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Abstract

The mechanical properties of WC-Co are highly dependent on its cobalt content, density and grain size of
the WC particles. Addition of free carbon during the consolidation of process is said to improve the
densification process and inhibit grain growth. However, there are still plenty of works needs to be done
regarding this matter to support the fact. Therefore, this study is to evaluate the effect of carbon addition
on the physical and mechanical properties of WC-Co-C sintered powders. The WC-Co-C sample is
fabricated using powder metallurgy technique, in which the powders were uniaxially pressed at 625 MPa
and cold-isostatic pressed at 200 MPa. Then, the sample is sintered in nitrogen-based atmosphere at
temperature range of 1350-1450°C. The physical and mechanical properties of the WC-Co sintered
powders were analysed. It is found that WC-Co-C has a relatively higher density and hardness but exhibit
lower transverse rupture strength compared to WC-Co.
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Abstrak

Sifat mekanikal WC-Co dipengaruhi oleh kandungan kobalt, ketumpatan dan saiz butir partikel WC.
Penambahan karbon bebas semasa proses pencampuran dikatakan dapat meningkatkan proses densifikasi
di samping dapat menghalang pembesaran butir daripada berlaku. Namun begitu, kajian yang lebih lanjut
diperlukan untuk memastikan perkara tersebut. Oleh itu, penyelidikan ini dilaksanakan untuk mengkaji
kesan penambahan karbon ke atas sifat-sifat fizikal dan mekanikal WC-Co-C sampel. Sampel WC-Co-C
dihasilkan menggunakan teknik metalurgi serbuk di mana serbuk yang telah dicampur akan dimampatkan
pada 625 MPa dan tekanan isostatik sejuk dikenakan pada 200 MPa. Kemudian sampel disinter pada suhu
antara 1350-1450°C. Sifat fizikal dan mekanikal sampel WC-Co-C dikaji. Berdasarkan penemuan yang
diperolehi, WC-Co-C mempunyai ketumpatan relatif dan kekerasan yang tinggi tetapi mempunyai
kekuatan retak-lintang yang lebih rendah berbanding WC-Co.

Kata kunci: WC-Co; tekanan serbuk; tambahan karbon; asas nitrogen
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1.0 INTRODUCTION

Hardmetal have been extensively used for metal cutting
technology due to its superior mechanical properties. Fabrication
of hardmetal using powder metallurgy (PM) technique has been
well established. WC-Co is one of the hardmetals that is
fabricated using PM for mass production. WC-Co is widely used
in high speed machining application due to its high mechanical
properties. The WC contributes to the hardness of the composite
while cobalt provides the toughness.

Densification process plays a major role in determine the
mechanical properties of the sintered powders produced using
powder metallurgy technique. This is because the density of the

sintered powder is related to pores presence which also affects the
toughness of the material. Therefore, complete densification
process is required. Cobalt is used as bonding matrix and act as
metal binder to enhance WC-Co densification by providing
extensive wetting to the system via liquid phase sintering. Cobalt
has a good wetting behaviour as well as favorable solubility for
WC.

Further development and optimization on cutting tools has
been made to improve the cutting performance while reducing
cost and increase productivity. Thus, the focus has turn to the used
of finer WC powders. However, finer WC powders (submicron
and ultrafine grades) are extremely reactive and has higher
tendency for WC grain growth during consolidation process [1].
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Grain growth inhibitors are used to inhibit grain growth during
sintering or post-sintering heat treatments [2-6]. A liquid phase
that is saturated with inhibitor carbide reduce the solubility of
WC, thus reduce its coarsening rate [7]. Therefore, addition of
grain growth inhibitor will improve the hardness and flexural
strength of sintered WC-Co powders.

Since most of the grain growth inhibitors are metal carbide,
there is possibility that adding free carbon alone would also
inhibit grain growth. This theory is supported by the fact limiting
step for grain growth depends on carbon content, which affects
the driving force and the limiting step of the precipitation process
[8]. However, the carbon content should be carefully controlled
because high carbon content would leads to abnormal grain
growth as reported by some researchers [3]. Addition of free
carbon also was reported to assist densification process [9].
However, the extend of its effectiveness yet to study.

H2.0 RESEARCH METHODOLOGY

The morphology and particle size of the powders used in this
study is shown in Table 1. Finer cobalt powders were used due to
its effectiveness to form cobalt pooling and reduce porosity. The
percentage of cobalt used for consolidation process is 6% and the
rest is WC. As for WC-Co-C, 0.2% of free carbon was added into
the formulation. Paraffin wax was added to act as lubricant during
compaction.

Table 1 Characteristics and morphology of the raw materials

Powders Powder Characterization

Particle size@D50, pm

Morphology

Tungsten Carbide, WC 0.80
Cobalt, Co 3.51
Graphite, C 70.39

SR s

WC-Co powders were mixed in turbula mixer for three
hours. Wet mixing is preferable compared to dry mixing since it is
more suitable for fine powders, which is below 1 pm. Heptanes
were added to form the powders into suspension as sample

preparation for wet mixing. Tungsten balls were also added with
1:3 powder to ball ratio to obtain homogeneous mixing. The
mixed powders were dried and granule after wet mixing was
completed.

The powders were compacted at 625 MPa using uniaxial
pressing application to obtain a green body of 16 mm length, 16
mm width and 3-4 mm thickness. The green body was subjected
to cold-isostatic pressing to obtain denser sample with uniform
density distribution. Cold-isostatic pressing also contributes in
minimizing porosity level and improves mechanical properties.

