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Synopsis

Martensitic stainless steels hardened by precipitation of intermetallic compounds, such as NiAl and Ni;Ti, have high yield
stress and toughness. Although the precipitation behavior and the influence of each of NiAl and Ni;Ti have been investigated in
previous studies, the details of the strengthening mechanism of each precipitate were unknown.

In the present study, the morphology and volume fraction of precipitates were analyzed using TEM, SAXS (Small-Angle X-ray
Scattering) and SANS (Small-Angle Neutron Scattering), and the influence of precipitates characteristics on yield stress was
investigated. As the result of these investigations, it was estimated that the v, of Ni;Ti is larger than that of NiAl. This indicates
that strengthening by Ni;Ti contributes more than that by NiAl.
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Fig. 1. Schematic diagram of heat treatment.
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Table 1. Chemical composition of experimental alloys (mass%).

Alloy C Ni Cr Mo Al Ti Fe
Alloy 1 (1.2Al) | 0.001 8.4 12.5 2.2 1.2 |<0.01| Bal
Alloy 2 (1.2Ti) | 0.001 8.4 12.5 22 |<001] 1.2 Bal.
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Fig. 2. Microstructures and retained y fraction of

each alloy as subzero treated and after aging
treatment at 540 °C for 4 h.
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Fig. 3. Bright field TEM images of experimental alloys.
(a) Alloy 1 and (b) Alloy 2 after aging treatment
at 540 °C for 4 h.
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Fig. 4. (a) SAXS profile and fitted curve from Alloy 1 and
(b) SANS profile and fitted curve from Alloy 2
after aging treatment at 540 °C for 4 h.
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Fig. 5. Rockwell hardness of experimental alloys after

aging treatment from 420 to 540 °C for 4 h.
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Table 2. Results of microstructural characterization of precipitations obtained by SAXS and SANS analysis.

A Measuring Volume fraction: | Average particle
Alloy Precipitation method V%] size: d [nm]
Alloy 1 (1.2Al) NiAl SAXS 2.34 4.5
Alloy 2 (1.2Ti) NisTi SANS 1.03 6.1
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Table 3. Calculation results of A7, by various yapg.

. . Yars Reference for ATy ATy,
Material Precipitation [J/m?] Vars [MPa] [MPa]
0.5 4) 735
Alloy 1 (1.2Al) NiAl 0.256 5) 269 573
573
0.42 |Our approach (Fitted to AT.,,)
0.48 7) 541
Alloy 2 (1.2Ti) | Ni,Ti 0.516 9 603 568
0.50 |Our approach (Fitted to AT..,)
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