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Selective Laser Melting Forming Hardness Rule of Cobalt Chromium
Alloy and Its Prediction Model
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Abstract Cobalt chromium alloy is a commonly used dental restorative material, the study of hardness variation
trend is very important for the friction and wear analysis of artificial cobalt chromium alloy denture fabricated via
selective laser melting (SLM). The influence rule of hardness of SLM formed cobalt chromium alloy from
technological parameter is studied and a Vickers hardness model is established. Experimental results indicate that
laser power is the mostly significant factor influencing the Vickers hardness of SLM cobalt— chromium alloy
specimen, followed by scanning speed, and the minimal is scanning interval. The microstructure shows that along
the building direction, grains grow in the shape of columnar with consistent direction and there is an obvious layer
stack between the grains. The grain is grid—shaped and arranged uniformly and tightly in the perpendicular direction.
As the laser energy density increases, the grain size and hardness of forming parts increase, but both of the micro—
texture density and hole—defect decrease significantly. Based on the experimental results, the rationality and validity
of the Vickers hardness prediction model is verified.
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Table 1 Experimental factors

Value
Factor
A B C D
Laser power /W 50 70 90 100
Scan speed /(mm/s) 80 100 200 400
Scan space /pm 80 100 120 150

B 1 5% 4 4 SLM B Rk

Fig.1 SLM specimens of cobalt chromium alloy
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Table 2 Parameters and results of Lis(4°) orthogonal experiment

No. Parameter Vickers hardness
PV v /(mm/s) s /pm
1 50 80 80 376
2 50 100 100 388
3 50 200 120 382
4 50 400 150 338
5 70 80 100 424
6 70 100 80 392
7 70 200 150 386
8 70 400 120 393
9 90 80 120 425
10 90 100 150 409
11 90 200 80 387
12 90 400 100 405
13 100 80 150 399
14 100 100 120 400
15 100 200 100 390
16 100 400 80 378
Ky 1484 1624 1533
K 1595 1589 1607
K 1626 1545 1600
Ky 1567 1514 1532
ki 371 406 383.25
ks 398.75 397.25 401.75
ks 406.5 386.25 400
ka; 391.75 378.5 383
R 35.5 27.5 18.75
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(b) 70 W, 200 mm/s, 150 pm,
transverse section

(a) 70 W, 200 mm/s, 150 um,
logitudinal section

(d) 90 W, 200 mm/s, 80 pm,
transverse section

(c) 90W, 80 mm/s, 150 pum,
logitudinal section
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Fig.2 Longitudinal and transverse section of cobalt chromium alloy specimens
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Fig.3 Longitudinal section microstructure of cobalt chromium alloy specimens. (a) 2.33 J/mm?; (b)8.33 J/mm’
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Fig.4 Influence of (a) laser power and (b) scan speed on the Vickers hardness of CoCr SLM part
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