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ABSTRACT 

 

WC-Co is one of the major cutting tool 

materials used in machining application other 

than high speed steels (HSS), ceramics, cubic 

boron nitride (CBN) and polycrystalline 

diamond (PCD). WC-Co cutting tool insert was 

used in high speed machining, with a working 

range between 30-360 m/min. This study is 

made to evaluate the tool life as well as the wear 

behaviour of sintered WC-C powders, which is 

very important to determine the tool life of the 

cutting tool insert. In this work, the powders are 

mixed together via wet mixing process, 

compacted and undergo cold-isostatic pressing 

(CIP) before the samples are sintered in the 

temperature range of 1350-1450!C under 

nitrogen-based atmosphere. The physical and 

mechanical properties of the WC-Co sintered 

powders were analysed and the tool life 

performance were reported. Based on the work 

done, the WC-Co sintered powders has a higher 

density and mechanical properties but the 

sample experienced catastrophic failure during 

the machining test. 

 

Keywords: WC-Co, powder metallurgy, tool 

life, wear behaviour 

 

1. INTRODUCTION 
 

Manufacturing industries relies heavily on 

cutting tool industries, which form the backbone 

of manufacturing operations. The needs to 

perform the machining process are crucial to 

obtain the end product. Therefore, there is 

constant demand to enhance cutting tool insert 

properties in order to improve operating 

performance while reducing costs. 

 

Major cutting tool materials can be 

categorized into five, which are high speed 

steels (HSS), cemented carbide, ceramics and 

cermets, cubic boron nitride (CBN) and 

polycrystalline diamond (PCD). Although CBN 

and PCD can perform machining process at 

higher working speed, WC-Co is the most 

common materials used for manufacturing 

operations. While HSS can work up to 30 

m/min, WC-Co have a working range between 

30-360 m/min (Sharma, 2001) 

 

Continuous improvement of WC-Co 

cutting tool inserts have been done. In recent 

years, the main focus is on finer grained WC-Co 

in order to increase its hardness. Thus, 

submicron and ultrafine WC powders are used 

to produce the sintered powders. Submicron 

cemented carbide are characterised by level of 

strength, hardness and wear resistance that leads 

to long tool life. However, finer grade are prone 

to WC grain growth during consolidation 

process (Izura et. al., 2007). 

 

The sintering process of WC-Co is 

usually carried out at high temperature, in which 

liquid phase formation is available. This is 

because extensive wetting of the system is 

necessary to aids the densification process. 

Complete densification is important due to the 

high relationship between pore presence and the 

material’s toughness. Cobalt was used as the 

bonding matrix due to its wetting ability during 

liquid phase sintering, which leads to 

achievement of high density products. 

 

Despite many analyses made on the 

properties of WC-Co, few researches have been 

done on the actual machining application itself. 

The needs to study about the useful tool life and 

wear behaviour of the cemented carbide during 

the machining process is critical in order to 

apply the researches done commercially. Hence, 

this research paper relates on the properties of 

the WC-Co composites with useful tool life of 

the insert. 
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2. METHODOLOGY 

 

2.1 Raw Materials 
 

Submicron grades of WC powders were used, 

which is less than 1 µm. The size of WC, Co 

and C powder particles obtained using CILAS 

Particle Size Analyzers at D50 are 0.8 µm, 3.51 

µm and 70.39 µm respectively. Fine size of 

cobalt powders was used due to its effectiveness 

in reduction of residual porosity and cobalt 

pooling. The microstructures of the powders 

observed are shown in Figure 1. 

 

 
(a) WC powders 

 

 
(b) Cobalt powders 

 

 
(c) Graphite powders 

 

Figure 1 Microstructure analysis of raw 

materials. 

 

2.2 Experimental Procedure 

 

Two types of WC-Co sintered powders are 

produced. The compositions of the sintered 

powders are given in Table 1. Usually cobalt 

composition use is less than 15%, depending on 

the application.  

 

Table 1 The composition of WC-Co powders 

 

Samples Composition (wt%) 

WC Co C 

WC-Co 94.0 6.0 - 

WC-Co-C 93.8 6.0 0.2 

 

Reducing cobalt content helps to reduce 

tool wear rate (Matsuda et. al., 1993). However, 

insufficient cobalt will provide difficulty for 

liquid sintering process to take place as the 

binder unable to surround the WC grains. Small 

amount of free carbon are added for the second 

formulation to inhibit grain growth during liquid 

phase sintering (Yao et. al., 1998). 

 

Wet mixing technique was used for the 

consolidation of WC-Co powders. Wet mixing 

process is preferred over milling because of 

shorter mixing time that gives almost similar 

sample properties (Selamat et. al., 2010). Wet 

mixing is preferable compared to dry mixing 

because it is more suitable for powder size 

below than 1 µm. 

