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Abstract: Vacuum carburizing is supposed to be the superior process to the gas carburizing. However, the
vacuum carburizing has the stage in which hydrocarbon gas is supplied into the furnace to be pyrolysis, and
consequently the stable heat treatment is hard to achieve due to the soot from the hydrocarbon pyrolysis.
Recently, many studies have been made which utilize acetylene gas to overcome this defects. In this paper,
the carburizing and the diffusion periods have been selected based on the Harris experimental formula, and
the mechanical properties of the vacuum carburized specimen have been compared with those of the gas
carburized SCM415H specimen to identify the feasibility of the CO, free vacuum carburizing process. The
result showed that the vacuum carburized materials used have no oxidization of the grain boundaries, and
show the 29.8% higher effective hardness depth and the acceptable tensile strength.
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Table 1 Spec of the heat treatment of pinion shaft

Material SCM 415H

Surface hardness HV 750 or higher

Effective case depth
(HV550)

Tensile strength (MPa)

0.45~0.85mm

980 higher

Table 2 Chemical composition of SCM 415H(wt %)

C Si Mn P S Ni Cr| Mo

0.18 | 0.16 | 0.65 | 0.02 | 0.02 | 0.05 | 1.0| 0.15

Fig. 2 SCM415H Pinion shaft
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Table 3 The conditions of vacuum carburizing

Cond- Cm?:llnnezl " leﬂ;lsemg cargl?rtiazling R
ition (To) (Td) time (Td/Tc)
A 55 min 75 min 130 1.36
B 50 min 80 min 130 1.6
C 45 min 85 min 130 1.88
930C
H S C D (860

%0 60 55min | 75min 30 ISO .
. . 50min | 80min . C
min min . . min 30
45min | 85min .
min
¥ Room temperature 100Torr
CH, Gas18 4 /pulse N, Gas
pulse

Fig. 5 Heat treatment cycles for vacuum carburizing

Fig. 6 Hardness specimen
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Table 4 Starting temperature of phase transition

Transition
Phase o
temperature(C)
Ferrite 825.1
Pearlite 740.1
Bainite 613.3
Martensite 4223

Fig. 11 Gas and vacuum carburizing variation of
micro Vickers hardness
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Table 5 Locational hardnesses of the Gas carburizing

A

o= IR W
-0

Bje)

and the Vacuum carburizings

¥

ocation Front Core Rear
Types surface(HV) | (HV) | surface(HV)
Gas 3 853 331 635
Vac A3 853 340 869
Vac B3 865 320 886
Vac C3 848 342 844

Table 6 Tensile test result of the carburized specimens

Sample
name

Maximum

load
(kN)

Tensile
strength at
maximum

load
(MPa)

Tensile
strength at
yield
(offset 0.2 %)
(MPa)

SCM
415H

13.5

688

478

Gas

24.2

1232.6

457

20.5

1041.7

416.1

20.5

1098.3

1081.8
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Fig. 13 Grain boundary corrosions of the gas and
vacuum carburized
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