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Abstract: Creep deformation and precipitation behavior of 9Cr—1Mo—V—Nb steel with excess nitrogen introduced
by solution nitriding were investigated. Precipitation of Cr,N phase was confirmed in addition to M,;Cq
and MX phases in the tempered microstructure. The creep strength of the steel was significantly reduced
by solution nitriding, while the creep rupture elongation was increased. To characterize the complex
precipitation behavior of the nitrogen-added steel, a machine learning-based clustering method of the mul-
tidimensional scatter diagram of the X-ray intensity of the alloying elements in each pixel of a STEM-EDS
map was developed. Reduced number density of precipitates and enhanced coarsening kinetics of both
Cr,N and MX were proposed as the mechanism of weakening caused by excess nitrogen.
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Microstructure Development during Creep Deformation of 9Cr—1Mo—V-Nb Steel

with Excess Nitrogen Introduced by Solution Nitriding

— Multidimensional Scatter Diagram Analysis of STEM-EDS Maps by Machine Learning —

Tomotaka HATAKEYAMA, Shuntaro Ipa, Kota SAWADA and Kyosuke YOSHIMI
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Table 1. Chemical composition of an as-received 9Cr—1Mo—V—
Nb steel (mass%).

C Cr Mo V Nb Mn N S P Si  Ni

0.09 858 094 021 0.07 035 0.04 <0.01 0.01 0.22 0.04

A
1473 48 h in N2, 1 atm

~ 1323
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Fig. 1. Thermal history of the solution-nitriding treated sample.
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Fig. 2. (a) Stress, (b) elongation and (c) reduction of area vs time
to rupture diagram of the solution-nitriding treated sam-
ple and conventional modified 9Cr—1Mo steels®".
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Fig. 3. (a)—(c) Strain vs time curves, (d)—(f) creep rate vs time curves, (g)—(i) creep rate vs strain (linear) curves and (j)—(1) creep rate
vs strain (logarithmic) curves of the solution-nitriding treated samples and T91 steel (MGD heat) under (2)(d)(g)(j) 100, (b)(e)(h)

(k) 80, and (c)(f)(i)(1) 70 MPa at 923 K.
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Fig. 5. Appearance of the creep-ruptured specimens ruptured
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h under 70 MPa at 923 K. (Online version in color.)
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Fig. 13. Bright field STEM images overlaid on the clustering results of the gauge portion of the creep-ruptured specimens ruptured after
crept for (a) 200.3 h under 100 MPa, (b) 1,027.9 h under 80 MPa, and (c) 2,092.3 h at 923 K under 70 MPa at 923 K.
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Supporting Information
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of Mo—Cr, V-Cr, Nb—Cr obtained from the STEM-EDS maps, and
clustered precipitates map of the as-received T91 (MGD heat).
This material is available on the Website at https://doi.org/10.
2355/tetsutohagane. TETSU-2024-115.
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