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Study on the Wear Resistant Characteristics of Medium Carbon Alloy Steel Plasma-Nitrided
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Department of Metallurgical Engineering, Dong-A University
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ABSTRACT

This study has been performed to investigate into some effects of temperature, gas mixing ratio and time on the
optical microstructure, hardness and wear characteristics of medium carbon alloy steel treated by plasma nitriding.
The results obtained from the experiment are summarized as follows :

(1)  Optical micrographs of AISI 4140 steel plasma-nitrided by the double stage technique have revealed that
the nitrided layer is composed of the compound layer and the diffusion layer. The variation in temperature at the
first stage gives effects, on the formation of compound layer and the growth rate is shown to be relatively fast at
460°C.

(2) The thickness of compound layer has been found to increase with increasing nitrogen percentage in the gas
mixture and the holding time. It is therefore recommended that a shorter holding time and a lower nitrogen
percentage are more effective to produce a tougher compound layer and a diffusion layer only.

(3) X-ray diffraction analysis for AISI 4140 steel has shown that the compound layer consist of ¥ —FesN and a—
Fe and that tough compound layer diffustion layer only can be obtained by the double stage plasmanitriding
process.

{4) There is also a tendency that the total hardened layer depth increases with increasing temperature, time and
nitrogen percentage in the first stage during the double stage plasma nitriding.

(5) The wear resistance of plasma nitrided specimens has been found thobe considerably increased compared to
the untreated specimens and the amount of increment has appeared to increase further with increasing nitriding

temperature, holding time and notrogen percentage of gas mixture in the first stage treatment.
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Table 1. Chemical Composition of Specimen (wt%)
C|Si|Mn| P S | Cr | Mo

AISI 4140 {0.42(0.25/0.70|0.02|0.01)1.03|0.17
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(unit : mm)

Fig.1. Wear test specimen
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Fig.2. Schematic of experimental apparatus for
plasma nitriding
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Photo 1. Optical micrographs showing the compound

and diffusion layers of AISI 4140 steel plasma
-nitrided for 4 horus in 50%N.—-50%H: gas
mixture at four different temperatures of (a)
430°C, (b) 460°C, (c) 490°C and (d) 530°C as
the first stage, followed by the second stage
of 4 hour diffusion time at 540C for (a), (b)
and (c) and at 530°C for (d) in 10%N.—90%
H: gas mixture under a pressure of 8torr.
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Fig.3. X-ray diffraction analysis of the compound
layer fromed on the surface of AISI 4140 steel
plasma-nitrided for 4 hours in 50%Nz—50wtH:
gas mixture at four different temperatures of
(a) 430°C, (b) 460°C, (c) 490°C and (d) 530°C as
the first stage, followed by the sceond stage of 4
hour diffusion time at 540C for (a), (b), and
(c) at 530C for (d) in 10%N.—90%N: gas
mixture under a pressure of 8torr.
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Photo 2. Optical micrographs showing the compound
and diffusion layers of AISI 4140 steel plasma
-nitrided at 460°C for 4 hours in three differ-
ent gas mixtures of (a) 20%N.—80%H., (b)
50%N:—50%H; and (c) 80%N.—20%H; as
the first stage, followed by the second stage
of 4 hour diffusion time at 540°C in 10%N.—
90%H. gas mixture under a pressure of 8torr.
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Photo 3. Optical micrographs showing the compound
and diffusion layers of AISI 4140 steel plasma
-nitrided at 460°C in 50%N.—50%H. gas
mixture for three different hours of (a) 2hr,
(b) 4hr and (c) 6hr as the first stage, foll-
owed by the secong stage of 4 hour diffusion
time at 540°C in 10%N.—90%H. gas mixture
under a pressure of 8torr.
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Fig.6. Micro-hardness profiles of AISI 4140 steel
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mixture as the first stage, followed by the sec-
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Fig.7. Relation between weigh loss and sliding distance
of AISI 4140 steel plasma-nitrided for 4 hours in
50%N.—50%H: gas mixture as the first stage,
followed by the second of 4 hour diffusion time
at 540°C in 10%N,—90%H. gas mixture under a
pressure of 8torr.
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Fig.8. Relation between weight loss and sliding dis-
tance of AISI 4140 steel plasma-nitrided at
460°C for 4 hours as the first stage, followed by
the second of 4 hour diffusion time at 540°C in
10%M:—90%H. gas mixture under a pressure of
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Fig.9. Relation between weight loss and sliding dis-
tance of AISI 4140 steel plasma-nitrided at
460°C in 50%N.—50%H gas mixture as the first
stage, followed by the second of 4 hour diffusion
time at 540C in 10%N.—90%H; gas mixture
under a pressure of 8torr.
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