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Forming process of WC-12Co cemented carbide cylindrical-shaped inner structure

by selective laser melting and its microwave post-treatment

J1 Wenbin', WU Runhe , DAI Shijie , GUO Yanzhao , LI Mingyang
(School of Mechanical Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: Firstly, different scanning strategies of selective laser melting (SLM) were used to prepare WC-12Co
cemented carbide specimens, and the influence of scanning strategies on the formed specimens was investigated to
optimize the best forming process. The optimized parameters were used to form the specimens with cylindrical-
shaped inner structure and microwave post-treatment, to analyze the influence of microwave post-treatment
process on the relative density, Vickers hardness and shape accuracy of the specimen. The results show that the
most suitable for printing WC-12Co cemented carbide is the checkerboard scanning strategy, which is better than
other scanning strategies in terms of forming ability, relative density, Vickers hardness and tissue uniformity. After
adjusting the scanning spacing to 30 pm, the relative density of the specimen reaches the highest 91.6%, and the
Vickers hardness is up to 1 324 HV, and the checkerboard scanning strategy has a better precision of forming the
cylindrical-shaped inner structure. When the microwave heat treatment heat rate is 40°C /min, the temperature is
1 300°C and the holding time is 20 min, the number of microscopic defects of the specimen is greatly reduced com-
pared with that before heat treatment, and the relative density, Vickers hardness of the material are significantly

improved, but some of the WC grain sizes increase because of heat treatment, at this time, the relative density of the
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specimen reaches 96.1%, and the Vickers hardness reaches 1435 HV, and the precision of the specimen of

cylindrical-shaped inner structure is not destroyed after the heat treatment.

Keywords: selective laser melting; scanning strategy; WC-12Co; cylindrical-shaped inner structure; microwave

post-processing
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Table1 WC-12Co powder chemical compositions

Element Fe Co Ct Cf (¢} w
Mass fraction/wt% 0.015 11.92 5.38 0.06 0.03 Bal.

%2 WC-12Co MyFRHIIE1ERE
Table2 WC-12Co powder physical properties

Testing program Test result
D,y 23.68
Particle size distribution/um D5, 35.39
Dy, 49.42
Bulk density/(g-cm™) 4.64
Flowability(s/50 g) 13.6

Note: D, D5y, Dgy—The values of particle sizes corresponding to
cumulative size distributions of 10%, 50% and 90% are indicated,
respectively
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Fig.1 WC-12Co powder: (a) Original morphology;

(b) Particle size distribution
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Fig.2 Scanning strategies: (a) S-shape scanning; (b) Spiral scanning;
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(c) Checkerboard scanning
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Table 3 Block experimental process parameters

*4 EERABEMRTESE
Table4 Forming parameters for cylindrical-shaped
inner structures

Scanning strategy Scanning spacing  Diameter of the

[ /mm round hole @/mm
Chessboard 0.03 2,4,6,8
S-shape 0.06 2,4,6,8

x5 HAEIWSHF

Table 5 Heat treatment experiment parameter table

Heating rate/ Heat treatment Holding
(*C-min™) temperature/ C time/min
40 1250 10

40 1300 10

40 1350 10

40 1400 10

40 1300 20

40 1300 30

40 1300 40

Laser power Scanning speed Thickness Scanning spacing
pIW v/(mm-s™) h/mm I/mm

100 390 0.04 0.03-0.07
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Fig. 3 Block experimental forming results
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Fig.4 Comparison of relative density of WC-12Co cemented carbide

S-shape

specimens under different scanning strategies
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Fig.5 Microstructure and WC grain size distribution of the surface of the
WC-12Co cemented carbide specimens under different scanning
strategies: (a) Checkerboard scanning; (b) S-shape scanning; (¢) Grain

size distribution of checkerboard; (d) Grain size distribution of S-shape
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