The green body of both WC-Co and WC-Co-C were sintered
under three different temperatures which are 1350°C, 1400°C and
1450°C for one hour under nitrogen-based atmosphere
(95%N,+5%H,). Figure 1 shows the heating schedule for the
sintering process.
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Figure 1 Heating schedule during the sintering process of WC-Co

The density and hardness of the samples were determined
using densitymeter and Vicker’s hardness tester respectively. The
rupture strength of the sintered powders was tested using
universal testing machine. Microstructure analysis was made
using Field Emission Scanning Electron Microscopy (FESEM).
The samples were cut, ground, polished and etched using
Murakami solution prior to SEM analysis.

3.0 RESULTS AND DISCUSSION

The sintering process took place through several sintering steps.
The first holding step at 450°C is to eliminate residual gases and
the second holding step at 1320°C is to promote melting and
homogeneously distribution of cobalt [4]. The holding step
introduced during the sintering process is crucial to enhance
densification and development of rigid skeletal structure.

Table 2 Density of sintered WC-Co powders

Sintering Density (g/cm®)
Temperature (°C)
WC-Co WC-Co-0.2C
1350 13.79 13.37
1400 14.74 14.45
1450 14.82 14.86

Based on Table 2, addition of 0.2% of free carbon affects the
physical properties of the composite in term of density. WC-Co
has relatively higher density than WC-Co-0.2C. However, density
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of WC-Co-0.2C is slightly higher than WC-Co at 1450°C. It is
suggest that addition of free carbon initially delay densification
process before eventually leads to a fully dense material [10].
Thus explain the reason behind the slightly higher density
achieved by WC-Co0-0.2C at 1450°C although WC-Co has higher
density at 1350°C and 1400°C. High difference in density
between 1350°C and 1400°C is mostly likely due to cobalt
pooling actively distributed throughout the sintered WC-Co
powders.

Sintering Microstructure Analysis

Temperature (°C) WC-Co
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Figure 2 Microstructure of WC-Co and WC-Co-0.2C.

Figure 2 shows the microstructure of both sintered WC-Co
powders. Backscattered electron is used to analyse the topography
of the WC-Co. At 1350°C, both WC-Co and WC-Co-0.2C still
exhibit some pores. WC-Co exhibit irregular grain shape and the
size are not uniform. The irregular shape of WC grains shows that
the diffusion between the particles is still incomplete. Contact
flattening through solution-reprecipitation does not occur entirely
throughout the sample at this temperature since some of WC
particles are still evident. The WC grains started to become
faceted at 1400°C and the microstructure reveals a better
distribution of WC particles in Co matrix. These findings confirm
the high density achieved at this temperature.

Although WC-Co0-0.2C has lower density at 1350°C
compared to WC-Co, the microstructure is more homogeneous
and well distributed. Unlike WC-Co, WC grains in WC-Co-0.2C
have already become faceted at 1350°C. It is likely that addition
of free carbon helps to obtain a more homogeneous microstructure
and assist in densification process.

At sintering temperature 1450°C, smaller grain size can be
observed in WC-Co-0.2C compared to WC-Co. This is most
likely cause by the addition of 0.2% free carbon. Z. Yao et. al.
(1998) reported a similar finding in which addition of uncombined
carbon markedly inhibits grain growth during liquid phase
sintering [7]. After comparison between the microstructures at
1400°C and 1450°C, significant grain growth can be clearly
observed in WC-Co due to microstructural coarsening during
solution-reprecipitation process. Meanwhile, there is only slight
difference in grain size observed in WC-Co-0.2C.

Based on Figure 3, WC-Co-0.2C has slightly higher hardness
than WC-Co. This is due to the smaller grain size observed in
WC-Co0-0.2C. Smaller grain size provides more resistant to

deformation due to existence of high number of grain boundaries
which act as barrier to dislocation movement [11]. Both sintered
powders achieved highest hardness at 1400°C before it drops at
1450°C.

COWC-Co EmIWC-Co02%C —+=WC-Co ==WC-Co-0.2%C

600

2000 2000
1800 1800
1600 1600 §

H

1400 1400 g

$ 1200 1200 §
£ &

2 1000 TP 4 1000 £

5 (m]w ll"(,xltl xlx(x g

5 800 ‘,?’,”,",‘“' N 800 %

[
g
2
2
H
£

1
i i
AN "({‘,ﬂ W 600
HINON W
400 |{) x\,‘xfl ) \;}l' \ 400
| A

WHAE UL
200 'i\{ 200

1400 1450
Sintering Temperature (°C)

Figure 3 Mechanical properties of sintered WC-Co powders

High improvement of transverse rupture strength at 1400°C
implies that cobalt is more actively closing pores during 1350-
1400°C interval. The result agrees with the density result obtained
earlier. Although hardness of WC-Co-0.2C is relatively higher
than WC-Co, it exhibit lower rupture strength. Hardness is
inversely proportional to strength and best described the hardness
and TRS result obtained. However, there are some possibilities
that the addition of free carbon has adverse effect on rupture
strength. Addition of 0.2% free carbon increase the carbon content
in WC-Co system, which leads to harder but more brittle
materials.

4.0 CONCLUSION

Powder metallurgy technique was used to fabricate WC-Co and
WC-Co0-0.2C and the green bodies were sintered under nitrogen-
based atmosphere. WC-Co exhibit higher density compared to
WC-Co0-0.2C. Although WC-Co0-0.2C has relatively higher
hardness than WC-Co, it has lower rupture strength. Based on
microstructure analysis, addition of free carbon lead to
homogeneous microstructure and assist densification at lower
temperature than WC-Co. Smaller grain size observed in WC-Co-
0.2C also proves that addition of 0.2% of free carbon inhibits
grain growth.
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