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Development and Application of Ti(C_N,_ ) Based Cermet

WEN Xiao
(Technology Center of Xiamen Tungsten Co., Ld., Xiamen 361009, China)

Abstract: Cemented carbide precision tools are based on excellent matrix technology, grinding technology and coating
technology. They have the characteristics of high efficiency, high speed, high precision, and long life. The product categories
mainly include insert, end mill, and cutting tools for 3C (. computer, communications, and electronic consumer goods) and
PCB (printed circuit board) machining. Cemented carbide precision tools meet the needs of high-end manufacturing indus-
tries such as aircraft, automobiles, shipbuilding, and 3C. According to statistics, the global market for cutting tools has
reached 10 billion US dollars. In this paper, the resource advantages, processing advantages and performance advantages of
Ti(C,N,_, ) -based cermet are introduced, the technical limitations of Ti( C,N,_ )-based cermet is analyzed, and the dev-
elopment of Ti for the domestic application status of Xiamen Tungsten R&D is introduced. Based on the research on
Ti(C,N,_,) based cermet tools, the future of the market is prospected. At present, Ti(C,N,_ ) based cermets account for
about 1/5 to 1/4 of the cutting tool materials in developed countries, and Japan has reached 1/3. The use of Ti(C,N,_, ) based
cermets is still increasing year by year. The demand for cermet indexable tools will account for 50% of the total in the future.
According to this calculation, in the next 10 years, Chinese cermet cutting tools will form a market scale of 5 to 6 billion yuan.
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Table 1 Comparison of composition between typical cermet and

WC-Co cemented carbide ( w /%)

Classification Typical composition

WC-Co cemented carbide WC(90% ) +Co( 10% )
TiCN( =50% )+ WC(10 % ~25% ) +
Mo, C(0% ~15% ) +
TaNbC (0% ~20% ) +Co, Ni(8% ~20% )

TiCN based cermet
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Fig. 1  Comparison of microstructure between TiCN-based metals and
cemented carbides: (a) WC-Co cemented carbide, (b) TiCN-

based cermet
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Table 2 Properties of cermet made by Xiamen Tungsten Co. , Ld.

Type  TRS/MPa Kic HV Density
/(MPa + m"?) /(g+em™)
GN491 3200 8.0 155050 6.75
GN391 3000 8.3 153050 6.65
GN251 3200 8.3 1530450 7.25
GN431 3500 9.5 154050 6.90
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Table 3 The advance of TiCN-based cermets during the last two

decades
Years Hard phase Binder phase  Ref.
1994 TiC-TiN-WC Ni-Mo [21]
1995 TiC-TiN-WC Ni-Mo [22]
1997 TiN-WC-TiC Ni-Mo [23]
1999 TiCN-WC-(Ti, W) C Ni-Co-Mo [19]
2000 TiC-TiN-WC Ni [24]
2001 TiCN-WC Co [25]
2004 TiCN-AlL, O, Ni-Mo [26]
2005 (Ti,W) (C,N) Ni [27]
2006 TiCN-WC-TiN Mo-Ni [28]
2008 TiCN-WC Co-Ni [29]
2009 TiCN Ni [30]
2010 TiCN-WC Ni-Co [31]
2011 (Ti, Mo, W, V)(C, N) Ni-Co [32]
2016 (Ti, Mo, W, Nb) (C, N) Ni-Co [13]
2017 (Ti, Mo, W, Ta)(C, N) Ni-Co [14]
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Table 4 High temperature performance comparison of Ti(C, N)

and TiC based cermets!®’

1000 °C
weight gain

1000 °C 900 C 1000 °C thermal
Classification hardness TRS conductivity

/HV /MPa  /(mg/(cem? +h)) /(W/(m-K))

TiC-cermet 500 1050 11.8 24.7

TiCN-cermet 600 1360 1.6 42.3
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Table 5 Suitable processing areas of TiCN-based cermet

Roughing Semi-finishing Finishing
Processed
materials Cechlted Cermet Cemef]tcd Cormet Cemc%‘lted Cermet
carbide carbide carbide
P (@) X © ©) (©) ©)
M ©) X ©) ) X O
N © X ©) ©) (@) (©}
H X X X o X (@)
S O X O X O O
X ; inappropriate O :suitable O . fit well

P-steel, M~-Stainless steel, N—nonferrous metal ,

H-hardened materials,S—hard to process materials
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Fig.2 Microstructure of Ti (C, N)-based cermets made by Xiamen
Tungsten Co. , LTD: (a) GN491, (b) GN391, (c) GN431,
(d)GN251
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Fig. 3 Products derived from TiCN-based cermet materials
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Fig. 4 Products derived from TiCN-based cermet materials
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Fig. 5 Machining surface effect of cermet end mill
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Fig. 6 Analysis of the market of domestic tool industry in 2015~2018
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Table 6 Market share of tool materials

Classification Market share/Billion yuan  Ratio
High-speed steel 20 50%
Cemented acabide 18 45%

Cermet 0.8 2%
Ceramic 0.4 1%
PCD/PCBN 0.8 2%

Domestic tool industry
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overall scale of 2018 %
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Fig. 7 Research and development funds for Xiamen Tungsten Co. , Ld.
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