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ADVANCED PREPARATION
OF HARD COMPOSITE MATERIALS
WITH MECHANICALLY COATED PARTICLES
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WC-Co cemented carbides are currently utilized as the most important hard materials in
various applications, for example, metal and stone cutting, rock drilling, and wear tools.
However, the mechanical properties of cemented carbides, particularly the hardness at high
temperature, need to be improved for modern high performance applications such as the high-
speed cutting tools. The properties are considered to be governed not only by the addition of
ceramic dispersing phases but also by microstructural morphology of sintered materials which
largely depends on uniformity of additive dispersion in the particle mixture.

In the present work, to enhance the mechanical properties of cemented carbides, the
addition of Al,O; and TiC by mechanical coating was exploited by preparating the surface
composite particles for the design of the hard materials with novel microstructure. The effects
of the powder preparation methods, composition of dispersing phases, sintering methods and
sintering conditions were quantitatively examined on the microstructure and they were
correlated with mechanical properties of the sintered materials obtained. The optimal
conditions were investigated to obtain the material of high hardness both at the low and
elevated temperatures.

. The industrial needs for hard materials were discussed and the corresponding key
material properties were identified in Introduction of this thesis. The examination of the
properties of Al,03 and TiC ceramics demonstrated the potentiality to be expected from their
addition into the cemented carbide compositions. Then, the advantage of the composite tools
were emphasized in comparison with the coated one. The need of uniform distribution of
active phases in the particle mixture was considered to obtain the composite material of

improved mechanical properties, and the great prospective of - surface coated particles was
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highlighted to achieve the uniform dispersion of eéach component in the mixture at the
microscopic scale. Next, the possible advantage of the dry-based high-speed rotational
blending were summarized for the coating of hard materials. Then, the main objectives were
formulated for the present study and the outline of the research was demonstrated.

As a first step of the present research, the experimental investigation was carried out to
prepare WC particles coated with Co, ALOs, and TiC by high-speed rotational impact
blending. The uniformity of each component was investigated both in the mixture of coated
particles and in the sintered composite material. It was correlated with mechanical properties
such as the Vickers hardness (HV) and the transverse rupture strength (7RS)." As compared
with an ordinary ball mill, the high-speed rotational impact blending achieved the higher
degree of mixing of particle mixture more easily. Thus, the higher mechanical properties were
obtained due to higher uniformity of each component in the microscopic scale of the sintered
sample.

Then, a proper composition for a uniform microstructure to yield superior hardness was
investigated for various proportions of TiC and Al,03 additives. The hardness was increased
with higher amount of TiC from 5 up to 30 by weight percentage due to the formation of hard
TiC-WC matrix (f) phase. The small amount of Al,O; addition was quite effective for the hot
hardness because of the higher chemical stability than TiC at elevated temperature. As a result,
a proper composition, which generates the uniform microstructure of the sintered composite
corresponding to the coated particle model, was obtained as 55% of WC, 10% of Co, 30% of
TiC and 5% of Al,Os to yield the highest value of Vickers hardness both at low and elevated
temperatures.

Finally, the sintering behavior of composites was quantitatively characterized by
means of the image analysis from the view point of the microstructure evolution. The areal
fraction, the grain size distribution and the uniformity of spatial distribution expressed by the
void size distribution of each component were correlated with the mechanical properties of
samples. As a result, the void size distributions among total components were found to be
relatively uniform due to higher degree of mixing of the particle mixture achieved by high-
speed rotational impact blending in contrast with an ordinary ball mill. Further, the sintered
composites with excellent properties were obtained by using spark plasma sintering (SPS) for
shorter sintering time, as compared with hot-pressing. The formation of gaseous product by
reaction between AlL,O; and TiC as well as the grain growth was expected to be suppressed

due to the high heating rate of SPS and to result in the dense materials with less pores and
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with small grains. Moreover, the higher HV and lower TRS were yielded at higher sintering
temperature with shorter sintering time, due to the smaller WC and Al,O; grains, higher areal

fraction and more uniform distribution of S-phase.
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