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ABSTRACT Cobalt and VC powders were ball milled with M2 grade high speed steel powders under vari-
ous ball to powder ratios. The powders milled under higher ball to powder ratio become finer, more irregular
and have a broader size distribution, and thus possess a lower compressibility and a better sinterability regarding
densification. Increasing the ball to powder ratio lowered the sintering temperature to obtain the density level
necessary to isolate all the pores. Lowering the sintering temperature is very critical to maintain fine mi-
crostructure since grain and carbide coarsening are accelerated by higher sintering temperature due to more liquid
phase formation. The powders obtained by ball milling at 20 to 1 ratio has the lowest compressibility but has the
best sinterability, almost compatible to untnilled pure M2 powders. A sintered body over 97% theoretical density
with fine microstructures having average grain size of ~10 microns was obtained from the powder by sintering at
1260 °C for 1 hour in vacuum. XRD results indicate that two types of carbides are mainly present in the sintered
structure, MC and M;C type. The MC type carbides are more or less round shaped and mainly located at the
grain boundarjes whereas the MsC type are angular shaped and mainly located inside the grains.
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Table 1. Chemical composition of M2 powder

Chemical Composition, wt%
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Fig. 1. Mean particle size of the milled powder with
ball/powder ratio.
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Fig. 2. Paricle size distributions of the M2 and milled
powders.
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Flg 3. Microstructures of the M2 and milled powders.
(a) pure M2, (b) ball/powder=5/1, (c) ball/powder=10/1
and (d) ball/powder=20/1.
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Table 2. Statistics of the powders

Powder Mca.n Particle Std. Dev. Coef. Var. Skewness Kurtosis
Size(um) (um) %)
Pure M2 113.9 57.36 50.32 0.832 1.347
5/1* 654 39.71 60.70 1.088 1.548
10/1* 40.4 38.72 95.86 2.633 9.511
20/1* 79 10.91 138.6 4.32 23.82
*Rall/Powder Ratio.
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Fig. 4. XRD pattern of the milled powder.
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Ball/lPowder Ratio

Fig. 5. Compact density of the milled powder at the
compacting pressare of 5 ton/cm’.
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Fig. 7. Microstructures of the sintered specimens after sintering at 1260 and 1280 °C. (a) ball/powder=5/1, (b) ball/

powder=10/1 and (c) ball/powder=20/1,
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Fig. 8. XRD pattern of the sintered specimen.
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the sintered specimen.
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