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Microstructures and Depth Analysis of Crystalline Phases in Soft-Nitrided Steels

Toru Taxavama, Shigeharu Hinorany, Kouji 1zuomi, Yoshihiko Kamava, Masaaki Konoo and Motohide Mort

Synopsis

: The microstructures in several soft-nitrided steels have been examined by using the electron probe microanalysis on

cross-section samples and the X-ray diffraction method combined with the polishing technique from sample surface.
The volume fraction changes of e-, y’-, and/or a-Fe phases in the direction of the depth could be estimated from
the integral intensities of X-ray diffraction peaks. The compound layers which included the porous layers, were
characterized the following cases: (1) In the case of fused bath soft-nitriding, the compound layer was mainly
constructed with e-phase. At the upper of it, there was the porous layer which included M;O, and y’-phase. Then
at the inner of it, there was evidently o’-phase. The e-phase lattice constants were clearly decreased with depth. (2)
In the case of gas soft-nitriding, the compound layer was mainly constructed with e-phase. At the upper of it, there
was the porous layer which included M;0,. The e-phase lattice constants were decreased with depth, though the
changes were slight compared to the case (1). (3) In the case of ion nitriding, the compound layer was mainly y’
-phase. «-Fe phase and e-phase existed at the upper of it, and the volume fraction of e-phase increased with depth.
The grain boundaries in the diffusion layers of all samples were nitrides. Therefore it was thought that the grain
boundaries in the matrices were preferentially nitrided in the nitriding processes. As the nitriding processes for the
samples were discussed by using the analytical results and the Fe-N-C phase diagram near the temperature of 600°
C, it was suggested that the above cases of (1) and (2) were treated in the carbon-poor and rich atmospheres

respectively.
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Table 1. Chemical composition of steel (mass%).
C Si Mn Cr Mo  sol.Al Pb \%
0.25 0.27 0.90 0.97 0.20 0.058 0.11 0.09

Table 2. Conditions of nitriding treatment.

No. Method Atmosphere Treatment pattern
fused bath 2y 580°Cx4h
1 soft-nitriding MOCN ~water cooling
gas soft- by Py 590°CXx4h
2 nitriding R -NHs=6:4 —oil cooling
ion IT 570°Cx4h
3 nitriding NoH,=5:5 —furnace cooling

a)mainly potassium cyanate, b)endothermic gas.
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Fig. 1. Scanning electron micrographs of cross -
section of nitrided steels. (a) sample No.l,
(b) enlargement of a part of (a), (c) sample
No.2, (d) sample No.3, S: surface, CL:
compound layer, PL: porous layer, DL:
diffusion layer.
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Fig. 2. Elemental mapping of cross-section of nitrided steel No.1 by using electron probe microanalyzer.
(a) backscattering electron image, (b)N Kea, (c)C Kea, (d) O Ka, (e¢) Fe Ka, (f)Cr Ka, (g Mn Kea, (h)Pb La.
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Fig. 3. Elemental line profiles of cross - section of
nitrided steels by using electron probe mi-
croanalyzer. (a) sample No.1, (b) sample No.
2, (c) sample No.3, CL: compound layer,
PL : porous layer, DL : diffusion layer, GB :
grain boundary of matrix.
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Fig. 4. X -ray diffraction patterns at the sample
surfaces. (a) sample No.l, (b) sample No.Z2,
(c) sample No.3.
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Fig. 5. X-ray diffraction patterns as a function of
polishing depth (t). (a) sample No.1, (b) sam-
ple No.2, (c) sample No.3.
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Fig. 6. (A) X Zray diffraction intensities and (B)
estimated volume fraction of phases as a
function of polishing depth(t). (a) sample No.
1, (b) sample No.2, (c) sample No.3 O:
(1010)+(1011)+(1012) peaks of e-phase, & :
(200) peak of "4’-phase, [ ]: (110)+(200)
peaks of a« -Fe, dotted line: boundary
between compound and diffusion layers.
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Fig. 7. Lattice constants of ¢ - and 2/) phases as a

function of polishing depth O : sample
No.1, & : sample No.2, sample No.3.
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