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On the Diffusion of Ternary Electrodeposited Layers
of Fe-Ni-Cr and Fe-Cr-Ni

Ken ORADA and Keizo NISHIDA

Synopsis:

The study of diffusion coating on iron has been carried out. The object of this study is how the surface
layer of iron can be converted into an Fe-Ni-Cr alloy such as austenitic stainless steel.

The diffusion process chosen for this experiment was solid state process, which was carried out by prep—
aration of ternary metal layers by means of electrodeposition in an order nickel-chromium or chromium—
nickel on substrate, followed by heat treatment in the temperature range from 600°C to 1 000°C.. In the
previous paper, data on the diffusion couples consisting of Fe-Cr, Fe-Ni or Cr-Ni, were given. On the
basis of these information and thickness of the interface layer in the ternary layers, the time to associate
together three elements and the thickness of the diffusion layers consisting of the three elements were pre—
sumed.

The time to associate was in accord with that assumed, but the thickness of the diffusion layers were greater
than the expected value. The thickness and composition of the diffusion layers were determined by optical
microscopy and electron probe micro analysis. One of the reasons that the latter results were shown, is

considered that nickel dissolving iron or chromium has penetrated rapidly into grainboundaries.
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Table 1. Plating composition and conditions.

Bath composition Condition

CrO, 250 g/1 Temperature 50°C
H,S0, 25 g/1 Current density 30A/dm?2
Duration 25h
NiSO,6H,0 300g/1 Temperature 50°C
NiCl,6H,0 45 g/1 Current density 4.5A/dm?
H4BO, 30¢g/1 Duration 10h
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Fig. 1. Schematic relationship between the square
root of duration time and diffusion layer
thickness at interface layer.
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Table 2. K; and K, obtained by the results of
experiments on Fe-Cr, Fe-Ni, Ni-Cr,
diffusion couples.

K; pm/hi/2 K, pm/ht/2
Temperature

Fe-Cr e-Ni | Cr-Ni | Ni-Cr

600°C 0.9 1.4 0.8 0.5

700 3.5 3.0 2.1 1.4

800 6.5 4.7 3.5 2.2

900 9.1 6.8 5.3 3.0

1 000 12.0 7.2 6.7 3.9
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Fig. 2. Relationship between ¢ and 1/K,+K,
with interface layer thickness.
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Photo. 1. Optical microstructure of diffusion layers, heat treated at 600° and 1000°C for 5 L.
(Initial interfaces layer is 10 gm thick)
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Photo. 2. X-ray images of XMA showing distribution of Fe, Cr, and Ni at the
diffusion layer heat treated at 600° and 1000°C for 5 h.
(Initial interfaces layer is 10 pm thick) °
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Fig. 3. Scanning profiles of diffusion layer. (Fe-Cr-Ni)
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Photo. 3. X-ray images of XMA showing distribution of Fe, Ni, and Cr at the
diffusion layer heat treated at 600° and 1000°C for 5 h.
(Initial interfaces layer is 10 ym thick)
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Fig. 4. Scanning profiles of diffusion layer. (Fe-Ni~Cr)
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Fig. 5. X-ray diffraction patterns from diffusion
layers. (CuKa X-ray)
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. Schematic illustrations of relationship
between the square root of duration time
and diffusion layer thickness.

Interface layer 10y thick and heat
treatment. Initial temperatures’ 600° and
1 000°C.
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