 

The powders were mixed using turbula 

mixer for three hours, with addition of paraffin 

wax, heptanes and tungsten balls. The mixed 

powders were compacted in a 16 mm x 16 mm 

mould using uniaxial pressing application at 625 

MPa. Then the green bodies were subjected to 

cold-isostatic pressing at 200 MPa to reduce 

porosity and to obtain a denser and uniform 

green density distribution. 

 

The compacted powders were sintered 

for 1 hour at temperature range between 1350 - 

1450!C. The sintering process took place in tube 

furnace under the presence of nitrogen-based 

atmosphere (95%N2+5%H2). The heating 

schedule used for the sintering process is as 

shown in Figure 2. 

 

 
 

Figure 2 Heating schedule used for WC-Co 

sintering process. 
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Density of the sintered WC-Co powders 

was obtained using Specific Density Meter via 

immersion method. Mechanical properties of 

the samples were investigated in term of 

hardness and transverse rupture strength using 

Vickers hardness tester and universal testing 

machine respectively. The microstructure of the 

samples are observed using Scanning Electron 

Microscopy (SEM), in which the samples were 

cut, ground, polished and etched (using 

Murakami solution) prior to the SEM analysis. 

 

As preparation for tool life performance 

test, sintered WC-Co powders were ground to 

standard indexable insert geometry (SPUN 

120308). The prototype inserts were mounted 

on Sandvick CS BPR 25/25 M12 tool holder.  

 

Tool life performance test was carried 

out using centre lathe machine with a 70 mm 

diameter and 500 mm long tool steel bar (185 

HV) as the workpiece. The performance test 

was carried out without using cutting fluid at 

speed range of 40-60 m/min with feed rate of 

0.254 mm/rev and cutting depth of 1.0 mm. 

 

3. RESULT AND DISCUSSION 

 

3.1 Properties of WC-Co Sintered Powders 

 

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 homogeneous distribution of cobalt (Lee et. 

al., 2006). The holding step introduced during 

the sintering process is crucial to enhance 

densification and development of rigid skeletal 

structure. 

 

 
 

Figure 3 Density comparison between WC-Co 

with and without addition of carbon. 

 

Addition of 0.2wt%C to WC-Co proves 

to have an effect on the physical and mechanical 

properties of the composite. Figure 3 and Table 

2 shows the density, hardness and transverse 

rupture strength (TRS) for both WC-Co and 

WC-Co-0.2C. 

 

Although the density of both composites 

are comparable at 1450!C, WC-Co has 

relatively higher density compared to WC-Co-

0.2C, as shown in Figure 3. The increment in 

density also can be observed at 1400!C for both 

WC-Co and WC-Co-0.2C. This phenomenon is 

likely caused by cobalt distribution which 

actively closing pores during 1350-1400!C 

intervals. Thus, enhance densification process. 

 

Table 2 Properties of WC-Co sintered powders. 

 

Properties WC-Co WC-Co-0.2C 

Hardness (HV) 

1350!C 1630 1419 

1400!C 1710 1793 

1450!C 1680 1703 

 TRS (MPa) 

1350!C 772 850 

1400!C 1340 1357 

1450!C 1673 1265 

 

WC-Co-0.2C has slightly higher 

hardness than WC-Co as shown in Table 2. 

Both WC-Co sintered powders achieved highest 

hardness at 1400!C before it is slightly drop at 

1450!C. Higher hardness in WC-Co-0.2C is 

strongly related to its grain size, which will be 

explained later. 

 

Even though WC-Co-0.2C exhibit higher 

hardness, the TRS value is much lower 

compared to WC-Co. This is due to the fact that 

adding free carbon increases carbon content, 

which leads to hard but brittle materials. 

 

Based on the results, the optimum 

sintering temperature for WC-Co is 1450!C. 

Meanwhile, the hardness and TRS value for 

WC-Co-0.2C dropped after 1400!C. This is 

probably due to the addition of the free carbon 

which shifted the optimum sintering 

temperature from 1450!C to 1400!C. 

 

3.2 Microstructure Analysis 

 

Kang (2005) explains the liquid phase sintering 

mechanisms in three steps, which could be 

relate with WC-Co sintering mechanism. The 

three steps are particle arrangement, liquid 

reprecipitation and solid state sintering. During 

liquid phase sintering, cobalt spread over WC 

particles through particle arrangement by liquid 

flow. This is followed by contact flattening 
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between cobalt and WC particles through 

solution reprecipitation mechanism. Then, solid 

state sintering takes place. 

 

Backscattered electron was used to 

analyse the topography of the WC-Co sintered 

powders. Phases present in the composite also 

can be differentiate using backscattered. 

 

 
(a) WC-Co 

 

 
(b) WC-Co-0.2C 

 

Figure 4 Microstructure of WC-Co (a) and WC-

Co-0.2C (b) sintered at 1450!C respectively. 

 

Figure 4 shows faceted WC grains 

dispersed in cobalt matrix. WC grains can be 

differentiate based on their brighter appearances 

compared to darker cobalt matrix. The SEM 

micrograph indicates that WC-Co-0.2C has 

slightly smaller WC grain size than WC-Co. 

