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Reaction Diffusion between Carbon Steels and Molten Lead Saturated with Chromium

Yoshinori Wakavarsu, Tatsuya Yosuwa, Masahiro Y amane and Toshitada Suivozaki

Synopsis

. Various kinds of carbon steel specimens containing 0.15-0.8 mass%C were annealed in the molten lead saturated with

chromium at 1173 to 1373 K. The formation and growth kinetics of the chromium carbide layer by the reaction diffusion
between the specimen and the Pb-Cr melt has been investigated. Four kinds of carbide layers composed of the
following structures were formed on the specimen surfaces depending on annealing temperature and the carbon content
of the specimen : S/Cr;Cs, S/Cr33Cs, S/Cr23Ce/Cr;Cs/Cr3Cs and S/Cr,Cs/Cr,5Cs, where the letter “S” means the steel
substrate. These carbide layers contain a large amounts of iron, grow according to the parabolic law and have Vickers
hardness of 1700-2000. The method used in this work is applicable to the chromium carbide coating on carbon steels

containing more than 0.15 mass%C.
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Fig. 1. Photomicrographs of the cross sections of(a)
S35C and (b)SK5 specimens annealed in
nioltﬁn Pb saturated with Cr for 90 ks at
1173K.
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Fig. 2. Photomicrographs of the cross sections of
(@)S15C, (b)S25C, (c)S35C and (A)SK5 spe-
cimens annealed in molten Pb saturated
with Cr for 90 ks at 1273K.
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Fig. 3. Microstructures of the carbide layers for-
med on the carbon steel specimens in molten
Pb saturated with Cr at various tempera-
tures.
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Fig. 4. X-ray diffraction patterns from the surfaces
of the same SK5 specimen as shown in Fig.
2(d). (a) as annealed, (b) after removal of Cr,;
Cs layer, (c) CrysCs, (d) Cr;Cs.
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Fig. 5. EPMA line analysis for the cross sections of
the same specimens as shown in Fig.1.
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Fig. 6. EPMA line analysis for the cross sections of
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Fig. 7. Relationship between square root of annea-
ling time ¢ and the thickness W of the
carbide layer for the carbon steel specimens
rimnealed in molten Pb saturated with Cr at

273K.
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Fig. 8. Relationship between annealing temperature
T and the parabolic growth constant k of
the carbide layer for the carbon steel speci-
gens annealed in molten Pb saturated with

r.
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Fig. 9. Relationship between the carbon content of
the carbon steel specimen and Vickers hard-
ness Hv of the carbide layer for the speci-
mens annealed in molten Pb saturated with
Cr for 90 ks at 1173, 1273 and 1373K.
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-Cr-C ternary system at 1373K.
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