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Abstract: WC-Co cemented carbides are widely used in various industrial fields because of their high
hardness, strength, wear resistance, and other properties. Compared with conventional cemented
carbides, the comprehensive properties of ultrafine/nano cemented carbides are greatly improved. The key
to preparing ultrafine/nano-cemented carbides is inhibiting the growth of WC grains in the sintering
process. In this study, the key factors inhibiting WC grain growth and the research status worldwide are
discussed from two aspects of sintering methods and grain growth inhibitors for preparing cemented
carbides. The advantages and disadvantages of the conventional sintering method and rapid sintering
method are introduced, and the grain size and properties of cemented carbide prepared by different sintering
methods are compared. The inhibition and reinforcement of other toughening fillers, the mechanism of
grain inhibitors, and the advantages of composite grain inhibitors are introduced. Finally, the rapid
sintering method and the composite grain inhibitors for preparing ultrafine/nano cemented carbides are
proposed. The rapid sintering method can be combined with computer simulation to promote its wide
application, and the types and adding methods of composite grain inhibitors require furthur exploration.
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Fig.3 Schematic diagram of spark plasma sintering(a)'"",and SEM images and WC grain size distributions of
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Table 1

Advantages and disadvantages of different sintering technologies, and grain size and densification of WC

o Mass fraction of Sintering Holding
Sintering method

raw powder/ %

Grain

Relative

Advantage Disadvantage

temperature/’C  time/min size/nm  density/ %

Vacuum sintering™  WC-6Co 1450 120
Vacuum sintering®!’  WC-2Co-2Ni 1450 240
Hot-pressing WC-10CoCrFeMnNi 1100 20
sintering!*?!
Hot-pressing WC-1SiC 1600 10
sintering!®*!
Hot isostatic pressing WC-12C-0. 8C 1100 30
sintering"**!
Hot isostatic pressing WC-8Co-3Ti,SiC, 1420 30
sintering"*°!
Microwave WC-10Ni-0. 58iC- 1475 10
sintering!®! 0. 5La,0,
Microwave WC-10C0-0. 3CryC,- 1400 10
sintering!*"! 0.3VC-0. 3Mo,C
Microwave WC-5Co0-5Ti 1600
sintering'**!
Spark plasma WC-8Co-0.4VC- 1250 5
sintering! ! 0.4CryC,
Spark plasma WC-10Co-2VC 1100 5
sintering!®!
Spark plasma WC-10Co-0. 25VC- 1350 8
sintering"*! 0. 25Cr,C,-

0.4AMWCNTs
Spark plasma WC-6Co-1Mo 1250 5
sintering!*!!
High-frequency WC-10Co 1250 1
induction heated
sintering!?"!
High-frequency WC-15Co 1150 1
induction heated
sintering!*?!
High-frequency WC-12Co 1250 1

induction heated

sintering!?"!

910 99.48 Stable furnace atmosphere  High energy
and high sample density consumption and
300 98. 08 production costs
2950 97.07 High density of samples Uneven pressure
distribution and low
770 98 productivity

Improve the densification ~ High production costs

and mechanical properties  not conducive to

500 of samples industrial production
450 99.75 Fast heating speed and Narrow range of
high energy utilization application, not
260 98. 20 conducive to industrial
production
99. 30
200 98.90 Fast heating speed, short The process needs
holding time, effective further study
65 reduction of sintering
temperature , high sample
200-400 densities
900 99. 01
260 99.50 Short holding time and fast Complex equipment
heating up and unfavorable for
industrial production
258 99.4
240 99.90
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