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Abstract Experiments are conducted to form dental cobalt chromium alloy part with selective laser melting
method. By analyzing microstructure of the specimens, effects that processing parameters of laser power, scan
speed, scan space and laser energy density exert on the surface roughness, relative density and hardness of
cobalt chromium are studied. Research results show that different laser power, scan speed and spacing lead to
different surface roughness although the laser energy density remains the same. Relative density of SLM
cobalt— chromium alloy increases as the laser power increases and the rate of change slows down. When
scanning speed varies from 80 mm/s to 100 mm/s, maximum value of SLM CoCr part reaches 94.95%. With the
increase of laser scanning space, the relative density reduces. Besides, with laser power varying from 50 W to
100 W, net-shaped grain size increases from 0.8 pm to 2 pm, while higher laser power will cause much bigger
grain size and decrease the Vickers hardness. The average hardness of SLM CoCr part is 392 HV, slightly higher
than the standard value within a reasonable range.
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Fig.1 (a) Co—Cr powders under scanning electron microscope (SEM) and (b) SLM forming Co-Cr parts
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Fig.2 Curve of surface roughness at different values of laser energy density
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Fig.3 (a) Partially sintered powders; (b) surface morphology of Co—Cr part with laser power of 70 W, scanning speed
of 200 mm/s and scan space of 150 pm
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Table 1 L (4) Orthogonal experimental table (HTP-312)

SLM parameters

No. PIw s (mmls) H Jpom Laser energy /(J/mm?) Relative density /%
1 50 80 80 7.81 89.09
2 50 100 100 5 90.64
3 50 200 120 2.08 86.67
4 50 400 150 1.46 72.31
5 70 80 100 8.75 83.93
6 70 100 80 8.75 90.52
7 70 200 150 2.33 90.90
8 70 400 120 1.46 84.51
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SLM paramelters

No. W 2 J(mmls) H Jjom Laser energy /(J/mm®) Relative density /%
9 90 80 120 9.38 92.19
10 90 100 150 6 93.09
11 90 200 80 5.62 93.05
12 90 400 100 2.25 92.24
13 100 80 150 8.33 94.95
14 100 100 120 8.33 94.75
15 100 200 100 5 93.83
16 100 400 80 3.12 92.53
kyy 84.88 90.04 91.30
ke 87.47 92.25 90.16
ky 92.64 91.11 89.53
ks 94.02 85.40 87.81
R 9.14 6.85 3.49
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Fig.4 Curve of CoCr part relative density at different values of laser power
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Fig.5 Curve of CoCr part relative density at different values of scan speed
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Fig.6 Curve of Co—Cr part relative density at different values of scan space
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Fig.7 Cross—section morphology of Co—Cr part at different laser energy densities (a) 70 W and (b) 90 W, (c) the enlarged view of
circled part of Fig.7 (a)
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Table 2 Lis(4") Orthogonal experimental table (HV-50)

Experimental parameters

No. Vickers hardness
PI/W v /(mm/s) H /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
by 371 406 383.25

ke 398.75 397.25 401.75

ks 406.5 386.25 400

keay 391.75 378.5 383
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Fig.8 Influence of laser power on the Vickers hardness of Co—Cr SLM formed part
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Fig.9 SEM images of CoCr part cross—section at laser power of (a) 50 W; (b) 70 W (c) 90 W; (d) 100 W
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