature (°C)

i di to th tenit . . .
expansion —corresponding to the —austenrte Fig. 4 Hardness change with tempering (1h at

decomposition, but more comprehensive
each temperature).

information can be obtained from neutron

diffraction from a bulk specimen.




