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Abstract. Fe was introduced into TiC-2Mo2C-8Ni-20WC-8Co cermets materials. Content of Co 
and Fe were 8-X and X respectively, and X was 0%, 2%, 4%, 6%, 8%. Density, bending strength 
and impact toughness of the material were tested. Results showed that it was feasible to add Fe 
into the material as binder to partially replace Co. Comparing with the specimen containing 
0%Fe, properties of the specimen containing 6%Co and 2%Fe had not slashed. Its density, 
bending strength and impact toughness were 6.783g/cm3, 847.7MPa and  16.1J/cm2 

respectively. 

1.  Introduction 
Cermets, as one kind of high performance composite material, which have better cutting performance 
than WC-Co hard alloy[1], are suitable for high speed manufacturing, reducing cutting resistance, and 
increasing tool life[2]. Currently, cermets often contain matrix (TiC and Ti(C,N)) and binder (Ni, Mo, 
Co)[3-4]. However, cost of cermets containing Co and Ni rose sharply in recent years for the increasing 
price of Co, Ni. Cermets materials research scholars have been making great efforts to find a new kind 
of binder to replace the expensive Co, Ni materials. Among them, Fe is likely to be more suitable, which 
have big storage capacity and low cost comparing with Co, Ni. Therefore, many scholars try to use Fe 
to replace Co or Ni as the binder of cermets. For instance, literature [5] used Fe to replace Ni materials 
to prepare Ti(C,N)-20WC-6Mo2C-5TaC-7Co-8Ni cermets. Literature [6] used Fe-Co-Ni as binder of 
Ti(C,N)-WC-Mo2C-TaC cermets. Literature [7] tried adding Fe into TiC-based cermets. Literature [8] 
and [9] respectively used 304L and 316L material to prepare the cermets. In this paper, Fe was added 
into cermets of TiC-2Mo2C-8Ni-20WC-8Co, attempting to replace Co with Fe, and the effect of Fe 
content on strength and toughness of TiC-2Mo2C-8Ni-20WC-8Co material was studied. 

2.  Experiment method 

2.1.  Experiment materials 
TiC powder (99.5% purity, 2.5μm), Mo2C powder (99.5% purity, 2.7μm), Ni powder (99.5% purity, 
2.3μm), WC powder (99.5% purity, 1.0μm), Co powder (99.5% purity, 1.18μm), Fe powder (99.5% 
purity, 30.0μm) were adopted. Composition proportion is shown at Table 1. T1-T5 specimens were 
prepared. 
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Table.1 Specimens composition proportion (wt %) 
Specimen Number TiC Mo2C Ni WC Co Fe 

T1 the rest 2 8 20 8 0 
T2 the rest 2 8 20 6 2 
T3 the rest 2 8 20 4 4 
T4 the rest 2 8 20 2 6 
T5 the rest 2 8 20 0 8 

2.2.  Specimens preparation 
Hydro-ball-milling technique was adopted to mix the raw materials in a 300L stainless steel ball mill, 
ratio of ball-to-powder was 5:1, mill medium was 85L alcohol, milling time was 24h. Steam was used 
to dry the milled materials at 120℃ for 6h. The dried raw materials sifted through 80 meshes sieve. 
90ml polyethylene glycol forming agent was added into every Kg of material. Green specimens were 
pressed by hydraulic press under 80 kN. Specimens were sintered in a vacuum sintering furnace for 12h 
with maximum sintering temperature of 1400℃ which lasted for 120min. 

2.3.  Performance test 
Density of specimens was tested. Three-point bending strength of specimens were tested by universal 
testing machine. Impact toughness of specimens was tested, non-notched specimens were adopted, and 
pendulum energy was 5.5J. 

