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Development and Verification of
Vacuum Carburizing Model Considering
Graphite Deposition on Low Alloy Steel
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Alloy steel, SNCM815, was carburized at 1273 K for up to 5.4 ks in a propane atmosphere at 2.67 kPa
and thereafter diffused less than 0.133 Pa for times of 0-21.6 ks at the same temperature at which carburizing
was done. The carbon concentration profiles were determined with a vacuum type emission spectrometer using
a succession of grindings and carbon analyses of the ground surfaces. The uptake amount of carbon by a thin
specimen was measured using infrared absorptiometric method after combustion in a current of oxygen. A
mathematical model for calculating carbon concentration profiles was proposed to describe carburizing behavior by
assuming that, during diffusion on vacuum heating, carburizing is carried out by the graphite layer deposited on the
steel surface during carburizing. Comparison of measured and calculated carbon profiles revealed that the model
represented the carburizing behaviors precisely. Both measured and calculated results confirmed that treatments at
the same ratio of diffusion time to carburizing time yield equal surface carbon concentrations. This fact is useful to

determine the optimum vacuum carburizing conditions.

Key words: vacuum carburizing, carburizing model, graphite, carbon profile, surface carbon concentration, uptake
amount of carbon, carbon flux
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Fig. 1 Geometry and dimensions in mm of a specimen used.

Table 1 Chemical analysis of steel used (mass%).
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Fig. 2 Limit of solubility of carbon in austenite for
SNCMS15 superimposed on a portion of the Fe—C
phase diagram.
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Fig. 3 Changes in total amount of carbon with carburizing
time; SNCMS815 was carburized in a propane
atmosphere at 2.67 kPa. Open marks are rational
in determining values of carbon flux though a
numerical analysis and solid marks are irrational.
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Fig. 4 Temperature dependence of carbon flux; SNCMS815
was carburized in a propane atmosphere at 2.67 kPa.
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Fig. 5 Measured and calculated carbon profiles; SNCM815
was only carburized under a propane pressure of 2.67
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Fig. 6 Measured and calculated carbon profiles; SNCM815
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Fig. 8 Changes in graphite layer thickness with diffusion time t;; SNCM815 was carburized at 1273 K for 5.4 ks under a propane
pressure of 2.67 kPa and thereafter diffused under a pressure below 0.133 Pa.
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Fig. 9 Relationship between the thickness of the graphite
layers on the specimen surface and the square root of
carburizing time z;; SNCM815 was carburized at 1273 K
under a propane pressure of 2.67 kPa.
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Fig. 10 Measured carbon profiles and calculated ones which
were considered with the graphite deposition; SNCM815 was
carburized at 1273 K for #,/¢, = 3 under a propane pressure of
2.67 kPa and thereafter diffused under a pressure below 0.133
Pa.



70

1.2 T T T T T
Measured
te (ks) 14 (ks) (14/tc)
o 18 1.8 1
A 36 3.6 1
0O 54 54 1

1.0 g

0.8

Calculated with considering
graphite deposition

041+

Carbon, C / mass%
=)
N
T

02+

1 1 1 1
% 0.5 1.0 1.5 2.0 25 3.0

Distance below surface, x / mm
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Fig. 12 Changes in surface carbon concentration Cg with
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respectively. SNCMS815 was carburized at 1273 K under a
propane pressure of 2.67 kPa and thereafter diffused below
0.133 Pa.
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