The difference in grain size between these two 

composites can be further observed in Figure 5, 

at higher magnification. 

 

The average WC grain size observed in 

WC-Co is between 0.5-0.8 µm. Meanwhile, WC 

grain size observed in WC-Co-0.2C is between 

0.5-0.6 µm. Smaller WC grains observed in 

WC-Co-0.2C is most likely due to the small 

addition of free carbon, which inhibits grain 

growth during liquid phase sintering (Yao et. 

al., 1998). 

 
(a) WC-Co 

 

 
(b) WC-Co-0.2C 

 

Figure 5 Microstructure of WC-Co sintered 

powders at 20,000X magnification. 

 

3.3 Tool Life Performance Test 

 
The objective of tool life performance test is to 

determine useful tool life and types of wear 

exhibit by the sintered powder in actual 

application. Based on the optimum sintering 

temperature of the sintered samples, uncoated 

cutting tool insert prototypes were produced. 

 

Table 3 Properties of prototype and commercial 

cutting tool insert. 

 

Sample Density 

(g/cm
3
) 

Hardness 

(HV) 

TRS 

(MPa) 

WC-Co 14.82 1680 1673 

WC-Co-0.2C 14.86 1793 1357 

Commercial 14.65 1575 1700 

 

Cutting speed is set as the variable 

parameter for the tool life performance test. 

This is because cutting speed is the most 

dominant factor influencing tool life. To 

determine the useful tool life, the time is taken 

from the start of the machining process until the 

insert is wear out or experience catastrophic 

failure. 

 



Regional Tribology Conference 

Bayview Hotel, Langkawi Island, Malaysia, 22-24 November 2011 
 

311 

 

Table 4 Tool life study of prototype and 

commercial uncoated WC-Co insert. 

 

Cutting 

Speed, 

m/min 

Useful tool life, min 

WC-Co WC-Co-

0.2C 

Commercial 

40 74 14 - 

50 55 15 22 

60 38 10 6 

 

Based on Table 4, WC-Co cutting tool 

insert lasted longer compared to insert. This is 

likely due to the reduction in grain size of WC-

Co and the holding steps introduced during the 

sintering process. The holding steps proved to 

be important for uniform cobalt distribution as it 

improves the mechanical properties of the 

cutting tool insert.  

 

Although WC-Co-0.2C undergoes the 

same sintering process and grain size reduction, 

the addition of free carbon could cause the 

insert to be more brittle than WC-Co. Therefore, 

failed to sustain the force during machining. 

However, WC-Co-0.2C useful tool life is still 

comparable to commercial insert. 

 

 
(a) 

 
(b) 

(c) (d) 

 

Figure 6 Catastrophic failure experienced by 

WC-Co cutting tool insert 

 

All the WC-Co insert including 

commercial experienced catastrophic failure 

during the machining process. Figure 6 show 

the images of the catastrophic failure 

experienced at the edge of the cutting tool 

insert. 

 

 

 

 

 

 

 

4. CONCLUSION 

 

Submicron powders of WC-Co and WC-Co-

0.2C were produced using powder metallurgy 

technique. It is found that WC-Co exhibit better 

physical and mechanical properties than WC-

Co-0.2C and was successfully tested in tool life 

performance test. Comparison with commercial 

insert indicates that introducing several holding 

steps during the sintering process enhances 

uniform distribution of cobalt and improves the 

mechanical properties of the cutting tool insert.  

 

ACKNOWLEDGEMENT 

 

This work was funded by the government 

techno-fund project Ministry of Science, 

Technology and Innovation (MOSTI). The 

authors would like to express gratitude to 

AMREC, SIRIM Berhad for providing access to 

the research facilities. 

 

REFERENCES 

 

Izura, N.I. 2007. The evaluation of 

microstructure and mechanical 

properties of sintered submicron WC-

Co powders. Proceeding of the 

National Metallurgical Conference 

2007 

 

Lee, G.-H. and Kang, S. 2006. Sintering of 

nano-sized WC-Co powders produced 

by a gas reduction-carburization 

process. Journal of Alloy Compounds, 

419(1-2): 281-289. 

 

Kang, S.-J.L. Sintering densification, grain 

growth and microstructure. Elsevier: 

Burlington. 

 

Selamat, M.A., Mahaidin, A.A., Abd Manaf, S. 

and Ria Jaafar, T. 2010. Proceeding of 

19
th

 Scientific Conference of Electron 

Microscopy Society of Malaysia 2010, 

pp. 48-51. 

 

Sharma, I.R. 2001. Cutting tools. Latest Trend 

in Machining, pp. 57-101. 

 

Yao, Z., Stiglich, J.J. and Sudarshan, T.S. 1998. 

Nanosized WC-Co holds promise for 

the future. Metal Powder Report. 

53(2): 26-33. 

 

 

 

 

 


