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Abstract The influence of plasma carburizing process on the surface hardness of SCM415 low-alloy steel (0.15% C)
was investigated under the various process conditions of gas composition, gas pressure, plasma current density, temper-
ature and time. The effective case depth was found to depend on the amount of methan gas containing carbon, thus
the deepest case depth and the uniform hardeness were obtained with the 100% methan gas. The case depth increased
with the plasma current density. The effective plasma carburizing temperature of SCM415 steel was found to be
higher than 8507, and the case depth was proportional to the square root of carburizing time under the same current
density. The bending fatigue strength of the plasma carburized specimen is higher than those of as-received specimen

or reheat~-quenched specimen.
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Table 1. Chemical composition of SCM 415 steel.

Element C S Mn

S Ni Cr Mo Cu

wt.% 0.15 0.21 0.72

0.01 0.02 0.10 0.97 0.17 0.13
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Fig. 1. Heat treatment of the specimens.
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Table 2. Case depth, heat treatment and process parameters of each specimen.
Gas Condition Pressure Plasma Curre‘nt Temperature Tlme(r'n.in.) Case Depth
Process (%) (Torr) Voltage Density ) carl.)urlz%ng (mn)
(V) (mA/ i) + diffusion
sputter | ¢ s0/H, 50 3 400-450 2-3 900 30
cleaning
CH, 25/H. 75 10 417-453 9.11-882 900 60+ 30 -
plasma CH, 50/H. 50 10 435-444 9.11 900 60 + 30 -
carburizing| CH, 75/H, 25 10 464-468 9.11-8.96 900 60 + 30 0.74
CH., 100 10 500-474 9.11 900 60 + 30 0.83
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Fig. 2. Influence of gas pressure on the plasma carburizing char-
acteristics (As-plasma carburized specimen; 900°C, carburizing
60min.)

Fig. 3. Influence of various gas pressure conditions on the plas-
ma carburizing characteristics. Dotted line for HV 550 repre-
sents the effective case depth. (Plasma carburized, reheat
quenched, and tempered specimens; 900°C carburizing 60min.,
diffusion 30min., 180°C tempering 2 hours)
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Fig. 4. Relationship between current density and.case depth
(Plasma carburized, reheat quenched, and tempered specimens;
900°C carburizing 60min., diffusion 30min., 180°C tempering 2
hours)
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Fig. 5. Variation of relative carbon content with the current
density.
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Fig. 6. Influence of various carburizing temperatures on the
plasma carburizing characteristics. Dotted line at HV 550 repre-
sents the effective case depth. (Plasma carburized, reheat
quenched, and tempered specimens; 3Torr, 1.47-2.06mA/cif, car-
burizing 60min., diffusion 30min., 180°C tempering 2 hours)
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Fig. 7. Variation of relative carbon content with the carburizing
temperature.
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Fig. 8. Influence of various carburizing times on the plasma car-
burizing characteristics. Dotted line at HV 550 represents the
effective case depth. (Plasma carburized, reheat quenched, and
tempered specimens; 10Torr, 8.96-9.11nA/cf, 900C diffusion
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Fig. 9. Plasma carburized depth and the square root of carburiz-
ing time.
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Table 3. Various heat treating conditions of specimens for evaluating the mechanical properties.

Surface
Specimens Heat treating conditions Hardness*
(HV 200g)
As. :
s-received Hot- Annealed 170-220
specimen
Reheat quenched|  900T 120min. Nitrogengas | 9o | o1l 180C Air
. cooling to room . . . . 350-400
specimen (100mTorr) 30min. | quenching | 120min | Cooling
temperature
Plasma 900C 60min. Nitrogen
carboriond Plasma carburizing | linogfo gi‘;’n 900°C, oil 180C Air c0-710
r -
: (CH, 100%, 8Torr, | 2018 YO TOOM 30 tin. | quenching | 120min | Cooling
specimen R temperature
1.2mA/cii)
*hardness from the surface to 500m for each specimen.
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1200 3) Eet=e} vk 25 & 850C ool antalelgle
e H, £} §E5E 7:5 £37h $53hadet.
1000 } - ® Reheat—Quenched 9 2 1=
a Ptasma Carburized {case 0.5mm} 4) © E}. = 90 *rr éE L. 2mA/cm 1/‘]7}4 E]—
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Fig. 11. S-N curves for the as-received, the reheated and tem-
pered, and the plasma carburized specimens.
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