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The Effects of Heat-treating Conditions on Wear Characteristics of
High Speed Steel by Powder Metallurgy

H. Y. Lee, J. S. Bae* and Y. J. Kim*
Dept. of Materials Engineering, Keimyung University, Daegu, Korea, 704-701
*Materials Forming Lab., KIMM, Changwon, Korea, 641-010

Abstract The effects of added elements, such as Co or Nb, on wear properties of high speed steel by powder met-
allurgy(PM-HSS) had been eluminated in auther's previous paper. in addition, it is generally known that the wear pro-
perties of materials have been influenced by heat-treating conditions as well. Therefore, a study has been done to
clarify the effects of heat-treating conditions on wear properties of PM-HSS. The wear tests have been performed
under the same conditions as the previous paper using heat-treated PM-HSS(5%Co-1%Nb) with different quenching
and tempering temperatures. The result of this paper shows that wear resistance of PM-HSS is improved with rela-
tively high quenching temperature. However, tempering temperature is not sensitive to the wear resistance in the
range of high quenching temperature. It may be deduced by the fact that the shear strength of matrix by strengthen-

ing mechanisms due to not only the quenching aging but also dispersion-hardening is improved.
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Table 1. Composition of testpiece
C S {[Mn|{ Cr {Mo| W | V | Co| Nb
1.76 | 0.26 | 0.30 | 3.99 | 4.46 | 5.69 | 4.83 | 5.03 | 1.05
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Fig. 1. Examples of wear characteristics for slicing dis-
tance under various speed.
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Fig. 3. Morphology of worn surface for testpiece after test. (quenching temperature:1180°C)
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Fig. 5. Profile curve of worn surface for opponent materials of testpiece quenched at 1160°C.
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Table 2. Mechanical properties and result of quantitative analysis for carbide according to quenching temperature

Quenching Hardness TRS Absorbed Energy | Amount of Carbide Average
Temperature (HRO) (GPa) (J/cm?) MC:MC) Carbide Size (um)
1140°C 65.7 3.98 23.1 18.8% (14.1:4.7) 0.64
1160°C 66.5 3.53 19.6 18.8% (13.8:4.3) 0.67
1180°C 66.5 4.00 19.8 15.2% (12.0:3.2) 0.64
1200°C 67.1 3.91 15.8 14.3% (11.4:2.8) 0.72
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Table 3. Results of analysis of aFe(211) profile measured by X-ray diffraction for testpiece quenched from various tem-

perature
Quenching Diffraction Angle Distance of Plane Half-value Breadth Integral Intensity
Temperature (deg./28) A (deg./20) (cps)
1140°C 154.312 1.1749 5.370 564,000
1160°C 154.202 1.1751 5.464 552,000
1180°C 154.168 1.1752 5.316 514,000
1200°C 154.111 1.1754 5.342 520,000

Table 4. Results of analysis of aFe(211) profile measured by X-ray diffraction for testpiece quenched from various tem-

perature
Quenching Tempering Diffraction Angle | Distance of Plane | Half-value Breadth | Integral Intensity
Temperature Temperature (deg./20) A) (deg./20) (cps)
1180°C 540°C 154.168 1.1752 5.316 514,000
560°C 154.372 1.1748 5.233 509,000
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sec for testpiece tempered at 560°C.
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