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ABSTRACT

The effect of gas mixing ratios during gas nitrocarburizing treatment on the formation of compound layer

and the mechanical properties has been studied for hot work tool steel by using a combined heat treating

technique. The thickness of compound and diffusion layers has been shown to grow as a parabolic relation with

increasing the amount of ammonia at a given flow quantity of CO, gas. The compound layer consists mainly of
¢-Fe,(C,N) with small amounts of y'-Fe,N and a-Fe. The combined heat treated hot work tool steel has
shown that the thickness of compound layer increases with increasing nitrocarburizing time, but the rate of

growth slows down as gas nitrocarburizing time goes more than two hours. Tensile properties have given a

remarkable improvement. In particular, the wear resistance of combined heat treated hot work tool steel has
exhibited an improvement of about 165% greater than that obtained from conventional quenching and multi

-tempering treatments,
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Table 1. Chemical composition of specimens

(wt. %)
SpeCJC Si[Mn| P | S |[Cr|[Mo| V|Ni
1men.
A [0.40(1.03]0.36]|0.02(0.007[5.27]1.37|1.01]0.20
B |0.44|0.28]0.72(0.017[0.010] — - - -
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Fig.1. Wear test specimen.
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Fig.2. Schematic diagram for experimental apparatus.,
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Fig.3. Combined heat treating cycles
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Fig. 4. Optical micrographs showing (a) the starting structure for gas-nitrocarburizing and (b) the compoud
and diffusion layers of 0.45% C steel gas-nitrocarburized and scanning electron micrograph showing
{c) the porosity in the compound layer.
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Fig 5. X-ray diffraction analysis of the compound layer formed on the outer surface of 0.45% C steel gas

-nitrocarburized,
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Fig 6. Relation between the thickness of compound
and diffusion layers and the percentage of
NH; gas at a given amount of 2% CO, gas.
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Fig.7. Variation of the degree of dissociation with
respect to the percentage of NH, gas.
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Fig 9. Effect of the amount of CO, gas in the gas
mixture on the thickness of compound and
diffusion layers and the degree of ammonia
dissociation at a given 35% of NH, gas.
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Fig .18, Variation of tensile strength and elongation with heat treating times for gas nitrocarburizing and

quenching-tempering treatments.
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