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The Characteristics of Compound Layers Formed during Plasma
Nitrocarburising in Pure lron

H. S. Cho, S. Y. Lee* and T. Bell**
Dept. of Surface Engineering, KIMM, Changwon 641-010, Korea
*Dept. of Metallurgical Engineering, Dong-A University, Pusan 604-714, Korea
**School of Metallurgy and Materials, The University of Birmingham, England

Abstract Ferritic plasma nitrocarburising was performed on pure iron using a modified DC plasma unit. This inves-
tigation was carried out with various gas compositions which consisted of nitrogen, hydrogen and carbon monoxide
gases, and various gas pressures for 3 hours at 570°C. After treatment, the different cooling rates(slow cooling and
fast cooling) were used to investigate its effect on the structure of the compound layer.

The & phase occupied the outer part of the compound layer and ¥ phase existed between the ¢ phase and the diffu-
sion zone. The gas composition of the atmosphere influenced the constitution of the compound layer produced, i.e.
high nitrogen contents were essential for the production of e phase compound layer. It was found that with increasing
carbon content in the gas mixture the compound layer thickness increased up to 10%. In the gas pressure around 3
mbar, the compound layer characteristics were slightly effected by gas pressure. However, in the low gas pressure
and high gas pressure, the compound layer characteristics were significantly changed. The constitution of the com-
pound layer was altered by varying the cooling rate. A large amount of ¥ phase was transformed from the € phase

during slow cooling.
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Table 1. Chemical composition of the pure iron.

Fe C Si S P Mn

};:s 99.96 | 0.006 | 0.009 | 0.014 | 0.010 | 0.035

[,_/u
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/ // '__;/ \5\6 2

1:Support plate, 2:Quartz tube, 3:Additional rod,
4:Quarts shield, 5:Stainless steel shield,

6:Quench tank with silicone vacuum oil, 7:Sealing system,
8:Limiting device, 9:Push-pull rod, 10:Limiting device,
11:Blade, 12:Samples for fast cooling

Fig. 1. Schematic diagram of in-chamber oil quench system.
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Fig. 2. Micrograph of compound layers on pure iron treated with various nitrogen gas compositions; (a)slow cooling and

(b)fast cooling.
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Fig. 3. X-ray depth profiling pattern of a predominantly €
phase compound layer on pure iron.
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Fig. 4. XRD patterns of compound layers on slow cooled
pure iron treated with various nitrogen gas compositions.
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Fig. 5. XRD patterns of compound layers on fast cooled
pure iron treated with various nitrogen gas compositions.
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Fig. 6. Scanning electron micrograph showing the pores
within the compound layer on pure iron.
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Fig. 7. Micrograph of compound layers on slow cooled pure iron treated with various CO gas compositions; (a)1% CO ()

5% CO (c)10% CO and (d)15% CO.

€
£ ' o '
~ X A_/L 1 15%co
2 | 10% CO
oy
= J\J\
A A _5%CO
J\LJ1/\A, A _1%co
55 60 65 70 75 80
20

_ Fig. 8. XRD patterns of compound layers on slow cooled
pure iron treated with various CO gas compositions.
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Fig. 9. Micrograph of compound layers on fast cooled pure iron treated with various CO gas compositions; (2)1% CO (b)

5% CO (c)10% CO and (d)15% CO.

Table 2. The depth of diffusion zone resulting from different
€ gas compositions.
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'2 A X A 10% CO 80 19 1 0.86
8 80 15 5 0.92
= N 5% CO 8 | 10 | 10 0.97
80 5 15 0.83
A A 1% CO 50 45 5 0.81
55 60 65 70 75 80 60 35 o 0.82
20 70 25 5 0.87

Fig. 10. XRD patterns of compound layers on fast cooled
pure iron treated with various CO gas compositions.
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Fig. 11. Micrograph of compound layers on slow cooled pure iron treated with various gas pressures; (a)0.75 mbar (b)3

mbar ()5 mbar and (d)9 mbar.
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Fig. 12. Depth concentration profiles of nitrogen and carbon
obtained by GDS for slow and fast cooled pure iron.
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Fig. 13. Isotherm of the Fe-N-C system overlaid with the
compositions obtained from GDS through compound
layers of pure iron after slow and fast cooling.
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