3.  Results  

3.1.  Effect of Fe content on density of materials 
Density of TiC-2Mo2C-8Ni-20WC-8Co cermets with different Fe content is shown in Figure 1. As you 
can see, when the Fe content increases from 0% to 2%, namely T1 and T2 specimens, density of the 
material is not significantly lower. Density of the T1 specimen is 6.788g/cm3 and density of T2 specimen 
is slightly reduced to 6.783g/cm3. As Fe content increases to 4%, 6%, 8%, namely T3, T4 and T5 
specimens, density of material reduced obviously to 6.556g/cm3 and 6.452g/cm3 and 6.143g/cm3 

respectively. Comparing with T1 specimen, density of T5 specimen is lower by 9.5%. 

 
Figure.1 Density of specimens with different Fe content 

3.2.  Effect of Fe content on bending strength of materials 
Bending strength of TiC-2Mo2C-8Ni-20WC-8Co cermets with different Fe content is shown in Figure 
2. As you can see, when the Fe content increases from 0% to 8%, bending strength of materials continue 
to drop from 953.2MPa of T1 specimen to 540.5MPa of T5 specimen. Among them, T2 specimen 
containing 2%Fe and T3 specimen containing 4%Fe still have high bending strength, which are 
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847.7MPa and 838.4MPa respectively. However, bending strength of T4 specimen containing 6% Fe 
and T5 specimen containing 8% Fe decrease obviously, which are 613.0MPa and 540.5MPa respectively. 
Therefore, it is of some practicability to use Fe to partly replace Co as binder to prepare TiC-based 
cermets. 

 
Figure.2 Bending strength of specimens with different Fe content 

3.3.  Effect of Fe content on impact toughness of materials 
Impact toughness of TiC-2Mo2C-8Ni-20WC-8Co cermets with different Fe content is shown in Figure 
3. As you can see, T2 specimen containing 2%Fe has high impact toughness of 16.1J/cm2, which is 
increased by 130% comparing with T1 specimen containing 0%Fe. When the Fe content increases to 
4%, the impact strength is reduced to 6.0J/cm2. When continues to increase Fe content to 6% and 8%, 
impact toughness of specimen are 7.0J/cm2 and 6.5J/cm2 respectively. It can be concluded that, it is of 
some practicability to use Fe to partly replace Co as binder to prepare TiC-based cermets. Especially, 
specimen of TiC-2Mo2C-8Ni-20WC-8Co-2Fe has higher impact toughness.  

 
Figure.3 Impact toughness of specimens with different Fe content 

4.  Discussion 
The choice of binder composition is very important for preparation of cermets. Currently, the binder of 
cermets is mainly the composition such as Co, Ni, Mo, but their expensive cost has created tremendous 
pressure to manufacturing enterprise of the field, especially in the case of intensifying market 
competition. Therefore, it may have good market prospects to replace the expensive Co, Ni with Fe. 

All the above test results show that it is of some practicability to use Fe to partly replace Co as binder 
to prepare TiC-based cermets. Results of this paper show that when Fe content is 2% and 4%, bending 
strength of material is not significantly lower, which are 847.7MPa and 838.4MPa respectively. But 
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when Fe content is increased to 8%, bending strength of material decreases and bending strength of T4 
specimen containing 6%Fe and T5 specimen containing 8%Fe are reduced by 35.7% and 43.3% 
respectively in comparison with T1 specimen. T2 specimen containing 2%Fe, however, has better 
impact toughness than any other specimen. Therefore, using Fe to entirely replace Co to prepare TiC-
2Mo2C-8Ni-20WC-8Co cermets may have damage to material performance. The reason may be that the 
introduction of Fe can result in brittle phase and reduces wettability between binder and TiC particles, 
which is not conducive to formation of coating layer surrounding TiC particles, thus the TiC particles 
may easily agglomerate, which degrade performance of materials[10]. 

5.  Conclusion 
It is of some practicability to use Fe to partly replace Co as binder to prepare TiC-based cermets. 
Comparing with specimens containing 0%Fe, performance of TiC-2Mo2C-8Ni-20WC cermets material 
containing 2%Fe and 6%Co as a binding phase does not degrade much, the density is 6.783g/cm3, the 
bending strength is 847.7MPa, and the impact strength of 16.1J/cm2. Therefore, the material still has 
high practicability. 
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