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Prediction of Carbon Profiles in Vacuum-carburized Steels Based on Carburizing Mechanism

Toshiyuki MORITA and Tomoki HANYUDA

Synopsis : In order to develop effective ways to estimate carbon distribution in vacuum carburized steel, the surface interaction during vacuum carburiz-
ing was investigated. 0.1 mm thick specimens were vacuum carburized for sufficiently long time. The carbon content and carbide area frac-
tion of specimens proved to be the value in equilibrium with graphite. This result shows that the graphite exists while vacuum carburizing on
the surface of specimens, and that the local equilibrium between specimens and graphite is dominant factor. Carbon profile of carburized
round bar was calculated on the basis of diffusion equation, on the assumption that surface carbon content is as much as the value in equilib-
rium with graphite. The calculatuied carbon profiles correspond to measured ones for some materials and carburizing conditions.

Key words : low alloy steels; case hardenning steels; vacuum-carburizing; carburizing mechanism; prediction of carbon profiles.
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Table 1. Chemical composition of materials (mass%).

Grade C Si Mn P S Cu Ni Cr Mo N O
Pureiron  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Steel A 0.2 1.8 0.8 0.013  0.018 0.10 0.05 0.5 <0.01 0.014  0.001
Steel B 0.2 1.5 0.8 0.022 0.014 0.10 0.05 0.7 <0.01 0.014  0.001
Steel C 0.2 0.8 0.8 0.008  0.012 0.10 0.05 0.8 <0.01 0.016  0.001
Steel D 0.2 0.2 0.8 0.006  0.008 0.10 0.05 1.0 <0.01 0.015  0.001

Steel E 0.2 <0.01  <0.01 0.010  0.011 <0.01 <0.01 4.9 <0.01 0.016  0.001

ER17910 17 B2 ERC 17912 A 6 HZFE (Received on Oct. 17, 2005; Accepted on Dec. 6, 2005)
*  KRET#EES (Bk) (Daido Steel Co., Ltd., 2-30 Daido-cho Minami-ku Nagoya 477-0032)
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Table 2. Conditions of carburizing.
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Fig. 1. Microstructures of vacuum-carburized specimens.
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Fig. 2. Calculated phase diagrams. (a) Pure iron, (b) Steel A, (c) Steel B, (d) Steel C, () Steel D and (f) Steel E.
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Fig. 3. Carbide area fraction and carbon content of 0.1 mm
thick specimens for materials shown in Table 1.
Carburizing conditions are shown in Table 2.
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Fig. 4. Microstructures of specimens contacted with
graphite at 1223K for 172.8 ks and vacuum carbur-
ized at 1223K for 172.8 ks.
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Fig. 6. Calculated and measured carbon concentration profile for steel D.

39

1
Distance from surface(mm)

round bar carburized in same
condition as Fig. 6(a). Material is
Steel D.

271



. 272

$%&4R  Tetsu-to-Hagané Vol 92 (2006) No. 4

T T T T
(a) g |(b) Calculated g |(c) Measured
1223K © B
E —SteelB|| £ \ — Steel B
§ o5\ |l=steeiD|| § orx\\ = Steel D
2 Yo %] £ U9
Pos | N\ =N\
carburizing § D &
heatind 1 7 diffusion = g
o

Distance from surfaces(mm)

1

2 0 1 2
Distance from surface(mm)

Fig. 8. Calculated and measured carbon concentration profiles for Steel B and Steel D vacuum carburized under the same condi-

tion.

2
(@ o ]
[%:]
1223K 8 Steel B H
) = Steel D
=
31
0Q. § \\
A .carburizwg § >
eatind S Carbide \L
0 precipitation area
0 0.5 1

Distance from surface(mm)

Fig. 9. Measured carbon concentration profiles for Steel B
and Steel D vacuum carburized under the same
condition as Fig. 8(a) without diffusion period.
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Fig. 11. Calculated and measured carbon profiles for Steel B carburized in improved condition.
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