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Effect of Carbon Potential of the atmosphere on the Heat Treatment
Properties of Carbon Tool Steel
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Abstract

The purpose of the present experiment is to
investigate the effect of the carbon potential of furnace
atmospheres on the mechanical properties of workpiece.
The workpiece of high carbon tool steel was austenitized
at 810°C for 17 min in the atmosphere with various
carbon potential before quenching, and then tempered at
330°C or 400°C. The effects of carbon potential of the
atmosphere on the hardness and toughness of the
workpiece were studied. The results show that the thin
workpiece of high carbon tool steel which has been
heated in the atmosphere with a higher carbon potential
before quenching will possess a higher hardness and a
lower toughness after tempering. Whereas for the
workpiece heated in the atmosphere with a lower carbon
potential, its hardness will decrease fast during
tempering, but its toughness gets better. Additionally,
for the thin workpiece of high carbon tool steel quenched
and tempered to a given hardness value, those tempered
at 330°C are tougher than those tempered at 400°C.
Furthermore, the workpiece will possess the best
toughness at the same hardness level when the carbon
potential of the atmosphere is between 0.70% and
0.80%..
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Fig. 1. The process of this experiment
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Table 1. Chemical composition of the highcarbon
tool steel workpiece.

Elements (wt% )
C Si | Mn P S Ni Cr Fe

0.931]0.163{0.532|0.006|0.001|0.030(0.310| bal
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Fig. 2. Surface hardness of quenched high carbon tool
steel workpiece as a function of carbon potential.
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Fig. 3. Surface microstructures of high carbon tool steel
workpiece after quenching.
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Fig. 4. Surface hardness of high carbon tool steel workpiece quenched and tempered at 330°C and 400°C as a

function of maximum bending angle.
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Fig. 5. Surface hardness of high carbon tool steel
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40~55s as a function of maximum bending angle.
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Fig. 7. Surface hardness of high carbon tool steel
workpiece quenched and tempered at 330°C as a
function of maximum bending angle.
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workpiece quenched and tempered at 400°C as a
function of maximum bending angle.
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(a) C.P=1.47

(b) C.P=0.69

(c) C.P=0.48
Fig. 9. Surface microstructures of high carbon tool steel
workpiece quenched and tempered at 330°C
(680~690HV)
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Fig.10. Surface microstructures of high carbon tool steel
workpiece quenched and tempered at 400°C
(675~685HV)
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